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Computations on Passive Control of Normal
Shock-Wave/Turbulent Boundary-Layer Interactions

B.S.Koo* « H.D.Kim**

ABSTRACT

A passive control method of the interaction between a weak normal shock-wave and a
turbulent boundary-layer was simulated using two-dimensional Navier-Stokes computations. The
inflow Mach number just upstream of the normal shock wave was 1.33. A porous plate wall
having a cavity undermeath was used to control the shock-wave/turbulent boundary-layer
interaction. The flows through the porous holes and inside the cavity were investigated to get a
better understanding of the flow physics involved in this kind of passive control method. The
present computations were validated by some recent wind tunnel tests. The results showed that
downstream of the rear leg of the A-shock wave the main stream inflows into the cavity, but
upstream of the rear leg of the A-shock wave the flow proceeds from the cavity toward to the
main stream. The flow through the porous holes did not choke for the present shock/boundary
layer interaction.
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Fig.1 Schematic diagram of passive control
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1 5.67 0.15 90
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4 5.67 0.30 45 and 90
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Fig.2 Schiieren pictures showing experimental
and present computational resuits

ad myelX FA%e] e 1”@ 3A
g2 $4 F4%e A At ve =29,
3¥ @A BoAe srHEFer BEF =
Ry FHRs 22
o] FFer s,
gt o] R pEHe
e FHozRE

o ol47A &

> oo
ot i

e

o)
A
=
N
ol
Bh)

Tl
= ox W
¢

A
4
3

of
& &
"o M

BR Ve
*

£ ofw

A
ok



A5 M35, 2001. 9 TASAuRl HRFAES

ZHRSo| H|SHofo] 245t SR|5HA 29

744487 Eo|tk. £ 18 EFEEH 1389
A9 7% 717 3FAdE wavelets o] &
At AR EE v B3 FdHE gu
Atk W AAFL 1¥F40Y AFE A
R MEE A AFstd 139 FHFEE
A AAZe FAe AY d874% i 6WA
1059 2+ o8 FA47F sty &S &

F & F ok olRe 1¥8FFAY FHFAA

AANGH AT LS F AGATR 2
.]
O

AZ FrEol H&stele o ol c}.

A fFz2o] FelA %*@ dhe 249t 7
Az TH¥HE 18 @ 4 29 B F
A% BE 5Y% Ae® Bt wEA E o
FoAA A" FdFAole Ade tE¥H F
Fol A" frE ahy Rol AFHATI 7}
A & Utk 28 ©2FEH B FAARNEA

Aoz HPAHFL 1
o2 A Fdstthe
B FAAMEE $
5ol AgAE 4
v

g O #5399 945
7

S
& 2

shot dRAAF HAH
e olxshe Aoz W

=
=2

0.8 L] l

Ex, Solid
Ex, Case 1
Ex. Case 2
Ex, Case 3
Ex. Case d
0.6 — Com, Salid

- Com. Case 1
——-— Com. Case 2

>OXOCe

P/Po

041

0 2 I3 s & i
100 200 300 400

X (mm)

Fig.3 Comparison of static wall pressures

Fig3dle E34373 FxAdA Lol
BH gy EXE vasdch

FAUT BYRGA, BRE 22 Fozx
#5938 ADE et 3
Ae3t vk} 7ol X=235mmi-E 305mm/\]-°]
o 9@k 289 JFRLZRH HEFA )
& A8 2 35 FHL X-260mm A
ANTE FASA F7A AL, AFA
& Hgate 9ok o Brk FRAA Yol
287 ARG E AR A% FEF7)
% ot Tue Has] BW AEAolE g
@ A7 AEHA Fe Aol wshel 4
Tzt gwsith 2 A% 4R L%
e ® A% BF AY $9% ez nan
a3 A¥ARERH oI¥Y 7Y 2709
47t geiAE AgHEEE 24 A
FE AL B 4 At olH@ AFe B £
Age] BoANE BEE & U 2y @
FAAN AnE 4¥Fe vA PyHes
dEse Aoz AT FAdl g% ¢
el AP a3 A% SRe G
We 4gavs 338 gan. JAe 434
A FELA e, AL 25
& AR sl 7198 F don,
e R
dol 71U £= gk @ARA A
it

fo o

N ot rlo
I\
w ©

2 Hu

L 2 o &

Ju e
S
¥

o

S e uo

o)

ro
e
E|
Ha
e
i
H
oft
b
=
.
rL
° du
o
Y

Ol o[)lu

F gloH, %7—%’4 3}%011*1 gt
=9 F7hy weyAs R
Rog ¢#Hx Ut o)HE
B FXALe FZHA9) A4
Ao ax8 AHEg A
@& = Ak

Figadls ZTEAY"s FAAQczREH o
47 Sehsts MEE mumstah

a9 Ao £43431 g3 o
AAZEH DHste 992 Foiske e
olt}y. H¥ dHERE {59 #sies
o ARULENE YR FIIA
Fastel, A¥FAwe HRE 7

Lorr hu

b S
o
dr

)

odi 2

g
m
rﬁﬁ

o

o
bR o

o m B oz o 0 2 i oy Ho ol
r‘r“ﬂ'—l..

B e o in
L)
3

f1
I
2
- ]



30 T4

7
e AYEAE T oS3

E FAALRZREH A9FA%e dREd 9
A% G3Ye FYL Filed FFUR f5o)
FA3A el 193 A%e HRT A 4
FRQNHE FFU F50] ThFe) YL
Folel FREROT FEAE AT U £ 9
o ols gol k3ol FYL W 45 £
e FHBAM FEHE FAA HH, 4%
dEe Nz gAse 48 4% 3, 18%
Aste) 455 7HNE FHA Ao AL ¢
4 ek

. .
T;,,,-.ze cwe o9 u s
L

i .
220 270 320 X {mm)

{(b) Present computation
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Fig.6 Velocity vectors inside cavity
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