NATIONAL PUBLIGATION FOUNDATION
K EHLH I T

BEG BURE

At 2= & sh AL & )
T4 EEE

ALz RS wm e sl
T AEBRPE K PERE

Working Principle and Performance of
Aircraft Gas Turbine Engines

KV} iNﬁAi\iﬁ%mﬁ]ﬁ ::!i



VI 5¢ H3 Rt KE 5 53 1]
\TIONAL PUBLICATION FOUNDATH ﬁﬁﬁajm%ﬁu

BLa IR i sl
TAEBPR R PERE

Working Principle and Performance of
Aircraft Gas Turbine Engines

Kz PR B EEE K 2 BRAX RE

SHANGHAI JIAO TONG UNIVERSITY PRESS

X EXEAE mwt



HERE

AHH 11 FAMR, LERGHNBTMEZRSBREAVAO THEIROME. F1E
5 BHREAMVNEATHERBAOBS SRS MESEHNE, B 6 EAMSMIRK RN
HMREAE., %7 E@RRRHFURRBIERR L. F 8 HME 9 EXHHARFMERERN
R/ XA RE LB (E T BE AT . BRETVERITHERES . B 10 EX RV EA P oM
REERIMET B, 8 11 ENBTMERTVAREINFRAFRARR,

ARTEMEMZRHIREFTXET LRGN TR R B EREBARMRRAR
NSEER  DTEATEFRRRDNELHARERANENREZSE S, ETHNME L

HALENBE A R

B 7R 4R B (CIP) #iF

MERRBR AN THERERMEE/ RZWERE. — L. EBXBRFEH

fiR#t, 2014
ISBN 978 -7-313-11108-1

1.0 1.0O% - I.OM=RISY—HRKEN
V.®V235.1

o E hR A& B $18 CIP $3Ei% 7 (2014) 55 188766 S

MEMSIRLE Y TIERBR MR

% ECR AT

HiR&TT: L@ AS R
BRI 4R AL : 200030

R A BRER

il H TR B HRAS 22
& 787mmX 1092mm 1/16 En
. 430 T
/N
=
"

& &

K. 2014 EB AE 1R Ep
: ISBN 978-7-313-11108-1/V
: 89,00 7T

ft 3 F 4 H I

WA BARLE
EEE . WRIABFNERR T ESOR REREKR
BEZR HiF . 0573 - 86577317

-
3K

: EBTHESRK 1S
15

021 - 64071208

LEFESE
22

: 2014 5 8 HEE 1 REDR



REHHR T

Mm% =

BB
BUEZY (PEMAE TR ERANHABLEN I PR FRAPE EZRKED)

FlISE R
St CF B# A WA RITAEA S EFK)
LiEFHE (LB X FLEHIT HD

4 BEBRKEEHD

FALE (PEARHAREAA AR LA PR IERKED)
5 (LB RFREEF T )

X gt (B8 K FMEMR F R

FER (LELAXRFAMEFSEAIRFRIENF R T4 .#D
BER (FTEMREILERAXS R EL2E HTR)

RN (P EH A CMARTAENF & E 22 EEHF R R
T W (LEXBRXFMEMRFRINEK LR

WoThE (PERARE B RS AKX FELR)

B W (Rl K g el ik 440

MRl OF B &8 A RTAEA 3] 48 %3505 BFR D
HEK (LEXBRFFHFAKK . TEIRRREL)

X (LT 2F545 640EK8 24 TR R)

SR (FPEAMRT TR EANIHRELER LR

EER] (P EMRE Tk E AN HEERER AR

AR (LEXBRXFMEMRFRFE F KK D)

1 (E#aE X FMREMRF AL R)




i RSPl RSN mE 2

E
PRI G R AEAR K F iR 5 30 ) TAF B4k, ¥ B TRKEK L)

ARG EREaHF)

