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EfEjERsE®  Standard-wind tunnel model test EUREET Specification
1.4 | 038 5 . n o ) :
fizzt Type AREEGERT Closed circuit; continuous atmospheric
e A eCLS ACMS WCOS
1 &3 RIEERE Size of test section Ec6.5m. 1§5.5m. 4581 m%EY) > lz8AREIE 6.5m high, 5.5m wide, octagonal with corner
Lt . F ey truncated 1m
Y O 025
04 & o E Wind speed B=/0m/s. RE1m/s Maximum 70m/s; Minimum Tm/s
) 4 e =
g &2 i n &2 SR Fan BRETZEANS KO EEMHIHSXHA3,000kW  Variable pitch angle and rotating speed IS
o ol . ] control, 3000kW o=
1 -
o0z o * s . 015 BIEER Test cart A2 Sy hHERAIER (ES Sy RE65HIKF) Strut cart (Pyramid-type 6-component balance) m x m '
&4 . & - A7 4 VOZIFAES (RIEXF) : BifF4ARHE Sting cart (Internal balance) (4 degrees of freedom) | | )
Y . l A m 01 BARSEYAIERR (ZERIRD / Z)b) Open cart (Open jet flow through double contraction) .
L -
48 "_'.: EZIRAEREE  Ground effect L—EYIN)L AER40mM/s (lF2.8mXxK&3.5m) Moving belt system, 40m/s, 2.8m x 3.5m 6 " 5 m x 5 " 5 m L ow S p ee d W In d T unne I
-1 & 05 testing device
1.2 -
14 P 1065FEEM. 1994FEME. 18R (BEIERIE. MRk, AEBH—) FY 1965 (Completion), FY 1994 (Upgrade: motor system,
o 5 .10 5 o 5 10 15 contraction, sting cart)
& jdeg!
EUARE(EDc . FREREDOZEFIEZEHNICIE L. BIRORFER(L. BRBUEEEHMBET—FICRE L—EY5RIb Mo & 3 Esnees o deaiicabtosti
LTWEWNT ERRT B EEBIC, FEHBRHOBAZRFE T, ¢ ELAR i@ e@mesting

with a moving belt system

BERERF D IEFE/FZAHET RS, MERDOMREERZRICERITIER
FEZRTY, COF. MZEEICK U THELERITNE > TLDIRREICKK
bET. CORBZEREET DD, L—EVIXN)V MM KD RIESNEER
ZESE. HENRZESTCENFEZERICREULET,

Accurate evaluation of aerodynamics during take-off and landing is
one of the most important problems for performance and safety. For
this purpose, a moving-belt system is used to simulate the moving
ground under the aircraft, leading to acquisition of accurate
aerodynamics including ground effect.

The reference model is used for wind tunnel standardization. Aging, deterioration and upgrading
of wind tunnel systems are checked through this testing. Also, advanced technologies are
tried and verified, using this model.

BE LoERESEREH Boundary layer transition measurement

IBREDER G EZNNFEICREZERIFTERLFIRRTT ., HRIMR
AXS, BRRRRZAVSILT, EBUBZIBELE T, I
SOFECMA. Ky 8T« )Vh. TURA M VERBEDFEZH
RAUEBEHAIZITO LN TEXT, _ _ - )
Boundary layer transition is very important phenomen- ElEEREASSE. PIVEL#Al Rotor blade testing, PIV measurement

on that affects aerodynamic performance. Infrared cam- - : ma

era, temperature-sensitive liquid crystal, hot film and 'imn
preston tube are used to determine the transition posi- i
tion. _ :n
i I
Ap
KiEDREAAER  Flight model testing Im ‘
‘“b S et ;
EURADAREESZED L. REICEERITTEDEADRERRERD AUBROSHE PIVEHAIDEE PIViEER Kinej -
THhNTWLWET, JAXATIFBEENHIEIC K b REFE B ERICRT
OgEFSENNBEREARZRERTIN., JTCTREIVIVE ANUIDTHORITHEZRE T 5. O—FDOEEGEREZREFAICKEL. RFICO—5ZEOULIEHS5ERP
EFNET B TONXRSHEER LU ICIREEDHZH. REZDHDDZENF BETF—IBEEMEBLIE T, T, OERFIOFRNZFARD D, L—UHiREZEAVCRFEIRRESTALEIC
HZERELTUVED, &b, EELTVWSO—% T — REIDERRESHOEHAIBAEETT .
The wind tunnel test of the flight model which can Rotor blade can be tested using rotating device in the test section and obtain the aerodynamic performance
actually fly is also performed taking advantage of the and noise by rotating the rotor. PIV (Particle Image Velocimetry) is applied as advanced measurement
large size of the test section. Aerodynamic technology in the wind tunnel in order to measure the velocity distributions around rotating blade.

characteristics of the "multi-purpose small unmanned

aircraft" of JAXA (not scaled model) can be obtained ITTRGE A?Eﬂﬁ:’gﬁﬁ%ﬁ%ﬁﬁ

while operating real engine and rotating the propeller in

the wind tunnel. ﬁ‘:ﬁ?ﬁ&ﬁﬁﬁﬁ*ﬁﬂ E‘iﬁ;ﬁﬁﬁﬂﬁﬁtyg—
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. - £l £50[. #87%E settling chamber, contraction HLEI0E Diffuser XERE Fan

OXEIAI. MZEHEDRBEPEERRITRET. BHPEREEDETEHAIY. ZRDFENDRFZRANDcH 9—‘/_5——7‘}[;%% GiTIk. ZARONZALFROBRBFICLIOTRDAAZER. 5IC. HOD ;',’ff,ﬂﬁb:—rﬂb‘:tiiﬁ%ﬁ?aﬁ‘ Eh?@@l"ﬁf?o ERDEERICIE. EX9.3m. 10ROFHEEZF OHEBMTXAK T,
CALWSNET., EEEEXERAT. E475m. &5225m E200mOESFORIEIC. MEEARRE L Turning Table HHOVERSRICEIDATERELBIEHELE T, BRETRE. 2RCSTRBEIRHT SREMIFREODOI—F—R—UHEBEINTLET, 3000kWDY A URY A VI\— & EEEIC &b 30~214rpm
(- o L v7H /A0 C\ . An ~ I8 2 (SRN == /10!

MR D EEBICEANZENRE, —HEERORNZEDOHLET. @RREE. §E15m . . . TEELET,

1512 5DMEEHIELDB.5mX5.5mET (Kb H5.33) M EEh £, Diffuser works to reduce wind velocity and recover the

pressure. Corner vanes are installed at the corners to bend 9.3-m diameter and 10-brade single-stage fan with ten

the flow by 90 degrees. variable pitch blades are driven by 3000-kW variable
speed electric motor at 30~214 rpm.

