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AN EXPERIMENTAL STUDY OF THE INTERFACE 
OF A CONDENSING VAPOUR REGION 
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Abstract-An experimental study of the nature and characteristics of the interface between a condensing 
vapour region and the fluid outside is carried out. The interface is generated as a result of condensation at 
one end of an enclosed region, open to the atmosphere at this end, and is accentuated by the density 
difference between the fluids on either side. The study considers the steady-state and transient behaviour 
of the interface. The dependence of its location and thickness on the amount of vapour condensed is 
determined. The variation of the mean temperature and velocity and of the temperature disturbance level 
across the interface are studied in order to determine the basic characteristics of such an interface. The 
magnitude of mixing across the interface is also considered in terms of disturbance to the interface and 
the amount of vapour generated by the heat input. The study provides information for the design of such 
systems, in terms of the dependence of the important features of the interface on the parameters of the 

condensation system. 

NOMENCLATURE 

thickness of the interface; 
diameter of the condensation zone; 
latent heat of vaporization of the 
condensing fluid; 
mass rate of introduction of the interfacing 
fluid into the condensation zone; 
heat input into the system; 
characteristic heat input, defined as the 
heat input for unit rate of generation of the 
condensing vapour ; 
Reynolds number based on condensing 
vapour properties and on the diameter D; 

mean temperature; 
room temperature; 
saturation vapour temperature of the 
primary condensing vapour ; 
temperature in the interfacing region; 
saturation vapour temperature of the 
interfacing condensing vapour ; 
maximum local temperature disturbance; 
uniform axial velocity of the vapour in the 
condensation zone away from the 
condensing coils, defined in equation (1); 
horizontal, or radial, mean velocity ; 
vertical distance from the bottom of the 
coils, Fig. 1; 
horizontal distance from the wall of the 
condensation zone, Fig. 1. 

Greek symbols 

T, time; 

Tc, characteristic time, taken as time taken by 
liquid to attain its boiling point starting at 
the room temperature. 

INTRODUCTION 

THIS paper considers the nature of the interface that 
arises between a condensing vapour region and the 

fluid outside. If the vapour is enclosed in a given 
space, which is open to the atmosphere at one end 
and where condensation occurs circumferentially, an 
interface is generated with the ambient fluid as a 
result of the condensation process of the vapour. The 
study of such an interface is of considerable 
importance in considerations of vapour containment 
in the region and of mixing of fluids on either side of 
the interface. These considerations relate to fluid loss 
from the system and to the shielding effects of the 
interface. This configuration arises in several practi- 
cal circumstances. Among the most important of 
these is the condensation thermal processing system, 
such as that employed for metal bonding, degreasing, 
curing, etc. [l-3]. In several other cases of conde- 
nsation heat transfer and also in many experimental 
arrangements, condensation occurs at the cooled 
condensing surfaces and gives rise to an interface 
which is similar to that generated in an enclosed 
region of the condensing vapour, discussed above. In 
all such cases, the interface arises predominantly due 
to the condensation of the vapour and the con- 
sequent flow field generated adjacent to the condens- 
ing surfaces. It would obviously be accentuated by a 
stable stratification due to the density difference 
between the fluids on either side. 

Condensation over surfaces has been studied in 
considerable detail [4-61. However, the nature of the 
interface that results from the condensing action, in a 
vapour zone open to the ambient, has not been 
studied in detail, although some minor experimental 
information does exist [l-2]. 

Similarly, the nature of the interface between two 
fluids of different density has been the object of study 
of several investigators, as discussed by Turner [7]. 
One may anticipate the basic features of a conde- 
nsation interface in terms of many of these known 
results. The present work is directed at an experim- 
ental study of this interface and the determination of 
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its nature, in terms of temperature and velocity 
variation across it, and its dependence on the various 

parameters of the system. 
The basic configuration considered is that of an 

enclosed region, in which vapour is continuously 
generated by a supply of heat to the contained liquid 

and one end of which contains the condensing 

surfaces, in the form of condensing coils, where the 

interface is generated. Fluids whose vapour density is 

larger than that of air are considered. Of particular 

interest were the transient nature of the interface, the 
temperature and velocity variation across it, effect of 

disturbance on the stability of the interface and on 

mixing across it, and the dependence of the location 

and spread of the interface on the amount of vapour 

generated. 

