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Example Viscous-Nonlinear Destabilization 

 

The integrated kinetic energy of the disturbance is obtained by subtracting 

the base flow from the the disturbed flow and integrating over a stationary 

control volume V having streamwise control surfaces chosen to coincide 

with the walls where the no-slip conditions are satisfied and having length 

(in streamwise direction) that is an integer number of the disturbance 

wave lengths. 

 

The derivation is provided below and should be compared with the 

derivation of the TKE equation ME:7268 Chapter 3 Part 3 pp. 4-8. 

 

 

https://stern.lab.uiowa.edu/course-materials/me7268-turbulent-flow-spring-2025
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Is the total viscous dissipation rate of kinetic energy in V. 

For 2D disturbance in a shear flow 𝑈 = [𝑈(𝑦), 0,0] the disturbance 

energy equation becomes: 

 

LHS = rate of change of KE of the disturbance 

RHS first term = rate of production of the 2D disturbance energy by the 

interaction of the product of uv (Renolds shear stress) and mean shear Uy. 

The value of uv averaged over a period is zero if u and v are out of phase, 

as is the case for modal analysis, which is consistent with inviscid stability 

analysis for profiles without inflection points. 

However, for viscous 1D shear flows u and v are correlated, i.e., in phase 

producing the Reynolds shear stress, as per ME:7268 Chapter 3 Part 2 pp. 

4-6.  <uv> is < 0 and Uy is > 0; thus, the production is > 0 and larger than 

 such that the disturbance grows due to viscous induced nonlinearities. 

The elegance is that the same equation contains both the stabilizing and 

destabilizing effects of viscosity, and the competition between them 

determines whether transition occurs. 

This provides a simple example of viscous-nonlinear destabilization, 

which is actually a very complex process, as per Appendix B. 

 

https://stern.lab.uiowa.edu/course-materials/me7268-turbulent-flow-spring-2025
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