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The NAL 0.2m Supersonic Wind Tunnel*
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ABSTRACT

A small supersonic wind tunnel (The NAL 0.2m Supersonic Wind Tunnel) was built at the
National Aerospace Laboratory, Japan in 1995. The test sectionis 0.2mX0.2m in cross section and
0.4m long. Mach number can be set to any value from 1.5 to 2.5 by its flexible plate nozzle. Total
pressure can be up to 0.15MPa and total temperature is around 330K. This tunnel has two unique
points. The main structure and compressor were designed to be available at cryogenic temperatures.
The contraction ratio to the test section is about 28, and the boundary layer suction device is

mounted at the contraction, in order to establish low turbulent flow.
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] the other flows. Technology for noise and turbulence
1. Introduction _
reduction was used.
The NAL 0.2m Supersonic Wind Tunnel was built
in 1995 to provide a new small supersonic wind tunnel
for Near Future Aircraft Technology (NFAT)

research at NAL and to acquire the technology need-

2. Tunnel Description

2.1 Performance Characteristics of the NAL
0.2m SWT

ed for the high-Reynolds-number supersonic wind The NAL 0.2m SWT can operate with dry air or

tunnel. (See Fig. 1.) This tunnel is the first continu-
ous supersonic wind tunnel with an axial-flow com-
pressor in Japan. It is also the first case in which
cryogenic wind tunnel technology was adopted for
supersonic application, which is very important for
the high-Reynolds-number wind tunnel with super-
sonic flow. However, some parts of the tunnel will still
not be available at cryogenic temperatures. The flow

quality must be good in the supersonic as well as in

* SERK 8 4E 5 H10H #Z 14 (received 10 May 1996)
* 1 2Z2hiEaEES (Aircraft Aerodynamics Division)

cryogenic nitrogen gas. Operation with dry air is
currently available. Cryogenic operation will be avail-
able in future because it was designed as a cryogenic
wind tunnel. The tunnel structure was designed and
the materials were selected for cryogenic operation at
pressures up to 0.5MPa. The main components of the
tunnel including the compressor are available at
cryogenic temperatures. The temperature of the tun-
nel can be as low as 100K. The tunnel pressure can
range from 0.05 to 0.5MPa. Although it can operate
at peak performance at cryogenic temperatures, the

performance at present is limited as shown in Fig.2
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Fig.l The NAL 0.2m Supersonic Wind Tunnel
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Fig.2 Reynolds number vs. Mach number (Current
Performance)

and Table 1.

Replacing the compressor drive motor and the
cooler with 2MW units is expected to allow the tunnel
to operate at pressures up to 0.3MPa. After the tun-
nel is equipped with the liquid nitrogen supply and
cryogenic nitrogen gas exhaust systems, it will be able
to operate at cryogenic temperatures with the replace-

ment of some electric devices and jacks at the flexible

Table 1 Current performance

Current performance (air operation only)

Mach number 1.5 to 2.5 in supersonic flow
0.55 t0 0.8 in subsonic flow
Total temperature 330K

0.05 to 0.15MPa

550k W(continuous)

750k W(for 15 minutes)

Total pressure

Drive motor

nozzle and the second throat. The final performance is
shown in Fig.3 and Table 2.

2.2 Tunnel Circuit

The tunnel centerline is 9.3m X 2.2m and it is
also 1m above the base line as shown in Figs.4 and 5.
The method of supporting the tunnel was designed to
avoid large stresses due to thermal expansion. Only
one point at the compressor is fixed. The centerline
passing through the compressor axis can move only

along the line. The other tunnel components can move
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Table 2 Future Power-Upgrade

Future Power-Upgrade (air and nitrogen gas operation)

Mach number 1.5 to 2.5 in supersonic flow

0.55 t0 0.8 in subsonic flow

Total temperature 100K to 330K (depends on Mach number)
Total pressure 0.05 to 0.3MPa in air operation

0.1 to 0.5MPa in cryogenic operation
Drive motor up to 2MW

on the 1m-high horizontal plane with the specially
designed supports shown in Fig.1. The special tunnel
components are the gas exhaust section between the 3
rd and 4th corners and the two liquid nitrogen injec-
tion ports just downstream of the compressor and the
second throat. The exhaust section is used to adjust
the tunnel pressure. The liquid nitrogen injection port
downstream of the compressor currently supplies dry
air to the tunnel. The boundary layer suction device is
mounted on the contraction component to delay the
transition of the boundary layer on its wall. The test
section can be moved downward when a model is
installed in it. The whole circuit is in a cold box that
is thermally insulated for cryogenic operation as
shown in Fig. 6. The box can also reduce the noise

level at the outside operator position.

