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Measurement of Pressure Distributions on AGARD-E Model in
the JAXA 1.27m Hypersonic Wind Tunnel *

Shoichi TSUDA * !, Noriaki HIRABAYASHI *!, Tadao KOYAMA *! and Shinji NAGAI *?

Abstract

The 1.27m hypersonic wind tunnel at JAXA (Japan Aerospace Exploration Agency), with its fixed Mach 10 nozzle, is one of
the largest hypersonic wind tunnels in the world. It has been contributing to hypersonic vehicle design by supplying data on
acrodynamic force and moment, pressure distribution, and aerodynamic heating. The tunnel was completed in 1995, and the
nozzle was re-machined in 1998 to improve flow quality. To verify the flow characteristics, calibration tests using pitot rakes
and an AGARD-J model have been performed.

A series of calibration tests was performed to measure the surface pressure distributions on the AGARD-E (hemisphere)
model before and after nozzle modification. This report first compares the experimental data before and after nozzle modifica-
tion and evaluates the effects of the modification. Then, it compares the experimental data with the CFD results and with
other AGARD-E results conducted in other wind tunnels. Finally, we estimate the ratio of specific heats y using schlieren
photographs of the detached shock.

The results indicate a significant improvement in the quality of the flow. The experimental results using the modified
nozzle also show good agreement with the results of CFD and the other wind tunnels. The estimated ratio of specific heats y

- agrees well with the theoretical value based on an imperfect gas.

Keywords: Hypersonic flow, AGARD-E model, Pressure distributions
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#1 AGARD-E BRI AR — 2 (88 1 JGER)

#£2 AGARD-E BRUE Sy fiakBR o — 2 (88 2 KakBR)

CASE RunNo. P, (MPa) X(mm) Z(mm) ¢ (deg)

L&E RunNo. P,(MPa) X(mm): PI/V—2  Z(mm) ¢ (deg)

1 739 4.0 60 0 0
2 738 4.0 250 0 0
3 735 4.0 500 0 0
4 740 4.0 60 200 0
5 741 4.0 60 0 180
6 742 4.0 750 0 180
7 743 4.0 500 0 -90
8 744 4.0 500 0 -45
9 745 4.0 500 0 +45
10 746 4.0 500 50 0
11 747 4.0 500 100 0
12 748 4.0 500 200 0

EFRUIS, / ANRBHIT - 2alER (BUT, K5
r—A%EE2IZNTIRT, BT X — 2K
PO FEEEX, FEAHOEHEZA T - LA § TH B,
KRBTV A J L ZBEIR AR T 5 720 BB RIET
P, o7&z, BAKIBE T, = 1073K, Wfq =07,
HEER0OMIZEY - 22 BUTIBETH 5., R3ITK
Bt L v o B VA /L XE (BRI Im) OBfR
%%, X=500mm, Z=0mm ONEILEE., BED[H
L& A ARENME TS 5.
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(35kPa) DFEJIV Y V& 2{f. 1psi (TkPa) DEIV ¥
Uk A, A 3FEoEERTE I VRV,
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- FEMZEORIE, 57— 2 WNERTT — & QI3
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DNV Fye—oFRICEARESTRELD, T4

1 795 4.0 50, 150, 250, 500 0 Y

2 797 6.0 50, 150, 250, 500 0 0
3 798 40 50,150, 250, 500 0 +45
4 799 40 50,150, 250, 500 0 +90
5 300 40 50,150, 250, 500 0 -45
5 801 2.5 50,150, 250, 500 0 0
7 802 40 50,150, 250, 500 0 +225
8 803 40 50,150, 250, 500 0 225
9 804 40 50,150, 250, 500 0 675
10 805 40 50,150, 250, 500 0 +67.5
®£3 KmEtEv4 o LTH

P,(MPa) T, M Re X 10°

25 1073 9.55 16

4.0 1073 9.62 2.6

6.0 1073 9.70 3.7
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Ratio of Local to Stagnation Point Pressure,Pe/Ps
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T, &35 -2 OFRELBEOEERE M) %
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750mm) & TIRETDHERPRELED S, / A
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BKR10%DE NS 5, WThOEA L ETIA RO

PR E D R L, XLHIHSENES A D
i, 60, BA X =500mm, B — L =07 1=
EL, RFEHOH 6 EFIZZ = 0D, 50(0), 100(0O), 200
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& LVERAIAIZX = 50(0), 1501, 250(4), 500(O)mm
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Ly,
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TR TIZ TS DL A4 2L X Re DB % 5F
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