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Page 2.

In the book are examined the questions of organization and
equipment of experimental stations and laboratories for conducting
the heat engineering tests of the different type of piston internal

combustion engines and gas turbine engines.

Besides a selection of the type of testing units and their
arrangement/perautation, in the book are given to recommendation
regarding the equipment of station by the operating systeas, the
control devices, measurement and controls. Alsc are illusinated the
questions of noise suppression, industrial sanitation and fire
safety.

/

The~pook is intended for technical-engineering workers,

connected with conducting of the series, plant and experimental tests

of the indicated engines.

W
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Page 3.
PREFACE.

The majestic prospects for the Communist building, marked by the
program of KPSS [CPSU - Communist Party of the Soviet Union] on the
creation of the technico-material base of communism, provide for the

powerful developmant of all branches of national econonmy.

For the rearaament of industry, the decisive importance has
technical progress in the creation of new technology, technology,
organization of production, implementation of overall mechanization

and automation of production processes.

In machine-building the production of the internal combustion
engines, which possess high efficiency and great possibilities of
their wide use in all branches of national economy, acjuires special

importance.

In the creation of highly efficient internal combustion engines

the large role play series and experimental tests.

On the selection of composition, methods and moda/conditions of

tests, type of stands, brakes and monitoring-measuring equipment,
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depends the quality, engine life and the degree of reliability of the
produced engines. These tests make it possible to give th2 timely,
objective estimation of the newvly created constructions of engines
and to considerably reduce the periods of their finishing and

mastery/adoption.

The available Soviet and foreign technical literatur2, which
relates to the region in question, illuminates mainly the procedure

of tests and measurements.

In it there are no requitenen£s. presented to experimental
stations on organization, equipment and the arrangement/permutation
of equipment, the questions of mechanization and automation of
production processes, noise abatement, safety, industrial sanitation

and fire safety technique.

Is absent also any information on organization ani 2juipment of
the laboratories from which in many respects depends the success of

tests..
Page 4.

In this book is made the attempt to generalize and to

systematize the available experiment on planning, buildinj, egquipment
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and the operation of experimental stations and laboratorizs.

The gquestions, connected with test equipment,
monitoring-measuring equipment, systems of automation and controls,
measurement procejure, in the book are not examined, since they are

widely illuminated in the available technical literature.

The given in this book units of measurement are givaa on the

effective to 1963 GOSTs.

From 1 January 1963, is introduced the new single international
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 indicated here, one

should use GOST 9867-61.

All observations and responses for the book the regquast to

direct to: Moscow, B-66, 1-st Basmannyy per., 3, Mashgiz.
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Page 5.

Chapter 1.

TESTS OF INTERNAL COMBUSTION ENGINES.

§ 1« The purpose and nature of the tests.

le Designation/purpose of tests.

The experimental stations of the Machine Building Plants, which
generate differeat in construction and designation/purpose piston and
gas turbine engines, are intended for conducting the bre2akings in of
rubbirg parts, testing, adjustment of these engines and setting

conforamity to their assigned/prescribed characteristics.

Bench tests of emgines is the important concluding stage of the
technological process of production in engine construction. In this
branch of the machine-building of testing accordimg to thair

desigmation/purpose, they are divided into tests of enginas in series
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production and experimental research tests of experimental

production, or to the tests of scientific research character.

In the series production of testing, they are carriei out
according to programs and commands according to the technical
specifications for supply which are develop/processed and are

establish/installed conformably for each type of engine.

Tests in series production have as a goal first of all quality
control of output. The designation/purpose of these tests is reduced

to the following basic tasks:

1) the quality control of the assembly of engine as a whole and

of its separate aggregate/units;

2) the breaking in of friction surfaces for an incr2ase in the
vwear 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 characteristics in accordance with technical

specifications for supply.

Experimental and research tests are usually connect2i vith
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experimental production or by the work of desigm bureaus they are
carried out for testing of the new or improved constructions of

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

Page 6.

In this case, are carried out comprehensive investigations for
research on gas-dy namic processes, wcrk of separate cell/2lements 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 comstruction: improvement in
the pcwer-supply systems, lubrication, cooling, starting/launching,
selection of the newvw types of fuel/propellants, oils, introduction of
new technological processes, testing new materials and to other

investigations.

All research works are completed by conducting endurance tests
and by taking detailed characteristics for the development/detection
of the conformity of the designed calculated parameters of engine

actual.

2. Types of tests.




g A oy s ks e A e _— " — v - _ e — o~

pocC = 77233301 PAGE 42 7

During the manufacture of engines in series production, are

distinguished the following types of tests:
1) delivery or plant;
2) controls;
3) commission, selective or othervise - series.

Acceptance test undergoes each factory-built engine of outside

dependence 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/partition of engine, which usually pursuss adiitional
control functions, engine undergoes final, monitoring test. This
testing depending on type, the construction and the

designation/purposes of engine can undergo each programm2i engine, or

only limited batch.
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In the latter case sorting/partition and monitoring test
undergoes only one engine from the determined batch, for example, one
of the ten, in this case nine remaining emngines undergo only

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

In the presence of two tests, the monitoring test is less
prolonged, but the concluding inspection/acceptance of enjine they
conduct according to it with taking of the fimal characteristics

vhich will be brought in into engine certificate.

Under the coadition of limited sorting/partition the quality of
an entire batch, they judge by the control engine which passes
sorting/partition with the subsequent monitoring test anl is the

representative of this batch.
Page 7.

If during tests are detected the large flaw/defects, which
E cannot be removed on stand, or engine does not give the necessary

characteristics, then it is subject to taking from stand and heads:

a) during single testing into defective department/separation
3 for a partial or complete sorting/partition and after the elimination

of flaw/defects to the repeated or additional testing:

LJE:—:*‘ et st s : il
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b) during double tests into assembly department/separation, if
vere reveal/detected flaw/defects during acceptance test, and into
partition department/separation, if they were determined iuring

monitoring test.

After the elimination of engine defects, again heads for the
appropriate (delivery or control) repeated testing, since the
previous testing juring which were determined the flaw/defects,

usually it is nullified.

The last/latter types of the tests of series production are
endurance tests, they bear selective character and they are carried
out periodically, after definite intervals of time or with the issue

of the determined batch or series ! of engines.

FOOTNOTE !. A series he is called the batch of the one-type engines,
differing by the service life and which possess complete

interchangeability parts. ENDFOOTNOTE.

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

R R . S St BTl ORI T - T S—— — ‘*'.h‘““;ii
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Page 1.

EXPERIMENTAL STATIONS OF PISTON AND GAS TURBINE ENGINES.

L« I. Varlamov.
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periodic quality control of engines and its operational data (engine
life, wear, etc.) or for the target/purpose of testing changes and

improwements, introduced into the construction of engine.

The tests of experimental production and research include the

E following types of tests, connected with development, finishing and

the delivery of nev modifications or new sSgecimen/samples of the

engines:

1) experimental finishing;

2) state (interdepartgpeptal);

3) research.

BExperimental finishing and research tests are usually connected
with the work of design bureaus and scientific research osrganizations
and they are carried out for the target/purpose of testing
construction and investigation of the individual questions of engine

construction.

Official tests are official tests and they are carrizd out for
the target /purpose of the inspection/acceptance of the new or

modified specimen/samples of engines.




poc = 77233301 PAGE 16 /3

3. Composition of tests.

Efficiency of all types of piston internal combustion engines
very strongly 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 give normal load, then in this case will unavoidably follow
the premature intensive wear of friction surfaces with the appearance
on them of scores. This is explained in the first stages >f the
operation with the presence of roughnesses - the traces of machining,
in consequence of which on friction surfaces appear considerable

specific loads.

Page 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.

Training/preparation of the assembled engine for work on full

load is achieved by preliminary processing or its rolling, in process

gy T -
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! of which the articulated vapors of engine obtain the possibility of a
gradual increase in the load with them mutual breakings in. Theretore
for all newly manufactured or assembled after repair engines rolling
or breaking in is the first necessary technological operation which

is a part of acceptance test.

As show the conducted investigations, complete the breaking in
of the parts of engine it is continued the long time, measured of
dozen hours. However, this process continues unevenly, since the
basic of breaking in occurs in the period of the first hours of the

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 owm engine operation) without

load, but with a change in the speed from minimally-stable to

nominal;
f 3) the hot of breaking in with a gradual increase in the load
during the constant or variable operating modes.

Y - S SIS TS S L
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These engine power ratings compose the basis of acceptance test

for each type of piston engine. Further follow regulating-setup works

and performance testing and calibration.

Sometimes some plants as a result of the imperfection of testing
units, passing cold rolling, they produce only hot to the breaking in
of engine, respectively increasing its duration. This testing one

ought not to consider equivalent and satisfactory.

Cold rolling not only save liquid propellant, but also raises
the quality of the produced engines. In the presence of cold rolling,
the engine operation begins after its preliminary
training/preparation during which it is obtained not only to the
breaking in of the friction surfaces but also the necessary flushing

of an entire o0il system of engine. For this purpose experimental

— i

installation is equipped by special bench lubrication systen.éége
flushing of the o0il system of engine is reached because of the
increased o0il circulation and its intensive filtration during which ﬁ
on the filtering cell/elements occurs the detention of th2 metallic
particles, which separate out with breaking in, and also dust and the

contaminat ion, which partially remains after assembly.
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Page 9.

The optimum conditions of the mode/conditions of cold rclling
and subsequent hot breakings in depend on the state of the
technological process of the manufacture of the parts of engine,
especially on guality and accuracy/precision of the machined friction
surfaces, and also on the design features of engine. Therefore the
selection of the mode/conditions of rolling and breakings in will
depend on these factors. Usually it they conduct by step/stages,
changing the rate of the rotation of the engine crankshaft after each

stage for 100-200 revolutions.

In the case of the sorting/partition of piston enginz2
subsequently, are carried out the monitoring tests, during which the
breaking in usually is not produced. However, during the replacement
of the critical parts monitoring test must precede additional of
breaking in, which in this case is included in the composition of

this testing.

For gas turbines as a result of their design features, cold
rolling is not required, but the hot of breaking in shacply is
reduced. The basis of acceptance tests of these engines comprises:
launching/starting and engine warm-up, gradual set of revolutions,

requlating-setup vorks and taking performance characteristics.
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Purthermore, for all types of internal combustion enjines during
test work they occur of work on the elimination of the separate
flaw/defects, vhich are reveal/detected in the process of the
operation. The volume of these work depends om the design features of

engine and on the degree of its masterysadoption in production.

The exemplary/approximate composition of the tests of the
different types of engines is given in Table 1. It should be noted
that the enumeration of the operations, given Table 1, and their
duration gives in connection with series production and can change
depending on specific technical specifications for the test work,
scale and character of production, state of technological process for
the manufacture of parts and engine accessories and its dasign

features.

During the d2termination of the common/general/total labor
consuaption of tests, it is necessary tc consider the volume of the
repeated, delivery and control, and also all endurance tests, which

are necessary on the average by one programnmed engine.

Without taking into account of the specific design fzatures and

service life 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 typs of engine,

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

other factors.

Composition and the character of the tests of the enjines, which
studied in operation and passed repair, will actually approach 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 taking the necessary 2ngine

characteristics.
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tests

Key: (1). Duration of tests according to the types of a2ngines in min.

(2). Designation of tests and operations. (3). Mode/conditions of

s mm

77233301

of some types of en

PAGE 24 /T
Table 1. Exemplary/approximate compostion and the duration of the

gines.
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tests according to the speed of the crankshaft. (4). Tractor diesels
with a pover 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 with 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). Hot of breaking
in without load. (12). From the minimum. (13). to the nominal. (14).
Hot of breaking im under 1load. (15). The same. {(16). Warming up,
launching/startingy and engine warm-up. (17). Gradual increase in the
revolutions with holding in various stages. (18). From 0.3 nominal to
the nominal. (19). Imspecticn, control, elimination of small
flaw/defects and training/preparation for acceptance test. (20). From
the minimum to the maximum. (21). Taking engine from stand. (22).
Sums min. (23). Monitoring test. (24). Setting of engine to stand.
(25). Engine warm-up. (26). Control, adjustment and
training/preparation for monitoring test. (27). Monitoring test.

(28)« In all in min.

Page 11,

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

characterize the external work of engine, namely: powver, revolutions,

the specific consumption of fuel/propellant and oil and some other

h “‘f . T et T
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data, such as service life of engine, the stability of work under the
separate conditions, accelerating, speed and the reliability of

starting/launching, temperature conditions, etc.

Therefore of great significance are requirements with respect to
the accuracy/precision of these measurements which depend on the
me thods of measura2ments, taken bench equipment and metering
equipment. Hovwever, one ought not to forget that the excessive
requirements with respect to the accuracy of the measurements with of
taking dif ferent 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 requirement with
respect to the accuracy of measurements, they must be lower than

during experimental and research tests.

T
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Table 2. Accuracy of the basic measurements, manufactured during

engine testing.

(1) TounocTh MsMepenrdl B npoueHTax
(;1 TNopuneswe xsuratenn| Fasosue Typ6unu()
(- o Loe o L0
H/-/u/“ H3awe X BeNHYHH E E5x £ TSk
’ 35 | 2% g5 | 234
\EE -\Eggg \55 ‘\E%éé
SRS H
KpyTautitit MouemU) e e +1,0 +0,5 +1,0 +0,5
Yucno o()opo*rosﬁula neuratens (8). . +0,5 40,3 +0,2 +0,1
Pacxon Tonausa {7/
y)xenbnuﬂn.((l‘fl’)) .......... +1,0 +0,5 +1,0 10,5
cymmapuwt U070 0 000 +1,0 +0,5 +1,0 0,8
Pacxon macaa: (/2 .
32 CLISTINT S 777 +1,0 40,5 +1,0 +0,5
CyMMapHuiii (7/) . . . . .« . .4 41,0 +0,5 +1,0 +0,5
Pacxon Bo3nyxa Ha MHTaHue neuratead®d 120 +1,0 +2,0 +1.0
TemnepaTypa oxaaxpawouedl Boab Ha
Bxone i Buxone n3 asuratean(04) . .| £3,0 +2,0 — =
TemnepaTypa Macaa HA BXOje W BHYN1e,
HAH No BCeMy TpakTy aBuravtens (%5 . +3,0 +2,0 +3,0 +2.0
Temnepatyp» BO3ayxa Ha BXoje B HBH- :
ATens ) . . iy e e et 43,0 +2,0 +2,0 +1.0
TemnepaTypa oTtpaGoTdBiupx ra3oB Ha
Buxone #3 psurateanQ@ . . . . . . +3,0 +2,0 42,0 +1,0
TemnepaTypa Boasyxa 3a Kommpecc QOIUV) — — 3.0 12,0 ,
TemnepaTypa ra3oe nepea Tymuuoﬁc L)) — — 5350 +2.0
Hasay *e Mac/ia B MacAsHOR MarHcTpa- !
BTTACY ) B v i L +5,0 +3.0 +5.0 +3,0 !
Ilasaenpe TonaWBa Ha BXoAe B ABHra. T ;
rens (29 sv o] X650 13301 459 | 230
BapomeTpuueckoe nassenue (ﬂ o woe ] ~2E03 +0,2 +0.3 +£0,2

Key: (1) . Accuracy of measurements in percentages. (2). Piston
engines. (3). Gas turbines. (4). Designation of the measured values.
(5). Series production. (6). Experimental research. (7). Torsional

soment. (8). Speed of the shaft 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
inletz (16). Temperature of air at the inlet into engine. (17).
Temperature of waste gases at output/yield from engine. (18).
Temperature of air after compressor. (19) . Temperature of the gases
before the turbine. (20). 0il pressure in o0il 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 most widely
used, that characterize the engine operation during test work in
series production or experimental research works, including the tests

of separate engine accessories.

§2. Requirements, presented to experimental 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, maximally approximated to operational.

Degree of approximation to these conditions and the composition
of tests are usually determined by the technical requirements,
developed by design bureaus and confirmed when conducting of the
final official (interdepartmental) tests of new specimen/sample or

modification of engine.

Contemporary experimental stations in the majority of cases the
complex and expensive constructions to which is presented a whole
series of requirements. These requirements are mainly explained by
the technological process of engine tests, by the need for the
creatjon of the sanitary-engineering and safe working conditions,
providing fire safety, by the construction and other basic

requirements.

Technological requirements:

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

its work, as far as possible close to operational.

2. Equipment and equipment of experimental station must provide
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high productivity of stands with minimum expenditure of time on

installation and disassembly of engine at testimg unit.

3. Brake rigjing, power-supply systems and maintenance of unit,
reasurement and control must ensure standard operation of engine and

taking necessary characteristics with required accuracy/precision.

4. Experimental station must be equipped with
lifting-transporting means, centralized fuel feed and with all forms

of energy and industrial supplies.

S. Locations for arrangement/permutation of bench installations
and all services of experimental station must have sufficient

size/dimensions.

#ith 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 enjines.

Page 13.

6. Planning of arrangement/permutation of stands and station as

a vhole must be subordinated to rational technological process. In

k [ - conmaiis s aERtEEER S PV S T S
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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 productivity of stands at experimental

statipns, it is nacessary to have the rational organization of works.

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

shortening in the auxiliary time, spent on pretreatments, attaining

the maximum 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 photography of engine, connection of technological
communications and to regulating-setup works, is one of the primary

taskse

At the same time important value has also implementation of the
automation of the processes of measurements, recording and processing
readings during taking of different characteristics and introduction

of programmed control during engine testimge.

Sanitary-engineering 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
training/preparation for tests, both by bench locations and other
subsidiary locations of experimental station they must not exceed
maximum permissible concentrations, establish/installed from union
norms N-101-54 of publication 1958. The harmful isolation/liberations
include carbon monoxide, which is contained in wvaste gases,
propellant vapors, oil and acrolein, which appears as a rasult of
burning and heating oil, pairs of mercury (in the case of applying
the mercury piezometers) and another harmful substance. In appendix
1, are given the values of the maximum permissible concentrations of
these and other, to them similar substances which can have use on

experimental stations and the laboratories of the engines where are

carried out experimental tests and the fimishing of piston internal
combustion engines, and in the gas-dynamic laboratories of gas

turbinese.

At the presence of these harmful isolation/liberations, the
maintenance of the necessary sanitary-engineering conditions is
4 achieved by the application/use of suction and exhaust ventilation
with the required multiplicity of the exchange of air in the zone of

working locations.

2. Provision of all wvorkers at experimental station sufficient,

; f- * SRR ‘_.A.“
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accordingly the same norms, by size/dimensicns cf production

locations (on area and cubic ccntent), and also by necessary everyday

services and locations for arrangement /permutation of operating

personnel and employees. All these locations except good ventilation

nust have heating, water supply and illumination in accordance with

the effective noras.

Page 14,

3. In working locations and services where occurs
application/use of toxic and strongly toxic substances (m2rcury, its
pairs and other substances), structures of walls and sex/f loor must

not absorb these substances. 4

4. In view of large formation of noises, published during engine
testing, it is necessary in experimental stations to use 2xtensively
sound-deadening devices and to take special measures of
soundproofing, which ensure noise reduction in area of arrangement of

experimental station and production indoors to permissible values.

Especially this is related to by those to the experimental stations
vhere is conducted testing of gas-turbine and powerful piston

internal coabustion engines.

The noise level in the working locatioms in which is possible
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the prolonged stay of the service personnel, and also outside
experimental station, on the boundary/interface of a

sanitary-shielding zone, must not exceed the permissible norms, given

in appendix 2.

Requirements for safety engineering.

In work on experimental stations, in laboratories ani on
separate testing units pust be provided the general safety of work of
the service personnel. The basic condition/positions of this safety

and requirement for it are presented below in chapter VI, §1.

Requirements for fire safety.

These requirements consist in taking orgamizational and
technjcal measures, which ensure fire safety on experimental stations
and laboratories. The basic condition/fpcsitions of these conditions

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
fulfilled from standard and standard ccnstruction parts and
cell/elements. All buildings of experimental station must be by
sufficiently strong, are carried out in accordance with the existing
sanitary-engineering, fire-fighting and other norms for building of

the industrial buildings of a similar designation/purpcse.

The planning of basic working and auxiliary locations, and also
their size/dimensions and architectural shaping must completely

answer by the reguirements for rational technology of test work.

2. All foundationms of experimental station under stands, brake
and other power plants must be reliably isolated from all structures

cf building.
Page 15.

3. Facing materials of internal surface of locations of test
installations must be stable to efflorescence. Construction weeding

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

their surface with the incidence/impingement of oil or

e R :
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fuel/propellants must not be slippery.
Purthermore, hems and entires/all internal facing of walls must
be sufficiently ruggedized and impact loads with random

impact/shocks, flameproof and provide the reliable impenetrability of

oil and fuel/propellants.

The accumulated over recent years experience in planning,
building and the operation of experimental stations and the
common/general/total high technological level of the Soviet of all

branches of industry 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) device and the systems of launching/starting, control,
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heat~control /check, measurements of power and other parameters of

engine;

4) the pover-supply system and maintenance of testinj unit;

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

Basic and main link in testing unit is braking devicas whose

basic designation/purpose is absorption of the power, developed with
engine in the process of its testing, and the measurement of brake
horsepower with the required accuracy/precision. The most
general-purpose form of brake is such reversible machine which
alternately can work as brake and as drive for starting/launching or

cold run-testing of engine.

The correct and rational selection of brake is decisive for an
entire experimental station. This selection superimposes the
determined character on the composition of tests, the organization of
works within experimental station, its operation, saving, and in

certain cases for the type of locatiocns and required area.

All the other equipment, systems and the devices of experimental
station are subsidiary, that ensure operation of engine on stand and

conducting the proper measurements and monitoring of all parameters,
which characterize tested engine.
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Page 16.

Chapter II.

BRAKES AND BRAKING DEVICES.

§1. General recommendations by choice cf brake.

In the beginning of the design of testing unit or selection of
equipment first of all and mainly must be solved the question
concerning brake and braking device. When selecting brake, must be

solved the following basic questions:

1. Determination of the type of braking device for the
satisfaction of the following technological requireaments: need and
the provision for warming up of engine during its startiny/launching;

the need for cold rolling and methods of its conducting; the

provision for braking engine under the conditions of work, the
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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; tha provision for power measurement of engine with the

necessary accuracy/precision.

2. Economic, connected with study possibilities and advisability
of recuperation of mechanical energy, developed with engine during
its testing. Sinca2 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 alternating or direct current

with the conversion of the latter into variable.

With the studying of economic considerations and substantiation,
are must, to be taken into account initial capital investments on the
acquisition of the brakes of their powvwer-supply systems and
maintenance, and also operating costs and the periods of the

absorption of this equipment.

3. Organizational and technical, directed toward realization of

v LM gy v —
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complex overall mechanization and automaticn of processes of tests in
series and mass production of engines and in particular introduction
cf programmed control during engine testing, which is also connected

with selection of type of braking device.

Page 17.

Since the basic egquipment of unit is intended for the prolonged
period of operation, when selecting brake, also must be studied the
questions, connected with the promising possibilities of the
rearrangement of production or changes in the characteristics of
tested engines. Thus, for instance, with a possible promising
increase in the power of engine the power of brake group can be
subsequently twic? size because of setting into the tandem of second
the same brake. In this case the shaft cf brake must be selected or
ordered from the condition of the transmission by it of the doubled
power. Must be also examined the questicns, connected with the
possibilities of the realization of order for brake rigging:
construction, manufacture, delivery specifications, installation arnd

its adjustment during introduction into operation.

For the solution to these questions, one should examine the
basic types of brakes, reveal/detect/expose their comparative

evaluation, the possibilities and the fields of application.

e gy -
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§2. Brakes.

1. Classification of brakes.

Since the power, transferred from the shaft of engine, is
absorbed by the rasistance of the given machine, the value of this
resistance determines the load of engine. For determining the povwer
of engine during its testing, is applied the artsificial load of
engine in the fora of resistance from the special device, called
brake< During the rctation of the shaft of engine, the loading
device, namely, the stator of brake, absorbs reactionary torque,
equal to the torsional moment of the engine which is balanced by the
weight or other strength measuring device of brake. With the aid of
this measuring system is determined by force P on arm R. The
multiplication of these values will give the torsional moment M,.
Knowing speed per minute, equal n, it is possible to determine
effective shaft horsepower of engine N, which is determined from

known from mechanics to the expression

A —— e
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Key: (1). hp.
Oon the principle of operation and its device whole of the brake,
used for engine testing, can be classified according to the following

basic groups:

a) mechanical;

b) air; 3

c) hydraulic;

d) electrical;

e) induction;

f) combined.

Page 18.

2. Power brakes.
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In pover brakes the power of tested engine is absorbed by the

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

blccke.

In this case the torsional moment of engine is determined with

the aid of the lever, fixed to shoes tc emnd of which are hung up the

loads, or

it affects weight mechanism or dynamometer.

To main disalvantages in these brakes, one should relate the

need for the frequent control cf brake in vievw of the inconstancy of

the coefficient of friction between the block and shoes or between

bands and
the brake

operation

As a

krake are

the block, and also the difficulties, connected cooled of
pulley by the water, the presence of spatter during

and others.

result of these essential shortcomings the at present power

not virtually applied.

3. Air brakes.
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For air brakes can be applied propellers, fan brakes, the
simplified screw/propellers or bars with the blades, which are
mount/fited directly to the shaft of engine or from the latter are
given to rotation. Imn 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
previously calibrated air brake, either with the aid of torque meter

which is installed on brake or between the engime in air brake.