FHER CPALE A CALE SHAA R 4EL 8] Bk 0F P B TR KR L)
R CP AL T 3k 2 PR R Sh AL AT 50T R 353 IR AR D

B BI(EETHA RN 2 IE.HBD

BRIOE (b FALEALR K F AR 5 3h ) TAZ 5 BRdd)

g FORHEREZEBHF)
TAKITAAFMREMEKRFF A 5 4ER T2 FLREK IR
EZIE(LEHTBRFNRE 3 A TRFRIR)

XA #E (B Tk XK 23 5 5 46 R 5 R 44)

MEE (B FMEMR K FRRL S F R KD
INRIECGE KA EMR K F R L 3 H TEFRER)
KRR CP B FIe T 2R AT E P& PR D

far h(FFEXF IEAF RO

TREAFE (P AL T L ALE 3h ) WA AT 5T PR @) P K B )

ik fRCP ALK SR A RG] 8] B 25)
ZENA(ZEIRRFIEFRFIRK . FTEAAFZRKED)
ZHW (A FMEMRKXFRR S ) A F R

AR CPALH A CALK A FRITAEA ) 8| 28 AR )
ZEH T OP AL T AL E 3 A HARAF 50 P )R &) &% 0P BF R 31D
FETIME (Lo 3058 K AT R A TR 58 K 340

RIEF (A FMEMR K F AR L 3 ) TR PRI

B B RMEMRKFRE L S ) TR RHD
JEIFEZE (P AL T 3k MK SR 48 A 50 e R @) 3% 3 07 AR D
SMWMU(ER T FA38) RAK TA)F BT X FEEHID
WoORCOP B B FRALE B A PR 8] R & E )

B BOEFEMEMEKF KK D
HEE(HFMEMEKXFRRE 3 A FRER)

PR FMEMEKRFRRE S H TA2FRHEIRZ)
FOLR (B Tk X F3h A 5 4R 5 e



REHHAR TR

Ja #

B 4B 2007 £ 2 ARMAET AR KNAFAEAMKERERA LA, F2 2
EETHFENKE. “RKATIW IRFAEEAQAFHABRAREIIREHRRE
KMERXRMAREXFAARE MEZREP"HEARE. A THANERZEFLE
THeE, XRHERT N ERFk.

19034 12 A 17 B, XBEXRF LA H N ERE —RAF A TRALEAT
BAWNBRACATBR ORI  FEFALTHFRBERT AL, CHHEN 20 #
AREAHMERRL —H BRAXBBUFRA S I EFHRXBMEL N~ W,
HRARMEFHAGEARYE . FEFREAS NN F RS T KHNRE T AR
MR RANA AAT IRBAEFEANRFAR TMEABNFEREM TN
WH A ESFHAR BB ARAGRBRET RIS METLELERA &
REEBARFE . FHHAE ARHAEH L.

AAB KT RTE FHRBEEHEHNCERFT KM ERHARL R K
BT ANEALTZ— EEZLHEL . FRELELTENRKEE EMEF
Y, EERMNIAR BFERTREMZFL ML RRNREFRSL. K
BN EALHEALTAMEFERNWRAMEZHAFTALT. 23 50 FFEHR
WA, 35 FENMEIVELSANTHZ ERNRERE. ABEINAEHR
FLEk BAEE AEXGEEATHRR.EBREFRARMBEFHAES +
REAEZER RENMETLART HHXEIE.

AB KA AKE FELRMEAH SR, £ 2016 £ 1 5 3 F B737 Ao




2 A IR IR Fe R B AR IR R A

K A320 HHA —FEHNEFZ AN EERAFEMUEAS T EFS B A
B, ABCHAE TR EF AL XBURACTFLFHAILTE,
ERTHFEZRAANF MBEFANIRZ A BHESFSIHER . Z—AHER
WHBAUFRLE. A THEFHVE TER BAMIREEFTEN“RER, Y F
EINEEEMEFHRY P EETA L ABRMNYZ R RR, 5% —
BURKMAZAEAS EURREF AR EARA RS ENMMEHZF
BRI TREREMEZFLHR B MRAME RRAA &R, AA+
AEEHALEXFRTHG E RN,

