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The effect of free stream disturbance with long wave length on the transition
in a supersonic boundary layer
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A spatial direct numerical simulation is performed to study the effect of inlet free stream disturbance on the transition

process in a supersonic isothermal flat plate boundary layer at Mach 2.5. Low random disturbances with an energy
spectrum of the solenoidal velocity fluctuations are introduced at the inlet laminar boundary layer at Re=1000 based on
the displacement thickness. Numerical results show that freestream disturbances with kmax=0.5 (1=275%n) causes a
rapid decrease in shape factor and promotes transition in the range of calculation conditions (x<3005*in). The influence
of the length in the spanwise direction of the calculation region on the transition appears when it is less than 10 times

the energy peak wavelength of the free stream disturbances.
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Fig.2 Thedistributions of the window functions ¢and the inlet mean
streamwise velocity uin.
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Fig.3 Downstream evolution of shape factor for 1.0% case.
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Fig.4 Downstream evolution of second invariant low-speed streak u’(=
-0.1; blue), normal velocity v (=0.02; purple) and Q (=0.005; yellow)
structure for kmx=1.0, y<205*in, Lz=066 case; (a) upper view and (b) side
View.
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Fig.5 Downstream evolution of second invariant low-speed streak u’(=
-0.1; blue), normal velocity v (=0.02; purple) and Q (=0.005; yellow)
structure for kmax=0.5, y<205*in, Lz=066 case; (a) upper view and (b) side
view.
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Fig.6 Downstream evolution of second invariant low-speed streak u’(=
-0.1; blue), normal velocity v (=0.02; purple) and Q (=0.005; yellow)
structure for kmax=0.3, y<205¥in, Lz=066 case; (a) upper view and (b) side
View.
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