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BBenenue

Llenpro mpoBeieHUs 3aHATUN MO TUCUUTUTUHE « MHOCTpaHHBIN SI3BIKY SBIISIETCS
npruoOpeTeHre KOMMYHUKATUBHOW KOMIETEHIIMH, MO3BOJISIIONICH OyayluM crierua-
JIUCTaM OPUEHTUPOBATHCS B COBPEMEHHOM HMH(POPMALIMOHHOM II0JIE€ M BIAJETh dJie-
MEHTapHBIMU HaBBIKAMH MEXKYJIbTYpPHOU Npo(deccHoHaIbHON KOMMYHHMKAIUU; TO-
BBIIIICHUE YPOBHS KYJIBTYpPbI, 001IEr0 00pa3oBaHus M Kpyro3opa OyIyIlIero crerua-
JHCTA.

BrinmonHenne caMocTosITeNbHOM pabOThl HANPABICHO HA PEIICHUE CIETYIOIMINUX
3a/1ay:

- pa3BUTHE HABBIKA MyOJIUYHOUN peun (COOOIIeHHE, T0KIIAl, TUCKYCCHS);

- pa3BUTHUE HABBIKA YTEHUS CHECIHMAIBLHON JUTEPATYPHl C LETIbI0 MOTy4YeHHs mpodec-
CHOHAJIBHOM MH(pOpMaIUy;

- (hopmupoBaHue ymMeHUs pedepUpOBaHUS U AaHHOTHPOBAHUS HAYYHBIX TEKCTOB IO
CHELMATIbHOCTH;

- pa3BUTHE OCHOBHBIX HABBIKOB MUCHhMA JIJISl MOATOTOBKH MyOJIMKAIIMA ¥ BEJICHUS T1e-
PENUCKH MO CHEHATBHOCTH;

- pa3BUTHE HaBbIKa MCIOJIb30BAHUS MHOCTPAHHOTO fA3bIKA JJI MPOQPECCHOHATBHOIO
OOLIEHHUSI, TOCTHKEHUS MPO(eCcCHOHANIBHBIX LI€JEH U pelieHus: npodeccrnoHalbHbIX

3aja4 (Hay4YHO-UCCIEN0BATEIbCKUX, AHAJIMTUYECKUX, OpraHu3aloOHHO-
YIpaBJIEHYECKUX );

- pa3BUTUE YMEHHSI CAMOCTOSITEIbHO COBEPIICHCTBOBATh 3HAHUS MO0 MHOCTPAHHOMY
SI3BIKY.

B Meroanueckux peKoMeHAalMs MPUBEAEHBI 3aJlaHus AJI1 CaMOCTOATEIbHON
paboTel 00ydJaromuXcs. 3aJaHus BBIIOJHAIOTCS C HCIOJIB30BAHUE BO3MOXKHOCTEM
riobanbHON cetn MHTEepHET A1 moucka HeoOXoIMMON MH(pOpMaIMi Ha CHeluaiu-
3UpPOBaHHBIX caliTaX, pabOTHI C OTPACIEBBIMU CIOBAPSMHU.

UNIT 1

ananmelme 1. Hpoqmume Clloed U cioeocovemdaHuA u nocmapaﬁmer 3anom-
HUMb UX PpyCCKUe IK6UBANEHNbl.

charge — no3a (Torumsa) Inward — HarnpaBJieHHBIH BHYTpPb
compression stroke — TtakT cxxaTus | mixture - cmech

(cmecn) new-charge — HoBas mopuus
combustible — Bocrutamensiemsrii, ropto- | outboard engines — aBurarens, ycra-
1705 HOBJICHHBIY BHE (hro3emsKa

cylinder — nunuaap outward — HanpaBJICHHBII HAPYKY
crankshaft — kosjeHuaThIit Ba piston - mopiireHb

exhaust stroke — takr Bbimmycka prime mover — nepBUYHBIN JBUTATENb
expulsion - ynanenue pUMPINg - BHITAIKMBAIOIHA

fuel - rorumBo scavenging — npojyBKa (IWIHH]IPA)




ignite - BocIutaMeHATh stroke - xoux (mopiiHs)
internal-combustion engine — naBura- | vehicle — tpaHcmopTHOE CpeACTBO, JeTa-
TEJIb BHYTPCHHETO CTOPAHUSI TENBHBIN armapar

intermittent - npepeIBUCTHII volatility - neryuects

Ynpaxunenue 2. [lepegeoume cnosa Ha pyccKuil A3viK, 00pawjas 6HUMAHUe HA
cyguxcoi.

to combust — combustion; to ignite — ignition; to compress — compression; to op-
erate — operation; to admit — admission; to evacuate — evacuation; to expand — expan-
sion; to act — action.

Yupa:xxkuenue 3. [Ipoumume u nepegeoume uHmMepPHAYUOHATbHbBIE CTIOBA:
Mechanically, motorcycle, airplane, type, cycle, piston, operation, cylinder, prod-
uct, gas, process, economy, chance, practical, phase.

Ynpaxuenue 4. [lepegeoume npeonodicenuss Ha pyCCKuil A3viK, UCNONbL3YS mep-
MUHOTIO2UIO YNPAadCHeHust 1.

1. Combustion engines may be divided into types according to the duration of the
cycle on which they operate, in terms of piston strokes.

2. In the cycle which is completed in two piston strokes a combustible gaseous
mixture is compressed in the cylinder during the outward stroke of the piston, and
burned and allowed to expand during the following inward stroke.

3. Evacuation of the products of combustion and admission of a new-charge take
place during the latter part of the expansion, and the early part of the compression
stroke.

4. Scavenging is a process during which the burnt gases are blown out by either
fresh air or combustible mixture under pressure.

5. Two-stroke engines with scavenging by combustible mixture are used only in
small units and generally only in applications where the operation is quite intermit-
tent.

Hpoqmume u nepeeedume meken, a 3amem 6blnoJiHune CﬂealeM/!l/le 3d HUM
YNPAOSHCHEHUA.

TEXT
Internal Combustion Engines

The engines of practically all mechanically propelled road vehicles, motorcycles,
airplanes, farm tractors, motor boats, and mobile industrial units belong to that class
of prime movers known as heat engines, and to the subdivision thereof which has
been generally referred to as "internal-combustion™ engines. The internal combustion
engine is called so because fuel is burnt directly inside the engine itself.




Combustion engines may be divided into types according to the duration of the
cycle on which they operate, in terms of piston strokes. By a cycle is meant the suc-
cession of operations in the engine cylinder which constantly repeats itself. The great
majority of modern automotive engines operate on the four-stroke cycle, usually re-
ferred to as the Otto cycle, which is completed in four strokes of the piston, or during
two revolutions of the crankshaft. Engines are also being built to operate on a cycle
which is completed in two piston strokes. In this cycle a combustible gaseous mixture
Is compressed in the cylinder during the outward stroke of the piston, and burned and
allowed to expand during the following inward stroke. Evacuation of the products of
combustion and admission of a new-charge take place during the latter part of the ex-
pansion, and the early part of the compression stroke. Since there is no separate ex-
haust stroke, the burnt gases cannot be expelled from the cylinder by a pumping ac-
tion of the piston therein; they must be blown out, by either fresh air or combustible
mixture, under pressure, a process known as scavenging. Two-stroke engines with
scavenging by combustible mixture are used only in small units (outboard engines,
for example), and generally only in applications where the operation is quite intermit-
tent. Their chief advantage is low first cost; their disadvantages are low fuel economy
and lack of flexibility. A few engines have been built to operate on a six-stroke cycle,
which has certain advantages where fuel of low volatility is to be used. Four of the
six strokes of this cycle are used for the same operations as in the four-stroke cycle;
during the remaining two strokes the combustible mixture is retained in the cylinder
without being ignited, to give the fuel a better chance to vaporize and to diffuse uni-
formly throughout the air charge. Six-cycle engines have never reached a practical
stage, and of all of the high-speed combustion engines in use today that operate on
volatile fuels, more than 99 per cent, of the total horse power undoubtedly work on
the four-stroke cycle.

The four-stroke cycle comprises the following four phases or operations, which
succeed one another in the order in which they are given:

Admission of the charge to the cylinder.

Compression of the charge.

Combustion of the charge (which includes its ignition and expansion).

Expulsion of the products of combustion.

IHocJieTexkcTOBBIE YIIPAKHEHUSA
Yupaxunenue 5. Omeembvme Ha 80npoCybl NO MEKCM).

What engines do we call internal combustion engines?

What types may combustion engines be divided?

What is a cycle?

What takes place during the cycle which is completed in two piston strokes?
What takes place during the cycle which is completed in six piston strokes?
What phases does the four-stroke cycle comprise?

Sk owdE



Yupaxuenue 6. 3akonyume npeonodxcenus, 8bl6pas NPABUILHbIIL NO CMBICLY
omeem.

1. The internal combustion engine is called so because fuel is burnt ...
a) outside the engine;
b) inside the engine.
2. The four-stroke cycle is completed in ...
a) two strokes of the piston;
b) four strokes of the piston;
c) six strokes of the piston.
3. In two-stroke cycle a combustible gaseous mixture is compressed in the cyl-
inder during ...
a) the outward stroke of the piston;
b) the inward stroke of the piston.
4. Two-stroke engines with scavenging by combustible mixture are used only
in applications where...
a) the operation is quite constant;
b) the operation is quite intermittent.
5. During the remaining two strokes of the six-stroke cycle the combustible mix-
ture is retained in the cylinder ...
a) without being ignited,
b) being ignited.

Yupaxuenue 7. 3axonuume npeonodxcenus, 6vlopag coomeemcmeayroujee no
CMbICY OKOHYAHUe.

1. In the internal combustion engine ... 1. in six-stroke engines.

2. Combustion engines may be divided | 2. in outboard engines.
into types ...

3. By acycle is meant ... 3. admission of the charge to the cylin-
der; compression of the charge, combus-
tion of the charge, expulsion of the prod-
ucts of combustion.

4. In two-stroke cycle ... 4. the fuel is burned inside the engine it-
self.

5. Two-stroke cycle is used ... 5. the succession of operations in the en-
gine cylinder which constantly repeats
itself.

6. Fuel of low volatility is to be used ... | 6. according to the duration of the cycle

on which they operate.

7. The four-stroke cycle comprises the | 7. a combustible gaseous mixture is com-
following phases ... pressed in the cylinder during the out-




| ward stroke of the piston.

Yupaxuenue 8. /lepeseoume ciedyrowue npeoiodxiceHus Ha AHTUUCKUL A3bIK U
3anumiume ux.

1. B nBurarene BHYTpEeHHETO CrOpaHUs TOIUIMBO CTOPAET BHYTPHU JBUTATE-
TS,

2. Knaccudukanus asurareneii BHyTPEHHETO CTOpAHUS 3aBUCUT OT JUIH-
TEJIBbHOCTH padOyero HUKIIA.

3. [y — 3TO MOCIeI0BaTEIbHOCTD MOBTOPSIOUINXCS ONEpaIfil B IIUINH-
Ape ABUTATENS.

4. [Tpu IBYXTaKTHOM IIMKJIE TOPIOYAasi Ta30Basi CMECh CXKMMAETCS B LIUJIMH-
Jpe BO BpPEeMs HAIIPABJIIEHHOTO HAPYKY X0/1a OPIIIHSL.

