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7pok 1.

exercise 1, 3anoMHuWTe Ccrefywuue crosa:

1. performance n - paboTa, XapakTepuCTUKHU

2. compression ratio n - CTEMNeHb CxaTud

3. axial-flow compressor n - 0CBBO/ Komnpeccop
4. centrifugal-flow compressor N - LEHTPOGEXHHIA KOMNpeccop
5. airfoil n - a’spofnHamnyeckas NOBEPXHOCTb

6. bladw=vane n - /I003CTb, /I0N3TKa

7. blading n - KOMNAEKT N10MaToK

8. stage n - CTyneHb

9. spool n -kackajg (kKomnpeccopa)

0, frontal area N - (pPOHTaNbHAasA MOBEPXHOCTb
11. pump n, v~ HacoC, HarHeTaTb, HakKauuBaTb
12. pumping N - HarHeTaHue

13. damage n - noBpexfeHue

14. section n - CeyeHue

15. bring down v - CHuWXaTb

16. flexibility n - rubkocTb, npucnocobasemocTb

Bxeroise W . HaiiiuTe cnoBa C OAMHAKOBLIMM 3HAYeHUS:®:
a) to set free, to use, whole, modern, besides

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

Exercise ill. Haiigute cnoBa C NpOTUBOMOMNOXHLIMA 3HAYEHMA?®),
a)"maximum, expansion, under, rotating, front, wide, input,
complexity

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

Exercise IV. lepeBeauTe cnegywune CNOBOCOYETaHNS:

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.. [ofbepnTe pycCKue 3KBMBANEHTH CMEAYHWWX C/OB:
I-since, 2-key, 3-affect, 4-approximately, 5-addi.tion,
6-entire, 7-alternating, .8-design, 9-therefore, 1Q~advantage,
I1-relatively-, 12-unfortunately, 13-especially, .J4-furtherraore.

I-BAnATb, 2-Npubnn3nTenbHo, 3-Becb, 4-0C06EKHO, 5-yepeaywumiics,
6-CpaBHUTENbHO, 7-KOHOTpyAuusa, 8-noato:.”, 6-fpeau/weoTso,

10-k coxaneHuw, Il-go6aBnenne, 12-kmwd, 13-nockonb:cy, 14-6onee
TOro.

Exercise VI. T[pouuTaiiTe W nepeBefuTe WHTEPHALMOHANbHbLIE crioBa:
compressor, minimum, maximum,, proportional,component, efficient,
efficiency, total, const,ruction, operation, complex, tempera-
ture , gas, turbine,.characteristica,estationary,- parallel.

Exercise VII. MpounTaiiTe TeKCT.
Compressors.

. Stie 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 end 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 gaslturbine engine since it's 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/B) 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-ilow compressor is a combination of the
two, with operating characteristics of both.

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

The Axlal-Flow Compressors.

The axial-flow 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-flow 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 of 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.
olose fits required for efficient air pumping, 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-Flow compressors. For these reasons the axial-flow design
finds its greatest application where the'demands of efficiency
and output predominate considerations of cost, simplicity, flexi-
bility of operation, etc. Most manufacturers utilize several
dodges to increase flexibility and to improve the operating

characteristics of the axial-flow compressor.

Exercise VIII. pacuuppyiiTe CcOKpaweHns:
Ib; kg/s; Ib/s; etc.



Exercise ix. HailgnTe B TekcTe, 3KBMBaNEHTb CAEAYyBAW CnoBam
S BbIpAXEHNAM:
OrpaHuyeHHbIii 06bem, ynoTpebnsemsiii BO34yX, MOBAMAET Ha M3MEHeHue
TemnepaTypsl, Kan cfnefyeT U3 Ha3BaHus, NNOTHaf nocagka JeTaed.,
oonee y3Kuii Anana3oH, CHUMAKT CTOMMOCTb, TpPe60BaHUs 3DHEKTUMBHOCTK.

Exercise X. [lepeBegute cnegywoune npesioxeHns, BbiOpaB npasuib-
HOE 3HayeHWe yKasaHHbX CMoB:

Unfortunately the delicate blading, especially toward the rear,

makes this type of air pump especially susceptible to foreign-

object damage.

Delicate --1)TOHEHbKUN, 2)U3ALHbIA, 3)UYYBCTBUTE/bHbIA

Susceptible - 1)BOCNpPUUMUMBLIA, 2)UYYBCTBUTENbHLIA, 3)MN0ABEPKEHHbI

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

Entire - l)cnnouwHoii, 2)Becb, 3)HenpepbiBHbi!!

Alternating - 1l)nepemerawn2cs, 2)NepemMeHHbiid, 3ameHswuica

Exercise. XI. Haiigute B TeKCTe NpeanoXeHus, B KOTOPbX FOBOPUTCS O:
1) xapaKTepucTuKax COBPEMEHHbX KOMMPECCOPOB;

2) npeuMyliecTBax OCEBbLIX KOMMNPECCOPOB;

3) NpUMEHEHMs OCEBbLIX KOMMPECCOPOB.

Exercise XI1I.Halijute B TekcTe cnoBa, Onpeaensuijue xapakTepHo-
TUKA  OCEBOr0 KOMMPEeccopa.

Exercise XIllHaligute B TeKCTe NpeAnoOXeHNs, SABNSKWMECS OTBETOM
Ha MOCTAaB/IEHHbIE BOMPOCH:

1. MNMoueMy Komnpeccop ABNSAETCA OAHWA N3 Haubonee BaxHbLIX KOMMO-

HEHTOB ra3oTypOuHHLIX ABuraTenei ?