A RSy bAH—FFICERBEIN., SEEREZIFL. SiF
FERICHAINLE T, REODEERICKDIREIDIEEDA%Z
BZBACENTEEFT, Triangle honeycombs and wire screen to straighten the flow and reduce
turbulence are installed in settling chamber. The size of the settling
chamber is 15mX 12.5m, and contraction whose ratio is 5.33 accelerates
and stabilizes the flow to establish the uniform flow at the test section.

TREHERADEE6.5m. 1ES.SMOAERZRFS. HRARE70mM/ s CORERDETEETT .

Turning table can support various types of
9,

models in the strut cart. Side slip angle of models
6 EmX5.5m Low-Speed Wind Tunnel can be changed remotely by rotating the turning
@®This wind tunnel is used to obtain low-speed aerodynamic performance and flow

table. N~

The maximum wind speed is 70m/s at the test section. This test section is the ] » 1 (

.“i

largest in Japan as a low speed wind tunnel for aircraft. Length of the closed
circuit— s 200TT at tOtal, 4dna trne 10Ng leg dliad shnolrt Ieg iS /Ol ald Ooll,
respectively.

@®Since the completion in 1965, many wind tunnel tests, such as vertical and
short takeoff and landing (V/STOL) aircraft, low-speed aerodynamic research and

ES = v FRI6 S X
Pyramid type
six-component balance

A3y bh—hFTFICERESN. TAZFEICKDIRED
WEBIUEEDAZE( LS BIFH SERNZEHAILE T,

Pyramid type six-componet force balance can
measure aerodynamic forces and moments on
the model supported by strut in the strut cart.
Angle of attack and side slip angle of the

can be changed remotely during the testi

—y
'l

— L~ . HAIEI#IZ control and measurement room
= — AT A /27— | Sting cart =t
A S v b H— b Strut cart

EEEOOEHCEREEF L ZHHEERT DL EBIC, AEBOER

! L—EVIN)) hEE
N . H ' = _ Moving belt

AT 4 VI N— hOREICRES N, HMEMFRIEED
HICL—EVIN) M EEARESOM/sTESEDZ &
HTEXT, EEIF40mM/sE TERRIEETT,

Moving-belt is installed on the floor of the sting
cart, and can run at 50m/s max (maximum wind
speed is 40m/s) to evaluate ground effect for
aircraft.

TALSIEREZEZFHL. ZERNFARDOES S v RENEXTN. %
RISREZFI B HDI—VT— T IVEEDRECEX T,

A test model is supported by the strut from below. Pyramid
type six-componet force balance to measure aerodynamic
forces and turning table to support various types of models
can be installed.

BHHSIRBZEZRL. RIECSNWRFCKDET TR EDETRET BMOIEPEEDAXEDREETVET. T, REPEHEVY

Yo oo L—EVINIVMEEZREL. BEESOMEOREZR
BcEIY,

Test model is supported from downstream by a long sting.
Aerodynamic forces can be measured by using an internal
six-component force balance. Moving-belt system for ground
effect tests can be installed in this cart.

—DSRSNEETESEWEL. EZHRBLENFHRELTHAL
T ESEHAIFEREICEEES RETAIDUEEFESPY R 7 L2
TBHIENTEFT,

Rotating speed and pitch of the fan can be operated and
monitored, and angle of attack and side slip angle of models
are controlled. Measured signal from force balance and
pressure sensors are acquired, and aerodynamic force
coefficient and pressure coefficient are processed . ESP(PSI
Inc.) that is high-speed scanning pressure measurement
system can be used at pressure measurement testing.
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ELRIEEIT Specification

iz Type AREEHFERT Closed circuit; continuous, atmosheric
AIEBR~T % Size of test section 2mx 2miEAREE. REd4m 2m x 2m square cross section, 4m long
FE Wind speed HA3~60m/s (E#E) . RE67m/s Normally, 3 to 60m/s, (continuous),

Maximum 67m/s

REEENH Power for fan 250k W 250k W .
o IF
REFRERE Gust wind AENRYIDHHENAO~+0.15rad. #REFIO~20Hz Incidence angle of movable cascade wings O to £0.15 u
generator (ETZREO0~+#14.5m/s. FEHI0.05seckd k) rad.; Vibration frequency O to 20Hz — '

REGER: : B, =R, BRERVOS VY LR (Vertical gust O to £4.5m/s approx., Period 0.05 sec
or more) Gust wind waves: sine, triangular,

rectangular, and random 2mXx2m Low-Speed Wind Tunnel
Oy NEYERY Robotic model ENF6EHE. AIRERE1470.0N, ([E#E+0.5mm 6 degrees of freedom, Capable of moving 1470.0N,
THFEE support system Position precision £0.5mm

197 1B, 19955 E1ER (ORy MIFREE) . 1998FEHE (B8 FY1971 : completion, FY 1995, added (Robotic model support system),
BEiE. EUESIES 25 L) FY 1998 : upgraded (Motor and wind tunnel control system)

BEZEEIC L BDEHIZEETA Pressure-Sensitive Paint Measurement

REZBEAIE, ZROENICK > TRABENRET 24EZH DN
IS ERZ AVWCTRERAENGEZEHAIT 5T . ERICHITDR
FEZERETRAIE, MEFEERRLEITEEL, HRECEEERFEICHE

mamac AT 25t E LTEEINTUET,
EAEE

Pressure-Sensitive Paint (PSP) measurement is an innovative
technique to acquire pressure image on an aerodynamic model
surface. The luminescent intensity of PSP is sensitive to pressure,
and the luminescent image is measured by a CCD camera. The PSP
measurement system at low-speed is applicable to research and
development of train and automobile as well as aerospace vehicles.