Several very interesting results are obtained. It is 

found that the interface is very sensitive to distur- 
bances, which cause a significant enhancement in 

fluid mixing across it. The temperature and velocity 

gradients are found to be very sharp, with most of 
the variation occurring in the region of the lower end 

of the condensing coils, which is also found to be the 

most disturbed region in the condensation zone. A 

variation in the amount of vapour generated and, 

hence, in that to be condensed, is found to shift the 

interface slightly but to essentially leave the thickness 
of the interface unaffected over a fairly wide variation 
of the heat input. A change in the fluid which forms 

the interfacing region, with the primary condensing 

vapour, is found to significantly affect the interface 

and its basic characteristics. The paper determines 

the basic features of the interface and provides 

extensive information for the design of such thermal 

processing systems. 

-,lJ/u, ---- .v/uo 

EXPERIMENTAL ARRANGEMENT 

An experimental arrangement for the study of the 
interface, generated due to condensation, between 

the condensing vapour and the ambient Iluid. must 
consist of a mechanism, for the generation of the 

vapour, and of a condensation region, in contact 

with fluid outside, where condensation occurs and 

gives rise to the interface. The system considered for 

the present study is shown in Figs. 1 and 2, the 
former being in terms of the inviscid flow field and 

the latter as the actual physical system. Vapour is 
generated by the supply of heat to a boiling liquid 

sump at the bottom of a container, at the top end of 

which condensing coils are located circumferentially. 

Condensation at this end gives rise to an interface 

with the fluid outside. 

The experiment was carried out in two cylindrical 

glass containers, each of diameter 0.3m, the heights 

being 0.45 and 0.65m. Stainless steel condensing 
coils, of diameter 0.01 m and of six turns, were 

located near the top of the condensing vapour region 
and were maintained at a temperature lower than 

the boiling point of the fluid by circulating water 

through them. The glass tank was insulated with 
glass wool so as to minimize the heat loss at the sides 

and to have most of the condensation at the coils. 

The heat input was through resistive heaters, capable 
of supplying up to 5 kW, positioned in the liquid 

whose depth was kept around 0.08m. The R&d 
outside the condensation region was usually air at 

atmospheric pressure. Interfacing with another lig- 

hter condensing fluid of lower boiling point, as 
compared to the primary fluid, was also considered. 

In this case, a separate set of coils was needed for the 
condensation of the interfacing fluid. The bigger tank 

FIG. I, Inviscid flow field in the condensation region 
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FIG. 2. The transient temperature response of the liquid during heating and cooling and of the 
condensing vapour zone during heating. Data: 0, Liquid temperature following start up; Cl, Liquid 

temperature following shut down; & Vapour temperature just below the condensing coils. 

was employed and the primary condensation region 
was kept the same as that with air as the interfacing 
fluid. The temperature of water through the lower 
coils was kept higher than the boiling point of the 
interfacing fluid and lower than that of the primary, 
or higher boiling, fluid. This ensures condensation on 
the lower, or primary, coils of only the primary fluid. 
This arrangement is of practical interest in systems 
where the condensing interfacing vapour provides a 
blanket to the primary fluid and, thus, reduces the 
loss of the more expensive primary fluid. This relates 
both to conservation of fluid and to environmental 
considerations. In arrangements, where the fluid for 
thermal processing is not very expensive and does 
not cause environmental problems, as is the case in 
degreasing systems, air would be the natural interfac- 
ing fluid. The condensation region being open to the 
atmosphere, the pressure is atmospheric and the 
liquid boils at its standard boiling point. 

The fluid to be chosen for study had to have 
several important characteristics. Its boiling point 
must be high enough, so that it remains liquid at 
room temperature and also provides the temperature 
level necessary for the thermal process of interest, 
and its vapour density must be high, compared to 
air, for a stable stratification which would aid the 
containment of the vapour. Several liquids are 
suitable and the two fluids chosen were a high 
boiling fully fluorinated Fluorocarbon (boiling point 
215°C and vapour density 21.0kgmm3) and R113, 
trichlorotrifluoroethane (boiling point 47.6”C and 
density 7.4 kg mm3), chosen mainly for their availab- 
ility, inertness and applicability in many cleaning and 
heating processes, see, for instance, [l-3]. Most of the 
other properties are in the range generally known for 
Freons, [2]. 