Yto onpegenset 1WJ komnpeccopa ?

YTo HasbiBaeTCA CTYNeHbi Komnpeccopa ?

13 yero coctouT Kommpeccop ?

Kakumu npeumywectsamu ¥ HepocTaTkamn obnagaeT 0CeBOW Komnpeccop?

UTo fenaeT 0CEBOi KOMNPECCOp C/IOXHbIM W JOPOrOoCTOAWMM B WU3ro-

TOBNEHUN ?

Foe 0CeBOil KOMNPECCOpP HaxoAuT Haubofbliee npuMeHeHue ?

Exercise XivV. [INCbMEHHO NepeBeauTe MOCNEAHW A ab3all’TeKcTa.

o 01T wWwhN
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YTOK 2.

Exercise i 3anoMHnTe Crefywwue cnosa:

impeller n - pabouyee Koneco(TypOuHH KOMMpPeccopa)
manifold a - Tpyb6onpoBog

draw Il Vv - BTAruBaTh (BO3ayX)

rim 1 -» KpOMKa

ruggedneas N - MPOYHOCTb

ingestion n - 3acBcuiBaHue(B ABUratenb NMOCTOPOHHWUX MPesMeToB)”
shock-wave v - yaapHas BO/Ha

stage [l - cTyneHb (34.)

single ado - eAMHCTBEHHBbIA

multiple adj — MBOSOBCT36HKbIN

11. plenum chamber n - HarHeTaTe/bHAas Kamepa.

BwoNnouprwn:e-

Exercise Il. [lepeBeauTte cneaywume CrnoBOCOYETaHUS:

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

Exercise ill. MogoepuTte pyCcCKue 3KBWUBANIEHTHI:
to cause, in part, because of, excessively, to rule out, although,
through, rather than, attribute

A3~3a, Ype3mMepHo, WCKwW4YaTb, XOTA, 4epe3, a He, OT/INYUTE/bHadA
yepTta, 4YaCTWUYHO, 3acTaBNATb

Exercise iv. Halgnte cnoBa C OfMHAKOBbIMW 3HAYEHWSMA:
edge, speed, mainly, a number of, produce, main, quick, get

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

Tt -
Exercise Y- HaﬁAMTe cnosa C NMPOTUBOMNONOXHBIMA 3HAYEHNAMN
inward, viore, befow, front, outlet, quick, .inefficient, larger,
high

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



Exercise Vi. llpounTaiite 1 nepesefuTe WHTEPHALMOHA/bHbIE Co3a
cnoBoco4veTaHuA:

components Kinetic energy, produce, diffuser, conversion, type,

recommend, gas turbine, chief, massive, construction, efficiency,

shock, formation, diffuser.

Exercise Vvil. [lpounTanTe TeKCT.
The Centrifiral-Eloxw Compressor.

"ite centrifugal compressor consists basically of an impeller
ad™ 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 amgng™its attributes are its simplicity, ruggedness, and
low cost. Because of its massive construction, it is much less
susceptible to damage from the ingestion of foreign objects. The
centrifugal compressor is capable of a relatively high compressor
ratio per stage. Above 80 percent efficiency mey" be reached with
a compression ratio, of 6 or 7 to 1» 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, 8ome centri-
fugal-Flow 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 act air to the rear impeller, and
oy 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.

Jxercise viii. Hailgnte B TeKCTe 3KBWBANEHTb Cheaylownx Cros

2 3apaxeHnii:
MoryT 6biTb fob6aBneHsl; BTArMBAeTCS B OTBEPCTWE; 3acTaBNsieT ero
[BAraTbCA; OCb BpaleHus; BbibpachiBaeTCA C BLICOKOW CKOPOCTbK;
YaCTW4YHO; pa3Hoobpasne KOHCTPYKUMA; PS4 4YepT; HW3Kas CTOMMOCTb;
Ka CTyneHb; KOrZa OH MPOXOAWT; YaCTUYHO KOMMEHCUPYETCH; OCHOB-
Hble TpeboBaHWsA; CNOCOGHOCTL 06pabaThiBaTh.

Sxercise IX. [lepeBeAnTe npegioxeHns, BbIGpaB npaBuibHOE 3Ha-
YyeHue BblJeNeHHbIX CoB.

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

2) BbIXOAUTb (M3 MAWWHBI)

3) yMeHblLATbLCA

to attend - 1) npucyTtcTBOBaTb
2) ypenaTb BHUMaHME
3) cneantb(3a 4em-n160)
4) conpoBoxaaTb

Ixercise X. Haiigute B | ab3aue TekcTa NMpeAnOXeHUs C Taanu-
TN30M 3 iyKXUKK 06CTOsTeNnscTBa uenu. fepesegnTe ero.



xercise X|. Haiigute B TeKCTe NPeANOXEHNs C COYeTaHMeM

because o! K npasunbHo LT nepesegnte: because of -
n3-3a, BCNEACTBME.

Exercise XIl. HaiiguTe B TekcTe cnosa, ONpeAenswne xapakrtepuc-

TUKI LIEHTPOGEXHOIO KOMMpeccopa.

iixercise X U . Haligute B TekCTe npunaraTefibHble B CPaBHUTENbHO

CTeneHu 1 faiiTe UX HegocTawume Copr.sU.

