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Abstract—Analysis of laminar film condensation of binary vapor mixtures undergoing forced flow down
a vertical flat plate is presented. The conservation equations representing the coupled two-phase flow
problem are markedly nonsimilar and were solved numerically using a forward marching technique.
The behavior of the liquid film was treated by means of a locally valid Nusselt-type analysis which provided
interior boundary conditions for the vapor-side problem. Locally variable properties in the liquid phase
were obtained from mixture data. the effects of temperature variations across the falling film being
evaluated at appropriate reference temperatures. Vapor mixture properties were calculated from kinetic
theory.

Heat transfer results in the form g/gy,. where gy, is the classical Nusselt solution for one of the pure
species, are reported for the binary mixtures methanol-H,O. propanol-H,0, acetone-H,O. and
acetone—CCl,. For non-azeotropic binary mixtures. it is found that q/qy, passes through minimum values
as the bulk concentration of the more volatile component increases. The approach to the minimum is
similar in behavior to the noncondensable gas problem. the magnitude of q/qy,|n being inversely pro-
portional to the relative volatility of the binary pair. A second feature of binary film condensation is the
first order dependence of the results for g/qy, on the composition of the liquid film via variable liquid
properties. The effects of forced convection are similar to those observed for the noncondensable gas

problem.
NOMENCLATURE ) Pr. Prandtl number = uC/k;

A. physical property group = k;p,A/v;; q. heat flux;

B, mass transfer driving force; dy,.  Nusselt heat flux = [k}(T, - T,)*

C, heat capacity ; pigifaxv]t;

%,,. binary diffusion coefficient ; Re,. Reynolds number = u,x/v,;

g. standard gravitational acceleration; Sc. Schmidt number = v/%,,,

# mass-transfer conductance ; T absolute temperature ;

h, enthalpy; u.v, velocity components;

J. mass diffusion flux; x.y.  boundary-layer coordinates.

k. thermal conductivity;

m. mass fraction;

. condensation rate per unit area = Greek symbols

pols; o. relative volatility = p,(T,)/p,(T,);

p. partial pressure; d, condensate film thickness;

P, total pressure; £ constant defined in equation (25);

*This work was supported in part by the State of California - suction parameter - _.mRe;/z'//p"’e‘le;
through the University of California Statewide Water Al latent heat of vaporization;
Resources Center and by the Department of .the Interior. o absolute ViSCOSity;
0S¥ Cri No, 3020 Compus e o e L. inematc viscosiy
Computing Network of the University of California. Los p. density;
Angeles. T, shear stress.
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Subscripts
e. at the vapor boundary-layer edge ;
i. at the vapor-liquid interface;
L in the liquid phase;
min. minimum
s. at the s—surface (see Fig. 1);
u, at the u-surface (see Fig. 1);
v, in the vapor phase;
w. at the wall;
X. at position x;
—-1. as®# - —1;
L of the more volatile species:

of the less volatile species.

Superscripts
*, independent of x.

INTRODUCTION

IN A RECENT paper, Sparrow and Marschall
[1] formulated a predictive theory for binary.
gravity-flow film condensation on a vertical
plate in the absence of forced convection. The
analytical method was applied to condensation
of saturated mixtures of methanol and water
vapor at 1 atmosphere. Heat-transfer results in
the form q/q,, where g, is the Nusselt heat flux
based on ambient conditions. exhibit a marked
dependence on bulk composition and overall
temperature difference. Strong minima in ¢/q,
are found. at a bulk composition m, , = 0-41.
whose magnitudes vary directly with overall
temperature difference. At high condensation
rates, a simplified computational procedure is
developed which does not require solutions of
the vapor-side boundary-layer equations.

