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Abstract—A boundary-layer analysis of direct contact condensation of binary vapor mixtures on a
laminar coolant flowing in a duct is presented. The binary mixture condensate may be immiscible or
miscible in the coolant. Both condensable components are, however, assumed completely miscible. The
analysisincludes also effects of forced convection of the vapor and interfacial resistance at the vapor-liquid
interface. The analysis assumes constant properties which are evaluated at an appropriate reference state.

The boundary-layer equations were solved numerically in a transformed coordinate system which
admitted a similarity solution for short ducts and when the surface resistance is negligible (B = o).

The solution is demonstrated for the condensation on water at atmospheric pressure of the immiscible
mixture CS,-CCl,.

For the case of B = co and at the leading edge, the analysis predicts and appreciable reduction in
the condensation fluxes as compared to the maximum values obtained when the vapor bulk temperature
exists at the interface. This reduction is dependent on the mixture composition and the maximum
thermal driving force (T, ~ Tp). The effect of the forced convection is found appreciable only for
relatively small values of (T, — Tp). The effect of the surface resistance is observed to be appreciable near

the leading edge. The resuits indicate also that the similarity solution may be extended up to & = 0-1.

NOMENCLATURE Sc,  Schmidt number, u/pD;
B, dimensionless heat-transfer coefficient of the T, local temperature;
interface, equation (28); T, temperature corresponding to the partial
C,, heat capacity at constant pressure; pressure of the volatile component at the
D, binary diffusivity; interface—“vapor side”;
£ dimensionless stream function; T,, surface temperature of the coolant stream;
fi the value of f corresponding to the interface; T,, bulk temperature of the vapor;
7 defined in equation (27). Equal to f; for u, longitudinal velocity;
similarity solution; u,,,  value of u at the coolant surface;
h;, heat-transfer coefficient of the interface; u,, Iree stream velocity;
K, thermal conductivity of the coolant stream; v, normal velocity;
K, cpip'/(k'p); V, dimensionless normal velocity, Lv/o’;
L, coolant stream thickness; w, mass fraction in the vapor mixture corre-
M, molecular weight; sponding to the volatile species;
N, V[rp/cpk 0)] AT — Tp); W, mass fraction of the volatile species in the
P, total pressure; condensate;
P°  partial pressure of the volatile species; X, longitudinal coordinate;
0, heat flux in the presence of surface resistance ¥, normal coordinate.
1/B, which is defined by the dimensionless
temperature gradient 06/07 at the interface;  Greek symbols
o5 = :‘;:;S tan’::a(;ﬂ:"ogl);he absence of surface «,  thermal diffusivity of the liquid;
0,(B = c0), heat flux in the absence of surface B, velgqty ratio, ?“’0/ Hw> . .
resistance and when T, = T, ; 7, act1v1t‘y coefﬁment of the volatile SpCF:ICS;
n, coordinate in the vapor phase, equation (12);
 Present addvess: De - - - #, coordinate in the liquid,’ equation (17);
; ¢ : partment of Chemical Engineering, A latent heat of condensation;
University of the Negev, Beer-Sheva, Israel. . . .
+Present address: School of Engineering, Tel-Aviv Uni- K absolute viscosity, for vapor mixture when

versity, Ramat Aviv, Israel.
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used without subscripts;



1254

~z

kinematic viscosity;
dimensionless axial coordinate, equation (12);

g

P density, for vapor mixture when used without
subscripts;

0, dimensionless temperature,
(T—TT,. —Ty);

¢, wW/iw,,

W, stream function, equation (13).

Subscripts and superscripts

0, inlet, at x = 0;

1, designates the volatile species
(CS; in Figs. 2, 4-7);

2, designates the less volatile species

(CCl, in Figs. 2, 4-7);

0, in the bulk of the vapor;

i, interface;

w, collant surface;

. designates liquid, also differentiation with
respect to »;

s condensate.

