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A~~act-Tie effect of the thermal properties of the condenser material on dropwise condensation heat 
transfer is studied experimentally. Quartz glass, stainless steel, and carbon steel are employed as the 
condenser materials. The heat transfer coethcient for steam is measured very carefully and precisely using 
thin-film resistance thermometers deposited on the condensing surface. All tests are conducted in a pressure 
range from 10 kPa down to 1 kPa to minimize the effect of nucleation-site density on the heat transfer. 
The experimental data definitely show that the heat transfer coefficient is dependent upon the surface 
thermal conductivity. Also, the measured heat transfer coefficients agree satisfactorily with the predictions 
by the previously developed constriction resistance theory. It is confirmed that the heat transfer coefficient 

decreases with the surface thermal conductivity due to increasing constriction resistance. 

7. lNTRODUCTlON 

Twi constriction resistance theory concerning the 
effect of surface thermal properties on the heat trans- 
fer coefficient of dropwise condensation was devel- 
oped in our previous report [I]. The present paper 
aims at ~stabIishing the ~x~rimental verifi~dtio~ 
of the theory. 

In the theoretical work [l], a fundamental differ- 
ential eqation describing the constriction resistance 
was derived by formulating the contribution of the 
droplet resistance in the individual drop size class to 
the total thermal resistance. It was found from the 
equation that the constriction resistance could be 
determined by the Biot number defined by the inter- 
facial heat transfer coefficient hi, the departing drop 
radius r,,, and the surface thermal conductivity ;1,. 
A comparison between the theoretical heat transfer 
coefficients and the existing experimental data showed 
a similar tendency. However, the accuracy of most of 
the data is not satisfactory since the condensing sur- 
face temperature was obtained by the ordinary extra- 
polation method, and the departing drop size was not 
reported. Also, those experiments have been con- 
ducted under atmospheric pressure so that the exper- 
imental heat transfer coefficient might be affected by 
surface characteristics such as the nucleation site den- 
sity. Hence, further expe~mental data are needed for 
verifi~tion of the theory. 

In this study, quartz glass, stainless steel, and car- 

bon steel are selected as the condenser materials due 
to their appropriate thermal conductivities, and the 
heat transfer coefficients of low pressure steam are 
measured very carefully and precisely using thin-film 
resistance thermometers deposited on the condensing 
surfaces. Since the data for these materials are limited 
in number, the present experiment is made by chang- 
ing the steam pressure in the range from 1 to 10 kPa, 
In this pressure region, the interfacial heat transfer 
coefficient varies by an order of ten, and then we can 
change the Riot number extensively and continuously. 
Also, from the fact that the heat transfer coefhcient 
of low pressure steam is independent of the density of 
the nucleation site [2,3], it is desirable to perform the 
experiment in the low pressure region for removing 
the effect of surface chara~te~stics, 

The distinctive feature of this report is the precise 
measurements of heat transfer data in the wide range 
of parameters. The expe~mental data are compared 
with the theoretical predictions, and the effect of con- 
striction resistance is clarified. 

2. EXPERIMENTAL APPARATUS AND 

PROCEDURE 

2.1. Apparatus 
Figure 1 shows a schematic drawing of the exper- 

imental apparatus. This is the same as that used in 
refs. /3,4] to determine the condensation coeflicient 
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NOMENCLATURE 

Riot number, /I, . i’,,,~,, ‘2, 
heat transfer coefticicnt 
latent heat of vaporization 
interfacial heat transfer coefficient 

density of drop size distribution 
Nussclt llLlmber, h. I',,: ,\ i, 

mean heat flux 

drop radius 
departing drop radius 
characteristic drop radius, X,//I, 

mean surface tempcralurc 

I-, saturation temperat urc 
AT- mean surt‘acc subcooling. 7,- ‘1; 

‘< specific volume of vapor. 

Greek symbols 
L, thermal conductivity of condcnset- 

malcrial 
i, thermal conductivily of liquid 

; I dimcnsionlcss characteristic drop wdius. 

