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Abstract-Several new polymer coatings, as well as gold and silver, were evaluated for their ability to 
promote and sustain dropwise condensation of steam. Long-term behavior on 2S-mm-square specimens was 
qualitatively observed in an endurance apparatus and heat transfer coeficients on single horizontal tubes 
were determined in a separate heat transfer apparatus. The organic coatings were successful in promoting 
good quality dropwise condensation for prolonged periods of times (> 12,000 h). Dropwise heat transfer 
coefficients as large as six times the film condensation value were obtained with these coatings and results 

were not dependent upon the thermal conductivity of the wall. 

1. INTRODUCTION 

ALTHOUGH dropwise condensation of steam has been 

studied for over 50 years, this unique area of heat 
transfer has remained as a laboratory curiosity pri- 
marily because permanent hydrophobic coatings have 
not been developed to the satisfaction of condenser 
designers. Noble metals as well as organic polymers 
have been used as permanent hydrophobic coatings 

[l] and, in recent years, various experimental inves- 
tigations have been conducted to understand the vari- 
ables which affect the long-term endurance of these 
coatings when exposed to steam [2-4]. In 1970, Bernett 
and Zisman [5] showed that pure water spontaneously 
wets noble metals which are completely free of organic 
or oxide contaminants. Erb and Thelen [6], however, 
obtained excellent dropwise condensation on elec- 
troplated gold, silver, rhodium, palladium and plati- 
num surfaces. In 1979, Woodruff and Westwater [2] 
studied dropwise condensation of steam on elec- 
troplated gold surfaces, and they found that a mini- 
mum thickness of approximately 0.2 pm of gold was 
required to obtain perfect dropwise conditions, other- 
wise mixed condensation would occur. A similar study 
for electroplated silver was conducted by O’Neill and 
Westwater in 1984 [3]. They concluded that the life- 
time of the silver as a promoter of dropwise con- 
densation depends upon the plating thickness and 
composition, as well as upon the base metal prep- 
aration. When perfect dropwise conditions were 
observed, they were attributed to relatively large 
amounts of carbon which were present in the plating, 
indicating that the carbon was probably the true pro- 
moter of dropwise condensation. 

As an alternative to noble metals, organic materials 
with low surface energies can be applied to the con- 
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densing surface to yield excellent dropwise conditions 
[7-91. However, two difficulties must be overcome 
before these organic coatings can be used commer- 
cially. The first is that there must be a good, long-term 
adhesion between the coating and the metal substrate. 
Generally, the thicker the coating, the better its resist- 
ance to oxidation and moisture. The second difficulty 

is that these organic materials have very low 
thermal conductivities, which requires that the maxi- 
mum coating thickness must be kept below approxi- 
mately 5 pm. Otherwise, the benefits of dropwise 
condensation are overcome by the increased 
thermal resistance of the coating itself. 

Recently, Holden et al. [4] evaluated 14 polymer 
coatings for their ability to promote and sustain drop- 
wise condensation of steam at atmospheric pressure. 
Several of these coatings were also tested for their heat 
transfer performance by applying them to the outside 
of horizontal copper tubes. Results indicated that the 
steam-side heat transfer coefficient can be increased 
by a factor of 3-8 through the use of these polymer 
coatings. Furthermore, some of the coatings, after 
more than 2 years of direct exposure to steam, were 
still showing good to excellent dropwise condensation 
behavior. However, they observed that none of the 
ultra-thin (i.e. < 1 pm) polymer coatings was capable 
of completely protecting chemically reactive sub- 
strates (such as copper and its alloys) from a steam/ 
water environment. It was apparent that continued 
oxidation of the substrate led to failure of the coating 
and they therefore recommended that further tests be 
conducted with non-reactive substrates or substrates 
plated with a non-reactive sub-layer. Non-reactive 
metals such as stainless steel and titanium are well 
known for their poor thermal conductivities and a 
controversy still exists in the literature regarding the 
effect of substrate thermal conductivity on dropwise 
heat transfer performance [I]. 

