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Abstract: In order to achieve an accurate prediction of the aerodynamic performance of an axial flow
compressor, a one-dimensional aerodynamic performance prediction method for multistage axial flow com-
pressor based on the mean streamline method was established, and the corresponding Matlab procedures
were programmed. For different types of compressor, the suitable empirical models can be selected by
this method. The aerodynamic performances of a four-stage subsonic axial flow compressor and an eight-
stage high-speed axial flow compressor were calculated. The comparative analysis indicated the one-di-
mensional performance prediction results were in good agreement with the experimental and three-dimen-
sional CFD simulation results, the calculation deviations of efficiency and pressure ratio were kept within
a small range, and the prediction results were with high accuracy. In order to further improve the predic-

tion accuracy of compressor aerodynamic performance, an automatic calibration method for empirical
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model was developed. The selected empirical models of a four-stage subsonic axial flow compressor and

an eight-stage high-speed axial flow compressor were calibrated by this method. And the prediction accu-

racies of aerodynamic performance under different speeds were improved after calibration. The research

results show that the one-dimensional aerodynamic performance prediction method and the automatic mod-

el calibration method for multistage axial compressor are accurate and reliable.

Key words: axial flow compressor, one-dimensional performance prediction, empirical model calibra-

tion, Matlab procedures
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compressor with IGV of 0°

x
53
W05 "% 7 8 9 10
Em/kg s
% (a) B
80|
< ,
g 70 A
¥ |
B oo \
g |
— | \ )
S o 0% 8% ! 909, 1100%
W5 6 7 8 9 10
Em/kg s
(BEZ L ES

B3 MEHRESHIGV # —10° Bt ths

Fig. 3 Characteristic curves of 4-stage axial

compressor with IGV of -10°



11

XIBR SR, 55 : 2GR L —ZEPERE TN R PP T % S <17 -

HilE 3 UL, IGV O — 10° B, 75 it e i I
90 % P 3 1 BRI X T 1 B LA R 25803 ) 000 o A g
1, P R o B R R SR A ) 5 B 5 80% %
AR S s b s L S S8R T 5 A 1A

MR 2,33 nl i, 5 B n Xy e, 5 5 T

1o B I, S IR RO, IR AR R TE IR
Fi1 A S H A5 T O 9, (5645 s LA B 3 3R T
fiies , EMTAEAS R 22 R . AR+ B 25 A3
A€ DR i by L RE ) N A A R T PR RS R €71
AR , Xt CA SR R AT A , Al AT T &5

—AET R R R ORI 2Z 0 5. 1% , — 4B AR HOIORG A, TROLSCEESS 3 3 .

(ER K221 1. 79% o i 22 7 A1 1 32 2 5L R 2 AE

£2 MEHMFEESHIGY H 0°HBREAESRESH

Tab. 2 Deviation analysis of 4-stage axial compressor with IGV of 0° at maximum efficiency point

JEE B
k% \ : : NP, : \

TR S SR E AR 7=/ % R R % gk % 2%/ %
100 1.70 1.74 2.29 83.37 84.26 1.06
90 1.54 1.52 1.32 85.10 83.74 1.62
80 1.41 1.43 1.39 82.56 84.38 2.16
70 1.31 1.34 2.24 84.10 84.75 0.77
65 1.27 1.25 1.60 83.82 84.65 0.98

R3 MEHEBRESHIGY A - 10°HERESRERKRE ST

Tab. 3 Deviation analysis of 4-stage axial compressor with IGV of —10° at maximum efficiency point

L LiEs
T/ % : : : NP, : \

RS SR H AR 7=/ % R R % SLg s/ % 2%/ %
100 1.68 1.77 5.10 84.25 82.77 1.79
90 1.54 1.53 0.65 84.23 82.96 1.53
80 1.41 1.43 1.40 84.03 82.89 1.38
70 1.31 1.33 1.50 83.70 84.07 0.44
65 1.26 1.27 0.79 83.50 83.33 0.20