INTRODUCTION

CONDENSATION studies in direct contact were mainly
concerned with a single vapor condensing on its own
coolant or with a vapor containing a noncondensable
gas [1-9]. There have been, however, very few in-
vestigations [10-11] on direct contact condensation of
a single vapor or mixtures on another coolant.

Unlike a miscible condensate, the phenomena
occurring on the coolant surface in case of an im-
miscible condensate are quite complicated. In most
cases they probably do not correspond to a filmwise
spread of the condensate on the coolant even for the
case of a single immiscible condensate.

Maa and Hickman [10], for example, condensed
steam directly on a cold oil jet and were able to explain
their results according to the theory of heterogeneous
nucleation which assumes that the condensate nucleates
in the form of tiny droplets on the coolant. More
about these phenomena may be gathered from non-
direct contact experiments. Sykes and Marchello [12],
for example, condensed steam-toluene mixtures and
others in a tube. They correlated their data by the use
of a model having a continuous film of the organic
liquid on the condenser surface and water drops
nucleating on the top of it. The “water side” nu-
cleation heat-transfer coefficient was found to be much
lower than the one which would have been obtained
had they used a two-film model with the water in
laminar flow as a secondary film on the organic liquid.
In other words, the effect of the thickness of the con-
densate is much smaller as compared to the effect of
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the droplets nucleation. Indeed, Bernhardt and West-
water [13] recently, using a high speed camera,
observed the above behavior but found that the con-
densation phenomena of immiscible mixtures was even
much more complicated.

Inlight of what has been said, the overall complicated
phenomena at the vapor-liquid interface are included
in the present analysis by expressing them in terms of
a constant heat-transfer coefficient of the interface
designated as h;. Indeed, Tamir et al. [14] found that
h; is practically constant by condensing directly on
water several organic vapors which are immiscible in
water. In this work, the value of the interfacial resist-
ance, namely 1/h;, was found appreciable and equal to
the average resistance offered by the water film.

In this article we present a theoretical treatment of
the direct contact condensation process of a binary
vapor mixture on a coolant stream. The analysis is
suitable either for immiscible or miscible condensates
in the coolant. The diffusion in the vapor mixture is
included in the analysis and hence a simultaneous
solution of the vapor phase boundary-layer equations
and that of the liquid is necessary to predict the con-
densation rate. On the other hand, by applying this
analysis to heat-transfer measurements, it is possible
to separate the total resistance, namely due to diffusion
in the vapor and the phenomena occurring at the
vapor-liquid interface. The latter resistance, 1/h;, is
important because its value may shed some light on
the condensation process in such systems.

MATHEMATICAL FORMULATION AND SOLUTION

In the physical model under consideration (see
Fig. 1), a coolant stream at temperature Ty is intro-
duced into a rectangular duct or a wetted wall type
condenser, with a fully developed velocity profile. A

FiG. 1. Physical model and co-ordinates.
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binary vapor mixture with mass fraction w,, of the
volatile component enters at temperature T,.(> Tp)
and with a uniform velocity u,,.

During its flow, it condenses on the laminar coolant
surface. The vapors are assumed to attain the coolant
surface velocity, u,,. The additional thickness due to
condensate is neglected in the analysis, hence the
curvature of the x-coordinate which was placed along
the condensate surface is also ignored. Also owing to
the small diffusivities encountered in the liquid mixture,
we neglect diffusion within the liquid mixture (either
in the immiscible case or when the condensate is
miscible in the coolant). The condensate is assumed
to be in equilibrium state at 7; with the vapor mixture
in its vicinity. The vapors are assumed to behave as
an ideal mixture. The energy equation in the vapor
phase is discarded because the major heat in this
process is transferred to the coolant as latent heat. It
is also expected that due to the velocities u,, and u,,,
the buoyancy effect may be neglected and hence its
term was omitted from the momentum equation.

