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Numerical simulation about starting process characteristics

of hypersonic wind tunnel

CONG Chenghua'*, REN Zebin*, LI Song”, SUN Yungiang®

(1. Key Laboratory of Unsteady Aerodynamics and Flow Control of Ministry of
Industry and Information Technology, College of Aerospace Engineering,
Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China;
2. Facility Design and Instrumentation Institute,

China Aerodynamics Research and Development Center, Mianyang Sichuan 621000, China)

Abstract: In order to obtain the characteristics of the flow field structure changes during
the starting progress of the hypersonic wind tunnel, two-dimensional axisymmetric model
was used to study the flow field characteristics of the nozzle section, test section and diffuser
section of the @0. 5m high speed wind tunnel. The governing equations were the conserva-
tional Navier-Stokes equations, which described viscous, compressible and unsteady flows.
The establishment process of flow field at test section Mach number 5, 10 was compared,
and the results showed that the boundary layer in the nozzle was very thick, and the complex
shock structure was formed by the interaction of shock wave and boundary layer. When test

section Mach number was 5, a positive shock wave was formed in the nozzle section. When
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the test section Mach number was 10, a shock wave string was formed from the nozzle sec-

tion. The starting pressure ratio was lower than that calculated according to the positive

shock theory. The starting speed of the shock wave string was slower than that of the posi-

tive shock, but its stability was better than that of the positive shock. During the starting

process, the flow underexpanded excessively, and the instantaneous Mach number of the

wave front was much larger than the design Mach number of the nozzle. The free jet at the

exit of the nozzle and the collector played a complex role. The overfall of the collector played

a key role in establishing a stable flow in the test section.

Key words:

hypersonic wind tunnel; starting process; shock structure; shock train;

test cabin; pickup collector; overfall; unsteady simulation
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Mach number and static pressure distribution
in course of wind tunnel starting process at

Ma,=5 and t=30ms
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