5. JIBYXTaKTHBIH IUKJI UCTIONB3YETCS B ABUTATENSX, yCTAHABINBAEMBIX BHE
brozernsoka.

6. B miectutaktHOM ABurarense HeoOXOJUMO HCIOJB30BaTh TOIUIMBO, 00-
Ja/1ao11iee HU3KOH JIETy4EeCThIO.

7. YeTbIpeXTakTHBIA LMKJI BKIIOYAET  CieAyromue ¢aspl: mojaaya J03bl

TOIUIMBA B LWJIMHJpP, CKATHE 03Bl TOIUIMBA, CTOPAaHUE JO3bl TOIUIMBA, YAAJICHUE
IIPOAYKTOB CIrOpPaHHSI.

YupaxHenue 9. Boinuwume u3 npasou KoJIOHKU PYCCKUE CO8A U COBOCOYe-
MAaHUs, COOMEemcmeayowue aueauUCKUM U3 1e60U KOIOHKU.

1. engine 1. Xon mopirHs

2. road vehicle 2. BHyTpEHHE CTOpaHue

3. motor boat 3. TaKT cxKATUSA

4. industrial unit 4. BoCILJIaMECHEHHUE

5. internal combustion 5. 4eTBIPEXTAKTHBIN ITUKII

6. fuel 6. TOproYas CMech

7. piston stroke 7. 000pOT, BpaIllCHHUE

8. succession of operations 8. moaua HOBOM 1036 TOILJIMBA

9. engine cylinder 9. mpoxyBKa

10. crankshaft 10. MmoTOpHas 10K

11. revolution 11. HemocTaTouHasi THOKOCTh

12. four-stroke cycle 12. TakT BBIXJIONA

13. combustible mixture 13. mpoMBbIlIUIEHHAs YCTAHOBKA

14. products of combustion 14. IpOTyKTHI CTOpAHUSI

15. admission of a new-charge 15. mocnenoBaTeIbHOCTD ONEpaIlnii
16. compression stroke 16. TormBo

17. exhaust stroke 17. aBTOJIOPOKHOE TPAHCIIOPTHOE CPEJCTBO
18. scavenging 18. uunuHIp ABUTATENS

19. lack of flexibility 19. nBurarens



20. ignition

| 20. KonenuaThIit Ba

anamnemle 10. Cocmasvme aHHOmMAayuro mexKcemda, UCnoib3ysda 6 Kadvecmee
njiaHa omeemosl Ha 60nNpPocCsvl YNpasiCHEHUA 5.

UNIT 2

Yupaxuenue 1. /Ilpoumume cnosa u c1080covemanus u nocmapaumecs 3anoM-

HUMb UX pyCCKue 3Keuediienmeaol.

air Compressor — BO3IyIIHBIN KOMITpEC-
cop

auxiliary - momoJHUTEIbHBIHI

auxiliaries — BcrioMoraTelbHbIC YCTPOWA-
CTBa

bearing - moamMmHUK

blade - monarka

bucket temperature — Temneparypa Jjo-
NacTH

common - oOmwui

conventional - oObI4HEII

constructional feature — koHcTpyKTHB-
Hasi 0COOEHHOCTh
thermal distortion —
nedopmanus

deliver — ocBo00X1aTh, N30aBIATH

drive — npuBOANTD B ABUKCHHE

exhaust gases — BBIXJIOMHBIC ra3bl
frontal area — mo6oBas mwiomwans

furnish — mocrasnsaTe, cHaGXkaTh

jet — peakTUBHBIN

means - ycTpoucTaa

power output — BeIXOZHAs MOIHOCTH
propeller — mnpomnemnep, BO3XYHIHBIH
BUHT

TEMIIEpATypHas

propeller thrust — tsara Bo3ayIIHOTO
BUHTA

provided for - mpexycMOTpeHHBI#
reliability - nagexxnocTh

rim speed — okpy>xHasi CKOPOCTh
safeguard — mpeaoxpaHsaTh
serviceability — skcrmyatarnyonHast mpu-
T'OJHOCTh, PEMOHTOIPUTOTHOCTD

shaft power — MOLTHOCTh Ha Bajy; MOIII-
HOCTb, IIepeIaBacMasi BaloM

steam turbine — mapoBas TypOuHa
strength — po4HOCTB, MpeaesT MPOYHO-
CTH

Stress - HamnpsbKeHue

sufficient — qocrarounsrit

supercharger - Haraerarenb

sustained period — maMTENBHBIN, MPO-
JIOJDKATETBHBIN TTIEPUOJ]

thermal jet engine — TemoBo# peakTHB-
HBIN ABUTATEIb

thrust - tsara

turbine-propeller engine — TypGoBuH-
TOBOU JABUTATEIIb

Yupaxnenne 2. [lepeseoume crosa
cypuxceoi.

Ha pyccKuil A3bIK, obpawjas HUMAaHue Ha

To propel — propeller; to compress — compressor; to add — addition; particular — partic-

ularly; help — helpful; to develop — development; high — highly; to apply — application; con-
struction — constructional; to evaluate- evaluation; to distort — distortion; equal — equally; to
require — requirement; efficient — efficiency; reliable — reliability.



Yupa:xxkuenue 3. [Ipoumume u nepegeoume uHmMepPHAYUOHATbHbBIE CTIOBA:

Turbine, component, gas, thermal, information, decade, metallurgy, temperature, rotor,
diameter, period, disk, maximum, limit, characteristic, material, compromise.

Yupaxkuenue 4. /lepeseoume npeonodiceHus Ha pyCcCKUll A3bIK, UCNOTb3YSL Mep-
MUHOTIO2UIO YNpadicHeHust 1.

1. It is required to furnish only sufficient power to drive the air compressor and
the auxiliaries.

2. Usually thrust is comprised of 80 per cent propeller thrust and 20 per cent
auxiliary jet thrust.

3. The experience gathered in the development of turbo-superchargers and also
steam turbines for high-pressure and high-temperature applications is particularly
helpful to the development of turbines which operate with highly heated gases.

4. The basic requirements for the turbine are the same for either type of engine.

5. There is a lower limit to the rim speed imposed by the dictates of high effi-
ciency which improves with rim speed.

Ynpaxxuenue 5. Ilepegeoume npeonodxcenus Ha pyccKull s3vlK, oopawas 6Hu-
MaHue Ha nepesoo He3ABUCUMO20 NPUYACHO20 0O0POmA.

1. Some new devices having been obtained, the researchers could make more
complex experiments.

2. It being late, the designers decided to stop working.

3. All machines have energy loss, some energy being converted into useless heat
due to friction.

4, Gas turbine-propeller engines are designed to deliver auxiliary jet thrust from
the exhaust gases in addition to the propeller thrust, the usual proportions being 80
per cent propeller thrust and 20 per cent auxiliary jet thrust.

5. In many respects the turbine for gas turbine-propeller engines or turbo-jet en-
gines is quite similar to the conventional steam turbine, the major difference being in
the metallurgy, the means provided for cooling the bearings and highly stressed parts,
and in the constructional features to safeguard against thermal distortion.

Ilpoumume u nepesedume mekcm, a 3amem GbINOJIHUME CAEOYVIOWUE 3A HUM
VAPAICHEHUSL.

TEXT
GAS TURBINE
(Partl)



The turbine is a major component common to the gas turbine-propeller engine, and
to the thermal jet engine. In the gas turbine-propeller engine the turbine must develop
the shaft power for driving the air compressor, propeller, and the auxiliaries. In the
thermal jet engine, however, it is required to furnish only sufficient power to drive
the air compressor and the auxiliaries. It should be noted that, in general, gas turbine-
propeller engines are designed to deliver auxiliary jet thrust from the exhaust gases in
addition to the propeller thrust, the usual proportions being 80 per cent propeller
thrust and 20 per cent auxiliary jet thrust. The general characteristics of turbines are
well understood, and a wealth of information concerning them has been gathered dur-
ing the past decades. Particularly helpful to the development of turbines which oper-
ate with highly heated gases is the experience gathered in the development of turbo-
superchargers and also steam turbines for high-pressure and high-temperature appli-
cations. In many respects the turbine for gas turbine-propeller engines or turbo-jet
engines is quite similar to the conventional steam turbine, the major difference being
in the metallurgy, the means provided for cooling the bearings and highly stressed
parts, and in the constructional features to safeguard against thermal distortion. The
basic theory underlying their design and the evaluation of their operating characteris-
tics is identical with that for steam turbines.

The basic requirements for the turbine are the same for either type of engine. Alt-
hough the remarks which follow apply specifically to the turbine for a turbojet en-
gine, it should be understood that they apply equally well to the turbines for turbo-
prop engines. The principal requirements are: (a) light weight; (b) small frontal area;
(c) high efficiency; (d) ability to operate for sustained periods at high temperature;
and (e) reliability and serviceability.

Light weight is secured by operating the turbine rotor with the highest permissible
rim speed, using small-diameter rotors. Since the stresses in a given turbine disk in-
crease approximately as the square of the rim speed, the maximum rim speed is lim-
ited by strength considerations, which are governed by the stress characteristics of the
disk and blade materials at the operating temperature. Although low rim speeds are
desirable from a stress standpoint, there is a lower limit to the rim speed imposed by
the dictates of high efficiency which, in general, improves with rim speed. Since the
turbine efficiency improves, in general, with increasing rim speed and permits using
lower bucket temperatures for the same power output, the choice of rim speed is a
compromise between allowable stress and turbine efficiency. The rim speeds of most
turbojet turbines range from 820 to 1000 fps.

IHocJieTexkcTOBBIE YIIPAKHEHUSA

Yupaxuenue 6. Hatioume ¢ mexcme oanHbie HUXMCE CIO6A U HANUWUME UX DYC-
CKUe IK6UBANEHMNDbI.

Gas turbine-propeller engine, thermal jet engine, to furnish, sufficient power,
auxiliary jet thrust, exhaust gases, propeller thrust, wealth of information, develop-

10



ment, highly heated gases, turbo-supercharger, the means provided for, highly
stressed parts, constructional features, to safeguard against, thermal distortion, turbine
rotor, turbine disk, stress characteristics, operating temperature, dictates of high effi-
ciency, bucket temperatures, allowable stress, turbine efficiency.

Ynpaxuenue 7. Haiioume ¢ mexcme omeemul Ha ciedyroujue 60NPoChlL:

1. What is a major component common to the gas turbine-propeller engine,
and to the thermal jet engine?
What is the turbine intended for?
What is required in the thermal jet engine?
What are gas turbine-propeller engines designed for?
In what does the turbine for gas turbine-propeller engines or turbo-jet en-
gines differ from the conventional steam turbine?
What are the principle requirements for the turbine?
What is light weight secured by?
What is the maximum rim speed limited by?
What is a lower limit to the rim speed imposed by?
0.  What is the choice of rim speed determined by?

abswn
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Yupaxuenue 8. 3anonnume nponycku npeonozamu u nepegeoume npeonodice-
HUSL HA PYCCKULL S3bIK.

1. The turbine is a major component common ... the gas turbine-propeller
engine.
2. In the gas turbine-propeller engine the turbine must develop the shaft

power ... driving the air compressor, propeller, and the auxiliaries.

3. Gas turbine-propeller engines are designed to deliver auxiliary jet thrust
... the exhaust gases ... addition ... the propeller thrust.

4, Particularly helpful ... the development ... turbines which operate ...
highly heated gases is the experience gathered ... the development ... turbo-
superchargers and also steam turbines ... high-pressure and high-temperature applica-
tions.

5. The basic requirements ... the turbine are the same ... either type ... en-
gine.

6. Light weight is secured ... operating the turbine rotor ... the highest per-
missible rim speed, using small-diameter rotors.

