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AHHOT&4HSI-PaCCMOTpeHa JlaMMHapHaR IUleIIO'IHaR KOHAeHCaUWI ABH?Ky~erOCH IIapa Ha 

IIJIOCHOi IUIaCTIlHe M Ha HapyH(HO# IIOBepXHOCTH I[HJIIfHRpa IIpll IIOIIepeYHOM 06TeKaHHH. 

IIoKa3aHa onpe~ensuoqafl ponb nepeHoca nhtnynbca KoHAeHcMpyloueZtcn Maccofi seuecTna 

B IWApOARHaMHKe PaCCMOTpeHHbIX IlpOUeCCOB. nOJIyqeHHbIe pe3yJIbTaTbI COIIOCTaBJIeHbI C 

IlMeIOlIJkiMElCR 3KCItepHMeHTaJIbHbIMH ,I(aHHbJMM. 

NOMENCLATURE 9, plate length ; 

distance along the plate ; D, cylinder diameter ; 

distance normal to the plate ; 4 temperature ; 
distance normal to the cylinder ; At, temperature drop between the cooling 
angle counted from the frontal point wall and saturated vapour ; 
of the cylinder ; 4, heat flux ; 
velocity in x-direction ; 4 film thickness ; 
velocity of vapour entering into the a, heat-transfer coefficient. 
film ; 
friction coefficient ; Subscripts 
factor accounting for the inertia corn- V, vapour flow ; 
ponent of friction in a suction flow; 0, at infinity ; 
flow coefficient ; W, at the cooling surface ; 
shearing stress at the friction surface ; s, at the interface ; 
mass flow of vapour to the film; X, at X-distance from the leading edge 
= (V,X/v,), Reynolds number ; of the plate ; 
= (U,D/v,), Reynolds number for a cp, at the distance coiresponding to 
flow round a cylinder; q-angle from the frontal cylinder 
= (1 At/rp) ; point. 
= (ED/A) ; Note : Symbols which denote values referring 

pu, l+ 
[ J( 

1 + 1.69 2% 
CL )I . to the liquid phase are used without 

Uz,N ’ subscripts. 

thermal conductivity; 
density ; 1. INTRODUCTION 
specific weight ; 
dynamic viscosity ; 

FILM condensation of flowing vapour has been 

heat capacity at constant pressure; 
the subject of a number of theoretical and experi- 
mental works. 

latent heat of condensation ; 
gravitational acceleration; 

The problem was originally treated by Nusselt 
[l] who analysed laminar film condensation in 
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a vapour flow over a vertical surface. Nusselt’s 
theory was further developed in references 
[2-41. Laminar film condensation in a transverse 
vapour flow on the external surface of a hori- 
zontal cylinder is discussed in references [5-7-J. 

The knowledge of the mechanism of interac- 
tion at the phase interface is clearly of funda- 
mental importance for the analysis of the prob- 
lem considered. The authors of references [l-i’] 
use the assumption that interfacial shear in the 
condensation of a vapour flow is the same as that 
at a dry impermeable surface in a flow of a non- 
condensing gas. This implies that, in the works 
just referred to, the effect of the momentum 
transfer caused by the mass of the condensing 
vapour in the direction normal to the flow is 
neglected. Such an approach does not agree with 
the actual hydrodynamic pattern of the process. 
As shown in the present work, in reality the phase 
conversion which is inseparably linked up with 
the mass flow across the interface is the domi- 
nant factor in the dynamics of the process. 

In reference [8] an attempt was made to prove 
that the effect of the momentum transferred by 
the mass of the condensate in film condensation 
of flowing vapour is negligible. In that work the 
authors referred to the fact that the velocity field 
has no discontinuity at the interface. Further, 
this approach was recognized by some workers 
who discussed reference [8]. It should be 
noticed, however, that this concept contradicts 
some fundamentals ofthe boundary-layer theory. 

