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Principal Items and Test Range
of Hypersonic Wind Tunnel

Research and Development of Hypersonic Vehicles
in Hypersonic Wind Tunnel

E B & &8 Operational Characteristics

IBE item BUR Tunnel  0.5m Wind Tunnel (Hwt1) 1.27m Wind Tunnel (Hwt2)
2z Type WHEZEHARBRIL Blow down/Vacuum intermittent
< w)\# Mach Number 57 10

Axisymmetric contoured nozzle

J X)) (HBORR) Nozzle exit diameter i (0.5m) BEER (1.27m)

Interchangeable Fixed
LA /LA /m Reynolds Number/m 1.4- 24x 1068 0.5-4.3%x 1068
SEBERFR] Maximum duration time 120 sec 60 sec
SeRERE Completion year 1965 1995
SHEREQMH] Test Range

Y v\ 57,10 ENENICHIZT D LA / IV ABEERZRULE T, BRABIEIC
A YIVEM. LA /IVXE Re Z 8 TEX T,

Test Range

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
reentering vehicles.
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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.
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Numerical Simulation

Future TSTO Re-usable Space Transport System
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1.27m Hypersonic Wind Tunnel
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[l Control Room

In the control room, the compressor, the pebble-bed
heater, the vacuum pump, the hydraulic and the cooling
water system are remotely operated. The stagnation
pressure, temperature and the attitude of the model are
controlled with high accuracy. In a day, 3 tests are
conducted at most.

H
ﬂ

ypersonic ind unnel

0.5m ERAIE=E

Y vI\BERU7 OFMHIE Yy \ BT DRIEH 2002
FICESPYRFLZAVTITONE Lo TR 7
[FE®R0.28mTY, AEZEICIFERO.5 MDY 1U—
L VEBEROBRARAS ADRESNTNET,

[10.5m Wind Tunnel Test Section

Mach number distributions of M5 and M7 nozzles
were measured in detail using the ESP system in
2002. The test core is 0.28m in diameter. The test
section is equipped with Schlieren windows of 0.5m
in diameter.
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M Vacuum Sphere

Three vacuum spheres, two 1150m? and one 2300m?, are the final destination
of the flow. The two 1150m? spheres are used for the operation of the 0.5m
wind tunnel, and all the spheres are used for the 1.27m wind tunnel. The
spheres are evacuated below a few hPa before the blow. The maximum
duration time in the 0.5m wind tunnel is 120 seconds with the two spheres. The
maximum duration in the 1.27m wind tunnel is 60 seconds with the all spheres.
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[ High Pressure Air Storage

Outside of the building, there is a high pressure air
storage with 72 reservoirs in which 36m? of dry air at
20 MPa is stored. The high pressure dry air is
produced by a five-stage compressor. The high
pressure air is Introduced into the air heater after
being adjusted to the required pressure level by the
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JAXA Hypersonic Wind Tunnels have provided valuable facilities
for hypersonic testing in Japan since 1965. The tunnels contribute
to the designs for hypersonic vehicles by supplying data on
aerodynamic forces and moments, pressure distribution and
aerodynamic heating.

We have two hypersonic tunnels: the 0.5m wind tunnel and the
1.27m wind tunnel. The 0.5m wind tunnel was constructed in
1965. It has three interchangeable hypersonic nozzles of Mach
number 5 and 7. In 1995, the 1.27m wind tunnel was newly added.
It has a fixed Mach 10 nozzle and allows large models to be
tested. The 1.27m wind tunnel is one of the largest hypersonic
wind tunnels in the world and provides high quality flow.
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MInstrumentation Room

In the instrumentation, test data are acquired and
processed. The infrared thermography system and the
Electronically Scanning Pressure measurement system
(ESP) are also available.
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M Pebble-bed Heater

Condensation of the air occurs if the air at room

temperature is expar_]ded aditclb-atically to hypersoni_c § DO/ ZIWEEERTI v/\HIE 10 TT. — A NEE 1
speed. Pebble-bed air heater is installed to prevent air 210, AERRIEESHEAILEE LTOET 3
liquefaction. The steel vessel, covered inside with 3 - ’ ! °
3-layered firebricks, is capable to withstand pressure of 2 [ Hypersonic Nozzles a172 3572

13 MPa and a temperature of 1200°C. The container is
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[11.27m Wind Tunnel Test Section
1.27m Elﬂﬂﬁ“ﬁg (M=-| 0) After the model preparation is completed, the access

) doors are closed and the test section is evacuated to
1.27mW.T.Test SeCtlon(M=1 0) be connected to the vacuum sphere. The uniform core
flow is about 50% in diameter at the nozzle exit. The
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Pebble-bed Heater uniformity of the core is excellent. The Mach number
with 95% uncertainly is within 0.3%. The access doors
are equipped with Schlieren windows of 1m in
diameter.
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[IModel Support System

Model support system injects the model
into the stream after the flow is established
and retracts the model before the flow is
broken. The support system in the 0.5m
wind tunnel can vary the pitch angle +22
degrees.

The main support system in the 1.27m
wind tunnel can vary the pitch angle
-12~47 degrees and the roll angle +95
degrees independently. The 1.27m wind
tunnel is also equipped with the rapid
injection system. The rapid injection
system, which is mainly used for heat
transfer measurement, injects the model
into the stream within 0.2 sec.

Rapid Injection

Nozzle
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®127cm

The nozzles in the 0.5m wind tunnel are interchangeable:
Mach 5 and 7 nozzles, whereas, the nozzle in the 1.27m
wind tunnel is fixed: Mach 10 nozzle. The inner shapes
are contoured as a smooth bell-shape to ensure the
uniform flow in the test section. 7413

filled with 9 tons of alumina pebbles. These pebbles are
heated up, before blows, by a gas burner mounted on . . cas
the top of the heater. During the blow, the pressurized -
air flows through the pebbles and is heated up. Ar

Pebble Support Grating




