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TESTS OF JET ENGINES.

Vo M. Dorofeyev, V. Ya. Levin.

Page 1.

Authorized
by Ministry of Higher and secondary special education of the CRSFSR
as textbook for Aviation VUZ [Institute of Higher Education]

and departaments.

Page 2.

In the book are examined the different types of the tests of jet
engines. It is described technician and the methods of processing
measurements, measuring instruments and devices, the egquipment of

laboratories and experimental stations.

T P - Wi e e
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The book is textbook on analogous/similar with its name course
and is intended for the students of aviation VTUZ [Higher
technical educational institution); at the same time it will be

useful for the engineers of industry.

Page 3.

PREFACE.

In the different countries vwith to the creation of j2t engines
(VRD [jet engine]) they will approach into middle of the
thirtieth years. Very considerable attention to these engines
allotted in the period of the Second World War, which will ensure to
its end the issue of the first series jets. Wide series production
VRD and their operation will be begun virtually after completion of
var, moreover widest use will receive at present turbojet and

turboprop engines.

The creation of new engines will require the
perfection/improvement of the methods of their tests. In the first
years of the development of jet/reactive aviation of the technician

of tests VRD, it stands at low level - testing units and metering
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equipment are very inadequate. Afterward 1945 in a number of the
countries were created the special experimental stations and the
laboratories, equipped with the modern metering equipment and the

necessary equipment.

Procedure the technician of engine tests, being developed on the
base of the achievements of aviation equipment, it will be added at

present into independent engineering discipline.

Unfortunately, text literature for VTUZ on this discipline until
this time barely is published. The proposed book is the first atteampt
in this region. The authors strive in the small by volume book to
sufficient widely introduce the reader to theory and tests technique

VRD; therefore many questions were presented with possible brevity.

For the first time in academic literature on testing of aircraft
engines, are reflected experimental and flight tests. Primary
attention in the book is devoted to the methods of the tests of the

most widely used types VRD - turbojet and turboprop engines.

Observations of work of those beginning engineer-tester will
lead the authors to the conclusion/derivation that with the
presentation of the gquestions of measurements (taking int> account

the limitedness of the volume of textbook) it is better to illuminate
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the operating principles and devices of instruments, than the

procedure of their application/use.

In the book barely examined the questions of the calculation of

testiang units and their cell/elements.

Page 4.

To the readers, who specialize in the region of the tests of aircraft
engines, necessary to turn to additional sources (see bibliography at

the end of book).

On request and edited by the authors chapter VI will vrite eng.

S. N. Eremin, but chapter VII eng. V. S. Kondrusev.

The authors are grateful to docents G. M. Gorbunov, to L. B.
Yevangulov, Yu. K. Zastel, Cand. of tech. sciences A. A. Lakshtovskiy
and eng. 2. L. Kropp for a series of valuable observations and
councils, made about the prospectus of the manuscript and during its
reviev. The authors are grateful also to eng. V. N. Pikulyu and
colleagues of the departsent of TAD Kuibyshevskiy of aviatiom
institute for shaping of the manuscript. Extensive work on the
editing of the manuscript was conducted by L. S. Skubachevskiy, to

vhos the authors express special appreciation.
411 observations aad vishes about coateat aad shapiag of the

book it is reguested to direct to: Noscow, I-51, Petrovka, 28,
Gboroagiz.
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Page 5.

Chapter I.

TYPES OF THE TESTS OF AIR-JET ENGINES.

Engine tests, conducted at plants, in experimental design
bureaus and scientific research institutes, it is possible to
Classify depending on the place of their execution and the expressed

goal.

On the place of test work, are divided into the grouad-based and

flight.

Ground tests they are called all the tests, conducted on the
earth/ground, including at the settings up, which imitate

high-altitude and high-speed/velocity flight conditions.

FPlight tests they are called engine test in flight oa special
aircraft - flying laboratories, and also on experimental ar

production aircraft and on unmanned vehicles.
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Depending on the purpose of the test, are divided into the

scientific research, experimental and series (see schematic).

Let us examine the special feature/peculiarities of each type of

tests.

1. Scjentific research tests.

The purposes of the scientific research tests can be different, ﬂ
but their primary task is study and analysis the occurring in engine
or its aggregate/units of the phenomena and processes. Scientific

research tests usually are carried out for research on thermodynaaic

and gas-dynamic processes in engine, work of separate units,
fuel/propellant and processes of its burning, analysis of the

characteristics of engine, strength of its parts, etc. '

During the development of fundamentally new comstructions, |
performing scientific research vork is complicated by the
insufficient knowledge of some occurring in engines physical
phenomena and often by the absence of the necessary metering

equipment. Y

e e . e e e e s e % e e L~ A A N S, T
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Thermodynamic and gas-dynamic research of input devices,
E compressors, combustion chambers, turbines and engine nozzles as
taking their characteristics, can be conducted under actual
conditions in special laboratories with the complex and bulky

equipament, which requires considerable energy powers.

A S ——— e g e
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Page 6.
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Classification of tests.

Key: {(1). Tests VRD. (2). Scientific research. (3). Experimental.

(4). Series. (5). Finishing. (6)« Laboratory. (7). Flight.

State. (9) . Technological prolonged. (10). Delivery. (11).

(12). Prolonged. {(13). Flight on production aircraft.

aggregatesunits. (15). Engine. (16). On flying laboratories.

experimental aircraft. (18). For the guaranteed service life.

For monthly program. (20). Before the complete destruction of engine.

Page 7.

(8) «

Controlse.

(17). On

(18) . Units and

(19).
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Theory of similitude makes it possible to conduct the approximate
tests of engine components on their models. For model test, are
required the settings up of considerably smaller powers, which gives

essential econoamic advantages.

The strength of engines, their units and parts usually he is

studied in special laboratories.

The results of scientific research tests make it possible to
understand the character in engine of operating conditions taking
place, to establish/install the reasons for the appearing in it
phenomera, to refine and to supplement the existing theoretical
positions and the calculation methods. Soametimes the sums of tests
can serve as basis for the creation of the nevw methods of calculation

and theoretical generalizations.

Scientific research tests are carried out usually in scientific
research institutions, schools of higher education and sometimes in

experimental design bureaus.

2. Experimental tests.
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The basic goal of experimental tests is the adjustmeat of
operating conditions and constructions of engine. Experimental tests
utilite results of scientific research tests. The absence of precise
theory of some phenomena, which occur in eagipe, does mot halt the
experimental wvork, although slows down their course. The experimental
tests of engine consist of finishing, laboratory, flight, state and
technological endurance tests. Finishing tests are conducted
according to two directions: in plant laboratories are developed the
aggregate/units and the separate units of engine, at exper imental
experimental stations - full-scale engines. Such tests most

frequently are carried out under conditions of the environment.

In the task of finishing tests, enter;

1) the adjustment of operating conditions of engine;

2) the adjustment of the construction of separate units and

aggregate/units;

3J) testing the correctness of the selection of materials and

technology of the manufacture of parts;
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4) the determination of the engine life and the research of

measures for his increase;

5) the finishing of the parameters of engine in different
mode/condi tions up to the values, indicated in the requirements for

client.

Independent of finishing tests of emgimes, conducted on
experimental plants, are conducted their laboratory tests in
scientific research institutes - the high-altitude laboratories,
equipped with heatandpressure simulation chambers and the wind
tunnels, vhich make it possible to create on the earth/ground the
necessary high-altitude and high-speed/velocity flight conditions and
to remove/take the corresponding to these conditions engine

characteristics.