On the basis of the two-phase boundary- 
layer equations, solutions are presented by Cess 
[9] and Koh [lo] for film condensation in a 
laminar flow of saturated vapour over an iso- 
thermal plate in the absence of body forces. For 
the solution of these equations, in reference [9] 
a number of simplifying assumptions were made. 
According to Cess [9], these assumptions should 
be equivalent to neglecting the inertia forces and 
convection in a condensate film. However, as the 
results have shown, the implications of the 
assumptions of Cess [9] are not exhausted by 
neglecting the above effects. In reference [lo] the 
results of the numerical solution are given for the 

system of the basic equations presented by Cess. 
These solutions are obtained without any sim- 
plifying assumptions. It should be noted that 
some main results of the work evidently contra- 
dict each other. For example, according to 
Koh [lo], the condensate velocity in a film at 
an equal distance from the plate decreases 
streamwise along the surface according to the 
law 

This implies that the inertia forces in a conden- 
sate film are orientated in the direction of the 
flow. It is evident that in view of all that has been 
said, the neglect of the inertia forces in the solu- 
tion of the problem should lead to an under- 
estimation of the heat-transfer rate. However, 
the comparison in Fig. 8(a) of reference [lo] 
shows that the neglect of the inertia forces gives 
in fact overestimated values of the heat-transfer 
rate. Also, the main conclusion of Koh [IO], that 
convection has a considerable effect on the heat- 
transfer rate, seems doubtful. In fact, as shown in 
the work mentioned, the effect ofthis factor is not 
very important. 

Together with the theoretical studies, experi- 
mental studies on film condensation in vapour 
flow have also been carried out. With regard to 
the problem considered, the work of Jakob [ll] 
is of great interest. The measured velocity and 
temperature tields presented in this work reveal, 
contrary to Nusselt’s conceptions, the essential 
effect of phase conversion on the dynamics of the 
vapourflow.Themeasurementsofthemeanheat- 
transfer coefficients in Jakob et al. [2] have shown 
that the actual effect of temperature drop 
differs sharply from that predicted by Nusselt’s 
theory. 

References [12-141 treat condensation heat 
transfer in a water vapour flow over the external 
surface of a single horizontal tube and across a 
bundle of horizontal tubes. The results of these 
works have shown that the analytical solutions 
based on Nusselt’s conceptions do not describe 
even qualitatively the character of the process. 
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According to these experimental data the vapour 
motion has a more essential effect on the heat- 
transfer rate than predicted by the analytical 
solutions. 

In the following part, the theoretical results 
of some cases of laminar condensation in a 
vapour flow are reported. A brief account of the 
particular data has already been published [ 151. 

2. CONDENSATION ON A FLAT PLATE 

Vapour flow and friction at the interface 
The conditions for the development of the 

boundary layer in a flow of condensing vapour 
differ from the conditions of a non-condensing 
gas flow over an impermeable plate. The main 
difference between these effects is caused by the 
mechanism of phase conversion itself. Since the 
condensation process is inseparably linked with 
the mass flow across the interface, the boundary- 
layer development is accompanied by a con- 
tinuous mass intake through the friction surface. 
Evidently, all points of the surface in the flow 
take part in the intake of vapour which occurs 
in the form of condensation. This cannot be 
achieved with forced suction of the boundary 
layer by the well-known methods described in 
the literature. As it is known, the boundary layer 
near the leading edge of the plate is laminar, 
irrespective of the condition of the flow. Suc- 
tion stabilizes the laminar boundary layer and 
under certain conditions it eliminates completely 
the possibility of transition to a turbulent flow 
in the boundary layer. According to Schlichting 
[16], the condition of complete stability of the 
laminar boundary layer flow is expressed by 

