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we see requires a minimum shear of 25 s−1 at the critical wavenumber of 8 m−1

(corresponding to a wavelength of 0.79 m). For a laminar velocity profile such as we
have assumed in our analysis, this corresponds to a far-field flow rate of 25 m s−1,
very much higher than observed values.

Since our instability mechanism requires a shear about 125 times smaller than
Gilpin et al.’s for newly forming sea ice, we conclude that our instability mechanism
is likely to be more important. Also, since each mechanism predicts a different
wavelength of corrugation, this may be a way to distinguish which mechanism is
responsible for any observed corrugations.

7. Conclusions
The most important result is that a laminar flow in the melt can trigger an instability

of a mush–melt interface by inducing a flow in the porous mush and melt which
deforms the isotherms. It was shown that the perturbed heat flux from the melt
into the mush–melt interface had almost the sole effect of translating corrugations of
the interface and thus was neutral to the instability. The perturbed heat flux in the
mushy layer can cause perturbations to grow and drives the instability. The coupling
of the thermal and solutal fields in the mushy layer is inessential for the instability
and this coupling was removed in the consideration of a viscous melt. The strength
of the instability varies with the perturbation wavelength due to the weakness of
the Bernoulli effect at large λ (the interface flattens) and the presence of a viscous
boundary layer, which causes a small-λ cut-off.

For a viscous melt, DacritU2∞ was found to be a weak function of U∞ for large
U∞, which corresponds to advection-dominated flow in the melt. This implies that
Ucrit is almost proportional to 1/Da1/2, which is the exact result obtained for inviscid
flow. For a viscous melt, Dacrit is approximately proportional to Pr2. The critical
wavenumber approximately scales on the reciprocal of the mushy-layer depth and is
independent of the flow parameters.

By considering a set of basic states with a flow in the melt parallel to the mush–
melt interface of the form U∞(1− e−α(z−ζ0)), we gained insight into the features of the
basic-state flow essential for the instability. It seems both the far-field flow in the melt
and the shear at the mush–melt interface play a role but that their geometric mean
may be the crucial controlling parameter.

Throughout this study we have ignored the existence of the hydrodynamic modes
which can develop. For flow past a plane interface, numerical solutions of the Orr–
Sommerfeld equation predict that these modes are triggered at Reynold numbers
greater than 47,047 (Drazin & Reid 1981) although the waviness of the interface may
lower this threshold. An interesting study would be to investigate the interactions
between the hydrodynamic modes and the morphological modes presented here.

For newly-forming sea ice, our instability mechanism requires a shear about 125
times smaller than Gilpin et al.’s mechanism, which suggests it is more important. Our
instability mechanism is likely to result in corrugations of the sea-ice–ocean interface
with a wavelength comparable to the sea-ice depth.

We are grateful for discussions with J. S. Wettlaufer. M.G.W. is supported by the
National Environment Research Council.
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