2008 48 5 A , % B B A WAHLA R F k3L 2 40, b ¥ AR A S R BT 46 B
BACMER IR XE-—FAFFESAKNFHH IR ENFL. FHEE
—PENEHZF—RBEFAIEARRNARNFEE - RFLAXAAFHESE
M—F# 1o, RERE TCABRERR), R HFT F —W(EXMELE
% F ), B R T LA E ) AR E %), A ERIE T KA1 AL
W, REAAGEAMZEFLLRRE S0 FHNIEA, RREXT LHERBAF HK
HERFEEZAFNELR, FEARENAB W FHREREYE - A . HRE
Atk T EALERE £ 2RI R R OE KRR A B BRI F A
FRRERBELHEF KLEHH . AEBF FRELF URRZIE R TAN"AH
AAFERAEANEL2NME AREBAAKIAFAURERRERESEE |
X o

GEXELG, —RREEEESFFRMEMEFRANERRRAEIRER;
“REMEELRARBMER, N MR BEARAARERRGE—FRL.2TH
BRE L HRREATHFRABEMEBEIFE R R A HRER I B AR
WEHFFER HR.FH) BHNFRABFENTRERALEATR. 4
MEGH cEEMIAEARHR R+ EWERERH* - S ERL BE2LH
BREAARERFER A EL S TBRME SRR,

ARINAFEEFBEZTRAERLS MERXRAV.LEHMBER Aw FEEL W
e, RS A EREE AR BEAR. HHERANSHBEF . CF . HM.
TRHFENMBR A NERCE TR AL RN R AHNE R T EEARARR, 4




g F 3

AHERE AR E —RWE R LERER. :2009 F MR F = KA AL
oa K5 B Aerodynamic Design of Transport Aircra ft (15 % % K HlLH 2 &
B 47 % ) » B 3 B 5 B K 2008 4 W IR B Aircraft Propulsion (¢ & HL4& 3 )
FEARFAEHE R BACRA KA RR ) ERAERZERCRES A
FOARAKMAFRADE L b 484 00 F 1 1 ACR AR T 1000 [7).( 3 R AL =
REw gy FTARES,

ZEESRAERERES KB, AAT EHRAAE CHFAE”UEKEAM
HRIB"XEAFNGEEN. XEAFAEFRLK S AT AR R EME
BRE R RAES, BETEAAMMEAR T VAL HEENRR, EAREN A
G REM EAMEMEANESE. RTEVERIEHSAS  FTHEI XS
VYARWEISEZRS . PEXEAFRE AT TMEAREASER AR T
MEIUWRE AETANMARGFH, Ao, FEEAA NIRRT ES
WEERROME XHEMEFRREME R THPEMESE LB — AT

TR

2009412 A 15 H




M= RHYRT

52

il

FHUFRERNFETE, KB KHAFHEARKETHE T 2007 £ 2 A
E&RERMBELRA, #THRAEATRRERA LI, 2008 5 A, Lx @
AEUBMABER A G MIE”, #828 TERUKEL XS, AEER LA,
“Bios R SR T B 7R A IR TR R A

B R ALY KRB A, AL R, RS T BB kA, KR A
FRAEREAEA TLEBFPHEATHNETHA REFREERNEABR
L AR T EE WK, RENR RANAFLEIERNEM,
AREHE BT EREHE S, BEMERA LS DR, RITOERAZHE, ¢
ML R R X RE X EEN, ERR—RAH A M, R H
HERAKE, MK RHE,

BMERANE T TEERRANFELRLANFENR BB, £ -kt
RARME, EERLANKA BERK, CABRBAT. B h FRIET L
FHRBHAATEENER, 2 e Ao R WO ERE AR T, 4
FEABHE AT, REE AR ENAREFE RN P ELAB BB RN, E0E#
HTMEAFRAA A EEWER. £H¥FT.1937 £, £ E # Frank Whittle,
1939 44 [ # von Ohain ZHE B4 M HER T . LE XA THLRL AN, 24 T
AMEF RN, HERAIG T, ARG EAEE T CERR, A
BARELRETARRL AN T AR ERRES A XA EFE T HE
Y.

