I%I%K% '.
FMERI—H1T .

Muroran Institute of Technology Academic Resources Archlve

7

FANE H O E ERITHE ™ AR — X7V Wik
D 7= DITRITEERITE R HZEILE 78 77 SEBR G
R SRy NDY

E5:jpn

HhRE: ERIEKE

~FHH: 2007-05-16

*F—7—FK (Ja):

F—7— K (En): wind tunnel, aerodynamics,
spaceplanes, flight experiment, supersonic

1epE: Bim, —35, MR, EBh, &1L, 8, FH, BER, &
o BB

X=ILT7 KL R:

FilE:

http://hdl.handle.net/10258/60




(/] =Tsrs Tl
PR — A D

Muroran Institute of Technology Academic Resources Archive

Joogdbootgtdbbodgtdbbotgdootgd
Juoogdbobotgtdbbogtdbotudootd
oottt

000000000 |Construction of an Aerodynamic Experiment
ooooo Facility Complex in a Flight Experiment
Research Activity Creation Project, for
Prospective Development of Japan®s Own
Supersonic Air-and Spaceplanes

gd Jgo oo, oo oo, oo o, g gd,
O oogd

gog oodaooon

[ 54

aon 11-19

gon 2004-11

URL http://hdl._handle.net/10258/60




ST RKAES 54 5 (2004) 11~19

B EM B OBEERITHESCAR—RA T L — RO DD

TRAT R ER

T i

DA 1/ QN =EICT UL A I R TNGR N -3 S

FLRIESRICRIT 522 EBRELEE SR ORBE

SE RN o

Construction of an Aerodynamic Experiment Facility Complex
in a Flight Experiment Research Activity Creation Project,
for Prospective Development of Japan’s Own Supersonic Air- and
Spaceplanes

Kazuhide MIZOBATA, Nobuhiro TANATSUGU, Hiromu SUGIYAMA,
Takakage ARAI, and Ryojiro MINATO

GaXCHH PRk 1648 H 25 H)

Abstract

With the aims of leading and supporting the development studies on supersonic air- and spaceplanes at JAXA,
a 21%century center-of-excellence program project “Research and Development of Technology Basis for
Next Generation Space Transportation Systems” and its revision “A Flight Experiment Research Activity
Creation Project” have been proposed. As their precursors, some wind tunnel elements in the proposed
Aerodynamic Experiment Facility Complex are being constructed. One is a small-scale blowdown/indraft
supersonic wind tunnel with rectangular nozzle flows of Mach 2 and 4 and of 80mm X 80mm dimension.
Another is a small-scale supersonic Ludwieg tube of Mach 2 and 3. These two wind tunnel elements will be
operated also for hypersonics by addition of an air heater. And the other is the middle-scale supersonic wind
tunnel with rectangular internal nozzle flows of Mach 2, 3, and 4 and of 400mm X 400mm dimension. They
will be integrated into the Aerodynamic Experiment Facility Complex and used for acquisition of
aerodynamic data for configuration/flight path designs of flight experiment vehicles and supersonic

air-/spaceplanes

Keywords:  Wind Tunnel, Aerodynamics, Spaceplanes, Flight Experiment, Supersonic
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Fig.1. An image of Japan’s prospective TSTO spaceplane.
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Fig. 2. A schematic of the proposed aerodynamic test facility complex.
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Table 1. Comparison of the wind tunnel elements included in the proposed aerodynamic test facility complex.

Wind Tunnel Flow Mach number | Duration Dimension of Turnfdround Intended Purposes
Nozzle Flow Time
Small-scale
. . 80mm X .
Supersonic/Hypersonic 2,4,5 10sec 0.5~1hour | * Flow Structure Analysis
. 80mm
Wind Tunnel
Middle-scale .
Supersonic Wind 2,3,4 TBD 400mm X TBD Aerodynamic Force
400mm Measurements
Tunnel
* Aerodynamic Force
Supersonic/Hypersonic - ¢ 100mm~ . Measurements
Ludwieg Tube 2,3,4,5,6 SOmillisee 300mm 10 minutes * High Reynolds Number
Flow Analysis
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1. High pressure chamber

2. High pressure pipe line
3. Isolation valve

4. Pressure control valve 15
5. Air dryer

6. Air compressor
7. Control panel

8. Settling chamber
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9. Nozzle
10. Test section
11. Shock generator
12. Atmospheric air inducer valve
13. Vacuum shut off valve
14. Vacuum pump
15. Vacuum chamber

Fig. 3. A schematic of the present small-scale supersonic
wind tunnel.

Table 2. Flow conditions attained by the small-scale
supersonic wind tunnel.

. Stagnation Static Static Reynolds

Operation Pressure Pressure | Temperature number
Mach 2 196kPa 26.7kPa 166K 2.53x10°/cm
Mach 4 499kPa | 3.3kPa 70.3K 2.36x10%cm

e v

Fig. 4. The test section for internal flow experiments.
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(a) A pseudo-shock in a Mach 2 supersonic internal flow.
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(b) A pseudo-shock in a Mach 4 supersonic internal flow.
Fig. 6. Schlieren photographs of pseudo-shocks in the

small-scale supersonic wind tunnel.
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Fig. 7. Schematics of the supersonic wind tunnel at the
former Institute of Space and Aeronautical Science,
University of Tokyo .