In the first case reactionary torque from air brake, equal in
absolute torque of engine, is transferred from brake (screw/propeller
cr fan brake) to engine and frame and is caused its deviation around
longitudinal trunnion to the side, reversesinverse to the rotation of
the shaft of engine. Prame is connected with weighing device or
dynamometer, with the aid of which is measured the effort/force,
developed with tested engine. The torsicnal aoment 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 produced on revolutions and the calibration




poc = 7723302 PAGE '8/"*"

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 dynamometric clutch.

Page 19.

Change or the control of the load of air brake is produced by
applying air adjustable-pitchs propeller or by the rearrangement of
load blades. The latter is produced by hand after the engine

shutdown.

Air brakes find a use during testing of air-cooled engines,
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 coolinge
Furthermore, air brake imitates the actual operating conditions of
the operation of these engines, that sometimes is necessary to create

during testing.

To shortcomings in air brakes, one should relate relative
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unvwieldiness of testing units, the need for their
arrangement/permutation for the isolated/insulated boxes, the high
cost/value of the soynd-deadening devices due tc the large dimensions
of intake and exit sections. To this one should consider econoamic
unprofitability and the practical impossibility to utilize energy of

engines during their testing on these trakese.

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 from the acceleration of air flow
by the time/temporary setting up of diffusor grid between the
screvw/propeller aad the engine. In the correctly selected and
assembled strength measuring systems the accuracy of measurement can
be reached within limits from ¢0.5 to +1.00/0 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 +2.00/0.

In the third case depending on the used comstructions of the
torque meters and dynamometric clutches, the accuracy of measurement

ranges from +1.,0 to +3.00/0.
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4. Hydraulic brakes.

The principle of work of hydraulic brakes is based on liquid
resistance to the displacement/movement of the rotating part of the
) trake - (rotor) in housing - (stator), which has bob suspension and
the measuring system of the torsional moment. By construction these
of brake are subdivided into disk, that have into rotor sa2veral disks
with finger/pins or holes, and spherical with the shaped rotor on
which there are oval pockets or blades with the symmetrical

arrangement 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 vork 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 cover of water by the shutter/valve, which moves between
the rotor and the stator, and also a change in the consuamption of the
water through the rotor. Such of brake, although they are more

compléx, during all load mode/conditions work stable. The

o ——
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longitudinal section of this brake is given in Fig. 1.

The stator of hydraulic brake, absorbing the torsional moment of
engine, because of its bob suspension it attempts to turn itself to
the side of the rotation of shaft. In this case, it is balanced by
the measuring system of the torsional mcment, which usually together
with calibration instrument enters in the assemkly of supply of

systen.

The control of power during a change in the load of 2ngine can
be mamual or mechanical. During load, change new mode/coniitions is

establish/installed only after certain time after control.

Especially this is related to the brakes which are regulated by
means of filling with water, what is an essential shortcoming in the
hydraulic brakes. Possessing the large power reserve, hydraulic brake
are sufficiently compact 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 {§$inane-rtoude" by the pover of 17500 4==s+ with 90/200 r/min.

The majority of brakes of this type, intended for work during

e R
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the rotation of shaft in both directions, are manufacturel reversive.

One Their essential shortcoaings in the hydraulic brakes is that
fact that they cannot create the large torsiomal moment on low
revolutions. Therefore they have the slanting characteristic, shown
in Fig. 3, somewhat being inferior in this respect to electric brakes
and even in larger measure induction. Por the partial elimination of
the mentioned shortcoming, sometimes it is necessary to apply more
poverful hydraulic brake how this is required for this engine.
Absorbed by hydraulic brake mechanical energy transfer/converts to
thermal, which is transferred primarily by flow water. The
insignificant part of the heat is emitted into the surrounding

atmosphere.

A required quantity of cooling water for a hydraulic brake can
bte theoretically deterasined from the equation of the heat balance
Q,, A 632N¢ = Gh (tau.r e tu) ’

wvhence

PENE. ... WY "2}

~ O
=

1uux ~Iu‘

vhere Q, is a quantity of heat, abstract/removed by water fronm

hydraulic brake, in kcal/h;

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

Jir.
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N.- is effective pover in h.p.;

G, - a gquantity of water, passing through the hydraulic brake

for 1 h, in 1/h;

e ————————

¢ is temperature of the water, coming out from hydraulic

brake, in °C;

{.,x - the temperature of the water, entering the brake, in °C.

e - - E —
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Page 21. "
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Fig. 1. Longitudinal section of hydraulic brake: 1 - dynamometer

(veight head); 2 - tachometer; 3 - regulator of tachometer; 4 - lock
of bearing; 5 - radial bearing of stator; 6 - main bearing; 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/jate of feed control of water; 18 - drainage funnel;

19 - flange of feeding water pipe; 20. the flange of discharge lead.

B it o oS+ S TR a—————— il



e T

k .

R e U S

pocC = 7723302 PAGE 6 L‘M

E \ %
el l !;‘r;’; \\ f -
g

Fig. 2. Overall form of Quinane-Froude hydraulic brake with power of

17500 h.p. with 90,200 r/min.

Page 22.

To avoid the formation of vapor locks, which disturb the
¢ i culation of water, for providing the stable operation of hydraulic
braie the temperature of the coming out water must be not above
60-65°C. When the closed power-supply system of hydraulic brakes is
present, by water its temperature in summer is 25-30°9C. At these

values the consumption of water will be about 20 L on 1 he p« in hour.

§ith feeding from water-conducting mains, the consumption will

be about 15 1 on 1 h.p. h. The majority 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
requlator of constant pressure on the feeding line of water pipe or
by the arrangement of tanks at height/altitude from 3 to 4 m above
the level of hydraulic brakes. In this case, the fixed level of water

in tasks is supported by float mechanisan.

The duration of the operational service life of work of
hydraulic brakes is determined maimnly by the wear of the internal
surfaces of water cavities. This wear especially grow/rises when
there are present in water mechanical impurities which as a result of
the high speeds of the motion of water and under the effect of
cavitation destroy the metallic parts of the water cavities of brake.

In spite of shortcomings indicated above, hydraulic brakes because of

their power, compactness and universality find wide application 3
during testing of the different types of engines. ;
5. Electric brakes. {
3
Recently in connection with the research in the USSR of the new
methods of regemeration and the wvide development of electrical
engineering industry, everything in larger scale find a use electric 1
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L d an
brakes. They are deprived of the indicated shortcomings ¥ they are
machines reversible. In the majority of cases as electric brakes, are

utilized the electric motors of direct and alternating current.

They serve as drive for cold rolling and starting/launching

during hot tests or taking of friction horsepower.

T A P RSN S = 1 P
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Fig. 3. Comparative characteristics of brakes: 1 - induction brake; 2

- electric brake (machine of direct current); 3 - hydraulic brake.

Page 23.

During the transfer/transition of engine testing for its own work
(thermal process) the power, developed with emgine, is transferred to
the electric brake which in this case vworks as generator. Thus, the
mechanical energy, developed with tested engine, is converted into
electrical, that can be usefully used:

%Sverything electric brakes possess good stability in all
operating modes and provide convenient and continuously variable

control of the load of engine.

v v S wva——
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As electric brakes for engine testing of internal combustion,

can be used the following electrical machines:

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

b) the bob machine of direct current;

c) asynchrondus electric motor with phase rotor and with the

control of resistance, included in the circuit cf rotor;

d) asynchronous or synchronous electric motor with magnetic slip

coupling;

e) the same, but with hydraulic clutch of slip or hydraulic

converter.

During 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 with weight mechanism or dynamometer, then
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 analogous with power measurement on brakes examined above.
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The same effect can be obtained, if electric motor in common
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 viewpoint of the measuring technique, all these methods
are equivalent. However, is more comnvenient stand for an engine to
have rigid, and electric brake to accept with the bob suspension of

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

In work of electric machine in motoring, i.e., as electric
servomotor, the torsional moment will be determined by the power
input of the given by it tested engine and will be directed to the
counterrotation 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 contemporary constructions of dynamometers in the
correctly selected system of bob suspension by electric brake can be
reached the accuracy of the measurement of power within limits of

$0.25-0.50/0 from the maximally measured effort/force.

Ve ap— -~ -y
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Page 24.

In the case of applying the electric motors in common,
stationary performance and with failure on the stand of bob device in
an indicated manner to measure the torsional moment is aot
represented possible. In this case the power of tested engine is
determined only from wattmeter. As a result of losses in electric
machine and mains of the electrical devices, which are variable
values, the accuracy/precision of powvwer measurement in an indicated

pmanner will be located of 3-50/0.

The bob machine of direct current is one of the most modern and
general-purpose brakes. This type of brake frees from the need for

the device of bob frames or platforms.

For the machines of direct current the most convenient method of
feeding and controls over a wide range of revolutions and braking
moment is Leonardo's diagram, extruded by the recently mercury
ad justable rectifier. In this case, each bob machine during its work
is serviced by one aggregate/unit, which are of the electric motor of

altermating current and the given by it direct-current generator, or

one mercury adjustable rectifier. The power of this conversion unit
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as a result of some losses is accepted somewhat higher than the pover
of bob machine. Usually conversion units are accepted in a quantity
smaller than the number of bob machines, 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 which 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 with converter
requires several large initial capital investments, all the same it
makes it possible of its wide use during tests according to different
programs. Besides conducting of rolling, waraming up for
starting/launching and braking, it alsc provides taking friction
horsepover, the determination of efficiency, but during endurance
tests it still makes it possible to carry out regeneration. This is
vhy this type of electric brake successfully is applied for research
and standard tests of the different type of engines, especially in
pilot plants and axperimental laboratories. The general view of bob
machine with the beam balance measuring system of the torsional

poment is given in Pig. 4.

From series specimen/samples at present Soviet industry supplies

bob machines, 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 manufacture of more

roverful machines requires individual order.

Page 25S.

To common shortcomings in electric brakes, one should relate |
their limited possibilities the range of maximum revolutions. Cf the
electrical machines of direct current by power from several dozen to
800 kW the maximum rpm compose with respect to 6000-4000 r/min. For
all electrical machines of larger pover, maximum speeds will be i

withia limits 1500-3000 r/min. The use of electrical machines for |

braking of the high-speed engines, which have on output shaft the

speed, which exceeds the permissible revolutions of electric brake,

e

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

electric machine will be introduced the reducer, vhich depresses the
transferred revolutions. However, with large powers and high |
revolutions, this reducer will represent complex aggregate/unit. To
account for im the reducer of losses; which are the value of
variable, it is necessary it to install on commcn/general/total
dynamometric platform (according to type Fig. 10k) or to place on
independent bob suspension with their cwn measuring system. Such
solutions 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

A L
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for the arrangement of ventilation systems for the purpose of supply

from below the smachine of air for their ccolinge.

In comparison with the hydraulic brakes of electric brake, they
have somevwhat more steepness (see Fig. 3) and more convenient control

system, that better yielding to automation.

6. Induction of brake.

Induction of brake are based on the interaction of vortex/eddy
Foucault currents and magnetic flux, formed during inductor in stator
which has circular field coil. Inductor 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/cut
have rectangular or trapezoidal form and do not require the high

accuracy/precision of the manufacture of their airfoil/profile.
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Fig. 4. General view of bob machine with beam balance dynamometer. 1

Page 26

Inductor is arranje/located in the stator, which consists of two
halves within which is placed the field coil whose plane is

perpendicular to longitudinal brake axle. The schematic diagram of

induction brake is given in Fig. 5.

Within stator are inserted the steel sleeves, vhich possess

large magnetic permeability. Por providing the equal to permeability,

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

ginimunm.
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During the excitation of coil by direct current is formed the
circular magnetic field, which magnetizes the teeth of the inductor
of each series by unlike poles, as this is shown in Fig. 5. As a
result of this on the edges of the teeth of inductor, are formed the
local concentrations of magnetic flux. During the rotation of rotor,
the surface of the internal sleeves above and between the teeth of
inductor on turn is magnetized and is demagnitized, in consequence of
which in sleeves appear the eddy currents. The interaction of
vortex/eddy Foucault currents with resulting magnetic field of

machine creates required braking moment.

For its determination the housing cf stator has bob suspension
and measuring system analogous with bob electrical machines. The
torsional moment, received by stator, is directed to the side of the
rotation of shaft. The longitudinal section of the general view of

induction brake is given in Fig. 6.

Thus, occurs the conversion of mechanical energy into electrical
and further - into thermal. Basic part of thermal energy is
transferred to stator and partially to rotor. For the removal of this

heat within 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 through the stator. In the latter

case the excess h2at is transferred to stator by emission/radiation.

The cooling system of the first requires the provision of constant
fressure at the entry into brake, since water, which is located
betveen the rotor and the stator, during pressure chanye in supply
line can influence the stability of work of brake. In other
constructions the water for larger cooling efficiency enters stator
under the pressure of water-conducting mains; changes in this
pressure 1o not affect the operation of brake, since the rotor is not
filled by water. The specific consumpticn of water on 1 h.p. will be
the same as and for hydraulic brakes, and is determined from formula

(2).

The limjiting value of braking moment is determined by the
density of the magnetic field of the teeth of inductor. Even at the
lov speed of rotation this torque/moment composes the significant
magnitude. Therefore the characteristic features of induction brake
consist in the fact that it, possessing high energy content, it can
develop complete brake horsepover already at the speed of rotation,
component only 20-250/0 of the complete revolutions. Therefore its
brake characteristic goes steeply upward, considerably

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

3).
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Fig. 5. Schematic diagram of induction brake:

with teeth); 2 - stator (fronts/leading half); 3 - field coilj 4 -

sleeve.

Key: (1) Input; (2) Water; (3) Output.

Fig. 6. Longitudinal section of induction brake: 1 - dynamometer

(veight head); 2 - feeding water pipe; 3 - draimage vater pipe: 4 -

field coil; 5 - stator; 6 - inductor (rotor); 7 - generator of

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

bearing of inductor.

1 ~ inductor (rotor
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Page 28.

This is the very valuable special feature/peculiarity of induction
E brakes, since in a number of cases only they can eansure braking the
engines and other mechanisms (different hydraulic transmission,
hydraulic converters, electric motors, etc.) if necessary for their

testing according to abrupt/steep brake characteristic.

The powver, required for the feeding of field coil, is

insignificant, it comprises less than 0.4-0.50/0 of the power of

brake.' This feeding 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 fact that this control is sufficiently simple and

reliable, it easily can be automated.

Induction brake is the reversive irreversible machine, since it i
is incapable to work in motoring as drive, what is its essential
shortcoming. However, the characteristic feature of this brake is ﬁ
that it barely has any limitations of application/use, with the
exception of strength, and therefore it can be created to the wide
range of revolutions and powers, including high-speed of brake. The
duration of its operational resource/lifetise is sufficiently great ﬂ

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 leading motor
vehicle plants and some engine-building plants successfully their are
utilized and they further expand the field of their application/use.
Fig. 7, gives induction brake by the power cf 6000 h.p. with

1500/3000 £/min of firm ﬂgpinane—Proude", paired of two brakes on

3000 h.p. each.
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Fig. 7. General view of induction btake(gninane- Froude, that is of
two machines, connected into tandem, overall power of 6000 hp. Power

of each brake 3000 h.p. with 1500/300C r/min.

Page 29.

§3. Braking devices.

Braking devices, adjustable between the tested engine and the
brake, include mainly the clutches of cohesion/coupling, reducers and
slipping clutches. The latter combine in itself the functions cf

first two, i.e., cohesion/coupling engine with brake and the

reduction of speed.

pre
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Therefore slipping clutches, which are the rational combination
of two devices, had extensive application in prcpulsion test

faciljties.

1. Magnetic slip couplings.

Electromagnetic (induction) slipping clutch is intended for the
smooth conversion of the rate of the rctation of the shaft of
driving/homing engine to the given aggregate/unit-brake. This clutch
seemingly replaced 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 connected mechanically 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

rectangular or shaped teeth and has one circular field coil whose

— —_ _—
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axlesaxis coincides with the axle/axis of the shaft of

teeth of the inductor perform the role of the magnetic

electric machine.

Anchor also is fulfilled made of low-carbon steel
longitudinal slots in internal part for am increase in
transferred torque/moment and groove/slcts cn exterior

improvement in the ventilation cooling of clutch.

The general viev of electromagnetic coupling is given in Fig. 9.

clutch. The

poles of

and has
the

- for an

If we set in motion the inductor over coil of which

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

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

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

part of the anchor. The interaction of vortex/eddy armature currents

with the magnetic flux of inductor creates the torsional moment of

clutch. Than is more field current and the greater the slip of

clutch, i.e., the relative rate between the anchor and the inductor,

those will be more eddy currents, and consequently, the greater there

vill be the torsional moment, transferred by clutch.
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Fig. 8. Electromajnetic slip coupling: 1 ~ leading half-coupling; 2 -

driven half-coupling; 3 - housing of clutch; 4 - field coil.

Page 30.

This property of induction clutch makes it possible to regulate
the rpotation of the shaft of tested engine in the process of cold
rolliag, 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 rolling 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 engine they must be small, in this case in clutch, occurs
large slip and field current will be small. For the increase in the
speed of the shaft of engine, which 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

e e

e
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the test engine even lower than nominal revolutions of electric
motor, clutch it works without slip and field current in it will be
large. If necessary for a further increase in the speed of tested
engine, one should decrease the current of excitation. In this case,
the slip in clutch it will be the greater, the more the resvolutions
cf the shaft of tested engine they exceed rated r/min of electric
motor. Last/latter, having constant velocity, it can work as brake
E and as current generator, i.e., recuperated wvork. In that case for

these purposes, can be used the machines of alternating current.

As a result of slip in clutch will occur the loss of certain
part of the energy in the form of the heat, emitted into surrounding
air. These losses they will be the greater, than the more transmitted
power and is more slip. Therefore construction described 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 additional cooling, which complicates the

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

and consequently also its control, can be automated.
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Fig. 9. General view of magnetic slip coupling.
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Page 31.

Chapter III.

TYPES OF TESTING UNITS.

§1. Testing units without regeneration.

The mechanical energy, developed with engime during its own work
(heat-engineering tests), in its majority usefully is not utilized,

but it is only absorbed by brake.

Reason to this they are mainly: the small duration of tests,
frequent changes in the operating modes, cosplexity and high costs of

recuperation devices, are not created the economic effect, obtained

from the use of mechanical energy of engine.

Only mass production, which requires the continuous conducting
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of the heat engineering tests of several engimes is simultaneous, are
created the economic advisability of the organization of the constant
use of mechanical energy of engines and its tranmsformation
(recuperation) into electrical for the needs of the production or

other target/purposes.

Let us examine at first thermal testing units without
recuperation according to their types and designation/purpose. The
type of testing unit is determined mainly by designation/purpose and 1
the character of tests, by type and the power of the engines, which ,

are subject to tests.

Usually testing units are called on braking device, since the

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

In the diagrams, given Fig. 10, shcws the possible versions of
the arrangement of braking devices at testing units. Support systems |
and the accessories, which forms part of these installations, on

diagrams are not conditionally showvwn. 1

Let us examine the basic possible regions of use of separate

installations according to their types.
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le Unit for cold run-testing of engines. {(Figs 10a).

If necessary of conducting cold rclling and impossibility of its
realization at basic test benches are accepted special stands

according to the indicated diagram.

Page 32.

As drive for them, serves the electric motor of direct or alternating
current. Direct-current motor will require electric powver supply from
the conversion unit which can service several stands. With this
engine can be provided continuously variable ccntrol of speed in the

different mode/conditions of cold rolling«

During the use of an electric motor of alternating current, 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-brake testing unit; e) hydraulic-brake 4
testing unit with forced blowout and starting/launching electric
motor; f) electric brake unit with the bob machine of direct current;
g) electric brake unit with two bob machines of direct current; h)
electric brake unit with the machine of direct current,
establish/installed on bob platform; i) electric brake unit with

hydraulic coupling and electric motor of alternating current (tested

L A e i o el
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engine - on the bob platform); j) electric brake unit with magnetic
slip coupling and the electric motor of alternating current,
establish/installed on bob platform; k) testing unit with induction

krake; 1) the combined, brake testing unit.

Page 33.

At such units for rate, change can be also used gearboxes and the
special clutches, which convert the revclutions of electric motor
during transmission to the broken in an engine. Since the cold
rolliag is required only for pistcon engines, the field of application

of these installations to these engines is limited.

A shortcoming in the organization of conducting cold rolling at
special burnishing stands is the unavoidable in this case expenditure
of time for additional setting and photcgraphy of engine, which on
the general-purpose stands where is combined rolling vwith heat test,

is absent.

The necessary power of electric servomotor will depend on
construction and power of the broken in an engine and reguired
revolutions of shaft during its rolling. If greatest speed during

rolling is accepted in size/dimension of 600/0 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. 10b and c).

On these testing units basic information and the field of their

apfrlication/use is given above.

Here one should add that in the case of applying the testing
units with propellers for their normal cperation must be created the
specified aerodynamic conditions, under which the outline/contour of
the location of unit must have minimum resistance. Air flow before
the screvw/propeller must be rectilinear, with uniform density, and
screw/propeller itself must be furnished in diffuser or in diaphragm.

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

3. Hydraul ic-brake testing unit (Fig. 104).

Hydraulic-brake unit can be used for testing the different types
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of the piston internal combustion engines and gas turbines. This unit
can be used when cold rolling is not required (or it is carried out
on the separate stands), but engine starting on wall can be produced

from jts starter.

For the feeding of hydraulic brake, the unit requires supply and
derivation, also, in many instances with the provision for a pressure

| constancy at the entry into brake.
Page 34.

When, at the experimental station, several hydraulic-brake
installations are present, is expedient the device of closed system
cooled of circulation water in saltpan or the spray pond. The cooling
system can be common with cther water users in enterprise. In the
case of water supply from water-conducting grid/metwork, is necessary
the unit of the mixing tank which simultaneously can be forcing with

ejection of the excess of water into channelization.

4. Hydraulic brake unit with blowout and starter electric motor.

{Fig. 10e) -
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This unit is characterized by from preceding/previous the
presence of the system of forced blowout and the additional unit of
electgic motor for starting/launching or warming up of tested engine.
Is applied it mainly for testing of various piston internal
combustion engines cf air cooling or fcr experimental works 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 alternating current with feeding

to the similar electric motors of the installations of cold rolling.

After starting/launching starting/launching electric motor
automatically is disconnected from hydraulic brake with the aid of
by-pass or electromagnetic coupling of cohesion/coupling. The

ventilation system of unit is determined by a required quantity 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 experimentally:
Qo,'=o,ezs_( X )"‘ kg /s, 3)

’u —tox
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vhere Q,, is air flow rate for engine cooliag im kg/s; N, is the

e m—

indicated power of engine im h.p.: ty is temperature of cylinder
head of candle imn °C; ¢/, is temperature of the air, supplied to

engine, in °cC.

N T T R SRR vy

For cooling of such engines, usually is provided for independent
system with high-pressure fan. Air duct for engine cooling must 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 systea.

Page 35.

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

10£f, g, h)e.

The unit with one bob machine of direct current, shown in Fig.
10f, 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 4000-6000 r/min, depending on power and the construction of
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electric brake equipment. A similar unit requires the feeding by
electric power of the conversion unit: motor generator or mercury
rectifier, which as far as possible must be furnished near the test
benchi Due to high cost/value and the ccmplexity of electrotechnical
equipment, this unit is applied mainly for standard, control or
experimental tests. The unit in question during continuously variable
control of the speed from minimal-stable to maximum revolutions

provides the high accuracy of measurements of the torsional moment.

Analogous to the preceding/previous Fig. 10g shows arrester with
twvo bob machines of direct current, arranges/located tandem. This
articulation is necessary when are encountered difficulties in
obtaining of the bob machine of the required power or the available
in the presence machines are insufficient with pover. 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 motors, the second brake is disconnectad, and for
high-powereds engine both brakes work together. In the paired work
the measuring system of the torsional moment can be
common/general/total, when the stators c¢f electric motors are
connected by common/general/total lever/crank system or equipped with
indivijdual measuring systems. In the latter case of reading both

dynamometers or weight heads, they are totaled.
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It is necessary also to keep in mind that in the joint operation
of both electric motors the shaft of the first of them will bear
double load, and therefore its strength must be provided by the
limits of allowable stresses on torsion. Some types of the bob
machines of catalogue mark/brands have shafts, which allow for of the

transamission of double pover.

In any case this strength requirement must be specified with the

order of machines, in each individual case checked them, if such

machines are in the presence.

Besides installations examined above with kob machines, for a
brake can be used the electric motcr of direct current in common
performance. In this case by means of the setting of the machine of

direct current or tested engine to bob platform the measurement of

pover can be produced on wattmeter with the approximate
accuracy/precision within limits of 3-50/0 or by dynamometer with

higker accuracy/precision within limits of 0.5-10/0.

Page 36.

On the schematic 10h in question is shown the unit of electric motor
on bob platform with the beam balance measuring system of the

torsional moment. The field of application of this unit is the same
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as for those who were given it is above.

6~ Electric brake units with electric motors of alternating current

(Fig. 10i, )«

Unlike testing units exaained above brake wide application as
trakes found the common standard asynchromous and synchronous
electric motors of alternating current. Purthermore, in these units
enter hydraulic coupling, hydraulic tramsmission or hydraulic

converter, designated:

a) for decrease and the smooth change in the speed of electric
motor, which rotates at constant velocity, in its work in motoring
for providing the start-up conditions or ccld run-testing of tested

engine;

b) for reduction/descent and alignment/levelling of speed on the
necessary constant velocity of the rotation of electric motor, for
operational provisions for its in generator mode, with regeneration,

under conditions of braking tested engine.

ds hydraulic coupling can be used the hydraulic transmissions
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and the hydraulic converters, already mastered by industry, different
types according to pover, designation/purpose and with dif ferent
nominal limits on the adjustable velocity. They begin to find wide

application in industry and in the field of transportation 1t.