HAREANERERRE AN —H LD, BRI, EHATEFF




2 ALz SRR ER R B HIL A SR R

R EMHLA G TKENRE, E20HEHT ¥, BB EHMES A K
EWAXNABRA, Tt REGAE 21 LW E¥H XM ELLEHE. AE KR
RMMERAINBRIEMERARR RSN, KRZFIAHH A4 5 XM R
HAXBAE,
ARABENHARAABE LB AR RS, C5 A TR IINHDEBE K
HPA —ERAL A R EEREE KRS KRR BTERE KEGES
BHEBWER, ERFNELATHERE KASHRAHAER K, TUART LA
W KRFIABFRBEHADBE L (KERA > XE LA,
MERANAFEARIELA MRS S TERAERIEREZE. MERFHH
RIET BB JE B3 A ) R AR B b A o 2 R 3 AR R e A R KR R Y
FHT I, UERNE, B AT 3RS LR R AR SR E &% 1800~2000K,
MARZAREEERAA BB 1376K;3X 600 £ E B E £ R th 4 2oty
v A 3 BR A0 g ok B BOR S . R 3 HL4% B 35 10000~60000 r/min, 3t KL By
B G Ak 4 7 100000g By B 4, Ak ot % 3 B E R ok T B9 B0 AT T B4R
XA TE KEFIHERELRZFFEZHEN.
MERAINREFHIBNERE R BRI F BERF RN #, 1
WF RBRE NARE D EH MR FE M ITHESE S ANFR, X EFHNHFE
MLARFRNKHNRERE TR, ERBRAKI, FrE LSRR, T
ARBREW B R, AU FMERAING TR R TS XREKRFIALH
HEEAAE, ERLAHEE BT HERFEM, ZH5HABRARKBR, AHHEHR
CARBRE I, mZEEFRIX AR T AN ANAELEL R T4 E
ERBATRAF A, WRFAFALA, KAARATRE EAVN BRE . RRE
WY, T AREABER . RARRABR =% EAECE AL ERIRNE LW
KA TR AERESEAABE A TEERANEST DARAMANN R, £
foFH A F ] AT R RE LA XMUER.
HTEIHFAAEAGEARTRR TEALX AKX BRI R AEHE
K AMNABRAEBTFEANAFEA, B AERR, ARIE, RANE, KRB o




F L 3

RoUEAERHHER ARG KBEEL L EE LB X R, FIRA MMM I
MU EaFRLHN. EAREAAEH LR, KBFARNEFBETAL KR
MEHER, bEEBREAHRAFR. BN\ TH.MELXFHPRF L RITEA
R, AEXZRMEREERZ .

BZ i THREFRRREREMR, FEFRIXNG L RN, X THEH 4R
THMERAERXEFLH WL ERIEFAFHNEAERRA, X BEHERE
TMERHINKESFREFEUAERE Y X H OB RERE.

A T EALA T R KR TR F G E B F AR AR R T
SO B2 F AR T KRB B, 3 RGN IR K 30 AL A #8 & 2 4 SEALE | AR AL i i A
mETIRFH AR BFBRO A RBNRULEFFERNERN. ER T LR H
ERFFIAEARBIEELNKETHE IR TR REREL, BT kT
A4 IHAT TR . B A3t B R Ok, 00 R AR DR 5 B b a2 oL R R
WERKBEXR. ERERABERXRN S R ANEEBRERA®E A, A AKX
REFEEBELAELNRERT, WHRETRFRN T REEREAM.

BRERCEYRBUABFNBRS, EREREHFETRZENHE. MEX
AR N EARMZE. TUARBHXHNER . LBX A RIENFAEENE
2 B AT R KR

HTMERAPHFE ARG TR B xR REIR oy LR AR Rk &
ARFIAFF AFLRAEZNARTER.