I' / ‘I’ /,,,l\ 
f,l sweeping period. 

of water al low pressures. The main closed loop con- 
sists of a boiler. a test condenser and a main condenser, 
which arc all made of No. 304 stainless steel. Since 

the experiment is carried out at a low pressure region 
below atmospheric prcssurc. great cart is taken lo 
degas the system and make it gastight. When the boiler 
is empty the system can be pulled to and maintained 
at a vacuum of 2x10 ’ Pa by keeping a diffusion 
vacuum pump in motion. Water purified with the 
deionizing equipment is used as the test fluid. Its res- 

istivity is greater than 1.5 x IO” 61 cm. The deMs oi 

the expcrimcntal facility and Ihc degassing procedure 
arc described in ref. [3]. 

The setup of the test condenser and the detail of the 
condenser block arc shown in Figs. 2 and 3. respcc- 
lively. The condenser block is made of copper oi’ 
purity 99.96% and its main part is a cylinder, 30 mm 
in diameter and 89.5 mm long (set Fig. 3). On top OI 
the copper block, the disk-shaped condensing surface 
19.5 mm in diameter and 1.5 mm thick is joined. The 
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Steam ’ 
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Boiler 

Sheath heater 

Remote magnet 

mixer 
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-3 pump 

Foci. I. Expcrimcntal appatatus. 
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Coolant inlet 

Coolant outlet 

Steam 
inlet 

Glass window Test disk 

FIG. 2. Test condenser. 

condensing surface is vertically oriented and visual 
observation is possible through the glass window 
placed in front of it with a space of 3 mm. Either water 
or aqueous alcohol is employed as the coolant of the 
test condenser. The coolant temperature is controlled 
to adjust the surface subcooling of the condensing 
surface to a desired level. 

The steam temperature T, is measured by a sheathed 
chromel-alumel thermocouple installed in the test 
condensing chamber. The surface-averaged tem- 
perature T, of the condensing surface is measured 
directly using a thin-film resistance thermometer fab- 
ricated by microelectronic thin-film technology. The 
details of the thin-film thermometer will be described 
later. A part of the copper block, 30 mm long, serves 
as a heat flux meter. Four thermocouple holes, 0.6 
mm in diameter, are drilled radially to the axis of the 
copper block at the locations shown in Fig. 3, and 
sheathed chromel-alumel thermocouples 0.5 mm in 
diameter are installed in these holes. The mean heat 
flux q is obtained by applying the least square 
regression to the readings of these thermocouples. 

2.2. Test surfaces and thin-film thermometers 

Three kinds of materials, i.e. quartz glass, No. 304 
stainless steel, and No. 41 carbon steel, are used as the 
test surfaces. The reference values of their thermal 
conductivity 1, are 1.3, 16.0, and 51.6 W m-’ K-’ at 

Condensing surface 

FIG. 3. Condenser block. 

Detail of sensing 

Electric terminal Sensing element element 

(a) Pattern of aluminum resistor 

Leading Conductive Conductive Leading 

(b) Structure of thin-film thermometer 

FIG. 4. Thin-film resistance thermometer. 

300 K. After the surface of the disk is polished care- 
fully to an optical or mirror finish, the thin-film resist- 
ance thermometer is fabricated for the accurate 
measurement of the condensing surface temperature 
without disturbing heat transfer. 

Figure 4 shows the resistor pattern and the structure 
of the thin-film resistance thermometer. Aluminum 
was selected as the temperature sensing material by 
virtue of its relatively high temperature coefficient of 
resistance. To monitor the instantaneous surface- 
averaged temperature in the transient dropwise con- 
densatidn, five microscopic sensing elements of 
0.5 mmx0.5 mm are placed over the central area 
(5 mm x 5 mm) of the condensing surface and they 
are connected in series as shown in Fig. 4(a). Since 
the radii of active drops in dropwise condensation 
are a few or ten-odd microns for low pressure 
steam, the conductor path of the sensing element is 
designed as the meandering pattern of 10 pm width 
to detect their base temperatures as much as possible. 
The meander resistor configuration is also desirable 
to reduce the effect of Joule heating. 

