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Prediction Method of Axial Flow Compressor Characteristics under Interstage Bleed Conditions
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Abstract: The research on the prediction method of axial flow compressor characteristics under the interstage bleed conditions was
carried out to determine the influence of interstage bleed on the characteristics of multistage axial compressors and simplify the bleed mod-
el in the overall performance analysis of gas turbines. The pressure and temperature of the bleed position and the characteristics of up-
stream and downstream of the bleed position were obtained by the interstage matching model. The compressor map affected by the inter-
stage bleed condition was determined by rematching the characteristics of upstream and downstream of the bleed position. The characteris-
tics of the five—stage compressor under the interstage bleed condition were predicted at 100%, 70%, and 50% corrected speed respective-
ly. The results show that the predicted compressor map is significantly changed compared with the baseline. In the pressure ratio—flow char-
acteristic map, the predicted constant corrected speed lines after bleed are generally above those of the baseline. The compressor pressure
ratio increases, with a small increase at low flow rate and a significant increase at high flow rate, and the lifting effect grows with the in-
crease of the bleed flow rate. In the efficiency—flow characteristic map, the predicted constant corrected speed line intersects with that of
the baseline at a point. On the left side of the point, the efficiency decreases due to the bleed and further decreases with the increase of the
bleed flow rate, while on the right side of the point, the opposite is true. The prediction method was verified by the characteristics of the
five—stage compressor under the interstage bleed conditions. At the bleed position, the relative error of the total temperature is less than
1%, and the relative error of the total pressure is less than 2%.
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turbine

Y75 B #3:2023-06-15 E£ WA iz s e i o o H 55 Bl
EE B2 (1988), 5 i+ A%, @EEE: THEE098D), B i+, ml#d%.

S| B, R, XYF%, . RG] THF TR E OB 7y )] 25 & 508, 2023, 49(5) : 34-39. MING Liang, FENG Haotian,
LIU Jiaxing, et al. Prediction method of axial flow compressor characteristics under interstage bleed conditions[]]. Aeroengine,2023,49(5) : 34-39.



545 1

B SR GRS AR T R OO Oy ik 35

0 3

X e SR G ] 5 1 SR B 2838 W 1 A i 5
KAWL E TARIRES LR T, 51 EH IE [
FEAM L EE T2 20 B A st AL <R T
JiE e R S i 1] B s A, SR, WARTE AT R
SHLBTHIEA 7853 7% TR GR 51, 2 30 Wik
il CRe 12 Wi A B2 ) i g i T HE

KT G ) 5 | S0l R LA RESZ e, [ P A1
TN L HEAT T K i L (7 BRI 55 B oY
Lorenzo %CI7E 2% J& T 9 8] 5| <A HT 2 T 257 T g
TR AL BB ) 1 4535 Y 5 Samuel SE4HEN7 T
2 AT R 5 AR B A R T o 28 g AR A
Luca 2530 1 # 37F BRI 9T T [R5 ik i <
BlARMEAR AL s RV R ORI SE T AN [R5 AR i R
SHLARZIR , & B R R SMLR i i R b RCRAES |
S K JE #F— 2 F 5 ; Abdelghany %7915 T = 1
T8 FE I B A s AL e S 4 A RN & B
BLAPEREHE AR (5200 5 T 8R4 A 5 451 R Y
ZIR R LIRS A AT T0E5E, RIS
Ui A A 0 4 A A B S s e Bk TR AR e T g
LN o 1 S O = 0 07 B W W 12V N K 1
ZME N EAMUE LG RS ACRLE ; Liu 55" 70 B 7E
F i i R BRG] e RO 28 2 B
B X ASALHEAT 75 ; Peltier SEXF 2 Fg | S0
H S50 0SB REEEAT T BUERFSE, I FH TR0 A i 05
GERHEAT T Ik, X RS I s G AT TR
TR AF G ] 5| AN R E T ik AT TS
B A AE TR O SRR HEA T 40 BT BRI 72 e 15
SR GBI S5 IF AT — g A B 1E A A
ST R 2 R R L A L R R
T3 D7 1k BT O 5 BEL 5 B AR S5 Chen 25 Well-
born 28" Merchant 2" Dobrzynski S B S AN
— PP B2 sh A T B 6 SR I B Y
J7 VR W B v TR B AR S 19 R SALIR S AT T
THE ; Grimshaw 525 & T IR 5] 51 SO0l <L
R MRS, IFHEAT T BRGE AL