FOOTNOTE !. At present hydraulic transmissions, mainly for diesel
locomotives and for the drives of drilling rigs, are manufactured

vith the Kaluga and Murom Machine Building Plants. ENDFOOTNOTE.

Fig. 10i, shows standard electric brake unit with hydraulic

coupling and electric motor of alternating current.

It should be noted that by similar units the surplus of power,
lost in hydraulic coupling at the velocity of engine, which exceeds
the necessary velocity of generator, is converted into the heat,
wvhich goes to heating of o0il in clutch, which oge should
abstract/remove into the water-cooled, which circulates in water-oil

radiators. i

Power measurement of engine can be realize/accomplished either

by applying the bob platform with dynamcmeter, or unit on the shaft

|
|
|
|
!

between the engine also of the hydraulic transmissions of

| R it = e e s T 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 platform with the trunnion, arrange/located of
below center of engine. In this unit the electric motor easily is
connected to the plant grid/netvork 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. 10j, shows electric brake unit with magnetic slip coupling

and the electric motor of alternating current.

Unlike testing unit examined above here instead of the hydraulic
coupling for the transformation of the speed is used magnetic slip
coupling as simpler in design and in the operation which is
establish/installed between output shaft of engine and braking

device.

On the given schematic during the rigid fastening of tested

engine, the electric motor together with magnetic slip coupling is

~ gy T e R

N
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establish/installed on bob platforn.

7. Testing unit with induction brake (Fig. 10k).

Because of the great possibilities of induction brake, in
producing of the necessary brake horsepovwer or velocity of rotation
and obtaining necessary brake characteristic this stand of high-speed
engines or engines with 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 direct current.
This layout makes it possible to produce on stand launching/starting,
varming up, cold rolling and removal/taking friction horsepowver. With
these operations hydraulic or induction brake runs free as flywheel;
absorbed to them friction horsepower on the revclutions interesting
can be deteramined previously. During engine, testing bob electric

machine can work together with basic brake or be off. With datum to

R B O & I TS < A SR,




DoC = 77233303 PAGE 7 %u\

layout for providing such works of the measuring system of the
torsional moment for a basic brake and for a bob machine to more
expedient have separate. The power-supply systems and connection to
pover systems and communications will be suchr as for installations

with mentioned braking devices.

Besides the described above installations, intended for the
different tests of various types of engines, they can find the wide
acceptance and other types of installations. Thus, for instance, some
motor vehicle plants of instead of complete tests for production
engines are carried out only hot to breaking in without load on

stands without the application/use of braking devices.

Page 38.

The selective long-term tests of these engines are conducted in pilot
plant on the arresters where with the selected engines comfpletely are

remove/taken all the necessary characteristics.

Simplified tests can be also carried out on the paired stands
vhere the first engine undergoes cold rollings its rotation is
produced by the second engine which at this time undergoes heat tests
under the load of the first., Then the first engine, passed cold

rolling, is switched to tests, and in the place of the second engine,

|
|
|
|
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is establish/instal led following.

In each specific case the selection of the type of testing unit
must be produced not only from type and construction of engine and
its designation/purpose, but in many respects also it depends also on

the state of technology of groduction, quality of finish and

assembly.

.

F §2. Testing units with regeneration.

In the majority of cases, the mechanical energy, developed with

engine during its tests, by arresters is not usefully utilized. In

air brakes it transfer/converts into movement and heating of air,
vhile in hydraulic and induction brakes it is converted into thermal 1

energy, in consequence of which them it is necessary to cool by

running wvater.

In electric brakes where the mechanical energy, developed with

engdgine, converted into electrical, usefully is not utilized, but it

heads for the charging resistance wvhere again it is converted into

thermal energy.

| e o et = R - e ' q_J
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Besides the use of mechanical energy, developed with tested

engine, it is possible to also utilize heat of waste gases.

However, in connection with large capital investments and

operational expeniiture/consumptions, this is unprofitable.

As concerns the recuperation of mechanical energy by
transformation by its braking device into electrical and as the
possibility of its further use, problem has large national-economic

value.

For using electric power, obtained from recuperation, in plant
or district electric system the electric current must be variable,

industrial voltage and frequencies.

In a number of cases this problem virtually can be solved for
many enterprises of engine construction. It is especially expedient

this to make on experimental stations of the series production where

the general duration of the tests of each engine in its inherent work

composes several dozen minutes or even hours, and also for the
testing units where are carried out resource and other endurance

tests.

Page 39.
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For the realization of recuperation, it is necessary, in order

to:

a) brake was the electrical machine which in basic prolonged

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 capital investments and operating costs for

recuperation unit were economically justified.

On the possibility of use and selection of electric brakes with
regeneration, it was said earlier. Here omne should mention only 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 ccmposition of tests and the
cperation of tested engine on all its mode/conditions on speed,
duration of tests and the developed with it power in each

mode/conditionse.
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Further one should establish/install, which mode/conditions it
is expedient to utilize for recuperation. In all remaining
mode/conditions must be provided the corresponding load of engine in
accordance with technical specifications for testing. Sometimes it is
sometimes expedient and possible to change some mode/conditions both
according to the povwer and on the revolutions for the purpose of

their use for recuperation.

On separate electric brake units, predicted for use with

regeneration, it is necessary to consider following observations.

1. Units with synchronous or asynchronous electric motors with the

transformation of velocity.

An expedient and economical schematic of testing unit with
regeneration is the application/use as brake of a generator of

synchronous either asynchronous electric motor with hydraulic

coupling or magnetic slip coupling. The revolutions of this

electric motor must be selected so that they would be somewhat
Yower than first continuous duty of the engine, working under
load. Usually this ¢orresponds to the 3
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mode/conditions, which approach service power of engine. The power of
electric motor taking into account its own losses and losses in

slipping clutch must comprise approximately 70-80o0/0 of power of

tested engine.

Indicated slipping clutches provide the
preservation/retention/maintaining of the constancy 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 2000-3000
h.p. in power and above they can successfully be applied as slipping
clutches. The efficiency of hydraulic coupling usually is
approximately 0.80; furthermore, they have the prolonged service life
of work. The field of application of electromagnetic couplings has

already been noted above. ’

Page 40.

Application/use at the units of synchronous or asynchronous

i i o Gt

electric motors in question from the number of in series made
specimen/samples simplifies their acquisition, which considerably |
decreases initial capital investments. Furthersore, the connection of

| synchronous or asynchronous electric motors to plant electric systen

can be done directly, without any complex distribators.

e o - o -
o -
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As an exaaple Pig. 11, gives the general view of experimental
installation with regeneration for testing the diesels D-36. As
trake-generator on this unit is accepted standard induction motor by
the power of 20 kW, with rigid fastening by unit.
Established/installed between the diesel and the electric motor
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).

Pover measurement of diesel is produced by the weight head

effort/forces to which are transferred from bob frame by lever/crank
system. This unit coapletely confirmed the positive gqualities of the

taken schematic.

2. Units with asynchronous electric motors without the transformation

of velocity.

The use of induction motor with phase rotor at tested units with
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regeneration is based on the principle of its pessible operation in

the generator mode when this electric motor they rotate at velocity,

which exceeds synchronous speed.
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Fig. 11. Bob stand with magnetic slip coupling with regeneration.

Page #41.

Similar upits with direct drive, i.e., without the intermediate
clutches or other velocity transducers, will be advisable in such a
case, vhen the basic in duration charging mode/conditions of tested
engine have relatively small differences on revclutions. In this case
asynchronous electric motor is selected on velocity in such a way
that it would correspond to the smallest revolutions of the first
continuous duty of the tested engine, working uader load. In this
case,, kA and 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 thau by 2-30/0). With a further increase
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in the revolutions of tested engine, the velocity of electric motor
will be also raised; however, on strength it must not be above

paximum permissible revolutions.

The control of the load of tested engine is produced by the
resistance, included in the circuit of rotocr. Besides that which was
examined, are other schematics of the use of asynchronous machines
for installations with regeneration; however, in view of their

complexity 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 corresponding

areas for their arrangement/permutation.

The application/use of installations with regeneration in each
individual case must be justified by the technical and econonmic
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. For 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
allovance in comparison with another equipment which it should be
acquired without the application/use of recuperation. It is customary
to assume that the recuperation is advisable with the complete

compensability of all expenditures for 1.5 - 2 years.

P
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[Page 42J Chapter IV.

TEST BENCHES AND MEASURING SYSTEMS.

§1. Types of the test benches for power measurement.

One Qf the basic and main parameters of thermopower 2ngine
during taking of its characteristics during tests is the
determination of power. The measurement of the torsional moment from
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

related:

a) the provision for the required accuracy of measurzment;

b) convenience in the reading with the minimum expeniiture of

time and easy servicing;
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c) the automatic balancing of the measured effort/force;

d) reliability and reliability, the stability of readings and

finally system readiness for reading at any moment of tests.

Sometimes depending on the type of testing unit, its
arrangement, character of tests and constructiop of tested engine,
can arise cther requirements. For example, the units, arrange/located
in separate boxes, with the control, remote into the
cabin/compartment of observation, require the arrangement/permutation
of the indicator of measuring system (dynamometer) on control panel.
The static effort/force, caused by the torsional moment, 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 must be damped by
measurement system and they must not exceed the smallest scale
division of displaying instrument. Measuring systems must not

introduce the essential errors, coming out beyond the limits of the

required accuracy of measurement during a change in the temperature
of air, which can occur especially with the arrangeaent of
installations in separate boxes and the considerable consumption of

the air, which goes to the feeding of enginee
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Page 43.

The measurement of the torsional moment of the test engines can

be produced on different stands one of the following methods:

first - with the aid of the bob suspension of the stator of
braking device, which transmits the reaction of the torsional moment

to measuring systea;

second - the same, but with the aid of the setting up of entire

brake on bob, dynamometric platforms;

third - the same, but during the rigid setting up of braking

device, and with setting up of tested engine on bob stand;

fourth - with the aid of dynamometric clutches and the bushings,

called the torsion dynamometers.

For the production of the indicated methods of measurement of
torque, respectively are applied the different types of the test

benches.
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1. Rigid stand with the bob suspension of the stator of brake.

On this type of stand, are carried out the measurements of the

torsional moment using the first method, which is most widely used.

Here the rigid construction of the stand of engine is arranged
with the bob suspension of the stator of brake, which provides the
transmission of the effort/forces of the torsiomal moment. The
schematics of gesting units workers according to this principle, are
depicted on Pig. 10f, 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 for during the manufacture of
all brakes, intended for testing units, and therefore it enters in

the assembly of supply of braking device.

Structurally the balance suspensicn is realized in the form of
the rocking in ball bearings stator, which is simultaneously the
housing of braking device. Errors from the friction of stator in
bearings and stuffing-boxs seal without taking into account of losses

in measuring system are 0.1-0.30/0 of maximum value of the torsional
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moment of this brake. Mainly they depend on the quality of the
manufacture of suspension, selection of bearings, axial alignment,
etc. The construction of stand itself for this type of installations
is sufficiently simple and can be carried out as support/socket for a
specific type of engine, or in the form of the general-pur pose
struts, giving the possibility of the adjustment of fastening places.
The observance of the latter condition is necessary during successive
testing one to unit of the different types of engines, but close

between theaselves in power, dimensions and weight.

Page U44.

2 Rigid stand with the setting up of entire brake on dynamometric

platform.

The measurement of the torsional moment of tested engine on this
stand is produced using the second method which is similar to the
first and differs from it only in the facts that it makes it possible
as brake to utilize the different electrical machines in common
pecrformance vhose stator does not have bob suspension. The latter

here replaces the dynamometric platform to which is

establish/installed common stationary electric motor.
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The diagram o0f this installation is shown in Fig. 12. According
to this diagram bob platform is suspend/hung from ball bearings and
g has an axlesaxis of rocking, which coincides with the longitudinal
axis of unit. Por the purpose of provision by that necessary accuracy |
of power measurement on platform together with electric motor is
establish/installed also magnetic slip coupling. The torsional moment

of tested engine is transferred through the platform to lever/crank

system and is measured by weight head.
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Pig. 12. Diagram of bob platfora: 1 - stamd-support/socket; 2 -

engine; 3 - articulated coupling; 4 - magnetic slip coupling; 5 - bob

platform; 6 - asynchronous electric motor; 7 - wvweight head; 8 -

support/socket for weight head and leverage.

by

rPig. 13. Diagrams of bob suspension of platfors with the aid of

elastic hinge joints: z) with upper arrangement of rod-hinge joints; i
b) with lower arrangement of rod~hinge joints; 1 - bob platform; 2 - :
strut for rods; 3 - rod-hinge joints (elastic cell/elements); 4 - ‘

electric motor; 5 - lever; 6 - dynamoameter.

e e
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Page 45.

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 example, of

electric motor. Such devices can be used for the measurement of the

torsional moments of the low values at considerable angulat

deflections and large weight loads on the frame of bob platform.

Instead of the ball bearing supports the bob suspension of
platform can be realized with the aid of elastic cell/elements. In
this case the platform is hung to fixed struts cn four rods, which
have several milled planes, or on so many plates, the wide plane of
wvhich is parallel to the longitudinal axis of testing unit. This
suspension provides platforms because 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 vith large weight loads on it. Possible diagrams of such type of
suspensions are shown im Fig. 13. As a result of the absence of
bearings and the which is inherent in them friction, a similar

suspension can ensure the high accuracy of the measurements of power
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and it is simple in operation, since dces not require lubrication,

cleaning, etc. As a result of the fact that the plates have high

exial stiffness, their longitudinal travel relative to testing unit

are eliminated.

3. Bob stand with the rigid setting up of trake.

On this stand the measurement of the torsional moment of engine

is produced using the third method when for any reasons it is not

possible or expedient to accept the installatiom diagranm,

examine/considered using the second method.

Since from
are equivalent,
construction of

It is necessary

measuring point of view the seccond and third methods
final selection of one of them will depend on the
stands and dynamometric platforas for thase versions.

to keep in mind that with this device using the third

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

can cause essential errors to the accuracy of measurement of the

L ac SO, B > DA
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torsional moment 2 ; 2 result of the effect of reaction from the
outflow of waste gases with the indicated arrangement of branch
connections. In 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

cf 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 dynamometric platform, 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
displacement/movement of platform, the communication
conduit/manifolds, adequatesapproaching the engine, can not have
flexonics. In this case for providing their elastic deformation
during platform they must be arrange/located in the plane,
perpendicular to the longitudinal axis of stand, and have arms as the
length of 1.5-2.0 m from the fixed point of the rigid fastening of
tubes to of their attachment point of engine. The general view of
testing unit with this bob platform for an engime is given in Fig.

15.
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FPig. 14. Diagrams of dymamometric platforms: a) platform on ball
bearings, trunnion coincides with axlesaxis of engine; b) platform on
cross-shaped hinge joints with elastic plates; trunnion of platform
of below center of unit: 1 - platform; 2 - strut under engine; 3 -

engine; 4 - cross-shaped hinge joint with elastic plates.

prpr ' i
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15. General view of bob platform om crcss-shaped hinge joints

Pig.
with elastic plates for engine D-36. Hinge joints are arrange/located

from below platfornm.

ik
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4. Stand with the torsion dynamometera

Oon this stand of the measurement of the torsional moment, they
are produced using the fourth method with the aid of the torsion
dynamometers, which at present in practice thus far found
insignificant application/use. In spite of the temptation of this
method of measurement and the great variety of all possible
constructions of dynamometric clutches and bushings until they win
acceptance mainly due to the absence of the required
accuracy/precision of measurement and absence of reliable
specimen/samples for a continuous operation. Besides the low accuracy
cof measurement, which of some electrical pneumatic and hydraulic
specimen/samples of clutches is located of 2-50/0, there are also

difficulties of their calibrationse

§2. Measuring systems of pover.

The bench measuring system includes the devices: the receiving,

e T = v e o
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transmitting and showing or recording effort/force, transferred from
the moving element of testing unit. Effort/forces to measuring systenm
are transferred from the bob suspended/hung stator of brake or from

the dynamometric platform of unit.

Measuring systems by the operating principle are distinguished

1. Mechanical or beam balance, in which the measured
effort/force, transferred by a system of levers to weight
dynamometer, is balanced by the deflection of square or pendulum

weight mechanisnm.

2. Hydraulic, in which transferred effort/force is absorbed by
force gauge (by dynamometer), it is converted into pressure of

liquid, measured by specimen or piston gauge.

3. Electrical, that convert transferred effort/force into

electric pulse, received by measuring meter.

4. other measuring systems, based on other operating principles.
However, majority of them such, as pneumatic or torsion dynamometers,
are located in the stage of laboratory finishing a.d therefore have

not found practical application/use.
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1. Mechanical measuring systeas.

A greatest use for testing umits find mechanical or beam balance
dynamometers. In contemporary measuring systems of effort/force is
reduced as the final result to the automatic balancing of the
measured value by smaller known load. The force-measuring mechanism
of this system can consist of: leverage, reversing mechanism, range
mechanism and weighing device. Leverage converts effort/force from

the moving element of installation and it transfers it to weighing

device.
Page U8.

Reversing mechanism is intended for the comnversion of the
alternating effort/forces of different directions into one direction.

This mechanism is swvitched on in system as needed.

Range mechanism is the system of levers with the variable sense

of arms and serves for more complete use of the scale of weighing

device. Is intended it for an increase in the accuracy of the
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measurement of different in the value effort/forces, for 2xample
low-power and high-povereds engine during testing at one and the same

unit. Is switched on this mechanism in measuring system of necessity.

As the weighing device most of all, match up dial weight heads
with quadrant mechanism. The balancing cf the changing load occurs
automatically by changing the arm of the load of the quadrant during
its deflection, connected with the arrcw/pointer of the w2ight head,
vhich shows on the scale load change. The best constructions of
weight heads have an error not more tham 0.10/0 maximally strain
which is recommended to have nct more than 25 kgf with 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 5
capacity of weight head and its slow speed make it possible to have a
transmission with large multiplicity, thanks to which there will be
assured the small displacement/movement of the moving element of
testing unit. It is customary to assume that for achievement of the
high accuracy of measurement, which on the indicated system as a
whole can be reached by #250/0 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

platform must not be more than 0.5 mnm.

Leverage can consist of the levers of the first 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

fogu == s 0

vhere ooy is common/general/total gear ratic of leverage;
g - the load capacity of weight head in kg3

p - the measured effort/force on the arm of the moving element

of the unit in kgf.

The value, reciprocal to gear ratio, he is called the

multiplicity of the leverage:

vhere K - a multiplicity of leverage.
Page 49. 1

during during operation of the stator of braking device or
dynamometric platform, it occurs both the elastic and plastic
deformation of the communications, conducted to these moving elements
of the unit (metal tubes, electric wires, the rubber hoses and of so

forth) . The forces, which go to plastic deformation, with the amount
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of this deformation strict law do not have. Therefore during large
displacement/movements it should not be applied plastic materials for
these supplying communications., Instead of them one should utilize
the more elastic, although more rigid metal tube, effort/forces the
spent on deformation which are considered during the calibraticns of

measuring systen.

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 ani range
mechanisms, one should apply precision ball bearings, but is still
Ltetter than the prism and elastic cell/elements in the form of plates

and cross-shaped hinge joints.

Beam balance systems allow/assume the carrying out of weight
head from the test bench and its arrangement/peramutations in the
cabin/compartment of control. This is necessary vwhen the stay of the
service personnel near unit is inadmissible. With carrying out weight
head is furnished in box of observation window for convenience in
visible reading according to the scale of head or they place directly
in the cabin/compartment of control with the appropriate 2longation

of idler levers in the form of tube rods.

Mechanical m2asuring systems with weight head can successfully

",---—d-..-r-' -y, Sy o —— e : LA e
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be applied for the different weight fuel-metering devices, oil and
other liquids, the accuracy of measurement on which can also reach

£0.25-0.350/0 of maximum weight of the measured liquid.

During the correctly selected constructions mechanical measuring

systems are sufficiently simple, reliable and stable in operation.

2. Hydraulic measuring systems.

dlong with b2am balance dynamometers, wide application in Soviet
and foreign experimental technology find also hydraulic measuring
systems. Especially they are advisable for the pmeasurement of large
ef fort/forces during the small displacement/movement of the moving
element of the platform of stand and wvhen according to tha2 conditions
cf arrangement/permutation recorder must be related by considerable
distance (to 15-20 m). In hydraulic systems the primary instrument in
vhich 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-flow type. In non-flow type
dynamometers the measured effort/force is absorbed by closed volume
of working fluid. The movement of pistop (diaphragm/membrane) in

these dynamometers is determined by the elasticity of system and can




poc = 772333 PAGE Jﬁk‘/lzb
compose siginficant value.
Page 50.

The accuracy of the measurement of hydraulic system with non-flow
dynamometers is determined mainly by the value of a change of the
geometric dimensions of dynamometer and volume of liquid in system
during a change in the ambient temperature. During temperature change
not more than 52 C this accuracy/precision can be reached within
limits from #0.5 to +1.00/0. Temperature changes in the environment

on 20-40°C decrease the accuracy of measurement in non-flow systems

to _’.2 .0-3. 00/0.

The flowing dynamometers to which they are related and
dynamometer with microduct, are characterized by the presence of the
duct of the liquid through their cavity. Therefore they are applied

for the exception/elimination of the effect of a change in the volume

of dynamometer and working fluid in the case of a change in the i
ambient temperature, and also the limitation (decrease) of piston

stroke (diaphragm/membrane) of dynamomeser. Such dynamometers require

the device of the system of duct or additional feeding the value of
circulation of which through the dynamometer is automatically

regulated by piston stroke or by its valves depending on the value of

the effort/force, which effects on dynamometer. So, with an increase
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of the load on dynamometer pressure in its cavity it increases
because of inflow or additional feeding of liguid, and during

decrease in the load as a result of hydraulic slip - it falls.

the accuracy of the measurement of flowing hydraulic systems can

ke reached by +0.2-0.30/0.

For pressure measurement in the cavity of dynamometer as
recorder, are commonly used for flowing systems piston manometers of

class 0.1, for non-flow -~ specimen manometers of class 0.3.

For filling of hydraulic systems, are applijed the alcohol

glycerin mixtures, the transformer o0il and cther liquids.
3. Electrical measuring systeas.

In electrical measuring systems as the sensor of electric 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 their ;

finishing on accuracy/precision thus far is still low and even for j
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the best specimen/samples it is located of 1-30/0 of maximally
measured effort/force taking into account its dynamic loads. One
should to assume that with finishing and increase in their

accuracy/precision they must receive wide accerptance.

For testing and calibration of all measuring systems of the
torsional moment, 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 unlcading 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 on which it is produced the

determination of the torsional moment during engine tests.

Page 51.

§3. Systems of control and direction.

Testing units and their systems are equipped with
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monitoring-measuring equipment and the controls, which make it
possible to check and to control the process of engine testing.
Monitoring-measuring equipment is necessary alsc for recording of
readings of some parameters during taking of different running
qualities of engines. The perfection of measuring systems and the
quality of instruments to a considerable degree determine the
correctness and the speed of the evaluation of the operation on

testing unit.

A quantity of measured parameters of engine and their
accuracy/precision are determined by technical specifications for
testing. The character of these measurements is dictated by both the
requirements for systems themselves and by the indicated conditions

for testing.

Depending on these requirements, the displays and measurement
can be indicating, registering, and recerding. In certain cases a
quantity of measured points is sufficiently greatly, and taking
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 data, which characterize the engine
operation under the separate conditions, is a task completely

contemporary, necessary and solved. Belovw given the description of
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the possible solution of this problem (see Chapter XI).

Basic monitoring instruments together with the controls and
starting/launching are placed on the center section of the control
ranel besides basic, technological panel, there can be others,
auxiliary, for example: the panel for electrical equipment and
recording instruments and fuel-oil board of measuring equipment for
power—-supply systams, which makes it possible tc improve the
operation and to raise fire safety of testing unit. Control panels
must be sufficiently compact and have the clear arrangement of
instruments, make it is convenient to conduct control and

observation of the engine operation on stand.

Remote control of the adjustable fittings 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 hydraulic, that obtained wide

acceptance, that are characterized by reliability and convenience in

operation.
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Page S52.

Chapter V.

POWER-SUPPLY SYSTEMS AND MAINTENANCE OF TESTING UNITS.

§1. Fuel systenms.

The fuel systems of testing units are intemded for the feeding

of engines by fuels during the provision:

a) normal, uninterrupted and continuous firing;

b) the production of a precise measurement of the fuel

consumption;

c) fire safety.

The most advanced and safe method of fuel feed to experimental
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station is the system of the centralized supply from expenditure: i

storage on conduit/manifolds.

These fuel lines are divided into the external, underground,

relating to industrial mains enterprises, and internal, bench.

A quantity of external fuel pipes is determined from the number i
of types of the fuel/propellant, consumed by different testing units.
The 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/lung oil-procducts this speed one

should accept not above 1.5 m/s. Besides basic propellant, sometimes '@
P 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/propellant during the calibration of flowv meters or in the
emergency cases. For the procedure of this fuel/propellant of
experimental station (outside the building) or in storage itself must
be provided for the capacitance/capacity, intended only for these

purposes. The size/dimension of this drainage cistern must be not the

Ty

less the total capacitance of all bench fuel fuel systems, including

conduit/manifolds, fittings and their measuring meters.

=

-___“
S S ——
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Page 53.

The packing of main-line fuel pipes within experimental station
is not recommended. It is expedient to furnish theam outside building,
underground, of in parallel to the front testing units.
Input/introductions of fuel pipes into experimental station is done
by taps from external main-line fuel pipes to each testing unit

serarately.