AIFESTHEAEEC & D EMERSETA

Particle Image Velocimetry for Velocity Field Measurement

_ | [ Average velocty vectors | U, = 30ms (Re,, = 0921 10, o = 20 dep u,

wﬁi_illfﬁmmmilll [ 1]

T I

COODOCE RS ——————

Tem ™ = = e = ]

¥imm)

HMFERREAEEE . [RPRICHTF (Y—R) ZBAL. IV AV—YZRIAE LT, MFERZEREL
It 2EOL—YRNXOMICEILCRIFORENER Z ERUUEN SEHE TSI &ICKD. EEEHAIZTIFETT,
COFEZAVD L. ZEHOEREFMZRIFIC/ICEHOEELDT T, ORyY FZREREDFEREGDE. T
SR LOBREEDRIBEZIEIET 5 EHHEF T,

Particle image velocimetry is the velocity field measurement techniqgue that seeding particles dispersed in the
wind tunnel are illuminated by double pulsed laser light sheet, then the displacement of seeding particles are
calculated from acquired particle images by image processing. Consequently, instantaneous velocity distribution
can be calculated by this technique. Flow structure of vortex on the delta wing can be visualized with a
combination of PIV and robot support system.

wIrTEEA T N 2= i o Fehets
LaiRrR4as ERRiREAEEY S
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2m X 2miEEEE OHE

FEAIR 197 1 FEICERSINCERRERTIERTY . SuialnunEmhe <. AlE

R+, 301 TLWAETEITHACEH S HENZESHZMIFZE Hh S 2B HER= S,

FHER. BFREHE®C/IND - K - UT MG EDRIRHBRIITONTEX Uiz, Fie.
PZEEDRITHRICRE ZR2 (I TR DOEEZ T 2 DFlERERHE LT RERA

— :: _ d o

Outline of 2mX2m Low-speed wind tunnel

This closed circuit type wind tunnel was built in FY1971. This tunnel has
been used for a variety of tests from basic aerodynamic research to tests
for aeroacoustic noise, flutter , boundary-layer control, powered lift aircraft
tests, and especially, the development of the low-noise STOL vehicle

A KA 0 ela e oW pulence ow noise, and
also appropriate size of test section are very important for the testing.
This tunnel has also a gust wind cart that enables evaluation of gust load
and of flight movement in a gust wind.

EEH— b closed cart .J

BEAVSNZEEERDQREETY . A NSy FHFEREPORY MFREL
HBPEDOEBTEATIIENTEXY, H— FMADKEIE2MX2m, REF4m
T?D

Closed type test section is used for general wind tunnel tests. Strut
and robot support system can be installed to support the testing
model. Cross-section of the test section is 2 mX2 m and its length is
4 m.

e

ZZEH— b Gust wind cart

A— FAORCRES N 14RDBFIZEMES B DT LICKD. 20HZETODSHR
1R (B3R, =ARK. EiZKR. SVY LK) CTROZLTICERESE. RiTH
DREFMZIRE L IR ZITVE T,

W

%@iﬂﬁ\ n’f-ﬁf}ﬁﬂlﬂ Settling chamber, contraction

BmXBMOESHAIC. [RDMAEZEZ DD\ A LBEZFHOBRETFE.
BZIHT 2 2 ROBRASMZREL CVE T, BRAORKOLEIEFOT, &K
BURDEICLDENDAEVTHRZERBLTVET,

In the 6 X6m settling chamber, honeycomb and wire screen are placed
to reduce flow deflection and vortex. Relatively high contraction ratio
of 9.0, realizes low turbulence at the test section.

—m HiE8RE Diffuser

EEZLIFCREEZ T, EhZOESEET. 4003
—F—ICRERRRZE S FITRNZI0ERAS B S e,
J—F—R=UHREETNTNET,

Flow path is expanded to reduce the flow speed,
and pressure is recovered. Corner vanes are
installed at the four corners to bend the flow
squarely.

B — b Open cart

A vertical wind speed component to simulate gust can be added to
the uniform flow by moving fourteen airfoils in front of the test section
up to 20Hz. The vertical a cascade of speed component of sine wave,

triangular wave, rectangular wave, and random wave can be produced AERBORNT—T 2 1 v MUROHRITIETT . MER FRI-N

FRVABADNIVY D RZWMD}FDEEHIC, HEEICRESNIH
EZRAECTEIRALLILICLIDTRERESEX T,

Open jet flow without solid boundary can be obtained at the
test section. Bell mouse is attached to diffuser downstream of
the test section to take air flow in. Flow is stabilized by some
holes on diffuser which work to alleviate flow oscillation.

\_. ABRSwy FZIFRE Strut support system

BEZETANSARS Y MCKDEFHLET . HEICIHL. ESIY R
BIRDNRFIC L DESSEANTRETT , REDUAE, B8KU. #8
DAEZEEEETEDTENTEET,

A testing model is supported by strut from the floor of the
closed cart. Six-component force while changing the angle of
attack and side slip angle can be measured by a pyramid
type balance.

—n

m XERE Fan

BES.5mOEREE v FORERMTHEME T, AL
#475rpm, H71250kWDEENEIC KD EBEIETNE T,

3.5m diameter fixed single-stage fan is driven by
a 250kW variable speed electric motor at 475
rpm maximum.

Oy R3ZHFRE Robot support system

CEHEZRDEFAONRNY MeALWTEAH SERIZEZRHLET. A
RAXTZREIT ST ETEINEAINARETT, (8. BEADH
HEZTHD., Bt TREARZRB B FICREZRE T ED T
EICKDIREEROERDUBDEAIN TE D15 EFRESEAERD AT HE
EBFOTVET,

A model is supported from
downstream by an industrial ro-
bot with six-degree freedom.
Control of model position and
attitude is easy and an efficient
testing of flow field measure-
ment around a model without
moving measurement system is
possible by moving the model.
Aerodynamic force can be also
measured by using internal six-
component force balance.

=HAIFNE > X 7 L control and
measurement system

EECEBEOAEZEILTED LEBIC. REPENEYY—LED
AR D 5T — 5 ZIREL., WELET . XERTE. EHEVY
—&UT. EFAEESRENERENSGD. —ECHEROENE
FIDERECT T

Wind speed and attitude of model are controlled from the
operation room or side of the test section. Testing data
from measurement instruments such as force balance and
pressure sensor are acquired and processed. Electric
scanning pressure measurement system can obtain several
hundreds of data of pressure ports simultaneously.




M=0.84

0.2

Po=60kPa
Re=1.1x 1086

0.16

0.14
CD.Cm

0.12

0.1

0.08

n

0.06

—10.04

— 0.02

T(K)

310

305

MO=0.84 Line_1(y/b=0.81)

a=0°
Line_2(y/b=0.5)

ONERA-MS1R#EREC & 2 BRI SRS

73V AEIMEFEIRZEFR(ONERA) BRI L iR
ERBCKDRAHBROBRO—ETI, AUIRET
teE #2170 BEIRSHEDEBWVWEBHSHCTEHIENT
EFT,

B Test Results Using a Calibration Model

A series of tests using an ONERA-M5
calibration model has been conducted.
Comparisons of sets of data among other wind
tunnels with the same model configuration
indicate information for improving accuracy in
wind tunnel testing.

