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

(I) Forced-Convection Condensation

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

The two-phase boundary layer equations for forced-convection condensation of
binary vapor mixtures air-water and ethanol-water are numerically solved under the
assumption that the physical properties in the vapor phase depend on mass concentra-
tion and temperature and those in the condensate film are constant.  The results for
wall heat flux and concentration mass flux agree well with the solutions of the author’s
algebraic equations when the physical properties are evaluated at the arithmetic mean
of the mass concentration at the vapor-liquid interface and the bulk and the corres-
ponding saturation temperature, or evaluated at the arithmetic means of the mass con-
centration and temperature at the vapor-liquid interface and the bulk, and agree with
the arithmetic mean values of the wall heat flux and concentration mass flux which are
solved by using the physical properties evaluated at the vapor-liquid interface and the
bulk.

B'%525.
V=
THTREEROBREIREH I oW T OMRORE ¢, - EEHH
WiepnT, SHERBNOYEMHEIZIEI—EBEFG5 2 Cr(Pry), Cr(Sc) © 3K (59a, b)

LR Twi, FREELRAREIEETALTHS D D I HEILERE

1. #&

I

CERRELLDSTHD. Frp (M), Fer( Mg EERTTH NGRS, X(26), (27)
AR FE1E IR G 7R R 0 AR b o sl A AR H, e, A (52)

oW T, [ HEOMREE LREICX KA My, ERTEHERRE, X (60)

Y ERE LB A OBERN T, EPtEogeoR My © BERTUEHE & ’m X (56)

B F RO CRHEAIR S L R R R E 2t m,. . EFTEREERE

KA RO DBOFKMOREDHEMIZ >V THRET 5. p HEN

AT LT, WEOWBEE gL L, FofE Pr 79 MVE(=H/1)

_ _ q L ERIE

Rttt P— R 2 ML= Pk Prit) ]

* % SFHE T EHAAH Re, ML A NZX¥%, K (51)

—2156—



SAHSE g ORI E

Rey LA JVZ¥%, 3 (58)

Sc a3y hE=v,/D

T iRE

Ty, . REYHEOFMIEE

U Vix BLUy FOEERD
woLEERE (EESFE)

We - 3(60)

Wiy, - ARl O R MR E

x  DPAUGERR 2 S ARSI - Tl o 7o B
y S F OER N o 7
dpy . B OB

ATy  RFAERDBEE = Tyeo— T,e0

s e s

Ter, Moy - HIBIZEE, X(24), (25)
Orr(Mrr), Oy (M) D EEROTIEEE, K (28), (29)
D (M) P HAL SRR, X (30)

€ REREER
A DB
I (.7 3
v UEPRE
rlEE

V, (v y), Yolx, y) @ N EE, X022, (23)
wnF

Ll M BBV T T DM

e REBMFIZXAE

i SR SE T OfE
L D HEOfE
v SMOE

(B x TOME
w {REAETOME
oo I JEBRURARDME
1, 2 &Haintl, BBARGE 2 LT 5.

=

2% #®# =R

VIR AR OB E T L JEELRT.
x VETEARST I D O FARRE ISR » CTHEEB LU 2 g
RERESE (LT, SAa5ReE L) 75 5%E T 50
MU - 7o FREE, v 1 FEHERE D S RGN 5 7
i, S RHBES, J3KAERBES BEEk
WEoTERLRD) ThAH UBLPTVTIREFRFN &
FHIMEER ST LBy FIRERSTHY, Tk
FE, Wy RS 1 O HEIRE (BE0%F), pid
ROENTHAH. RFE L IREROME, R"F VIR

(I JB s s O % &)

p=const.