The objective of the present work was therefore to 
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explore the use of additional polymer materials and 
thin-film coating techniques on various substrates to 
discover successful ways to promote continued, long- 
term dropwise condensation. Furthermore, the in- 
fluence of substrate thermal conductivity, substrate 

roughness and coating thickness on dropwise con- 
densation heat transfer performance was to be 
investigated. 

2. EXPERIMENTS 

Endurance apparatus 
Endurance tests were made by continuously expos- 

ing prepared samples, which were mounted on a heat 
sink, to steam at atmospheric pressure. The endurance 
apparatus consisted of a steam chamber, a heat sink 
and a de-superheater. Complete details of this appar- 

atus and its operation are given in refs. [4, lo]. Three 
metal substrates were used for the specimens : oxygen- 
free, high-conductivity (OFHC) copper, 9CLlO 
copper-nickel and titanium. All the test specimens were 
25-mm-square; the copper and titanium specimens were 
0.76 mm thick while the copper-nickel specimens were 
1.52 mm thick. In addition to smooth substrates, three 
surface roughnesses were evaluated for their effect on 
coating adhesion. These included : number 40 glass- 
grit blast at a gage pressure of 138 kN m- *, number 
220 aluminum oxide grit blast at a gage pressure of 
276 kN m-* and industrial-size glass-bead blast at a 
gage pressure of 689 kN m-.*. After surface prep- 
aration, all specimens were cleaned for 10 min in 
an ultrasonic bath of ethanol. The specimens were 
then sent to various suppliers for application of the 
polymer coatings. 

Visual observations of dropwise condensation on 
the specimens were conducted periodically. Selected 
specimens were removed and photographs were taken 
of these specimens with a scanning electron micro- 
scope following the procedures described in ref. [lo]. 
In addition to the visualization of the dropwise per- 
formance, tests were also performed to provide a rela- 
tive indication of adhesion and hardness [lo]. Table 1 
provides a listing of the coatings which underwent 
endurance testing. These coatings included electro- 
plated gold and silver and the following organic 
materials : fluoroacrylic,* parylene,? No-Stik$ and 
Emralon.5 Complete details regarding these coatings 

are provided in ref. [lo]. 

*A thermoplastic coating developed by the Naval 
Research Laboratory. 

t Generic name for members of a thermoplastic polymer 
series developed by Union Carbide Corp. Parylene-N, 
known chemically as poly-para-xylene, contains a central 
benzene ring attached to which are two CH2 molecules. 
Parylene-D is parylene-N with the addition of two chlorine 
atoms attached to the central benzene ring. 

fTrade name of a thermally conducting plastic coating 
developed by Plasma Coatings, Inc. 

@Trade name of a fluorocarbon lubricant developed by 
Acheson Colloids Co. 

Heat transfer apparatus 
In order to determine the quantitative effect of a 

coating on the heat transfer coefficient, a separate 
apparatus, as shown in Fig. 1, was used to study 
dropwise condensation on a horizontal tube. Steam 
was generated from distilled water in a glass boiler. 
The steam then passed through a reducer, flowed into 
a 180” bend and then down into the stainless-steel 
test section. The test tube was mounted horizontally 
behind a viewing port in the center of the test section. 
Steam that did not condense on the tube passed to an 
auxiliary condenser. All condensate was returned to 
the boiler by gravity through stainless-steel tubing. 
Cooling water for the tubes was pumped through a 
throttling valve to control the flow from zero to a 
maximum velocity of 4.3 m s- ’ through the tube. 

A mercury-in-glass manometer, calibrated in milli- 

meters, was used to measure the internal pressure 
of the system. The cooling water temperature rise 
through the test tube was measured very accurately 
by a dual-channel quartz thermometer as well as by a 
coppcr-constantan thermopile having 10 junctions on 
either end. Throughout all of the runs, the measured 
temperature rise of the quartz thermometer and the 
thermopile agreed to within kO.03 K. A calibrated 
rotameter was used to measure the coolant flow rate 
through the tube. With the exception of the man- 
ometer and rotameter readings, which were entered 
manually, all data were interfaced through a data 
acquisition/control unit. 