Fuel feed to testing units is produced by the pumps of fuel
reservoir or by means of its extrusion from the fuel tanks by the
compressed air. The first method is more preferable, since it is
safer in operation and does not require the application/use of
cisterns of the increased strength, vorkers under pressure, but main
that that the supplied fuel/propellant will not contain the air
bubbles, which sometimes penetrate in it under the effect of
diffusion with contact. For the overcoming of hydraulic pressure
drag, in the fuel/propellant of the feed pipe must be somewhat higher
than required backwater of fuel/propellant at the entry into bench
system. This it frees from the need for switching on in bench systenms

the additional booster pumps.
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Fig. 16, shows the diagram of the system of the centralized fuel
supply of experimental station, while in Pig. 17 its general view.
The fuel/propellant, supplied to the drainage front of storage in the
railroad tank cars (or by motor transport), by scavenge pump is drawn
off into the cisterns of fuel reservoir. By another pressure pump is
realize/accomplished the continuous feed of fuel/propellant during

operation of the testing units of station om forcing main conduit.

i

Coang

A
=

Fig. 16. Schematic diagram of centralized fuel supply of
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experimental station: 1 - railroad tank car for fuel/propellant; 2 -
fire in front of keeper; 3 - hand pump for filling of transfer pump;
4 - drainage column (on pier); S - check valve; 6 - experimental
station; 7 - cistern of fuel jettisoning from Lench systems; 8 -
pumps for plum and fuel feeds; 9 - cistern of fuel reservoir.

Page 54.

Fig. 17. General view of system of centralijzed fuel supply. 1 - earth

shielding shaft; 2 - cistern of fuel reservoir; 3 - stations for fuel
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dumping from the railroad tank cars; 4 - pumproom; 5 - cistern of the
emergency discharge (underground); 6 - experimental station; 7 -

manholes; 8 - route of fuel pipes (undergrcund)e

Page 55.

The excess of subject fuel/propellant is drawn off into cistern on
return line. In open type fuel reservoixs with the ground-based

arrangement of cisterns, pumping is furnished in closed location.

¥ith the arrangement of testing units in the
common/general/total hall 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
installations, arrange/located in the isolated/insulated boxes, the
fuel lines in them or indoor of technoloegical equipment under the
cabin/compartment of control and in cabin/ccmpartment itself can be
furnished in closed slots and along the walls of these locations.

These channels 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 the fuel feed can be connected to

the necessary type of fuel/propellant.
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All external and internal bench fuel lines must be packed with
gradient/draft to the side of power supply. The minimum
gradient/draft of fuel pipes within experimental station is
establish/installed within limits of i = 0.01-0.005, but for external
conduit/manifolds this gradient/draft must be not less than i =

0.002¢

The distributing fuel pipe of basic propellant on seztion from

collector/receptacle to tested engine must be equipped with the

following minimally necessary equipment; arrange/located in the given

below sequence:

coarse filter;

total flowvw meter;

pressure regulator;

device for the measurement of the specific fuel consumption;

fine filter;
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f) fire valve/gate (valve).

FPig. 18 as an example, gives the schematic diagram of the fuel
system of the unit, intended for testing the gas turbine. This
diagram is suitable also for testing the piston internal combustion
engines. Fuel equipment is arrange/located in sequence indicated
above and has remote control. The operational procedure of this

system does not require explanatioas.

For the installations, arrange/located in common/general/total
hall, if control panel is arrange/located next to unit, control of
the locking, emergency, gauging and metering equipment can be
realize/accomplished directly. For the installations, placed in
separate boxes with the isolated/insulated catin/compartment of
control, this control is recommended to produce only remotely, from

contrpl panel.

The pressure constancy of fuel/propellant in bench system is
achieved by the setting up of pressure regulator, which is adjusted
to the necessary overpressure.

Page 56.

The construction of the close fitting valve of the systems of
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fuel feed must eliminate overflowing or leakage of fuel/propellant.
Entiresall fittings and the equipment, equipped with device for the
draining of fuel/propellant or air exhaust, must be abstract/removed
into drainage fuel pipe. The free end of the latter must be derived
in the atmosphere on the heights/altitude, which exceeds the highest
point of the level of the drained fuel/propellant, and equipped with

air vent with fire safety device/fuse.

For the measurement of the fuel consumgticn, can be used the
instruments and equipment, the based on different methods

pmeasurements.

Comparative data on the accuracy/precision of the measurement of
the fuel consumption by the most ccmmonly used methods ani

instruments are given in Table 3.

A Y -y -
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Fig. 18. Schematic diagram of fuel system for testing gas turbine: 1
- valvesgate locking; 2 - pressure reducer of air; 3 - air filter; 4
- tank compensating; 5 - air vent; 6 - tank of vweight measurement of
fuel consumption; 7 - weight head; 8 - lever/crank reducer; 9 - fine
filter; 10 - pneudraulic valve; 11 - pneumatic actuator of valve; 12
- pneumatic valve gauging; 13 - total counter; W - coarse filter; 15

- valve with electric control.

Key: (1) . From air line; P = 3-6 atm(gage). (2). To the atmosphere.
(3). 0il for storage of article. (4). The emergency discharge. (5).
Console on place. (6). From fuel reservoir. (7). the conventional
designations. (8). fuel/propellant. (9). the emergency discharge.

(10). air. {(11). Pulse tubes.

Page 57.

From them widest use was received:

a) for total consumption and the account of fuel/propellant -

volumetric, mechanical flow meters of the type SVSh, manufactured by

the plant "Lenpribor";

b) for the specific measurement of the fuel consumption - the

weight flow meters of different constructions and volumetric flow
meters of the type '"fuel meter".

A AR R Tt
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Table 3. Comparative the data of the accuracy/precisions of the

seasurement of the fuel consumption by different methods and

iastruments.
Cnocobu # npuGopn u:mrge,mu ‘ (z) Ha3snavenne t,]‘mmocn.. gzmpeuu-
I. BecoBoii cnocoG ¢¢)
ABTomaTHueckHil BecoBOi pacxono- ﬂ(rﬁ) H3MepenHs yaeab- 0,2—0.3
Mep ¢ ¥) HOro pacxoja TOM.IHBA
Becosoii pacxonomep ¢ pyunbim yn- c?)To xe 0,3—0.5
paBaennem (¢ 2)
1l. O6bvemunit cnoco6CY)
MepHbic K0/16bi {l") » 0,6—1.,0
WtuxnpoGep 1) ,,) (/J} » 0,4—,6
O6vemibie MexaHmnueckie pacxopo/ | Ilas ~cymmaphoro pac- )

meput THna CBIL u apyrie Xoaa TOMNBA

Key: (1). Methods and the instruments of measurement. (2).
vesignation/purpose. (3). Accuracy of measurement in o/o. (4). Weight
method. (5). Automatic weight flow meter. (6). Por the measurement of ?
the specific fuel consumption. (7). Weight flowv meter with manual
control. (8). The same. (9). Volumetric method. (10). Measuring
flaskse« (11). Fuel meter. (12). Volumetric mechanical flow meters of

the type sSVsh and others. (13). For total propellant construction. *




DOC = 77233305 PAGE 46 | (O

|

r“ %

~—r

S

7
&

Aoy

~)

K crubiod mazucmpanu

(v

M3 monnvborparunvwa
—

Fig. 19. Schematic diagram of automatic fuel-metering device: 1 -
| small tank for fuel/propellant; 2 -~ weights; 3 - electric motor; 4 -
electromagnet; 5 - 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)- From fuel storage.

Page 58.
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Pig. 19, depicts the schematic diagram of automatic weight flow
meter, developed by workers of NAMI, while in Fig. 20 - its general
view. This flow meter is simple by construction, it is convenient and
reliable in work. The consumption in it is determined from the time
of consumption/production/generation, previcusly known fuel load. Are
applied two operating modes: without the measurement of consumption
and with the measurement of the fuel consumgtion. In the run of job
when the measurement of flow rate is not produced, engine feeds from
the cenduit/manifold, 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
filling of small tank is produced with the aid of photocell 5. With

the illuminations of photocell is open/disclosed valve 9 and is

i
!
{
!
§
!
]
?
i
s
i
i

svwitched on electromagnet 4; with the blackout of photocell, is

closed valve 9 and is de-energized electromagnet 4.

Before measurement valve 8 is opened, and valve 9 is closed.

Small tank 1 is completely filled, to which testifies the blackout of
photocell. With pushing of knob, the "measurement" valve 8 is closed,
and valve 9 is opens/disclosed, as a result of which into engine

l begins to enter fuel/propellant from small tank 1. After the

kz TR L
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consumption/production/generation of a small quantity of
fuel/propellant, the weights get into equilibrium, photocell again it

is illuminated and gives the signal.

E__g'; I
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Fig. 20. General view of automatic fuel-metering device: 1 - small

E——
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tank for fuel/propellant; 2 - weight; 3 - electric motor; 4 -

electromagnet; 5 - photocell; 6 - tube ildumigating; 7 - weights cup.

Page 59.

In this case, electric motor 3 lowers set of weights 2 to the balance
pan with small tank, which droops. After the consuamption of
fuel/propellant, equal in weight to weight 2, the veights again get
into equilibrium and is measured the time, spent to the
consumption/production/generation of the measured quantity of
fuel/propellant. At equilibrium the photocell again sends the signal
by which electric mctor 3 builds up weight 2, in consequence of which
valve 9 is closed, and valve 8 is open/disclosed. Before the

following measurement the small tank again is filled.

Sometimes bench fuel systems, besides weight or volumetric flow
meters, are supplemented by the unit of the rotameter which gives the
representation of value and character of the fuel consumption at any

time of the operation.

The capacitance/capacity of volumetric glasses of fuel meter j
either service tanks of weight flow meters is determined from the

formula

V-

Sd ®
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where V is the capacity of volumetric glass of fuel meter or service

tank of weight flow meter in 1;
G, is a fuel consumption by engimne in kg/h;

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;
Yy - specific gravity of fuel inm kqlt.

Por gas turbines and the piston engines, working with the direct
fuel injection, large value has a quality of filtration. To avoid the
blockage of injectors or damage of the plungers of the fuel
high-pressure pumps, manufactured with very high accuracy/precision,
some types of these engines require so that the mechanical impurities
in the fuel/propellant will be trapped by fine filter are not more
than 5-10 p in diameter. In connection with thé fact that the gauze
filters even with extra-fine grid cannot hold such particles, while
in felt and different cloth filters occurs precipitation of separate
filaments, recently wide application find paper filters. In them as

the filtering cell/element, they are applied: the specially machined
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porous paper pulp or paper tape impregnated with special 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 according to her data filters particles no

larger than 1-3 .

Application/use in the bench systems of fuel fine filters
contributes to an improvement in the quality of work of the engines
of series production and frequently it is extremely necessary with

the experimental finishing of engines in research laboratories.

Page 60.

The throughput capacity of main-line distributing
conduit/manifold is determined by the hourly consumption of the
fuel/propellant, consumed by experimental staticn, from the following

equatjon:

Oy =0 K

cymm

the kg/h (7)

00K

wvhere G,,, is total consumption of fuel/propellant by all,

simultaneously working testing units, or the throughput capacity of

main conduit, in kg/h;
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G, - the fuel consumption by one testing unit at the nominal
pover of engine in kg/h;

n - total number of test installations;

N - the coefficient of average load of emgine according to
power for the time cf its all tests. In the majority of cases n=05—
—08 from the nominal powver of engine, which approximately corresponds

to the same shortening in the fuel consumption;

K, = the diversity factor of work of testing units. This
coefficient is defined as

K - Tl‘-'/thn (8)

0w — ’
TaCnpun

vhere T, - the duration of the operation on unit (stand) for the time

of all its tests, or the so-called operating time of engine on to

gas, in h;

€ac 1S a quantity of stands, which require according to

calculation;

K, = the variation factor of stamnd operations, vhich considers
the most adverse agreements of work of several installations and
possible jerky feed of engines to experimental station. The value of

this coefficient should accept within the limits K,= 1.10-1.20;




= a1 e el N e 5 s | 7 TN

DOC = 77233305 PAGE ,2‘3"’/5 7

T, - the general labor consuaption of bench works as the time of

all tests of engine in machine-hours;

Chpun = @ quantity of takem stands.

- Note. With a quantity of stands less tham four product of the
number of stands n by diversity factor k,, in formula (7) one should

round to integer to large side.

If experimental station contains stands for the engines of
different power, the throughput capacity of main conduit one should
determine according to each group of stands separately with the r

subsequent summation of the obtained results.

At discharge velocity indicated above, hydraulic losses fronm
friction on the direct/straight sections of conduit/manifolds for
bright oil-products are 0.01-0.025 m H,0 on 1 lin. m. Of

conduit/manifold.
Page 61.
In bench fuel systems common/general/total hydraulic losses taking

into account all local resistance, including the resistance in

fittings and equipment, they are from 7 to 12 s water column. If

|
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necessary of obtaining the more precise values all of their these
resistance one should determine by hydraulic design accoriing to the

procedure, presented in §7 of Chapter V.

All fuel lines can be manufactured from the steel seamless pipes
cf general purpose or from petroleum-gas-water-conducting tubes. Fuel
lines up to 50 mm in diameter should be assembled with the aid of
threaded connections, but for diameters above 50 am - a way of flange
joints. Quantity of connections in fuel pipes should be minimum, but
sufficient for the periodic joint of system. The permanent
connections of fuel pipes are produced into joimt, by welding by

good-quality electrodes.

{ As sealing material in the places of the fpacking/seal of the
connections of fuel pipes and fittings, are applied gas and petroleun
stable materials: vinyl chloride, sovprene and other plastics. With

the connection of fuel pipe to engine for convemience in installation

l and extinguishing of vibration it is expedient to produce with the
' aid of flexonics in the form of the flexible hcses of the type of j
Superflex, 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 visual inspection tubes must be before the
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installation decontaminated from contamination amd scale. Cleaning
tubes is produced mechanically or by hamd with the aid of wire
brushes to metallic luster. After purification/cleaning the internal
surface of tubes is washed with an antirust solution or kerosene and

is sveat/dried.

The external surface of tubes also is cleaned of dirt and scale,
after which they are velded into component/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 >f tube in the

places of the welded joints.
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Fig. 21. Fine filter of fuel/propellant with paper filtering
cell/element: 1 - head of filter; 2 ~ filtering element; 3 - ferrule;

4 - connecting rod; 5 - cap/cover of filter; 6 - ferrule; 7 - bolting

together.
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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 cn the operating

pressure of system from the norms of Gosgortekhnadzor [99sp15 - State
Committee of the Council of Ministers for Supervision of Industrial

Safety and for Mining Inspection (RSFSR) ].

The seal of the connections of the velds of tubes, of close
fitting valve and connections to equipment with the filling of them
with the compressed air is checked by means of smearing by their scap

solution.

All conduit/manifolds, cisterms, the draimage tanks etcetera the

equipment, sunk into the earth/ground, must have protective coatings

| from the corrosive effect of the surrounding socil.

Before the impcsition of protective coatings, the
condujit/manifolds, cisterns, tanks etcetera equipment preliminarily

must be tested to strength and demsity and are decontaminated from
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contamination, scale and rust to metallic luster. As protective
coating can be used the following bituminous mixtures, applied in

three layers:

a) the first layer, as priming, ¥ill be applied in cold state,
consists it of two parts by the weight of the paraffin tar, one part
of bemzene and four parts of the gasoline of the second type:

b) the second and third coverings are tituminous mixture 850/0,
splitta of bitumen No 3, three parts of bitumen No 5 and 150/0 of
kaolia or asbestos dust. Bituminous mixture will be appliad in hot
state. The third layer will be applied after the cooling of the

second layer.

§2. 0il systeams.

Of the majority of the engines of lubrication system, they are ]
fulfilled with the closed system of circulation. Im transport engines
oil cooling is produced by air flowv during the motion of machine or
by the special setting up of fan. In other engines this cooling is
realizesaccomplished in heat exchangers - radiators - air flow or

vater. During bench tests when engine is located in fixed position,

for oil cooling in the majority of cases, it is necessary to resort

to beach radiators. Purthermore, during the test work of 2ngines it

ih.pﬁ@immu:gk””'“->mng".
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is necessary to ensure monitoring of work of the system of
lubricatior and to simultaneously produce the determination of the

consumption of oil.

Therefore testing units usually into the lubrication system of

engine.

For the majority of installations, bench cil systems are
provided for individual, and sometimes when it is not required to
conduct the measurement of the consumptiom of cil of the tested
engines, such systems can be common for the group of stands or for an

entire experimental station.

Page 63.

The o0il supply 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/accomglished with the aid of

pump on the oil line, which connects o0il storage with the expenditure
capacitance/capacity of experimental station. For each type of oil,

cne should establish/install separately one feeding and one discharge

leads, the latter is simultaneously the conduit/manifold of the
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emergency discharje. The centralized o0il system is advisable with the
consumption not less than 1-1.5 t into replacesent. The
conduit/manifolds of the centralized oil supply are laid in channel
together with their warming steam line which must be included into
common/general/total with them thermal insulation. All 0il lines must
be packed with gradient/draft to the side of power supply. Minimum
gradient/draft within the liamits of experimental station must be not
less than 0.01, and of external main-line oil lines it is not less

than 0.003.

In the case of the delivery/procurement of oil on butter storage
with the aid of mobile conveying devices in flapks with experimental
station, one should provide fcr oil room where must be produced

preheating, storage and distribution of 0il on units.

Depending on the consumptiom of o0il, this distribution can be
organjized both in the small tare on trucks or electric cars and on
special conduit/manifolds; distribution on o0il line will be advisable

with the consumption of o0il not less than this was shown above.

In certain cases can be provided for the closed circulation oil

systea for several testing units.

The basic equipment of this system, which consists of
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expenditure oil tank with the preheating of oil, centrifuge or
pressure filter for purification/cleaning of o0il, pump and drainage
cil tank are usually furnished in basement or in specially separated
cil room under the condition of providing the pcssibility of the
drainage of o0il from the feeding and draim conduit/manifolds, laid in
channel. The wide application of the closed circulation oil system is
limited to the absence of possibility to conduct the measurement of
the consumption of oil with the required accuracy/precision in each
engine, which passes testing, to check the circulation of o0il at each

unit and to change the temperature conditions of the lubrication

S

system of separately each engine.

These shortcomings are deprived the individual systems of oil

supply with separate oil feed for each testing unit.

Page 64.

Such of system they must be equipped with equipment and the

equipment, arrange/located in the direction of o¢il outlet from engine

in the following direction:

1) the signal indicator of the detection of shaving (for the

engines whose crankshaft has slide bearings);
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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/unit 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 radiator with the
increased oil pressure in the case of the possible circulation of oil
not heated through through the filter. In this case the tightening of
the spring of reduction valve must ensure the bypass of oil at a

pressure before the filter and the radiator not higher than

peraissible.
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To avoid the launch opportunity of emgine 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 fuel pump.

The drainage of surplus oil, which enters from assemblies and
oil system as a whole, one should produce into drainage system or
through the drainage emergency oil line into the drainage tank of

vaste oil.

In the places of possible air lock for the non-admission of the
formation of air locks, the lubrication system must be equipped with

atmospheric tap/cranes or automatic air veants.

The schematic diagram of bench 0il system, comprised in

connection with the tests of gas turbines, is given in Fig. 22.

Basic initial value for determining the diameter of
condujt/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/prescribed by
technical specifications. In the absence of these data pumping of oil
in the system of engine or in bench oil system G, it can be i

determined by the fcrmula Q
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5. Qu
G”"TZ?]EF&T L/ain (9)

vhere Q, is a heat emission into oil inp kcal/h;

¢, - the heat capacity of 0il; during with sufficient
accuracy/precision for all mineral oils, it is possible to accept

c,=05 kcal/kg;

7« - specific gravity/weight; it is possible to accept v.=09

kg/1;

At - a difference in the temperatures of oil at output/yield and

the engine inlet in ©°C.

Page 65.

Heat emission into oil Q, is accepted according to the
technical specifications of engine. It cam be also determined from
the equation

Q.=G,H,, kcalsh (10)

vhere G, - the hourly consumption of the fuel/propellant, expended

by engine, in kg/h; |
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H, - fuel heating value in kcal/kg;

k - the coefficient, which considers heat emission into oil from
entire heat, introduced into engine. Approximately this heat emission
for all types of piston engines is approximately 1o0/0, i.e., k= of
0.01, and for gas turbines it is possible tc approximately accept k=

0. 0026

A difference in the temperatures of oil at output/yield and the |

|

engine inlet for piston engines is 30-40°C, also, for gas turbines |
3

from 40 to 50°C.

For the purpose of decrease in the hydraulic resistance in bench
oil system, the feed rate of 0il in conduit/manifolds one ought not
to accept above 1-1.5 m/s. Circulation cil line, in particular on the
section of the suction line, must be as far as possible shorter and
more direct/straight, without sharp rotations and the

transfer/transitions of section/cuts.
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Pig. 22. Schematic diagram of bench 0il systea for testing gas
turbines: 1 -~ upper oil tank with foam separator; 2 - service tank; 3

- discharging jet; 4 - check valve; S5 - flowimg electric heater; 6 -

radiator; 7 - shutoff valves; 8 - filter; 9 - temperature controller

of type RTPD-80; 10 - flow meter of type SVSh; 11 - pumping unit.

Key: (7). Control board. (2). Drain of water. (3). Water supply. (4).

0il feed. (5). 0il drain. ({6). Basic o0il outline/contour. (7).

Pipeline of the preheating of oil. (8). Conduit/manifold of air

outlet. (9). Drainage line. (10). Pulse tukes.

Fage 66.

The local resistance of this section must be minimal. The diameters
of the suction and evacuating sections of system one should accept
identical. The construction of filter at oil outlet from engine must
provide the possibility of convenient and rapid inspection and its
purification/cleaning. Is recommended the application/use of the dual

filters which make it possible to produce this switching for control

during engine testing without stop.

For purification/cleaning of 0il carn be applied the filters of

the different types: mesh, felt, fabric, paper and others. Widest use

received gauze filters.

B
e il e -
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For the plum of waste oil from an entire oil system, and also
for the emergency discharge of o0il the system must be equipped with
the drainage o0il 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 preheating

devices.

For providing the normal operation of engine, bench individual

0il systems must be equipped with foam separator. Most effectively
foam separator works on hot oil, and therefore it one should
establish/install in upper receiving oil tank, in the scavenge pipe,
before the cooling radiators. One should apply foam separator with
tangential o0il supply into the housing of the foam separator which is

furnished above the highest oil level of upper cil tank with the

filtration of oil through the grid.

The filteriny grid of foam separator must bte applied from brass

grid with 500-700 cells on 1 cm2, To each liter of the circulation of

cil per minute, one should accept 10-15 cm2 of this grid.

i L, B
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The measurem2nt of circulation or consumption of oil can be
produced with volumetric or weight method. The accuracy/precision of
measurement by volumetric method cannot be reached more than
0.5-1400/0, whereas weight it can be obtained by 0.2-0.30/0. For
veight measurement can be used the assembly, similar fuel, described

above, or the weight flovw meters of other constructions.

Radiators or heat exchangers for o¢il cooling by water are
establish/installed on the scavenge pipe of bench oil system. If
necessary for the unit of several radiators, the latter are installed
according to the pattern of parallel or series connection. The
pattern of parallel connection of radiator gives greater conveniences
in operation and smaller hydraulic resistance, but it requires large
heat-transfer area. In practice larger propagation received these

diagrams as more maneuverable and more reliable.

The temperature constancy of oil is reached by the quantitative
control of oil, which goes across the radiator and besides it, by
means of further mixing 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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automatically with the aid of a temperature controller of the type
RTPD-80 or by other means. Manual control is very inconvenient and it

is labor-consuming, it one should avoide.

The consumption of the water, passing through the oil-cooling
radiator, for one testing unit is determined from the

relationship/ratio

G,=-2L/h (11

1,—'1

e e

vhere (G, is consumption of the vater through the radiator in 1/h;

Q, - heat emission from oil into water in kcal/h;

t,-t, - a difference in the temperatures between coming out and

entering water, vhich takes place through the radiator, in ©°C.

For an entire experimental station the consumption of the vater,

bolt o0il will compose

Grcy,u - GdnKodu t/h (12)

vhere G,,, is total consumption of water for am entire experimental

station in I/h;
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G, - the consumption of water for one testing unit in I/h;

tab K,, - the diversity factor of work of installations, determined

on formula (8);

n - a quantity of testing unitse.

With the large consumption of water for oil cooling, liquid
cooling of engines and cooling braking devices, it is expedient these
cooling systems to switch on in the single closed loop-type system of
vater supply. The latter can be also used also for other needs of

enterprise.

If necessary of determining the heat balance from heat emission
froms oil into water at entrance and exit of water from radiator, one
should establish/install the sensors of telethermometers and
vater-gauge nozzles or washers for measurement on the differential

manometer of the consumption of the entering the radiator water.

The unit of throttle water-gauge washers or it puffed it must

correspond to technical requirements for their operation. Materials

for tubes and the connection of 0il lines are used per the GOSTs and
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standards, recommended for fuel pipes.

Hydraulic design of o0il system is reduced to the determination
of the diameter of the suction line on the basis of the conditions of
the permissible losses, the determination of losses to suction in the
scavenge pipe and the determination of the position of the level in

expenditure oil tank.

For calculation must be comprised the assembly diagram of oil
system with the indication of entire reinforcement and connections,
conduit/manifolds, rotations and linear dimensicns of horizontal and
vertical sections. The viscosity of o0il during calculation one should
accept in accordance with the temperature conditions of the normal
operation of engine. The determination of hydraulic resistance is

produced accordingy to the rethod, presented below.

I
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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 liquid cooling

vhich can be commdon/general/total for the group of testing units or

individual for each stand.

