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The cavity problem has always been considered as a classic and fundamental problem. Specific 
materials like Bingham viscoplastic which is a sort of Non-Newtonian fluid, shows resistance in a 
certain range of stress, calling yield stress, and almost acts like rigid body in this limited area. In case of 
increased applied stress, it flows like fluid. With consideration of heat transfer in this type of material, 
yield stress and viscosity variations with temperature as in practice we face will not be far-fetched. In 
the present work the numerical solution of the problem of Bingham material inside lid-driven cavity, 
investigating fluid flow and heat transfer in view of the changes in material properties have been done 
and results show changes in dimensionless numbers and parameters of Re=10-1000, Bn=1-2000, 
Pr=0.01-100 and E=5000-50000. In this study, the governing equations have been discretized and 
solved by using the finite volume method (FVM) and collocated grid. This work first compares the 
effect of viscosity and yield stress dependency on temperature with independence mode and then, 
distribution of horizontal and vertical components of velocity, yield areas and flow inside cavity, center 
of vortex and then heat transfer due to the stream lines next to side walls are analyzed. 
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Fig. 1 Geometry of the problem 
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Fig 2. Study of mesh size effect with comparison of (a) u and (b) v on 
the vertical and horizontal mid-sections respectively 
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Fig.  3 Validation of vortex center in different Reynolds numbers 
(values next to symbols). Present work  and reference [25] . 

3  .( ) 
 ]25[    

10 
 .

]27[   

 ."4" 
 

"4" 

 .]27[ 
 

-4   

 .
100 10001 2000    0.01   

  
Fig. 4 Comparison of Nusselt number in entrance region of the channel 
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Fig.  5 Comparison of unyielded regions in two cases of independent 
(gray) and dependent (line) properties to temperature at Pr=100, 
Re=1000 and Bn=10. 
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Fig.  6 Variation of (a) v and (b) u on the horizontal and vertical mid-
sections for different Bingham numbers at Re=1000. 
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Fig. 7 Variation of (a) v and (b) u with change in activation energy on 
the vertical and horizontal mid-sections 
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Fig.  8 Location of center of the vortex at Pr=100 with variation of 
Reynolds and Bingham numbers (numbers next to symbols) 
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Fig.  9 unyielded regions (black) with change in Reynold number at 
Re=1000 and Pr=100 
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Fig. 10 unyielded regions (black) with change in Reynolds number at 
Bn=10 and Pr=100 
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Fig. 11 Variation of Nusselt number at Re=1000 and Pr=100 on the (a) 
left and (b) right walls 

11 Re= 1000 Pr= 100  )a( 
  )b(   

  
Fig. 12 Stream lines and unyielded regions (gray) adjacent to the left wall at Re=1000 and Pr=100 
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Fig. 13 Stream lines and unyielded regions (gray) adjacent to the right wall at Re=1000 and Pr=100 
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1   
Table 1 Average Nusselt number on the left and right walls with change in Bingham number   

Bn 

2000 1000 500 200 100 50 20  10 5 1 0  

15.7445 16.0217 16.3642 17.0112 18.0248 18.8328 19.7465 20.9051 22.3401 31.1122 42.3124 Nu  

15.7448 16.0221 16.3649 17.0116 18.0249 18.8330 19.7467 20.9052  22.3403 31.1123 42.3129 Nu  
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Fig. 14 Variation of Nusselt number at Re=1000 and Bn=10 on the left 
(a) and right (b) walls 
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2 Re=1000 Bn=10 
Table 2 Average Nusselt number on the left and right walls with change in Prandtl number at Re=1000 and Bn=10 

Pr 

100 50 20 10 1 0.7 0.1 0.01  

19.9567 35.7406 71.1524 115.2911 467.3285 572.7295 1793.5321 10305.5468 Nu  

19.9562 35.7403 71.1520 115.2913 467.3287 572.7299 1793.5324 10305.5471 Nu  
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Bn   

 ) JK-1(  
E ) kJ mol-1(  

   
 ) Wm-1 K-1(  

L ) m(  
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