Page 8.

Sometimes in such laboratories are carried out special tests
according to the programs, which consider specified operating
conditions of engine (low or high temperature, the condition of

deserts, rains etc.).
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After the successful conducting of finishing and laboratory
tests, they begin the experimental flight tests. Experimental flight
tests, as a rule, are carried out first on special aircraft - flying
laboratories. Tests on flying laboratories are carried out sometimes
before the completion of the finishing of engine. Flight safety in
this case is guaranteed by the presence on the flying laboratory of
series pover plants and by the decrease in the service life of the
tested engine. Flying laboratories they usually limit possibility of

tests of engines on velocity and flight altitude.

After the careful functional check of engine on the flying
laboratory of testing, they are continued on the experimental
aircraft, designed for this engine. During tests is determined the
reliability of the operation of powver plant as a vhole and conformity

to its technical specifications.

It is natural that in the period of conducting laboratory and
flight tests can be reveal/detected the nev engine defects. These

defects must be removed, after which engines again undergd the tests.

After the completion of the finishing tests of engine, they

present to state tests. Official tests are carried out unier
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terrestrial conditions at the station of experimental plant for
specific routine. The mode/conditions of tests, their duration on
time and the order of their alternation are selected so that the
engine operation during tests would possibly nearer correspond to the
future conditions of its operation. So, for example, turbd jet and
turboprop engines they test in the nominal, forced (takeoff and

combat) and cruise settings.

Nominal rating corresponds to design conditions of engine. Under
these conditions of engine, it must reliably work the significant
part of its service life. Tests under these conditions are conducted

by periods in continuous operation of engine during 30 min.

The forced mode/conditions (takeoff and combat) are reached by
an increase in the number of revolutions of shaft of turbine, by an
increase of the temperature of gases after turbine or afterburner
ignition. Such mode/conditions can be also obtained by the combined
means of effect on operating conditions of engine. The forced
mode/conditions are applied incidentally for the takeoff of the
overloaded aircraft or for a short-tera increase in the flight speed
and rate of cliab. Engine it must reliably work in these
sode/conditions during 5-10 min vith the subseguent

transfer/transition to more light duty.

i
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The time of continuous operation of engine on nominal and forced
ratings can change in certain range depending op the
designation/purpose of the flight vehicle on which it is utilized

engine.

Cruise setting - this is the mode/conditions at which the number
of revolutions of the shaft of turbine and the temperature of gases
after it are lower than on noaminal. For TVD [ turboprop
engine ] cruise setting can be establish/installed by the appropriate
change in blade angle of attack of propeller with the
presecrvation/retention/maintaining of the constant engine speed. The
duration of continuous operation under these conditions is not

limited.

The programs official tests of just one type different engines
can differ from each other under the conditions and in duration and
are determined by the ultimate purpose of engine. The conclusion of
state board about successful test work serves as base/root for the

direction of engine into series production.

Work on the further improvement of engine after its tramsfer to

series production does not cease. Developmental bureaus (0OKB

y
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]?xperinental Design Bureau]), which exist with the leading series
plants, attempt to improve performance data the produced by plant
engines and to raise their resource/lifetime. In connectisn with this
on the experimental stations of series plants, periodically are
carried out the endurance tests of the engines, into construction or
under operating conditions of which are introduced any changes. These
tests they are called technological endurance tests and they are
carried out according to the specific routine, developed/processed by
OKB. Successful test work gives the right to plant to introduce the

necessary changes and to begin the issue of new motor line.

3. Production type tests.

Production type tests are carried out on the experimental
stations of manufacturing plants under comditions of the environment.
Are distinguished the following types of production type tests:

delivery, controls, prolonged and flight.

Acceptance tests passes each produced by plant engine. tests
carry out for quality control and the breakings in of parts,
correctness of assembly and ad justment of the operation under the

conditions for the target/purpcse of the provision for comformity of

e
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its basic specifications conditions.

If in the process of acceptance tests is reveal/detected the
ncnconformity of engine data that which vas assigned or the defect
vhich can lead to emergency, then tests cease. After the elimination

of engine defects, again undergo acceptance tests.

Page 10.

Each engine after acceptance tests they dismantle for the
inspection of all parts and their flav detection and direct then to
monitoring tests for the functional check of engine on all
mode/conditions, stipulated under technical specifications. With the
satisfactory results of monitoring test engine it is accepted as
client and leaves to dispatch. During monitoring test must not be of
any malfunctions. During flaw detection, the monitoring test is

nullified.

Prolonged production type tests are divided into:

1) test for guaranteed engine life to the first

sortiag/partition;

2) engine test for the monthly program (duration of tests

O S——
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-50-100 of hours);

3) of testing to the complete destruction of engine.

Prolonged production type tests are carried out through the
standard programs official tests, vith the exception of taking some

special characteristicse-

The periodicity of tests depends on their designation/purpose.
Tests for guaranteed by plant service life carry out one time into
quarter, and for monthly program - one time in month. The periods of
conducting endurance tests can be changed depending on the program of

the issue of engines.

Furthermore, is possible the coincidence of tests. For example,
vhen is carried out testing for guaranteed by plant engine life to
the first sorting/partition, this testing is comnsidered also testing
of engine for the current monthly program. In this case the solution
to the issue of the engines of given month is accepted on the basis
of test results for guaranteed resources/lifetime. The satisfactory
result of series endurance test gives right to plant to the further

issue of engines during given month.

Bndurance test is conducted in the stages the interruption
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between which is permitted within the limits of the time, necessary

for production of routine maintenance work.

Endurance tests are considered unsatisfactory, if for the time
of tests or with internal inspection after tests is reveal /detected
service failure of the parts, breakage or damage of which will enmtail
the emergency of engine. In this case the shipment of engines from
plant ceases up to obtaining of the positive results of the repeated

endurance test which is carried out after the elimination of defects.

Endurance tests of production engines before their complete
destruction make it possible: to test reliability and to determine
the service life of the parts of engine and its aggregate/units; to
refine repair technology; to test quality and nomenclatur2 of
repair-asseably tools and appliances; to refine tables of limits for
the maximum vears of parts and clearances in articulation for repair
engines; to refine the content of the group assembly of spares for

the first, the second and all subsequent sorting/partitions.

Page 11,

Tests to complete destruction pass all newvly introduced in a

series or the undergone substantial changes engines. Por testing is

taken the engine, passed testing for guaranteed by plant service

-

Ll
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life. Testing carries out by the periods, equal to the service life
of engine. After each period the engine passes the sorting/partition
during which is carried out the flaw detection of parts. The vorn
parts are replaced new from the group assemply of spares. The
sorting/partition of engine produces on repail technology with the
instrusent, produced by plant specially for a repair. Testing is
considered finished, if for the operating time of engine goes out of
order a considerable quantity of parts, designation and number of

vhich is specified by technical specifications.

Vital iamportance has an increase in the service life of the
engine, which well showved itself in operation. For the solution to
this question, is take/selected the batch of the engines, which
mastered the guaranteed by plant service life under operating
conditions. The part of the engines from this batch heads for
manufacturing plant for inspection and the flaw detection and

additional bench tests.

During the determimation of the duration of additional bench
tests, they are accepted into consideration results of inspection and
flav detection of the dismantle/selected engines and of the carried
out it is earlier by plant tests before coaplete destruction. In the
case of obtaining the satisfactory results of additional tests, is

peraitted conducting the flight tests of the remaining from batch
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engines on aircraft for a period of time, which corresponds to

supplementary resource/lifetinme.

