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750kW7—2M#ERA 750kW Arc-heated wind tunnel
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i Type WRRER T — I MEER Segmented arc-heated wind tunnel
WIVHILE Total enthalpy ~30MJ/kg Up to around 30MJ/kg
Wi s Tl Operational time 205U L More than 20 minutes ¥ —
a=AW/ XL for Conical nozzle 7 5 D kW F I
ESZAY ¢ Mach number #4.8 (EREHiE) Around 4.8 (designed value)
AIEER Test chamber BHERI Free jet type -
J Z)viO Nozzle exit diameter 11.5cm 11.5cm 750kw Arc heated Wlnd Tunnel
BRI EAEHBR Stagnation point test
{HEARZIR Sample shape ¢25mm MiR 25mm diameter disk
nEase Heat flux BA2.7MW/m2 Max. 2.7MW/m?2
FEiRalER Wedge model test
HER AR Sample shape 70mm X 40mm¥EtR 70mm X 40mm flat plate
hnzase Heat flux BX0.26MW/m2 Max. 0.26MW/m?2
Fy RIS XV for Channnel nozzle o
{HEARZIR Sample shape 100mmXx 100mm  F 100mmX 100mm Flat plate
&R Heat flux =A0.6MW/m?2 Max. 0.6MW/m?2
1 10kWEE TS XIME#RER 110kW Inductively-coupled-plasma wind tunnel
iz Type FEES TS AIBNMEER Inductively-coupled-plasma wind tunnel
wIvoe Total enthalpy ~20MJ/kg Up to around 20MJ/kg
e £ ol | Operational time 205U E More than 20 minutes
TSI h—F& Plasma torch diameter 78mm 78mm —_— | E J —
i 7aW Type KseEREE Water-cooled double quartz tube
HAIEEB Test chamber BHER Free jet type
v\ Mach number =3t Subsonic .
B FAEHER Stagnation point test 1 1 OI(W |Cp-heated Wlnd TunnEI
HEEAZIR Sample shape ¢25mm iR 25mm diameter disk
nzasE Heat flux BX1.8MW/m?2 Max. 1.8MW/m2

AR EEEMEIDIAR Evaluation of Catalytic Effect

Fully Catalytic(CFD)

on Thermal Protection System (TPS)
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5 06 : ?\i%g; i ¢ To realize the spacecraft re-entry, it is indispensable for optimum

; r A Conv.siC ’ (AR A design of thermal protection system against high temperature

2 04 7 ® gas. Accurate estimation of this aerodynamic heating at ground

L | & A52H / tests and CFD calculations are in progress and it is needed to

02 [ X =AM predict the effect of recombination of highly heated gas on the

C Non Catalytic(CFD) material surface. We have been conducting heating tests of

ol v v v b v v b b some kinds of TPS materials to obtain experimental data of

o] 500 1000 1500 2000 catalytic property at high temperature regime using high
Temperature(C) enthalpy wind tunnels, combined with CFD method.
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750kW7—oMzER « 110kWEEET S XV IEERE

[ EEN A AEIREE Gas supply system

T—OMBERB KUV TSAY M—F[CIERHRZHIELE T, 7mDRU%Z20
NEF B Nh— RIVZ2EBRELTVLET,

- Tlic xR 7 i H ; < IV ) 3 =inge. 7 vivy 7 1m=0
ENTEFT, FETSAIMEAERIG. TILHDL ZEHIBICEDTREMBAL. RATMIVYILERK20MJI/ke. RAMEEN1.8MW/m2OES Gas supply sysytem deliveres working gas to the arc heater and

BEAEEMTEET, 7— I IBEAATHEE LS BEOEMI R TANIU— THRELBIC. HISERIEIETE, EBRREE - #EEER plasma torch via a pressure regulation system. Two groups of 20 gas
g : : 3 : L [ cylinders (each 7m°® volume) is set to the system.
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750kW arc-heated wind tunnel and 110kW ICP-heated wind tunnel are used for the heating testing of Thermal Protection System

for Re-entry Vehicle with very high enthalpy flow over 20 minutes. Such as Carbon/Carbon material can be tested at the 1,700C of
surface temperature. In the arc-heated wind tunnel, arc discharge in the arc heater heats driver gas, and 30MJ/kg of total enthalpy

and 2.7MW/m? of heat flux can be obtained. In ICP-heated wind tunnel, the gas is heated by the Joule heating due to high-frequency [EEN=D
BRRg%iE Power supply