Extensive temperature measurements were taken 
to study the general nature of the temperature field 
in the two regions and in the interface. These were 
obtained from several fixed and movable 
chromel-alumel thermocouples of 1.25 x 10e4m 
wire diameter. The output was measured and 

recorded on a strip chart recorder. Velocities were 
measured by means of a Disa high temperature hot- 
wire probe, 55A75, capable of measuring in media at 
temperatures up to 75O”C, empldying a sensor 
overheat ratio of 1.4 for the medium temperatures 
encountered in this study. No condensation occurs 
on the sensor due to its high temperature and care 
was taken to avoid condensate flow from the 
supports on to the hot wire. Calibration of the hot 
wire was done in corresponding condensing vapour 
by employing cylindrical flow channels, of varying 
diameter, located over the region of vapour gene- 
ration, the velocity being determined from the 
condensate ccllected and the fluid loss. It was also 
checked with the value obtained from the amount of 
vapour generated, as determined from the heat input. 
However, repeatability of only about 10% was 
observed and a more accurate calibrating device is 
needed for greater accuracy in the measurements. In 
this study, only a few traverses of the two regions 
were taken to determine the general nature of the 
flow in the interface. The location and extent of the 
interface was inferred from the temperature measure- 
ments. The heat input to the system was obtained 
from the measurement of current and voltage input 
to the heaters. Measurements of the mean and 
disturbance temperature and of mean velocity were 
taken. Weight measurements were used in the 
determination of quantity of interfacing fluid added 
to the system. 

RESULTS AND DISCUSSION 

The flow under study is generated as a result of 
heat input into the liquid at the bottom of the 
condensation zone and the removal of the vapour 
thus generated as condensate at the condensing coils. 
This condensate could be removed from the system 
and allowed to flow back to the boiling liquid sump. 
The flow can, therefore, be looked upon as a uniform 
flow in the region far from the coils, with the coils 
themselves as sinks where the flow eventually 
converges. This can be further visualized, for the 
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diameter D of the container large compared to the 
interface thickness d, as a two-dimensional flow 

resulting from a uniform flow approaching two line 
sinks, located as shown in Fig. 1, with the interface at 

the level of the coils. This flow can be analyzed quite 
easily for the inviscid flow circumstance and the 

general nature of flow, thus generated, is shown. The 

velocity components are normalized by the uniform 

flow velocity CJ,, generated due to the heat input, and 
the distances x and y by D. The velocity field is, then, 

one that arises from a series of equal and equidistant 

sinks along the y-axis and is obtained from Streeter 
[8] as: 

thermocouple records a temperature rise after a 
certain time interval. which is a function of the heat 

input, liquid properties and the location of the 
thermocouple. Time is measured from the instant 
this thermocouple records a temperature change and 

is nondimensionalized by a characteristic time ‘I,, 

which is simply the time taken by the liquid 

temperature, as measured by the thermocouple, to 

rise from the room temperature to the boiling point 
of the liquid. This characteristic time is obviously a 

function of the fluid properties, heat input and loss 

to the environment. It is, therefore, a characteristic of 
the system. The thermocouple in the liquid shows a 

steady rise and the other thermocouple shows a 
temperature change following the onset of boiling in 
the liquid. It shows a very steep initial rise, followed 

by a more gradual approach to the saturation 

vapour temperature at atmospheric pressure. This 

indicates the vertical rise of a sharp interface, 

between the vapour and air, which diffuses out as the 
open end of the container is reached. Visually too, an 

almost horizontal and distinct interface was seen to 

rise gradually upwards. The sharp temperature rise is 

registered as this interface crosses the thermocouple. 
Due to mixing with air as a result of disturbance at 

the open end, the interface initially diffuses out and is 
eventually established as a distinct and sharp 

demarcation between the two regions. The time 
taken for the interface to be established, following 

the onset of boiling in the liquid, is also found to be 

close to T< for the system under study. 

u=- 
27cCjD 

sinh _ 

cosh(~)-cos(S) (‘y) (l) 

v= - 

where 27rC is the strength of the sinks and is related 

to the flow rate. The uniform axial velocity U, that 

arises at large negative x is 2nC/D and is employed 
in the nondimensionalization. 

