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Ypok 1.

Exercise 1. 3anomHuTe crefywuume crosa:

1. performance n - paboTa, XapakTepuCTUKU

2. compression ratio n - CTEMNeHb CxaTus

3. axial-flow compressor n - oceBoli Komnpeccop
4» centrifugal-£low compressor n - LEHTPOOGEXHbI KOMMIpeccop
5. airfoil n - aspoaMHamuyeckasi NoBepXHOCTb

6. blade=vane n - JflONacTb, JionaTka

7. blading n - KOMM/IEKT JIONATOK

8. stage n -cCTyneHb

9. spool n -kKackag (Komnpeccopa)

0. frontal area n - (POHTa/IbHAA NOBEPXHOCTb
11. pump n, V- Hacoc, HarHetaTb, HakKauMBaTb
12. pumping n - HarHetaHve

13. damage n - nospexaeHue

14. section n - CeyeHve

15. bring down V - cHWxaTb

16. flexibility n - rubkocTb, NPUCNOCOBNSAEMOCTb

Exercise Il. Halignte cnoBa C OAVHAKOBLIMM 3HAUEHUSIMA:
a) to set free, to use, whole, modem, besides

b) present-day, overall, in addition to, to consume, to release

Exercise ill. Haiigute crnoBa C NpPOTUBOMOIOXHLIMU 3HAYEHNSMM .
a) maximum, expansion, under, rotating, front, wide, input,
complexity

b) over, narrow, output, simplicity, minimum, compression, rear
stationary

Exercise IV. llepeBegute cnepywuye CIOBOCOYETaHNA:

High-pressure air, minimum pressure rise, engine performance,
temperature change, compression ratio, total pressure ratio,
rotor and stator vane stages, foreign object damage, air pumping.



Exercise V.. logbepute pycCKuMe 3KBUBAIEHTHI CEAYHWMX COB:
I-since, 2-key, 3-affect, 4-approximately, 5-addition,
6-entire, 7-alternating, 8-design, 9-therefore, 10-advantage
Il-relatively, 12-unfortunately, 13-especially, 14-furthermore.

I-BmsiTb, 2-Npubnm3uTensHo, 3-Becb, 4-0CO6EKHO, 5-yepepnywowwmiics,
6-0paBHUTENBHO, 7-KOHCTPYKUWA, 8-L03TOHY, S-MpeuLylectso,

10-k coxanenno, Il-go6aBnenve, 12-kmd,- 13-A0CKonbKy, 14-6onee
TOro.

Sxercise VI. ﬂpO‘-II/ITaI7ITe n nepesegnTte MHTEpPHaUMOHaslbHbIE CJioBa:
compressor, minimum, maximum, proportional.component, efficient,
efficiency, total, construction, operation, complex, tempera-
ture, gas, turbine, characteristics, stationary, parallel.

Exercise VII. llpouuTaiiTe TeKCT.
Compressors.

The role of the compressor in a gas turbine engine is to
provide a maximum of high-pressure air which can be heated in
the limited volume of the combustion chamber and then expanded
through the turbine. The energy that can be released in the
combustion chamber is proportional to the mass of air consumed;
therefore the compressor is one of the most important components
of the gas turbine engine since its efficient operation (maxi-
mum compression with minimum temperature rise) is the key to
high overall engine performance. The compressor efficiency will
determine the power necessary to create the pressure rise of a
given airflow and will affect the temperature change which can
take place in the combustion chamber. Present-day compressors
have compression ratios approaching 15:1, efficiencies near 90
percent, and airflows up to approximately 350 Ib/s. (158,8 kg/s).

With the addition of a fan, total pressure ratios of 25:1 and
mass airflows of over 1000 Ib/s (453,6 kg/a) have been achieved.
Types of Compressors.

All gas turbine engines use one of the following forms of

compressors:
1. Axial flow.
2. Centrifugal flow.



The centrifugal-axial-flow compressor is a combination of the
two, with operating characteristics of both.

It will be the purpose of this chapter to examine,in some
detail, the construction and operation of each of these compres-
sors.

The Axial-Flow Compressors.

The axial-fiow compressor is made up of a series of rota-
ting airfoils called rotor blades and a stationary set of air-
foils called stator vanes. As its name implies, the air is being
compressed in a direction parallel to the axis of the engine.

A row of rotating and stationary blades is called a stage. The
entire compressor is made up of a series of alternating rotor
and stator vane stages. Some axial-fiow designs have two or more
compressors or spools which are driven by separate turbines and
are therefore free to rotate at different speeds.

Axial compressors have the advantage of being capable to
very high compression ratios with relatively high efficiencies.

In addition, the small frontal area created by this type
of compressor lends itself to installation in high-speed aircraft.
Unfortunately the delicate blading, especially toward the rear,
makes this type ox air pump especially susceptible to foreign-
object damage. Furthermore, the number of compressor blades and
stator vanes (which can exceed 1000 in a large jet engine), the
close fits required for efficient air pimping, and the much nar-
rower range of possible operating conditions, make this type of
compressor very complex and very expensive to manufacture. Modern
manufacturing techniques are bringing down the cost for small
axial-fiow compressors. For these reasons the axial-fiow design
finds its greatest application where the demands of efficiency
and output predominate considerations of cost, simplicity, flexi-
bility of operation, etc. Host manufacturers utilize several
dodges to increase flexibility and to improve the operating

characteristics of the axial-fiow compressor.

Exercise vill. pacunppyvite cokpaweHus;
Ib; kg/s; 1b/s; etc.



Exexcise XX. HalignTe 6 TeuyeTe 3KBMBa/IeHTH Crefyuvuia croBam
N BhipaeHmAz»! :
OrpaHnyeHHbli 06beM, YNOTpebnsemblii BO34yX, MNOBAMSET Ha W3MEHeHVie
TewépaTypu, Kak crefyeT W3 Ha3BaHus, M/I0THasA nocajka getaneid,
6onee y3Kuil guanas3oH, CHUMAKT CTOMMOCTb, TpeboBaHWA IPPeKTUBHOCTY.

Exercise X. [lepeBegute cnefywoume npegsioxeHus, BbiopaB npaswb-
HOe 3HauyeHVe YKa3aHHbIX C/0B:

Unfortunately the delicate blading, especially toward the rear,

makes this type of air pump especially susceptible to foreign-

object damage.

Delicate - I)TOHEHbKW, 2)W3ALHbIA, 3)4YyBCTBUTE/bHbIA

Susceptible - 1)BOCMPUMAMYMBLIA, 2)4yBCTBUTENbHbIA, 3)NOABEPKEHHbINA

The entire compressor is made up of a series of alternating
rotor and stator vane stages.

Entire - l1)cniowHoii, 2)BeCb, 3)HEMPEPbIBHbI: :

Alternating - l)nepevexawwuiica, 2)nepeMeHHbin, 3)CMeHsiowmiics

Exercise Xi. HaligjuTe B TekCTe Mpef/ioXeHNsi, B KOTOPbIX FOBOPUTCS C:
1) xapaKTepucTMkax COBPEMELWX KOMMPECCOPOB;

2) NpeyMywecTBax OCEBbIX KOMMPECCOPOB;

3) MpVIMEHEHWM OCEBbIX KOMMPECCOPOB.

Exercise XIl. HaiiguTe B TekcTe crioBa, Onpefensioume XxapakTepuc-
TUKM  0CEBOro Kommnpeccopa.

Exercise XWHaignTe B TEKCTe MPEA/IOXEHVS, SBASWMECS OTBETOM
Ha MOCTaB/IEHHbIE BOMPOChHI:

1. Mouemy komnpeccop SIBASIETCA OLHUM W3 Hanbonee BaXHbIX KOMMO-
HeHTOB rasoTyp6llHwix aBuraTtenein ?

. Yro onpepenseT Wl Ul komnpeccopa ?

UTo Ha3biBaeTCA CTYMeHb Komnpeccopa ?

N3 4yero coctouT Komnpeccop ?

Kakumy npeuvylwectsamm M HegocTaTkamy 0bnagaeT OCeBOlV Komnpeccop?

