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Representative Physical Properties for the Vapor Boundary Layer in the
Case of Laminar Film Condensation of Binary Vapor Mixtures

(I) Free-Convection Condensation

Tetsu FUJII, Jong Boong LEE, Kan'ei SHINZATO, and Masaharu WATABE

The numerical analysis is made for free-convection condensation of binary vapor
mixtures quite similarly as the case of forced-convection condensation.  The physical
properties which are evaluated at the arithmetic mean of the mass concentrations at the
vapor-liquid interface and the bulk and the corresponding saturation temperature are
recommended as the representative ones in the case of the algebraic solution.
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Fig. 1. Physical model and coordinate systems for

free-convection laminar film condensation
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Table 1. Numerical results for free-convection condensation of binary vapors (p=0.1MPa)
—In the case where the physical properties in the boundary layer depend on concentration
and temperature—
AW © air-water, EW  ethanol-water, Sa . saturated, Su : superheated
Ty Fop Fen ” , , | T, Guox M4 m x4
No. P LWwoc. W pei "IF Fryi 10-3 Flpy | =@ i_@FLw Wiy T T Wm—7/4% 10° kgm 745~ 1x 103
AW-1Sa| 98.5(0.0625(|0.2 2.0108]5.9710| 2.022]0.13284(0.5837 | 5.002 (0.6985 | 76.32 | 74.18 14.306 6.123
AW-2Sa| 98.5(0.0625|/0.16 1.60582.7157|1.2894(0.09678|0.4478 | 6.251 [0.2924 ] 93.37 | 92.69 6.415 2.785
EW-1Sa| 98.0/0.1451(/0.22 |2.2070|7.3078| 2.436]0.11757{0.9219| 4.548 10.5748|89.44 | 86.24 16.128 7.620
AW-1Su| 198.5{0.06251{0.2 2.014915.6367| 2.030 0.2001]0.6458| 5.002 {0.6020182.10 | 79.99 14.784 5.908
AW-2Su| 198.510.0625(10.16 ]1.6124{2.6518|1.2999| 0.2157]0.5111| 6.251 |0.2362|94.79 | 94.05 7.035 2.779
AW-3Su | 198.5[0.0625|0.2049]2.0640 {6.2944 | 2.1302 | 0.1932]0.6471 4.883 |0.6950(76.71|74.18 16.515 6.597
AW-4Su| 198.5]0.0625(0.1684 [ 1.6965|3.1141(1.4391] 0.2151]0.5451| 5.940 |0.283493.60 | 92.69 8.228 3.264
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Fig. 2. Comparison of the algebraic solutions (g,.). x"* from Eq. (49) ((J—[J : saturated, Il — :
superheated) and (m ), +"* from Eq. (50) (O—Q ! saturated, @ — @ : superheated) with

the corresponding numerical solutions g, x/* from Eq. (35) and m,x"* from Eq. (36) (

. saturated,
vapor mixtures.

. superheated) in the case of free-convection condensation of binary

(a) air-water (AW-1Sa in Table 1), (b) air-water (AW-1Su in Table 1), (¢) air-water
(AW-2Sa in Table 1), (d) air-water (AW-2Su in Table 1), (e) ethanol-water (EW-1Sa in

Table 1).
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Table 2. Comparison between similarity solution and algebraic solution in the cases

of (1), (II), (I), (IV), and (V).
AW ! air-water, EW ! ethanol-water, Sa . saturated, Su . superheated
algebraic solution
similarity (1) (I (m) W) (V)

solution Wipeo Wip, Ty |mean of the val-| (Wi Wipe) | (Wit Wipe)
ues of (I) and | /2 and corres- | /2and (T Ty

(m ponding 7, w) /2
(1) (T) (T) (T) (T) (T)
AW-1Sa 14.31 (76.32) | 13.00 (76.06) |} 16.71 (76.81) | 14.86 (76.44) | 14.62 (76.38) | 13.45 (76.15)
G 3/ AW-2Sa || 6.42 (93.37) | 6.08 (93.32) | 6.58 (93.39) | 6.33 (93.36) | 6.32 (93.36) | 6.28 (93.35)
Wm~74x 103 EW-1Sa 16.13 (89.44) | 14.95 (89.18) | 17.17 (89.68) | 16.06 (89.43) | 15.87 (89.39) | 15.80 (89.37)
AW-1Su 14.78 (82.10) | 13.46 (81.34) | 16.94 (82.53) | 15.20 (81.94) | 15.28 (82.19) | 15.03 (82.15)
AW-2Su 7.03 (94.79) | 6.81 (94.76) | 7.40 (94.85) | 7.11 (94.81) | 7.19 (94.82) | 7.08 (94.80)

AW-1Sa 6.12 5.48 7.10 6.29 6.18 5.69

o1/ AW-2Sa 2.78 2.66 2.88 2.77 2.77 2.75

kgm—"4s—1x 10~ EW-1Sa 7.62 7.10 8.11 7.61 7.52 7.49

AW-1Su 5.91 5.21 6.73 5.97 5.99 5.90

AW-2Su 2.78 2.70 2.95 2.83 2.86 2.81
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