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Page 2.

In the book are examined the questions of organization and

equipment of exper imental stations and la boratories for conducti ng

the heat engineering tests of the different type of pist on internal

combustion engines and gas turbine engines.

Besides a selection of the ty pe of testing units and their

arra ngement/permutation , in the book are give n to recommea dation

rega rding the equi pment of station by the operating systeas , the

control devices , measurement and controls. Also are ilI.. uai.nate d the

questions of noise suppression , in dust ria l sanita t ion a n d f i r e

sa fetT.

/

The book is i ntended for technical—engineering workers ,

connec ted wi th con d ucting of the series, plan t an d ex p erim en tal tests

of the ind icated engines..

IL ~~~~~~ 
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Page 3.

PREFA CE.

The majestic prospects for the Communis t bui ld ing, marked by the

program of KPSS (CPSU — Communist Party of the Soviet Un ion]  on the

creation of the technico—ma terial base of communism , provide for the

powerf ul deve lopean t of all branches of national economy.

b r  the reariamen t of industry, the decisive im por tance h as

technical progress in the creation of new technolog y, te:~ nology ,

organizati on of produc t ion, im p lementa t ion of overall mec h aniz at ion

an d automation of production processes.

In machine—bu ilding the production of the internal combustion

ei~gines, which possess high efficiency and great possibilities of

their wide use in all branches of nationa l economy, acquir es  special

importance.

In the creation of h ighly efficient internal combustion engines

the large role pla y series and experime ntal tests.

On the select ion of co.position , methods and mod e /con di t ions  of

j  tests, type of stands , brakes and monitor ing—measur ing eq u ipme nt ,

- 
* - - 

~
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de pend s the quality, engine life and the degree of reliabili ty of the

produced engines. These tests ma ke it possible to give t he t ime ly ,

objective estimati on of the newly created constructions of eng ines

and to considerabl y reduce the periods of their f inish ing an d

mastery /ad opt ion.

The a vailable Soviet and foreign tech nical literature , which

relate s to the re ;ion in question , illuminates mainly the proc edure

of tests and measure ments.

In it there are no requiremen ts, pre~ ented to expe ri.s ental

stations on organization , equipment and the arrangement / permutation

of equipme nt , the questions of mechanizat ion and au tomat ion  of

pr od uction processes , noise abatement , safety, industrial sanitation

and fire safet y technique.

is absent also any information on organization an~ e~~uip uent of

the labora tories from which in man y resp ects depends the s uccess of

tests.

Page 4.

In th is book is ma de the attempt to generalize and to

systematize the available experime nt on planning, b u i ld i n g ,  equipment
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a~d the operation of experimental stations and laboratories.

The questions, connected with test equipment,

monitoring—measuring equipment , systems of au tomation an d con t ro ls,

measuremen t proce lure , in the book are not examined, since the y are

wide ly i l lumina ted in the available technical literature.

The given in this book units of measuremen t are g iv e~ on the

effective to 1963 GOSTs.

From 1 January 1963, is in tro duced the new single in terna tiona l

system of units — “SI” (GOST 9867—61) as preferable in all regions of

science, national economy and teaching.

If necessary for the conversion of values in dica ted here, one

should use GOST 9867—61.

All observa tions and responses for  the book the r equest to

direct to: Moscow, B—66, 1—sc sasmannyy per., 3, Mashgiz.

- -- - -  ~~~~~~ - 
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Chapter 1.

TESTS OF INTERNAL COMBUSTIO N ENGINES.

§ 1. The purpose and mature of the tests..

I

1. Designation/purpose of tests.

The e xperimental  stations of the Machine Building P lan t s , which

generate d i f fe ren t  in construction and designation/purpose piston and

gas turbine  engines, are intended for con d ucting the b r e ak i n g s  in of

rubbing pa rts, test ing,  adjus tmen t of these engines and  se t t ing

conformity to thei r assigned/prescribed characteristics.

Bench tests of engines is the imp ortant  concluding s tage  of t h e

technological process of prod uction in engine construction. In t h i s

branch of the mach ine-building of testing according to th e i r

designation/purpose , they  are divided into tests of eng ines  in ser ies

_ _ _ _ _ _-- 
___  
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produc tion and exper imenta l  research t est s of exper imenta l

production, or to the tests of scientific research character.

In the series production of testing, they are carries out

according to programs and commands accord ing to the technical

specifications for supply which are develop/processed and are

establish/installed conformabl y for each type of engine.

Tests in series prod uction have as a goal first of all quality

control of output. The designation/purpose of these tests is reduced

to the fol lowi ng basic tas ks:

1) the  qua l i ty  con trol of the  assembly of engine as a who le and

of its separate aggregate/units;

2) the breaking in of friction surfaces for an increase in t-he

wear resistance and, consequently, also operational life of engine

(for piston engines);

3) testing the established/installed parameters for this type of

engine and taking its characterist ics in accordance with technical

specifications for supply.

Experimental and research tests are usually connectal with

— —-~~~~~
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experimental production or by the wor k of design bureaus the y are

carried out for testing of the new or improve d constructions of

engines or their separate aggregate/units, units and parts.

Page 6.

In this case, are carried out comprehensive investigations for

research on gas— dy namic processes, wcrk of separate cell/e leme nts and

entire construction of engine as a whole.

Thesa tests are carried out also in connection with research on

the individual questions of the engine construction: improvement in

the pcwer— supply systems, lubrication, cool ing, starting/launching ,

selection of the new types of fuel/propellants, oils, introd uction of

new technological processes, testing new materials and to other

investigations.

All research works are comple ted by con ducting en duranc e tests

and by taking detailed characteristics for the development/detect ion

of the conformi ty  of the designed calculated parameters of eng ine

actual.

2. Types of tests.

_______________________
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During the manufac ture of eng ines in series prod uc tion , are

distinguished the following types of tests:

1) delivery or plan t;

2) controls;

-3) co mmission , selective or otherwise — series.

Acceptance test undergoes each fac to ry—bui l t  engine of outside

de pendence on type, construction and its designation/purpose.

Monitoring test is carried out when technological process and

technical delivery specifications require the complete or partial

sorting/partition of engine after acceptance test.. In this case after

the sorting/partit ion of engine, which usuall y pursues adlitio nal

control functions, engine undergoes final, monitoring test. This

testing depen d ing on type, the construc tion an d t he

designation/purposes of engine can un dergo each progra sma~ engine, or

on ly limited batch.
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In the latter case sorting/partition and monitoring test

undergoes only one engine from the determined batch , for  e x a m p l e , one

of the ten , in this case nine re maining  engines undergo on l y

acceptance test and , therefore, sorting/partition does not undergo ..

In the presence of two tests, the moni tor ing test is less

proloqged, but the concluding inspection/acceptance of e n g i n e  they

conduct according to it with takin g of the f i n a l  character istics

which will be brought  in into engine certificate.

iJnder the condition of l imited sorting,partition the  q u a l i t y  of

an entire batc h, they judge by the control engine which pa sses

sorting/partition wit h the subsequent monitoring test an ~ is the

re presenta ti ve of this batch.

Page 7.

If during tests are detected the large flaw/defects, whic h

cannot be removed on stand, or engine doe s not give the nec essary

characteri stics, then it is subject to taking from stan d an d hea ds:

a) during single testing into defective department/separation

for a partial or complete Sorting/partition and after the eli.ination

of flaw/defects to the repeated or additional testing:

L_A ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . -~~ ~~~~ ~~~~~~~~~~~~~~~ 
- 

~~~~~~~~~ ‘— ~~~~~~~~ 
_ _ _ _ _ _ _ _ _
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b) during double tests into assembly dep ar tm en t/ separa t ion , if

were reveal/detected flaw/defects during  acceptance tes t, an d in to

partit ion department/ separation, if they were determined l u r i n g

monitoring test.

After the elimination of engine defects, again heads for the

appropriate (delivery or control) repea ted testing, since the

previous testing l uring which were determined the flaw/defects,

usually it is null if ied.

The last/ latter types of the tests of series producti on are

endurance tests, t hey bear selective character and they a r e  carrie d

out period ically, af ter definite in terval s of time or wi th the issue
of the determined batch or ser ies 1 of engines.

FOOTNOTE 1~~ A series he is called the batch of the one—type  eng ines,

d i f fe r ing  by the service l ife and whic h possess complete

interchangeabilit y parts.. ENDFOO TNOTE .

Usually these tests are  carried out for  the target/purpose of

A ~~~~~~~~~~~~~~~~~~~~~ —~ - — 
— - ‘---- -----~ ~~~~
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periodic quality control of engines and it-s operational data (engine

life, wear , etc.) or for the target/pu rpose of testing changes  and

iapro%ements, introduced into the construction of engine.

The tests of experimental production and research include the

following types of tests, connected with development, finish ing and

the delivery of new modifications or new -sFecimen/saaples of the

engines:

1) experimental finishing;

2) state (interdepartmental) ;

3) re search.

Experimental finishing and research tests are usuall! connected

with the work of design bureaus and scientific research organizations

a~d they are carried out for the target/purpose of testing

construction and investigation of the individual questions of engine

constructi on.

Official tests are official tests and they are carried out for

the target/purpose of the inspection/acceptance of the new or

modified specimen/samples of engines.

p.- — -— -—- - ----- a- - 
~~~ - -----. -—- - ~~~~~~~~~~~~~~~~II.. --
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3. Composition of tests.

Efficiency of all types of piston internal com bus tion engines

very strongl y depends on the mode/conditions of the first hours of

their work. If we to the newly assembled engine in the beginning of

its work g ive normal loa d, then in this case will unavoi d a bly follow

the premature intensi ve wear of friction surfaces with the appeara nce

on them of scores. This is explained in the first stages of the

operation with the presence of rou ghnesses — the traces of mac hining,

in consequence of which on friction surfaces appear considerable

specific loads.

Pa ge 8.

Therefore appears the need for the smoothing of these roughnesses for

decrease in the specific loads for the friction surfaces for the

purpose of an increase in the wear resistance.

Train ing/preparat ion of the assembled engine for work on full

load is achieved by preliminary processing or its rolling, in proc ess 

~~~~~~~ ~~~~~~~~~~ ~~~ 
-
~~~~~~ ~~~T 1TITII 
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-~~~ - -
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of which the arti:ulated vapors of engine obtain the possibility of a

gradual increase in the load with them mu tual breakings in. Thererore

for all newly manufactured or assembled after repair engines rolling

or breaking in is the first necessary technological operation whic h

is a part of acceptance test.

As show the conducted investigations, complete the  b r e a k i n g  in

of the parts of engine it is continued the long t ime , men sured  of

dozen hours. However , this process continues uneven ly ,  since the

basic of break ing in occurs in the period of the fi rs t  h ou r s  of t h e

operation.

Usually in plant practice to the breaking in of engine they

limit within the limits of two—four hours, accepting it in the

following composition:

1) cold run—testing of engine from extraneous drive;

2) the hot of breaking in (in his own engine operation) without

load , but with a change in the speed from min imal ly—stab le  to

nominal;

3) the hot of breaking in with a gradual increase in the load

during the constant or variable operating modes.

L. ~~~~~ 
_S..TI~~~ 

• -~~~~~~~~~ 
T~~~~~~
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These engine power ra t ings  compose the  basis of acceptanc e test

for each type  of piston engine. Fur the r  follow regula t ing— setup works

and performa nce testing and calibration.

sometimes some plants as a result of the imperfect ion of tes t ing

units, passing cold rolling, they prod uce only hot to the breaking in

of engine, respectively increasing its durat ion.  This test ing one

ought not to consider equivalent  and sat isfactory. .

Cold rolling not only save liquid propellant, but also raises

the quality of the produced engines., In  t h e  presence of cold r o l l i n g ,

the engine operation begins after its preliminary

training/preparation during wh ich it is obtained not only to the

breaking in of the friction surfaces but also the necessary flushing

of an entire oil system of engine. For this purpose e x p e r i m e n t a l

instaLlati on is equipped by special bench lubrication system. &he

flushing of the oil system of engine is reached because o~ the

increased oil circulat ion and its intensive f i l t r a t ion  d u r i n g  whic h

on the f i l t e r ing  cell/e lements occurs the detention of the  me ta l l i c

particles, which sepa r ate out with breaking in, and also dust and the

contaminat ion, which par t ia l ly  remains  af ter  assembly.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ___ - ~~~~~~~ - -—-~~~~~~~ - —- - ----~~~-—
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The optimum conditions of the mode/conditions of cold rolling

an d subsequent hot breakings in depend on the state of th e

technological process of the manufacture of the parts of engine ,

especially on quality and accuracy/precision of the machined friction

surfaces, and also on the design features of engine. There fore the

selection of the lode/conditions of rolling and breakings in will

depend on these factors. Usually it they conduct by step/s tages,

changing the rate of the rotation of the engine crankshaf t after each

stage for 100—200 revolutions..

Zn the case of the sorting/partition of piston engine

subsequently, are carried out the monitoring tests, during which the

breaking in usually is not produced. Howe ver, d uring the replacement

of the critical parts monitor ing test mus t precede additional of

breaking in, which in this case is included in the com posi tion of

this testing.

For gas turbines as a result of their design features, col d

rolling is not required, but the hot of b reaking in sharpl y is

reduced. The basis of acceptance tests of these engines comprises:

Launching/starting and engine warm— up, gradua l set of revolutions,

regulating—setup works and taking performance characterist ics.

-

LT ~ — -~
- _.- 

~~~~~~ 
_ _ _ _
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Furthermore, for eli. types of internal combustion engines during

test work they occur of work on the  e l iminat ion of the separa te

flav,/dafects, whic h are reveal/detected in the process of the

operation. The volume of t hese wor k de pends on the design f ea tu res of

engine and on the degree of its mastery/ adopt ion in produc t ion.

The exemplary/approximate compositio n of the tests of the

different types of engines is give n in Table 1. It should be noted

that the enumeration of the operat ions, given Table 1, and their

duration g ives in connect ion w ith series production and can change

depending on specific technical specifications for the test wo rk, —

scale and character of production, state of technological process for

the manu facture of parts and engine accessories and its de sign

features.

During the determ ination of the common/general/total labor

consumption of tests, it is necessary to consider the volume of the

re peated, delivery and control, and also all endurance tests, whic h

are necess ar y on the average by one programme d engine.

Witho ut taking into account of the specific design features and

service li fe of engine, is not represented possible to determine the

—

~
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composition of series and other selective endurance tests. They

usually are establish/installed conformably for each type of engine,

its designation/purpose, scale of batch or program of the issue and

ot’ber factors.

Composition and the character of the tests of the en3ines, which

studied in operation and passed repair, will actually app roac h a

composition of the delivery and monitoring tests of series

production. Composition and the duration of experimental and research

tests will be determined in each case depending on the

designation/purpose of these tests and tasks which before them are

advanced.

The final goal of all tests is takin g the necessary engine

characteristics. 
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Table 1. Exemplary/approximate compostion and the duration of the
tests of some types of engines.

flpoAoJI*uye.m focTh ucfl,,~.
T RHA no THflaM *IuraTejlefl

~ 
Q_ .

~~~ ~~~~~~~~~~~~

}lauMeIIoaaHHe IIcnbiTatiuA PewuMbI HCflWTHIIHfl 
~ ~~~ ~~~~ ~~~~~ ~

u onepawin (a) 
no 4HcJIy o~opoToo ~~t. ~~~‘.. ~~~~~~~~~ ~~~~~~.j
KojleHqaroro ~a~ia ~~ r,.? ~~~~ ~~~ _~~~~“ ~~~O X ~~( - ~~ x~~~ • ~~~/ NO ” 0 ~~~~~~~~~

~~~~ ~~~ ~~~~ ~
~~~o ~~~~‘ ~~~~~~~~~~~~~~~~~~~~~

I. C~~ar o ’ i noe 1,~H c n w T a  H ; e  ‘.~~~ -

flocranoBka aBHra-r~.ig Ra CreHj~ 
. . 15 25 20 30

X o,1To,iu1a~I o~ KarKa (~
) Or MHHHMa.lbHbIx 60 90 — —

j~o 0,5—0 ,6 Ho-
MHHaJ1bHb~x(.IO~ ~ arop~4aR Jlpnpa6orka 6e3 Harpy3- Or MHRHMa,’lbHhiX 30 30 — —

KH - t’~~ O HOMHH aJJbHbIx
rop~~ aa npHpa6o-rKa noj~ Harpy3 To 60 90 — —

KOf~ (~~9’~ Cl
flpoKpyrl a , ~IYCK n riporpe~ J~Bfl- Or MHHHMaJ bH}~~ — — JO 15

rareiia ~~~i~o 0,3 110MM-
HaJIbHbIx

flocreneHnoe - yBe.~IIqeHHe oOopo- Or 0,3 HOMHHaJIb- — — 45 60
‘roe C BbIIiep KI<ofl flO orJ~eJ1b- HWX )~O Hp~tu.
HbIM 3T aflaM¼jl) na.ibHwx Q’~

)
OcMorp, pery~mpoBKa , ycrpaHe- . - 20 30 40 60

- HHe M~~KHX Jj~~1~KTOB H flO)~- - 
-

roroBka ~ cJ~aroqHoMy HCITh1-
T2IIHIO (~~

)
C~ aTo’lHoe HcnbiTanIfe~~8 ~ Or MHHHMaJIbHbIX 15 30 45 60

hO MaKCHMaJIb-
Hb1X

CHRThe hBMrare~9,I Co creHJia (,~ *) 
______________ 

10 20 15 20
H r o r o  B )4UJ~ 210 315 175 245

I I .  K 0 H r p o . l b Ho,e -

HCf l b l T a H ue
flocraiiorn a ~BurareJ1g Ha cre~~ — 25 20 30
flporpea hHHrareJ~ c~i~ Or MHHHMaJ1bHbIX — 15 JO 15

H0MHHa.,bualx
PeryJlnpoBKa , Ha.~ahixa H flohro- — 45 45 90

toBKa )( ~oHrpo.lbHoMy HCITh~-TaHH,o(~~~
)

KourpoJTbnoe 1rcnbiraHIr~~~~~
) Or MHHIIM8.flbHbIX — 30 30 40

ç~)JjO MaKcHMaJTbubi x
- CHETHe hI4lrareJlcI CO creu~ a~~~~ — . 20 15 20

(~~~H r o r o  B MUM — 135 120 195

Bcero B 
~~U~d.i~

i) - 210 450 295 440

Key: (1). Duration of tests according to the types of engines in m m .

(2). Desig nation of tests and oper ations.. (3). Node/condit ions of 
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tests according to the speed of the crankshaft. (4). tractor d iesels

with a power of 200 hp. (5). Diesels with a power of 300—500 hp.. (6).

Stationary and transport gas turbines with a power of 100-500 hp.

(7).. transport and shipboard gas turbines wit h a power of 1000—2000

hp. (8). Acceptance test. (9). Setting of engine to stand cold

rolling. (10). From minimum to 0.5—0.6 nominal. (11). H3t of breaking

in without load. (12). From the minimum. (13).. to the nominal. (114).

Hot of breaking in under load. (15). The same. (16). Warming up,

launching/starting and engine warm—up. (17). Gradual increase in the

revolution s with holding in various stages. (18). From 0.3 nominal to

the nomina L (19). tnspecticn, control, e l imination of sma ll

flaw/d efects and training/preparation tot acceptance test. (20). From

the mjnimu a to the maximum. (21). Taking engine from stand. (22).

Sums m m .  (23). Nonitoring test. (24). Setting of engine to stand.

(25). Engi ne warm—up. (26). Control, adjustment and

training/preparation for monitoring test. (27) . Nonitoring test.

(28). In all in m m .

Page 11.

In the majority of cases of user, they interest data, that

characterize the external work of engine, namely: power , revoluti ons,

the specific consumption of fuel/propellant and oil and some other
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data, such as service life of engine, the stability of work under the

separate conditions, a ccelerating, speed and the relia bili ty of

starting/launching, temperature conditions, etc.

Therefore of great significance are requirements wi th  res pect to

the accuracy/precision of these measurements  whic h depend on the

me thod s of measure ments , taken bench equipment  and meter in g

equipment. However , one ought not to forget that the excessive

requirements with respect to the accuracy of the measurements with of

taking different characteristics considerably complicate testing unit

and its cost/value. The underestimation of these requirements,

especially during experimental and research tests, can lead to faulty

conclusion/derivations and incorrect conclusions with the supply of

final sums.

During the test work of batch production of requireuent with

respec t to the acc uracy of measurement s, they must be lower than -

during exp erimental  and research tests. 
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Table 2.. Accuracy of the basic measurements, manufactured during

engine testing..

( I~ To’oioc~r~ ~s~ epeHii~

flopunlelwe ~.ara~eJia fasoe~.ae Typ6I4HM~~~~ )

(‘9’) ~ ~ -~~~~~~
Haa.~euoBaHae H3MepneuMx BeJIK qHII .1

X 4 1  ~~Ov 3  ~~øC m  4~ * F  Cr, ‘- r i - I..
~~~~~~ -~~~~~~~m O  5

’.~~~~~ Th~~ -’ r,oV~e~a ~~~~\100 ~~~~~~~~ ‘..Q~~ I~~-~~~Q.

KpyrAu&H~ MOMCUT (I?2 ±1.0 ±0 ,5 ±1,0 ±0 .5
4uc~o o(ioporos p~~ia ji~ iirarej in LI). - ±0 ,5 ±0 ,3 ±0 ,2 ±0 . 1
Pacxo~ TOn.~HBa (Y/

y~eJIbub1i1 ~~~~~~ ±1 ,0 ±0 .5 ± 1 ,0 ±u,~’eyMMa pHbI A (‘1) ± 1 ,0 ±0 , 5 ± 1,0 ±0.~PacxoA ~-iacjia :
yAe.nbHblA - f / IA  ±1 ,0 ±0 , 5 ± 1 , 0 ±0,5
cy~uap~w~ (-/1) - ±1 ,0 ±0 , 5 ± 1 ,0 ±0,5

Pacxo~ Bo~~yxa Ha nwraime hB,1raTejI1~)3~ ±2 .0 ± 1 ,0 ±2 .0 ± 1 ,0
Te&ineparypa ox.,a*ijato&~eci aqa~ Ha

BXOhC H awxone 113 nBIIraTeJl a WI) . . ±3 , 0 -~ 2,O — —

TeMnepary pa Mae.la ua BXOhC H Bw7~~e. 
-

turn no BCCMY TpaKTy hiBHraTeJla (J~ - ±3,0 ±2 ,0 ±3 .0 ± 2. 0
Tewneparyp-. BO3hYX~ Ha BXOh~ a ~8H- -

raTe~ b ’~ fc) ~~3,0 ±2 ,0 ±2 ,0 ±1,0
TeMnepa rypa orpa6oraaiu~ x ra3Oa Ha

BMXO)1e 113 AsHrarej~a~~~i ±3 ,0 ±2 ,0 j 2 ,0 ± 1 ,0
TeMneparypa ao3nyxa 3a KoNnpeccppot.W~

) — — -{ 3,0 ±2 ,0
TeMneparypa raaoa nepe~ ryp6HHO~U~) — — ±3 ,0 ±2.0
LLaej~ H~e tac~ a a MacJtaHo~ Marffcrpa-

J1H~~J/ ±5 ,0 ±3,0 ±5.0 ±3 ,0
LLan~IeHjie TOIIJIHBa ~ia Bxo~e a ~a~ira~ -

TeJtb (,~ .b~ - - -  ±5, 0 ±3.0 ±5,0 ±3.0
5apoaieTpH~ec,rOe AaBJ1eHHC -±0 , 5 ±0 , 2 ± 0. 3 ±0 .2

Key: (1) . Accuracy of measurements  in percentages. (2) . Piston

engines. (3). Gas turbines. (14).. Designat ion of the measured values.

(5). Series production . (6). Experimental research. (7). Torsional

moment.  (8) .  Speed of the s h a f t  of engine . (9 ) .  Fuel. consumption.
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(10). specific. (11). total. (12). Consumption of oil. (13).. Air flow

rate for the feeding of engine. (14). Temperature of cooling water at

entrance and exit from engine. (15). Temperature of oil at the engine

inlets (16). Temperature of air at the inlet into engine.. (17)

Temperature of waste gases at ou tpu t/y ield from engine. (18).

Temperature of air a f t e r  compressor. (19) . Temperature  of the gases

before the turbine.  (20). Oil pressure in oil main line. (21).

Pressure of fuel/propellant at the engine inlet.. (22). Barometric

pressure.

Page 12..

Table 2 gives data on the accuracy of measurements m ost widely

used, that characterize the engine ope ration d uring test work in

series prod uction or experimental researc h works, including the tests

of separate engine accessories.

§2.. Requirements, presented to experimenta l stations.

The basic requirement, which must satisfy the experimental

station, consists in engine tests at station being carried out under

-..-~~.-- --~~.- -— - - - --- -
~~~~~~~~~~~~~ 
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conditions, maxima lly approximated to operational..

Degree of approximation to these coi ditions and the :omposition

of tests are usually determined by the technical requirements ,

developed by design bureaus and confirmed whe n conducting of the

final official (interdepartmental) tests of new specimen/sample or

modification of engine.

Contemporary experimental stations in the ma jority of cases the

complex and expensive constructions to wh ich is presented a whole

series of requirements. These requirements are mainly explained by

the technological process of engine tests, by the need for the

creation of the sanitary—engineering and safe working conditions ,

providing fire safety, by the construc tion and other basic

requirements.

Technological requ irements:

1. During bench test of engine, must be provided conditions of

its work , as far as possible close to operational.

2.. Eq uipme nt and equipment of experimental station must provide

- -~~~~~~T - -
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high productivity of stands with minimum expenditure of tine on

installation and d isassembly of engine at testing unit.

3. Brake rigging, power—supply systems and maintenance of unit,

measurement and control must ensure standard operation of engine and

taking necessary characteristics with required accuracy/precision.

~~. Experimental station must be equi p ped with

lifting—transporting means, centralized fuel feed and with all for ms

of energy and industrial supplies.

5. Locations for arrangement/permutation of bench installations

and all services of experimental station must have sufficient

size/dimen sions.

With the planning of the locations of station, it is necessary

to consider the possibility of a change in the constructions of

engines, for which to provide the possibility of expansion or

reconstruction of station for testing the new types of engines .

Pa ge 13.

6. Planning of arran gement/permutation of stands and station as

a whole au nt be subordinated to rational technological process. In

0~ —~ ~~~‘-~ ~~~~~~~~~~ 
— ——
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this case, must be provided the conveniences for the operational

maintenance of the equipment of station and tested engines..

For providing the high prod uctivity of stands at experime ntal

statipus, it is necessary to have the rational organization of works.

It is necessary to search for ways and methods of the greatest

shortening in the auxiliary tile, spent on pretteatments, attaining

the maximu m transfer of these works from stand into preparation

department/separation.. An increase in the duration of machine work of

the test bench the count of shortening the preparatory time , which

goes to unit and photogra phy of engine, connection of technological

commumications and to regulating—setup works, is one of t h e  p r i m a r y

tasks.

At the same time important value has also implementat ion of the

automation of the processes of measurementE, recording and processing

readings during taking of different character istics and introd uction

of programmed control during engine testing.

Sanitary—. nginearing requirements: 

~~~~~ 

~

-

~~~~~~
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1. Harmful isolation/liberations of vapors and gases, which

occur during test wcrk of engines or in process of their

trainjug/preparation for tests, both by bench locations and other

subsidiary locations of experimental station they must not exceed

maximum permissible concentrations, establish/installed f ro m union

norms N—1 O 1—5q of p ublication 1958. The harmful isolation/libe rations

includ.e carbon monoxide, which is contained in was te gases ,

propell ant vapors, oil and acrolein, which appears as a result of

burning and heating oil, pairs of mercury (in the case of app lying

the mercur y piezometers) and another ha rmful substance. I n  appendix

1, are given the values of the m a x i m u m  permissib le concentrations of

these and other, to them similar substances which can h ave use on

experimental stations and the laboratories of the engines where are

carried out experimental tests and the finish ing of piston internal

combustion eng ines, and in the gas—dynamic laboratories of gas

turbines.

At the presence of these harmful isolation,liberation s, the

maintenance of the necessary sanitary—engineering conditions is

achieved by the application/use of suction and exhaust ventilation

with the requited mul t ip l ic i ty  of the exchange of air in  t h e  zone of

work ing  loca tions.

2. Provision of all workers a t  exper imenta l  station s u f f i c i e n t,

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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accordingly the sa me norms, by size/d imensions of production

locations (on area and cubic content), and also by necessary e very da y

services and locations for arrangement/permutation of operating

personnel and employees. All these locations except good v e n t i l a t i o n

must have heating, water supply and illumination in accordance with

the effect ive norm s..

Page 14.

3. In working locations and services where occurs

applicat ion/use of toxic and strongly toxic substances (me r cury, its

pairs and other substances), structures of walls and sex/floor must

not absorb these substances.

4. In view of large formation of noises, published during engine

testing, it is necessary in experimental stations to use exten sively

sound—deadenin g devices and to take special measures of

soundproofing, which ensure noise reduction in area of arrange ment of

ex perimental station and production indoors to permissible val ues.

Especially this is related to by those to the experimental stations

where is conducted testing of gas—turbine and powerful piston

internal combustion engines.

The noise level in the workin g locations in which is possible

~ ~~~~ ~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ -- ~~~~~ ~~~~~

- - -
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the pr olon ged stay of the service personnel, an d also outs ide

experimental station, on the boundary/interface of a

sanitary—shielding zone, must not exceed the permissible norm s, g ive n

in appendix 2.

Requirements for safety engineering..

In work on experimental stations, in laboratories and on

separate testing units must be provided the general safety of work of

the service personnel . The basic condition/positions of this safet y

and requirement fo r  it are presented belo w in chapter VI , §1.

Requirements for  fi r e  safety.

These requiraments  consis t in t ak ing  organiz at ional and

tech4cal measures , which ensu re f i r e  sa fe ty  on exper imenta l  s ta t ions

and laboratories. The basic condition/~ csa. tj ons of these c o n d i t i o n s

and measure are given in chapter VI , ~ 2.

~~~~~~~~ 
- 
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Requirements for building.

1. constructions of building are must as far as possible to be

fulfille d from standar d and standa rd ccns truc tion parts an d

cell/elements. All buildings of experimental station must be by

suf f i c ient ly strong, are carried out in accor dance with the ex isting

sanitary—e ngineering, fire—fighting and other norms for bu ilding of

the industrial buildings of a similar designation/purpose.

The p lanning of basic working and auxiliary locations, an d also

their size/dimensions and archi tectural shapi ng must  completel y

answer by the requirements for rational technology of test work.

2. All foundations of experim ental station under stands, brake

an d other power plants must be reliably isolated from all structures

of building.

Pa ge 15.

3. Facing materials of internal surface of locations of test

installations •ust be stable to effiorescence. Construct ion weeding

it must  eliminate rapid wear and the isolation/liberation of d ust ;

their surface with the incidence/impingement of oil or

—-i ~~~~~~~~~~~~~~ ~~~~~~ -~~~~~~~~~~
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fuel/propellants m ust not be slippery~

Furthermore, hems and entire/all internal facing of walls must

be sufficiently ruggedized and impact loads with random

impact/shocks, flameproof and prov ide the reliable impenetrability of

oil and fuel/prop. l].ants.

The accum ulated over recent years ex perience in p lanning,

building and the operation of experime ntal stations and the

common/general/total high technological level of the Sovie t of all

branches of indust ry create all conditions for the solution and the

complete satisfaction requirements enumerated above of basic.

§3. Composition of testing units..

In the composition of testing units, they enter:

1) stand or the engine mount for installation of tested engine;

2) braking device ;

3) de vice and the systems of launching/starting, control, 

~~~~~~~~~~~~~~~~~~~~ ~~~
__ _
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heat—control /ch eck , measurements of power and other parame te rs of

engine ;

4) the power-supply system and maintenance of testin; u n i t ;

5) the sound -deadening other devices and systems - as needed.

Basic and main l ink in te sting un i t  is braking device whose

basic designation/purpose is absorption of the power , developed wi th

engine in the process of its test ing,  and the measurement of b rake

horsepower with the required accuracy/precision. The most

gene ral—purpose f o r m  of brake is such rev ersible machine w hich

alternately can work as brake and as driv e for starting/launching or

cold run—testing of engine.

The correct and rational selection of brake is decisi ve for an

entire experimenta l station. This selection superimposes the

determined character on the composition of tests, the organiza tion of

woxks within experimental station, its operation, saving, and in

certain cases for the type of locations and required area.

All the other equipment, systems and the devices of e xperimen tal

station are subsid iary, that ensure operation of engine on stan d and

conducting the proper measurements and monitoring of all parameters ,
which charac te r ize  tes ted engine . - 

r~:~’~ -- ~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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Page 16..

Chapter Il.

BRAKES AND BRAKING DEVICES.

§1. General recommendations by choice of brake.

jn the beginning of the design of testing un it or selection of

equipment first of all and mainly must be solved the question

concerning brake and braking device. When selecting brake, mus t be

solved the following basic questions:

1. Determination of the type of braking device for tie

satisfaction of the following tech nological requirements: need and

the provision for warming up of engine during its startin;/launching ;

the need f or cold rolling and methods of its conducting; the

provision for brak ing engine under the con d itions of work, the

~~~ - - T ~~~ - 

~~~ IT~~ ~
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conformity of power and revolutions of tested engine under these

conditions with possibilities and the characteristic of brake;

determination of a required quantity and type of testing units in

connection with the selection of braking device for conducting the

different series, commission, standard and other tests and the

determinat ion of the possibility of the unification of these

installations; the provision for power measureaelLt of engine with the

necessary accuracy/precision.

2. Economic, connected with study possibilities and advisability

of recuperation of mec hanical ener gy, developed with engine during

its testing. Since most convenient from the viewpoint of the methods

of obtaining and use of the taken by the brake from the tested engine

energy is electrical energy, braking device in this case must be

simultaneously and the generator of alterna ting or direct current

with the conversion of the latter into variable.

With the studying of economic considerations and substant iation,

are must, to be taken into account initia l capital investments on the

acquisition of tha brakes of their power—supply systems and

main tenance, and also operating costs and the periods of the

absorption of this equipment.

3. Organiza t iona l  and technical,  directed toward r ea l izat ion of

- ~~~~~~~~ 1-~~~~~~~~~~~~~~~ i~~~i~~_T
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comple x overall mechanization and automation of processes of tests in

series and mass production of engi nes and in particular introd uction

of programme d control during engine testing, whic h is also connected

with selection of type of braking device.

Page 17.

Since the basic equipment of unit is intended for the prolonged

period of operation, when selecting brake, also must be stud ied the

questions, connected with the prom ising possibilities of the

rearrangement of production or cha nges in the characteristics of

tested engines. Th us, f or instance, with a possible promising

increase in the power of engine the power of btake group can be

subsequently twice size because of setting into the tandem of second

the same brake. In this case the shaft of brake must be selected or

ordered from the condition of the transmission by it of the doubled

po wer. Mus t be also examined  the quest icns, connec ted w i t h  the

possibilities of the realization of order for brake rigging:

construction, manufacture, delivery specifica tions, installation and

its adjustment during introduction into operation.

For the solut ion to these quest ions, one should examin e the

basic types of bra kes, reveal/detect/expose their com parative

evaluation, the possibilities and the fields of application.
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§2. Brakes.

1. Classification of brakes. -

Since the power, transferred from the shaft of engine , is

absorbed by the resistance of the given machine, the value of this

resistance determines the load of engine. For determining the powe r

of engine during its testing, is applied the artificial load of

engine in the form of resistance fr om the special dev ice, called

brake. Dur ing the rctation of the shaft of engine, the loading

device, namely , the  stator of brake , absorbs react ionary to rque ,

equal to the torsional moment of the  engine which is balanced  by t h e

we ight or other strength measuring device of brake. With the aid of

this measu ring system is determined by force P on arm R. The

multiplication of these values wil l give the torsional mo •entM%.

Knowin g speed per minute, equal n, it is possible to determine

effective shaft horsepower of engine N f. . which is determined from

know n from mechanics to the expression

:~~~~~~~~~~~~~~~~~~~~ ,. ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~_
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C. (1)
716,2 (,

~ 
-

Key: (1). hp.

On the princi ple of operation and its device whole of the bra ke,

used for engine testing, can be classified according to t he  f o l l o wi n g

basic groups :

a) mechanical ;

b) air;

C) hydraulic;

d) electrical ;

e) induction;

f) combined.

Page 18.

2. Power brakes.
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In power brakes the power of tested engine is absorbe d by the

friction of shoes or brake band against the quill sleeve of engine

block.

• In  th is  case the torsional moment  of eng ine is d e t e r m i n e d  wit h

the aid of the lever, f ixed  to shoes tc end of wh ich are h u n g  up the

loads, or it af fec ts  weight  mechanism or dynamometer .

a’o main disad vantages in these brakes, one should rel ate the

need ~or the frequent control of brake in view of the inconsta ncy of

the coefficient of friction between the block and shoes or between

bands and the  bloc k, and also the d i f f i c u l t i es, connected cooled of

the brake pulley by  the water , the  pres ence of spatter d u r i n g

oper ation and others.

As a result of these essentia l shortcomings the at pr esen t  power

brake are not v i r tua l ly  applied.

3. Air  brakes.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ 2 _ _ _ _ _ _ _ _ _
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For air brakes can be applied propel lers, fan brakes, the

simplified screw/propellers or bars with the blades, which are

mount/ f i ted directly to the shaf t  of engine or from the  l a t t e r  are

given to rotation. In all cases the  power of engine is absorbed by

air resistance. The determination of power in this case can be

produced by three systems: by applying the bob frame on which is

establish/installed the engine, on rigid stand with the aid of

prev iously calibrated air brake, eithe r with the aid of torque meter

• wh ich is installed on brake or between the engime in air brake.

In the first case reactionary torque from air brake, equa l in

absolute torque of engine, is transferred from brake (scre w/propeller

or fan brake) to engine and frame and is caused its dev iation around

longitudinal trunnion to the side, reverse/inverse to the rotation of

the shaft of engine. Frame is connected with weighing device or

dyna mometer, with the aid of which is measured the effort/force,

developed with tested engine. The torsional momen t and the power of

engine are determined from formula (1).

In the second case in the presence of rigid stand, to measure

the torsional moment is not represented possible. Therefore the

determination of power is prod uced on revolut ions and the calibration

— ;.i ~ -~~ 
-
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graph of this air brake, comprised on the standard engine whose

characteristics are removed preliminarily at another special

arrester.

In the third case the determination of power is produced at the

• torsional moment, measured with the aid of torque meter or with the

aid of dynanome tric clutch.

Page 19.

Change or the control of the load of air brake is produced by

appl y3.ng air adj ustable-pitchs pro peller or by the r e ar r angeu i en t  of

load blades. The latter is produced by hand after the engine

shutdown.

Air brakes find a use during testing of air—cooled engine s,

including aviation piston and turboprop engines. This is explained to

the facts that propellers and fan brakes, being rotated, is created

simultaneously and air flow, necessary for engine cooling.

Furthermor e, air brake imitates the actual operating conditions of

the operat ion of these engines, that some t imes is necessary to create

during testing.

To shortcomings in air brakes, one should relate relitive

*~~~
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uuwieadine ss of testing units., the need for their

arrangemen t/permutation for the isolated/insulated boxes, the high

cost/value of the sound— deaden ing devices due to the large dimensions

of intake and exit sections. To this one should consider economic

unprofitability an d the practical impossibility to utiliz e energy of

engines during their testing on these brakes.

In the first case of applying the bob stand with air brake , the

accuracy of the measurement of power can be raised because of the

account of corrections for blowout f rom t h e  acceleration of a i r  f low

• by the time/temporary setting up of diffusor grid between the

screw/propeller and the engine. In the correctly selected and

assembled strength measuring systems the accuracy of measure ment can

be reached within limits from +0.5 to +1.Oo/o of maximum value of

measurement.

In the second case this accuracy/precision virtually can be

reached little more than within limits from .1.0 to +2.Oo/o.

In the third case depending on the used coestructions of the

torque meters and dynanometric clutc hes, the accuracy of measurement

ranges f r om ±1.0 to ±3.Oo/o. 

~~~~~~ — =~~~~~~~~~~~
---
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4. Hydraul ic brakes.

The principle of work of hy draulic bra kes is based on li q uid

resistance to the displacement/movement of the rotating part of the

brake — (rotor) in housing — (stator) , which has bob suspe nsion and

the measuring system of the torsional moment.  ~y construct ion these

of brake are subdi v ided into disk, that have  into rotor severa l disks

with finge r/pins or holes, and spherical with the shaped rotor on

which ther e are oval pockets or blades w i t h  the symmet r i ca l

arrangemen t of tha same pockets or blades on stator.

The power of disk brakes is usually regulated by means of the

filling of them with water, such of brake with the light loads of

engine work unstably, what is their essential shortcoming.

Page 20.

The majority of brakes with the spherical shaped rotor is

regulated according to power by changing rotational resistance of

rotor by the cove r of water by the shut ter/valve, which moves betwee n

the rotor and the stator, and a lso a change in the consump tion of the

water through the rotor. Such of brake, although they are more

complex, dur ing all load mode/conditions work stable. The

- •— 
~~~~~~~~~~~~~~~~~~~~ • -
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longitudinal section of this  brake is given in Zig. 1.

The stator of hydraulic brake, absor bing the torsiona l moment of

engine, because of its bob suspension it at tempts  to t u r n  itself to

• the side of the rotation of shaft. In this case, it is balanced by

the measuring system of the torsional moment, which usually together

with calibra tion ins t rument  enters in the assembly of supp ly of

system.

The control of power during a change in the load of angine can

be manua l or mechanical. Dur ing  load , change new mode/ cond i t ions  is

establish/ installe d only af ter certain t ime a f t e r  control.

Especially this is related to the brakes which are regulated by

means of filling with water, what is an essential shortcoming in the

hydraul ic  brakes. Possessing the large power reserve, hydraulic brake

are suff ic iently compac t and have relatively small overall

dimensions. Therefore they can be manufactured within the limits of

the large power range and speeds.

Fig. 2, gives the general view of the slow hydraulic brake of

firm “~ Uinane—Froude” by the power of 17,50O~4z~~~w with 90/200 r/min.

The major i ty  of brakes of this  type , intended for w o r k  d u r i n g

--  _ i
~~~ ~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~ TITTI ~~~~~~
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the rotation of shaft in both d irections, are manufacturel reversi ve.

One Their essential shortcomings in the hydraulic brakes is that

fact that they cannot create the large torsional moment on low

revolutions. Therefore they ha ve the slanbing characteristic , shown

in Fig. 3, somewhat being inferior in this respect to electric brakes

and even in larger measure induction. For the partial elim ination of

the mentioned shortcoming, sometimes it is necessary to appl y more

powerful hydraulic brake how this is requi red for this en g ine.

Absorbed by hydraulic brake mechanical energy transfer/converts to

ther a~ l, w h ich is transferred primarily by flow water. The

insignifican t part of the heat is emitted into the surrounding

atmosphere .

A required quantity of coolin g water for a hydraulic brake can

be theoretically determined f r om the equation of the heat balance

Q,, = 632N, Gi. (1g~~ —

whence

= 
632Ne Am, ‘2)

, l,~ z —

where Qh is a quan tity of heat, abstract/removed by water from

hydraulic brake, in kcal/h;

632 - the quantit y of heat, isolated per hour 1 h.p., in kcal/hp

•

~ 

.
~~~~

• . • . . ~~~~~~~~~~~~~~~~
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N~- is effective power in h.p.;

— a quantity of wa ter , passing through the hydraulic brake

for 1 h, in li/h;

ç~ is temperature of the water, comin g ou t from h ydraulic

brake , in °c;
— the temperature of the water , enter ing the brake, in °C.

~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ •
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Page 21.
1 3 1 4

4
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Fig. 1. Longitudinal section of hydraulic brake: 1 — d y n a m o m eter

(weight head); 2 — tachometer; 3 — regulator of tachometer; 4 — lock

of bearing ; 5 — radia l  bearing of stator; 6 — main bearin g ; 7 —

shaft; 8 — half—coupling; 9 — buck stay; 10 — lower half-yoke ; 11 —
shutter/valve; 12 — hole for yield of water ; 13 — rotor ; 14 —
elliptical pockets of stator ; 15 — pack(ing) nut; 16 — stuffing—box

seal; 17 — valve/gate of feed control of water; 18 — drainage funnel;
19 — flange of feeding water pipe ; 20. the flange of discharge lead.

L. ~~~ •~~~~• ~~~~~~~~~~~~~~~~~ 
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Fig. 2. Overall form of Quinane— Froude hy draulic brake wit h power of

11~500 h.p. with 90/200 r/min.

Page 22..

To avoid the formation of vapor locks, which disturb the

. i~~ ulation of wat er, for providin g the stable operation ~f hydraulic

br~..e the temperat ure of the coming out water mus t be not above

6 0—6 5° C. When the closed power—supply system of hydraulic brakes is

present, by water its temperature in summer is 25—30°C. At these

values the consumption of water will be about 20 t on 1 h. p. in hour.

With feeding from water—conducting mains, the consum pt ion will

be about 15 1, on I h.p . h. The maj o r i t y  of brakes for stable work

-
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requires the provision for creation of constant pressure at the entry

into hydraulic brake. This is reached by the setting up of the

regulator of constant pressure on the feeding line of water pi pe or

by the arrangement of tanks at height/altitude from 3 to 4 m above

the level of hydra ulic brakes. I~ this case, the fixed level of wate r

in taiks is supported by float mechanism .

The d uration of the operational service life of work of

hydraulic brakes is determined mainly by the wear of the i nternal

surfaces of water cavities. This wear especially grow/rises when

there are presen t in wa ter mec hani cal im puri ties whic h as a r esult of

the high speeds of the motion of water and under the effect of

cavitation destroy the metallic parts of the water cavities of bra ke.

In spite of shor tcomin gs ind ica ted above, hyd raulic brakes because of

their powe r, compactness and universality find wide applic ation

durin g testing of the different types of engines.

S. Electric brakes.

Recen tly in connec tion with the research i~ the USSR of the new

methods of regeneration and the wide development of electrical

en gineerin g indus try, everything in larger scale find a use electric
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brakes. They are deprived of the indicated shortcomings -~~~ they are 
-

machines reversible. In the ma jority of cases as electric brakes, are

ut’ilined the electric motors of direct a~ d alternating cur rent.

They serve as drive for cold rolling and Starting/launching

during hot tests or taking of friction I~orsepower.

- • ~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- 

-
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Fig.. 3. Comparative characteristics of brakes: I — induction brake ; 2

— electric brake (machine of d irec t current ); 3 — hydraulic brake.

Page 23.

• During the transfer/transition of engine testing for its own work

(thermal process) the power , developed with engine, is tra nsferred to

the electric brake which in this case wor ks as generator. Thus, the

mechanical ener gy, developed with tested engine, is converted into

electrical, tha t can be usefully used :

~~very thing electric brakes possess good stability in all

oper at in g modes an d provi de convenien t an d con tinu ousl y va ria b le

control of the load of engine.