The thin-film resistance thermometer is fabricated 
using the IC processing technique. The metal test disk 
such as stainless steel or carbon steel is first coated 
with a 1 pm thick electrically insulating layer of tri- 
silicon tetranitride (Si,N,) using a plasma chemical 
vapor deposition (Plasma CVD) process. Of course, 
the insulating layer of S&N, is not necessary for a 
glass surface. Next, an aluminum layer 0.5 pm thick 
is deposited by a radio-frequency sputtering method, 
then the resistor pattern of Fig. 4(a) is formed using a 
photographic selective etching process. The sputtering 
method produces an adhesive thin layer and alumi- 
num can be easily shaped into the microscopic pattern 
by etching. Further, another layer of 0.7 pm thick 
S&N, is deposited on the entire surface of the disk, 
leaving only four terminals exposed for electrical con- 



nuction. This layer serves as a protector of the sensor. 
Since the Si,N, film deposited by Plasma CVD has 
stress-free. waterproof and adhesive features, WC can 
product the e~ectricaf[y insulating or the ~~v~r-~o~~tin~ 
layers without any pinholes. 

Enamel coated copper wires of 0.5 mm diameter 
arc attached on the resistor terminals using a con- 
ductive epoxy resin. An electric current of I .O mA is 
supplied to the resistor through a pair of terminals 
and the potential diffcrencc betcvccn the other pair oi 
terminals is monitored. 

Calibration of the thin-film resistance tl~~rnl~~~letcl. 
is made in the temprrature range between aimost 273 
and 323 K using the thcrmalfy well insulated water 
bath. After confirming its stability andgood linearity. 
the test disk is soldered to the end of the copper 
block. Table 1 sllnll~arizes the ~har~~cteristi~s of three 
thcrmomctcrs, which include the resistances at 273 
K and ternpe~~tL~rc co&Gents of resistance to~~t~i~l 
with the standard deviations of the resistance tcm- 
peraturc correlations. The accuracy in the surl>cc tcm- 
pcralurc l~e~~suren~c~lts c3n be &mated as Ifi 0.12 I( 
at maximum. if twice the standard deviation is taken 
as an error. 

Heat transfer measurements arc carried out in a 
pressure range from 10 kPa down to i kPa after dcgas- 
sing the test water 131. Since steam Aow near the con- 
densing surface prevents the noncondensables from 
building up and rcduccs the departing drop size. the 
steam flow rate is adjusted so that the dynamic prcss- 
ure, based on the average steam velocity in the test 
condenser. amounts to 4 Pa. Therefore. it is con- 
sidered that the effect of noncondensables is negligihie 
in the present experiment using the highly gastight 
system and the dcgasscd test water. 

The surf~c subcooling AT is taken as the timc- 
averaged difference between the steam t~l~~per~ltu1.e r, 
and the condensing surface temperature ?, mcasurcd 
by the thin-film resistance thermometer. The surface 
subcooling AT is set as AT > 1 K in order that the 

potential nucielttion site might be fully activated. The 
heat iransfer cocffcicnt if is obtained by Ir = q/&.7: 
where the value calculated from the temperature dis- 
tribution in the copper block is used for the heat Rux 
(I. Photogr~~phs of the condensing surface are taken 
simultaneously with the heat transfer measurement to 
observe the departing drop radius I’,,,~~_. Olcic acid is 
used as a promoter for dropwise condensation. 

3. EXPERIMENTAL RESULTS 

3. I Sul;f~i~~c ietlrpcwazrrc~ iwiatim 

Figure 5 shows a typical transient history of the 
~~lldensjng surface tcmper~~tur~ monitored in 1110 
cxpcriment on the glass surface with the lowest thcr- 
maf ~ol~d~lctivit~. In this figure. the variations c)! 
steam and condensing surFdcc temperatures at steam 
pr’cssurc !‘, = 2.8 kPa are presented for 300 5, togcthcr 
with some pito~ographs showing the behavior of drop- 
lets. Since lhe steam tempcraturc is almosl constant at 
its ~~t~~rati~~n t~rnperat~lr~ r, =-I 11.7 C, we can judge 
that theexperimental system is in a completely staLion- 
;try condition. On the other hand, the surface-akcr- 
aged temperature of the condensing surface shows ;I 
periodic change with large variation. IIt is found from 
the ptl~)t~~graphs that the sur~lcc-avcragtl tcm- 
pcraturc changes periodically according to the cqcic 
oi‘ the transient dropwisc ~(}~?~~e~l~~~t~~~~i occurring 
rcpeatudly on the tracks left b) the &parting drops. 
‘The departing drop size is 3.6 mm in diameter which 
is large enough to cover the whole arca of sensing 
clemcnts of the thin-film thermometer. Namely, when 
most 01‘ the sensing clcments arc covered by a hip 
falling droplct, the thermometer indicates the inwcr 
tempcralurc due lo its large thermal rcsistancc (at 
point I in Fig. 5). At an instant of drop departure, 
the surface temperature rises rapidly up to near the 
s~~ur~~~jo~ tcn~per~~ture (nt 2). then decreases grrrdu- 
ally with the ~ot~t~n~ou~ drop growth (2 + 7 --+ 4). 
Again. the falling drop pauses the rapid decrease 01 
t~l~pe~~tur~ (at 5) and such a cycle is repeated. The 
mean value of the surface-aberagcd temperature ir 
calculated at 7; = 31.3 C’ in this c:~sc, :md then the 
mean surface subcooling is obtain& as A,T = 1.4 K 
Thcrc is no marked variation in the heat 13ux 
q obtained from the tempe~ltur~ gradient in ihc 
copper block. being ~ilmosr const;tn~ ;rt q z- IS.%+ 
0.70 kW m ’ 