Depending on the construction of engine and its teaperature
conditions for cooling, are applied the common open systems, vorking r
under atmospheric pressure, or the closed systems, working with

overpressure.

tThe majority of propulsion test facilities has the open cooling
systems with the application/use as the cooling fluid of water. As
the target/purposas of the provision for the required thermal engine

operating mode and maintenance of the necessary temperature

differential of the entering and coming out water, and also for
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decrease in fouling, bench cooling systems are applied mainly
circulation, in which the water, which cools engine, accomplishes
circular motion according to the closed diagram. Cooling the wvater,
vhich circulates in this system, is produced in special h2at
exchangers or water-to-wvater radiators by the flowing cooling water,

which circulates on the second heat-exchanger circuit.

The maximum permissible water hardness, which cools experimental
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° H.

For decrease in the scale formation and corrosion, it is useful
to cooling wvater was added bichromate - potassium bichromate. The
addition of bichromate to water contributes to appearance on the
surface of the metal of anticorrosive film and to the formation of
the soluble salts of chromic acid, vhich decreases the scale deposit.
A quantity of additive of bichromate depends on water hariness. Thus,
for imstance, with common/general/total water hardness not higher

{ than the average of the addition of bichromate it must be 0.30/0 by

i veight.

The selection of individual bench or common/general/total group

" e - - - - A W ———— S ap
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cooling system is determined by technical test conditions of engine

and by requirements for the production of any experimental work which
can be carried out at this installation. Thus, for instance, need of
determining the heat balance at installaticn requires the individual

bench cooling system, equipped with equipment for the production of

such tests. FPig. 23, depicts the schematic diagram of the bench
system of water cooling in connection with production type tests of
diesel 21D 100. The temperature constancy of the water, entering the
engine, is reached by the quantitative control 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 produceil
automatically with the aid of temperature contrcller. Por example,
for this purpose can be used the temperature 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 toxes cocling must be produced remotely from the
cabin/compartment of control with the aid of handvheels and the

stock/rods, connected with adjustable values.
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The diameter of the conduit/manifolds of cooling system is

determined by a guantity of pumped through water and by its speed.

A quantity of pumped through water is determined froa the

formula (9), which for cooling vater assumes the form

_ Q. :
G"'Abw 1/min, (13

vhere G, is a quantity of pumped through water in the cooling system
of engine in l/min; (@, is a heat emissiom of engine ianto water in
kcal/h; At - a difference in the temperatures of water at

output/yield and the engire inlet in °C.
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Fig. 23. The scheaatic 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; 4 - gauge glass; 5 -
manometer; 6 - telethermometer of the water, which enters the engine;
7 - puap; 8 - telethermometer of the water, coming out from engine; 9
- sensor of electrothermometer; 10 - sensor of the signaling of the
temperature of water; 11 - temperature controller of the type
RTPD-80; 12 -~ radiator.

o
Key: gf). After adding fresh water. (b). Drain of the excess of
vater. (c). The conventional designations. (d). Distilled water. (e).

Filling and drain from system. (f). To drain. (g). For cosling of gas

exhaust. (h). Tap water.
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Heat emissioan into water (, one should accept accoriing to the
technical specifications of engine. In the absence of these data, it
can be approximately accepted in size/dimension of 15-180/0 of entire
heat of combustion of the introduced into engine fuel/propellant and
it is determined by the formula (10), in which one should accept k =
0. 15-0.18. A difference in the temperatures of water at output/yield

and entry At of the majority of engines is 10-12°C.

The speed of water in the system of liquid cooling one ought not
to accept above 2-3 m/s. The cooling water pipe must be fulfilled
vithout 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 arrangemant of conduit/manifolds must provide the
possibility of deaeration from the peaks of system with its filling
with vater and complete drain (desiccation) from the lower points of
all communications. The consumption of the water, passing through the
heat exchanger of one installation and an entire experimental

station, one should determine from formulas (11) and (12). During

——————
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these calculations of the value of the corresponding quantities, it

is necessary to accept conformably for the system in gquestion.

The centralized separation of water pipe for cooling of the heat
exchangers of testing units must be produced by the branches, not .
dependent from main conduit. The water pipe of cooling water on

output/yield from heat exchangers is fulfilled in the fora of

self-flowing, nonraaming line.

All the feeding and drainage vater pipes are furnished in

special channels along sex/floor. The water pipes of the cold and
finishing or heated water must be packed with the gradient /draft:
cold water to the side of the source of supply, and heatel - to the
side of its return. The gradient/drafts of vater pipes are determined

by the possibilities of their arrangement/permutation and are

accepted by analogy with fuel pipes.

The determination of hydraulic resistance is produced according i

to the met hod, carried out into §7 of Chapter V.

The supply of cold water to heat exchangers or radiators should

produce from below, and the branch/removal of the cooled heated water

from above these apraratuses.
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Somet imes can prove to be necessary the introduction of the
preheating of the engine before starting/launching and when
conducting of bench tests. This preheating can be achieve/reached by
circulation by the special heated water, which is located in cooling

systea.

The preheating of water im cooling system can be

realizesaccomplished in service tank with the aid of tubular electric
heaters, by hot water or vapor through the coil, and also with the
aid of pair or by hot water by means of their connection to the basic
outline/contour of heat exchangers. In all cases of preheating for
providing the circulation of the hot water through the engine in
systeam, must be provided for the pump with its parallel connection to

the basic outline/contour of systesn.

Page 71.

The warming heating mains and auxiliary pump are equipped by the
valve/gates with the aid of which they can be disconnected from
system after the heating of engine. Pairs or hot water they are
connected to the intertube space of heat exchanger or radiator. Steanm
line is connected to water radiators on top with the branch/removal

of condensate from below. For an improvement in the circulation, the

heating main of the entering hot wvater is connected from below
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radiator, and outlet water - on top.

As needed for measurement the circulation of cooliny water can i
ke produced with the aid of it metering nozzle or disk washers.
Metering nozzles or vashers are establish/installed on the
direct/straight sections of the outline/contour of cooling system in
accordance with technical specifications for their installation and
operation. The more precise method of the measuvrement of a quantity
of pumped through water, and also the determination of the heat

balance of engine is produced by weight method with margin of error 1

of approximately 0.50/0. l

In certain cases for provision, that the reliability of the
operation of tested engine on the maximum permissible mode /conditions
is expedient the signaling system of thermal loads and pressures to
block with the codling systems and fuel feeds, while in engines,

vorking with electric ignition, and with ignition system.

Control of the system of water cooling must be produced from

control panel of engine.

Theraometers and the manometers, which show temperature and the
pressure of cooling water at entry and at output/yield e from engine,

it is expedient to furnish on the central flaps of control panel.

. e

Pasan S
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Depending on technical requirements and the assignament of
installation, the thermometers and manometers can be duplicate/backd

up/reinforce by recording instruments.

Auxiliary monitoring-measuring egquipment and those instruments,
which do not require constant observation, can be placed on the

auxiliary panels of control panel.

§4. Air-inlet systenms.

These systeas include the systems and the devices of the inflow
of pure air into the locaticn of experimental station for providing
the complete combustion of fuel/propellant in tested engines, the
ejection of waste gases for a reduction/descent in their outlet
temperature, and also a device for the measurement of its consumption
in all operating modes. Por powerful piston engines and especially
gas turbines, working with the large excess air ratio, the air flow
rate for the feeding of engine and the ejection of waste gases

reaches large quantities.

Page 72.
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If ve during testing of such engines do not ensure the necessary

inflow and sufficient addition/completion of air, thea it can occur:

1) a reduction/descent in the power of engine as a result of

considerable evacuation/rarefaction indoor of experimental station;

2) the decomposition of the separate structures of location
(extrusion of windows, doors, etc.) as a result of
evacuation/rarefaction because of the pressure differential between
external atmospheric pressure and reduced pressure indoor of testing

unite.

The air flow rate by engine is determined from the condition of

the coaplete combustion of the fuel/propellant

Gposote = “"20-% K /80 (14)

vhere G, ;... is air flow rate by engine in kg/s; G - the

hourly consumption of fuel/propellant by engine in kg/h; Lo, is the
quantity of air, theoretically necessary for complete combustion 1 kg
of fuel/propellant. For gasoline, kerosene and diesel »>f
fuel/propellant Lo ~~ 14.7 kg of air on 1 kg of fuel/propellant; a -

the excess air ratio is determined from the engine characteristic. In

the absence of these data for calculations with sufficient
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accuracy/precision, it is possible to accept: for piston engines a =

0.95, for gas turbines a = 4.0.

If necessary for cooling waste gases by mixing length of their
with the ejected air its flow rate will be determined by a quantity
of gases, by their initial temperature and the final temperature of
mixture. The ratio> of a quantity of air, necessary for cooling, to a
quantity of wvaste gases, coming out from engine, taking into account
their temperature state will be determined by the coefficient of

ejection, which can be obtained froam the relationship/ratio

e
K, = e o (15)
{ (4

xon — ‘amm

where K" is a coefficient of ejectiomn; ¢, is temperature of exhaust
gases on leaving from engine in °C; {, is the final temperature of

mixture in °C; t.n« = the temperature of the ejected air in °cC.
The temperature of waste gases on leaving from engine one should
accept according to the technical specifications of engine. For
diesels this temperature comprises (,, = 700~-800°C, also, for
remaining piston internal combustion engines {,, = 800-90)°C.

For gas turbines {,, = 400-600°C.

The final temperature of the outgoing mixture of waste gases
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with air must be deteramined by that msaximum permissible ta2mperature

vhich can long and reliably maintain the constructions of the
gas-discharge and soundproofing devices. Data on these temperatures

are given in Chapter VIII.

Page 73.

The temperature of the ejected air omne should accept according to the

temperature of surrounding air of relatively prolonged period in

summer as more adverse conditions for cooling of the mastered gases.
For areas of moderate room this temperature it will coamprise (um.=

= 259C.

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 ejection of waste gases for one testing

unit will coaprise

Gno:-nosd = G'O’a-(h (1 + Kn) kq/.l (16)

wvhere G,,, .. 1s complete air flow rate for one testing unit in kg/s;

G,,..0. = the expenditure/consumption of air of eamgine in kg/s: K, is a

coefficient of ejection.
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With the arrangement of several testing units in one locationm,
the complete air flow rate, determined by formula (14), must be
increased by the number simultaneously of working installations. For
the purpose of the compensation for the inflov of the expendable air
it is necessary indoor testing units to provide for supply or as them
are frequently called, the air-suction shaft/mines and channels. If
necessary they are equipped by the sound-deadening devices, since on
high noise level indoors of the experimental station through these

shaft/mines noise it will penetrate outside.

Air-intake shaft/mines can be both individual for each testing
unit and comamon/general/total for several installations, if in this
case noise propagation on them will not be interference/jamming for

ad jacent installations.

The hydraulic resistance of intakes must ke minimum. For this
reason, and also to avoid the blowing of sound-absorbings material
the air speed in the zone of soundproofing must not exceel 15-20 m/s.
The total resistance of air-inlet system must not exceed 60-80 am
H,0. When, in the experimental location, evacuation/rarefaction is
present, more indicated tested engine not in state will da2velop total
pover, as they speak, will occur the deficit of the power of engine,

which disturbs the limit of the required accuracy of aeasurements.
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FPor a reduction/descent in the hydraulic resistance, one should
to gear down air flow, to improve the conditions of entry and
output/yield of this, to apply special fairings in soundproofings
during a change in the flow direction provide for cascades and other

measures, directed for improving the outline/contour of input device.
Page 74.

It is necessary to also focus special attention on the provision
for purity/finish 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 construction particles, grains of slag, carbon and solid
particles, which are 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 strength. To the same degree the obstructibility of
air detrimentally affects the work also of piston internal combustion
engines. Therefore the regular arrangement of experimental station
and air-intake shaft/mines gains importance. As far as possible them
it is necessary to remove from shops and the productions, which
contaminate the air, such as foundry shops, boiler, the storages of
carbon and other similar materials, the production of friable

building materials. In the presence of the stromg dust content of

T N AR T R
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surrounding air in area of experimental station and in the absence of

air filter of engine during its testing the bench system of air
supplu must have filtration of air. It can be realized by the
following methods: a dry method - with the aid of surface or porous
filters; by wet process - the means of oil filters; in an inertia
manner - with the aid of inertia dust arresters; electrically - by
the electrification of dust. The method of filtration one should
select depending on the degree of obstruction, composition of
particles and air flow 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 1.4 mm and 0.65 mm in gauge. The
distance between jrids must be 250-300 mm and furnish them should the
air-intake silencers. With the air flow rate, it is more than 20-30 3
kg/s to more expedient apply inertia dust arresters and electric
filters. With smaller expenditure/consumptions simpler will be the
0il, so-called viscin filters. The latter consist of standard cells
500 x S0 mm in size/dimension of, filled by bushings from ceramics.
The thickness of filling is 75-100 mm. For the wetting of bushings,
is applied slowly drying viscin or motor oil. The periodic }
purification/cleaning of contaminated filter sections is produced by
their dipping into bath with hot soda solution. Design load on one
cell is accepted within limits 0.25~0.30 kg/s, in this case the

resistance of this filter is 7-8 mm H;0.
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To avoid the suction of wvaste gases into receiving air duct, the
partition tranch 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,
wvhich considerably exceeds the surrounding atmospheric air, their
flow will be directed upward along vertical limne. Therefore it is
expedient the gas-bleeding tube to furnish higher than air-inlet
branch connection. In this case, the difference in height/altitude
must be not less than 3-S5 m. In the case of the impossibility of

their this arrangement one should remove from each other.
Page 75.

As far as possible it is necessary to approach that so that the
air-inlet branch connection would be arrange/located from windward,
and gas escaping from the lee side relative to the direction
prevailing winds. Especially this is related to the powerful testing
units which have air flow rate several kilograms per second and it is

above.

Air-inlet branch connection is furnished horizontally or is
vertical. In the latter case it must be equipped by the canopy, vhich
shields air duct and silencers from precipitation of atmospheric

residue/settlings. To avoid the incidence/impingement into the systen

g ———
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of dust from the roof of building, the branch connection must be
removed from rocofing up to distance not less than 1 m. On the end of
the air duct, is establish/installed also the rare wire gauze, which
prevents from 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-intake channel must be stable to
efflorescence and not allow/assume the isolation/liberation of
construction particles and dust. For strengthening and sur face
protection of the structure of this channel, it is expedient to
produce the pasting of its gauze on bakelite varnish with the

subsequent coating with nitrocellulose enanmels.

§5. Gas-bleeding systenms.

The systems of gas bleeder serve for the removal of waste gases,
they can be accepted along the system of the open or closed gassing.
The system of open gas outlet consists in the fact that the
gas-bleeding collector/receptacle of engine or its nozzle does not

have direct connection to gas exhaust channel or conduit/eanifold. In

this case waste gases on certain small section occur/flow/last over
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air without 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 branch connection of the

gas~-bleeding systen.

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 waste gases depends on requirements and conditions of the vork of

installations.

Closed gas bleeder is applied:

1) vith the arrangement of bench installations in
common/general/total hall, since the closed gas bleeder considerably
decreases noise level indoors of experimental stations:

2) if noise level during engine testing is relatively small and
in the gas-bleeding System are not required to establish/install the

sound-deadening devices with temperature limitations;

3) when according to test conditions it is not required to
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observe of the yield of waste gases for determining their smokiness,

color of flame, uniformity and combustion stability.

Page 76.
The open gas bleeder makes it possible:

a) induced air for its mixing with waste gases for the purpose
their temperature decrease. This is necessary during the esquipment of

the gas-bleeding system by the sound-deadening devices; i
b) to observe of the coming out jet of waste gases.

The common/general/total gas-bleeding systems, which operate
several testing units both of closed and open gas bleeder, must be
equipped with the special smoke sucking or suction ejector devices.
To avoid the overflowing of waste gases through air-intakes opening

of adjacent installations in the gas-bleeding system, it is necessary

to create evacuation/rarefaction.

If the hydraulic resistance of the individual systems of the

open or closed gas bleeder does not exceed the permissible value,

they can not have forced drawving.
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Por piston engines without the perceptible error, within the
limits of the regquired accuracy of the measurement of power, the
common/general/total hydraulic resistance is admissible to 300-400 mm
H,0. Por 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 have form
that for both types of engines in all cases the total pressure of
waste gases in the section/shear of outlet must exceed the hydraulic
resistance of entire channel of the gas-bleeding systen.
Section/cuts, dimensions 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 wvater.

The weight flow rate of waste gases will correspond to the flow
rate of the air, necessary for the complete combustion of
fuel/propellant, determined from formulae (14) or (16) with the
addition to it of weight of flow of the combustible in enjine
fuel/propellant. Por the installations, working with closed gas line,

this flcw rate will compose

GU’""-?‘IJ - Gnonr)-du = Gmon kg/s “7)

vhere G,mp,,, 1s a flow rate of waste gases one by unit in kg/s;
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Go00, = the air flow rate for the feeding of engine in kg/s;

G - a fuel comsumption by engine in kg/s.

mon
The flow rate of waste gases at the units, working with the

addition of the ejected air, will be determined:

G

’
omp.2a3 = Ye0sd.noa + Gman

the kg/s (18)

vhere G,mp,, 1S a flow rate of waste gases one by unit with the
ejection of air in kg/s;

G - complete air flow rate for the feeding of engine and

8030-no.1

for ejection for one uait in kg/s;

G - a fuel consumption by engine in kg/s.

mona
Page 77.

A gain in weight of waste gases because of the products of fuel
combustion against the weight flow rate of air, consumed by engine,
in formula (17) is virtually 6-6.50/0 for pistom and 1.7-2.00/0 for
gas turbines. Por determining the section/cuts of the air-inlet and

gas-bleeding channel, it is necessary tc knov the volumetric flow
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rate of air and of vaste gases or their mixture with air wvhich is

determained from the formula

Q = G/y m3/s. (19)

vhere Q is a volumetric flow rate of air, of waste gases or their
mixture in m3/s; G is the weight flow rate of the same gas in kg/s; 7

is the specific weight of gas in kg/m3.

The specific weight of gas is determined from the

relationship/ratio

vy = P/RT kg/s, (20)

vhere P is pressure in kg/m2; R is a gas constant in kgm/kg®C; T is

absolute temperature in ©°K.

Por the calculation of air-inlet and the gas-bleeding systems
vith sufficient accuracy/precision for air, wvaste gases or their
mixture with air it is possible to accept: P = 10 330 kg/m2, R = of
29.3 kgm/ %C. So, the specific weight of standard air (at
temperature of 159C) will comprise

10330

1=-57ﬁ§§175-- 1.226 kg/m3.

e T oot P

SRl




poc = 77233306 PAGE 3%

The necessary section/cut of channel will be determined from the
expression FeQ 4 @1)
vhere F is effective area of channel in m2; Q is a voluametric flow
rate of gas in m3/s; v is the average speed of the flow of gas in

D/ Se

Por providing the reliable and continuous operation of the
constructions of the gas-bleeding system and sound-deadening devices,

vaste gases are subject to cooling.

Page 78.

In practice widest use received the following methods of

cooling;

1) by air, by means of ejection by its coming out jet of waste
gases or during the supplying its into the gas-tleeding system from

the air injector, pneumatic from compressor or from air extractor;

2) by means 5>f water injection into the gas-bleeding channel;
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3) with the aid of the unit of heat exchanger;

4) 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 individual
gas—-bleeding systems most frequently, especially for gas turbines, is
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/tot al gas-bleeding systems, this method cannot 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 additionally
establish/install special exhaust fans or the auxiliary ejectors, the
pneumatic for maintaining certain evacuation/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. 24, 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 vaste gases head
for ejection pipe 2, which has diffuser 4, and further for the

gas-bleeding tube or muffler 5. A quantity of air, ejectel by the jet
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of waste gases, will depemd on the relationship/ratio of diameters

dzsd, and of distance /, betvween 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 of waste gases and correct
vork of ejector, must be observed following conditions: the diameter
of ejector d, ~~ 1.05 4, + 04/ the length of ejector [3>>4-=5 dj
the length of diffuser /> 2.5-3 d,; the length of receiving socket /; =~
~~ 0,05 d,; the convergence angle of receiving socket 30°; the

divergence angle of diffuser 4-5° (for each side from the axle/axis

of diffuser).
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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, during the cancelled starting/launching), must be equipped
with drainage and blowoff devices for the prevention/warning in them
of possible explosion. 2ir gas pipes must have minimum hydraulic
resist ance, and therefore in them are not allow/assumed sharp
rotations and transfer/transitions. The bent or welded elbows as far
as possible must approach a circumference with a radius to the
axlesaxis 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 reduction/descent in the teamperature of waste gases in the
gas-bleeding system by means of water injection is the most effective
rethod. It gives noticeable noise reduction at the yield of gases
because of a considerable decrease in their volume during cooling and

a corresponding decrease in the velocity.

A reduction/descent in the temperature of waste gases by means
of vater injection can be reached with the observance of following
conditions. It is first of all necessary to ensure the finé/thin
atomization of water, for which it one should supply to in jectors
under pressure not less than 6~8 kg/cm2. 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 will depend on the initial and

final temperature of gases. ;

In connection with waste gases of the engimes in question
temperature balance along the flow of bulk of gases begins not

earlier than the passagevay from 8 to 12 m of the length of the

section of gas line of the site of installation of the injectors,
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vhich 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,(t,—t)=Gel(t,—1,) + 539 +c,(t, — 1],
vhence

G, = ——wlazl)_____ yg/s.  (22)
cl(te— t )+ 539+ ¢, (1 — 1)1

where G, is expenditure/consumption of water in kg/s; G, is a gas
flow in kg/s; c, is heat capacity of gas 0.24 kcal/kgedegs: /¢, is
initial temperature of gas in °C; /. is the final temperature of gas
and the steam in °C; ¢ ~~ 1 - the heat capacity of water in
kcal/kge °C; (., - the initial temperature of water, is equal to 15°C;
lc-the final temperature of water, is equal to 100°C; 539 - latent

heat of vaporization in kcal/kg; ¢, - heat capacity is the pair,

g e

equal to 0.5 kcal/kgedeg.

Page 80.

The water, which goes flash for cooling of waste gases, changes

their weight and volumetric composition.
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Furthermore, 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 during the determination of required dimensions and

section/cuts of the gas~bleeding channel.

For determining the specific weight of mixture y from foraula

(20) and the volumetric flow rate of mixture from formula (19) we

find common/general/total gas constant R,

A guantity of the steam, obtained with the combustion of
fuel/propellant, taking into account an average gquantity of vapors,

vhich are found in air, will comprise

Gr
G, =161 kg/s.  (29)

vhere G, is a quantity of the steam in kg/s; 1.6 coefficient, which
considers a quantity of forming steam vith combustion 1 kg of
fuel/propellant, on the basis of the weight content of hydrogen,
which is located into the fuel/propellants also of the connected to
it atmospheric oxygen, and also taking into account an average
gquantity of water vapors, which are found in standard air; G, is a

fuel consumption in kg/h.
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The total weight of the steam will comprise
G =G, +G, kg/s, (24)

vhere G, is the total weight of the steam in kg/s; G, is
expenditure/consunption of water for injection in kg/s; G, is a
quantity of the steam, obtained with the combustion of
fuel/propellant, taking into account the steam, which are found in

air, in kg/s.

The weight of dry gas we will obtain by the subtraction of the

veight of the steam from common/general/total weight of gas:

G =6 —G, kg/s, (25)

2 omp.2a3

where G, is weight of dry gas in kg/s; G,,,, = the
expenditure/consumption of waste gases, determined by formula (17) or
by formula (18), in kg/s; G, is the total weight of the steanm,

determined by formula (24), in kg/s.

The total weight of mixture G, we will obtain by the summation
of the weight of dry gas G, and of the weight of the steam G, those

vho were determined from formulas (25) and (24),
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G,=G,+G, kg/s.  (26)
Page 81.

The gas constant of mixture R4, will be determined from the

expression

G G,
- l e e
Rosu = 47,1 =~ +29.3 —

cM cu

kgmn/kgfm, (27)

vhere 47.1 and 29.3 are gas constants respectively for the steam and

exhaust gases.

The obtained value gas constant mixture R,, one should
substitute into formula (20) for determining the specific weight of

mixture and subsequent volumetric flow rate of mixture.

Por water injection, are applied angular or tangeatial
injectors, arrange/located on vater-conducting collector/receptacle

in the initial section of ejection pipe or gas pipe.

With the diameter of injector 6 mm, the consumption of water is
0.3 kg/s. To avoid falling of water into box or in the location of
the testing units of injector one should establish/install at certain

angle to the flow of gases, which coincides with the direction of
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vater injection from engine. For providing 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

injectors.

§7. Determination of the flow rate of air and hydraulic resistance.

1« Air flow rate.

During experimental studies and taking of standard
characteristics, sometimes it is required to determine the
expenditure/consumption of the air, which enters the engine. This
need appears also during testing of superchargers and compressors

both piston engines and the gas turbines.

In these cases the testing units are equipped with the device,
vhich makes it possible to produce the measurement of the air flow

rate.

From the most widely used methods such measurements can be

produced with the aid of throttle instruments or the pneuaatic tubes,
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ad justable 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
vhich is determined by rressure difference before and after throttle
instrument. This pressure difference is measured by differential
manometer, and further analytically is calculated

expenditure/consumption according to the procedure, given in [ 10].

With all methods of measurements for determining air demnsity

simultaneously with pressure is produced the measurement of its

temperature.
Page 82.

Temperature o9f air at the inlet into engine it should be
measured with low-inertia resistance thermometers in asseably with

pultiposition measuring bridge and galvanometer.

The temperature of air and gas through the channel of engine and
in section/shear is measured by chromel-drop and chromel-alumel

thermocouples with readings according to galvanometer.

yse e
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2. Determination of hydraulic resistance.