Exercise Xiv. HaljiuTe 3 TeKcTe NPeAsOXeHUs, SBNSKUMECS OT3ETO:.:

Ha MNOCTaBJ/IEHHbIE BOMPOCHI.

Kak focTuraeTcs MoBbilleHWe [aBfeHus 3 LEeHTPo6exHOM Komnpeccope?
Kakne pasHOBMAHOCTW LEHTPOOEXHLIX KOWPECCOPOB MOryT 6biThb
U3roToBNeHbl ?

Kakue cBOICTBa [AenanT LEeHTPOOEeXHbIA KOMIpeccop MpurogHs.! K
NPUMEHEHMI B HEKOTOPLIX ra30TYpOMHHLIX .ABUraTensx ?

Moyemy LEHTPOGEXHbIA KOMNPeccop MeHee MOABEPYEH MOBPEXEHMH
WHOPOAHbIMA Tenamu ?

UTO UCK/IKNYaeT NPUMEHEHUE LeHTPOBEXHOro Komnpeccopa 3 60Mbwnx
asurartensx ?

Yem gocTurawTcs 60nee BLICOKME CTEMEHM cxaTus ?

Foe HaxO4UT MpUMEHEHWEe LeHTPOBEXHbIi KOMIpeccop C nodyemy ?

Exercise XV.  [lepeBegnTe NUCbMEHHO nepBbliii ab3al TekcTa.

Ypok 3.

Xxercise I.

1. assembly n - y3en, arperat, 650K

2. bearing n - NoAWWNHWK

3. casing N -KOpnyc, Kaxere, 060/04Ka
4. row n - pag

3. guide vane n - Hanpaengwuasa fonarka
6. setting n - YCTaHOBKa, perynaMposka
7. angular adj - yrnoBoii



a. annuius n -Konbuo, OTBEPCTUE

3. .annular adj - KOMbLEBOMN, KO/bLEoOpasHbii.
10. convergence n - CXOAWMOCTb
11. _tapering n - CyxeHue
12. by-pass adj - ABYXKOHTypHH/
13. to""bypass v-» 00XOAUTb
14. percentage n - 4acTb, [0Nd
13. propelling nozzle n - peakTWBHOE COM/O
16. intermediate adj - NPOMEXYTOYHbIN
17. inlet (intake) a - BXOf,, BXOAHOE OTBepCTUE
13. inlet (intake) guide vane n - fonaTka BXOAHOIO HanmpaBns-

loWero ycTpoiicTea

Jixercise Il. Haigute cnoBa C OAWHAKOBLIMA 3HAYEHWUSAMN:
a) inlet, flow, blade, guide, annular, maintain, manifacture,
reach

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

HailgnTe cnoBa C NPOTMBOMOMOXHBIMA 3HAYEHUSMM
a) single, front, increase, inlet, inner, outward

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

dxercise ill. pgaiiTe pycckue 3KBWBAneHTh CnefywiiMx cros:
gradual, maintain, influence, achieve, desired, through, although,
suitable

NPUrodHuIn, 4epe3, MNOCTENEHHb, XOTS, BAUATb, Xenaemblil, AocTuratb,
nofepxmBaTh

Hxercise V. llepeBefgute cnegywlime CroBOCOYETaHNA:

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

jrercise v. lpouuTaiiTe ¥ nepeBeanTe WMHTEPHALWOHANbHbIE CrOBA;,
section, location, rotor, stator, guide, automatically, control,
mechanical, factor, optimum, front.



exercise Vi. [aiiTe rpammaTnyeckuii aHamm3 4-ro absaua.

nxercise VIl. TpoyTuTe TeKCT-
Construction and Operation
of the Axial-fFiow Compressor.

An axial-flow compressor consists of one or iore 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 cn, 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 oTo 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 nozzie*r;

12



A fan aay be fitted to the front of a single or twin-spool
compressor and, on these types of engines, the fan is driven at
the same 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 .ad 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 "‘coldT 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 viu. Hallgute B TEKCTe aHINNACKME 3KBUBANEHTH Clefyuunx
CNOB K BbIpAXEHUiA:

l\3BeCTHbIN Kak, OTBeyaTb TpeboBaHuAM, MO BCEW AnUHe, NOCTeneHHoe

ymMeHblleHWe, Haubonee npurofeH, NofaeTcs B aTMochepy, ropaszo

60NbWNIA .

ibcercise IX. [lpounTaitiTe a63ay S 1. 03arnaBbTe ero. OTBeTbTe
Ha BOMPOCSI.

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

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

3. VvVt are the inlet o~ intake guide vanes ?

| - f,

Xxercise X. Bblgenute TepMuH, CBA3aHHLIE CI-OMUCAHWEM KOMMpeccopa.
Xxercise XI. Hailgnte B TeKCcTe onucaHue:
a) OJHOKacKafHOro Kommpeccopa ;

3) TArorokackagapro Komnpeccopa;
C) ponM BEHTUNATOpa B OLHOKACKaAHOM U A3YXKacKagHOM Komnpeccopax.

Xxercise Xil. [pountainTe a63ay B 2. 03arnasbTe ero. [llepepaiTte
ero -CofepxaHue Ha pyCCKOM fi3blKe.

13



Exercise XI111. [lpouuTaiite a63au 8 3. OTBeTbTE Ka BOMPOC:

Ana Kakux TUNOB [BUraTesneill NpUMeHeHWe ABYXKACKAaLKOro Komnpec-
copa 6onee 3MPEKTUBHO, MoYeMy ?