2.3 Test Section and Variable Mach Number
Nozzle

The variable Mach number nozzle is designed to

make the test section length 0.4m long. The Mach

number can be set to any value from 1.5 to 2.5 in

0.01 steps. The flexible plates are contoured verti-

cally by 18 pairs of motor-drive actuators as shown
in Fig.7. The position of each actuator is controlled
by a computer and the contour can be changed during
tunnel operation. The plate material is SUS317
because of its high fracture toughness and rustlproof
characteristic. Each roughness Ryax at 8 points on the
four walls around the nozzle throat measures 0.7um
at most. A pair of 160mm-diameter Schilieren win-
dows is located at the center of the test section range
on the side walls. Three 0.3mm static pressure ori-
fices are located in a vertical line 155mm upstream of
the center of the window on each side wall. One of six
orifices will be selected to determine the test section
Mach number after initial measurements. A sting
support system is mounted downstream from the test
section. It can move vertically to keep the model at
the center of the test section during operation at a
selected angle of attack. It can also move vertically in
the range of -60mm and 60mm. It can rotate through
an angle Qf attack in the range -14° to 14",

2.4 Settling Chamber

A 20.6° half-diffuse angle diffuser is located at the
settling chamber inlet. Two screens are installed in it
to avoid boundary layer separation and also to make
the exit flow more uniform. A 40mm long honeycomb
is installed in the settling chamber ,whose cells are 1/
8 inch in diameter. It is made of an aluminum alloy
and is mounted with stainless wires to avoid thermal
stress. Screen sizing and arrangement are based on
the test results shown in reference 1. The flow speed
in the settling chamber is in the same range as in the
tunnel in reference 1. Two farthest upstream screens
are 20 in mesh number with 0.27mm diameter wires.
The other two are 50 in mesh number with 0.112mm
diameter wires. The space among the three upstream

are 150mm and the space between the two down-

“stream is 60mm. The farthest downstream 308mm

long parallel pipe section causes the vorticity distur-

bance to decrease naturally.

2.5 Contraction

The contraction ratio to the test section area is
28.3. The contour is designed at Mach number 1.5
according to the Thwaites paper (reference 2) for
axisymmetric flow. The contraction length is deter-

mined from the computed results of the equivalent

This document is provided by JAXA.



(MBIA UBd) MNDAID [uuny,  §BI

ootl

f-m

Iaqueqd Suipyes | ||
RESEEEE OGO IS OERBISE G B O DR ARG T T T B S a——
. 1 1T 4

*l d[zzou IoquUInu m—omz Jrqerrea
@ T=1" uonpenyuod ~

‘] //mu il T o JZi ,... 4

[J1:14

-«

[ "o
yma (math £ by A
nd LI SI7S5. I E TN T 7 I Mo eeeeeeeenns PP .
_ T .

o TasnJJIp IS8T .
. : =N v / E _zzﬁ Pz IaSTYJIP PUZ, || |F—xoq proo
20

1AQp UOIONS JoAe] ATepunoq W)SAS JUNOW [9pow

. 011088 ISNeyXs ses | 1] J@ ;
.. 1x0d wondalut wadoxyiu pinbry

This document is provided by JAXA.

-f

o ‘. = j@l ___ = ...[ res)
@lx\ :

/
0/
|

10)0W SALIP

—
— —

1B

N
(IS | . P

TECHNICAL REPORT OF NATIONAL AEROSPACE LABORATORY TR-1302T

. 2 / . el

- N | ===l Tau10o pug {1
A Y 108531 . 1

S .A.o.ﬁ_:oo pag [ 131000 1OSUEIP PIg % dwoo L

¥ — ——1

ST NN ......r..‘..........t RSN SOware i |

—
0088 iAvA
SERTI



The NAL 0.2m Supersonic Wind Tunnel

(M31A 2PIG) JmOaI) [ouuny  G3Ig

8-8

0001

000¢c

oS TN

..