Successful conducting of flight tests gives the right to plant
to increase the service life of the produced engines. Specific tests

they are sometimes called operational.
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Page 12.

Chapter II.

ELEMENTS OF METROLOGY.

The development of the system of measures, measuring meters,
methods of measurements and processing chserved data rests on the
achievements of many branches of science and engineering. The
conteaporary methods of processing the results of measurements were

created in essence in the first half of the XIX century.

Monitoring of the observance of the uniformity of measures and
their correctness in the USSR is realize/accomplished by committee of
standards, measures and measuring meters and by its organ/controls.
Furthermore, are organ/controls of departmental supervision for the
verification/check of measures and measuring meters at plants and in

the research institutions vhich compulsorily are recorded in the
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comaittee of standards, measures and measuring meters.

By the organ/controls of committee believe the standard measures
and measuring meters, and also the instruments of production control
(if in production there are no point/items of the departmental

supervision).

The methods of the verification/check cf measures anl measuring
meters are presented in document the "time/temporary rules of 12-54
organizations and conducting the verification/check of measures and
measuring meters". The enterprises, which produce measures and
measuring meters, confirm the experimental models last/latter in the

comnittee of standards, measures and measuring meters.
With the verification/check of measures and measuring meters as
absolutely precise values, are accepted international standards. The

state standards of measures, determined with metrological

accuracy/precision, consider true values.

'« Measures, measuring meters and their errors.

Measures are bodies or the devices, wvhich are the real
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reproduction of ones of measurement or their portions. Thus, for
instance, veights are the measures of mass, light rays ~ by the

linear measures (linear measures are also meters, centimeters), etc.

The direct comparison of the measured values with measures in
the majority of cases is impossible. Therefore measurements are
produced with the aid of the measuring meters, which make it possible
to carry out the convenient and sufficiently precise comparison of

the measured values with the taken as units of measure.

Page 13.

All measures and measuring meters are divided into two groups:

1) the standard measures and reference instruments,

2) vorking measures and vorking measuring meters.

The standard measures and instruments serve for reproduction and
storage of taken ones of measurement, and also of their fractional or
multiple parts. Sometimes standard instruments are applied for
precise measurements in the experimental work. Working measures and
instrusents - these are still measures and instruments, with the

exception of specimen.
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The result of measurements, vhich they read on the scale of
measure or instrument, he is called nominal. The value of the
measured gquantity, obtained with the aid of more precise standard
instrument or measure, he is called real. If measurements are
conducted with the aid of standard instruments, then real value is

determined by more precision instruments.

The difference between the nominal and actual value of value
calls an absolute error in the measure or instrument, which can be
represented in the following form:

A=a,—a, (1)

vhere z,- - a noainal value;
% « actual value.

The absolute correction of measure or instrument he is called

the error, undertakean with the opposite siga:

AR _ 2)

It is obvious that

a,==a, +3. 3
Froam expression (3) it is evident that the actual value of the

measured value is an algebraic sum of the rominal value of value and
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correction.

For example, are two working rules with a length of 100 mm each.
During comparison with the standard measure, it turned out that the
effective length of the first rule was egqual to 100.1 am, and the
effective length of the second rule wvas equal to 99.8 mm. Then an

absolute error in the first rule

A;=100—100,1=—0,1 =®

and second

A;=100—99,8=0,2 ®R.

Correction for the first rule is equal to 0.1 sm, and for second

minus 0.2 mm.
Page 14.

Besides absolute, frequently are determined relative errors.

Belative errors in o/0 are calculated according to the formulas:

the real relative error

8,="="2 100, (4)
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the nomsinal relative error
A.=i'filoo;. (5)

the given relative error s —"—%|qq, (6)

where % jis the infinity of imstruasent.

Example. During engine, testing is measured the gas pressure
behind turbine with the aid of twvo manometers. Working manometer in
mechanic ¥ill shov pressure 2.1 kg/cm2 (nominal value). At the same
time specimen manometer fixed the pressure, equal to 2.15 kg/ca?,

vhich is considered real value.
An absolute error of measurement is equal to
Ampy— pa=2,10—2,15= — 0,05 Kg/CRZ,
Correction will be
d=p,—pn=2,15—2,10=0,0kg/ca®.

Relative errors in this case vill be egual to

—0,05
A=
o e

+100=—2,32%

llld
A.-—-‘ «100=~ 2,38%.
2. 10 l *

S USRS SRS SRR L — - PR

N

B




27
poc = 77233202 PAGE -7

Usually in the practice of the measurements of value Ax: amd A,
are very close to each other and relative error can be defined both
vith respect to nominal and to the actual value of the measured

value, without making the difference between them.

Besides the indicated absolute and relative errors, is applied
another concept of the peramissible error (by absolute or relative).
By the permissible error is understood the maximum instrument error,

stipulated by coammand.

The important index of the quality of instrument is the
constancy of its readings, which is estimated at variation. A
variation in the instrumsent he is called the greatest difference
betveen the results of value one and the same measurements,

manufactured under one and the same conditions.

Page 15.

The important characteristic of instrument is its sensitivity,

deterained by the forsula

An
s-‘—‘, (7)
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in which

An - a number of scale divisions;

AA - a number of ones of the measured value, wvhich correspond

An.

The classification of seasures and measuring meters is produced
on the kind of the measured value, operating principle, the method of
transaission of measuring data, dimensions, accuracy/precisioan, the

field of application, etc.

Instruments are divided using the method of obtaining the

measured value into comparing, shoving and those who integrate.

The comparing instruments are called such, vhich make it
possible to compare measure and the measured value (i.e. in the
asseambly of the comparing instrument compulsorily it enters and
measure). As an example of the comparing instrumsent it is possible to
indicate cup weights (one cup place the measured value, to another

the set of measures - the weights, which balance the measured value).

The reading instruments are called such, vhich make it possible

to make direct reading of the value of the measured gquantity. The
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ma jority of the used instruments belongs precisely to this type. The
reading instruments include dial weights, hours, manometers,

dynamometers, thermometers, etc.

The integrating instruments include the sumaing instrumsents
(total revolution counters, the flow meters of liquid, gases,

electric power, planimeters etc.).

Using the method of recording, the imstruments are divided into:

1) direct-readings instrument (manometers, dynamometers etc.):

2) recording (i.e. with the automatic recording of readings);

3) controlling (i.e. the measuring parameters of process and

through the appropriate devices affecting its course);

§) of local and remote action.

Instrusent accuracy is characterized by the value of the maximuam
given relative error or by the class of precision. For example, the
instrusent of class 0.5 has persissible given relative error ¢0.50/0.
Depending on accuracy/precision, all instruments are divided into

classes.
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Measures and instruments are divided also into laboratory (for
precise measurements in laboratories) and technical (for less precise
measurements). During measurement by laboratory instruments, are
considered the corrections to their readings, and in certain cases
are carried out special experiments for determining the accuracy of
measurement. During measurement by technical instruments by the
accuracy of measurements they are assigned previously on the basis of

specifications of instrument.

Page 16.

The standard measures and instruments are divided into:

1) standards;

2) the standard measures and the instruments of the limited
accuracy/precision (more frequent - simply standard measures and

instrusents).

Standards are measures and the instruments of the highest
(metrological) accuracy/precision. The accuracy/precision of

standards is retained because of their rare application/use and




p—

2
DOC = 77233202 PAGE 11

storage under special conditions. The standard measures and

instruments have smaller accuracy/precision and believe with the aid

of wvorking standards.

