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Fast Prediction Method for Compressor Performance
based on Diffusion Factor Flow Patten

ZHOU Rui' ,YANG Bo',GU Chuan-gang' ,REN Lan-xue’
(1. School of Mechanical and Power Engineering, Shanghai Jiao Tong University ,Shanghai , China, Post Code ;200240
2. No. 703 Research Institute of CSSC, Harbin, China,Post Code:150078)

Abstract: In order to obtain compressor performance parameters, complete the compressor performance
prediction and realize the compressor optimization design quickly and accurately, a fast prediction algo-
rithm for axial flow compressor performance was established based on the streamline curvature method , by
using the diffusion factors as the key parameters in the governing equation, loss model, entropy generation
correction model and the deviation angle model. The algorithm was applied to calculate the performance
parameters of a certain transonic axial flow compressor, comparing the calculation results with the main-
stream commercial software and the experimental data. By comparison, it is found that this algorithm has
high computational efficiency,which can complete the prediction for the overall performance and spanwise
flow field parameters of the compressor quickly and accurately. It has a wide calculation range ,and the al-
gorithm prediction results are all close to the experimental data and the numerical simulation data under
the off-design conditions of different rotation speeds and flow rates. The chosen and improved empirical e-

quations are reasonable and reliable , which can describe the internal flow of the compressor well.
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%1 RRESHEASH

Tab. | Basic parameters of test compressor

Z H oM
Hi%/m 0.37
LicEsdad 0.73
ghtat F¥ 29
B A 37
Bl /T - min ™! 17 000
Bt kg s 7! 8.824
Bt H 15

A e R A B A [ 2 i TR L L T TR
TR BESF SR, W R SR SRR

plnla oul
g = (21)
plmnl“m
(k=1)7k
_ & -1
K I (2

total ,out total ,in

EEEP i € _‘é\L‘E Hj; T} _%hﬁ@ﬁ; ptnlal,in ¥ pmlal,um_
i& \l-L[_—II l:l ,E\Jj_:{: ,Pﬂ; Tlmal,in !Tlmal.uul _H—I‘- \H—l-l D‘E“zﬁ! KO
2.2 HEERE

FF NUMECA FINE/Turbo &3 R S HLE

PEATHAARAL . A FRZR AR R AR R T 454
AR R 73, £t PR TG R PEBRIE , foe 21 21l
E RS EC 115 J7, i B T AR A R AN A 4
o MEFRIESLEEH N BT e, i R A PR 4
JBESE I, ol BUE A [F Y 0 RO R R,
XL A e N 5 R P A, T AR A S - A
L

4 HETE MR

Fig. 4 Grid model for numerical simulation

3 HEERESH

M I 5 ARG 232 LR B A i
S5l [ BRAL 45 0 % 2 B A% 1] 4343, JF 5 AR SOk
RETIIN Bk 45 AT X HE 5204
3.1 HHEHEIE

PERETRIN S B ARl ) I 8 3 MR, S
A 1, Wy A E 55 ARk, BETA
SCEEEGT TR, AT B R R AR M A 230
XHESHLEF TR . A SCE B AR B 58
i RANS JEHIEAE 3 P TA0 T BT A
SLGEIR BB AN 2 Frm ., f xRl SR A AR 3
SR T RE TN AE A 8] 00 i S e 5 B
TR RN F RO A, FE S sh it
A)IZ NI

#*2 NUMECA X BAH®EFITERR
Tab. 2 Computing time of NUMECA software

and self-complied program

e FHFLE A/ s
R AR
8.104 kg/s 8.823 kg/s  9.38 ke/s
i5 - 7300HQ
H#mET 18 25.6 40.2
2.50 GHe
E5 -2687w v4
NUMECA 1 062 537 571
3.0GHz X20




- 52 #RE B

N TR 2021 4

3.2 B{fiEgExTit

AL RIS B AR, T B R AL M R
S S A HESHIAS R B U R
A A SCEPATRIMROR S R LR . A
TG 545 T, 3 oy A a5 K
b I 4 v ) 7 A R AR

095
® oss i
§ B e
-+ o B

0801 = HMBRINGR

0.75 -

1 1 1 |
11 12 13 14 15 16 17
HE#/10°r + min™!

(a) IR0 o 2 P

1.5
—a— I S /.
LA o mleskprass 7
- HEEFIRGRE
-
8 13t
H
12f
1.1 1 1 1 1 1
11 12 13 14 15 16 17

FEHN0r + min™!
(b) FE b £ A

5 FRKETESHSHARSEL L™
Fig. 5 Performance curves of compressor isentropic

efficiency and pressure ratio at different rotation speeds

R b AR S BT AR Y FE L AR S g0 (A B
RAXFIRZE4 0 2. 71% 5 1. 063% , A& CH B it
A BN A E AN 50 ) 5 KA %o D422 4031
H4.07% 551.82% . 2R F A] RE N AE
BE R, DR S BT B 5
T, 5 B A 20 . tAh, A SCE
TR R AR M BB IR 22 AR 0 R A AE i e T
N, BEE AL AR 2, S4B IR S AN
o, X 262 T A Rk e P A R R, RO BT
A SCE RS SRR O 0 TE AL 35 B AN AT A
BT LA R R M RE AR AT S BTN , iR 25 A W] 2T
GEI