The velocity profiles across the flow region at 
various values of x/D are shown. At large distances 
from the coils, the flow is essentially uniform, with U 

approaching U, and V approaching zero. The axial 

velocity is essentially uniform in the central region 

due to symmetry and the radial velocity is zero. In 

the figure, only half of the I/-component profile is 
shown, the profile being symmetric about the central 

axis. It is interesting to note that the uniform flow 

condition is attained in a distance of only about one 
diameter D away from the interface and that even at 

x/D = -0.1, the axial velocity is quite uniform in the 

central region. The vertical velocity component 

approaches high values near the coils due to flow 
concentration. The coils being finite in an actual 

circumstance, the interface will have a finite thick- 
ness and three dimensional and viscous effects will 
also alter the flow field. However, the general 
features of the flow will be expected to be similar to 

those shown. Mixing would occur across the in- 
terface due to disturbances and due to the flow in the 
two regions, resulting in fluid loss from the condens- 
ing region. These aspects are of particular interest in 
this study. 

The transient behaviour of the condensation 
region, with the high boiling fluorocarbon interfaced 
with air, is shown in Fig. 2. The measured 
temperature t is nondimensionalized as (t - t,)/(t, 
-t,), where t, is room temperature and t, the 
saturation vapour temperature of the condensing 
vapour. A thermocouple was located in the liquid 
and another in the vapour zone slightly below the 
condensing coils. Temperature differences of order 
0.5”C could be measured to an estimated inaccuracy _ 

Also shown in Fig. 2 is the liquid temperature 

decay following the turning off of the heat input. 

Since the cooling is largely by natural convection, a 
slow rate of cooling is observed. Up to a time 

interval four times z,, only 20% of the total 

temperature drop has occurred. Due to this slow 

cooling, the liquid remains at fairly large tempera- 

tures for a large period of time. resulting in 
significant fluid loss due to the high saturation 

vapour pressure at these temperatures. A need to 
accelerate the cooling process to reduce fluid loss is, 

therefore, indicated. 
The variation of the mean temperature with height 

x is shown in Fig. 3. The measured temperature f is 

of about 5%. As the heat is turned on, the lower 

FIG. 3. Mean temperature variation across the interface. 
Data: 0, High boiling fluorocarbon interfaced with 
Refrigerant 113 vapour ; A, R113 Vapour interfaced with 

air. 
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nondimensionalized with the uniform temperatures 
t, and ti in the condensing and interfacing regions 
respectively as (t - ti)/(t, - ti). The temperature va- 
riation is shown for two cases, one when the high 
boiling fluid is interfaced with Refrigerant 113 and 
the other when the latter interfaces with air. 
Horizontal traverses of the thermocouple revealed 
that the temperature variation was small, as expected 
from buoyancy effects generated due to temperature 
differences. Figure 3 shows several interesting and 
important features. The temperature gradient is 
found to be very steep, being much steeper for the 
higher boiling fluid. The maximum value of the 
temperature gradient is about 60”Ccm-’ and about 
lO”Ccm-’ in the other. This is expected from the 
larger temperature and density difference between 
the two zones in the first case. The heat input was 
adjusted so that the amounts of vapour generated in 
the two cases were essentially equal. The condensing 
coils stretch from x = 0 to x = 0.20. It is observed 
that condensation causes a temperature variation, 
due to mixing and thermal diffusion, well before x 
= 0 and right up to the end of the coils, though most 
of the condensation occurs in a region close to x = 0. 
The temperatures in the two regions were found to 
be essentially uniform. For an interface with another 
condensing vapour, as in the first case, the tempera- 
ture in the interfacing region was found to be larger 
than the boiling point of the interfacing fluid, R113, 
due to mixing across the interface. For air open to 
the atmosphere as the interfacing fluid, the tempera- 
ture in the interfacing region was, obviously, close to 
the room temperature, being larger for a partially 
enclosed region, again due to leakage across the 
interface. This aspect is considered in detail later. 

