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Abstract: In order to associate the local flow field change caused by various extended stability methods
with the surge boundary of multistage compressor, and accurately predict the impact of extended stability means
on the surge boundary of multistage compressor, a prediction method of compressor stage characteristics includ-
ing extended stability means based on three—dimensional CFD simulation technology is coupled with the one—di-
mensional "disk—lag—volume" unit model, and a prediction method is established to predict the surge boundary
and stability expansion of multistage compressor. Using the prediction model developed in this paper, the surge
boundary of a three—stage compressor with the tip micro—jet is predicted and analyzed, which proves the reliabili-
ty and effectiveness of the present model. The predicted results show that the micro—jet at the leading edge of the

compressor rotor tip can significantly improve the efficiency and the margin of the compressor stage. The numeri-
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cal results also reveal that the stability expansions at different positions and different stages in the multistage com-

pressor have significantly different effects on the surge boundary of the multistage compressor. The micro—jet on

the third stage rotor tip can effectively expand the stability of the multistage compressor.

Key words: Multistage compressor; Surge boundary; Disk—lag—volume unit model; Stage characteris-

tics; Aerodynamic stability expansion

1 35

H FI AL 23 B8 A 48 & sh BL R SHL AR 3 R e M 1)
AT SR 2 TR AL AL T 38 B Ll 2 i e A 2
— 0 T ARIE R AL A 0] S TR 7E RS TAE
b T NS R A B R AR R A IR R B HL T
ESRPESNERREBNRERE , SERLNZE
HIESHAE T LAY R, KRR Rt e
28 A AR T R A T S R TR e R B AL Y O
WA ARN Y HAtC & e &L R Y Fa b ik
AL FE T JH S T R LI AR B R AL
SR 4[5 N1y SEAAY 7 B A A W L7 3 1 i S NI
St WLIF ARV 2 R S LT AR BTz A, G
2 B S W) R B AR R AR B I R — R B
IR TEVEIN =Y R

7T 20 ] o b DA B R T A AR S T AR
X} 22 9% e ML Mg B 00 S RIS A A R T 2 I A D R
ZORIAT R A R0 SR A Y R, R
k25 50 Z ARk A R AR R R Sh L 4 5 1
P i1 O B ARG T 2o R ER T
RS 7 e 4 it 1 A3 0 2 38 i 9 3 Jmy B e 3 S5 B X
BBl B M i 340 5 09 5 ) T R 8 43 B R Y 4 g A
13 5B T e L ORS B A T SR R S 2 3l i i
Fa s R i 3k T =4 CFD £ K /9 £ 9 L i 3R 1
ST Gy 28 A7 A R E PR VR B S R L T 1R 2
R 7 B R TOTC v WL 45— 22 31 M

1969 4F , 5% [ NASA [#) Willob fil Seldner 55" 7£
BB E i OCR F LB LB R S0 1 & Sh AL 46
BB A i PR i AT E R R R - RA R
BRI R R W IR A F 5 25w TR TRE
PEHLIS WO ML IR A e A . Z )5,
Melick'", Greitzer' " #F — 2 & #0745 38 72
P X SR Vi 14 Wi 1 A A i JS 80N, R T AR Y i
B e - R AR (AR — 4E BT R AR
R R T B T R G A M EE F0 R AL W iR
B HE IR . 1975 4F , Daniele %85 1 5] A 22
Wik KA EMERIR BT L — LR T RERNL
R 5 Pk 4 B 2ok B 1 T SR0KS BE A AT REVE o R 2 BEE

T

CFD I H R M I & e f bk R Ge ke e b i
%5 CFDEEIT A H MG PR T HiE
BLRLE S AL sl 25 TAE L2 B9 1R 4 2 50 Wit P 12 8 150 0
Tk, BRI 28T R R M o B BR 1Y R UL
Wit I 371 55 T 000 6 AR e [ 9 A A 313z i DO o
5% [ Arnold T2 & J& 0> ) Davis Al Hale 55 2 i
o SR 4 S 0 A B & 7 R R RE 5 O B A g
RN QIR €N I i FUN= 2 (- i R S (57
PEWAR )5 07 B4, R T 3 44 1 K shpLAR & v 45
HrF2 ¥ DYNTECC ; 1fii e 2 i v e fiig 25 & sl HLWF 52 Be
ETshizshfae ot lie kg THEEH#HIKME
T4 B &SRR E 1 3 B B/ LINGER , I 0z H 214
B WL 2 & sh LR e e PR By L (E X R
F T TR R AL B RS Pk A B R A kSR T RS
BILGRR P A1 24 TUART 2 B4R Sy A M 40 B i ARl
ME DL 0E SR &8 U 7 48 3l (1) 4n it 2 I L 9% 1) TS
LI PO NI E S UR R A

Sy T RE IS R] RE MEBA B I8 U 5 A0 1 BT R R
ML SRR e MRy s m 3 JL 48k B FaAE %
CFD AR By PR & Ji& V5 2 Wi 55 5 B A8 K e 56 T =4k
CFD % {8 % £ R 09 & <AL Wi IR 34 5 930 0 B¢
AT G T HENFRSEE, SR T A
= AR E R A 3 B R AL Y B E PR A T EOR
FLA W DAl A Bl R SR S AR O X R LR E
PESZ W B RE J) o SR, AR 5 Y a2, i T A kB
HILHE 455 584403 3 2 ey BRAIL I 04 52 4% M CAS ) e <L
WIS B A R A il & WL XA 58 e A ) RS
HIL A 45 T I i O 8 3k R [R) R A7 A B SRR R M (RS
BIL N AR AEAE 300 5 T2 02 300 it U 04 /N ROBE Al 8 U
T U SRR A 2 T 2 1) I ik e R I DX 3 16
AR E L) , Lh M CFD $5(E A 400 2 Wi Sk 45 i 2
PR 2R 1) 52 W), AR ) A i 7 T AL 2 i 2 0 0k
LA BRI K B A H R R T 4 R
FE K CFD #EAT FR AL i 415 320 57 F00 45 500 2 1 % i
22 9 RS g I 300 5 T 00 ) B A M o M A A
AEW 2 R AHLBT R 2, T =4 CFD BUE B LY
JE ML P 240 5 100 152 2 5 22 3K 5] 100% 173 9 .