Since the physical properties of liquid mixtures
vary strongly with composition, it is of interest
to examine further the problem of binary film
condensation for other systems. In addition. as
demonstrated in [1], the character of the results
is intimately related to the nature of the vapor-
equilibrium curve for a given binary pair. Thus,
a fully predictive theory requires a broader
spectrum of results in order that the combined
effects of variable properties in the liquid phase
and the diverse characteristics of vapor—liquid
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equilibria for various systems may be delineated.
Furthermore, the usual industrial situation in-
volves forced flow of the vapor phase. As demon-
strated in [2] and [3]. the effects of forced flow
on the mass transfer conductance for
condensation of pure vapors in the presence of
a noncondensable gas has a marked influence on
heat-transfer rates. Similar effects would be
anticipated for binary film condensation. since
the more volatile species would tend to behave
like a noncondensable gas.

The objectives of the present paper are to
investigate the effects of forced flow and variable
physical properties on film condensation of
methanol-H,0, propanol-H,O, acetone-H,O
and acetone-CCl,. These systems were chosen
because their thermo-physical properties en-
compass a variety of features which are en-
countered in practice. For example, aqueous
mixtures of methanol and propanol exhibit
strong maxima in liquid mixture viscosity. The
propanol-water system additionally exhibits a
minimum boiling azeotrope; while. saturated
mixtures of acetone-CCl, are essentially iso-
thermal over a broad range of composition.
The acetone-water system exhibits a sharp
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Fi1G. 1. Schematic of physical situation.
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ANALYSIS
Governing equations and boundary conditions
For the vapor phase, the equations governing
conservation of mass. momentum. species. and
energy are, respectively,

G 0
ax P + 5, (p0) =0 (1)

ou ou
-
o Ptim—+ P o ( 03 >+g(pu Poe) (2)
" om m 5,
~ 60 pvu—a'x_l + PV __y_l = a ( 12 a > (3)
50 T oT o [k, 0T
ml’e'O-G pu a + PV —=— y = 5' ay
1' v
k, 6TolnC 7
40 + v ¥ p,v+pv IZ(C p)z)
'.:0-9 Cp v ay ay Cp,v
30 om, oT
A (m) -ccim) e 4
s @
|
2%, 02 - 04 06 l 08 l -0 where the second order effects of thermal
My diffusion. viscous dissipation. compressible heat-

Fi1G. 2. Vapor-side equilibrium data with example of

accumulation of more volatile species (m,) at the s-surface
(acetone-H,0; x = 0-5ft, u, = 10 ft/s, T, — T,, = 20°F).

decline in equilibrium temperature as m; , — 1
(see Fig. 2).

The physical situation involved is illustrated
in Fig. 1. The vertical condenser surface is at a
uniform temperature T,. The coordinates along
and normal to the surface are x and y, respect-
ively, and the corresponding velocity com-
ponents are u and v. At some distance from the
surface, the [saturated] vapor mixture has
composition m, , and pressure P,, and is flowing
at a uniform velocity u,. The temperature T, is
the dew point temperature for given P, and
m, .. The condensate film has thickness 6, which
varies with x. At the vapor-liquid interface.
the temperature 7; and. hence, the mass fraction
m, s (or. equivalently, m; ,) are unknown and
must be determined in the course of the analysis.
Here. the s- and u-surfaces denote locations §*
and 5. respectively. With forced flow. T, and
m,  are of course functions of x.

ing, and diffusion-thermo have been neglected
in equations (3) and (4).

For the liquid phase. the composition at the
u-surface (see Fig. 1) is expected. for the non-
similar problem under consideration here. to
vary with x. Thus, an assumption of uniform
composition throughout is not valid. However.
when the full boundary-layer equations were
employed to account for transport of
momentum, mass species, and thermal energy
in the liquid film. it was found [4] that the
classical Nusselt assumptions. wherein con-
vection of energy and momentum in all but low
Prandtl number fluids may safely be neglected
[5]. can be extended in the present situation to
include convection of mass species as well.
{See Resuits and Discussion.) Thus. the defining
equations in the liquid film are taken as

d?u
0= “‘d—y7 + g(p1 ~ Py, (5)
dar
=— 6
0 I (6)
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d?m,
0=37 (7
where. from equation (7). it is seen that the
liquid-side composition is uniform across the
liquid film since the wall is impermeable. The
variable liquid properties are therefore evaluated
locally at composition m, (x) and. following

