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Tablel The Maximd growth rate and phase angle at different Reynolds numbers
(a) with crosflow (b) without crosflow
Thefirs mode The second mode Thefirs mode The second mode
Re 0 Wim 0 Wi Re 0., Wi 0 Wim

600 66 0. 00271 5 0. 00287 600 60 0. 00132 0 0. 00462

2000 66 0. 00441 5 0. 00581 2000 56 0.00271 0 0. 00580

3000 67 0. 00473 5 0. 00645 3000 56 0. 00300 0 0. 00643
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CROSSFLOW INSTABIL ITY OF HIGH SPEED
THREEDIMENSIONAL BOUNDARY LAY ERY

Zhao CGengfu  XuLi
( Department of Mechanics, Tianjin University. Tianjin 300072, China)

Abstract There exist variety of ingability in three dimendona boundary layer on swept wing, the
cross- flow ingtability is dominant. The flow over rotating cone is typical three dimensona bound-
ary layer. It has been shown that the experimenta and theoretica results of rotating cone can be
used to modd crossflow ingtability of swept wing. At high gpeeds, where even the basc flow calcu
lations of swept wing are a problem, owe to it' s Smple geometry , rotating cone become a suitable
and valuable model to study crossflow instability of high gpeed three dimendona boundary layer on
swept wing. In this paper , a rotating sharp cone which located in a supersonic/ hypersonic free
stream at zero attack is used asa mode to study the crossflow ingtability of high gpeed three dimen-
sona boundary layer. The purpose of present work is to investigate the different instability mecha
nism of two and three dimensona boundary layers and effect of wall cooling on the ingability. The
basc boundary layer flow is calculated usng box scheme and the instability eigenvalue problem is
2lved by afourth - order accurate two - point finite difference scheme. Snce the calsscd approxi-
mation method of thermodynamic parametersof the air has not enough accuracy for numerical analy-
sgsof high seed ingtability problem, a high degree polynomial is used to imitate the dependence on
temperature of viscosty , conductivity , Prandtl number and gecific heat from experimenta data.

The numerical results show that the growth rates of cross- flow first mode are larger compar-
ing with those in two - dimensonal case and the influence of cross flow decreases as Mach number
increases but the influence of cross- flow on the second mode isweakly. The results d s show that
the instahility with crossflow cover a much wider range of unstable frequencies than those without
crossflow and the growth ratesof travelling waves are larger than stationary waves, the most unstar
ble stationary wave is goproximately perpendicular to potentia flow direction. If Me<4. 3 the most
unstable disturbance is the firs¢ mode, if M. > 4.3 it is the second mode. In three dimensona
boundary layer the most unstable second mode isoblique, in two dimendona boundary layer is two
- dimendona; Cooling the wall stabilizes the first mode, destabilizes the ssoond mode

Key words supersonic flow , hypersonic flow , 3D boundary layer , cross - flow ingability,
wall cooling
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