The feed systems of air and gas bleeder, and also the
power-supply system of testing units by fuel/propellant, 5il and
vater frequently require the determination of hydraulic resistance
for testing of their throughput capacity, selection of pumps, pumps
and another equipment with the necessary pressure for providing the

duct of liquids and gases.

Especially this is important for the air-inlet and gas-bleeding
systems, since in them in the majority of cases are determined
limitations on the permissible evacuationy/rarefaction and the

available pressure.

The common/general/total hydraulic resistance of these systeams

during the flow on them of gases and liquids is composed of tvo parts

Ap=Ap,,+Ap, kg/n2, (28)

vhere Ap is the common/general/total hydraulic resistance of the
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outline/contour of system (channel or conduit/manifold) in kg/m2;

Ap,, = frictional resistance over entire length of outline/contour
depending on flow conditions (Reynolds number Re) and of surface
condition of friction or degree of roughness in kg/m2; Ap, - the
local resistance, caused by local vortex formations and the
redistribution of the speeds in the shaped pieces of the
conduit/manifold, fittings and other barrier/obstacles, depends on

their geometric forms and size/dimensions in kg/m2,

Frictional resistance is determined from the formula

Aprp=rt . 2. (29)

vhere X\ is a coefficient of friction drag of the unit of the length
of conduit/manifold (channel); | - the overall length of
conduit/manifold, including the length of its shaped pieces, in m; d
- the diameters of conduit/manifold in m; w - average rate of flow
(gas or liquids) in m/s; g = 9.81 m/s2 - the acceleration of gravity

A is the specific gravity/weight of gas or liguid in kg/m3.
The coefficient of friction A - depends on flov condi tions
(Reynolds 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 deterained from the

formula

Ap"=C,-L;gl1+C¢ %1+ = .+c,%xr/u'. (30)

where §;, €24 <<y in - 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

systen.

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 froa liquid
column in conduit/manifolds and the capacitance/capacities, which
form part of system, but arrange/located below cr higher tham testing

unit.

In the indicated calculations for all systeas, one should

disregard the elasticity of vapors of liquids, since their content is

virtually insignificant.
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Eage 84] Chapter VI

SAFETY CONTROL AND INDUSTRIAL SANITATION AT EXPERIMENTAL STATIONS.

§1. Safety engineering and industrial sanitation.

1« General considerationse.

The questions safety and industrial of sanitation technique
include entire complex of the equipment of devices and orgamizational
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 vith respect to the provision safety and

industrial of sanitation technique are establishs/installed and are

regulated by the union inspections of Gosgortekhnadzor and by state
sanitary inspection. For each production taking into account its

specific special feature/peculiarities, these organizatioas 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 also 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
personnel of enterprises is due daily to keep track of the state
safety and industrial of sanitation technique on its sections and to

take all measures to a further improvement in the working conditions.

Persons, guilty of nonobservance and disturbance/brea kdown of
the established/installed positions and instructions, by inspections
indicated above are drawn on responsibility according to the

effective legislation.
For experimental stations and laboratories, general
considerations on safety and industrial sanitation technique are

reduced to following basic requirements.

Page 85.

2. Requirements with respect to device and equipment of experimental
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stations.

For the purpose of the safety control of the service personnel
on tests and the safety of engines, it is necessary in testing units
to provide the blocking of starting/launching system with the
propellant feed systems and air and the coverage of gates and doors

of bench cabin/compartments.

Device, ventilation and the illumination of production
locations, composition and the sizes/dimensions of everyday and office

locations are regulated by noras N 101-5S4.

A quantity of harmful isolation/liberationmns, which are contained

in air of working locations, is limited to their maximum permissible

concentrations, given in appendix 1.

The maximum permissible noise level in production locations and
outside them is establish/installed according to time/temporary

sanitary norms (see appendix 2).

s il s ik it

In the case of possible at testing units fires, explosions,

breakawvay of the rotating parts and other emergencies, which threaten

safety the service personnel, bench units must be arrange/located in
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the isolated/insulated boxes. In this case, the personnel, which
generates testing, must be located in the isolated/insulated from box
location (cabin/compartment of control), of wall, observation window

and door of which with emergencies must ensure fullest safety.

At the test benches and the laboratory units where the safety
the service personnel can threaten the breaks of rotating parts
either the tightening of their clothing in the rotating parts of
mechanisas, or into the jet of stack gases or into the air-inlet
tranch connections of engines, compulsorily must be
establish/installed shielding enclosure/protections in the form of

grids, handles, etc.

Bench staircases with walking on them more than one times into
replacement must have slope angle not more than 45°. The working
surface 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, they must be covered with corrugated
iron or to be manufactured 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 which during tests can pass the people.
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The bench etcetera equipment of the testing units im which is
establish/installed the electrical equipment or are instal led

electric systems, they are subject to grounding. Movable illuminating

tubes must work under voltage/stress not more than 36 V.

Vessels and equipment, vorkers under pressure are more tham 0.7
atm(gage), with the value of the product of their volume in liters by
fressure in atm(gage), it is more than 200 unity, must be
manufactured, be installed and operate with the observance of noras
and rules of Gosgortekhnadzor (see the “rules of device and safe
operation of the vessels, working under pressure", affirmed by

Gosgortekhnadzor of the USSR 17/XII 1956).

Page 86.

Device and the operation of cargo mechanisss must be
realize/accomplished in accordance with the "rules of device and safe

operation of cranes", affirmed by Gosgortekhnadzor of the USSR S/VII

1957.

3. Safety of works on testing units.
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Bringing into service of the newly equipped or reconstructed
production shops, compartments, laboratories or separate testing
units, including of cargo mechanisms, vessels, vorking under
pressure, and other similar to them objects must be produced only
after the compilation of the acceptance event/report of board with
necessary collaboration in this board of the chief of bureau of
safety engineering of enterprise and technical inspector 2f the

council of trade unions.

In the necessary cases or of the requirement for the chief of
bureau of safety engineering of enterprise is compulsory also the
collaboration of the representatives of Gossaninspektsiya,

Gospozhnadzor and Gosgortekhnadzor.

The conduct 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 wvorkers, the provision
for vorkers with special clothing, special boot and protective

devices is laid on the administrative-technical personnel of

enterprise. Works with leaded gasoline must be produced im accardance

vith "sanitary regulaticns 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.

T RSN e R —
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One should remember that leaded gasoline fossesses toxic
properties and can cause heavy poisonings with its
incidence/impingement for skin covering, with its ingestion or during
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 specially equipped gasoline mixing stations and by
authorization of local Gossaninspektsiya. The experimental stations
and the laboratories of engines, which apply leaded gaéoline, must be

equipped with sanitation points.

During the use of the mercury pressure gauges ! of work with
mercury, they must be organized and to be fulfilled in accordance
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 t. For the purpose of the prevention of poisonings, the
application/use of the mercury pressure gauges (piezometers) follows
as far as possible to avoid, co-plefely or maximally to reduce.
Piezometers it should be replaced by group pressure recording gauges

GRM-2, manufactured with the plant "Tizpribor," this norn-mercury




poC = 77233307 PAGE 48/,

instrument can simultaneously measure and record/vwrite pressures 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 lowver part of it must be the collection for the
catching of mercury 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 from 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-fighting safety.

1« General considerations.

The field of fire-fighting safety includes entire complex of the

equipment of devices and measures, which eliminate explosions fires
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in experimental stations in the laboratories of engines or
gas-dynamic during their operation. According to the character of the
production of the tests of thermopover engines, the seats of fires
can occur; however, they must be abbreviated/reduced to the minimum
and bear local character with the provision for localization and

complete liquidation in short time.

Construction and the operation of the productions, which apply
the inflammable and combustible substances, are regulated by the
appropriate noras and commands. Besides the unicn norams of state
committee in the matters of building USSR. "FPire-fighting norms and
the technical specifications of the design of the storages of the
inflammable and combustible substances according to NiTU 108-56" and
the "rules of the device of electrical equipment" of the ministries
of power stations, usually are departmental rules and commands,
comprised in connection with the special feature/peculiarities of
each production and the supplementing indicated 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 drawn 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
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requirements.

2. Fire-fighting requirements with respect to device and 2quipment of

experimental stations.

Buildings and the departments of experimental shops and
laboratories of engines or gas-dynamic laboratories are related as a
vhole 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, are given the categories fire- and the explosiveness
of individual sections and services of these shops, and also the

classes of the device of electrical equipment.

Power electric systems, illumination and electrical equipment
must be installed in separate locations and services in accordance
with the "rules of the device of electrical equipment™ and by the

classes of these locations, see appendix 3.
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During the construction of buildings and the egquipment of

experimental stations and laboratories, must be applied flameproof
materials. The sound-absorbing constructions on gas bleeders also
nust be made 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 m2,
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, atove them is not permitted
the device of production, auxiliary and other services with remaining
in them the service and other personnel. In these rooams must be
knocck-out surfaces in the form of windows, doors and light/lung
partition/baffles, but therefore one should furnish them at external

valls.

Within the buildings of experimental stations and laboratories
and above these buildings is not permitted device of the fuel

expenditure and other capacitance/capacities above 500 1.

The supply of testing units with fuel/propellant is recommended
to realize/accomplish by the centralized way - cn conduit/manifolds

vith 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 device, 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 sgecifications of the design of
‘ the storagjes of the inflammable and combustible substances according
i to NiTU 108-56, by the fire-fighting norms of the construction design

N 102-54 of state committee for the matters of building with the CHM
USSR, and also by the rules of the device of electrical equipment PUE
i - Rules for setting up electrical installations) of the

Ministry of power stations.

The main conduits of the centralized fuel supply should be laid
from the outer side of building. The sections of the fuel lines to
units and stands vwithin building 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

installation of fuel lines must be filled by dry sand.

The centralized fuel lines input into building must be equipped

o T e o
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with shutoff valves with free access to them for their coverage.

Page 89.

Bench fuel systeas 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 systenm:
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 o jection of
fuel/propellant, one should provide for drainage system. It must
consist of drain ladder for the collection of fuel/propellant,
conduit/manifolds, packed with gradient/drafts for providing for a
self-flowing draia, and the special drainage capacitance/capacity,
arrange/located outside building and that which wvas sunk into the
earth/ground. This capacitance/capacity must have a device for the

periodic evacuation from it of fuel/propellant into movable tare.

Experimental stations, the laboratories of engines and
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3
4 gas-dynamic laboratories are equipped bty the means of fire
; extinguishment, a composition and quantity of which is determined in ‘
: each specific case depending on the egquipment 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 units 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

L for are felt.

Por the distance/removal of vapors of the spilled volatile fuel,
one should provide the forced suction and exhaust ventilation, which
eliminates the formation of the dangerously explosive concentrations
of the mixtures of propellant vapors with air. To avoid extrusion
additional air of inflammable propellant vapors into adjacent
! locations the productivity of exhaust ventilation, as a rule, must be
higher than supply for providing certain evacuation/rarefaction in

the ventilation location.

Since the pairs of fuel/propellant heavier than air, they are
capable of flowiny in and being store/accumulated in the lover

arranged/located locations. Therefore one should not in experiaental

- S—— e R e e 4 N N
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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 ventilation.

3. Heasures of fire-fighting safety.

Depending on the type of fuel/propellant, arrangement and
character of the locations of electric wvire, power and lighting
electrical equipment 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 sens2 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 solidly
connected, have a good contact, represent single electrical circuit.

the metallic contact of all component/links of fuel pipes is reached

e e . S o
- - m ¢ i m "'r—_—"'—- e . - g
. - 2




L o

TR S

i dan

pDOC = 77233307 PAGE 6

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 mm2, 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 cleaned to

metallic luster.

The electrode of grounding must be metallic with anticorrosive
surface not less than 0.5 m?. This electrode is connected with
conduit/manifolds by conductor not less than 6 sm in diameter 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.

Por 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, vithout allow/assuming in this case leak and the inflows of
fuel/propellant in points of connections and in equipment itself. 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 o0il filters in gasoline or kerosene
produce in gasoline purifying or in the separate isolated/insulated

and fitted out for these purposes location;

c) with the possible overflovws of fuel/propellant or oils the
latter must immediately be removed vwith 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, vhich eliminates

sparking;

e) wvaste and fuels to store in closed tare, in this case their

reserve must not exceed interchangeable necessity;

f) repair work on units with the application/use of the free

flame (velding and other works) to produce little more than after

obtaining of the corresgonding resolution from the chief of

experimental station and fire supervision; 3

g) in the locations of the possible accumulation of propellant
vapors produce the periodic testing of the concentration of their

content in air, without allov/assuming the formation of dangerously
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explosive mixtures;

h) in each replacement from the workers of shop to have fire

coaponent/links (calculations) vith precise distribution of

responsibilities and actions on fight with inflammation or fire prior

to the arrival of firefighting tean.
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Page 91,

Chapter VII.

RECOMMENDATIONS REGARDING THE DESIGN OF EXPERIMENTAL STATIONS.

§1. Composition of experimental stations.

Depending on the conditions, scale and the character of
production, experimental stations can be organized in the form of
individual sections either department/separations, which form part of
motor-assenbling shop, or on the tights of independent shop. This is

related both to series and to the experimental production of engines.

Territorial experimental stations depending on type of engine,

its pover 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
which it will be said below, one should approach the arrangement of
experimental station together with other shops. This reduces capital

investments on construction unit and cosmunications, it decreases the

. operational maintenance costs of buildings and the tranqutt

expenditures.

If necessary for isolation/insulation of experimental station
from other shops, the safety and other reasons they are furnished in
the separate, isolated/insulated, special annex, which adjoins the

housing of motor-assembling shop, or they can be in it built in.

If necessary for more reliable isolation/imsulation, and also,
vhen 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 arrangement/permutation of
experimental station is in principle important question, and it must
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

[ ——— o s s ] e
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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.

4. Auxiliary services and shop. Are this involved gemerator,

shop mechanics, instrument, the ventilation, stcrerooms and others.

SEveryday services and the locations of operating personnel.

Sometimes with experimental stations, there can be painter

department /separation 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 according 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 majority of cases,
last/latter solution will be more expedient, since in this case

i‘ engine after sorting/partition enters the monitoring test, which

decreases its transportation.

Coloration more frequently is produced after testing. But there

can be another order when the coloration of sefparate parts is

produced to the assembly of engine. In this case painter compartasent 4
with experimental station is absent, vhile 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 thes is necessary wvhen
plant supplies engines to side, to the client, territorial removed
from factory. Under these facts expedition it is expedient to furnish

with experimental station, in one with it housing.

B e : SR—
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Since the compartment: painter, sorting/partitions and
expeditions are related along their technological airfoil/profile to
the field of asseably-wiring and other shops, ve do not comsider it

possible to dwell during these compartments.

§2. Arrangement of testing units.

Testing units can be furnished in common/general/total location

for several testing 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 personnel it is

located in single or common/general/total for several devices in |

console rooms or the cabin/compartments of control.
|

Page 93. |
|

The arrangement of installations in the first two cases can be

alloved under the conditions:

Sy 7 Al .,.m—-—!'-—nlJ
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a) the safety control of the service personnel when during 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 above, usually they are furnished in
common/general/total hall., An exaample 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 maximum
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
prolonged, and wor ks for installation and disassembly 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 cabin/compartament of control, in the

isolated/insulated from room noise. The general-arrangement diagranm

of this solution is given in Pig. 27.




Fig. 25. General view of experimental station with arrangement of

bench installations in cosmon/general/total hall.

Page 94.

The second version consists in the fact that the testing units
from common/general/total hall are insulated by the sound-absorbing
panel-partition/baffles in the form 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 emngines in room and their
displacement/movement inside lifting-transporting devices.
So.storony, to the opposite supply of engines, after partition/baffle
is furnished the control panel, whence is conducted observation of

the testing through the soundproofed window, arrange/located within
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wall. In this case operating staff will be located under conditions
considerably best, than with open devices both during testing and
during installation and disassembly of engine. The schematic of the

indicated layout is given im Fig. 28.




DoC

Pig. 26. General view of experimental station where walls and overlap

of hall are coated with sound-absorbing panels (panels).

panels;

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

3 - sound-proofing coampartment of control.

e L A A SRR St U NI

el




DOC = 77233307 PAGE 37
Page 95.

In the case of the impossibility of safety control to the
service personnel during test work or whem it is not possible to
lover 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 froam box
location - the cabin/compartments of control, whence is produced

control, control and observation of tested engine.

The cabin/coapartments of control can be common/general/total
for several boxes or individual for each testing unit. The different

1
r general-arrangement diagrams of testing units are given in PFig. 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; S5 - overhead-travelling crane.
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(SR
Pig. 29. Diagrams of boxes vith differemt arrangesent of

.y

cabin/compartments of control: a) side single-stage
cabin/compartments of control; b) side two-story cabin/compartments
of control. Under the cabin/compartment of control compartment of
technological equipment and operating systems; c)the end,
single-stage cabin/compartment of control; d) the end single-stage
cabin/compartment of control with the longitudinal arrangement of
boxes; e) the end two-story general cabin/compartment of control.
Under the cabin/compartment of control passage into box amd the
operating systems; 1 - box; 2 - cabin/compartament of comtrol; 3 -

passage.
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In boxes 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 rctor disk of turbine,
the breakaway of its blades, injectors or parts of the crankgear 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. Calculations of a quantity 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 detecrmining the
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required number of stands, of vwork areas and work force. These data
are necessary not only for the order of required equipment,
calculation of production, auxiliary and official-everyday areas, but
also for the compilation of the various kinds of planned econoric

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 sith the available data

on similar works, etc.

Technical normalization is usually produced by the laying out of
entire technological process for the separate operatiomns: to
transfer/transitions and other cell/elements of works vwhich are

standardized.

During the calculation of equipment, of work areas and work

force according to the effective norms to them, it is necessary to
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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 into account
time for its installation and disassembly, the production of
regqulating-setup works, the elimination of the small flaws/defects,
produced on stand, the production of the necessary measurements
during performance testing and calibration and the basic regime
engine operation. Labor consumption in mamn~hours expresses the
average expenditure of time in man-hours for copnducting 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, during crew, who consists of two people, and

maintenance it one stand labor consumption in man~hours will be 2
times the more than labor consumption, expressed in machine-hours. If
this crev services three stands, then labor consumption in man-hours
vith respect will compose 2/3 from labor consumption in

machine-hours, etc.
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2. Calculation of a quantity of stands.

The necessary quantity of stands or testing units at

experimental station is determined from the formula

e 5L @31)

vhere C is the quantity of stands, rounded to integer to large side;

1 - the annual program of the production of engines, adjustable
by planned target, in pieces;

W

T is total labor consumption of all tests, which are necessary on the

average by one programmed engine, in machine hours;

® - the useful annual fund of output of one stand in machine

hours.

If by experimental station is accepted one type of stand, then
from formula (31) is determined the total required quantity of

stands. In this case is determined the total labor consumption of all
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types of tests, including prolonged, taking imto account repeated

tests which are necessary on the average by one programmed engine.
The labor consumption of selective, commission and other endurance
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 output of one stand is the calendar
operating time of stand per annum minus of losses, brought by
machine, setup works and periodic calibration of the measuring systenm
of the torsional moment and other devices of stand. This fund is

determined from the formula

@ = BK, (32)

where @ is the useful annual fund of output of one stand in

machine~hours;

B ~ the time of the calendar stand operation during 2ne year on
all replacements taking into account the reduced workday before

output and holidays in hours;

K - the coefficient, which considers losses to repair,
adjustment and the calibration of the equipment of stand. The value
of this coefficient depending on a number of workiag replacements and

type of installations is given in Table 4.
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If necessary of determining a guantity of work areas on the
sections of the elimination of flaw/defects, installation and
disassembly of engines, before and after testing and other works, the
calculation of work areas is produced by formula (31). Since the
labor consumption to these works usually is determined in man-hours,
in this case it is necessary to consider the number of workers,
simultaneously workers for this work area, by the introduction of the

corresponding correction during the determinaticn of the useful fund

of output. So, with two vorkers on one work area of this fumd will be }
2 times more. Furthermore, for all manual work areas the coefficient, 4
which considers losses, will be higher than at testing units, and it
one should accept within limits of K = 0. 97-0.98 of outside

dependence on the number of replacements.

3. Calculation 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

lov-order service personnel (MOP).

A required quantity of production workers is determined by
calculation. Entire remaining personnel is accepted according to
regular schedule or according to standard data depending on the
number of production workers. The calculation of the latter is
produced by formula (31) during following changes in the separate

values, entering this formula:

labor intensity is accepted in man-hours; the fund of output of

equipment is replaced by the useful fund of output of one worker.

The useful fund of output of one vworker is determined by means
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 4. Value of the loss factor for the calculation of the useful

fund of the time of output of equipmsent.

{ 1) 3nauenne kosppuumnenta K

(1 oy
Yncno paGouHx CMeH HenbiTaTenbHofl (3) 'Ml FHAPOTOPMOINBIX ,
ANA SACKTPOTOPMO3- | WHAYKTOPHBIX, KOM-
SRR HHX YCTaWOBOK | GMUMPOBANNLIX i Npo-

L’ ‘ | YHX YCTaHOBOK

(5D TIpu paGoTe B ojmy cMeHy . . . . . . ' 0,97 ! 0,95
3 (L) Tlpit paGoTe B ave cmewsl . . . . . . . 0,96 ‘ 0,94
¢ Tlpu paGoTe § TpH cmenbl Mo 6 « Kaxnas 0,93 0,91

L (4)Tpu pa6oTte B ueThipe cMeHbl MO 6 ¥ Kax-
nas, WIH B TPH CMeHwi o 7 « . . . . l 0,91 0,90

Key: (1). Number of vworking replacements of experimental station.

(2). Value of coefficient of K. (3). for electric brake
installations. (4) . for the hydraulic-trake, induction, combined and
other installations. (5). In vwork into cne replacement. (6). In work
into tvo 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 planned losses they are from 7 to 110/0 of entire calendar time

depending on the duration of temperinge.

T ST =y T e e T

On the average for experimental stations these losses can be

accepted in sizes/dimension of 90/0, whence the loss factor in this
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case vwill compose K - 0.91.

Entire remaining personnel of experimental station usually is
determined according to standard indices in percentages from the

number of production workers.

Depending on conditions, sScale and the character of production,
standard indices can be establish/installed for each
concrete/specific/actual production. For the amalgamated calculations
it is possible to use data given in Table S, obtained on the basis of
the analysis of states of test stations the nuaber of the foremost

enterprises of machine-building.
§4. Calculation of required areas.

The total area of experimental bench as shops or its
compartments is composed of:

a) the production area, occupied with directly experimental

benches, equipment, the power-supply systems and maintenamce, vith

the sections of the elimination of flaw/defects, with preparatory

installation and dismantling of engines, etc., including passes and
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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) administrative-everyday locations, designated for the
arrangement/permutation of cloakrooms, sanitary units and other
everyday devices, locations for technical-engineering personnel and

the employees of experimental station.
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Table 5. Authorized strength on the categories of personnel in

percentages from a quantity of production workers.

(» V (2B o R tn apu wacns Nk Aoe
Haumenopaline nepcoHasa Nno KaTteropuam (3\ (3) (,
50 ven. 100 ven. [ 200 yen. | 400 uen.

(4]) Bcuomoratenbhnie paGoune . . . . . . 40 34 30 27
(S Unixenepno-Texuuueckmii nepconan (UTP) 20 18 16 15
(¢ CueTHbIl H aAMHHHCTPATHBHO-XO035iICTBEH -

uuiit nepconaa (CAX) . . . . . . .. 15 13 12 ! 11
( 'ﬁMJIanmnﬁ 00C/yXKHBAIOULHA  NepCcoHas

(OB =% e o e o G 3,5 3,0 2.5 i 2.0

Key: (1) . Designation of personnel on categories. (2). In o/o from a
quantity of production workers with their number to. (3). man. (4).

Auxiliary workers. (5). Technical-engineering personnel (engineering
and technical personnel). (6). Computing and administrative-~economic

personnel (MAC). (7). Low-order service personnel (MOP).
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In the coamon/general/total area of administrative-everyday

locations, 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 partitionms.

Production area is determined by the size/dimensions of the

locations, necessary for the arrangement/permutation of stands,
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krakes and other testing units as a vwhole, testing units as a whole,
including auxiliary technological equipment, coptrol panels, and also
by the area of the necessary passes and passages. Preliminarily this
area can be determined by the combined standard indices and
subsequently it is refined with final planning. As a result of the
varied conditions of engine testing, which are distinguished betwveen
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 determined by
the type of the taken testing unit and by its dimensions, can be
proposed formula for the approximate computation of the area,
occupied by one testing unit in common/general/total hall or im boxes
taking into account area for the room c¢f control panel, but without
shop passages and the areas, occupied by the apron of engines, by

their installation and dismantling:

Si=Ki(l+2)(b+2) (33)

vhere S; - the area, occupied directly by one testing unit, in a2;

K, - the coefficient, takem on Table 6;

[— the maximum length in the protruding parts of the unit, including

stand vith tested engine and brake group, in m;
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b is the greatest width on the protruding parts of the unit in

The production area of experimental station approximately can be

determined by the formula

8y = Ky-n-8, 2, (34)

vhere S, is the production area in m2; K, is the coefficient,

determined in Table 6; n - the number of testing units.

The value of quantities 7/ and b is given above.

Table 6. Value of coefficients K; and K, for determining the area of

testing units and production area.