P s ,
Al

e 't ‘s erece s
‘e Lo s e e s e,

.

N .- ” LR B L N o0 0T

2. %t

.
A
]

..L..--nf.f-_”...p /

\

I9UI00 3§

AN
|

Iequreqo Suryyes

U0130RIIUO0D jeolq) pug

9[2Z0U X3qUINU OB 9[qBIIRA

vy-v

,

I9SNJIIP JST I23UI0D ST

111V

\ \

X0q pjod

0001

. o®
et e

| T
i

i /

|

. N ..
LI WY ..

T e i s e e e

v
I9WI00 pag

X
\ i a
I8[000  JI3SNJJIp pIg Jossaaduod

\
19100 pug

10J0T JALIP

This document is provided by JAXA.



6 TECHNICAL REPORT OF NATIONAL AEROSPACE LABORATORY TR-1302T

Fig.6 Cold Box
plane flow to the contraction in flow rate. The round
settling chamber transfers to the rectangular nozzle
inlet in a transition region that is 0.35m long. The
boundary layer suction device is located immediately
upstream of the transition region. The suction plate is
60mm wide rigimesh. The nozzle inlet is 0.2m wide
and 0.3m high. The round part surface is polished and
the transition part surface is polished to a mirror-
finish.

2.6 Second Throat

Pressure recovery is expected to be achieved in the
0.35m rectangular parallel channel. The cross area of
the channel can be adjusted with two pairs of jacks
mounted on the ceiling and floor during the tunnel
operation. To improve the pressure recovery perfor-
mance, the contoured walls can be further adjusted by
independent operation of the two pairs of jacks. The
parallel channel works as expected according to the

shakedown test results.

2.7 Cooler

A cooler is located downstream of the compressor.
The gas temperature at the inlet is around 470K in air
operation at 330K in total temperature. It is made of
SUS304 for cryogenic operation. The water inside can
be purged completely with pure nitrogen gas before
cryogenic operation. The purge system has already
been installed. The cooler can remove the heat flux
from the flow up to 750kW at present. The room for
increasing the cooler capacity remains immediately
downstream of the cooler.

2.8 Gas Exhaust Section

The nitrogen gas exhaust section is located between
the 3rd and 4th corners. The section is connected to
vacuum pumps at present to control the pressure by
exhausting dry air inside the tunnel. The section is
also connected through a valve to the gas-return
section between the 1st and 2nd corners. This bypass
is used to avoid compressor surges. In particular, the
valve is initially open in case of high Mach numbers
larger than 2.0. It is closed after the flow rate pass-
ing the compressor is large enough. The section will
be connected to an outside stack through a control
valve for cryogenic operation in the future. The round
plate inside the section has many small holes on it,
through which gas passes.

2.9 Liquid Nitrogen Injection Ports

Two liquid nitrogen injection ports are just down-
stream of the compressor and the second throat. The
port downstream of the compressor supplies dry air to
the tunnel at present. The port will be used mainly in
cryogenic operation to avoid damage to the compres-
sor blades by liquid nitrogen particles. Only a small
amount of liquid nitrogen will be injected at the other
port. Neither port is connected to any liquid nitrogen

supply system.

2.10 Compressor and Drive Motor

The tunnel structure was designed to be available at
0.5MPa at cryogenic temperatures. The 10-stage
axial-flow compressor was also designed to meet this
application. The pressure ratio is set by the flow rate
and drive motor speed up to 8400rpm. The compres-
sor performance is shown in Fig.8. A portion of the
performance was examined and the obtained results
are plotted in the figure. The bearing system of the
compressor was also designed to be available for
cryogenic operation.

The drive motor is a two-pole 550kW induction
motor. Its speed ranges from 3600 to 8400 rpm. The
speed fluctuation is less than 0.019. The output of
the motor can be increased to 750kW for 15 minutes.