[5]. reference temperature

Equations (1}7) are subject to the boundary
conditions

U — U, my —m; . T->T, (%9a)
as y = o0;
u=0.dm/dy=0T=T, (9b)
at y=0; and
ul, =ul, =y (10)
T,=Tl,=T, (11)
ou ou
— =, = =1 12
H’l ay . Auv ay . ‘Cl ( )
. . : ) om,
mmxlu = mml's +.]1,yls = mm1|s - Pu@u—a“
(13)
mhl, + q,l, = mhl; + g, (14)

at the interface. Equation (13) may be written in
the form

P2 13Om0y _ "= _(_&qudyl, (15)

0

[/
7n1’s — My

where. clearly. m, = m, Equation (14) may be
written as

oT
k dy u_ Y Oy
provided the heats of solution are negligibly
small. It is shown in [4] that the heats of
solution for methanol and water contribute.
at most, 3 per cent to the total heat load at the
wall. Since the heats of solution for other binary
pairs are comparably small, this effect was
neglected throughout. In addition. it is presumed

—m(ml’ulll =+ 7"2,u12) + k (16)

s
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that the interface is in thermodynamic equi-
librium. Thus, for a given total pressure.
T,=TimP) and my,=m[m  P,).
(17)
Following Patankar and Spalding [6]. equa-
tions (1)}+4) were solved by means of finite
difference methods, iteration being required at
each marching step to achieve compatibility
with the liquid side problem. A detailed descrip-
tion of the overall numerical procedure is given
in [4]. For the cases reported here. 100 node
points were used across the vapor boundary
layer and. as shown in [4]. the maximum error in
the heat transfer results is a few per cent.

Thermophysical properties

Experimental data for the mixture properties
o k. u, and A were extracted from sources
listed in [4] and fit with appropriate algebraic
expressions. Vapor-liquid equilibrium data was
taken from Landolt and Bornstein [7] and
local interpolation used to relate m, ,, m, ,, and
T, For the vapor-side transport coefficients,
mixture rules as set forth by Mason and Mon-
chik [8] were used to calculate, first 2,, and,
then, u, and k,, assuming a Lennard—Jones inter-
action potential. Collision parameters were taken
from Svehla [9]. Ideal gas behavior was assumed
in the vapor, and the purc species values of g, k
and C, were obtained from sources listed in
[4]. A complete bibliography of data sources
and calculational procedures appears in [4].

RESULTS AND DISCUSSION

The effects of forced flow (u,), overall tempera-
ture drop (T, — T,,), and free stream composition
(m, .) on binary film condensation of methanol
(m,)-water (m,), propanol (m,)-water (m,). ace-
tone (m,)-water (m,), and acetone (m,}-CCl,
{m,) have been investigated at the total pressures
P, = 760, 760, 200 and 300 Torr, respectively.
(The values of P, were dictated by available
vapor-liquid equilibrium data) Vapor-side
equilibrium data, in the form T(°C) vs. mass
fraction of the more volatile component (m, ).
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are displayed in Fig. 2. Note that propanol-
water exhibits a strong minimum boiling azeo-
trope  (T=8776°C., m;  =m; , = 0718).
acetone—CCl, is essentially isothermal over the
range 05<m;,<10 (T=3125°C) and
acetone-water exhibits sharply declining
temperatures for 0-88 < m; , < 1-0.

Typical heat transfer results are displayed
in Figs. 4-10 where the local heat flux g. with
the exception of the results in Fig. 10. has been
normalized with respect to the classical Nusselt
heat flux for film condensation of pure water
vapor (the less volatile component). assuming
the vapor to be saturated at ambient temperature
T .