C, = -5 > 1.18 x 10-4. (1) 
m 

The rate of suction sufficient to prevent the 
transition of a laminar boundary layer to a 
turbulent one, and satisfying the inequality (1) 
is very small. The vapour “suction” in the actual 
cases of condensation considerably exceeds this 
value. For example, calculations show that in 
the case of water-vapour condensation with a 
flow velocity of 100 m/s and pressure of 0.35 
2P 

N/cm2 (pressure, usual for power condensers), 
heat flux of 650 W/m’ gives rise to a rate of 
drawing off sufficient to prevent transition to a 
turbulent flow in the vapour phase. It is of inter- 
est to note that according to the present data, 
the temperature drop between saturated vapour 
and the cooling wall which is necessary for the 
creation of this heat flux is several hundredths of 
a degree. 

Proceeding from the above, in the present 
analysis the flow in the vapour phase is assumed 
to be laminar over the whole surface in the flow. 

The presence of a mass flow through the phase 
interface determines also the type of friction 
between the vapour flow and the condensate 
film. 

The momentum equation for an incom- 
pressible boundary layer with suction after some 
transformations may be expressed as follows : 

As is known, the first component of the total 
friction from (2) tends to decrease sharply as 
the distance from the edge of the plane increases. 
It is also known, that C) is always smaller than 
the drag coefficient in a laminar flow over a plate 
without suction. 

With sufficiently high suction rates, the shear- 
ing stress on the friction surface depends mainly 
on the momentum transferred by the suction 
mass and may be determined from the expres- 
sion 

r. = j U,. (3) 

Bearing in mind that during condensation the 
vapour flows over a moving film surface, we may 
rewrite the latter expression in the following 
way : 

z. = j(U, - U,). 

It is obvious that the condition of validity of 
equations (3) and (4) is the inequality 
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It is worth mentioning that, for the case of a 
flow over a flat plate with uniform suction of the 

following form 

boundary layer to which condensation at con- dZUx 
, 

- 

stant heat flux corresponds with a high degree 
’ dy2 

0 

of approximation, condition (3) is a rigorous 
result of the exact asymptotic solution of the 
total system ofthe Navier-Stokes equations [ 161. 
Condition (5) is fulfilled in most cases of vapour 
flow condensation which are of practical inter- 

(6) 

i 
LX, = - 

6, 
est. Consequently, in the present work the For the considered case of condensation on an 
shearing stress on the external surface of the 
condensate film is determined from equation 

isothermal plate, corresponding boundary con- 
ditions will.be written as follows 

(4). 

The case oft, = const. 

U,=O; t=rw=const. aty=O 

The case is considered of condensation in t = t, = const. 

longitudinal flow of saturated-vapour with a 

= : (U, - U,); 
(7) 

at y = 6, 

6,=0 atx=O 

The solution of set (6) with the boundary 
conditions (7) yields the following relations 

‘V 

FIG. 1. 

constant velocity over a flat plate. It is assumed 
that the vapour velocity at the infinite distance 
from the plate is high enough for the gravita- 
tional forces to be neglected (for condensation 
on a horizontal plate or under conditions of 
weightlessness the analysis will hold also for 
small vapour velocities). The model of the pro- 
cess and the co-ordinate system are shown in 
Fig. 1. In the solution, the flow in the liquid film 
is assumed laminar. 

The resistance of the condensate film is taken 
as the main thermal resistance. In the case con- 
sidered the assumptions used lead to the con- 
stancy of the dimensionless group N. 

If inertia forces are neglected, then, with the 
physical model adopted, the set of equations 
describing the liquid motion and the heat trans- 
fer in a condensate film may be expressed in the 

The effect of inertia forces 
The effect of the inertia forces acting in the 

film is estimated by means of the following 
approximate method : the inertia force affecting 
an elementary volume in the liquid film is de- 
termined on the basis of the velocity distribution 
obtained in the previous solution. The term found 
in this way, and which describes the inertia force, 
is introduced into the equation of motion, and 
the calculation is repeated. The comparison of 
the present data with the results of the previous 
analysis yields the following correction factor 
of the heat-transfer coefficient : 

Ci” = Jo.5 + J(N’gy 1; ‘)I (10) 

As expression (10) shows, in condensation of 
non-metallic liquids (N < Osl), the effect of 
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inertia forces on the heat-transfer rate is negli- 
gible. 