7. The maximum rim speed is limited ... strength considerations, which are
governed ... the stress characteristics ... the disk and blade materials ... the operating
temperature.

8. Although low rim speeds are desirable ... a stress standpoint, there is a
lower limit ... the rim speed imposed ... the dictates ... high efficiency which, in
general, improves ... rim speed.

11
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17.
18.

19
20
21
22

23.turbine-propeller engine

24
25

Yupaxxkuenue 9. Buinuwume u3 npagoil KOAOHKU PYCCKUe Clo8d U CI080COYe-
Manusl, COOMEEeMCmaeyIouwue aHeIUUCKUM U3 J1e60t KOJOHKU.

. thermal distortion
. propeller thrust

. constructional feature
. rim speed

. alr compressor

. stress

. blade

. thermal jet engine
. auxiliaries

. sustained period
. exhaust gases

. serviceability

. bearing

. supercharger

. bucket temperature
. frontal area
shaft power
propeller

. jet

. thrust

. strength

. means

. Steam turbine
. power output

1 .moAIIUITHUK

2. TeMIiepaTtypa JonacTu

3. BcIIOMOTaTelbHbIE YCTPOMCTBA
4 sKCIUTyaTalnoHHast (PEMOHTHAs) MPUTOTHOCTh
5. MOIITHOCTH Ha BalLy

. PEaKTUBHBIN

. TapoBasi TypOuHa

. TATa

9. BO3yIIHBIA BUHT

10. Harneraresnb

11. mpouHOCTH

12. KOHCTPYKTHBHAsI 0COOEHHOCTh
13. TypOOBHHTOBOM IBUTATEIh

14. ycTpoiictBa

15.BO31y1IIHBINA KOMIIPECCOP

16. BbIXOIHAsI MOIITHOCTh

17. noGoBas mioiaab

1 8.0kpyxHasA CKOPOCTh

19. Hanpsxenue

20. IpOIOMKUTENBHBIN TTEPUO/T
21. remneparypHas aegopmarius
22. TEIUIOBOW PEAKTUBHBIN JBUTATEIb
23.BBIXJIONHBIE Ta3bl

24. Tara BO3AYyILIHOTO BUHTA
25.monaTka

e BN B o))

Yupaxuenue 10. [lepeseoume ciedyrowue npeorodcenuss Ha AHSIUUCKUL S3bIK
U 3anuuiume ux.

1. TypOuna sBisieTCsI OCHOBHBIM KOMIIOHEHTOM Ta30TypOMHHOIO BHHTOBOIO
JIBUTATEJIS.

2. TypOuna A0KHA pa3BUBaTh MOIIHOCTh HA BTy ISl IPUBEIACHUS B JIBHKE-
HHE BO3AYILIHOTO KOMITIPECCOpa, BO3IYIITHOTO BUHTA M BCIIOMOTaTeNTbHBIX YCTPOUCTB.

3. ["a30TypOUHHBIN BUHTOBOM JBUTATENh CKOHCTPYMPOBAH JIJIsl BHICBOOOXKICHHS
JOTNOJIHUTEITLHOM PEaKTUBHOM TATY U3 BBIXJIOMHBIX [A30B B JOMOJIHEHUE K TSATE BO3AYILHO-
'O BUHTA.

4. [lo MHOrMM mMapameTpaM TypOWHA /I Ta30TYpOMHHBIX BUHTOBBIX JBUTaTE-

et WM TypOOpEeaKTUBHBIX JIBUTATENEH MO/I00HA OOBIYHOM MTapOBOM TYpOUHE.
5. HebompImoit Bec obecnieunBaetcsi paboToi poTopa TypOUHBI ¢ MAKCUMAJTHHO
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Pa3peIeHHON OKPYKHOW CKOPOCTBIO M HCIIOJIb30BAaHUEM POTOPOB MAJIOT0 IMaMeTpa.

6. MakcumarnbHasi OKpYy>KHas CKOPOCTh OIPaHUYMBACTCS XapPaKTEPUCTUKAMU
HAIPSHKEHUS] MATEpUAIoB JUCKA U JIOMATKK TIPU pabouei TeMmeparype.
7. Bb10op OKpYy)XHOW CKOpPOCTM — 3TO KOMIIPOMHCC MEXAY JOMYCTUMbIM

HAIpsHKEHUEM U KO3 (PUITMEHTOM TMOJIE3HOTO IEHCTBHS TypOUHBI.

Ynpaxuenue 11. Cocmagvme annomayuio mexcma, ucnonvb3ys 6 Kaiecmee niaua
omeembl Ha 60NPOCHL YNPAHNCHEHU 7.

UNIT 3

Yupaxuenue 1. /Ilpoumume cnosa u c1o8ocouemanus u nocmapaumecs 3anoM-
HUMb UX PYyCcKue IKEUBAIEHMbL.

annulus - kobI10 outlet — BbIXO/1, BBIMYCKHOE OTBEPCTHE
attain - focturarn plastic — miacTuk, miactMacca

axial - oceBoi propulsion engine — riaBHBIA JBUTra-
axial-flow compressor — oceBoit KOM- | T€Jb, TATOBBIN ABUTaTCIIb

npeccop remedies — crmocoObl yCTpaHCHHS HEHC-
benefit -npenmymecTso paBHOCTEH

bucket - ctBopka residual stress — ocrarounoe Hampsike-
centrifugal - neaTpoOexXHBII HUC

choking of the flow — 3anupanue noroka | rim — 0001, Kpaii, 3y04aThlii BEHEIl

to derive - uzBnekaTh root - ocHoBanue

elastic theory — teopus ynpyrux nedop- | to run hot - HarpeBarbcs

Marui securing — opraHu3aius 3alluThl, 00ec-
extremity — KoHel, KpalHssA TOYKA neyeHue 6€30MacHOCTH, HAJE)KHOCTH
failure — noBpexxaenue, oTKas steep temperature gradient — kpyroi
fluid dynamical - rugporasoguHamMude- | TeMepaTypHbiid K03QUIUeHT

CKUH plastic strain — miactuueckas aedopma-
frontal area — mo6oBas mwiomwans s

gas seal — razonenponuiaemoe yriotne- | stress distribution — pacnpeneneaue
HHE HaMpsHKEHUN

hollow - mossrit stress-strain — pacTsbKkeHHE-CKATHE
IMPOSe — 3/1. BLI3BIBATH to subject - moxBeprarsb

Interior — BHYTPEHHOCTb, BHYTPEHHss | tapered — cy)kKeHHBIN, KOHWYCCKHIA
CTpOHa value unity — egunwuIa 3HaAYCHUS

nearly — moutu vanish — npuHUMaTh HyJIEBOC 3HAUCHHE

Yupa:kuenue 2. [lepeseoume cnosa, obpawas GHUMaHue Ha cy@OouKcsi.
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Consider — consideration, possible — possibility, develop — development, apply — applica-
tion, incorporate — incorporation, deform — deformation, vibrate — vibration, secure — se-
curing, combust — combustion, construct — construction.

Yupakuenue 3. [ [poumume u nepegedume UHMEPHAYUOHAIbHbIE CIIOBA.

Design, mass, gas, acoustic, critical, disk, method, metallurgy, metallurgical, prob-
lem, temperature, gradient, natural, function, period, characteristics, material, crystal
structure, compressor, problem, type.

Hpoqmume u nepe@eéume meKkcm, a 3amem 6blnoJjiHume CﬂealeM/ﬂ/te YNPASHCHEHUAL.

TEXT
GAS TURBINE
(Part 1)

The general design of the turbine passages is based primarily on considerations
which are mainly fluid dynamical. The flow conditions must be so designed that,
for the required thrust output and mass flow of gas, the acoustic velocity (unity Mach
number) * is not reached at the outlet from the buckets (or in the ducting downstream
leading the exhaust gases away from the turbine, or in the exhaust nozzle), for chok-
ing of the flow occurs if the Mach number in these flow passages attains the value
unity. The critical Mach number is based on the axial velocity of the gas in the exit
annulus from the turbine. The possibility of attaining unity Mach number in the outlet
from the turbine buckets is a consideration to be investigated in Rateau stage tur-
bines.

Disk and rim failures in turbo-jet turbines did occur in the early development stag-
es of this propulsion engine. They have now been overcome by the application of
such methods as improved gas seals, the incorporation of methods for cooling the
disk, and improved metallurgy. One of the major factors has been a better under-
standing of the metallurgical problem. Research has shown that if the disk operates
with high temperatures or steep temperature gradients it is likely to develop plastic
deformation. If this occurs the stress distribution can no longer be based on conven-
tional elastic theory, and when the disk cools off after operating it is subjected to
large residual stresses. As a consequence of the residual stresses there is a change in
the natural vibration frequencies, which are functions of the stress conditions. Fur-
thermore, successive periods of plastic strain, cooling, and then heating again modify
the stress-strain characteristics of the disk material and may lead to changes in its
crystal structure. By applying the remedies mentioned above these difficulties can be
avoided.

In turbo-jet engines employing a centrifugal compressor, the turbine imposes no
problem in the securing of small frontal area. The frontal area of the turbine is much
smaller than that of the compressor and combustion chamber assembly and has little
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influence upon the overall size in that type of application. Where the turbine drives
an axial-flow compressor the frontal areas of the turbine and compressor become
more nearly equal.

The turbine blades may be either solid or hollow, the type of construction being
influenced by the material selected for their manufacture. The hollow blade offers the
advantages of being adapted to cooling by flowing cold air through its interior and of
reducing weight. The walls of the blade are usually tapered so that the outer extremi-
ty, where the stress vanishes, is quite thin. The greatest benefit derived from cooling
Is at the root of the blade where the stresses are high; the outer edge, because of its
small stress, may be allowed to run hot.

* Mach number (M) — 4ucno Maxa, T. €. OTHOIIICHHE CKOPOCTH JIBH)KCHHS TIOTOKA K
CKOPOCTH 3BYKa ITPH JIaHHBIX YCIOBUSX (IBM>KEHUS ITOTOKA).

IHocaeTekcTOBBIC YIIPAKHEHHUS

Yupaxunenue 4. Hatioume 6 mexcme OaHHble HUMCE C108A U CLOBOCOYEMAHUS U
Hanuwiume ux pycckue 3K6U6aIeHmbl.

Turbine passages, thrust output, mass flow of gas, ducting downstream, exhaust gas-
es, exhaust nozzle, flow passages, to occur, velocity, exit, unity Mach number, tur-
bine buckets, Rateau stage turbines, propulsion engine, improved metallurgy, con-
ventional, to cool off, residual stresses, vibration frequencies, combustion chamber,
turbine blades, solid, hollow blade, to offer, outer edge.

Ynpaxuenue 5. Hatioume 6 mexkcme omeemul Ha c1edyoujue 60npochyi.

1. What is the general design of the turbine passages based on?

2. What way must the flow conditions be designed?

3. What is the critical Mach number based on in the exit annulus from the tur-
bine?

4. How have disk and rim failures now been overcome?

5. When does disk develop plastic deformation?

6. What is a consequence of the residual stresses?

7. What modifies the stress-strain characteristics of the disk material and may
lead to changes in its crystal structure?

8. Why does the turbine impose no problem in the securing of small frontal area
In turbo-jet engines employing a centrifugal compressor?

