
An analytic solution 

for periodic thermally driven flows 

over an infinite slope: 

Defant (1949) revisited

Dino Zardi 

University of Trento, Italy

Stefano Serafin

University of Vienna, Austria

21st Symposium on Boundary Layers and Turbulence Leeds, UK  9-13 June 2014, 



Prandtl (1942) - Steady thermally driven slope flow

Unperturbed basic state:
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Prandtl (1942) - Governing equations

MOMENTUM:

ENERGY:

Boundary conditions:



Prandtl (1942) solution
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Comparison of Prandtl’s (1942) theoretical (T) slope wind profiles and balloon (B) 

observations of slope flows on the Nordkette near Innsbruck for (a) daytime and (b) 

nighttime.

Differences between theory and observations above the jet maximum are indicated 

by the dashed lines. (From Defant 1949, as published by Barry 2008)

Observations Observations

Model Model
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Steady daily-periodic forcing:  Defant (1949)
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Defant (1949)



2

2

h

2

2

m

n
Ksinu

t

n

u
Ksing

t

u




a








a





KKK hm 

0)0,0()0,0(u 

0)t,n(,0)t,n(u:n

tsinC)t,0(,0)t,0(u:0n





Reformulation of the problem

(Zardi and Serafin 2014)

Governing equations:

Turbulence:

Initial conditions:

Boundary conditions:



Change variables
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Periodic boundary condition

where

 Na –  may be either positive, or negative, or zero
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Solution
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Supercritical case: N sina > 
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Critical case: N sina = 
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Subcritical case: N sina < 
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Conclusions

- Different regimes arise from different combinations of 

parameter values

- Use of a constant K provides some useful insight, but

might be not realistic

- Preliminary results with variable K confirm qualitative 

validity of the solutions

- Stability of the solutions (especially parallel upslope 

flow vs. vertical convection) still to be explored
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