The convection effect 
In film condensation the temperature of the 

condensed liquid ceases being the same as the 
saturation temperature, and decreases as the film 
moves along the cooling surface. This implies 
that in condensation the cooling surface receives 
not only latent heat of condensation, but also a 
certain fraction of the heat content of the liquid 
already condensed. As is known, this heat 
quantity is called the supercooling heat. We 
shall determine the relation between the super- 
cooling heat and the latent heat of condensa- 
tion. For a linear velocity distribution this rela- 
tion is 

p C,[ “s’ At U, dy - “j (t - t,) U, dy] 
0 0 

P r “s’ u, dy 
0 

- CP At 
3r 

(11) 

If it is assumed that the heat quantity 

41 + %C, Wr)l is released at the external film 
surface at the moment of the precipitation of 
the condensate, the supercooling effect is equiva- 
lent to that of an increase of the latent heat of 
condensation. In this situation it is easy to show 
that the effect of condensate supercooling (due to 
convection) on heat-transfer rate is character- 
ized by the following correction factor for the 
heat-transfer coefficient : 

c con = 
N + 1 + (N t l)[(C, At)/3r] 

N + 1 + [(C, At)/3r] 
(12) 

As may be seen from expression (12) at N < 1 

C,,” g 1, 

i.e. in the case of condensation of ordinary 
liquids, the above correction factor is negligible 
irrespective of the value of the supercooling 
heat. 

The estimation presented gives rise to certain 

inaccuracy, since in reality the supercooling heat 
is given out not at the external film surface at the 
moment of the precipitation of the condensate 
but in a subsequent flow of the condensate. The 
error due to this inaccuracy gives rise to an over- 
estimation or underestimation of the actual heat- 
transfer coefficient, depending on the direction 
of the transverse mass flow through the con- 
densate film. The normal component of the 
velocity vector for the present case of condensa- 
tion on an isothermal plate is 

u, = - zdy 

0 

‘u N Y' 1 
=s mN+l.y. (13) 

Expression (13) shows that in the case under 
consideration, the transverse mass flow is direc- 
ted from the wall to the lilm surface. It follows 
from the above that in the estimate obtained, the 
effect of convection on heat-transfer rate is some- 
what overestimated and its actual effect is even 
smaller. 

The case of q = const. 
In some designs of condensers used in engin- 

eering, the heat-transfer coefficients on the 
vapour condensation side exceed those on the 
opposite side of the heat-transfer surface. The 
real conditions of the process in these installa- 
tions correspond, with sufficient approxima- 
tion, to condensation conditions at a constant 
heat flux. In view of this, the analysis of the 
condensation process of the vapour flow at a 
constant heat flux is also of some interest. 

In the present research, the treatment is 
applied to the case of condensation of non- 
metallic liquids (N < 0.1). Proceeding from the 
results obtained for the case of an isothermal 
plate, it is assumed that the inertia forces and 
convection in the film may also be neglected in 
this case. 
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The appropriate analysis leads to the follow- 4 
ine final relations 2 exp = Y -ax= J(*) 

Y 

(14) 

(l/Y) j At, dx 
0 

= 1-06~(*) (16) 

1 
c=- 

_Y s 
a, dx = 1.41J(l($$+) (15) 

0 

The results of the present analysis were com- 
pared with experimental data of Jakob et al. [2] 
In view of the fact that in these experiments the 
heat-transfer coefficients on the condensation 
side of the vapour flow exceed several times those 
from the other side of the heat-transfer surface, 
these experiments may be considered as if they 

15000 

31: 
t 10000 - 

The comparison is presented in Fig. 2. Experi- 
mental data from the experiments carried out in 
1933-1934 agreed well with relation (16). The 
data of the experiments which were carried out 
a year before fell somewhat higher. In this case 
the maximum deviation did not exceed 20 per 
cent. Bearing in mind that the difference between 
the theory and experiments falls within the 
scatter of experimental data, the comparison is 
believed to be quite satisfactory. 