The classification of standards, of the standard measures and
instruments, the methods of provision and
preservation/retention/maintaining of their accuracy/precision are

examined in detail in the courses of metrology.

2. Forms of measurements.

Are distinguished direct/straight and indirect measurements.

When conducting of direct measurements, the unknown value is
deteramined vwith the aid of measure or instrument directly. Indirect
seasurements are carried out vhen direct measurements are difficult
or impossible. As an example of indirect measurement, it is possible
to give the case of power measurement, when for obtaining the
nuserical value of this quantity it is necessary to separately
measure the revolutions and the torque/moment, but power coefficient

to calculate according to foraula.

Direct measurements are carried out most frequently by the
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folloving methods:

1) by direct evaluation (for example, temperature measurement

mercury thermometer, the mseasurement of weight on weights etc.),

2) by differential method (is measured the difference between

the unknown and known values),

3) by null method (action of the measured value is balanced
previously by the known counteraction). By an exaample of the
application/use of a null method can serve weighing on equal-ara
veights, measureament é:rﬂ-é: of thermocouple as potentiometric
method, the measurement of the reaction force of combustion chamber

by bringing the arrow/pointer of suction gauge to zero so forth.

3. Errors of measureaent.

During measurement always appear the errors, which can be
divided into subjective and objective. Subjective errors depend on
the properties of observer, on shortcomings in his sense organs and

nervous systes.

B L T e e e P A . e W e e e s - . ——ere— vt
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Let us first of all give examples of the errors of view. In Fig.
1, distance between points a and b seeas considerably greater than
between points b and c. It is easy to ascertain that the points are

located on equal distance from each other.
Page 17.

In Pige 2, angle AOB seems greater than angle A'0°'B'. In

actuality they are equal.

Fig. 3, depicts the vertically arranged/located small circles.
It seems that their right edges are arrange/located on curve, bent to
the left. It is easy to ascertain that they lie/rest on straight
line.

The widespread in observers organic defects of view and audition

| also affect the accuracy of measurements.

When conducting of the experimental work, is very important the

speed of reaction to the obtained signal. Experiments shov that the

reaction (motion of finger/pin) after obtaining of the stromng sound

e s e il i Sl

signal begins after 0.082-0.195 s., but during obtaining of the weak
signal on 0.06-0.07 s., it is slower. {

Given information must convince the reader of the need for

%
‘L_




e L RSP 7 SR U A —— |

s e s et s i e

3

DOC = 77233202 PAGE +4

critical relation not only to the methods cf measurements and

instruments, but also to the properties of the competitors of

measurements.

The reason for the appearance of objective errors are inaccuracy
in the instruments, the limitedness of the time of measurements, the

inertness of instruments and entire testing unit as a whole, ambient

effect on instruments and setting up.

Are distinguished also systematic and random errors and errors.

g
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Fig. 1. Evaluation of distance between points.

e

Fé?éj 2 - 05275 3

Fig. 2. To estimate of the magnitude of angles.

Pig. 3. To evaluation of fora.

Page 18.

Systematic errors can be different origin and are divided on:
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1) instrument /tool - appearing as a result of inaccuracies in

the instruments;

2) ad justing - due to the misadjustment of the metering *

equipment (nonhorizontality, misalignments etc.);

3) personal - appearing due to the special featute/péculiatities
of the observer (incorrect evaluation of color, slow teactioﬁ to

events, shortcomings in the audition etc.) ;

4) of the method of measurements - for exanplé. during the
measurement of the temperature of stagnation of gas flow by

thermocouple with the open joint etc.;

5) theoretical - appearing as a result of 'the application/use of

inaccurate or erroneous formulas for processing Qf experimental data.

LS -

Systematic errors cannot be completely destroyed, but in the
practice of experiment, alvays they approach their elimination or

precise account.

Instrument/tool and adjusting errors are decreased by
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structural/design procedures, the calibration of instruments (by
comparison of readings with specimen and the introduction of the
corresponding corrections into readings of service instruments),
correct instrumentation, their protecticn from vibrations, dust,
jerk/impulses. The rules of instrumentation usually are indicated in

their descriptions.

Personal errors can be decreased by the selection of testers,
wvho satisfy definite reguitelents. Whe'. “his is impossible, it is
necessary to approach the creation of the automatic and semiautomatic
measuring systems whose work does not depend on the properties of

tester.

fheoretical errors and errors in the method of measurements can
be excluded or decreased as a result of detailed preliminary research

on the theory of the phenomenon, selected systea of the measurements,

result effect do not have.

errors is occupied theory of errors.

used iastruments and other experimenters's experience. 3
The taken into account previously systematic errors an test
|
The random errors are unavoidable. The reasons for their |
&
appearance for each specific case are unknown. By research on these il
|
- - - g e e ke _‘
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Errors are the exaggerated errors, which are the consequence of
the inattention of observer or malfunctions in measuring systeas.

During processing of test results, the errors are not considered.

Page 19,

4. Processing experimental data on the method of least squares.

For obtaining the most precise values of the measurad quantities
processing observed Jdata is carried out through the method of least
squares. The bases of this method were created by Gauss for
processing of astronomical observations into 1808. Gradually the
sethod of least squares has been used also in other fields of

knovledge.

An especially large value a method of least squares has dnring
the adjustment of a precise test installation and during gas—-d ynamic
investigations. For processing of the results of experiment on this
sethod necessary to have the considerable number of experimental

points (on each mode/conditions one should carry out not less than 10

od.
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measurements)that restricts its application/use during the tests of

fuil-scale engines. The bases of the method of least squares are

briefly exaamined below.

Theorea of compound probability.

The probability of event is called the ratio of the number of
cases of the appearance of an event to the number of all egqually

likely cases.

Thus, for instance, if of 100 tested emgines of 5 engines they
have monunifors temperature field, then the protability of the
appearance of engines with this defect in the following batch of
engines was equal to 0.05 (if, of course, accepted no measures to the

elimination of this shortcoaing). v

For the substantiation of the method of least squares important

value has the theorem of compound probability.

Theorem. The probability of the joint appearance of two

ca

independent events is equal to the product these of probabilities the

independent of each other events.
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Let the probability of the first event

m,

Bt ==
n

and the second

The total number of equally likely cases is equal n,en,, since to

each event of the first group cam correspond any of the events of the

second group.

The number of favorable cases for the same reason is equal

Bgen,. Since the joint appearance of two independent eveats is also

event, then

m, - nmy
n-m

p= =p\*Pa.

wvhich was required to prove.

Lav of the distribution of the random errors.

As the basis of the derivation of the formula, vhich expresses

(8)

ko

‘G
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the law of the distribution of the random errors (lav of Gauss), is

placed the theorem of compound probability and the following axioms:

1. Equal in absolute value, but different in sign errors appear

equally frequently.

Page 20.

2. Prequency of appearance of lov errors is more than frequency

of appearance of large. Very large errors are not encountered.

The taken axioms rest on the immense experiment of studies in
the different fields of science. After passing to the
conclusion/derivation of the lawv of Gauss, let us suppose that it is
carried out by N of value one and the same measurements. In this
case, are noted the greatest errors ¢ta and -a. Let us apply values +¢a
and -a to the horizontal axis of errors x. Cut between points -a and
¢a (Fig. 4) on the axis of errors let us break down to large nuamber a
of parts. From the total nuamber of measurements N, some number of
measurements dN vill have errors, which fall on cut dx, which is
located at a distance x from the origin of coordinates 0. Distance x
in this case characterizes magnitude of error. It is possible to

assume that

dN=Nf(x)dx, (9
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vhere f(x) - the unknown function, vhich expresses the distribution

of errors;
N - the known number of measurements.

