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Reference Temperature for Evaluating Physical Properties of
Condensate Film in the case of
Free-Convection Laminar Film Condensation

Kan’ei SHINZATO, Jong Boong LEE and Tetsu FUJII

The boundary layer equations for free-convection laminar film condensation of pure vapors

of water,

ethanol and propane on a vertical surface are numerically. solved for the

cases of constant properties, variable viscosity and variable relevant physical properties.

The conclusions are as follows:

(1) The ratio of the heat flux at the vapor-liquid interface to that at the cooling surface is

expressed by

’
_6 GLi

= (140.375 H)!

— 0 u

(2) The correction for Nusselt’s equation due to the thermal convection effect is roughly

estimated by
N,
" Nu,.”

= (1+0.375 A"

(3) The dimensionless reference temperature rr derived from Fujii’s aproximate analysis

has been confirmed by the numerical results for the case of variable viscosity.

(4) The Nusselt’s equation evaluated by the physical properties at rr=1/4 predicts heat

flux at the cooling surface within an error of two per cent.
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(a) the case of constant physical properties

No.

"

__Ti neLi T_W " &Li . GLi
°C G Lt C GLw 10—2 GLi ]0—2

'
_OGLw

-0, H

'
_G)GIA'

[
_GGLw

PI‘L

WC-1
WC-2
WC-3

EC-1
EC-2
EC-3

PC-1
PC-2
PC-3
PC-4

100 0.30 91.90 0.2984 0.893 0.0446 -0.1198
100 0.40 66.77 0.3935 2.083 0.0776 -0.4853
100 0.425 50.88 0.4118 2.399 0.0850 -0.6120

80 0.290 57.96 0.2887 0.807 0.0417 -0.1017
80 0.320 37.06 0.3178 1.081 0.0506 -0.1645
80 0.325 29.17 0.3227 1.132 0.0521 -0.1775

70 0.500 56.31 0.4819 3.923 0.1152 -1.887
70 0.550 47.54 0.5251 5.135 0.1361 -2.655
70 0.600 31.79 0.5674 6.544 0.1577 -3.622
70 0.650 -8.04 0.6113 8.188 0.1803 -4.808

3.338
2,515
2.401

3.473
3.164
3.121

2.033
1.862
1.722
1.614

3.320
2.460
2.325

3.382
3.020
2.959

1.911
1.703
1.521
1.343

0.01501 0.994
0.06007 0.978
0.08755 0.968

0.07188 0.974

0.1286 © 0.954
0.1476  0.948

0.1720 0.940
0.2512 0.915
0.3595 0.883
0.5522 0.832

1.86
2.36
2.83

10.04
11.97
12.86

2.79
2.78
2.78
3.02

WC: water, EC: ethanol, PC: propane.

(b) the case of variable viscosity

No.

"
Is_ T " @ F, GLi
NG L

°C o¢ fGLw jg-2 10—2

’
FGLi

'
_eGLw

-9 H

1
_OGL:'

[
_GGLw

PI'L

WM-1
WM-2
WM-3
WM-4

EM-1
EM-2
EM-3
EM-4

100 0.4 79.82 0.3114 1.757 0.06687 -0.3517
100 0.5 59.09 0.2879 2.764 0.08604 -0.7082
100 0.6 34.16 0.2203 3.566 0.09633 -1.020
100 0.65 21.49 0.1803 3.846 0.09860 -1.125

2.509
2.014
1.684
1.557

80 0.3 64.01 0.2309 0.738 0.03762 -0.0837 3.351

80 0.4 41.34 0.2071 1.310 0.05180 -0.2021

2.528

80 0.5 13.46 0.1514 1.770 0.05896 -0.3078 2.034
80 0.54 2.02 0.1289 1.909 0.06036 -0.3386 1.886

2.475
1.961
1.617
1.485

3.285
2.421
1.903
1.752

0.0371 0.986
0.0743 0.974
0.1177 0.960
0.1394 0.954

0.0539 0.980
0.1196 0.957
0.1864 0.936
0.2101 0.929

2.07
2.57
3.51
4.22

9.57
11.53
14.96
16.83

WM: water, EM: ethanol.