9. What does the hollow blade offer?

10. What size are the walls of the blade?

Yupaxuenue 6. [loobepume uz npagoil KOIOHKU COOMEEMCMBYIOUWUE OKOHUAHUS
NPeoioNCeHUl U3 J1eB0U KOJIOHKUL.
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1. The critical Mach number is based 1. a consideration to be investigated in
on... Rateau stage turbines.

2. at the root of the blade where the
2. The possibility of attaining unity Mach | stresses are high; the outer edge, because
number in the outlet from the turbine | of its small stress.

buckets is ... 3. the frontal areas of the turbine and
3. The turbine blades may be ... compressor become more nearly
equal.

4. the axial velocity of the gas in the
4. The greatest benefit derived from exit annulus from the turbine.
cooling is ... 5. either solid or hollow.

5. Where the turbine drives an axial-
flow compressor ...

Yupaxuenue 7. [lepeseoume npeonoxceHus Ha AHSIUUCKULL S3bIK.

1. Kputnueckoe uncio Maxa OCHOBaHO Ha OCEBOM CKOPOCTH ra3a B BbI-
XJIOITHOM KOJIbIIE, BEAYIIEM U3 TYpOUHBI.

2. Pabota muck B yCIIOBHUSX BBICOKOW TEMIEpPATyphbl UM KPYTOrO TeMIIe-
paTypHOTO TpaJleHTa BeJeT K 00pa30BaHMIO IIACTHUECKOH aedopmariim.

3. OcTtpiBast mocie paboThl, AUCK MOABEPraeTcs BBICOKMM OCTATOYHBIM
HATPSDKEHUSIM.

4. CrnencTBueM OCTaTOYHBIX HANPSDKEHUM SIBJISETCS W3MEHEHHE YacTOT
€CTECTBEHHOUN BUOpAIIHH.

S. JloGoBas miomaas TypOUHBI TOpa3ao MEHbIe J0O0BOM TUIOMIAAN TYp-
OWHBI 1 OJIOKA KaMepbl CTOPaHUSL.

6. Jlomactu TypOUHBI MOTYT OBITH TBEPIOTEIHHBIMU WUITU TIOJIBIMH.

7. CreHku J0MacTu OOBIYHO CYXKaIOTCSI TaK, YTO HA BHEIIHEM KOHLE, TJe

HANPsHKEHUE TPUHUMAET HYJIEBOE 3HAUEHNUE, OHU OUYE€Hb TOHKHE.
Yupaxuenue 8. [lepegedoume mexcm, noniv3ysace cl08apem.

In most designs the blades are twisted to maintain a favorable angle of attack
for the fluid throughout its length. In the early development of the turbo-jet, blading
failures did occur, but they are now a rarity. The difficulties were overcome by
increased accuracy in the manufacture of the blades, avoidance of small radii at root
junctions, better analysis of vibration problems, and improved metallurgy.

Since improving turbine efficiency and output are related to ability to operate
with higher temperatures, developments aimed at raising the permissible operating
temperature of the turbine are of great importance. One promising approach is the
application of ceramic coatings on the turbine blades to take the impact of the hot
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gases. The problem here is to develop a ceramic coating of high melting point
which will bond to the metal and will have a coefficient of expansion close
enough to that of the metal to prevent the coating from cracking or flaking off. An-
other approach proposes to let cooling liquid flow through a passage in the root of

the blades.

A general thermodynamic treatment can be applied to both impulse and reaction
stages by considering an intermediate stage of a multistage reaction turbine; the in-
termediate stage typifies the general case of a turbine stage. In such a stage the sta-
tionary blade row is the counterpart of the nozzle of an impulse stage.

anamnenne 9. Cocmasvme aHHOmMAayuio mexKkcma, UCnojb3ys 6 Kadecniee nia-

HA omeembvl Ha 60NpocCsl YNpPAastiCHEHUA 5.

Ynpaxkuenue 10. /Ipeocmaseme, umo:

1.

Bb1 sBsI€TECH OJHHUM H3 p33pa6OT‘-II/IKOB ABUI'aTCJIAA BHYTPCHHCTO CrOpaHUs.

Pacckaxute o0 ero YCTPOfICTBG N CYHICCTBYIOIINX THIIAX ,[[BHFaTeJIeﬁ BHYT-

PCHHCI'O CropaHus.

JIEHTaM O Ta30BOM TypOHHE.

Brl gBisieTech mpernojaBareneM BhlycKaromien kadenpsl. Pacckaxure cTy-

UNIT 4

Yupaxuenue 1. [I[poumume cnosa u crogocouemanusi u nocmapaumecs 3anom-

HUMb UX pyCCKue 3K6Uuediernmeaol.

axial compressor — oceBoii KoMmpeccop
axial flow compressor — kommnpeccop ¢
TEYEHUEM BO3JyXa BJOJb OCH, OCEBOU
KOMIIPECCOP

airfoil cross-section — npodunrpoBan-
HOE TOIMEepeYHoe ceyeHue (Tuma Iore-
PEYHOIr0 CEYEHUs KpbLIa)

alloy - crunas

to attach — ycranaBimBath, 3aKperuisiTh
blades — nonmatku (poTopa miau craropa
0CEBOI'0 KOMITPECCOpa)

casing — KopIryc, KOxyx

to cause - coznasarp

constant relationship — mocrosHHOE CO-
OTHOIIICHUE

coughing wu3maBaeMble 3BYKH, MOXOXKHE
Ha KaIleb

pressure rise — MoBBIIICHUE TaBJICHUS
primarily — B OCHOBHOM, B MEPBYIO OYe-
pelb 3BYyKH

to produce shot-like sounds — u3naBarh
3BYKH, IIOX0KHE Ha BBICTPET

partially or wholly — gactuuno wim
TOJTHOCTBIO

range - quanasox

rapidly - GeicTpo

to reduce cokpariare, yMCHbIIATh

rise in pressure — moabeM JaBJICHUS
severe vibrations — cuibHbIC BUOpaIuu
shrouding — GanmakupoBaHHEe 3aKOHIIO-
BOK JIOMATOK (/IS MOBBIIICHUS JKECTKO-
CTH)

smooth flow of air — HeBo3MymIeHHOE
TEUCHHE BO3/IyXa
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to damage - moBpexaaTh to stall — pabGorare B pexrMe CpbIBa 10-
to deliver - momaBath TOKa B OJJHOM CTYIEHH KOMIIpeccopa
design - KOHCTPYKITUS to surge - paboraTh B pekUMe TIOMITaXa,
duct — kanHa, KOHTYp IpU KOTOPOM CPBIB TIOTOKA MPOUCXOJIUT
efficient — s¢¢dexTuBHBINA, € BBICOKHM | BO BCEX CTYICHIX KOMIIpEccopa
KIIJI titanium - Turan
operating condition ycmoBus skciuiya- | unwanted turbulence — mexenatenbHas
TaIUH TypOYJIEHTHOCTh
powerful bangs — mommble B3phIBOIO- | t0 UPSet Hapymiath, CphIBaTh JaMUHAp-
n00HbIE HBIN TTOTOK

volume — o6bem (Bo3Tyxa)

Yupa:kuenue 2. [ lepeseoume cnosa, obpawas HuMaHue Ha cy@ouKcsi.

To combust — combustion, relation — relationship, to compress — compressor, power-
powerful, partial — partially, whole — wholly, direct — directly, to vibrate — vibration.

Yupa:kuenue 3. [ [poumume u nepegedume UHMEPHAYUOHAbHbIE CIIOBA.
Compressor, temperature, design, rotor, stator, aluminum, vibration, gas, stability.

Hpoqmume u nepeeeaume meKkcm, a 3amem 6blnoJjiHume C'Jle()leM/ﬂ/le YNPASHCHEHUAL.

TEXT
AXIAL COMPRESSOR

Axial compressor is a mechanical device for causing a pressure rise in the air deliv-
ered to the combustion chamber. There is a constant relationship between the volume, the
temperature, and the pressure of the air as it passes through the axial compressor. The
temperature of the air at any point of the duct is the product of the pressure and the vol-
ume of that air.

When the volume of the air is being reduced in an axial compressor, there is a rise in
both pressure and temperature. The more efficient is the design of the compressor, the
higher will be the rise in pressure. The efficiency of an axial-flow compressor depends
primarily upon the design of its rotor and stator blades.

Rotor blades have airfoil cross-section and are made of aluminum alloy, steel or tita-
nium. They can operate with maximum efficiency only within a limited range of operat-
ing conditions. Outside this range the smooth flow of air in the compressor is usually up-
set by unwanted turbulence. When one stage of the compressor is upset by turbulence, it is
said that the compressor stalls. The stalling compressor usually develops severe vibrations
or coughing. Sometimes it may even produce shot-like sounds. When all stages of the
compressor are upset by turbulence, it is said that the compressor surges. The surging
compressor produces powerful bangs, the temperature of the exhaust gases rapidly rises
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and the engine may be partially or wholly damaged. Stator blades may be attached direct-
ly to the casing of the compressor, with connecting shrouding at the tips to give them
greater stability.

IMocierekcToBBIC YIIPAXKHECHUS

Yupaxunenue 4. Hatioume 6 mexcme OaHHble HUMCE C108A U CLOBOCOYEMAHUS U
Hanuwiume ux pycckue 3K6U6a1eHmabl.

Mechanical device, combustion chamber, the pressure of air, product, a limited
range, the stalling compressor, the surging compressor, exhaust gases, stator blades,
to attach directly, to give stability, maximum efficiency, turbulence, to be made of,
the smooth flow of air.

Yupaxuenue 5. Haiioume 6 mexcme omeemsi Ha cledyroujue 60npochyl.

1. What does the axial compressor do in a jet engine?

2. How can we calculate the temperature of the air at any point of the duct
of the compressor?
What happens when the volume of air in the compressor is reduced?
What does the efficiency of the compressor depend on?
What material are the blades of the compressor made of?
What happens when one stage of the compressor is upset by turbulence?
What is the axial compressor stall?
How does the axial compressor stall manifest itself?
: What happens when all stages of the axial compressor are upset by tur-
bulence?

10. What is the axial compressor surge?

11. How does the axial compressor surge manifest itself?

12, What are the results of the compressor surging?

13. What is the difference between stalling and surging conditions?

14, Where does the axial compressor take its energy from?

15. What are stator blades for?

16. Where are stator blades attached to?

17, What measures are taken to ensure greater greater stability of the stator
blades?

LCoOoN Ok

Yupaxuenue 6. [loobepume uz npagoii KOJOHKU COOMEEMCMBYIOUUE OKOHYAHUSL
npeolodHCeHU U3 180l KOJIOHKU.

1. When the volume of air is being re- | 1. a mechanical device for causing a pres-
duced in an axial compressor, ... sure rise in the air delivered to the com-
bustion chamber.

2. The efficiency of an axial flow com- | 2. the higher will be the rise in pressure.
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pressor depends upon ...
3. When one stage of the compressor is | 3. it is said that the compressor surges.
upset by turbulence, ...

4. Axial compressor is ... 4. there is a rise in both pressure and
temperature.

5. The more efficient is the design of the | 5. the design of its rotor and stator blades.

compressor, ...

6. When all stage of the compressor are | 6. it is said that the compressor stalls.
upset by turbulence, ...

7. The surging compressor produces ... 7. vibrations or coughing.
8. The stalling compressor usually devel-
ops ... 8. powerful bangs.

Yupaxuenue 7. [lepeseoume npeonodxceHus Ha AHSTUUCKULL S3bIK.