H HXS T 4% 0] 5 | <A F 5T 2238 2 B0 5 sl
Yo AT, — 7 TR R 0 LS L Bl , oy — 5
FLECHFE DR 0T R, BRI — 2L ¢ F o BB A I 5%
EAT R X6 e AL AR T E A 38 FH A 8 0 5 12 o

i

AR SC AL T BL AT DT BC Y £ B2 %, BP9 1)
SN F AU 2R A 52 e KL, 382 1 — 2] 5|
SRR Rl e AL R T 05 3

1 RBISI MR8 ITE 1R

SCHRI10, 13170 BB T35 Rl 36 285 5 20 B 4930F
B« G 0] 5| 6 R ML 3 B3 i e L i ) e DA
o, 51 B AR A XE DA OE 3RS iR 3 R R [
fic, 51 3 2 k5 Ui ) X O SR RE
BT X—IG AR FRESMAFRM LT K525 00
32 B AL FE M0 24~ XI5 0 264725 1, UGS Ml
T B BAAR S EE LM 9], G ] DG PSS AR 28 G35 3 437 2
PR o ARPEGLIR] 5 0r B 7R AR R R Lk D
fR A I 1 AR AL
1T 2 2 R
O ATTREREEEUDOR AT B
A2 B R T R 4
B G S5 KUY B garmes zgse
JIF e B (B
1.1 REEIRSHKRE

DIATE 1,11 (8] D3R ], SX R A sk 5 1 6
JEAS ML, o i 3 LG, - HAE 3 5 2 94
TS —&B 4, F R 0 Uk F A 55
TR RS AR BT, ST RE 8 U e A P PR
PE B A B Z A0 LR ST 2 S5 AT5 8K R A% ik 2 1R
FESMLR RN ER . BT —Frde Al 11 57 .
Jei 2343 440 R 4 AL, I HBLA R EE AR
et 78 RSO A B ESHLA BAGER

RS AL IEA G E THF X T 11
S BB R R TR AL #E 1 SR Py R Py Lk
OV T O RR T, O 6 R e AL
o N A CAT, A A R 11 B S Py LR
WT MESHLA BRE L 7, 7, FIEEES0CR 0,00,
e AKHE .

JESAHLA BRI RR N

w, =P /P; (D
m, = P,/P;, (2)
FESMLA (B BYSERRCR R HRY 1200 2

k

k

* ® Tl‘
T, =T, +7.(7TA
un

-1) (3)



36

s

i

3

3 Bl 549 &

. T, kot
T, = TI*] +7'(7TR Bo— 1)

B

(4)

Ak o AFEE

¥ RS BRI AT AR i, HaE i R

RN TR
m, =i (P))
my =f(P)
n, =f(T.my)
Ny =fi(Th,73)

ICH, X 6 AR AR ARTE 447 18 iR 2t oy
T2 1 0 o B AT, G SR AR AR R A, W
B 2 RECE A R R E A&,
XTI BRI SR A, AR U3 7% Rick S EUE T

(5)

LR TSR RGN TT R, IR T M2 A2 5L
A B

ZRRCR IRV 1 B LB LK g
FHRRR , LR TR Py RSAE) P, I, 27850
T RAHUHAER 2728 48 15 S PRI FES 2 P

m

h ' R(Tz* - T]*)

wl _ m =1

M0l :H: A
k-1
A by, I SHUH AR Z L TR 47 5 5 b, R SLSE
PRIMFEL s RO SR H m o 28 W R 18 4
m _ In(P)/P})