For constant properties, the conservation equations
in the vapor mixture boundary layer read

du 0v
—+—=0 1
6x+6y M
ou Ou %
Tt g )
uﬁx+vﬁy V@yz 2
ow  dw 3w
e, pl” 3
“ax+”ay D@y? (3)

where w = p,/p corresponds to the volatile species.
The energy equation in the coolant reads

2 2
y oT o°T
W1=(Z) | == =o' —5. 4
“[ (L)]@x "oy @
The boundary conditions are:
at x=0: T=Ty, u=u,, w=w, (5
at y= o0: U=Ugy, W=Wy, (6)
at y=0: T=T,, u=u, 7
oT
at y=—-L: —= @®)
0y
The matching conditions at y = 0 are:
0
—pvid = h(T,—T,) = k’l~ )
oy

The mass fraction of the volatile component in the
condensate, w;, is the ratio between its own flux and
the total condensation flux, namely,

ow
—pD — + py;w;
0y

W= (10
PY;
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The vapor-liquid equilibria relationship needed to
complete the formulation may be expressed by:

Wi
wi+ (1—w;)(My/M;)
_ Y (W) P(Ty) Wi (11)
P Wi+ (1 — W)} (M1 /M)

The solution in the vapor phase was obtained in the
coordinates (&, ) where

’

X
Lu,
by defining the dimensionless stream function f as

Y =/ (vux). f(E.n) (13)

where ¢ satisfies u = dy/dy v = —dy/0x, equations
(1) to (3) reduce to the following ordinary differential
equations:

E= n =y (u,/vx) (12)

1 . " = -
f on? * an’ on 6&dn O on*

%f—¢+Sc“162—¢— (_5{8_(1)_@[_8(]5) (15)

A 5(0f oy ﬂ) 14)

15}
on anz =5
where
AEm) = wiwg. (16)

For small x, the solution in the liquid side was more
conveniently obtained in the coordinates (&, j) where &
is given by equation (12) and

. y
= 17
T=3LJe (17)
Hence the energy equations (4) reads
80 1 _06 1520
1—48)| = —=fi—)=~— 1
(1457 ’<fa¢ 2n5ﬁ) ige W
where
. T-T
0EM =1 (19)

For large values of x, (or &) namely when the tem-
perature changes penetrated to the wall surface, the
numerical solutions continues with equation (4) using
the Crank—Nicolson procedure.

The transformed boundary conditions are:

at é=0: =8 ¢=1, 6=0 (20)
where
uCO
B=— 21)
uW
at = 0! =8 ¢=1 (22)
at =0: f=1 f=f 0=86, (23
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Note that the differentiation is with respect to #.
For small & we use,

at fj - o0: 0=0. (24)

For large ¢ equation (4) is solved with boundary con-
dition (8) where a smooth merging from the (&, 7j) grid
into the (¢, y/L) grid was performed.

The matching conditions at n = 0 are:

N 1 o
L =Bl —0) = (25
NN )
2sC‘11+ﬁ0i
T w o 26)
i @ ;l‘
where
@f
fi=fit2e 5= 2JEK).Y, @7
hL
= 28
p=" (28)

is a dimensionless heat-transfer coefficient of the
interface.

The above set of equations admits a similarity solu-
tion only for the entrance region, namely as {— 0,
and if the interfacial resistance is negligible, namely
B-oowfor T;=T,).

Under these conditions the solution yields that 6;
(or T)) is constant and equation (18) gives for a semi-
infinite body that at

=0 a0/0h=20,/Jn.

Hence, from equations (25), 27)

O;
—— —= = constant. (29)
N

fi=fi=—

/

N
Note that 8; is yet unknown and is part of the solution
sought. Integration of equations (14)—(16) gives:

jw exp(—O'S Jﬂfdn> dn
0 0

jw exp<—0~5jnfdn> dy
0 0

f=ﬁ+fvﬂn
0

fr=1+(-1) (30

where
(31)
The interfacial concentration of the volatile component,

¢i = Wi/wam is

di=1

o n
05 Scfi(Wi/wo — 1)[ exp(—OSJ Scf dr;)dr]
0 0

+ — — . (32)
05 Scf,»J' exp(—O-S‘[ Scfdn) dy—1
0 0
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A solution for large ¢ was affected by a forward
marching technique. The finite difference formulation
of equations (14), (15) and (18) was obtained by a
fully implicit finite difference method. If j is a node
point in the # direction and the interval size is Az,
one obtains from (14) n algebraic equations for f.
where j=3,...,n—=2:

