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Application of different roughness shapes in inducing

supersonic boundary layer transition

ZHOU Yunlong' , LIU Wei' , WU Dong’
(1. College of Aeronautics and Astronautics, National University of Defense Technology, Changsha 410073, China;
2. The PLA Unit 61267, Beijing 101149, China)

Abstract; In order to investigate the differences of the transition mechanisms between four roughness shapes, a fifth-order WCNS scheme was

used to simulate the supersonic flat-plate boundary layer transition induced by the square, cylinder, diamond and hemisphere roughness elements at

Mach 4.20. Results show that the square roughness element has the longest separated region where the absolute instability is formed, thus resulting

in the earliest transition. The diamond roughness element has the widest separated region and leads to the widest turbulent wake region. The

cylinder and hemisphere roughness elements are less effective in inducing transition compared with the square and diamond roughness elements.
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flat-plate boundary layer with the self-similar solution
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Fig.2  Sketch of four different roughness shapes
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Fig.3 Schematic of the computational setup for

the flat plate and roughness element
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B 7 JRAE 2 = D V-1 IO A 2 1T
JEE B R BRI ) AR x AR R . TR 2 T
Eckert 230 45 1 1 7T FE 48 J2 3 - A0 5 2 4 5
{H Wi Se Van Direst 11445 (9 i it 7t i
RIZERAE, I REON « AR A8 L
5575 BB R AR 2 A — B A de BRI 2 0
X, 1 2 AR Z MRS G T, BEBL R4S Eckert
[RGBV A st T RifERE 73 55
X A AER AT 20 [T, 5 2028 PR BT B
B ) TORLRE ST N U, 300 )2 e R 4 45 B BHL 3R 4k
T 5 24 EERH R B8 B e R AE BT, o A7 S
ARGE LR, 2 )5 BEBH 72§ B Van Direst 11 i



56 1]

iz 0, 45 AR P RE TCAE 5 3 P 80 LR e R P i o 21

MARALR AT ZAS T B B U A R R
HE T 14 S A 07 8 TR 4 SR A5 1) 18T v e 7S 1) 4 A
i Sk I BL. ATLAFE YA AS [T PROMLRE o %)
IO PR3 B J2 AR BA TS 11 (2 = 50D) Z Rij#p
O S EE IR o [R) I I 25 5 Sk B 46 O 18], B R A2
ORI IS, W1 J7 AR LB JC ) B AR AL
T S B AT R R AR T RS DT s < BROE AL
BT AR )G o

X103
8

K7 SFREERLAREL C, i i A e ph 2k A
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