Since the presence of non-condensing gases can 

result in significant errors in the dropwise heat transfer 
coefficient, considerable attention was given to avoid 
this problem. As documented earlier [lo], the test 
apparatus was extremely leak-tight with a leak rate 
less than 2 mmHg in a 24-h period (at a pressure 
of 85 mmHg). In addition, the use of continuous 
purging using a cold trapvacuum pump arrangement 
resulted in virtually no non-condensing gases being 
present. Additional details of this apparatus may be 
found in ref. [ 111. 

Each test tube was machined out of OFHC copper, 

90-10 copper-nickel, 6061 aluminum or 304 stainless 
steel. Each had an effective condensing length of 
0.133 m, an inside diameter near 13 mm and an 
outside diameter of either 19.0 mm (thick wall) or 
14.2 mm (thin wall). The thin-wall tubes were coated 
with a wash primer followed by fluoroacrylic on an ‘as 
machined’ surface. One copper thin-wall tube and 
one copper-nickel thin-wall tube were electroplated 
with silver. The thick-wall tubes were coated with 

either fluoroacrylic, parylene-D, No-Stik or Emralon 
following various surface roughness procedures as 
described in ref. [lo]. 

The dropwise heat transfer coefficient on the out- 
side of the test tubes was determined by subtracting 
the inside and wall resistances from the measured 
overall heat transfer resistance as described in ref. [ 1 I]. 
The overall heat transfer coefficient was determined 
from the measured values for the total heat transfer 
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Table 1. Endurance specimens and test results 

Substrate/ 
surface 

Thickness 
(pm) Hardness Adhesion 

Dropwise 
oerformance 

Initiai Long-term 
Hours of 
operation 

Fluoroacrylic Ti/D 2-3 F 3B v. good fair/good > 16,000* 
Cu/D 2-3 F 3B v. good poor > 16.000* 
CuNi/D 2-3 F 3B v. good poor 6500 
Cu-Au/D 2-3 F 3B good good > 15,000* 
Cu--Au/A 2-3 F 3B good poor 12,000 
TipAu/D 2-3 F 39 good good > 15,000* 

firylene-N Cu/A 0.5 B IB good poor <20 
Cu/A 1.0 B 1B good poor <20 
CuNi/D 0.5 B IB good poor <20 
CuNi/D 1.0 B IB good poor < 4000 

Pdrylene-D Cu/A 0.5 HB 4B excel good > 12,000* 
Cu/A I.0 HB 4B excel poor <lOO 
Cu/D 0.5. 1.0 HB 4B excel v. good > 12,000* 
CuNi/A 0.5 HB 4B excel good > 12,000* 
CuNi/A 1.0 HB 4B excel poor <lOO 
CuNi/D 0.5, 1.0 HB 4B excel v. good >12,000* 
Ti/A 0.5 HB 4B excel poor >12,000* 
Ti/A 1.0 HB 4B excel poor <lOO 
Ti/D 0.5. 1.0 HB 4B excel excel > 12,000* 
&-/A 0.5, 1.0 HB 2B excel poor <20 
Br/D 0.5, 1.0 HB 4B excel good >12,000* 

No-Stik(Cu) Cu, TijU 60 4H 5B excel excel > 16,000* 
CuNi. TijU 60 4H 5B excel excel > 1 k3,000* 

No-Stik(Al) Cu. Ti, CuNi/U 

Emralon-333 Ti, Br/U 
Br/U 
Ti/U 
CuNi 

Gold Ti/D 

Silver Cu/A 
Br/A 
CuNi/A 

50 

13 
13 
13 
13 

0.5 

l-2 
l-2 
1-2 

5H 5B excel excel > 9000* 

F 5B good good/v. good > 18,000* 
F 5B good poor 6500 
F 5B good good/v. good > 16,000* 
F 5B fair poor < 6500 

excel excel > 15.000* 

excel 
excel 
excel 

good > 2000* 
fair >2000* 

excel >2000* 

Roughness 
A-600 grit ; C40 grit 

(smooth) 
B-220 grit ; D-glass-bead 
U-unknown 

Hardness Adhesion 
B-softest 1 B-least 

6H-hardest SB-most 

* Indicates that these samples are still in operation as of 1 October 1985. 