SEIMERE L= ap
18 B Item 14 BE Specification
X wI\E Mach Number 0.1 to 14
RALA/IVAE Maximum Reynolds Number 5 B B
(R=E= =0.2m) 4x 108 (Ref. length=0.2m,M=0.9)
SHRESE Stagnation Pressure 50 to 150 (kPa)

E5REE Stagnation Temperature 308 to 338 (K)

HIEBB~ A Test Section Dimensions 2X2%X4.13 (m)

SERVEE Construction 1960
50 I I I - o
& 45 ||— Po=150kPa I F1BR T HESE R
o ' — Po?EOkPa
[ o 1 AANOENEBDH BT EICko T, BRDAEEESR
7 35 T Po SO0kPa J/ MDRE., BELOEFRZERIT LA /WA ZEHDT
& a0 EDTEFT, ESREREDL A /ILVZABET v I\ED
= o5 / S — BHRERLIEDHCDETY .
é 20 // EPerformance Envelope
> 1.5 v /] The Reynolds number (one of the most
% 1.0 . —] important parameters in wind tunnel testing,
S os — together with the Mach number) can be varied
[0
C g0 by changing the stagnation pressure. The

00 02 04 06 08 10 12 14 18
Mach Number

operating range is shown in the figure.

RREERPE AV e ES5 st

EREEROEELZBIE LU Filid—Dh [REERZ
BAUWreEASfmEHA] TT . RREORAEICE < BREZER
ZED, RAEFOENIHZEEENICAET I LN
TZEXI,

HBPresure Measurement Using PSP

Pressure Sensitive Paint (PSP) measurement
has recently been applied to wind tunnel
testing. Pressure distributions on the global
surface of wind tunnel models can be
measured quantitatively by this new technique.

wrriEsE AT E N 22 iR L R FE RS
BaEiARAS EiREMEREE> 57—

Japan Aerospace Exploration Agency
Wind Tunnel Technology Center

EUAHRELEIEAR

EREMRFE R ¥ —OFERERTHS BRREEZ (R
ELULTVWET, IFICHRREROEEER IHODEEETL
VWEBIEBENTWVEY,

HWind Tunnel Model Depot

Calibration model for WINTEC wind tunnels are
stored in the model depot with special care.

T182—8522 SRINBPATNMIARASTRAE] 7—44—1

7 - 44 - 1 Jindaiji Higashi-machi, Chofu-shi, Tokyo 182-8522
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2mXx2m EEEEE

Transonic Wind Tunnel
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—
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/ .

EXE#E (Main Blower)

&

winNnTEC

ELREREFE R > 5 —

Wind Tunnel Technology Center



SHE E N — - —
2mx2m EgREf RS HBE S eSS
Transonic Wind Tunnel AT BN ROREN LRT 3. RHBEC LD EHEEE—RCRoTU
F, T, EEREATHVWSZERIE. THICERULICBONUETY, ZTORDICEE
RRZERD—EbZ B E ICEEABBICHTELE T,
i i i SEESE
R, MEEP0sy MEORREBENTZORAD CRNEED . EREACEAERNLD., & WCocling System and Air Reservoirs _ | Highpressure Al
NOBFEEELEDITZEREECT, JAXABSERAR2M X 2mOIIEHHEE LS. < v The temperature of the airflow is gradually increased when the wind tunnel is

operated for a long period. The cooling system controls the temperature using
J\#0.1h'51.4 (FEDO.1EHS1.412) OEEHDRERD REEESGENIC CEDRERADES R water as coolant. Sufficiently dry air stored in two spherical reservoirs is used

b for air inside the wind tunnel. p
BRI T . N

Cooling Tower
The JAXA 2m x 2m Transonic Wind Tunnel is a closed-circuit and
continuously operating facility, which can produce transonic flow up to a
Mach number of 1.4. The test section is the largest of the transonic

| X S EEE

BEUARAIEERICEZXD EXEKITERSMO2BERNMRXAK T, EREEGRHAE
710rpmTY . ETHA0tEES D, BREORBESNUELCHIEMUZLED
FY, TXEZRENT 2 EEHEIF22.500kWEH DK EFHNZERF>TNE T,

HEMain Blower and Motor

ZESFEEEE Compressor The main blower driven by a 22.500kW thyristor motor produces
3,450kW the test section flow. The maximum revolutions per minute is 710. It

,jrg

weighs about 40t, so that it takes 5 -10minutes to start or stop.

ZEERE#E Compressor

facilities in Japan. This wind tunnel has been used for measuring ' . . g> -200kw
aerodynamic characteristics and stability of aircrafts developed in Japan ; . , e II?%éﬂ%% ' o #’
. ’ . - ~ ooling Sys ) x /
since 1960. ' s’ﬁj 4
HEERE Evacuater
\ % - 375kwWx2
. . 4 BHEIKKRY T ’
FIEEB (73— BEY) Test Section(cart) "/ : /){ i PUMPS v .
‘ ,-'/.. /“ “-//‘i { > ] \ s
\ El - o p - 4 EXE#E Main Blower
: = :
RimE L9 Plenum Camber 7o
Turning Vanes -
BRen b FEEEHE Thyristor Motor - )
Sc}:'eens 22.500kW EEENE Thyristor Motor
&5
Settling Chamber
CEVED) NEEEEEE
Flexible Nozzle [
HIEED EERIEE. EXRERE. FEhNXEE,. RUZTNERET SEEEDMZ < O
Test Section B EERL U CRRSROT v\, EH. BEREZFREDREEICHIEHLT
’ i E . EEHEY 2T I WET,
RRERE \" . Suction Duc ?ﬁ]@fﬂ“ﬂain Blower Operating System BMOperation Room
ManitacineiPariny {" " In the operation room, the main blower, the auxiliary suction blower,
:ﬂUEnB ~ the compressors, the cooling system, and other facilities are
K A sHAl=E operated. The Mach number, pressure, and temperature of the airflow

Instrumentation Room

AESBICIE. AIEEETEO4ANSILETERSINTNDZH, J
ERERE. AEHNEEE. EFTENSBETERINTVNDS T - !
BEAESO2ERN G DE T, AIECIE2ERZIMITIF D5 "

10— b, #IRE R 2E2h— bhibbFT., BEICIIE ' e 7 _é;léicl‘i:rlrl]'y Coolin
FEARE Z X3 B 583 H— hHid D EEREFICE. ZDBEMICIHU h

CLFNHDA— hZRBAICRELF T, BlcT—FEEME [ —— "y
3 il EAH— NOFBESERTS. I EREHAIZE _ :
est Section EREAE T, MEEERL THRR S Y 1 —ILICfE > TR N \\_
"This wind tunnel has three test section carts. Cart #1, BHEEMRMFCEBELET, 5ﬂ“§5"—i€9¥§ LTEBICEN -
which is most frequently used, has four perforated walls ?GJT:’:V?D%D%L;Ub‘biﬁ.%ﬁl’?e@ﬁﬁam’éﬁbh FHRK TR
~and a support system for a full-span aircraft model. Cart HEBREITIC e TERT,
#2 has also four perforated walls and a support system Hinstrumentation Room

for a half-span model. Cart #3 has slots on the top and
bottom walls and was specially designed for the
application of flow visualization techniques. Cart #4 is
now plé{ﬁned to improve data productivity.