. UTo genaeT 0CeBOI KOMMPECCOP CMIOXHbIM U AOPOrOCTOSAWM B WU3r0-
TOBNEHUN 7?

7. The OCeBOI KOMMNPECCOP HaxoauT Hambonbliee MpYMeEHeHue ?

Exercise Xiv. [MCbMEHHO nepeBeauTe nocnefHuli ab3al TekcTa.

G)U‘I:b(}t)l\)



Ypok 2.

Exercise . 3anovHWTe criefywuve c/osa:
1. impeller n - pa6oyee koneco(TypbuHb KoMMpeccopa)
. manifold n - Tpyb6onpoBopg
. draw in v -BTAMNB3Tb(BO3AYX)
nifl a - Kpowka
ruggedness n - MPOYHOCTb
ingestion n - 3acacsiBaHue(B ABuUrareslb NMOCTOPOHHUX NPEAMETOB)
. shock-wave n - yaapHas BonHa
. stale n - cTyneHb (34.)
3- single adj - €OMHCTBEHHbIA
10. multipleadj - MHOXeCTBEHHbIl
11. plenum chamber n - HarHeTaTesbHasa Kamepa

© No 00 ~wN

Exercise Il. lepeBegute cnegywuye CMOBOCOYETaHUA:

pressure rise, diffuser manifold, static pressure energy, rela-
tively high compressor ratio, per stage, impeller tip speeds, low
fuel consumption, shock-wave formation, double-entry compressor.

Exercise ill. ﬂon6epMTe PYyCCKne 3SKBUBa/IEHTHI:
to cause, in part, because of, excessively, to rule out, although,
through, rather than, attribute

M3-3a, 4pe3mepHo, WCKI4YaTb, XOTA, 4Yepe3, a He, OT/IMYUTE/IbHasA
yepra, 4YaCTu4HO, 3aCTaB/iATb

Exercise IV. Hailgute crnoBa C OAMHAKOBHIMM 3HAYEHUSIMU:
edge, speed, mainly, a number of, produce, main, quick, get

basically, velocity, rim, manufacture, variety of, rapid, obtain,
chief

Exercise V. HaﬁAMTe cqioBa C MPOTUBOMNO/IOXHLIMA  3HAYEHNAMMN
inward, more, below, front, outlet, quick, inefficient, larger,

high

low, less, rear, slow, outward, below, inlet, above, efficient



.tixercise vi. [lpounTaiiTe 1 nepeBeaNTe WHTEPHAUVOHA/ILHbIE CrlOBa

M cnoBoco4eTaHuA;
component, Kkinetic energy, produce, diffuser, conversion, type,
recommend, gas turbine, chief, massive, construction, efficiency,
shock, formation, diffuser.

Exercise Vii. [lpouuTaiiTe TeKCT.
The Centrifugal-3?low Compressor.

The centrifugal compressor consists basically of an impeller
and-a diffuser manifold. Other components such as a compressor
manifold may be added to direct the compressed air into the com-
bustion chamber. As the impeller revolves at high speed, air is
drawn in at the eye. Centrifugal force provides high acceleration
to this air and causes it to move outward from the axis of ro-
tation toward the rim of the rotor where it is ejected at high
velocity and high kinetic energy. The pressure rise is produced
in part by expansion of the air in the diffuser manifold by con-
version of the kinetic energy of motion into static pressure
energy.

The centrifugal compressors can be manufactured in a variety
of designs including single-stage, multiple-stage, and double-
sided types. The centrifugal compressor has a number of features
to recommend its use in certain types of gas turbine engines.
Chief among its attributes are its simplicity, ruggedness, and
low cost. Because of its massive construction, it is much less
susceptible +~ damage from the ingestion of foreign objects. The
centrifugal compressor is capable of a relatively high compressor
ratio per stage. Above 80 percent efficiency may be reached with
a corapression ratio of 6 or 7 to L. Above this ratio, efficiency
drops off at a rapid rate because of excessively high impeller
tip speeds and attending shock-wave formation. This rules out this
type of compressor for use in larger engines since high compres-
sion ratios are necessary for low fuel consumption. Some centri-
fugal-flo-w engines obtain somewhat higher ratios through the use
of multistage compressors. Although the tip speed problem is re-
duced, efficiency is again lost because of the difficulty in turning
the air as it passes from one stage to another. Double-entry
compressors also help to solve the high-tip-speed problems, but



this .advantage is partially offset by the complications in
engine design necessary to get air to -the rear impeller, and

by the requirement of a large plenum or air chamber, where the
air from the inlet duct is brought to a slower speed for effi-
cient direction change and higher pressures. The plenum cham-
ber acts as a diffuser by which means the rear impeller can re-
ceive its air.

Because of the problems inherent in this type of design
the centrifugal compressor finds its greatest application on
the smaller engines, where simplicity, flexibility of opera-
tion and ruggedness are the principle requirements rather than
small frontal area, and ability to handle high air flows and
pressures with low loss of efficiency.

Bxercise Vill. Ha/ignTe B TEKCTEe 3KBVBA/IEHTHl Clieaylwnx C/ioB

N BbIPaXKEHWIA:
MOryT ObiTb AobGaBfieHbl; BTArMBAeTCHA B OTBEpCTVE; 3acTaB/sgeT ero
OBNraTbCs; OCb BpaleHusl; BbibpachiBaeTCsl C BbICOKOW CKOPOCTLIO;
YaCTUYHO; pa3HoOOpasve KOHCTPYKUWA; psAafd YepT; HWU3Kas CTOMMOCTb;
Ha CTyneHb; KOrfja OH MPOXOAUT; YaCTUYHO KOMMEHCUMPYETCA? OCHOB-
Hble TpeboBaHWsA; CMOCOBGHOCTbL 06pabaThiBaThb.-

Bxercise IX. MepeBeauTe NPeLIOXeHUs, BbiOpaB NpaBW/IbHOE 3Ha-
yeHne BbideNIeHHbIX CroB.

Above this ratio, efficiency drops off at a rapid rate because
of excessively high impeller tip speeds and attending shock-
wave Tormation.
to drop off - 1) BbIXOAUTb, PACXOANTbLCA

2) BbIXOAUTL (U3 MaWMHbI)

3) yMmeHbliaTbCA

to attend - 1) nMpucyTcTBOBaTb
2) YAensTb 3H"B aHve
3) cneautb(3a uem-/imbo)
4) COMnpoBOXAaTb

Haligute B | ab3aue TekCTa NPEA/IOXEHUS] C WHYLILI-
TNBOM B MyKXUW 06CTOATEeNbCTBA Lenn. lepeBeauTe ero.
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Exercise xi. HaﬁAMTe B TEKCTE MNpeasioxeHnda e covyeTaHnem

because of U MpaBWILHO WX nepeBeauTe: because of -
n3-3a, BCneacTene.

Kxercise xu. Haiigute 3 TekcTe crioBa, onpeaensiume XapakTepuc-

TUKN LEHTPOBEXHOIO KOMMpeccopa.

JJIxercise XIII. HaﬁAMTe B TEKCTe npuiararesibHole B CpPaBHUTEJIBHO: -

cTenedHn umn AaﬁTe X HegocTawlne KOpMbl.

Pxercise XIV. HaﬁAMTe 3 TEeKCTe MNpeaioxeHna, dABndwnumeca OTBETOM

Ha MNoCTaB/IEHHbIE BOIMPOCHI.

Kak gocTuraeTcs noBblleHVWe AaBfeHus B LEHTPOBEXHOM Komnpeccope?
Kakve pasHOBUAHOCTUN LEHTPOGEXHLIX KOMMPECCOPOB MOrYT ObiTb
N3roTOB/IEHbI ?

Kakvie cBolicTBa AenanT LEHTPOOEXHbI KOMMNPECCOpP MPUIrOAHbIM K -
NMPUMEHEHMI0 B HEKOTOPbIX Ma30TYpPOUHHLIX ABUraTensax ?

Moyemy UEHTPOGEXHLIE KOMNPECCOP MEHee MOABEPXEH .NOBPEXAEH:®
WHOPOAHLIMK Tenawmn ?

