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A proposal of a new equation for the mass concentration
gradient at the vapor-liquid interface in the case of
forced-convection laminar film condensation
of a binary vapor mixture on a flat surface
—the second report—

Kan’ei SHINZATO and Tetsu FUJII

A simple and accurate correlation equation for the mass concentration gradient in the vapor at the vapor-
liquid interface in the case of forced-convection laminar film condensation of a binary vapor mixture on a flat

surface is proposed as:

—d'F
Cp (SE)

= (§+1) We"—b

b =0.3(1+87°%)

m =0.5{1—0.0968"1 %+ 8¢ R7O3FD}

in the range of 1< Wx<50, 0.2<85:<1, and 10<R<500.

The error of the values of the right-hand side

to the similarity solution of the left-hand side is smaller than two percent.
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(a) Sc=0.2

~®'ri /Cr(Sc)

Fig. 1 —®'5/Cr(Sc) calculated from similarity solution versus the concentration ratio Wg.
Symbols D and © denote the values of — ®’ g/ Cr(Sc) +4.
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Fig. 2  The values of 4 in Eq. (1) in the case of Wz
=1 versus the Schmidt number Sc.
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Fig. 3 The values of m calculated from Egs. 1)

and (2) versus the concentration ratio Wk.
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Fig. 4 The values of m calculated from Egs. (1)

and (2) versus the pu ratio R.
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Fig. 8 Comparisons among the relative erros € of
the values calculated from the present Eq.
(1), Eq. (12) in the first report” and the
previous equation” to the similarity solu-
tions, which are shown by symbols @ and
(D, respectively. For the case of R=10.
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Fig. 9 Comparisons among the relative errors € of

the values calculated from the present Eq.
(1), Eq. (12) in the first report” and the
previous equation® to the similarity solu-
tions, which are shown by symbols @, O
and (D, respectively. For the case of R=20.
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‘Comparisons among the relative errors €
of the values calculated from the present
Eq. (1), Eq. (12) in the first report” and
the previous equation® to the similarity
solutions, which are shown by symbols @,
QO and (P, respectively. For the case of
R=50.

Comparisons among the relative errros €
of the values calculated from the present
Eq. (1), Eq. (12) in the first report” and
the previous equation® to the similarity
solutions, which are shown by symbols @,
O and D, respectively. For the case. of
R=100.
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5=0.3(1+85c7°9) (2)
m=0.5{1—0.0968c""%+ 8¢ R~%6+2} (7)

Comparisons among the relative errros €
of the values calculated from the present
Eq. (1), Eq. (12) in the first report” and
the previous equation® to the similarity
solutions, which are shown by symbols @,
O and (P, respectively.  For the case of
R=500.
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Appendix:

Table.
binary vapor mixtures

Boundary values for forced-convection condensation of imaginary

R
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Cr(Sc)

10
10
10
10
10

0.2
0.2
0.2
0.2
0.2

0.0434 1.7371 0.3473
2.1165 20.9436 0.9929
5.6801 45.7908 1.6031
8.5544 60.9210 1.7066
14.2567 80.4218 1.4078

0.50 3.4744
2.00 10.6569
2.40 20.1710
2.66 25.0972
3.20 29.9553

0.1896
0.3702
0.6816
0.9455
1.4880

1.0234
2.3349
6.0018
10.5025
23.8569

2.0002 1.9995
0.5088 0.4741
0.4405 0.3501
0.4120 0.2800
0.3729 0.1696

1.0299
2.0110
3.7025
5.1360
8.0835

10
10
10
10
10

0.3
0.3
0.3
0.3
0.3

0.0434 1.7371 0.3473
2.1165 20.9436 0.9929
2.30 17.7711 4.6187 39.1316 1.4865
2.52 22.6959 7.0005 53.2453 1.6845
3.20 29.9553 14.2567 80.4218 1.4078

0.50 3.4744
2.00 10.6569

0.2225
0.4918
0.8247
1.1552
2.2017

1.0302
2.8211
6.2519
10.9911
34.8566

2.0002 1.9995
0.5088 0.4741
0.4541 0.3799
0.4263 0.3163
0.3729 0.1696

1.0374
2.2930
3.8453
5.3861
10.2654

10
10
10
10
10

0.5
0.5
0.5
0.5
0.5

0.50 3.4744 0.0434 1.7371 0.3473
1.80 7.7237 1.2466 13.7737 0.7440
2.15 13.9756 3.1935 29.2086 1.2456
2.40 20.1710 5.6801 45.7908 1.6031
3.00 28.8437 12.2325 74.9307 1.5508

0.2712
0.5288
0.9612
1.5411
3.1295

1.0417
2.4352
5.9047
12.7299
43.8127

2.0002 1.9995
0.5608 0.5401
0.4785 0.4265
0.4405 0.3501
0.3851 0.2052

1.0486
2.0446
3.7164
5.9587
12.1006

10
10
10
10
10

0.7
0.7
0.7
0.7
0.7

0.50 3.4744 0.0434 1.7371 0.3473
1.80 7.7237 1.2466 13.7737 0.7440
2.15 13.9756 3.1935 29.2086 1.2456
2.30 17.7711 4.6187 39.1316 1.4865
2.80 26.9607 10.0933 67.4518 1.6687