Exercise XIV. [laiiTe nuCbMeHHbi nepeBoj nocnegHero a6saua.
Ypok 4.

Exercise |. 3anomHuTe cnepyuue Crosa:

1. burner n B combustion chamber

2. atomize v ~ pacnbnATh

3. spray n - CTpyA

4* vaporize Vv - ucnapsTb

5. liner n ~ xaposas Tpyba (Kamepb cCropaHus)
6. recirculate v - peuupKyanpoBaTb

7. blowout n - cpbB nnameHun

8. pilot n - perynaTtop

9. "turbulence n - TYpPOYNEHTHOCTb
10. ignitor plug n - CBeya 3axuraHus
11. cross-ignition tube n - Tpy6onpoBoj NepekpecTHOro 3axuraHus

12. can n - OTAe/NbHasA Kamepa Cropasus
13. oen-annular burner n = Tpy64yaTO-KONbLEBAA Kamepa Cropaxus

14. reverse add - obpaTHbliid
15. combustible add - ropiounit
16. dilution n - pa3xuxeHue
17. blanket n - C/OV

Exercise IlI. Hal7|,ﬂ,VITe cnosa C OAWMHAKOBbLIMKA 3HAYEHUAMWU
rapidly, velocity, purpose, transfer,locate, initiate, completely

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

Exercise ill. Hailgnte cnoBa € NPOTWBOMOMOXHbIMM .3HAYEKMA3.L:
front, forward, upstream, unburned, inner, outside, before,
secondary, resuit from

downstream, after, rear, result in, backward, burned, primary,
inside, outer.
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Exercise V. [logbepuTe pyCcCKue 3KBUBAIEHTI:

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

noaTomy, OCTaBWMiicA, NpeaoTBpawaTb, AeiACTBOBaTb, pacnpocTpa- ,
NATbCS, BBOAWTb, TaKuM 00pa3oM, CheuuanbHo, CTPeMUTbCA, npubau-
3UTENbHO, BbLIMOMHATL, (AKTUYECKM, Yepes

hxercise V, lepeBefute cnefywuue CNOBOCOYETAHUA:

highly atomized spray, specially designed nozzle, combustion

air holes, opposing liner holes, low-velocity stabilization zone,
upstream, reveree-flow region, relatively large holes.

;rercise Vi. [lpounTaiiTe W nepeBeuTe MHTEPHALWOHaNbHbLIE CMOBA:
front, specially, geometry, section, action, stabilization, zone,
energy, approximately, proportion, normally, protection, process.

ixercise VII. IpOYTUTB TBKOT.
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, or in a -
prevaporized form from devices called vaporizing tubes. Mr 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-
mining air holes in the liner. The air entering the forward sec-
tion of the liner tends to recirculate and move upstream against
the fuel spray. During combustion this action permits, rapid mi-.,
ring 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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-ue, usually only two"ignxtor plugs in an en-

moST*Mubes are necessary in the ean® and can*-an-
nular types of burners in order that burning may be initiated in
the other cans or inner liners. She ignitor plug is usually loca
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 ai.l the air flowing
through the engine were mixedwith 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°F (1900°Q). 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 th¥*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 betw/een the hot gases and
the metal walls.

Sxeroise Viu. Haiigute B Teucte 3KBMBaNEHTb CNefyWMX CMOB W
BbIpAXeHNii:

3 Uensx OXNaxAeHus W O4YUCTKM, OTBEPCTMSA AN OCTaBLerocs Bo3ayxa,

ABUraTbCA BBEPX MO MOTOKY, NpefoTBpawaeT CPbB NAamMeHn, co3gaet

WHTEHCUBHYK TYpOYNEeHTHOCTb, ANS Nepefayn 3Heprun, MOxeT OGbiTb

HauaTo, B 3TOM MecTe, 3a npegenal!.®, onpefenseTcs KOHCTPYKUMeN,

yyacTByKUWe MaTepuanbi, O06bYHO BbIMOMHAETCS.

exercise IX. Haignte B nocnegHem ab3aue TekcTa:

a) OKBMBANEHT MOAA/ILHOTO rnarofna may W nepesefuTe Mpef/ioxeHue
C 3TUM 3KBWBAIEHTOM;

B) npegnoxenue ¢ result in u nepeeeguTe ero.
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Exercise X. [lepeBeanTe npepioxeHns n3 TekcTa, obpawas BHUMaHue
Ha cocnaratefibHOe HaK/IOHEeHWe.

IT all the air blowing through the engine were mixed with the

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

tible limits for the fuels normally used.

Exercise XI.Haiigute B TekcTe NpejnoXeHus, B KOTOPLIX FOBOPUTCS
0 TOM:

1) kak TOM/IMBO NOJaeTCHA B Kamepy cropaHus ;

2) Kakue (yHKUMM BbINOMHANT NOTOKW BO3fyXa B Kanepe, CropaHus;

3) Kak pacnpocTpaHdeTcs Miams Moc/ie 3axuraHuns ;

4) Kakum 06pa3oM NMPOMCXOAMT OX/JaxieHWe rasos nocne ropeus. "

Exercise XW. Haiigute B TeKcTe cnosa, OnNpeAensuwue XapaKTepucTukiu
LeHTpobexHOro Komnpeccopa.

Exercise XIIl. T[lepeBegnTe nNUCbMEHHO NepBblii ab3al, TekcTa.