The probability of the appearamnce of error x on cut ix will be

d_p=='%’-==f(x)dx.

From the first axiom, accepted by us in the beginning of

conclusion/derivation, it follows that
S (x)=g(x?),
since symmetrical relative to the origim of the coordinates of 0
error they are encountered equally frequemtly. Then after
substitution we obtain
dp=¢(x?) dx. (10)

For determining the form of the function #(x2) let us examine
the problem, connected with firing into target. Let the
rifleman/gunner attempt to hit the center of target, which coincides

vith the origin of coordinates 0 (Fig. 5) <
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z_ —dx é
N -5 — 4z 1
-a 0 +a s '

Fig. 4. To derivation of formula of Gauss.

Page 21.
it
Experiment shows that the holes in target in a good rifleman/gunner :
densely are furnished near the center of target and than further froa
it, by those of hole they are encountered more rarely. Probability
that from ¥ of shots dN falls into the shaded rectangle a, vwill be
1 dp-%’-v(x’)dn(_v’)dy- (1
Let us nov pass to that vhich wvas turned the axle/axes of '
coordinates & and 7 moreover axles/axis & is passed through the
middle of rectangle m, as shown in Fig. 6.
It is obvious that
H=xl4y “
and the probability .
dp=19(0)dnp ("), (12)
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but
o () =g (x24 v?),
then
dpe=g(0)-dne(x?+ y?)dt. (13)

After accepting didn=dvdy, we will obtain

dp=1¢(0)p(x*4y*)dxady. (14)
After connecting further expressions (11) and (14), let us find

? (0o (x*+y) =¢(x?) 9 (»*). - (19
Thus, ve will obtain the funciional equation, making it possible
to determine the form of the function ¢(x2). Let us manufacture
substjtution x2 = u, y2 = v, ¢(0) = c; in this case equation (15)
vill take the fora
cp(u+v)=¢9(u)9(v) (16)
From preceding/previous it is obvious that u and v are
independent of each other and can acquire any values. Let v = k,

vhere k is a constant value. Then eguatiom (16) will take the fora

co(e+R)y=9p(n)e (k) (17)
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Fige. 5. Target.
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Fig. 6. Target with turned coordinates.

Page 22.

It differentiated equation (17) for u, ve will obtain

g’ (u+k)=q(R) ¢ (u).
It is divided equation (18) imto (17)

¢ (s+k)__¢ ()
v(a+ &) v (u)

(18)

(19)

and let us demonstrate that these fractions are equal to some

constant for the present instance number.

. A —————p .. S, . e e St

a5
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After considering that

A C)
“ ?(a)

and
m(u k it ,, ("+k)
e v(utr) '

ve vill obtain
o(u)=w(u+k).

Equation (20) is correct at any values of u and k, including

vith u = 0.

Punction w(k) retains its value at any values of k, i.e., w(k)

const. Consequently, function w(u) = const indefendent of u. Hence

follows

v (w)

—— = b, 21

v(u) !
After the integration

Ing(u)=0bu+InC,
vhence
¢ (1) = Cet (22)

or

? (x?) = Ce*~", (23)

After takimg iato comsideration the second axiom according to

vhich the function ¢(x2) must be decreased with increase in x, it is

e
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possible to assign by constant b = - (1/h2) and to obtaia

v(x’)=Ce- . (24)

It is obvious that all errors carried out N of tests are packed

on the axis of errors x in the range of-= to ¢=, i.e.,

dN = Np(x?)dx
and
R
N=N S ¢ (x%)dx,
vhence
+‘- -
| e(xhdx=1. (29)
Page 23.
Integral
4+ p
f e "dx=hVr, (26)
conseguently,
1
C= i
Thus,
f(x)..,(,a)_wlT e T, {27)

The formula, vhich expresses the law of Gauss, will take the
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LR
dp—./;e dx. (28)

The unknown thus far value h can be found as follows. The number
of errors on cut dx, arrange/located at a distance x from the origin

of the coordinates of the axles/axis of errors, is egual

x?

dN=Nf (x)dx = h—’;‘}f e ™ dx. (29)

With the summation of the squares of errors into sum, will enter the

expression

'r'
1 _x% "dx.

ryY =

x*dN=:N

The theoretical value of the sum of the squares of errors can be
deterained by the integration of the preceding/previous expression

within limits from-« to ¢=;

RER 28 g% SR 30
.&_..V;Jixe dx=N T (39)
vhence it followus
» S (31)
2 N

Page 24.

After designating the error by

egm=li—L,
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vhere [,- - the measured value of gquantity;

L - the true value of quantity,

we will obtain

S=¢+eg4 . . . ¢

and

S e 4
h-l/2 : 2~" £, (32)

Value

LT T
p= VI*E__A,_____ .N_ (33)

he is called root-mean-square error of a series of measurements or

the simply mean error of a series of measurements.

Thus, the formula, wvhich represents the law of Gauss, will take

i
the fora f ‘

dp = l2 e Mdx. (34)

The obtained expression of the law of the distribution of the

randoa errors can be represented in the form of curve (Pige 7).«

Calculations show that magnitudes of error in the half of

seasurements (0.5N) are located from -0.674y to ¢0.674u. The foram of

- .ot Liggr . mda PP —— -—




DoC 8'77233292 PAGE 33

the curve of the lav of Gauss depends on the value of
root-mean-square error of a series of measurements. Many researchers
experimentally check the law of Gauss and will confirm his
correctness. In the presence of noticeable systelaiic errors, the
curve is misaligned and becomes unsymmetric relative to the origin of

coordinates.

Applying the law of Gauss during processing of the results of

experiments, it is possible to draw a conclusion about the probable

2

value of the measured value. Let us assume that one and the sasme

value is measured under the constant/invariable conditions N once one

and the same instrumsents and is obtained a series of its values
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Pige 7. Law of distribution of randos errors.

Page 25.

To what will be the equally probable value of the measured
value? Let it be egual to L. Then errors are egual to

‘|-l,-‘L.

.A'glh-_l..

The probability of the joint appearance of values: &. &..... en, a8
is evident of previously demonstrated theorem and the lawv of Gauss,

it is proportionmal

N ’- "r(-,"-b S ""l’v)

(+7%)

Moreover probability will be greatest, when the value of sua §;¢
]
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is minimal. This sum can be presented in the form

N
Sel= Ve (=1 + =L+ . . . +Uy=L)
|

and to find the condition of the minimum of its value

¥ )+ e -+l =0

wvhence

e ’|+’:+l-v- = A A (35)

This means that, if produced N of measurements, then the most
probable (true) value of the unknown guantity will be arithmetic mean

of this series of measurements.

It is interesting to note that the researchers intuitively apply

the lawvw arithmetic mean long before appearance lav of Gausse.

Processing the results of direct measurements.

In this section is given the order and forsulas (without
conclusion/der ivations) for processing of the results of direct
measuremeats vith the aid of the method of least squares. Usually as

true value (independent of the number of measurements), they accept
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arithmetic mean of results N of measurements, determined by formula
(35). It must be noted that in this formula substitute values 1,, 1,
and so forth, already freed from systematic errcrs and errors. The
latter is possible easily to reveal/detect with the survey of the

results of experiments.
Page 26.