The mean velocity variation with x along the 
centreline of the condensation zone, is shown in Fig. 

4. The velocity is presented as Reynolds number Re, 
based on the properties of the high boiling vapour, 
which interfaces with air in this case. The diameter D 
is used as the characteristic dimension. The velocity 
of the vapour is found to be uniform in the region 
away from the coils, as expected from the inviscid 
solution, aqd this uniform velocity is attained in a 
very short distance away from the bottom of the 
coils. The velocity in air is essentially zero, since the 
ambient medium is stationary. The velocity distri- 
bution shows a sharp decline to zero from the high 
uniform value measured in the condensation zone. 
The distance over which this variation occurs is even 
smaller than that for the temperature variation. This 
indicates that the flow in the interface occurs over a 
very short distance and thermal diffusion, without 
large scale mixing, leads to the interfacing fluid being 
heated over a larger distance. Due to the stable 
stratification that exists, not much flow would occur 
vertically, though the temperature distribution does 
spread out. In the case of an unstable stratification, 
as would be the situation for a vapour lighter than 
the interfacing fluid, large scale mixing and flow 
would arise and the narrow interface observed here 
would not be expected. 

The nature and magnitude of disturbances in the 
interface were also studied to determine the level of 
mixing there and the resulting stability of the 
interface. On one hand, it is a stably stratified 
circumstance and, on the other, a temperature 
difference exists, between the two zones, which is 
expected to give rise to motion. A comparison of 
Ap/p, where p is the density of saturated primary 
vapour and Ap the density difference across the 
interface, for the two considerations, indicates a 
comparable effect. The Rayleigh number Ra is found 
to be very large, around 108, and, hence, turbulent 

I.0 - 

FIG. 4. Mean velocity variation across the interface, along the centreline of the system, in terms of the 
Reynolds number Re of the vapour. 
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flow is expected if a stable stratification were not 
present, the problem then being simply of heating 
from below [9]. Here Ra = g~AT~3~vz. Pr, where g 
is acceleration due to gravity, fl the coefficient of 
thermal expansion of vapour, x the thickness of the 
interface, AT the temperature difference across it, o 
the vapour kinematic viscosity and Pr its Prandtl 
number. However, due to the density gradient that 
exists, the instability is considerably curbed (Jaluria 
and Gebhart [lo]) and the disturbance magnitudes 
are much smaller than what is anticipated in a 
turbulent natural convection flow, as measured by 
Jaluria and Gebhart [ll]. The distribution of the 
measured local maximum of the temperature distur- 
bance t’,,, normalized by the mean temperature 
difference across the interface (t,-ri), is shown in 
Fig. 5, for the primary high boiling fluid interfaced 
with R113 and also for the latter interfaced with air. 

mixing and consequent fluid loss across the interface. 
The dependence of the location, in X, and the 

depth of the interface on the heat input Q was also 
studied. This is a very important consideration in the 
design of such systems, since it relates to the extent 
of condensation surface to be provided. The results 
obtained are shown in Fig. 6. The heat input Q is 
nondimensionalized by a characteristic value Q, 
which is taken as the heat input needed for a unit 
rate (1 kgs-‘) of vapour generation. Therefore, Q, is 
proportional to the latent heat of vaporization of the 
fluid employed for the primary zone and Q/Q, is 
related to the amount of vapour generated for the 
given heat input. The heat input is partially lost to, 
the environment and the remaining goes into the 
generation of the vapour. Figure 6 shows the 
dependence of the location of the two edges of the 
interface on the heat input. The edges are taken as 

FIG. 5. The variation of the maximum local tem~rature distnrbance &, across the. interface. Data: 0, 
High boiling fluorocarbon interfaced with Refrigerant 113 vapour; & R113 vapour interfaced with air. 