~fi-ataifimitbifitcifinit e =diE (33)
The a, b, ¢ and d are obtainable in terms of known
quantities of the previous step. Taking advantage of
the boundary conditions yields also that

o—afuor1+ fu-2 = Ay (34)
Jo— s+ fu-2=0 (35)
=31 +4f,— f3 =24y (36)

f( 1- 2“‘) fi- é (37

A¢ is the interval sized in the ¢ direction, where
subscripts 1 and »n designate values at the interface
and the edge of the boundary layer, respectively. Note
that f; is known if the interfacial conditions are known,
equation (25). fi* designates a known value from
previous step. The vapor side mass conservation
equation (15) and the energy equation in the liquid
(18) were also fully implicitly approximated. It yielded
algebraic equations in the form suitable for the Gauss’s
elimination method and hence are not spelled out here.
It should be noted that first derivatives in the n,7
directions were approximated from three values of
adjacent node points.

The method of solution of the finite difference
equations was as follows: a guess is made for 0,
physical properties were evaluated and hence the liquid
side could be solved which yielded 0;, equation (25).
This enables us to obtain w; from the vapor liquid
equilibrium relationship, equation (11). We designate
this value as w;.q,i. At this stage, physical properties
for the vapor phase were calculated. It should be
noted that although our analysis assumes constant
properties, they were corrected at each step. As a
reference temperature and concentration for properties
evaluation we used 05 (T,+7-;) for the liquid,
0-5(T;+ T,,) and 0'5 (w;+w_) for the vapor. Profiles in
the vapor phase could now be calculated and hence
a new value for w; was obtained from equation (26).
Defining a function F(0,,) = W; .quu — W;. it was decided
to stop the iteration for 6, once F(f,) approached
zero. It should be noted that for B = o, we used at
the first step (namely, & =0) the similarity solution
given by equations (30)-(32) which were integrated
numerically and solved iteratively for 0;.
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RESULTS AND DISCUSSIONS

Our solution is demonstrated for the condensation
of the binary mixture CS,~CCl, (carbon disulfide—
carbon tetrachloride) on water at total pressure of
760 mmHg. This mixture is immiscible in water but
the condensable components have a complete mutual
miscibility. The physical properties of the mixtures
and that of the pure components, as well as the
equilibrium relationship, were evaluated by consulting
references [15-18].

The results for the leading edge namely small ¢,
are reported in Fig. 2. In this case the interfacial

Ul = 0

———— Uy [ =10

Q{B=co}
Q,,(B=co)

463 50 60 r c 76 768
Pure b Pure
cs; ce,

F1G. 2. Heat flux ratio for small x in condensation of
CS,-CCl4 on H,O (P = 760 mmHg).

resistance was neglected, namely B = oo, and hence
equations (30)—(32) were applicable. Q(B = o) is the
dimensionless heat flux which is defined by the dimen-
sionless temperature gradient, 36/6, where Q (B = )
is the maximum heat flux evaluated when T,=T,,.
From reference [19] Q. (B = o) = 1/,/(né). The heat
flux ratio is plotted vs the bulk temperature of the
vapor mixture, starting from the boiling point of pure
CS; up to that of CCl,. The parameter of the curves
is the maximum driving force (T,, — Ty). The general
conclusion which may be drawn from Fig. 2 is that
the actual dimensionless condensation flux is lower
than the maximum one. As observed also, all curves
exhibit a minimum value for the heat flux ratio with
a value of unity at the extreme temperatures corre-
sponding to condensation of a pure vapor.

This behavior is due to the diffusion in the vapor
phase by which concentration of the more volatile
component (CS;) becomes higher at the interface as
compared to its concentration in the bulk. It should
be noted that this behavior is similar to condensation
of a vapor in the presence of a noncondensable gas
where the latter tends to accumulate at the condensing
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surface. The effect of the thermal driving force (T,, — Tp)
is also shown in Fig. 2 and it may be concluded that
by increasing its value, the actual heat flux tends also
to increase. This behavior, however, is completely
opposite to the case of condensation in the presence
of a noncondensable gas [20-21].