2.2 N\REFiEMAESYIEEETINE R
ZIESHLIGY KRi-EgFmtnl i, 3t S 250
k4 s,
®4 \BEHRESHIETESH

Tab. 4 Design point parameters of 8-stage axial compressor

ER ¥oE
HEH B/ Pa 101 325
#H EIR/K 288. 15
53 /- min 22 280
Wi/ kges ™! 15.75
Wit 6.03

BETRLR % 87.68

N EA 2R BT S PERETUIN , 715545
AN 4 Jron o X —4EH R 5 CFD £ fE s

PNGE T B, 70T 2% 80 a5, LA B 5 o B 3 — 415
FEHAAES CFD S5 4523T . 7638 s BT, — 488
LA LG CFD 25 B e, 340R (A 5 CFD 25 X L %
TR G, AW B B 0, R A v ) b I iR
14k

Bt w2 a4 ingk 5 i, 5 CFD 5 (g
BEBLEE Xt Ll , R L 0 25 4 1. 82% , R T
2 4. 68% , VL CED 48l 45 5 hy S vk, 79 b —
Y5 25 SR 22 BRI T2 BB A R S ALt 1 2%
W, SRR . A & B R 2 3t
FARD B AR S, X R SRR TV S
T AS WAy, 7038 e B 76 5 F SO AR A%, SO AT %
FAm A, DR R i T 00 R FE WA s 5 A
TR h AR v R A 5 2 T e o, 1 A5 R
TR



- 18 - #woe 3 T OB 2024 4E
70 PR  JE— S B ROV . e AT
65| AT L% A5 0/ CFD R4S S 5 — S5
6ol 8 S AR T P B P 7 52 3/ CEFD

Eosst BCDSE S 5 — SEH3 B /N S T 3

2 ol \ o TS/ CFD) B 8 5 — 4 1S KR/

| 1 B RIS 7 22 B SR A R 740, R PR A

N Y PRI RONE . 6 R B T o HURS FE

15.60 15.64 15.68 15.72 15.76 15.80 15.84 %%kﬂ@j@%fxﬁﬁ/l\bﬁilﬁ E@&YE , /ﬁ\:yjﬂ\ygﬁ-jﬂ—i

iy g SO P R 1 2 B R 7 o 1

% LR IR B RN, 0 R iy

881 _— R R YT P, R B RO R A 2

§ oo |meeeaeees WU KRG , B — 5 PSR , (L 7

¥ nl VR R R TS FE 7 TR AL B e
& st AT,

[ - Bl 2 1B DY R R SO,

6| TR 1GV 3y 0° i 256 3 F 5200 MU 5 — 4k 80 i I

74 1 1 1 1 1 1
15.60 15.64 15.68 15.72 15.76 15.80 15.84
TEmlkg - s

(b) R

B4 \ZhhimESYUEE 2

Fig. 4 Characteristic curves of 8-stage axial compressor

x5 N\FHMRESHETRIBESH
Tab. 5 Deviation analysis of 8-stage axial compressor

at design point

JE L &S
/% e CFD R/ it; CFD {2/
Bl BUR % Bl % BA/% %
100 592  6.03 1.82  83.6  87.7 4.68

3 HREBHRERIE

H T OHLN B8 3 3l BAT il B B 5 — 2 |
AR AR AR T2 G R L B B JE A
A%, ZYAE TN T 22 G A A s OPL A Rk T A7
—REMIRZE . ARt PR T e AN
Z2 PR LBl A R TN A v Af P, AR SOk T
T MR [ SRHETT I