rate and log-mean-temperature difference. The con- 
duction resistance of the polymer coating was 
included in the outside heat transfer resistance. The 
inside heat transfer coefficient was determined using 
the Sieder-Tate equation with the appropriate leading 
coefficient determined by a modified Wilson plot tech- 
nique. Spiral inserts were used to enhance the inside 
heat transfer coefficient for the tubes tested. This was 
necessary because the inside heat transfer resistance 
can become the governing thermal resistance during* 
dropwise condensation. Appropriate correlations 

were used to account for fluid property variations 
with temperature and the fin effect of the tube ends 
outside the condensing section was included in the 
analysis. 

3. RESULTS AND DISCUSSION 

Endurance of the coatings 
As shown in Table 1, the long-term endurance of 

organic coatings is dependent upon the organic struc- 
ture and thickness of the coating, and the surface 
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FIG. I, Schematic of heat-transfer apparatus. 

roughness and chemical activity of the substrate 
metal. All organic materials will absorb water to vary- 
ing degrees which will cause swelling to occur. In 
addition, the diffusion of this moisture (and in par- 
ticular oxygen) through very thin coatings will eventu- 
ally expose the substrate to a corrosive environment. 
Therefore, the more impervious the coating is and the 
less reactive the substrate, the better the endurance 
will be. Also, if the substrate surface is roughened prior 
to coating it with an organic material, a more ten- 
acious mechanical bond will exist. This is very import- 
ant because of thermal expansion differences between 
the organic coating and the metal substrate. 

In general, the fluoroacrylic coating was not as good 

as the parylene-D coating. As shown in Figs. 2(a) and 
(b), the fluoroacrylic coating on roughened copper 
and titanium samples appeared initially to give very 
good dropwise condensation. However, after 15,000 
h of exposure, the copper substrate showed signs of 
corrosion and exhibited mixed condensation [Fig. 
2(c)], whereas the less reactive titanium showed 
a less severe deterioration of dropwise quality [Fig. 
2(d)]. Also, the two fluoroacrylic-coated specimens 
which had a vacuum-deposited gold sub-layer on a 
roughened substrate continued to produce good 
dropwise condensation in excess of 16,000 h. The 
gold on copper successfully eliminated substrate 
corrosion, and also improved upon the quality of the 
dropwise condensation, The smooth copper speci- 

men, however, showed signs of corrosion, indicating 
a poor bond between the gold and the copper. 

All but one of the parylene-N specimens failed 
within the first 24 h of testing. The roughened copper- 
nickel specimen with the 1.0~/*m-thick coating gave 
fair to good dropwise conditions for almost 4000 h in 
marked contrast to the smooth specimen. The pary- 
lene-N coating was the softest and least adhering of 
the organic coatings. In contrast to parylene-N, the 
parylene-D gave significantly better results. Once 
again, the smooth specimens failed earlier than the 
roughened specimens. Figures 2(e) and (f) show 
the excellent quality of dropwise condensation on the 
parylene-D coated, rough titanium specimens after 
12,000 h of exposure. Clearly, the dropwise quality 
was better for the parylene-D than for the fluoro- 

acrylic coatings. Apparently, the parylene-D pro- 
vides a more close-packed, hydrophobic molecule 
which resists the inclusion of non-hydrophobic groups 
better than the fluoroacrylic molecule [12]. 