~~~~~~ ~~~~~~~~
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As electric brakes for engine testin g of internal combustion,

can be used the following electrical machines:

I
a) the electric motor of direct current in common performance ;

b) the bob machine of direct current ;

C) as ynchron us electric motor wi th  phase rotor and with the

con trol of resis tance , inclu ded in the circui t of rotor;

d) asynchronous or synchronou s electric motor with magnetic slip

cou plj.ag ;

e) the same, but with hydraul ic clutch of slip or hydraul ic

converter.

Durin g operation of any electrical machine, its stator as a

• result of the action of magnetic forces absorbs the torque/moment ,

equal to the torsional moment of the tested engine which rotates

armature shaft. Therefore, if the stator of electric machine has the

bob suspension, connected wi th  weight  mecha n ism or d y na a 3 le t e r , t h e n

it will be possible to measure this torsional moment, but by it and

corresponding to it to revolutions to determine the power of engine

is ana logous with power measurenent on brakes examined above.

- —  ~~~ ~~~~~~~~~~~~~~~
— -  
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The same effect can be obtained , if electric motor in cannon

performance will be establish/installed to the bob frame of stand or,

on the contrary, during the rigid fastening of the housing of

electric brake tested engine will be located on bob platform.

From the view point of the me asur in g techni que, all these methods

are equivalent. However, is more convenient stand for an engine to

have rigid, and electric brake to accept with the bob suspension of

stjator or to establish/install electric brake upon bob platform .

In work of electr ic  mach ine in motor ing ,  i.e.., as electric

se rvo motor , the torsional moment will be determined by the power

input of the given by it tested engine and will be directed to the

counterrotatjon of anchor. In generator mode, i.e., during braking of

tested engine, the torsional moment on stator is equal to the

torsional moment of engine and it is directed to the side of the

rotation of anchor.

For the con tem porary  cons truc tions of dynamome ters in the

correctly selectea system of bob suspension by electric brake can be

reached the accuracy of the measurement of power within limits of

•0 .2 5—0. 5o/o from the maximal ly  measured effort / force.

- 
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Xn the case of ap pl y in g the ele ctric mo tors in common ,

stationa ry performance and with failure on the stand of bob device in

an indicated manner to measure the torsion al mome nt is not

represented possible. In this case the power of tested engine is

determined only f r o m  vattaeter. As a resul t of losses in e lec t r ic

mach ine and mains of the electrica l devices, which are var iable

values, the accuracy/prec ision of power measure ment in an indicated

manner will be located of 3—So/o.

The bob machine of direct current is one of the most modern and

general— purpose brakes. This type of brak e frees from the need for

the device of bob frames or platforms.

For the machines of direct curr en t  the  most convenient  method of

feeding and controls over a wide range of revolutions and braking

moment is Leonardo’s diagram , ex tru ded by the recently mer cury

adjustable rectifier. En this case, each bob machine during its work

is serviced by one aggregate/unit, which are of the electric motor of

alternating current and the give n by it direct—current generator , or

one mercur y adjustable rectifier. The power of this conversion unit

- ~
-‘--- - ---i- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -  ___~k:__



-

DCC = 7723302 PAGE —24-- ~~~Lf

as a result of some losses is accepted somewhat higher than the powe r

of bob machine . Usually conversion units are accepted in a quantit y

smaller than the num ber of bob machin es, since is considered the

• diversity factor of their wcrk. In this case is provided for the

possibility of the connection of bob machine to any of that wh ich are

being, or to any of the group of conversion units, that which was not

occupied at given torque/moment.

Despite the fact that this type of electric brake wit h converter

requires several large initial capital investments, all the same it

makes it possible of its wide use during tests according to differen t

programs. Besides cond ucting of rolling, warmin g up for

star t ing/lau nching and bra k ing, it also provides taking friction

horsepow er, the determination of efficiency, but during endura nce

• tests it still makes it possible to carry out regeneration . This is

why this type of electric brake successfully is applied for research

and standard tests of the different type of engines,, espe : ia l l y in

pilot plants and e xper imental laboratories. The general view of bob

machin e with the beam bala nce measur i ng sys tem of th e tors i onal

moment is given in Fig. 4.

Prom series specimen/ samp les at present Soviet i n d u s t r y  suppl ies

bob mac h ines, also , to them conversion units up to 800 kW in

thickness. During connection into the tandem of such two machines ,

-
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the total power can be obtained to 2000 hp .  The m a n u f a c t u r e of more

powerful  machines req u ires individual  order.

Pa ge 25.

To common shor tcomings in electr ic  brakes , one should relate

their limited possibilities the range of ma ximum revolutions. Cf the

electrical machines of direct current by power from several dozen to

800 kW the max imu m rpm compose with respect to 6000— 14000 r/min. For

all electrical mac h ines of larger power,  max imum speeds will be

within limits 1500— 3000 r/min. The use of electrical machines for

braking of the high—speed engines, which have on o u t p u t  s h a f t  the

speed, which exceeds the permissible revolutions of electric brake,

is possible only in that case if between the tested engine and the

electric machine will be introduced the reducer, which depresses the

transferred revolutions. However, with large powers and high

revolutions, this reducer will represent complex aggregate/unit. To

accoun t for in the reducer of losses; which are the value of

variable , it is necessary it to install on common/ genera l/ to ta l

dynamometric platform (according to type Fig. 10k) or to place on

independent bob suspension with their own measuring system. Such

solutjons considerably complicate testing unit. Therefore they can

find finding. Shortcomings in the separate constructions of powerful

electrical machines include also the need for the device of basements

ilL C~
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for the arrangemen t of ventilation system s for the purpose of supply

from below the machine of air for their ccoling.

• In comparison with the hydraulic bra kes of electric brake , they

ha ve somewha t more steepness (see Fig. 3) and more convenient control

system , tha t  better y ie ld ing  to au toma t ion .

6. Induction of brake.

Induction of brake are based on the interaction of vortex/eddy

Poucault currents and magnetic flux, formed during inductor in stator

which has circular field coil. Ind uctor or rotor is the rotating part

of the brake and is the double—row gear, manufactured from low—carbon

steel for providing good magnetic permeability. Teeth in section/c ut

have rectangular or trapezoidal form and do not require the hig h

accuracy/p recision of the manufacture of their airfoil/profile.

_  _  _  
______ 
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Fig.. 4. General view of bob machine with beam balance dynamom e ter.
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Induc tor is arrange/located in the stator, which consists of two

• halves wi th in  which is placed the field coil wh ~~ e plane is

perpendicu lar to longitudinal brake axle. The scheaatic diagra m of

induction brake is given in Pig. 5..

Within stator are inserted the steel sleev~~, which possess

large magnetic permeability. For providing the equal to pe rm eability,

air gap between the inductor and sleeves must be as far as possible

• minimum.
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Durin g the excitation of coil by direct current is formed the

• circular magne tic f iel d, which magnetizes the teeth of the inductor

of each series by unli ke poles, as this is shown in Pig. 5. As a

result of this on the edges of the teeth of inductor, are formed the

local concentrations of magnetic f l u x .  During the rota t ion of rotor ,

the serface of the internal sleeves above and bet w een the  teeth of

in ductor on turn is magnetized and is demagnitized, in consequence of

wh ich in sleeves appear the eddy currents. The interaction of

vortex/edd y Foucault currents with resulting magnet ic field of

machine creates required braking moment.

For its determination the housing of stator has bob suspe nsion

and measuring system analogous wit h bob electrical machines. The

tors ional moment , r eceived by stator , is directed to the  side of the

rotation of shaft. The longi tudinal  section of the general  vie w of

induction brake is’ given in Pig. 6.

Thus , occurs the conversion of mecha n ica l energy in to  e lectr ical

and f u r t h e r — into thermal. Basic part of thermal energy is

transferred to stator and partially to rotor. For the removal of this

heat withi n brake, is provided for the system of water cooling. There

are constructions of the brakes into which the water is passed

- - = : ~~~~~~ ~~~~~~~~~~~~~~~ - 
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through stator— rotor unit, or only throug h the stator. In the latter

case the excess haat is transferred to stator by emission/radiation.

The cooling system of the first requires the provision of constant

p res snre at the entry into brake, since ua tcr , wh ich is located

between the rotor and the stator, dur ing pressure chang e i n  su ppl y

line can influence the stability of work of brake. In other

constructions the water for larger cooling efficiency enters stato r

under the pressure of water—conducting mains; changes in this

pressure ~o not affect the operation of brake, since the rotor is not

f i l l ed by water. The specific consumption of water on 1 h.p. will be

the same as and for hydraulic brakes, and is determined from for mu la

( 2 ) .

The l imi ting value of bra kin g momen t is determine d b y the

density of the magnetic field of the teeth of inductor. Even at the

low speed of rotation this torque/moment composes the significant

magnitude. Therefore the characteristic features of induct ion brake

consist in the fact tha t it, possessing high energy content, it can

develop complete brake horsepower already at the speed of rotation ,

component only 20-250/ 0 of the complete revolutions. Therefore  its

brake characteristic goes steep ly upwar d, consi dera b ly

anticipate/ leading the characteristics of all other brakes  (see Fig.

3 ) .
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Fig.. 5. Schematic diagram of induction brake: 1 — inductor (rotor

with teeth); 2 — stator (front/leading half) ; 3 field coil ; 4 —

s]ee ye.
Key: (1) Input ; (2) Water; ( 3 )  Output .

Fig. 6. Longitudinal section of induct ion brake: 1 — dynamom eter

(weight head); 2 - feeding water pipe ; 3 — drainage water pipe ; 4 —

field coil; S — stator; 6 — inductor (rotor) ; 7 — generato r of

automatic control; 8 — holder of bearing of bob suspension ; 9 — shaft

bearing of ind uctor.
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This is the very valuable special feature/peculiarity of induction

• brakes, since in a num ber of cases only they can ensur e br aking the

engines and other mechani sms (di f f e ren t h yd rau l i c  tran sm ission ,

hydrau lic converters, elec tric motors, etc.) if necessary for their

testing accord ing to abrupt/steep brake character istic.

The power, requited for the feeding of field coil, is

insignificant, it comprises less than O.4—O.So/o of the p3wer of

brake.. This feedin g by direct current can be realized from the

selenium rectifier or another source. The control of the load of

brake is achieved by a change of the current strength in field coil.

In view of the fast that this control is sufficiently simple and

reliable, it easily can be automated.

Jn duction brake is the reversive irreversible machine , since it

is incapable to work in motoring as dr ive, what is its essential

shortcoming. However, the characteristic feature of this brake is

that it barely has any limitations of application/use, wit h the

exception of strength, and therefore it can be created to the wide

range of revolutions and powers, inclu d ir~g high—speed of bra ke. The

duration of its operational resource/lifetime is sufficiently grea t

and can be equal to electrical machines . in recent years induction of

- ~~: ~~ 
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brake in us and abroad received wide acceptance. Many lead ing motor

vehicle plants and some engine—building plants successfull y their are

utilized and they further expand the field of their application/use.

• Yig. 7 , gives induction brake by the powe r of 6000 h.p. with
Q

1500/3000 r/min of f ir m “~~iinane—Froude ”, paired of two brakes on

3000 h.p. each.

~~~~~~~~~~ ~~ ~~~~~~ ~~~~~~ - 
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Fig. 7. General view of induct ion brake &linane_ Froude , t h a t  is of

two machines, connected into tandem , overall power of 6000 hp. Power

of each brake 3000 h. p. with 1500/3000 r/min.

Page 29.

§3. Braking devices.

Braking devices, adjustable between the  tested engine and the

br ake, includ, main ly  the clutches of cohesion,coupling , reducers and

slipping clutches. The latter combine in itself the functions cf

first two, i. e., cohesion/coupling eng ine with brake and t h e

reduction of speed .
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Therefore slipping clutches, which are the rational combination

of tv p devices , bad extensive applicat ion in prcpulsion test

La ci lj ties.

1. Magnetic slip couplings ..

Electromagnetic (induction) slipping clutch is intended for the

smooth conversion of the rate of the rotation of the shaft of

driving/homi ng engine to the given aggregate/unit— brake. rhis clutch

seemingly re place d by itself reducer with unlimited gear ratio.

Electromagnetic coupling is created according to the principle brake

examined above of induction and consists of two half—couplings. One

Of them is connect.~d mechanicall y with electric motor, and the second

is inductor and it is arrange/located within the first — the anchors,

isolated in the circumference between themselves the low air

clearance. The schematic diagram of electrcmagnetic coupling is shown

in Fig.. 8.

Induc tor is double—row gear made of low—carbon steel with the

rectangula r or shaped teeth and has one circular field coil whose 

- 
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axle/axis coincides with the axle/axis of the shaft of clutch. The

teeth of the inductor perform the role of the magnetic poles o f

electric machine.

Ancho r also is fulfilled made of low—carbon steel and has

longitud inal slots in internal par t for an increase in the

transferred torque/nosent and groove/slcts on exterior — for an

improvemen t in the ventilation cooling of clutch.

The general view of electromagnet ic coupling is given in Fig. 9.

If we set in motion the inductor over coil of whic h

occur/flow/lasts direct current, then the internal part of the

anchor, turned to inductor, will experience/test a change in the

magnetic flux. This will cause the formation of edd y currents in this

pa rt pf the an chor . The inter a ction of vortex/edd y a r m a t u r e  cu r r en t s

with the magnetic f l u x  of inductor creates the torsional m o m e n t  of

clutch . Than is mor e  field cur rent and the greate r the s l ip  of

clutch, i.e., the relative rate between the  anchor and the  i nduc to r ,

those will, be more eddy currents, and con sequently, the  grea te r the re

will be the torsional moment , t ransferred  by clutch.
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Fig. 8. Electromagnetic slip coupling: 1 — leading half—coupling; 2 —

drive n half—coupling; 3 — housing of clutch; 4 — field coil.

Page 30.

This property of induction clutch makes it possible to regulate

the rotation of t~e shaft of tested engine in the process of cold

rolling, and to also obtain the constant velocity in the shaft of

electric motor at the different rates of the operation of tested

engine under load. During the cold rollin g when electric motor works

• in motoring as driving/homing engine at the constant rotational

speed•, at the initial stage of rolling, the revolutions of shaft of

tested eng ine they must be small, in this case in clutch, occurs

large slip and field current will, be small. For the increa se in the

speed of the shaft of engine, whic h passes rolling, field current in

clutch it is must increase, and its slip decreases. During tests

under load in the initial stage when the revolutions of the shaft of
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the test engine ev en lover than nominal re volu tions of ele ctri c

motor, clutch it works without slip and field current in it wil l, be

large. If necessary for a further increase in the speed of tested

en gine, one should decrease the current of excitation. In this case,

the slip in clutch it will be the grea ter, the more the revolutions

of the shaft of tested engine they exceed rated r/min of electric

motor. Last/latter, havin g constant velocity, it can work as brake

and as cur rent genera tor, i.e., recuperated work. In that case for

these purposes , can be used the  machines of a l t e r n a t i n g  c u r r e n t .

As a result of slip in clutch will occur the loss of cer ta in

part of the  energy in the form of the hea t , e.itted in to  s u r r o u n d i n g

air. the se losses the y viii be the greater , t h a n  the more t r a n s m i t t e d

power and is more sli p. There f ore construct ion de scribed above  of

clutch reliably works only at power to 500 hp.. At the larger power of

slipping clutch in the case of continuous operation, they require the

introduction of additiona l cooling, which com plica tes the

construction of clutch. A change of the field current in this clutch,

an d conse quently also i ts control , can be automated. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - :~~~~ :T~~ • - J
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Fig. 9. General view of magnet ic slip coupling.
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Page 31.

Chapter Ill.

TYPES OF TESTING UNITS.

§1. Testing units without regeneration..

The m chanica l energy, developed wit h engine during its own wor k

(heat—engi neering tests), in its majority usefully is not utilized ,

but it is only absorb.d by brake.

Reason to this they are mainly: the small duration of tests,

• frequent changes in the operating modes, comple xity and high costs of

recuperation devices, are not crea ted the economic e f fec t, obtained

from the use of mechanical energy of engine.

Only mass product ion, which requires the continuous conducting
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of the heat engineerin g tests of several engines is simultaneo us, are

created the economic advisability of the organization of the constan t

use of mechanical energy of engines and its transformation

(recuperation) into electrical for the needs of the prod uction or

other target/purposes.

Let us examine at first thermal testing units without

recuperation according to their types. and desigqation/purpose. The

type of testing uni t is  determine d m ainly by designation/purpose and

the character of tests, by type and the power of the engines, whic h

are subject to tests.

Usually testi ng uni ts are cal led on bra king device, since the

ty pe of brake has decisive effect on the character of an entire unit.

In the diagrams, given Fig.. 10, show s the possible versions of

the arra ngemen t of brak ing devices at testing units. Suppo rt sys tems

and the accessories, whic h f o rm s par t of these installa tions, on

diagrams are not conditionally shown.

Let us examine the basic possible regions of use of separ ate

installations according to their types.
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1.. Unit for cold run—testin g of engines.. (Fig. lOa).

If necessary of conducting cold rolling and impossibility of its

realization at basic test benches are accepted special stand s

according to the indicated diagram.

Page 32..

As dri ve for them , serves the electric motor of direct Or alternat ing

current. Direct—current motor will requir e electric power supply from

the conver sion unit which can service several stands. With this

engine can be provided continuously va riable ccntrol of speed in the

d i f fe ren t mode/conditions of col d rol ling~

During the use of an electr i c mo tor of al ternatin g cu r ren t, its

control can realize/accomplish only by step/stages with the aid of

charging resistance.
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Fig. 10. Schematics of the testing units: a) unit for the cold

rolling of engines ; b) bob stand with air brake ; C) rigid stand with

air brake; d) hydraulic-bra ke testing unit; e) hydraulic-bra ke

testing unit with forced blowout and starting/launching electric

motor; f )  electric brake u n i t  wi th  the bob machin e of direct curre nt;

g) electric brake unit wi th  t w o  bob machines of direct current; h)

electric b ra ke uni t wi th the machine of d irec t curren t,

establish/installed on bob platform; i) electric brake unit with

hy draulic coupling and electric motor of alternating current (tested
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engine — on the bob plat form ); j) electric brake unit wi th  mag netic

slip coupling and the elect ric motor of a l ternat ing curren t ,

establ ish/ installed on bob pla t form ; k) testing un i t  wi th  i nduc t i on

brake; 1) the combined, brake testing unit.

Page 33.

At such uni t s  for rate, change can be also used gearboxes and the

special cl utches, which conver t  the revclu t ions  of e lectr ic  motor

dur ing transmission to the broken in an engine.  Since the  cold

rolling is required only for  piston engines, the field of application

of these installations to these engines is limited.

A shortcoming in the organizat ion of conduct ing cold rol l ing at

spec ial burnishing stands is the unavoi dab le in this case ex pen d itur e

of time for additional setting and photograph y of engine, whic h on

the genera l— purpose stands where is combine d roiling with heat test,

is absent.

The necessary power of electric servomotor will depend on

construction and power of the broken in an engine and required

revolutions of shaft during its rolling.. If greatest speed during

rolling is accepted in size/dime nsion of 60o/o of nominal engine
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revolutions, then the necessary driving power will comprise

approximately 12—150/0 of nominal power of engine.. In this case, the

sparkplugs or fuel injectors in jugs must be inverted.

• 2. Bob and rigid stands with air brake (Fig. lOb and C).

On these testing units basic information and the field of their

application/use is given above.

h ere one should add that in the case of applying the testing

units with propellers for their normal operation must be created the

specified aerodynamic conditions, under which the outline/contour of

the location of unit must have minimum resistance. Air fl3 w before

the screw/propeller must be rectilinear, with uniform density, and

screw/propeller itself must be furnished in diffuser or in diaphragm.

The eiamination of these installations does not enter in our problem .

3. Hydraul ic—brake testing unit (Fig. lOd).

Hydraulic— brake unit can be used for testing the different types

- 

~E—~~ 
— -—--  

~~~~~~~ _
~~~

_ 
~~~~~~~~~~~~~~~~~~~~ :-~~~ 

~~~~~~~~~~~~~~~~~~~~ 
-



____ -——~~~
--— -

~~~~~~~~:~~~~~ I .~
••I 

~~~~~
- 

~~~~~~~~~~~~~~~~~ 

- 

~~~~~ ~~~~~~~~~

DOC = 77233303 PAGE

of the piston internal combustion engines and gas turbines. This uni t

can be used when cold ro l l i ng is not requ i re d (or it is carr ied ou t

on the separate stands), but engine starting on wall can be produced

from 3.ts starter.

For the feeding of hydraulic brake, the unit requires supply and

deriva ti on, also, i n  many ins tances wi th tbe provision for a p ressur e

constancy at the entry into brake.

Page 34.

When, at the experimental station , several hydraulic-brake

installation s are presen t, is expedient the device of closed syste m

cooled of circulation water in saltpa n or the spra y pond. The cooling

system can be common with other water users in enterprise. In the

case of water supply from water—conduct ing grid,network, is necessary

the unit of the mixing tank which simultaneously can be forc ing with

ejection of the excess of water into channelization.

4. Hydraulic brake unit wit*~ blowout and starter electric motor.

(Fig. lOe)
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This unit is characterized by from preceding/previous the

presence of the system of forced blowout and the additiona l unit of

electmic motor for starting/launching or warning up of tested engine.

Is applie d it mainly for testin g of various piston interna l

combustion engines of air coolin g or fc r  experim ental wor ks on

single—cylinder unit. It can also be applied either only with

ventilation system , or only with additional electric motor. The

latter is selected depending on the conditions of starting/launching

or warming up  and can be direct or al ternating current wit h feed ing

to the similar electric motors of the installations of cold r o l l i n g .

After starting/launching starting,launching electric motor

au tomatically is d isconnec ted fr om hydraulic bra ke wi th the aid of

by—pass or electromagnetic coupling of cohesion/coupling. The

ventilation system of unit is determined by a required qu~~ntity of

cooled air and by air—stream velocity. The air duct of blowout can be

fed to engine on top, from the side or from below braking device.

For installations with forced blowout, the intended for testing

piston air—cooled engines with one or several cylinders, the air flow

rate can be approximately determined by the following formula ,

obtained ezp.r i.emta lly:

Q0, — 0,6Z5 ( NI; ) ‘ • ~ k 3 /g (3)
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where Q~~~ 
is air flow rate for engine cooling in kg/s; N 1 is the

indicated power of engine in h.p.; t~ is temperature of cylinde r

hea d of can dle in °C; t~ is tem pera ture of the air , supplied to

engine , in O~~ ,

For coolin g of such en gines, usually is provided for independent

system with high—pressure fan. ~ir d uct for engine cooling mus t be as

far as possible conducted nearer to jugs. Air after cooling can head

for the receiving branch connection of ejector tube or for the

special exhaust system.

Page 35.

5. Electric brake units with the machines of direct current (Fig.

lOf, g, h)

The unit with one bob machine of direct current, shown in Fig.

lOf , is general— purpose and can be used for testing the  wide circle

of the different types of engines with the speed of output shaft not

more than 11000—6000 r/iin, depending on power and the construction of
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electric brake equipment. A simi lar unit requires the feeding by

electri c pow er of the conv ersion un it: mo tor genera tor or mer c ur y

rec tifier, which as far as possible must be furnished near the test

bench. Due to high cost/value and the complexity of electrotechnical

equipment, this uni t is a pp lied mainly for stan dar d, control or

experimental tests. The unit in question during continuously variabl e

control of the speed from minimal—stable to maximum revolutions

provides the high accuracy of measurement s of the torsiona l moment.

Analogous to the preceding/previous Pig. log shows arrester with

two bob machines of direct current, arrange/located tandem. This

articulation is necessary when ate encountered difficulties in

obtaiuing of the bob machine of the requi red powe r or the available

in the presence machines are insufficient wit h power. A double

increase in the power of brake group is necessary and when on one

stand test different in power engines. During testing on this stand

of subminiature mo tors, the second brake is disconnected , and for

high—powered s engine both brak es work together. In the paired work

the measuring system of the torsional moment caq be

common/general/total, when the sta tor s of electric mo tors ar e

connected by common/general/total lever/crank system or eq uipped with

individual measuring systems. In the latter case of reading both

dynamomete rs or weight heads, they are totaled.
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It is necessary also to keep in m ind that in the joint operation

of both electric motors the shaft of the first of them will bear

dou ble loa d, and therefore its strength must be provided by the

limits of allowable stresses on torsion. Sole types of the bob

machines of catalogue mark/brands have shafts, which allow for of the

transmission of double power.

In any case this strength requiremen t must be specified with the

order of m achines, in each individual case checked them , if such

machines are in the presence.

Besides installations examined above with bob machines, f or a

brake can be used the electric motcr of direc t current in common

performance. In this case by means of the setting of the machine of

direct cur rent or tested engine to bob platform the measuremen t of

power can be produced on wattmeter wit h the approximate

accuracy/precision within limits of 3— So/o or by dynamotueter with

higher accuracy/precision within limits of 0.5—10/0.

Page 36.

On the schematic lOh in question is shown the unit of electric mot or

on bob platfor m with the beam balance measuring system of the

torsiona l moment. The field of applicat ion of this unit is the sane

~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ ~~~~
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as for those who were given it is above.

6. Electric brake units with electric motors of alternating current

(Fig. lOi, :1).

Unlike testing units examined above brake wide applicat ion as

brakes found the common standard asynchronous and synchronous

electric motors of alternating current. Furthermore, in these units

en ter hydraulic cou plin g, hydraulic transmission or hydraulic

converte r, designa ted :

a) for  decrease and the smooth change in the speed of electric

motor, which rotates at consta nt velocity, in its work in mo to ring

for provid ing the start—up conditions or cold run—testing of tested

engine;

b) for reduct ion/descent and alignment,levelling of speed on the

necessary constant velocity of the rotation of electric motor, for

operationa l provisions for its in generator mode, with regeneration,

under conditions of braking tested engine.

As hydraulic coupling can be used the hydraulic transmissions 
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an d the hy draulic converters, already mastered by industry, different

types according to power, designation/pur pose and with different

nominal limits on the adjustable velocity. They begin to find wide

application in industry and in the field of transportation ~~.

FOOTNOTE ‘. At present hydraulic transmissions, mainly for diesel

locomotives and for the drives of drillin g rigs, are manufa cture d

with the Kalug a and Murom Machine Building Plants. ENDFOOI’N0TE.

Fig. iGi, shows standard electric br ake unit with hydraulic

coupling and electric motor of alternating current.

I t shoul d be noted that b y similar uni ts the surpl us of power ,

lost in hydraulic coupling at the velocity of engine, whic h exceeds

the necessary velocity of gener ator, is converted into the heat,

which goes to heating of oil in clutch, vhich o;e shoul d

abstract/remove into the water—cooled , which circulates in water—oil

radiators.

Power m easurement of engine can be realize/accomplished either

by app ly ing the bob platfor. with dynamometer, or unit on the shaft

between the engine also of the hydraulic transmissions of

4 — - -  •k. L~~ — — -~ ~~~~ ——— — 
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dynamometric clutch for the measurement of the torsional moment.

On the indicated schematic the engine mount for an engine is

arrange/located on bob platfor m with the trunnion, arrange/located of

below center of engine. In this unit the electric motor easily is

connected to the plant grid/networ k of alternating current without

any converter devices.

Page 37.

Units of such type can be applied for testing of different in power

piston engines and gas turbines.

Fig. lOj ,  shows electric brake u n i t  with  mag netic s l ip  coupl ing

and the electric motor of a l te rna t ing  current.

Unlike testing unit examined above here instead of the hydraulic

coupling for the transformation of the speed is used magnetic slip

coupling as si m ple r in design and in the  operat ion whic h is

establ ish/installed between ou tput shaft of en gine an d bra k ing

device.

On the given schematic during the rigid fasten ing of tested

engine, the electric motor  together w i th  magnetic  sli p c o u p l i n g  is
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establish/installed on bob p la t form.

7. Testing unit with induction brake (Fig. 10k).

Because of the great possibilities of induct ion brake , in

producing of the necessary brake horsepower or velocity of rotation

and obtaining necessary brake characteristic this stand of high—speed

engines or engines wi th the large torsional moments on the low

revolutions in a number of cases will be the only possible.

8. Combined brake testing unit (Fig. 101).

Of the combined units braking device consists of the hydraulic

or induction brake , connected with the bob machine of d i rec t  c u r r e n t .

This layout makes it possible to produce on stand launchin g/starting,

warming up. cold rouing and removal/takiag friction horsepower. With

these operations h ydraulic or induction brake runs free as flywheel;

absorbed to them friction horsepower on the revclutions interesting

can be det er mined prev iously. D u r i n g  engine, testing bob e lectr ic

machine can work together with basic brake or be off. With datum to
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layout for providing such works of the measuring system of the

torsional moment f o r  a basic brake and for a bob machine  to  more

expedient have separate. The power—supply systems and conn ection to

power systems and communications wil l  be suchr as for i n s t a l l a t i o n s

with mentioned braking devices.

Besi des the descr i bed above ins tallations, intended for the

di f f eren t tests of various type s of en g ines , they can find the wid e

acceptance and other types of installations. Thus, for insta nce, some

motor vehicle plants of instead of complete tests for prod uction

engines are carried out only hot to breaking in withou t load on

stands without  the application/use of braking devices.

Page 38.

The selective long—term tests of these engines are conducted in pi lot

plant on the arresters where with the selected engines co.pletely are

remove/taken all the  necessary characteristics.

Simplified tests can be also carried out on the paired stands

where the f i rs t  engine undergoes cold rol l ing;  its ro ta t ion  is

produced by the second engine which at th is time undergoes heat tests

under the load of the first. Then the first engine, passed col d

rolling, i s  switched to tests, and in the place of the sec ond engi ne,

~~~~~~~~~~~ - _ _  _
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is establish/installed following.

In each specific case the selection of the type of testing Unit

lust be produced not only from type and construction of engine and
its designation/purpose, but in ma ny resp ec ts also it depe nd s a lso on
the stat e of technolog y of pr oduction , qual i ty  of f in ish  ~ nd
asse mbl y.

§2. Testing units with regeneration.

In the major i ty  of cases, the mechanical energy, developed with
engine durin g its tests, by arresters is not usefully utilized . In
air brakes it transfer/con verts in to  movem ent  and heat ing of a i r ,
while in hydraulic and induction brakes it is ccnverted into thermal
ener gy,  in consequence of which them it is necessary to cool by
runnin g water.

In electric brakes where the mechanical energy, developed with
engine, converted into electrical, useful l y is qot utilized , but it
he ad s for the cha rg ing  resistance where again it is conver ted  into
therm al energ y. 

.. ~~~~~~~~~~~~~ -
~~~~iiE ± ~~~~~~~~ ~~~~ —a— ~

-
~~~-~~~~_ - ~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- _____



-= -- - -~ - . V

DOC = 772 33303 PAGE -49-- ç~1’ (
~
,

Besides the use of mechanical energy , developed wi th  tested

engine , it is possible to also utilize heat of waste gases.

However, in connection wi th  large capital investments and

operational expenditure/consumptions, this is unprofitable.

As concerns the recuperat ion of mech anical energy by

transformation by its braking device into electrical and as the

possibili t y of its fur ther use , problem has large national—economic

value.

For using electric power , obtained f rom recuperation, in plan t

or district electric system the electric current  must be var iab le,

industrial voltage and frequencies..

jn a number of cases this problem virtually can be solved for

many enterprises of engine construction. It is especially expedient

this to ma ke on experimental stations of the series production where

the  genera l duration of the tests of each engine in its i n h e re n t  work

composes several d ozen minutes or even hours, and also for the

testing un its where are carried out resource and other endurance

tests.

Pa ge 39.
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For the realization of recuperation, it is necessary, in orde r

to:

a) brak e was the electrical mac hine whic h in basic pr olon ged

load mode/conditions worked as generator;

b) to ensure the possibility of the load of tested engine in the

remaining modes of its operation, not encompassed by recuperation;

c) initial capi tal inv estments an d opera ting cos ts f o r

recuperation unit were economically justified.

On the possibilit y of use and selection of electric bra kes with

regenera tion, it was said earlier. Here one should mention onl y about

some specific special feature/peculiarities of this method.

For the selection of electric brake with recuperation , it is

first of all necessary to examine the ccaposition of tests and the

operation of tested engine on all its mode/conditions on speed ,

duration of tests and the developed with it power in each

mode/conditions.
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Purther one should establish/install, which mode/cond itions it

is expedient to utilize for recuperation. In all remaining

mode/conditions must be provided the corresponding load of engine in

accordance wit h technical specifications fo r  testing. Somet ime s it is

sometimes exped ient and possible to change some mode/conditions both

according to the power and on the revolutions for the purpose of

their use for recuperation.

On separate electric brake units, pre dicted for us e w i th

re gener ation, it is necessary to consider following observations.

1. Units with synchronous or asynchronous electric motors with the

t ransformation of velocity.

An ex pedient and economical schematic of testing un i t  wit h

regeneration is the application/use as brake of a generat3r of

synchronous either asynchronous electric motor with hydraulic

coupling or mag netic slip coupling. The revolut ions  of th is
electric motor must be selected so that they would be somewhat
lower than first continuous duty of the en~ine~ working underioa~ . Usually this corresponds to the -
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mo de/con ditions, which approach service power of engine. The power of

electric motor t ak ing  into acc ount its own losses and losses in

slippi ng clutch m ust comprise approximately 70—80o/o of power  of

tested engine.

Indicated slipping clutches provide the

preservation/retention/maintaining of the constanc y of the rate of

the rotation of the shaft of electric motor independent of a change

in the revolutions of tested engine. In connection with the expansion

of the field of application of hydraulic coupling up to 20 00—3000

h.p. in power and above they can successfully be applied as slipping

clutches.. The efficiency of hy draulic coup lin g usually is

approximatel y 0.80; furthermore, they hav e the prolon ged service life

of work. The field of applicat ion of electromagnet ic coupl ings has

alrea dy been noted above.

Page 40.

A pplica tion/use at the uni ts of synchronous or async h ronou s

electri c motors in question from the num ber of in serie s ma de

specimen/samples simplifies their acquisition, which considera bl y

decreases initial capital investments. Furthermore, the connection of

synchronous or asy nchronous electric motors to plant electric system

can be done direc tly, without any complex distributors.
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As an example Fig. 11 , gives the general view of expe rimental

installation with regeneration for testing the  diesels 0-36. As

~raR e— generator on this unit is accepted standard induction motor by

the power of 20 kW , wi th ri gid fastening by unit.

Established/installed between the diesel and the electric moto r

magnetic slip coupling provides constant velocity on the shaft of

electric motor. Here tested diesel is establish/installed on the bob

frame whose suspension to the common/general/total frame of stand is

realized with the aid of two cross—shaped bearings on elastic

cell/elements (plates).

Power measure ment of diesel is produced by the weight hea d

effort/forces to which are transferred from bob frame by lever/crank

system. This unit completely confirmed the positive qualities of the

taken schematic.

2. Units  wi th  asynchronous  electric motors wi thout  the t r a n s f o r m a t i o n

of velocity.

The use of induction moto r with phase rotor at tested units with

11
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regenera tion is based on the principl e of its p~~sible operation in
the generator mode when this electric motot they rotate at velocity,

which exceeds synchronous speed.
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Fig. 11. Sob stand with magnet ic slip cou p ling wit h regenera t ion.

Pa ge 141.

Similar uflits with direct drive, i.e., wi thout the intermediat e

clutches or other velocity transducers, will be advisable in such a

case, when the basic in duration charging mode/conditions of tested

en gine have relatively small differences on revolutions. In this case

asypchronous electric motor is selected on velocity in such a way

that it would correspond to the smallest revolutions of the first

continuous dut y of the tested engine, working usder load. rn this

case,, kA an d in all cases, for providing the generator mode of work

the revolutions of asynchronous electric motor must be higher than it

synchronous speed (not less thaft by 2— 30/0). With a further increase
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in the rev olutions of tested engine, the velocity of electric motor

will be also raised; however, on strength it must not be abo ve

maximum permissible revolutions.

The control ~f the load of tested engine is produced by the

resistance, included in the circuit of rotor. Besides that which was

examimed. are other schematics of the use of asynchronous machines

for installations with regeneration; however, in view of their

comple xity and unwieldiness, they did not win acceptance.

3.. Units with the machines of direct current.

Similar units can be successfully used for regeneration ;

however, they require the expensive converters and the cor responding

areas for their arrangement/permutation.

the application/use of installations with regeneration in each

individual case must be justified by the technical and economic

calculations.. During output useful to the used energy in the form of

electric power into plant or transmission networks of alternating

current its cost/value must be considered on the selling price of

this area. Tot determining economic effect, must be taken into

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ :~~ ‘:: ~~~~ ~~~
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account the losses in clutch, electrical machine and other losses,

and also the operating costs and the difference in depreciation

allowance in comparison with another equipment which it shou ld be

acquired without the application/use of recuperation. It is customary

to assume that the recuperation is advisable w ith the comple te

compem sabi lity of all expenditures for 1.5 — 2 years.
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~ age 4~~’ Chapter IV.

TEST BENCHES AND ~ EA SUBIN G SYSTEMS.

§1.. Types of the test benches for power measurement.

One at the basic and main parameters of thermopover en g i n e

during taking of its characteristics during tests is the

determination of power. The measurement of the torsional momen t f r o m

which is determined the power, can be done with the aid of the test

benches, equipped with measuring systems. To the number of

contemporary , basic requirements, presented to these systems, it is

rela ted:

a) the provision for the required accuracy of measure me nt ;

b) convenience in the reading wit h the minimum expenliture of

time and easy servicing;

—. ~1~ - ~ .i~~~’:. 4~~-
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C) the automatic balancing of the measured effort/force ;

d) reliability and rel iability, the  stability of read ings  and

f inal ly sy stem readiness for reading at any moment of tests.

Sometimes depen d ing on the ty pe of testing uni t, its

arrangement, character of tests and construction of tested engine,

can arise cther requirements. For example, the units, arrange/located

in separ ate boxes, wit h the control, remo te in to the

cabin/compartment of observation, require the arrangement/permutation

of the ind icator of measuring sys tem (dynam ometer ) on cont rol panel.

The st atic effor t/ force, caused by the torsiona l ioment , is  not  even

during the short period of time constant value. Therefore

oscillation/vibrations during a change in the static effort/force,

and also the effort/force from engine vibrations inst be dampe d by

measurement system and they must not exceed the smallest scale

divis~.on of displa y ing instrument.  Measur ing  syste.s must  not

introd uce the essential errors , coming out beyond the l imi ts of the

required a ccuracy of measureme nt du r ing  a change in the t e m p e r a t u r e

of air , wh ich can occur especially wi th  the arrangement of

installations in separate boxes and the considerable consumption of

the air , which goe s to the feeding of engine.

~kii::i ~~~~~~~~~~~~~~~~~~
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Page 43.

The measurement of the torsional moment of the test engines  can

be produce d on di f fe re nt stands on e of the following me tho ds:

first — with the ai d of the bob suspension of the sta tor of

braking de vice , wh ich transmits the  reactj on of the torsional moment

to measuring system;

secon d — the same, but with the  aid of the setting up of entire

brake on bob, d yna m om e tric pla tform;

third — the same, but  during the r igid setting up of brak ing

device, and with setting up of tested engine on bob stand;

fourth — with the aid of dynamome tric clutches and the bushings,

called the torsion dynamometers.

Tar the production of the indicated methods of measurement of

torque, respectively are applied the d i f fe r e n t  types of the  test

benches.

- ~~~~ 2 - 
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1.. Rigid stand wit h the bob suspension of the stator of brake.

On this type of stand , are carr ied out the  measu rements  of t h e

torsional moment using the first method, which is most wiael y used.

Here the rigid construction of the stand of engine is arrange d

with the bob suspension of the stator of brake, which prov ides the

transmission of the effort/forces of the torsional moment. The

schematics of testing units worker.s according to this principle, are

depicted on Fig. lOf, g, h, i, j and 1, and the general view of bob

suspension with measuring system see in Fig. 4.

Bob suspension usually is provided fo r  dur ing  the m a n u f a c t u r e  of

all brakes, intend ed for testing uni ts, an d therefore it en ter s in

the assembly of supply of braking device.

Structurally the balance suspensicn is realized in the form of

the rocking in bal l bearings stator , whic h is simultaneously the

housing of braking device. Errors from the friction of stator in

bearings and stuff ing—boxs seal without taking into accoun t of losses

in measuring system are 0. 1—0. 30/0 of max i.u i value of the torsional

L.1~ ~~~~~~ -
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moment of this brake. Main l y they depen d on the quality of the

manufac ture of suspension, selection of bearings, axial alignmen t,

etc. The construction of stand itself for this type of installations

is sufficiently simple and can be carried out as support/socket for a

specitic type of engine, or in the f orm of t~e general—pur pose

struts, giving the possibility of the adjustment of fasten ing places.

The observ an ce of the  latter condition is necessary during successive

testing one to uni t of the d i f f e r en t  type s of engines, but  close

between t1~easelves in power, dimensions and weight.

Page 44.

2. Rigid stand with the setting up of entire brake on d y n a m o m e tric

platform.

The measuremen t of the torsional mom en t of tested eng ine  on this V

stand is produced using the second met hod which is similar to the

first and differs from it only in the facts that it makes it possible

as brake to uti lize the di f ferent  electrical machines in c o m m o n

performance whose stator does not have bob suspension. The lat ter

here replaces the dynamometric platform to which is

establish/installed common stationary electric motor.

-~~-~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ -~~~~~~~~ -
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The diagram 3f this installation is show n in Fig. 12. According

to this diagram bob platform is suspend/hung from ball bearings and

has an axle/axis of rocking, which coinci des with the lon git ud ina l

axis of unit. For the purpose of provision by that necessary accuracy

— of power measur~m en t on platform together with electric mo tor is

establish/installed also magnetic slip coupling. The torsional momen t

of tested engine is t ransfer red  th rough  t h e  p latf or m to le ver/ c rank

system and is measured by weight head.

I
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Pig. 12. Diagram .f bob platform: I — stand—support/soCket; 2 -

engine ; 3 — articulated coupling; 4 — magnetic slip coupli ng ; 5 - bob

platform ; 6 — asynchronous electric motor ; 7 — weight head ; 8 —
support/socket for weight head and leverage.

z a) 
~ ~

r ig. 13. Diagrams of bob suspe nsion of plat for. with the aid of

elastic hi nge joints: ~~ with upper arrangement of rod—hinge joints;

b) with lover arrangement of rod—hinge joints; 1 — bob platform ; 2 —
strut f  or rods; 3 — rod—king. joints (elastic cQll/eleaenta) ‘~ 

-

electric motor ; 5 — lever ; 6 - dyna aomet.r.
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For the purpose of decrease in the friction sometimes, can be

used bob devices with the rotating in bearing seats. In this case,

the bearing obtains rotation from the special drive, for ex am p le, of

electric motor. Such devices can be used for the measurement of the

torsiona l momen ts of the low values at considera ble an gula r

deflections and large weight loads on the frame of bob platform.

Instead of the ball bearing supports the bob suspension of

platfo rm can be realized with the aid of elastic cell/elements.  In

this case the platform is hung to fixed struts cm four rods, which

have several milled planes, or on so many plates, the wide plane of

wh ich is parallel to the longitudinal axis of testing unit. This

suspension provides platforms beca use of elastic deformation of

plates. Since the rcds or the plates of suspension work mainly on

elongation with insignificant bend, a similar suspension is

especially favorable during the low displacement/movement of platform

and with large weight loads on it. Possible diagrams of Su ch type of

suspensions are shown in Fig. 13. As a result of the absence of

bearings and the which is inherent in then friction, a si m i l a r

suspension can ensure the high accuracy of th. measurements of power

-
~~~~~ 

- - - 
- 

~~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~



_ __ _S-__ =_ _
~’•_ ~~ __ _____ _____ - S-S-

~~=V~~~~~ j V-

FV~~~~~
L - — — ~~~~~~~~~~~ S 

—

DCC = 772333 PAGE ‘-1-i— / ~I

ai~d it is simple in operation, since dces not require lubrication ,

cleaning, etc.. As a resul t of the fact that t he  p lates have hi gh

exial s t i ffness, their  longi tudinal  trave l relative to t e s t i n g  un i t

are eliminated.

3. Bob stand with the rigid setting up of trake.

On th~is stand the measurement of the torsional m onen t  of engine

is produced using the t h i r d  method whe n fo r  a n y  reasons it is not

possible or expedient to accept the instal la t ion diagram ,

examine/cq nsidered usin g the second method.

Since from measuring point of view the second and t h i rd  m e thods

are equivalent, final se lection of one of them will depend on the

construction of stands and dynamometr ic  pla t forms  for these  versions.

It is nece ssary t~ kee p in Rind that  w ith this  device u s i ng  the t h ir d

method of measurement of the torsional moment it is required that the

gas—discharge branch connections of piston engine or the gas—exhaust

nozzle of the gas turbine, arrange/located on the one hand of engine ,

would not be placed in perpendicular plane with respect to the

longitudinal axle/axis of engine. The nonobservance of this condition 
V

can ca use esse ntial errors to the accuracy of measurem ent of the
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torsional moment ~ a result of the effect of r~action from the

outflow of waste gases with the indicated arrangement of b ranch

connections. I n  order this to avoid, it is necessary to the

gas-discharge branch connections of engine and nozzle of turbine to

establish/install collector/receptacle in this direction that the

outflow of waste gases would be in parallel to the longitudinal axis

of engine.

