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Abstract  
In the past, several stability theories have been developed to describe the mechanism of flow instability. 
These are: (1) The linear stability theory, which can be traced back to Rayleigh (1880) is a widely 
used method and has been applied to some problems [1]; (2) The energy method (Orr, 1907) based 
on Orr-Reynolds equations; (3) The weak nonlinear stability theory developed by Stuart and others; 
(4) The secondary instability theory proposed by Herbert et al. (1988) and his colleagues. However, 
there are still significant discrepancies between the predictions obtained using these methods and 
experimental data; particularly at transition. Dou [2,3] proposed a mechanism with the aim to clarify 
the phenomenon of transition from laminar flow to turbulence for wall-bounded shear flows. In this 
mechanism, the whole flow field is treated as an energy field. By rigorous derivations based on physics, 
it is found that that the energy gradient in the transverse direction is able to amplify a velocity 
disturbance, while the viscous friction loss in the streamwise direction can resist and absorb this 
disturbance. The flow instability or the transition to turbulence depends on the relative magnitude of 
these two roles of energy gradient amplification and viscous friction damping of the initial disturbance. 
The analysis has obtained very good consistent agreement for the plane Poiseuille flow and the pipe 
Poiseuille flow. This theory is named as "energy gradient theory". In this theory, the flow instability is 
characterized by a function K of coordinates and the disturbance amplitude. In this paper, using the 
energy analysis, the equation for calculating K in plane Couette flow is derived. It is demonstrated 
that the critical value of K at the critical condition which is observed from experiments [4~6] is about 
370 for plane Couette flow. This value is about the same as for plane Poiseuille flow and pipe Poiseuille 
flow (385~389). These results demonstrate that the critical value of Kma x for wall-bounded parallel 
flows including both pressure driven and shear driven flows is about 370~389. This consistency also 
suggests that the mechanisms of instabilities in wall-bounded parallel shear flow are perhaps the same. 
They are all dominated by the transverse energy gradient and the streamwise flow energy loss. The 
results obtained in this study provide further basis for better understanding of the mechanism of 
instability and transition to turbulence in parallel shear flows, and provide a basis for the modelling 
and prediction of the transition process. 
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