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The Structure, Characteristics and Applications
of the NAL Hypersonic Gun Tunnel

Isamu Wabpa, Kunio Soca and Yasutoshi INOUE

This report describes some devclopment of the experimental technique achieved since
1967 to establish and enhance the capability of the NAL Gun Tunnel as a hypersonic test
facility. Also demonstrated are the examples of the NAL Gun Tunnel applications to
aerothermodynamic tests conducted at the Shock Wave Research Section of NAL with
flows of M,=10~14 and unit Reynolds number of order 10* per centimeter. The capability
to simulate the aerodynamics and the thermodynamics of the hypersonic vehicles flying at
the upper atmosphere from mesosphere to thermoshere by the Gun Tunnel is mentioned,
in addition to the brief introduction of the Gun Tunnel operation mode, and the possibility
to extend it’s operation limits to wider Mach number and Reynolds number regimes is
discussed.

Dimensions of the NAL Gun Tunnel are as follows: 200 kg/cm®G of the maximum
supply pressure of the air, a high pressure chamber of 2m in length, a 70 mm diameter
barrel of 7 m in length and nozzle exit diameters of about 30 cm to issue the under-expanded
free jets in the test section. The mechanical structure of each component and the measur-
ing instrumentation of the Gun Tunnel are outlined.

The calibration of the flow in the barrel is discussed as functions of governing parame-
ters such as the diaphragm pressure ratio P,,, the piston mass my, the diaphragm thick-
ness d; in order to determine the tunnel stagnation conditions. The stagnation pressure
is measured by piezo-electric transducers. The stagnation temperature is determined by the
methods developed by the present authors, i.e., (1) the measurement of the shuttle acoustic
wave velocity near the end of the barrel, (2) the surface temperature measurement of the
barrel end plate using the thin film thermometer. The calibration of the hypersonic flows
established in the test scction through three kinds of nozzles (M=10 conical. M=1156
contour and M=14 conical nozzles) is discussed in detail under various stagnation condi-
tions with reference to Pitot pressure and Mach number distributions.

The developed method is presented to correct the source flow effects caused by the
conventional hypersonic conical nozzles on aerodynamic characteristics, such as pressure
and forces on the models, which may be extended to deal with the non-uniformity effects
of the flow in the test section. A specially designed contour nozzle described in this report
is found to give sufficiently uniform flows as expected.
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