= [kAT, — T.)° gpidjdvix]* . (18)

Over the range of conditions considered,
1073 . Re, (x = 0-5ft and u, = 100 ft/s) typically
equaled about 3-3, 2-3, 1-4 and 10, respectively
for the systems cited above. Thus, the assumption
of a laminar vapor boundary layer. with the
possible exception of the 100 ft/s acetone—CCl,
results, is sound. For the liquid film 4I'/y;, where
I is the mass flow rate per unit width of film at
x =035 ft. ranged from 6:6-120, 43-120, 3-20
and 40-130, respectively. Again, the assumption
of laminar flow is probably sound [10, 11];
although, at the higher film Reynolds numbers
rippling most likely occurs [12]. Nonetheless,
the results are not without value since they serve
as base solutions for empirical correlations and
future theoretical analyses of the effects of waves
and turbulence.

The accuracy and credibility of the solution
method are demonstrated in Figs. 3 and 4.
The assumption of locally uniform composition
in the liquid phase is supported by the results in
Fig. 3 where solutions of the full boundary
layer equations in both phases are compared
with solutions obtained using equations (5)}-(7)
for the film. (The non-monotonic character of
T,— T, and m; near x =0 is due to some
degree of arbitrariness in assigning initial con-
ditions [2].) Although the resistance to mass
transfer is not inappreciable (compare solid
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103 10? o'
X, ft
FiG. 3. Comparisons of results obtained using boundary

layer forms of the liquid-side conservation equations ( )
with those using equations (5)}7) (— — —). Methanol (m, }-
water (m,); P, =760 Torr, m; , = 05, u, = 10 ft/s, T, —
T, = 20°F, Sc, = 800. Fifty node points across vapor
boundary layer, 21 nodes across liquid film.
curves for m, , and my ). the results for q/qy,
suggest that equations (5)7) are adequate for
predicting heat transfer. This is a consequence in
part of the near isothermal character of the
interface—over the range of conditions treated
here, T(x) varied approximately 0-5°F on the
average (0-05 < x < 05 ft). with a maximum
change of about 3°F.
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F1G. 4. Condensation of methanol-water mixtures at u, — 0
(P, = 760 Torr); this study, — — — [1].
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In Fig 4. results for methanol-water. with
u, — 0 are compared with similarity solutions
extracted from [1]. (Results were not obtained
at u,=0 due to prohibitive computational
cost.) Excepting a small region near x = 0.
where nonsimilar effects are evident. the agree-
ment is uniformly excellent. Even at 1 ft/s. the
results quickly merge with the similarity solution.
The latter result is not surprising since, as dis-
cussed in [1], the influence of streamwise con-
vection on the convective flow field, for u, — 0,
is relatively weak at the high interfacial mass
transfer rates which obtain with T, — T, so large.

With increasing u, the effects of forced
convection are more pronounced (Fig. 5). Not
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06— —]
08— ue=lOO ft/s |
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£ 04—
3
32 L .
v
~
s 03 —
| 10 ft/s ]
i \L«
- P ft/s -1
O tp—
AN MY SN WO S DO N B
o] ot oz 3 o4 05

X,
FiG6. 5. Effects of u, on condensation of methanol-water
mixtures; P, = 760 Torr, T, = 1975°F, m; , = 0409, T, —
T, = 20°F.
only does the level of g/qy, rise but also the
physical situation becomes increasingly more
nonsimilar. As discussed in [2] and [3]. these
effects are a direct consequence (i) of vapor drag.
and (ii) enhancement of the mass-transfer
conductance. For boundary layer flows under-
going strong suction, vapor drag is approxi-
mately equal to the asymptotic value mu, and.
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since rhoc x " "(n > 0). the effects of u, on the
liquid film thickness and, hence. g are self-
evident.

From equation (15), there may be defined

m — pg;z(amZ’,ayMs

(my, — My #g 1)
where
B =My, — my Jmy  —m, ) (20)
is the mass transfer driving force and
#=02,0[m/m;y, — mZ,s)]/ayls (21)

is the mass-transfer conductance. Paralleling
arguments in [3], 4 may be expected tc assume

the form
g=C.g_, Fin (22)

where C is a constant,

a x=0lft

¢ 02f -

o] O-5ft ]
Bt AL ft/s
—_— 10 ft/s ]
—_— 1001t /s —

q/q/vu, H,0

C G2 o4 o6 o8 0

7 methonol, &

FiG. 6. Effects of m, , and u, on condensation of methanol-
water mixtures; P, = 760 Torr, T, — T,, = 20°F.
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g1 =P cu.Sc; 'Re}[21 + B)(1 + S, ]
(23)

is the similarity solution of Acrivos [13]. which
applies in the limit # - —1. and F(n) is a
monotonic increasing function of the suction
parameter [14]

