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The flow on relatively steep channels is known to be unstable to evolve into a wave train, which
is termed roll waves. Though the generation of roll waves has long been studied in terms of a
linear stability analysis with the use of the depth-averaged St. Venant shallow water equations,
the selection of finite wavelength cannot be properly explained by the existing theory. A new
theory with the use of the non-depth-averaged Reynolds equations is presented in this study.
The theory shows that the flow is stabilized in the range of short wavelength; roll waves with
short wavelength disappear in the flow. The growth rate is found to be maximized when the
wavelength is about 10-30 times as large as the normal depth. It is also found that the critical
Froude number is not necessarily two but a function of bed roughness, and that the critical
Froude number increases with decreasing bed roughness.
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