A A S HERETN .25, 15 8 TIHES
BLTE BT T S5 00R 5 SR FE AR RE fh 28, 4n
P 6 FT7n o i P AT T, B39 0 s ML AP ot ok )
AR ST 45 5 B, B A f o LA T 5
FEBCHHL R I, B 8. 824 kg/s [HIE, ALK IK
Bl f s MULEZI N 9.4 ke/s I BRI TOLA,
FEHLEERE R T . R, AT A SCHERE BN
AR AR B e S 1AL 3 R A A RE RS R SBILPE
figc it B B TN , HL B AR MR 3% 28 T A
BEATHUN R AT RRE R R AR
BRI BOCRAR AR, e U3 ok 57 , D P T E W 7R
R iR 2 B B R Y S AR R P2

0.90
0.85F
0.80 -
’g oqs| kR
B U - e pEEEH SR
& 0.70
0.65 |-
0_60 I 1 1 |
7.5 8.0 8.5 9.0 9.5 10.0
JRR iR/ kg - s
(a) SEMA R - R PERE th 22
1.6
o
e
-
1.5+
—a— AR AR
- ARMBEFHASR
8 14f
H
1.3}
1.2 4 ] 1 L 1
7.0 T8 8.0 8.5 9.0 9.5 10.0

R R kg + s
(b) HE b~ B PE B h 2k

E6 FRREBTESHNEHUESEILIEREMHLE
Fig. 6 Performance curves of compressor isentropic

efficiency and pressure ratio at different mass flow rates

3.3 ZESHSH
BREBARPEREXS HE, X 3 AN SR A (7] 25 200
SR AT T
3.3.1 fRlA RS o A
B 7(a) g5t 1 i Sy 1) B SRR T Rl AR



511 1] J&

A R TR D TR Y R S L R O e

PR BT B SERBCR A, B 7 (b) 45 1 T 4R b
16 TERR RS 2] £y B ot B e - = 1 ) 93
A o 52 PR AR TG R 1T 23 0 I R T, L AOBIL I AR
L5 TR B A R TR e AR, B P REAH
B, T (a) AT A SCRIE T RAT R
AR ST B R R R RS B 7(b)
AR oA (R REAACBE T A [R1 P R o ST BE TR b A
SCREE SRR P RE T R AR S, X 2
H T AR SCHIE AR o I BE T AL | -2 ] BR AL 47 R
I R B, TC TR AT B T2 Sl 5 D AT e
HAEIZHGE T, R4 o e i sl , - T i e
SBIRBN NG , T S AR SRk AL 4
BB IERR S PR AR 45 RAFAE— B iR % b
AR, RS AR B TR R AR AT A 1R 22, AR T RE A4
Y W ORI B 2l ) 0 sl R e

1.0
0.8
—A— LA R
- HREHAR :
.hi 0.6 .
t -
' !
= 04 )
.
-
0.2 3

%.4 05 06 07 08 09 1.0

SR
(a) T P18 O 1) SR A A A
1.0 -
0.8 { E - - B
‘{1 - a . A
.hi 0.6 }U
= %
& g,
= 0.4 »
“
0.2 -
*I‘_ p: -
0—% 10 15 20 2 30 35 40
/) - K
(b) ¥R 5 [l 44 o0 A

B7 aMEARNEENESHES
Fig.7 Spanwise distribution of isentropic efficiency

and entropy generation

3.3.2 RmHS A
8 5& 9 7 ilfEsn T s AAS i 0 S
w2 LR AR T R T A . A 8 )

R A SCRATT AT B B S AR H D SRR S R
MRS RO R, 4% 10 A A FF 5 T LA
HRI ST DL . FEASSCRE D BR R AL L
FRRESE SRS MR PG BIE T
J PR -5 4 2R 2R KO0k - o 1 30 9 6 7 U B2
X HEZE R AT, RV I B P AL sh R R 2
JE A TR (R RE A T S RHECT Sl w O
WA IR ) 2 AN, AR TREAR B = 25350 R A 5
ZU, H P 9 ALHL ARSI R A SRR BN Vi
T oty T i 9 TS A

1.0

0.8 |-
© - ARBFHTRER \

—a— Tl R
0.6 -

HAXT R

0.4

0.2

10 20 30 40 S0 60 70 80
Byt i AR/ C)

B8 sHExdEOSKARHEAESH
Fig. 8 Spanwise distribution of relative flow angle
at the outlet of rotor blade

10
0.8
- v ASEREAR
—a— AR
i 06F
=
g 0.4+
0.2}
0 Il 1 |
30 40 50 60 70 80 90
b X i AR C°)

B9 BHEMHASRABHESABSH
Fig. 9 Spanwise distribution of absolute flow angle

at the outlet of stator blade

FEXT IR A RES B ok T 22 B R i ]
SEVEVEATO T )G , SRl it R e i I 5 2 R
frortir. B 10 spalJgEon 1 st Kt fg e g5 iR
JEE T IH 5 7 [e] B 0 A



£
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