’7 = qNuRe:*%/pu,eue'1 . (24)

For given x. T, — T, and m, ., goc u? and one
might expect an approximate 3—fold increase in
qg= —/Am for each 10-fold increase in u,.
provided # remained constant. However. at
x = 03 ft, # actually increased from —0-66 to

-2 ] T —T T T T T
i
0 —— T, -T=l0°F 7
\ —_ 20°F .
\\ - 40°F
08 \\ -
S o I XA )

0-4 06 o8 0
mmethunol ]

Fic. 7. Effects of m, , and T, — T, on condensation of
methanol-water mixtures; P, = 760 Torr. u, = 10 ft/s.

—0-57 as u, increased from 10 to 100 ft/s. Thus
Bgl100/B¢|10 = 2:5. which compares favorably
with the actual 2-2-fold increase exhibited in
Fig. 5.

The effects of m,; , on film condensation of
mixed vapors are displayed in Figs. 6-~10. The pre-
dominant features of the results are (i) an initial
rapid decline in g/qy, as m, , increases. and
(ii) minima in g/qy, for the non-azeotropic
binary pairs. These trends are, to first order,
related to physical property variations in the
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FiG. 8. Effects of m, , and u, on condensation of acetone-
water mixtures; P, = 200 Torr, T, — T,, = 20°F.

liquid phase as well as to the nature of the vapor-
liquid equilibrium curve. For given x and T, —
T.. heat transfer across the liquid film is charac-
terized by the physical property group A =
k?p,Ajv, (see equation (18)). The ratio (4/4,)%.
where A, is the larger of the values of 4 at the
pure species end points, is presented in Fig. 11
for typical film temperatures. For the aqueous
mixtures, k,. p, and A decrease with increasing
organic concentration (m, ,) whereas g, exhibits
strong maxima. Thus, (4/4,)% where 4, =
An, =0 initial decreases very rapidly as
m,, increases. However, for acetone-CCl,. the
much larger density of CCl, partially compen-
sates for strong reduction in kPA/p, with
increasing mccy, ., and (A/A,)* increases
modestly with increasing m; , = M, ione, w
Returning to Fig. 2. it is seen that as [more
volatile] species 1 accumulates at the s-surface
(Fig. 1) due to convective inflow. T(m, . P,)
drops below T, (see, for example, the saturated
vapor curve for acetone (m;>H,O(m,)). This
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F1G. 9. Effects of m, , and u, on condensation of propanol--
water mixtures: P, = 760 Torr, T, — T,, = 20°F.

effect is not unlike that for the noncondensable
gas problem [2. 3. 15] wherein accumulation of
a noncondensing species at a pure condensate
film surface leads to marked reductions in
q/qn. The severity of this “noncondensable gas
effect” increases, of course. with relative vol-
atility o = py /Dsar,,» However. unlike the
noncondensable gas problem, condensation of
mixed vapors is further complicated by the
strong dependence of the aforementioned physi-
cal property ratic (4/A4o)* on m ,(m, .. P,).
Bearing the above in mind. interpretation of
the effects of m; , on q/qy, is straightforward.
Thus, the initial behavior of g¢/qy,pn,0 for
aqueous mixtures of methanol and acetone is
similar (Figs. 6-8) since the nearly 3-fold more
rapid decline in (T; — T,) with increasing m,
for the former is balanced by a larger value of
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FiG. 10. Effects of m, , and u, on condensation of acetone-
CCl, mixtures; P, = 300 Torr, T, — T,, = 20°F.

o (89 versus 4-3) and a more rapid reduction in

(A/Ao)t for the latter. For propanol-water

(Fig. 9). rapid reductions in (4/4,)* with in-

creasing m, , are ameliorated by a small value

of a(~1); while, for acetone-CCl, (Fig. 10),
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o8 -
0-6 —

04 ~
‘“HZO‘merhunol ,70°C

o2 —HZO —acetone, 45°C—
| H,O-propanol , 90°C__

bl b
[e] 0-2 0-4 0-6 08 [Xe)

m
(2

FIG. 11. Effects of liquid film composition on 4 = k}p,2/v,.
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strong reduction in T, — T, with increasing
m, , are sharply compensated for by a modest
value of o (~ 2) and increasing values of (4/4,)*.