If N > 10, then is estimated also the accuracy of measuresents.
First of all are estimated residuval errors according to the formula
v=l,—L (36)

and an average quadratic error in the resalt of measurements

according to the expression

2 2 2
vi+ vt . .Uy
°—‘/ NN—1) L

After this they calculate the greatest possible error in the result
of the measuremseants
=33 (38)

Amu

and the probable error im the result of the measureaents
pe=0,67450. ' (39)

Value p divides the field of errors by two equal parts, i.e.,
045N it lie/rests within interval/gap ¢p. The final result of
measuresents he is record/written in the following fora:

Ly=L+p. (40)

-
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Processing the results of indirect measurements.

Many values during testing of engines or their cell/elements are
determined indirectly by calculation according to the data of direct
measurements. Thus, for instance, pover of turboprop engine on shaft

is calculated according to the formula

Mgpn

Aﬂ“’hea 467c>,

vhere ) 1is the torsional moment;

n - the revolutions of propeller shaft.

Values ), and n are measured directly during tests.

Thus, the power of engine is determined indirectly according to
the results of direct measurements. The most reliable value N. is

obtained, if value My, and n are undertaken for calculation as

aritheetic mean of a series of measuresents.
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Processing the results of indirect measurements is carried out

as followus.

It is required to fimd value

P=f(x'y»z)
according to the results of direct measurements x, y, z. Values x, Yo

2 are defined as arithmetic mean of a series of measurements.

Page 27.

For determining a relative error in the indirect measurement of value

P, apply the foramula

=5V (e (Ye+ (e W

in vhich

B ¥ W
ox _L_iv" oz

[\ the particular derivatives P on arguments x, y, z;

. L ® absolute errors in the results of direct
te & &

seaserenmeats of values x, y, z.

Example. It is required to find the pover, transferred by

screvw/propeller of TVD, if it is known that the torsional moment

L
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M.,-358It36 /
/A kg-m the number of revolutions of shaft n = 1000 ¢ 10 r/min.

The amount of the power, transferred to screw/propellers, is {

calculated according to the forsula ,
f
Mypn ?l ,

716,2°

Ne=

Por deteramining relative probable error, we find the partial

derivatives

N, Mg ON, n
on T 716,2° oM, 716,2°

Then, after aultiplying partial derivatives by probable absolute
errors An and AM., and after substituting for n and M., their
numerical values, from formula (41) let us find the probable relative

error

-

- 1 N, \2 2 (0N¢)’ 2

-1/ ==t M=
’ N,V(on)°"+m., .
716.2 Myp \2 no\3

PRI i, ) f TSN (AT i .
Meph l/(m,z) e (716.2) M .

- B BT/ o o e

Thus, a probable relative error in the result of indirect

measureaent is 1.40/0.
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Value

M.,n 3581'1“ ﬁ
= ——— - ——— = 5000 .
Ne=T6.2~ 76,2 7

Absolute probable error

p = pN¢=5000-0,014 = 70 % 2.

Final result amust be recorded

Ne=5000+70 72 .

2
}
]
)
2
é
v
i
$
1
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Page 28.

Chapter III.

NBEASURING METERS AND DEVICES.

In this chapter are examined the methods of the measurement of
the parameters, which characterize wvork of VRD, the descriptions of
instrusents and measuring devices, widely applied in practice

laboratories and experimental stations.

In the practice of scientific investigations increasing
propagation receive also other methods and the instruments, which
ensure either the increased accuracy of measuresents or the
seasurement of the values, not determined during plant tests. So, for
research on flows are applied the optical methods of studies and
measuresents - shadov, interferometric, spectral absorption. Por

speed measurement of flows, finds a use the method of tracing by

o st e

- .
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ions, the glowing particles, electric spark. During measurement of
high temperatures, apply the methods of reversal of spectrum lines,
pyrometric, etc. Considerable development will receive the study
technique of burning by the method of straight line and

schlieren- photography and interferometric measureaent.

Survey/coverage of the scientific methods of study the reader

can find in specialized literature t.

FOOTNOTE i, Collection the "physical methods of measurement in gas
dynamics and during burning®, translation/conversion edited by Yu. F.

pityakin, IL, 1957. ENDFOOTNOTE.

1. Pressure measureament.

During the tests of jet engines, are measured the following
fressures: barometric - by barometers, evacuation/rarefaction - by
vacuum gauges, overpressure above the environment - by manometers and
the pressure differentials - by differential manometers. In practice,
hovever, all pressure devices or their jumps/drops they are

conditionally called manometers. For the measurement of the constant
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or slovly changing fressures widest use vwill receive liquid, spring

and pistom gauges.

The idea of the liquid manometer in which the pressure or
pressure difference is measured by the liquid column, proposed for
the first time in 1640 by E. Torricellis. The spring pressure valves
are created considerably late by R. Shints (1846) and by Ye. Bourdon
(1848) . The first diaphragm manometer is designed into 1847 by V.
Vaydl.

Page 29.

Liquid manometers.

Wide application they will find three types of the liquid
panometers: U-shaped, single-tube (cup) and micromanometers. The

schematic of a U-shaped manometer is given to Fig. 8.

Let us examine vork of manometer. In two glass tubes, connected
together below, is poured the liquid. To free jets, are conducted
pressures psand p;. Then the weight of column h of liquid balances

fressare difference
Py—p,=1h, (‘/al)

- e M e e i -—ae
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vhere y is the specific gravity/weight of closing liquid;

h - the measured pressure differential.

For determining a precise value of julp/df;p P2=-Pse it is
necessary to correct for the effect of ambient temperature for the
length of the scale, the specific gravity/weight of liquid and
capillarity. A change in the size/dimensions of glass tube does not

affect value h.

Real jump/drop can be determined by the measured jump/drop h by

the formula

=ltet—td, (43)
R EYTE

vhere a is a coefficient of the linear expansion of material of the

scale;

6 - the volumetric expansion coefficient of closing liquid;

t - the ambient temperature in the torque/moment of measurement;

to - standard temperature at wvhich j, and h coincide (value t,
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= 20°C).

Value a for brass 0. 16¢10-¢ 1/deg, for glass 0.08¢10"¢ 1/deg and

for steel 0.11¢107¢ 1/4eg.

The properties of the most frequently used in manometers ligquids

are given in Table 1 on page 30.

It must be noted that usually the tubes frca which are
manufactured the U-tube gauges, have variable inner diameter. This
can lead to the error due to different surface temnsion in the elbows
of tube. However, as showvw calculations, these errors are small.
Therefore manometers with the calibrated tubes are applied only

during very precise measurements.
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Fig. 8. Schematic of the U-tube gauge.

Page 30.

Capillary corrections depend on the size/dimension of the

diameter of tube and are calculated according toc the foramulas:

for the wvater

A, - —("’-"""l‘s—%d) an. (44)
for the alcohol
Ah, = -(1%0— —;-d) MM, (49)
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for mercury

Ah = + —;ﬁ—%-d) MM, (46)
vhere d is a diameter of tube in ma. f
An essential shortcoaming in the U-tube gauges consists of the
necessity to record the liquid level immediately in tvo tubes. The
single-~tube manometer whose schematic is given on Fig. 9 does not
have this shortcoming. The measured jump/drop
h{=pa—p\. ¢
During level measurement Of liquid in reservoir is depressed, and in
tube it is raised. So that it would be possible to disregard lowering
the level in reservoir and measure h 1000 mam Hg with an accuracy to
; 0. fo/0, the ratio of the diameter of reservoir to tiie inner diaseter
| of tube must be not less tham 32.
¥

During the use of single-tube manometers in the majority of

cases, it is necessary to correct for capillarity. Thus, for

instaace, if p = py = 100 kgf/m2 or, that one and the same, 100 ma
H0, then with the diameter of tube d = 4 mm an increase in the vater

level in tube will be 7.4 mm, and the error in measurement will prove

to be equal to 7.40/0.

