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Experimental Study for Effects of Straight Jets on Flow
Field Structure in a Compressor Cascade
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(School of Energy Science and Engineering, Harbin Institute of Technology, Harbin 150001, China)

Abstract: To understand the effects of excitation jets from straight hole on compressor cascade, experimen-
tal study was used with both flow field visualization methods and aerodynamic parameter measurement methods.
The flow structure and aerodynamic performance of a linear compressor cascade were analyzed under both origi-
nal case and the cases with excitation jets under positive attack angle. The results support the following conclu-
sions. Three spiral nodes appeared on the blade suction surface under the original case without excitation, while
the number of spiral nodes and the position of the nodes differed among the cases with excitation jets at different
jet hole position. A separation zone that originated from the blade suction side existed on the endwall under the
original case without excitation. With the arrangement of the excitation jet, horse shoe vortex appeared before the
jet hole on the endwall. The development of the branches of the horse shoe vortex differed with different excitation
schemes and showed different influences on the flow field structure. The excitation jet hole position played an im-
portant role on the management of the corner separation. The optimum case reduced the total pressure loss coeffi-
cient by 3.2% and increased the passage mass flow rate by 1.86%. Meanwhile, the number of spiral nodes on the
blade suction surface was reduced to one and no wake was observed on the endwall. The over—turning near the

endwall and the insufficient turning in the high loss zone at the outlet were also weakened.
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(a) 3D diagram of the test section
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(b) 2D diagram of the test section
Fig. 1 Schematic diagram of the test rig
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Fig.2 Cascade geometric and aerodynamic parameters

Table 1 Geometric and aerodynamic parameters of the

compressor cascade

Parameter Symbol Value
Axial chord/mm b, 120
Blade height/mm H 160

Pitch/mm t 74

Turning angle/(°) AB 40
Inflow Mach number Ma 0.20
Stagger angle/(°) Y 12

Inflow angle/(°) B, 32.123
Attack angle/(°) a 8

Hole axial position/% X 0~100

Jet mass flow rate/(g/s) m, 1.075
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Fig. 3 Flow field conditions on the suction surface under
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Fig. 4 Flow field conditions on the suction surface under
xjet=70%b,
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Fig. 5 Flow field conditions on the endwall under Case,,
(left) and x,,=70%b (right)

T JE , Vi BE A S LA D B R B O A A i R
— U0 ¥ 43 S T b R O R RE T, AR IR ) TH 3R BN
e =1 I 2 A 7 A 1 5 A QA TR = = 9
Wl B — A
32 ARSHRAMAEXRIZR M

PR A S AL b0 5 i i T BE B Smm AN AR
B FE x,=40%b, , x,,=55%b,, x,,=T0%b, F x,=85%b, I
AL A P AL BR[O A I )
Wi o B SE AT B A B A v, =40%0b, )7 R B W 7 1
Wi, 5 Case, ML, K 6 H1 ) CSVIHE I, CSV2 [
T 57 5 ST, i) o7 O 0T o BE 5 CSV3 1 R T
NI - U VA T T (E 7 == o S T 1 N
BEAE 5 x, =70%b, J5 %8 FAL, #8607 5 3 FL i 14 o &
B 1% UL 252 3] 0 R TR R 42

31.79%H

70.27%b,

Fig. 6 Flow field conditions on the suction surface under
X, =40%b,
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Fig. 7 Flow field conditions on the suction surface under
X, =55%b,
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Fig. 8 Flow field conditions on the suction surface under
X, ~85%b,
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Fig. 9 Flow field conditions on the suction surface under
X, ~63%b,
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Fig. 10 Flow field conditions on the endwall
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Table 2 Overall performance of the linear compressor cascade under different cases

(Separation length at

(Separation length at

(Separation height at Momentum Number of spiral

Case  Cyreduction/% 1 al)/b/%  suction surface)/b /%  trailing edge)/H/% coefficient/%  points on suction side
Case, ; — 75.93 69.53 35.63 — 3
%, =40%b, -0.7 77.94 70.27 31.79 0.131 2
%, =55%b, 0.5 76.85 65.11 36.58 0.129 2
%, =10%b, 3.2 71.30 64.69 34.40 0.128 1
%,,=85%b, -48 77.69 66.73 41.83 0.126 4

JEUHT A TT B ROR BRI % . HHIET Case,,, ok i W S 3 AR, RO T A% 0 52T g BE R 1) UK i

E x,,=70%b, A A & 55 Ui 8 % 4 38 0% g 17 RN o BE 1 Y
Oy B AL BRARI B R S 5 B 3R o B IR e
AR EE A 3 AN B 1A FE v, =85%0b, b A Gt
W KT 4.8% 0y B IR K, % %E F B
A B e AR R 7 R AT — Ak AR SR
Vo3 NI T 43 B MR A A A EL

BT 0 T b (iR 2% 05 0.4, 40 ) 1 58 %
PRk REO AT o TCST IR T B Y e R O X
] {57 B 7E 2/H=0.13 &b , 3 5 0 i 458 2k K4 R i
ot XA T 2/H=0.08 &b . $54 2% X (1% T FLA 25 A 4 (1)
A/ CHE b P o B s 7 ), 8 I X T AR A, Al
LN T 1.86% . 38 1 A/ a8 X W T v BE Y
O B GER 0 o BT 45 A AR A A8 R A, T DA
G R 5 2 BN =B B o
T4 W 7 v LA R W T 43 T M A ik 2 2 0 2k XU
INE) A E R

[T T T -
C, 020 025 030 035 040 045 050 0.55 0.60 0.65
0.5
T
3
-
g
2
Q.
3
5
5
(=5
7]

0.0

0.0 0.5 1.00.0 0.5 1.0

Pitchwise position/(y/t)
Fig. 11  C,, contour at outlet of Case,(left) and x,

- =T0%b,
(right)

B2 45 T4 8 W VA0 A TR R 1 1 43
GO T4 7 58 5 9 7 B 4F 2/H=0.3~0.5 kb (1<,
AT UL, B 1A R AR 4 5 2/H
=0.1~0.3 i B Ab i 1 2% X, & A J7 B8 ¥ A AE R A
B TE 2/H<O0.1 (57 B, i BE BN 1HT 2 9 28 B0 Ry 2ok Al % o
Hor %, =70%b, 15 2875 w8 2% X0 O i 5 R o X 1
1o i 2 AR A AT T URES x, =85%b, J1 BT I iy IX.

(14 1 5

05 e B ey
- —e— Case_,

g : e x =A0%b,
o 04 X =55%b,
3 N —— x. =70%b_
% o5k —e— x =85%b,
tay) L
2 r
2 .
2 02
2 r
) L
2 i kL
g 0l S
ol F S S =
& S S S STl

0.0

14 16 18 20 22 24 26 28 30 32
Outlet angle/(°)

Fig. 12 Pitchwise-averaged outlet flow angle distribution
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