O30 40 50 60 70 80 

urn “6 

9( 

FIG. 2. Comparison of experimental data of Jakob et al. [Z] with relation (16). 
(I) experiments of 1932-1933. (2) experiments of 1933-1934; (3) relation (16). 

were carried out at constant heat flux. At vapour 
entrance velocities U > 40 m/s and temperature 
drop At > 10 degC, the gravity forces were 
assumed to be of a minor influence on the pro- 
cess. Bearing in mind that in the experiments 
just referred to the mean heat-transfer coefficient 
is defined as cleXP = q/i%, we compared the 
experimental data with the following relation 

The case of a vertical plate 
The case is considered of the condensation in 

a downward flow of saturated vapour of a non- 
metallic liquid over an isothermal surface of a 
vertical plate. It is easy to observe that in ac- 
cordance with the results ofthe previous analysis, 
the inertia forces and convection in a condensate 
film may again be neglected. The model of the 
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process and the co-ordinate system are shown 
in Fig. 3. 

The set of equations describing the process 

FIG. 3 

considered may be presented in the following 
form 

d= U 

’ dy= 
--lr++y=o 

The set is solved with the following boundary 
conditions 

U,=O; t=t,=const. aty=O 1 

du,’ j, 
dy 

= p (U, - U,); t = t, = const. 
(18) 

at y = 6, 

a,=0 atx=O 

The solution yields 

c?, = 

1+ 

+ 

ti= 

J(Pp urn) J2[z +J(l + fg] 
-LZ- 3J[l +J(l+ $J] 

(191 

(20) 

3. CONDENSATION ON THE EXTERNAL 

SURFACE OF A CYLINDER IN A 

TRANSVERSE FLOW 

The laminar film condensation is now con- 
sidered on the external surface of a cylinder in a 
transverse vapour flow. The aerodynamics of 
the process is characterized by a number of 
special conditions: the flow over the whole 
cylinder surface is accompanied by a removal of 
vapour from the boundary layer; vapour flows 
past a moving condensate film ; the boundary- 
layer separation leads to a sharp change of the 
condensation rate over a considerable portion of 
the cylinder. 

In the analysis of condensation on the external 
surface of the cylinder in the present work, the 
vapour boundary layer is assumed to be laminar 
up to the separation point. It is also assumed that 
in comparison with the momentum transferred 
by the conden$rg mass, the effect of the pressure 
gradient along the cylinder periphery may be 
neglected. Besides, it is assumed that, outside 
the vapour boundary layer, the velocity field 
obeys the laws of potential flow around a 
cylinder. The case is considered of the con- 
densation of the vapour of an ordinary liquid 
on an isothermal cylinder surface. It is assumed 
that the effect of the inertia forces may also be 
neglected in this case. The model of the process 
and the co-ordinate system are shown in Fig. 4. 
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40 F 

FIG 4. 

The case of a cylinder in af2ow without separation 
in the absence of body forces 

A flow around a cylinder without separation 
and with a rather high rate of phase change is also 
possible for high velocities of the incoming flow. 
As is known, the removal of vapour due to con- 
densation prevents separation of the boundary 
layer from the cylinder surface. According to the 
approximate analysis of Prandtl [ 171, the suction 
rate sufficient to prevent separation should 
satisfy the following inequality : 

C, JRe, > 4.33. (21) 

With the present simplifying assumptions, the 
set of equations describing the process under the 
conditions of weightlessness will be written in the 
following form 

u v’p=O 
’ dn2 

(22) 

The set is solved with the following boundary 

conditions 
U,=O; t=t,=const. 

at n = D/2 

sin cp - U,) ; (23) 

t = t, = const. at n = z + 6, 

6, is a finite value at cp = 0. 
The results are expressed in the following form 

c(,4 = J(lSl” 10s cp) 
. J(%j (24) 

(25) 

The process in a gravitational field 
Condensation on the external surface of a 

horizontal cylinder in a transverse downward 
vapour flow is the most widely used in engineer- 
ing. 