Figures 2(g) and (h) show the No-Stik specimens 
which exhibited excellent dropwise condensation con- 
ditions even after an exposure of 2 years. These 
coatings, however, are applied with an approximate 
thickness of 50 pm and while they exhibit excellent 
hydrophobicity, their heat transfer performance was 
poor, as noted below. The Emralon coatings exhibited 
an interesting characteristic in that the resin base 
appeared to be eroded away with time, exposing more 
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FIG. 2. Photographs showing the quality of dropwise condensation on coated specimens. (a) Fluoro- 
acrylic, copper, rough (700 h). (b) Fluoroacrylic, titanium, rough (700 h). (c) Fluoroacrylic, copper, rough 
(16,000 h). (d) Fluoroacrylic, titanium, rough (16,000 h). (e) Parylene-D, titanium, rough, 0.5 pm 
(12,000 h). (f) Parylene-D, titanium, rough, 1.0 pm (12,000 h). (g) No-Stik (copper), titanium (18,000 h). 
(h) No-Stik (aluminum), copper (9000 h). (i) Gold, titanium (18,000 h). (j) Silver, copper-nickel (2000 h). 
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of the substrate. The quality of the dropwise con- 
densation remained between good and very good 
even after an exposure of 18,000 h. Figures 2(i) and 
(j) show the excellent quality of dropwise con- 

densation on the gold- and silver-plated specimens, 
respectively. 

Heat transfer enhancement 
Prior to processing filmwise or dropwise con- 

densation heat transfer data using the Wilson plot 
method [ll], appropriate values for the substrate 
thermal conductivity and the inside heat transfer 
coefficient must be determined [l 11. Proper selection 
of substrate thermal conductivity was essential to 
obtain accurate values for the outside heat transfer 
coefficient, especially for the thick-wall tubes. A sen- 

sitivity analysis of the data reduction method showed 
that a 10% difference in wall thermal conductivity 
made little difference to the filmwise heat transfer 
coefficient. However, for the thick-wall stainless-steel 
tubes, a 10% difference in wall thermal conductivity 
could cause a 50% change in the dropwise heat trans- 
fer coefficient. Appropriate thermal conductivities 
were chosen from ref. [ 131. 

The inside heat transfer coefficient, using a Sieder- 
Tate type of equation, was determined using a modi- 
fied Wilson plot technique [ll]. The Sieder-Tate 
leading coefficients were determined for each tube 
using spiral inserts to boost the inside coefficient 
substantially beyond the standard turbulent-flow, 
smooth-tube value of 0.027. The measured values of 

the leading coefficients ranged from a low of 0.068 to 
a high of 0.083 with an average value of 0.075 +0.008. 
Differences in the measured values can be attributed 

to slight differences in tube inside diameters, spiral 
insert pitch and the effect of heat flux on the swirling 
flow [14]. The value of 0.075 (which indicates a tube- 
side enhancement near 3) was utilized to reduce all of 
the condensation data. 

Figure 3 shows a summary plot of the condensation 
heat transfer coefficient vs heat flux. These data were 
taken for a thick-wall copper tube under vacuum con- 
ditions (P = 85 mmHg absolute) and with a steam 
velocity near the tube of 2 m s- ‘. The filmwise data 
and the Nusselt prediction for a horizontal tube are 
included for comparison. The solid lines through the 
data represent the best fit assuming a constant heat 
transfer coefficient over the measured heat flux range. 
Typical estimated uncertainty limits for the data are 
also shown. Clearly, the Emralon and No-Stik coat- 
ings, because of their large thicknesses (near 13 and 
50 pm, respectively), showed no improvement over 
the filmwise results. The No-Stik coating performed 
better than the Emralon, even though it had a coating 
approximately four times as thick, because the No- 
Stik coating contained aluminum particles dispersed 
throughout the plastic. The parylene-D coatings 
showed enhancement factors of approximately 2 and 
3 for the l.O- and 0.5~pm-thick coatings, respectively. 
The fluoroacrylic coating performed the best of the 
organic materials, showing an enhancement factor 
of approximately 5.5. Notice that the inclusion of 
the wash primer, which was utilized to give better 
adhesion, created an added thermal resistance, and 
lowered the effective enhancement ratio to approxi- 
mately 3. It is interesting to note that the thermal 
conductivity of the parylene-D is estimated to be only 
one-third that of the fluoroacrylic, which is near that 
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FIG. 3. Heat transfer results for dropwise condensation on coated horizontal tubes. 
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of Teflon [ 151. Thus, even though the parylene-D coat- 
ings were thinner than the fluoroacrylic coating, their 

thermal performance was inferior. These results all 

point to the significant importance of having the 
thinnest possible coating. Finally, as expected, the 
silver electroplated tube gave the best thermal 
performance, exhibiting an enhancement ratio of 
approximately 8. The significant spread of the silver 
data and the trend of increasing heat transfer 

coefficient with decreasing heat flux were caused by 
the large uncertainty that results in using the Wilson 
plot method to infer an outside thermal resistance 
which is so small in relation to the inside and wall 
resistances. 