- o v .-"-'-_,_,_ = [=]

- - T ~ S
: - | A ZER LTl EDTHRICEH 2 IEEEE THREE
ESNTEREEICRDET,

HEDiffuser

Airflow passing through the test section is
decelerated in the diffuser and goes back to the
main blower.

In the instrumentation room, the attitude of the wind
tunnel model is remotely controlled, and test data are
acquired and analyzed.

BN FEER AC Motor
8,000kW

fHBNXEE Auxiliary Suction Blower

4,487rpm

= are controlled with high accuracy.
Operation Room

J [ menzme

EBEERREEICIE. AEESDORED [CHRELIFENDT[EBEDEE
&b FT. COREOENZHENXEMK THIEIL. [FHD—
BZBVWHT I EICK> TARBICEESTEUL (Fv/\#
0.9L) DFNZERELET,

B Auxiliary Suction Blower

Transonic wind tunnels have a plenum chamber that
encloses the test section to bleed part of airflow for
high subsonic and supersonic Mach numbers. The
auxiliary suction blower controls the plenum chamber
pressure to keep the test section Mach number
constant.
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BEiRAEE5T Specification

[FRROFI] MBS EERE DS EIEHER 8 Item 8 Performance
Force test [A SST experimental plane separation test] °
i Type K= Blow down
BB~ & Test Section Tm X 1m
v\ Mach number 1.4t04.0 =
E8IRED Stagnation Pressure Range 150~1270[kPal 1 m x 1 mE E m
LA /ILX%¥ Reynolds number 2~6X%x107[1/m] _I m X 1 m Su ersonic Wind Tunnel
i<t Flow Rate >280[kg/sec] P
3OV 21U - YEHER, EEEEERENOY v M ST BIRICRET ZERRICKDENTHER BEH Run Time <40l[sec]
SATEBHDTY, B ClE. ZFLORBCABERKITFZEEL. ZRNZEAEL THEDZEAFTSZEFANET T, EERERE Run Interval 30[min]
These schlieren pictures show aerodynamic interference between a SST experimental plane SEREEE Completion FY1961
and its acceleration rocket model. Aerodynamic interference forces were measured by force MiEEE imerovement FY2000
balances installed in each model.
BEDSIEEETEXT
[EEERDFI €8I I 1MLy MR WS
Pressure test [A combined cycle engine inlet test] WAR=2TL—Y
TwI\EL - T
T [ distrib —>
L Tmpslmeeuederouions @ <%
N EETEA el
005 L= _Kmoi ol of mO5 Y MR YNELLE)
| €1 []]
o oot ol Bl
o g B 74
E 003 ¢ g | BEEEEA(MSLLL)
o oce | & i <5> Hypersonic Wind Tunnel
001 | 1 [
-lo0 60 O 50 100 150 200 250 300 X(mm)
BIVIVAVLyY MHERTlE. 1Ly b (ZESBALO) OAONSHOF TOFHREENSHZE. EFE <2> BEFERM1.4~4.0)
Supersonic Wind Tunnel v

BEXZRESEHAIRECEHAILE L.

Pressure distributions of an inlet wall of a combined cycle engine were measured using electric n‘?a'nﬁfe ﬁs*;fe%g t’fgg
scanning pressure measurement system. - N
1.27 MiBEE & ERE M10 BRmRH
L Hypersonic Wind Tunnel blow down )
@ ( osmEmEzRR . MRUHE Tk
= = =, o o = .y . 1 . Hypersonic Wind Tunnel o blow down 5T
[FItR{EERERDFI] ZRBSTHIsKER Flow visualization [A transition detection test] YTy MREH(T/\0.9) =» EEEEAMO.1~1.4) \ J 5 >3
Transonic Wind Tunnel ( h -
L ) . . — 1mx | mBE R M1 4.0 AR o _
BRRBERYA IV (REINS T« V+ZBEF 7)) EZRAVWTRBERADORNZIRELTVWE T, TOERER. E@E% |_ Supersonic Wind Tunnel o blow down | .
IF>E-~ 1] — ) 3 -~ = I
INEEERERRROIRICHIF FIEREERDRF ZORIELIEDHDTY, mAUaTs— (T — o1 S — ) X . ’I f
These pictures show the flow visualization of the boundary layer transition on the wings using liquid (¥»102) KEUERER (1 m/s~60m/s) (_Transonic Wind Tunnel continuous ) 'L .
| 1
i i i i i i i i Low-S| d Wind T | x i
crystals or oil (liquid paraffin + titanium dioxide). ow-speed Tind Tunne ( 6.5mx5.5miEEE:A ey B EER ) a8
: | Low-Speed Wind Tunnel m/s~oum/s continuous | f il

mrrsEsEA T B N 22 i o B Fe s
BailtiR4asl ERRNEREEY—

Institute of Space Technology & Aeronautics
Wind Tunnel Technology Center

T182—8522 SRINEPATHTAATTRAE] 7—44—1
7 - 44 - 1 Jindaiji Higashi-machi, Chofu-shi, Tokyo, 182-8522
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Liquid Crystal Oil Flow Wind nel Technology Center
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1 mXx 1 mESEREDERE

1 mX 1 mOAEEZEFHFOABEREE IS, BEERCHDVY/\H1.4D54.0X TORITINEZIRECTEDE
AEROXERATY . ECRITIRICIDZZERA. EANOERA. RUHNOAE{LETHRIEDIRZIEFEER%Z K
LTHEDET,

FRHMS6FCHFBEERBANER SN TH SSHE TORAEILIZ. 24,000E%Z#MZE Ulc. COE. EAT
ARSI N2 TOBEEREORUEBEEE (SST) . HIOS v ARUFEEERE (HOPE) FOMZE - FHEiE
DREFEFECEL TRE L, ERI12FEIC. BIFAIEEHK D ERAIDORIUEZTVE Uiz, BRI,
RHREEE U TSR by TUNILDOKRREZED &I,

1mX 1m Supersonic Wind Tunnel

This wind tunnel is one of the leading facilities in Japan for research and development. It
provides a supersonic flow at Mach numbers between 1.4 and 4.0. In the TmX 1m test section,
aerodynamic force and pressure are measured with flow visualizations.

Since it was completed in 1961, the run number, in other words, tunnel blowing times exceeds
24,000. This wind tunnel has contributed for all supersonic vehicles developed in Japan such as
SST(SuperSonic Transport), H-lirocket, HOPE-X(H-II Orbiting Plane-EXperimental) spacecraft,
and so on. Its upstream part was replaced in 1999. Then it has superb flow qualifies as the
intermittent blow-down type wind tunnel.