Sxerci.se XIV. Ha|7|,u,|/|Te cnoea C OAMHAKOBbLIM 3Ha4YEHUEM,
occur, convert,duct, attitude, amount»shape, extent,
location, determine, correct

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

Exercise ,XV. Haiigute cnoBa C NPOTMBOMONOXHbIMA 3HAUEHUAMU,
supersonic, increase, inlet, primary, inside, with, result in

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

Exercise XVI. MepeBeauTe cnegynune CnoBocoyYeTaHus:

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
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Exercise XVI1. [ogbepuTe pyCcCKue 3KBUBAEHTSI,
approximately, comparable size, in such a way, result in, high

value, be equal to, offer resistance, without any correction,
cause, in order to, within limits

ANs TOro, 4To6bl; NPUGAM3UTENLHO; COW3MEepUMbi pa3Mep; BbICOKOE
3HaueHue; BbI3bIBATb; TakuM 06pa3oM; B OMNpefeneHHLX npegenax;
NPUBOANTL K; OKa3biBaTb CONPOTMBIEHWE; ObiTb PU&HW Yemy-1160;
6e3 Kakux-n16o nonpasok.

Exercise XVIII._[lpoyTuTe U nepeseauTe Cregyinliue cnosa:
operation, static, front, compressor, convert, efficiency, ki-

netic, dynamic, total, percent, correction, normal, limit, tur-
bine.

Exercise XIX. [lpoyTuTe TeKCT.
Inlet Ducts

Although the inlet duct is made by the aircraft msnufae-
turer during Fflight 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 becomeg. jSngine 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 then 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 of 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 te" 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 Kkinetic energy of the rapidly moving
inlet stream into a ram” pressure rise inside the duct. To do
this it must he shaped so that the ram velocity is slowly and
smoothly decreasingwhile 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 duot
into static pressure energy at the inlet of the compressor
without a loss in total pressure. It will have a high value of
9S 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 (280km/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.bel!@outh inlﬁf- TEE;;}ype of inlet
is essentially a bell-shaped funnel tewing carefully rounded
shoulders, which offer practically no air resistance. The duct
loss is so .smll 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, tod 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 duot losses



Exercise z X . HallguTe B TekcTe T nepeBeauTe Cregyluue npeaaoneHns.
1. Not 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 Xa.HalfnTe B TEKCTe 3KBUBANEHTb CMefylWUX PYCCKUX
NpeAnoXeHuiA:

1. KonuuecTsBo BO34yxa, noTpebnsemoro TypbopeakTWUBHLIM ABUraTe-
nem, npubnuantensHo B 10 wam 6onee pa3 6Gonblwe, 4em noTpedns-
0T NOPLHEBble ABUTraTeNn MNOLOOHLIX pPa3mMepoB.

2. Yem 6biCTpee ABUraeTcs camoneT, TeTd 60/bliee 3HaYeHue npuood-
peTaeT KOHCTPYKUWS corna.

3. BXogHble KaHansl fOMXHb ObiTb Kak MOXHO 60nee MpsMbIMA W POBHLIMM,

ixercisexzil. Haiigute Bo Il u Y a63auax TekcTa WHOUHUTMB B (yH-
Kunn 06CTOATENbCTBA, MepeBeanTe 3TU NPEe/OKEHMS . .

Exercise XxU.Haiigute ab63al n npeanoxeHne, rae rosopuTcs o ToM,
a) Kakum JonxeH ObTb BXOAHOW KaHau;

B) ANS Yero CAyXUT BXOAHOW KaHa;

C) Kak 00bACHAeTCS MOHATWE "TOouKa BOCCTAHOBNEHUS [aBNeHns™.

Exercise xXX40T3eTbTe Ha BOMPOCH:

1. What is the significance of the inlet duct?

2. In what conditions must the inlet duct operate?

. How is the inlet duct to be designed?

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

5. What is one of. the primary tasks of the inlet duct?
6. How are inlet ducts rated?

7. Into what categories may inlet ducts be divided?

w

Exercise XeT.nepe3eauTe nuCbMeHHO 6:i a63al, TekcTa.
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Ypok 5.

ixarcise 1. 3anomMHuTe Cnefywuue Cnosa:
1. accessories n - BCMNOMOraTe/lbHbie arperathl
extract V ~ U3B/eKaTb
. furnish v - goCcTaBNATb
bucket = blade =vane n
radial inflow turbine n - LUeHTpoOCTpewTenbHasa TypbuHa
stationary adg - CTalMOHapHbIA, HEAOAB: Wi
impulse blade n - akTUBHasa nonaTka
reaction blade n - nonatka 06paTHOro AencTeuns
contoured adj - MpodiANbHbIA

N

© 0N O RN W

Exercise ii. [laiiTe nepesof cnefyuux CroB, 3HAKOMbIX W3 Npefbi-
Oyumnx YypoKoB:

to drive, turboprop, propeller, combustion, percent, thrust,

to compress, blade, zone, average, advantage, manufacture, rug-:

gedness, nozzle, to exhaust, efficiency.

gxercise in. Moa6epnte pyccKue 3KBUBANEHTI:

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

CPaBHUTENbHO, Yepe3, CPeAHWiA, 3HAYUTENbHbI, NpeumyLecTBo,
UCKNYEHNE, BHYTPb, XOTS, HECKO/bKO

dxerciae IV. Mogbepute cnosa C OLMHAKOBLIMU 3HAYEHWUAMN:

portion, nearly, utilize, inlet, combustion, exhaust, manufac-
ture , furnish

about, use, part, burning, produce, supply, input, discharge
Hxercise V. ofbepuTe cnosa C MPOTWUBOMOMOXHLIMU 3HAYEHUAMU: -
easy, inlet, extract, drive, expensive, leave,advantage, peri-

pheral

stop, enter, outlet, inexpensive,disadvantage, add, central,
difficult.
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Azeroise vi. epeBefuTte cnegywluue CNOBOCOYETaHUA:
high-temperature combustion gases, moving gas stream, typical
eight-cylinder automobile engine, gas turbine manufactures, iIn-
ward radial direction, modern aircraft gas turbine engine, sta-
tionary vane assembly, nozzle guide vane

Exercise Vil,, llpounTaiiTe A nepeBeanTe WHTEPHaLMOHA/bHbE CrOBa:
turbine, propeller, kinetic energy, equivalent, automobile, ty-
pical, concentrate, peripheral, contour, section, atmosphere,
series

Exercise VIII. MpouuTaiite 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 Kkinetic 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 aa 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 ley) from the moving gas
stream. This is equivalent to the power produced by a typical
eight-cylinder automobile engine. It doea all of this in a apace
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 ruggadaess 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. She speeding gas exerts a force
on the wheel blades and then exhausts the air in an axial direc-
tion to the atmosphere. lheae turbine wheels used for small en-
gines are well suited for a lower range of specific speeds and

work at relatively high efficiency.
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She axial-flow 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
callednozzle guide vanes.

Exercise IX. HailiuTe B TeKCTe OTBETb Ha CliefyKlue BOMPOChH;

1. B yem 3aKk/nuaeTcsA QyHKUWUA TypOuHb ?

2. Kak pab6otaeTr TypbuHa ?

3. Kakue Tunbl TypOuH MCMOMb3YWTCA B ra30TYpOMHHLIX ABUraTensx ?
HasoBuTe uX pasnuuus.

4. KakoBbl TEXHWYECKME XapaKTEepUCTUKM OCEBbIX TypouH ?

Exercise X. Halgute B TekcTe CnoBa, OMNpefensnlue KayecTBeHHbe
XapaKTepUCTUKN TYPOUH.

Exercise XI. Haigute:
I. B nepsom ab63aue TekcTa:

a) NpeLioXeHUs C HenpasW/bHLIM rnaronom B 3 gopme." Hazosute
ero OCHOBHyI0 (opmy. [lepeBefuTe NpesioKeHNs ;

B) NpPEeANOXEHUS C NpuYacTueMm B (QYHKLMW NpaBOro ONpefeneHus .
llanTe nx nepesoA;

C) NpejfioxXeHne C COW30M In order to 1 MNpaBWIbHO ero nepe-
Begute. ObpaTWTe BHMUMaHWe Ha TO, 4TO BhipaxeHwe as much as +
KO/IMYECTBO MEPEBOANTCA Kak - [0, He MeHee;

d) nepeseguTe nocnefHee NpeAnoOXeHWe TeKcTa, obpawas BHUMAHWe
Ka TO, 4TO BbipaxeHne to refer to as nepeBOAUTCA Kak -
Ha3blBaTb, WMeHOBaTb, 0603HaYaThb.

Exercise XIl. MepeBegnte NUCbMEHHO MepBblii ab3al TekcTa.

23



Ypok 6.

Exercise I. 3anomHuTe of10Ba:

SComNpUR®NE

. degree n - cTeneHb

strike v (struck, struck) - ygapaTbcs)
impinge Vv - ygapatb(cs)

impact v - ygapatb(cs)

restrict v - OrpaHu4mBaThb

relate v - uMeTb OTHOWEHWE, OTKOCUTLCH
relationship n - OTHOWEHWe

occur v - MPOUCXOAUTb, UMETb MECTO
discharge pressure n -[aB/IEHNE Ha BbLIXOAE

. back pressure n - npoTusogaBneHue

area n - niowagp

stall n ~ cpbiB

choke n~ gpoccenb, ApoccenupoBatb
result in V - NPUBOAUTbL K

adjust v - perymposatb, HalaxvBaTb
overhaul n - KanuTanbHbIA PEMOHT
angle n -yron

. accomplish v - nNpou3BoAnTb, OCYIECTBNATb

setting n - YCTaHOBKa, pPerynmpoBka
variable adj - U3MeHUUBbHI!
auxillia.ry adj - BCNoMOraTebHblii

Exercise |l. HaiiguTe, CUHOHNMbI:

a

b)

convert, vane, imjsringe, occur, critical, discharge, fast,
velocity, setting

quick, adjustment, take place, transform, impact, bucket,
decisive, exhaust, speed
f

Exercise in. Haigute aHTOHWUMbI:

kinetic, restrict, accelerate, inlet, closely, increase,
variable, auxiliary

fixed, decelerate, far, decrease, static, exit, expand, main
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Sxercise Xv. fAalTe PYCCKUe I3KBMBANEHTbl CAEAYHWMX CNOB W BbpaXeHMWii:
choice, choked conditions, result in, occur, proper direction,
closely related, specific fuel consumption, in tum.

NPUBOAUTL HYrKoe Hanpas/fieHue, ApoCCeNupoBaHne, NPOUCXOAUTD,
YOENbHBIZ " pacxod TormMBa, TECHO CBSI3aHHbIM, ycrnosusi APOCCENNPOBaHMA,
B CBOK OMEpesu.

Exercise V. lepeBegnTe cnegywwue CNoBocoyYeTaHus:

Hozzle 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.

