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On the supersonic boundary layer transition

S. Sakaue, M. Nishioka
Osaka Prefecture University

ABSTRACT

To obtain a better understanding of the mechanism for supersonic boundary layer transition,
experiments are made at Mach number 2.0 by using a small supersonic wind-tunnel, with focusing
efforts on finding non-linear disturbances governing the transition. We examine a boundary layer along
the nozzle wall and its transition process by means of quantitative schlieren optical system. It is found
that vortical structures our schlieren system visualizes are mostly similar to each other in shape, being
stick-like and inclined at about 30 to 70 degrees to the wall, and start to grow often forming a group at
streamwise stations where the momentum thickness Reynolds number is around 580 and the transi-
tion proceeds as they increase in number to cover the whole boundary layer. We examine the statisti-
cal feature of such oblique vortical structures using 1800 samples and show that these structures are
important non-linear disturbances as the mechanism of supersonic boundary layer transition.
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Fig.1 Instantaneous schlieren photograph of boundary layer
transition region expanded vertically by 4 times: knife
edge;®.

B

1.0F B Transition o oo o]
2 08fF o L]
= r Turbulent ]
s 0.6[ o =
2 - .
A 0‘4:— o E
0.2 Laminar © =
T P e c L A PRRT PURTEIPENA I
60 70 80 90 100 110 120 130 140
x (mm)

Fig.2 Streamwise distribution of the probability for the
boundary layer to be turbulent (intermittency factor).

Tbb, ZOROEEIRE GREARL Ju/ dy) &
BT 5 LHEENs (ROMESEECITHICHRHEE & F
). TV I NVEHOEERARSE? S 130mm < x T
IFELDIREBIC D B LT SN D Z 22D, RS R 2
72 ZHEBITETCIREBICH 5 LHERISh D,

X 2 1B E# 400 f0s DIRARTZERB R 2 2 <72 3
(FERBIELTREEIC 22 D) R (FMRBRE) 277, x<
80mm TIHERIIE 2 TR LT EABIIEATHD. —
77, 130mm <x CTIHERITE< RONTELRERE & 72
STW5B, ZOMRNP0 1D 1 OfFi%E & 55 (80mm
<x<130mm) VEBBEFEKCTHD LHWTE, FHEE
REEDAT DR SR LT FER L 12iE—%% 9 2 2.

B | OEBBEE TIEBERERE OERICE R - o
QVPFERTE S, ZoOBETEREREF THEIND
HEQ L FRE, BEA BB LAV IHAFFICEDIZEN
TRYVBEHILTH D LHETEND. £z, BRENLE
WA BER~BT 2EETHEIND Z &b, ER
|8 DS AR ELIRER B A RICEX DB & 2RO JER
FHEELTH D LHHISND.

T DOBEFIICONWTELLARND YD, A7y
CEBEICLTELRMEY 2 ) — LU EERLEBIKS
R LEEB®REZR3 T, B LR, BEPLID
ERDFERFANHEN TR OEEP B TE D, 20
E{& ORI IT M OB EAR dp / dx DEEEZ KT
B, FEEIHDITENTNDZ B ap/ dy RO %E
L, EiROiiEETHD LHBTED., 2D X I R
EICHEHE L, 100 i OBRMEE > 51800 {8 DHEE 2 4l
ML, ZO@E%N, GHETDIxME, &3 h HX0, M
I Ax 2 HEFHRIC A~ T2,

80 90 (unit:mm) 100

Fig.3 (a) Instantaneous schlieren photograph of boundary
layer transition region, (b) magnified view of (a): knife
edge;O.
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Fig.4 Probability density distribution of the inclination of
oblique vortical structures: solid line indicates
log-normal probability density function with same mean
and variance.
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Fig.5 Streamwise variation of the number of observed
vortical structures.
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Fig.6 Probability density distributions of the height of the oblique vortical structures: solid lines indicate
log-normal probability density functions with same means and variances.
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Fig.7 Comparison between the probability distributions of height of the vortical structures (@, O) and the
normal-to-wall distributions of averaged density gradients (solid lines) at the final stage of the transition.
Open symbols (O) represent the probability distributions expanded vertically by 1.4 times.
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Fig.8 Probability density distribution of the interval of
oblique vortical structures: solid line indicates
log-normal probability density function with same mean
and variance.
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Fig.9 Probability density distribution of normal-to-wall
velocity in the boundary layer, that is estimated by using
the data for growth rates of the height of vortical
structures: solid line indicates log-normal probability
density function with same mean and variance.
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