The curves are very similar in form and show that 
the maximum temperature disturbance is about 15% 
of the temperature difference (t,-ti) across the 
interface. The disturbance level is, therefore. not as 
large as may be expected in similar natural con- 
vection flows, mainly because of the stable ‘stratifi- 
cation that exists. Another interesting feature is that 
the disturbance peaks sharply at x = 0 for both 
cases. Therefore, the most disturbed region is the 
level at which condensation commences. The curves 
are almost symmetrical in form and the disturbance 
dies out very rapidly away from x = 0. The high 
boiling fluid gives a broader profile, perhaps due to 
larger At involved in the flow. The bottom of the 
condensation coils is, therefore, an important 
location with respect to instability and disturbance 
in the interface. This indicates the need to keep 
external disturbance to this layer small and to keep a 
strong stable stratification, in order to minimize the 

vertical positions where 1% change has occurred 
from that across the interface. For the results shown, 
the interface is between the high boiling fluid and air. 
Therefore, it is much sharper and narrower than the 
curves shown earlier in Fig. 3, for a given Q. The 
value of Q/Q, employed here ranges from 0 to 0.07. 

The two curves in Fig. 6, for the edges of the 
interface, are similar in form, in that they both rise 
sharply with increasing Q, at low values of Q, and 
then more grad~lIy beyond Q/Q, of around 0.03. 
This is a very interesting result since it points out 
that for a high enough Q, the location of the interface 
is largely independent of the heat input. As Q is 
increased the lower edge of the interface rises very 
sharply indicating that the increased velocity, which 
results at larger Q, pushes up the interface. However, 
the interface then stabilizes and does not move up 
significantly with increasing Q. Interestingly, the 
lower edge stabilizes just above the bottom of the 
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FIG. 6. The dependence of the position and thickness of the 
interface on the heat input Q. Data: 0, Lower edge of the 
interface; 0, Upper edge of the interface; A, Interface 

thickness. 

coils, at x/D x 0.03. The upper edge rises less sharply 
and continues to move gradually with increasing Q. 
The depth of the interface shows a steep decline as Q 
is increased, indicating the initial establishment of 
the interface, and then becomes essentially inde- 
pendent of Q beyond Q/Q, z 0.04. Therefore, this 
figure shows that as Q is increased from fairly low 
values, the interface undergoes significant variation 
till Q is high enough for a proper establishment of 
the interface, beyond which there is only a slight shift 
in the interface and its thickness becomes essentially 
independent of the heat input. At low values of Q, 
the amount of vapour generated is small and the 
condensation mechanism is not strong enough to 
give rise to a sharp well defined interface, which is 
then achieved as Q increases. The increasing amount 
of condensate must give rise to an increasing velocity 
level in the interface. Most of the condensation is 
again found to occur in the immediate vicinity of the 
lower most condensation coils. The results, non- 
dimensionalized with D, may be expected to hold as 
long as a narrow well defined interface exists. For 
large diameters, a weak interface would result and 
these results may be modified if the interface 
thickness is comparable to the chamber diameter D. 

The amount of the high boiling fluid that leaks out 
from the system across the interface and mixes with 
the interfacing fluid is a function of the heat input 
and interface characteristics. For an enclosed in- 
terfacing region, as in the case of another condensing 
vapour region or a partially covered zone containing 
air, the temperature of the interfacing fluid rises due 
to high boiling fluid loss across the interface. 
Therefore, the temperature in the interface region is a 

measure of the fluid leakage across the interface and, 
hence, of the effectiveness of the interface in fluid 
containment. Figure 7 shows the dependence of the 
temperature in the interfacing air region as a 
function of the heat input. The measured tempera- 
ture ti in the interfacing region is nondimensional- 
ized in terms of the saturation vapour temperature t, 
of the condensing vapour and the room temperature 
t,. A gradual rise in temperature with Q is observed. 

/ 

I I 1 I / I 

0.01 0.02 0.03 0.04 0.05 0.06 007 

Q/Q, 

FIG. 7. The dependence of the measured temperature ti, in 
the interfacing region, on the heat input, with air as the 
interfacing fluid and the high boiling fluorocarbon as the 

primary condensing fluid. 

This indicates a continued increase in leakage across 
the interface with increasing Q. As discussed above, 
the interface thickness and, hence, its containment 
effectiveness are essentially unaltered with increasing 
Q. But the flow velocity increases, leading to an 
increased fluid loss across the interface into the 
interfacing region, where the temperature rises in 
consequence. These measurements are taken along 
the vertical central axis, the horizontal temperature 
uniformity in the central region being established 
due to buoyancy effects, as observed from horizontal 
traverses and mentioned above. 