gE bR A Bl YRR A i e AL R R

2206027-2



Faate Hrol ot

#HoR

2023 4

S 4075 1 5, O 3 A0 A2 A S R AL W AR
FUAA DGR , LA 37 R AL M U 20 5 10000 A Y S > i
Z RSB T 20 Al D ) TR R R AR
SCHE TR R ASALGURR M 4 = AR BUE B LR A Bk
B R AP BT AR R R A B e i) F 5 AR
7R AL i 4R 2 S I Y = 4k CFD 5 T (AR
R IR A B Gl AT 4 CFD B B 3R AR 2 )
Fie AL A — G SR P R S Ot i o = 4E CFD A
U, R M T AL 4 E AR R TR I Bl o R AL LT
FEPE B R WA K 2B T AR 7 AU TR AL A
A B B TR AL — 4 B 0T MR AR E Tk A R
M 52 B R AL e T AT AN S 3 (P78 X T
MU RE P 52 M 14 50 T

2 ESHNYTREMNN=Z%CFD/ATIKES
il

2.1 SHESHTRZITRRE

A SCHR R T =4 CFD/BA TR IR A L &
FR ALY RS R AR W 1 TR 78 X R IR A
FEAY ) 32 B o W R S TR R R S8 B R AL
P RACR (PR W R 34 L) 1% 0

(1) FET =4 3517 % CFD B8 8 59 JE < HL
GORFMEIE B B R AL, SR T = 4R E R R
BB E R R TR 2 PR SN —J R

R ASHIL G Wity A1 301 A 00 B4 G A A AR T B A A A2
S YRR PE IS, B R, SR AT o B U i I A
R AR 2 F & =R M S B E A B R g T
B AR B RS A Gk
FE JE bR 1 F ASHL B T M R e M A A h A A T A
AALE T B2 sh 1 A2 2 R AR bR I
WA 22 G AL T AR B R o S 50 504 43 A 1T
TE 22 9 RSP K A O et (g R o B ) AR D 23 iy
B AL P9 80 3 B 42, e R B R e AR
KRR R A B B B B A S R ) 28 R
W 8 A S RRUREAIE

(2) FE F — 2 5 o0 (B Y 9 Fe ML g B 30 A 3
BLE TR - AR HNE kR — YRR R
R R CFD 3R A5 (0 SR 1 |, 52 0 AL
Wity 41 40 A B4 T

(3) % B a5 m (1 F= AL 9 RR M = 4k CFD %
(VTS BF X R ASHLGL, R = 2 3E 2 5 Rl M 3 5 8K
TEIFR L 5% 8 T Y R R e 1 R R LR

(4) 7% FE4 a5 W (4 FE WL iR i A3 R A 3
TP S - R AR AR Y R L — 2 BT AR R

SE PRI AL R 25 I A S 3l Y (B R R ) Y <
BLELRE 0 25 B R Y e SO U IR i S 47 P

([ somsiisismn s )
|
[ ET=HCPDE RSNG|
!
[Ttk s oL A B
¥
[orpagent | [ousaem | Dowzps]
[

S
!

[ R E L = A CFD B 55 |
|
[ ey R SR A R e s |

P RO AL

FREY RS %

Fig. 1 Design flowchart of aerodynamic stability expansion

of multistage compressors
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Fig. 2 Analysis model of aerodynamic stability of

compression system

2206027-3



A4 H 10

M3 =2 CFD #2405 ML 3 A B 58 R BT 52

2023 4

R AR X B — A OoT M S B A T AR T
i, QA 3 7 AR R T SRR i R HE R R
My, W T SR A AR G0 A I Bl B
W N, AR RA R EEM T RR TR RITN S 2
HBEE A A AR OG0 W TN AL I HE R B A
i, TR T R ORI A B R AT

1Mc —=— 2 3
—IT‘I |
mul I | mﬂ3
S O B T S T
|
I, — || | : a—
|
|| L |

Fig.3 Unit model for stability analysis of multistage

compressors
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Fig. 4 One-dimensional flow model in the compressor unit
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Fig.5 Calculation grid of the compressor stage
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3 ZRESHMHRY RBERN S

3.1 HARMFERHEZITSH

PAKE = 3L i), 100 P 3k 1) 2 R <Ly
T B = 4t CFD/HIT IR BB, X UM W a1 it
TR E D AR AR AT TR, 2 2
FE ML A T TR 5 5 70 18 A 25 S5 T

WFFERS G 0 B = G il O i UL, % = R AL

it A8 43 A B W B i1 S 100 A B T AR 1 8 TR .
Z =R AL T R L 4 i 2 1,65, 1.63 FlI
1.61, =2 B R o 6.33. N4 = 4k 7 #h M
Y BUE T8 1, 345 1% = R LA X5 e 0.5~
1.05 P9 A9 WL PE AN P/ 9 BT s o AN BTk, SR FH 42
=Y R AR S B B R LR
TR e A B/ N U SR A AR T BUE
RO ERL R IZ S AN fig L 55 3R 7R R AOHL M 41 it o

Inflow | — |

4: g é = Outt"{ow
2 s
=

Fig. 8 Meridian channel and its unit calculation model of a
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