1.  OceBoit koMIpeccop NpeAcTaBisieT co00l MEXaHNYECKOE YCTPOMCTBO ISl CO-
3/1aHHUs TIOBBILIEHUS JABJICHUS BO30yXa, [I0JIaBAEMOT0 B KAMEPY CTOPAHMS.

2. Temmnepatypa Bo3ayxa B JIt000H TOUKE KaHaJIa SIBISIETCS MPOU3BEICHUEM JaB-
JieHust 1 00beMa JAaHHOTO BO3/TyXa.

3. Korma B oceBoM Kommpeccope yMEHbBIIAETCSs O00BEM BO3MyXa, MPOUCXOIUT
MOJbEM KakK JaBJIEHUS, TaK U TEMIEPATYPHI.

4.  DddexTuBHOCTH pabOTHI KOMIpPECCOpPA C TEUCHUEM BO3AYyXa BIOJIb OCU 3aBU-
CHUT, B OCHOBHOM, OT KOHCTPYKIIMH JIONIATOK POTOpa U CTaTopa.

5. Jlomatku poTopa UMEIT NpOoGHUINPOBAHHOE MONEPEUHOE CEUEHUE U U3rOTaB-
JIMBAIOTCS U3 aJTFOMUHUEBOTO CIUIaBa, CTAIU WM TUTAHA.

6. BhHe auamna3oHa yclIoOBHi 3KCIUTyaTallud HEBO3MYILEHHOE T€YEHHE BO3AyXa B
KOMITpeccope 0ObIYHO HApYILIAETCs HeXKeIaTeIbHOU TypOYyJIeHTHOCTBIO.

7. Kommnpeccop paboTaer B pexXMMe CpbIBa IIOTOKA B OJJHOW CTYNEHHU KOMIIpecC-
copa Mpu HapylIeHUU TypOyIeHTHOCTBIO pabOThI OJHON CTYIIEHU KOMIIpeccopa.

8. Kowmmpeccop, paboraroiuii B pexxuMe CpbiBa MOTOKA B OJIHON CTYIIEHH KOM-
npeccopa, Co34aeT CUIIbHbIE BUOPAIIMH WU U3JA€T 3BYKH, TOX0XKHE Ha Kallellb.

9. Kowmmpeccop paboTaeT B pekuMe MOMMaxka MPH HAPYIIEHUH TypOyJIEeHTHO-
CTBIO pabOTHI BCEX CTyIEHENH KOMIIpeccopa.

10. Kommpeccop, paboTaronuii B pexxuMe NoMnaxa, u3/1aeT MOIIHbIE B3PbIBOMO-
NOOHBIE 3BYKH, IPU 3TOM TEMIEPATypa BBIXJIOMHBIX ra30B ObICTPO MOBBIIIACTCS, U
JIBUTATENIb MOYKET ObITh YACTUYHO WJIM MOJHOCTHIO TTOBPEK/IEH.

11. banpaxupoBaHHE 3aKOHIIOBOK JIOMATOK MPUAET JIOMAaTKaM cTaTopa OOJbUIYIO
CTaOMIIBHOCTb.

Yupaxuenue 8. [lepegeoume mexcm, noiv3ysace Cl08apem.

Three basic types of air compressors are used in gas-turbine engines: the cen-
trifugal type, the axial single-rotor type, and the axial split-compressor type. Each
of these compressors has qualities which are desirable.
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The centrifugal-type compressor produces a high pressure rise in a single stage,
it is easy to manufacture, it is durable, it will operate under a great number of adverse
conditions such as ice and sand, and it is comparatively low in cost. The axial-flow
compressor is more efficient than the centrifugal-flow compressor, and it will handle
a larger volume of air for a given diameter. It also provides for higher pressure ratios
than are possible with the centrifugal compressor.

The split, or two-spool, compressor provides for very high pressure ratios which
lead to excellent specific fuel consumption. Typical of the pressure ratios obtainable
with the split compressor is a ratio of 20: 1. Turbojet engines with this pressure ratio
have attained a specific fuel consumption of approximately 0.75, which is excep-
tionally good for engines of this type. A turboprop engine with a split compressor has
attained a specific fuel consumption of approximately 0.45. This figure is comparable
to the fuel consumption for the best reciprocating engines.

yl'[pa)KHeHI/Ie 9. Cocmasvme anHomayuro mekcma, UcCnoJjib3yAa 6 Kavecmee nida-
HA omeemysl Hd 60NpOoCsl YNpAastCHEeHUA 5.

Yupaxuenue 10. /loocomosvme Hebonvbuiue cooOweHUs no ciedyruum 60-
npocam:

1. Gas-dynamic processes in a convergent duct.

2. Comparative analysis of axial, centrifugal and hybrid compressors.
3. Stall conditions in axial compressors.

4. Surge conditions in axial compressors.

UNIT 5

Yupaxuenue 1. /lpoumume cnoea u c1060couemanus u nocmapaumecs 3anom-
HUMb UX PYCCKUe IKGUBATIEHINDL.

advantage - npeumyIecTBo ’KapoBBIMU TpyOaMu

air-fuel mixture — ronBHO-BO3AYyIIHAs | layout — mmaHMpOBKa, PacIOJIOKEHHE,
CMeCh cXeMa, KOMITOHOBKa

air pollution 3arpssnenue Bo3ayirHO# | t0 manufacture u3roToBIsATH, MPOHU3BO-
cpeabl TTUTh

annular combustion chamber — xons- | more fuel-efficient — ¢ Gonee BbIcOKOI
1IeBask KaMepa CropaHus TOIUTMBHOU 3(P(PEKTUBHOCTHIO

capable to withstand — B cocrosauu | one side the other — ogun BHYyTpH IpYy-
BBIZICPKATh, TPOTUBOCTOSITh roro

centrifugal compressor — uenrpo6ex- | products of combustion — mpoaykTs
HBIA KOMIIPECCOP CropaHus

corrosive effects — koppo3uonHsie Bo3- | 10 reduce cokpainath, YaCTHYHO PEIaTh
NENCTBUS (mpo6Iiemsbt)
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double ring — nBoiiHOE KOJIBIIO separate outer casing — OTHIEIbHBIN
flame tube >xapoBas Tpy0a BHEITHHH KOXKYX

to install - ycranaBiuBath shaped — umerommue hopmy

multiple combustion chamber layout — | tubo-annular combustion chamber —
Kamepa CrOpaHusi ¢ OT/ICIbHBIMU Tpy0O9aTO-KOJIbIICBast KaMEpa CrOpPaHusI

Yupa:knenue 2. [ lepeseoume cnosa, oopawas GHUMAarue Ha cy@Oouicsi.

Mechanic — mechanical, burn — burning, differ — different, radial — radially, present —
presently, case — casing.

Yupaxkuenue 3. [ [poumume u nepegedume UHMEPHAYUOHAIbHBIE COBA.

Mechanical, mixture, radially, design, form, to group, compact, problem, tem-
perature, corrosive, effect, product.

IIpoumume u nepegedume mexcm, a 3amem GbINOJHUME CLeOVIOUUE YIPANCHEHUS.
TEXT
THE COMBUSTION CHAMBER

Combustion chambers are mechanical devices for burning air-fuel mixture. They
may be installed in the engine in a number of different ways. The multiple combustion
chamber layout is used with engines having centrifugal compressor. In this layout a num-
ber of flame tubes are disposed radially round the engine. Annular and tubo-annular de-
signs of combustion chambers are more often used presently.

The flame tube of annular combustion chambers is in the form of a double ring
which in turn is fitted into an annular casing of two more rings. Tubo-annular combustion
chambers have flame tubes grouped round the engine, as in the multiple layout, but in-
stead of each having a separate outer casing, they are all disposed in a common annular
casing, shaped like two broad rings, one inside the other.

Tubo-annular chambers are easier to manufacture and overhaul, while annular
chambers, besides pocessing these advantages, are also more compact. Annular chambers
are more fuel-efficient and reduce many of the problems of air pollution. All combustion
chambers must be capable to withstand very high temperatures, rapid changes of tempera-
ture and corrosive effects produced by the products of combustion.

ITociieTekcTOBBIE YIpa)KHCHUA

Ynpaxuenue 4. Haiioume 6 mexcme OanHvle HUNCE CI06A U CLOBOCOYECMAHUS U
Hanuwiume ux pycckue dK6UBaieHmbl.
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Combustion chamber, device, to burn, air-fuel mixture, engine, number of dif-
ferent ways, centrifugal compressor, layout, flame tubes, to dispose, annular design,
tubo-annular design, multiple layout, common annular casing, to shape, to overhaul,
to possess, advantage, fuel-efficient, to withstand, corrosive effects, products of com-
bustion.

Yupaxuenue 5. Haiioume 6 mexcme omeemsi Ha cledyroujue 60npochyl.

1. What are combustion chambers for?

2. What part of the jet engine is before the combustion chamber?

3. How many layouts of the combustion chamber are known?

4. With what type of compressors is the multiple combustion chamber layout
used?
5. What is the flame tubes disposition in the multiple combustion chamber lay-
out?

6. What designs of combustion chambers are more often used presently?

7. What is the form of the flame tube of annular combustion chambers?

8. What is the disposition of flame tubes in tubo-annular combustion chambers?

9. In what do tubo-annular combustion chambers differ from annular combustion
chambers?

10. How do annular combustion chambers and tubo-annular combustion chambers
compare against one another?

11. Which combustion chambers are easier to manufacture?

12. Which combustion chambers are more compact?

13. What are operating conditions of combustion chambers?

14. What requirements must all combustion chambers comply with?

Yupaxkaenue 6. [loobepume u3 npagoui KOIOHKU COOMEEMCMBYIOUWUE OKOHYAHUSL
NpeoslodiCeHUl U3 €80l KOJIOHKU.
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1. The flame tube of annular combus-
tion chambers is ...

2. Annular chambers are ...

3. Combustion chambers are ...

4. In the multiple combustion cham-
ber a number of flame tubes ...

5. The multiple combustion chamber
layout is used ...

6. All combustion chambers must ...
7. Tubo-annular combustion chambers
have ...

8. Annular and tubo-annular designs
of combustion chambers are ...

1. are disposed radially round the engine.

2. with engines having centrifugal compressor.

3. be capable to withstand very high tempera-
tures, rapid changes of temperature and corrosive
effects produced by the products of combustion.
4. more fuel-efficient and reduce many of the
problems of air pollution.

5. in the form of a double ring which in turn is
fitted into an annular casing

6. mechanical devices for burning air-fuel mix-
ture.

7. more often used presently.

8. flame tubes grouped round the engine and dis-
posed in a common annular casing, shaped like

two broad rings, one inside the other.

Yupaxuenue 7. [lepeseoume npeonoxceHus Ha AHSIUUCKULL S3bIK.

1.

2.

Kamepa cropanus — 370 MEXaHHUECKOE yCTPONCTBO, MPeIHA3HAUYEHHOE IS
CKUTaHMSI TOTTUBHO-BO3YIITHON CMECH.

Kamepa cropanus ¢ oTAeIbHBIMHU KapOBBIMUA TPYOAMH UCTIOJIB3YETCS B JBH-
raTesisx, UMEIOINX HEeHTPOOSKHBIN KOMIIpeccop.

B xamepe cropanus ¢ OTIEIbHBIMY )KapOBBIMU TPYOaMHU PsIJT dKAPOBBIX TPYO
pacroJiaraeTcsi paIuaabHO BOKPYT JIBUTATEIIS.

XKapoBass TpyOa KOJBIIEBON KaMepbl CropaHusi uMeeT (GopMy ITBOWHOTO
KOJIBIIA.

