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Experimental Investigation of Hypersonic Boundary Layer Transition
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Abstract ; Transition experiments are conducted in shock tunnel. Mach numbers of incoming flow are 6 and 8
respectively, and unit Reynolds numbers are 4. 1 x 10° m™', 2.6 x 10’ m ™', and 4.4 x 10" m ™' respectively. The
influences of Mach number, unit Reynolds number and angle of attack on transition of the boundary layers of blunt cone and
flat plate are investigated. Results show that transition locations of windward and leeward side of blunt cone both move
forward when the angle of attack increases, and so does the boundary layer of flat plate. As for boundary layer of blunt
cone, lower Mach number leads to earlier transition. But the Mach number effect on transition of boundary layer of flat plate
varies when angle of attack changes. The increase of unit Reynolds number will lead to obviously early transition, but as for
blunt cone, transition location hardly changes when Reynolds number has reached the upper limit of the selected flow
conditions. In addition, varying trend of pressure fluctuation coefficient of plate boundary layer is same as heat flux in the

transition process. The second mode instability is also observed in the experiment.
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Fig.5 Transition initiating location of three meridians vs.

angle of attack of blunt cone
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Table 2 Results of effects of angle of attack on boundary layer transition location of windward and leeward centerline

on sharp or blunt cones selected from several references
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Bl (x/L,)

BT LR ) ThT A7 26 R T2
W2 0.375 0. 400 0.350
Wi 3 0.275 0.275 0.275

3. 04 ~ ‘

T (/L) JF(*&LPOE)X TR0 (a=4°)
=

W2 0.667 0.313
W 3 E=s 0.157

3.4 Jksh Ty R BRI L
R BRALRA KSR R B BE BT, S
FLAF T AU 7 A i AL B (] [ P i B 7 A

VG T8 2 e g ok 2l 42 8 R A S A

22 . : . T 24
A Bk RE a
0 AT A 1ho
L 20t
= E L, ad {163
= ————— X
N oo l,T
8 g? o 112 =
1.8 oo
o g
A 408
A
165 0.2 04 0.6 og 00
x/Lp
Bl 6 S G K sh e 140 As (i ds 2 . 50fh 4°)

Fig.6 Distributions of heat transfer and pressure fluctuations

of flat plate ( FC2, at angle of attack 4°)
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Fig.7 Distributions of heat transfer and pressure fluctuations

of flat plate ( FC4, at angle of attack 4°)
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