(6)

R(T; - T))

= e (7)
m-1 In(T;/T))
EZY & R Y& P
”2% (8)
(P3P -1

TEMEFERR b, & TR H 2 AR -

(B sE 2 bt He ML EE S A R i A1
[ 614, ol e SO I Y BN AR A 9 TR R P
BRATHE N

§=(T, - T))Ix (9)
iy N EAHLEIEL
DU 11 A0 RN

T, =T, +né (10)

O n AR 11 R AP
(2) 1Bt 22 Gt e UHL PN A 4k 20 ) 22 A8 383 AH
A, X3 LA SHLA B

Moot = Mapol = M8, pol (1] )

FRAE DL 455K, AT DAAE RS — 25 1 T
B BRI 11 (S EL B RSAL A B BLR Y DT Fic s
1.2 2RI T A A R 36 HiF

HERA 0 ML A B R Hh 6 02 5 22X 5 | <54
AN AT TN (%) B AR, PR A X R
[i] DC FC A A () T+ B 45 SR AT IR . A SCLL S PR R
B, Wiz SR B 5 0 1.0 F00.7 YR 43 T4
PEATIAIE , 38 15 4% T 00 A 5500 1) FH 2% ) DG g A 76
FATHOE 11 S50, 9 5 BUEITH AR 2 A 11 350
AT .

H T2 ML RIS AR E ) 5 | &,
PR T B PR AR 11 BB AL, BARAR SR
HH G A DT gAY ) H R BF 5 51 A R IR ASAL
FEPE (R Z R AT IS 2 i R LN AR = 2 )
(i) £ 48K T S B AT SR AR, A R AL T e Y
B, NG w5 B mT LN R AR L AR SORE AT 11 Y
I B E AR RSP 3 4 902 ], BB 55 908 1.0.,0.7
AT S R AR R 22 7 W3R 1.2, HA R AR m

AR KA L FCRR B2 R, s OR B T3 25
e MAIXTIRZE
x1 BEEEIONNITEEREEINRE
F5  p./Pa p/Pa el% T, /K T./K el%
1 128580 126300  1.81 31078  307.9 0.94
2 124781 123000 145  307.86  305.5 0.77
3 120751 119300 122 30491  303.8 0.36
4 118588 118000 050  303.36  302.5 0.29
5 113336 115000  1.45  299.74 300 0.09
F2 BEEEN7THMITEERRMEIRE
F5  p,/Pa pPa %  T,/K T./K el%
1 114972 113950  0.90  300.01  298.8 0.41
2 114218 113100 099 29932 2986  0.24
3 111674 111400 025 29725 2973 0.02
4 109114 109300  0.17 29529 2954  0.04
5 106118 107300  1.10  293.11 2936  0.17

AT A 2 PP SR R IR RHLE S
T 2 R) DC B A A T3 45 2R 5 B T A A R P
S, Hod IR T B AT IR 2 A A T 1%, SR
P}, AR XHR 22 e KR B I 29% , PRI vl LAk fi FH 2%
[i] DG Fie A A B AT 11 S 8O AT AT Y, 78 LA
S AL A B R h 2 T E 1



545 1

B SR GRS AR T R OO Oy ik 37

2 FZES|ISREERNTTIE

2.1 TR TE

Zela] 5 REME T B Rl T O0A B AR X
SOPLARRIE ™ AR 2], DR IHAS S o P08 T8 T
SHLA B8 AR A DT FE 2t —Fh RE S T e LS |
SURFHERI . o

