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Abstract: In order to study the control effect of the arc discharge plasma actuator for the supersonic com-
pressor cascade shock wave/boundary layer interaction, a phenomenological model for simulating the effect of
plasma actuation was first established, and the ARL-SL19 supersonic cascade was taken as a research object.
The interaction between the arc discharge plasma with the internal flow of the cascade passage and effects of the
interaction on the cascade flow loss were studied by numerical simulation. The results show that the plasma phe-
nomenological model can better simulate the aerodynamic characteristics of shock waves induced by arc discharge

plasma. The arc discharge plasma has three main effects on the internal flow of the cascade passage: in the dis-
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charge region, the injected heat has blocking effect, which increases the flow loss of the near wall airflow; in the

shock wave/ boundary layer interaction region, the shock wave system structure can be changed and the shock

wave loss can be reduced; in the wake region, the shock wave induces a shedding vortex.

Key words: Plasma; Flow control; Supersonic cascade; Shock wave/boundary layer interaction; Nu-

merical simulation
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Table 1 Cascade main geometric parameters

Parameters Value
Chord C/mm 85
Pitch s/mm 55.58
Solidity o 1.53
Stagger angle 6/(°) 56.93
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Fig. 1 Grid topology of cascade
Table 2 2D mesh features
Symbol G, G, G, G,
N, 90 113 141 180
N, 120 151 190 240
N, 120 151 189 240
N, 110 138 174 220
Ny 120 151 189 240
Ny 90 113 142 180
Y\/pm 1 1 1 1
y* 1 1 1 1
Cell no. 6.2x10* 9.8x10* 1.58x10° 2.53%x10°
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Fig.2 Effects of mesh number on isentropic Mach number

of blade surface
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Fig. 3 Single discharge experimental schlieren and

numerical schlieren comparison
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Fig.5 Velocity curve of shock wave

232 HhA R

AU U3 VE 25 9T 75 141 BA B X6 46 35 f it a2
Yo 45 B TR sl FE P R T IR AR5, & B
il 47 B R RO AR AR X R A
BRSO R A T R R ST T 48% % KAk
R XA AR Lomm YR BDE . — O, 2 R R
2.3 0, ARG 5 0 T T AR AE T 60% 5X AL A
AL TR i AR A IR ES AR S R AR B
AL 5 O AR R o XK, 5 — I A R
W i L E A B XA 2T RO, Rl Rk e fiE
FE R T 2 5 BOI W R A S il . B 6 S L
SR R A5 B - AR 3Rl A5 R s A

Shock wave

Actuator
position

zone

Fig. 6 Schematic diagram of arc discharge plasma actuator

layout

3 HERAWH

3.1 HIMRESFEHMERBNEEER
W B 5 5 A AR L AR SORE I R

(b) Num
Fig. 4 High frequency discharge experimental schlieren and numerical schlieren comparison

S Bt 3 VN & U R =Y R (AT =T
X, - Fi BB e X6t 3 S AT 4347 o

P17 by 5 Bt 37 LA B2 56 — A I 1~ 10w
R XIS E R S RER . EFEETFRETEA
Lws J& , T8 il — 38 2 B R ooy 3, 1B v i (0 e 26 3Rm
ek U B AE A W Sk AR SR o A% B T
SIS AU v B U AWK iyl e s LI 12 D s oy
AR SR SR O U LR s v A W TV T 0 A AR
7 BT AT AL % 1) 5 3 I 1) — B, R il e
o T KU T v, PR AT LA A e U IR
) B ISR AAE I o ¢ = 3ws B, BE B UUR X B
f9 YL BE H T 18 1 #% 5 1100K F [4% %) 800K , v — K
Gy W RE B T B% S RE B, D) — 3 43 N e % 1k R B
e 5 1 A8, 2 P ool il DS i, il D XU
W E— 2D i Ak U R TR B 540m/s, I B
XY K. Y= 10ws I, B3 i LA K i i fig
AR, S XA B AR

XF 3t £ 43 B B i T R IS T e A I X B
S A A, i RE T A S8 R X ) S i Bl L i
DX 35 4[] B A 6 SO A . B R HE RS | R4
W A2 B AR RS o AR Al A REL SE B Y i Al
DL LB ] R O T A E RO R LA
— A Il S B X I, 20 ARG S G2 I AR I 2 R
Az BHLZE s 50 B

T;=T1*[$]Z (1)

A TN R 2 (A ) B R

T RN B, A U R A, = 1.38, 8
T = 300K, H A (1) W43 T, = 332K, i jia il ¥
Jil I AR X R e = A B 1100K, 322 22 8 2 I 2 i
FE o PRI AE R DX 082 T B 5 1 BB ZE AR L
FOMCR X R R AR . Ty — T I, oy A oo
A AT T B 3 A R A %o ke U T 1 BH 2E L 5 3K
I RE TS R AR BRI



FalE H10W

HL S P 45 A U D 47 o P R ML AR /i B2 T R LR 5 2233

SERURC UL TR/ SUN AW Rl FTTRE A T WA
Bpus I, Hy T BH 2 45000 B9 52 e e ol 0 XA ST BE T
S — /N B, W T(ORETP B . BEE I
[ 4 7, BHL 2 200 80555 , S Y0 TR 2K

Velocity/(m/s)
/ 529
485
441
397
353
309
264
220

Fig. 7 Velocity contour and streamline
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