UTOo WCKYaeT MpuMeHeHre LeHTPoGexHOro Komnpeccopa 3 60/bWnX
apurarensax ?

Uem OOCTUraTCsi GOMEE BbICOKME CTEMeHW cxaTust ?
e HaxoguT MpYMEHEHVE LEHTPOGEXHbIA KOMNPeccop W movemy ?

Hxercise xv. [lepeBeauTe MUCbMEHHO MEpPBLIM ab3al, TekcTa.

Ypok 3.

Xxercise |I.

1. assembly n - y3en, arperar, (87)[0] ¢

2. bearing n - NOAWWNMHNK

3. casing n - KOpNyc, KOXyX, 060n0o4ka
4. row N - pag

5. guide vane n - Hanpas/swWasa fonaTka
b. setting N - YCTaHOBKa, perynMpoBka
7. angular adj - Yr/0BOW
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8. annulus N -KoOsABOO, OTBEPCTUE

9. annular adj - KONbLEBOI, KO/MbLEOOPA3HbINA

10. convergence n - CXOAWMOCTb

11. tapering n ~ CyxeHve

12. by-pass adj - IByXKOHTypHbIE

13. to bypass v - 06X0OAUTb

14. percentage N - YaCTb, [0NA

15. propelling nozzle n - pPeaKTUBHOE COM/O

lo. intermediate adj - MPOMEXYTOYHbINA

17 . inlet (intake) N - BX04, BXOAHOe OTBepcTUE

18. inlet (intake) guide vane n - fionNaTka BXOAHOrO Hanpas/isi-
Wero ycTpoicTea

dxercise Il. Hailigute cnoBa C OAMHAKOBLIMM 3HAYEHWSIMM:
a) inlet, flow, blade, guide, annular, maintain, manufacture,
reach

b) lead, produce, round, intake, stream, keep, vane, achieve

HaiigTe cnoBa C NpPOTUBOMOOXHBEIMA 3HAYEHVSMA
a) single, front, increase, inlet, inner, outward

0) rear, outlet, outer, multiple, reduction, inward

dxercise ill. [aiiTe pycckne 3KBMBa/IEHTH CreaylwmX CroB:
gradual, maintain, influence, achieve, desired, through, although,
suitable

MPUIroAHbIA, 4Yepe3, MOCTEMEHHbI, XOTSA, BUATb, Xenaewmbid, AocTuraTb,
nogaepxmBaTb

Kxercise IV. llepeBegute criefywlye CnoBOCOYETaHNA:

multi-stage unit, angular setting of the vanes, throughout:the
length, as many stages as necessary, by-pass flow, large rotor
fan blades, i.e., a percentage of the air, airfoil section.

dxercise V. ﬂpOHMTaVITe n nepesegmte WHTEPHaUWOHa/IbHbIE C/10Ba:
section, location, rotor, stator, guide, automatically, control,
mechanical, factor, optimum, front.



iixercise Vi. [aiiTe rpavmmaTuyeckuii aHam3 4-ro ab3aua.

iixercise VII. [IpoyTuUTE TEKCT.
Construction and. Operation
of the Axial-Blow Compressor.

An axial-flow compressor consists of one or more rotor
assemblies that carry blades of airfoil section and are mounted
between bearings in the casings in which are located the sta-
tor blades. The compressor is a multi-stage unit as the amount
of work done (pressure increase) by each stage is small; a stage
consists of a row of rotating blades followed by a row of sta-
tor blades, known as intake or inlet guide vanes, to guide the
air on the first row of rotor blades. The angular setting of
the vanes can be automatically controlled to suit the airflow
requirements at various operating conditions.

Prom the front to the rear of the compressor i.e. from the
low to the high pressure end, there is a gradual reduction of
the air annular area between the rotor shaft and the stator ca-
sing. This is necessary to maintain the axial velocity of the
air constant as the density increases throughout the length of
the compressor. The convergence of the air annulus is achieved
by the tapering of the casing or rotor. A combination of both
is also possible with the arrangement being influenced by manu-
facturing problems and other mechanical design factors.

A single-spool compressor consists of one rotor assembly
and stators with as many stages as necessary to achieve the
desired pressure ratio and all the airflow from the intake pas-
ses through the compressor.

The multi-spool compressor consists of two or more rotor
assemblies, each driven by their own turbine at an optimum speed
to achieve higher pressure ratios and to give greater operating
flexibility.

Although a twin-spool compressor can be used for a pure jet
engine, it is most suitable for the by-pass type of engines where
the front or low pressure compressor is designed to handle a
larger mass airflow than the high pressure compressor. Only a
percentage of the air from the low pressure compressor passes
into the high pressure compressor. Both flows mix in the exhaust
system before passing to the propelling nozzle.

12



A Xan may be fitted to the front of.a single or tv/in-spool
compressor and, Oll these types of engines, the fan is driven at
the sane speed as the compressor to which it is fitted. On engines
of the triple-spool type, the fan is, in fact, the low pressure
compressor and is driven by its own turbine separately from the
intermediate pressure compressor and the high pressure compres-
sor. The low pressure compressor has large rotor fan blades and
stator blades and is designed to handle a far larger mass air-
flow than the other two compressors,each of which has several
stages of rotor blades. A large proportion of air from the outer
part of the fan and known as the "cold" stream, by-passes the
other two compressors and is ducted to atmosphere through the
cold stream nozzle. The smaller air flow from the inner part of
the fan and known as the "hot" stream passes through the inter-
mediate and high pressure compressors where it is further com-
pressed before passing into the combustion system.

Sxercise vili. Haiigute B TeKCTe aHr/MiiCKMe SKBUBAEHTH CefyWnx
C/IOB 1 BbIP@XEHWIA:

3BecTHbIn Kak, OTBeYaTb TpeboBaHWsAM, MO BCeli A/MHE, NOoCTeneHHoe

yMeHblleHve,, Hambonee npPUrogeH, nofaeTcs B aTmocdepy, ropasgo

60MbIX7 .

Exercise IX. TlpounTaiite ab63ay i1 |. O3arnasbTe ero. OTBETbTE
Ha BOMPOCHI.

1. what are the main parts of an axial-flow compressor ?

2. (That is a stage in an axial-flow compressor ?

3. What are the inlet or intake guide vanes ?

kxercise X. BoloenuTe TepMMHbl, CBSI3aHHbIe C OMMCaHWEM KoMMnpeccopa.

Axercise Xi. Halignte B TeKCTe oOnucaHue:

a) ofHoKackagHOro xoupeccopa ;

B) MHOrOKacKafHOro KOMMpeccopa;

C) PpOnM BEHTU/IATOpPA B OAHOKACKaJHOM 51 ABYXKACKa[HOM KOMMpeccopax .

fxercise XIl1. [pounTaiiTte ab3ay i 2. O3arnaebTe ero. MepepgaliTe
€ero cofepxaHve na pPyCCKOI A3blKe.

13



Exercise XI1l. MMpounTaiiTe ab63ay /i 3. OTBETbLTE Ha BOMPOC:

[na Kakux TUMOB ABUraTesieil NpYMEHeHNe ABYXKACKaAHOrO KOMMpec-
copa Gonee appeKTUBHO, noyemy ?

Exercise XIV. [laiiTe nucbMeHHbIi NepeBof MocnefHero absaua.
YpoK 4 .

Exercise l|. 3anomHuTe crnegywupe crosa:
burner n = combustion chamber

atomize V - pacmbinaTb

spray n - CTpyA

vaporize v - UCNapsTb

liner n - KapoBas Tpyb6a (Kameps CropaHus)

recirculate V - pPeUMPKY/MPoOBaTb

blowout N - CpbiB M/1aMeEHN

pilot n - perynartop

turbulence n - TypOYNeHTHOCTb

ignitor plug n - CBe4ya 3axuraHusa

cross-ignition tube N - TPyBOMNPOBOL MEPEKPECTHOr0 3aXUraHus
can n - OTAe/bHas Kavmepa CropaHus

can-annular burner n - TpPyb4yaTO-KO/bLIEBas Kamepa CropaHvs

©O~NoO DN PR
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14. reverse adj - 06paTHbI
15. combustible adj - ropounii
16. dilution n - pa3xukeHue
17. blanket n - CNOW

Exercise Il. Haigute cnoBa C 0gVHAKOBbLIMM 3HAYEHUSIMU:
rapidly, velocity, purpose, transfer,locate, initiate, completely

situate, speed, fully, aim, transmit, begin, quickly.