1) 2) 3uavente KospdHUHEHTOB
Haumenopanne onpencasemoft naoujafin oANOR ycTaHOBKH
K, wau nponssoacinexnofl naomaan K, npu pacnonoxmenuu

HCNBITATENBHNX YCTAHOBOK K, K,

&
e

g06uleii FAABE "0 e i o e ol o ot i 15 1,2 1,75
(4) To e, HO C M30HPOBAHHBIMH KaGHNAMH yNpPaBJCHHS 1,3 1,70
(5D Bokebl ¢ TOpUOBbLIMH KaGHHAMM ynpaBaemus . . . . . 1,4 1,656
(¢) To e, ¢ GOkOBHIMH KaGHHamMu ynpaBreHHs . . . . . 1,5 1,55

-
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When, on the station, several testing units of different types
are present, the determination of area is carried out according to
each group separately, and then areas are totaled. Formulas (33) and
(34) are suitable for the amalgamated fprecoamputations; subsequently
the area, determined by them, is more precisely formulated with the

planning of equipment.

¥or deternining the common/general/total area of experimental
station to production area, one should add auxiliary area and the

area of administrative-everyday locationsa

Auxiliary area is determined by the selection of the necessary
services, connected with the provision for a normal operation 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 determination

of auxgiliary area can be produced on Table 7.
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Table 7. Area of the auxiliary locations of experimental stations and

laboratories of emgines.

2)
) H " acuetnasn obuas naowans
anme HA B .l
Jﬁ ’ i
HMHCTpyMEHTANIbHO-PA3ATOUHBIE KNAJOBbIEe . . , . . . 0,l-p+kV¥n
(¥)KnanoBrie 3anacubix neTaseii, BCNOMOraTe/bHBIX —MaTe- -
PHANOB H CMEMOAENAB . . . . . . . . . . . ... 0,15p+kVn
(;l\ acTepckasi MeXaHHKa L€Xa HJIH PEMOHTHOR GpHraanl . . 0,22p+kVn
o) -
Ll"lpuﬁopuaﬁ MacTepckass H OOMEHHBIfi NYHKT npuGopos . 0,150k Vn
) -
HI;‘ZC.’IOKOM"&TQ C XPAHEHHEM CMa30YHbIX MATepPHAJOB . | 0,20.p+kVn
8 =
DBensonpoMbiBouHas . . . . . . . . .. . ... 0,08 p+kVn
(q)H TOro no uexy (otaenenmio) . . . 0,9p46x)'n

Note. Adopted in table designations:

P - list number of production workers;

n - the number of testing units;

k - the coefficient, depending on average power of the testing

unitss:

) /
( ’)nJm YCTaHOBOK CpejiHell MOULHOCTbIO % 100 P c. k=4,0;

. . » @no 5005 k=5.0;
» > » » (Dno 2 7o k=6,5:
> > » »{'ﬂcaume2000 p)c k=38,0.

(3) « hp.

Key: (1). for installations by average power. (2). to.

it is more than.
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Key: (1) . Designation of locations. (2). Calculated total area in n2,
(3). Tool-distribution storerooms. (4). Storerooms of spare parts,
auxiliary materials and special clothing. (5). Shop mechanics of shop
or maintenance crew. (6). Instrument shop and the exchange point/itenm
of instruments. (7). oil room with storage of lubricants. (8).

Gasoline flushing. (9). Altogether on shop (compartment).

Page 102.

It is necessary to note that in the case of application/use at

experimental station as braking devices of the electrical machines of

4“‘ .

direct current the area for the dynamoelectric hall or other
converi v is determined additionally, but Table 7 these areas is not

considere¢?.

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-everyday locations defines taking

A e S T T AR T ————
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into account the area, occupied by passes, reels, stairs by cubicles
the like, which, as all other areas, it is determined along the axes
of building. The determination of everyday 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.

(,) ( Oﬁluﬂﬂ nnou{am: Ha | Yen. wWTaTrHOro cocrasa ueia B M
7 —
Hauvenonaune nomeutennii 3?1;»« paGore u* np:)patiorq 8| Ipu pa%ore B| [pK paGore B
1 cmeny I 2 cmenbl 3 cMennl 4 cmenn
P | !
C YTyaneTHble KOMHATBL . . . i 0,320 | 0,160 0,110 0,080
(6lyMpBaabuHKH . . . . { 0,036 | 0,018 0,012 0,009
T | 049 | 0245 0,163 | 0,123
(#)\Tapnepo6, obmas  cpeausis, t |
( )nnoum:lb ,,,,,,,, | 0,520 | 0,520 0,496 0,485
49) B TOM umHC.I€: |
(1) a) OTKpBITOTO THNA . . l 0,070y | (0,070) (0,046) (0,035)
(1) 0) HHAMBHjlya/blibIe LKA | |
(bl, OUHApHBIE | | I (0,450) |  (0,450) (0,450) | (0,450)
(12) Kypurenbtasi Komnara . . .| 0,030 ,‘ 0,015 0,010 0,008
(1s)Kowwrata nas mpunsTHA mu- z !
(75171 SRR~ e e, o ‘ 0.18 i 0,120 0,080 0,060 |
‘ : |
| 1
(N’H TOro B cpeaHeM Ha ! f
I vea. oGuiero cnucou- |
HOTO €OCTaBa OKpYTJIeH- ‘
HOHBIRY. ) 2ive o oo 1,58 l 1,08 0,87 0,77
l

Notes: 1. Table is comprised in connection with the sanitary
norms of industrial design N 101-S4 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
fuel/propellant with toxic additives (lead tetraethyl, etc.) area in
shower and wardrobe locations is raised by 500/0 in viev of need for

organization of sanitary-washing point/itenm.

3. Por small shops and compartments in the case of organization

of independent everyday locations, their area can be increased in

———" - gy, rm— b " " I VI I —
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folloving size/dimensions:

a) with common/general/total authorized strength of less 100

man/person - to 30o/0;

b) with common/general/total authorized strength from 100 to 150

man/person - to 20o0/0.

Key: (1) . Designation of locations. (2). Total area on 1 man/person
of authorized strength of shop in m2. (3). In work into 1
replacement. (4). In work into replacements. (5). Toilet rooms.
(6). Wash-stands. (7). Shower-paths. (8). Cloakroom, total middle
area. (9). among other things. (10). a) the open type. (11). b) the
individual 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 m3.

Page 103.

The calculation of the area of administrative locations can be

carried out on Table 9.

It should be noted that with a small quantity of testing units,
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it is less than 3-4 pcs., and with respectively small states the
composition of auxiliary, everyday and administrative locations
sharply grow/rises vith respect to produwticn 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 production compartments or the shops.
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Table 9. Area of the administrative locations of experimental

stations and laboratories of emgines.

(I)06uu|n wTaTHi cOCTaB cTaHuHH (uexa) l
(2) Bo 100 uea. (P10 200 wea.(Pnio 300 wea. 2o 400 vea. |
(3 & lesg | & [z3z | % !:ég % {ES;
Haumenosanue nomeugenuil g E:E .8 E:E | € Z:E 3 ‘E:g
E |($28 | & [&%=8 | & |[&s28 | & l§g8
S o|sal | E |z23 | B lzaR | B (528
5 |Esg | & |Es2 | B |Es2 | 5 (Esi
5% 1888y 5% [F¥5) g% |3EEy] 5% (3R
(,/)Cn Ocdm ﬁn %:gan C o 3:‘5.,'4_55‘ l%ﬁs”
27 | ST &2 |/ 1624 J/
Jb}(omunm HAYAJIbHHKA -
cTaHUuHH | . . . . (l0—15/ 0,2 [15—20! 0,14 |20—25| 0,12 25 0,10
@) Komnata cekpetaps . . | — | — |8—I10 9.07 [10—12| 0,06 [12—15| 0.05
pe
(SPKonmaTa 3aM. HayanbHH- ’ |
. Rl A s b e — — |10—12; 0,08 [I12—15[ 0,07 |I5—20, 9,07
(6] Tiaanoso-ancneTyepcKoe x
‘b o 15 (0,24] 20 0,16 | 25 |0.13| 30 |0.12
(19 Texnoaornieckoe Giopo 15—20| 0,28 20—25| 0,18 [25—30| C,15 [30—35, 0,13
() Apxus ueptexeit . . . . (10—15} 0,2 (156—20 0,14 | 20 | 0,11 | 25 tU,lO
(/7~ KomnaTa otjaena TexHH- !
yeckoro Koutpoas . . |10—I12| 0,18 |12—I5{ 0,11 {15—20; 0,09 | 20 | 0,08
(13) KomuaTa mexaimka cTan- . o 20 ‘ b
oBHE . o e s — — |12—15| 0,11 [15—20{ 0,09 ‘
(N Kontopa ctanuun . . . |15—20| 0,28 [20—25| 0,18 |25—30| 0,15 30 ’0,!2
(/5P KomnaTa  Texnepconana | )
X0l e e i l12—15| 0,22 |15—20] 0,14 {20—25| 0.12 | 25 | 0.10
(16) KomnaTta npeacTaBHTeneil | | | 5
3aka3umka . . . . . 10—12| 0,18 |12—15! 0,11 15 | 0,08 20 ! 0,08
(17) Komnata  obuiecTBentbix - ]
opram#zaumit . . . . |12—15/ 0,22 (15—20{ 0,14 120—25| 0,12 125—30 0,11
5 ‘
Farere. . 2,00 1,56 1,29 i I, 14

Note. Middle 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
man. (3). Name of locations. (4). Effective area in m2., (5). Middle
specific area on 1 man/person of staff in a2, (6). Room 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). Room of quality control departaent. (13).
Room of the mechanic of station. (14). Office of station. (15). Roonm
of the technical personnel of shop. (16). Room of the representatives

of client. (17). Room of public organizations. (18). Altogether.

Page 104.

§5. Selection of the type and the arrangement of hauling means.

The solution to the question of the transpcrt of engines at
experimental station, selection and the equipment of it by hauling

means will depend on:

a) the scale of production and program of issue, dimensions and

weight of the transported engines;

b) the type of experimental station and method of the
arrangement/permutation of testing units in the common/general/total

hall of station or for the isolated/insulated boxes;
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c) the need for the realization of intercrev or

interdepartmental transportation.

For the supply of engines from assembly cosmpartaent to
experimental station and further into painter ccmpartament, expedition

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 fora 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/compartsent or from
sex/floor, can be used for series and small-scale production with
limited distance of transportation. Tap/cranes and
overhead-travelling crane it is expedient to apply only within one
housing. Monorail with telpher can be used also for intercrew
transportation; however, its operation in this case is connected with
some inconveniences during the intersection of door apertures in

buildings and the need for device in them of special gates or doors.

3. Standard or special electric cars and platfora trucks with

lifting stage, truck tractors with trailers and other foras of
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trackless transport is very maneuverable and econoamical transport for
large-scale, series and small-scale production. Are especially
convenient and productive electro- and platform trucks with 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 from which it is transported, but lift and its
dropping is produced by its own lifting stage. The transportation on
them of engines can be produced directly to stand itself, vhich is
especially valuable during the arrangement/permutation of testing

units in boxes.

4. Rail transport of narrow or wide gauge for transportation on
railroad either on special platforms by gasoline locomotives or on
special self-propelled trucks. This is the bulky and complex form 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.

Page 105.

For the suppart for lifting-transporting operations, produced at

experimental station on setting to the stand of engine and its taking

after testing, it is frequently necessary to have additional hauling
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In the case of the arrangement of several test benches in
commomr/general/total location for this purpose, are most convenient
will be electrified tap/cranes and overhead-travelling crane,

controlled, as a rule, from sex/floor.

Por the testing units, arrange/located in Lkoxes, in the majority
of cases it will prove to be sufficient to equip them with monorails
with the electric overhead conveyors, placed along the longitudinal

axis of installations.

During the determination of the load capacity of conveying

appliances, one should also consider the need fer periodic lift and

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 maintenance

of brake rigging, entail an excessive increase in the load capacity
of lifting-transporting devices, then it is expedient to search for
vays of their execution with the aid of time/temporary removable
rigging devices. For this purpose, for example, can be used the
manual blocks and tackle of the necessary load capacity, temporarily
hung to monorail or tripod. Monorail in this case is designed for

maximum load capacity. This solution to question can give the

.
P e e ARy S e e




DOC = 77233308 PAGE 32~ l\{"

considerable savings of the capital investments in conveying devices
and in the construction volumes of the locations of bench
installations. Since an increase in the load capacity of constant
conveying devices with the mechanical 1lift of loads and their
movement, as a rule, requires an increase in altitude of building, in
this case it is expedient to use time/temporary removable-rigging
device. Furthermore, shortening the load capacity of bench conveying
appliances gives large conveniences and maneuverability during the

execution of basic production operations.

For setting and taking of engines from stand, they are are very
convenient, but sometimes also are necessary the electric overhead
conveyors, which have two rates of climb and dropping of loads. This
special feature/peculiarity makes it possible to produce the more
precise and smoother setting of engine in the setting places of stand
without the scratch of obtaining impact/shocks or nicks. Requirement
to two-speed transmission one should specify with the order of

lifting-transporting equipment.

§6. Planning of equipment, systems of devices.

Before the compilation of the layout of the equipment of
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experimental station, must be developed and solved a series of the
basic production-engineering questions, connected with the

organization of new or the reconstruction of the existing station.

Page 106.

In this case, first of all and mainly these probless must be solved

depending on the arrangement in it of basic equipsent.

With the arrangement of testing units in common/gener al/total

hall, they must be solved:

1. Method of transportation and the order of supply of engines

to stands and back after testing for their further sequence.

2. order of arrangement of stands and comtrol panels to then,

operating area/sites and passes between stands.

3. System of gas bleeder and diagram of its layout.

4. Selection of systems of centralized feeding of tested engines
and stands themselves by fuel/propellant, by oil, wvater and so forth,

location of communications and auxiliary devices.

S. Location >f distributive, transformative and other electrical

devices.
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rig. 30. Diagras of the plamning of experimental 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 -
administrative-everyday annex, the second deck; 2 - the same, the
first deck; 3 - oil room; 4 - gasoline flushing room; 5 - box of
testing unit; 6 ~ cabin/compartment of control; 7 - vertical muffler
on gas bleeder; 8 - location for conservation and packing of engines;
9 - loading footlight; 10 - generator; 11 - hall of
training/preparation engine; 12 - shop mechanics and storerooas; b)
the cross section of the housing: 1 - horizontal msuffler of
additional air; 2 - monorail with electric overhead conveyor; 3 -

location of ventilation installations; 4 - electrical

T AT WM vy DTG 4 0
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overhead-travelling crane; 5 - mounting fixture above the loading
footlight; 6 - monorail with electric overhead comveyor; 7 - loading

footlight; 8 - passage; 9 - induction brake; 10 - engine.

Page 107.

6. The same, ventilation-heating systems.

With the arrangement of testing units in boxes, they must be

solved:

1. Outline/contour and the size/dimensions of box, the type of

the cabin/compartment of control and its locaticn.

2. Type and arrangement of devices of systems of air intake and

gas bleeder, including sound-deadening devices.

3. Method of transportation and order of supply of engines 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 communications and auxiliary devices.

— L T ——— 1---——----#
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S. Location of distributive, transformative and other electrical

devices.

6. The same, ventilation-heating systems and basic air ducts on

box and cabin/compartment of control.

As an example of successful soluticn to the enumerated questionms
to Fig. 30 is given the diagram of the planning of experimental
station for testing the transpert 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 experiment of building and operatiopn of experimental

stations, can be formulated the following basic recommendations,

which one should consider with planning.

e Planning with the arrangement of testing units in common location.

The location of testing units must abut the external wall of the

housing of building and be furnished along it, in this case the
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longitudinal axis of flight/span must be parallel to external 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
experimenta. station either by means of annex from the end part of it
of the basic flight/span of building, or by means of the transfer of
the adjacent compartments, which do not have heavy and bulky
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 them. Stands for convenience in the installation of engines

' must be arrange/located by front to passage, 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 width of passage depends on dimensions and
the method of the tramsportation of engines and presence of contrary
goods traffics. The width of passage can be sufficient within limits

2.5-4 n.

Under experimental station one should avoid the device of
basements for the arrangement/permutation in them of ventilation
installations, rooms for training/preparation of oils and other
needs.. Such basements do not make it possible tc apply the standard
projects of industrial buildings, considerably raise in price
construction expenditures, they raise the explosive-fire hazard of
experimental station and decrease the possibility of the subseguent

reconstructions.

0il room and ventilation installations can be placed next to the
test benches, but if necessary for basesent arrangement, are fenced
off from them. Por providing the o0il drain, drainage or drainage oil
tanks can be arranges/located in the local pit, sunk from floor level

at the necessary depth, with the subsequent pumping from it of o0il by

Fump.

pra——
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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; hovever, less than 3

B made them should not be.

Boxes and testing units in them, as a rule, are furnished
perpendicular to external wall or the lcngitudinal axis of station.
During testing of piston engines brake group to more expedient
establish/install is nearer to the external wali 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 for 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 furnished outside boxes cf external wall, but
air-inlet shaft/mines on boxes with vertical or horizontal

arrangement.

The boxes, which have shaft/mines for the flow of air, which
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goes to the feeding of engine and the ejection cf waste gases, must
have calorific heating system. The ventilation chambers of the
heating system and ventilation can be furnished on top above boxes;
betveen them, next to the cabin/compartment of control; above the

transition passage; or above the cabin/campartment of control.

The side arrangement of the cabin/coampartment of control in
comparison with end (see Fig. 29) gives the following advantages:
best survey/coverage of an entire testing unit, including brake of
groups shortening the technological commumicaticns, including
controls and measuring systems; the closer and more convenient
arrangement 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 coammunications it

provides convenient entrance and the supply of engines into box.
Page 109.

The side cabin/compartments of control it is expedient to accept with
narrovw and long boxes with their arrangement/permutation on the first
or second decks. Two-story arrangement/permutation is conveniently
during the highly available testing units. In this case under the
cabin/compartment of control, one should place equipment and

equipment for technological power-supply systenms.
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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/compartments can be arranged with wide boxes or with
their arrangement on the second deck. In the first case wide box
makes it possible to organize passage into box and to place next to
it the cabin/compartment of control, in the second case the passage
can be arrange/located under cabin/compartment. This last/latter
solution makes it possible to have the common/general/total for all
installations cabin/compartment of control, vhich gives a series of
organizational conveniences and economic advantages in the

maintenance of station.

Since in the cabin/compartments of contrcl are placed many
precise and fine/thin measuring meters, they must have the

pure/clean, bright, convenient and beautifully designed locationms.

The supply of energy anmd 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
cverlap of building. One should avoid device for these purposes of
passage channels - the complex and expensive constructions, which
prevent the application/use of standard buildings and standard
structures. Por communications with lower separation, including those
that require gradient/drafts and drainages, it is possible in the

ma jority of cases tc manage with underground channels. According to
the considerations of control, revision and possibility of the
packing of the additionally regquired communications, these channels

must have stripper plates.

§7. Construction characteristic of buildings.

The construction characteristic of the buildings of experimental
stations in many 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 umits in common/general/total location its
structure will not differ from common industrial single-story
buildings. In this case for the more convenient use of hauling means
experimental station to more preferable furnish in single-span

building.
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The width of flight/span according to the available standard
farm/trusses can be accepted by 12, 18, 24 m and more with the space
of the columns through 6 or 12 m. It is expedient in this case to
have to the riding-crop of the arrangemeant of columns, one-type with
other flight/spans, available in this housing of building. The
selection of the necessary height/altitude will depend on the
dimensions of testing units and engine, and also on the methods 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/span of industrial type building as annex to it or in the fora
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

I arrange/located experiamental station.

The structures of the building of experimental station as a
wvhole 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, vwhich require partitioning of remaining
sections (shop, storeroom and other locations), and also
administrative and everyday locations 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 indoors

would not fall on heightsaltitude outside the dimensions of basic

building and they were not more than 2-3 decks.

puring the construction of experimental stations, must be
directed special attention to the follosing special

feature/peculiarities of some structures.

1. Foundations under equipment.

In order to eliminate the tranmsmission of vibrations from emgine
on, the foundations of the test bench, including brake group, they
must have a breakage from surrounding constructional structures of
building. As allovs the experiment of the carried out tests of
poverful and especially slov piston engines (engines of more than 500

h.p. on rated r/min of less 2000 r/ain), it is very desirable under

T ——
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such testing units to make foundations on the elastic support. The
diagram of this foundation is given to Fig. 31. In this case, it is
necessary that the foundation would have sufficiently large mass of
concrete, and for an increase in strength - reinforcing as metal. The
bottom of this foundation must be arrange/located below the base/root

of the foundations of the surrounding structures of building.

For gas turbines - machines more balanced and high-speed 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 form of power sex/floor.

Page 111,

The diagram of this foundation is shown to Fig. 32. From
technological point of view, this foundation has great possibilities
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
Fig. 31 and Fig. 32. This it frees from the need for application/use

for the complex in manufacture, bulky and expensive cast iron

plate/slabs, which did not justify itself in practice.
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All foundations must be packed so that their upper bottoa would
be flush with the sex/floor of the location of testing uait. This
packing eliminates small rapids and creates conveniences in

operation, during approach and maintenance of stand.

As the cushions can be applied the bundles from several layers
of the asbestos, covered in pergamyn, the plate/slabs from plug, the

plastics, which do not lose elasticity with aging, and other elastic

materialse.
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rig. 31. The diagram of foundation under the stand, isolate/insulated

from the surrounding constructions of building on the cushion: 1 - :
duct of foundation; 2 - foundation; 3 - cushion; 4 - elastic

packing/seal; 5 - busbar/tire for fastening of bench equipment; 6 -

stressed frame.

o
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Pig. 32. The diagram of foundation in the form of
common/general/total thrust plate for several testing units: 1 -
array of foundation; 2 - busbar/tire for fastening of equipment; 3 -

etressed frame.
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Page 112,

In boxes for testing the different engines by the power of more
than 500-800 h.p. the structures must have a breakage of vibrationm
insulating welds from 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 walls or the
columns on which rest the adjacent the box comnstructions. In this
case, the walls or columns must have the single foundations,
isolatesinsulated from the foundations of the walls of boxes. For
providing the strength of the structures of the valls of boxes, they
can have packing reinforced-concrete belt/zones or even the

reinforced-concrete framework/body, filled with brickwork.

2. Constructions wveeding.

The selection of optimum constructions weeding for experimental

stations it has large value. Good construction weeding is especially

necessary when basic transportation is realize/accomplished on
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sex/floors with the aid of electric car, the truck tractors with the
trailers and of other foramas of trackless transport. The premature
wear of insufficiently fail-safe designs weeding it impedes, and it
sometimes also deranges tests such wveeding 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 recomaended.

Asphalt or asphalt-concrete coatings weeding are also unsuitable
due to their capability for dissolution with the frequent
incidence/impingement on them of gasoline, kerosene and other
hydrocarbon fuels and oils. These hems also do not make it possible
to support purity/finish indoor of station. Xylolite hems or heams
from the xylolite pressed slabs are also unsuitable for production
locations as a result of their insufficient strength; howvever, 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 evaporationms.

Hems from metallic slabs are not capable of withstanding large
loads from trackless transport and are completely unacceptable due to

their large slip especially with the incidence/impingement on them of

oils or liquid propellants. Therefore such hems at experimental
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stations can be applied partially: for the cabin/compartments of
control, laboratory locations and sanitary asseasblies in everyday

locations.

From those vho exist weeding most acceptable for all types of
experimental stations they are mosaic hems (martle grit). Such henms
are suitable both for the coating of all production locations and for

Fassages, passes, engine houses, etc.
Page 113.

For providing the more high wear resistance a series of the existing
experiment al 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 shovs the practitioner
of work, such constructions are very strong and reliable in prolonged

operation.

3. Pinishing works.

The internal finishing of the production locations of

experimental stations is determined by technological requiremeats in

SR B T———— T Tr———
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the part of the observance and maintenance in them of the necessary
purity/finish. Thus, for instance, gas turbines during testing
require the increased purity/finish of the air, wvhich enters the
combustion chamber from the locations c¢f experimental station. In
this case it is not allow/assumed so that in it would be dust or
particles of building 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 majority of testing units requires, in
order to the internal surface of locations, including the
cabinycompartments of control, it would be plastered, but on entire
perimeter of walls, on height/altitude from sex/floor on 2-2.5 m they
would be arranged the panels, painted by oil paint. The metal
constructions of overlaps, conveying arpliances, the monorails, the
crane runvays, ventilation smetallic air ducts and so forth must be
also painted by oil paint or nitrocellulose enamel. The remaining

structures of walls and ceiling overlaps can be painted by distemper.

If the 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 remaining auxiliary administrative and everyday

locations is fulfilled according to the effective norms.




— b

& T, AR A S A BT *nm.:'“)'vw -

poc = 77233309 PAGE ’_w

Page 114,

Chapter VIII.

NOISE SUPPRESSION OF EXPERIMENTAL STATIONS.

§1. Sources of noise and fight with then.

During the test work of a series of engines and their
assemblies, appears the intense noise, which creates heavy hygienic
working conditions not only to the personnel, wvhich 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 damage of the normal activity of central nervous systeam. In this

e R T e
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case, is depressed the labor productivity, is retarded reaction to
the sound and other signals, is attenuate/vweakened attention, which
contributes to an increase in the traumatiss 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

audition.

By most irritating are noises in the frequency region 700-1000
Hz and especially higher 2000 Hz. Therefore the conteaporary
experimental stations and the laboratories whose units separate high
noise level, are unthinkable without the realization on theam of the

measures of noise suppression and soundproofing.

Sanitary-engineering norms and the requirements for state
sanitary inspection establish/install the raximum 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 habitaltle houses,
culture-and-velfare services and the constructions which can be
located in area of their arrangement. A radius cf the
sanitary-shielding zone is determined 300 m. The sound-deadening
devices must ensure beyond the limits of this zone noise level not
more than 70 dB (at the average and high frequencies). Sometimes the

radius of the stanitary-shielding zone can be atbreviated/reduced to
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100 » under provision condition after this zone noise level indicated

above of maximunm.