The stable stratification that exists due to the 
density difference, between the primary condensing 
vapour and the interfacing fluid, helps in the 
containment of the former. However, a disturbance 
to the interface will lead to a greater mixing and 
hence to greater fluid loss across the interface. This 
disturbance may be due to a component, to be 
thermally treated, being lowered into the conde- 
nsation zone or due to some other external agency 
which introduces a significant mixing of the vapour 
and the interfacing fluid. Figure 8 shows the effect of 
such a disturbance resulting from the introduction of 
cold interfacing liquid into the hot primary zone 
which interfaces with R113. The flow rate of the 
injected liquid is nondimensionalized by Q/L, where 
L is the latent heat of the primary fluid and is related 
to the rate of primary vapour generation. The 
temperature in the interface region ti is non- 
dimensionalized in terms of t, and the saturation 
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FIG. 8. The variation of the measured temperature ti, in the 
interfacing region, employing R113 as the interfacing fluid, 
with the rate i of introduction of R113 into the primary 
zone. Data: 0, R113 introduced as liquid; & R113 

introduced as vapour. 

vapour temperature ti, of R113. It is seen to increase 

rapidly with the amount of liquid injected, since this 

liquid boils and vaporizes in the hot zone causing a 

significant disturbance to the interface as a result of 
this violent action. This leads to greater mixing and, 

hence, to greater primary fluid concentration in the 
interface region, resulting in a higher temperature. 

The measured temperature for the case when the 
interfacing fluid is introduced as a vapour, so that 

the violent boiling action does not occur, is also 
shown. Clearly, the mixing introduced is much less, 
as indicated by a much lower temperature. These 

results are of importance in the design and mainten- 
ance of a shielding region and in the minimization of 

fluid transfer across the interface. 

CONCLUSIONS 

An extensive experimental study of the interface, 
between a condensing vapour region and an interfac- 

ing fluid, has been carried out. Of particular interest 
were the transient and steady-state characteristics of 
the interface. Measurements of mean temperature 
and velocity variation with height were taken to 
study the nature of the profiles in the interface and 

their dependence on the parameters of the conde- 
nsation system. The location and depth of the 
interface were inferred from the measured tempera- 
ture profiles and their dependence on the heat input 
was studied. The nature of temperature disturbance 
at the interface was also investigated. The effect of 
the condensing vapour loss across the interface and, 
hence, of the heat input and of disturbance to the 
interface, on the temperature in the interfacing zone 
was determined. 

The interface was found to be very distinct and 
sharp, the temperature and velocity gradients being 
high. It was found that the lower edge of the 

interface is a very disturbed region due to the 

condensing action of the vapour. The establishment 
of the interface, following the turning on of the heat 

input was found to be a fairly uniform process. The 

characteristic time required for its establishment was 
determined. An interesting result obtained in this 
study was the significant dependence of the char- 
acteristics of the interface on the heat input at 
low values of vapour generation. It became essen- 

tially independent of the heat input once the 

interface was properly established. A disturbance to 

the interface was found to lead to a significant 

mixing of the fluids on either side of the interface and 

hence to a greater loss of the primary condensing 

vapour across the interface. The two regions on 
either side were found to be fairly uniform in flow 

and in temperature, a sharp change being observed 

only at the interface, a disturbance to which leads to 
a decrease in the effectiveness of primary fluid 

containment. 
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UNE ETUDE EXPERlMENTALE DE LA FRONTIERE DUNE REGION 
DE VAPEUR EN CONDENSATION 

Resume-On developpe une etude experimentale sur la nature et les caracteristiques de I'interface entre 

une vapeur qui se condense et le fluide externe. L’interface risulte de la condensation, sur une front&e 
tour&e vers I’atmosphere, accentuee par la difference de densite entre les fluides de part et d’autre. 
L’etude concerne le regime permanent et le comportement transitoire de I’interface. La dependance de sa 
situation et de son tpaisseur sur la quantite de vapeur condensee est dtterminie. Les variations de la 
temperature moyenne, de la vitesse et du niveau de la perturbation de temperature a travers I’interface 
sont etudiees de facon a determiner les caracteristiques essentielles de cet interface. L’importance du 
melange a travers I’interface est consideree en fonction de la perturbation de I’interface et de la quantite 
de vapeur creee par I’apport de chaleur. L’etude fournit une information sur la description de tels 
systtmes en considerant la dtpendance des caracteristiques de I’interface vis-a-vis des paramttres du 

systtme en condensation. 