Y Vapor boundary layer

Uve, TV, Wiva o, Wiy
T —r B Interface: T;,Wvi
/// Vv A Condensate film
.~ Uv T Wi
/
4 Vit U S 7 «

Tw

Fig. 1. Physical model and coordinate systems for
forced-convection laminar film condensation.
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Table 1. Numerical results for forced-convection 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
Tre Flrp Fro| , , T | To | guelt/Ur)? i (1/ Upeo) V2
No. e Wiveo || Trws 03 Fry, 10-3 Flep | =@ |~ O Wi T 1T | wawn X10% kg% 12x 103
AW-1Sa| 98.0(0.0886(|1.9 7.1268|2.771113.527 [ 1.0667 | 0.6461[0.5275]0.4713 | 87.76 | 72.39 8.859 3.828
AW-2Sa| 95.0(0.2275||1.65 13.9448]1.0499| 6.507{0.5853|0.3944|0.6065;0.5076 | 86.36 | 81.18 3.564 1.5428
EW-1Sa| 95.010.3428}11.80 |4.6175}1.6970| 8.307]0.8075}0.4614|0.55680.6656 | 86.20 | 71.93 5.094 2.516
AW-1Su| 198.0{0.0886|1.9 7.1262)2.7487113.526{1.0812|0.6507 | 0.5276 | 0.4905 | 87.03 | 69.93 9.724 3.877
AW-2Su} 195.010.2275([1.65 |3.,9592|1.0434| 6.530(0.5937|0.3949 |0.6065|0.5167 | 85.99 | 80.16 3.992 1.5565
AW-3Su| 198.0(0.0886| 1.8908|6.8709|2.589012.979|1.0620|0.6398]0.5300|0.4595 | 88.19 | 72.39 9.161 3.652
AW-4Su| 195.0(0.2275]| 1.6333]3.8625]0.9916| 6.30610.5858|0.3910(0.6127]0.5004 | 86.65 | 81.18 3.802 1.4792
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Fig. 2. Comparison of the algebraic solutions (g,.), (x/Upe)"* from Eq. (62) ((J—L]: saturated, B
— M superheated) and (m,), (x/Upo) V2 from Eq. (63) (O — O: saturated, @ — @:
superheated) with the corresponding numerical solutions ¢, (x/Upe)"? from Eq. (53) and m
%/ Upwo)V? from Eq. (54) (——: saturated, - - - - : superheated) in the case of forced--
convection condensation of binary vapor mixtures.

(a) air-water (AW-1Sa and AW-1Su in Table 1),
(b) air-water (AW-2Sa and AW-2Su in Table 1),
(¢) 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), (1), (D), (IV) and (V).

AW: air-water, EW: ethanol-water, Sa: saturated, Su: superheated.

r algebraic solution
— — —T
[smmm (1) (I (m) (V) (V)
| solution Wireo Wi Ty mean of the val-] (Wit Wipeo) | (Wip+ Wipe)
\ ues of (I) and| /2 and corres- | /2and (T + T
() ponding 7, w) /2
(T3i) (T3) (Ti) (T%) (Ti) (Ti)
AW-1Sa 8.86 (87.76) | 8.63 (87.40) | 9.37 (88.54) | 9.00 (87.97) | 9.00 (87.98) | 8.88 (87.77)
G (3/ U NE AW-2Sa 3.56 (86.36) | 3.46 (86.26) | 3.76 (86.64) | 3.61 (86.45)| 3.61 (86.45) | 3.57 (86.39)
m EW-1Sa 5.09 (86.20) | 4.78 (85.80) | 5.47 (86.68) | 5.13 (86.24) | 5.10 (86.21) 0 (86.21)
AW-1Su 9.72 (87.03) | 9.47 (86.59) | 10.46 (88.21) | 9.96 (87.40) | 10.08 (87.64) | 9.97 (87.41)
AW-2Su 3.99 (85.77) | 3.88 (86.14) | 4.28 (86.42) | 4.08 (86. 14) 4.07 (86.23) | 4.07 (86.13)
AW=-1Sa 3.83 3.68 4,01 3.84 3.84 X 3.79
7o (x) Upe) V2 AW-2Sa 1.543 1.486 1.617 1.552 1.550 1.533
lgm—2s~ /2% 103 EW-1Sa 2.52 2.37 2.66 2.52 2.50 2.50
AW-1Su 3.88 3.64 4.09 3.87 3.91 3.87
AW-2Su 1.557 1.471 1.648 1.559 1.576 1.557
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