Effect of substrate thermal conductivity 
Figure 4 shows the dropwise heat transfer 

coefficient for fluoroacrylic-coated, thin-wall tubes 
which have been coated first with a primer. Data for 
four different tube materials are compared and it is 
evident that, within the uncertainty of the measure- 
ments, there appears to be no evidence that thermal 
conductivity of the wall influences the dropwise data. 
Unfortunately, since the primer and fluoroacrylic 
coating were applied by hand, it was impossible to 
accurately control the coating thickness from one tube 
to the next and variations in coating thickness could 
certainly have influenced the results. Therefore, two 
additional thin-wall tubes of copper and copper- 
nickel were electroplated with silver and these data 
are shown in Fig. 5. Once again, within the estimated 
uncertainty of the measurements, there is no evidence 
of substrate thermal conductivity having an influence 

upon the dropwise heat transfer coefficient. These 
results support the view of Rose [l&18] that rapid 

coalescence between drops (especially at high heat 
fluxes) might lead to an essentially uniform surface 
temperature and to a small effect of substrate thermal 
conductivity. The opposing view of MikiC [19] where 
the constriction resistance in the substrate, due to 
the non-uniform surface heat flux distribution, can 
influence the heat transfer, predicts that surface ther- 

mal properties can readily influence the data [20, 211. 
Since the data taken during this invesigation were 
obtained at high heat fluxes, where droplet coal- 

escences and the sweeping effects of large drops are 
numerous, it is plausible that the constriction resist- 

ance effect may not be as important as at low heat 
fluxes. As a consequence, in operating condensers, the 

use of low-conductivity-but chemically inactive- 
materials, such as stainless steel and titanium, might 
be very desirable on which to apply organic coatings 
which would give long-term endurance and sub- 
stantial heat transfer enhancement. 

4. CONCLUSIONS 

The long-term endurance of organic coatings to 

promote dropwise condensation of steam depends on 
the molecular structure and thickness of the organic 
material, and the surface roughness and chemical 
activity of the substrate metal. Adhesion of the coat- 
ing improves when using a roughened substrate which 
is either chemically inactive or which has been flashed 

with a chemically inactive sub-layer. Organic coatings 
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with thicknesses near I [rrn appears to be successful 
in promoting good to very good dropwise conditions 
for 2 years or perhaps more. Tf thick coatings are 
utilized, dispersion of metal particles within the 
organic material may help to reduce the added thermal 
resistance of the coating itself. Further research is 
needed to investigate new methods to apply organic 
coatings in ultra-thin films which can maintain a 
tenacious mechanical bond with the substrate. 

On single horizontal tubes, organic coatings can 
provide dropwise condensation heat transfer coef- 
ficients of steam which are 3-6 times as large as the 
film condensation values. Aithough the uncertainty in 
the measured dropwise heat transfer coefficients was 
large, due to the use of the Wilson plot technique, the 
experimental evidence indicates that the effect of wall 
thermal conductivity did not affect the data. This 
result may be true at high heat fluxes where droplet 
coalescences and sweeping effects are numerous. The 

possible deterioration of the heat transfer results with 

exposure time to steam remains to be detern~ined. 

AcknoM,le~~ements-This work was supported by the 
National Science Foundation through Grant No. MEA 
82-03567. The authors wish to express their appreciation 
to Dr James R. Griffith of the Naval Research Laboratory 
for his invaluable assistance and support throughout this 
investigation. 