Temperature variations ol‘ the glass surface are also 
shown in Fig. 6 for three different heat lluxes under 
the same steam prcssurc I’, - 9.4 kI%. The heat Rusts 
are q 2: 16.66 20.64. and 3Z.89 kW m ’ ;Itx.l the 
nxultant mean surface subcooliligs arc t~bta~n~d ;~t 
A 7’ := I .0X. I .X.1, <tnd 2.60 K. rcspeclively. WC can see 
from this figure that an increase of the heat flux 
reduces the period but increases the ~11npljt~lde of‘sur- 
face temperature variation. Thiq is because the drop 
qowth ra~c and local sub~ooiil~~ increase with the 
heat Hux. In thecasc of‘smalf heat blurt, the mean value 
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(c) P, = 9.3 kPo AT = 2.60 K 
q = 32.89 kW/m’ 

361 * I I 
0 60 120 180 240 300 

Time, s 

Fro. 6. Efl&t of heat flux on surface temperature variation ofgtass condenser. 

of the surface temperature variation is higher than the 
median {see Fig. 6(a)), since the sweeping period by 
the departing drops is so long that the surface is 
covered by the active drops for a long time. The mean 
temperature approaches the median with increasing 
heat flux (Figs. 6(b) and (c)). 

Figure 7 shows the temperature variations of the 
stainless steel and the carbon steel surfaces obtained 
at the steam pressure around 9 kPa. The temperature 
variation of the stainless steel surface in Fig. 7(a) is 
smaller than that of the glass surface in Fig. 6, in spite 
of the larger heat flux. The mean subcooling is also 
smaller than that for the glass surface, thus the heat 
transfer coefficient is higher. A further increase of heat 
flux (Fig. 7(b)) reduces the period and increases the 
variation in the same way as the case of the glass 
surface, but the heat transfer coefficient does not 
change due to increasing mean subcooling. From the 
temperature variation of the carbon steel surface (Fig. 
7(c)) with the highest thermal conductivity in the pre- 
sent study, the mean surface subcooling becomes 
smaller than that for the stainless steel surface at the 
same order of the heat flux. This result indicates a 
higher heat transfer coefficient than that for the stain- 
less steel surface 

Close-up photographs of the three condensing sur- 
faces are shown in Fig. 8, and the relation between 

the mean sweeping period and the heat flux is shown 
in Fig. 9. In the present experiment, the sensing area 
of the thermometer is relatively large so that the mean 
period of the surface temperature variation may result 
in a smaller value than the theoretical one due to 
the increasing probability for sweeping by the falling 
droplets. However, the experimental periods are 
approximately consistent with the theoretical sweep- 
ing period obtained by the following equation : 

h,, 

f 

rmrr 2n 

4’ ** = ii-- i r*>?,!, 
3 r’N(r, z,) dr L=” 1100 kJ m -’ 

where It, is the latent heat of vaporization, t>( the 
specific volume of water, and N the distribution den- 
sity of drops used in the theoretical study [t]. This 
figure shows that the period is inversely proportional 
to the heat flux. 