TEZ I AR Z BB TS S i 7 v, th TR bF
G GAANEII ST BT AR SRR AR /Y 5%
PF X B SALAS NG 1=, AR T A A He UL
PR EIS FR0 R Sl AL , R S A R 8] 5 2 TRk 9
R A R AR A, IR B 2 S BUE TR T YT
ZE 0 AL TR DR N o B
HEI e T e R A 5 N A E
PEF AR RN 8] 5 | SR IE R, A E T IRART
Foo DI, AR ST TR LR B BE 70 A 19 £ B2 1
K, BBV T IR TR E 1k, 2%
T ) AR SR — R BT 5, BIAER J
FEAHLES NG | A ] i Rk P AR il RS
WL I s BE 5 | 1 ) AL o 2 11 9L ) 48 7 00
L, 7ESEPRAY B LIRSS B, 12000 8 /Nl DUR G 51X
(2 st E (A PR 4 P B TR N i 1o
it \WIBuREa iDN

FEHEC AR AT, DU - Rk
A SCAER— T 00 F R RAR 2 5 =UR ek
AT LLRAE 18T T 00, i T AR R 97 T 00 0k
AR T OLE R IE F 58 T 7, W TR —5 Ui =
W5, FEBRFELR 1R 27 A T 00 5 IR 2R L1
S IV L DOV SE SRS S B pA R Ny
FIRHINEOL N AR fER— B e L i 2
A8 i 0 R AT TSR R LA S A TR K iy 5 | U T
O AL, A 23X 8 15 T 1 2 AU A — S Y Y S
RRPRHAGH—5 | T TR LR, i TRAHIR T
DUAY R — Py L A X AR R E NI S BT T4
PHENAYRFIELATIRD | PRI AS SO 3T T 58 ] LLAERR:
FLERZACR AT TSI, T

EIChE SRR, R 51 AUk BT 1] Y 5 W
AW, BVS RASHLBARLE , L A B 32 21 2
)51 MR/, Al A2 . i T P AR D 11
e, A Y T HREAPLA B 0B, UMY T I
LB B R, P 7, L 7 i 2

T = Pk/Py - ; ° l*] =TT\ 7 (12)
2 1 P;l P; Allp
1t i N }ﬁ;anS P : FidE

SR T AN RS HLA B
FEEAEA A B RTHE T, 5135 Bk 11 2808 0
AR LA

m =P}IP} =

oS

Py :
P ?1: T\ (13)
A Py REI AR AU OB 7 e R RS
MUE L s, BB G FRAHLB R L,

JESHLB Rt & A AR AR i 32 2 I R G R 5 1<
FEOLHE A s s, 5] ESHLB TARFE R &
J G T O L, G R

G =G-¢G, (14)
A6, TR

K, 7, AT DL DU 2 Fh 7 35645

(1) AN 7 2 ] DU FE AR A o B 2830 1o 4[] 4 B 5
R A TS E T XN E RSB ol 5, I
i I 7 k2 AR 2 TR AL B B R EE - R
2, ] DL E AR AR R il R E AR SR
XL AR 7 AR A (13) 15 7

(2) Gn AR AE G Rl DT Fe A R ip R T T 1 5,
AR T oS E R A WX TR E R G
) TS 5, T A7 O AN e LR ] L 3E
o 97 (A E R RO GRS RG TE HE FIROCR , AR B
T S AR A7 2% ] DG AR TR Fr A A R A A S Y
AL B e el & oy, B AR A (13) Hr 3375 3]
B o R R AL O8N GRS R . X
A R X T 00 A PR SO 55 TR FE X
T AT PRI B 5 A R A

ARG AE RSB MIRCE , AT DCR A B
IrERAR H T RESAEBCRS R s AR, 5
FEAREARE 0, o, MU ] PR FE B X KA, LT
SIRJE EARMBCR g Wi RN e RS i T, BT
R a) 5 R RAF T ML RICR FINE FE A9 Fk 46 D ik
AT TG A TN, AR S0 S5 SCHER 21 P I IE T vk
11T R RIS SRR T L KW TR 0D |15 o R Ty S

e e ETEHEGT + 31 R4

R e e + 3o )

k-1 k=1

. G'T]*[(W’)T - 1]+ GbTr(WAk -1)
G(T7 - TI*) + Gh(Tr] - TI*)