The minima in g/qy, are dictated by equili-
brium considerations; as m; , — 1, the extent
to which the more volatile species can accumu-
late at the interface is constrained (m; ; < 1)
and (T, — T)AT, — T,) — 1. For acetone—CCl,.
the minimum occurs at reduced m, , because
T; is essentially uniform for m; ; > 0-5 (see
Fig. 2). Also. q/dyy acerone increases thereafter
and surpasses its initial value because (A4/4,)*
increases with increasing m, , (Fig. 11). For
acetone-water, g/gy, undergoes a second sharp
reduction as m, , — 0-7. From Fig. 2. it is seen
that for0-6 <m; , <097, - =T, - T, =
20°F (11-11°C). At m; ,= 06, for example.
T,— T, =065F when T, — T,, = 20°F. u, =
10 ft/s, and x = O-5 ft. As might be expected. the
numerical technique described earlier experi-
enced stability problems as T, — T,. Thus. an
“approximate” method was devised whereby
the vapor-side problem is effectively decoupled

from the liquid side problem by setting
T, — T = constant = (T, — T,)) — €. (25)

a “‘best value” of ¢ being established iteratively
by calculating

T(x) — T, = —mA(T, *)/k, . (26)
where
m=pD,0m0y|/[my (T, *) — my (T, *)].
(27)
and imposing the constraint
Trr—Tydx =0 (xg~10"*f).  (28)

Xo

For (T, — TH(T, — T,) < 0-05, this approach
results in only modest reductions in accuracy.
For larger values, the approach is still satisfactory
for engineering calculations. For example, Fig,
12 presents comparisons of results obtained in
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this way with the “exact” solution. Despite the
fact T, — T, as computed from equation (26)
varies by a few degrees, the maximum error in
q/qy, is still less than 10 per cent. Although
T¥ could be assigned as a monotonic decreasing
function of x, this proved to be unnecessary in
the present situation.

The absence of a minimum in g/gqy, for
propanol-water (Fig. 9) is due to the presence of
an azeotrope atm, , = 0-718. For m; , > 0-718.
water is the more volatile component and m,

o2}

— 5~ 7,=3.5°F
L3

——= T =~ 7 x25°F

[~ eees Exact solution

L |

[
¢ [ofl}

PR RO S AT N N
02 03 04 05
X, ft

FiG. i2. Comparisons of decoupled solution technique with
full numerical solution; acetone-water, m, , = 0-14, T, —
T, = 20°F, u, = 10 ft/s.

< m, ., From Fig. 2, it is seen that T, — T,
therefore approaches 7, — T, as m; , — 1 less
rapidly than is the case for the non-azeotropic
pairs. Since (4/A,)* continues to decline as
m; ,—1, q/qy, decreases monotonically over
the full range O < m,; , < 1.

Of added interest is the effect of forced flow
on the location of ¢/qy,|mn- For methanol-
water (Fig. 6), it is seen that m, , at q/qy,|min
shifts from m; , = 043 to m, , =065 as u,
increases from 1 to 100 ft/s. This effect is due to
enhancement of the mass transfer conductance
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(¢ oc u}). which serves to ameliorate the effects
of net accumulation of (more volatile) methanol
at the s-surface. Thus, the deleterious effects of
reductions in both T, — T, and (4/A4,)* on
q/qy, are less severe as u, increases. Not un-
expectedly, the effects of increasing u, on the
rate of shift in m, , (4/qyy|mn) are most pro-
nounced at u, — 0. For acetone-CCl, (Fig. 10).
the relative reductions in m; , — m,, with
increasing u, also lead to increased values of T, —
T,,; such increases are opposed by decreased
values of (4/A,)* (Fig. 11) and the net effect is a
negligible shift in m; (q/qyy|mm )- For acetone-
water (Fig. 8), the minima in q/qy, are so
sharply defined by equilibrium considerations
that negligible shift occurs.