Exercise Il11. Haingute c/noBa O MPOTUBOMOIOXHLIMA 3HAYEHUAMM Z
front, forward, upstream, unbumed, inner, outside, before,
secondary, result from

downstream, after, rear, result in, backward, burned, primary,

inside, outer.
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Exercise IV. [og6epute pycckue 3KBUBaSIEHTI:

to introduce, specially, through, remaining, to tend, to pre-
vent, to act, to spread, approximately, therefore, to accomplish,
thereby, actually

MoaToMy, OCTaBUMICS, NpefoTBpalaTh, AelicTBOBaTb, pacrnpocTpa-
HATbCS, BBOOUTb, TaKMM 06pa3oM, CreuuasibHo, CTPEMUTLCS, NpubIv-
3UTENbHO, BLIMOMHATL, (AKTUYECKU, Yepes

Exercise V. [lepeBeguTe cnefywupe CnoBOCOYETaHWSA:

highly atomized spray, specially designed nozzle, combustion

air holes, opposing liner holes, low-velocity stabilization zone,
upstx-eam, reverse-flow region, relatively large holes.

Exercise VI.[pountaiiTe n nepeBeauTe WHTEPHAUMOHa/IbHbIE CriOBa:
front, specially, geometry, section, action, stabilization, zone,
energy, approximately, proportion, normally, protection, process.

Exercise VII1.MlpoyTuTe TEKCT.
Operation of the Combustion Chamber.

Fuel is introduced at the front end of the burner in either a
highly atomized spray from specially designed nozzles, ox in a
prevaporized form from devices called vaporizing tubes. Air flows
in around the fuel nozzle and through the first row of combus-
tion air holes in the liner. The burner geometry is such that the
air near the nozzle stays close to the front wall of the liner
for cooling and cleaning purposes, while the air entering through
opposing liner holes mixes rapidly with the fuel to form a com-
bustible mixture. Additional air is introduced through the re-
maining air holes in the liner. The air entering the forward sec-
tion of the liner tends to recirculate and move upsti’eam against
the fuel spray. During combustion this action permits rapid mi-
xing and prevents flame blowout by forming a low-velocity stabi-
lization zone which acts as a continuous pilot for the rest of the
burner. The air entering the downstream part of the liner provi-
des the correct mixture for combustion, and it creates the intense
turbulence that is necessary for mixing the fuel and air and for
transferring energy from the burned to the unburned gases.
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Since there are usually only two ignitor plugs in an en-
gine , cross ignition tubes are necessary in the can and can-an-
nular types of burners in order that burning may be initiated in
the other cans or inner liners. The ignitor plug is usually loca-y
ted in the upstream reverse-flow region of the burner.After
ignition, the flame quickly spreads to the primary or combus-
tion zone where there is approximately the correct proportion
of air to completely burn the fuel. If all the air flowing
through the engine were mixed with the fuel at this point, the
mixture would be outside the combustible limits for the fuels
normally used. Therefore only about one-third to one-half is
allowed to enter the combustion zone of the burner. About 25
percent of the air actually takes place in the combustion pro-
cess. The gases that result from combustion have temperatures
of 3560°P (1900°C). Before entering the turbine the gases must
be cooled to approximately half this value, which is determined
by the design of the turbine and the materials invelved. Cooling
is done by diluting the hot gases with secondary air that en-
ters through a set of relatively large holes located toward the
rear of the liner. The liner walls must also be protected from
the high temperatures of combustion. This is usually accompli-
shed by introducing air at several stations along the liner,
thereby forming an insulated blanket between the hot gases and
the metal walls.

Sxercise vill. Halignte B TeKCTe 3KBMBaVIEHTH CefylwWyX C/OB U
BbIPaXEHWIA:

3 Lenax oxNax4eHWst A OYACTKWA, OTBEpPCTUS [/ OCTaBWLErocs BO34yxa,

[ABUraTbCcsl BBEpPX MO MOTOKY, NpPefoTBpalaeT CphiB MiameHn, Co34aeT

WHTEHCUBHYK TYpPOYNEeHTHOCTb, ANS nepejayn SHeprum, [oKeT Obmb

HauyaTo, B 9TOM TreeTe, 3a npenenal.®, onpenensieTcs KOHCTPYKUVWeN,

yyacTByKlMe MaTepuasbl, OObMHO BbINO/HSAETCS .

kxercise IX. HailiguTe B nocnegHem abs3aue TekcTa:

a) JKBMBAIEHT MOAA/ILHOIO rfarofa may W MepeBeguTe MpeL/oXeHve
C 3TUM 3SKBVBA/IEHTOM;

B) npeg/ioxeHne C result in S nepeBeguTe €ro.
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Exercise X. ﬂepeBeAMTe npeanoxeHna n3 TekCta,, 06pamaﬂ BH/MaHWe
Ha cocnaratesfibHoe HaK/IoOHeHWe.

If all the air blowing through the engine were ZAiixed with the

fuel at this point, the mixture would be outside the combus-

tible limits for the fuels normally used.

Exercise Xl.Hangute B TeKCTe NpenjiokeHWsi, B KOTOPbIX FOBOPUTCSA
0 TOM:

1) kak TOM/MBO MOAAETCs B Kamepy CropaHus ;

2) Kakue (yHKUMSI BbINOMHSKT MOTOKM BO3AyXa 3 Kamepe CropaHusi ;

3) Kak pacrpocTpaHsieTcsl nfams Mocfie 3aXuraHusi ;

4) KakvM 06pa30M MPOVCXOAUT OX/TaXAEHNE ra30B MOC/e FOpPeHNs.

Exercise xii. Ha3guTé B TekcTe cnosa, onpefensiolue XapakTepucTUKM
e JLIeHTPOGEeXHOro Kommnpeccopa.

Exercise XIll. TepeBeanTe MMCbMEHHO MepBbil ab3al, TekcTa.

Exercise XIV. HaﬁAMTe cnosa C OAVMHAKOBbLIM 3Ha4YeHWEM,
occur, convert,duct, attitude, amount»shape, extent,
location, determine, correct

right, define, take place, transform, nozzle, placement, degree,
position, form, value

Exercise Xxv. Hallgute cnoBa C NpPOTUBOMO/IOXKHLIMA 3HaYeHUA:®!,
supersonic, increase, inlet, primary, inside, with, result in

outlet, secondary, outside, without, decrease, subsonic, result
from

Exercise Xvi. llepeBeauTe crefywuye CnoBOCOYETaHUA:

aircraft manufacturer, overall jet engine performance, jet engine
thrust output, boundary layer air, duct pressure efficiency ra-
tio, ram recovery point, compressor inlet total presure, outside
ambient air pressure



Sxercise XVII. [logbepuTe pyCcCKUE 3KBUBAIEHTLI.

approximately, comparable size, in such a way, result in, high
value, be equal to, offer resistance, without any correction,
cause, 1in order to, within limits

AN TOro, u4TO6bl; MPUBAM3UTENILHO; COM3MEPUMLIA pa3Mep; BbiICOKOe
3HaueHve; Bbi3blBaTb; Takum 00pa3oM; B OMNpPefesiEHHbIX Mpeaenax;
NpUBOAUTL K; OKa3blBaTb COMPOTUB/IEHME; ObiTb pPaBHLIM YeMy-nnéo;
6e3 Kakux-1mbo nonpasoK.

Exercise XVIII_pouTuTe ¥ nepeseauTe crepywline crosa:

operation, static, front, compressor, convert, efficiency, Ki-
netic, dynamic, total, percent, correction, normal, limit, tur-
bine.