TmX 1m Supersonic Wind Tunnel

HEIE  Silencer Tower

EE27mOEEER. REFEHEARXNYYY RYTL v Y,
ANV LRIVY HISBREHERR R U/ N A HISELE SR CERE
BOBSZERLET,

The silencer tower is 27 meter height and reduces
wind tunnel noise by a sound suppresser, a helmholtz
resonator, a by-pass silencer and acoustic materials.

() e

Silencer Tower

FMAIUESS

Open-and-close
Sound Supperssor

BERT 4 J—Y—
Subsonic Diffuser
(5" BO" ~7” 30" )

1REIZIFRIE Model Support System@

REORFE (EvFH) fEIrEHIME (£-EVD) Hli#l.
BESTRERBE CITLE T, @Al EvFA/E-EVIRHDESES
WEBRULTITVEY ., EvFEANRTE-EVIOE(LERIF. &4t
20° RU'+320mmTd,

Model support system has ranges of =20 degrees in pitch
angle and =320mm in height. Either pitch angle or height is
changed by the hydraulic powered link system.

g220—k

Second Throat

(5) mavsseE

Model Support System

(@) m=s (1mx1m)

sHAlRE Data Acquisition and :
Processing System

ERETAIRETE. ZERAZAZRANCENEY Y -FDFT -5
ZIERL. WEZETVET. 77— 5 NREDOVEERUERTHRE
ENOBREEHE 1 FHUATT . EAFFARBRICBNTSROT —
YMEZVELTIBESICE. EFEERSRENRAEREDOER
HiEJRET T,

Voltages and signals of balances for aerodynamic force
measurement, pressure transducers and other sensors are
acquired by a data acquisition system. The voltage and
signal data are processed to physical quantities,
aerodynamic coefficients and so on in a minute. Electric
scanning pressure measurement system is used to
measure hundreds points of pressure of the model.

ANV LRIV HISEGHS 2R

Helmholtz Resonator

Test Section

3o

Settling Chamber

HIEBE Test Section @

AIEERDTERFHEIMXEIMXRE1.8mTY . EAORIEICIFER
Z650mmaY 1Y - D VBARDRESNTNE Y, Flc ETEIIC
[FEXS} U ATREFEAMEE00mmMD 75 Y JHBALEENRRESNTLE T,
COBRAEEZERS LT, IRENOFHEERAIRZIII S T EHARETT .

The size of the test section is Tm heightX 1Tm widthXx 1.8m
length. On both side walls of the test section, two windows of
B650mm diameter were installed for a schlieren system. In the
ceiling and the floor, two interchangeable flanges of 600mm
diameter were installed for an additional observation.

@ E‘hﬂ“ﬁlﬁ Data Acquisition and Processing System
fﬁ“ﬁfﬂ%l_ Control Units
2 aU—DUVEBRISE  schiieren Optics System

@ 2%57TaZ /X)) Two-dimensional

wlfERE Control System

EUREEHRIESICHENT, IR/ XILDY v\, ESEES. 1HEEHE
BARVERBEBEZREL GREAZTVET. 1HOERBLKI:FE8~
10EIT, DR IAND—YaVTEELTVETD,

Mach number, stagnation pressure, duration time, model
attitude, and other parameters are set on the control table.
Around 8~10 tests per day are carried out by one-man
operation.

(1) w=m 2vPa

Air Storage Tanks

\ ?.I{NJJ_{,

@12m(905md)

Variable Nozzle

ﬁ:tﬂ# Gate Valve

EHE# Pressure Control Valve

HEERIR
Window for Observation

fiBktas

Position Sensor

USy hRA YT

Limit Switch

Y—IRE—%
Servo Motor

aU—U VAR
Window for Schlieren
optics System

ZRTaZE/ X
Two-dimensional
Variable Nozzle

BAIEES (Tmx 1m)
Test Section

FIEERAEAEAS
Open-and-close System

for Side Wall J s e
. ]
J AT wE = 4
Jack 4

JZVAO—k
Throat

BT Air Storage Tanks @

2B DITTME(C[FREHN2MPaEZEZERNEZI SNE T, ITT
EOBERE4906m3KU1,150meTT, Y v/ \H20DiER
Z20MBIT o IciFE. ITRIEDEAIFKI0.3MPalEFLET .
BEERR. 2XTRARRU IS Y5 -REEAETH. FEJED
EREERLET.

Dried air as the working gas is stored up to 2M Pa in
two tanks with volume of 905m3and 1150ma. If the
tunnel blows 20 seconds at a Mach number of 2, the
pressure of the air storage decreases of 0.3MPa.
This dried air is shared among the transonic wind
tunnel, the high Re number transonic wind tunnel, and
the flutter wind tunnel.

EEJE# Pressure Control Valve @

SEROREREZTSRERS. TSITYLTTISIENIMB
bET, vy/\BICIHUT. #150kPa~1,300kPad&iE TEFJH
HZTVET. AERDHEVTH SENHEET % TORFAIEIE.
EDT Y INBITBNTHHEHTY,

When the tunnel blows, this valve controls the total pressure
in a settling chamber from 150kPa to 1,300kPa according
to chosen Mach numbers. It is a plug type valve with a
diameter of Tm. It only takes 5 seconds to stabilize the total
pressure at any Mach number.

/

2%ta]Z /) X)) Two-dimensional @

Variable Nozzle
2RFTAL/ XE. EFENEN2150BHY v vFICED, B
18mMMORAF Y U AMRAE SIREZFX LTIV /I\BERELFT .
Ty I\BOREEEIE1.4~4.0T. 0.0 EBETREHALETT ., B
B vy FREMTENT T EDTHERDOT, J IR EMEZELT
[RDO—IREERELTVET,

The upper and lower nozzle flexible plates were made with
18mm thick stainless plates. A Mach number is set between
1.4 and 4.0, with 0.01 increment. The nozzle aerolines are
altered by 21 electrical jacks on each wall. Mach number
uniformities were improved by independent jack position
adjustments.



C’ RRIOEE &aReER

() EBLER Operational Characteristics
[EA Tunnel 0.5m Wind Tunnel (HWT1) 1.27m Wind Tunnel (HWT2)
IEH Item
iz RHEZERAR R
Type Blow down/vacuum intermittent
< wI\E Mach number 5 7,9 10
Axisymmetric contoured nozzle
JZX)U (BO®) Nozzle exit diameter et (0.5 m) BEX (1.27 m)
Interchangeable Fixed
LA /JLX#/m Reynolds number/m 1.26-34.0 x 108 0.5-6.8x 108
B B Maximum duration time 120 sec 60 sec
SEREEEE Completion year 1965 1995
() =tsrsEm Test Range

YvI\E5,7, 9, 10ENZNICHILT B LA/ IV AHRERZTRLE T,
HOPEDBRAERLDY v/\BM, LA /L XHReZRETEXT

The typical ranges of Mach number and Reynolds number available in the JAXA Hypersonic
Wind Tunnels are indicated in the figure. The Tunnels can simulate the ranges of Mach number
and Reynolds number along the flight path of HOPE (H-ll launched orbiting plane).