R [ Bl v A O A A S b o A AR
PEATIE 21 B IE, 3 0 b — e R AR S
SHG/ CFD AU 2R, X & V8 A9 28 46 450 20 2 H ok

ANBEES R I PR ) R g R HEA TR R . LR SR
VEPRRHE S, B AR R ECR H Husdorff B 25 £ 1711
B BRI AT B) & UT R RO S A i S
B4 R 2 [A]  dc /MR B SR A, A5 B 19 45 314y B AR
PRBHEAT AL . Husdorff J7 32 1l LI AN 4 2
() T R AR TR R, HAL S T &N 4ENE , REGS 1
- AEPERE TN 25 R 5 S0/ CFD BDL 45 R 2 A 1Y
FRES R AT
H(A,B) = max(h(A,B) ,h(B,A)) (18)
h(A,B) = max(a, € A)min(b; € B) || a, - b, |
(19)
A H(A, B)—X ] Hausdorff BEES; h (B, A)—15
B B A AR R A i SR B iR R E
| a; —b; | —si 4 A HS a4 B b IR,
SRR TP ) RO S ol RS A R
I F RIS A BN XA 2 2 R s e, R AR
AR HE ZR B S BRSO A aE BB R i A 1
A o 2R B5OR i 2 [) s o) T i R ) 42 B A5 7 3%
A RHERCR | FTEE XS AN ] 28 B 1 P A ] 1Y
e ZE

3.1 ZREERSEEREIER
3.1.1 S ahfakim

S th RIS 5 0 S BRI A B R
M, VR Lieblein $2 i1} 1) 2 25 wh ffg A5 8011 402 S 3



11

XIBR SR, 55 : 2GR L —ZEPERE TN R PP T % S 19 -

AR R Bl S 3 T Ab P

Ly, =1 +0Q, (20)

bt =1 + 0, (21)
P i, —BUHER SIS H 1A, () 5, ,— B
a2 % 0, (°); 00 0,—3 % oh A ALHE R
8,00
3.1.2 I faksial

VR o AR 225 T5 5 A L AR BT TR R
0, 5% 5 5 f B LR R 3% ) Carter FERYN2 Sz
BEV A5 IR AR 1 Creveling 51701 44 g A5
R TE SRR N, 87 Bl S B A B R B
LB, AR AR/ o DR M7 3 IR T 22 B
R P& T RSO % J5 A B SE I  [R]HX Sl /o3
PAR SR

8y =8 + 0, (22)
8. =8 +0Q, (23)
—0.809 x 10 +0. 558 8xQ, —0.292 8x°Q, ,x=0
ﬂxﬁ{(1n91xm*+a4maz+aaﬁm%%w<o
(24)

8, = 8., +f(x) - AB” (25)

8, = 8., tf(x) - AB” (26)

8, —RUEIR B S HIE G A, (°) 38, — L
W TSI, (°) 38, — KR sh it SEbrik
JEfh, ()6, — R UEJa Wi it SE PRV 5 A, (°) 5 05,
Q,—ZEVRIG RUMEREL, (°) 505,06, Q;, 0—F
BT R G AR HE R

3.1.3  FRARY

PURB AL G R R 0, AE BT SR 0,
s EER R .,

Koch 71 Smith FIf % JE& iy -5 S B0 5
TR A I e TR B SR e 6 TR R
AR TN 2% EAS IR 5838 , PRI R S B A A

W = @, " Qo (27)
P o, — R HE ST M B 5% Q— i B 451 2R AL 1
EX 8

BT SR T L BR v M 5 2% v M 1 R
B, PEHL Creveling ") 1 Sy 5 v ) ik ofie A 751
KAEAXANT

Oce = Wog * Qro + Oy (28)

Koo, — R HEF AR IS8R ;0,0 .0, —AF T
RS R B

Uit BE 53 2 [R)RE X T R % T A S 25 ),
T Miller LK Wright 6 1F pOAS 7 %of 451 25 600
BRI R A, DR I A A o Y R VR AR R AR o 5K
W

Qg = Doy * O (29)
T 2 0B S BE 451 2K 5 Qi BE 434 2 AL 1

25 L TIR AR SCHR I AN [R5 2 35 B i R 1A
FB W R HE R B A HERIE TESH v A |
T A DL RS T R ff e A5 Al R AU L A 2R
Y BB, A O S E 36 T A 3 S, LB R
Sl PERE R T
3.2 MR FRHTESVIERETNLE R

M 2.1 5] 1, IGV i 0°Fl — 10°Hf 5 T,
TER i B AN T B I R SR — T3 46
SRS g0 238 T A 2 RH X 8K, 30 15 T B o 3 o
TSR, AR SR T 001GV K45 5 T Y 52 56 4
HEXT 2 BGRIR A T H SR HE, E— 2 SR T 4 ad A%
JE AR IGV 2y 0°F1 — 10° B & 5% 3R (1)
RSN .