Page 11S.

Noise sources during testing of piston engines are issue of
waste gases, work of mechanisms as a result of motion and frictiom of
gears, knock of the valves, springs, cams and other parts, and also
noise, emitted by the vibration of crankcase, frame and connecting
tukes. 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 cf piston engines
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 anrd
arrange/located within limits from 100 to 4000 Hz; in this case the

highest level of noise give the frequencies frows 200 to 600 Hz.

During testing of piston engines with the closed issue of wvaste
gases and especially with the silencers of engine the noise level
sharply descends. A decrease in this level in larger measure occurs

at high and medium frequencies.

s i S W A <
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In work of gas turbines, the noise formation occurs mainly

e

because of the turbulent mixing of the particles of gas jet, coming
out from turbine at a high speed, together with the particles of
surrounding air. 0f gas turbines to noise level and its frequency
characteristics, has effect also work of compressor, turbine,

combustion chamber and drives of the operating mechanisas.

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 the rate of the coming out gas at values of more than 100 m/s
affects the intensity of noise, vhich is velocity function in the
eighth degree, then temperature of gases intensity affects

insignificantly.

| §2. Basic concepts and the determinations of noise. |

The technological level of contemporary in the majority of cases

makes it possible to solve in a sufficient measure all questions,

_—“" ——————— SRS ST ci-aA o Canmer S
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related to silencing of testing units. Many of these questions can be
solved on places by very workers of experimental stations. For the
possibility of the solution to the applied problems, connected with
subseguent calculations of the sound-deadening and sound-proofing
devices, vwe give from acoustics some basic concepts and

determinations.

Noise is a complex sonic process vith the rich spectrum. Some
noises contain the sounds of percussive character

(momentum/impulse/pulses).

Sound pressure - the difference between the instantaneous value
of the continuously changing sound-wave pressure and the constant
atmospheric pressure, vwhich exists at the particular point in the

absence of sound.

Page 116.

Force or intensity of sound - the guantity of sound energy,

whhich passes per unit time through the unit of area/site,

perpendicular to direction of its propagation. Sound intensity is

equal to

I =

, .
- spa/é&’~cex, (35)
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.w‘..'—-—ndu...r-—’ See i memcnusasoptbes - ¢ g Lﬁ

P T D S S PT V= PP s




P

DOC = 77233309 PAGE 87‘/

Key: (1). erg/cmes

where P is the sound pressure in dyn/cm2; p - the density of mediunm

in g/cm3; for standard air

)
p=1,21-10-3 z/cmd;

Key :_(l). L}/C m?3

c - the sound propagation velocity in this medium; in air under

normal atmospheric conditions this speed is equal to 3.43 x 10¢ ca/s.

During a change in the temperature of air, the speed of sound is
defined as:

c=183VT wfiex, (36)
Key: (1). m/s

where T is absolute temperature of air in ©9K.

Sound intensity level In acoustic emngineering it is accepted to
estimate intensity of sound or sound pressure mcre 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:

1

z_

i - lOlg—IL=2OIg-P£ 36, @37) j
0 i

0

Key: (7). daﬂuhere I is th esound intensity at the particular point

of space; I, the sound intensity, which correspcnds to the

conditionally taken zero level (threshold of audibility), equal to
io = 1015 gmjent = 10~ ;pe/cm-%gtc

Key: (1) . W/cm2. (2). erg/cm2es

Qt approximately corresponds to intensity hardly audible sound in the

frequency domain of the greatest sensitivity of audition);

P - sound pressure at the particular point of space in dyn/cm2

(bar) corresponds to sound intensity I;

Po - sound pressure in threshold sound intensity, corresponds to
sound intensity I,, in this case the sound intensity level equal to 1
dB, corresponds to sound pressure.

Py= Ve Ty =2.10-4 ddbren® = 210~ 6lip,

Key: (1). dyn/cm2, (2). bar. !

i.e. corresponds approximately 0.0002 bar or 210 10 ata.

Loudness level - the subjective quality of auditory perception
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depends not only on sound intenmsity, 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
measurement 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 vhose level below 90
dB, at frequencies below 1000 Hz the absodlute 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
absolute value of scale in decibels of level of sound, on the
contrary, the absolute 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 depend on

frequency and coincides with the sound intensity level

Minimum that which is received by auditiom a change in the sound

intensity composes approximately 10o0/0, which, in turn, corresponds

approximately to 1 dB.

During the comparison of sounds of differemt intensity, it is
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necessary to keep in mind that the difference on 10 dB on the levels
cf sound above 60 dB is absorbed by audition approximately as double

difference on volume.

PFrequency - the nusber of oscillation/vibrations in of seconds,
is expressed in hertzes. Interval into one octave corresponds to
frequency doubling. Practical interest for applied acoustics have
seven octaves from 32 to 4096 Hz (from 32 to 64 Hz; from 64 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 calculated by

the formula 1
fo=-"1r oy, (38)

Key: (1) . Hz.

vhere n; is a speed of the crankshaft per minute; i - the number of

jugs; n, - speed, vhich are necessary to one working course

{cycle/stroke) . %

respectively for gas turbines fundamental frequency will compose

=" o, (39)
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Key: (1) . Hz.

vhere n is a speed of the shaft of turbine (compressor per minute; i

- the number of blades of turbine (compressor).

Hovever, it is necessary to keep in mind that for these
fundamental frequencies will be superimposed other, irregular
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. Methods of the smothering of noise.

Special measures for noise reduction 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:

1. Noise reduction indoor of the testing units wvay reducing of
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of internal 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 reduction/descent
not more than 5-10 dB. furthermore, the effectiveness of this method

depends also on size/dimensions and the relationship/ratio of the

dimensions of the supressed location.

2. Arrangement/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 control.
Virtually this methcd does not have any limitations and
therefore it is suitable for all engines in gquestion, 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 during its bench




B

poC = 77233309 PAGE ﬂb
tests;

b) the determination of the maximum permissible values of the
noise level outside building, of the chanmels, which are imparted
vith atmosphere, in immediate proximity of them, and also in adjacent

with unit locations;

c) the determination of the effectiveness of silencers and
sound-proofing ability of walls, partitiom/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 calculation with the selection of constructing the
sound-deadening and sound-proofing cell/elements and the

determination of their basic dimensions;

g) the construction of silencers and the refinement of hydraulic

designms;

h) manufacture and building experimental model of silencer;
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i) testing in nature, finishing and the correction of drawings,
manufacture and building 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 level are measured with the aid of objective of noise meter
(Sh~-1, Sh-52 and others), but freguency 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 by their fcrces or with the aid of of noise metering

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 determined
from calculation. During propagation by air, 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 Lin at the emitting section/cut (outside building) of testing
unit after silencer can be determined by the formula of I. K.

Razumova

1)
Lyon =178 +201g —A 56, (40)

Vs

Key: (1). dB.

where r is a distance from noise source to the boundary/interface of
the sanitary-shielding zone in m; S - the cross-sectional area,
emitting noise, in m2; A - correction for the number is simultaneous
of the working noise sources with the different section/cuts S in dB;
A are 10 1g n, where n - the number is simultaneous of wvorking

installations.

The maximally permissible values of the noise level in adjacent
with testing unit locations are accepted according to time /temporary

NOIMSe
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Table 10. Common/general/total exemplary/apgroximate noise level and
the frequency bands of the operation of some engines in immediate

proximity of thenm.

U ) ()) O6w i 5hnanaaou
HaumenoBakHe ABUraTean YPOBeHs WyMa| OCHOBHBIX
B 06 vactof B oy

ﬂl |
BTOMOONIbHBIN ABHraTe.Ih MOULHOCTHIO 1o 100 4. ¢

|
[\\ nph pa6oTe Ha CTeH1e C 3aKPbITHIM Fa30BbINYCKOM 85—95 100—4000 |
To xe. Ho npu paapblse ra3oBbinyCKHON CTPYH (Noay- 5
) OTKPBLITHI i OTKPHITHI BBINYCK) . . . . . . . . . 100—110 100—4000 |
ABTOTpaKTOPHBI ABHraTe.b  MoulHOCTbiO jo 400 4. c.
.\ npit paGoTe na cTenje C 3aKpPbLITHIM IA30BbINYCKOM 100—110 100—4000
L 'To e, C OTKPHITHIM Ta30BLIYCKOM . . . . . . . . . 110—120 | 100—4000
Ml a3osast TypGHHa TPAHCNOPTHOTO THHA MOUIHOCTBIO AO
" 200 4. ¢. C OTKpbITHIM Ta30BBINYCKOM . . . . . . . 115—120 100—8009

Key: (1) . Designation of engine. (2). Common/general/total noise
level in dB. (3). Range of fundamental frequencies in Hz. (4).
Automobile engine up to 100 h.p. in pover in work on stand with
closed gas outlet. (5). The same, but with the Ltreakage of
gas-discharge jet (half-open and open issue). (6). Tractor engine up
to 400 h.p. in power in work on stand with closed gas outlet. (7).
The same, with that which was opened gas outlet. (8). Transport type
gas turbine up to 200 h.p. in power with that which vas opened gas

outlet.

Page 120.

The necessary effectiveness of the silencers or other
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sound-deadening devices is deteramined from the foramula

I8!

L,=Lym— Loon 06, (41)

24

Key: (1) . dB.

where L, is effectiveness of silencer or sound-deadening devices,
i.e., required value of smothering in d4B; Lym 1is a
common/general/total noise level emitted by unit, or the noise level
indoor of testiny units to smothering in dB; Lo is the
common/general/total acceptable noise level of the emitting

section/cut or indoor of testing units in dB.

The value of the scundproofing of walls, partition/baffles,
vindows, doors and 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, simidar preceding/previous,

U =L

mp vem

—L,,, 060 (42)
Key: (1). dB.

where U,, is the required average/mean sound-proofing ability of

the enclosing construction in question.

Types and the diagrams of silencers in each specific case are
selected optimum 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 recoamendations according to types and diagrams

of silencers are given below.

Preliminary hydraulic design consists in the determination of |
the necessary section/cuts from the channel of silencer. These ‘
section/cuts will be determined by the flov rates of waste gas or its
mixtures with air and the taken speeds of flow. Data on allowable

speeds for separate materials and silencers are 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 complex,

F cumbersome, and ndot always give precise results mainly due to the

' absence of many initial data, required for such calculations.
Hovever, in a number of cases by acoustic calculations, although and
; approximately, it is possible to base the basic dimensions of the

sound-deadening and sound-proofing devices.

§4. Sound-absorbings material.

F the materials, which possess the ability to actively absorb the
L incident on them from without acoustic waves, they are called

!
E
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sound-absorbings material. They include the porous materials in peres
of which acoustic vaves cause oscillations of air, and therefore as a
result of intermal friction the sound energy of oscillations

partially is converted into thermal.

The 2ffectiveness of the absorbing properties of such materials
is characterized by the coefficient of sound absorption a. By this
coefficient they imply quotient of the division of the sound enmergy,
absorbed materials, into the sound energy, falling/incident to the

surface of this material.
Page 121.

The coefficient of sound absorption depends on the properties of
material, on the degree of porcsity, the size/dimemsion of pores,
frequency of sound, thickness of material and angle of incidence in
the sound. The majority of sound-absorbings material has the higher
coefficient of the absorption on of average/mean and high frequencies

and certain decrease in it at low frequencies (below 200 Hz).

Sound-absorbings material are applied for form boards for the
purpose of noise reduction in separate lacations, and also in the
device of silencers. Por the indicated target/purposes most effective

are fibroporous materials, which include fiberglass, mineral wvool,
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departure/vithdravals of kapron filament, slag wool, knock, cakum,

etc.

Furthermore, soaetimes can be also used bulk materials, although
possessing the lower coefficient of sound aksorption, then cheaper
and are more available, more than such, as pumice grit, brick grit,

small crushed metallic shavings, and others.

Rav materials go mainly to the manufacture of sound-absorbing
panels or are applied in the form of packing in the sound-deadening
cell/elements the second - both in loose form and in
granulated-connected form, in the form of acoustic plate/slabs,

blocks, etc.

Fibrous and friable 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 im the beach gas-bleeding

silencers, are presented following requirements.

Life to the temperature conditions, accepted for the silencers
of the issue of waste gases. Construction of silencer as a whole,

including the sound-absorbing cell/elements, it must be made froa
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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.

Minimua 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

so0lid particles, dust and other mechanical impurities.

When selecting sound-absorbings material, it is necessary to
apply the materials, vhich possess the high coefficient of sound
absorption, which will make possible tc reduce the length of the
sound-deadening cell/elements and, consequently, also to entire

construction of silencer.
Page 122.
Por 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 various frequencies and on common/general/total indices for all
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frequencies.

An increase in the thickness of sound-absorbing material
decreases noise in the range of low frequencies. The insufficient
density of the packing of material 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 practitioner of the operation of the sound-deadening devices make
it possible to recommend thickness of the layer to each side from 75
to 100 mm. In this case the density of the packing of sound-absorbing

material, measured it by specific weight, must be:

(1\)CTex.10B010KHO, MHHEpanbHAsl epcTb, LIaKoBas Bata (AH- \’n
ametp BOsOKOH He Gonee 15—20 mk) . . . . . . . . .. 150 xe/m® ,
\’Mumnupuponaunau XJIONKOBASI BATA . + . « o « « « « « . 50 xe/x‘é
(4OTXOAM KanpoHOBOrO BOOKHA . . . .. . . . . . oo 100 ke/m®
{5)T1aKkast, OUMILEHHAst OT MBIMH K KOCTPHL  « + « « « « « « 120 xo/m3&
(v)lem30Bas Kpowika ¢ pasmepamu sepen 1,8—3,5 mu, npoce-
AHHAA W yIIOTHEHHAas Ha BMGpatope . . . . . . . . . 450 Ke/m30>

("VKuprmunan Kpouika, [ipn Tex e pa3Mepax 3epeH, MNpPOCesH-

Has W YOJOTHEHHAR . .« .« « o o o o o o o o o s o o & 1150 ne/.u"a

Key: (1). Fiberglass, mineral wool, slag wool (diameter of filaments
are not more than 15-20 km). (2). kg/m3. (3). Antipyrized cotton
cotton. (4). Departure/withdrawals of kapron filament. (5). Oakum,
purified from dust and bonfires. (6). Pumice grit of grains 1.8-3.5
am in size/dimension, of latter and condensed on vibrator. (7). Brick

grit, with the same grain sizes, sifted and condensed.

o
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Table 11. Value of the coefficient of sound absorption a for some

sound-absorbings material.

\\Komuuuem 3BYKOMOrAOU{EHHA NO YacTOTaM
Kl\ Tk
HaumenoBalite MaTepHanos =52
106 | 212 (425|850 (1700/3400| 6800 | g8
8o
cer
)

MlJJ.'unmRzm BaTa Mapki «150» Kpacuo- {
NpecHeHCKoro komMOHHaTa CTpoOHMaTe- ‘
piaaos. FOCT 4640-52. OGnvemubiii |

) mec 150 ke s3, Tomuumoi 100 sx  |0,37/0,760,900,91/0,90/0,88| 0,80 | 0,78

To ke, ¢ 3awnNTHLIM OT BbIAYBalins
ciaceM cTekJosoJokna w3 ACHM-9
ToJuHHON 9 MM, 3aKPHITBIM CTEKJIO-
Tkatblo. O6uwas Tosuwna 100 ma  10,220,63,0,85(0,£0,0,86/0,89 0,72 | 0,71
TEKJOBOJIOKHO @25 MK B nJacTHHYA- {

A} THIX Han o6JanuoBounbix raywntensx [0,24,0,44/0,55/0,58/0,60/0,50| 0,45 | 0,48
TX0Abl KANMpPOHOBOro BOJIOKHA B IJac-
THHUYATBIX HJH OGJHUOBOYHBIX 3Je-

:,E MeuTax ravwireaes . . . . . . . 0,26,0,44/0,520,57/0,60(0,50; 0,45 | 0,48
TpOHTeNbHAsE NaKJs B MAACTHHYATHIX
HIH  06JHUOBOYHBIX 3JeMeHTax ruy-

M\ BRUTENEH:  ©. o8 ot B s 0,36/0,61/0,82/0,87/0,90/0,78 0,60 | 0.70

AuTunupupoBannas BaTa B naacTHiya-

ThIX HJAH  OOJNLOBOUHBIX 3JCMEHTAX

ki} raymuteqelt . . . . . . . . . . . 0,220,480,4910,52/0,55{0,45 0,40 | 0,44
HPNHYHASL KPOUIKA B NJACTHHYATHIX

[ 06.1}LLOBOYHBIX  31€MENTAX FIy-

‘ wHTeaed

0,50(0,63/0,67|0,65(0,65/ 0,65 | 0,58 |

—
w

Key: (1). Coefficient of sound absorption in frequencies. (2).
Designation of materials. (3). Average/sean in all frequencies. (4).
Slag wool of the mark/brand "150" of Krasnopresmenskiy of the combine
of construction materials. GOST 4640-52. Specific weight 150 kg/m3,
by thickness of 100 am. (5). The same, with a shielding from blowing
layer of fiberglass of asim-9 with a thickness of 9 mm, closed by
glass cloth. General thickness 100 mm. (6). Fiberglass 25 p in
lamellar or facing silencers. (7). the departure/vithdrawals of
kapron filament in the lamellar or facing cell/elements of silencers.

(8) - Construction oakum in the lamellar or facing cell/elements of

e g~ —
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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
formas, and also for the prevention/warning of sound-absorbings
material from blowing are applied different protective clothing.
Basic requirement for these shells consists in the fact that they
sust 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 nuaber of eyelets. the total area of holes with their
diameter from 2 to 3 ma must comprise not less than 200/0 entire
surface of shell. With an increase in the diameter of holes from 3 to

S mm, their total area must be not less than 35c¢/0.

As protective clothing can be used for gas-discharge silencers
retallic perforated sheet or metallic fine screen with cells 1.4 x
1«4 nm 0.6-0.7 mm 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
corresponding set of the punch/male dies with a diameter of 3.0 mm
with the space of perforation 4.5-5.0 mm. For more light-gauge sheets

the diameter of holes it can be obtained by this method to 2 mm.
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Perforated sheets can be applied for all fibrous sound-absorbings
3 material, except friable. Depending on the temperature conditions of
gas-discharge 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 perforation plate or the grid

and sound-absorbing material must be packed the glass cloth, which

prevents filament from blowing their gas flow.

For air-intake silencers, and alsc 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).

411 the enumerated protective clothing with the observance of
the size/dimensions of perforation and mesh are not virtually 1
decreased the coefficient of sound absorption. The thickness of
perforated sheet also does not affect the effectiveness of sound

absorption.

For the air-intake silencers, wvorking with normal atmospheric

conditions, most frequently apply such sound-absorbings material both
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the construction oakum, departure/withdrawvals of flaxen filament,
antipyrized cotton cotton, the departure/withdrawals of kapron
filament, etc. Such paterials, vhich have stronger and longer
filament, do not require the use of the additiomnal cotton or j

glass-woven 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 cell/elements can be produced into two layers.

Page 124.

The layer, which adjoins the protective cldothing, is fulfilled from
better~quality material, remaining sound aksorber is applied cheaper,
for example, slag wool or mineral wool with a thickness of 70-80 ma

and skin from the fiberglass with a thickness of 30-20 mam. Can be

also proposed other combinations.

This two-layer packing of sound-aksorbing material in some cases
can give the essential savings of money resources vithout a
reduction/descent in the coefficient of sound absorption or under

very dnsignificant difference and the effect of noise suppression.
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The nomenclature of sound-absorbings material cam be
considerably expanded because of the use of the local fibrous and
perous materials, including wastes of industrial or agricultural

froduction.

§5. Diagrams and the constructions of the sound-deadening devices.

1. Reduction/descent in the noise by the sound-absorbing facing.

With the arrangement of testing units in common/general/total
hall in the presence in them of closed gas bleeder and on lov noise
level, is sometimes possible to lowver the noise indoors to the
saximum permissible 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 result 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 wvalls and

ceiling overlaps are cover/coated with sound-absorbing panels
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(panels) . In construction they are similar to the lamellar
cell/elements of silencers, used for the intake air-inlet devices
vhose description is given below. These facing, sound-absorbing
panels differ from the lamellar the fact that they are manufactured

one-sided with a thickness of 100 mm.

The total surface of the coating of the sound-absorbing facing
must comprise not less than 50-600/0 entire internal surface of
noiseproofed room. The facing can give overall noise reduction on
5-10 @B and to larger degree in high frequencies. It should be noted
that this reduction/descent in the noise composes the very
perceptible value vhich is subjectively absorbed by auditiom as

reduction/descent in the volume respectively to 30-500/0.

The advisability of the application/use of the sound-absorbing

facing is limited to determined by the conditions given in [11].

On the basis of practical data, it is copsidered that the
application/use of the sound-absorbing facing makes sense in the
cases, if they make it possible to decrease the reverberation time
(minimum to three fourths of its initial value), in locations whose

height is it is not more than 3 n.

Page 125.
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In higher locations with the observance of the conditions when the
total volume of location must not exceed 300-5000 m3, or the location
is must have the form of the corridor in which cne of the linear
dimensions of location it must be comparatively great with respect to

tvo to others.

In the majority of cases of practitioner, it confirms these
recommendations, and they can serve as base/root wvhen selecting the
methods of the smothering of noises at experimental stations. In the
locations, which do not satisfy the given conditions, certain
reduct ion/descent in the noise can be reached also because of the
setting of the sound-absorbing panels directly of stands, as this is

shown in Fig. 28.

In this case the effectiveness of a reduction/descent in the
noise vill depend on howv fully and will be thoroughly shielded by the

sound-absorbing panels each stand.

Somet imes for partial protection from noise, can be used the
fenced off from common/general/total location scundproofed
cabin/compartments of control. Such cabin/compartments will be

advisable only in such a case, vhen tests will be prolonged, and the
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stay of the service personnel of stand short-tera.

Por lowering in the noise level in outer zcne in area of the
arrangement of the experimental station of the system of gas bleeder,
they must have silencers, possible diagrams 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 impart
box with the surrounding atmosphere by silencers with the necessary
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 of noises.

In connection with experimental stations from different methods

of silencing of noises greatest application/use find lamellar and
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cylindrical sound absorbers or the tubular comstructions of the

silencers whose diagrams are given in Fig. 33, 35 and 36.

Silencers with lamellar sound absorbers. Such silencers (see
Fig. 33) they consist of the sound-absorbing panels (panels), in
paraliel installed in channel or air duct. The distance between
panels is accepted according to acoustic and hydraulic designs and it
is uswually 200-400 mm (in world/light). The thickness of each such
panel must be within limits 180-200 mm, vhich is dictated by the need
for the absorption of low frequencies. The form of air-intake channel
does not in effect affect the effectiveness of damping and it is

accepted according to design comsiderationms.
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’ Page 126.
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Fig. 33. The diagrams of silencers with the lasellar sound absorbers:

a) vertical muffler on the procedure of air; 1 - silo; 2 - lamellar

i

f sound absorber; 3 - two sections of lamellar sound absorbers,
establish/installed in checkered order; b) horizontal amuffler on
air-procedure; 1 -~ tangential channel; 2 - tvo sections of lamellar
sound absorbers; 3 - louvered grate; 4 - lamellar sound absorber; c)

horizontal muffler on the gas bleeder: 1 - ejection pipe; 2 -
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leveling grate; 3 - tangential channel; 4 - twvo sections of lamellar
sound absorbers; d) vertical muffler on the gas bleeder: 1 - ejection
pipe; 2 - silo; 3 - section of lamellar sound aktsorbers; 4% -
skielding canopy; S5 - caps/hood of canopy with the coating of lowver
plane with the sound-absorbing facing; e) the lamellar sound
absorber: 1 - framework/body of panel; 2 - perforated sheet or steel
mesh; 3 - protective clothing (glass cloth); &% - sound-absorbing

filler; £) lamellar facing sound absorber (one-sided).

Page 127,

In particular for lamellar sound absorbers, oa the basis of
conveniences and the uniformity of the manufacture of panels, the
cross section of channel to conveniently have square or rectangular

form.

In the zone of the unit of sound absorbers the clear opening 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 approximately 50-2%5o/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
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depending on the permissible hydraulic resistance 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, vhich age/hold the temperature conditions of
air-gas flow. In the case of applying the metal constructions made of
sheet steel, it is necessary to provide for the internal or external
sound-proofing facing. In this case to more expedient utilize the
interrnal facing which will appear as the scund-absorbing
construction, so also by the sound-proofing protection (see 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 different position relative to building
and to be furnished vertically or it is horizontal. Are most common
and more convenient vertical silencers as occupying smaller area in

territory near experimental station.

Installation and fastening silencers is produced on
supporting/reference foundations. holes within walls for the pass of
ejection pipes must have elastic stuffing-boxs seal for providing the

linear displacements of these tubes during heating. For this purpose
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must be used thermoresistant packing/seals of asbestos or fiberglass.

Por the protection of silencers and structures froa ataospheric
residue/settlings the vertically arranged shaft/mines and the tube of
air-inlet and gas-bleeding systeas, must be shielded by canopies.
Some standard diagrams of these canopies are shova in Pig. 34 Onme Of
most suitable is canopy (Fig. 34a). It is simple in manufacture, it
possesses small hydraulic resistance and it directs vell vaste 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.




g S B A A AR N A

DOC = 77233310 PAGE /303

Page 128.

Silencers vith sound-absorbing material encompass fregquency band
on entire spectrum of the noise engine characteristics. Such
silencers more active absorb the noise of the high and mediunm
frequencies vhose level is predominating, and therefore they are most
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 vith sound-absorbing material, to the area of this cell

and from the length of silencer.
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