EXPERIMENTELLE UNTERSUCHUNG DER GRENZFLACHE EINES 
KONDENSIERENDEN DAMPFGEBIETES 

Zusammenfassung-Eine experimentelle Untersuchung von Art und Eigenschaften der Grenzflache 
zwischen einem kondensierenden Dampfgebiet und der augerhalb befindlichen Fliissigkeit wurde 
durchgefuhrt. Die Grenzflache entsteht als Ergebnis der Kondensation an einem Ende eines 
abgeschlossenen Gebietes, das an diesem Ende offen zur Atmosphare hin ist, und sie ist gekennzeichnet 
durch einen Dichteunterschied der Fluide auf beiden Seiten. Die Untersuchung beriicksichtigt den 
stationlren Zustand und das Ubergangsverhalten der Grenzfllche. Es wird die Abhangigkeit ihrer Lage 
und Dicke von der Menge des kondensierenden Dampfes ermittelt. Urn die grundlegenden Eigenschaften 
einer solchen Grenzflache zu bestimmen, wurden einerseits die Veranderung von Mitteltemperatur und 
Geschwindigkeit, andererseits das AusmaB der Temperaturstorung senkrecht zur Grenzflache untersucht. 
Es wird such die GroDenordnung der Vermischung fiber die Grenzfhiche hinweg, ausgedriickt durch ihre 
Stiirung, und die Menge des durch Warmezufuhr erzeugten Dampfes betrachtet. Die Untersuchung bietet 
Information fur die Auslegung solcher Systeme und zwar, indem die Abhangigkeit der wichtigen 

Merkmale der Grenzflache von den BestimmungsgrijBen des Kondensationssystems angegeben wird. 

3KCHEPMMEHTAJlbHOE WCCJIEflOBAHME MEIKQA30BOn HOBEPXHOCTM 
HPH KOHAEHCAHMW IlAPA 

AnnoTaumi- Hpoaeneno sxcnepnhienranbnoe hiccnenoBame CTpyKTypbI XapKTepUCTHK rpaHtUIb1 

pasnena Memy o6nacrbro xonneticnpyromerocn napa n atiemneii 06naCTbIO IIUIKOCTH. rpamma 

06pa3yeTCII B Pe3yJIbTaTe KOHneHCaIIWH napa B YaCTH o6nacTH, KOHTaKTHpyIOmefi C BHemHeii CpZnOfi. 

MCCJIenOBaHbI craunona,pnbrii n nepexonnbtii pennhfbt C/IOpMHpOBaHHII rpaHImbI pasflena. Chpeneneea 
3aBHCHMOCTb nOJIOmeHHR II TOJImHHbI rpaHIIIIb1 OT KOJIH'IeCTBa KOHneHCHpymmerOCa napa. Am 

OllPeneneHHSl CJCHOBHbIX XapaKTepHCTHK MeXt@a3OBOfi rpaHHUbI HCCJIeLIOBaHbI H3MeHeHHR ee Cpe,?IHeii 

TeMnepaTypbI II CKOP0CTH.a TaKXte ypOBH5I TeMnepaTypHbIX BO3MyIUeHIffi nOne#K I-paHUIIbI. CTeneHb 

CMemeHHa B nOne~'IHOM CeYeHHH aHaJIII3HpyeTCs HCXOna H3 BOSMyIUeHHfi rpHHUb1 pa3nena II KOnH- 

qecTBa napa, o6pasyIomerocn B pe3ynbrare nonBona Tenna. Pe3ynbTaTbI wcnenoaaHHn MoryT 

HCnOJIb30BaTbCR npH nPOeKTHpOBaH&IH COOTBeTCTByIOIUHX CHCTeM Ha OCHOBaHHH jTaHHbIX 0 WIHIIHHN 

nafIaMeTpOBCHCTeMbI Ha OCHOBHbIe XapaKTepHCTHKH rpaHI%UbI pa3ne,Ia. 


