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Simulations of Boundary-Layer Transition
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For incompressible benchmark flows, we have demonstrated the capability
of the parabolized stability equations (PSE) to simulate the transition pro-
cess in excellent agreement with microscopic experiments and direct Navier-
Stokes simulations at modest computational cost. Encouraged by these
results, we have developed the PSE methodology! for three-dimensional
boundary-layers in general curvilinear coordinates for the range from low
to hypersonic speeds, and for both linear and nonlinear problems. For given
initial and boundary conditions, the approach permits simulations from re-
ceptivity through linear and secondary instabilities into the late stages of

transition where significant changes in skin friction and heat transfer coeffi-
cients occur.

We have performed transition simulations for a variety of two- and three-
dimensional similarity solutions and for realistic flows over swept wings at
subsonic and supersonic speeds, the pressure and suction side of turbine
blades at low and medium turbulence levels, and over a blunt cone at Mach
number Ma = 8. We present selected results for different transition mech-
anisms with emphasis on the late stage of transition and the evolution of
wall-shear stress and heat transfer.
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EFFECT OF STREAMWISE CURVATURE ON
BYPASS TRANSITION
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Experiments on Heated Flat Plates

Sohn & Reshotko 1991

U. =230.48m/s
Unheated starting length 35 mm
Constant heat flux 0.42 KW/m?
Turbulence levels

0.4% grid 0

0.8% @:Q 0.5

1.1% grid 1

2.4% grid 2

5.0% grid 3 (no transition point)

6.0% grid 4 (no transition point)

OF.92.D10

‘Heated Flat Plate

Sohn » Reshotieo Q)

Eq. (5-10)
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