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In the course of an investigation of mass transfer by free convection 

in electrolytic solutions, 1•2 numerical solutions were obtained for the 

problem of laminar free-convection heat (or mass) transfer to a vertical 

plate in the limit of very high Prandtl (or Schmidt) number. Free 

convection at a vertical plate under conditions of uniform temperature 

(or concentration) at the plate is treated extensively in standard text-

3 books. The condition of uniform flux has been dealt with by Sparrow and 

4 Gregg, with the Prandtl number as a parameter. No solution is available in 

the literature for the case of infinitely high Prandtl (or Schmidt) number. 

In the limit of high Prandtl numbers the equation of motion: 

after being brought in the form: 

F"' + 4FF" - 3F'F' + 8 = 0 

by the transformation 4 

*" 

n = Y( gSi ) 1/5 
5kv X 

'Notation is that of reference 4 

* 

(1) 

(2) 
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8 = k(too-t) ( gSi ) 1/5 
q Skv x 

can be further simplified by stretching the variables 

f = F Pr4/S 8 

In the limit Pr ~ oo the inertial terms in 

f'" + 
1 (4ff" - 3f' f') + 8 = 0 Pr 

(3) 

(4) 

(5) 

become negligible, i.e., viscous friction alone balances the buoyancy force 

in the thin region where density variations occur. 

The set of coupled equations 

f"'+8=0 

8" + 4f8' - f'8 = 0 

have been solved with the boundary conditions: 

n = o , f = f' = 0 

n = oo , f'' = o , 8 = o 

(6) 

(7) 

(8) 

(9) 
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The results of interest are the local temperature difference t - t 
00 0 

and the local shear stress T at the plate: 
0 

2 
t _ t = .9.( Sk vx ) 1/5 0 (O) 

oo o k g8qpC 
p 

(
gf3qpC ) 3/5 

T - -S~kx 
2 

p f" (0) 
0 5k vx 

The values of 0(0) and f"(O) are: 

8(0) 1.14747 

f" (O) = 0.83789 

(10) 

(11) 

Table 1 shows that these results are in good agreement with the trend of 

4 the values 8(0) and F"(O) reported by Sparrow and Gregg. 

Table 1. Dimensionless temperature difference and shear stress as reported 
by SEarrow and Gregg4 and in this work. 

Pr 8(0) 8(0) F" (0) f" (0) Ref. 

0.1 -2.7507 -1.7356 1.6434 0.65425 4 

1 -1.3574 -1.3574 0.72196 0.72196 4 

10 -0.76746 -1.2163 0.30639 0.76962 4 

100 -0.46566 -1. 1697 0.12620 0.79628 4 

00 -1.14747 0.83789 1 
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LEGAL NOTICE 
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behalf of the Commission: 

A. Makes any warranty or representation, expressed or implied, with 
respect to the accuracy, completeness, or usefulness of the informa­
tion contained in this report, or that the use of any information, 
apparatus, method, or process disclosed in this report may not in­
fringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, or for damages 
resulting from the use of any information, apparatus, method, or 
process disclosed in this report. 
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