(15)

n



38 i

s

3

3 Hl 49 &

K7, GG AW R, AT 7, R, T
Tl*l .
0 [( 771;) g

B
AR SO 5 A5 AL

k=1

T, =T, + - 1] (16)

Js IS 8 T 5 ¥ U

FRUNIE 2 7
22 WREREIH
PHERLL S SRR LA

], HR 4 15 T I SR A
SCHE A T 5 6 R
LR E L 3R 1.0.0.7
0.5 M RE ML ETT 5] R
O, A TR SR
D=ty i ol S < ol 1 )
1.5% M1 3% 1% B SHLEF

E2 M3ISEESHEL
MR LTS ERAR

PR 51U B BN R PE L an 18] 3 4 B, Hop R
Bt IR R 3 B R B R B AT U — 1

* 0% bleed rate

20.86 * 0% bleed rate o
E] & N * 1.5% bleed rate '3 1.02 P . 15% bleed rate
£0.85 . 3% bleedrate ¢ | g 4 4 3% bleed rate

2 3

£0.84 , Z09s '

= a

S0 = ool01 7\

) 3

=038l Z090l 040042044

038 042 046 050 054

Normalized mass flow

038 042 046 0.50 0.54

Normalized mass flow

(a) H5LHHH 0.5 (a) HFHHH 0.5
-£0.94 = 0% bleed rate o 1.04 * 0% bleed rate
e “ o 1.5% bleed rate 3 1.02 . + 1.5% bleed rate
©0.92 Y + 3% bleed rate o - % 4 3% bleed rate
g % 1.00
£0.90 t £0.98 1
= £.0.96 a

0.88 i :
E ' 20.94}102 m
0.8 £
£ ! 2092 o)

20.84] i £0.90
= Z0.88 0.60 0.65

0.82 . .
0.55 0.60 0.65 0.70 0.75 0.80

Normalized mass flow

(b) BB 554 4 0.7

0.55 0.60 0.65 0.70 0.75 0.80

Normalized mass flow

(b) HF 45340 0.7

° N = 0% bleed rate * 0% bleed rate .
E 1.10 [} e 1.5% bleed rate 1,00 e, e 1.5% bleed rate !
El 05 t "~ 3% bleed rate g 1
7 1 2 4 3% bleed rate &
3 1 £095 "
£1.00 g }
z LN 0,90 1.015 !
50.95 i =0
q E
£0.90 £0.85 1010
z = 0.90 0.95
0.80. p - p p ;
0.85 0.90 0.95 1.00 1.05 1.10 0.85 0.90 0.95 1.00 1.05 1.10

Normalized mass flow

(o) BB N 1.0

B4 HEMNUER
M RT L, AR SCHUIN A5 2] B 4R 8 5 TR LR

FPELAH LA W AR 1 . RPN AT 2 A 25 23, 1

Normalized mass flow

(c) HAFH N 1.0
B3 EHEMER

Jis Fe = U B P, 510 A S R e s e e A3
TR Z b eI 2R R RO s EE R )
T L R R ) 0 s S s o A 2, 9 Y o e
G R AR R T B A B B A K 7R AL
RV R IR P S DA ], 51U A S B
L IR R 2 T — 1L A s ZE MR R 5 1T
R R B 5 | R R i e — 2B A, i i A
D RIS S, A 3 A0 R T 125 i A S T DAL
BB (B IEAREAS, OARSE T SRR IS
SR T LIN THZ S8 s i 52 D7 6 AN TR 2E

