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CFD Analysis of Flat Plate Experiments
Conducted at ONERA and NAL Mach 10 HWT

ABSTRACT

Hypersonic CFD Analysis is made for blunt nosed, ramped flat plates. Heat transfer and flow field around compression
ramp have been investigated numerically. The present work correspond to the experimental study using the NAL 1.27m and
ONERA S4MA hypersonic wind tunnels, where the infrared thermography measurements are made at M «=10.0 and angies of
attacks 0°, 20", 30" and 35°. Heat transfer distributions and shock-shock interaction patterns are compared in detail,
changing angles of attack and Reynolds numbers. Comparisons with CFD simulation using NAL and ONERA Navier-Stokes

Codes were also made.
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S4MA Tunnel Tests
Run NO | Model | Angle of M p0 T0 Re Ti P- | T- °
Attack (Bar) | (K) E* (K) (pa) (K) | kglem?
2340 b 0 9.880 | 601 | 1016 | 1.15 |290.87 | 153.5 | 49.506 | 61.3
2357 b 35 ° 9.880 | 60.7 | 1139 | 097 | 2925 | 1550 | 555 | 619
2358 b 35" 9.770 | 253 | 1038 | 048 |294.28| 696 | 51.67 | 258
2360 b 0° 8770 | 252 | 1028 | 049 |291.12| 68.33 [ 5117 | 257
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a) Nose Radius 3mm, Po=25bar, Minf«9.77, Tow1028K, Tw=291K
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b) Nose Radius 3mm, Pos60bar, Mid=9.88, Ton 1016K, Twa291K
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Model B
Pressure Contours around Fiate Plate
Mach=8.88 a=0deg
Po=60.1bar To=1016K
Poo=153.5Pa Teo=49.508K
Rew=4.745X10%m

(a) a=0"

Pressure Contours around Flate Plate

Mach=9.88 a=15deg
Po=60.1bar To=1016K
Px=153,5Pa To=49.506K
Rex=4.745X10¥m
(b) a=15"
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" Pressure . Contours -around Flate Plate

Mach=9.88 o=25deg
Po=60.1bar To=1016K
Px=153.5Pa To=49.506K
Rec=4.745X10Ym

(¢) a=25"

=0.925

Model B
Pressure Contours around Flate Plate
Mach=8.88 o =30deg
Po=60.1bar To=1016K
Po=153.5Pa Tec=49.506K

Rewo=4.745X107m

(d) a=30"

Model B
Pressure Contours around Flate Plate
Mach=9.88 a=32.5deg
Po=60.1bar To=1016K
Px=153.5Pa Te=49,506K
Rew=4.745X10Ym
(e) a=32.5"

Model B
Pressure Contours around Flate Plate
N, Mach=9.88 o =35deg
N Po=60.1bar To=1016K
P=153.5Pa T0=49.506K
Reco=4.745X10%m .
(f) a=35"
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HEAT TRANSFER Distribution along Flat Plate Model b
Mach = .88 Alpha = 15.0 To = 1016k Po = 60.1bar

(a) a=15"
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HEAT TRANSFER Distribution along Flat Plate Model b
Mach = 9.88 Alpha = 25.0 To = 1016k Po = 60.1bar

(b) a=25°
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HEAT TRANSFER Distribution along Flat Plate Mode! b
Mach = 9.88 Alpha = 30.0 To = 1016k Po = 60.1bar

(¢) a=30°
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HEAT TRANSFER Distribution along Flat Plate Model b
Mach = 9.88 Alpha = 32.5 To = 1016k Po = 60.1bar
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(d) a=325"
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HEAT TRANSFER Distribution along Flat Piate Model b
Mach = 9.88 Alpha = 35 To = 1016k Po = 60.1bar

(e) «a=35"
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Temperature Contours around Flate Piate

Mach=9.88 a=15deg
Po=60.1bar To=1016K
Px=153.5Pa T0=49.506K
Rex=4.745X10¥m

(a) a=15"

Temperature Contours around Flate Piate

Mach=9.88 a=25deg
Po=60.1bar To=1016K
Poc=153.5Pa T0=49.506K

Rew=4.745X10¥m

(b) a=25"

Model B .
Temperature Contours around Flate Plate

Mach=9.88 a=30deg
Po=60.1bar To=1016K
Px=153.5Pa Tx=49.506K
Rew=4.745X10¥m
(c) a=30"
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Model B
Temperature Contours around Flate Plate
Mach=9.88 a=35deg
Po=60.1bar To=1016K
Px=153.5Pa T0o=49.506K
Reco=4.745X10¥m
(d) ea=35°
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Oil Flow around Flate Plate

Mach=9.88 " a=15deg
Po=60.1bar To=1016K
Px=153.5Pa T0o=49.506K
Rew=4.745X10¥m

(a) a=15°

Mach Contours around Flate Plate

Mach=9.88 a=35deg
Po=60.1bar To=1016K
Px=153.5Pa T0=49.506K
Rex=4.745X10¥m

(b) a=35°

®8 FHEbYoWmH

BEXER
1) MEFHEMFEH.IFETERNES T ERFE
FRME S 22/ MBRIEIEOBIE) 1996 4E 6 A
2) K. Hozumi, Y. Yamamoto, K. Fujii, A. Yoshizawa, S.
Nagai, D. Devezeaux and J. Fontaine "Experimental
Investigation and Numerical Analysis of Hypersonic
Compression Ramp Heat Transfer " Proceedings of
International Conference on Fluid Engineering, JSSME
CENTENNIAL GRAND CONGRESS July 13-16 1997

Thic dociiment ic nrovided hv TAXA