3.2. Heat transfer coeficient 
The heat transfer coefficients obtained in the pres- 

ent experiment are summarized in Fig. 10 to make 
a comparison with the theoretical prediction by the 
constriction resistance theory [I J. This figure indudes 
the data for the gold-plated copper surface measured 
in ref. [3] using the same apparatus. Therefore. four 
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FIG. 7. Surface temperature variations on the stainless steel and carbon steel condensers. 

kinds of data can be compared with the theory. In 
drawing the theoretical curves, the departing drop 
radius rmax = 1.5 mm is used for the copper surface 
[3] and r,,, = 1.8 mm for the present materials. 

The experimental data show that the heat transfer 
coefficient is dependent upon the surface thermal con- 
ductivity. The copper surface yields the highest heat 
transfer coefficient, and it decreases markedly with the 
thermal conductivity in the order of carbon steel, 
stainless steel, quartz glass. The heat transfer coefficient 
on the quartz surface is one-third at P, = 1 kPa and 
one-eighth at P, = 10 kPa compared with that on 
the copper surface. Also, since the experimental heat 
transfer coefficient agreed very well with the theor- 
etical predictions, it is considered that the constriction 
resistance theory can describe fairly well the effect of 
the surface thermal conductivity on the heat transfer 
coefficient. It is then confirmed that a decrease of the 
surface thermal conductivity raises the constriction 
resistance and reduces the heat transfer coefficient of 
dropwise condensation. 

4. DISCUSSION 

From the theory [l], the constriction resistance in 
dropwise condensation is determined by the Biot 
number defined by Bi, = h; rmax/,lc in addition to 
the basic parameters 5, and & in ref. [2]. 5, is 

the non-dimensional characteristic drop radius 5, = 

2&l(hi * rmax ) and tCri the nondimensional thermo- 
dynamic critical radius. Since the effect of tCti is neg- 
ligible in the present low pressure condition, the 
Nusselt number defined by Nu = h - rmax/12, is con- 
sidered as a function of 5, and Bi, 

Nu = Nu(r,,Bi,) or Nu(~,,Bi;~,/2 = &/kc). 

(2) 

For the two extreme cases, 1, + cc and AC + 0, 
the Nusselt numbers of dropwise condensation are 
expressed from the theoretical solution as follows : 

Nu = 3.18[;‘.’ for 1, + co (31 

Nu = 11.35:‘.‘* for 1, + 0. (4) 

Figure 11 shows the relation between Nu and 5, as 
a function of &/a,. The solid lines from the theory 
are consistent with the experimental Nusselt number 
except for the copper data obtained near the atmo- 
spheric pressure condition. This is because the theor- 
etical prediction presents the upper limit of Nusselt 
number since it is obtained by assuming that the con- 
densing surface is covered entirely by the drops with- 
out any vacant space. In the higher pressure region 
near atmospheric pressure there are some effects of 
tCti on the heat transfer rate [2]. Because of this the 
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( a ) Quartz glass 

Ts = 2956 K 

AT--l.1 K 

( b ) Stainless steel 

Ts =303.1 K 

AT=1.7K 

( C ) Carbon steel 

Ts=290.9 K 

AT = 1.1 K 

present experiment is carried out in the pressure region 
lower than p, = 10 kPa. Figure I1 shows the other 
data measured by Hannemann and Mikic [S] and by 
Nagata and Tanasawa (61 using thin-film resistance 
thernloineters under the atmospheric condition. Han- 
ncmann and Mikic obtained 11 = 61.9 kW m ’ K ’ 
al i,,,;,, = I .O mm lor the stainless steel surface 
(i, = 17.3 W m -’ K ‘) and Nagata and Tanasawa 
reported the values iz = 70 - 120 kW m .’ K ’ 
at i‘,,,;,, = (I.7 mm for the titanium surface (‘2, = 

117.2 W m ’ I( ‘f. Their data also agree satisfac- 
torily with [he theory. 

From these experimental and theoretical results, 
the Nusselt number of dropwise condensation is 
expressed on the basis of expressions 13) and (4) as 
follows: 

A comparison is shown in Fig. 12. It is found that all 
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q*Ta= 1100 kJ/m’ 
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FIG. 9. Variation of sweeping period with mean heat flux 
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FIG. 10. Comparison between the experimental and theor- 
etical heat transfer coefficients. 
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FIG. 11. Nusselt number for dropwise condensation. 

data are included in the range of f20% deviation 
from correlation (5). 