Shuttle Trajectory

~

107 AN (LB=33m)
~
N
\
L . \
HOPE Trajectory
(Lg=16m)

0.5mHW.T

1.27m HW.T

Reynolds Nnmber Re,Lg
/ o
o
< I

1
Le=5 vA
A:Nozzle exit area

Mach Number

C) BEERITIF O FRFHF & RS EERROFI A

HEEREACER AN —TE— RZAVCHENFEHNIEHRAL. EFAF v VAR (ESP)ICKDESEHAL K
MARXSICKDZEAMEASTA. FAILT7O0—ICKDARIEE. ERSTARMORIFFICEHTNE T, FEEDR
BZAEETCIFEURGRER. BEYI 10— 3y, RITRBROESEHFARTT . TNSOREERITOHRICE
EHICSEULTVET,

We are introducing advanced technologies in the wind tunnel testing: six-component force
measurement using sweep mode, electronically scanning pressure (ESP) system, heat transfer
measurement by the infrared thermography and flow visualization by oil flow. For the optimal
design of spacecrafts, the triad of wind tunnel testing, numerical simulations and flight
experiments are indispensable. We are pursuing the correlation study.

RERFHEEERA (L7055 TRIMFEN A S IC & DHOPEZEHNNES HAIE
Oil Flow Test of Future Re-usable Space Transport Heat Transfer Distribution of HOPE by the Infrared Thermography

80
70 I

Heat Flux (KW/mg2)

ERENER
Wind Tunnel Test

e TSRE% BEY=aLb—-vay
Flight Experiment Numerical Simulation
IHEEERI TR (HYFLEX) BERFEEERA IV T7O0—HEYZaL—vaYy
Hypersonic Flight Experiment(HYFLEX) in 1996 CFD of Future Re-usable Space Transport

EREGXRI00BBERZERLTVE T,

0.5m/1.27miEEEEERN

0.5m/1.27m Hypersonic Wind Tunnels

1.27miREE R @R
1.27m Hypersonic Wind Tunnel

winNnTEeCc

ElREhRREE > 5 —

Wind Tunnel Technology Center
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1150m3DEZEEN2E. 2300m3DEZEH 1 BH DT, BEAMD ENDIBmMITERTTIEF SR ZE T EMREIC

EREENETIIESERE, ~DIUINME. REE. AEREE. 5 X v/ \BSRU7 DFAEY v ) \ B TRORMEN 20025 HEEOEAE 1~2 hPaTd, BEBEEEEEOBECREDET. & DBEE NIEEE (20MPa) DEIRZES &

HMAEBZORBEEZEMEGELET, BRIAEN. BHSURERUER [CESPYRF LZRAWLWTITONE Lz, TR PITRE BABEEEAEE0.5mMARTIE2EEEN 1208, 1.27mERTEIE 72ADRIYNICBRAET, COBEETIF

: DEEL LT BREERERHEL. 1 BICRASS VY ORRERETEET, #0.28mT9. AEEICFEROSMOY1U-LYER ZEEEOBTY. HEH CUELEAICHES NTHEASICH

Eacmarogrmon e N = 7z vt e o Control Room Em@ﬁ;ﬂugﬁ: SANREENTNET, . Vacuum Sphere PNET,

OFHEMZMAMAERBRRARMHAE LY 5 —ICIE. 2 DOEWESERFNDDET. In the control room, the compressor, the pebble-bed heater, 0.5m Wind Tunnel Test Section Three vacuum spheres, two 1150m?2 and one 2300m3, are the High Pressure Air Storage

@/ XVHEOER0.5SMOERE (0.5miBBEEER) (&1965FEICTERLELRE. /XIVERRTSDTETY the vacuum pump, the hydraulic and the cooling water MGCT number diStrib;'fior;Stqr M5 2:‘1 E'\é; final destination of the flow. The two 1150m3 spheres are Outside of the building, there is a high

= — . K = — system are remotely operated. The stagnation pressure, nozzles were measured In detail using the used for the operation of the 0.5m wind tunnel, and all the i i

YI\H5, 7 .9 OEWEEERZOOHITENTE, LEEDOY v/ \BICDSHRDAFETT temperature and the attitude of the model are controlled with system in 2002. The test core is 0.28m in spheres are ude for the 1.27m wind tunnel. The spheres are B S;—::rs\.::arifs ina:lzhicitg:aa?ne3 ofvg:: air7aet

@/ X)LHOBER1.27m (50« vF) OEE (1.27miGEERER) (& 1995FEICSERULELRE. ¥ v/ \E high accuracy. In a day, 5 tests are conducted at most. diameter. The test section is equipped with evacuated below a few hPa before the blow. The maximum 20 MPa is stored. The high pressure

s - ey BT B — & Schlieren windows of 0.5m in diameter. duration time in the 0.5m wind tunnel is 120 seconds with the dry air is produced by a five-stage

AR | ; - ; T ] two spheres. The maximum duration in the 1.27m wind tunnel compressor. The high pressure air is

Fd, is 60 seconds with the all spheres. introduced into the air heater after

being adjusted to the required
pressure level by the control valve.

ypersonic Winco

JAXA Hypersonic Wind Tunnels have provided valuable facilities for hypersonic O BEGTIE HZ(1150m3)
0 i 0 b h . E7Z51#(2300m3) High Pressure Vacuum Sphere
= Air Storage
i K ) Vacuum Sphere . .
vehicles by supplying data on aerodynamic forces and moments, pressure HER ase
o Silencer m
—— After-Cooler
q'“‘“?rx'?.':_ {
. : et AR e ‘1
The 0.5m wind tunnel was constructed in 1965. After-Cooler ‘ ¥ il g,

BEERILAE
Subsonic Diffuser

@) mmstaz gEHE . &

REZJRICKEA. B, EAZS5ZD

Y ar & Q) muzmzs
-3 ' >

.