Bxercise Xix. [pouTnTe TeKcT.
Inlet Ducts

Although the inlet duct is made by the aircraft manufae-
turer during flight operations, it becomes very important to
the overall jet engine performance, and will greatly influence
jet engine thrust output. The faster the airplane goes, the more
critical the duct design becomes, iingine thrust can be high
only if the inlet duct supplies the engine with the required
airflow at the highest possible pressure.

The inlet duct must operate from static ground run up to
high aircraft Mach numbers with a high duct efficiency at all
altitudes, attitudes, and flight speeds. To compound the prob-
lem, the amount of air required by a turbojet engine is approxi-
mately 10 times or more than that of a piston engine of compa-
rable size.

Inlet ducts should be as straight and smooth as possible,
and should be designed in such a way that the boundary layer
air (a layer of still, dead air.lying next to the surface) be
held to a minimum. The length, shape and placement ox the duct
is determined to a great extent by the location of the engine
in the aircraft.

Hot only must the duct be large enough to supply the pro-
per airflow, but it must be shaped correctly to deliver the air
to the front of the compressor with an even pressure distribution.
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Poor air pressure and velocity distribution at the front of the
compressor may result in compressor stall.

Another primary task a duct must do during flight opera-
tion is to convert the kinetic energy of the rapidly moving
inlet stream into a ram pressure rise inside the duct. To do
this it must be shaped so that the ram velocity is slowly and
smoothly decreasing.while the ram pressure is slowly and smooth-
ly rising.

Inlet duct are rated in two ways: the duct pressure effici-
ency ratio and the ram recovery point. The duct pressure effici-
ency ratio is defined as the ability of the duct to convert the
kinetic or dynamic pressure energy at the inlet of the duct
into static pressure energy at the inlet of the compressor
without a loss in total pressure. It will have a high value of
98 percent if the friction loss is low and if the pressure rise
is accomplished with small losses. The ram recovery point is
that aircraft speed at which the ram pressure rise is equal to
the friction pressure losses, or that airspeed at which the
compressor inlet total pressure is equal to the outside ambient
air pressure. A good subsonic duct will have a low ram reco-
very point (about 160 mph (28 km/h).

Inlet ducts may be divided into two broad categories:

1. Subsonic ducts
2. Supersonic ducts

It is interesting to note that the engine manufacturers
rate their engines using a bellmouth inlet. This type of inlet
is essentially a bell-shaped funnel having carefully rounded
shoulders, which offer practically no air resistance. The duct
loss is so small that it is considered zero» and all engine
performance data can be gathered without any correction for in-
let duct loss being necessary. Normal duct inefficiencies may
cause thrust losses of 5 percent or more because a decrease in
duct efficiency of 1 percent will decrease airflow 1 percent,
decrease- jet velocity 1/2 percent, and result in 1 1/2 percent
thrust loss. The decrease in jet velocity occurs because it is
necessary to increase the area of the jet nozzle in order to
keep the turbine temperature within [limits when duct losses



Exercise XX. HaiiguTe B TeKCTe W nepeBeauTe crefynuue npensioXeHns .
1. Hot only must the duct be large enough, to supply the proper
airflow but it must be shaped correctly to deliver the air to
the front of the compressor with an even pressure distribution.
2. This type of inlet is essentially a bell-shaped funnel ha-
ving carefully rounded shoulders, which offer practically no

air resistance.

Exercise xxi.Ha|7|,q|/|Te B TEKCTE 3KBUBa/IEHTHlI Crieayunx pPyCCKNX
ApennosieHn3:

1. KonmuyecTBO BO3ayxa, MNOTPEGISEMOro TypbopeaKTMBHbIM ABUraTe-
nem, NpnénmanTensHo B 10 wan 6onee pas 6onble, 4Yem noTpebns-
0T NopWHEBLIE ABMraTeNM NOA06GHLIX pPa3MepoB.

2. Yem ObicTpee aBuraeTcs camoneT, Tem 6ofbliee 3HaueHve npuob-
peTaeT KOHCTPYKUMSI cora.

3. BxopgHble KaHasbl fonaw 6biTb Kak MOAHO 6Goniee MPSIMbIMA U POBHBIMA .

ExercisaX X H. Haiigute Bo 1l n Y ab3auax TekcTta WHOMHUTUB B (yH-
KUMM 0BCTOATENbCTBA, MEpPeBefuTe 3TU NPEL/IOKEHVS.

Exercise Tun. Haiigute a63ay 1 npeasiokeHve, rae roBoputcs O ToM,
a) KaKMM [O/TKEH OblTb BXOAHON KaHas;

B) [/19 Yero CAyXWT BXOJHON KaHas;

C) KakK 00OBbACHAETCH MOHATUE '‘TOUKa BOCCTAHOB/IEHUS AaBfeHus"™ .

Exercise Xx1Y.0TBeTbTe Ha BOMPOChHI:

1. What is the significance of the inlet duct?

2. In whatconditions must the inlet duct operate?

3. How is the inlet duct to be designed?

4. “Where does the inlet duct deliver the air?

5. Vhat isone of the primary tasks of the inlet duct?
6. How areinlet ducts rated?

7. Into what categories may inlet ducts be divided?

Exercise XKY.[epeBeauTe nucbMeHHO 611 ab3al, TekcTa.
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Ypok 5.

Exercise 1. 3anomMHWTe crepgywuve crosa:

1. accessories n - BCMNoMoraTte/ibHble arperatbl

2. extract Vv - UM3B/IEKATb

3. furnish v 4 JOCTaBNATb

4* bucket = blade = vane n

5. radial inflow turbine n - LEHTpPOCTpeMuTe/NlbHasA TypouHa
6. stationary adj - CTaUWOHapHbIA, HENOABWXHbIA

7. impulse blade n - aKTUBHas sionarka

8. reaction blade n — flonaTka 06paTHOro AENCTBUS

9. contoured adj - MPOPUIbHbIA

Exercise Il. [laiiTe nepeBog crnefywwmx CnoB, 3HAKOMbIX M3 Npegl-

AyWnX YPOKOB:
to drive, turboprop, propeller, combustion, percent, thrust,

to compress, blade, zone, average, advantage, manufacture, rug-
gedness, nozzle, to exhaust, efficiency.

Exercise in. loabepuTe PyCCKWE 3SKBVBASIEHTHI:

exception, although, relatively, through, average, considerable,
a few, advantage, inward

CpaBHUTENIbHO, 4epes, CpQQHMﬁ, 3HAUMTENbHBIA, npenmvyuiecTso,
NCKMK4eHne, BHYTPb, XOTA, HECKOJ/IbKO

Exercise 1¥. ﬂon6epMTe cnosa C OAVMHaKOBbLIMA 3HAYEHUAMAZ
portion, nearly, utilize, inlet, combustion, exhaust, manufac-
ture , furnish

about, use, part, burning, produce, supply, input, discharge

Exercise V. HOA6epMTe CfioBa C NpPOTUBOMNOJIOXHbLIMA 3HaYeHna1®:
easy, inlet, extract, drive, expensive, leave,advantage, peri-
pheral

stop, enter, outlet, inexpensive,disadvantage, add, central,
difficult.
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exercise Vl. [lepeBeanTte criefywlye CroBOCOYETaHUA:
high-temperature combustion gase3, moving gas stream, typical
eight-cyiinder automobile engine, gas turbine manufactures, in-
ward radial direction, modern aircraft gas turbine engine, sta-
tionary vane assembly, nozzle guide vane

gxercise vil. ﬂpO‘-IVITaVITe n nepeseanTte MHTEpPHaUMOHa/lbHbIE CJioBa:

turbine, propeller, kinetic energy, equivalent, automobile, ty-

pical, concentrate, peripheral, contour, section, atmosphere,

series
gxercise viil. MpounTaliTe TekcT.

The function of the turbine is to drive the compressor and

accessories, and, in the case of the turboprop, the propeller,
by extracting a portion of the pressure and kinetic energy from
the high-temperature combustion gases. In a typical jet engine
about 75 percent of the power produced internally is used to.
provide the compressor. What is left is used to produce the ne-
cessary thrust. In order to furnish the drive power to compress
the air, the turbine must develop as much as 100,000 hp (74>570kw)
or more for the large jet engines. One blade or bucket of a
turbine can extract about 250 hp (185 lew) from the moving gas
stream. This is equivalent to the power produced by a typical
eight-cylinder automobile engine. It does all of this in a space
smaller than the average automobile engine, and with a conside-
rable advantage in weight.