0.3085
0.6663
1.2823
1.7523
3.6144

1.0518
2.8969
7.7903
12.9083
44.2127

2.0002 1.9995
0.5608 0.5401
0.4785 0.4265
0.4541 0.3799
0.3997 0.2469

1.0573
2.2835
4.3948
6.0053
12.3870

10
10
10
10
10

1.0
1.0
1.0
1.0
1.0

0.50 3.4744 0.0434 1.7371 0.3473
1.80 7.7237 1.2466 13.7737 0.7440
2.00 10.6569 2.1165 20.9436 0.9929
2.15 13.9756 3.1935 29.2086 1.2456
2.66 25.0972 8.5544 60.9210 1.7066

0.3535
0.8628
1.2559
1.7596
4.3672

1.0655
3.6022
6.3538
10.8075
48.5286

2.0002 1.9995
0.5608 0.5401
0.5088 0.4741
0.4785 0.4265
0.4120 0.2800

1.0679
2.6068
3.7945
5.3163
13.1948

20
20
20

0.2
0.2
0.2

2.30 16.2486 8.4584 35.9088 2.7598
2.50 21.6487 13.1690 50.6207 3.2791
2.90 27.8480 22.2270 71.0927 3.2237

0.9323
1.3801
2.2639

10.7810
21.8374
54.9005

0.4525 0.3843
0.4277 0.3239
0.3918 0.2258

5.0646
7.4971
12.2984

20
20
20

0.3
0.3
0.3

2.20 12.9332 6.1894 27.6653 2.3077
2.40 19.1792 10.8132 43.6536 3.0828
2.64 24.4050 16.4162 59.0432 3.3814

1.0349
1.6950
2.5151

9.7146
23.2020
47.7184

0.4675 0.4171
0.4393 0.3531
0.4133 0.2862

4.8255
7.9033
11.7271

20
20
20

0.5
0.5
0.5

2.10 9.6231 4.2127 19.8419 1.7874
2.30 16.2486 8.4584 35.9088 2.7598
2.50 21.6487 13.1690 50.6207 3.2791

1.1858
2.1994
3.3531

8.9427
25.9411
55.0805

0.4850 0.4504
0.4525 0.3843
0.4277 0.3239

4.5849
8.5040
12.9651

20
20
20

0.7
0.7
0.7

2.10 9.6231 4.2127 19.8419 1.7874
2.20 12.9332 6.1894 27.6653 2.3077
2.40 19.1792 10.8132 43.6536 3.0828

1.6042
2.2677
3.8528

12.3652
22.3577
56.5396

0.4850 0.4504
0.4675 0.4171
0.4393 0.3531

5.4978
7.7718
13.2040

20
20
20

1.0
1.0
1.0

2.00 7.0069 2.7898 13.8526 1.3376
2.10 9.6231 4.2127 19.8419 1.7874
2.30 16.2486 8.4584 35.9088 2.7598

1.5527
2.2298
4.3062

9.8419
18.0649
55.9410

0.4850
0.4525

0.5058 0.4828
0.4504
0.3843

4.6911
6.7370
13.0104
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(continued)

Sc FY Fry, -, —O%r., =0k, —Ph
R ne FL;; - F_‘:fz Fr. F Wa FL FLi ~OR
= Pry 10~ 10 =—0h%y, for Pry=1  Cp(Sc)

50 0.2 210 7.3595 8.0682 15.2393 3.4771 0.8925 10.4176 0.4829 0.4563 4.8483
50 0.2 2.18 10.8921 12.8214 23.2026 4.9594 1.3434 21.9140 0.4694 0.4275 7.2980
50 0.2 2.30 15.6282 20.3506 34.5887 6.6772 2.0769 49.6367 0.4518 0.3861 11.2823
50 0.3 2.05 5.3787 5.6293 10.9211 2.5877 0.9521 8.8415 0.4925 0.4739 4.4391
50 0.3 2.13 8.6812 9.7785 18.1747 4.0485 1.5406 20.8571 0.4777 0.4455 7.1834
50 0.3 2.2513.7753 17.2121 30.0214 6.0485 2.6285 56.2761 0.4538 0.4029 12.2557
50 0.5 2.00 3.94/24 3.9321 7.8335 1.9201 1.1135 8.5338 0.5033 0.4902 4.3055
50 0.5 2.10 7.3595 8.0682 15.2393 3.4771 2.0975 26.0886 0.4829 0.4563 8.1099
50 0.5 2.18 10.8921 12.8214 23.2026 4.9594 3.2609 58.6990 0.4694 0.4275 12.6085
50 0.7 2.00 3.9424 3.9321 7.8335 1.9201 1.5022 11.9288 0.5033 0.4902 5.1481
50 0.7 2.05 5.3787 5.6293 10.9211 2.5877 2.0689 20.9655 0.4925 0.4739 7.0905
50 0.7 2.13 8.6812 9.7785 18.1747 4.0485 3.4870 54.0552 0.4777 0.4455 11.9504
50 1.0 1.90 2.4909 2.2448 4.7159 1.2278 1.2886 7.7532 0.5282 0.5207 3.8933
50 1.0 2.05 5.3787 5.6293 10.9211 2.5877 2.9049 32.1783 0.4925 0.4739 8.7768
50 1.0 2.10 7.3595 8.0682 15.2393 3.4771 4.1024 60.1146 0.4829 0.4563 12.3947