“RAPLARTIAE78 % SRR R R R EM B %85
EH HRE S KRR EMEL LT E, A RZFFHELAERNRER, NE
WA T EE, HELLECTRNA. AFRRTFHRNAHRTRKRNTRRE,
TE R A XK B S A

ARFIAHERE2ERE B FFR AT BT T k3709 HJffo & T4
HABRUNBARFHFAREE  FENLFELR, XELR, THRER X THK
RIAFMET R HELASBENEEAMAR, FERE AN, RIEEANAH R
B RXETATHRNEEEA. RAUNEZTRHELNH T FBETEETR




4 ALz R RFe R AL LA IR R v Rl

RAES KA.

ARFILAFHREXHNARBTNEAREE ERYRRE . EHREBRFE, BT
APBERIER AL NBETHEAT . FARBHWFLZ., AREHANEX
Wik, AN EFRMERTHRRRRFIAE. ERFTHNBAT BT KAH
FHHLEFRBHER . XAMCAF VR T ARFA S HEE, XRERMET
M.

ARFIAFHUNRERER AL U THEARBA R HKIFA G % Wb A8 X oy 5F
REAZEXRG AT EAEXABRENS TR, EFREARHAM. FLALH o 1K
RBAETMERINE LA WIS, A TRET LB EFEARAF, A 3 T4
BT R R, AP EAMEE L H TR,

%8

2013 4 10 A




Bl 8

g & ER K FHHLZ )G, 1937 Fn 1939 4F 45 4 3 E #a & E iy Sir Frank
Whittle ## Hans von Ohain # # f T MR RBRHIAK . §EEKXK A
AKX EARAA EERE BRDRIDFRFLE—FHEREFH
EEAEA KNS Y. EHENTOSFE  MERIARKAMNHHEA
Mtk RE. AERRKBRAHLEE N bR RBR IR T T
100 A4 RERRET 10FAE, MRARFNAEHENTHET 5000 E.
EHRIEAEESEERF  KANBERRIRE ERNAREER. ERAZE,
ABERRRRBXAPNAERT LN, KAGERE T K IE B K AT B9 B 18, ik
TRTENEE, E T EEARBNXR. RATHREFRE. £EFFF
2 REFETHEANEGFEFABANZE, A TMERIRRR A
AU EEE TREFFAA L FEMAENERA WL EAME
ATBRAERRRAINES . MERKLRBRAPNAEAKFE XA EE—A
ERHMBEAF BFLEAFMEGEINERFS BREASWANERFEEN
FRAFRRAAINKEGHARNTLOTHE. NIFETRRAFRAANT
ERBAME, HPAUAEFERANEBAX AR, EUFEH, EHEXLS
BRARREAVATL UM AR XA T BRI BN. “RFHE EHH O
BE”, A T RERBE WA T, B XX KA HAT L+ 2 W, T B n AL = K 3
B FERARR BB B IALT WEF, KAPATLFHREREA. ZHE
AEREHFRER. (AHRIE - MERAIRFIDAHRBE XK
A&V .

AEEERKMNEMERIRRR AP TR R 7 B HEH X
R B A/ Rt de R L@ REE % | Ao T, H



2 FiLzs RS & B AL AR 5T B R

HES5 7 SHAANESHHAH . ETHRFTHHFREERSEAFTE—AXAR4T
B RBRIARMER DI HERFREARRRNA XK S HL TR 2 otk 5
WELHHE. BN ERHROAXREHSEAMERARREANATZHNT
EREFMRE LR, DR AR RS AE; FRARR L&
R RO RINAEER PR AMERTENNE; S RUENN £,
HRARDPERF B, AFHEFHERT XL, 240 11 FLK, AE
W

I~5 EHRRAPEATEERFRS LEARRAERAT R XHL
WE, ARSI EBERTF 4B, AR UHERL T, 6 T XA TR RE W
RHPMRNERERFFABH T ENARAFARERRET 0. MG, #8280
BIRINABUHERSFAIESFFTHARTIERR PR, RERT
WHHENEEFRA AR R AEERITRTEEAELHT . ALER AREBE.
FERFERNURRRATN IR AT .

