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DND AND CHARACTERISTICS ANALYSIS OF SUPER- AND HYPER-SONIC
TURBULENT BOUNDARY LAYER OVER A FLAT-PLATE

LIANG Xian, LI Xinliang, WANG Ziliang

State Key Laboratory of High Temperature Gas Dynamics, Institute of Mechanics, C A S, No.15 Beisihuanxi Road, Beijing 100190, China

Abstract This paper presents the DNS of spatial evolving turbulent boundary layers with different free stream
Mach number and different wall temperature over a flat-plate. The free-stream Mach number with 2.25, 5, 6 and
8 are considered. The wall temperature with T,/T~=10.03 and 1.9 for Mach 8 are considered. Compressibility
effects and Morkovin's hypothesis are investigated. This paper focus on the temperature-velocity relation and
strong Reynolds analogy which are influenced by temperature and free-stream Mach number. The results show
that the compressibility effects are very weak for different Mach number (up to 8) when the wall temperature
nears to recovery temperature. Meanwhile it depends on wall temperature closely when Mach number equal to 8.
Cold wall case with T,/T~=1.9 for Mach 8 has strong compressibility effects which lead to Morkovin's
hypothesis is no longer fully valid.

Key words  compressibility effects, turbulent boundary layer, DNS
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