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Crossflow linear stability and generalized resonance
analysis of the boundary-layer flow over swept flat plates
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Abstract ; Crossflow instability dominates the laminar-turbulent transition in the boundary layer near the
leading edge of the surfaces of swept wings. Therefore ,its stability analysis is crucial for achieving drag re-
duction, noise reduction, and thermal protection through laminar flow control. In this paper, linear stabil-
ity analysis based on finite Reynolds number theory is used to study the unstable eigenmodes of Falkner-
Skan-Cooke and swept-flat plate boundary layers. By solving the Orr-Sommerfeld equations and Rayleigh
equation in boundary layers with different pressure gradients, the roles of viscosity and inviscid effects in
crossflow instability are revealed. And based on the generalized resonance mechanism of three wave reso-
nance and Bragg scattering, this article provides specific wave numbers of wall roughness elements and
steady-state disturbance modes that can efficiently trigger the instability of crossflow boundary layer. The
results of this stability analysis in this article can provide useful reference for transition prediction and lam-

inar flow control in crossflow boundary layers.
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Fig.1 Chordwise distribution of pressure gradient
acceleration coefficient m and slip velocity U,
in the boundary layer of a swept flat plate
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Fig.2  Numerical methods and verification
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Fig.3 The evolution of the growth rate of unstable crossflow modes in the FSC boundary layer in the x-direction
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