The equation of a laminar flow in a condens- 
ate film for the present case will be written in the 
following form : 

d’U 

’ dn2 
2 + ysincp=O (26) 

The solution of equation (26) with appropriate 
boundary conditions yields the following ex- 
pression for the mean condensate velocity in the 
film 

1 2 
UV = U,N sin cp + 9 sin cp (‘7) 

Further analysis of the problem meets mathe- 
matical difficulties as the result of which an 
explicit form of the final solution becomes im- 
possible. However, expression (27) allows us to 
find, with sufficient approximation, the actual 
mean value of the heat-transfer coefficient, if 
the mean coefficients are known (for the same 
values of all the other parameters) for the case 
of condensation of vapour at rest in a gravity 
field and for the case of condensation of moving 
vapour in the state of weightlessness. 
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Making use of the known Nusselt formula for 
condensation of stationary vapour on a hori- 
zontal tube and equation (25) which expresses 
law of condensation of a vapour flowing under 
the conditions of weightlessness, we obtain the 
following final relation for the mean heat-trans- 
fer coefficient in condensation on a horizontal 
cylinder in a downward flow of vapour of an 
ordinary liquid [ 181: 

x J[1 + J(1 + l@&)] (28) 

The analysis of relation (28) shows that the 
dimensionless group (Dg/UZ, N) is a measure of 
the relative effects of the gravitational and velo- 
city fields on the process in the case considered. 
It follows from the above that the effect on heat 
transfer of the motion of condensing vapour 
must not be described solely in terms of the 
vapour velocity, and that this effect depends on 
the value of the temperature difference, besides 
other parameters. In particular it appears that 
the heat-transfer intensifying effect of the vapour 
motion increases as the temperature difference 
grows. A similar effect of the temperature dif- 
ference variation on heat transfer has been ex- 
perimentally found in papers [12-141. At the 
same time, it should be noted that according to 
the theoretical studies [6, 73 based on Nusselt’s 
conceptions, the increase in the temperature 
difference should lead to the opposite effect, i.e. 
to a decrease of the intensifying influence of 
vapour velocity on heat transfer. 

In Fig. 5, relation (28) is compared with experi- 
mental data of three experimental sets of results 
C143.t In these experiments the maximum 
velocity of the incoming vapour was rather small 

t According to the note in reference [14], when treating the 
experimental data of that work, the values of the velocity of 
the incoming flow were taken to be 3.1 larger than those 
based on the total cross-section of the experimental channel. 

(less than lOm/s) and it may therefore be assumed 
that the flow around the tube in these experi- 
ments was without separation. Figure 5 shows 
quite satisfactory agreement between the theory 
and experimental data. 

Estimation of the effect of boundary-layer separa- 
tion 

In condensation of vapour flow over the ex- 
ternal surface ofa horizontal cylinder, boundary- 
layer separation leads to a sharp decrease of the 
heat-transfer rate over a portion of the cylinder 
surface behind the separation point. This is 
caused by two reasons : first, behind the separa- 
tion point the vapour begins to flow over the 
film in the direction opposite to that of the 
gravitational forces, which results in an increase 
of the film thickness ; secondly, behind the 
separation point the static pressure becomes 
rather low as compared with that in the main 
flow, which fact results in the decrease of the 
actual temperature difference. Bearing in mind 
that the lower portion of the cylinder surface, 
even in a flow without separation contributes 
little to the total heat transfer (at the surface 
lying beyond the angle cp = 82”, 35 per cent of the 
total quantity of heat is transferred), we may 
neglect, with sufficient approximation, the heat 
transfer behind the separation point when the 
above factors act. 

