
EART290C 2011   Problem Set #7  (due Tues 17th May) 

 

1) Here we’re going to consider a simplified version of the Rayleigh-Taylor problem. 

We’ll assume two semi-infinite fluids of different densities and viscosities, with the interface between 

them at z=0. In this case, we may write down the stream functions for the two fluids as 

   kxBzeAe kzkz cos1

   and    kxDzeCe kzkz cos2

   

a) Assuming continuity of the horizontal and vertical velocities u and v at the interface, find two equations 

relating A,B,C and D.  

b) We’ll also assume continuity of the shear stress at the interface, i.e. 
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relationship to find another equation relating A,B,C and D. 

c) Navier-Stokes tells us that  2
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  . Find an expression for the pressure at the interface P1 in 

terms of B, 1, k and x, and find a similar expression for P2. (Assume the constant of integration is zero). 

d) The last boundary condition states that at the interface the pressure difference P2-P1=g w, where 

is the density contrast between the two fluids and w is the interface displacement. 

Remembering that v
dt
dw  at the interface, use your answers above to find an expression for the 

characteristic growth time of a perturbation in terms of , g, k, 1 and 2. 

e) What perturbation wavelength will grow fastest? Why is this answer different to the situation we 

discussed in class? 

f) What happens to the growth timescale in the limits 1>>2 and 2>>1? If the two viscosities are equal, 

is the timescale longer or shorter compared with the two limiting cases? What is the physical explanation 

for this? 

 

2. Here we’re going to examine dissipation in a 2D flow field. 

a) Using Table 1 in your handout, write down the explicit, Cartesian formula for dissipation in an 

incompressible fluid as a function of viscosity  and velocities vx and vy. 

b) Also write down this same dissipation in terms of  and the stream function .  

c) Assuming a stream function of the form e
-ky

 sin kx, find the wavenumber k which maximizes 

dissipation at a given depth y=d. Suggest a physical explanation for this result. 

 


