
 

    The Vertical Plate for Ts = Constant 
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Free Convection External  
 
External Free Convection (immersed)  
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Horizontal Plates with 
P
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4/154.0 LL RaNu =  For 74 1010 ≤≤ LRa (9.30) 
                                                                                      

3/115.0 LL RaNu =    For 117 1010 ≤≤ LRa (9.31) 
 

4/127.0 LL RaNu =  For 105 1010 ≤≤ LRa  (9.32) 
 
 
 
 
 
 
 
 
 
 
 
 

For Laminar Flow C=.59 n=.25 for 94 1010 ≤≤ LRa  

For Turbulent Flow C=.1 n=1/3 for 139 1010 ≤≤ LRa  

Upper surface of hot plate or lower surface of 
cold plate. 

Lower surface of hot plate or upper surface of cold 
plate.  



 

 

Free Convection Continued 
 
 
Horizontal Cylinder  
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Ra C n 
210 1010 −− →  0.675 0.058 

22 1010 →−  1.02 0.148 
42 1010 →  0.85 0.188 
74 1010 →  0.48 0.25 
127 1010 →  0.125 0.333 
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Spheres  
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Free Convection continued  
 
Plate Channels  

Properties for isothermal at 
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EQ. 9.36 was developed for air as working fluid and rage is 51 1010 ≤≤−
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Rectangular Cavity  Properties evaluated at 
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1708�LRa Conduction h=k/L    

1708�LRa Convection 

Vertical Rectangular cavity       For Ra < 1000 conduction Nu=1.  For Ra >1000 use correlations  
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For Larger Aspect Ratios  
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3/1046.0 LL RaNu =  For                                           (9.53) 
 
 
 
For inclined Cavities �>0 and higher H/L>12 sec Eq. 9.54-9.57 on pg 590 

Table 9.4 Critical Angle for inclined rectangular surface  
H/L 1 3 6 12            >12 
� ��� ��� ��� ��� ��� 

Free Convection Enclosures 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

102 ≤≤
L
H  

510Pr ≤  
103 1010 ≤≤ LRa  

21 ≤≤
L
H  

53 10Pr10 ≤≤−  

Pr2.0
Pr*

103

+
≤ LRa

 

4010 ≤≤
L
H  

410*2Pr1 ≤≤  
74 1010 ≤≤ LRa  

 

4010 ≤≤
L
H  

20Pr1 ≤≤  
96 1010 ≤≤ LRa  



Concentric Cylinders        Properties eval. At  
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Free Convection Continued 
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