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(a) (b) (c) 

(d) (e) 
(f) 

(g) (h) 

Streamlines (ψ  = 2.9721) Isotherms (θmax = 0.1726) 
Streamlines (ψmax = 2.9725) 
 

Isotherms (θmax = 0.1724) 
 

Isotherms (θmax = 0.1502) 
 

Streamlines (ψmax = 0.287, ψmin = -3.180) 

Streamlines (ψmax = 0.259, ψmin = -3.1844) Isotherms (θmax = 0.1502) 
 



Ra = 10 (a) 

Q*
A = 1.00 

Ra = 103 (b) 

Q*
A = 1.02 

Ra = 104 

Q*
A = 1.41 

(c) 

Q*
A = 1.022 

(f) 

Q*
A = 2.90 

Ra = 106 (d) 

Q*
A = 1 

(e) 

Q*
A = 1.42 

(g) 

Q*
A = 2.86 

(h) 



(a) (b) (c) (d) 

(e) (f) (g) (h) 

(i) (j) (k) (l) 

(m) (n) (o) (p) 



(a) Streamlin
e 

Isotherm
s 

ϕ = 0 
ψmax = 0.281497 
ψmin = -2.40219 

ϕ = 0.1 
ψmax = 0.302653 
ψmin = -1.45275 

ϕ = 0 
θmax = 0.1839 

ϕ = 0.1 
θmax = 0.15794 

ϕ = 0 
ψmax = 0.61107 
ψmin = -3.1 

ϕ = 0 
θmax = 0.19829 

(b) 

ϕ = 0.1 
ψmax = 0.59582 
ψmin = -1.94 

ϕ = 0.1 
θmax = 0.17803 

(c) 

ϕ = 0 
ψmax = 0.42777 
ψmin = -2.91756 

ϕ = 0.1 
ψmax = 0.43822 
ψmin = -1.87116 

ϕ = 0 
θmax = 0.20265 

ϕ = 0.1 
θmax = 0.189218 

(d) 

ϕ = 0 
ψmax = 1.8369 
ψmin = -1.83761 

ϕ = 0.1 
ψmax = 1.2093 
ψmin = -1.2086 

ϕ = 0 
θmax = 0.2459 

ϕ = 0.1 
θmax = 0.2134 



 = 0  
ψmax  = 1.8369 
ψmin = -1.83761 

ϕ = 0.1  
ψmax  = 1.2093 
ψmin = 1.2086 

(a) Streamline Isotherms  

ϕ = 0  
ψmax  = 1.09991 
ψmin = -1.09981 

ϕ = 0.1  
ψmax  = 0.642446 
ψmin = -0.642599 

ϕ = 0  
θmax  = 0.1781 

ϕ = 0.1  
θmax  = 0.143 

(b) 

ϕ = 0  
θmax  = 0.2459 

ϕ = 0.1  
θmax  = 0.2134 



 

(c) 

ϕ = 0 
ψmax  = 2.33057 
ψmin  = -2.32847 

ϕ = 0.1  
ψmax  = 1.61553 
ψmin = -1.61605 

ϕ = 0 
θmax  = 0.28608 

ϕ = 0.1  
θmax  = 0.256872 

ϕ = 0 
ψmax  = 2.63326 
ψmin  = -2.63405 

ϕ = 0.1  
ψmax  = 1.84921 
ψmin = -1.84927 

ϕ = 0 
θmax  =0.313018 

ϕ = 0.1  
θmax  = 0.283842 



ϕ = 0.1 
θmax  = 0.22204 

ϕ = 0.1 
θmax  = 0.2134 

(a) 

ϕ = 0 
θmax  = 0.295087 

ϕ = 0 
ψmax  = 0.020079 
ψmin = -0.0200706 

Streamline Isotherms 

ϕ = 0.1 
ψmax  = 0.01122 
ψmin = -0.011215 

ϕ = 0.1 
θmax  = 0.221495 

(b) 

ϕ = 0 
ψmax  = 0.2089 
ψmin = -0.20894 

ϕ = 0.1 
ψmax  = 0.114248 
ψmin = -0.114226 

ϕ = 0 
θmax  = 0.29615 

(c) 

ϕ = 0 
ψmax  = 1.8369 
ψmin = -1.83761 

ϕ = 0.1 
ψmax  = 1.2093 
ψmin = 1.2086 

ϕ = 0 
θmax  = 0.24593 

(d) 

ϕ = 0 
ψmax  = 6.2613 
ψmin = -6.2609 

ϕ = 0.1 
ψmax  = 5.57835 
ψmin = -5.57825 

ϕ = 0 
θmax  =  0.133673 

ϕ = 0.1 
θmax  =  0.127561 



.

(a) (b) 

(c) (d) 

Π max = 0.2                             Π min = -0.2 Π max = 0.2                             Π min = -0.2 

Π max = 0.2                             Π min = -0.2 Π max = 0.2595                             Π min = -0.2 

(a) 

Π max = 0.2035                       Π min = -0.2035 Π max = 0.2035                       Π min = -0.2035 

(b) 



.

Π max = 0.2035                       Π min = -0.2035 Π max = 0.24112                     Π min = -0.2035 

(c) (d) 

Π max = 0.1                       Π min = -0.1 

(a) 

Π max = 0.2                       Π min = -0.2 

Π max = 0.3                       Π min = -0.3 Π max = 0.4                       Π min = -0.4 

(b) 

(c) (d) 



Π max = 0.10178                   Π min = -0.10178 Π max = 0.20356                   Π min = -0.20356 

Π max = 0.30532                   Π min = -0.30532 Π max = 0.40711                   Π min = -0.40711 

(a) (b) 

(c) (d) 

Π max = 0                                   Π min =  -0.4 Π max = 0                                   Π min =  -0.4 

(a) (b) 



. . .

.

Π max = 0.0433                               Π min =  -0.4 Π max = 0.2                                      Π min =  -0.2 

(c) (d) 

Π max = 0                             Π min =  -0.40711 Π max = 0                             Π min =  -0.40711 

Π max = 0.04436                     Π min =  -0.40711 Π max = 0.20356                     Π min =  -0.20356 

(a) (b) 

(c) (d) 





θ m
ax
 

τ 

. = 0.5,  g = 0.4 
Ra = 10E4 
Ra = 10E5 
Ra = 10E6 
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