Page 46.

Fig. 14, shows diagram with bob suspension and the engine mount .. For

accessibility to tested engine, this frame is carried out in the form

of a d ynamoae tric plat form , which rests on ball bearings or on

cross—shaped hinge joints with elastic plates. The trunnion of

platform below center of the shaft of engine. For providing the

displaceme nt/movement of platform , the communication

conduit/manifolds, adequate/approaching the engine, can not ha ve

flexonics. In this case for providing the,ir elastic deforma t ion

during platfor m they must be arrange/located in the plane,

- 
perpendicula r to the longitudinal axis of stand, and have arms as the

length of 1.5—2.0 ii from the fixed point of the rigid fastenin g of

tubes to of their attachment point of eng i ne. The general view of

testing unit with this bob platform for an engine is given in Fig.

15.
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Fig. 14. Diagrams ot dyna momet r ic platforms: a) platform on ball

bearin gs, trunnion coincides with axle/axiE of engine; b) platform on

cross—shaped hinge joints with elastic plates ; trunnion of platform

of below center of unit: I — platform; 2 — strut under eng ine; 3 —
engine ; 4 — cross—shaped hinge joint with elastic plates.
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Fig. 15. Gemera l view of bob platform on crcss—shaped h i n g e  jo in ts

with elast ic plates for engine D—36 . Hing e joints are a r range/ loca ted

from below platform.
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4. Stand with the torsion dynanometer..

On this stand of the measurement of the  torsional momen t , t hey

are produced using the fourth method with the aid of the tor sion

dyna momete rs, which at present in practice thus  fa r  found

insignificant appl ication/use. In spite of the t empta t ion  of th i s

method of measurement and the great variety of all possible

constructions of dynamomet ric clutches and bushings until they win

acceptance mainly due to the absence of th~ required

accuracy/precision of measurement and absence of reliable

specimen/samples for a continuous operation. Besides the low accuracy
V 

of measurement, wh ich of some electrical pneumatic and hy draulic

specimen/samples of clutches is located of 2— 5o/o, there are also

di f f icu l t ies  of their calibrat ions.

§2. Measuring systems of power-

The bench measuring system includes the devices: the receiving,

-
-
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transmitting and showing or recording effort/force, transferred from

the moving element of testing unit. Effort/forces to measuring system

are transferred f r o m  the bob suspended/hung stator of b r a k e  or f r o m

the dynamometric platform of unit.

Measuring systems by the operating principle are dist inguished

cn:

1. Mechanical or beam balance, in which the  measuLed

ef for t/ for ce, tran sferred b y a system of levers to weight

dynamometer, is balanced by the deflection of square or pendulum

weight mechanism.

2. Hydraul ic, in which t ransferred e f fo r t/ fo rce  is absorbed by

for-;e gaug e (by d y n am o m e t e r ) , it is converted int o pressure of

liquid , measured by specime n or piston gauge.

3. El ectrical , tha t  convert t ransfer red  e f for t/ force  into

electric pulse, received by measur ing meter.

14 Other measur ing systems, based on other operating pr inciples.

Ho wever , majori t y of then such , as pneumat ic  or torsion dyn amome ters,

are located in the stage of laboratory finishing a~d therefore have

not found pr act ica l appl ication/use.
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1.. Mechanical meas u rin g systems.

A greatest use for testing units f ind aecbanical. or bean balance

dynamomete rs. In contemporary measuring systems of effort/force is

reduced as the final result to the automatic balancin g of the

measured value by smaller known load. The force—measuring mech anism

of this system can consist of: leverage, reversing mechani sm, range

mechanism and weighing device.. Leverage converts effort/force from

the moving element of installation and it transfer s it to weighi ng

device.

Page 48.

Reversing mechanism is intended for the conversion of the

alternating effort/forces of different directions into one dir ection.

This mechanism is switched on in system as needed.

Range mechanism is the system of levers with the variable sense

of arms and serve s for more complete use of the scale of weighing

device. Is intended it for an increa se in the accuracy of the

LA 3~ SV V 
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measurement of d i f fe ren t  in the va lue effor t/ forces, for  exa mple

low—power and high—powereds engine during testing at one 3nd the same

unit. Is switched on this  mechanism in measur ing  system of necessi ty.

As the weighing device most of all , match up dial w e i g h t  head s

with quadran t  mechanism. The bala ncing of the changing loa d occurs

automatical ly by chang ing  the arm of the  load of the q u a d r a n t  d u r i n g

its de flection, connected wit h the arrcw/pointer  of the weight head ,

whic h shows on the scale load change. The best constructions of

weight heads have an error not more than 0. 10/a max ima l ly  s t ra in

wh ich is recommended to have nct more tha n 25 kgf wi th  the course of

the lever of head not more than 4—6 mm . With this accuracy/precision

of weight head, its scale can have. 1000 divisions. The small load

capacity of weight hea d and its slow speed make it possible to have a

transmission with large multiplici ty, thanks to which there will be

assured the small displacement/movement o.f the moving element of

testing unit.. it is customary to assume that for achievement, of the

high accurac y of measur ement, whic h on the ind icated sys tem as a

whole can be reach ed by ~25o,’o of the maximally measured

effort/force, the displacement/movement of the moving element of the

unit  over the circumference of stator or over I repent dynamometric

p la t fo rm mus t not be more than 0.5 mm.

Leverage can consist of the  levers of the f i rs t  and second kind .
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The value of decrease in the measured effort/force is determined by

the relation of leverage from the formula 
V

(4)

where i 0614 is common/general/total gear ratio of leverage ;

q — the load capacity of weight head in kg;

p — the measured effort/force on the arm of the movin g element

of the uni t in kgf .

The value, reciprocal to gear rat io, he is called the

multiplicity of the leverage:

(5)

where 1( — a multiplicity of leverage.

Page 49.

during during operation of the stator of braking device or

dynamometr ic pla t form , it occu rs bot h the elastic and plast ic

V 

deformatio n of the communications, conducted to these movin g elements

of the unit (metal tubes , elect r ic wires, the rubber hoses and of so

forth) . The forces , whic h go to plastic deformation , wi th  the amount
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of this de formation str ict law do not have. Therefore d u r i n g large

displacement/movements it should not be app lied plastic ma terials for

these supplying commun ications. Instead of them one should utilize

the more e lastic, although more rigid metal tube, effort/f orces the

spent on deformation which are considered during the calibrations of

measurin g system.

For decrease in the friction for the purpose of an increase in

the accuracy of the measurements of an entire measuring system in

supports and hinge joints of the leverage of reversive ~~~ range

- 
mechanisms , one should appl y precision ball bearings, but is st ill

better than the prism and elastic cell,elements in the for m of plates

and cross— shaped hinge joints .

Beam balance systems allow/assume the carrying out of w e i g h t

head from the test bench and its arrangement/permutations in the

cabin/comp ar tment  of cont rol. This is necessary when the stay of the

service personnel near unit is inad.issib~le. With carrying out weight

head is furnished in box of observa tion window for conveni ence in

visible reading according to the scale of head or they place directly

in the cabin/compartment of control with the appropriate e longation

of idler levers in the form of tube rods.

Mechanical measuring systems with weight bead can successfully
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be app lied for the d i f ferent  weight fuel—meter ing devices, oil and

other liqui ds, the accuracy of measurement on which can also reach

.tO.25—0.35o/o of maximu m weight of the measured liquid.

During the correctly selected constructions mechanica l measuring

systems are sufficiently simple, reliable and stable in operation.

2. Hydraulic measuring systems.

Along with  b aam balance dynamometer s , wide appl ica t ion  in Soviet

and foreig n ex perimental  technolog y f ind  also h ydraulic m e a s u r i n g

systems. Especially they are advisable for the measureleat of large

effort/ forces d u r i n g  the  small displacement ,’aovement of t h e  moving

element of the platform of stand and when according to the conditions

cf arrangement/permutation recorder must be related by con siderable

distance (to 15— 20 m ) .  In hydraulic systems the primary instrument in

V whic h the measured effort/force is converted into the pressure of

liquid, is force gauge (dynamometer). The force gauges of hydraulic

systeas can be flowing and non—flo w type. In non—flow type

dynamomete rs the measured e f for t/ force  is absorbed by closed v o l u m e

of working f luid.  The move ment of pistoi ~diaphragm/meibr a ne) in

these dyna mometers is determined by the el asticity of system and can
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compose siginficant value.

Page 50.

The accuracy of t he  measuremen t of hydraulic  system vith non—flow

dynamometers is dete rmined  mainly by the value of a change of the

geometric dimensio ns of dynamometer and volume of liquid in system

during a change in the ambient tem perature. During tempera ture change

not more than 50 this accuracy/precisio n can be reached w i t h i n

limits f rom ~0.5 to +1.Oo/o., Temperature changes in the e n v i r o n m e n t

on 20—40°C decrease the accuracy of measurement in n o n - f l o w  sys tems

to ±2.0—3.Oo/o.

The f l owing  dynamometers  to which they are related a n d

dynamome ter with microduct, are characterized by the presence of the

duct of the liquid through their cavity. Therefor e they are appl ied

for the exce pt ion/el iminat ion of the  effect of a chan ge in the volume

of d yn amometer  and working f luid in the case of a change in the

ambient temperature, and also the limitat].on (decrease) of piston

stroke (d iaphragm/membrane)  of dynamomeb e r . S uch dynam om et  ers requ ire

the device of the system of duct or additional feeding the  val ue of

circulation of which through the dynamometer is autom atically

regulated by piston stroke or by its valves depending on t he  va lue  of

the ef for t/ force, which effects on dynamometer .  So, wi th  an in crea se

_  —4
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of the load on dynamometer pressure in its cavity it increases

because of inflov or additiona l feeding of liquid, and during

decrease in the load as a result of hydraulic slip — it fal ls .

the accuracy of the measurement of f lowi~ g hydraulic systems can

be reached by ±0.2—0.30/0.

For pressure measurement in the cavity of dynamometer as

recorder, are commonly  used for f lowing  systems piston nanometers of

class 0.1, for non—flow — specimen manometers of class 0.3.

For f i l l ing  of hy draulic systems, are applied the al:ohol

glycerin mixtures, the t ransformer oil aad other liquids.

3. Electrical measuring systems.

In electrical measuring systems as the  sensor of elec tric pulse

under  the  effect of load , are utilized the extensometer , the

inductive and other sensors. Although these systems are more

progressive, since more available they make it possible to automate

recordings and the recording of readings, the level of the ir

finishing on accuracy/precision thus  fa r  is still low and even for
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the best specimen/samples it is located of 1-3o/o of m a x i m a l l y

measured effort/force taking into account its dynamic loads. One

shou ld to assume t h a t  wi th  f inishing and increase in the i r

accuracy/precision they mu st recei ve wide acceptance.

For testing and calibration of all measuring systems of the

torsional momen t, bob devices are equipped by calibration devices.

Calibration is realize/accomplished with the aid of the artificial

loading of the moving element of the unit, by imposition on arm of

the determined length of the loads whose weight is known. It consists

of successive imposition from 6 to 10 loads on rod or cup of

calibration device and their subsequent unloading in reverse order.

The readings of dynamometer during imposition and taking of each load

are record/fixed. according to the data of these readings, is

constructed the calibration graph oii which it is prod uced the

determination of the torsional moment dur ing  engine tests.

Page 51.

~3. Systems of control and direction.

Testing uni t s  and their  systems are equipped wi th
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monitoring—measuring equipment and the controls, which ma ke it

possible to check and to control the process of engine testing.

Monitoring—measuring equipme nt is necessary also for recording of

readings of some parameters during taking of different running

qualities of engines.. The perfection of measuring systems and the

qual i ty  of instruments to a considerable degree determine the

correctness and t h e  speed of the evaluation of the opera tion on

testing unit.

A qua ntity of measured parameters of engine and their

accuracy/p recision are determined by technical specifications for

testing. The character of these measureme n ts is dictated b y  both  the

requirements for systems themselves and by the indicated :onditions
V 

for testing.

Depending on these requirements, the displays an d mea sure ment

can be ind icating, registering, and recerding. In certain cases a

quant i ty  of measured points is s uff i cie n t l y  great ly ,  and t a k i n g

readings and their recording they require considerable tine.

Therefore tendency toward the automation of these works, including

recording, processing and obtaining ready printed record sheet with

the indication of all necessary da ta, which characterize the engine

operation under the se parate conditions, is a task completely

contemporary, necessary and solved. Belgv given the description of

~~~~~ . .
A 
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the possible solution of this problem (see Chapter XI).

Basic monitoring instruments together with the controls and 
V

start~.ng/launching are placed on the center sec tion of the control

panel besides basic, technological panel, there can be others, V

auxiliary, for example: the panel for electrical equipment and

recording instruments and fuel—oil board of measuring equipment for

power—supply systems , which makes it possible to improve the

operation and to raise fire safety of testing unit. Control pa nels

must be sufficient ly compac t and have the clear arrangemen t of

instruments, ma ke it is convenient to conduct con trol and

observation of the engine operation on stand.

Remote control of the adjustable fitting s of the systems of the

maintenance of feeding one should realize/accomplish with the aid of

electric drives with knob control from panel. The sectors of the

fuel—feed control one should apply hyd raulic, that obtained wide

acceptance , that are character ized by reliability and convenience in

operation.
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Page 52.

Chapter V.

POWER—SUPP LY SYSTEMS AND MAINTENANCE OP TESIING UNITS.

§1. Fuel systems.

The fuel systems of testing units  are intended for t h e  feed ing

of engines by fuels durin g the provision:

a) normal, uninterrupted and continuous firing;

b) the production of a precise measurement of the fuel

consumption;

C)  fire safety.

The most advance d and safe method of fuel feed to e~periiental

- ~~~~~ ~~~ ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ V ~~~~~~~~~~ V V
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station is the system of the central ized supply f rom e x p e n d i t u r e

storage on conduit/manifolds.

V These fuel lines are divided into the external, un der groun d,

relating to ind ustrial mains  enterprises, and internal, bench.

A quantity of external fuel pipes is determined from the number 
V

of types of the fuel/p ropellant, consumed by different testing units. 
V

ihe section/cuts of conduit/manifolds are determined from the maximum

consumption of fuel/propellant and average most economical rated

speed of flow. For bright light/lu ng oil—prod ucts this speed one

should accept not above 1.5 rn/s. Besides basic propellant, sometimes

can be met the need for feeding the starting fuel/propellant for

which in this case also is provided for separate fuel pipe..

Besides the supplying distributing conduit .’manifolds, it is

necessary to provide for one discharge lead for the drainage of

fuel/p ropellant during the calibration of flow meters or in the

emergency cases. For the procedure of this fuel/propellant of

experimental station (outside the buj ld3.ng)  or in storage itself mus t

be provided for the capacitance/capacity, intended only for these

purposes. The size/dimension of this d rainage cistern must be not the

less the total capacitance of all bench fuel fuel systems, includin~
conduit/manifol ds, fittings and their measuring meters.
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The packing of main—line fuel pipes within ex perimental station

is not recommended. It is expedient to furnish them outside building,

underground, of in parallel to the front testing units.

Input/introductions of fuel pipes into experimental station is don e

by taps from external main—line fuel pipes to each testing unit

separately.

Fuel feed to testing units is produced by the pu mps  of fue l

reservoir or by means of its extrusion from the fue l  t anks  by  the

V compressed air. The f i r s t  method is more preferable, since it is

safer in operat ion and does not require the application/use of

cisterns of the increased strengt h , wor kers un der pressur e, but main

that that the supp lied fuel/propellant wi ll not contain th e air

bubbles, which sometimes penetrate in it under  the effect  of

V diffusion with contact. For the overcomin g of hydraulic pressure
V 

drag, in the fuel/propellant of the feed pipe must be some what higher

than required backwater of fuel/propellai~t at the entry into bench

system. This it frees f rom the need for swi tch ing  on in be nc h sys tems

the addi t ional  booster pumps.
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Fig . 16. shows the diagram of the system of the cen t ra li zed  fue l

V supply of ex perimental station, while in Fig. 17 its general view.

The fuel/propellant , supplied to the drainage front of storage in the

ra ilroad tank cars ~or by motor t r anspor t ) ,  by scavenge pu mp is d r a w n

off in to the cisterns of fuel  reservoir. By another pressure pump is

realite/accoaplished the continuous fee d of fuel/propellan t during

operation of the testing units of station on forcing main  condui t .

Fig. 16. Schematic diagram of centralized fuel supp ly of
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experimental station: 1 — railroad tank car for fuel/prope llant; 2 —
fire in front of keeper; 3 — hand pump for filling of transfer pump;

4 — drainage colum n (on pier); 5 — check valve; 6 — experimental

station; 7 — cistern of fuel jettisoning from bench systems; 8 —
pum ps for plum and fuel feeds; 9 — cistern of fuel reservoir.

Page 514 . 
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Fig.. 17. General view of system of centralized fuel supply. 1 — earth

shielding shaft; 2 — cistern of fuel reservoir; 3 — statio ns for fuel
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dumping from the r ailroad tank cars; 4 — puaproom ; 5 — cistern of the
emergency discharge (underground) ; 6 — experimental station; 7 —

ma nh oles; 8 — route of fuel  pi pes (underground) .

Page 55.

The excess of sub j ect fue l/p ropel lan t  is dra wn  off into c i s t e rn  on

return line. In open t y p e  fuel  reservoirs w i t h  the ground-based

arrangement of cisterns, pumping is furnished in closed location.

With the arrangement of testing units in the

common/general/total ha il of pipelines, which go within the building

of experimental station , they must be arrange/located in the

channels, charged after their installation by dry sand. For the

installa tions, arrange/located in the isolated/insulated boxes , the

V 
fuel lines in them or indoor of technological equipment under the

cabin/compartment of control and in cabin/ccmpartaent itself can be

furnished in closed slots and along the walls of these locations.

These chan nels also must be filled by dry sand.

Each supply of fuel pipes to bench testing unit must conclude

with header with the aid of which t~e fuel feed can be con nected to

the necessary type of fuel/propellant.
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All external and internal bench fuel lines must be packed wit h
V 

gradient/ draf t  to the side of power supply.  The min im um

gradient/d raf t  of fue l pipes wi th in  experimental  station is
V 

establish/installed wi th in  limit s of i = 0.01—0.005, but for external

conduit/ma nifolds this gradien t/ draf t  must be not less than i =

0 • 00 2~

The distributing fuel pipe of basic propellant on se:tion from

collector/recepta:le to tested engine must be equipped wit h the

following minimall y necessary equipient~ arrange/located in the given

V below sequence:

a) coarse filter ;

b) total flow meter;

C) pressure regula tor ;

d) devi ce for the measuremen t of the specific fue l  c on s u m p t i o n ;

e) fine filter;

V ~~~~~
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f) fire valve/gate (valve).

Fig . 18 as an example , gives the schematic diagra . of the fue l

system of the unit, intended for testing the gas turbine. This

diagra m is suitable also for testing the piston internal :ombustion

engines. Fuel equipment is arrange/located in sequence indicated

above and has remote control. The oper ational procedure of this

V syste. does not require exp lanations.

For the instal la tions, arrange/located in common/general/total

hall , if control  panel is arra ng e/loca t ed next  to uni t , con t ro l of

the locking, emer gency,  ganging and metering equipment can be

realize/accomplished directly. For the installations, pla:ed in

separa te boxes with  the  isolated/insulated cab in/ compar tmen t  of

control, this control is recommen ded to pro duce only remote ly, from

contrpl panel.

The pressure constancy of fue l/propellant in bench sys tem is

achieved by the setting up of pressure regulator, which is adjusted

to the necessary overpressure.

Pa ge 56.

The construct ion of t he  close fitting valve of the systems of
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fuel feed must e l imina te  overflowing or leaka ge of fue l /p rope l l an t .

Entire/all f i t t i ngs  and the equipment , equipped wi th  device for  t h e  V

draining of fuel/propellant or air exhaust, must  be abs t rac t/removed

into drainage fuel pipe. The free end of the latter must  be der ived

in, the atmosphere on the height/altitude, which exceeds the highest

point of the level of the d rained fuel/propellant ,, and equippe d w i t h

air vent w ith f i re  sa fe ty  device/f use.

For the measur emen t of the fuel consum pt icn, can be used the

instruments and equipment , the based on different methods

measurements.

Com parative da ta  on the  accuracy/precision of the  mea sure ment  of

the fuel consumption by the most c o m m o n l y  used methods and

instruments are given in Table 3.
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Fig. 18. Schematic diagram of fuel system for testing gas turbine : 1

— valve/gate locking; 2 — pressure reducer of air ; 3 — air filter; 4

— tank coipensating; 5 — air vent; 6 — tank of weight measurement of

fuel consumption; 7 — weight head; 8 — lever/crank reducer ; 9 — fine

f i l ter ;  10 — pneudrau] .ic valve ; 11 — pneumatic actuator of valve; 12

— pneuma tic valve gaug ing; 13 — total counter ; 14 — coarse f i l t e r ;  15

— valve with electric control.

Key: (1). From air line; P = 3—6 ata (gage). (2). To the atmosphere .

(3). Oil for storage of article. (4). The emergency discharge. (5).

Console on place. (6) . From fuel reservoir.. (7). the convent ional

desigmations. (8) . fuel/propellant. (9) . the emergency discharge.

(1 0). air. (11).  Pulse tubes.

Page 57.

From them widest use was received:

a) for total consum ption and the account of fuel/propella nt —

volumetric , mechanica l flow meters of the type SYSh. manufac tured by

the plant “Lenpribor”;

b) for the specific measu rement of the fuel consumption — the

weight flow meters of different constructions a~d volumet r ic flow
meters of the type “fuel meter”.
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Table 3. Compara t ive  t h e  da ta of the accu racy/precisions of the

measurement of the fuel consumption by d i f f e r en t  method s and

iaat ru lent s.

CROC~~ I.I ii fl~ I(6O~ W II ~~M~~~JHN! j (~
) I1a3HaqeI~fle ~.3JOqUOC TI I MepPH H~~

I. Be c o ~~oA c r i o c o 6  (yJ ,
ARIOManiqecKiffi r3ecoaoI% pacxo)io- i~~~~~ii~j~,epetiiisi yJLe.~ b- 0,2—0 .3

Mep C 3) noro pacxo~ia TOn .IHBa
BecoBoil pacxo~o~ep c py4Hb~M yn- ~~ JTo ~.ce 0,3—0 .5

pa~J,eii~eM ( V

II. O6i , e~ ,uwi l  c n o c o 6 (~
?4epHb~e xo.~6w fl •)  0 , 6—1 .0
Lllmxnpo6ep (ji) 

($~) ( / 3)  0,4— ’),6
O&beMIn,ie MexaH~Iqecxl,e pacxoi~o/ Li.in cyMMa pHoro pac- - 0 ,5

I.tepw lAna CBLU i~ i~pyriie xoi~a ron,I,Ba

Key: (1). Methods and the instruments of measurement. (2).

I~esignation/purpose. (3) .  Accuracy of measurement  in 0/0. (4). weight

method . (5) .  Automatic  weight flow meter. (6) . For the mea sure ment of

the specific fuel consumption .. (7) . Weigh b f low meter with manual

control. (8) . The same. (9)... Volumetric method. (10). Measuring

flasks., ( 11) . Fue l meter. (12) . Volumet ric .echanical flow meters of

the type SYsh and others. (13) . For total propellant const ruct ion.
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Fig. 19. Schematic diagram of automatic fuel—metering device: 1 —

small tank for fuel/propell ant; 2 — weights; 3 — electric motor; (4 -

electromagnet; S - photocell; 6 — illuminating tube; 7 - cup weights;

8 and 9 — rapid—action valves with remote control.

Key: (1). To motor.  (2) . To the  drain line. (3) .  Fro. f u e l  s torage.
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Pig. 19, depicts the schematic diagram of automatic weight flow

meter, developed by workers of NAN!. while in Pig. 20 — its ge neral

view. This f low meter  is sim ple by construction, it is con venient and

reliable in  work. The consumpt ion in it is detetained from the time

of consumption/production/generation, previously known fue l load. Are

applied two operating modes: without the measurement of consum ption

and wj th the measuremen t  of the fuel  consumption.  In t he  r u n  of lob

when the measurement of flow rate is not prod uced, engine feeds from

the ccndui t/ ianifold , connected with fuel reservoir. In this case

valve 9 is opened, and valve 8 is closed.

Small tank 1 in this case is completely filled. Control of

f i l l ing  of small t ank  is produced ‘with the  aid of photocell  5.. Wi th

the illuminations of photocell is ope n /di sclosed valve 9 and is

switched on electromagnet 4; with the blackout of photocell , is

closed val ve 9 and is de—energized electromagnet 4.

Before measurement valve 8 is opened, and valve 9 is closed.

Small tank 1 is comple tely fille d, to which testifies the blackout of

photocell. With pushing of knob, the “measurement ” valve 8 is closed ,

and valve 9 is open/d isclosed, as a result of which into engine

begins to enter fuel/propel lan t from smell t a n k  1. A f t e r  t h e

~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ 
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consumption/prOduCtiofl/gefleratiofl of a snail quantity of

fuel/prope llant, the weights get into equilibrium. phot3cell again it

is illuminated and gives the signal. 

~~~~
1 2 3

/+r

Fig. 20. General view of automatic fuel—metering dev ice: 1 — s m a l l
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tank for fuel/propellant; 2 — weight; 3 — electric motor ; 4 —

electromagnet; 5 — photocell ; 6 — tube iLluai~ ating; 7 - weights cup.

Page 59.

V 
In this ca se, electric motor 3 lovers set of weights 2 to the balance

pan wjth small tank, which droops. After the consumption of

fuel/propellant, equal in weight to weight 2, the weights again get

into equilibrium and is measured the t ime , spent to the

Consunpt ion/ production/generation of the measured q u a n t i t y  of

fuel/propellant.  At  equ i l ib r ium the photocell again sends the  s ignal

by which electric actor 3 builds up we ight 2, in consequen ce of wh ich

valve 9 is closed , and valve 8 is open/disclosed. Before the

following measurement the small tank again is filled.

Sometimes bench fue l systems, besides weight or v o l u m e t r i c  f low

meters , are supplemented by the unit of the rotaaeter whic h gives the

representation of value and character of the  fuel  consumption  at any

t ime of the operation. V

The capacitance/capacity of volumetric glasses of fuel meter

either service tanks of weight flow meters is determined from the

formula

v= G T I (6)
? 3600’l 
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where V is the capacity of volumetric glass of fuel meter or serv ice

tank of weight f low meter in t;

°T is a fuel consumption by engine in kg/h;

V t — time from beginning to the end of the reading, i.e., the

duration of measurement in s. This time should accept within limits

from 20 to 40 s;

y — specific gravity of fuel in kg/t.

For gas turbi nes and the piston engines, working with the direct

fuel injec tion, large value has a quality of filtration. To avoid the

blockage of injectors or damage of the plungers of the fuel

high—pre ssure pumps , manufac tu r ed  with very h igh  accuracy/precis ion .

some types of these engines require so that the mechanical impurities

V 
in the  fue l/propellant  wil l  be t r apped  by f ine f i l te r  are not more

than 5—10 p  in dinmeter. In connection with the fact that the gauze

filters even with extra—fine grid cannot hold such particles, while

in fe lt and d i f f e r e n t  cloth f i l ters  occur s precipitation of  se para te

filaments, recently wide application find paper filters. In them as

the fj.ltering cell/element, they are applied: the specially ma chi ned
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porous paper pulp or paper tape impregnated wi th  specia l resins for

imparting to it the strength in wet form and the determined filter

discrimination. Fig. 21, shows this filter of the English firm SAU of

corporation Lukas, who accord ing to her data filters par ticles no

larger than 1—3 ~i.

Appli cation/use in the bench systems of fuel fine filters

contributes to an improvement in the qua]zity of work of the engines

of series production and frequently it is extremely necessary with

the experime ntal finishing of engines in research laboratories.

Page 60.

The throughpu t capacit y of main—line distributing

conduit/ma nifold is determined by the hourly consumption of the

fuel/propellant, consumed by experime ntal staticn, from the following

equation:

= G T,ZTl Fc0~~ the kg/h (7)

where ~~~ is total consuiption of fuel/propellant by all,

simultaneously wor king testing units, or the throughput cm pacity of

main conduit, in kg/h; 

~~ -- ~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ :-~~~~~~-
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GT — the fuel consumption by one testing unit at the nominal

V power of engine in kg/h;

n — total number of test installations~

- the coefficient of average load of engine according to

powe r for  the time Cf its all tests. In the majority of cases ~ =0,5—

—0 ,8 from the nominal power of engine, whic h approxima tely corresponds

to the same shortening in the fuel consum ption;

— the divers i ty  factor  of work  of testing units. This

coefficient is defined as

,f _ T1c~,~~K ,~ 18

where T 1 — the duration of the operation on unit (stand) for the time

of all its tests, or the so—called operating t ime of engine on to

gas, in h;

c,,~, is a q u a n t i t y  of stands, which requi re  according to

calculation;

K g — the variation factor of stand operations, which considers

the most adverse agreements of work of several installations and

possible jerky feed of engines to experimenta l station. The value of

this coefficient should accept within the lim its K~= l.l0—l.20
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— the general labor consumption of bench works as the tine of

all tests of engine in machine—hours ;

— a quantity of taken stands.

Note. With a quantity of stands less than four product of the

number of stands n by diversit y factor i~~,, in formula (7) one should

round to integer to large side.

If ex perimental station contains stands for the engines o f

different power, the throughput capacity of main conduit one should

determine according to each group of stands separatel y vith the S

subsequent summation of the obtained results.

V At discharge velocity indicated above, hy draulic losses f r o m

friction on the direct/straight sections of conduit/manifolds for

bright oil—prod i~~ts are 0 .0 1—0.02 5 i H 2 C on 1 u n .  a. of

cond uit/manifold.

Page 61.

In bench fuel systems common/general/total hydr aulic losses taking

into accou nt all local resista nce, includ ing the resistanc e in

V fittings and equipment , they are from 7 to 12 a water column . rf
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necessary of obtaining the more precise values all of their these

resistance one should de termine  by hydraul ic  design accorl ing to the

procedure, presented in §7 of Chapter V.

All fuel lines can be manufactured from the steel sea mless pipes

of general purpose or fro. petroleum—gas—water—conduct ing tubes. Fue l

lines up to 50 mm in diameter should be assembled with the aid of

threaded connections, but for diameters above 50 mm — a way of flange

joints. Quantity of connections in fuel pipes should be mi nimum , but

sufficient for the periodic joint of system. The permanent

connections of fuel pipes are pro duced into joint, by welding by

good-quality electrodes.

As sealing material in the places of the packing/seal of the

connec tions of fue l pipes and fittings, are applied gas and petroleum

stable materials: vinyl ch loride, sovptene and other plast ics. With

the connec tion of fuel pipe to engine for conveDience in insta llation

and extinguishing of vibration it is expedient to produce with the
V 

aid of flexonics in the form of the flexible hoses of the type of 
V

Superfiex, durite hose/pipes and gasoline— resistant clutches,

hose/pipes of braiding construction, but for high pressures — elastic

metallic hose/pipes made of the seamless corrugated brass tubes.

The selected on the visua l inspectio n tubes must be b efore the
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installation decontaminated from contamination and scale. Cleaning

tubes is pro duced mechanically or by hand with the aid of wire

brushes to metallic luster. After purification/cleaning the internal

surface of tubes is washed with an antirust solution or kerose ne and

is sweat/dried.

The ex ternal surf ace of tubes also is cleaned of dir t and scale,

after which they are welded into componen t/links along 3—~4 tubes. The

welded joints of tubes are tapped by hammer , and through each

component/link is run 2 times wire brush for descaling 3f tube in the

places of the welded joints..

S 
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Fig. 21. Fine filter of fuel/propellan t with paper filtering

cell/eleme nt: 1 - head of filter ; 2 — filtering element; 3 — ferrule;

4 — connecting roi ; 5 — cap/cover of filter; 6 — ferrule; 7 — bol t ing

together.

~~~~~ V- V~~~~~~~~~~~~~~~~~~~~~~~~ : 
~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~ --- ~~~~~~ — - -—— --  

- _ _ _



V - ~~~ 
VV ~~ V-V~~~~~~ ~~~~~~~~~~~~~~~~~~ V~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ 

_~ V V V_~ — — — 
-~~~~~~~

DCC = 77233305 PAGE ..2~ / z//

Page 62.

After welding and installation, the conduit/manifolds and entire

system as a whole are tested for strength with hydraulic pressure ,

but on density — by pneumatic pressure. The value of these pressures

and the holding time are determined depending on the operating

pressure of systea from the norms of Gosgortekhnadzor (99sp l5 — State

Committee of the Council of ~iuisters for Supervision of Industria l

Safety and for Nining Inspection (RSFSR) ].

The seal of the connections of the w elds of tubes, of close

fitting valve and connections to equipment with the filling of them

with the com pressed air is checked by means of smearing by their soa p

solution..

All conduit/manifolds, cisterns, the drainage tanks etcetera the

equipment, sunk into the earth/gro und , must have protective coatings V

from the corrosive effect of the surrounding soil.

Before the impcsition of protective coatings, the

conduj.t/ma nifolds, cisterns, tanks etcetera equipment prel iminarily

must be tested to strength and density and are decontaminated from

_ _ _ _ _ _ _  
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contaminat ion, scale and rust to metallic luster. As protective

coating can be used the following bituaii~ous mixtures, applied in

three layers:

a) the first layer , as priming, will be app lied in cold state ,

consists it of two parts by the weight of the paraffin tar , one par t

of bemzene and fou r par ts of the gasoline of the second ty pe;

b) the second and third cover ings are bituminous mixt ure 85o/o,

splitta of b i tumen No 3, three parts of bitumen No 5 and 1 5o/o of

kaolin or asbestos dust. Bituminous mixture will be app lied in hot

state. The third layer will be applied after the cooling of the

second lay er.

§2. Oi.l syst ems.

of the majority of the eng ines of lubric ation syst em , the y are

fulfilled with the closed system of circulation. In tra nsport engines

oil cooling is produced by air flow during the motion of machine or

by the special setting up of fan. In other engines this cool ing is

realize/accomplished in heat exchangers — radiators — air flow or

water. During bench tests when engine is located in fixed position,

for oil cooling in the ma jority of cases, it is necessary to resor t

to bench radiators. Furthermore, dur ing the test work of engines it

- - -  
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is necessary to ensure monitor ing of work of the system of

lubrication and to simultaneously prod uce the determination of the

consum ption of oil.

Therefore tes ting units usually into the lubrication sy stem of

engine.

For the majority of installations, bench oil sys tems are

provided for individual, and sometimes when it is not requ ired to

conduct the measurement of the consuaptiom of cil of the tested

engines, such systems can be common for the group of stanls or for an

entire experimental station.

Page 63.

The oil suppl y of testing units and the return of waste oil can

be realize/accomplished centralized or with the aid of intrashop and

interdepartmental conveying devices.

The centralized oil feed is realize/accomplisbel vittt the aid of

pump on the oil line, which co nnects oil storage with the ex penditure

capacitance/capacity of experimental station. For each type of oil ,

one should establish/install separ ately one feeding and one discha rge

V leads, the latter is simultaneously the conduit,aanifold of the
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emergency discharge. The centralized oil system is advisa b le w ith the

consumption not less than 1—1.5 t into replacement . The V

condui t/manifolds of the centralized oil supply are laid in channe l

V together with thei r warming steam line which must be included into

common/general/total with them thermal insulation.. All oil lines must

be packed with gra dient/draft to the side of power supply. Minimum 
V

grad ient/draft within the limits of experimental station m u s t  be not

less than 0.01, and of external main—line oil lines it is not less

V 
than 0.003.

In the case of the delivery/procurement of oil on butter storage

with the aid of mobile conveying devices in flanks with experimental

station, one should provide fcr oil room where must be produced

preheat ing , storage and distribution of oil on units.

Depending on the consumption of oil, this distribution can be

organ~.zed both in the small tare on trucks or electric cars and on

special conduit/manifolds; distribution on oil line will, be advisable 
V

with the consumption of oil not less than this was shown above.

In certain cases can be provided for the closed circulation oil

system for several testing units.

The basic equipment of this system, which consists of
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ex penditure oil tank w ith the preheating of oil , centrifuge or

pressure filter for purification/cleaning of oil, pump an I  d r a i n a g e

oil tank are usually furnished in basemen t or in specially separated

cil room under the condition of providing the pcssibility of the

drainage of oil from the feeding and drai3 conduit/manifolds, laid in

channel. The wide appl ication of the closed circu lation oil sy stem is

limited to the absence of possibility to conduct the measu rement  of

the consumption of oil with the required accuracy/precision in each

engine, which passes testing, to check the circulation of oil at each

unit and to change the temperature conditions of the lubrication

system of separately each engine.

These shortcomings are deprived the individual systems of oil

supply with separate oil feed for each testing unit.

Page 614.

Such of system they must be equipped with equipme nt and the

equipment , arrange/located in the direction of oil outlet fr om engine

in the following direction: V

1) the signal indicator of the detection of shaving (for the

engines wh ose crankshaft has slide bearin gs);

LA ~~~~~~~~ VV ~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~ 
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2) filter oil ;

3) the radiator of oil cooling;

4) the indicator of the course of oil;

5) upper expansion oil tank with foam separator;

6) expenditure, measured oil tank or the aggregate/un it of the

weight flow rate of oil;

7) filter is oil.

Sometimes on the scavenge pipe before the filter, is

establish/installed reduction bypass valve for a preservation from

the destruction of the filtering cell/elements and radiato r with the

increased oil pressure in the case of the possible circulation of oil

not heat ed through th rough  the fi l ter.  Iq thi s case the tightening of

the spring of reduc tion valve m ust. ensure the bypass of oil at a

pr essure before the filter and the radiator not higher than

permissible. 
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To avoid the launch opportunity of engine with the closed

tap/crane of oil feed, is provided for its blocking with the ignition

system of engine or the starting /launching rack of fue l pump.

The drainage of surplus oil, whic h enters from assemblies and

oil system as a whole, one should produce into drainage system or

through the drainage emergency oil line into the d rainage tank of

waste oil.

In the places of -~ossible air lock for the non—admission of the

formation of air locks, the lubrication system must be equ ipped with

atmospheric tap/cranes or automatic air vents.

The schematic d iagram of bench oil system, comprised in

connection with the tests of gas turbines, is given in Fig. 22.

Basic initial value for determining th€ diameter of V

conduit/manifolds and calculation of the hydraulic resistance of oil

system is the circulation of oil. The latter depends on the

construction of engine and it must be assigned/prescribes by

technical specifications. In the absence of these data pumping of oil

in the sys tem of en gine or in bench oil s ystem G M it can be

determined by the fcrmu]a
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G =  ~M 
~‘/mia (9) V

C WIM 1.60

where Q~ 
is a heat emission into oil in kcal/b;

— the heat capacity of oil; during with sufficient

accuracy/precision for all mineral oils, it is possible to accep t

C~~ =O.5 kcal/kg;

— specific gravity/weight; it is possible to accept V M 0
~
9

kg/i ;

— a difference in the temperatures of oil at output/yield and

the engine inle t in °C.

Page 65.

Hea t emission into oil Q .~ is 
accepted according to the

technical specifications of engine. It cas be also determined from

the equa tion

QN =G T H Uk kca l/b (10) 
V

where G 7 — the hourly consumption of the fue.l,’propellan t. expended

by engine, in kg/h;
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— fuel heating value in kcal/kg;

k — the coefficient, w hich considers heat emission into oil from

entire heat, introduced into engine. Approximately this heat emission

for all types of piston engines is approx imate ly  lo/o, i.e., k~ of

0.01, and for gas turbines  it is possible to approximately accept k~

O.002~.

A difference in the temperatures of oil at output/yield and the

engine inlet for  piston engines is 30— 140°C, also, for gas turbines

from 40 to 50°C.

For the purpose of decrease in the hydraulic resistance in bench

oil system , the feed rate of oil in conduit/manifolds one ought not

to accept above 1-1.5 i/s.. Circulation oil line, in par ti cu la r  on the

section of the suction l ine, must be as f a r  as possible sh orte r and

more direct/straight, without sharp rotations and the

transfer/transitions of section/cuts.
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Fig.. 22. Schematic diagram of bench 01]. system for testing gas

turbines: 1 — upper oil tank with foam separator; 2 — service tank; 3

— discharging jet; 14 — check valve ; 5 — flowing electric heater: 6 —
radiator; 7 — shutoff valves; 8 — filter; 9 — temperature controller

of type RT PD—80 ; 10 — f low meter of type SVSh ; 11 — pumping unit.

Key: (1) . Control board. (2) . Drain of water .  (3). Wate r  supp l y. (4 ) .
V Oil feed . (5).  oil drain. (6),. Basic oil outline/contour. (7).

Pipeline of the prekieating of oil. (8).. Conduit/manifold of air

outlet. (9) .  Dra inage  line. (10) . Pulse tubes.

Page 66.

The local re sistance of this section m ust be minimal. The d iameters

of the suc tion and evacua ting sections of system one shoul d acce pt

V 
identical. The construction of filter at oil outlet ftom engine must 

V

provide the possibility of convenient and rapid inspection and its

purification/cleaning. Is recommended the application/use of t h e  d ual

filters wh ich make it possible to produce this sw itching for control

during engine testing without stop.

For purification/cleaning of oil can be applied the filters of

the different types: mesh, felt, fabric, paper and others. widest use

received gauze filters.

V 

-
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For the plum of waste oil from an entire oil system, and also

for the emergency discharge of oil the system must be equi pped wit h

the drainage oil tank , which ensures the possibility of the

self—flowing drain in it of oil.

Expenditure and drainage oil tanks are supplied with steam or

more convenient in operation by the electrical tubular pre heat ing

devices.

For pro viding the normal operation of engine, bench individual

oil systems must be equipped with foam separator. Most effectively

foa m separator wor ks on hot oil, and therefore it one should

establish/install in upper receiving oil tank, in the scavenge pipe,

before the cooling radiator s. One should a p p l y  foa m se para to r  wi th

tangential oil supply into the housing of the foam separator whic h is

fu rn ished above the  highest  oil level of upper  oil tank with the

f i l t ra t ion of oil through the grid.

The f i l t e r ing  grid of foam separator must be applied fr om brass

gr id wit h 500—700 cells on 1 cm’. To each liter of the c i r cu la t ion  of

cii per minute, one should accept 10—15 cm ’ of this grid.
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The mea surement  of circulation or consumpt ion of oil can be

produced wit h volu metric or weight method . The accura cy/precision of

measurement by volumetr ic  method cannot be reached mor e than

O.5— 1~ 0o/o, whereas weight it can be obtained by  0. 2—0. 3o/o. For

we ight measure ment can be used the assembly, similar fuel, described

above, or the weig ht f low mete rs of other constructions.

Radiators or heat exchangers for  oil cooling by water  are V

establ ish/installed on the scavenge pipe of bench oil syst em. If

necessary for the unit of several radiators, the latter are installed

according to the pa t t e rn  of parallel or series connection. The

pattern of parallel connection of radiator gives greater conveniences

in operation and smaller h ydraulic resistance, but it requires large

heat—transfer  area. In practice larger prop agat ion  received these

diagrams 3 .5  more maneuverable and more reliable.

The temp erature constancy of oil is reached by t he  q u a n t i t a t i v e

control of oil, which  goes across the radia tor  and besides it, by

means of further airing with cold oil or by flow control of cooling

water in radiator.

Page 67.

The temperature control of oil should realize/accomplish

-
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automatica lly with the aid of a temperature controller of the type

RTPD—80 or by other means. Ma n ua l control is very inconvenien t  and it

is labor—consuming, it one should avoid.

The consumption of the water, passin g through the oil—cooling

radiator, for one testing unit is determined from the

relationship/ratio

G1 =—9’~~~/h (11)

where G , is consumpt ion  of the water through the  radiator  in 1/h ;

Q~ 
— heat emission from oil into water in kcal/h ;

t~—t 1 — a di f f e rence  in the temperatures between coming out and

entering wa ter, wh ich takes place through the radiator, in °C.

For an entire experimental station the consumption of the water,

bolt oil will compose

G,nlcaN t/k (12)

vhere Q.YV, is total consumption of water for an entire experimental

station in 1/h ;
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G, — the consum ption of water for one testing un i t  i n  f/h ;

tab K~ ,, 
— the d iversity factor of wor k of installations, determined

on formula (8);

— a quan t i t y  of testing units.

With the larg e consumption of water fot oil cooling, liqu id

cooling of engines and cooling braking devices, it is expe d ient these

cooling systems to switch on in the single closed loop—type system of

water supply. The latter can be also used also for other needs of

enterprise.

If necessary of determining the heat balance from hea t emission

from oil in to  wate r at entrance and exi t  of water  from rad iator , one

should establish/install the  sensors of telethermometers and

wa ter—gauge nozzles or washers for measurement on the differential

manometer of the consumption of the enter ing the radiator water.

The uni t of throttle water—gauge washers or it puffed it must

correspond to technical requirements for their operation. Materials

for tubes and the connection of oil lines are used per the GOSTs and 
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standards, recommended for fuel pipes.

Hydraul ic design of oil system is re duced to the deter m ination

of the dia meter of the suction line on the basis of the c3nditions of

V the permissible losses, the determinat ion of losses to suction in the

scavenge pipe and the determination of the position of the level in

V 
expenditure oil tank.

For calculation must be com prised the assembly diagram of oil

system wit h the indication of entire reinforcement and connections ,

conduit/ma nifolds, rotations and linear dimensions of horizontal and

vertical sections. The viscosity of oil. du r ing  calculation one should

accept in accor dance wi th the temperat ure con ditions of the norma l

operation of engine. The determination of hydraulic resistance is

prod uced according to the  method, presented below.
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§3 Cooling systems.

Under conditions of bench tests for piston engines in their

majority, as a rule, are applied the systems of the liqui d cooling

which can be commDn/general/total for the group of testing units or

individual for each stand.

Depending on the construction of engine and its tem perature

conditions for cooling, are applied the common open sy stems, wor king

under atmospheric pressure, or the closed systems, wor king with

overpressure.