TpyOuaro-konbIlieBas Kamepa CropaHus UMEET KapoBble TPYObI, CrpyMIIU-
POBaHHBIE BOKPYT JIBUTATEJIS.

KomnbreBbie kamepsl CropaHusi UMEIOT 00Jiee BBICOKYIO TOIUIMBHYIO 3] heK-
TUBHOCTh U YMEHBIIIAIOT MHOTHE MPOOJIEMbI 3arps3HEHUsT BO3AYIIHOM Cpe-
JTBI.

Bce kamepsl cropaHust TODKHBI OBITh B COCTOSTHUM TPOTHBOCTOSTH OYCHB
BBICOKUM TeMITepaTypaM, OBICTPOMY U3MEHEHHUIO TEMITepaTyphl B KOPPO3HU-
OHHOMY BO3JICHCTBHIO MPOAYKTOB CTOPAHHMSI.

Yupaxuenue 8. [lepegedoume mexcm, noav3ysace cl08apem.

The purpose of the combustion chambers in a turbine engine is to expand the air
passing through the engine by burning fuel in the air stream. The heat released by the
burning fuel adds energy to the air in the form of velocity. The acceleration of the air-
fuel mixture imparts positive thrust to the combustion chamber structure.

Roughly one-fourth of the air entering the combustion chamber area is burnt
with the fuel. The balance of the air serves to keep the temperature of the heated gas-
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es down to a level which will not damage the turbine nozzle and blades. For this rea-
son the design of the combustion chambers must be such that adequate fuel combus-
tion is accomplished and that proper cooling is attained.

yl'[pa)KHeHI/Ie 9. Cocmasvme anHomayuro mekcma, ucnojb3ys 6 Kavecmee nida-
HA omeemysl HAd 60NpoCsl YNpastCHeHUs 5.

Yupaxuenue 10. /loocomosvme Hebonbuiue cooOWeHUs NO CAeOYIOUUM 8O-
npocam:

Two-zone combustion in modern combustion chambers.
Combustion chamber in a fuel-efficient jet engine.
Thrust augmentation combustors.

Combustion chambers of vectored-thrust jet engines.
Plenum combustion chambers of VTOL airplanes.

abrwnhE

SUPPLEMENTARY READING
Text 1

Task 1. Read and translate the text
Aircraft Conceptual Design

In order to implement the systems engineering discipline, the aircraft (i.e., sys-
tem) design process includes four major phases: (i) conceptual design, (ii) prelimi-
nary design, (iii) detail design, and (iv) test and evaluation. Conceptual design is the
first and most important phase of the aircraft system design and development process.
It is an early and high-level lifecycle activity with potential to establish, commit, and
otherwise predetermine the function, form, cost, and development schedule of the de-
sired aircraft system. The identification of a problem and associated definition of
need provides a valid and appropriate starting point for design at the conceptual level.

Selection of a path forward for the design and development of a preferred sys-
tem configuration, which will ultimately be responsive to the identified customer re-
quirement, is a major responsibility of conceptual design. Establishing this early
foundation, as well as requiring the initial planning and evaluation of a spectrum of
technologies, is a critical first step in the implementation of the systems engineering
process. Systems engineering, from an organizational perspective, should take the
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lead in the definition of system requirements from the beginning and address them
from a total integrated lifecycle perspective.

The aircraft design process generally commences with the identification of a
“what” or “desire” for something and is based on a real (or perceived) deficiency. As
a result, a system requirement is defined along with the priority for introduction, the
date when the system capability is required for customer use, and an estimate of the
resources necessary for acquiring this new system. To ensure a good start, a compre-
hensive statement of the problem should be presented in specific qualitative and
guantitative terms, in enough detail to justify progressing to the new step.

As the name implies, the aircraft conceptual design phase is the aircraft design
at the concept level. At this stage, the general design requirements are entered into a
process to generate a satisfactory configuration. The primary tool at this stage of de-
sign is the selection. Although there are a variety of evaluations and analyses, there
are not many calculations. The past design experience plays a crucial role in the suc-
cess of this phase.

Design Phases. There are a number of phases through which the system design
and development process must invariably pass. Foremost among them is the identifi-
cation of the customer-related need and, from that need, the determination of what the
system is to do. This is followed by a feasibility analysis to discover potential tech-
nical solutions, the determination of system requirements, the design and develop-
ment of system components, the construction of a prototype, and/or engineering
model, and the validation of the system design through test and evaluation. Accord-
Ing to the systems engineering approach, a total of four design phases are defined.

At the conceptual design phase, the aircraft will be designed in concert with
non-precise results. In other words, almost all parameters are determined based on a
decision-making process and a selection technique. In contrast, the aircraft prelimi-
nary design phase tends to employ the outcomes of a calculation procedure. As the
name implies, at the preliminary design phase, the parameters determined are not fi-
nal and will be altered later. In addition, at this phase, the parameters are essential
and will directly influence the entire detail design phase. Therefore, ultimate care
must be taken to insure the accuracy of the results of the preliminary design phase. In
summary, three aircraft fundamental parameters are determined in the preliminary
design: (i) aircraft maximum take-off weight (W TO), (ii) wing reference area (Sre),
and (iii) engine power (P) if the aircraft is prop-driven or engine thrust (T) if a jet en-
gine is selected.

At the aircraft detail design phase, the technical parameters of all components
(e.g., wing, fuselage, tail, landing gear, and engine) — including geometry — are calcu-
lated and finalized.

Task 2. Put the sentences in order they appear in the text.

1. To ensure a good start, a comprehensive statement of the problem
should be presented in specific qualitative and quantitative terms, in enough detail to
justify progressing to the new step.

2. Almost all parameters are determined based on a decision-making pro-
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cess and a selection technique.

3. As the name implies, the aircraft conceptual design phase is the aircraft
design at the concept level.

4, At the preliminary design phase, the parameters determined are not final
and will be altered later.

5. At the aircraft detail design phase, the technical parameters of all com-
ponents are calculated and finalized.

6. Conceptual design is the first and most important phase of the aircraft
system design and development process.

7. According to the systems engineering approach, a total of four design
phases are defined.

8. Selection of a path forward for the design and development of a pre-
ferred system configuration is a major responsibility of conceptual design.

Text 2

Task 1. Read and translate the text
Primary Functions of Aircraft Components

An aircraft comprises several major components. It mainly includes the wing,
horizontal tail, vertical tail (VT), fuselage, propulsion system, landing gear, and con-
trol surfaces. In order to make a decision about the configuration of each aircraft
component, the designer must be fully aware of the function of each component.
Each aircraft component has interrelationships with other components and interferes
with the functions of other components.

1. Wing. The main function of the wing is to generate the aerodynamic force of
lift to keep the aircraft airborne. The wing tends to generate two other unwanted aer-
odynamic productions: an aerodynamic drag force plus an aerodynamic pitching
moment. Furthermore, the wing is an essential component in providing the aircraft
lateral stability, which is fundamentally significant for flight safety. In almost all air-
craft, the aileron is arranged so as to be at the trailing edge of the outboard section.
Hence, the wing is largely influential in providing the aircraft lateral control.

2. Fuselage. The primary function of the fuselage is to accommodate the pay-
load which includes passengers, cargo, luggage, and other useful loads. The fuselage
is often a home for the pilot and crew members, and most of the time fuel tanks and
engine(s). Since the fuselage provides a moment arm to the horizontal and VT, it
plays an influential role in longitudinal and directional stability and control. If the fu-
selage is decided to be short, a boom must be provided to allow for the tails to have
sufficient arm.

3. Horizontal tail. The horizontal tail’s primary function is to generate an aer-
odynamic force to longitudinally trim the aircraft. Furthermore, the VT is an essential
component is providing the aircraft longitudinal stability, which is a fundamental re-
quirement for flight safety. In the majority of aircraft, the elevator is a movable part
of the horizontal tail, so longitudinal control and maneuverability are applied through
the horizontal tail.
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4. Vertical tail. The VT’s primary function is to generate an aerodynamic
force to directionally trim the aircraft. Furthermore, the VT is an essential component
in providing the aircraft directional stability, which is a fundamental requirement for
flight safety. In the majority of aircraft, the rudder is a movable part of the VT, so di-
rectional control and maneuverability are applied through the VT.

5. Engine. The engine is the main component in the aircraft propulsion system
to generate power and/or thrust. The aircraft requires a thrust force to move forward
(as in any other vehicle), so the engine’s primary function is to generate the thrust.
The fuel is considered to be a necessary item of the propulsion system and it some-
times constitutes a large part of the aircraft weight. An aircraft without an engine is
not able to take off independently, but is capable of gliding and landing, as performed
by sailplanes and gliders. Sailplanes and gliders take off with the help of other air-
craft or outside devices (such as a winch), and climb with the help of wind and ther-
mal currents.

6. Landing gear. The primary function of the landing gear is to facilitate take-
off and landing operations. During take-off and landing operations, the fuselage,
wing, tail, and aircraft components are kept away from the ground through the land-
ing gear. The wheels of the landing gear in land-based and ship-based aircraft also
play a crucial role in safe acceleration and deceleration of the aircraft. Rolling wheels
as part of the landing gear allow the aircraft to accelerate without spending a consid-
erable amount of thrust to overcome friction.

The above six components are assumed to be the fundamental components of
an air vehicle. However, there are other components in an aircraft that are not as-
sumed here as major ones.

Traditional aircraft configuration design attempts to achieve improved perfor-
mance and reduced operating costs by minimizing the maximum take-off weight.
From the point of view of an aircraft manufacturer, however, this method does not
guarantee the financial viability of an aircraft program. A better design approach
would take into account not only aircraft performance and manufacturing cost, but
also factors such as aircraft flying qualities and systems engineering criteria.

The historical choice of minimizing the gross take-off weight (GTOW) as the
objective in aircraft design is intended to improve performance and subsequently
lower operating costs, primarily through reduced fuel consumption. However, such
an approach does not guarantee the optimality of a given aircraft design from the per-
spective of the aircraft consumer. In an increasingly competitive market for aircraft,
manufacturers may wish to design for improved systems engineering of an aircraft
program, as well as technical merit, before undertaking such a costly investment.

Text 3

Task 1. Read and translate the text

Aircraft Configuration Alternatives
When the necessary aircraft components, to satisfy design requirements, are
identified and the list of major components is prepared, the step to select their config-
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urations begins. Each major aircraft component may have several alternatives which
all satisfy the design requirements. However, each alternative will carry advantages
and disadvantages by which the design requirements are satisfied at different levels.
Since each design requirement has a unique weight, each configuration alternative
results in a different level of satisfaction. This section reviews the configuration al-
ternatives for each major component.

Wing Configuration. In general, the wing configuration alternatives from seven dif-
ferent aspects are as follows:

Component Configuration

1. Number of wings . Monoplane
. Biplane
. Triplane

2. Wing location . High wing
. Mid-wing
. Low wing

. Parasol wing

3. Wing type . Rectangular

. Tapered

. Delta

. Swept back

. Swept forward

Elliptical

4. High-lift device . Plain flap

. Split flap

. Slotted flap

d. Kruger flap

e. Double-slotted flap
f. Triple-slotted flap
g. Leading edge flap

h. Leading edge slot

O T O DO O THIOCO THIO TOD®

5. Sweep configuration a. Fixed wing
b. Variable sweep

6. Shape a. Fixed shape
b. Morphing wing

7. Structural configuration a. Cantilever
b. Strut-braced
I. faired

Ii. un-faired.