Typical results for the effects of T, — T, on
q/qn, are presented in Fig. 7. It is seen that m, ,
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EFFETS D'UN ECOULEMENT FORCE ET DES PROPRIETES VARIABLES SUR LA
CONDENSATION D’UN FILM BINAIRE

Résumé—On présente [’analyse de la condensation en film laminaire de mélanges de vapeurs binaires qui
s’écoulent en mouvement forcé vers le bas le long d’une plaque plane verticale. Les équations de con-
servation représentant le probléme d’écoulement biphasique sont nettement non affines et sont résolues
numériquement a I’aide d’une technique itérative. Le comportement du film liquide est traité au moyen
d’une analyse du type Nusselt localement valable qui satisfait les conditions limites internes pour le
probléme du c6té vapeur. Des propriétés localement variables dans la phase liquide sont obtenues a
partir de résultats sur le mélange, les effets des variations de température a travers le film tombant étant
évalués A des températures de référence appropriées. Les propriétés du mélange de vapeurs sont calculées
a partir de la théorie cinétique.

Les résultats de transfert thermique donnés par le rapport g/qy, ol gy, désigne la solution classique de
Nusselt pour une des espéces pures, sont rapportées aux mélanges binaires méthanol-H,O, propanol-H,0,
acétone—H,O et acétone—CCl,. Pour des mélanges binaires non azéotropiques on trouve que g/qy, passe
par un minimum quand la concentration moyenne du composant le plus volatil augmente. L’approche
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du minimum est semblable dans la solution du probiéme avec un gaz non condensable, la grandeur du

rapport g/qy, min; €tant inversement proportionnelle a la volatilité relative de la paire binaire. Une seconde

particularité de la condensation en film binaire est la nette dépendance de g/qy, vis a vis de la composition

du film liquide & travers ses propriétés variables. Les effets de convection forcée sont semblables 4 ceux
observés dans le probléme du gaz non condensable.

DER EINFLUSS ERZWUNGENER STROMUNG UND VERANDERLICHER
STOFFWERTE AUF BINARE FILMKONDENSATION

Zusammenfassung—Fs werden Betrachtungten angestellt ber die laminare Filmkondensation von
binaren Dampfgemischen bei abwartsgerichteter Zwangsstromung an einer senkrechten ebenen Platte.
Die Erhaltungssitze fiir dieses gekoppelte Zweiphasenproblem sind im wesentlichen undhnlich und
wurden direkt numerisch gelost.

Das Verhalten des fliissigen Films wurde mit Hilfe einer 6rtlich giiltigen, Nusselt-artigen Betrachtung
behandelt, die die inneren Randbedingungen fiir die Dampfseite bereitstellte, Die ortlich verdnderlichen
Stoffwerte der fliissigen Phase wurden aus Werten der Mischung berechnet. Der Einfluss der veranderlichen
Temperatur quer zum fallenden Film wurde bei geeigneten Bezugstemperaturen beriicksichtigt. Die
Stoffwerte der Gasmischung wurden aus der kinetischen Theorie berechnet.