XFIGV 2y 0° 1) 25 7 1, R A RS ffE D e )
AW —4E T B A5 R 5 L R & R4,
WELS Js o BRAR AR TE 2% S LA Kb i B i X 1
JE KO B TI0I 5 v5 , 7E fe N U Ok 13, R
JRAAA R B 2% DA R 35 05 i /D, SO A i
FA I 5 38 S G AR T R, SE I TR S ALY
WEUE, AT LA A HE 5 B AR5 T e L 9 S0 5 fm
MM, 5B s, i —, RHET IGV
R 0° 4 S 25 M UE S PR XS IGV Ry — 10° B 4%
MRSV SRR T T, S5 R 6 FiR.
5625 5 LR IR B TR A5 R e ] 0 45 FE
BT TE AR BRI L R A8 38 04 3300 235 5L T 30 5
S5O AR AE G AR B T . B R R0 5 i 25 A G 3
K TE S G i e oA 3

F6 K IGV Sy 0° I 452 3T S 1o AR AU 52 50
SR ARCHERT G —4ETT 45 R 22 R 0XT T, AL
Y5 5 1 RO ST RS B 78, s 22 359 7 3% DA
We 7 R IGV — 10°HF 4554 BT fie 5 50% 5 S



- 20 - o gE

Paty

3 5 T

SR SR G — AL R 22 TR EE o AR A
WU JE VT 45 SN B 2 v, (A S T ol e LT
PRZEARIEK, e KA 250 5. 08%

2.0
—— A
|— SLREE Aeed e
1.8 F——goptin . N 100%
“55&'»-*, X
= 161 e, T 90% gi'\.
ﬁ' 14 Lﬂm*“ 80% \:
mo Larp ey S, 80%
o T 00, A
s L
1.2 Soo, Ty \ i
Y At 2
65% '@{:"E v
1.0+ '
1 1 1 1 1 1
4 5 6 7 8 9 10
TEmlkg - s
90
80 |-
® 70F
ﬁt 60 0
E \‘\\. 90% 100%
& sor \ \ '
40 |~ i " 0% \
——LRYE 6% 20%
—— B Y
30 1 1 1 1 1
4 5 6 7 8 9 10
HEmlkg - s
(ORI BES
B 5 ®ERIEIGV J 0°8 M5k

ESHEFEMZE
Fig. 5 Characteristic curves of 4-stage axial compressor

with IGV of 0° before and after calibration

F6 ARG IGV A 0° 8 MRz ESH
REAERRESH
Tab. 6 Deviation analysis of 4-stage axial compressor
with IGV of 0° at maximum efficiency point

before and after calibration

2024 4
2.0
—— A
—— KR .
1.8 F—— e ‘"’“‘*ﬂ:,,!“\
N 16f R
= % 3
R4l
121
10 1 1 - 1 1 1 1
4 5 6 1 8 9 10
TEm/kg s
(a) BJEEL
90
sof FE PN ’\:fx
. YA it
E \ | |
= o0l | \
& 65% \ \ \ 2
| —— B \100%
50 RN k 200 80% »\90% |
—— peetin
4() 1 1 1 1 1 1
4 5 6 71 8 9 10
HEm/kg - s
(DR L ES

Bo6 RERIEIGV A -10° Bt EHRESHEFIEML
Fig. 6 Characteristic curves of 4-stage axial compressor

with IGV of -10° before and after calibration

x7 KRAEMREIGY A - 10°HEEMRESIES
HERRESH
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