2.11 Cold Box

The whole tunnel circuit is in a cold box that is
thermally insulated inside. The ceiling and side walls
are thermally insulated with 0.1m thick glass fiber
plates. The floor is not insulated yet. The insulation

This document is provided by JAXA.
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Fig.9 Monitored Tunnel Status Display
thickness will be doubled for future cryogenic opera- also reduces the noise level at the operator position

tion. The box is airtight up to a 0.01MPa pressure outside.
difference between the outside and inside. The box
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2.12 Control

One researcher can operate the tunnel by himself.
Total pressure and temperature and compressor speed
are automatically controlled. A computer constantly
indicates the appropriate operation to the researcher
on a display. When changing the test Mach number,
the computer contours the flexible nozzle plates and
varies the second throat area, thereby setting the
correct compressor speed automatically. The status of
the tunnel operation is indicated at all time, as shown
in Fig. 9.

3. Future Plans

3.1 Initial Measurement

Flow uniformity and steadiness will be measured on
the central vertical plane in the test section. In addi-
tion, the pressure fluctuation on the 10° cone model
and noise levels at several points in the tunnel circuit
will be measured with microphones. Turbulence at the
test section will be measured with hot - wire

anemometry.

3.2 Checkout of Actuators and Electric Devices
at Cryogenic Temperatures

A duplicate pair of the jack system at the nozzle
will be examined at cryogenic temperatures. The test
model was fabricated to improve lubrication at
cryogenic temperatures. The electric devices will be
also examined at the same time. An endurance test
will be conducted which corresponds to 10 years of
operation.

3.3 Cryogenic Operation and Power-up

The tunnel was designed to operate at cryogenic
temperatures. Some parts are not available for use. In
particular, the gas exhaust and liquid nitrogen supply
systems are not yet complete. But the technology for
building these is available because it is the same as
that of the NAL 0.1m cryogenic wind tunnel. A major
difference from the transonic cryogenic wind tunnel is
the very large amount of injected liquid nitrogen
compared with the tunnel flow rate. The ratio of
liquid nitrogen to the mass flow rate in the test section
will be up to about 30% at M=2.5. Although com-
pressor blade damage by the liquid nitrogen particles
can be avoided by using the downstream port, the
particles must vaporize completely before they reach
the test section.

10°

Reynolds number

107

10°
0 1.0 2.0 3.0 4.0

Mach number

Fig.10 Reynolds Number vs. Mach number for Large
Cryogenic Supersonic Wind Tunnel

The increase of the power of the motor drive to 2
MW is very attractive for researchers studying the
boundary layer transition if the flow quality is good.
But the flow quality has not been examined yet . The
increase of power increases the noise level as much as
the mass flow rate. The plan for increasing the power
will be decided after measuring the noise level in the

present powered tunnel.

34 A Cryogenic High Reynolds Number Wind
Tunnel Plan

A supersonic wind tunnel for high-Reynolds-num-
ber testing is needed worldwide, although transonic
wind tunnels for the same purpose have been con-
structed using cryogenic technology. A large
cryogenic wind tunnel was investigated at NAL. The
tunnel designed in the investigation has two test sec-
tions for transonic and supersonic flows. The test
section is 1.25m X 1.25m. The flow speed ranges
from 0.2 to 3 in Mach number and total pressure
and temperature range from 0.1 to 0.5MPa and 90
to 330K, respectively. The maximum attainable
Reynolds number is shown in Fig.10. The 0.2m
supersonic wind tunne! is also a pilot facility for the

larger tunnel.
4. Concluding Remarks

The NAL 0.2m Supersonic Wind Tunnel built in
1995 and its features were described. The main fea-
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tures are tunne! components available at cryogenic
temperatures, the large contraction ratio of 28.3, the
carefully designed settling chamber and contraction,
and the boundary layer suction device and highly
polished contraction surface. The cryogenic availabil-
ity is needed for a high-Reynolds-number supersonic
wind tunnel. The other features are needed for a quiet
low supersonic wind tunnel. Tests for measuring the

flow noise and turbulence in this tunnel will be carried

out. The results will be useful for improving the flow
quality.
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