The majority of propulsion test facilities has the open cooling

systems with the application/use as the cooling fluid of water . As

the target/purposes of the provision for the required therma l engine

operating mode and maintenance of the necessary temperature

di f ferent ia l  of the entering and coming out  water , and also for

V
V V
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decrease in fouling, benc h cooling systems are applied mainly

circulation, in wh ich the water, w h ich cools engine, accomplishes

circular motion according to the closed diagram. Cooling the water ,

wh ich circulates in this system , is produced in special hea t

exchangers or water—to— water radiators by the flowing cooling water,

which circulates on the second heat—exchanger circuit.

The maximum permissible water hardness, whic h cools ex perimental

engine in bench system , is determined by the technical specifications

of its operation. The practice of the heat engineering tests of

engines indicates the need of applying cooling water lower than

average hardness, less than 8—10° U.

For decrease in the scale formation and corrosion, it is useful

to cooling water was added bichromate — potassium bichro.ate. The

addition of bichr mat e to water contributes to appearance on the

surface of the metal of anticorrosive film and to the tormation of

the soluble salts of chromic ac id, which decreases the scale deposit.

A quantity of additive of bichromate depe nds on water hardness. Thus,

for instance , with common/general/total wa ter hardness not higher

than the average of the  addition of bichromate it mus t be 0.30/0 by

weight.

The selection of individual bench cc com.on/general~total group

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ :
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cooling system is determined by technical. test conditions of engine

and by requirement s for the production of any experimental work which

can be carried out at t his installation. Thus , for instance, need of

determinin g the heat balance at installaticn requires the individual

benc h cooling system, equipped with equipment for the production of

such tests. Fig. 23, depicts the schematic diagram of the bench

system of water cooling in connection with production type tests of

diesel 21D100. The temper ature constancy of the water, entering the

engine, is reached by the quantitative con trol of the duct of the

industrial cooling water of the secondary circuit or by the bypass of

the part of the primary water besides radiator.

Page 69.

It is more is more conveniently this control produce d

automatically with the aid of temperature contrcller. For example,

for this purpose can be used the tempe rature controllers of the type

RTPD— 80 and others.

The inconvenience of manual control is aggravated even by the

facts that with the arrangement of the test benches in the

isolated/insulated !~oxes cooli ng must be produced remotely  f ro m the

cabin/compartment of control wit h the  aid of handvbeels ~nd the

st ock/rods, connec ted w i t h  ad j ustable val ues.
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rhe diameter of the conduit/manifolds of cooling system is

determined by a quantity of pumped throug h water and by i ts  speed.

A quant i ty  of pumped through wate r is determined fr om the

formula (9), which for cooling water assumes the form

~~~~~~~~ 1/aim , (13~

where G , is a q u a n t i t y  of pumped through water in the cooling system

of engine in 1/mm ; Q, is a heat emission of engine into water in

V kcal/lr; At — a difference in the tem peratures of water at

output/yiel d and the engine inlet in °C.
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Fig. 23. The schematic diagram of the bench system of the water

cooling of diesel 21D100: 1 — shutoff valve; 2 — tube for the

drainage of vapors ; 3 — expansion tank; ~ — gauge glass; 5 —
ma nometer; 6 — telethermo meter of the water, which enters the engine;

7 — pump; 8 — telethermoieter of the water , co.ing out fro . engine ; 9

— sensor of electrothernometer ; 10 — sensor of the signaling of the

temperature of wa ter; 11 — temperature co~ tro1ler of the type

RTPD—80; 12 — radiator.

Key: (f). After  addin g fres h water . (b) . Drai n of the excess of

wa ter. (c) . The conventional  designations. (d) . Distilled water. (e) .

Filling and drain from system. (f) . To drain. (g) . For cooling of gas

exhaust. (h) . Tap  w a t e r .
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Heat emiss ion into wa ter Q~ one should accept according to the

technical specifications of engine. In the absence of these da ta, it

can be approximately accepted in size/dimension of 15- 18o/o of entire

heat of comb ustion of the introduced into engine fuel/propellant and

it~ is determined by the formula (10), in which one should acce pt k =

0. 15—0.18. A difference in the temperatures of water at output/yield

and entry ~t of the majority of engines is 10—12°C.

The speed of water in the system of liqui d cooling one ought not

to accept above 2-3 m/s. The cooling water pipe must be fu lfilled

without abrupt changes in the flow areas and with the smallest number

of bends. An inside radius of the roundings of tubes with bends must

be not less than 2.5 diemeters of through section/cuts of tube.

The arrangement of conduit/manifolds must provide the

possibility of deneration from the peaks of system with its filling

with water and complete drain (desiccation) f rom the lower poi nt s of

all communications.  The consumption of the wa ter, passing through the

heat excha nger of one installation and an entire experimen ta l

sbation, one should determine f rom formulas (11) and (12). During
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~~~~
these calculations of the value of the corres ponding q u a n t i t ies, i t

is necessary to accept conformably for the system in question.

The centralized separation of water pipe f or cooling of the heat

exchangers of test ing uni ts  must be produced by the branches, not

dependent from mai n conduit. The water pi pe of cooling water  on

output/yield from heat exchangers is fulfilled in the form of

self— flowing, nonrammin g line.

All the feeding and drainage water pipes are furnished in

special channels  a long sex/floor. The water pipes of the  cold and

finishing or heated water must be packed with the gradient/draft:

V 
cold water to the side of the source of supply, and hea tel - to the

side of its return.  The gradient/draft s of water  pipes are determined

by the possibilities of their arrangement/per m utation and are

accepted by  analogy wi th  fuel pipes.

The determination of hydr aulic resistance is produced according

to the met hod , carried out into §7 of Cha p ter V.

The supply of cold water to heat exchangers or radiators should

prod uce from below , and the branch/removal of the cooled heated water

fro. above these appara tuses.
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Somet imes can prove to be necessary the introduction of the

preheating of the engine before starting/ launching and w h e n

conducting of bench tests. This prebeatin g can be achieve/reached by

circulation by the special hea ted water , which is located in cooli ng

system.

The preheating of water in cooling syste. can be

realize/accompl ished in service ta nk with the aid of t u b u l a r  electric

heaters, b y  hot water or vapor through the coil , and also with the

aid of pair or by hot water by mea ns of their connection to  the  basic

outline/contour of heat exchangers. In all cases of preheating for

providing the circulation of the hot wa ter through the engine in

system, must be provided for the pump  wit h its parallel connection to

the basic outline/contour of system.

Page 71.

The warming heating mains and auxiliary pump are equipped by the

valve/gate s with t h e  aid of which t hey can be d isconnected f r o m

system after the heat ing of engine. Pairs or hot water the y are

connec ted to the in ter tube  spa ce of heat exchanger or radiator . St eam

line is connected to water radiators on top wi th  the branch/re mova l

of condensate from below. For an improvement in the circulation, t h e

heating main of the  en tering hot water  is connected fro. below
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radiator, and outlet water — on top.

As needed for measurement the circulation of cooling water can

be produced wit h t h e  aid of it metering nozzle or disk washers .

metering nozzles or washers are establish/installed on the

direct/straight sections of the outline/contour of cooling system in

accordance wit h technical specifications for their instal lat ion and

operation. The more precise method of the measurement of a qua ntity

of pumped through water, an d also the determi nation of the hea t

ba lance of engine is produced by weight  method wi th  margin  of error

of approximately  0.5o/o.

In certain cases for provision, that the reliabili ty of the

operation of tested engine on the maximum permissible mode/conditions

is expedient the s ignal ing  system of t hermal loads and pressures to

bloc k with the cooling systems and fuel feeds, while in engine s,

working with elect ric ignition, and with ignition system.

Control of the syste. of wa ter cooling must be produced from

control panel of engine.

Therm ometers and the manometers , which show tempera ture  and the

V pressure of cooling wa ter at entry and at output/yield e f ro m engine,

it is expedien t to f u r n i s h  on the cent ral fla ps of control panel .
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De pending on technical requirements and the assignment of

installation , the thermometers and manometers can be duplicate/backd

up/reinforce by record ing instruments.

Auxi l ia ry  mon i tot ing—measuring equip ment and those instru ments,

wfrich do not requ i re  constant observat ion , can be placed on the

V 
auxil iary panels of control panel.

§4. Air—inlet  systems.

These systems include the systems and the  devices of the inf low

of pure air into the locaticn of experimental  station for providing 
V

the comple te combustion of fuel/propellant in tested engines, the

ejection of waste gases for a reduction/descent in the i r  outle t

temperature, and also a device for the measuremen t of its consumption

in all operating modes. For powe r fu l  piston engines an d especi ally

gas turbines, work ing  wit h the large excess air  ratio, the air f low

rate for the feed ing of engine and the ejection of was te gases

reaches large quanti t ies.

Pa ge 72.
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If we during testing of suc h engines do not ensure the necessary

in flow and sufficient  addit ion/completion of air , them it can occur:

1) a reduction/descent in the power of engine as a result  of

considerable evacuation/r ar efact ion indoo r of experimental station ;

2) the  decomposition of the separate structures of location

(e xtrusion of wind ows , doors, etc. ) as a result of

evacuation/r arefaction because of the pressure d i f f e r en tix l  between

external atmospheric pressure and reduced pressure indoor of testing

unit.

The air flow rate by engine is determined from the condition of

the complete combustion of the fuel/propellant

G~~~~,, L,~’i 
~~LJ,030.0. ==

where G80~,~~ is air flow rate by engine in kg/s; Gmo~ — the

hourly consumption of fuel/propellant by engine in kg/h; L0 is the

quantity of air , t heoret ically necessary f or complete comb ustion 1 kg

of fuel/propellant. For gasoline, kerosene and diesel of

fuel/prope llant L0 —— 114. 7 kg of air on 1 kg of fuel/propellant;  ~ —

the excess air ratio is det ermined from the engine characteristic. In

the abse nce of these data for calcu lat ions wi th  suff ic ient  

T~~~~~~~ L:~ 
V
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accuracy/precision , it is possible to accept : for piston engines m =

V 0.95, for gas turbines ~ = 4.0.

If necessary for cooling waste gases by mixing length of their

with the e jected air  its flow ra te  will be determined by a qua ntit y

of gases, by their initial temperature and the final temperature of

mi xture. The ratio of a quant i ty  of air , necessary for coo ling , to a 
V

quanti ty  of waste gases, coming out f rom engine, tak ing  in to  account 
V

their temperature s tate will be determined by the coefficient of

ej ect ion , which can be obtained from the relationship/ratio

= _V~~~’ 
‘ICON 

, (15)
lION — 

~a?flN

where KU is a coefficient of ejection ; t~ is temperature of exha ust

ga ses on leaving from engine in °C; t~~ is the final temperature  of

mi xture in °C; t Orn4 , — the temperature of the  ejected air  in °C.

The tem perature of waste gases on lea ving from e n g in e  one should

accept according to the technical specifications of engine. For

diesels this tempe rature comprises t~ ~ 700— 800°C, also, for

re maining piston in te rna l  combustion engi nes t~~ 800—903°C.

For gas turbi nes ~~ ~ 400—600°C .

The f ina l  tem perature of the outgoin g mixtur e of waste gases
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with air m ust be determined by that maximum permissible te mperature

whic h can long and reliably maintain the  constructions of the

gas—discharge and soundproofing devices. Data on these temperatures

are give n in Chapter VIII.

Page 73.

The temperature of the e jected air one should accept according to the

temperat ure of surrounding air of re lat ively prol onged period in

summer as more adverse conditions for cooling of the  mastered gases.
V 

~or areas of moderate room this temperature it will comprise t.~~~~~~~=

= 25°C.

Thus, the complete air flow rate for providing the complete

combustion of fuel/propellant in tested engines taking into account

the air flow rate for the e jection of waste gases for one testing

unit will comprise 
V

= G.03,.~1(I + K1) kg/a, (~6)

V 

where a001~ 0~ 
is complete air flow rat e for one testing un it in kg/s;

GlI ) I (, .o.~~ the expenditure/ consumption of air of eagine in kg/s ; K , is a

coefficient of ejection.
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With the arrangement of several testing units in one location ,
V 

the complete air flow rate, determined by formula  (14) , must be

in creased by the number simultaneously of working installations. For
V 

the purpose of the compensation for the inflow of the expendable air

it is necessary indoor testing units to provide for supply or as them

V are freque ntly called , the air—suct ion shaft/mines and cha nnels. If

necessary they are equipped by the sound-deadening devices, since on

high noi se level indoors of the ex perimental station through these

shaft/mine s noise it wi l l  penetrate outside.

Air—intake  sh a ft/mines can be both indiv id ua l for each testing

V 
unit and common/general/tot al for several installations, if in this

case noise propagation on the n will not be interference/jamming for

ad jacent installations. 
V

The hydraul ic  resist ance of intakes must be min imum.  For this V

reason, and also to avoid the blowing of sound—absorbiags material V

the air speed in t he  zone of soundproo f in g must not exceed 15— 20 i/s.

The tota l resistance of air—inlet syste. must not exceed 6 0—80 mm V

H 20. When , in the experimental location, evacuation/rarefactio n is

present, more indicated tested engine not in state viii develop total

Foye r, as they speak , will occur the  deficit of the power of engine,
V which disturbs the lim it of the required accuracy of measu rements. 
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For a reduction/descent in the hydraulic resistance, one should

to gear do wn air f low , to improve the conditions of e n t r y  and

V 
output/yield of th is , to apply special fair ings in soundpr oofings

during a change in the flow direction provide for cascades and other

measures, directed for improving the outline/contour of i n p u t  device.

Page 74..

It is necessary to also focus specia l attention on the provision

for pur i ty/ f in ish  of the air , which goes to the feeding of engines.

Especially this concerns the gas turbines which are extremely

demanding to purity/finish. The presence in suction air of dust,

small constr uction particles, grains of slag, car bon and solid

particles, which a re  located in suspension, causes nicks on

compressor rotor blades and turbines, distorts their airfoil/profile,

in consequence of which is decreased by their efficiency, the service

life of work and s t rength.  To the sane degree the obstructibili t y of

air detr imental ly  affects the work also of piston internal combustion

engines. Therefore the regular arrangemen t of experimental station

and a i r—intake shaf t/mines  gains importance. As fa r  as pos sible them

it is nece ssary to remove from shops and the productions, whic h

contaminate the air, such as foundry shops, boiler, the storages of

ca rbon and other s imi la r  materials, the production of f r i ab le

building materials . In the presence of the stro~g dust content  of

— 
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surrounding air in area of experi.ental station and in the absence of

air filter of engine dur ing  its testing the  bench system of air

V supplu must have filtration of air. It can be realized by the

following me thods: a dry method — with the aid of surface or porous

filters; by vet process — the means of oil filters; in an inertia
V 

manner — with the aid of inertia dust arresters; electrically — by

the electrification of dust. The method of filtration one shou ld

select depending on the degree of obstruction, composition of

pa rticles and air f low rate. As One Of the simplest constructions of

dry filter can serve the vertically arranged/located in two series

zinc—coated grid with cells 1.4 x 1.14 mm and 0.65 mm in gauge. The

distance bet ween grids must be 250—300 mm and furnish them should the

air—intake silencers. Wit h the air flow r a t e, it is more tha n 20—30

kg/s to more expedient apply inertia dust arresters and electric

V filters. Wit h smaller expenditure/consumptions simpler will be the

V oil, so-called viscin filters. The latter consist of standard cells

500 x 50 m m in size/d imension of , filled by bushings f rom ceramics.

V The thickness of filling is 75—100 mm . For the wetting of bushings,

is applied slowly d ry ing  viscin or mot or oil. The periodic

V purification/cleaning of contaminated filter sections is produced by

V their dipping into bath wit h hot sod a sol u tion. Design loa d on one

cell is accepted within limits 0.25—0.3.0 kq/s, in this case the

resistance of this filter is 7—8 mm 020.
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To avoid the suction of waste gases into receiving air duct, the

partition br anch connection of the latter must  be removed from the

end of the gas—bleeding tube or arrange/located its below outlet.

Since coming out waste gases have velocity head and temperature.

which considerably exceeds the surrounding atmospheric air , their

f low will be directed u p w a r d  along ver t ical line. Therefore it is

expedient the gas-bleeding tube to furnish higher than a i r—in le t

branch connection. In this case, the  d i f ference  in height/al t i tude

must be not less t h a n  3—5 a. In  the case of the impossibil i ty of

their this a r rangement  one should remove from each other.

Page 75.

As f a r  as possible it is necessary to approach that so tha t the

air—inlet branch connection would be arrange/ located f r o m  windward ,

and gas escaping from the lee side relative to the direction

prevailing winds. Especially th is  is rela ted to the p ow e r f u l  testing

units which have air flow rate several kilograms per second and it is

above.

Air—i nlet branch connection is furnished horizontally or is

vertical. In the latter case it must be equipped by the canopy , wh ich

shields air duct and silencers f rom preci pitation of atmospher ic

residue/settlings. To avoid the incidence/impingement into the system

1 ~~~~ 
— —  _ _ V ~~~_ 

V~V~~ ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ - - ~~~~~~~~~~~~~~~~~~~~~~~~~ 
V T~~~~ V _  V V V*~~ - 

V~~~~~~~~~~_ *V V ~~V_ V_~ VVV — 
— 

V_ V V _ V V _
~~~~~~~~ V - ~~~~~~~~~~~~~~~~~~



—; 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

—k.. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ L~~~

nbC = 77233306 PAGE

I’?F/
of dust f rom the r oof of building,  the  branch connection m ust be

removed fr om roofing up to distance not less than  1 m. On the end of

the air duct , is establish/installed also the rare wire ga uze, which

prevents f rom the incidence/impingement in it of foreign objects. All

the connections of air ducts and coming out gas pipes must be

hermetically sealed, but their sections, that pass within building ,

are heat—insulated . Besides the filtration of air, the structure of

the working surface of air—intak e channel must be stable to

efflorescence and not allow/assume the isolation/liberatio n of

construction particles and dust. For strex~gthening and sur face

protection of the structure of this channel, it is expedie nt to

produce the pasting of its gauze on bakelite varnish with the

subsequent coating with nitroce]lulose enamels.

§5. Gas—bl eeding systems.

The systems of gas bleeder serve for the removal of waste gases,

they can be accept ed along the system of the open or closed gassing.

The syste. of open gas outlet consists in the fact that the

gas—bl eeding collector/receptacle of engine or its nozzle  does not

have direc t connection to gas exhaust channel or conduit/manifold. In

this case waste gases on certain small section occur/ flow/la st over

~~~~~~~~~ --~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ~‘-~~~-f



_____ —--
__

— 

~~~T JLL~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~ 1~~~~L~~~J ~ 

—

DOC 77233306 PAGE

/1~
air vtthou t conduit/manifold. In this case, the  air , which surrounds
the coming out gas jet in this area, is carried along by it and
together with jet it heads for the receiving br anch connec tion of the
gas— bl eeding syste m.

The system of closed gas bleeder does not have the indicated
breakage of condui t/manifolds, but therefore in it there is no
ejection of surrounding air.

The selection of one or the other system of the distance/removal
of was te gases depends on requirements and conditions of the  work of
installations.

Closed gas bl eeder is applied :

1) with the arrangement of bench in~tallatjons in
common/general/total hail, since the closed gas bleeder considerably
decreases noise level indoors of experimental stations;

2) if noise level dur ing  engine test ing is re lat ively small and
in the gas—bleedin g system are not required to establ ish/insta ll the
sound— dead ening devices with temperature limitations; V

3) when accordin g to test Conditions it is not required to

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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observe of the yield of waste gases for determining their  smokiness,

V color of flame, uniformity and combustion stability.

Page 76.

The ope n gas bleeder ma kes it possible:

V 

a) in duced air for its mi xing with waste gases for t he  pu rpose

their temperature decrease. This is necessary during the e quipment of

the gas—bleeding system by the sound—deadening devices;

b) to observe of the coming out jet ot waste gases.

The common /general/total gas—bleedin g systems, which operate

several testing uni ts  bot h of closed and open gas bleeder, must be

equipped wit h the  spec ia l sm oke sucking or suction ejector dev ices.

To avoid the overflowing of waste gases through air—intake s opening

of ad jacent installations in the gas—bleeding system , it is necessary

to create evacuation/rarefaction .

If the h ydraul ic  res istance of the  ind iv idua l systems of the

open or closed gas bleeder does not exceed the permissible value,

they can not have forced drawing.
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For p iston engines without the perceptible error , wit hin the

li mits of the req u ired accuracy of the measurement  of power , the

common/general/total  hydraul ic  resista nce is admissible to 300— 1400 mm

020. For gas turbines this resistance depending on the value of the

total pressure in the section/shear of the gas—bleeding nozzle can be

the more than indicated value. In this case, one should hav e form

that for bot h types of engines in all cases the total pressure of

waste gases in the section/shear of outlet must exceed the hyd raulic

resistance of entire channel of the gas—bleeding system.

Section/cuts, d imensions and the hydraulic resistance of these

channels are designed from the flow rate of waste gases or their

mixture with inducing air or with the pairs of cooling water.

The weight flow rate of waste gases will correspond to the flow

ra te of the air , necessar y for the complete combustion of

fuel/prope llant, determined from formulae (114 ) or (16) wit h the

addition to it of weight  of flow of the combustible in engine

fuel/propellant. For the  installations, working with closed gas line,

this flow rate will compose

Gomp. ?ll ~~~~~~ + GmOf l kg/s (17)

where Gomp,, ai is a flow rate of waste gases one by uni t  in kg/s;
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— the air flow rate for the feeding of engine in kg/s;

Gmon - a fuel consumption by engine in kg/s.

The f low rat e of waste gases at the units, working w i t h  the

addition of the ejected air, will be determined:

G~mp~as = ~~~~~ + G t be kg/s (18)

where Go mp.,0, is a f low rate of waste gases one by uni t  wi th  the

ejection of air in kg/s;

— complete air flow rate for the feeding ~f engine and

for ejection for  one uni t  in k g/s;

GmnnA — a fuel consumption by engine in kg/s.

Page 77.

A gain in weight of waste gases because of the products of fuel

combustion against the weight flow rate ot air, consumed by engine,

in formula (17) is virtually 6—6.5o/o fpr piston and 1.7-2.00/0 for

gas turbines. For determining the section/cuts of the air— inlet and

gas—bleeding channel , it is necessary tc know the volumetr ic f low
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1~~
rate of air and of waste gases or their mixture with air which is

determined from the formula V

Q = G/y a3/s. (19)

where Q is a volumetric flow rate of air, of waste gases or their

mixture in a3/s; G is the weight flow rate of the same gas in kg/s; y

is the specific weight of gas in kg/a3.

The specific weight of gas is determined from the

re].ationsb ip/ratio

= P/RT kg/s. (20)

where P is pressure in kg/m 2 ; R is a gas constant in kgm/kg°C; T is

absolute temperature in °K.

For the calculation of air—inlet and the gas—bleeding systems

with sufficient accuracy/precision f or air, waste gases or their

mixture with air it is possible to accept: P = 10 330 kg/a 2, B = of

29.3 kgm/~~~~C. So, the specific weight of standard air (at

temperature of 15°C) will comprise

29.3 (273+15) ~ 1.226 kg/a 3.
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The necessary section/cut of channel will be determined from the

expression 
F =-~~~

. M
1
, (21)

where F is effective area of channel in m 2; Q is a volumetric flow

rate of gas in m 3/s; w is the av erage speed of the flow of gas in

a/s.

Por providin g the reliable and continuous operation of the

constructions of the gas—bleeding system and sound—deadening devices,

waste gases are subject to cooling.

Page 78.

In practice w idest use received the following methods of

cooling; 
V

1) by air, by means of ejection by its coming out jet of waste

gases or during the supplying its into the gas— Lleeding system from

the air injector, pneumatic from compr essor or from air ex tractor;

2) by means of water inject ion into the gas—bleeding channel;
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/~I
3) wi th  the aid of the unit of heat exchanger ;

14) by the combined method, by means of the coincidence of the

preceding/previous methods.

The simplest and widespread method of cooling outgoing waste

gases is the first and partially second methods. For the indiv idual

gas—bleeding systems most frequently, especially for gas tur bines, is

V 
sued the e jection of air because of the use of kinetic energy of the

most coming out gas jet. For the testing units, which have the

common/general/total gas—bleeding systems, this method can not be

recommended as a result of the possibility of the overflowing of the

mixture of waste gases through the gas—collecting branch connections

of adjacent installations. In this case are necessary to add itionally

establis h/install special exha ust fans or the auxiliary ejectors, the

pneumatic for mai n taining certain evacuat ion/rarefaction in the

system of gas bleeder and overcomings of its hydraulic resistance.

The procedure of calculation of ejectors is given in (9]. Using the

given below approximate data, sometimes the ejector is selected and

manufacture experimentally. Fig. 21$, gives the diagram of the ejector

of the gas—bleeding system of testing unit with the ejection of air

by the outgoing jet of waste gases. Behind nozzle 1 waste gases head

for ejection pipe 2, which has diffuser 4, and further for the

gas— bd eeding tube or m u f f l e r  5. A quantit y of air, ejectel by the jet
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of waste gases, will depend on the relationship/ratio of diame ters

d2/d 1 and of distance 1~ between the nozzle and ejection pipe. The

greater this relationship/ratio and the distance, the greater the

flow rate of ejected air.

For providing the distance/removal O.f waste gases and correct

work of ejector, must be observed following conditions: the diameter

of ejector d 2 ~~~
— 1.05 d~ +0 ,41k; the length of ejector 13> 4_5 d2;

the length of diffuser 14> 2.5—3 d2; the length of receiving socket i~~~

—— 0.05 d2 ; the convergence angle of receiving socket 30°; the

divergence angle of diffuser 1~_ 50 (for each side from the axle/axis

of diffuser).

4 V._L. 
— — VV V_ V V 

V 
V_V_ V~~~~V~_~•_~_ V V V ~~V V 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~

~~~~~~~ ~~~~~~~~~~~~~~~~~~~
— - —



V ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ ~~~~ 
V V V V V ~~~~~

DOC = 77233306 PA GE 2.q

V 

4 

/~

~~~* 

// ~~~~~~~~~~~~ ‘/////2

Pig. 24. Diagram of ejector for exhaust gases: 1 — exhaust nozzle; 2

— ejection pipe ; 3 — tip bearing; 4 — diffuser; 5 — vertical muffler.

The gas— bleeding conduit/manifolds,, in which can occur

the accumulation of unburned fuel/propellant or its vapors (for

example, dur ing  the  cancelled starting/ launching) , must be equipped

wi th drainage and blowoff devices for the prevent ion/warning in them

of possible explos ion. Air gas p ipes m ust have minimu m hy d raulic

resistance, and therefore in then are not allow/assumed shar p

rotations and t ransfer/transit ions.  The bent or welded elbows as f a r

as possible must approach a circumference with a radius to the

axle/axis of tube r>3D , where D, the diameter of pipeline. The

design of the sound—deadening devices of systems and , gas bleeders

are given in chapter VIII.

§6. Cooling waste gases by water injection.
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A red uction/descent in the temperature of waste gases in the

gas—bleeding syste m by means of water injection is the most ef fect ive

wethod. It gives noticeable noise reduction at the yield of ga ses

because of a considerable decrease in their volume during cooling and

a corresponding decrease in the velocity.

A red uction/descent in the temperature of waste gases by means

of water injection can be reached with the observance of following

conditions. It is first of all necessary to ensure the fine/thin
V 

atomization of water, for which it one should supply to in jectors

under pressure not less than 6—8 kg/ca2. For the best heat transfer

from the coming out gases to water, its heating and evaporation, is

necessary the determined contact between them. This contact is

determined by the necessary time of the interaction of the speed of

its flow and by the length of the section of the gas-bleeding

channel. The overall length of channel viii depend on the initial and

final temperature of gases.

In connection wit h waste gases of the engines in ques tion

te m perat ure balance alon g the flow of bul k of gases begins not

earlier than the passagewa y from 8 to 12 a of the length ~f the

section of gas line of the site of installation of the injectors.

V V~~ 
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wh ich inject cooling water.

The consumption of water under the condition of its complete

evaporation and superheating pair will be determined from the

equation of the balance of the heat

G c (  — I )  G,c [(~ — 

~) -i— 539 -4- c~ (~ — t~)J
whence

(J 1c~ ~~ — t
~~ )  kg/s. (22)

c [(lk — ( N ) + 539 + c f l (IK f K)1

where G, is expe nditure/consumption of wa ter in kg/s; G, is a gas

flow in kg/s; c, is heat capacity of gas 0.214 kcal/kg.deg; E~ is

ini tial temperatur e of gas in °C; (~ i.e the final temperature of gas

and the steam in °C; c —— 1 — the heat capacity of water in

kcal,/kg.°C; 1,~ 
— the initial temperature of water, is equal to 15°C;

(n —the final temperature of water, is equal to 100°C; 539 - latent

heat of vaporization in kcal/kg; c~ — heat capacity is the pair,

equal to 0.5 kcal/kg.deg.

Page 80.

The water, which goes flash for cool ~ng of waste gases, changes

their weight and volumetr ic  composition.
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- Purtheraore , with the combustion of fuel/propellant they are

formed the steam which also affects the volumetric composition of the

mixture of waste gases and the steam. All these changes one should

consider dur ing  the  determination of required dimensions and
V 

section/cuts of the gas—bleeding channel.

For determining the specific weight of mixtur e j ’ from formula

V 
(20) and the vo lumetric flow rat e of m ixt ure f r om formula  (19) we

find common/general/total gas constant R 06,~ .

V A quantity of the steam, obtained with the combustion of

fuel/propellant, taking into account an average quantity of vapors,

wh ich are found in air, will comprise

G~== 1,6-a- kg/s. (23)

where G~ is a quantity of the steam in kg/s; 1.6 coefficient, which 
V

considers a quantity of forming steam with combustion 1 kg of

fuel/prope llant, on the basis of the weight content of hyd rogen,

wh ich is located into the fuel/propellants also of the connected to

it atmospheric oxygen, and also taking into account an average

quantity of water vapors, which are found in standard air; G T is a

fuel consumption in kg/h.
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The total weight of the steam will comprise

= a, + O~ kg/c, (24)

where G is the t otal weight of the stea m in kg/c ; 0, ii

expenditure/ consumption of water for injection in kg/c; 0,, is a

quantity of the steam , obtained with the combustion of

fuel/propellan t, taking into account the steam , which are found in

air, in kg/s.

V The weight of dry gas we will obtain by the subtraction of the

weight of the stea m from common/general/total -weight of gas:

a; = G ornp aa3 — a, k g/s, (25)

where G is weight of dry gas in kg/s; ~~~~ 
- the

V expenditure/consu m ption of waste gases , determine d by formula  (17) or

by formula (18), in kg/s; O~ is the total weight of the steam ,

determined by formula (214) , in kg/s.

The total weight of mixture G~ we will obtain by the emanation

of the weight of d ry gas 0, and of the weight of the steam a;. those

who were det ermined f r o m  formulas  (25) and (24) ,

— V
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1~
0

CM 
= a; + a; kg/a. (26)

Page 81.

The gas constant of mixture R,,~~ will be determined from the

expression

k gm/ k gfm , (27)

~.here 47.1 and 29.3 are gas constants respectively for the steam and

exhaust gases.

The obt ained value gas constant mixt u re R06,~ one shoul d

substitute int o fo rmu l a (20) for det er m in d.ng the specific we ig ht of

mixture  and subsequent volumetric f low rate of mixt ure.

For water in j ection, are applied angular  or t angen t i a l

in j ectors, arrange/ located on water—conducting collector/receptacle

in the initial section of ejection pipe or gas pipe.

With the d iameter of inject or 6 mm, the consumption of wa ter is

0.3 kg/s. To avoid falling of water into box or in the location of

the testing units of injector one should esta blish/install at certain

angle to the flow of gases, wh ich coincides with the direction of
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water injection from engine. For providin g continuous operation of

the system of injection, it is expedient to provide for basin with

pump in order to ensure pressures indicated above of the water before

in jectors.

§7. Determ ination of the flow rate of air and hydraulic resistance.

1. Air f lo w rate.

During experimental studies and taking of standard

characteristics, sometimes it is required to determine the

expenditure/consum ption of the air, which enters the engine. This

need appears also dur ing  testing of super~ hargers and coupressors

both piston engines and the gas turbines.

In these cases the  testing units are equipped with the  device ,

which makes it possible to produce the measure.ent of the air flow

rate.

From the most widely used methods such measurements can be

produced with the aid of throttle instruments or the pneumatic tubes,
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adjustable in intake air ducts. Sometimes the measurement of the air

flow rate can be produced after waste gases with the aid of the

special rack, adjustable in the section/shear of gas exhaust nozzle

or branch connection.

The measurement of the air flow rate is produced on the speed

which is determined by pressure difference before and after throttle

instrument. This pressure dif fer ence is measured by d i f ferent ia l

ma nometer, and further analyt ically is calculated

expenditure/consumption according to the procedure, given in (10].

With all methods of measurements for determining air dens ity

simultaneo usly wit h pressure is produced the measurement ~f its

temperature.

Page 82.

Tempe rature 3f air at the inlet into engine it should be

measured with low-inertia resistance thermometers in assembly with

multiposition measuring bridge and galvanometer.

ihe tem perature  of air and gas through the channel of engine and

in section/shear is measured by chromel—drop and chromel—alume l

thermocouples with readings according to galvanometer .
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2. Determination of hydraulic resistance.

The feed systems of air and gas bleeder, and also the

po wer—supply syste. of testing units by fuel/propellant, 3i1 and

water frequently require the determinat ion of hydraulic resistance

for testing of their throughput  ca pacity, selection of pumps , pumps

a~d another equipment wit h the necessary pressure for provid ing the

duct of liquids and gases.

Espec ially this is important for the air—inlet and gas— bleeding

sy stem s, since in them in the majori ty of cases are determined

limitations on the permissible eva cuation/rarefaction and the

available pressure.

The common/general/t otal hydraulic resistance of these systems

during the flow on them of gases and liquids is composed 3f two parts

t~P~~~~Prp +t ~P.~ 
kg/ma , (28)

where Ap is the cammon/general/total hydraulic resistance of the
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outline/contour of system (channel or conduit/manifold) in kg/az;

— frictional resistance over entire lengt h of outline/contour

d.p.nding on flow conditions ( Reynolds number Re) and of surface

condition of friction or degree of roughness in kg/i2; — the

local resistance, caused by local vortex formations and the

redistribution of the speeds in the shaped pieces of the

cond uit/ma nifold , f i t t ings and other barrier/obstacles, depend s on

their geometric forms and size/dimensions in kg/m 2.

Frictional resistance is determined from the formula

(29)

where X is a coefficient of friction drag of the unit of the length

of conduit/manifold (channel) ; I — the overall length of

cond uit/manifold, including the length of its shaped pieces, in a; d

— the diameters of conduit/manifol d in a; v — average rate of flow

(gas or li quids) in a/s ; g = 9 .81 i/~ 2 — the acceleration of gra vity

X is the specific gravity/weight of gas or liquid in kg/i 3.

The coefficient of friction X - depends on flow coaditions

(Reynold s number Re), and it one should determine according to

handbooks, see (5].

Page 83.
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Loss of pressure in local resistance is determined from the

formula

I ~~ I

~ p.1 = C1 —
~~

— -
~ + Z~ i ± - - + c r q~/~1. (30)

where C~, Cz. ..., 
— coefficients of local resistance in the

separate shaped pieces of the conduit/manifold, fittings and other

barrier/obstacles and devices, arrange/located over entire length of

system.

During the determination of common/general/total hydraulic

resistance from the  outline/contours of the systems of fuel, oil,

that cools one should consider losses or pressure excess from liquid

column in conduit/manifolds and the capacitance/capacities , wh ich

form part of system , but arrange/located below or higher than testing

unit.

In the indicated ca lculations for all systems, one shou ld

disregard the elasticity of vapor s of liquids, since their content is

virtually insignificant.



DOC = 77233307 PAGE

cage 811J Chapter VI

SAFETY CONTROL AND INDUSTRIAL SANITATION AT EXPERIMENIAL STATIONS.

§1. Safety engineering and industrial sanitation.

1. General considerations.

The questions safety and industrial of sanitation technique

include entire com plex of the equipment of devices and organizational

and technical measures, which eliminate traumatism and occupational

diseases and which ensure the normally permissible sanitary working

conditions, harmless for the health of workers in this production.

General considerations with respect to the provision safety and

industrial of sanitation technique are establish/installed and are

regulated by the u nion inspections of Gosgortekhnadzor and by state

sanitary inspecti n. For each production taking into account its

specific special feature/peculiarities, these organizations can
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Establish/install in places additional requirements and conditions in

the form of orders, resolutions, commands and instructions, directed

toward survival and health of workers and employed. Control of the

execution of these solutions is laid on the representatives of the

indicated organizations, and a lso on the technical inspector of the

council of trade unions and on inspector on the industrial safety

measures of plant trade union committee. The administrative—technical

pe rsonnel of enterprises is due daily to keep track of the sta te

safety and industrial of sanitation technique on its sections an d to

take all mea sures to a further improvement in the working cond itions.

Per sons , gui l ty  of nonobservance and disturbance/brea kdown of

the established/in stalled posi tions and instr uction s, by inspections

indicated above are drawn on responsibility according to the

effect ive legislation.

For experimental stations and laboratories, general

considerations on safety and industrial sanitation technique are

reduced to following basic requirements.

Page 85.

2. Require ments wi th  respect to device and equipment of experimental
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stat ions.

For the purpose of the safety control of the service personnel

on tests and the safet y of engines, it is necessary in testing units

to pro vide the blocking of starting/launching system with the

propellant feed systems and air and the coverage of gates and doors

of bench cabin/com part ments.

Device, ventilation and the illumination of production

locations, composition and the size/dimensions of everyday and office

locations are regu lated by norms N 10 1—5~I.

A quantit y of ha rmfu l  iso lation,liberations, which are contained

in air of working locations, is limited to their ma xi mum permissible

concentrat ions, given in appendix 1.

The maximum permissible noise level in production locat ions and

outside the. is establ ish/installed according to t ime/temporary

sanitary norms (see appendix 2) .

Zn the case of possible at testing units fires, explosions,

breakawa y of the rota t ing parts and ot her emergencies, which threa ten

safety the service personnel, bench units must be arrange/located in
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the isolated/insulated boxes. In this case, the personnel, whi ch

generates test ing , must be located in the isolated/insulated from box

location (cabin/compartment of control) , of vail, observation window

and door of which with emergencies must ensure fullest safety.

At the test benches and the laboratory units where t he  safet y

the service personnel can threaten the breaks of rotating parts

either the t ightening of their clothing in the rotating pa rts of

mechanisms , or into the j et of stack gases or int o the a i r—inle t

br anch connections of engines, compulsorily must be

establish/installed shielding enclosure/protections in the for m of

grids, bandies, etc.

Bench staircases with walking on then more than one times into

replacement must have slope angle not more than 450~ The working

surfa ce of area/sites , ladders , bridges and step/stages of staircases

for the purpose of the exception/elimination of the slip of struts,

especially with  spilled oil , the y m ust be covered with corrugated

iron or to be manufact ured in the form of grates from the steel

plates, up—edge or by means of the burn—in of the welded joints.

Is not allow/assumed the device of hoisting or blinds gates for

the apertures through wh ich during tests can pass the people.
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The bench etcetera equipment of the testing units in whic h is

establ ish/installed the electrical equipment or are instal led

electric systems, they are subject to grounding. Movable illuminating

t ubes must wor k under voltage /stress not more tha n 36 V.

Vessels and equipment , workers under pressure are more than 0.7

at.(ga ge), with the value of the prod uct of their volume in liters by

pressure in atm (gage), it is more than 200 unity, must be

manufactured, be installed and operate with the observance of norms

and rules of Gosgortekhnadzor (see the “rules of device and safe

oper ation of the vessels, working unde r pressure”, af f i rmed  by

Gosgortekhnadzor of the USSR 17/Ill 1956) .

Page 86.

Device and the operation of cargo mechanisms must be

realize/accomplished in accordance with the “rules of device and safe

operation of cranes” , af f i rmed by Gosgortekhnadzor of the USSR 5/VIZ

1957.

3. Safety of works on testing units.

:~~~~~~~~~ - ~~~~~~~~~~~~~~ •
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Bring ing int o service of the newl y equ ipped or reconstruc ted

production shops, com partments , labora tories or separate testing

units, including of cargo mechanisms, vessels, working und er

— pressure, and other similar to them objects must be produced only

afte r the compilation of the acceptance event/repor t of board with

necessary collaboration in this board of the chief of bureau of

safety engineering of enterprise and technica l inspector of the

counci l of trade unions.

In the necessary cases or of the req u irement for the chief of

bureau of safet y engineering of enterprise is compulsory a lso the

collaboration of the representatives of Gossaninspektsiya,

Gospozhnadzor and Gosgortekhnadzor.

The con duct of supervision after the safe organization of works

and the safe state of the equipment of production locations and

devices, the compilation of commands on safety engineering,

conducting instruction with the newly taken wor kers, the provision

for workers with special clothing, special boot and protective

devices is laid on the administrative—technical personnel of

enterprise. Works with leaded gasoline mi.~st be prod uced in accorda nce

with “sanitary regu lations on storage, transportation and the

application/use of leaded gasoline in motor transport” after No

193—55, af firmed by the main Gossainspektsiya of the USSR.
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One should remember that  leaded gasoline possesses toxic

properties and can cause heavy poisonings with its

incidence/impi ngement for skin covering, with its ingestion or dur ing

the inhalation of its vapors. The preparation of leaded gasoline,

i.e., the mixing of gasoline with ethyl fluid, must be produced only

in the special ly equipped gasoline mixing stations and by

authorization of local Gossaninspektsiya. The experimental stations

and the laboratories of engines, which app ly leaded gasoline, must be

equipped with sanitation points.

During the use of the mercury pressure gauges I of work with

me rcury, the y must be organize d and to be fulf i l led in accorda nce

with “command on the device and the sanitary content of locations in

works with mercury in laboratories”, affirmed by the main

Gossaninspektsiya of the USSR 8/V 1941.

FOOTNOTE I . For the purpose of the prevention of poisonings, the

application/use of the mercury pressure gauges (piezometers) follows

as f at as possible to avoid, completely or maximally to reduce.

Piezometer s it should be replaced by grou p pressure recording gauges

GRN— 2, man ufactured with the plant “Tizpribor,” this non—mercury

-~~ ~~~~~~
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instrument can simultaneously measure and record/write pr essur es or

the pressure differential simultaneously at 20 points. ENDFOOTNOTE.

Page 87.

In the mercury pressure gauges the glass tubes must be closed by

organic glass, in the lower part of it must  be the collect ion for the

catching of mercur y during the possible destruction of tubes, and at

upper jets , must be valves or devices for the catching of mercury

with ejection. For the elimination of the possibility of the

output/yield of toxic mercury vapor f rom measuring meter into

location surface of mercury, it must fill with shielding liquid or at

output/yield from instrument must be placed the recovering filters

with the activated carbon and active manganese dioxide.

§2. Fire—fight i ng safe ty .

1. General considerations..

The field of f i re—fighting sa fety  includes entire com plex of the

equi pment of devices and measures, which e l iminat e explosi ons fire s

_ _  — - - - -4 - - - •
. 

-
- -

~~~~~ - -II i



4- ~~~~~~~~~~~~~~~ 
—— 4.7- -‘------- ‘-- 

~~~~~
——

~~~~~~
- -

~~~~~ ~~
-

~~
—

I Pil l  ~.Pi. ._.___. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ __4~~~~~~~_~~~4 ~~~~~~~~~~ — — .4——.---—.—,———~—-_ -—— -— —————— ~~~~ _~ 
-

DOC = 77233307 PAGE 1

in experimental stations in the laboratories of engines or

gas—dynamic during their operation. According to the character of the

prod uction of the tests of thermopover engines, the seats of fires

can occur; however, they must be abb re viated/reduced to the  minimu m

and bear local character with the prov ision for  localization and

complete liquidation in short time.

Construction and the operation of the productions, whic h apply

the inflam mable and combustible substances, are regulated by the

appropriate norms and commands. Besides the union norms of state

committee in the matters of building USSR. “Fire—fighting norms and

the techni cal specifications of the design of the storages of the

inflammable and combustible substances according to NiTU 1 08—56” and

the “rules of the device of electrical equipment” of the min istries

of power stations, usually are departmental rules and commands ,

comprised in connection with the special feature/peculiarities of

each production and the supplementing ind~.cated positions. Those

guilty of nonobser vance and violation of norms, rules and commands on

device and operation of enterprises as a whole and of its separate

shops and services are draw n on responsibility according to the

existing legislation.

In connection with experimental stations and laboratories, the

essence of these norms and commands is reduced to following basic

~~~~~IFZ~1 ~~~~~~~~~~~~~~~~~~ ~~~~~~~~ 
- .‘1 

~~ 
— 

~~~
-- - • - - —--

~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .*_— .-._ _ _y.-~~~~~



DCC = 77233307 PAGE

0
re quiremen ts.

2. Fire—fight ing requirements with respect to device an~1 e qui pment of

exp.rimental stat ions.

Build ings and the departments of experimental shops ~ nd

laboratories of engines or gas—dynam ic laboratories are re lated as a

whole to category “G” , i.e. , to flammable constructions. Separate

services and locations can be and other categories depending on their

designation/purpose.

Page 88.

In appendix 3, ~tre given the categories fire— and the explosiveness

of individ ual sections and services of these shops, and also the

classes of the dev ice of electrica l equipment .

Power electric systems, illumination and electrical equipment

must be inst alled in separate locations and services in accordance

with th e “ ru les of the device of electrical equipment ” and by the

classes of these l ocations, see appendix 3.
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During the construction of buildings and the equipment of

experimental stations and laboratories, must be applied flameproof

materials. The sound—absorbing constructions on gas bleeders also

must be ma de from flameproof materials. In flammable locations must

be provided the possibility of the emergency evacuation of working in

them personnel. In such locations, by area it is more than 200 m 2,

must be not less than two output/yields, as far as possible

arrange/located in opposite sides.

Dangerously explosive locations (category A and B) must be

furnished in the single—story buildings, al~ove them is not permitted

the d evice of prod uction , auxiliar y and other services wi th  re maining

in them the service and other personnel. In these rooms must be

kz~ock—out surf aces in the form of windows , doors and l ight/ lung

partition/baf f les, but therefore one should furnish them at  ex ternal

walls.

