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On the boundary layer instability of a supersonic rectangular nozzle
S. Sakaue and M. Nishioka
Osaka Prefecture University

ABSTRACT
This numerical study examines the supersonic rectangular-nozzle flow by focusing attention on the
development of secondary flow and corner-flow and their effects on the boundary layer instability
and transition. The results show that secondary flows appear in the side wall boundary layers and
form into streamwise vortices in the corner region immediately behind the throat station where the
boundary layer momentum thickness Reynolds number is 400. The streamwise vortex increases in
number downstream and induces a local normal-to-wall flow as large as 4% of the local mainstream.
The present simulation is in good agreement with the corresponding experiment, in particular, on the
appearance of cross-flow instability on the side wall boundary layer and the streamwise location
where the streamwise vortex first appears. The corner-flow is found to be of extremely unstable
nature suggesting that the turbulent transition observed is directly caused by the corner-flow

disturbances.
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Fig.1 Instantaneous schlieren photograph: knife edge;©.
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Fig.2 Nozzle wall configuration of supersonic wind tunnel.
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Fig.3 Streamwise variations of the momentum thickness
Reynolds number Re, for (a) the upper wall and (b)
the lower wall boundary layers: solid lines indicate
the present simulation at z = 0, dashed lines are the
2D simulation using fine grid (1/2 Ax, 1/2 Ay).
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Fig.4 Pressure distributions on (a) the upper wall, (b) the
side wall and (c) the lower wall visualized by
contour maps.
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Fig.5 Development of streamwise vortices in the upper wall corner region visualized by contour maps of (a) streamwise
velocity U and (b) vorticity @, with (¥, W) velocity vector field.
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Fig.5 (continued).

L, AN HUERREM & Lic, BB i
RIBE DR R R 2 5 2, TSR & d RO %
BIEFRIMEL L, EEROSEIE Fiith biafk
T ORHERIC BT 2 A A oplor = 0 TE X
DHEO TR Lz,

3. MEHRLER

X 3 ([ ZA R HLETmEIIC IS T B B TR S E O
EEEE XS VA VA Rey O x JTIA12E
fbzRd. X3 IEEBEH, O FEEMICH Y,
AL x, y FIOF/ M Fig4A 12 & LTz 2 RocqEt

HOMRETHD. WA IHTFT-HLTEBY, KA
FERNZUBTHD I EDNHRTED.

4 [ 3EERS L O L TR EOESI A THD.
M=2 O— 72N ARG D T 7 AV B FEELdhER
AL, BRI %5 2 5550 MAEESE e
ORI ICHIIN S 4, B FEED g7 a1
M9 2 WIADEL D.

50X A — kTt x =20mm ~ 90mm @ / X/L
y-z Wi EEEAE 2mm x 2mm ORI % (a) 1XHE
U, (b) I3IRE o \ZHES 7 MV (V, W) D434 % &
RTRT. HWE U IIRPREMZRR LIz 23

This document is provided by JAXA.



" AL ARMAERIYOR ] AXA-SP-07-009

Wrimi O Rl — y (L CTOMERT ~VESy, (V, W) 1
TN ERERKSERL, Y, ZITAENLHER X
YA Ol E RS, £, K5 @) OB
FEI ISR 2, (b) O AT R T I [alisd
HADWEZ HOEKkAERT. / A ERENR T
O Z H DA v — ML TIEHEEL I I E
JERBA T 2 E 52 X0 IBESE RE NI EREA
BRI D 2IRFENNRAEL, TN AEEDD
Lick-oTAa— b Fifix=20mm, ERBEEZS=
0.4mm, Rey=400 O FRESEFIENIZI LA /v ¥
Rer=1v (v: BSTELRED) =900 OHERMONEE
5. Z OREROIX AT EROK 4% OIEE 2 BE 25
EZRGINCHEL, (KA M) — 27 2T 5 L &
BT, ZTOEFIHERO~DE Bl T 5. 2
U OHERIZA 7 — b T x = 90mm TIIEEN HAY
1.5mm F LU= 2o L% 2 LR T
D, ZOX ) R R TR CEER
ENMEmDE L PR RE LTS, 2 Ak
BEDRIZRIL x > 20mm THREEL BiZfhE 7220, fAIEE
BRI EREA R HEEN D F IO 2 ki
MWAEL D, Zo 2 EftmOOFEEESIC X
> CA B — kTt x = 70mm 70T O _-BEFER I HETR
ONEL, ZOFHRHEESIZ K> TRIBEEREIZ S
K2 R —2 8Bk &5, Lin Y O%fErE
TUE, AT VTR, D 2 %558 % cHRrE &
T 5 IR ORERR N ERR S 1, Z OFFRE LI X
Y 2 S RITIE o CRGR LT A~ BB LT <.
TR, SR E LB ) XOVITIE S BT
D 3WIL/ ANVTHY, EFEATNTORER )
=Rz b o7, Ar— bk FHROTRTD ) X)LEE
BRI D 2IFEANEL, ZREN
A CEET HTDTHD.

B 6 IXAMEROIRE o, & mfEfE L RO TIE
B O &L A 2 VZAE Rer O x WAL TR,
EIET T OHMERAS, FoE U 7 dli g sl BE FLi H e
s & OIEERIZICHC T D Re= 200 LL EOFEER 24
L, HHAEIZFHLHL>TWAEZ LD, ZOAHIT
IO TREERMNTH D LS.

JEIE _EBEA ER A Uz Z 0 SftmiE, = 0%
EMESCZEM A 7 — LN 1 OFfEFRE I —KL
TWa. Thbb, ERCEEINHILIE, R
BaES ZOATMAVCECT-HIELTH Y, AEHH
NINRLZERTNTH D Z &, BT HETR /X LEE
B B OFELIER S, T OAETHALCA U RELC
KT 25 Z AR LTV D,

4. £

AW CUX, HEWT i g I ER D 2 X VEERE R
BOITGER 3 & T2 ENERTRIB I
TN D AT EZEMEFH A TR, LLFDO Z & %]

1400 ————
1200 -
1000
800 -
600 -
400
200

Rep

0 20 40 60 80 100
x (mm)

Fig.6 Streamwise variations of the vortex Reynolds
numbers Rer = [7v for the streamwise vortices
developed in the corner region.
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