&t

3

(DA SCHES Y 1A RS R] DL B A, /] L)
XiF 22 9l R SML AT 7 2 g 0n) A AR i S Bk 1R
fiff , 383 5 9% H AL A B R A7 30 0, 48 I A S IR A
X i 25 AN HE 1%, Jo He AH X% 25 AN M 2% , B 128 B )
TR 51 SR v LR i <AL & e e

(2) R AR SCH ) —Fh i) 5 | 02544 il e &
AAUREME T 5 32 AT DL AR R ML ) 1 e 1
AR R — 5 N R R AR A . TERRPLER
PERE AT N B 5 %, T DR )5 | S0 R ALY
S 3 R AR B T T 5 Bk R in 5 | A e

(3) Gl 51 AT LU R AHLE e &, 78/t 2
F B e A/ 0N 7 R B N 5 K, I LR v s8R B
51 B N2 T A GRS SR R SLSCR 5
e R A2 P U (R0 38 AN [T T AT IX ), A 342 7
/N R AT, 7R R i B R A v, ELAR I B
MR,
B% 3k

[1] Zhao B, Li S, Li Q, et al. Unsteady numerical research into the impact
of bleeding on axial compressor performance[Cl//Proceedings of the
ASME 2010 3rd Joint Us—European Fluids Engineering Summer Meet-
ing Collocated with International Conference on Nanochannels, Micro-
channels and Minichannels. Montreal : ASME 2010 3rd Joint US-Euro-
pean Fluids Engineering Summer Meeting: Volume 1, Symposia -
Parts A,B,and C,2010:531-538.

[2] FRSRME . it R ML BT RO 89 % R ). Bk il B S F 5T
2004(2):1-8.

CHENG Ronghui. Development of design technology for axial compres-
sor[J]. Gas Turbine Experiment and Research,2004(2) : 1-8. (in Chi-
nese)

[3] Damiani L, Trucco G C A. A control oriented simulation model of a

multistage axial compressor[C]//Proceedings of ECOS 2012. Perugia:



545 1

B SR GRS AR T R OO Oy ik 39

The 25" International Conference on Efficiency, Cost, Optimization,
Simulation and Environmental Tmpact of Energy System , 2012 : 26-29.

[4] Cruz—Manzo S, Krishnababu S, Panov V, et al. Inter-Stage dynamic
performance of an axial compressor of a twin—shaft industrial gas tur-
bine[J]. Machines, 2020, 8(4): 83.

[5] Mare L D, Simpson G, Mueck B, et al. Effect of bleed flows on flutter
and forced response of core compressors|C)/Proceedings of the ASME
Turbo Expo: Power for Land, Sea, & Air. Barcelona: ASME Turbo Expo
2006 Volume 5, Parts A and B,2006:1115-1122.

(6] ik, BEABZE, JRHFF . a5 X 2 HA R SRR A 5Z
[J1. ficzs & shil, 2023, 49(1): 62-67.

ZHAI Zhilong, CAO Chuanjun, JIANG Yixuan. Effect of interstage
bleeding on performance of multistage axial compressor[J]. Aeroen-
gine, 2023, 49(1): 62-67. (in Chinese)

[7] Abdelghany E S, Sarhan H H, Saleh A, et al. High bypass turbofan
engine and anti-icing system performance: mass flow rate of anti—ic-
ing bleed air system effect|[]]. Case Studies in Thermal Engineering,
2023, 45: 102927.

(8] BiH . #HhACHT , A/NIC, A5 . SRl SN 2 94 i LI RE SR

G AR BUERT S TR, 2014, 27(9) 1 6-9.
CHEN Zhe, FENG Yongxin, DENG Xiaowen, et al. Numerical re-
search on impact of air exhausting between stages on performance and
flow—field of multistage axial compressor[J]. Guangdong Electric pow-
er, 2014, 27(9): 6-9. (in Chinese)

(91 W T 5, i 85, WRVT., 55 . 5| R0 2 4UliRt WL L e 2 e 14 £l

WS ALz 3124, 2016,31(5) : 1186-1195.
YAO Dingfu, CHENG Jinxin, CHEN Jiang, et al. Numerical investiga-
tion of bleeding effect on performance of multistage axial compressor
[J1. Journal of Aerospace Power, 2016, 31(5) : 1186-1195. (in Chi-
nese)

[10] Liu B, Zhuang X, Guang F, et al. Numerical and experimental study
of bleed impact in multistage axial compressors[J]. Chinese Journal of
Aeronautics, 2023, 36(2):1-16.