I — - e R .
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Table 1.
Property of working fluids.
i
(» (2 (3) v Kospdpuumnenr
HanmenoBanue Xumuueckan | Yaeasuuit mec oGvemnoro
paboueit MHAKOCTH ¢popmyaa npn 20°C pacuinpetns
TJexs npu 'reuge(?arype
& 20
9]
"_l”ryn- Hg 13,547 18-10—5
\Hona Hy0 0,998 21-10-5
Kepocnu — ~0,800 ~95.10-5
P sTHAOBHI (96%5) CoHsOH 0,790 110-10-5 |
‘]etupexnopucmﬁ yrae- CCl, 1,580 124.10-5
pon
Key: (1) . Designation of working fluid. (2). Chemical foramula. (3).
Specific gravity/veight with 20°C g/ca3. (4). Volumetric expansion
coefficient at temperature of 209C. (5). Mercury. (6). Water. (7).

Kerosene. (8). Ethyl alcohol (960/0). (9). Carkon tetrachloride.

Page 31.

Por the measurement of small pressure differeatials,

vhich do

not exceed 200 am H,0, are applied the micromanometers with inclined
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tube (Fig. 10). It is obvious that
Py—p,=xlsina (47)

(it is considered that the correction for value 1 is introduced).

During the application/use of manometers, one should limit the
maximum values of pressure from the conditions of the streagth of
tubes. The limiting values cf the pressure by which are destroyed the

glass tubes, are given in Table 2.

One of the methods of fastening tubes it is shown to Fig. 11,

This joint works well to 25 kgf/cm2.

The application/use of liquid manometers for the measurement of
small pressure differentials (to 0.1 kgf/cs?) is completely
justified, since as working fluid can be applied water, alcohol and

kerosene.

The measurement of large pressure differentials with the aid of
liquid manometers is extremely undesiraktle, since for a decrease in
the size/dimensions it is calm manometers is is comsonly used
mercury. The pairs of mercury are harmful and are caused in certain

cases the heavy poisonings of the service personnel.

-y

LS <]




DOC = 77233203 PAGE -3

{7

JFYTYVE vV Y

——
»
>

L

e 1t

Fige 10. schematic of micromanometer.

Fig. 11, Joint of glass tube with branch.

- thrust ring, 4 - packing/seal.

Fig. 9. Schematic of single-tube manometer. 1 - reservoir for liquid.

1 - tube, 2 - sleeve nut, 3
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Table 2.

Value of ultimate pressure in kgf/cm2 for glass tubes.

:)Toammu (® Buytpenunit anamerp Tpy6rn B Mu
CTCHKN

o I 2 3 4 5 6 7
z
. ' | q

1 —_ 310 280 230 220 150 140

2 570 - 340 - 330 240 - 220

3 560 460 420 400 -_— —_ 230

4 —_ 450 — 400 310 320 280

Key: (1). Wall thickness ma. (2). Inner diameter of tube in am.

Ve D

Page 32.

Spring pressure valves.

They distinguish three foras of the spring pressure valves:

tubular, mesbranes/diaphraga and bellows.

On Pig. 12, is represented the schematic of spring tubular
sanometer. Spring 1 is the tube with oval cross section, inside which
vill be fed the measured pressure through braach 5. During the

supplying of pressure, oval cross section atteapts to be converted




£7
poc = 77233203 PAGE 35

into circular, spring 1 is straightened and wvith the aid of buckling
2 turns gear quadrant 3, which is located gear 4. On the axis with

gear, it is attached rifleman/qunner. For the elimination of

clearances and creation of interference in transfer, the axles/axis of

arrov/pointer is twisted by very weak cylindrical spring.

Por the manufacture of tubes, are applied the phosphor bronze,
brass and stainless steel. Are most commonly used tubes from the
rhosphor bronze - material sufficiently strong under normal

conditions, stable against corrosion and well yielding to treataent.

Steel tubes are applied in measurement of high or sharply

changing pressures. Tubes made of the stainless steel are applied

during pressure measurement of agressive media.

For example, for the tubes of acetylene manometers it is not
possible to apply the material, which contains more than 70o0/0
copper, since in this case can be formed explosive joint - copper

acetylide.

The tubes of the manometers, intended for pressure measuresent
of hydrogen, manufacture from hydrogen-resistant steel, which

contains carbides with the alloying cell/elements.

Y ¥ S VS
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On the manometers, intended for the measurement of pressures,
acetylene and so forth, are made label on dial - "oxygen",

"acetylene", etc.

Furthermore, manometer for pressure measuresent of acetylene is
Painted in white color, for the measurement of pressure - in azure

color, for pressure measurement of hydrogen - in dark green color,

and for pressure measurement of ammonia - in yellow.
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rig. 12. Schematic of tubular manometer. 1 - spring, 2 - carrier, 3 -

sector, 4 - gear, S - branch.

Page 33.

Wide application find also diaphragm manometers (Fig. 13).
Pressure p, is fed to housing 1, closed by corrugated diaphragsm 2
(are applied also flat diameters). Diaphraga/mesbrane is deflected
through the transfer, which consists of strut 3, carrier 4, sector 5

and gears 6, it turns the showing arrow/pointere.

The advantage of such manometers is low senmsitivity to buffeting
and ease of fabrication; a disadvantage of them is the increased
sensitivity to a change in the ambient temperature. The diaphrags

sanome ters are manufactured for pressure measurement within limits of

- D BRI W PSSO I P (P —— S
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0.2.= 30 kgf/caz.

For the measurement of small pressure differentials are applied
the bellows manometers (Fig. 14). Pressure p, is fed to housing 1 and
compresses bellows 2. The deformation of bellows is transferred to
gear. The arrow/pointer, which sits in line vith gear, indicates the
value of the measured quantity. The bellows manometers are utilized
for the measurement of comparatively small jumpysdrops from 0 to S

kgf/cm2,

On aircraft and at experimental stations wide application will
obtain electrical remote-transmitting manometers. This is coammon
spring (membranes/diaphragm) manometers, with remote electrical
transsission of measuring data. To Fig. 15, is given the schematic of
the electrical remote-transmitting manoseter, used during pressure

measurement of fuel/propellant and oil.
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Fig. 13. Schematic of the diaphragm manometer. 1 - housing, 2 -

diaphraga/meabrane, 3 - strut, 4 ~ carrier, 5 - sector, 6 - gear.

Fig. 4. Schematic of the bellows manoseter. 1 - housing, 2 -

bellows, 3 - Sector, 4 - gear.

Page 34.

Manometer feeds from mains of direct current with stress 27 ¢
2.7 V. The receiver of manometer is installed on engine, and
indicator - on instrument panel; are comnected they with the aid of

vire/conductors.

- e S S S
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The measured pressure is fed to the bellows. The deformation of
box is transferred to lever 4 on which is attached brush 5, which
slides on rheostat ab. Rheostat ab and bruash are included iam bridge
circuit of logometer. During a change in the resistance R: amd R.
(as a result of the movement of brush S5) the current streagth i, and
i, is changed, which leads to change of the magnetic flux within the
framework I and II and rotation of the needle of indicator, connected

vith magnet M.