Within the buildings of experimental stations and laboratories

and above these buildings is not permitted device of the fuel

expenditur e and ot her ca pacita nce/capacities above 500 1.

The supply of testing units with fuel/propellant is r ecommended

to rea lize/accomplish by the centralized way — on condui t~ aani folds

with pump feed or extrusion by the compressed air from the storage or

_ _
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the fuel reservoir , arrange/located outside building.

The section, on which are arrange/located the ground-based

cisterns of fuel reservoir, on fire—fighting requirements must have

the earth embankment , which eliminates the overflow of

fuel/propellant on territory. The rules of de v ice, necessary

area/site, the breakage between the storage and other its

constructions from general lay—out are determined by union

fire—fighting norms and the technical specifications of the design of

the storages of the inflammabl e and combustible substances according

to NiTU 108—56, by the fire—fighting norm s of the construction design

N 102— 54 of state committee for the matters of building with the CM

USSR, and also by the rules of the dev ice of electrical equipment PUE

— Rules for setting up electrical installations) of the

Ministry of power stations.

The mai n conduits of the centralized fuel supply should be laid

from the outer side of building. The sect~.ons of the fuel line s to

un its and stands w i thin build ing must be laid in the separate

channels in which must not be located the heating mains, electric

cables and other communications. These channels after the

insta llation of fuel  lines must be filled by dry sand.

The centralized fuel l ines inpu t int o building must be equipped

~ 
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with shutoff valves with free access to t bem for their coverage.

Page 89.

Bench fuel systems in the case of the possible emergence of fire

must have high speed emergency cranes (of type “gate valve ”), given

into action from the panel for control.

Of all bench capacitance/capacities of the fuel system:

expenditure small tanks, instruments, reinforcements and

conduit/manifolds must be provided for the emergency self—flowing

fuel dumping in fuel reservoir or the various capacitance/capacity,

arrange/located outside building.

In the case of possible overflow or reverse/inverse e jection of

fuel/prope llant, one should provide for drainage system. It must

consist of drain ladder for the collection of fuel/propellan t,

conduit/ma nifolds, packed with gradient/drafts for providing for a

self—flowing drain , and the special drainage capacitance/capacity,

arrange/located outside building and t h at which was sunk into the

earth/ground.. This capacitance/capacity must have a device for the

periodic e vacuation fro. it of fuel/propellant into movable tare.

Rzperimental stations , the laboratories of engines and

~~~~ ~~~~ -~~~~~ ~~~~~~~~~~~~~~~~~ ~~~~~~~~ 
_ _ _  
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gas—dynamic laboratories are equipped by the means of fire

extinguishment , a composition and quan t it y of which is det ermined in

each specific case depending on the equipment of station and special

feature/peculiarities of the technological process of tests. Besides

conventional means of fire extinguishing in the form of the fire

hydrants with hose/pipes, froth and dry fire extinguishers, boxes

with dry sand, can also be applied the stationary or mobile un its of

the systems of gas extinguishment of fires. If necessary for the

quenching of the ignited on workers clothing or engine itself, and

also of the for localization local seats of fire it must be provided

for are felt.

For the  distance/removal of vapors of the spilled volatile fuel,

one should provide the forced suction and exhaust ventilat ion, which

eliminates the formation of the dangerously explosive concentrations

of the mixtures of propellant vapors with air. To avoid extrusion

additional air of inf lammable propellant vapors into adjacent

locations the productivity of exhaust ventilation, as a rule , must be

higher than supply for providing certain evacuation/rarefactio n in

the vent il ation location.

Since the pairs of fuel/propellant heavier than air, they are

capable of flowing in and being store/accumulated in the lower

arranged/ located l ocations. Therefore one should not in experimental

_ _  - 
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stations and laboratories arrange basements, passage tunnels, the

galleries etc. , of construction. If necessary for the device of the

same for them, also one should provide for the forced ventilat ion.

3. Measures of f i re—fight ing safet y.

Depending on the type of fuel/propellant, arrangement and

character of the locations of electric wire, power and lighting

electrical equipme nt they are fulfilled through agreement with the

organ/controls of Gospozhnadzor in the shielded, closed or

explosion— proof performance.

Page 90.

To avoid the formation of the dangerous in fire sense discharges

of the static electricity, which is formed with course along pipes of

bright oil—products, all fuel lines both external and internal are

subject to reliable grounding.

All sections of fuel  pipes must be metallically solid ly

connected, have a good contact , re prese nt single electrica l circuit.

the metallic contact of all component/links of fuel pipes is reached
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by threaded connections and joints of each pair of flanges by

metallic brackets. The latter can be made of the steel strip by

section/cut not less than 35 •1Z, on the ends of the bracket, they

must have holes for their unit under the bolts of flange joint. For

providing the reliable electrical contact, the surface of flanges,

brackets and bolts in points of connection thoroughly is c leaned to

metallic luster.

The electrode of grounding must be metallic with anticorrosive

surface not less than 0.5 m~. This electrode is connected with

cond uit/manifolds by conduct or not less than  6 mm in diamete r with

the aid of welding or rations. The electrode of grounding will be

sunk into the earth/ground to damp/crude soil, but it is not less

than 1 a of its surface.

For providing for fire—fighting safety, it is necessary:

a) to produce periodic testing and the preventive inspections of

fuel lines, hoses, reinforcement, instruments and equipment of fuel

systems, without allow/assuming in this case leak and the inflows of

fuel/propellant in points of connections and in equipment itse lf. The

indicated inspections and revisions must be brought in in the log

book of installations or bench journals; 
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b) the flushing of fuel and oil filters in gasoline or kerosene

produce in gasolin e purifying or in the separate isolated/insulated

a~d fitted out for these purposes location;

c) with the possible overflows of fuel/propellant or oils the

latter must immediately be removed with the aid of dry wood filings,

after which the used filings must be removed from building into safe

in fire sense place and burned;

d) to avoid sparking entire harvesting stock (shovels, scrapers

• etc.. ) one should apply from the nonferrous metal, which eliminates

sparking;

e) waste and fuels to store in closed tare, in this case their

reserve must not exceed interchangeable necessity ;

f) repair work on units with the appaication/use of the free

flame (welding and other works) to produce little more than after

obtaininq of the corresponding resolution from the chief of

experimental station and fire supervisioi~;

g) in the locations of the possible accumulation of propellant

vapors produce the periodic testing of the concentration of their

content in air, without allow/assuming the formation of dangerously

~~~~~~ 
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explosive mixtures;

h) in each replacement from the workers of shop to have fire

component/links (calculations) with precise distribution of

responsibilities and actions on fight with inflammation or fire prior

to the arrival of firefighting team.
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Page 91.

Chapter VII.

RECOMMENDATIONS REGARDING THE DESIGN OF EXPERIMENTAL STATIONS.

§1. Composition of experimental stations.

Depending on the conditions, scal e an d the character of

production, experimental stations can be organized in the form of

individual section s either department/separat ions, whic h fo rm part of

motor—assembling shop, or on the rights of independent shop. This is

related both to series and to the experimenta l Froduction of engines.

Territorial exper imental stations depending on type o f engine ,

its power and type of testing units can be arrange/located in the

territory of the housing of motor— assembling shop; in the form of

annex to it or they can be built in into this housing or in separate,

independent housing.
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If are allowed arrangement conditicns of testing units, about

wh ich it will be said below , one should approach the arrangement of

experimental station together with other shops. This reduces capital

i~vestients on construction unit and communications, it decreases the

- operational maintenance costs of buildings and the transport

expenditures.

If necessary for isolation/insulation of experimental station

from other shops, the safety an d other reasons they are furnis hed in

the separate, isol ated/insulated, special annex, which ad joins the

housing of motor—assembling shop, or they can be in it built in.

if necessary for more rel iable isolation/insu lation, and al so,

when testing units require the construction for them of special

locations or isolated/insulated boxes, experimental stations can be

placed in separate, independent buildings’.

The selection of the method of the arran gement/permutatio n of

experimental station is in principle important question, and it lust

be solved in each individual case taking into account

concrete/specific/actual factors.

In general form, in the composition of experimental station can

enter the following basic department/separations of service and the
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sections:

1. Department/SeparatiOn of training/preparation, which switches

on the sections of the apron of engines, preparatory installation and

their disassembly before and after testing.

2. Department/separation or sections of testing units.

Page 92.

3. Department/separatiOn or group of elimination of flaw/defects

in engines, discovered during testing.

j~~ Auxiliary services and shop. Are this involved generator,

shop mechanics, instrument, the ventilation, storerooms and others.

!).Everyday services and the locations of operating personnel.

Sometimes with experimental stations, there can be pa inter

department/Separat ion and expeditions.

The need for these department/separations of experimental

stations is determined by the organization of production, by

technological process and technical specifications for testing and

- ~~~~~~~~~~~~ _ _
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supply of engines in each specific case.

Thus, for instance, department/separation of sorting/partition

is necessary only in such a case, when accord in g to technical

specifications is required the sorting/partition of engine after

acceptance tests. In this case the department/separation of

sorting/partition can be both with the assembly compartment or the

shop and with experimental station. In the ma jority of cases,

last/latter solution will be more expedient, since in this case

eqgine after sorting/partition enters the monitoring test, which

decreases its transportation.

Color ation more frequently is produced after testing. But there

can be another order when the coloration of separate parts is

produced to the assembly of engine. In this case painter com partment

with experimental station is absent, w h ile in expeditions is produced

only tint in the form of the plotting of additional fresh thin paint

coat.

The organization of expedition — the compartment of conservation

and packing of engines and spare parts for them is necessary when

pl ant supplies engines to side, to the client, territorial removed

from factory. Under these facts ex pedition it is expedient to furnish

with experimental station, in one with it housing.

_ _  
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Since the compartment: painter, sorting/partitions and

expeditions are related along their technological airfoil/profile to

the field of assembly—wiring and other shops, we do not consider it

possible to dwell during these compartments.

§2. Arrangement of testing units.

Testing units can be furnished in coimon/general/total location

for several testin g units with partial isolatiom/insulation of the

service personnel or installations themselves or in boxes.

In the latter case of testing, they are carried out in the

separate isolated/insulated locations a the service person nel it is

located in single or common/general/total for several devices in

console ro om s or the cabin/compartments of control.

Page 93.

The arrangement of installations in the first two cases can be

allowed un der the conditions:
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a) the safety control of the service personnel when durin g the

test work of engine is eliminated the possibility of the emergence of

fire, breakage of engine or breakaway from it of the separate

rotating parts or units;

b) when the noise level of the operation during testing of

braking devices and auxiliary mechanisms of stand will not exceed the

maximum permissible noise levels, given in appendix 2.

Thus, for instance, stands of the tractor and similar to them

engines of low and average power, which have silencers or the system

of closed gas bleeder and not releasing in work of noise are more

than it is shown a bove, usually they are furnished in

common/gen eral/total ball. An example of this arrangement is given in

Fig. 25 and 26.

When the noise level in the rooms of experimental station with

the general layout of the test benches is close to the maxim um

permissible level, can be applied isolation/insulation of the service

personnel in the cabin/compartments of control or

isolation/insulation of the test benches.
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The first solution is expedient, when the cycle of one testing

prolon ged, and wor ks for installation and disassembl y of engine on

stand and regulating—setup operations occupy relatively short time .

In such a situation of businesses servicing operating personnel is

located directly about unit short—term a long time during engine

testing it it is located in the ca bin/compart ment of cont r ol, in the

isolated/insulated from room noise. The general—arrangemen t diagram

of this solution is given in Fig. 27.
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Fig. 25. General view of exper im ental station wit h arrange ment of

bench inst al lat ion-s in common/ge neral/total hail.

Page 914~

The second version consists in the fact that the testing units

from common/general/total hail are insulated by the sound-absorbing

panel—partition/baffle s in the for m of separate cabins, in this case

in the end part of the location and on to its top must be the

apertures, sufficient for the supply of engines in room and their

displaceme nt/movement inside lifting—transporting devices.

So.storony, to the opposite su pply of engines , after parti t ion/baffle

is furnished the control panel, whence is conducted observation of

the testing through the soundproofed window, arrange/located within

_ _ _  
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wa ll. In this case operating staff will be located under conditions

considerably best, than with ope n devices both during testing and

during installation and disassembly of engine. The schematic of the

indicated layout is given in Fig. 28. 
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Fig. 26. General view of experimental station where walls and overlap

of hail are coated with sound—absorbing panel s (panels) .

_ _  

ii ~~~~~~

a) ~ 4)

Fig. 27. Pattern of arrangement of experimental devices in

common/general/total hall with fenced off cabin/compartments of

control: a) with single—row arrangement of installations; b) with

double—row arrangement of installations; 1 — test stands; 2 — control

panels; 3 — sound-proofing compartment of control.
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Page 95.

In the case of the impossibility of safety control to the

service personnel during test work or when it is not possi ble to

lower noise level to the maximum permissible values, testing units

must be furnished in the isolated/insulated locations, called

experimental cabin/compartments or boxes. In this case the service

personnel is furnished also in the isolated/insulated from box

location - the cabin/compartments of control, whence is prod uced

control, control and observation of tested engine.

The cabin/compartments of control ca-n be common/general/total

for several boxes or individual for each testing unit. The dif ferent

general—arrangement diagrams of testing units are given in Fig. 29.
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Fig. 28. Diagram of experimental station from partial noiseproofing:

1 — sound—absorbing panels; 2 — test benches ; 3 — control panels; 4 -
door ; 5 — overhead—travelling crane.

L±±I’~±1±± ~‘ ‘ -1’~1’..~ ~~~*1)

‘ Ith

Pig. 29. Diagr a ms of boxes wit h different arran gement of

cabin /compartments of control: a) side single—stage

cabin/compartments of control ; b) side two—story cabin/com partments

of coi~tro1. Under the cabin /compartment of control compart ment of

technological equipment and operating systems; c) the end ,

single—stage cabin/compartment of control ; d) the end sing le—stage

cabin/compartment of control with the longitudinal arrange ment of

boxes; e) the end two—story ge neral cabin/compartment of control.

Under the cabin /compart ment of control passags into box and the

operating syat.ms; 1 - box; 2 — cabim/ccmpartm .mt of contr ol ; 3 —
pa ass go.
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Page 96.

In bo xes compulsorily must be furnished stands of gas turbines

and powerful  piston engines where, besides high noise level, emitted

during testing, can occur the breakage of the rot or disk of turbine,

the breakaway of its blades, injectors or parts of the craukge ar and

cther parts of engines. To the indicated piston engines one should

relate such engines whose power exceeds 300—500 h.p., and also all

engines of smaller power, but workers without silencers, with the

open gas bleeder.

§3. Calculat ions of a quantit y of stands, of work areas and states.

1. Labor intensity.

The labor consumption and the time, spent on the test work and

all preparatory works, connected with their conducting at

experimental station, are basic and main indices for determining the

_ _ _  - -  7- - -—
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required number of stands, of work areas and work force. T hese data

are necessary not only for the order of required equipment ,

calculation of production, auxiliary and official—everyday areas, but 1,
also for the compilation of the various kinds of planned economic

calculations and indices..

For the calculation of equipment and work areas the labor

consumption usually is determined in machine—hours, while for the

calculation of work force in man—hours.

Labor consumption is determined as a result of the technical

normalization of technological process from each form of tests and

other auxiliary activities, either by other methods: on the basis of

the actual expenditures of time, on timekeeping, or by expert

evaluation, the method of comparison of works with the ava ilable data

on similar works , etc .

Technical normalization is usually produced by the laying out of

entire technological process for the separate operations: to

transfer/transitions and other cell/elements of works which are

standardized.

During the calculation of equipment, of work areas and work

force according to the effective norms to them, it is necessary to

— —‘—-—V •
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introduce the correction factor, which considers the actual

processing/treatment of these norms.

-Labor consumption in machine—hours expresses the average

duration of the determination of engine on stand taking in to account

time for its installation and disassembly, the production of

regulating—setup works, the elimination o~ the small flaw/defects,

produced on stand, the production of the necessary measurement s

during performance testing and calibration and the basic regime

engine operation. Labor consumpt ion in ian—hours expresses the

average expenditure of time in man—hours for conducting only of one

testing or the production of other works, connected with the

production of tests. It will depend on strength of crew, who operates

one or several stands, and there can be less or more than the labor

consumption, expressed in machine—hours.

Page 97.

Thus, for instance, durin g crew, who consists of two people, and

maintenance it one stand labor consumpt ion in man—hours will be 2

times the more than labor consumption, expressed in machin e—hours. If

this crew services three stands, then labor consumption in man—hours

with respe ct will compose 2/3 from labor consumption in

machine—hours , etc.
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2. Calculation of a quant i ty  of stands.

The necessary quant i ty  of stands or testing units at

experimental station is determined from the formula

C=- 17—-i- , (31)
‘p

where C is the quant i ty  of stands, rou n ded to integer to large side;

11 — the annual program of the production of engines, adjustable

by planned target, in pieces;

T is total labor consumpt ion of all tests, which are necessary on the

average by one programmed engine, in machine hours;

cf’ — the useful annual fund of output of one stand in mach ine

hours.

If by experimental station is accepted one type of stand , the n

from formu la (31) is determined the total require d quant i t y of

stands. In this case is determined the total labor consumption of all

j
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types of tests, including prolonged , taking into account repea ted

tests which are necessary on the average b y one programmed engine.

The labor consumption of selective, commission and other end urance

tests is determined by the division of the total annual labor

consumption of these tests for annual program of issue.

The useful annual fund of out put of one stand is the calendar

operating ti ne of stand per annum minus of losses, brought  by

machine, setup works and periodic calibration of the measuring system

of the torsional moment and other devices of stand. This fund is

determined from the formula

(32)

where ~ is the useful annual fund of output of one stand in

macbia —hours;

B — the time of the calendar stand operation during ~ne year on

all replacements taking into account the reduced workday before

output and holidays in hours;

K — the coefficient, which considers losses to repair ,

adjuata.nt and the cal ibr ation of the equipment of stand. The value

of this coefficient depending on a number of working replacements and

type of installations is given in Table ‘4. 
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If necessary of determining a quantity of work areas on the

sections of the elimination of flaw/defects, installation and

disassembly of engines, before and after testing and other wor ks, the

calculation of work areas is produced by formula (31). Since the

labor consumption to these works usually is determined in man—hours,

i~ this case it is necessary to consider the number of wor kers,

simultaneo usly workers for this w ork area , by the introduction of the

corresponding correction during the determinaticn of the useful fund

of output . So, with two workers on one work area of this fund will be

2 times mo re. Furthermore , for all manual  wor k ar eas the coefficient,

which considers losses, will be higher than at testing units , and it

one should accept within limits of K = 0.97—0.98 of outsid e

de pendence on the num ber of replacements.

3. Caiculation of states.

The calculations of the necessary authorized strength for

completing of predetermined program of producticn consist in the

~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ 
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determination of production and auxiliary working,

technical-engineering workers (engineering and technical personnel),

computing and administrative-economic personnel (MAC) and the

low—order service personnel (MOP).

A req uired quan t i t y  of production workers is determined by

calculation. Entire remaining personnel is accepted acc~rding to

regular schedule or according to standard data depending on the

number of production workers. The calculation of the latter is

produced by  formul a (31) during following changes in the separate

values, en tering this formula :

labor intensity is accepted in man—hours; the fund of out put of

equipment is replaced by the useful fund of output of one worker.

The useful fund of output of one wor ker is determined by •eans

of the multiplication of calendar time in work into one replacement

for year for the coefficient, which considers the losses of operating

time as a result of nonappearance for work on valid reasons and time

for annual leave.
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Table $~ Value of the loss factor for the calculation of the useful

fund of the ti.. of output of equipment.
I 3.’~ 3Haqeiiii e Ko,41$wuue.lTa l(

(I) - 

.‘ (4)
4iicji o pa6o’iiix cueii ,tcnwTaTeJlbnofl (J,i ~~j,. ri~~pnropi~osuwx .

cian 1114 AJI11 ~JiCktpOToPMO3. MII*yMTOplIbIx . MoM-
U lihi X yCTXIIOBOK öiiiIMpoaaulll.1X I! fl~ O-

‘ilix ycTaHOBOK

flpii pa6ore B o;u~y CMCIIy 0 ,97 0,95
(1. flpu pa6o’re B ~nc cMeiib~ 0 ,96 0 ,94
/ )flp~i pa6ore ~ ‘ipu cMeuM no 6 q 0,93 0,91
( )llpu pa6ore s ‘ieT~~~e CMeHL1 no 6 “

jtasi, 14.1K B T~ H CM ~ HW no 7 q .  0,91 0 ,90

Key: (1). Number of working replacements of experimental station.

(2). Value of coefficient of K. (3). for electric brake

insta~,lations. (Is). for the hydraulic—brake, induction, combined and

ot her installations. (5) . In wor k into one replacement. (6). In work

into two replacements. (7) . In work into three replacements on 6 h ,

each . (8). In work into four replacements on 6 h, each, or into three

replacements on 7 h.
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These plan ned losses they are from 7 to llo,o of entire calendar time

dep endinq on the dura t ion  of tempering.

On the average for experimental stations these losses can be

accepted in size/d imension of 9o/o, whenc e the loss factor in this
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case will, compose K — 0.91.

Entire remain ing personnel of experimental station us ua ll y is

determin ed according to standard indices in percentages f rom the

number of prod uction workers.

Depending on conditions, scale and the character of prod uction,

standard indices can be establish/installed for each

concrete/specific/actual product ion. For the amalgamated calculations

ib is possible to use data given in Table 5, obtained on the basis of

th e analysis of states of test stations the numbe r of the fo remost

enterprises of machine—building.

§14. Calculation of required areas.

The total area of experimental bench as shops or its

compartments is composed of:

a) the production area , occupied wit h directly experimental

benches, equipment , the power—supply systems and maintenance, with

the sections of the elimination of flaw/defects, with preparatory

installation and dismantling of engines, etc., including passes and

~~ T - ~~- -- ::
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the passages, arrange/located within the limits of production area;

b) the auxiliary area, occupied by shops and services , by

storeroom, transformer vaults and by electrical distribution and

converters, by the ventilation chambers, etc;

C) administrat ive-everyday locations, designated for  the

arrangemen t/permutation of cloakr ooms , sanitary units and other

ev eryday devices, locations for technical—engineering personne l and

the employees of experimental station..

~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —- : ‘- ~~ - L z~7--~ 
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Ta ble 5. Authorize d strength on the categories of personnel in

pe rcen ta ges from a quantity of product ioq workers.

f.z) B % 0? Ko,ll4qecrBa f l 1) l I ’i I V T B ’H 1 4 4 ’i
( ~J pa6o~ax npn qHcj le 14*
HaIIueHoaaIIHe nepconaJla no KaTeroptIaM c~ T) I

50 ‘leJT . 100 qej, 2 00 qej i . 4 0 0  qrJl .

BcnolloraTe.1bllhie pa6o~iie 40 34 30 27
(~ 

) I4nxceuepIIo-1exH1I’Ieciuti~ nepco~a~ (1-lIP) 20 18 16 15
f~. )C’IeTHbl ii H aJwIlHlI crp aTIIBII o -xo3 rnl cr B eH-

Hbth nepcoHa n (CAX) 15 13 12 - I I
(‘i Mj IaAwIui o6cJIy~IcHaaIouuII1 nepco~a~(MOfl) 3 5  3, 0 2 ,5 2 .0

Key: (1). Designation of personnel on categories. (2). In 0/0 from a

quantity of production workers with their number to. (3). man. (4).

Auxiliary workers. (5). Technical—engineer ing personnel (engineering

and technical personnel). (6). Computing and administrative—economic

personnel (MAC) . (7). Low—order service personnel (MOP).

Page 100.

In the common/general/total area of admin istrative—everyday

locat&ons, usually is connected the area, occupied by staircases,

passes, reels, which are found within the limits of these locations

in the form of annex or internal partitions.

Production area is determined by the size/dimensions of the

locations, necessary for the arrangement/permutation of stands, 
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brakes and other testing units as a whole ,- testing units as a whole,

including auxiliar y technological equipment, cojtrol panel s, and also

by the are a of the necessary p asses and passages. Pre l iminar i ly  this

area can be determined by the combined standard indices and

subsequentl y it is refined wit h f ina l  planning. As a result of the

varied conditions of engine testing, which are distinguished between

themselves by power, designation/purpose, and the possibilities of a

selection of the type of testing units, are large difficulties for

the creation of single union norms. Since this area is determi ned by

the type of the taken testing unit and by its dimensions, can be

proposed formula for the approxima te computation of the area,

occupj~ed by one testing unit in common/general/total halt or in boxes

taking into account area for the room of control panel, but without

shop passages and the areas, occupied by the apron of engines, by

their inst al lation and dismant ling :

S1 = I(~~
(1 + 2) (b + 2) .w~, (33)

‘where S1 — the area, occupied directly by one testing unit, in •Z;

K 1 — the coefficient, taken on Table 6;

1— the ma ximum length in the protruding parts of the unit , including

stand vitk tested engine and brake group, in m;
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b is the greatest width on the protruding parts of the unit in

m.

The production area of experimental station approximately can be

determined by the formula

S, = J( 2’n.S 1 .~‘, (34)

where S2 is the production area in n2 ; K2 is the coefficient ,

determined in Table 6; n — the number of testing units.

The value of quantities I and b is given above.

Table 6. Value of coefficients K1 and K~ for determining th. a rea of

testing units and production area .
(s ) 

- 
3*ia’iense Ko,4,4’nUHenToa

HanueJIoRauRe onj~e~ e~iacMofl n~ ou4aIn o~ uioA ycTallOuI x Il
‘(I I4JI4i npoIIaa OACTDC HIIOR flJIOIflaAII K, flpl4 pacnOaoaceJlHIl

HCflbITJTCJI bJIHX yCTa HoBoJ ( K1 K,

(.1 O6u~eil 3aJlbl - 1 ,2 1 ,75
(‘ To )K0 , HO C H3OJIIIp OB aHII b4MH Ka 641!I IMH ynpln.ICHIIH 1 ,3 1 ,70
(~~ BOKCbI C TOp [LOB WMH KI6HHOMI4 ynpaB.lenHfl  I .4 I 65
(~~ 

To ace, c 6oKoB~aMH Ka6HIIaMH ~~~~~~~~~ 1 ,5 1 ,55
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Page 101.

When , on the station , several testing uni ts  of d i f fer en t  t ypes

are present, the determ ination of area is carried out accord ing to

each group separately, and then areas are totaled. Formulas (33) and

(34) are suitable for the  amalgamated precomputations ; sub sequently

the area, determined by them, is more precisely formulated with the

planning of equipment.

For det erm ining the common/general /total are a of experi ment al

station to production area , one should add auxiliary area and the

area of ad ministrative— everyda y locations.

Auxiliary area is determined by the selection of the necessar y

services, connected with the provision for a normal operat ion of

station. These services are usually furnished next to the production

sections of station or in administrative—everyday annex, with the

exception of gasoline flushing which must be arrange/located in the

single-stage part of the building of external wall. The determinat ion

of au~iliary area can be produced on Tabl e’ ‘7.
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Table 7. Area of the  auxiliary locations of experimental stations and

laborator ies of engines.
(/) LC4~~TH.JI O6WIII nj,outq*b

HINMeHoBanHe fl 0MeU4e14111 a .‘

llHC Tpy McH Ta JIbno -p a3aar o qHbl e Jc j iaji oswe . . , ,  O , I - p + k I 
I

(I )K,naj~oBwe aanac Hbl x j~erajieii , aCnoMoraTeJIbnbl x Male- —

_~~PHaJ1oB H cneuo.~ie .c w 0,15 p + k Vn

M exaHIi ~ a uexa HJIIJ peMonTHo~ 6pHraiIw . - 0,22 p + k I’ ’i

Il pII6opHaJI ~ac~epc xasr H o6z~tci~rn~ill I1YHJ(T np~6opon - 0, 15-n + k T n

~Mac,oIcoMIIaTa C Xp1HeHH~M cMa3oqHwx MarepItaJloB - , 0,20-p + k 31u
—

BeH3onpoMbl Bo’lIIa~l 0,08 p j— k I n

(~~ HT o r o  no uexy (oTAe~eHJJ~ ) . -

Note. Adopted in table designations:

p — list number of production worker~ ;

11 — the number  of testing units;

k — the coefficient, depending on average power of the testing

units:

~ CT~HOBO K cpejxH ef4 MOu&HoClbIo 100 c. k = 4 ,0;
p a (

~~ao 50O~~~c. k=5 ,0;
, , a (~~Ao 2000~~?c. k = 6 , 5:
a a ,(1)C8ww, 2000 i’;~. k = 8 ,0.

Key: ( 1). for inst allations by average power. (2) . to. (3) . hp. (4 ) .

it is more than.
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Key: (1). Designation of locat ions.. (2) . Calculated total area in ~~2•

(3). Tool—distribution storerooms. (14) . Storerooms of spare parts,

auxilLary materials and special clothing. (5). Shop mechan ics of shop

or maintenance crew. (6) . Instrument shop and the exchange point/ item

of instruments. (7) . oil room with st or age of lubricants. (8) .

Gasoline flushing. (9) . Altoget her on sho p (compartment) .

Page 102.

It is necessary to note that in the case of application/use at

ex perimental station as braking devices of the electrical machines of

direct current the area for the dynamoelectric ball or other

conver t - ‘-: is determined additionally, but Table 7 these areas is not

consider~ ~~~.

The area of administrative-everyday ‘locations is determined by

the required state of experimental station. These locations can be

only for an experimental station or are united with other shops and

the compartments. Usually for convenience in the calculation during

design the area of administrative-ever yda y locati ons defines t ak ing

i _ _
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into accou nt the a rea , occupied by passes, reels, stairs by cu bicles

the like, which , as all other areas, it is determined alon g the axes

of building. The determinat ion of everyda7 locations can be produced

on Table 8. 
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Table 8. Area of the everyday locations of experimental stations and

laboratories of engines.
- 

nJIou~aAb tia I qe,l . wTa ruoro cocTan a i~exa a N1
( I )  113) (~IJ) (~)LIaw~ieii oaauu e flOMeut eIJ lJf l  ‘1 flpu pa~ oie a- flpH pa6oTe a Ilpn pa~ oTe a flps pa6oie a

CMCH y 2 CMCHbI 3 c~ eii~ 4 CMenIA

~ r)~a.1eTIIbI~ KoMilaiw - -  0 ,320 0 , 160 0 , 110 0 ,08!)
(c. YMbIBa.lbIIHKu 0 ,036 0 ,018 0 ,012 0,009
(i Llynieimte 0 ,490 0 245 0 , 163 0 , 123
(S) rap~e~~o, o6u~a,j cpe,u~qn

nJIoLna lb 0 ,520 0 ,520 0,496 0 ,485
B TOM ‘nic,ie:

(ic) a) OT}CpbLTOr O -rirna - -  (0 070) (0 ,070) (0 ,046) (0 ,035)
(/i ) 6) i f H ~1HB iu1ya ;IbTIbi e wica- I

t }b 1, oJuiiIapIibIe , -  (0 450) (0 .450) (0 ,450) (0 ,450)
(‘~)KypMT eJIbHaa KOMIIaTa - -  0 030 0 ,015 0 ,010 0 ,008
(Is Ko~ii’ara J~ JIH iipniiaiii~ nfl-

‘LW 0. 18 0 , 1 20 0 ,080 0,060

I T 0 r 0 Ii cpe uieM h a
I ‘ie~i. o(5iijero crnicoq-
iioro cociaBa OKpyrJieH-
HO B 443 1 ,58 1 ,08 0,87 0 ,77

Notes: 1. Table is comprised in connection with the sanitary

norms of ind ustrial design N 101—54 taking into account the required

area to walls, passes, staircases and reels; therefore from it is

determined the total area of everyday locations.

2. In the case of application/use at experimental stations of

f uel/prope llan t wi th  toxic additives (lea d tetraethyl, etc.) area in

shower and wardrobe locations is raised by 500/ 0 in view of need for

organ ization of sanitary—washing point/item.

-3. For small shops and compartments in the  case of organization

of independent everyday locations, their area can be increased in
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following size/dimensions:

a) with common/general/total authorized strength of less 100

man/person — to 30o/o;

b) with commo n/general/total authorized strength from 100 to 150

man/person - to 200/0.

Key: (1). Designation of locations. (2). Total area on 1 man/person

of au thori zed strength of shop in m2. (3). In work into 1

replacement. (14). In work into replacements. (5). Toilet rooms.

(6). Wash— stands. (7). Shower—baths. (8). Cloakroom, total mid dle

area . (9). among other things. (10,). a) the open type. (11). b) the

indivjdual cabinets, single. (12). Smoking room. (13). Room for the

acceptance of food. (14). Altogether on the average on 1 man/person

of common/general/total workers on the payroll, it is rounded in m 3.
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2~he calculation of the area of administrat ive locations can be

carried out on Table 9.

It should be noted that with  a smaU quanti ty of testing units,
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it is less than 3-14 pcs., an d with respectively small sta t es the

composition of auxiliary, everyday and administrative locations

sharply grow/rises with respect to prod icticn area. In these cases of

area, one should determine from the sum of the minimally necessary

locations taking into account unification or their cooperation with

other prod uction compartments or the shops.

- -
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Table 9. Area of the administrative locations of experimental

statio ns and laboratori es of engines.
(l)O6uuIlI WTITHb1~ COCTPP CT aIhU,HH (ILCZa)

( ~ Ao 100 qea. ~~Ao ~00 ~~~~~~~~~~ 300 ~eJI .4i) JLo 400 qe~ 
-

a - a - I - a -

~ ~~~~~~~ I ~~ ~~I ~~ ~~~~ ~~ 
-, 

‘‘ iHaHMeIIoBaHHe noMdu~eIIhIfl o — - — — t ° — t
>,=a a ° ~ ,~~0 

~ a 0 0

~ a
fl S S ~‘ ~~~~,— r ~~~_, = n
0 a I(~~~~I _ Gd ., ~~~~~~~~~ ~ _ t~~~~~~~_ Gd ,, 

~~~~~~
~~~Gt ~~O~~~* ~~~~ ~~~~~~~~~ ~~~~ ~~~~

( )~~~a ~~~~~~~ ~~~~~~ ~~m u~~~~ a
I~~~~~~ ~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ ~~~

9— 
~~~~~

- ‘

KoNtiala I,aqa,mHnKa -

ClaHuitu 10—15 0 ,2 15—20 , 0,14 20—25 0,12 25 0 , 10
~‘i Ko~.i,ia’ra cexpeiapfl -  — — 8—10 9, 07 10—12 006  12—15 0,05
(~ 

KowitaTa 3aM. HaI,aJlbhIhI- I
- 

Ka — — 10—12 0 ,08 12—15 0,07 ‘15—20 0,07
(q flj,a,Iono.1ufcneTqepc Koe I

6iopo - 15 0 ,24 20 0 ,16 25 0 . 13 30 0 , 12
Texno.rioris’iec~oe óiopo 15—20 0,28 20—25 0 , 18 25—30 0,15 30—35) 0, 13

C1 APX UB ~epie~ ei~ - - - - 10—IS 0 ,2 15—20 0 ,14 20 0 ,1! 25 0 , 10
(i)- Ko~:i,aTa oTjeJl a Texitt i-

~IecKoro KoHTpo.’Ifl - - 10—12 0 . 18 12— 15 0,11 15—20- 0,09 20 0,08
~ Ko~inaia MexafihiKa cia ii- - -

U”” — — 12—15 0, 1! 15—20 0,09 20 0,08
(,q Koflropa CTaIIUHII -  15—20 0 ,28 20—25 0 , 18 25—30 0 , 15 30 0 , 12
(h lçoMhiaia ‘rexnepcoHa~ia -

nexa 12—15 0 ,22 15—20 0 , 14 20—25 0. 12 25 0 .10
(/~ KOMHaTa flpcacTaBiiTe~ eii I —

3a%Ca3’ iHKa 10—12 0 , 18 12—15 1 0,11 15 0 ,08 20 0 ,08
(ii KoMilala o6uLecTBeHh,ux -

OpraH .i3aUI1~i - - -  12—IS 0,22 15—20 0 , 14 20—25 0. 12 2~—30’ O il

~
“ 1-1 T o r o  . - 2 ,00 1,56 1 ,29 1 , 14

Note. fiddle specific area on 1 man/person of authorized

strength includes also the area, occupied by passes, reels and

staircases.

Key: (1). Common/general/total authorized strength (shops). (2). To

ma n. (3) . Name of locations. (4) . Effect ive area in .Z. (5). fiddle

specific area on 1 •an/person of staff in m a . (6) . R oom of the chief

of station. (7) . Secretary’s room. (8) . Room the deputy chief. (9).
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planning—dispatchers bureau. (10) . Technological bureau. ( 11) .

Archive of drawings. (12). Roo m of qualit y control department. (13).

Boom of the mechanic of station. (14). Office of station. (15). Room

of the technical personnel of shop. (16) . Roo m if the represen tati ves

of client. (17). Room of public organ izations. (18). Altogether.
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§5. Select ion of the t ype and the arrangement of hauling means .

The solution to the question of the transport of engines at

experimental station, selection and the equipment of it by hauling

means will depend on:

a) the scale of productio n and progra. of issue, dimensions and

weight of the transported engines;

b) the type of experimental station and method of the

arrangement/p ermutat ion of testing units in the  common/gen eral/total

hall of station or for the isolated/insulated boxes ;
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C) the need for  the realization of interctew or

interdepartmental tran sportation.

For the suppl y of engines from assembly compartment to

experimental station and further into painter compartment, ex pedition

or to the section of the final assembly where is installed engine,

can be used the following conveying devices:

1. Overhead continuously effective conveyors. This convenient

and highly productive for m of transport there will be advisable and

it is justified only for  mass production.

2. Tap/cranes, overhead—travelling crane or monorails with

electric overhead conveyor , controlled from cabin/compartment or f rom

sex/floor, can be used for series and small—scale production with

limited distance of transportation. Tap/cranes and

overhead—travellin g crane it is expedient to apply only within one

housing. Monorail with teipher can be used also for intercrev

transportation; however, its operation in this case is con nected with

some incon veniences during the intersection of door apertures in

buildings and the n eed for device in them of special gates or doors.

3. Standard or special electric cars and platform trucks with

l i f t ing stage, truck tractors with trailers and other forms of

~~~~~~-- -~~~ ~~~~~~ - - — --
~~~~~~~~~~~~~~~~~~~~
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trackless transpor t is ver y maneuverable and economica l transport for

large— scale, series and small— scale production. Are especially

convenient and productive electro— and p la t form trucks wit h the

lifting stage for the transportation of engines up to 3 t in weight.

They do not require overloadings, since the engine is located on the

support/socket fr~ m which it is transported , but lift and its

dropping is produced by its own l i f t ing stage. The transportat ion on

them of engines can be prod uced directly to stand itself, whic h is

especially valuabl e dur ing the arrange ment/p ermutation of testing

units in boxes.

4. Rail transport of narrow or wide gauge for transportation on

railroad eit her on special platforms by gasoline locomotives or on

special self—propelled trucks. This is the bulky and complex for m of

transport, which occupies large area in buildings and in the

territory, adjacent to station; therefore it can be justified only in

the exceptional cases, for the transportation of very large in

dimensions and weight engines.
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For the support  for l i f t ing—transport ing operations, prod uced at

experimental station on setting to the stand of engine and its taking

after testing, it is frequently necessary to have additional hauling 

. 
- - ~~~- - _ _ j _~~~~~~~~~~~~~~~~~
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means.

In the case of the arrangement of se vera l test benches in

common/general/total location for this purpose , are most convenient

will be electri fied ta p/cra nes and overhead—travelling crane,

controlled , as a rule, from sex/floor.

For the testing units, arrange/located in boxes, in the majority

ot cases it will prove to be sufficient to equip them with mon orai ls

with the electric overhead conveyors, placed along the longitudina l

axis of installations.

During the determination of the load capacity of conveying

appliances, one should also consider the need fir periodic lift a~d

displacing the greatest over weight assembly of braking device during

repair, preventive maintenance or the replacements of the parts of

this equipment. If these operations, connected with the ma intenance

of brake rigging, entail an excessive increase in the load capacity

of lifting—transpo rting devices, then it is expedient to search for

ways of their exe:ution with the aid of time/temporary removable

rigging devices. For this purpose , for examp le, can be used the

manual blocks and tackle of the necessary load capacity, tem porarily

hung to monorail or tripod. Monorail in this case is designed for

maximu, load capacity. This solution to question can give the
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considerable savings of the capital investments in conveying devices

and in the construction vol umes of the locations of bench

in stallations. Since an increase in the load capacity of const ant

conveying devices with the mechanical l ift  of loads and their

movement , as a rule, requires an increase in altitude of bui lding , in

this case it is expedient to use time/temporary removable—rigging

device. Furt hermore , shortening the load capacity of bench con veying

appliances gives lar ge conveniences and maneuverabil i ty dur ing the

execution of basic production operations.

For setting and taking of engines from stand, they are are very

conven ient, but sometimes also are necessary the electric overhead

con-veyors, which have two rates of climb and dropping of loads. This

special feature/peculiari ty makes it possible to produce the more

precise and smooth er sett ing of engine in the setting places of stand

withou t the scratch of obtaining impact/shocks or nicks. Require ment

t o two—speed transmission one should specify with the order of

lifting—transporting equipment .

§6. Planning of equipment , systems of devices.

Before the compi lation of the  layout of the equipment of

- - =- ‘-~~~~~ -— ~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ ~~~~~. ~~~~~~~~~~~~~ T~~~~~
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experiment al stat ion , must be developed and solved a ser ies of the

basic pr odu ction—engineerin g questions , connected with the

organization of new or the reconstruction of the existing station.
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In this case , f i rs t  of all and mainly these problems must be solve d

depending on the arrangement in it of basic equipment .

With the arrangement  of testing unit s in common/gener al/t otal

hail, they m ust be solved:

1. Method of t ransportation and the order of suppl y of engines

to stands and back aft er testing for their further sequenc e.

2. Order of arrangement of stands and control panels to the m,

operating area/sites and passes betwee n stands.

3. System of gas bleeder and diagram of its layout.

£4.. se lection of systems of centralized feeding of tested engines

and stands themselves by fuel/propellant, by oil, water and so forth ,

location of communications and auxi l iary devices.

5. Location ,f diztrib*tivi, transformat ive and ot her electr ica l

devices.
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~iq.. 30. Diagram of the planni ng of exp~rja enta l station in separate

housing for testing the gas turbines up to 1000 h.p. in power: a) the

plan/ layout for the housing of the experimental station: 1 —

administra tive—everyday annex , the second deck; 2 — the sa me, the

first deck; 3 - oil room; 14 — gasoline flushing room; 5 - box of

testing unit; 6 — cabin/compartment of control; 7 — vertical muf f l e r

on gas bleeder ; 8 — location for conservation and packing of engines;

9 — loading footlight; 10 — generator ; 11 — ball of
training/p reparation engine; 12 — shop mechanics and storerooms; b)

the c ross section of the housing: 1 — horizontal  muff le r  of

additional air; 2 — monorail with electric overhead convey or ; 3 -
loca t ion of ventilation installations; 4 — electrical

-~~~~~~~~ - - - - -~~~~~~--- -
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overhead—travel lin g crane; 5 — mounting fixture above the loading

footlight; 6 — monorail with electric overhead conveyor; 7 — loading
footlight; 8 — passage; 9 — in duct ion brak e; 10 — engine.
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6. The same, ventilation— heating systems.

Wit h the arrangement of testing unit s in boxes , they must be

solved :

1. Outline/contour and the Size/dimensions of box, the ty pe of

the cabi n/ compartment of cont r ol and its locaticn.

2. Type and ar rangement  of devices of systems of air intake and

gas bleeder , including sound—deadening devices.

3. Method of t ransportation and order of supply of en gines in

side, to stand and back for their further sequence.

£4. Selection of systems of centralized feeding of tested engines

and stands themselves by fuel/propellant, by oil, water and so forth,

location of communicat ions and auxil iary devices. 
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5. Location of distributive, t ransformat ive and other electrical

devices.

6. The same, ventilat ion— heat ing systems and basic air ducts on

box and cabin/compartment of control.

As an example of successful solution to the enumerated questions

to Fig. 30 is given the diagra m of the planning of experimental

station for testing the transport gas turbines up to 1000 h. p. in

power with the arrangement of testing units in the separate boxes,

equipped with the sound—deadening devices.

on the experimen t of buildi ng and operation of ex peri mental

stations, can be formulated the following basic recommendations,

wk ich one should consider with planning.

1. Planning with the arrangement of testing units in common location.

The location of testing units must a but the  external  wall of the

housing of building and be furnished along it, in this case the:

~~ i • m ~~-:~
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longitudinal axis of flight/span must be parallel to exter na l wall.

This solution considerably raises fire safety of entire

remaining housing, it improves airing the location of stands, it

simplifies the task of the branch/removal of waste gases. If

necessary for equipment by the sound—deadening devices, and also the

supply of fuel lines it makes it possible to place the fuel lines of

outside housing of external wall.

One should consider the possibility of the afterexpansion of

experiaenta~ station either by means of annex from the end par t of it

of the basic flight/spa n of building, or by means of the transfer of

the adjace nt compartments , which do not have heav y and bul ky

equipment and complex production conduit/manifolds and other

communications.

The test benches one should furnish perpendicular to the

longitudinal axis of location, in one or two series with the passage

between the.. Stands for convenience in the installation of engines

must be arrange/located by f ront  to passege, and braking devices from

it, to the walls of location. The distance between machines one ought

not to accept less than 1 a.

Page 108.
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The selection of the widt h of passage depends on dime nsions and

the method of the transportation of engines and presence of contrary

goods traffics. The width of passage can be sufficient within limits

2.5—4 m..

Under experimental station one shoul d avoid the device of

basements for the arrangement/permut ation in them of ventilation

instal lations, rooms for training/preparation of oils and othe r

needs.. Such basements do not make it possible tc apply the standard

projects of industrial buildings, considerably raise in pc ice

construction expenditures, they raise the explosive—fire hazard of

experimental station and decrease the possibility of the subsequent

reconstructions.