Bxercise Vi. Pacuudpyiite W nepeBeauTe chejynlme COKpaleHWs:
rpm; apU; 1i.e.

Exercise Vvil. [lpouTuTe W nepesejnTe WHTEPHALMOHANbHbE C/OBA:
diaphragm, energy, dynamic, Kinetic, turbine, component, gas,
theorem, accelerate, portion, critical, tendency, result.

Exercise vili. Hailgnte: B |- n ab3aue BCe 0/10Ba CO 3HAYEHUEM
"nonatka", "ypapatbca’,
BO 2- M ab3aue: a) ckasyemsle B CTpaja-
Te/IbHOM 3anore;
B) npocnegute ynoTpebneHue rnarona to
have, nepeBefuTe HalifleHHble NPeanoXeHus,

Exercise IX. [lpoyTuTe TeKCT.
Function of the Hozzie 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 4-4mo 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 gaa 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 pari 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 ore
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 cf the en-
gine. ldeally, this angle should be variable as a function of
engine rmpsa and gas flow velocity, but in practice the vanes are
Tixed in one position. It should be noted that the auxiliary
power unit (APU) for several turbine-powered ground vehicles js
equipped with variable angle nozzle vanes.

Exercise x. Haligute B TeKCTe 3KBWBANEHTb CRefynUux CAOB U
BbIpaXeHMWiA:

Upe3mepHOe yMeHblieHWe comnna; Tak, 4T0Ob ra3 ygapsancsa o jonatku

TypOuMHbI; YCNOBWA SpPOCCENMPOBaHUS; YCTAHOBKA N0NATOK MO HY/NWbiN

Yr/70M; fonaTtky conna O MepeMeHHbM YrioM; PerynmpyeTca Ko 3aBOfe.

Exercise XI. BbljennTe TepMuHb, CBA3aHHbe C OMMUCaHWeM Hanpasns-
KWKX nonaToK COnI0BOro annapata .
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Exorcise xii. lpocmoTpute |- t a63ay TekcTa, OTBETbTE Ha

1.
2.

3.
4.
5.

cnefywune BOMPOCH :
, /et does this article deal with, ?

J/retare the functions of thenozzle guf.devanes ?
//at is the First function ?

hhat job is done by utilizing the Bernoulli theorem ?
What is the result of the gasacceleration ?

Exercise xill. MpocmoTpute 2- i1 a63ay TekcTa. 03arnaebTe ero.

Halignte npepnoxeHne, onuchiBawlee pe3ynbTaT yBe-
NUYeHns auapparmsl consa.

Exercise XIV. [MCbMeHHO nepeBefguTe 3- i ab3al.

Yook 7.

Exercise I. 3anoMHuTe cnosa:

HohRBRESoco~Npopwd e

&

supersonic - CBEPX3BYKOBOI

transonic - OKO/I03BYKOBOW

subsonic - [J03BYKOBOW

overhaul - nepebopka, PeMOHT, pa3bopka
performance - XapaKTepUCTUKU

shock wave -yfAapHasi BONHa

buzz - 3yAAWWiA 3BYK

accomplish - BbINONHATb

. spike - amopTu3upynwas urna
. establish -YycTaHaB/MBaTb

obligue - HakMOHHLI, HenpsMoi
angle -Yron

occur -UMETb MECTO, MPOUCXOAUTb
airflow - Bo3ayuHsii MOTOK
develop -pa3BuBaThb

. keep -XpaHuUTb

waste -TpaTuUTb BNYCTYK
swallow -3arnarthBaTb
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Exercise Il. MpouuTaiiTe u nepeBeguTe cnegywume cnosa:

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

Exercise in.HaiauTe CUHOHMMbI:

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

Exercise rv.Haingute aHTOHUMbI;
Supersonic, outside, behind, strong, stability, minimize, slow

in. front of, accelerate, inside, subsonic, weak, maximize,
instability. -

Exercise v. lepeBeauTte cnefylwye CNOBOCOYETAHUA:

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..Hallgute B TEKCTE u NepeBeauTe CReaywiie npeaioKeHus,
obpauas BHMMaHWe Ha BblEeNEHHble CnoBa:
1. At these speeds sonic shook 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 ad. this process
should be accomplished ..with the least possible waste of energy.
3. The airflow is controlled ..go"tkat the air velocity at the
duct inlet is exactly equal to the speed of sound.



3xerci.se Vil. Haligute. B TeKCTe 3KBUBAIEHTbI CNeAYWMX BbpaXeHWI:
1) OyayT BO3HMKaTbL (yCTaHaBNMBaTbCA) BMOPALMOHHbIE YCNOBUSA;

2) HeyCcTOMuYMBOCTb, Bbi3biBaeMasi TeM, 4TO yaapHas Bo/fHa OygeT
nonepemMeHHO 3arnatbiBaTbCA WM BbIT&/IKMBATHCA HA BXOAE .B KaHa;
3} BXO[HOI KaHan KOHCTPyMpyeTcs Tak, 4ToObl (COXpaHsiTb) yaep-
XMBaTb Y[apHYK BOSHY BHE cora.

Exercise Viili. [lpocMOTpUTE TeKCT. BbigesimTe’0CHOBHOE COAEepXaHue
Kaxgoro absaua. OszarnaesbTe ab3alpl. CocTaBbTe
nnaH TekcTa.