Thus, the mean heat-transfer coefficients for a 
flow without separation and the flow with a 
minimum separation angle of q = 82”, will 
differ by 35 per cent. Taking this fact into account, 
the relation for the calculation of the heat trans- 
fer with the minimum separation angle may be 
presented in the following form 

Cc = 0.42&v) 

x 4 F + \i(l + 1.69 &)] (29) 

Under real conditions separation may begin 
at any point from 82 to 180” since both the 
vapour suction and the existence of the moving 
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7 

4 I I I 
5 6 7 6 9 10 II 

q x10--5 

12 

FIG. 5. Comparison of experimental data of Berman and Tumanov [ 141 with 
relation (28). 

(1) P = 4.7 N/cm’, At = 7.4 de&; (2) P = 4.7 N/cm’, At = 2.5 degC; 
(3) P = 0.31 N/cm2, At = 1.2 degC; (4) relation (28). 

I I I I I I 
I 1 

4 5 6 7 8 9 IO 12 I4 I6 16 2’ 

FIG. 6. Comparison of experimental data of Berman and Tumanov [14] with relations 
(28) and (29). 

(1) P = 0.31 N/cm’, At = 3.1 degC; (2) P = 0.86 N/cm’, At = 2.2 degC; (3) P = 0.86 
N/cm’. At = 5 degC; (4) P = 0.86 N/cm ‘, At = 6.4 degC; (5) P = 0.86 N/cm’, 

At = 8.5 degC; (6) relation (28); (7) relation (29). 

“vapour-liquid” boundary prevent boundary- zontal cylinder under the conditions of vapour 
layer separation and move the separation point flow with a separated boundary layer. 
towards the afterbody [19]. It follows from the In Fig. 6, relations (28) and (29) are compared 
above that relations (28) and (29) yield the upper with the data of the remaining experiments of 
and lower limits of the range of the mean heat- reference [14]. In these the maximum vapour 
transfer coefficient for condensation on a hori- velocity reached higher values and the flow 
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around the cylinder was apparently accompanied 
by a boundary-layer separation. As the com- 
parison of Fig. 6 shows, the experimental points 
fall between the two theoretical curves. At small 
values of inflow velocity, with no separation, or 
when the latter occurs on a small portion of the 
tube circumference, points fall near the upper 
curve corresponding to relation (28). As the 
inflow velocity increases, i.e. as the separation 
point moves to the angle cp = 82”, the experi- 
mental points approach the lower curve which 
corresponds to relation (29). Thus, the com- 
parison confirms satisfactorily the results of the 
present theoretical analysis. 
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Abstract-Laminar film condensation of a vapour flow along a flat plate and on the external surface of a 
cylinder in a transverse vapour flow is studied. Momentum transfer is shown to play a dominant part in 
fluid dynamics of the process itself. The results obtained are compared with the available experimental data. 

R&mm&On etude la condensation sous forme de film laminaire d’un bcoulement de vapeur le long 
dune plaque plane et sur la surface exttrieure d’un cylindre dans un tcoulement de vapeur transversal. 
On montre que le transport de quantitt de mouvement joue un role dominant dans l’abodynamique du 
processus hii-m&me. Les resultats obtenus sont compares avec les don&es exptrimentales disposibles. 

Znsammenfaaanng-Es wird die laminare Filmkondensation untersucht bei der Dampfstriimung entlang 
einer ebenen Platte und der Querstrijmung entlang einer ebenen Platte und der Querstriimung auf einen 
Zylinder. Es zeigt sich, dass der Impulsaustausch die dominierende Rolle in der Fliissigkeitsdynamik 

des Prozesses spielt. Die erhaltenen Ergebnisse werden mit verfiigbaren Versuchswerten verglichen. 