Types of Turbines

With a few exceptions, gas turbine manufacturers have con-
centrated on the axial-flow turbine although some manufacturers
are building engines with a radial inflow turbine. The radial
inflow turbine has the advantage of ruggedness and simplicity,
and is relatively inexpensive and easy to manufacture when com-
pared with the axial-flow type. On this type of turbine, inlet
gas flows through peripheral nozzles to enter the wheel passages
in an inward radial direction. The speeding gas exerts a force
on the wheel blades and then exhausts the air in an axial direc-
tion to the atmosphere. These turbine wheels used for small en-
gines are vrell suited for a lower range of specific speeds and

work at relatively high efficiency.
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The axial-fiow turbine is comprised of two main elements
consisting of a set of stationary vanes and one or more turbine
rotors. The turbine blades themselves are of two basic types,
the impulse and the reaction. The modern aircraft gas turbine
engine utilizes blades which have both impulse and reaction
sections.

The stationary part of the turbine assembly consists of a
row of contoured vanes set at an angle to form a series of small
nozzles which discharge gases into the blade of the turbine
wheel. Por this reason, the stationary vane assembly is usually
referred to as the turbine nozzle, and the vanes themselves are
called nozzle guide vanes.

Exercise IX. Haligute 6 TekcTe OTBETH Ha Creayllme BOMPOCh:

T. B uem 3aKmoyaeTca (QYyHKUUA TypOuHbI ?

2. Kak paboTaeT TypouHa. ?

3. Kakve Tuw TypbuH MCNONb3YWTCA B ra3oTypOuHHLIX ABUraTensx ?
HazoBuTe ux pasnmuus.

4. KakoBbl TEXHWYECKME XapaKTepPUCTUKN OCEeBbIX TYpPOWUH ?

Exercise X. HaliguTte B TeKcTe croBa, ONpefensiime KavecTBeHHbE
XapaKTEePUCTUKN TypPOUH.

Exercise Xl. Haligute:
I. B nepsom a63aue TekcTa:

a) Npen/ioKeHVs C HenpaBwWibHLIM rnarosioM B 3 gopve.” HazoBuTe
€ro OCHOBHyW yopmy. [lepeBeguTe Npen/ioXeHus ;

B) NPEeL/IOXEHNS C MpuyYacTMeM B (BYHKUUM MPaBOro OnpeaeneHvs.
[laite nx nepesog;

C) npefjioxeHne c cow3oMm in order to U MPaBWILHO ero nepe-
BeguTe. 06paTWTe BHUMaHWE Ha TO, YTO BbIpaXEHWE as much as +
KO/IMYECTBO MEPEBOAUTCA KaK - [0, He MeHee;

d) nepeseguTe MnocnefHee npef/ioxeHne TekcTa, obpawas BHUMaHve
Ha TO, 4TO BbipaxeHue to refer to as nepeBoAMTCA Kak -
Ha3biBaTb, WMEHOBaTb, 0O0O3HAYaTh.

Exercise XIl. MNepeBegnTe NMCbMEHHO MepBbii ab3ay, TekcTa.
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Ypok 6.

Exercise l|. 3anovmHuTe cnosa:

1. degree n - cTeneHb

2. strike v (struck, struck) - yaapATbCcs)

3. impinge v - ygapAtb(cA)

4. impact Vv - ygapatb(cs)

5. restrict v - OorpaHuumBaTb

6. relate v - MMETb OTHOWEHWE, OTHOCUTLCH

7. relationship n - OTHOWEHVE

8. occurv -nMpovCXoauTb, WMETb MECTO

9. dischargepressure n - [aB/fleHWe Ha BbIXo4e

10. back pressure n - MPOTVBOAAB/IEHNE
11. area n - nnowagp

12. stalln -cpboB

13. choke n -ppoccernb, ApOCCENMPoBaTb
14. result in v - NpuBOAUTL K

15. adjust v - perynuposatb, HalaxuBaTb
16. overhaul n - KanMUTa/bHbIi PEMOHT

17. angle n -yron

18. accomplish v - MpPou3BOAUTL, OCYWECTBATL
19. setting n - yCTaHOBKa, perynvpoBka
20. variable adj - W3MBHYWBLI/A

21. auxilliary adj - BCromoraTesbHbili

Exercise Il. Haiigute CWMHOHWMbI:

a) convert, vane, impringe, occur, critical, discharge, fast,
velocity, setting

b) quick, adjustment, take place, transform, impact, bucket,
decisive, exhaust, speed

Exercise ill. Haligute aHTOHWMbI:
kinetic, restrict, accelerate, inlet, closely, increase,
variable, auxiliary

fixed, decelerate, far, decrease, static, exit, expand, main
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Exercise IV. paliTe pycckue 3KBUBAIEHTHl CAEAYWWWX C/OB W BbIPaXKEHWIA:
choke, choked conditions, result in, occur, proper direction,
closely related, specific fuel consumption, in turn.

npvBOAUTb HyAHOe HanpasfieHue, [pOoCCenMpoBaHue, MPOUCXOAUTL,
VOB "D pacxol TormeBa, TECHO CBA3aHHLIX, YCMOBUA ApPOCCEeNMpoBaHuA,
B CBOA O4epenb-

Exercise V. HGDEBEAMTB cnegywume CsioBoCcoHETaHUA:

Nozzle guide vanes, nozzle guide vane inlet (exit), area,

turbine nozzle area, auxiliary power- unit, turbine-powered gro-
und vehicles, variable angle nozzle vanes, to bring the compres-
sor closer to stall.

Exercise vi. PacuundpyiiTe n nepeseauTe crefywolme COKpaLeHWs:
rpm; apu; i.e.

Exercise Vil. ﬂpOHTMTe n nepesegnuTe MHTEPHaAUMOHa/IbHbIE CJ/l0Ba:
diaphragm, energy, dynamic, Kkinetic, turbine, component, gas,
theorem, accelerate, portion, critical, tendency, result.

Exercise vili. Halignte: B |- m a63aue Bce croBa CO 3HAYEHMEM
"nonatka', ''yaapAartbcsa',
BO 2- M ab3aue: a) ckalyembe B CTpaja-
TenbHOM 3asnore;
B) npocnegute ynoTpebneHue rnarona to
have, nepeBeauTe HalfEeHHbe NPELSIOKEHNS .

Exercise IX. MpouTnTE TEKCT.
Function of the Nozzle Guide Vanes.
The nozzle guide vanes (diaphragm) have two principal func-

tions. First, they must convert part of the gas heat and pres-
sure energy into dynamic and kinetic energy, so that the gas
will strike the turbine blades with some degree of force. Second,
the nozzle vanes must turn this gas flow so that it will impinge
upon the turbine buckets in the proper direction; that is, the
gases must impact on the turbine blade in a direction that will
have a large component force in the plane of the rotor. The nozzle
does its first job by utilizing the Bernoulli theorem. As through
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any nozzle, when the flow area is restricted, the gas will
accelerate and a large portion of the static pressure in the gas
is turned into dynamic pressure. The degree to which this effect,
will occur depends upon the relationship between the nozzle
guide vane inlet and exit areas, which, in turn is closely re-
lated to the type of turbine blade used.

The turbine nozzle area is a critical part of engine design.
Making the nozzle area too small will restrict the airflow
through the engine, raise compressor discharge pressure, and
bring the compressor closer to stall. This is especially cri-
tical during acceleration when the nozzle will have a tendency
to choke (gas flowing at the speed of sound). Many engines are
designed to have the nozzle operating in this choked conditions.
Small exit areas also cause slower accelerations because the com-
pressor will have to work against the increased back pressure.
Increasing the nozzle diaphragm area will result in faster en-
gine acceleration, less tendency to stall but higher specific
fuel consumption. The area of the nozzle is adjusted at factory
or during overhaul so that the gas velocity at this point will
be at or near the speed of sound.