[11] Peltier V, Dullenkopf K, Bauer H J. Numerical investigation of the
aerodynamic behaviour of a compressor bleed-air system[C]//Proceed-
ings of the ASME Turbo Expo: Turbine Technical Conference and
Exposition. Diisseldorf: ASME Turbo Expo 2014 Volume 2A, 2014:
June 16-20.

[12] T3, XA, KRE, 5. QUM LRI 51 Ry 05 BT i3
(T] PAZRIE TARER 244, 2023, 44(4) : 580-586.

DING Jun, ZHENG Jiansheng, ZHENG Qun, et al. Simulation meth-

od of inter-stage bleeding of multi—stage axial compressor[J]. Journal
of Harbin Engineering University, 2023, 44(4): 580-586. (in Chi-
nese)

[13] WX F4E, BliBE, JEmeTs . MR PR e SPLLE] 51 <0y 20 i

s i BEBTTE. TRESOAR , 2023, 41(1): 16-23.
ZHAO Ziheng, LU Yao, QIANG Xiaoqing. Numerical research into
the impact of different bleed modes on heavy—duty gas turbine multi-
stage axial compressor performancelJ]. Energy Conservation Technolo-
gy, 2023, 41(1): 16-23. (in Chinese)

[14] Zefp, REROR, SRIEE, 55 . ARl 51 S0 8 X 3 PR b

HRISENABTTEN. HEBERAR , 2019, 40(7): 1478-1489.
YAN Song, CHU Wuli, ZHANG Haoguang, et al. Effects of different
axial position of bleeding air on circulation casing treatment[J]. Jour-
nal of Propulsion Technology, 2019, 40(7) : 1478-1489. (in Chi-
nese)

[15] Chen S W, Gong Y, Zeng C. Experimental investigation of hole—type
bleed for active flow control in an axial compressor cascade with tip
clearance[J]. Aerospace Science and Technology, 2022, 128:
107790.

[16] Wellborn S, Koiro M. Bleed flow interactions with an axial-flow com-
pressor powerstream[C]//38" ATAA/ASME/SAE/ASEE Joint Propul-
sion Conference & Exhibit. Indianapolis: Aerospace Research Cen-
tral,2002:4057.

[17] Merchant A, Kerrebrock J L, Adamczyk J J, et al. Experimental inves-
tigation of a high pressure ratio aspirated fan stage[J]. Journal of Tur-
bomachinery, 2005, 127(1) : 493-502.

[18] Dobrzynski B, Saathoff H, Gummer V, et al. Active flow control in a
single—stage axial compressor using tip injection and endwall bound-
ary layer removal[R]. ASME 2008-GT-50214.

[19] Grimshaw S D, Pullan G, Walker T. Bleed—induced distortion in axi-
al compressors[J]. ASME. J. Turbomach,2015,137(10): 101009.

[20] Hackney R, Nikolaidis T, Pellegrini A. A method for modelling com-
pressor bleed in gas turbine analysis software[J]. Applied Thermal En-
gineering, 2020, 172: 115087.

[21] 34, PR 7k, 200, 45 RS S r iE IR I, IR ie
B 55 ,2019,32(6) : 26-30.

QIANG Yan, CHEN Yunyong, LI You, et al. Calculation methodology
of compressor efficiency[J]. Gas Turbine Experiment and Research,

2019,32(6) :26-30.(in Chinese)

(% F2 1)