The above-mentioned trends can be explained by
analyzing the following simplified model: If we assume
total condensation of the vapor, mass balance yields
that w; = w,. By plotting this result, line AD in
Fig. 3, on the equilibrium diagram T vs #, w, we obtain
at point B the interfacial temperature 7;. Now, we
plot the T, line which is parallel to the T, line. The
heat fluxes are proportional to the temperature differ-
ences, hence Q(B = 0)/Q,,(B = ) = BC/AC explains
the previous phenomena.

r Q‘(/ﬁs
] N, T T
.
i & &
T X ~E& ﬂ_i

F1G. 3. Schematic equilibrium diagram.

As recalled, forced convection in the vapor phase
was also included in the analysis. It is investigated
only for small & where its influence is most pronounced.
The dotted lines in Fig. 2 demonstrate this effect, where
Uy was chosen ten times higher than the liquid surface
velocity u,,. Since Q (B = o0) is unaffected by forced
convection, we may observe that forced convection is
appreciable only for relatively small values of (T, — Tp)
where for large differences, for example 35degC, it is
negligible.

The effect of the surface resistance (inversely pro-
portional to B) on the condensation heat transfer is
illustrated in Figs. 4 and 5. Figure 4 corresponds
to bulk conditions at saturation temperature of 65°C,
whereas for Fig. 5 the saturation bulk temperature is
76°C which corresponds to very low concentration of
the more volatile component (CS, with w,, = 0-0121).
Note that Q corresponds to the actual local flux in the
presence of surface resistance where Q(B = o) is the
local heat flux when the interfacial resistance is
negligible. As expected, the effect of the surface resist-
ance is appreciable at the entrance region where the
heat flux ratio is lower than unity. Note that at & = 0,
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L
- " 025
= 65°C w -0-2925 |
20 °C |
5 oc }
n " 1

FiG. 4. Effect of surface resistance (1/B) on heat flux ratio in
condensation of CS,-CCl, on H,O at 65°C.

Q{B=co)

w, 00121

AT =20°C

— ——aT = 5°C

F1G. 5. Effect of surface resistance (1/B) on heat flux ratio
in condensation of CS,~CCl, at 76°C.

Q = B while Q(B = o) = o0; hence the heat flux ratio
must be zero at ¢ =0 for all finite values of B. In
general it is also observed that as & increases, the
local heat-transfer ratio also increases and might reach
values much higher than unity, but as ¢ — oo it must
approach unity. This phenomenon is also accentuated
in condensation of almost a pure vapor, as CCl, in
Fig. 4 with bulk contraction of 0-9879. This behavior
is explained as follows: if the condensation unit is long
enough, the coolant must eventually reach the satu-
ration temperature of the condensing vapor and the
total amount of heat delivered to the coolant is pro-
portional to [’ Qd¢. However, at the leading edge
Q ~ B and is lower than Q. (B = c0) which means it
must be higher for higher values of ¢ This explains
also the maximum in the heat flux ratio versus ¢ which
is clearly observed in Fig. 4 for B = 5. A practical con-
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clusion which may be drawn from this discussion is
that the effect of the high surface resistance is indeed
appreciable on short ducts rather than on long ones.
For long ducts, of course, the integrated condensation
rate must be independent of the value of the interfacial
resistance.

20 T
)_ ‘ T, =65°C ,
AT =20 °C .

Wo = 0-2925

———ar=50C

==

i
05 H
E
N
00 A

FIG. 6. Variationalong ¢ of the interfacial concentration,
temperature and heat flux for B = o and T, = 65°C.