7—UNE#EOERERO—RAIE. 35H%3,300V., 3tE3#H. 50HzTT,
for the catalytic effect research , which has to be prevented from contamination of the flow caused by melted electrode of arc 1 e COEFREENS. RAEMR1,000A,. EFE2,000VICHLT2,000kWD

the arc-heater with the : BhE7—UMEARTHIST DEENDHDET,

heater. These wind tunnels share with a test chamber and an exhausting system, and are used as replaced
plasma torch in accordance with the necessary. = : Input conditions for the DC generator of an arc-heater is rated at
: AC 3,300V, 3 phase 3 wire type and 50Hz. These facility can

supply up to 2,000kW power under maximun current 1,000A
and voltage 2,000V conditions.

inductive magnetic field in the torch, and 20MJ/kg of total enthalpy and 1.8MW/m? of heat flux. ICP-heater can obtain clean plasma

BFRERIE vacuum pump system

BRI CRET DRERAROA R ZEGHR T DbICEALET. XHh=hH
WI—=RI RV TIBEZOEREICHEER Y THABEKEINTVET, TNICK
b#)1.3Pan 5 13kPad&E TH &% 10,000m3/hrDOHEREESIN G D E T,

}%iilbj(f)ﬁi;%’JXj_'Lx Cooling water High temperature gas generated in the test chamber is continuously
circulation system  exhausted by the vacuum pump. This system is constructed from three

BEHKEEY 27 AR, BESHKREARESIKZHGD. 7 mechanical booster pump at upstream position and four rotary pump at
m = s~ = arl 7N arl ZIN ~ -

SRR N 7. DRUTORORBESRARRLE  Souola Pt Tho vinam b oy fae o ey of
BEERTSIALET, BESHAKRE. LHEPHIEE. ZX05 ’ ’ ’
HIBREERHNLET,

This system is used to cool the facility by circulating
cooling water. High pressure cooling system with pure
water is used for arc-heater, model support, and nozzle
which become very high temperature. Low pressure
cooling system is for diffuser vacuum pump system , heat
exchanger and so on.
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ZERmilas Heat Exchanger
EHEDSHRATIEERARESE L. BEREENEATIEHICERALE
7. LHEEERUESER. BZIRBICKDHWSOCUTITSHEN, B
ZERVTIICKDHRENF T,
It can be cooled the high temperature gas flow from diffuser. An
air-to-water heat exchanger is designed and built to reduce the
vacuum pump inlet temperature to less than 50°C, and exhaust
to the environment through vacuum pump.

HlfEIEE, EHAIZXE control panel,

Measurement system
FIEERIE, EVROHIPCHREOHIE. BEZERY TWSHY 27 LOEE,
BRUZNSOEIEDE=FEITVE T, Fic. HERIFICHEEETRHRIC
BAT S HDOHBEEGEREDS KUSRTRHEBDIRELFETVET, 5t
AERB. BE. £, MBARSEOHRT—5 OBSZTVET,
Control panel can control the wind tunnel, subsystems, support
system of test sample in the test section, and so on. And
Measurement system can obtain testing data of temperature,
pressure, heat flux, and so on.
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P=TM#23 Arc heater
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The working gas is heated by arc discharge in the arc heater. The
heater is constructed from piled copper discs which are cooled by
water. Insulators are inserted between each disc to insulate high
voltage. Many piping are used to supply the cooling water and driver gas
to each disc.
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TSALB—F Plasma torch HIE= Test Chamber
SREERICEDARAS A M—FAICEREEEEREF U TCEFEIREICHE. .
Ja—-IUIMBATRREERTISAVILLET, EEDBRIHELCHENDOE NI Y
— TS AIHTEET,

BE1.6m. RE1.4AMOBEAERTY . CORICEHRXOREUIARE. IRTREREL E&KHE
aN. SEMARBZETICENTER T, e, HAFFAARUSAFIABHRESN TV
Yo P—OMBREMATIZ. I=AI/ XIVEcFF vV 2RIV/ XIVICKDBEETR COHERZTUL
I, ARETRICIILHEDNH D, HERARKICRRZEESEET.

Test chamber has a diameter of 1.6 m and length of 1.4 m , respectively. Arm-type
sample injection system, 3D traverse type Pitot tube and heat flux sensor is used for
the measurement. Optical windows are designed to allow the observation of sample
and spectral measurement of the high enthalpy flow. Diffuser at downstream of test
chamber stabilize the flow.

In the plasma torch, a high-frequency output from the high-frequency
current generator applying for the coil around the plasma torch vibrates
electrons by high-frequency induction field in the torch, and the high
temperature plasma is made in Joule heating by the current yielded in
the plasma torch. The plasma was held without contact to the torch, so
there is no contamination and it is clean.




