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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the -
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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HIGH Sc LIMIT OF FREE CONVECTION AT A VERTICAL
PLATE WITH UNIFORM FLUX CONDITION

Jan Robert Selman and John Newman

Inorganic Materials Research Division,
Lawrence Radiation Laboratory, and
Department of Chemical Engineering,
University of California, Berkeley

October 1970

In the course of an investigation of mass transfer by free convection
in electrolytic sqlutions,l’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-
books.3 Thg condition of uniform flux has been dealt with by Sparrow and
Gregg,4 with the Prandtl number as a parameter. No solution is available in
the liferature for the case of infinitely high Prandtl (or Schmidt) number.

. : *
In the limit of high Prandtl numbers the equation of motion:
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after being brought in the form:
F'"' + 4FF" - 3F'F' + 6 =0 | (2)

by the transformation4
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Notation is that of reference 4
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can be further simplified by stretching the variables
g = nPrl/s , f=F Pr4/5_ , 90 =20 Prl/5 (4)
In the limit Pr - « the inertial terms in
frey Flr‘ (4EE" - 3£'€') + 0 =0 (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"* +9 =0 ' ' (6)
| o + 4f®' - f'0=0 (7)
have been solved with the boundary conditiéns:
n=0 ,f=£f =0 , 0'=1 (8)

n= o ,f'"=0 ,0=0 (9)




The results of interest are the local temperature difference t - tO
e o]

and the local shear stress T, at the plate:
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The values of ©(0) and f"(0) are:

0(0) - 1.14747

£ (0) 0.83789

Table 1 shows that these results are in good agreement with the trend of
the values O(0) and F'"(0) reported by Sparrow and Gregg.4

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

Pr ‘ 6(0) 0(0) ' (0) 00) 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 10.30639 0.76962 4
100 -0.46566  -1.1697 0.12620 0.79628 4

o -1.14747 0.83789 1
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
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.

As used in the above, "person acting on behalf of the Commission”
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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