Oil room and ventilation installations can be placed next to the

test benches, but if necessary for basement arrangement , are fenced

off from the.. For pro viding the oil drain, drainage or drainage oil

tanks can be arrange/located in the local pit, sunk from floor level

at the necessary depth, with the subseq uent pumping  from it of oil by

pump. 

~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -
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2. Planning with the arrangement of testing units in boxes.

Between cabin part and other production and auxiliary services,

one should provide for the passage, fenced off as far as possible by

anechoic partition/baffles. The width of passage is determined by the

dimensions of article and by conveying devices; however, less than 3

m made them should not be.

Boxes and testing units in them, as a rule, -are furnished

perpendicular to external wall or the longitudinal axis of station.

During testing of piston en gines bra ke group to more expe d ient

establish/install is nearer to the external wall of box, and strictly

the stand from entrance. Stands for gas turbines to morc sometimes

conveniently furnish vice versa; in this case the which is subject to

testing turbine f3r an irstallation to stand is transported on top

above the brake.

Devices of noise suppression and basic part of the gas—bleeding

exhaust system must be furn ished outside boxes of external wall, but

air—inlet shaft/mines on boxes with vertical or horizontal

arrangement.

The boxes, which h3ve shaft/mines for the flow of air, wh ich
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goes to the feeding of engine and the ejection of waste gases, mus t

have calorific heating system. The ventilation chambers of the

heating system and ventilation can be furnished on top abo ve boxes;

between thea, next to the cabin/compartment of control; above the

transition passage; or above the cabin/compartment of control.

The side arrangement of the cabin/conpartien t of control in

comparison with end (see Pig. 29) gives the following advantages:

best survey/coverage of an entire testing unit, including brake of

group: shortening the technological comauaicaticns, includ ing

controls and measuring systems; the closer and more conven ient

arrangemen t of testing unit provides the possibility of the best

maintenance and cabin lighting of control of daytime, natural light;

it improves the supply of fuel and other industrial commun ications it

provides convenien t entrance and the suppi y of engines into box.
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The side cabin/compartments of control it is expedient to accept with

narrow an~ long bo xes with their arran gem ent/permutation on the first 
—

or second decks. Two—story arrangement/permutation is con veniently

during the highly available testing units. In this case un der the

cabin/compartment of control, one should place equipment and

equipment for technological power-supply systems.
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To shortcomings in the side cabin/compartments, one should

relate that the fact that them they can service only two adjacent

boxes; they lengthen the front of experimental station and they

respectively increase the area of building approximately to 8—120/0

against end cabin/compartments.

End cabin/com partments can be arranged with wide boxes or with

their arrangement on the second deck. In the first case wide box

ma kes it possible to organize passage int o box and to place ne xt to

it the cab in/ compartment of control , in the second case the  passag e

can be arr ange/located under cabin/compartment. This lastf latter

solution makes it possible to have the common/general/total for all

installations cabin/compartment of control, which gives a series of

organizational conveniences and economic advantages in the

maintenance of station.

Since in the cabin/compartments of contrcl are placed man y

precise and fine/thin measurin g meters, bhey must have the

pure/clean, bright, convenient and beautifully designed l3cations.

The supply of energy and technological communications for the

feeding of separate users can be produced where this allow conditions

- .____________  —=-—- - -- ~— -—
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in underground channels, for columns, walls and under the ceiling

over lap of building. One should avoi d device for these pur poses of

passage channels - the complex and expensive constructions, wh ich

prevent the application/use of standard buildings and standard

structures. For communications with lower separation, including those

that require gradient/drafts and drainages, it is possible in the

ma jority of cases tc manage with undergro und channels. According to

the considerations of control, revision and possibility of the

packing of the additionally required communications,, these channels

must h-ave stripper plates.

§7. Constr uction characteristic of buildings.

The construction characteristic of the buildings of experimental

stations in man y respects depends on the type of the engines, tested

of their power, and the type of testing units. For stations with the

arrangement of testing units in common/general/total location its

structure will not differ from common ind ustrial single—story

buildings. In this case for the more convenient use of hau ling mea ns

experimental station to more preferable furnish in single-span

building.
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Page 110.

The width of fligh t/span according to the available standa rd

farm/trusses can be accepted by 12, 18, 21& m and more with the space

of the columns through 6 or 12 a. It is expedient in this case to

ha ve to the riding—crop of the arrangement of columns , one—type with

other flight/spans, available in this housing of building. The

select ion of the necessary height/altitude will depend on the

dimensions of testing units and engine, and also on the method s of

transportation, constructions of lifting—transporting devices and

their load capacity.

If necessary for the arrangement of -testing units in the

isolated/insulated cabin/compartments or boxes, the latter in

construction sense can be those built—in into standard design of the

flight/s pa n of indus t r ia l  type  building as annex to it or in the for m

of separate building. When selecting pcssible solutions, it is

necessary to consider the sound— proofing abilities of walls,

overlaps, door and window apertures, and also vibration isolation

from the test pits of the remaining part of the building where is

arrange/located experimental station.

The structures of the building of experiment al station as a

whole and of its separate locations must satisfy norms and the

requirements which are related to the category of these
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constructions, according to classification in appendix 3.

The auxiliary locations, which require partitioning of re maining

sections (shop, storeroom and other locations), and also

ad ministra ti ve and everyday locat ions can be furnished in separate

annexes or be built in into the production volumes of buildings. It

is expedient so that  these annexes or available partitions ind oors

would not fall on height/altitude outside the dimensions of basic

building and they were not more than 2—3 decks.

During the construction of experimental stations, must be

directed special at tention to the folloiing special

feature/peculiarities of some struct ures.

1. Foundations under equipment .

Zn order to eliminate the transmission of vibrations from engine

o~ , the foundation s of the test bench, including brake group, they

must have a breakage from surrounding constructional structures of

buildi ng . As allows the experiment of the carried out test s of

powerful and especially slow piston engines (engines of more than 500

h.p. on rated r/mtn of less 2000 v/mm ), it is very desirable under

—4
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such testing units to m ake foundations on the elastic support. The

diagram of this foundation is give n to Pig. 31. In this ca se, it is

necessar y that the foundation would have sufficiently large mass of

concrete, and for an increase in strength — reinforcing as metal. The

botto. of this foundation m ust be arrange/located below the ba se/r oot

of the foundations of the surrounding structures of building.

For gas turbines — machines more balanced and hiih—spee d whose

natural vibration frequency is sufficiently high in comparison with

the frequency the surrounding structures., it is expedient in boxes

foundations to make in the for m of power sex/floor.

Page 111.

The diagram of this foundation is shown to Fig. 32. From

technologica l point of view , this foundation has great possibi lities

on the case of a change in the unit, the need for setting of

accessories, etc.

All  bench foundations must have laying cell/elements from the

metallic busbar/tires, packed in the body of foundation , as shown in

Pig. 31 and Pig. 32. This it frees from the need for application/use

for the co mple x in manufacture , bulky aod expensive cast i ron

plate/slabs, whic h did not just ify itself in practice.
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A]] foundations must be packed so that their upper bottom would

be flush with the sex/floor of the location of testing unit .  This

packing eliminates small rapids and creates conveniences in

operation, during approach and maintenance of stand.

As the cushions can be applied the bundles fro m sever al layer s

of the asbestos, covered in pergamyn, the plate/slabs from plug, the

plastics, which do not lose elasticity with aging, and other elastic

materials.
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f l ) L~]
rig. 31. The diagram of foundation under the stand, isolate/insulated

from the surrounding constructions of buildi ng on the cush ion: 1 —

duct of foundation; 2 — foundation ; 3 — cushion; 4 — elastic
packing/seal; 5 — busbar/tire for fastening of bench equipment ; 6 —
stressed frame.

_ _

UHL~
Fig. 32. The diagram of foundation in the form of

common/general/total thrust  plate fot sev eral testing units: 1 —

array of foundation; 2 — busbar/tire for fastening of equipment; 3 -

stressed frame.
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Page 112.

In boxes for testing the d i f fe ren t  engines by the pow er of more

than 500—800 h.p. the structures must have a breakage of v ibration

insulating welds f rom the cabin/compartments of control and remaining

structures of building. A similar vibration isolation is extremely

necessary for the cabin/compartments of control, arrange/located on

the second deck. Is reached it by device either double wal ls or the

columns on which rest the adjacent the box constructions. In this

case, the walls or columns must have the single foundations,

isolate/insulated from the foundations of the walls of boxes. For

providing the strength of the structures of the walls of boxes, they

can have packing reinforced—concrete belt/zones or even the

reinforced—concrete framework/body, filled with brickwork.

2. Constructions weeding.

The selection of optimum constructions weeding for ex perimental

stations it has large value. Good construttios weeding is especially

necessar y when basic t ransportation is realize/accomplished on 
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sex/floors with the  aid of electric car , the truc k tractor s with the

trailers and of ot her forms of trackless transport .  The pr emat ure

wear of in su fficiently fail—safe designs weeding it impedes , a nd it

sometimes also deranges tests such weeding and dust has adverse

effect on the quality of the operation during their testing.

For the indicated reasons for experimental stations, common

cement hems cannot be recommended.

Asphalt or asphalt—concrete coatings weeding are also unsuitable

due to their capability for dissolution with the frequent

in cidence/ impingement on them of gasoline, kerosene and other

hydrocarbon fuels and oils. Th ese hems al so do not make it possible

to support pur i ty/ f in i sh  indoor of station. Xylolite hems or hems

from the xylolite pressed slabs are also unsuitable for production

locations as a result of their insufficient strength; however, they

can successfully be applied for the coating of administrative,

auxiliary and certain part of the everyday locations where there are

no moisture and large evaporations.

Hems from metallic slabs are not capable of withstanding large

loads from trackless transport and are co.pletely unacceptable due to

their large sli p espec ially wi th  the incidence/ impingement on them of

oils or liquid propellants. Therefore such hems at experimenta l
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stations can be applied partially: for the cabin/compartments of

control, laboratory locations and sanitary assemblies in every day

locations.

From those who exist weeding most acCeFtable for  all types of

ex perimental stations they are mosaic hems (marLi e  gr it) . Such hems

are suitable both for the coating of all prod uction locations and for

passages, passes, engine houses, etc.

Page 113.

For providing the more high wear resistance a series of the existing

experimental stations forced were to cover the hems on the sections

of the basic transportation of engines with the metallic, cast iron

plate/slabs, having corrugated surface. As it shows the practitioner

of work, such constructions are very strong and reliable in prolo~ged

operation.

3. Finishing works.

The internal finishing of the production locations cf

experimental stations is determined by technological requ irements in
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the part of the observance and mainten ance in them of the nece ssary

purity/finish. Thus, for instance, gas turbines during testing

require the increased purity/finish of the air, which enters the

co mb ustion chamber fro m the locations of experimental station. In

this case it is not allow/assumed so that j~ it would be d ust or

particles of build ing materials. The used electrical machines and

electric motors for brakes and converters also require the

maintenance of the purity/finish of the locations where they are

arrange/located. Therefore  the major i ty  of testing uni t s  req uires , in

order to the internal surface of locations, including the

cabin/compartments of control, it would be plastered, but on entire

perimeter of walls , on height/alti tude from sex/floor on 2—2.5 m they

would be arranged the panels, painted by oil paint . The meta l

constructions of overlaps, conveying appliances, the mo norai ls, the

crane runways, ventilation metallic air ducts and so forth mus t be

a’so painted by oil paint or nitrocellulose enamel. The remaining

structures of walls and ceiling overlaps can be painted by distemper.

If th,e internal surface of walls and partition/baffles is

cover/coated with the sound—absorbing facing, then these surfaces are

not plastered and finishing coatings they do not undergo.

Finishing remain ing  auxil iary administrat ive and ever yday

locations is fu l f i l led  accord i ng to the ef fec t ive  norms.
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Page 114.

Chapter VIII.

NOISE SUPPRESSION OF EXPERIMENTAL S?ATIONS.

§1. Sources of noise and fight with them.

Durin g the test work of a series of engines and their

assemblies, appears the intense noise, which creates heavy hyg ienic

working conditions not only to the personnel, which operates testing

units, but also to the workers of adjacent shops. Being spread to

large distances, this noise is serious interference/jamming, also,

for all, that  live in area of the arrangement of experimental station

or laboratory.

The prolonged stay in the zone of action of loud noise is led to

the da mage of the normal act ivi ty  of central nervous system. In this 
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case, is depressed the labor productivity, is retarded reaction to

the sound and other signals, is attenuate/weakened attention, which

contributes to an increase in the traumatisi and to occupational

diseases. The noise of high level is harmful also for a hearing aid,

since it causes partial, and sometimes also the total loss of

au dit ion.

By most irritating are noises in the frequency region 700—1000

Hz and especially higher 2000 Hz. Therefore the contempora ry

experimental stations and the laboratories whose units separate high

noise level, are unthinkable  without  the real ization on them of the

measures of noise suppression and soundproofing.

Sanitary—engineering norms and the requirements for state

sanitary inspection establish/install the maximum permissible noise

levels in production (see appendix 2). These norms require also the

presence of a santary—shielding zone between experimental stations,

their separate units or laboratories and habitatle houses,

culture—and—welfare services and the constructions which can be

located in area of their arrangement. A radius of the

sanitary—shielding zone is determined 300 a. The sound-dea dening

devices must ensure beyond the limits of this zone noise level not

more than 70 dE (at the average and high frequencies). Sometimes the

radius of the stanitary—shielding zone can be atbreviatedlreduced to

- - - -
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100 m under provision conditio n after  this zone noise level indica ted

above of maximu m.

Page 115.

Noise sources during testing of piston engines are issue of

waste gases, work of mechanisms as a result of motion and friction of

ge ars, knock of the  valves, springs, cams and other parts, and also

noise, emitted by the vibration of crankcase, fra me and connect ing

tutes. However, the greatest noise level originates from gas outlet

and partially from air—intake as a result of the outflow of gas and

air and jump in pressure in exhaust and admission ports and

conduit/manifolds. Common/general/total noise level and the

characteristic of its spectrum in frequencies of piston engine s

depends on power, the number of cylinders, revolutions and other

design features. Of the majority of engines of this type, the noise

spectrum is composed of the frequencies, affecting its level and

arrange/located within limits from 100 to 4000 Hz; in this case the

highest level of noise give the frequencies from 200 to 600 Hz.

During testin g of piston engines with the closed issue of waste

gases and especially with the silencers of engine the noise level

~harpl y de scends. A decrease in this level in larger measure occurs

at hi gh  and medium frequencies.
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In work of gas turbines, the noise formation occurs mainly

because of the turbulent mixing of the particles of gas jet, coming

out from turbine at a high speed, together with the partic les of

surroundin g air . of gas t urbines to noise level and its f reque ncy

characteristics, has effect also wor k of compressor , turbine ,

combustion chamber and drives of the operating mechanisms.

The frequencies, component the ground level of the noise of

these engines, are located in the spectrum from 100 to 8000 Hz, of

them the greatest level give the frequencies from 200 to 1000 Hz.

If th e rate of the coming out gas at val ues of more than 100 a/s

affects the intensity of noise, which is velocity function in the

eighth degree, then temperature of gases intensity affects

insignificantly.

§2. Basic concepts and the determinations of noise.

The technolog ical level of contemporary in the majority of cases

makes it possible to solve in a suffic ient measure all questions ,
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related to silencing of testing units. Many of these questions can be

solved on places by ver y workers of experimental  stations. For the

possibilit y of the solution to the applied problems, connected wit h

subsequent calculations of the sound—deadening and sound—proof ing

devices, we give from acoustics some basic concepts and

deter minat ions.

Noise is a complex sonic process w itb the rich spectr um . Some

noises contain the sou nds of percussive character

(momentu m/ impulse/pulses) .

Sound pressure — the difference between the instantaneous value

of the continuousl y changing sound—w av e pressure and the constant

atmospheric pressure, which exists at the particular point in the

absence of sound.

Page 116.

Force or intensity of sound — the quan ti ty of soun d ene rgy,

wb ch passes per unit  time through the unit  of area/site,

perpendicular to direction of its propagation. Sound intensity is

equal to

= 

~~~~~~~~ 

(35)
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Key: (1). erg/ca2.s

where P is the sound pressure in dyn/c m z; p — the density of medium

in g/ca 3; for standar d air

p = 1 ,21 1O~ ~ /CM3;

Ke~~~ 
: L t ) .

c — the sound propagat ion velocity in thi s medium; in air under

normal atm ospheric conditions this speed is equal  to 3.43 x 10’ cm/s.

During a chan ge in the temperature of air, the speed of sound is

defined as:

c = 18,3 
~~~~~~~ 

(36)

Key: (1). a/s

where T is absolute temperature of air in °K.

Sound intensity level In acoustic engineering it is accepted to

estimate intensity of sound or sound pressure acre frequent not in

absolute, while in relative logarithmic units — decibels. The

measured thus values they are called levels. The sound intensity

level is tenfold, common logarithm of the ratio of actual sound

intensity at the particular point of space to threshold sound
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intensity:

L= ~~~~~~~~~~~~~~ ô6,~ \ (37)

Key: (1). dB~where I is th esound intensity at the particular point

of space; I~, the sound intensity, which corresponds to the

conditionally taksn zero l.vel (threshold of audibility), equal to

10 16 8n~ti
)CM2 = 10—g 

~~~~~~~~

Key: (1). V/cm’. (2). erg/cm”s

~.t app roximately corresponds to intensity hardly audible sound in the

frequency domain of the greatest sensitiv~.ty of audition) ;

P — sound pressure at the particular point of space in dyn/cma

(bar) corresponds to sound intensity I;

— sound pressure in threshold sound intensity, corresponds to

sound intensity to. in this case the sound intensity level equal to 1

dB, corresponds to mound pressure.

P0 =1/’p .c.I 0 =2 .10~ ôd~ flcM 2~~~2 .I 0_ 4  6~p,

Key: (1). dyn/ca2. (2). bar.
a

i.e. corresponds approximate ly  0.0002 bar or 2.10 *0 atm.

Loudness level - the subjective qual ity of auditory perception
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depends not onl y on sound intensity, but also on frequency , or on the

conditions of perception and duration of effect.

Page 117.

For the quantitative comparison of volumes of sound of different

frequencies, there is a concept of the loudness level, the unit of

measuremen t of which is background. Regarding the loudness level in

backgrounds numerically it coincides with the sound intensity level

in decibels at frequency 1000 Hz. For the sound whose level below 90

dB, at frequ encies below 1000 Hz the absolute value of the scale in

backgrounds numerically lags behind decibel scale. At frequencies

higher 1000 Hz on the same level of sound, on the contrary, the

abso lute value of scale in decibels of level of sound, on the

contrary, the abso lute value of decibel scale numerically lags behind

the scale in backgrounds. For loud sounds above 90 dB it is possible

to count that the loudness level does not in practice depe nd on

frequency and coincides wit h the sound in tensity level

Mimimum that which is received by audition a change in the sound

intensity composes approximately 100/0, which~ in turn, corresponds

approximately to 1 4B.

During the comparison of sounds of different intensity, it is 
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necessary to keep in mind that the difference on 10 dB on the levels

of sound above 60 dB is absorbed by audition approx imately as double

difference on volume.

Frequency — the number of oscillation/vibrations in ~f seconds,

is expressed in hertzes. Interval into on.e octave corresponds to

frequency doubling. Practical interest for applied acoustics have

seven octaves from 32 to 4096 Hz (from 32 to 64 Hz; from 61$ to 128 Hz

and so forth). the greatest role in this range have frequencies from

100 to 3200 Hz. This is explained to the facts that the sensitivity

of the hearing aid of man at not very large sound intensities is low

at frequencies to 100 Hz and it is great at frequencies 1500—2000 Hz.

For piston engines fundamental frequency can be calcu lated by

the formula

11 — (38)

Key : (1) . Hz.

where n 1 is a speed of the crankshaf t per minute; i - the number of

jugs; n2 — speed , which are necessary to one working course

(cycle/stroke).

respectively for gas turbines fundamental frequency will compose

~~~~~~~~~~~~~~~~ 214, (39)
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Key: (1). Hz.

where a is a speed of the shaft of turbine (compressor per minute ; i

— the number of blades of turbine (compressor).

However, it is necessary to keep in mind that for these

fundamenta l frequencies will be superimposed other, irregu lar

frequencies whose origin is caused by the turbulent eddy—like flow of

waste gases, through the gas—bleeding channel at high speeds.

Therefore the noise spectra of these engines will consist also of

other frequencies.

Page 118.

§3. Nethods of the smothering of noise.

Special measures for noise reductim~ cn experimental stations

and laboratories during the provision for the tolerance levels beyond

the limits of sanitary—shielding zone are reduced to the solution of

the following basic problems:

L

1. Noise reduction indoor of the testing units way reducing of
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of interna l surfaces of building with scund—absorbings material. This

method can be applied only when the noise level, isolated by testing

units, is relatively small, since it can ensure its reduct ion/descent

not more than 5—10 dB. further more , th e effectiveness of this method

de pends also on size/dimensions and the relationship/ratio of the

dimensions of the supressed location.

2.. Arrangemen t/permutation of testing units in

isolated/insulated boxes with device of bench silencers is most

efficient means on reduction/descent in noise. During operation of

such installations, the service personnel is located in the

isolated/insulated from noise cabin/compartments of contr3l.

Virtually this method does not have any limitations and

therefore it is suitable for all engines in question, including those

that separate the highest noise levels.

3. Soundproofing of adjacent with testing units locations for

providing in them acceptable noise levels.

In measures for a reduction/descent in the noises at

experimental stations, it enters:

a) determining the noise engine characteristic dur ing its ben ch

— -S ~~~~~ ~~~~~ ~~~~~~~~~~~~~~~~~ ~~~~~ ~~~~~~~~~~~~
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tests;

b) the determination of the maximum permissible values of the

noise level outside building, of the channels, which are imparted

with atmosphere , in im mediate proximity of them, and also in adjacent

with unit locations;

C) the determination of the effectiveness of silencers and

sound—proofing ability of walls, partition/baffles, doors and windows

for isolation/insulation of adjacent locations;

d) the selection of the type and diagram of silencers;

e) preliminary hydraulic design and the determination of basic

sections from the channel of silencer;

f)  acoustic calcu lation wit h the selection of constructing the

sound—deaden ing and sound—proofing cell/elements and the

de termination of t heir basic dimensions;

g) the construction of silencers and the refinement of hydraulic

de signs;

h) manufacture  and building experimental model of silencer;
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i) testing in nature, finishing and the correction of drawings,

manufactur e and bu ilding the batch of silencers.

The noise engine characteristic are determined by means of

full—scale measurements, if these data they are absent.

Page 119.

Noise le ve l, are measured with the aid of objective of noise meter

(Sh— 1, sh— 52 and others), but frequency spectra and the levels of

noise according to them — with the aid of analyzer or audio—noise

meter with fitted out to it band—pass filter. These measurements are

produced b y their f crces or with the aid of of noise meterin g

stations. State sanitary inspection or other organizations.

As an example for tentative comparisons Table 10 gives given

data on common/general/total noise level and the frequency band of

some engines.

The maximum permissible values of noise level are determi ned

from calculation. During propagation by a i r , the noise is lost to the

atmosphere. Therefore noise level of the sound—projecting section/cut
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can be higher than this is required on the boundary/interface of the

sanitary—shielding zone. The permissible common/general/total noise

level L,0~ at the emitting section/cut (outside building) of testing

unit after silencsr can be determined by the formula of I. K.

Razu nova

L~0~=78+2O 1g~~
L__ _A a6, (40)

Key: (1). dB.

where r is a dista nce from noise source to the boundary/interface of

the sanitary—shielding zone in a; S — the cross—sectional area,

emitting noise, in a2; 8 — correction for the number is simultaneous

of the working noise sources with the different section/cuts S in dB;

8 are 10 I g  n , where n — the  number  is simul taneous of wor king

installations.

The maximal l y permissi ble values of the noise level in adjacent

wi th testing unit loca tions are accepted according to time /tem porary

norms.
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Table 10. Common/general/total exemplary/approximate noise level and

the frequency bands of the operation of some engines in immediate

proximity of them.

o~uu,s~FiaI4M~HOaa nKe ADK rSTeJI~ y~ O~ eH.. W YMI ocHoDH~.Ixa 06 qac~ o~ a

WTOMO6II .lbHbOi ~ RiIraTe.m M0Uj H OCTbIO jio 100 ~~. c.
~\ npn pa6o re Ha Cielue c 3a~(p~~T~~M ra~o~ wnyc~ o~i 85—95 100—4000
To )I(e. uo npn pa3pbrne ra3oa~~nv cl~no0 c~pyii (no.iy.
\ oTkpbrtbifl It OTK ~ThIT bI ii BbIny cIc ) 100—110 - 100—4000tABToTpakTopIt~0i ~~IIraTeib MOL1LHOCTbIO ~o 400 ~~ c.

~ npii pa6ore ~a CTeH.~e c 3~ K~~~TbJM ra3OB~~flyCxOM 100—110 100—4000
i’o ~~e . c OTKpbt T btM ra3oubInvcKoM I 10—120 100—4000
\ra3oBaR TypOliHa T~ flIICr1O~ THO~O TtIU a MOU~HOCTbIO J~O

200 A. C. C OTKpbITbI M ra3oBbrnyCKOM 11 5—120 100—8003

Key: (1) . Designation of engine. (2) . Common/ general/total noise

level in dB. (3) . Range of fundamenta l  fr equencies in Hz. (4 ) .

Automobile engine up to 100 h.p. in power in work on stand with

closed gas outlet. (5) . The same , but wit h the breakage of

gas—discharge jet (half—open and open issue). (6). Tractor engine up

to 14 00 h.p. in power in wor k on stand wit h closed gas outlet. (7) .

The same, with that  wh ich was opened gas outlet. (8) . Transport type

gas turbine up to 200 h.p. in power wit h that which was opened gas

outlet.

Page 120.

The necessary effectiveness of the silencers or other

______________________________________________________________________________ —- r-i - — —-- - - .
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sound—deadening devices is determined from the formula

Lycm — L~0~ ~6, (41)

Key: (1). dB.

where L 1, is effectiveness of silencer or sound—deadenin g devices,

i.e., required value of smothering in d~; L ..cm is a

common/general/total noise level emitted by unit, or the noise level

indoor of testing uni~.s to smothering in dB; L 00~ is the

common/general/total acceptable noise level of the emitting

section/cut or indoor of testing units ii~ dB.

The value of the soundproofing of walls, partition/baffles,

window s, d oors an d other is defined as difference between the noise

level indoor of testing units and the tolerance level in adjacent

with it locations, from the formula , simiL ar preceding/previou s,

U rnj, = Lrc m — ~~~ ~~~ (42)

Key: (1). d~.

wkers U rn,, is the required av erage/mean sound—proofing ab ilit y of

the enclosing construction in question.

Types and the diagrams of silencers- in each specific case are

selected opt imum both from the viewpoint  of the possibility of using

of available material and location of silencer and minimum capital

- ,... 
~~~~~ - ~: ~~~~~~
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investments. Separate reco.mendations according to types and diagrams

of silencers are given below.

Preli mi na ry hydraulic design consist s in the determin at ion of

the necessary section/cuts from the channel of silencer. These

section/cuts will be determined by the flow rates of waste gas or its

mixtures with air and the taken speeds of flov. Data on allowa ble

speeds for separate materials and silencers ar€ given below.

The acoustic calculations, convenient for a practical use during

the calculation of some silencers still created at present.

Theoretical calculations require special knowledge, are comple x,

cumbersome , and n3t always give precise results mainly due to the

absen~ e of many initial data, required for such calculations.

Ho we ver , in a number  of cases by acoust ic calculations, al though and

approj iaat ely, it is possible to base the basic dimensions of the

sound—deadening and sound— proofing devices..

§14. Sound— absorbings material.

the materials , which possess the ability to actively abso rb the

incident on them fro . without  acou stic wa ves, the y are cal led

~~~~~~ ~r _ ~~~~~~~~~~~~~~~~
-- 

~~~~~~~~~~
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sound—absorbings material. They include the porous materials in pares

of which acoustic waves cause osci].latiats of air, and the refore as a

result of internal friction the sound energy of oscillations

partially is converted into thermal..

The affectiveness of the absorbing properties of such materia ls

is charact erized b y the coefficient of so4lnd absorption a. By this

coefficient the y imply quotient of the division of the sound energy,

absor bed mat erials, into the sound energy~, f a lling/inciden t to the

surface of this material.

Page 121.

The coefficient of sound absorption de pends on the propert ies of

material, on the degree of porosity, the size/dimension of pores,

frequenc y of sound , thickness of material and angle of inc idence in

the sound. The majority of sound—absorbings material has the h igher

coefficient of the absorption on of average/mean and high frequencies

ai~d certain decrease in it at low frequencies (below 200 Hz).

Sound—absorbings material are applie d for form boards for the

purpose of noise reduction in separate locations, and also in the

device of silencers. For the indicated target/purposes most effective

are fibroporous materials, which include fiberglass, mineral wool,
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departure/withdrawals of kapron filament, slag wool, knock , ~~kum ,

abc.

Furthermore, sometimes can be also used bulk materials, although

possessing the lover coefficient of sound at~sorption, then chea per

ai~d are more available, more than such, as pumice grit, brick grit,

small crushed metallic shavings, and others.

Raw materials go mainly to the manufacture  of sound-absorbing

panels or are a pplied in the form of pack ing in the sound— deadening

cell/elements the second — both in loose form and in

granulated—connected form, in the form of acoustic plate/slabs,

bl ocks , etc.

Fibro us and fr iable sound— absorbings material require the use of

protective clothing in the form of glass cloth, of wire gauze and

perforated/punched sheet material.

To soundproofing materials, used ii the bench gas—bleedin g

silencers, are presented following requirements.

Life to the temperature conditions, accepted for the silencers

of the issue of vaste gases. Constructioq of silencer as a whole,

including the sound—absorbing cell/elements, it must be ma de from

L - — ~~~~~~~~
— ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ ~~~~~~-~~~~ - ~~~~~~— - - ~ - —
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flameproof materials.

Life to vibrations and efflorescence, that occur under the

effect of air—gas flow at the taken for it rated speeds.

Ninim um hygroscopicity of all used sound—absorbings material and

the biological life of the materials of organic origin.

In air— intake silencers, through which the air enters engines

for fuel combustion, sound—absorbings material must not separate

solid particles, dust and other mechanical impurities.

When selecting sound—absorbings material, it is necessary to

apply the materials, which possess the high coefficient of Sound

absorpt ion , which will make possib le to reduce the length of the

sound—deadening cell/elements and, consequently, also to entire

construction of silencer.

Page 122.

For the calculation of silencers and their subsequent

substantiation Table 11 gives the characteristics of the coefficients

of the sound absorption of the most commonly used materials both on

the variou s frequencies and on common/general/total indices for all

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~Ti ~~~~~~~~~~~~~~~~~~~~~~~ ~~~

-

~~~~
- ‘

~~~~~ ~



J-á —---- -- : T ~ T T ’ T . ~~~~~~~~~~ : ~~~~ ~~ _~T ~~~~~~~~~ 
- -

DCC = 77233309 PA GE~~~~
7

frequencies.

in increase in the thickness of sound—absorbing mater ial

decreases noise in the range of low frequencies. The insufficient

dens it y of the packing of materia l in the sound—deadening

cell/elements shrinks its, which produces a reduction/descent in

effectiveness of silencer. The excessive density of packing leads

also to a reduction/descent in this effectiveness. Experimental data

the practi tioner of the operation of the sound—deadening devices make

it possible to re~onmend thickness of the layer to each side from 75

to 100 mm . In this case the density of the packing of soun d—absorbing

material, measured it by specific weight, must be:

~I’~CTeK ,ono.lo~(iio . MuHepaJlbuan Lu epcrb wJlaKoBaa Bala (RH.
aMeTp i~ø~~~üii He 6o~iee 15—20 ioc) 150 K~7M’

~~AumnHpHpoRaHIIasI x~onKonan ‘~ara 50 FCeIM ’
~Txo1u.~ )(anpoHoBoro flOJlOKHa . .  ~~ ,ce/M ’ -

l~~11aK.nH, o’w u~eHIIaa oi nwliI H i~ocrpw 120 K~’/M~~2’

~~fleM3oaaa IcpouIKa C ~3ThC~~MH ~epen 1 ,8—3 ,5 M.W , npoce.
aHHaa H ~fl.1OTH~HH~R Ha aH6 paTope 450 ce/w~

(1\KHPUHUHaR l pow Ka , npii ~ex ice pa3Mepax 3epeH, npoceaH-

~~~ H yn.~oTHeHHaa 1150 M/N

Eey: (1). Fiberglass, mineral wool, slag wool (diameter of filaments

are not more than 15—20 km). (2). kg/i3. (3). Antipyrized cotton

cotton. (4). Departure/withdrawals of kapron filament. (5). Oakum,

purif.ied from dust and bonfires. (6). Pumice grit of grains 1.8—3.5

am in size/d imension, of latter and condensed on vibrator. (7). Brick

gr it , with the same grain sizes, sifted and condensed.

~~~~~~~~ ~~~~~~~~
-- -
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Table 11. Value of the coefficient of sound absorption a for some

sound—absorbings material.

( \ ~‘~Ko34l,wuHeuT aayKonorJIoWeHi4a no

HaHM eH O~aHlIe MaTepHaJIoe x ~ ~
l O G  2 1 2  42 !~ 850 1700 3400 6800 

~~~~~

~1J 1,1aKona8 I3OT~ M~~ KlI d5Oa KpOCHO.
npeciieiic~oro co~I61lllaTa CTpoi~Ma1c-
piia.’ioi~. I’OCT 4640.52. O6beiilIlw~%
Bec ISO ice , .w3, ‘ro.~u~ ino~ 100 .4t.B 0 ,37;O ,760 ,900 ,910 ,900 ,88 0,80 0,78- To ~~e , C 3aUUITIIbIM 01 nw~1y Ral l l IR
c:Ic)eM creK.1oI4o~1ob(lla 113 ACI4M-9
ro.~uuiij oi% 9 ).f,H, 3a1%j)hl Tblrq CTCKj~-

\ ‘rKaHbio . O0tua~i ToJIuJjIHa 100 ~t.w 0 ,220 ,630 ,850 ,coO ,860 ,80 0 ,72 0 ,71
~Cr eK.~ono.joKIlo 025 .iuc a n~iacTii~ qa-

mix ii~iii oO:IlltIoBoqubzx r.~yuIIITe:;flx :0 ,24 0 ,44 0 ,55 0 ,580 ,600 ,50 0 ,45 0 ,48
Oixoiiw KaFlpoIlol3oro ROJIOKHa B lij iac

IlilIqarbix HJIII 06J111U0B0q}lbIX 9Jle-
~~~~ iciiiax r.~vwffTc .1ei~ 0,26:0, 4 4 0 ,520, 570 ,600 ,50 0,45 0 4 8

-c’TI)oII re.m,lan naic .’i si Ii fl .IaCTIIII ’laIbl X
IL’fll O6JIIIUOBO4IIbIX 9.3eMeIITax
w;lTeie1~% 0 ,3610 ,6 10 , 820 ,870 ,900, 78 0 ,60 0.70

Auiunnp iipoaa Huan Ha TJ B fl.’IaCTHIIqO.
ThI X II~1Il 0t5.’llI&LOBO’l)Ibl X 9JICMCIITaX

~~~ r1ywlIreJ1ei~ 0,48~0, 49O, 52 0,55O, 45 0 4 0  0 4 4• Iipri1l~ iiaa K~OUIK~ B I1,mcrllllqalblx
II.~1I o0.iiiuoao~iin,,x ~ie~ cij Ta~ r.w~uJHT e.tIeA O. 310 ,50 0 63 o ,670 ,650,65 0 ,65 0,58

~sy : (1). Coefficient of sound absorption in frequencies. (2).

Designation of materia ls. (3). A verage/mean in all, frequen cies. (4).

Slag wool of the mark/brand “150” of Krasnopresnenskiy of the comb ine

of construction materials. COST 14640—52. Specific weight 150 kg/a3,

by thickness of 100 am. (5). The same, with a shielding fr om blowi ng

layer of fiberglass of asim— 9 wit h a thic k ness of 9 mm , closed by

glass cloth. General thickness 100 mm . (6). Fiberglass 25 ~ in

lamellar or facing silencers. (7). the departure/withdrawals of

kapron f i lament in the lamellar or facing cell/elements of silencers.

(8) . Construction oakun in the lamellar or facing cell/elements of

~~: ~~~~~~~~~~~~~~~~~~~~~~~~~~~ .~~~~~~~~~~~~~~~~ 
.~~~~~:.. 
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silencers. (9). antipyrized cotton in the lamellar or facing

cell/elements of silencers. (10). Brick grit in lamellar or facing

the cell/element of silencers.

Page 123.

For imparting to the sound— deadening cell/elements by that  necessary

forms, and also for the prevention/war n in g of sound—absorb ings

material from blowing are applied different protective clothing.

Basic requirement for these shells consists in the fact that  they

must have numerous, evenly arrange/located over the surface of hole

• for the pass of acoustic waves. In this case, to favorably have the

larger possible number of eyelets. the total area of holes with their

diameter from 2 to 3 m m mus t comprise not less than 200/0 entire

surface of shell. With an increase in the diamete r of hole s from 3 to

• 5 mm , thei r total area must be not less than 35o/o.

As protective clothing can be used for gas—discharge silencers

meta llic perforated sheet or metallic fin e screen wit h cel ls 1.14 x

1.4 mm 0.6—0.7 an in gauge. With thickness of sheet not more than 1.2

mm in it can be obtained the holes by’ gap on press by the

corres ponding set of the punch/male dies with a diameter of 3.0 mm

with the space of perforation 4.5—5.0 m~ For more light-gauge sheets

the d iameter of holes it can be obtained by this method to 2 m m.

~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ ~~~~~~~ ~~~ 
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Perforated sheets can be applied for all fibrous sound—absorbings

material, except friable. Depending on the temperature conditions of

• gas— d~.scharge silencer, the wire gauze can be applied both of the

heat-resistant and made of simple steel.

During application/use for these silencers of fiberglass,

mineral wool or slag wool between the per~foration plate or the grid

and sound—absorbing material must be packed the glass cloth, which

• prevents filament from blowing their gas flow.

• tot air—intak e silencers, and also for the facing

sound—absorbing panels as protective clothing, besides those who were

indicated, can be used perforated/punched shells of polyvinyl

chloride plastic or vinyl chloride sheet material or from other sheet

materials (plywood, fiber so forth)..

All the enumerated protective clothing with the observance of

the size/d imensions of perforation and mesh are not virtually

decreased the coefficient of sound absorption. The thickne ss of

perforated sheet also does not affect the effectiveness of sound

absorption.

For the air-intake silencers, working with normal atmospheric

conditions, most frequently apply such sound—abeorbings material both

I— ~~~~
‘
~~
‘ 
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the constr uction oakum , depart ure/withdrawals of flaxen f i lament,

a~tipyrized cotton cotton , the departure/withdrawals of ka pron

filame nt , etc. Such materia ls, which have stronger and lon ger

filament, do not require the use of the additional cotton or

glass— wove n packing and are packed directly under perforated sheet or

grid.

For the purpose of the savings of expensive or scarcer

sound— absorbings material, their packing in panel or the

sound—deadening ce ll/elements can be produced into two lay ers.

Page 124.

The layer , which adjoins the protective c’othing, is f ulfil led from

better—quality mat erial , remainin g sound absorber is applied cheaper,

for example, slag wool or mineral woo], with a thickness of 70—80 m m

and skin from the fiberglass with a thickness of 30—20 mm. Can be

also propo sed other combinations.

This two—layer  packing of sound—absorbing mat er ia l in some cases

can gi ve the essential savings of money resources without a

reduction/descent in the coefficient of sound absorption or under

very insignificant difference and the effect of noise suppression.

-- 
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The nomenclature of sound—absorbings material can be

considerably expanded because of the use of the local fibrous and

porous materials, including wastes of ind ustrial or agricu ltural

trod uction.

§5. Di agrams and the constructions of the sound—deadening de vices.

1. Reduction/descent in the noise by the sound—absorbing fac ing.

With the arrangement of testing units in common/gener al/total

hail in the presence in them of closed gas bleeder and on low noise

level, is somet ime s possible to lover the noise indoors to the

maximum pe rmissible values. This can be reached by processing the

internal surface of walls and ceiling overlaps by sound—absorbing

panels. In this case, a reduction/descent in the noise is achieved

because of shortening in the reverberation time , as a resu lt of the

active absorption of the acoustic waves, falling/incident to the

internal surface of the supressed location.

For this, all the free from glazing surfaces of walls and

ceiling overlaps are cover/coated with sound—absorbing pan els
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• (panels). In construction they are similar to the ).aaellar

ce ll/elements of silencers, used for the intake air—inlet devices

whose description is given below. Thes e facing,  sound—absorbing

panels dif fe r from the lamellar the fact that they are man ufac t ured

one—sided with a t hickness of 100 mm.

The total surface of the coating of the sound—absorbi ng facing

must ~ow prise not less than 50—600/0 entire internal surfa ce of

noiseproofed room. The facing can give ov erall noise reduc t ion on

5- 10 dB and to larger degree in high frequencies. it shoul d be noted

that this reduction/de scent in the noise composes the very

perceptible value which is subjectively absorbed by audition as

reduct ion/ descent in the  volu me respectively to 30—50o/o.

The advisability of the application/use of the sound—absorbing

f acing is limited to determined by the conditions given in (11).

On the basis of practical dat a, it is co~sidered that  the

application/use of the sound—absorbing facing makes sense in the

ca ses, if they mak e it possible to decrease the reverberation time

(min imum to three fourths of its initial value) , in location s whose

height is it is not more than 3 ..

Page 125. - 
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In higher locations wit h the observance of the conth.tions when the

total volu me of location must not exceed 800—5000 i~~, or the locat ion

is must ha ve the form of the corridor in. whi ch one of the linear

dimensions of location it must be comparatively great with respect to

two to others.

In the ma jo r i t y  of cases of pract itioner , it confirms these

recommendations, and they can serve as base/root when selecting the

me thod s of the smothering of noises at experimental stations. In the

locations, which do not sat isf y the given conditions, cert ain

redu ct ion/descent in the noise can be reached also because of the

setting of the sound— a bsorbin g panels directly of stands, as this is

shown in Fig. 28.

in this case the effectiveness of a reduction/descent in the

noise will depend on how ful ly  and will be thoroughly shielded by the

sound—absorbing panels each stand.

Somet imes for partial protection fto m noise, can be used the

fe nced off f rom common/general/t ot al location scu ndproofed

cabin/compartments of control. Suc h cabin/compartments will  be

advisable only in such a case, when tests will  be prolonge d, and the

• _ -~~
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stay of the ser vice personnel of stand short—term.

For lowering in the noise level in outer zone in ar ea of the

arrangement of the experimental station of the system of gas bleeder,

they must ha ve silencers, possible diagra ms and constructions of

which are examined below.

With the arrangement of testing units in separate boxes, the

solution of the problems of noise suppression ccnsists in the

equipment of the air—inlet and gas—bleeding channels, which im part

box with the surrounding atmosphere by silencers with the nece ssary

level of silencing , and in the provision for the required

soundproofing of adjacent with boxes locations. A reduction/descent

in the noise in air—inlet and gas— lead channels or air—gas pipes is

achieved by placing in them different sound abscrbers or acoustic

filters, and also in their combination in the form of combined

dampers.

2. Silencers with the absorption pf noises.

In connection with experimental stations from different methods

of silencing of no ises greatest application/use f ind la mel la r and 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _  
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cylindrical sound a bsorbers or the tubular constructions of the

• silencers whose diagrams are given in Fig . 33, 35 and 36.

• Silencers wit h la mellar sound absorbers. Such silencers (see

Fig. 33) the y cons ist of the sound—absorbing panels (panels) , in

• pa rallel installed in channel or air duct’. The distance betwee n

panels is accept ed according to acoustic and hydraulic designs and it

is usually 200—400 mm (in world/ light) . The thickness of each such

panel must be w i t h i n  l imits  180— 200 mm, which is dictated by the  need

for the absorption of low frequencies. ‘the for m of air- intake channe l

does not in ef f ect affect the effectiveness of damping and it is

accepted according to design considerations. 
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Fig. 33. The diagrams of silencars with  the Laaellar sound a bsorbers :

a) vertica l muf f l e r  on the procedure of air ; 1 — silo; 2 - lamellar

sound absorber; 3 — two sections of lamellar sound absorbers,

establish/installed in checkered order; b) horizontal muffler on

air—procedure; 1 — tangential channel; 2 — tvo sections of lamellar

sound absorbers; 3 — louvered grate; Is — lamellar sound absorb er; C)

horizontal muffler on the gas bleeder: 1 — ejection p~pe; 2 
—
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leveling grate; 3 — tangential channel ; ~4 — two sections of la mellar

sound absorbers; d) vertical muffler on the gas bleeder: 1 — ejection

pipe; 2 — silo; 3 — section of lamellar sound absorbers; ~ —

shielding canopy; S — cap/hood of canopy with the coating of lower

- 

• 
plane with the sound—absorbing facing; e) the lamellar sound

absorber: 1 — framework/body of panel; 2 — perforated sheet or steel

me sh ; 3 — protective clothing (glass cloth) ; t — sound-absorbing

fi~ller; f) lamellar facing sound absorber (one—sided) .

Page 127.

In particular for lamellar sound absorbers, o~ the basis of

conveniences and the uniformity of the manufacture of pane ls, the

cross section of channel to conveniently have square or rectangular

for..

In the zone of the unit of sound absorbers the clear open ing of

channel or air— gas pipe decreases because of its blanket by the

sound—absorbing panels. With the indicated distances between the

silencers of this blanket is approximatel y 50—250/0 of total cross

section. The necessary dimensions and the section/cuts of channels

are determined by calculations indicated above. The average speed of

air intake or air-gas flow in the zone of silencer is accepted

-— _ S f l- . r~~~~~~~ .- ‘ - ,.. -- p
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depending on the permissible hydraulic re~istance and the life of the

sound—absorbing constructions to efflorescence. The practice of the

prolonged operation of similar silencers showed that these speeds for

the described below constructions and materials can be accepted for

air—inlet systems to 25 m/s and gas—bleeding to 50 m/s.