REFERENCES 

1. 1. Tanasawa, Dropwise condensation : the way to prac- 
tical applications, Proc. Sixth irzternc~tionul Heat Trams- 
fer Conference, Vol. 6. pp. 393-405, Toronto, Canada 
(1978). 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

IO. 

Il. 

12. 

13. 

14. 

1.5. 

2. D. W. Woodruff and .I. W. Westwater, Steam con- 16. 

densation on electroplated gold : effect of plating thick- 
ness, Itlr. J. Heat Mavs Trun.~~~r 22,63%632 (1979). 
G. A. O’Neill and J. W. Westwater, Dropwise con- 
densation of steam on electroplated silver surfaces, ht. 
J. Heat Mus.~ Transfer 27, 1539-l 549 (1984). 
K. M. Holden. A. S. Wanniarachchi, P. J. Marto, D. H. 
Boone and J. W. Rose. The use of organic coatings 
to promote dropwise condensation of steam, J. Heat 
Transfir (in press). 
M. Bernctt and W. Z&an. Co~~fir~~~at~o~~ of spon- 
taneous spreading by water on pure gold. J. phys. Chem. 
74,2309-2312 (1970). 
R. Erb and E. Thelen. Dropwisc condensation, Proc. 
First Internutionul Symposium on Wuter Desalination, 
pp. 18 -24, Washington. DC (1965). 
R. Erb and E. Thelen, Promoting permanent dropwise 
condensation, hi. ~~f~~~ them. 57(10), 49-52 (1965). 
J. A. Edwards and J. S. Doolittie. Tetra~uoroe~hylene 
promoted dropwise condensation, Int. .I. Heat Mass 
Tran.$r 8,663.-666 (1965). 
C. Graham. The limiting transfer mechanisms of drop- 
wise condensation. Ph.D. thesis. Massachusetts Institute 
of Technology. Cambridge, MA (1969). 
D. J. Looney, Enduranceand heat-transfer performance 
of polymer coatings for the promotion of dropwise con- 
densation of steam, MS. Thesis, Naval Postgraduate 
School, Monterey, CA (1984). 
A. S. Wanniarachchi, P. J. Marto and J. W. Rose, Film 
condensation of steam on horizontal finned tubes : effect 
of fin spacing. J. Heat Transfer (in press). 
J. R. Griffith, Naval Research Laboratory, private 
communication (1984). 
Y. S. Touloukian, R. W. Powell. C. Y. Ho and P. G. 
Klemens. T~lerrn~~p~~~~~i~u~ Properties of Matter, Vol. 1, 
pp. IO. 68. 1152. IFIjPlenum Datd Corporation, New 
York (1970). 
J. S. Yampolsky and P. Pavlics, Tubing for augmented 
heat transfer. GA-A-17 109. GA Technologies, Inc., San 
Diego, CA (Aug. 1983). 
Parylene. Enviroflmen~lly compatible conformal coat- 
ings. Product brochure. Union Carbide ( 1979). 
R. Wihnhurst and J. W. Rose. Dropwisecondensation- 



17. 

18. 

19. 

Organic coatings for the promotion of condensation 1117 

further heat transfer measurements. Proc. Fourth Znter- 20. R. J. Hannermann and B. B. Mikic, An experimental 
national Heat Transfer Conference, Vol. 6, paper Cs 1.4 
(1970). 
S. N. Akson and J. W. Rose, Dropwise condensation- 
the effect of thermal properties of the condenser 
material, Znt. J. Hear Mass Transfer 16,461467 (1973). 21 
S. A. Stylianou and J. W. Rose, Dropwise condensation 
on surfaces having different thermal conductivities, J. 
Heat Transfer 102,477-482 (1980). 
B. B. Mikic, On mechanism of dropwise condensation, 
Inr. J. Heat Mass Transfer 12, 1311-1323 (1969). 

investigation into the effect of surface thermal con- 
ductivity on the rate of heat transfer in dropwise con- 
densation, Zni. J. Heat Mass Transfer 19, 1309-13 17 
(1976). 
P. Waas, J. Straub and U. Grigull, The influence of 
the thermal diffusivity of the condenser material on the 
heat transfer coefficient in dropwise condensation, Proc. 
Seventh Znternarional Heat Transjkr Conference. Vol. 5, 
paper Cs 5 (1982). 