SUFSaSOKIC 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 he 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 shook
waves are developed which, if not controlled, will give high duct
loss in pressure and airflow, arid will set up vibrating conditi-
ons ia the inlet duct called inlet buzz, Buzz is an airflow *
instability caused by the shock wave rapidly being alternately
swall-oned 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 loaa and temperature rise.

At transonic speeds (near Maeh 1), the inlet duct is usually
designed to keep the shock-waves out of- the duct. This done
by locating the inlet duct behind a spike or probe so that at
airspeeds slightly above Macfa 1.0 the spike will establish a
normal shock (bow wave) ia 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 be a subsonic design behind a normal
shock front. At low supersonic Mach numbers, the strength of
the normal shock wave is not too great, and this type of inlet
is quite practical. But at higher Hac"h 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 duet 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 pressuredand 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 ia called
the duct recovery point.

At higher Mach numbers (about 1.4 and above) the inlet duct
must set up one or more oblique shocks and & normal shock. 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. Bach decrease in velocity will produce a pres-
sure rise.

Exercise IX. OTBETbTE Ha BOMPOCHI:

1. In what zones must the supersonic inlet duct operate ?
2. Whan 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 single normal shock wave very strong ?
6. What is the reason of the duct pressure rise ?
7. What point is called the duct recovery point ?

Ypok 8.

Bxercise 1, 3anomHuTe cnefywuue crosa:

1. stress - HanpsaxeHue

2. alloyed steel - ferumpoBaHHas CTa/lb

3- forging - KOBKa

4. to machine - nojBepraTb MeXaHW4eCKON 06paboTKe
5. integrity » LIENOCTHOCTb

6. rivet - 3aknenka

7. looking tab - WroHKa

8. shrouded - 6aBfaxupoBaHHas (0 nonatke)
9. low pitch - manblii war (BUHTA)
. tip ® KOHeU» KOHUeBas 4acTb
11. knife edge - ocTpas KPOLU
12. seal - YNNOTHEHWE, repmeTn3auma

13« to recess - OTOOBKIaTb

14. wear-in - npupabdoTka

15. to certify - nosyyatb paspeweHue
16. to bleed - cnyckaTb (B03ayx)

17. creep - fe(opmauns non3yyecTu

Exercise Il. pouuTaiTe v nepeseauTe cnejynume Cnoa:
statically, dynamically, balance, chromium, nickel, cobalt,
inspection, method, structural* aerodynamic, labyrinth, effi-
ciency, manufacture, convection, diaphragm, extreme, conditions.

Exercise Il11. Haignte CUOHLW W
severe, assure, blade, shroud, run, extra, retain, position, /
consequently -

bucxet, casing, additional, to keep, place, strong, as a result,
guarantee, operate. ‘

Exercise IV. HailgnTe aHTOHWMbI:
inlet, outer, low, thin, cool, reduce, preceding, rear

inner, thick, wamm., increase, outlet, high,,front, following



Exercise v. HEDEBe,U,I/ITe cnefywpune cnosocovyeTaHusa:

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. [pocMOTpuTE 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 1800°F (982°C), but it must do so under severe cen-
trifugal loads imposed by high rotational speeds of over 60,000 m
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
-Ilmltﬁﬁe 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 2-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
pemmit 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 sre forged from highly alloyed steel and are passed
through a carefully cgntrrolled 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 tre.
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-atage 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 has to extract enough
power to drive both the compressor and the propeller, tfen 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 axe 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 Vii. K aHIIMACK/M cnoBam W BbipaxeHWsiM nog6epute cCOOT-
BETCTBYWWMIA NepeBOf.- 3anoMHUTE 3TU CNOBa U Bbpa-
XeHnA. Ha|7|,u,|/|Te B TEKCTE NpensioXeHnsa C Huil w
nepeseanTe:

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

5) consequently, 6) to be subjected to, 7} within _limits,

8) percentage, 91,due to_ ... .-

) B npegenax, 2) npoLEHTHOe cOOTHoweHwe, 3} Torga Kak, 4} nog-
BepraTbCs, 5) nocpeAcTBoM, 6) cnegoBaTenbHO, 7) NO3BOMATH,
8) Gnarojaps, A) BCneacTsue.

Exercise VIII. HaidignTe B TekcTe 3KBMWBANEHTbl CReAylWWM Bbipa-
KEHUAM ©
Hanbo/see HanpsXeHHLle YaCTW, MPNU CUNbHBIX LLEHTPOOEXHbIX Harpyskax,
B npedenax 0e30nacHbIX 3KCMayaTauWOHHbIX PEXAMOB, TWATeNbHO MPo-
BepsieTCsA, A1 00ecneyeHuss CTPYKTYPHON LENOCTHOCTM, NpU BbICOKMX
Harpy3kax, B 3TOM MecTe, COOTBETCTBYWWEE YBENUYeHWe, BbiNyleH-
HOW W3 KOmMpeccopa, Tpebyemblil AHA NPUBEAEHNS B [ABWXEHWE, pa3-
MeWaeTCA HenocpeACTBEHHO, pPaBHOMEPHOE pacrnpefeneHne Harpyski,
OCTaBWMECA TYpPOUHbI, 3KCTPEMaNbHbE YCMOBUS.

Exercise IX. [lepeBegute TekcT. BufenuTe OCHOBHOE COAepxaHue
Kaxgoro a63aua. O3arnaBbTe ab3allpl.

Exercise X. 0TBeTbTE Ha BOMPOCH:

1. Why is the turbine wheel the most highly stressed part, of
the turhine ?

2. What are the main turbine parts ?

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

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