The second function, that of turning the gases so that they
strike the turbine blades at the correct angle, is accomplished
by setting the blades at a specific angle to the axis of the en-
gine. ldeally, this angle should be variable as a function of
engine rpm and gas flow velocity, but in practice the vanes are
fixed in one position. It should be noted that the auxiliary
power unit (APU) for several turbine-powered ground vehicles is
equipped with variable angle nozzle vanes.

Exercise X. HaliguTe B TEKCTe 3SKBVBA/IEHTH CMEAYWLMX COB U
BbIPaXXEHWIA

Upe3mepHoe yMeHblieHWe comia; Tak, 4YTo6bl ra3 yjapsancs o fonaTku

TypOuHbl; YCNOBMS APOCCENMPOBaHNS; YCTaHOBKA /I0MATOK MOA, HYXHbIM

YrfiomM; NonaTku conna C MepemMeHHbIM YIr/ioM; perynvpyeTcs Ha 3asofe.

Exercise XI. Bolgenure TEPMUHLI, CBA3aHHbIE C OnncaHnem HanpabBiAaA-
OWMX sionaTtoK COorn/1oBoro annapara.
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Exercise xii. MNpocmoTpute I- i ab3al TekcTa, OTBETbTE Ha
cnefywipe BOMPOChI:

1. V/hatdoes this article deal with ?

2. /hatare the functions of thenozzle guide vanes ?

3. V/hatis the first function ?

4. i/hat job is done by utilizing the Bernoulli theorem ?
5. What is the result of the gas acceleration ?

Exercise xiii . [lpocMoTpuTe 2- i a63ay TekcTa. O3arnaBbTe ero.

HaliguTe npensioxeHve, ONUCHBAaWEE pe3ynbTaT yBe-
NMYEHNST ayadparmsl cornsa.

Exercise XIV. [lMcbMeHHO nepeBeguTe 3- i ab3aly.

Ypok 7 .

Exercise 1. 3anomMHuTe crosa:

1. supersonic - CBEpPX3BYKOBO

transonic - OKO/I03BYKOBO

3. subsonic - [O3BYKOBOW

4. overhaul - nepebopka, PemMOHT, pa3bopka
5. performance -XapaKTepUCTUKU

6. shock wave -YygapHas BO/Ha
7
8
9

»

buzz - 3ygaunin 3ByK
accomplish - BbiMONMHATb
. spike - amopTu3upylwasa urna
10. establish -yCTaHaBABaTb
11. oblique - HaK/IOHHbIA, HEMPSIMON
12. angle -yron
13. occur - UMETH MECTO, MPOUCXOOUTL
14. airflow - BO34ywHblii MOTOK
15. develop -pa3BumBaTb
16. keep -XpaHUTb
17. waste - TpaTuUTb BMYCTY0
18. swallow -3arnartbiBaTb

27



Exercise W. [lpounTaiiTe n nepeBeanTe creaywume Crioea:

Zone, modification, problem, control, vibrating, shock, insta-
bility, alternately, section, process, combination, minimize,
energy, temperature,-locating, front, produce.

Exercise ll_HalignTe CUHOHUMbI:

reduction corner
inlet as
occur decrease
accomplish airstream
angle fulfil®
airflow place
increase
locate collect
rise take place
gather increase
because entry

Exercise iv.Haligute aHTOHWMbI:
Supersonic, outside, behind, strong, stability, minimize, slow

in front of, accelerate, inside, subsonic, weale, maximize,
instability.

Exercise V. [lepeBegute cregylowme CMOBOCOYETaHNA:

A slightly different inlet duct design, high duct loss, the
least possible waste of energy, excessive air temperature rise,
supersonic velocities out of the inlet duct.

Exercise VI .HalignTe B TekcTe v nepeBeguTe creaywwune MpeasoxeHys,
06paw,aﬂ BH/MaHNEe Ha BblAENEHHbLIE Cri0Ba:
1. At these speeds sonic shock waves are developed which, if not
controlled, will give high duct loss in pressure and airflow.
2. Air which enters the compressor section of the engine must
usually be slowed to subsonic velocity and this process
should be accomplished with the least possible waste of energy.
3. The airflow is controlled so that the air velocity at the
duct inlet is exactly equal to the speed of sound.



Exercise vil. Haligute B TeKCTe SKBMBAIEHTH CAEAYWWNX BbIPAKEHNIA:
1) 6yayT BO3HUKaTbL (YCTaHaB/MBATLCA) BUOPALMOHHbLIE YC/OBYSA;

2) HeycCTOMuMBOCTb, Bbi3biBaemMas TeM, 4YTO yjapHasd BofHa OyaeT
MOMEPEMEHHO 3arnaThiBaTbCA WM BLITAIKMBATbLCA Ha BXOAE B KaHau;
3) BXOAHOW KaHa/l KOHCTpyVpyeTcs TakK, 4ToObl (CoxpaHsaTb) ygep-
XUBATb yAapHyl BOSHY BHE corvia.

Exercise Vili. [lpocMOoTpuTe TEKCT. BbliAennTe OCHOBHOE cofepxaHue
Kaxgoro a63aua. OsarnasbTe ab3aupl. CocTaBbTe
nnaH TekcTa.

SUPERSONIC DUCTS

The supersonic inlet duct must operate in three speed zones.
1. Subsonic
2. Transonic
3. Supersonic

Although each of these speed zones needs a slightly diffe-
rent inlet duct design, good overhaul performance can be achieved
by designing the supersonic shape with some modifications.

The supersonic duct problems start when the aircraft begins
to fly at or near the speed of sound. At these sonic speeds shock
waves are developed -which, if not controlled, will give high duct
loss in pressure and airflow, and will set up vibrating conditi-
ones in the inlet duct called inlet buzz. Buzz is an airflow
instability caused by the shock wave rapidly being alternately
swallowed and expelled at the inlet of the duct.

Air which enters the compressor section of the engine must
usually be slowed to subsonic velocity, and this process should
be accomplished with the least possible waste of energy. At su-
personic speeds the inlet duct does the job by slowing the air
with the weakest possible series or combination of shocks to
minimize energy loss and temperature rise.

At transonic speeds (near Mach 1), the inlet duct is usually
designed to keep the shook waves out of the duct. This is done
by locating the inlet duct behind a spike or probe so that at
airspeeds slightly above Mach 1.0 the spike will establish a
normal shock (bow wave) in front of the inlet duct. This normal
shock wave will produce a pressure rise and a velocity decrease
to subsonic velocities before the air strikes the actual inlet
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duct. The inlet will then he a subsonic design behind a normal
shock front. At low supersonic Macn numbers, the strength of
the normal shock wave is not too great, and this type of inlet
is quite practical. But at higher blach numbers the single nor-
mal shock wave is very strong and causes a great reduction in
the total pressure recovered by the duct and an excessive air
temperature rise inside the duct.

At slightly higher airspeeds the normal bow wave will
change into an oblique shock. Since the air velocity behind an
oblique shock is still supersonic, to keep the supersonic velo-
cities out of the inlet duct, the duct will need to set up a nor-
mal shock wave at the dgct inlet. The airflow is controlled so
that the air velocity at the duct inlet is exactly equal to the
speed of sound. At this time the duct pressure rise will be
due to

1. an oblique shock pressure rise,

2. a normal shock pressure rise,

3. a subsonic diverging section pressure rise.

As the airspeed is increased, the angle of the oblique
shock will be forced back by the higher air velocity until the
oblique shock contacts the outer lip of the duct. When this oc-
curs there will be a slight increase in thrust due to an increa-
se in engine inlet pressure and airflow, because the energy con-
tained in the shock front is now enclosed within the duct and
delivered to it with less pressure loss. This point is called
the duct recovery point.

At higher Mach numbers (about 1.4 and above) theinlet duct
must set up one or more oblique shocks anda normalshock. The
oblique shocks will slow the supersonic velocities, the normal
shock will drop the velocity to subsonic then the subsonic sec-
tion will further decrease the velocity before the air enters
the compressor. Each decrease in velocity will produce a pres-
sure rise.