The primary impacts of the wing configuration alternatives are imposed on cost,
the duration of production, ease of manufacturing, lateral stability, performance, ma-
neuverability, and aircraft life.

Tail Configuration. In general, the tail configuration alternatives from three different
aspects are as follows:
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Component Configuration

1. Aft or forward a. Aft conventional tail
b. Canard (foreplane)
c. Three surfaces

2. Horizontal and vertical tail a. Conventional
b. V-tail

c. T-tail

d. H-tail

e. Inverted U

3. Attachment a. Fixed tail
b. Moving tail
c. Adjustable tail

The primary impacts of the tail configuration alternatives are imposed on cost,
the duration of production, ease of manufacturing, longitudinal and directional stabil-
ity, longitudinal and directional maneuverability, and aircraft life.

Propulsion System Configuration. In general, the propulsion system configuration al-
ternatives from four different aspects are as follows:

Component Configuration

1. Engine type a. Human-powered
b. Solar-powered
c. Piston prop

d. Turboprop

e. Turbofan

f. Turbojet

g. Rocket

2. Engine and the aircraft center of gravi- | a. Pusher
ty b. Tractor

3. Number of engines . Single-engine
. Twin-engine

. Tri-engine

. Four-engine

. Multi-engine

4. Engine location . In front of nose (inside)
. Inside fuselage mid-section
. Inside wing
. Top of wing
. Under wing
Inside vertical tail
. Side of fuselage at aft section

h. Top of fuselage.

Q DO O O T ® DO O T D
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The primary impacts of the engine configuration alternatives are imposed on
cost of flight operation, cost of aircraft production, performance, duration of produc-
tion, ease of manufacturing, maneuverability, flight time, and aircraft life.

Landing Gear Configuration. In general, the landing gear configuration alternatives
from three different aspects are as follows:

1. Landing gear mechanism

. Fixed ((i) faired and (ii) un-faired)

. Retractable

. Partially retractable

. Landing gear type

. Tricycle (or nose gear)

. Tail gear (tail dragger or skid)

. Bicycle (tandem)

. Multi-wheel

. Bicycle (tandem)

Float-equipped

g. Removable landing gear.

Another design requirement that influences the design of the landing gear is the type
of runway. There are mainly five types of runway:

3. Runway

a. Land-based

b. Sea-based

c. Amphibian

d. Ship-based

e. Shoulder-based (for small remote-controlled aircraft).

The runway requirements will also affect the engine design, wing design, and
fuselage design. The primary impacts of the landing gear configuration alternatives
are imposed on cost of flight operation, cost of aircraft production, performance, du-
ration of production, ease of manufacturing, and aircraft life.

DO OO T ODNO T D

Task 2. Decide if statements are true or false. Correct false statements.

1. Each major aircraft component may have several alternatives which all satisfy
the design requirements.

2. Since each design requirement has a unique weight, each configuration alter-
native results in a different level of satisfaction.

3. The primary impacts of the wing configuration alternatives are imposed on
cost, the duration of production, ease of manufacturing, longitudinal and lateral sta-
bility, performance, maneuverability, and aircraft life.

4 There are two different aspects in the tail configuration alternatives.

5. The primary impacts of the tail configuration alternatives are imposed on cost,
the duration of production, ease of manufacturing, longitudinal and directional stabil-
ity, longitudinal and directional maneuverability, and aircraft life.

6. The primary impacts of the engine configuration alternatives are imposed on
cost of flight operation, cost of aircraft production, performance, duration of produc-
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tion, ease of manufacturing, lateral stability, maneuverability, flight time, and aircraft
life.

7. There are three different aspects in the landing gear configuration alternatives.

8. The runway requirements will also affect the engine design, wing design, and
fuselage design. The primary impacts of the landing gear configuration alternatives
are imposed on cost of flight operation, cost of aircraft production, performance, du-
ration of production, lateral stability, ease of manufacturing, and aircraft life.

Text 4

Task 1. Read and translate the text
Aircraft Classification and Design Constraints

One of the essential steps that a designer must take is to clarify the aircraft type
with a relevant full description of specifications. This will help the design process to
be straightforward and avoids confusion in the later stages. The aircraft type is pri-
marily based on the aircraft mission, and its required specifications. This section ex-
amines the aircraft classifications and types from a variety of aspects.

One of the basic aircraft classifications is to divide aircraft groups into three
large types: (i) military, (ii) civil — transport, (iii) civil — General Aviation (GA). The
GA aircraft refers to all aircraft other than military, airliner, and regular cargo air-
craft, both private and commercial. In terms of weight, GA aircraft have a maximum
take-off weight equal to or less than 12 500 Ib (for normal and acrobatic categories),
or equal to or less than 19 000 Ib (for utility categories). Another difference between
GA aircraft and transport aircraft lies in the number of seat. The commuter category
of GA aircraft is limited to propeller-driven, multi-engine airplanes that have a seat-
ing configuration, excluding pilot seats. Any non-military aircraft with a maximum
take-off weight of more than 19 000 Ib and more than 19 passenger seats is consid-
ered to be a transport category aircraft. A transport aircraft is governed by Part 25 of
the Federal Aviation Regulation (FAR), while GA aircraft are governed by Part 23 of
FAR.

An aircraft that is ordered by a customer is accompanied with a list of require-
ments and constraints. In the majority of cases, there is no way to escape from these
requirements, unless the designer can prove to the customer that a specific require-
ment is not feasible. Other than that, all requirements and constraints must be consid-
ered and met in the design process. There are other requirements as well that are im-
posed by airworthiness standards such as FAR, the Joint Aviation Requirements
(EASA CS, formerly JAR), and Military Standards (MIL-STDs). Several of these re-
quirements might be grouped in the aircraft classification. Aircraft configurations can
be classified in many ways, based on various aspects.

One of the major steps in configuration design is to apply constraints and select
the classification and type. These constraints range from aircraft mission to payload
type, to type of control, and to performance requirements. A designer initially has no
influence over these requirements, unless he/she can prove that the requirements are
not feasible and not practical. Otherwise, they must all be followed and met at the end
of the design process.
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One of the significant design constraints originates from government regula-
tions. In this regard, the designer has two options: (i) design an aircraft to comply
with government regulations and standards and (ii) design an aircraft regardless of
government regulations and standards. The designer is free to make the decision to
select either of the above options, but he/she must be aware of the consequences. This
decision will impact the whole design process, since this generates a totally different
design environment and constraints. In general, the compliance with government reg-
ulations and standards increases the cost and makes the design harder. However, it
will increase the quality of the aircraft and allows the aircraft to be sold in the US
market.

An aircraft which has not been certified by the government aviation authorities
Is referred to as home-built or garage-built. These aircraft are usually designed by
non-expert individuals and used by individual pilots. Their airworthiness has not been
confirmed by the authorities, and hence the probability of a crash is much higher than
for certified aircraft. Their flight permissions are limited to a few airspaces to reduce
the risk of civilian casualties. Home-built aircraft are not allowed to be sold in the US
market. Several countries have established an official body to regulate the aviation
issues and ratify and collect aviation standards. The US government body that regu-
lates aviation-related issues including aircraft design and manufacture is called the
Federal Aviation Administration (FAA). The civil aviation authorities of certain Eu-
ropean countries (including the UK, France, and Germany) have established common
comprehensive and detailed aviation requirements (referred to as the Certification
Specifications, formerly JARs) with a view to minimizing type certification problems
on joint ventures, and also to facilitate the export and import of aviation products.
The CSs are recognized by the civil aviation authorities of participating countries as
an acceptable basis for showing compliance with their national airworthiness codes.

Task 2. Sum up the information given in the text.

Text5
Task 1. Read and translate the text

Preliminary System Design

An aircraft that is ordered by a customer is accompanied with a list of require-
ments and constraints. In the majority of cases, there is no way to escape from these
requirements, unless the designer can prove to the customer that a specific require-
ment is not feasible. Other than that, all requirements and constraints must be consid-
ered and met in the design process. There are other requirements as well that are im-
posed by airworthiness standards such as FAR, the Joint Aviation Requirements
(EASA CS, formerly JAR), and Military Standards (MIL-STDs). Several of these re-
quirements might be grouped in the aircraft classification. Aircraft configurations can
be classified in many ways, based on various aspects.

One of the major steps in configuration design is to apply constraints and select
the classification and type. These constraints range from aircraft mission to payload
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type, to type of control, and to performance requirements. A designer initially has no
influence over these requirements, unless he/she can prove that the requirements are
not feasible and not practical. Otherwise, they must all be followed and met at the end
of the design process.

One of the significant design constraints originates from government regula-
tions. In this regard, the designer has two options: (i) design an aircraft to comply
with government regulations and standards and (ii) design an aircraft regardless of
government regulations and standards. The designer is free to make the decision to
select either of the above options, but he/she must be aware of the consequences. This
decision will impact the whole design process, since this generates a totally different
design environment and constraints. In general, the compliance with government reg-
ulations and standards increases the cost and makes the design harder. However, it
will increase the quality of the aircraft and allows the aircraft to be sold in the US
market.

An aircraft which has not been certified by the government aviation authorities
is referred to as home-built or garage-built. These aircraft are usually designed by
non-expert individuals and used by individual pilots. Their airworthiness has not been
confirmed by the authorities, and hence the probability of a crash is much higher than
for certified aircraft. Their flight permissions are limited to a few airspaces to reduce
the risk of civilian casualties. Home-built aircraft are not allowed to be sold in the US
market. Several countries have established an official body to regulate the aviation
issues and ratify and collect aviation standards. The US government body that regu-
lates aviation-related issues including aircraft design and manufacture is called the
Federal Aviation Administration (FAA). The civil aviation authorities of certain Eu-
ropean countries (including the UK, France, and Germany) have established common
comprehensive and detailed aviation requirements (referred to as the Certification
Specifications, formerly JARs) with a view to minimizing type certification problems
on joint ventures, and also to facilitate the export and import of aviation products.
The CSs are recognized by the civil aviation authorities of participating countries as
an acceptable basis for showing compliance with their national airworthiness codes.

By the end of the conceptual design phase, design evolution continues by ad-
dressing some of the most fundamental system characteristics. This is accomplished
during the preliminary design phase. The essential purpose of the preliminary design
Is to determine features of the basic components/subsystems. Some products of the
preliminary design include: major technical data, design and operational trade stud-
les, interface specifications, system mock-up and model, and plans for verification
and verification tests.

The preliminary design phase often includes the following steps:

» Develop design requirements for subsystems from system-level requirements.

* Prepare development, process, and materials specifications for subsystems.

* Determine performance technical measures at the subsystem level.

* Conduct functional analysis at the subsystem level.

* Establish detailed design requirements and prepare plans for their allocation.
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« Identify appropriate technical design tools, software packages, and technolo-
gies.

» Accomplish a trade-off study at the subsystem level.

* Present the design output for a preliminary design review (PDR) at the end of
the preliminary design phase.

The procedures for functional analysis, trade-off study, and design review at
the subsystem level are very similar to that one at the conceptual level. Thus, the
functional analysis and trade-off study must be extended from the system level down
to the subsystem and below as required. Subsystem design requirements evolve from
system design requirements according to operational requirements, and identification
and prioritization of technical performance measures (TPMs). This involves an itera-
tive process of top-down/bottom-up design (e.g., the “Vee” process model). The sys-
tem TPM for operational requirements must be related to one or more functions of
subsystems. During the preliminary design phase, the selection of hardware, soft-
ware, technical staff, test facilities, data, and references is made. The subsystems,
units, and modules are identified and functions are allocated to each one. The qualita-
tive and quantitative design requirements are determined at the subsystem level.