U b L
05 1o 15
o
£ 5
2 U

T, = 76°C, w, = 00121

Yoo

AT = 20°C
5°C

F1G. 7. Variationalong ¢ of the interfacial concentration,
temperature and heat flux for B = oc and T,, = 76°C.
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Figures 6 and 7, corresponding to B = oo, provide
typical variations of the interfacial temperature and
concentration as well as Q(B = o) with £ The latter
makes it possible to calculate the actual condensation
flux Q with the aid of Figs. 4 and 5 once the value
of B is known or vice versa. An important conclusion
with regard to the range of validity of the similarity
solution (B = o0) may be drawn from the temperature
profiles. As recalled, the similarity solution yields
; = constant (equation 29) for the entrance region.
The curves show that this result may practically be
applicable up to & = 0-1. Note in Fig. 7 that all Q’s
are quite identical for small ¢ as compared to Fig. 6.
This is because the bulk concentration of the volatile
materialis low and corresponds to almost condensation
of a pure component, namely CCl, with boiling point
of 76:8°C.

Theoretical results for condensation of binary
mixtures were also reported by Sparrow [22], Denny
[23] and Marschall [24]. They considered the case of
film condensation on a cooled wall rather than direct
contact. However, the general trends which were
observed are similar.
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CONDENSATION DES MELANGES BINAIRES PAR CONTACT DIRECT

Résumé—On présente une analyse, de type couche limite, de la condensation des mélanges binaires
de vapeur par contact direct avec un réfrigérant en écoulement laminaire dans une conduite. Le
condensat du melange binaire peut étre miscible ou non avec le réfrigérant. Néanmoins les deux
composants condensables sont supposés complétement miscibles. L’analyse inclut aussi les effets de la
convection de la vapeur et de la résistance a I'interface vapeur-liquide. L’analyse suppose des propriétés
constantes qui sont évaluées a un état de référence approprié.

L’¢quation de couche limite est résolue numériquement dans un systéme transformé de coordonnées
qui admet une solution affine pour les conduites courtes quand la résistance est négligeable (B = c0).

La solution est obtenue pour la condensation du mélange CS,~CCly, non miscible dans P'eau.
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Dans le cas ou B est infini au bord d’attaque, I'analyse prévoit une réduction appréciable des flux
de condensation comparés aux valeurs maximales obtenues quand la température moyenne de la
vapeur existe & l'interface. Cette réduction dépend de la composition du mélange et de (T, —Tp).
Leffet de la convection forcée est trouvé sensible seulement pour des valeurs relativement faible de
(T, — Ty). L’effet de la résistance de surface est appréciable prés du bord d’attaque. Les résultats indiquement

aussi que la solution affine peut étre étendue jusqu'a £ =0, 1.

KONDENSATION VON BINAREN GEMISCHEN DURCH DIREKTEN KONTAKT

Zusammenfassung - Die vorliegende Arbeit stellt eine Grenzschichtbetrachtung bei der Kondensation
von bindren Gemischen durch direkten Kontakt mit laminar flieBender Kiihlfliissigkeit im Rohr dar.
Das Kondensat des bindren Gemischs kann mit der Kiihlfliissigkeit mischbar sein oder nicht. Es wird
aber angenommen, daB beide Komponenten des Kondensats miteinander vollkommen mischbar sind.
Die Betrachtung schlieBt ebenso die Wirkung der erzwungenen Konvektion des Dampfes ein wie auch
den Widerstand an der Grenzschicht zwischen Dampf und Fliissigkeit. Es werden konstante Figen-
schaften angenommen, die auf einen entsprechenden Zustand bezogen werden. Die Gleichungen fiir
die Grenzschicht wurden in einem transformierten Koordinatensystem numerisch gelGst, welches eine
Losung durch Ahnlichkeitsbetrachtungen fiir kurze Rohre und einen vernachlissigbaren Oberflichen-
widerstand gestattet (B = oc0). Die Losung wird fiir die Kondensation des unldslichen Gemisches
CS,-CCL, auf Wasser unter atmosphérischem Druck vorgefiihrt.

