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Aerodynamic design principle and verification for subsonic axial-flow
compressor with low reaction based on enhanced

axial velocity at rotor outlet

HU Ying-jiao, WANG Song-tao
(Sehool of Energy Science-and Engineering,
Harbin\Institute of Technology,. Harbin 150001, China)

Abstract: An aerodynamic design principle for subsonic axial-flow compressor with low
reaction based on\enhanced axial velocity-was proposed to solve the internal flow problems
when the stage load was further enhanced by increasing the turning angle of the flow in the
rotor. The mutual interactions between each aerodynamic parameter were analyzed based on
this aerodynamic-design’principle, and a verification stage had been designed. The three-di-
mensional viscous numerical simulation results show that a compressor design of stage pres-
sure ratio of 1.5 with efficiency of 92.5% at tip tangential speed of 213 m/s has been

attained.
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highly-loaded
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Fig. 2 Rotor’s velocity triangle of axial-flow coempressor.with low-reaction with variable“axial velocity

ARG e 1ot L FEAT RO HE G 2 — A i A
o, % TR B L B R (1 7 R O e 2
o 8% L ) P 20 O A e 43, S 0 ) L5 AT
R R 2 TR AE A AT AN AR EL S S SR
FFER 0 A TS BN I e V(1O RT IR T
3 A6 52 U 452 70 A T A I AU i s
o X L DT T 45 I P 4 R £
AL PR I3K A1 1 45 4 (8 P DAL A 2 0 7
Sl A L T S B AT R R TR L Rl
G 1, 2 £ B T 22 B AR 8 P T £ 7 R
3K 1% S 7 5 A R LG, FE A T B
T HC I L T BB R 5 S - 7 E B o e 7T 5
3 B KIS U Je I 0 — A 45 85 Sl 0 g g ek
fr9 77 2% 55 R S 41 T % 077 e S A B I
IET S, Wk 28 B o B T
Bl 1 A JEE BN O 2 b S NS, WA T % LA 1Y B
I A e 33 9 B
3 ZITWIE

St T B I A TSR A 7 7 S 1 3 L
I 25 0 S5 B3 8 30 3 K O R 7 O 1 B g

R JRE LA S B sl P ) oo A0 80 5 e TRD R R R T
2 A1h R it e T O e b A P 9 Sl R AL S B R

i) (e AR A B BT, Hrh gl i O e R R
W, AN 253 R GG VLI, O S AR
IZAHR O e R DA R R B SR AR
SCHE B R e T EUARBR Sy R T Al RE £ 09 3 S
RS 30 Bl B LA sh i i AR

X iRt S B A T TR RE. 5
UE B PSS 2R AT, S Xt B it AT SR, LA
UE BA 7 = e A sh s AT AR T L AR s ek g
I 3 B 45 T AT A5 Bl v RO Bl s S AR L B
RSB X AT e DT B, I 1) B 1 )2 b
i e 5 I S U B ), I B oA A R0 A e e
P % 1o 82 DA A 7E 22 i R AP B AT R T
R Fr e R B BE = A T S B
o AR ARG A I B U T A 4 R B R B
T A s B A D=k,
3.1 ZhHZHIeiE
3.1.1 shhit

SRS E 1 R, EHRY)
LHME R 213 m/s WHTHE T A Flm <0, A H
Bt E N 20kg/s, shit it R oy 1,51, ghit
BORAET 95 %, IR R 1.5 HECRA /N
T 90%. ARSI BT P R L K
P& 5 Bl O Al e R e b AR A Y R = A



712 i

¥

&l

Jio i %29 &

JEE 3 B, Al e 3RS 175 m/s BT
ol o R R T 46 00, L i E il 4 an &L 4 B
N TE Bl B I T8 A A K R R LA LA K R
$E TS O Al e R 5 R B A A R R AR G
1 Al ) 32 ook U B R BT T R AR AR R
ANAR T AR SR, A A ) Bl i e T O
Bl W St e AT 7RSI FLl A e LR
% S M RCR DL T A e N B TR
75 2y i TH0ER B 1 2 i QB0 2 BE T R O KL AR R
MIT J5 % AR SCEIT A T BAT S0t H H e #i
rb AT B TR il LR R A R BGA B 0. 784,

®1 HHERENEIHTSH
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Fig. 3 Velocity triangle at rotor mid-span (unit:m/s)
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Table 2 Geometric parameters of rotor
ZH HfE
A #4242 /m 0.2105
AR B /m 0.3008
HhH#%FER/m 0.2917
A Bk /m 0.2331
55K /m 0.1128
LI 30
B 3 (r/min) 6763
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Table 3 Outlet and inlet geometric angles/of rotor

A 0 A B /) o U £ /)
0 54, 2 —41.3
0. 25 57. 0 —31.8
0. 50 59.5 —21.4
0.75 61.7 —10.5
1.00 63.6 0.2
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Fig.5 Three-dimensional geometry of rotor
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Table 4 Geometric parameters of stator

S8 Bl
A ARG /m 0.2917
A #8242 /m 0.2331
R %R /m 0.2917
O EE R /m 0.2331
FI 5% /m 0.0733
I 5L 32

RS BHYUANOLAA

Table 5 Outlet and inlet geometric angles of stator

AFGS - e AU /¢y Ha LT/ ¢
0 —57.0 2
0. 25 —56.2 2
0. 50 —54.5 2
0.75 —53.2 2
1. 00 —53.0 2
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Fig. 15 Three-dimensional geometry of stator
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Fig. 16 Suction structure in stator
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Table 6 Boundary conditions at suction slot and

suction flow rate
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¥ (kg/9) kPa W/ %

1 0. 54 95 2. 69

2 0. 39 110 1.94

3 0.42 80 2. 09

4 0. 39 95 1.97

3.2.2  GmyBUEIHRE T

FH NUMECA # A4 #9 Fine/Turbo i 8,
iR AR N-S 7 AR AT 8 WU S 0 B AR L
I AutoGrid5 A5 2k il A, 30 FNGE5 14 2R HT Bk
N 4HO S5 7% 23 i A& 52 o0 106 7, i
I X A8 B2 128 T3 SRR I A% B 29k 234 T
G (14 B 1T A%l 17 T R i i AR R Spal-
art-Allmaras — Jy f2 BHL, 22 930 4% Xk H Hp ol 22
a3 A 2 IR TR RS A T R AR R
TR 2881 B R Jy 101 325 Pa, il ) #E <. B T2
] P AR A TR A

B 17 G BEE i A%
Fig. 17 Stage solid mesh

3.2.3 WA

K18, & 19,18 20 43 B A it T T
10 %50 %4+ 90 Y6 W55 Ab fry A X 2 o 450 45 i 2k (51
I H R LR A 2 0 A Y AR TR SR
8 P S DX R R A I K o A e L L
X A KA A B 1. 2 A, Ak AR
rhoR] Y A B TR R 2% i e A B T B
RAF ANAETER I 5 25 B O T 9 Ak 3.

PR R R I 21 BTN R R R
T B O e S i . AR R R
W FE BT A B R H s B 1. 5, 78 R % B



716

glz:
¥

5]

%29 %

[ 18 1020 v A Al X Hh f A S 2R 18T (40
Fig. 18 Relative Mach number contours at

10% span (stage)

19 50 % M ey b AH X S i 44 S (A 2R 18 (50
Fig. 19 Relative. Mach numbeér contours at

50% span (stage)

20 90 %6 i A FH X B R RS E LR BT (0
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