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Abstract

An experimental investigation has been made to study the interaction between an incident ob-
lique shock wave and an unstabilized turbulent boundary layer on a solid surface downstream
of a porous surface with air injection through the porous surface. The boundary layer upstream
of the interaction is unstabilized by the injection and provokes a shock wave which eventually
interacts with the unstabilized boundary layer after reflecting from the upper wall of the test
section. Three cases having different upstream Mach numbers and different shock strengthes are
studied. According to the level of the unstabiliz;?ion, two cases are of attached boundary layers
and the other one is of a separated boundary iayer.

The result shows that the reflected wave system is composed of the compression wave, expa-
nsion wave fan, and recompression wave like the ordinary interaction while the separated boun-
dary layer strengthens the reflected expansion waves. The interactions of the attached boundary
layers show a similar tendency of the upstream wall pressure distribution as that of the ordinary
interaction but the pressure rise rather decays in the downstream region. In case of the separated
boundary layer, the wall pressure continues to rise in the downstream as opposed to the former
cases. This indicates that the interaction region spreads out widely and the viscous effect of the
separated boundary layer smoothens the abrupt pressure increase due to the shock impingement.
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Fig. 3(c) General view of the wind tunnel
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] AIEY EESAPOE FH BEREFAS IE
3 His = BEY WEREST 1%0Ed = 9
7] el ouksl ol S MEEAGERF %
3 Cole 9] wall-wake profile & TR FEELS AT

x{Tw) \;j//l/ 163 130
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Xa=145

curve-fitting 3}ed 0 & BHSlE Hike]l Leed] 3
o BREE . v ool A YW BEEHIAR
7} Fuo] #FfEs e HEREL o FAE WES I
obF ol F ).

2a=1459 o EBRES Fie 49 LEANA AH
3 REtshe BEEE BREAAA ofF FRIA
LARN(LPu/P:i=0.16). 5,69 {iBdA= ERF
upkol A fEfRGES BRE B vk 28Y o] K
HEENE fislat BIEEEE 5,644 =AE <
A 7,89 a4 BHSA =4 5 A+

xa=1201 A& 49 rEHERE 4P./P=
0.05 2 FEIS = BAFY BEENISMTC] It
Her MASHA Gkt o)A Al REELR
BREA EEEG FANAA EfE—ERET 58
REAC 253 BE=A gy Wl GEES T
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Fig. 12 Static pressure profile

Bl RERY miEel flgdw Ak e B, = o
A ERE AB LA EHE HET + o
Sich(probe 7+ FERF& W Byt AstA &
ZELF] 5Eo] BESHA 1.

Fig. 130l BHo 2 ¥ —FL Fold YW
LEAFHPu(X)yecons ] B 25t} ZEHPILS H
A HIRE A=A A @ex ge-tn iy
ol BB mtel HEIEAE o+ %Y 4
ZH(AHERE+REEREQ)/BER/BEGEH()]
of B3 BiEkg(cut-image)$ & 5 . HER
7t Z3e FAAE FiLEHe AW #msA =

o, olAL BMRAFYANA o ZdA Aok BEEHTHE
Bt HE BEEIFHEP.()IE 44 2o g
xa=145 o} & P.(x)9} pitot probe = FIEZ P:(%);-0
o ZRE HAHNAY HET 2R2E £ 5 Ut o
R BREY REELT AETF BEEERA oFF
e 2Ad9 33Xz 47 A AEer YAAH
(ole} 2 BmIEAASY F2 £A1d9 3RTi
TREE 2 Lee-Leblanc o] Bl Al = 2o g v} ).
HEER #ik Bh P.CEEsRY eldkx 5TES
potential value) & FHE3LZ] sl ASEERE Hel
212 & %9 deflectionfy a& FtEstyg ol (Table 1).
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Potential Solution

8
45
o U n
°
Pse/Py) *
a o
[=] 1
x
4 - °
v
/ o
/ .
I a
74
c/ e
b3
/ o
o Ref.Corp.
35 L R
g ﬂ/ﬂ\
Pea/Pe
o
-
304 D/C/
1 ] 1 L A i
163 150 200 nfm) 120 150 200

=7 1) @

Schlieren £{J2. & ¥+ BEH FRBEAIE Oun 3}
Co 2 ¥¥ HET O HEAG o F BES
ERE WEREAA QESAL 4 EHER %
28] 52 Fdeld = FEe] sl
BURCRAERY R A SRS R
M) £E)E Yohrs] A8 x2=1202 3ol K

ST T T T IR A%t 289 deflection & FiEstgivh. 1=
L, PROBING 12594 RGBS schlieren BE o2 9=12.9