Fig. 8. Outline configuration of the indoor components
of the supersonic wind tunnel at the former Institute of
Space and Aeronautical Science, University of Tokyo.

16 —



BT E B OBE HRITHL A= T L — VBB O 72D OFAT B ZEAIEFEICEBIT 52

BEINZ AVvTay 7%, BET /v Xk
PR 40cm X 40cm D NER 7 2GHE RS — (b L
ToHERK & 725 TV D, W SHER 3 KR E W28, Sem
X Sem F2IE F TO+7 K& & R ORI TR 45
ATE, ZHIEE 6L BRI ZFRICHIETE 5,

T ATy 7O BN E TR & @Y 2
AR, B 72 b ONTH AN B E T~ S LU -
HEEZMAIERE - B UET 2 Ltk o T, A
AR SR SN D, ZHUC L - T, SR TE
BREETZ T T EEERI TR A=A T L — D
BRI « FATRIER VWA DZE S 7 — 2 2 G T
EHEIITR D,

6 HMEH- - BEETHENV— I 4 —IF

6.1 IL—bJ 4 —OEDRE

N— NT ¢ — 7 E ORI AR R & JEEL L T
V. RIEEREZEZDITRE. Tit~2ER[ % BT %
mEBARA TR, W A EICINET D T L ) X
RIS K> CZE iRt A JE T D 72O ORIEM, %
LTHNEZTILDLE T H 7 LR ST, BT
S & PENRORMIZ BB 2 < B Rur—
N — 7 BIZBNT, EOETEERSY A ¥ 7T A
EESS L Fig 9 DX 51785 O,

——

. Starting

Duration of
steady-state
nozzle flow

Adjusting | 1 ‘
Shocks © Shocks
Expansion Wave
X

0

: Dump
Nozzle O | | Tank

High Speed Opening Valve” Test |
‘ Section !

Reservoir Tube

Pressure

Reservoir  Expansion
Wave

© Supersonic
Flow

Steady Flow

Nozzle Expansion

Fig. 9. An x-f diagram of the wave propagation and a
schematic of pressure distribution
supersonic Ludwieg tube.

in a typical

FFRENICEZ DN SR EEB AR O &
BHIIZ LY 2 RAZE DR - I35, DA
IR DMERET 5, RN EZ D% (EE
WAE I D AREEEE AR T OWmRNE) 1, R
JEREIZ L DIMESCE LN A& £ 22\, — kT —
7 BEIXZ O DK EFER AR E LTHWD 20,
LoD 7N E AT H 2 ENTE S, (FEIAUR

EBREBEHE AR O

ZREEERINEL L 72N oD, LA VR R D
TV, Fo, ZOMREED X ) ANFRALDE
77 - IREORER RENRE S, FERATIRREZ A L
TV, EFEVEO R I RN S IT R E N Z 1R
THRMITH Y, 7o & TR ERE S 12m 04, =
IR 12m X 2/340m/s=70msec (2725, ZIVTHEERE
D DWNDBEFFET DDIZ 53 Th b,

6.2 JEFMEE—RITRN DR

LA — N T =7 EIZBWT, FEEHN
U7 [B A% ORI BIETR R E T LE R A DAL T
WD IR OFALOER I3 Fig. 10 D L 9512725,

High Pressure Flow before

Reservoir Nozzle Supersonic
. _—— Flow
@ —0> —0=—0-=
Expansion Waves Flow at Nozzle
Running Left Throat

Fig. 10. A schematic of the steady-state flow field
through a typical supersonic Ludwieg tube.
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Table 3. The selected design points for experimental
construction of a Ludwieg tube.

=L, &I Bk, BE MR, R

Exit Mach number 2 3 4 6
Reservoir pressure [atm] 11.5 15.0 20.0 80.0
Reservoir temperature [K] 290 290 300 520
Exit pressure [atm] 1.0 0.28 0.12 0.047
Exit temperature [K] 144.3 92.7 70.0 62.2
. B 12X 9.5X 8.8 X 6.1X
Exit Reynolds number [cm™] 106 10° 10° 10°
N, liquefaction temperature [K] 81.7 72.0 66.9 61.8

Table 4. The selected design points correspondent to real
flights at an altitude of 20km.

Exit Mach number 1.35 2 3 3.7
Reservoir pressure [atm] 0.3060  0.6285 2.9505 5.8341
Reservoir temperature [K] 354.57 43551 677.46 823.15
Exit pressure [atm] 0.0546  0.0546 0.0546 0.0546
Exit temperature [K] 216.65 216.65 216.65 216.65
Exit Reynolds number [cm'] zgf 3&? 5.5%10* 6ﬁf
N, liquefaction temperature [K] 62.5 62.5 62.5 62.5
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Fig. 11. A schematic of the overview of the Ludwieg tube
constructed presently.
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Fig. 12. A nozzle exit flow of Mach 2 with the reservoir
condition of 11.25 atm at 284.95K(without a test section).

12‘ T T T T T T T T T T

— immediately in front of the highspeed opening valve
— 0.5mdistant from the highspeed opening valve
1.5m 2.5m 3.5m 4.5m 5.5m
6.5m — 7.5m — 8.5m — 9.5m — 10.5m 7
-\_ — 11.5m =- Theory -- atmsphere N

Pressure [atm]
T

0 50 100 150 200 250 300

Fig. 13. Pressure histories with the reservoir condition of
11.54atm at 291.25K.
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