MAETENIAN KR LR EERDNETAFAEBENR. F6FL
MR T e R R R BT E N TR ER R RS R
HL P fE 7 JEBOAR Fn e HEAR B oy AR 7 3% .

WREBARRBRRRXAVNEREAANMEEXEENNEZES N, FTF
NIRRT RRHFRRBRERAVNEATERE SR E R
(RERE)WICE,

RARARES WIRP, —MELT R N3 A & I K3t R AL
RUEWBEARER. AFHNENLEIM A RR IR Z W B, AX EHEER
RAEHE LRI ET #ERCHER. R 3h AL b &k R % 2
KW FRERF RN R AL EALRY, EZAERA T LAH
RAfBAERWNEE., KHPLLEE L, CHL#RE R CHHR K
GURTHRERG. BN =ZHWH RPN TREEER TR, FIA®R
HRAGWBRTUSTEAANRETHRE KN ER. R, AFF8FEME
O FEx MU ARG M AR I/ KA C AT BB RE T M H %

AWRAERER  RAPNA LT TEFRFEABLHAF S 5HEH
K Wy 12 R, 3 o K B AL TR R AL T R R AL DA 3K B K el 9 A R



L)

13

3

s AT F R e Al S AL OF R 3 WL BER L 2 T IE R 65 R R 30 LA B M IR aE AT
BAFRE KATLLMMERNE, AFE 10 EXXRAYLEA o b6 7] A 1E
TENHRR.

ERAPBEARREIRF . BRRANAEHRE-—EFENER, HFX
RAENBRD RANETHAENTR. AP RE—FN AT HRZIEERN
BAREE T KT RRR BT FANEESOAR A,

SmAH GG ARG T

Fl4F XRIW:E5~6F KEGEFTEFIE FELESE,
F10FE KEBFLINE FHEL B FALATL2HEEAZN B ATS
R XA FHATTREEF L,

FEARH GG T, P EAE T RS e b K KA R R4 B AR
TUHAHRFBT LRI REFARRA LERBRFRES TR AKX
FHREAPNHATTAEFEF R T ERENL. AUNAARFERXS LK
BRFRCEH. EEMEMAALFRERRER L P EME T30 4R
RS EEIHFREARRAAET R ARL LR T BE, IRty
ANXFRTHERM. EXFERE  LEMEMRAF AR L ZE. KM,
ER e RACH LB AR R LR T A BB T, — %k

AT HRAEME R LA EA R BARGUR N T2 E B A %5 U
BEARAFEARER . ABUTHERFRRX AL LK £ KA £ty
BESEH  BARA - LV EMAMERAIAXBEA R .

RTEEKF, AHABRFENT R AER A HOFEHHIFHE.



5
s BX
A A
a J2B
Ac HEMRER
B RiE E
Cr MR HE 1 BB
Cp Ho R AT
Cx EIES '
Cx.a BB 1 R %%
Cx. n Rff 1 J2 1k BR BE ) R 8K
Cx. s Y YL BE 1 R
Cx. w S B
S W
F #Eh
Fa LR
Fs HAIHES
F Iy
G 9]
H CATEE
H; FRACIVE
J i &
K R
L AR
M ikl
Ma AL

3TN T



Lz IR IR R AL A S5 e P

FESe <o e

x =

gggquhn<

BjE 3

A

#IE

B

P
SRR
HER
FET
THEFEM R
it H 443
TRRE

i)

SR
FIU

JA 1) 3 BE ()R )
HZE
S
i RE)
R 3
R
HAIM L
TR
AR
HNEREE S
B BE A1
2B S
EEEBH 1
FH

T LR A/ RRARE

et R | A
MR
DIk &S

kw
Pa
Pa
Pa
k]
kJ/(kg « k)
kg/(kg * h)
kg/(kg * h)

kg/s
kg/s & kg/h
kg/s & kg/h
kg/s