The construction of channel or air—gas pipe can be made from any

building materials , which age/hold the temperature conditions of

air-gas flow. In the case of applying the metal constructions made of

sheet steel, it is necessar y to provide for the internal or external

sou nd— proo fi ng facing.  In this case to mo re expedient ut i l ize  the

internal fac in g wh ich will appear as the sound—absorbing

constructi on , so also by the sound—proofing protection (se e Fig. 36) .

Structurally this facing must be carried out analogously with the

sound—absorbing panels and has thickness 100 mm. Air—intake channels

and air—gas pipes can occupy d i f ferent  position relative to  building

and to be furn ished vertically or it is horizontal.  Are most common

aqd more convenient vertical silencers as occupying smaller area in

territory near experimental station..

Installation and fastening silencers is produced on

supporting/reference foundations, holes withi n walls for  the pass of

ejection pipes mus t have elastic s tu f f  ing—bo r s seal for  provid ing the

linear dis placements of these tubes durin g heating. For th is purpose
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must be used thermores istant packing/seals of asbsstos or fiberglass.

For the protection of silencers and structures from a tmospher ic

residue/settlings the vertically a rranged shaft/mimem and th. tube of

air—islet and gas- bleeding systems, must be shielded by cssepi.s.

Some standard diagrams of these canopies are show s in Fig. 34. Oms Of

most suitabl e is canopy (Fig. 34a) . It is simple in .anufact ~r., it

possesses small hydraulic resistance and it d irects veil waste gases

upward. For an increase in the effectiveness of the smothering of

noise, the lower side of cone of protection is cover/coated with

sound—absorbing material.

-
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Silen cers with sound—absorbin g material encompass frequency band

on entire spectrum of the noise engine characteristics. Such

silencers more active absorb the noise of the high and medium

frequenc ies whose level is predominating, and therefore th ey are m ost

general— purpose. In Comparison with other silencers by such, for

example, as chamber , these silencers possess very insignificant

hydraulic resistance. The value of the silencing of the types of

silencers in question depends on three basic parameters: from the

coefficient of the sound absorption of the used materials; from the

relationship/ratio of the perimeter of the section/cut of the unit

cell, covered with sound—absorbing material, to the area of this cell

and from the length of silencer.

Smothering in decibels 1 linear m. of the length of silencer is

determined from the formula of A. I. Below.

i \ L = k x - j - dR , (43)

where ~L is smothering 1 u n .  m. of the lengt h of silencer in dB;

—;- : -_ 
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k — pro por t ional i ty  factor;  for the construct ions in question it

is possible to accept k = 1. 10—1.30;

a — the coefficient of the sound absorption of the material,

used as sound absorber; the value of this coefficient is accepted

according to handbooks; for the most widely used materials of its

value , are given in Table 11;

P — the perimeter of the surface of the coatings with

sound—absorbing material on the  section/cut of the unit cell of

silencer in m;

S — the area of the unit  cell of silencer , limited by per imet er

P and by the untreated surfaces of cell in a2.

For determining coason/general/total from all frequencies

smothering , it is possible wit h sufficient  for practica l

accuracy/precision to use the average coeffic ient of sound absorpt ion

a. If necessary for  more precise calcu lation of the same, it is

produced on each octave band separately with the subsequent acoust ic

summation.

~~~ ~~~~~~~~ ~~~~~~
- 
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Pig. 3’4. Diagr a ms of canopies to vertical silencers; a) te nt or

conical roof ing fo r  air—intake shaft/mine s and tubes ; b) t en t  roof ing

with additional shielding blades; c) plate canopy for gas—bleeding

shaft/mines aad tubas7 on perimeter of shaft/mine shell has holes for

run off; d) canopy with director cone for gas—bleeding shaft/m ines.

Page 129.

The overall lengt h of the active par t of the silencer ,

soun d—absorbing panels or sound—absorbing facing is defined as

quotient of the division of the common/general/total , requ ired level

of smother inq, into the smothering 1 un. a., obtained from formula
(113).

Silencers with cylindrical sound absorbers. Cylindrical sound

absorbers, just as lamellar, are applied for the relatively large

cross sect ions of the air—intake and gas—bleeding channels and

shaft/mines, intended for the large flow rates of air or gas—a ir

mixture. An elementary component/link of this type of silencer is the

cylinder, manufact ured from steel mesh or from perforated/punched
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sheet steel and filled by sound—absorbing material. The framework of

cylinder is the rod , manufactured from reinforcing rod steel and

which conc ludes according to end s with hooks for a suspension. From

end/faces the cylinder is closed by the cap/hoods , manufac tured  from

roofing iron.

For decrease in the hydraul ic  res istance tc cap/hoods is give n

conica l form.

The general view of cylindrical sound absorber and the diagram

of their layout  in silencer are shown in Fig. 35.

Wid e operating experie nce showed that the cylindrical sound

absorbers more reliable and long work under  conditions of vert ical

they work under conditions of vertical suspension; however , th ey

ca nnot be operated in hcrizontal pos it ion for the device of

horizontal silencers. In this case the y must be made made of sheet

perforated/punched steel with  a thickness of 1.1—1.3 mm by both the

by possessing larger rigidity, and are filled by the light/lung

sound—absorbing filler in the form of glass—portage or mineral wool.

In comparison with la mellar cylindrical sound a bsorbe rs as a

result of different  geometric forms bav* bettet relationsh ip/ratio of

the perimeter of cell to its area , th ey r .guir~ the smaller blanke t
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of clear ope ning and smaller consumpt ion of sound—abso r bia gs
mat.rj al. Th etefore they are mor , effective lamellar.

~~ : 5:
~~I~t~I~y c~
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~ ~~ 

-
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Pig. 35. Diagram of silencer with cylindrical sound absorber: a)

arrangement of cyl indrical sound absorber s in uptake; 1 - ex te rnal

sound—proo fing fac ing ; 2 — metal tube ; 3 — beam for suspension of

sound absorbers; 4 — sect ion of two ser ies of cylindrical sound

absorbers; b) general view of cylindrical sound a bsorber; 1 — rod

with hooks ; 2 — cylinder end; 3 — sound—absorbing filler; ~$ —

perforated sheet or steel mesh ; 5 — cap/cover—fairing.

Page 130.

It is establish/ installed tha t the optimum diameter of cylindrical

sound absorber is 200 mm , and the most rational space of their

- ~~~~~~~~~~~~~ 
—

~~~
-—
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arrangement in plan/ layout along the axes of cylinders is from 250 x

250 to 350 x 350 m m .

The procedure of calculation of smothering by cylindrical sou nd

absorbers is similar lamellar and is prod uced by the same fo rmula

(43) .

Tubular silencers f ind wide application because of simplicity of

th eir cons truction. Simplest of them those that do not have the

internal separating baff le  boards. Such silencers, shown in Fig. 36,

consist of the metal  tube, which is the power f ramework of ent ire

si lencer , and the internal sound—absorbing fac ing  wit h a thickness of

100 mm. On this diagram these silencers can successfully operate with

the diameter of tube to 1 m with useful bore to 0.8 n.

With these size/dimensions the ratio of perimeter to area over

the section/cut of tube is approximately 5. Wi th  a fu r the r  increase

in the dia meter of tube, this sense ra pidly is decreased , and

therefore the smot hering of noise per the unit of length (1  u n .  a.. )

will be insignificant. In this case entire silencer viii require a

great increase in the length , which will pr ove to be irrational.

The refore it is necessary to approac h obtaining of the hig her values

of the indicated sense , whi ch will make possible to effect ivel y

supress noise at the small dimensions of the active part of the

~~~~~~~~~ ~~~~~~~~~~~ ~~~~~~~~~~ ~ ~~~ ~~~~ i~~~~~~~~~~~ —----~- --
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silencer along th. length or height/altitude. This concerns not only

tubular, but also examined abo ve silencers with lamellar and

cylindrical mound absorbers.

iig. 36. Diagrams of tubular silencers: a) arrangement of tubu lar

silencers: 1 — suction silencer; 2 — gas—bleeding silencer ; b)

longitudinal section of t ubular gas—bleeding silencer: 1 -

founda tion ; 2 — shielding f acin g f r om gas escape jet ; 3 — leveling

grate; i4 — sound—absorbing facing; 5 — metal tube; 6 — canopy; C)

cross section of some types of tubular  silencers.

Page 131. 
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of tubular silencers the high values of the ratio of perimeter to

area d.n the section/cut of silencer are achieved by the installation

of the separat ing, ba f f l e  boards, as this is sh own in Fig. 36 while

of la mella r and cylindrical — by a decrease in the distance between

their soun d— absorbin g cell/elements. On the  other hand , one should

not also to approach an excessive decrease in these distances, since

this led to decrease in the clear opening in the zone of silen cers ,

whic h in f ina l  result is led to a considerable increase in the

hydraulic resistance.

Man uf acture and instal lation. Sound—absorbing cell/elements of

silencers to convenient ly manufac tu re  the for m of panels, ca ssettes

or cylinders, and the n to install them in~ channel s or tubes. Wit h

several section s of silencer lamellar and cylindrical sound absorbers

one should establish in checkered order , i.e. , panels or the

cylinders of one series must be mo ved wit h respect to anot he r series.

This installation gives a considerable increase in the effectiveness

Cf noise suppression. 
-

The sound—deadening devices for a i r—in take  channels wor k under

conditions of the temperature of the sutrounding at mospher ic air.

Therefore for the m , and also from the viewpoint of the protection of

engine f rom blockage, most adequate/approaching will be

sound—absorbings material  of organic origin , such as const ruction

____________  - - 
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oakum , pur ified f rom boon and d ust , combings and the

de part ure/withdrawals of f laxen and cotton fiber or the

departure/withdrawals of kapro n f i lament .  For air—intake silencers

the framework/bodies of panels can be made f r o m  the tree, impregnated

with  fla me proof compositions. The size/dimensions of the

sound—absorbing panels should be accep ted on the  basis of the

dimension of channel;  however, for convenience of their instal lation,

one ought not to make along the  length more t h a n  1.5—2 m , but the

width more than 0. 8— 1.0 m.

in uptakes or shaft/mines , cy lindrical sound absorbers are hung

to metallic beams for  hooks, and they  are linked from belo w betwee n

themselves by the w ire whose ends are fastened to lateral cana l

surface. Tubular  silencers to conveniently manufac ture  in the form of

cassettes or in the  f o r m  of sepa ra te component/ l inks toget her with

tube . Fastening their  separate component/l inks bet ween themselves is

prod uced gith the aid of f lange joints on bolts.

In the  gas—bleeding si lencers sound—absorb ings mater ia l  and

their parts must be flameproof , capabl e of work ing  under  conditions

of high temperature  conditions. Therefore all the constructions of

the sound—abso r b ing cell/elements of these silencers are manufac tu r ed

from metal. Of sound—absorbings material  for  this purpose, is most

appropriate the f iberglass  the diameter of f i l ame nts not mor e than

~~ ; _c—-.
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20—25 ~~~, mineral wool , brick or pumice grit. The first of two

materials and to them similar require the applicat ion/use of

addit ional protective clothing , i.e. , glass cloth. Temperature

conditions for these materials must not be above 300-350°C, otherwise

can occur their fusing. The temperature conditions of wast e gases for

brick and pumice gri t  is limited by the thermal  strength of metal

constructions. For providing the prolonged operation of such

silencers, it should be accepted its above 400—450°C.

Page 132.

For this grit one should use mesh ma de of heat—resistant steel. Grit

with this mesh does not require addit ional protective clot hing.

For testing units  with radiat ion level of noise 120— 125 dB it is

higher on conduit/manifolds and ejection pipes , which connect

installation with silencer, one should provide for the sound—proofing

facing. It to conveniently fulfill outside tube in the form of jacket

from fine/thin steel plate with the filling of interval/gap (it is

not less than 60—80 mm) by sand or packing of any other therma l

insulation m aterial.

3. Chamber silencers.

_ _ _  
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Jet/reactive silencers or the acoustic filters, more freq uent

called chamber silencers, the y consist of the con secutive expansion

chambers, connected between themselves the condui t/manifold  for  the

pass of waste gases. The schematic diagrams of some types of chamber

silencers are given in Fig. 37.

In comparison with others, these silencers with expansion

chambers create the greatest counterpressure whose value for

single—chamber silencers is found within the virtually permissible

limits. As a rule, single—chamber silencers are applied under the

condition of the need for the smothering of small range of

frequencies mainly within limits 100—600 Hz. Pot the absor ption of

other higher noise frequencies, the silencer must consist of several

different in volume chambers or combine the low—frequency and

high—frequency diagrams of chamber silencers. This develop me nt of

silencer unavoidably is led to a sharp increase in it hydraul ic  f rom

resistances and , of course, to loss of power of tested engine , com ing

out beyond limits of accuracy of measurements. For decrease in the

resistance, can be applied the forced ejectors and exhaust  fans

which , however , ra ise in price and complicate the operation of

testing units. Therefore chamber silencers, being by its construction

~~~~~~ - -~~~~ ~~~~ i
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simple in manufact ur, and operation, th•y can widely be applied when
certain po wer loss is permissible.

Fig. 37. Schematic diagrams of chamber silencers: a) low—fre quency ;

b) h igh—freq uency ; c) silencer wit h noise- absorbing coating and with

chambers of diffecent length.

Page ‘133.

Vi rtually with the common dimensions of chamber silencers, power loss

without the forced removal/taking of hydraulic resistance comprises

for single—chamber silencers tO 10/0 , and for 2—3 chamber one—type or

combined to 1.5—20/0. Such silencers are applied mainly du r ing  the

closed gas—bleeding systems for testing or the operation of piston

engines.

Still f inished at present the  procedure of acoustic calculation

of chamber silencers, it thus fa r  is still comple x and not always

_ _ _ _—. -- - - -.- -- - - .- - - . -~ .— - 
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does coinc ide wit h data , obtained in nature. Approximate  com putations

can be carried out by the given below theoretical formula of noise

suppression in one chamber

=~ 10 Ig [i ± + (in J_)2 sin ’klJ 
~~~ 

(44 )

where L. ,~ is noise suppression during expansion in one cha mb er in dB;

m — expansion ratio (ratio of the area of the chamber of

expansion to the area of intake pipe);

k — the frequency factor of the  supressed sound and speed of

sound at  the given temperature of gases k = 2v Ljc, where f — the

freq uency of the supressed soun d, determined by formulas (38) and

(39) ;

c — the speed of sound in this med ium, determined by form ula

(36);

t is length of  expansion chamber.

This theoretical for mula comp letely satisfactorily wi l l  agree

with data , obtained in nature, on the condition that the  dia me ter of

ex pansion chamber will be equa l to 0.8 acoustic wavelengths or is

less tha n this value. According to practical data , is recommended the

degree of expansion the havin g of wi th in  limits of a z 20— 30. The
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introd uction inside the chamber of facing f rom sou nd-absorbing

material leads to an increase in the absorption of the noi se of high

freq uencies.

4. Sound—proofing constructions.

To avoid nois e transmission f rom boxes and locations of testing

un its into the cabin/compartments of co~t.rol and other adjacen t with

them locations, one should produce the soundprocfing of these

locations. Measures for  soundproofing are reduced to

isolation/insulation of walls and par t i t ion/baff les  f rom noise

transmission; to the  device of the soundproofed gates, doo rs and

windoss; the sound proofing of channels , conduit/manifolds and other

commun ications, which connect boxes and adjacent  with the m locations.

The required value of the sound—proot ing ability is determined

by the dif ference in the levels of noise in box and in the required

noise leve l of adjacent location. In this case , as a rule , the

sound—proofing abilit y of enclosure/protection must be somewha t

higher tha n this difference.

Pa ge .1314 .
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Accord ing to the effective norms (see N 101—54, publication 1958),

the averag e sound- proofing ability of anechoic walls,

partition/baffles and other enclosing panels is determined from two

following formulas :

wit h weight 1 a2 of par t i t ion/baff le  to 200 kg/m 2

U= 13,51gG-~- 1 ~ 13; (45)

with the weight of the a2 of the part ition/baffle above 200

kg/a2

(J =23 !g G — 9 ~ d3. (4 6)

wh ere U is the sound—proofing abil it y of parti t ion/baffle a da;

G — weight 1 a2 of partition/baffle in kg.

For com mon walls and partition/baffles, their soundproofing is

determined by the weight with increase in which the soundproof ing of

enclosure/ pr otections grow/rises.
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Fig. 38. General view of construction of aoundproofed gates: 1 —

perforated/punc hed steel plate or wire gauze ; 2 — slag cot ton or

fiberglass; 3 — layers of Ruberoid ; £4 — steel plate; 5 — w ooden beam

with rub ber gasket on entire perimeter of aperture; 6 - metal  f rame

winch; 7 — knob/stick lever with wedge—shaped lock; 8 — tie piece

cover for clamp of widths winch with spir al handwheel.
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If necessary of a p p l y i n g  their more l ight/ lung in weight

constructions one should make two—layered wit h the air gap. In this

case the soundpr oof ing  will be above than single-layer construct ion

with the same weight.

Those who were soundproofed gate , doors and windows are arranged

according to this same principle. Besides by maximally fo ld ing  wi th

dense locking. The latter is achieved by the  application/u se of

elastic pa cking/seals on the perimeter of locking. For pro viding the

dense clamp of gat es or doors to their soc kets they equip with

wedge—sha ped lever/crank locks. Pig.. 38, depicts the general view of

the soundproofed gates, door also they are fulfilled analo gously with

the given construction. Such of winch and doors should be applied for

the testing units, arrange/located in the bcxes where the noise level

exceeds 110—120 dB. For an increase in the soundproofing of similar

gates and doors, the internal surfaces of their fabrics cover/coat

with the sound—absorbing facing. The sound proofed observat ion windows

must have double glazing with the air gap of thickness not less than

100 mm .
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Fig. 39. General view of const ruction of soundproofed wind ow between

box and ca bin/compartment of control : 1 — r ing— frame;  2 - silicate

or organic armor- p iercing glass; 3 — packing/seal rubber ; 4 — glass

more front/ leading (to box) .

Page ‘136.

On by the considerations of soundproof ing and the technicians of

safety for o perator’s protection from f ragments  dur ing  the possible

destruction of window from the impact/shoc k of the detached rapidl y

rotating parts of engine glazing window must be armor— piercing of the
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silicate or of organic glass not less t has 40—60 m m in thickness.

Sometime s this thickness increases double and more. Such glasses are

manufact ur ed with the Sov iet industry of su f f i c i en t ly  larg e

size/dimen sions, and the y can successfully be applied for the

indicated target/purposes. Gla sses are laid into the r ings  of f rame

with elastic rubber or plastic packing/seal and with the aid of loops

and bolts are fastened into the seats of the wind ow aperture, edged

by re~.nforce d concrete and metallic frames. As an example Fig. 39,

gives the construction of the sou~ dproofe d window. If necessary for

the prevention/warning of the codensate between glasses for

interval/gap, is establish/installed or is screwed in the socket with

moisture absorber, for example, by silica gel.

Large of value for providing the necessary soundproof ing has

also the careful  f r a m i n g  of holes, slots, channels and

conduit/manifolds, passing throug h the box and adjacen t wi th  it

locations. Vith th e  necessity for channel s, are establish/installed

la mellar or facing sound absorbers, and if is represented

possibility, in them are furnished passages. Condui t/manifolds  lus t

te packed in the collector/receptacle, ch arged after the installation

of tubes by sand. 
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Chapter IX.

LABORATORIES OF ENGINES AND GAS— D Y N A N I C  LAB CRA TCRIES.

§1. Purpose and the  composition of laboratories.

The laboratories of engines and gas-dyna m ic laborator ies are the

component part of the exper imental base of design bureaus or

scientific research organizations, working in the region of engine

construction. These laboratories are intended for the d i f ferent

experimental and research works, which consist in testing of

theoretical developments and research on processes, which occur in

engine and its aggregate/units. In them is carried out also the

functional test of the constructions of separate units and engine as

a whole.

In them are carried out the works , connected with an increa se of

the engine l i fe, the selection of new ma terials, func tiona l ch eck of

its under different climatic conditions, the tests of starters, by

- - - -- _ _ _ _ _ _  
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th e select ion of new fuel/propellants and oils of other te st ings.

In connection wit h piston internal  combustion engines suc h

laboratories m ore f requent ly  ca ll the laboratories of engi nes, and

for gas tu rbines - gas—dynamic.  Both for the first and for the second

laboratories equipment their will somewbat d i f f e r , al though in the

designation of their  department/ se parations and the direct ion of

wo rks at them has much that is in common.

The composition of laboratory — a quantity of installations and

its equipment  — will depend on air foil/profile, character,

directivity and the scale of the works of design burea u or other

or ganizati ons , which are occupied by research works on engines .

When selecting the type of testing units and basic eq uipment ,

one should consider the possibility of the promising developme nt of

the separate constructions of engi nes. Therefore  f requent l y ap pears

the need for the subsequent moderniz ation and reconstruction of these

installations.

Table 12 gives the  exemplary/ approximate  com position of the

laboratory of engines and gas— d ynamic  l abora tory  wi th  the indica tion

of their themat ic  division and set of basic tes t ing uni ts  and stands.

~~~tIIIuII uip P~~ 
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Table 12. Exemplary/approximate composition of the laboratory of

engines and gas—dynamic laboratory.
____________
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Key: ~1). Composit ion of ba sic t.atimg BAts aid muiliary set vic s.

(2 ) .  Designation of d.par tm.nt/a.par at i~~s and group.. (3) . Pi ston
engines is a laborator y of .mgia~~ .. (s). Gas tmcbimea is a

~as—dqnamic laboratory. (5). Production &•par t m•nt/separ at ions or the

sections: (6).  Operating conditions of burning.  (7) . single—cylinder

installations. (8) . Sett ings up of testing combustion chambers.  (9) .

Rotodynamic machines. (10) . For the engines , whic h have t he

aggregate/units of pressurizat ion/ supercharging, stand of

su perchargers. ( 11).  Stands of compressor s, turbines, b las t ing  of

blades, grates , it pu f f ed .  (12) .  Fuel systems. (13). Test benc hes of

carburetor s, discharging jets, of the booster pumps , f i l ters, fuel

in jection eng ines of fue l  pump s, regulators and injectors. (14 ) .  Test

benches of au tomat ic  fuel  control aggr egat e/units, pumps, in jector s,

regulators. (15). Fuel/propellants and oils. (16) . single—cyli nder

settings up. Settings up to evaluate the  knock  properties of

fuel/propellants. (17) . Equipment  and instruments  for test ing and

analysis of the physicochem ical properties of fuel/propellant, oils

and grease. (18) . Lubrication systems.. (19). Test benches of oil

pumps , press ur e regulators, filters. (20) . Igni t ion systems and

electrical equipment .  (21) . Test benches of electric generators,

sparkplugs and other electr ica l equipme nt. (22) .  Heat exchange and

coolings. (23) . Test benches of water pumps , radiators and

preheaters. (24) .  Test benches of heat exchangers. (25) .

Transmissions, drives and starters. (26). Test benches of the

reducers of gearboxes or hydro—transmissions and starters. (27).

Automatics and con trols. (28) .. Stands for tests of the 
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• aggregate/units of the systems of automation , control and bloc king .

(29). Engine tests. (30). propulsion test facility in normal  and

under artificial ex t r a—heavy  climatic conditions. (31). a u x i l i a r y

de partment/ separations and ser v ices. (32) . Preparatory. (33) . For

training/preparation of separate aggrega’be/units and engines as a

whole for tests.. (34). Instrument. (35). For calibration,

training/preparation and storage of control gage instruments. (36) .

Shop mecha nics. (37) . Manufac tur e  of smal l equipment and equip ment

for installations and stands. (38) . Dyn amoelectr ic hall. (39) .  For

the arrangement/permut ation of t ransformat ive  and electrical

distribution devices. (~40) . Other services. (p 1) . Battery room , oil

room , storeroom and other services. (42). Locations of the technical

and service personnel. (43) . Every day locations.

Page 139.

§2. Tests of engine accessories.

1. Stands of compressors.
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These settings up are intended for  the  study of t e s t ing  and

pe rformance testing and calibration of the axial—flow or :entrifugal

compressors of gas turbines. since the full—scale compressors for

some engines require very large powers for their drive, at t hese

settings up can test the models of such compressors or their separate

step/stages. Similar tests make it possible to considerabl y decrea se

the dr iv ing power of setting up. The schematic diagram of stan d of

compressor is given in Fig. 140. The basic cell/element of sett ing up,

wh ich dete rmines  its character , is the  ty pe of drive. The main

• r equirements which are presented to drive , consist in the provision

• for  a broad band 3f the control of the rate of the ro ta t ion  of

compressor wit h the possibility of power measurement. Fig. 4 1 , shows

the used types and the diagrams of drives. The most convenient  and

reliable dr ive  are the special electric motors of a series A T M wit h

the hi gh—frequency control of the speed , obta ing  supply f rom the

• grou p of con verters in the  form of motor generators or the

mercury—arc rectifiers. These high—speed electric motors in the

indicated po wer—supply syst em permit implement ion  of rpm control ove r

a wide ran ge f rom 0 to 15000 r /min .  In the major i ty  of cases, this

ma kes it possible tc  manage without the raising multipliers during

direct dri ve from the shaf t  of electric •otor to the shaf t  of

com pressor. If necessary for power measuremen t, consume d b y

compre ssor , th e electric servomotor can be installed on bob p la t form

whose possible diagrams are examined above. To shortcomings in the

r
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indicated type of drive, one shoul d relate the hig h cost/value of

converters and the need for the isolation/liberation of considerable

area for their arran gement /per autation.

Pig. ‘eO. Schematic diagram of stand of oompreasor of gas t urbine: I —

shaft /mine of suction with noise absorption; 2 — measured

collector/receptacle; 3 — throttle/choke at entry ; 4 — receiver; 5 —
tested compressor; 6 — exhaust collector/receptacle; 7 -
throttle/chok. at outpat/yield; 8 — multiplier durin g bob suspension;

9 — bob machine of direct current.
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Pa ge 140.

Sometimes as the drive of tested compressors, can be used gas

turbine or another engine. In the first case it will be necessar y to

establish/install the combustion chamber for feeding of which will be

necessary the compressed air, supplied from compressor or from

auxiliary gas turbine with air bleed. From drives of this type, the

dr ive from gas turbine engine will be in the majori ty  of cases

si mple r and more convenient than drive from gas turbine. T he

select ion of the  lat ter  can be dictated by the need of obta in ing

heavy— duty drive which cannot be obtained from engine. To

shortcomings in these drives, one should relate the  presence of

limitations in obt a ining of the required powe r at the d i f f e r e n t  rate

of the rotation of drive shaf t .

The re .ainin~ types of drives , possible to use, require  the

application/use of relatively complex by construction multipliers.

The control of speed must be produced with the aid of conver ters  in

the form of motor generat ors or the mercury— arc  r ectifiers for the

machines of direct curren t or by the mean s of hydraul ic  coupl ing

durin g the use of common electric motors of alternating current.

- : . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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For purposes of safety of work and noiseproofing of other

locations laboratory stands of compressors one should furnish in the

isola ted/i nsulated boxes from partit ion in them isolated/insulated

cabin/comp artment of control.

Dur ing  test ing of high—speed com pressors with the speed of the

rotation of ball of more than 10000 n u n , power in the  dr ive  of more

than 1000— 1500 
~
. s., the air duct s or the shaft/mines of sam p ling

and ejection of a i r  are subject to equipment by the  sound-deadening

devices. Electric dri ves of the type ATM with power of 1800 kV and

above and other power fu l  electric motors, and also the t r a n s f o r m a~ ive

motor gene rators require the device of basement in area of the ir

arrangemen t for t he  ar rangement/permutat ion of the ven t i lit ion

in stallation s of cooling.

_ _ -• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Fi g. 41. Diagrams of drives of com pressor at testing un i t s :  a) two

machines of direct current wi th  mult ipl ie r of speed ,

establish/installad on balance suspens ion or p latform ; b)

_ _ _ _ _ _ _  ~ :r~~~ -~~~~~
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high—frequency elactric motor of series ATM on bob pla t f or m, c)

synchronous electric motor , hydraul ic  coupling and mul t ip l ie r;  d) gas

tu~~ iue; e) gas turbine  with feeding from bench combustion chamber

and with supply of com pressed air from industrial compressor.

Pa ge 1141.

For the purpose of shortening of conductive mains and decrease in the

losses of electric power, the dyna moelectric hail of converters or

the location of the  mercury—ar c rectifiers one should f u r n i s h  as far

as possi bl e nearer to the units of testing the compressors and other

large adjustable drives.

Control panel is equipped by starting systems, control  and

controls of unit , and also the moni tor ing—measur ing equipment , which

allow de pe nding on the velocit y of rot ation and power input to

determine pressures and temperatures of air according to the channel

of compressor, but productivity — according to consumpt ion and

pressure.

2. Stands of turbines. 

_________
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These units are in te nded for full—scale tests and per formance

testing and calibration of the gas turbines of the improved or new

constructions. Here the products of burning into turbine  enter f rom

bench comb ustion chamber , wh ere is fed the compressed air from

compressor station. After the expansion of combustion prod ucts in

turbine, waste gases through exhaust nozzle head directly or through

recuperators for the gas—bleed ing system of unit. The developed with

turbine powe r is absorbed by braking device which is equipped with

the measuring system of the torsional moment.

The schematic diagram of setting is give n in Fig. 42. Since the

shaft of turbine is connected directly wit-h the  shaft of braki ng

device, eliminating the  reduction of the speed , brake itself m ust be

high—speed and it mus t be designed to the appropriate maximu m rpm of

turbine. Therefore the most adequate/appr oaching and t he  on ly

possible the  application/use types of brakes will be the  high—speed

induction or hydraul ic  brakes. The characteristic features  of these

brakes are presented a bove, in chapter II.

• • ~~~~~~~~~~~~~~~~~~~~~~ ~~~~-- —  - . J
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rig. 42. Schematic diagra m sta nd gas turbines: 1 — gas outlet

shaft/mine with noise suppression; 2 — ejection pipe; 3 -
ga s—discharge tube ; 4 — tested turbine;  5 — preheat er (combust ion

chamber) of high temperatures; 6 — dynamometer (weight hea d) ; 7 —
induction brake; 8 — metering nozzle; 9 - air duct from compressor ;

10 — preheater (combustion chamber) of mean temperatures;  11 —
stand—support.

Pa ge 1142.

Stand s of turbines, just as the preceding/previous uiits, for

the purpose of tha provision for safe wor la and soundproof ing of other

locations of laboratory must be furnished in insulated boxes with the

fe nced off cabin/c ompa rtment of control. Since the noise level of 
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unit approaches a noise level , isolated as by full—scale gas turbine,

the gas—bleeding system of this unit is also equipped by the

sound—deadening devices. 
-

The control panel of unit is equi pped wi th  propellant

utilization sy stems, remote ignition of mix tu re  in the combust ion

chamber, control of air—gas pipes and with the moni tor ing-measur ing

equipment, which make it possible to determine the flow r at e  of air,

the speed of the shaf t  of turbine, the torsional moment , the

consumption of fuel/propellant , temperature and the air pr essu re and

gas accord ing to entire cha nnel of unit and turbines.

3. Stands of combustion chambers.

At t~~ee units  can be produced the wide circle of different

works, connected with investigation, finishing and experimen tal

developments in the field of the adjustment of operating conditions

of burning. At these uni ts  is prod uced the selection and testing the

new types of fuel/propellants, injectors, deflectors and d i f fe ren t

constructions of combustion chambers as a whole. Work of compressor

is here usually imitated by supply to the unit of the com pressed air

from com pr essor station in the necessary quanti ty at the  pressure,

~~—i ~~
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wh ich en su res its flow rate for  the complete comb ustion of

fuel/propellant in the tested combustion chamber.

This unit , shown in Fig. 143, consist s of the supp ly ing  air duct

with blocking and regulating organ/controls of remote control , stand

from sub je ct chamber of combustion , fuel  system with the

high—pressure pump and gas—bleed ing system.

Pig. 143 Schematic diagram of stand of combustion chambers :  1 —

ga s—bleeding shaf t/mine  with noiseproofing; 2 — tube-adapter ; 3 —
tested combust ion chamber ;  14 — receiver ; 5 — air preheater ; 6 —
metering nozzle; 7 — air duct fr om coa~ ressor station.

Pa ge 143.

Depending on designation/purpose and character of testing, the

combustion chamber  can be both by bench construction w i t h  its

appropriat e equipment for  conducting of the necessary invest igations 

~~~
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and experimental design, replaced on stand as needed. According to

the presented considerations stand of combustion chambers must be

furnished in separate box with the isolated/insulated

cabin/compartment of control. Under the condition of successive work

in one box, can be arrange/located 2—3 un its in question. In this

case works on training/preparation for testing can be produced

simultaneously at several units. This fact although decreases

possibilities and the maneuverability of i~nstallations however it

gives the considerable savings of production area and somewhat

decreases industrial and technological communications.

This position with the possibility of the arrangement in one box

of several test benches can be common also for all the units examined

earlier than under the condition of conducting at them of successive

• tests.

~iie ch annel of such installations is equipped by the souni -deadening

devices. With the arrangement in the box of several installations and

their successive work, the gas—bleed ing shaft/mine for these

installations can be common/general/total. In this case the branch

connections of the gas—bl eeding systems of each unit must have

shutter/valves which with the idleness of any unit are closed.

The control of these installations by analogously

- 
.. .“
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preceding/previous is realize/accomplished from the control panel,

equipped with remo te starting systems, control and feed controls of

air, fue llpropellant , water and oils. Their moni tor ing—measur ing

equipme nt must de te rmine  the f low rat e of air , consumption and the

pr essure of fuel/propellant, temperature and pressure according to

entire channel of combustion chamber.

4. Single—cylinder and block units.

Adjustment of the ther ma l processes, which occur in the

cylinders of piston engine, research on in jection opera tions of

fuel/propellant and carburetion, cooling, lubrication an d other

questions, connected with improvement and creation of the new

constructions of engines, can be prod uced not on the full-scale

engine of experimental design, but at the model, so—called

single—cylinder or block unit. The s ingle—cylinder  iznit whose general

view is given in Fig. 44 , is single—cy l in der engine, which  con sists

of general—purpose bench or special crankcase with the crankshaft, to

wh ich is establisa/installed experimental cylinder with connecting

rod and piston group of the engine being investigated. Crankcase is

equipped with assem blies an d the systems, which ensur e distrib ution

and fuel feed, ign ition, lubrications and engine coolings.

L~~~ ~~~~~~~~ •~~~~~ •• -- ::T-TT
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Page 1414.

Thus , in the ma jor i ty  of cases cylinder, connecting rod and  piston

group, and sometimes also the cran kshaft  are the exper imenta l

ce ll/eleme nt s of f u ture engine; therefore they viii be the

interchang ea ble, changeable assemblies. Crankcase with its systems

and assemblies is, as a rule, by bench, stationary mechanism.

Single-cylinder unit, besides specific tests, makes it possible

to produce the fin ishing of the new constructions of the combustion

chambers of cylinder, pistons, rings of the wrist pins and other

parts, and also testing new materials to wear resistance, reso urce

and other investigations. Thus, single—cylinder unit makes it

possible to consi dera bly reduce the spent resources an d time for

finishing an d test in g of the new construc tions of the crea ted

engines.

Single—cylinder units can be both for the engines of water and

air cooling. As braking device in them, is utilized the bob machine

of direct current, induction or hydraulic brakes. Everything these of

brake must have a measuring system of the torsional moment. Bob

•achine is the most convenient form of brake, since it can wor k not 
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only in generator, but also in motoring and t herefore it can be used

for starting/launching, warming up and cold run—testing of engine.

However, it should be noted that the possibilities of its

application/use are limited by the maximu m speed of rotation , which

is approximately 14000—5000 r/min depending on the type of electric

motor. If necessary of applying other types of brakes, the uni t must

be additionally equipped with starting/la unching electric motor.

.1 -. I

~~~• 
_ _

(•••
~
•
~~~ I

- --‘I-
.

- I ,

• _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

rig. 44. General view of single-cylinder unit. Braking device is a
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bob mach ine of direct current.

• Page 145.

Since testing single—cylinder engine usually is carried out with

the small gas—bleeding branch connection, without gas—discharge

collector/receptacle, noise level in work of this engine, even low

power, reaches large values and is approximately 110-120 lB and more.

Therefore unit must be equipped with the resources of noise

suppression. Propulsion test facility of air cooling is equipped by

ventilation system by air,, that consists of the air extractor,

supplying and discharge air duct. The air flow rate for cooling of

tested block or single cylinder can be determined by formula (3).

The discharge air duct it is expedient to connect with the

gas—bleeding system.

The power—supply systems, control and heat—control/check will be

similar with the settings up of testing full—scale engines. For the

purpose noiseproofing of single—cylinder units one should place in

separate boxes with the fenced off cabin/compartment of control.

Block units differ from the single—cylinder the fact that

instead of one cylinder to the appropriate crankcase is
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establish/installe d the block, which cons ists of the group of

cylinders from the tested engine, which has two or larger num ber of

blocks.

5. Stands of the pumps of engines.

Are this involved stands and stands water, oil and fuel p um ps.

The designation/purpose of these stands is a functional test and

performance testing and calibration on productivity and pressure

depending on the speed of pump. As drive is most conven ient utilized

an electric motor of direct current with the control of speed. With

the necessity between the electric motor and the pump, is in troduced

the mul tiplier, wh ich raises to necessary speed the revolution s of

the leading pump spindle. The schematic diagrams of test b enches of

pumps have much that is in common. The basic cell/elements of each

testing unit are: service tank with the system of preheating and

coolings of working fluid, strictly stand for a tested pump with the

ad justable drive, ccamon weight or high—speed/velocity typ e flow

meter, the drainage system of the descent of working fluid with its

replacement and providing for fire safety, control panel pith

monitoring—measuring equipment. Besides the pump capacity, on stan d

are produced the measurements of the speed, temperatures and
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pressures before and after pump, and also the temperature of worki ng

fluid in service tank.

Depending on the type of the drive, its power and presence of

the multiplier of stand of pumps, is produce d the noise whose level

can be within limits 90—110 dB predominant ly  at high and medium

frequencies.

Page 146.

F ~ Therefore similar units one should place in the

isolated/insulated from other services and the installations

locations. In this case, in one location, can be arrange/located

several test benches of different pumps or engine accessories. In

such cases the internal surface of this location one shoul d cover by

sound—absorbing panels that it will make it possible to lower noise

and to considerabl y improve working conditions. Structural solutions

and the recommendations of this facing are given in chapter VIII.

Panel of control of installations with monitoring—measuring

equipment to conveniently dispose of row/series with stands.

Electric motors, whole electrical equipment, power and

illuminating guide and electric fittings of stands of fuel pumps m ust
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be explosion—proof. Therefore stands of fuel pumps must be furnished

in separate location together with another stands of entire other

fuel equip ment or in independent location. Application/use as drive

for testing of fuel  equipment common , dan gerously explosive electric

motors is allow/assumed only in such a case, when they will be

establish/installed indoor, isolate/insulated by anechoic vail from

the location of pumping station with the passage of shaf tin g through

the intermediate wall with the aid of special gas—imper.eable

stuffing—boys seal.

Servicing service tank with fuel/propellant and the drain of the

contaminated fuel/propellant is recommended to produce wit h the

centralized way, on the conduit/manifolds, which go from basic or

intermediate fuel reservoir, arran ge/located outside th e b uild ing of

laboratory.

6. Other testing units and stands.

Besides installations examined above, the nomencla ture of the

remaining test benches of the laboratories of engines either

gas—dynamic laboratories or experimental stations of exper imental

pr od uction can be sufficiently vast. Their need will be determined by

—~~-~~ ~~~~~~~~~~~~~~~ —~~i~._ :_ -
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designation/purpose, airfoil/profile and the scale of works of shops,

stations and laboratories. Among such installations and stands, one

should note:

1. Test benches of the fuel equipment : testing injectors for

angle and quality of the atomization of fuel/propellant and

productivity; the carburetors mixture holding collector/receptacles,

fuel pump regulators, unit for determinin g the octane num ber an d

other propellant properties.

2. Un its in the form of airflow laboratories for blasting of

blades, cell/elements of grates, branch connections an d other parts

of gas turbines and their compressors.

3. Units for investigation of heat transfer and testing heat

exchangers.

4. Test benches of electric starters, electric generators, re lay

and other electrical equipment.

5. Stands for adjustment and testing of different mounted

mechanisms and assemblies of systems of automation and control of

engines.

_ _ _ _ _ _ _ _ _
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With the exce ption of fuel installations for determin ing the

knock properties of the fuel/propellants which are produced by Soviet

industry, whole other is optional equipment. Therefore their

construction, manufacture and adjustment must be produced on the spot

taking into accoun t the specific special feature/peculiarities of

separate assemblies, assemblies an d mechanism s, which require the

tests of concrete/specific/actual engines.

When selecting equipment and the determination of the schematic

diagra ms of the fuel  feed, oil, electric power , air an d other forms

of power engineering, it is necessary to accept the basic

condition/positions, presented above for experimental stations.

During the arran gement/permutat ion of any kind of testing units

and stands for the laborator ies in question one should observe

requirements with respect to the provision for fire safety , sa fety

engineering and with respect to the limitation of noise in

production.