(c) the case of variable physical properties

No.

2 T, u EQ& F! GLi
GLs

3 LW
°C nNerL °C GLw 10—-2

"

10-2

’ /
—GGLw —eGLi

H

=L ¢ p
=Y L
GLw JQuz

WV-1
WV-2
WV-3
WV-4

EV-1
EV-2
EV-3
EV-4
EV-5

100 0.45 70.98 0.3071 2.276 0.0778 -0.5317
100 0.50 60.26 0.2898 2.784 0.0867 -0.7245
100 0.60 36.24 0.2263 3.647 0.0984 -1.077
100 0.65 23.85 0.1876 3.972 0.1015 -1.210

80 0.45 30.53 0.1850 1.584 0.0570 -0.2719
80 0.50 17.51 0.1584 1.813 0.0603 -0.3287
80 0.55 4.51 0.1325 2.005 0.0624 -0.3762
40 0.30 14.76 0.1818 0.621 0.0324 -0.0605
40 0.34 4.57 0.1659 0.774 0.0364 -0.0845

2.246
2.037
1.743
1.639

2.114
1.878
1.685
3.250
2.838

2.187
1.954
1.595
1.454

2.272
2.059
1.885
3.378
2.999

0.0540
0.0738
0.1183
0.1412

0.1538
0.1874
0.2187
0.0678
0.0928

0.974 0.981 2.26

0.959 0.974 2.54
0.915 0.960 3.41
0.887 0.954 4.07

1.075 0.942 12.70
1.096 0.930 14.37
1.119 0.918 16.39
1.040 0.975 16.93
1.057 0.965 18.94

WV:

water, EV: ethanol.

Table 1. Similarity solution
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(Quat"im TR T HRANAERX TR ENR — 2%,

EDZRIEBT D (quex)ea DEDOA (45) DfE —1%Ths,

Eq. (48) Eq. (49)

L_ Tw (qw,a:”‘),,-m rp = 1/4 re = 1/4

No. °C °C 105 va_ﬂ 4 T (qwz‘)cal _ T (qwz)cal -1
(quz)sim (quwz)sim
WM-1(100]79.82 0.7941 0.28 -0.00 0.22 0.00
WM-2[100({59.09 1.2844 0.29] -0.01 0.24 0.00
WM-3[100|34.16 1.7099 0.30f -0.01 0.26] -0.00
WM-4]100(21.49 1.8714 0.30| -0.02 0.27{ -0.01
EM-1] 80 |64.01 0.1368 0.34 -0.01 0.26] -0.00
EM-2} 80 [41.34 0.2555 0.36 -0.02 0.29 -0.01
EM-3 180 (13.46] 0.3640 0.36| -0.03 0.30] -0.01
EM-4} 80 | 2.02 0.4003 0.36 -0.04 0.30 -0.02

WM: water, EM: ethanol.

sim: obtained from similarity solution,
cal: calculated by Eq. (48) or Eq. (49) with rr=1/4.

Table2.
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vl o Eq.(48)1/4 Eq.(49)1/4
ds | dw |\ Qual sim re = rp =
No. °C °C [10° Wm~7/% T (Qu:a:)cal T (Qw:n:)cal
i 1 — -1
(qus)sim (quwz)sim
WV-1[100{70.98 1.0189 0.28( -0.00 0.23 0.00
WV-2(100160.26 1.2548 0.29] -0.01 0.25 0.00
WV-3i100(36.24 1.6672 0.31] -0.02 0.28] -0.01
WV-411001{23.85 1.8274 0.32] -0.03 0.29| -0.02
EV-11{80 {30.53| 0.2994 0.22 0.00 0.12 0.02
EV-2 (80 (17.51| 0.3474 0.23 0.00 0.14 0.02
EV-3 |80 |4.51 0.3891 0.24 0.00 0.16 0.02
EV-414014.76{ 0.1724 0.25 0.00 0.17 0.01
EV-5140 | 4.57 0.2168 0.25 0.00 0.18 0.01

WYV: water, EV: ethanol.

sim: obtained from similarity solution,
cal: calculated by Eq. (48) or Eq. (49) with rp=1/4.
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