Here we discuss the effect of the thermal capacity 
of the condenser material. In the theoretical study, we 
assume that the time response of the surface tem- 
perature is sufficiently rapid such that the thermal 
capacity effect can be neglected. This assumption con- 
siders the situation that the surface temperature rises 
abruptly immediately after drop departure. Chiba et 
al. [7] and Tanasawa et al. [8] made one-dimensional 
unsteady analyses of heat conduction in the condenser 
material using the transient histories of the surface 
temperature measured by the surface thermocouple. 
They reported that the abrupt temperature rise brings 

x 

> 

,E 
1 100 

II 
0 Quartz Glass 

3 
A Stainless Steel 

0 Carbon Steel 

3.18 11 .3(,-0.r8 

c,~J+o.3(xl/@J + 1+0.6(k/L)-“.‘8 

FIG. 12. Correlation for Nusselt number. 

a rapid increase of surface heat flux. However, since 
the period of the abrupt temperature rise is very short 

compared with the cycle of transient dropwise con- 
densation, it can be considered that there is no effect 
of the steep increase of heat flux on the mean heat 
transfer rate. As seen in Fig. 9, the period of the 
sweeping cycle in the present experiment is so long 
that the heat transfer coefficient is not affected very 
much by the thermal capacity of the condenser 

material. 
In closing, an error estimation for the heat transfer 

coefficient is presented as follows. The error in meas- 
uring the surface subcooling is estimated as f 0.15 K 
from the accuracy of the thermocouple and surface 
thermometer. The accuracy of the heat flux is deter- 
mind by the method of Wilcox and Rohsenow [9] as 
f 2.6 1 kW m- 2. Then, most rof the experimental heat 

transfer coefficients may include the errors of 8-20%, 
while the data for the glass surface at P, - 1 kPa have 
the error of 30% due to the low heat flux and the small 
mean surface subcooling (q = 12 kW m- 2, AT = 1.04 
K). The heat flux due to Joule heating of the thin- 
film resistance thermometer is 0.23 kW m-*, which 
amounts to only 1.9% of the lowest heat flux q = 12 
kW me2 in the experiments. The heat conduction 
error through the over-coating layer S&N, is estimated 

as 0.07 K at the heat flux q = 100 kW m-‘. Hence, 
both the effects of Joule heating and the over-coating 
layer of the surface thermometer on the accuracy of 
surface temperature measurement are fairly small. 

5. CONCLUSIONS 

To verify the constriction resistance theory, the heat 

transfer coefficients are measured very carefully and 
precisely in the wide range of Biot numbers using 
the thin-film resistance thermometer formed on the 
condensing surface. The following conclusions are 
obtained. 

(1) The surface-averaged temperature changes 

periodically according to the cycle of transient drop- 
wise condensation. The period decreases with increas- 
ing heat flux, while the temperature variation increases 
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with heat flux depending on the thermal conductivity 
of the condenser material. 

(2) The heat transfer coefficient of dropwise con- 3. 
densation decreases with the surface thermal con- 
ductivity. Comparison between the experimental and 4. 
theoretical heat transfer coefficients shows a fairly 

good agreement and a correlation of Nusselt number 
is presented. 

(3) It is confirmed that a decrease ofsurface thermal 5, 
conductivity raises the constriction resistance and 
then reduces the heat transfer coefficient in dropwise 
condensation. 
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VERIFICATION EXPERIMENTALE DE LA THEORIE DE LA RESISTANCE: 
THERMIQUE DE CONSTRICTION DANS LA CONDENSATION DE 

GOUTTELETTES 

R&urn&--On &die exp&rimentalement I’effet des prop&&s thermiques du mattriau du condenseur sur la 
condensation en gouttes. Le quartz. I’acier inoxydable et l’acicr au carbone sont employ& comme matkriaux 
du condenseur. Le coefficient de transfert dc chaleur pour la vapeur d’eau est mesun? avec precision en 
utilisant des thermomttres i film mince d&posks sur la surface de condensation. Tousles tests sonl conduits 
dans un domaine de pression entre IO kPa et I kPa pour minimiser I’effet de la densiti: du site de nuclCation 
sur le transfert thermique. Les donnees exp&rimentales montrent de fagon Claire que le coefficient de 
transfert thermique dtpend de la conductivitC de la surface. Les coefficients mesur&s s’accordent bien avec 
les prtdictions de la thtorie de la r&stance de constriction. On confirme que le coefficient de transfert 
diminue avec la conductivitk thermique de la surface li cause de l’augmentation de la rttsistance de 

constriction. 