5 hRXIE ! i p — KBTI, O.6mARATREY FAZL22E
upersonic Diffuser ; [ - A DHEETERTEET,
ERAEHAZETRERT— 5 DINE. —RUEBEITVET, HIHRDX p— <, ol A /‘g/ g ot 1.27mERATIEE Y FRIE—12~47E.
S5YZF LAPEFEEREHAEY ZF L (ESPYRFL) HEAE Vacuum Pump . | -\"“Eﬁ. : / J mﬁﬂ?Ki&E O—-)VAE+O5EDEETELTED I &
ncuE, o - - \\ A Y Cooling Water System  fiz#gd, COFERTIFEBOEFHCE
Instrumentation Room ;?E?;ﬁr . L";‘ v, i A S ¥ fj" & LTZAMASRAICREZ 0.2 TR
In the instrumentation room, test data are acquired and 0 ",‘"_ =S } B -'-..,_JJ-': = 0521‘(1 150m3) PDICEAT SRHREASEN SO ET .
processed. The infrared thermography system and the O e \1 L W N o Va:.lumESphere Model Support System
Electronically Scanning Pressure measurement system EURHIHE W ! .‘,.-’:,.f" k. 3 5 Model support system injects the
(ESP) are also available. Control Room . i P / _j { . model into the stream after the flow is
s . \-\ r 'g_ ke Ty f i Ni Sﬁba ’E,HEEDQE established and retracts the model
/O EMEFAEE (M=5,7,9) /‘""“ e O , = !r T ubsonic biftuser before the flow is broken. The support
. sl -2/ NN - i " ‘,Jl‘ F. f; ) F ‘ ! Vacuum Pump system in the 0.5m wind tunnel can
0.5mW.T. Test Section (M=5,7.9) Ii?ﬁﬁ’gff Vaive 1 ‘ 1y L ; U’ '~ vary the pitch angle +22 degrees.
v, -.,L:. . _.-,’= ¥ ! } § { ‘b\f C)] L27mEERIER The main support system in the
FBN—F— N o s . o -~ 1.27m wind tunnel can vary the pitch
O e e Pre-Burner v\ o HQEQ%?&;TZ”*_' . % BEERRAD7 A R7FERTETRICEHALU SN, angle —12~47 degrees and the roll
YRS &t FN—F— B P / s 4 BE RN BIRZRRFEEICKDFT, [mDI7 1/ XIVEOE angle 95 degrees independently.
Instrumentation Room NI, girner . M ot ,  Supersonlc Diffuser BOWBS0%TT . IF7ADTRO—FMIFTIIT v The 1.27m wind tunnel is also
’f J‘"::‘a w ; _/T;- O#ﬂﬁﬂziE/Z'}b V yay—pvEE INHDO0.3%LIATHEDb. BLWEEEDZFT, BR equipped with the rapid injection
!, RREEE. Schlieren System TMOY 1U—LVEERDSHAZRHS ADEESIN system. The rapid injection system,
i KA Hypersonic Nozzle . . .
\ .:-H 7% TVET, which is mainly used for heat transfer
P | g D) 1.27m Wind Tunnel Test Section measurement, injects the model into
- - SH B 1.27mERAIEZE (M=10) After the model preparation is completed, the the stream within 0.2 sec.
C) ’\7”17][]?&%5 /,-“\ - Settling Chamber |1 27mW.T. Test Section (M=10) | access doors are closed and the test section
s e g R S, . S is evacuated to be connected to the vacuum
f?ﬁmgm?ﬁﬁ%ﬂw;ﬁé:@t@&%ﬁ?fﬂﬂg@%t\ Combustion G &> * O . o sphere. The uniform core flow is about 50% in
BEDETICKDBRTRILLET . BILFLOROT ” usfun - " ~ ) Nihes diameter at the nozzle exit. The uniformity of
DHEIDREEED TH < KBHMAETT - ER Pebble-bed Haater | MRS the core is excellent. The Mach number \)I/Vith
13MPalciif X HMRER T, WERE=EORBEIAL Exhaust Duct Hot Shut Off Valve 95% uncertainty is \;vithin 0.3%. The access Rapid Injection
YATESIHICI hY DT IVZF NI IHTHRENTL doors are equipped with Schl.iere.n windows of System
F9, CORINWZE LAXD HRAN—F—TFHRER 1m in diameter
1500KZM#ALTHEET . BEKICEEERIG TS I i

1460

&b EBRITHEN. XTIV EDBTIRICLDFREICIED
.

Pebble-bed Heater
Condensation of the air occurs if the air at room
temperature is expanded adiabatically to
hypersonic speed. Pebble-bed air heater is
installed to prevent air liquefaction. The steel

Pebble Upper|
Layer

400

Nozzle

Fire-brick

©) mamEs x1

AIEBIC—RETRZED LHDRETT . 0.5mEEIR~Y v/\#H'5,7,9

9500

M=10
®127cm

1600

3029

; Tah 4 vessel, covered inside with 3-layered firebricks D/ XIHHbIBEKTT, 1.27mEED ./ XIVEEERXTY v/\#IX10 13
N g : . ’ . ; TY. —HERNZEDD. AEFERIEESHENIVEZLTVET, Nozziem=7/9 [EH)
is capable to withstand pressure of 13 MPa and 23
s Y] a temperature of 1500 K. The container is filed = Pabbls Suppart Grating Hypersonic Nozzles . 172 o572
0.5 MR R A 1.27miBHEERER with 9 tons of alumina pebbles. These pebbles Air The nozzles in the 0.5m wind tunnel are |nt§rchangeable: Ma_ch M7 M9
0.5m Hypersoniciingriinnel 1.27m Hypersonic Wind Tunnel are heated up, before blows, by a gas burner 5, 7, and 9 nozzles, whereas, the nozzle in the 1.27m wind
mounted on the top of the heater. During the tunnel is fixed: Mach 10 nozzle. The inner shapes are
blow, the pressurized air flows through the contoured as a smooth bell-shape to ensure the uniform flow in Main Model Support Syster

pebbles and is heated up. the test section.

7413




EUREE T Specification

750kW7—2M#ERA 750kW Arc-heated wind tunnel

FHin AR

Japan Aerospace Exploration Agency

ot

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)

AREBERAZRRT DcHICE. BRICESETNDIRIAFZETIHHEMD

2 N BEFHHDUEFARTT . TOEIMAOEEORVGHEE. HET

1E * 4 R U e RIAD B EM R CEREaRN T 2R EERELIUNENS D F

_ C X T CODREHICE. MERABRWPCFDICK> T, SRICHITSAUEMEDRE

‘Tg 08 L AR A ZEHERDIENEETY . KERATIE. HUEFEFT(CFD)BHALEH S,
g C COMIRMEZESHE L. MBROFHEZITo>TVET,

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.

wrrTEEA T N e i o Fehets
=t 520010 g e N

RRAREE > 5—
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[ EEN A AEIREE Gas supply system

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

=D\ =]
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. .
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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.