100 0.2 2.06 4.6829 9.9026 9.5655 4.5261 1.0634 14.5454 0.4896 0.4732 5.7765
100 0.2 2.10 6.6806 14.6556 13.8513 6.3457 1.5193 28.2500 0.4823 0.4581 8.2535
100 0.2 2.14 8.7017 19.7854 18.2979 8.1068 2.0201 48.5550 0.4756 0.4430 10.9740
100 0.3 2.00 2.5267 5.0449 5.0323 2.4845 0.8697 7.6999 0.5021 0.4937 4.0550
100 0.3 2.06 4.6829 9.9026 9.5655 4.5261 1.5567 21.8414 0.4896 0.4732 7.2581
100 0.3 2.10 6.6806 14.6556 13.8513 6.3457 2.2499 43.5898 0.4823 0.4581 10.4906
100 0.5 2.00 2.5267 5.0449 5.0323 2.4845 1.3707 12.5212 0.5021 0.4937 5.2999
100 0.5 2.03 3.4154 7.0205 6.8922 3.3351 1.8416 21.3027 0.4955 0.4839 7.1206
100 0.5 2.08 5.6624 12.1972 11.6543 5.4274 3.1044 56.3259 0.4859 0.4657 12.0034
100 0.7 2.00 2.5267 5.0449 5.0323 2.4845 1.8690 18.0998 0.5021 0.4937 6.4053
100 0.7 2.03 3.4154 7.0205 6.8922 3.3351 2.5374 31.6393 0.4955 0.4839 8.6959
100 0.7 2.06 4.6829 9.9026 9.5655 4.5261 3.5263 58.4204 0.4896 0.4732 12.0850
100 1.0 1.90 1.3388 2.4147 2.5389 1.3286 1.3632 8.7460 0.5273 0.5233 4.1188
100 1.0 2.00 2.5267 5.0449 5.0323 2.4845 2.6162 27.9090 0.5021 0.4937 7.9045
100 1.0 2.03 3.4154 7.0205 6.8922 3.3351 3.5820 49.9060 0.4955 0.4839 10.8226

500 0.2 2.00 0.8828 8.8226 1.7630 4.3880 0.9605 12.2765 0.5007 0.4978 5.2177
500 0.2 2.02 1.6448 16.7593 3.3131 8.1315 1.7228 36.7651 0.4964 0.4909 9.3587
500 0.2 2.03 2.2052 22.6837 4.4594 10.8579 2.3041 64.5450 0.4945 0.4870 12.5164
500 0.3 1.98 0.5807 5.6897 1.1488 2.8928 0.9571 9.2320 0.5055 0.5036 4.4627
500 0.3 2.00 0.8828 8.8226 1.7630 4.3880 1.3996 18.3535 0.5007 0.4978 6.5260
500 0.3 2.02 1.6448 16.7593 3.3131 8.1315 2.5582 57.7365 0.4964 0.4909 11.9279
500 0.5 1.94 0.3719 3.4981 0.7210 1.8551 1.0091 7.4979 0.5158 0.5146 3.9017
500 0.5 1.99 0.6968 6.8954 1.3851 3.4681 1.8091 21.2114 0.5031 0.5008 6.9951
500 0.5 2.01 1.1892 12.0013 2.3854 5.8982 3.0538 57.1216 0.4985 0.4945 11.8076
500 0.7 1.94 0.3719 3.4981 0.7210 1.8551 1.3538 10.4579 0.5158 0.5146 4.6396
500 0.7 1.98 0.5807 5.6897 1.1488 2.8928 2.0829 22.7487 0.5055 0.5036 7.1385
500 0.7 2.00 0.8828 8.8226 1.7630 4.3880 3.1514 49.6209 0.5007 0.4978 10.8003
500 1.0 1.90 0.2879 2.5977 0.5468 1.4371 1.4450 9.8906 0.5265 0.5257 4.3658
500 1.0 1.94 0.3719 3.4981 0.7210 1.8551 1.8686 15.6292 0.5158 0.5146 5.6457
500 1.0 1.99 0.6968 6.8954 1.3851 3.4681 3.5169 50.8328 0.5031 0.5008 10.6258