Exercise iX. OTBeETbTE Ha BOMPOChIZ

1. In what zones must the supersonic inlet duct operate ?
2. When are shock waves developed ?

3. What effect is caused by shock wave appearance?

4. What is buzz ?
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5. When is the singlenormal shook wave verystrong
6. "What is the reasonof the duct pressurerise ?
7. What point is called the duct recovery point ?
Ypok 8.

Exercise l. 3anowmHuTe cnegywowupe crnosa:

1. stress - HanpsxeHue

2. alloyed steel - fernmpoBaHHasd CTa/lb

3. forging — KOBKa

4- to machine - MofgBepraTtb MeXaHU4eCKOih 06paboTke
5. integrity - LENOCTHOCTb

6. rivet - 3aknenka

7. locking tab - WMAOHKa

8. shrouded - GaHgaxvpoBaHHas (0 fonaTke)

9. low pitch - mamii war (BYHTR)
. tip - KOHel, KOHLeBas 4acCTb
11. knife edge - ocTpas Kpomka
12. seal - ynnoTHeHVe, repmeTU3auus

13. to recess - OTOABWUI3aTb
14. wear-in - npupaboTka

15. to certify - Mosy4yaTb pa3peleHne
16. to bleed - cnyckaTb (BO34yX)

17. creep - [Jedopmaums nonsy4ectu

?

Exercise ll. [pounTaliTe n nepeBeguTe Ccriegywuye crosa:
statically, dynamically, balance, chromium, nickel
inspection, method, structural, aerodynamic, labyrinth, effi-

ciency, manufacture, convection, diaphragm, extreme,

Exercise ill. Haiigute CUHOHWMbI:
severe, assure, blade, shroud, run, extra, retain,
consequently

bucket, casing, additional, to keep, place, strong,

quarantee, operate.

Exercise Iv. Hailgute aHTOHVMbI:
inlet, outer, low, thin, cool, reduce, preceding,

inner, thick, warm, increase, outlet, high, front,

, cobalt,

position,

rear

following

conditions.

as a result,
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Exercise v. ﬂepeBeAMTe cnegywupe cnoBocoveTaHUA:

turbine inlet temperature, blade-tip losses, high Mach number
flight, compressor inlet (outlet) temperature, single-stage
turbine, milti-stage turbine, multi-stage turbine engines,
engine operating limits.

Exercise VI. [IpOCMOTpUTE TEKCT.
TURBINE CONSTRUCTION

The turbine wheel is one of the most highly stressed parts
of the engine. Not only must it operate at temperatures of ap-
proximately 18000E (982°C), but it must do so under severe cen-
trifugal loads imposed by high rotational speeds of over 60,000
rpm for small engines to 8.000 rpm for the larger ones. Conse-
quently, the engine speed and turbine inlet temperature must be
accurately controlled to keep the turbine within safe operating
limits.

The turbine assembly is made of two main parts, the disk
and the blades. The disk orwheel is a statically and dynamically
balanced unit of specially alloyed steel usually containing
large percentages of chromium, nickel, and cobalt. After for-
ging, the disk is machined all over and carefully inspected
using X-rays, sound waves, and other inspection methods to as-
sure structural integrity. The blades or buckets are attached
to the disk by means of a "fir tree"design to allow for diffe-
rent rates of expansion between the disk and the blade while
still holding the blade firmly against centrifugal loads. The
blade is kept from moving axially either by rivets, special lock-
ing tabs or devices, or another turbine stage.

Some turbine blades are open at the outer perimeter, whereas
in others a shroud is used. The shroud acts to prevent blade-tip
losses and excessive vibration. Distortion under high loads,
which tend to twist the blade toward low pitch, is also reduced.
The shrouded blade has an aerodynamic advantage in that thinner
blade sections can be used and tip losses can be reduced by us-
ing a knife-edge or labyrinth seal at this point. Shrouding,
however, requires that the turbine run cooler or at a reduced
rpm because of the extra mass at the tip. On blades that are
not shrouded, the tips are cut or recessed to a knife edge to
permit a rapid "wearing-in" of the blade tip to the turbine ca-
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sing with a corresponding increase in turbine efficiency.

3lades are forged from highly alloyed steel and are passed
through a carefully controlled series of machining and inspec-
tion operations before being certified for us. Many engine ma-
nufactures will stamp a "moment weight" number on the blade to
retain rotor balance when replacement is necessary.

The temperature of the blade is usually kept within limits
by passing relatively cool air bled from the compressor over
the face of the turbine, thus cooling the disk and blade by the
process of convection. This method of cooling may become more
difficult, as high Mach number flights develop high compressor
inlet and outlet temperatures.

Some gas turbine engines use a single-stage turbine, whereas
others employ more than one turbine wheel_Multi-stage turbines
are used where the power required to drive the compressor would
necessitate a very large turbine wheel. Multistage wheels are
also used for turboprops where the turbine lias to extract enough
power to drive both the compressor and the propeller, tfhen two
or more turbine wheels are used, a nozzle diaphragm is positi-
oned directly in front of each turbine wheel. The operation of
the multiple-stage turbine is similar to that of the single
stage, except that the succeeding stages operate at lower gas
velocities, pressures, and temperatures. Since each turbine
stage receives the air at a lower pressure than the preceding
stage, more blade area is needed in the rear stage to assure
an equitable load distribution between stages. The amount of
energy removed from each stage is proportional to the amount
of work done by each stage.

Most multistage turbines are attached to a common shaft.
However, some multistage turbine engines have more than one
compressor. In this case, some turbine wheels drive one comp-
ressor and the remaining turbines drive the other.

The wheel is subjected to both high speed and high tempera-
ture. Because of these extreme conditions, blades can easily
deform by growing in length (a condition known as "creep") and
by twisting and changing pitch. Since these distortions are ac-
celerated by exceeding engine operating limits, it is important
to operate within the temperature and rpm points set by the
manufacturer.
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Exercise Vili. K aHIrMIACKMM CnoBaMm M BblpaXeHUsMm nogbepuTte cCooT-
BETCTBYWWWIA MepeBof. 3arnoMHWTe 3TW CfoBa W Bbipa-
XeHusi. Haligute B TeKCTe Npen/ioXeHWs C HUMK W
nepeseguTe:

1) by means of, 2) whereas, 3) to allow for, 4) because of

5) consequently, 6) to be subjected to, 7) within limits,

8) pfrcentagf, 92 due to

1) B npegenax, 2) MpoOUEHTHOe COOTHOWeHve, 3) Torja Kak, 4) nog-

Bepratbcs, 5) nocpefacTtsoMm, 6) crnefosaTenibHO, 7) MO3BOSATH,

8) 6narogaps, [) BCneacTsue.

Exercise VIIl. Halignte B TEeKCTe 3KBMBa/IEHTb CReaywuyM Bbipa-
KEHWAM:
Hanbosiee HanpskeHHble 4acTu, MpU CUMbHBIX LEHTPOBEXHLIX Harpy3kax,
B npefenax 6e30MacHbiX 3KCI/yaTauyoHHbIX PeXUMOB, TWaTeNbHO MNpo-
BEpsieTCA, 4719 06ecneyeHus CTPYKTYPHOW LENOCTHOCTU, MpU BbICOKMX
Harpy3kax, B 3TOM MecTe, COOTBETCTBYWIEE yBenMyeHne, BbinylleH-
HbIi U3 KOMMNpeccopa, Tpebyembii 418 NpUBELEHUS B ABUXEHWE, pa3-
MelaeTCA HEerocpeiCTBEHHO, paBHOMEPHOE pacrpeesieHne Harpysku,
OCTaBWMECS TYpPOWHbI, 3KCTPEMA/IbHbIE YC/IOBUS.

Exercise IX. MepeBeanTe TEKCT. Bbioennte OCHOBHOE coaepxaHue
Kaxgoro absaua. O3arnasbTe ab3alpl.

Exercise X. OTBETbTE Ha BOMPOCHI:

1. tfy is the turbine wheel the most highly stressed part of
the turbine ?

2. What are the main turbine parts ?

3. What are the advantages and disadvantages of the shrouded
blade ?

4. What 1is the operation principle of single-stage and multi-
stage turbines ?
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