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Abstract

Wind tunnel experiments were performed to investigate hypersonic boundary layer transition in the
impulsive facility HIEST. A 7° half-angle cone model 1100 mm long was designed and manufactured
for the study. To change the Reynold's number, stagnation enthalpy was varied from Hy=3.5 MI/kg
(Re=6.0x10%m) to Hy=8.7 MJ/kg (Re=1.6x10°m). Seventy-two miniature co-axial thermocouples were
flush-mounted on the surface of the model to measure heat flux distribution. Surface pressure
fluctuation was measured in order to observe the second-mode instability in the boundary layer. The
heat flux distribution measurement indicated that transition occurred on the model at approximately
Re=4.0x10°. Surface pressures exhibited peaks in their frequency spectra that were thought to represent
second-mode instability. Schlieren high-speed video showed disturbances in the vicinity of the model

surface at the location where laminar-turbulent transition occurred.
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Fig.1 A 7° half-angle cone model. Four piezoelectric pressure transducers (PCB132A37) were mounted on the surface of

the model at X=656mm, 782mm, 908mm and 1034mm.

O-rings Model surface
L o

\

a

Fig.2 Schematics of pressure transducer installation on

the model surface. a:Left-hand figure is a standard
installation of PCB132A37 with o-rings. b:Right-hand
figure shows the modified installation with cotton

threads and silicone caulk.
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Fig.3 Frequency spectra of the surface pressure

transducers. These spectra were obtained from a

hammering test using a plastic hammer.
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Tablel . Test flow conditions in HIEST

Operation condition A B

P,(MPa) 27-31 30-33

H, (MI/kg) 3.3-53 6.5-8.7

7. (K) 240-460 610-910

p, (10°kg/m’) 21-38 15-22

u, (km/s) 2429 3.3-3.8

2.6-6.2 1.5-24

Re x 10° (1/m)
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Fig.4 a(top): Heat flux distribution along the model axial
direction. b(bottom): Repeatability of the each Shots.
Heat flux distribution appears approximately similar
from Re=5.3x10°/m to 5.9x10%/m.
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Fig.5 Frequency spectra of the surface pressure
a(top):Shot  No.1721 (Re=1.6x10%m),
b(middle): Shot No. 1719 (Re=3x106/m) and c(bottom):
Shot No. 1717 (Re=5.6x10%/m).

fluctuations.
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Fig.6 Schlieren photo on the surface of the model recorded
by high-speed video camera. Flow came from right to left.
Shot No. 1732 (Re=5.6x10°). 1 ps.

Exposure time:250ns. The arrows show location of the

Sampling time:

pressure transducers CH1 and CH2.
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