The final stage of experimental or research works of laboratory

is conduct ing the complex tests of the improved or new construction

of engine. Besides final official tests, here also can be carried out

special works, connected with performance testing and calibration of

heat balance, determinat ion of the friction horsepower, efficiency,

- ~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~



- - —.—-
~~ -- — __

~ w.t•— 
- 

~~~~ ~~~~~~~

DOC 77233311 PAGE

determination of resource/lifetime and optimum engine power rating s

and others.

For such works in the composition of laboratory , are provided

for f nfl—scale units. A quantity of such installations is determined

by scale and the character of production and by

concrete/specific/actual special feature/peculiarities of the type of

engine. The selection of type and equipment of installations,

schematic diagrams of feeding one should produce in accordance with

the given above reccanendations for experimental stations. This is

related also to the determination of area, the

arrangement/permut ation, the noise suppression and other guestions.

§3. Engine testing under special climatic conditions.

Sometimes for so•e types of engines, appears the need for

testing their efficiency under conditions of the reduced or elevated

temperatures and high humidity. This is connected with the operation

of the engines, designated to work in different geographic latitudes,

sometimes in the presence extra—heavy climatic conditions. The basic

types of such tests, by which can undergo the engine in comple x

combination or Only by certain of them, they will be:

~1~
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1. Testing the starting/launching of engine and starters under

conditions of the reduced temperature, for example to —40°C.

Page 148.

2. Determination of performing characteristics and reliability

of the operation of engine in its continuous operation under

conditions of the reduced temperatures.

3. The same tests under conditions of elevated temperat ures, for

example to .60°C.

to. Functional check of engine and its separate assemblies under

conditions of those who were increased humidities and temperatures or

strong dust content of air and other severe conditions.

The enumerated tests iake it possible not only to test and to

eliminate defects of the operation of engine as a whole and of its

separate assemblies, but also they make it possible to

reveal/detect/expose the life of paint and varnish coats,

packing /se als , used in engines.

4. 
_ _ _ _ _
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For providing conducting similar tests, usually they resort to

creation on the stand of artif icial, spec ial conditions. In this case

the engine being investigated to gether with brak ing device is placed

in the special box in which is created the required temperature.

Control of this test unit is produced remotely.

Fig. 45, depicts the  schematic diagram of box for engine tests

under conditions of minus temperatures. This unit is intended for

testing of starting/launching and conducting endurance tests of gas

turbines under conditions of the reduced temperatures - to -40°C.

Stand with engine and braking device is placed in separate box 1, but

control panel in the isolated/insulated from box cabin/com part ment.

Cooling installation with air coolers and auxiliary equipment is

placed in the engine house, arrange/located near from box. For

decrease in the heat losses during cooling of box internal surface

its, door and other apertures have a thermal insulation. ?he

gas—discharge nozzle of turbine 2 and the receiving branch connection

of ejector have a jacket with the partition tube, imparted with

atmospheric air. This is necessary for providing the inflow of the

ejected air and decrease in the therma l cycling in box. The remaining

part of ejection pipe, which passes on box and which is imparted with

air—inlet tube 3, also has a thermal insulation. Box with cooling

in staLlation has t w o  cooling systems of air. One System , on the left

side of the given diagram , is intended for cooling of box by the air , 
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which circulates through air cooler 15 with the aid of fan 16.

Cooling air occurs because of the evaporation of ammonia in the air

cooler into which it enters from cooler. The latter consists of

compressor 12, condenser/capacitor 11 and auxiliary equipment.

Another system, arrange/located in the diagram to the right, is

intended for the supply of the cooled air into box to the feeding of

engine in its continuous operation under conditions low-temperature.

It also consists of cooling installation, but higher productivity.

Cooling air is produced in air cooler in two step/stages.

Pa ge 1~ 9.
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Fig. ‘$5. Schematic diagram of propulsiop test facility under

conditions low—temperature: 1 — box of engine testing at temperature

to —40°C; 2 — tested gas turbine; 3 — air-inlet tube of ejected air

from atmosphere; 4 — two—stage coolant of air for feeding of engine;

5 — air—inlet shaft/mine; 6 — fan high—pressure; 7 — dehydrator
OZ$i—200; 8 — intermediate vessel PS—SO; 9 — compressor &U—50; 10 — oil
separator OM~I-8O; 11 — condenser/capacitor KTG—11O; 12 - Dows’s—BO
compressor; 13 — dehydrator of type OZh—200; 14 — regulating station;
15 — air cooler of box; 16. the cooling—system fan of box.

Page 150.

At first stage cooling air is produced to 5°C with maintenance by its

two compressors 9 type AU—150; at the second step/stage of cooling,

the air is led to —40°C. This system is serviced by two compressors

of Dovs’s—80 12 type. The equipment , indicated in the diagram,

provides the supply of cold air up to 2 kg/s in flow rate to -4’~°C at

the temperature of surrounding atmospheric air +15°C. If necessary

for such type of unit, they can be constructed, also, for other test

conditions and different consumrtion. For larger installations during

large heat liberations by brake group the latter can be removed

beyond the limits of box. In this case the shaft of engine must be

connected with brake with the aid of the connecting shaft, passing

through the intermediate wall with s tu ff ing—boxs seal. For engine
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testing at elevated temperatures and large air humidi ty ,  the box can

be constructed according to similar diagram. In this case, the

heating of tested engine can be produced by the heating radiatort

where as heat carrier is utilized hot water or pairs. Heating and air

supply for the feeding of engine is realize/accomplished from

calorific installations. Air humidity can be regulated by water

injection or pair into its system of preheating.

§14. Auxiliar y services and the arrangemen t/permutation of

laboratories.

1. Com presso r stations.

The gas—dynamic laboratories of the gas turbines of some testing

units consume a relatively larger quantity of compressed air. The

users of the compressed air are bench stands: turbines, the

combustion chambers, blasting of blades, cell/elements of the grates,

receiving and outlet branches and other target/purposes.

Basic parameters: pressure of the compressed air and flow rate

per second, and also the duration of testing they will be determined

by power and construction of turbine, its assemblies and by the
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character of the conducted testing. For contemporary gas turbines the

pressure of the compressed air after compressor oscillates within

limits 4—10 kg/cmZ and it is above with its consumption from several

tenths of kilogram to several kilograms per second. The du ration of

testing can be also from several minutes to several hours. Thus, even

in successive work of the installations, which consume the compressed

air, its consumption can reach high values.

Page 151.

For the satisfaction of these necessities, the supply of

laboratory with the compressed air can be provided to one of the

following methods:

a) from compressor or group of the industrial compressors,

workers in parallel during entire time of testing, with the supply of

the compressed air is direct to testing unit;

b) from the compr essor of high pressure, working on the charge

footlight of the bottles in which is created the reserve of the

com pressed air under pressure 220 or 350 kg/cm 2. The user the

compressed air enters through the reducer, adjusted to the necessary

pressure;

~ 
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C) by the method of air bleed Ito. the compressor of auxiliary

gas turbine or fro. the separate compressor, rotated by electric

motor or gas turbine.

I-n the first case the productivity of compressor will be

sufficiently high, since it must be equal to the required consumption

of the com pressed air. For these pur poses most adequate/approaching

will be the turbocoripressors with drive from electric motor as more

compact assemblies. They can be furnished both indoor of laborator y

itself and in separate building in the form of independent compressor

station. W ith productivity 3—5 kg/s and above suck compressors

require the device of basement or arrangement/permutation in the

two—story, specially fitted out building.

in the second case the reserve of gas cylinder footlight is

determined by the consumption of the compressed air and by the

maximum duration of experiment. The productivity of compressor

station will depen d on the capacitance/capacity of gas cylin der

footlight and perm issible duration of the supply of the compressed

air. The latter will depend on the permissible interruptio n on the

time between two tests. Com pressor station can be arrange/located in

the common/general/total building of laboratory or in spec ial

bu ilding. Gas cylinder footlight can be the open type.
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2. Auxi l ia ry  shops.

The p ractice of work of the laboratories of engines m d

gas—dynamic laboratories in qu estion show s that all the test ing units

and stands are f r e q u e n t l y  subjected to reconstruction and

modernizat ion. Setting and the solution of the problems , connected

with the advent and improvement of the constructions of engines,

causes the need for frequent conversion or re—planning of the test

benches and installations.

Small and routine repair and training/preparation of

installations for test s are also labor—consuming works arid req uire

daily atte ntion. E l imina t ing  conduct ing ma jor overhaul an d the

manufacture of large equipment which are fulfilled by the appropriate

shops of plant, all remaining works, as a rule, they are carried out

by the forces of laborator y itself. Therefore it must furn ish

sufficient developed machine shop with a tool making—welding and

assembly compartme nts for the operational execution of all works both

on the conversion and on training/preparation of installations and

stands for test work. Furthermore, for ~~oviding the nor.ml operation

of laborator y are necessary other auxiliary services, enumera te d in
Table 12.
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3. Arrangement/permut ation and the planning of laboratories.

Gas—dynamic laboratories or t he  la boratories of engin es can be

placed in separate independent housing or together with the

ex perimental station of series prod uction, and also wi th  another

pilot plants.

The character of the testing units ol these laborator ies and

their arrangement have much in common with experimental stations.

Therefore those who were given in chapter VII of consideration

according to artificial satellite arrangement, the selection of

conveying devices, the determination of required areas and work force

wi ll be completely valid also for the laborator ies in question.

Laboratory must have as far  as possible the larger perimeter of

external walls for providing the arrange.ent/per.utation of

installations and compartments, and also for the more convenient

arrangemen t of the sound— deadening devices, suppl y and
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input/introduction of fuel lines. In this case, the gas-bleeding

systems to m ore expedient furnish on the  one hand of housing , leaving

opposite side for aggregate co mpartments and the auxiliary services

of laboratories.

F 
~~~~

~~~~~ ~~~.. 1. ~ 
__ n ~ .~~~~. -~~

A - A  79 /5 18 71 77 16 74 /3 72 10 9

Fig. 46. Diagram of planning of gas—dynamic testing laboratory of gas

turbines: 1 — s tand of gas turbines ; 2 — stand of compressors,
blasting of blades , grates it puf fed ; 3, 4 and S — stand of gas

turbine engines; 6 — unit  for special climatic testings of eng ines; 7
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— stand of combust ion chambers ; B — stand of starters and reducers of

engines; 9 — location for testing fuel equipment; 10 - location for
testing of oil pumps, filters and another oil equipment ; 11 — tubu lar

muffler; 12 — the location of cooling installations and equipment for

climatic testings; 13 — shop of laboratory; lie — dynamoelectric hail;

15 — ventilation l ocation ; 16 — Preparator y room; 17 — electric
crane—beam ; 18 — gasoline flushing room; 19 — everyday and

auxiliary— service locations.

page 153..

As an exaapl ? Fig. 46, depicts the p~.anning of gas—dy namic

testing la boratory of gas turbines with the arrangement in separate

housing. Its building has a form of rectangle with a r rangement  on its

end/face of adminis t ra t ive—everyday locat ions. The testing units of

laboratory are arrange/ located along one side of housing, f rom

anot her side are placed aggregate stands and auxi l iary  services. The

right side of the housing allows for of further expansion without the

dist ur bance/breakdown of the planning of the existing locition s of

laboratory.
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Chapter I.

Special and auxiliary services, devices and systems.

§1. Special services.

Page 154.

In a number of cases in the conditions of technological process

and character of the  prod uction of piston engines and gas turbines,

experimental stations and laboratories are equipped wi th  special and

auxiliary services and devices. Among them from number most

frequently encountering in pract ice they can be:

a ) .  Power supply , that includes generator , battery or rect i fying

insta~.lations for conversion or obtainings of the direct current of
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low voltage from 6 to 36 V. designated for the feeding of starters
a~ d other electrical or combined starters. They can be the

centralized, group or individual. Since the launching/starting of

engine occupies short time , i~ calculatiens usually is accepted

simultaneously the starting/launching only of one unit. In this case,

the source power of feeding is selected according to the highest

efficiency of user — engine starter.. To avoid simultaneous

connection/inclusion for  the start ing/launching of several test

benches on power supply, is provided for the blocking. Since starting

currents during starting/ launching reach v ery high values, for  the

purpose of shortening the losses and communications converters are

not r ecommended to relate f rom the test benches more than on 50 a.

Furthermore, one should place them in the isolated/insulated or

fenced off from other services location.

b). Oscillographic. For recording and the visual observation of

the fast flowing processes, such as vibrations, change in the

pressures, temperatures and other values is encountered the need of

applying the osciilographs. The latter can be furnished both in the

control panels separate testing units and in separate locations for

the centralized maintenance of several stands. In the latter case

with oscillographic, it is expedient to have a photo—room for the

development of films with the recording of oscillograms.
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C).  Gasoline flushing. In certain cases, especially for  large

experimental stations or laboratories, appears the need for

organization of separate gasoline flushing area.

Page 155.

It is intended not only for the flushing of parts, assemblies and

assemblies during their replacement on engines, and also for the

flushing of bench reinforcement and filters. For mechanization of

washing works, one should apply jet—edge flushing by means of the

forcing of gasoline by the compressed air. For this purpose outside

assignment at a distance from wall not less than 6 a into the

earth/ground will be sunk 2—4 fuel tanks  by the  capacitan:efca pacity

of 1.0—2.0 a 3, half  from which in tu rn  is eit her forcing or draina ge

ca pacitance/capacities. To avoid fires and explosions, the

il lumination and electric wiring in ga soline flushing must be

explosion— proof.

The suction and  exhaust ventilation of washing can be local in

the form of on—board  suctions from baths or from the cabinets and

ot her shel ters of baths , and also general exchange for entire

location of washing. In the latter case the multiplici ty of the

exchange m ust be is not less than  20— 25 exchanges in hour with the

excess of a quant i ty  of drawn off  air above the  inflow .
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d). Units for the blowout (cooling) of assemblies. Some types of

transport engines require during the bench tests of the forced

cooling of some assemblies by means of b lowout by their air .  Such

assemblies, which require air cooling, include the generators and

compressors and all other mounted auxil iary mechanisms, which are th e

affiliation/accessory of engine, and also such assemblies and the

parts of engine as turbine casing, the lower part of the crankcase

and others. The blowout of the enumerated assemblies and assemblies

is determined by the necessary consumption of air which depends o~
pressure and section/cut of air—supply tube and can be realized from

industrial mains of the compressed air or from high— pressu re f an.

e). Ventilator systems. With the planning of building and the

arrangement/ permutation of the equipment of experimental stations and

laboratories, one should separate the appropriate areas arid place for

the arrangemen t of the supply and exhaust ventilation chambers .

During the arra~igement/permutation of testing units in

common/general/total hall , these chambers are fur n ished on the pads

within building or in the spec ially diverted loca tions, whi ch adjoin

this hall.

With the arrangement of the test benches in boxes, the
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ventilation, heat ing or sprinkling are necessary only for the period

of installation and disassembly of engine from stand. Therefore these

systems work periodically, and control by them one should

realize/accomplish from the cabin/compartment of control. In the

locations of technological equipme nt of power—supply systems and in

the cabin/compartments of control it is necessary to prov ide for

general—exchange suction and exhaust ventilation. The practice of

operation of the exper imental stations of foremost machine—bui lding

plants showed that in the sufficiently well assembled fuel and oil

comm unications and the absence in them of leakages and inflows the

multiplicity of the exchange of air in hour within limits of 15—25

completely provides the purity/finish of air in these locations with

the content of harm ful impurities in air below maximally permissible

concentrations.

Page 156.

In the presence of separate locations for area of technologica l

equipment, power—supply systems, for exam ple, under the

cabin/compartment of control or in adjacent with it location, and

with the possibility of the temporary stay in it of the service

personnel the multiplicity of exchange in these locations can be

lowered to 5—10 exchanges in hour. For the purpose of the provision

for the necessary soundproofing, one should avoid the pack ing of air 
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channels and air ducts between box and cabin/compartment of control.

If necessary for the  packing of the sa me, the y must be equ ipped with

the sound—deadenin g devices. In connect ion wit h this, and also for

imparting of proper form and shaping the cabin/compartment of control

ventilation air ducts as far as possible one should provUe for in

the form of the built—in into structures chan nels, or in the form of

the ducts, hemmed to ceiling overlaps.

§2. Systems of gas extinguishing of fires.

The testing units, arrange/located in the boxes on wh ich during

testing of engines , of fuel systems or separate assemblies can occur

the fires, it is expedient to equip with system of gas—extingu ishing

of fires. Especially such systems it is useful to have during testing

of exper im ental—experimental  articles whe n most of all are possible

fires. In this case for the preservation/retention/maintaining of

ex perimental model and explanation of the reasons for the  emer gence

of fire, it is necessary to have the reliable high speed fire

extinguishing system. Fires on stand usually appear with the

finishing of tested engine dur ing boosting or as a result of the

burnout of the combustion chamber, disturbance/breakdown of the seal

of fuel pipe and its reinforcement , appearance of a teak of 
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fuel/propellant and its incidence/impingement to the highly heated

parts of engin e, destruct ion of flexible hose or Durite connection of

fuel tine of gas turbines, and also as a result of falling of the

burning mi xt ure in to  carburetor dur ing  backfire, as a resu lt of the

im poverishment of its and other reasons, which are powerfu l  to be at

pi ston engines.

The principle of work of the system of gas extinguishing of

fires consists in the fact that in the ca se of the emergence of f i re

the locati on of testing unit  is filled with the  gas, inert  to

burning, i.e., by that not containing fre e oxygen, in consequence of

which the burning of the emergent fire ceases. Such gases include

carbonic acid , nit r oge n and other inert gases, and also spec ia l

mixtures , for example  mi xtu re 3..5V , and others. The f i l l i n g  of

locations with gas must be produce d only in the  absence in the . of

people. Therefore these systems are vi rtually used for the testing

units, arrange/located in the separate isolated/insulated boxes. For

the more effective quenching of fire, it is necessary to insulate box

from report/communication with atmospheric air. Therefore during the

emergence of fire, one should close supplying and discharging air and

waste gases conduit/manifolds or channels. In this case, their

shutter/valves, damper or catches m ust have the power drives,

included from control panel.

- _ _
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the system of gas extinguishing of fires one should have tha t

which was centralized, common/general/total for all testing un its. Of

this case it viii. consist of: a) capacitance/capacities fo r  storage

under pres sure by compressed mixture  or compressed gas for

extinguishment of fires;

b) manifol d w ith the close f i t t ing  valve , diluted on boxes both

the most probable places of origin of fires, and by the

conclusion/der ivation of the starter of this system into  the

ca bin/compartment of control.

The b urnin g of f i re  ceases with the f i l l ing with gas of the box

when gas concentration comprises not less than 400/0 ent i re  volume of

air , which is located in the test pit. For the effectiveness of

localization of f i r e, the gas pipe of system , which concludes with

several nozz les or inject ors, follows as tar  as possible to feed

nearer to stand and engine. After  the launching/ starting of system

into action f ire, it ceases dur ing  20— 40 a. The positive side of this

system iS that fact that  it does not exer t itself harmful  effect on

part and the construction of tested engine , also, on the equipment  of

testing unit. Gas cylinder footlight with gas for the quenchin g of

fires must be located in the specially separated single—stage
location. 

~T ~~~~~~~~~~ 
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§3. Channe lization—drainage systems.

If necessary for jettisoning and possibility of the o verflow of

water and inflows of the cooling systems or other bench systems for

area of st an d, it is necessary to have channelization receiving

grates (ladders). For providin g the drainage of water and ma intenance

of the purit y/finish of sex/floor in area of possible leak ages, the

sex/floor must slope to the side of ladder. When, in wa ter , h a r m f u l

toxic or inflammable contaminations are absent, draina ge ladders can

be connected with drain downpour channelization. If into effluents

can fail the residue/remainders (inflows) of fuel/propellant or oil,

then drainage conduit/manifold must be laid (outside builiing) and

equipped with special snatcher or the sua p of fue l/propellant and

oils.

In the presence of the considerable leakages of fuel/propellant

aad possible emergency overflows of its or technological ejections of

fm.l/prop.llant from engine as, for example, when conducting of false 4
.tu~ta of some gas turbines, sometimes it is necessary to prov ide for

‘he .yat.m of drainin g these contaminated fuel it is waste.
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In this case in area of the greatest accumulations of suc h , is

waste in the sex/floor of location it is provided for installation of

ladder, connected by drain conduit/manifold w ith the drainage

capacitance/capacity, sunk into the earth/ground, outside building.

Drainage capacitance/capacity is equipped by scavenge pum p with

mechanical or han d drive for periodic removal from it fuel it is

waste,

Sometimes instea d of the channelizat ion ladder is arr ange d the

pan/pallet, arrange/located on the sex/floor or un der unit in the

zone of the possible ejections of fuel/propellant, whic h they connect

by conduit/manifol d with drainage capacitance/capacity.

——--— - ~~ - - - -~~~~ -—--- f--- — .14



-~~~~~ --- 
~~~~~~ ~~~~~~ 

— — 
—.~~~— — — =--- —-— — -,- —— —.---— ---—---- — — --- -.,

~
--—--- ---- — — — — -—-- —.----,

~~ — —
—s-- — -b - - — - -

~ 
,- . - . - -

~
-‘
~~~~ ‘~~~~

-•  _
~~~~~ 

- _______________________________________

DOC = 772 33312 PAGE

Chapter II.

Mechanization and automation of production processes.

Page 158.

The overall mechanization of production processes at

engine—building plants cannot go around experimental stations.

Especially this concerns the stations of mass and series production.

The analysis of labor intensity on experimental stations shows that

in the majority of cases the preparatory and auxiliary activities,

pro duced at units themselves, compose the very considera ble

expenditures of time, which causes unproductive idle times of the

expensive constructions and equipment. In connection with the

experimental processes and the research of the methods of an increase

in the labor productivity they must be solved in following main

directions.

a) Maximum shortening in the time, spent on preparation and

finishing works, produced on stand, such as: the delivery/procurement

of engine to stand , unit on stand and fastening, the connection of 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~
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the feeding commun ications, measuring systems and control,

disassembly af ter testing an d other works, produced in reverse order

after engine testing.

b) shortening the time for adjustment—fitting works, produced at

unit in the process of testing, because ot pre—check and the testing

of systems, mounted mechanisms and engine accessories in the process

of ass~em bly.

C).  Autom ation of recording, recording and processin;s of

measurements during performance testing and calibration of eng ine and

the application/use of a programme d control during its testing.

The indicated overall mechanization of production processes

first of all one should consider as development and the

implementation of the measures, directed towa rd an increase in the

coefficient of utilization of testing units. The realization of these

measures makes it possible for new experimental stations to reduce

the number of requiring testing units, to decrease capital

investments and periods of building; for those who exist - to raise

labor prod uctivity, to reduce st af fs  an d the oper ating cos ts an d to

raise the quality of engine tests.

Page 159.
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For preparation and finishing work the number of such

or gan izational and technical mea su res, which raise the effectiveness

of testing units, one shoul d relate:

a) the transfer of preparatory works from stand into the bail of

training/preparation, which will make it possible to reduce the

retention time of engine at testing unit. Outside stand in the zone

of training/preparation it is possible to produce testing and visual

inspection of engine, taking plug/silencers and plugs, setting up of

measuring sensors and similar to them works;

b) the application/use of the engine mount or mobile

stand—trucks to which the engine preliminarily is installed in the

ball of training/preparation where is produced its brace inspection

and measurement by communications with the conclusion/derivation of

their ends to special flap. Engine together with the engine mount or

on stand—truck is m oved to the testing unit where performs only its

mating with braking device, but flap with the collector/receptacle of

bench inspection and measurement communications;

C) the application/use of the high speed fastenings of engine

together with engine block frame or stand—truck on the stand of

— ,~~~ ~~~~
-
~~~~~
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testing unit;

d) use of the high speed connections for all feeding and which

operate engine conduit/manifolds, monitoring—measuring equ ipment and

devices will make possible for short time to produce the connection

of all bench communica tions directly to engine and its flap.

Unlike the common methods of the transportation of en gines on

unit, the application/use of mobile stand—trucks or the engine mounts

can give a whole number of significant advantages. Especially this is

related to large-size heavy engines during their testing in separate

boxes. Operations on delivery/procurement and import of such engines

into box and reverse/inverse transportation are complex, b ulky and

labor—consuming . The use of upper lifting—transporting dev ices for

these purposes is hinder/hampered or is excluded due to the

impossibility of the necessary packing/seal of large apertures

according to the considerations of fire safety and soundpr oofing.

Therefore it is necessary to resort to intermediate, trolley/truck

transport with four rearrangements of each engine whe n conducting of

one testing. Furthermore, for the setting of engine to stand and its

taking from stand box is necessary to equip with lifting-transporting

devices in the form of tap/cranes, jibs, or a monorail with teipher.

For these operations it is necessary to lengthen box and to

especially increase its height/alt itude. Fig. 47, shows the schema tic 
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of this transportation and installation on stand. Application/use of

self—propelled stand-trucks or movable engine mounts makes it

possible to reduce the time of transportation and to considerably

entreat this operation.

Page 160.

In this case, the engine af ter fastening to foundation and its

connection with brake tests directly on the transported device,

without its comm on rearrangement in box, which makes it possible to

considerably reduce the dimensions of boxes along the length and

height/altitude and to forego bench lifting—traqsporting ievices.

If necessary for more rigid installation at the testing unit of

stand—truc k, the latter can have jack type lowering device, wh ich

makes it possible to lover the stand—truck to special fastening beams

a~ d the farm/trusses of the power frame of foundation. A similar

device can be bot h with mechanical and with hand drive.

Fig. 48, shows the diagra m of experimental station with the

application/use of self—propelled stand—carts for testing the

powerful gas turbines for law courts and gas turboelectric

locomotives. The turbine, supplied to experimental station fro m

assembly shop, in the compartment of training/preparation is

.; 
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remove/taken by tap/crane and is establish/installed on a stand—ca rt.

He re is produced fastening turbine for the stand-cart, its equipme nt

ai~d training/preparation for testing. Turbine, passed testing and

locating in box, is rolled from the latter, but not its place is

imported new, previously prepared. In box the frame of the stand—cart

with the aid of jack device lowers together with engine on the power

frame of the foundation of unit and is fastened to the latter with

the aid of the high speed fastenings. Then is produced shaft coupling

of turbine with the flexible coupling clutch of the shaft of braking

device and the connection of engine to the bench communication s of

testing unit. Thus, each box has two shuttle of stand—cart on which

alternately they are installed, test and are dismantled engines. Less

overall and not heavy engines can be transported into box on

stand—supports with the aid of electric car with the lifting stage.

The organization of engine tests according to this diagra m

considerably raises the productivity of installations. Besides that

which was given, can be used other diagrams, for example, the method

of the delivery/procurement of engines into the box with the aid of

transporter truck and other methods.
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Fig. £$7~ Schematic of common transportation of engines wit h

arrangement of testing units in separate boxes.

Page 161.

A reduction in the expen ditures of the time, expen ded to

regulating—setup works, produced on stand in the process 3f engine

testing, is also the large reserve of an increase in the throughput

capacity of testing units. Reduction/descent in the labor consumption

of these works and shortening the encountered flaw/defects in engine,

eliminated in the process of its testing, can be r eached b y the

application/use of advanced technology of assembly. Such n technology

must provide for conducting preliminary tests and regulating works on

separate assemblies, assemblies and systems and on engine as a whole,

in the process of their assembly or after it. Such works include the

testing and control of all pumps, pumps, including of the fuel pumps,

injectors and other hung up for engine mechanisms and assemblies.

Furthermor e, by assembly  must be produced testing the sepa ra te
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systems of •ixture distribution, ignition, lubrication, cooling and

othere, including testing packing/seals, leakage test , and also

testing and the control of the int erlock ~ystems and automation. All

these oper ations must be produce d un der conditions, approx imated to

full—scale, in the part of the temperature conditions, pressure,

speed and other test conditions.

During testing of many types of engines, it is necessary to

simultaneously determine the different characteristics and the

pa rameters of engine, in the  different  modes of its operat ion and

freq uently on numerous points.
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rig. 48. Diagram of exper imental station with movable stand— cart : a)

for engines with vertical gas outlet ; 1 — engine, establish/installed

on sta nd—cat ; 2 — rail track; 3 — engine on stand—cart con nected to

brake; 4 — brakin g device; 5 — box for testing; 6 — cabin/compart ment

of control; 7 — horizontal air—inlet silencer ; 8 — vertical tubula r

ga s—bleeding silencer ; b) for engines wit h horizontal gas line.

Stand—cart with the swinging elbow for the jet direction of waste

gases.

Key: (1). Hall of training/preparation.
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It is this involved the measurement of power, speed, temperature and

_ _ _ _
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air pressure, and also the consumption of fuel/propellant, oil, of

cooling water and other values. With the visual method of reading of

instruments and even during the use of chart recorders on recording

and processing of these readings usually is spent much time and fuel,

but taking these characteristics not always does bear objective

char acter. Therefore mechanization of these works is the completel y

contemporary and n ecessary task.

Application/use in this field of the specialized computer  makes

it possible to utilize it in two directions;

to automate recording, recording and the mathematical processing

of all conducted measurements during performance testing and

calibration of engine with obtaining of printed record sheet;

to introduce automatic control of the process of testing

accord ing to predetermined program.

For the indicated target/purposes are most appropr ia te  the

specialized, managers, who record, the computers (URVM) , made by

Soviet ind ustry. Such machines depending on type and the construction

can on experimenter ’s command/crew for one second record from several

dozens to several hundreds of different values and readings.

Nathematical processing, including the determination of the specific
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consumption of fuel/propellant and oil, the computation of power and

its bringing to standard conditions and other similar to the m

ca lculations, and also pr int ing on the paper tape  of the results of

measurements and computations electronic computer are made for a few

minutes. URYN can conduct control of the process of engine testing on

to predetermined program. In the case of the deviations ol the values

of some pa rameters of tested engine from permissible, accord ing to

the established/installed technical specifications of URVM it

overhangs the electrical signals to actuating mechanisms for the

regulating of the assigned magnitudes or f or the cessation of engine

testing.

URYN is the digital computer, which allow/assumes known

flexibility in the relation to the rearrangement both the program of

control and the programs of calculating operations. One Such m achine,

establish/installed in area of testing units, can service several

stands.

The primary information about the values of the quantit ies of

the measured parameters of tested engine (pressure, temperat ure, the

rotational speed, fluid flow rate, etc.) enters URYN in the form of

the electrical signals, sent by the  special measuring sensors,

arrange/located d u r i n g  engine or test equipment.  As sensors  for the

measurement of d i f f e r en t  temperatures , can be used the produce d by

Itl_. - ~~~ ~~~~~~~~~~~~~~~~ ~~~~~~ 
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industry series specimen/samples of the resistance thermom eters and

thermocouple, but for the measurement of pressures — extemsometric

pressure sensors of special manufacture.

Page 163.

The measurement of the torsional moment can be produced either with

the aid of momentum/impulse/pulses from strain gauge, or with the aid

of the momentum/impulse/pulses, sent from weight gage instrument. The

latter can be reached by the unit of photoresistance on the scale of

the weights which will overhan g momen tum/impu lse/pulses wi th b lackout

by their arrow/pointer with its displacement. According to the same

principles can be measured the consumption of fuel/propellant and oil

from weigh t f low meters.

During automat ic  control of t he  process of engine, test in g

change in the mode/conditions and the control of its work is

realize/acco.p]ished according to the test programs and bloc ki ngs ,

placed on punch ca rd into the assembly of the control of tIRYN. The

control unit continuously obtains the signals from measuring sensors

and it com pares these signals with the allowed values of the

parameters of engine. In the case of the nonconformity of these

parameters, the control unit overhangs ~he electrical signals to

actuating mechanism s for the control of the operation, and with the

-~~~~~- - - - - .-- - - _ _



1DA065 6*4 FOREIGN TEC)*aOLOGY DIV WRIGHT—PATTERSON MB OHIO FIG 2t17
EXPERIPENTAL. STATIONS OF PISTON AND GAS TURBINE ENGINES. CU)
JAN 76 1. 1 VARLA NOV

(SCLASSIFIED FTD—I DCRS)T—2333—77

I
i 

_ _

U 
END

_____ I
OOC

I

‘I
I

p



1.0 ~: ~
28

_ _ _ _  

2.2
I;. 

~~3o —
=

I.’ ~: HIII~°
IIIIJ~11111’ .25 

~ ~~



• TT7TT

DOC 77233312 PAGE

inpossibility of obtaining the necessary values, is produced its

stop. According to test progras, the control unit overhang s also the

electrical signals to the actuating nechanisus, aatched on tiae with

the graph of testing, for a change in engine power rating and its

translation/con version into the following stage of tests. The

entering froa asseibly controls the acteating aechanis.s the signa ls

are converted into the sechanical displacesents of corresponding

engine controls.
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APPENDICES.

Appendix 1.

Maximum permissible concentrations of poison gases and vapors of some

substances in air of working locations .

(Extract from appendix 3 to the sanitary norms of design N lOl—5~4).

/ Bej iuq ilnw ~~
. BeJIH’INHN npe•

(.1 ne .n I,io Aenyc - ~ • ~ eMb~IO ~Ofl yC-
HanMeHoDalisl e Beu~ec T Ba THMh~X KOFI - HaHMeno 8auae eeu~ecTa a- rHMb~X Boll-

a nellTpawltl B
- M / / A

OK ncb yr .iepoia . . . . 0, 03
A xpoJieHif . . . . .. .  0 , 002

(7) ~~PTyTb MeTaJJ.’njgec)caq . . 0 , 000W
AMMHaK . - - . .. . .  0 , 02

(i ~CepHHcTwi~ ra3 • . . . .  0,02
AueToII . . . . .  0 .2

Cepono~ opo~i . . . . . .  0 , 01
Ben3IlH , . . . ..  0,3

C’poyr .’iepo~ . . . . .  0 , 01
BeJJ3o .~ 0 , 05

Criupr MemJlonblñ • • . . 0,05
1?epoclln . . . . - .  0,3

I (-‘u
Ciiupr r~~noni,ii~ . . . . 1 ,0

Jliirpo iiu . . . . . . . -  0 .3

Yaü-r .cnii piiT 0 , 3
MIlucpaJlbnoe MaC.~O B ne-

pec~e~e ,ia yr .~epo)~ . - 0, 3
0, 00J

Key : (1) Designation of substance. (2) Values of the maximum

permissible concentrations in mg/i. (3) Designation of substance.

(~ ) Values of the maximum permissible concentrations In mg/I. (5)

_ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _
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Acrolein. (6). Carbon monoxide. (7). Assonia. (8). Mercury is

metallic. (9). Acetone. (10). Sulfur diox ide. (11). Gasoline. (12).

Hy drogen sulfide. (13). Beuzene. (11$) . Ca rbon disulfide. ( 15) .

Kerose ne. (t6) . Alcohol is methyl. (17). Ligroin. (18). Alcohol is

ethyl. (19). Mineral oil in conversion for carbon. (20) . M ineral

spir its. (21).  Chlorine.

Notes: 1. With the temporary stay of workers in production locations,

are alloy/assumed the digressions from the indicated values by

authorization of Gossaninspektsiya USSR.

2. In work in the atmosphere, which contains carbon monox ide, by

duration not sore tha n 1 Ii m aximum permissible concentration of

carbon monoxide can be raised to 0.05 mg,4; in work it is not sore

than 30 sin — to 0.1 mg/L; in 15 sin — to 0.2 mg/I. Repeated works
ui~der cond itions of the industrial content of carbon monox ide in air

of working zone can be prod uced with interruption not less than for 2

h.

Page 165.
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Appendix 2.

TEMPORARY NORMS OF ACCEPTABLE NOISE LEVELS IN PRODUCTION.

Extraction from Ntime/temporary sanitary norms and the rules on

the limitation of noise in productionN, affirmed by the main state

sanitary inspector of the USSR on 9 February 1956 No 205—56.

TE MPORARY NO RM S FOR ACCEPTABLE NOI SE LEVELS IN PRODUCTION.

Designation/purpose and the field of appl ication.

1. Present norms establish/install values of tolerance levels

ai*d noise spectra of work areas in production and basic requirements,

directed toward prevention/warning of occupatio~al diseases of

persons, working in situation of noises.

Note. The values of permissible noise levels, adjustable by

preseet norms, are real with the norma l duration of workday.

2. Worms are spread for industrial enterprises,

- 
~~1-•.
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scientific—research institutes of laboratory and experimental

objectives in which is establish/installed equipment , whic h creates

noise.

Acceptable noise levels in production .

3. All noises depending on their frequency composition

(spectrum) are divided into three classes: I — low—frequency , II —

middle frequency and III — high— frequency noises.

For each of these classes, are established acceptable noise

levels in decibels.
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Acceptable noise levels in production for the noises of different

classes.

f .)  4 j ’ c T H N h l lI
KNacc II UP$KTC~ iWTBKU Ul~~MOI ypOPelib

I

~
‘
~~KAacc L HH3xoqac-roTHI.Ie wyBn.l (WyMM ‘rllxoxoanwx arperaron

ney~ apnoro ji ei~crnna , wy aiw , npolniIcaiou~He CKRO3b 3nyKox3oJnIpy~o-
upie nperp~1 1bl —cre nw , nepexpb lnIa, KO)ICyXH ).
(.4 HaII6oJlbwHe ypo nnn B cncKTp e pacnoJioweHw HH)Ke ‘laClOT hi
300 ‘i~, s~ we xo-ropoã yponiit~ noHHwaIo-rca (He Blenee ‘ie~i ua 5 ô6
ha ox-i-any )  90— 100
(‘7 KJiacc II. CpeJ~He’lacToTHbIe HJ\’Mbl (wyMbl óoJIbuJHhuc-rna BIaL U HH ,
cTauKon s~ arperaroe Hey4apuoro Jhei~C1-BHhl)
~~A-1au6o~,hwhIe ypoa H u B CneKTpe pacno.ioweiiw Hnwe ‘lacromi 800 ~~~~
n~iuje KoTopoü yponlin OOHH*8101CB (He Mehe e ‘heN iia 5 ä6 ~a ox-

• .4 S 85—90
(~ ~K ,arc i l l .  BwcoxoqacroTHI.le W~BIhi (3BeIlhl uuIe. mihohi luhie n cnii-
crsiuuie wy~n.i . xapaxTepHble n~a arperaron y~apHoro J1C~ICTBHR , I1OTO-
xon BO3A~ X~ H ra3a , arpei-a-ros , Jie~1cTayIouulX c 6OJ TbtIIBUH cKop ocrR-
Mu) — HaH6O.ltbtliHe ~~OSHH B cneic-rpe pa rIoJlo3IceHbl nbhwe qaccomi
800 CII , 75—85

Key: (1). Class and the characteristic of noises. (2). Tol erance

level in db. (3). Class I. Los—frequency noises (noises of th. slow

assemblies of unstressed action, the noises, which penetrate through

mound barriers — vail, overlaps, jackets). (*). The greatsst levels

i~ the spectrum ar. arrange/located b.lcv the frequency of 300 Hz,

higher than which levels are depressed (aot less than to S db to

octave). (5). Class II. Middle frequenc y noises (noises of the

majority of machines, machine tools and assem blies of the unst ressed

~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ : - ~~~~~ ~~~~~~~~~~ 
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action) . (Sa) . The greatest levels in the spectrum are

arrange/located below the frequenc y 800 Hz higher than which levels

are depressed (not less than to 5 db to octave). (6). Class II!.

High—frequency noises (ringing, sibilant and whistling noises,

characteristic for the assemblies of percussion, the air flows and

gas, assemblies, which effect at high speeds) — the greatest levels

in the spectrum are located higher than the frequency 800 Hz.

Page 166.

4~ Necessary additional condition to indicated tolera nce leve ls

and noise spectra is intelligibility of speech,, which must be

satistactory under conditions of noises of all three classes, namely:

speech, pronou nced by voice of nor mal volume, mus t be veil clear at a

distasce 1.5 m of speaker.

5. In quiet production rooms arrange/located on territory of

plant, such as design bureaus, office and administrative locations,

in private and windows the loudness level of the noise, which

penetrates into these locations from other prod uction locations, must

not exceed 50 backgrounds , wit hout depending on the frequency

composition of noise. The condition, presented in p. II, to these

locations is not related. 

~~~~~~~~ ~~~~~~~~~ ~~~~~~~~~~~~~~ ~~~~~~~~~ 
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6. Noise levels are measured by objective audio-noise meter , and

frequency spectra — by audio—noise meter with fitted out to it

band—pass filter or analyzer.

Noise level on edge of sanitary—shielding zone.

According to norms N 101—514 and the indications of

Gossan inspektsi ya , the noise level in area of residential sections is

settlement, that are  located close to the arrangement of e xper imental

stations and laboratories, must not exceed 70 db. Zone of protection,

i.e., distance fro m experimental station or laboratory to habitable

houses, it should be had as a radius of 300 m .

Page 167.
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Appendi.x 3.

Categories of’ the locations of experimental stations and laboratories

according to their degree of fire— and explosi-~r~n’~~~ ~~~~~~~(3)
Ii)  . KaTeropHI Kiiacc no npa-~flO~~S I)O- H DHJ4aM YCTPOB-

HiNMeHolanue noMenacHNA H cJiylc6 n3pblBooIiac CIBI BJleKTpo
14OCT 11 oOopyaonaHiisi

( )  I

3ai ncnbhTale.,bublx yciaiionoi< IIJIII noMelueHirn 6ox-
- COB 2U1H oT2~eJ1bnbl X I4cflbhl-aTeJIb l.bl x ycTalloeox - -  r fl-I

~~ a6Hhihi ynpan.i euu!n hidnhhT aTeJl bHbl x ycrauosox . . V fl•I

floMeu~eHirn  n oj i x a 6uhi a Mhi ynpaa.-ieuwi HJI H floMeliLe-
iiirn Texno.iorhl’Iecxoro o6opy LoaaIuiu dncreM nwra-
HID! TOILIIIBOM, MacJloaI V

fl ojuha.mi, fl~ OXO~ Ubl~ ionne.Th li nt ! WTOJ!bHu ~ .na
Ko MMyHhlx auhhii .  pacnoJlaraeMbl e B pai%one i~cnbi ra-
TeJIbHbl x ycia~ onox H CTeH 1~OB B B-16

~~ep~aq~we noMenLehhhiB liaR 6ox~a~.ui ii xaóiiHaMht
ynpan iernnl V fl-I

q_) -

Bewru uIuuoHHi.ie xaa!epbl, pachlo.naraeMbie Ha)~ npoe~.
R aMH ii Koplulopaci K MewRy óoKCaMir , ua)~ 6oxcaitn
Hill! hIM Ka6IIHaMII ~ fl~~ BJl~HlhR r

noaroTonxj t AnItraTe.ne~ u ar peraToB , Ilpenapa.
TOpCKHe. n0MeIILeHHII )Vlhi yCTpa HeHHn Re4exToB B
j inararej iax ii arperai-ax V 11.I

‘ floMeu L ehIhlB yci-aHoBO IC ~1Jl tl IICflhIT 8HIIS! TOflJfl iBHOi~ an-
naparyphi u arperaros C ~~~~~~~~~~~~~~ 6en 3hlH a II

Ke poculia A B-Ia

floMeLneuHR 6ea3OnpOMbI llO’hhI Oft A B- l a

41)11! nexoBbi x lCJIaRoBbIx , XpaHeHhisl H
pa3j~a~n NaceJl (MacJIolcoMuami . alacJIopa3Aa roqHble K
T A )  B fl-I

Key: (1). Desig nation of locations and services. (2). Category of

fire—hazar d and explosiveness. (3). Class according to the rules of

the device of electrical equipment . (4) . Hall of testing u nits or

— . _
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location of boxes for separate testing un its. (5) . Cabin/compartme nts

of the control of testing units. (6) . Locations under the

cabin/compartments of control or locations of the technological

equipment of power—supply systems by fuel/propellant, oil. (7)

Basements, passage tunnel s or the galleries for communicat ions,

arrange/located in area of testing units and stands. (8) . Garret

locations above boxes and cabin/compartme nts of control. (9) .

Ventilation chambers, arrange/located above passages and the

corridors between boxes, above boxes or above the cabin/compartments

of control. (10). Hall of training/preparation of engines and

assemblies, preparatory, location for the elimination of flaw/defects

in engines and assemblies. (11). Locat io;s of stands of fuel

equipme nt and assemblies with the application/use of gasoline and

kerosene. (12) . Locations of gasoline flushing area. (13). Locations

for shop storeroom s, stor age and distribution of oils (oil rooms, oil

d istributors, and so forth) .

Notes: 1. categories fire— and to the explosiveness of locations

enumerated above are determined in connection with the “f i re—fight ing

norms of the construction design of ind*~~trial enterprises” N 102—54

committee in the matters of building of USS R , republished with

changes and introduced into action with 1/Til l 1959.

- .- - .— - —
. - —
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2. Classes on electrical equipment are determined in connection

with “rules of dev ice of electrica l equipment ” , issued by the

flinistry of power stations.

3. Degree fire— and explosiveness and class of electrical

equipment of locations, which did not enter this enumeration , are

determined in each individual case from norms indicated above and

rules.

Page 168.
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Appendix L~•

Flash point , self—ignition , and explosiveness of mixtures of

combustible vapors and gases with air.

- 
~ ‘ flpeaeJiI,l ISpbl IlCMocTH N

I, ~ a CNeC N C BO3AyXOM N flpofleH.
TeMnepaTypa TIX no 061.eMHaIl~ueuoaaai4e BC’RCCTB BCOHIIJKH caMoNocoila- 

- _____________

MeneuIIlS! f .)- Ihii,iunifl

‘ Aneroll — 17 570 2 , 9 13 , 0
~iAuemj ieu — 480 2, 6 20 , 0
-i BeH3HHLI Or —50 4 15—530 1 , 0 . 6 , 0

)1O -4- 30
t

1~eH3o)1 Or — 15 580—653 1 ,5 9 , 5
)1O +10

Kepoctni TpaKTOpHbIi% II OC-
aeTHTeJlbHbi ji 28 380—425 1 4 4 . 7 . 5I Jlttrpouu 8 4 15 1 , 4 6 , 0

I MO-I-opHble MacJia . . -  195—205 300—380 — —

OKHC~ yrJiepoiia — 651 12 ,8 75 .0
..CBem-nbHbI~ ra3 — 600 8.0 24 , 5
- , ~ THJlOBbi~i C~1H~T 9—32 5I0—568 3,5 18 , 0

Key: (1) . Designation of su bst ances.. (2).  Flash point. (3)’ .

Self—ignition temperature. (4). Limits of explodability in mixture

with air in percentages by volume. (5). Lover. (6). Upper. (7).

Acet one. (8) . Acetylene . (9). Gasoline. (10) . Benzene. (11). From

to .... (12) . Kerosene tractor and illuminating. (13) . Lig roin . (14) .

Notor oil. (15) . Carbon monoxide. (16) . Illuminating gas. (17) . Ethyl

alcohol.

Notes: 1. Flash point he is called the lowest temperature at

~~~ 
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which the pairs of inflammable liquid with air form the mixture,

which gives flash/burst with the presentation of the free flame.

Flash point is one of the important expqnents the fire hazard of

liquid.

2. self—ignition temperature — this is that temperature to which

must be evenly hea ted combustible mixture wit h air , so tha t it wou ld

be fired without introduction into it of free flame. Self-ignition

temperature chara cteriz es the degree of the fire hazard of different

substances . (P. T. Sezuglov , reference ta b le of inflammable

substances — Gost o ptekhizdat , 1 948) .

Page 169.

RE FER ENCES .

1. p. Ta. Al ’ yan aki , etc. Weight gage instru ments. Nashgi z,

1950.

2. V. N. Boltinskiy. Tractor and automobile engines, the 5th

edition. Sel’khozgiz, 1953.

3. Tn. T. Vodolazhchenko. Assembly and testing tractors.

- ~~~- ~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ 
- ~~~~~~~ ~~~~~~~~~~~~ 

. 
- -



________ _________ —
_ i  

~~~‘ - - --~~ - - ~~~~~~~~~~~ 
__ ___ . _ _ _ —I1a_--. T~- ’

~~-~~~~~ —,

DOC = 77233313 PAGE

Nashgiz, 1953.

4. B. S. Dubov and n. S. Zhavoronkov’. The resilient mount ings of

weight gage instruments. flashgiz, 1954.

5. I. Ye.. Idel’chik. Handbook on hydraulic resistance.

Gosenergoi zdat , 1960.

6. Test ing aircr a ft engines. Edited by V. E. Belikov. Obo rongiz,

1938.

7. L. N. Malikov. Bases of the const r uction of measur ing meters.

Nashgiz, 1950.

8. Rules 27-54 on application/use a~d verification/check of flow

meters with normal diaphragms, nozzles and Venturi tubes, Nashgiz,

1958.

9. Industrial aerodynamics. Collection of article No 14. Noise

suppression. Pod.red A. Ta. ludin. Oboron giz, 1959.

10. V. I. Soroko— Novitskiy. Tests of tractor engines. Masbgiz,

1950.

_ _ _ _ _  ~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ 
- 

~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



- 

~~~~~~~~~~~~~~~~~~~~~~~ 
-
~~... - ~~~~~~~~~~~~~~~ -

~
-
~~~

- —
~~~~

----
~~~

- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- —

DOC = 77233313 PAGE

11. V. Zeller. Noise abat ement technique. N ., Gosstroyizdat ,

1958.

12. Tu. I. Cherednichenko. On ind uction brakes. “motor  vehicle

industry ” , 1958 , No 7.

13. S. F. Chi styakov. Bases of design, installation and

operation of the devices of heat engineer in g control and a utomation.

Gosenergoizdat, 1961.

l ii. V. S. Sharov . Magnetic slip couplings. Gosenerg3izd at , 1958.

15. Arthur L Jude. The teting of nigh Speed internal combustion

engines. London 1955.

Pages 170, 171 and 172. No typing.

_______  
- -- ~~~~~~~~~~~~~ — --  

- ~~ -,
~~~~~~~~ 

I : - 
- ---



- -W -- 
- -. - -

-

DISTRIBUTION LIST

DISTRIBUTION DIRE CT TO RECIPIENT

ORGANIZATION MICROFI CHE ORGANIZATION MICROFICHE

A205 DMATC 1 E053 AF/INAKA 1. j
A210 DMAAC 2 EO 17 AF / RDXTR—W 1
B31~ DIA/RDS— 3C 8 E404 AEDC 1
CO1~3 US.ANIIA A E408 AFWL 1
C509 BALLISTIC RES LABS 1 E4 10 ADT C 1
C510 AIR MOBILITY R&D 1 E4 13 ESD 2 - 

-

LAB/PlO FTD
C513 PICATININY ARSENAL 1 CCN 1
C535 AVIATION SYS COMD 1 ETID 3

NIA/PHS 1
C591 FSTC 5 NICD 5
C619 MIA REDSTONE 1
0008 NISC 1
11300 USAI CE ( USAREUB) 1
P005 ERDA
P055 CIA/CBS/ADD/SD 1
NAVORISTA (50W 1

NASA/KSI 1

AFIT/LD 1

fr
i

L _  
_ _ _ _ _ _ _

FTD—ID(RS)T—2333—77

-~~ — 
-~ 

-- 
- - ~~~~ ~~~~~ 

-

~~~ 
- 

~~~~~~~~ 

- 
-