MEASUFZ P, &
18P, s} y=21.5 Afole] Fejglome

y=12.9, P./P:=0.39-M=1.24, £=53.75°

Fo | My Cr @unie Gume Gunr.  Po/Pr y=21.5, Pu/Pi=0.45-M=1.13, p=62.25°
160 [1.38 0.23 1.5 48 49.6  0.387 = BEN = EREY A#Hd &3 deflection(a=3.5%)
145 [1.27 0.095 2.0 55 51 0. 464 Mok S Lk (du=8.5°)9] deflection & 2533}~

120 [1.23 0.196 3.5 62 57 ?&Jﬁ%ﬁlar Fo) o] Fol o= EEHEY FEEHRE TR R
s Fob. = xa=1209 = P)/P.: Eiiyes

HMEMER L Mach#y M3 P, P, = 38 Aft & FEMAES 22 23
RS BHEK G ved 2ol HEY + 9. HEER #Bifd A WES EHSHE o B
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potential value of] F[Es=] Fdlt Aol wF HE
ERsF 2A o2 Bl o EEENSAY EiER
Ql FHEE kil A #E=EAY-e AgEREs mi
Eelel MERAGEHEY HEfeAC s B3l i
2. (Fig. 10 of Reference 4) L ELd BFEY 8
HIFA-S BEY H8s Z2ed@ig 14). 4 Hig
HA 4o HRE(.=160, 140)L EHRET File
B EiiolA %@ 7ol B EEg Reld T
ol A= BEEEC) HAAh. KEE HEl BEAE
(xa=120)2 BBYE/F F3)= B U= TE3) B
EHEo) #mgeh ol24 2w k= e HiEEd
BRES MEIER BRE T2 24 #8704,
ke Uulote EEN A AE ZA
#EA7lE RE & F Yo o) BB EREL &
Bgbol o] 5le] s = A (incipient separation)o] o}
Uz REEkd ostd #gE=oIzl Holch. wizhy
FlpEShe BB EEEY MEE WEY HEEEAY
EEc 4 LTH2 994 9% F v =R
o] AEE st ks EREF HEERS &
Bt /SRR HEFHE B/ wake SRS
MY #EE 2t & 5 deh

Table 24} & Hge-lel HHeld A7tA HFHE M
IiERY B EET ko] EES vk

T Pcterntial sol.
—— Criinary interaction

By - Pup
P o P, Unstebilized interaction

Attached B.L.

P e
1 F 7‘3-—
=== Separated B.L. Pl

X X(no scale)

Fig. 14 Schematic analysis of wall pressure distri-
bution

4. ¥ W

MEER ERdOA Bl A3 FRErD flis
B MAASERES S HEFRE BRNo =2 W
Rt ek ol F S BEE RREY RBEdA fF
BEEAeRE FH%A ¥z Bl ostd FREL

Table 2 Principal characteristics of the three inter-

actions

Xsh 160 145 120
My 1.38 1.27 1.23
a 1.5 2.0 3.5
A 49.6 51 57
Osh-zomm 5.5 7 g
H,, ihozomm 1.2 1.6 2.6
Osn 12 12.5 13
Hiy 1.2 1.5 3.75
H;, 50mm 1.3 1.5 2.0

A BB A FANARA BET HBE R
ByEpel REpel Ratete] ol B FRELE HFF
o ASSE BEY BRERS BRI o764
dejdl #HEE EdLd o3 2o

1) EREY RaHiEs Green(EiEe] HIER, #
BERE), LeeLeblanc(HFLEE, MEMFREKAA &
RERAYY HRest Hie BEEE—ERE—EEHHE
4 pres #Zech

2 BHREe BERE) HggsA grizte BEL

(® @Bt e B4 BREA A5t R
Be) BEEE BT BIE e vhEhdth

@) BERE SRR HEie A4 o WmEST BE
3 #AA+h

(5) MEMER il BEENAEE T3] T
3= BRE BHY op/oy=09 BE] %A v
a3y EEFEFA A BHRES 2t

(6) MEER RS BEEEHSMm BT MR
= BRE HENL A ofF BESA vepds, T
Foll A& ksl A 42 EEd K¥S s 2t

so=] WERRESA HEFRY A7k @A
(My, Ho, 6:)9] 1B Bikoll B3t # 8 (decoupling)
& HRse 2ol BB

# ¥

]

BHEAKe =329 Poitiers kB RIREFIEH
(Centre d'Etudes Aérodynamiques et Thermiques)oj} 4]
T3z, BRERS ololr ol & Ml & R. Leblanc
ol I TEEEET =oF B. Antonio ] A
BHE £Y+ =4 =% 4 EFADORET)Y HAR
B aa| T I
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