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Numerical Simulation of the Elliptic Jets in Film Cooling
Controlled by the Symmetrical DBD Plasma Actuators

YU Jianyang, LIN Yan, CHEN Fu

(Harbin Institute of Technology. School of Energy Science and Technology., Harbin 150001, China)

Abstract: In the present work, the dielectric barrier discharge (DBD) plasma actuators which are
asymmetric arranged are employed to investigate its influence on the flow control of the inclined jet
in crossflow by numerical calculation. The results indicated that an overall improvement of the
film cooling performance can be achieved by the control of the DBD plasma actuators. Hairpin vor-
texes are produced downstream the cooling holes. They are noted to be suppressed when the plas-
ma actuators are switched on. The spanwise velocity is found increased as well when the plasma is
applied into the flow, leading to the weakening of washing of the high-temperature air towards the
wall. What’s more, the film cooling efficiency increases with the increase of actuation strength and
decreases with the increase of electrode spacing.
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Fig. 1 The schematic of phenomenological model
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Fig. 7 The contours of time-averaged temperature and streamlines in the cross-sections downstream cooling hole

e B JBe o B T e X A W A R R L R A R
HGFFRES . T AT, R AR
I LI i3 X 2 I G S BE T, 5 LGRS, R
FHK., 4D, =08, RWHFREASER LT
(K1 i SF < N S = i - DO ol R BT R N
FEZH T, W AR BE 2 R, BE T A X
PN DA B R BE R G — D T, N A S TR
JilR . T AL AR R0 AR S SR AR
IO2 . Ve S I B0 BT BE R R A K AR D MR .
S RN B3 Vol S e i S R TR
iR, RS MBCRE S, —Jrm. FE TS
SR T R RO R RO, S B i X Y i
Fedym A B, HI 55 T EOE IR 0 8 A RE . [R]
I 5 87 R T P U RS Ok O S T R e K, i — 2D
STV AL B R [ T B RE S0 /N TG 1 R
JE . SO T RE IR X A R S . 4R T U
RHIRCR,

xld=2

x/d=2 x/d=5

0.77 0.84 0.91



6 FRL AR A

2020 4E 5 H

i Rada=>5 mm W50, AN [6) B 3 T
SRV H AL N ) s B B EAS Q AR (B T 43 A
8 7R o &R 105 4 DAV A0 5 3t T XU AR ok It 7% i
TE I8 8 1 ) R BE e 108 45 F . G F KT e R
Wk G H AR, RE T mIRER SRS
WM B R, SR AR R A
WE . TG A B A E . 7R RRAL B
BRI D b, S R S AL
b 51 RE0 TS BTV 2 200 | B (1 e 575 Il o 2
B R, R i By i Sk 1) BE T A4, X 2
Tt ek = TR it B - R R 0 R T ) 2 W
] BETET AN 1Y . Y 3L ) 2 e, IR TR I Ik ) R
b N L N T e QLG = 7 TN SR e SV I 9
wB, IR, M5, B RBER. B
T /N RUBE 1 3T BE R li 45 4, 5 kK R A L
A5 Uk 32 5 D SR 0 TR B TR WSS . il
FEETRMME, BT EN TRk R
mESFAEN,. KRB E Rz 2 s, JfF A
AR IR RS A NN 2 SRV E S € el ol SR ]
R LT BE J5ly 45 0 . Bl G O o B A R, R
R P I e BE R /DN, ) A R R K, H
TR R R T R 2 I R R A DN T RE SR T A R T R
1o 1 i 9 L R

Jd 0 02040608 1 12 14
B8 SERARGNEIOTEEEN
Bids Q FEE (Q=5X10°)
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