In the diagram of logometer, are included fixed resistors R, and
R, and tuning resistance ’+ Materials of the compensating resistance
R*; and R"; are selected so that the wcrk of instrument i1oces not

affect the temperature of medium.

An advantage of electrical remote-transmitting manometer lies in
the fact that in its construction do not enter the tubes, which
transait pressure. The latter complicate installation and break from

vibrations.

The kinematic pickup circuit electrical remote-transaitting
sanometer is shown to Pig. 16. The measured pressure will be fed to
the sensor through branch 1 and is absorbed by diaphragm/sembrane 2.
The deformation of diaphragm/membrane is transferred with the aid of

stock/rod 4 rocker 12 tc carrier 9 on vwhich is attached brush 6.
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Brush 6 is moved on rheostat-5, as a resudt of which is changed

resistance.

e —— e B O

The indicator of manometer is the logometer whose kinematic
diagram is shown to Fig. 17. In this logometer of the framework, are

fixed, and magnet is mobile. Magnet 1 is made from the alloy of

Alnico and it is fastened on the axis 2. Steel axle/axis 2 concludes

vith cores 5, which rest on bearing and step bearing 12 of the stone.

e T B S B S
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Fig. 15. Schematic diagram of electrical remote-transaitting
manometer. 1, 2, 3 - the contacts of teletranssission and msains, 4 -
lever, 5 - brush, ab - rheostat, %+* - the variable resistors of
rheostat; Ry, R, - fixed resistors, '’y - tuning resistance, I, II -

the framewvork, R';, R"™ ; - compensating resistance.

Key: (1) . Pressure receiver. (2). Indicator.

Page 35-
Mobile magnet is encircled by copper damper 11, in which it during
oscillation/vibrations excites moments of resistance from eddy

curreats.

To damper are put on two pairs of frasework 9 and 3,
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arrange/located at an angle of 90° to each other. Permanent magnet 13
serves for the return of mobile system to zero position (with the
connected current). The parts of indicator are fastened to housing 8
with the aid of struts 7, passing through holes in damper. The
housing, made from Permalloy, closes the magnetic field of

instrumsent.

In recent years in laboratories and at experimental stations
will win acceptance group pressure recording gauge - GRM-2, measuring
the pressures, the evacuation/rarefacticns or pressure dif ferences is
simultaneous at 20 points; the permissible error in recording part
#0.50/0 of the limiting value of the value, measured by appropriate

sensing element.

The limits of measurement of pressures by manometer can be
different depending on the rigidity of semsing elements - bellows. As

a rule, in one instrument is allow/assumed twvo range of measurements.

Maximum capacities for a vacuum gauge froam -1 to 0 kgf/cm2, for
a pressure and vacuum gauge from -1 to +19 kgf/ca2 and for a

sanometer from 0 to 20 kgf/ca2.

Neasurement is realize/accoaplished by the automatic spring

cell/elements, constructed according to the type of weights.
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Fig. 16. Kinematic pickup circuit electrical remote-transaitting
sanometer. 1 - branch, 2 - diaphraga/sesbrane, 3 - base/root, 4 -
stock/rod, 5 - rheostat, 6 - brush, 7 - plug-type connector, 8 -

brush holder, 9 - carrier, 10 - axlesaxis, 11 - spring, 12 - rocker.

Fige 17. Kinematic diagram of logometer. 1 and 13 - magnets, 2 -
axlesaxis, 3 - the large framework, 4 - balancing small wveights, S -
cores, 6 - adjusting screw, 7 - strut, 8 - housing, 9 - lovw
framework. 10 is a cap/cover of damper, 11 - damper, 12 - step

bearing.

-
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Page 36.

The measured value depending on its character will be fed into one
(in the case of the measurement of pressure or
evacuation/rarefaction) or into two (during the measurement of a
jump/drop in the pressures) bellows, which convert pressure or
evacuation/rarefaction v.silu, that effects on lever. This force is
automatically balanced by deformation force of spiral measuring
spring. The amount of the deformation of measuring spring serves as
the measure of the measured pressure. Instrument consists of twventy
differing by device automatic spring cell/elements, united by the

common drive also of series common/general/total mechanisas.

All the measuring cell/elements of instrument are mounted on
common/general/total firamework/body, moreover for convenience in the
use they are asseabled into two groups - on ten measuring
cell/elements and to one mechanism of recording conditional numbers

in each.

Let us examine work of measuring cell/element GRM-2 (Fig. 18) .
The measured pressure through cutting 1 is fed to bellows 2,
entablisk/installed between fixed plate,bar % and lever 3. Because of

the derormation of bellows, the lever can be turned about elastic

hinge joint S. Tvo bellows are placed in instrument for the
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measurement of pressure difference.

Under effect of pressure, bellows 2 is dilate/extended and is

caused the disPlacement/movement of leVer 3. At the end of lever 3,

there are two slide contacts 6, arrangeslocated between two fixed
contacts 7. When lever 3 is located in equilibrium, contacts are
extended. With decrease or increase of measured pressure, the lever
differs from state of equilibrium, closing one or another pair of
contacts, which is led to connection/inclusion of one of the two
electromagnets 8. Electromagnet attract/tightens plate 9, attached on
the housing of the axle/axis of roller 10, which in this case is

] introduced into the friction coupling with one of the cont inuously
rotary disks of 11 grouop shafts 12. The direction of rotation of
roller depends on that, with which disk it is engaged, which in turn
! depends on connection/inclusion of one of the two electromagnets.

Group shaft is given to rotation by engine 13 through woram gear 14.

Roller 10 through worm gear 15 rotates the cylinder of visual

screvw/propeller 16 and screw/propeller 17. During the rotation of
screw/propeller 17, nut 18 is moved on screw/propeller, changing
tension of measuring spring 19 to as long as lever 3 it will not
arrive to equilibrium state, and contacts 6 and 7 it is not extended,

and electromagnet 8 is discomnect/turned off.

'
\
1

;
|
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The greater the pressure differential in bellows, the greater
must be the balancing force and the more the revolutions it will make
a screw/propeller to the equilibrium of lever. The number of
revolutions of screw/propeller proportional the pressure differential
in bellows serves as the measure of this the pressure differential.

Thus, at work of instrument lever 3 alwvays is supported in

equilibriua state.




S
o

DOC = 77233203 PAGE 33

Page 37.

Fig. 18. Circuit of group pressure recording gauge. 1. 1* - foeder
tubes, 2, 2°* - bellows, 3 - lever, I - fixed platesbar, S5 —elastic

|
!
|
hinge joint, 6, 7 - contacts, 8 - electromagnet, 9 - plate, 10 - l
|
|
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roller, 11 - clutch plates, 12 —group shaft, 13 - electric motor, 14,
15 - worm reducers, 16 - cylinder of visual screv/propeller, 17 -
screv/propeller, 18- nut, 19 - measuring spring, 20 - lever with leaf
spring, 21 - thrust/rod, 22, 23 - spring, 24 - indicator 25,26 —
type waves, 27 - spring, 28 - reducer, 29 - the visual scale, 30 -
indicator, 31 - dial face, 32 - the knob/button of the readjustment
of conditional numbers, 33 - electromagnet, 34 - electric motor, 35 -
the knob/button of the start of the printing mechanism, 36 - crank,

37 - carriage, 38 - tape, 39 - pape<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>