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ABSTRACT. This paper considers an inverse boundary design problem in a square cavity with 
combined radiation and free convection heat transfer. The aim of design is to obtain the temperature 
distribution over the heater surface located on the bottom wall of the square cavity for 
reconstruction a uniform heat flux distribution over the temperature-specified design surface 
located on top wall of the cavity. The solution of problem includes three parts; the direct problem, 
the inverse problem, and the sensitivity problem. The direct problem includes two parts, the 
solution of radiation problem and the free convection heat transfer. Radiation transfer problem is 
solved by the net radiation method and free convection problem is solved by the finite volume 
method based on the simpler algorithm. The inverse problem is treated as an optimization problem, 
wherein, we minimize the sum of square errors between desired and estimated heat fluxes over the 
design surface. The sensitivity problem is solved by a similar fashion of the direct problem. The 
performance and the accuracy of the inverse method are investigated for different Rayleigh 
numbers and incident angles. 

 
NOMENCLATURE 

 
d  direction of descent 
E  emissive power, 2/ mW  
F  geometric configuration factor 
f  objective function 
g  gravitational acceleration, 2/ sm  
J  sensitivity matrix 
k  thermal conductivity, KmW ./  
L  length of square cavity, m  

crN  conduction-radiation parameter 
P  pressure, Pa  
Pr  Prandtle number 
q  heat flux, 2/ mW  
Ra  Rayleigh number 
T  temperature, K  

),( vuV  velocity vector, sm /  
Greek Symbols  
α  thermal diffusivity, sm /2  
β  thermal expansion coefficient, 1−K  
ε  emissivity 
γ  step size 
Γ  equivalent temperature in sensitivity problem 
λ  conjugate coefficient 
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