Die Ergebnisse des Wirmeiibergangs in der Form g/qy,, wobei gy, die klassische Nusseltlosung fiir eine
der beiden reinen Stoffe ist, werden fiir die biniren Gemische Methanol-H,0, Propanol-H,0, Azeton—
H,0, und Azeton-CCl, aufgezeigt. Bei nicht azeotropischen bindren Gemischen zeigt sich, dass g/gy, ein
Minimum durchlduft, wenn die Freistromkonzentration des flixchtigeren Gases zunimmt. Die Anniherung
an das Minimum ist im Charakter dhnlich dem Problem bei nichtkondensierbaren Gasen, wobei die
Grosse von §/qyumin Umgekehrt proportional der relativen Fliichtigkeit des biniren Stoffpaares ist. Fine
zweite Eigenheit der Filmkondensation bindrer Gemische ist die lineare Abhdngigkeit der Werte g/qy,
von der Zusammensetzung des flissigen Films auf Grund der verinderlichen Fliissigkeitsstoffwerte. Die
Einflisse derZ wangskonvektion sind dhnlich den beobachteten bei dem Problem der nicht kondensier-

baren Gase.

BJINAHUE BbIHYRIEHHOIO IIOTOKA 1 NEPEMEHHBIX
TEMVIOOGN3NYECKN X CBONCTB HA ILJIEHOYHYIO KOHIEHCAIIUAIO

Amsoranus—IIlpoBoguTca aHain3 JTaMMHApDHOH IJIEHOYHOM KOHJEHCAUMM GHHAPHHIX
NapoBHIX CMecell Ha BePTUKAIbHOM TIIOCKOI NIACTMHE NPU BBIHYMKIEHHOM TeYeHMU. Y paBHe-
HUA COXPAHEHUHA, ONUCHBAIONINE CONMPAKEHHYIO 3a/a4y ABYX(ABHOrO TeYeHMA, HEABTOMO-
JelbHBEl N DEHAKTCA YUCIACHHBIM MeTofoM. IloBedeHue MUAKONR INIEeHKN AaHANU3UPYETCHA ¢
nosuuuit reopur HyccenpTa, B peayabTare 4ero BHIBOJATCA I'PAHUYHLIE YCIOBUA 3ajadu JJIA
napoBoit Qazul. Ilo faHHBLIM IAA CMeCH OHpeleNfAInch JOKANbHLIeE SHAYEHUA CBOMCTB MUIKON
¢$asel, npuveM BIMAHME H3MEHEHMI TEMIIEPaTyphl IO CeYeHUI0 MaJaloliell MIeHKH OleHMBA-
JI0Ch OTHOCUTEJLHO COOTBETCTBYIOIIeH npuBejleHHOA TeMmmeparyphl. CBONCTBA NAapOBHIX
cMeceit pacCYUTHIBAINCH [0 KMHETHYECKOH TEOpHH rasoB.

Jaunble 0 TenumooGMeHy B BUJE 3aBUCUMOCTH §/q yy, THE ¢ yy -PESYIBTAT KIACCHYECKOTO
pemenuss Hyccenera s OMHOKOMUOHEHTHO!N Cpefsl, NPeACTABIEHH A OHHADHHIX cMecel
H,0 ¢ MeTaH0I0M, IPOTIAHONIOM, AUETOHOM , & TaKMKe AIA cMech aneron- CCl,. YeranosaeHno,
YTO JIIA HEeaseOTPONHLIX OWHAPHBIX cMecell g/gy, BOBpacTaeT ¢ yseauvenumem oGLeMHOM
KOHUEHTpaluu 0ojiee JIEeTyYero KOMIOHeHTA. TEHJEHIHMSA K MHHMMYMY TAKAaA e, KaK B
3ajjade O HEKOHNEHCHDYIOMIEMCA rase, NPUYEM BEJNHUYMHA ¢/q yy min OOPATHO NpPOMOPIMO-
HAJbHA OTHOCUTENbHON JIeTy4ecTH OMHApHOM mMAaph. BTOpPHIM OTIMYATENBHBIM CBOWCTBOM
GMHAPHON NJIEHOYHOM KOHJEHCALMM ABJIACTCH 3aBMCUMOCTH BEIMUMHH q/q y, OT COCTABA
JHUAKON IUTeHKH BCJE[CTBUME TNepeMEeHHOCTH CBOMCTB RMAKOCTM. Biausinue BHHYMIEHHON

KOHBEKIUN CKa3LIBAETCA TaK#e, KaK B CAy4ae HEKOHASHCUPYIOIETOCA ra3a.
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