The preliminary and detail design evaluation process can be facilitated through
the application of various analytical/mathematical models. A model is defined as a
mathematical representation of a real world which abstracts features of the situation
relative to the problem being analyzed. The use of a mathematical model offers sig-
nificant benefits. There are many interrelated elements that must be integrated into a
system and not treated on an individual basis. The mathematical model allows us to
deal with the problem as an entity and makes it possible to consider all major varia-
bles of the problem simultaneously. The extensiveness of the model depends on the
nature of the problem, the number of variables, input parameter relationship, number
of alternatives, and complexity of the operation.

There must be a top-down/bottom-up traceability of requirements throughout
the overall hierarchical structure of the system. It is essential that these activities be
coordinated and integrated, across the lifecycle, from the beginning. In other words,
an ongoing communication process must flow throughout the development of hard-
ware, software, and human elements. The design-related activities that occur after
functional analysis at the preliminary design phase are: human factor analysis,
maintenance and logistic supportability analysis, producibility analysis, disposability
analysis, economic analysis, functional packaging of system elements analysis, and
reliability analysis. The results of the preliminary design phase will be passed on to
the detail design phase, if the PDR committee approves it as meeting the design re-
quirements.

Text 6

Task 1. Read and translate the text
Detail System Design
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The conceptual design and preliminary design phases provide a good founda-
tion upon which to base detailed design decisions that go down to the component/part
level. At this point, the system configuration as well as the specifications of subsys-
tems, units, subassemblies, software packages, people, facilities, and elements of
maintenance and support are known. The procedure for functional analysis, trade-off
study, and design review at the subsystem level are very similar to what is described
at the conceptual level. Thus, the functional analysis and trade-off study must be ex-
tended from the system level down to the subsystem and below as required.

There are 10 major steps in the detail design phase as follows:

 Develop design requirements for all lower-level components of the system
from subsystem requirements.

* Employ design tools and software packages.

* Plan, manage and form, and establish several desigh groups (based on various
engineering disciplines).

» Perform extensive design operations (e.g., technical/mathematical calcula-
tions and logical selections) to fulfill all design objectives.

* Implement a trade-off analysis.

* Integrate system subsystems/components/elements/parts.

* Publish design data and documentation.

* Generate a prototype physical model.

» Plan and conduct tests and evaluations.

* Schedule and implement a detail design review (DDR).

Success in systems engineering derives from the realization that design activity
requires a “team” approach. Hence, in performing technical/mathematical calcula-
tions and logical selections, a number of design groups or teams must be established.
Basically, there are two approaches: (i) the sequential approach and (ii) the concur-
rent approach. Both approaches are based on related engineering disciplines (e.g.,
mechanical, electrical, aeronautical, computer, and civil engineering). In general, the
concurrent approach (i.e., simultaneous engineering) minimizes the time, but the se-
quential approach minimizes the cost of the design operation.

As one proceeds from the conceptual design into the preliminary design and
detail design, the actual team “make-up” will vary in terms of the specific expertise
required and the number of project staff assigned. Early in the conceptual and prelim-
inary design phases, there is a need for a few highly qualified individuals with broad
technical knowledge. These few people understand and believe in the systems engi-
neering and know when to call on the appropriate disciplinary expertise. As the de-
sign progresses, the number of representatives from various individual design disci-
plines will often increase.

Depending on the project size, there may be relatively few individuals as-
signed, or there may be hundreds of people involved. Required resources may include
engineering technical expertise (e.g., engineers), engineering technical support (e.g.,
technicians, graphics, computer programmers, and builders), and non-technical sup-
port (e.g., marketing, budgeting, and human resources). The objective is to promote
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the “team” culture, and to create the proper environment for the necessary communi-
cations. The design documentation includes design drawings, materials and parts
lists, and analyses and reports.

At this phase of the design, an extensive application of computer-based design
aids such as computer-aided design (CAD) and computer-aided manufacturing
(CAM) throughout the design will facilitate the design process. They are employed to
generate drawings and three-dimensional graphic displays to be submitted to the
manufacturing team. The application of CAD/CAM will allow the systems engineer-
ing process to be implemented effectively, efficiently, and in a seamless manner. In
order to minimize cost, it is recommended to select standard parts that are commer-
cially available (i.e., commercial off-the-shelf items) for which there are multiple vi-
able suppliers.

At some points in the detail design phase, a mathematical model is necessary to
evaluate the design. However, further in the design, a physical model and even a pro-
totype serves much better in the validation and/or verification of the calculation re-
sults. This is due to the fact that the incorporation of any necessary changes for cor-
rective action will be more costly later as the design progresses toward the produc-
tion/construction phase. A prototype represents the production of a system in all as-
pects of form, fit, and function except that it has not been fully equipped. The objec-
tive is to accomplish a specific amount of testing for the purpose of design evaluation
prior to entering the production line.

After a baseline has been established, changes are frequently initiated for any
one of a number of reasons: to correct a design deficiency, improve the product, in-
corporate a new technology, respond to a change in operational requirements, com-
pensate for an obsolete component, etc. So, a change may be applied from within the
project, or as a result of some new externally imposed requirement. However, a
change in any one item will likely have an impact on many other elements of the sys-
tem. The process of the incorporation of any change must be formalized and con-
trolled to ensure traceability from one configuration to another. A general challenge
in today’s environment pertains to implementing the overall system design process
rapidly, in a limited amount of time, and at a minimal cost.

Task 2. Answer the questions.

1. What way does the procedure for functional analysis differ from that for
conceptual analysis?

2. What steps comprise the detail design phase?

3. What does a ‘team’ approach mean?

4. What are computer-based design aids used for?

5. What is the objective for using a mathematical model?

6. What are the reasons for changing after a baseline has been established?

Text7
Task 1. Read and translate the text

37



Design Review, Evaluation, and Feedback

At each major design phase (conceptual, preliminary, and detail), an evaluation
should be conducted to review the design and to ensure that the design is acceptable
at that point before proceeding with the next stage. There is a series of formal design
reviews conducted at specific times in the overall system development process. An
essential technical activity within the design process is that of evaluation. Evaluation
must be inherent within the systems engineering process and must be invoked regu-
larly as the system design activity progresses. However, systems evaluation should
not proceed without guidance from customer requirements and specific system design
criteria. When conducted with full recognition of design criteria, evaluation is the as-
surance of continuous design improvement.

The evaluation process includes both the informal day-to-day project coordina-
tion and data review, and the formal design review. Therefore, there must be “checks
and balances” in the form of reviews at each stage of the design progression. The
purpose of the design review is to formally and logically evaluate the proposed de-
sign in the most effective and economical manner. Through subsequent review, dis-
cussion, and feedback, the proposed design is either approved or a list of recom-
mended changes is submitted for consideration.

The purpose of conducting any type of review is to assess if (and how well) the
design configuration, as envisioned at the time, is in compliance with the initially
specified quantitative and qualitative requirements. The success in conducting a for-
mal design review is dependent on the depth of planning, organization, and prepara-
tion prior to the review itself. Each design review serves as an excellent communica-
tion medium, creates a better understanding among design and support personnel, and
promotes assurance and reliability. The design data/characteristics is released and re-
viewed for compliance with the basic system requirements. The reviewing operation
is performed by a committee formed of technical and operational members. During
any design review, a formalized check of the proposed system design is provided,
major problems are discussed, and corrective actions are taken. In addition, it pro-
vides a common baseline for all project personnel. The design team members are
provided the opportunity to explain and justify their design approach through oral and
written reports, and reviewer committee members are provided the opportunity to ask
various questions from the design team.

A design review provides a formalized check of the proposed system design
with respect to specification requirements. Major problems (if any) are discussed and
corrective action is taken. The design review also creates a baseline for all project de-
sign members. In addition, it provides a means for solving interface problems be-
tween design groups and promotes the assurance that all system elements will be
compatible. Furthermore, a group review may identify new ideas, possibly resulting
in simplified processes and ultimately reduced cost. The outcome of the design pro-
ject is reviewed at various stages of the design process. In principle, the specific
types, titles, and scheduling of these formal reviews vary from one design project to
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the next. The following main four formal design reviews are recommended for a de-
sign project:

1 Conceptual Design Review (CDR);

2 Preliminary Design Review (PDR);

3 Evaluation and Test Review (ETR);

4 Critical (Final) Design Review (FDR).

Design reviews are usually scheduled before each major design phase. The CDR
Is usually scheduled toward the end of the conceptual design phase and prior to enter-
ing the preliminary design phase of the program. The purpose of the CDR is to for-
mally and logically cover the proposed design from the system standpoint. The PDR
Is usually scheduled toward the end of the preliminary design phase and prior to en-
tering the detail design phase. The FDR is usually scheduled after the completion of
the detail design phase and prior to entering the production phase. Design is essential-
ly “fixed” at this point, and the proposed configuration is evaluated in terms of ade-
quacy and producibility.

The ETR is usually scheduled somewhere in the middle of the detail design
phase and prior to the production phase. The ETR accomplishes two major tasks: (i)
finding and fixing any design problems at the subsystem/component level and then
(i) verifying and documenting the system capabilities for government certification or
customer acceptance.

The ETR can range from the test of a single new system for an existing system
to the complete development and certification of a new system. Therefore, the dura-
tion of an ETR program can vary from a few weeks to several years. When the sys-
tem is completely assembled and instrumented, it typically conducts
days/weeks/months and even years of field testing.

The detail design is divided into two parts, Part | and Part Il regarding the ETR.
For this purpose, the subsystems/components are divided into two groups: (i) primary
or dominant subsystems/components and (ii) secondary or servant subsys-
tems/components. The dominant subsystems/components are those directly responsi-
ble for the design requirements, while the servant subsystems/components are those
serving the dominant subsystems/components. For instance, in an automobile, the
transmission, engine, and body are assumed to be dominant subsystems, while the
electric, air conditioning, and engine cooling are servant subsystems. The engine and
transmission are responsible for automobile maximum speed, and the body’s function
IS to provide space for the occupant.

As another example, in an aircraft, the wing, fuselage, tail, and engine are as-
sumed to be dominant components, but the electric system, avionic system, air condi-
tioning system, cabin, cockpit, aero-engine, and landing gear may be categorized as
servant components.

In an aircraft design project, the aircraft aerodynamic design leads the aircraft
structural design, since the structure is a servant subsystem. Thus the aircraft aerody-
namic design is performed in Part | of the detail design phase, but the aircraft struc-
tural design will be initiated in Part I1.
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After the dominant subsystems/components (e.g., wing, fuselage, tail, propul-
sion system) are detail designed, the evaluation and test plan are prepared. When the
ETR approves the test plans, a mock-up/model/prototype is fabricated to validate the
design. In the case of an aircraft design project, an aircraft model produced and em-
ployed in a wind tunnel and a prototype are utilized for flight tests. As soon as the
tests are conducted and the results are satisfactory, Part 11 of the detail design phase
begins. During this part of the detail design phase, the servant subsystems are de-
signed. At the end of the detail design phase, the FDR is scheduled to validate/verify
the final design.

Task 2. Sum up the information of the text.

Cnucok qureparypbl
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3. Multitran dictionary

WHOCTPAHHBIN A3BIK

METOINYECKHUE YKA3ZAHUA
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CocraBureny.
Aptemona Onsbra ['puropbeBHa
[Tanypenr AuHa AnekcaHapoBHa
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