Fiir den Fall B = o0 und an der Anlaufseite wird eine merkliche Erniedrigung des Kondensatanfalls
vorausgesagt, verglichen mit den maximalen Werten, die gewonnen werden, wenn die Temperaturen
im Dampfkern und an der Grenzschicht gleich sind. Diese Erniedrigung hdngt von der Zusammensetzung
des Gemischs und vom Maximum des thermischen Potentials (T, — T;,) ab. Die Wirkung der erzwungenen
Konvektion ist nur fiir verhdltnismidBig kleine Werte von (T, —T,) erheblich. Die Wirkung des
Oberflichenwiderstandes ist in der Nihe der Anlaufseite beachtlich. Die Ergebnisse zeigen ebenfalls, dal

die Ahnlichkeitslosung bis zu & = 0.1 ausgedehnt werden kann.

HEMNOCPEACTBEHHA S KOHTAKTHASl KOHAEHCALIMA BUHAPHbBIX CMECEHN
AHHOTAWHA — AHAMM3UPYETCA NOTPAHUYHbIA CJIOH) NPU HEMOCPENCTBEHHON KOHTAKTHOM KOHAEH ALY
OuHapHbIX CMecell mapa Ha MOBEPXHOCTH TEMJOHOCHTENS [PH €ro JIAMHHAPHOM TEYEHHH B TPYOe.
KongeHcaT GMHApHOM CMECH MOKET HE CMEILIMBATLCS HITH CMELLIMBATLCA ¢ TerjioHocuteneM, Onuako,
[IPEOIIOJIaraeTcs, 4To 062 KOHAEHCUPYEMbIX KOMIIOHEHTA MOJHOCTBLIO cMewnBatotes. Tlpu aHamuse
YYHTBIBAETCH BJIMSIHUE BbIHY)XICHHON KOHBEKUMH M CONPOTHUBIICHUS Ha MOBEPXHOCTH pa3ieia: map-
KUAKOCTh. [lpenrnonaraercs, 4TO OUEHUBAEMbIE B COOTBETCTBYHOLUEM HA4YalTbHOM COCTOSHMH
CBOWCTBA MOCTOSIHHbI,

VpasHeHte NOrpaHUYHOrO CJI0s PELUEHO YUCICHHO B peoOpa3oBaHHOM CHCTEME KOOPAHHAT, TAe
ISt KOPOTKMX TpyD B34TO pelieHUe MoAoOUst U MPUHATO, YTO MOBEPXHOCTHOE CONPOTHBIEHHE
npeHedpexMMo Mano (B = «).

[MpumeHenre peuleHHs MOKA3aHO Ha IPUMEPE KOHOeHcauuu HecMmemnsatoleiics cmecu CS,—CCly
Ha MOBEPXHOCTH BOALI TPH aTMOCHEPHOM NABICHUM.

IMpyu B — o0 aHaAUTHYECKMI pacueT O nepelHedl KPOMKM [aeT 3HAYUTENbHOE yMEHBIIEHUE
OTOKA KOHEHCATA N0 CPABHEHHIO C MAKCHMATBHBLIMH 3HAYEHUAMH, MTOTYHEHHbIMH B C1y4ae HATHYUs
Ha MOBEPXHOCTH pa3leia CPeAHEMACCOBON TeMIEpaTyphl napa.

D0 YMEHBLUIEHHE 3aBUCHT OT COCTABAa CMECH M MakKCMMaJIbHOM TEMUIOBOH ABHXKYLUEHCS CHIIbL
(T,, — Ty). Bnusiie BbIHYXIEHHON KOHBEKLMH SIBJSETCS CYLIECTBEHHbIM TOJIBKO B C/liyYae OTHOCH-
TEARHO Mallbix 3HaueHuit (T, — Ty). TTOBEPXHOCTHOE COMNMPOTHBAEHHE OKa3biBAET 3HAYUTENbHOE
BIIMAHKE BOIM3U repenned KpoMku, [TonydyeHHble pe3ynbTaTbl TaKXe MOKa3blBAIOT, YTO pELUEHHE

noxo6Hs MOXET BbITh NpUMeHeHO K ciyyaro & = 0,1,



