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Approximate Solutions for Laminar Film Condensation on a Flat Plate
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ABSTRACT

Laminar film condensation of a saturated vapor in forced flow over a flat plate is analyzed
by using integral method. Laminar condensate film is so thin that the inertia and thermal con-
vection terms in liquid flow can be neglected. Approximate solutions for water are presented and
well agreed with the similarity solutions over the wide range of physical parameter, Cp1(Ts-Tw)/
Pr.hfg. For the strong condensation case, it is found that magnitude of the interfacial shear
stress at the liquid-vapor interphase boundary is approximately equal to the momentum trans-
ferred by condensation, i.e., r; =m (U,—U;).
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gt} AH = (condensation film) 2 $Fx 2
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Tablet Solutions of the Horizontal Laminar Film Condensation for Water
U=1m/s, T,=T,=100C, T,=207, L=1m, P=1aim
(Pr=3.582, E=0.04176, R=2719.1. T/, =46.7C, 7s=2 034, Re, =50250)
{a) Approximate solution for constant viscosity
(b) Similarity solution for constant viscosity
X/L U;/U, d/L m h ; .

/ / / (kg/m-s)  (kwim':C) (N;mz) m([;,,—U;)

01 a) .0402 .000158 .1526 4. 3061 L1471 1. 004

b) .0404 .000158 .1529 4. 3133 .1478 1. 007

-05 .0402 .000354 .0683 1. 9258 .0658 1. 004

.0404 000354 .0684 1. 9290 .0661 1. 007

-10 .0402 .000501 . 0483 L3617 .0465 1. 004

.0404 .000500 .0483 .3640 .0468 1. 007

<20 .0402 .000708 L0341 .9629 .0329 1 004

.0404 .000707 .0342 .9645 .0331 1. 007

- 30 .0402 .000867 .0279 L7862 .0269 1. 004

.0404 . 000866 .0279 .7875 .0270 1. 007

- 40 .0402 .001002 .0241 .6809 .0233 1. 004

.0404 .001000 .0242 .6820 .0234 1. 007

60 .0402 .001227 L0197 .5559 L0190 1. 004

.0404 .001225 .0197 .5568 L0191 1. 007

- 80 .0402 .001417 L0171 .4814 .0164 1. 004

.0404 .001414 L0171 .4822 .0165 1. 007

1. 00 .0402 .001584 .0153 .4306 .0147 L. 004

.0404 .001581 .0153 .4313 .0148 1. 007
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Fig.4 Physical parameter E and dimensionless
condensation flow rate
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Fig.5 Physical parameter E and local skin
friction

4.00 4.00

3.00 ———  Simitority  Sotution F3.00

~—=—  Approximote Solution

Z 200 £2.00
3
z
1.00 L E1.00
0. ¥
%% 0.01 6.02 0.03 0.4 5os 00

CulTy=T)/(Pr-hy)

Fig.6 Physicol parameter E and local heat
transfer coefficient
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Fig.7 Physical Parameter E versus ratio of
the interfacial shear stress and mom-—
enfum change due to phase conversion
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