EVALUATION DES REVETEMENTS ORGANIQUES POUR FAVORISER 
LA CONDENSATION EN GOUTTES DE LA VAPEUR D’EAU 

R&m~Plusieurs revbtements de nouveaux polymeres, aussi bien que l’or ou l’argent, sont &values en 
capacite de favoriser et maintenir la condensation de vapeur d’eau en gouttes. Le comportement a long 
terme sur des specimens car& de 25 mm de tote est qualitativement observe dans un appareil d’endurance, 
et des coefficients de transfert thermique sur des tubes uniques horizontaux sont determines dans des 
appareils differents. Les revetements organiques sont efficaces pour donner une condensation en gouttes 
de bonne qua&t, pendant des p&riodes de temps prolong&es (> 12 000 heures). Des coefficients de transfert 
thermique pour la condensation en gouttes jusqu’a six fois ceux de la condensation en film sont obtenus 

avec ces revdtements et les rtsultats ne dependent pas de la conductivite thermique de la paroi. 

BEWERTUNG ORGANISCHER BESCHICHTUNGEN ZUR FijRDERUNG VON 
TROPFENKONDENSATION VON WASSERDAMPF 

Znsammenfasaung-Einige Beschichtungen aus neuen Polymeren, such solche aus Gold und Silber, werden 
beztlglich ihrer Flhigkeit, die Tropfenkondensation von Dampf zu fordern und aufrechtzuerhalten, bewer- 
tet. Das Langzeitverhalten von 25 mm* F&hen wurde qualitativ im Dauerversuch beobachtet, die 
WlrmeiibergangskoeBizienten werden an horizontalen Einzelrohren in einem separaten Wlrmeti- 
bertragerapparat bestimmt. Die organischen Beschichtungen fiirderten die Tropfenkondensation gut 
iiber langere Zeiten (z 12 000 Stunden). Mit dieser Beschichtung werden Wlrmeiibergangskoeffizienten 
gemessen, die den sechsfachen Wert im Vergleich zur Filmkondensation erreichten, wobei die Ergebnisse 

unabhlngig von der Warmeleitfahigkeit der Wand waren. 

OHEHKA OPfAHMYECKMX HOKPblTMfi AJlfl CTMMYJlMPOBAHMfl KAflEJlbHOH 
KOHAEHCAHMM IIAPA 

AHHOT~UH~--OLlCHeHa CnOCO6HOCTb HCCKOnbKMX HOBblX nOJlMMepHblX nOKpblTHii (a TaKmC 30,1OTbIX M 

Cepe6pHbIX) CTRMyJWpOBaTb KalleJtbHyH, KOH~CHCk34AEO napa. npOBeL,CHO n,,MTC."bHOe KtiVCCTBCHHOe 

Ha6JImneHHe HaD. 25-MWUItiMeTpOBbIMH KBWlpaTHblMM o6passaMn B yCTaHOBKe LljlsI MCCJellOBaHAR 

yCTanOCTHOii npOYHOCTH, a TaKme nOnyYeHb1 KO3+$MUWeHTbI TCnJOnepeHOCa Ha OnMHO~HOii TOpMSOH- 

TaJIbHOti rpy6e B OTAeJlbHOM TNUlOO6MeHHOM yCTpOiiCTBC. nOKa3aHO. VT0 OpraHWieCKHC nOKpb,TMS 

neFicTBllTenbH0 CTHMympytoT KanenbHym KoHneHcaumo B TeqeHkie nmTenbHb,x nepHonoB Bpe,vem 

(212OOOsacoa). Ann 3THx noKpblTG nonyseHbl3HaqeHm Ko3++4uMeHToB TennonepeHoca npti Kanenb- 

HOA KoHneHcauHH,B 6 pa3 npeebluramwie MX 3HaqeHm npu nneHorHoR KoHneHcaum,npuqeM pesynb- 