EXPERIMENTELLE BESTATIGUNG DER THEORIE FijR DEN 
WARMEUBERGANGSWIDERSTAND BE1 DER TROPFENKONDENSATION 

Zusammenfassunp-Der EinAuB der thermischen Eigenschaften des Wandmaterials auf den WHrme- 
iibergang bei Tropfenkondensation wird experimentell untersucht. Folgende Materialien werden dabei 
verwendet : Ouarzelas. rostfreier Stahl und Kohlenstoffstahl. Der Warmeiibergangskoeffizient fiir Wasser- 
dampf wird-unter- Verwendung eines Diinnschichlwiderstandthermometersi welches auf die Konden- 
satoroberflCche aufgebracht ist, sehr sorgf3tig und genau bei Driicken zwischen 10 und 1 kPa gemessen. 
Die MeDergebnisse zeigen eindeutig, dalj der Wsrmeiibergangskoeffizient von der Wirmeleitfghigkeit 
der Kondensationsfliche abhsngt. Es zeigt sich auBerdem, dal3 die Versuchsergebnisse befriedigend mit 
berechneten Werten iibereinstimmen, die mit Hilfe einer bereits friiher entwickelten Theorie fiir den 
bestimmenden Widerstand ermittelt worden sind. Es bestatigt sich, daO der WBrmeiibergangskoeffizient 
mit der Wgrmeleitfshigkeit der Oberflgche abnimmt. Dies ist auf ein Anwachsen des bestimmenden 

Widerstandes zuriickzufiihren. 

3KCHEPUMEHTAJIbHAR IIPOBEPKA TEOPMH COl-IPOTHBnEHkiH CTIfI-HBAHHIO B 
YCJIOBHIIX TEI-IJIOI-IEPEHOCA I-IPL? KAI-IEJIbHOft KOHAEHCAUHB 

.h,OTaL,"S-3KC*epliMeHTaJIbHO AC‘ZJIe~yeTcK BJIBIlHEle Te*JIOBbIx CBOkCTB MaTepHWIa KOHAeHCaTOpa 

Ha TennonepeHoc *pa KanenbHoii KoHneHcawni. B KawcTBe KoHneticaTopa 83KTbI Kaapueeoe creKn0, 

HepXG,BetoL&U, A yrJIepOL,HCTaSl CTaJIb. MC*OJIb3ySOTCn TOHKOIUIeHOWSbIe TepMOMeTpbI CO*pOT*BlTeHlm, 

ycTaHoBnemble Ha *oBepxHoccu KoHne*caum. 3To n03BomeT T04Ho o*pefleneTb K03+@wieHT Ten- 

no*epeHoca napa.C qenbI0 oUeHK* B~~HHHR *~OTHOCTW pacnpenenemir! 3apoweii tia Tennonepenoc 

BC4Z3Kc"epE,Me*TbI"pOBOJ,aTC,, BBHTepI%"IeH3MeHeHAiiZ,aBJIeHHS OT 10KnanO 1 Kk,3KCnepHMeHTa- 

,TbHbIe naH"bIe CBW&ZEJIbCTByloT 0 TOM,YTO K03$"$UWeHT Te*JIO*epeHOa 3aBHCHT OT THIJIOBOii IIPO- 

~o~a~oc~a*o~epxaocre.M3~~epeH~~e3Ha~e~srK03~~~~eHTaTenno*epeHocaxopomocornacyloTcK 

c Oac~eTabm Ha ocHoBe OaHee pa3pa6oTamoB Teopea conpoTHBneHan cmraBarrrilo.~onTeepmsa~Cn, 
r _ __ 

ST.0 K03@,,AIlUeHT TennonepeHoca yMeHbmaeTcn c POCTOM Te*nOBOii *~OBOAUM~CTU *OBepXHOCTU, 

Bcne~cTB5iey~enmemi~co*poTaBnemincTnrasaHaIo. 


