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NOMENCLATURE 

defined as hAT~ik~ w; 
boiling heat transfer coefficient [Btuh ft2 “F]; 
thermal conductivity of prime tin material [Btu/h 
ft”F]; 
thermal conductivity of coating [Btuh ft “F]; 
heat transfer rate [Btu/h]; 
local radius [ft] ; 
radius at base of fin [ft]; 
radius at tip of fin [ft] ; 
temperature excess above liquid boiling point of 
prime tin material (a function of r) PR]; 
temperature excess of wetted surface of coating 
(not a function of r) [OR]; 
temperature excess at the base of the prime fin 
material [OR]; 
half-thickness of fin [ft]. (Conversion of units: 
1 W = 3.414 Btu/h). 

BACKGROUND 

THE FIRST use of an insulating coating to improve boiling 
heat transfer was reported by Cowiey et a/. [il. They showed 
that if the surface of a solid is so hot as to cause film boiling 
to an ambient liquid, one may achieve a higher heat transfer 
rate by applying a prescribed thickness of an insulating 
material. The coating thickness must be such as to result 
in a low enough surface temperature to cause nucleate 
boiling. Nucleate boiling heat transfer coefficients are often 
one or two orders of magnitude greater than lilm boiling 
coefficients, thus the gain in surface coefficient may offset 
the penalty of thermal resistance of the coating. Cowley tried 
coatings of varnish, Vaseline, asbestos, sodium silicate, and 
other materials on five metals in three liquids and obtained 
improvements in the heat flux by as much as 500 per cent. 

Recently, Rubin et al. [2] rediscovered the use of insula- 
tion to improve boiling heat fluxes. They reported tests with 
a single copper spine, 0.79 in. long by 0.4 in. dia., sheathed 
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in stainless steel. The thickness of the stainless steel coating 

varied from 0.18 in. at the fin-base to zero at the tip. calcu- 

lated so as to cause the peak heat transfer coeflicient for 

boiling to occur simultaneously everywhere on the fin. 

The improvement in heat duty is unknown, because no 

tests were reported for the uncoated spine. 

The idea of using a coating material of low thermal con- 

ductivity to improve fins in boiling liquids is attractive. 

In principle the uncoated fins could be of any geometry. In 

the following, we present a simple mathematical analysis 

for transverse circular fins, originally of constant thickness. 

One such finned-tube was constructed of copper coated with 

bismuth. and tested in Freon-113. CCl,F-CCIF, as des- 

cribed. 

MATHEMATICAL PROCEDURE 

For the composite fins considered here, it is essential 
that the thermal conductivity of the prime fin material be 

higher than that of the coating. The analysis is based on the 

assumption that the heat flow is one dimensional, radially, 

in the prime fin material and also one dimensional (at 

prime fin 
material 

Scale 
0.1 Inch 

H 

FIG. 1. Sketch of fm with coating on one side. The relative 
dimensions here are those of the fin-tube in Figs. 3 and 4. 

right angles) across the coating. Rubin used these same 

assumptions. It is desired that the entire exposed surface 

of the coating be isothermal, and the coating thickness is 

selected to satisfy this condition. For a given tube tempera- 

ture, a single heat transfer coefficient will describe all 

positions on the fin surface. This is in sharp contrast to 

uncoated fins for which huge variations in h may occur 131. 

Figure 1 shows a cross section of one Iin and the coating 

on one side. At position r the heat conducted in the prime 

fin material is given by equation (1). 

Q = -k ,(2n r .2w) d(AT,)/dr. (1) 

The heat transferred to the ambient fluid in distance dr is 

given by equation (2). 

-dQ = h(AT,)4nr dr. (2) 

Letting B = hAT&,w. the governing expression becomes 

equation (3) with the boundary conditions as shown. 

d*(AT,) 

dr’ 
(3) 

At r = R, AT, = AT2 and “i? = 
- hAT, 
-----~-B~ 

k, 

The solution of equation (3) is equation (4). 

AT, = AT2 + B[(wR + +R’) In (R/r) - a(R” - ?)I. (4) 

The local heat flux across the insulation equals the local heat 

rejection rate to the liquid. These are equated, and the 

insulation thickness x is found, equation (5). 

x = k, (AT, - AT#AT,. (5) 

Substituting equation (4) into equation (5) the desired 

expression relating x and r is obtained. 

Equation (6) is graphed in Fig. 2. For a particular fin, the 

ordinate will apply for values of r/R from r,/R to 1. The 

total heat duty of one tin is given by equation (7). 

Q = 2n(R2 - rg2 + 2wR)hAT,. (7) 

EXPERIMENTAL 

The finned tube used was Fin A previously used by 
Bondurant and Westwater [4]. It was of copper with integral 

Iins 1 in. high. 0.2 in. thick, 0.76 in. clearance. rs = 0.626 in. 

and a tube wall thickness of 0.25 in. The tube wall tempera- 

ture was determined from average readings of three thermo- 

couples in deep holes in the tube wall drilled parallel to 

the geometric axis. 

Bismuth, Baker and Adamson 99.8 per cent purity, was 

selected as the coating material for reasons of convenience. 

It has a thermal conductivity of 3.9 Btu/h ft “F (at 210”F), 
which is about 2 per cent of the value for copper, thus it 



FIG. 3. Finned tube of copper coated with bismuth. The fin on the left is 
viewed edge-on, and the tapered bismuth coating is evident. 

FIG. 4. Freon-113 at 14300 Btu/h. Nucleate boiling occurs everywhere on 
the surface. The surface AT is 31.5”F everywhere, whereas the fin base has 

a AT of 112‘F. 
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FIG. 2. Design chart for the insulating coating thickness, equation (6). 

required dimensions which could be achieved readily on a 

lathe. It has a melting point of 520°F and can be cast on 

copper with reasonable ease. The preheated copper finned 

tube was immersed in liquid bismuth and then allowed to 

cool. It was necessary that both metals be very clean and 

free of oxygen; an atmosphere of nitrogen was present 

throughout the heating, casting, and cooling operations. 

The copper and bismuth assembly was then machined to the 

desired shape drawn to scale in Fig. 1 and illustrated in 

Fig. 3. The maximum thickness of the bismuth was 0.153 in. 

The final surface preparation was a manual polish with 3/O 

emery paper. 

The tests were carried out in equipment described in 

detail previously [4]. The coated, finned tube was mounted 

horizontally in a 2.5 gal stainless-steel boiler having glass 

windows. Vapor rose to overhead condensers having 13.3 f?. 

The tube was heated internally by a helical carbon ribbon, 

electrically heated, in a nitrogen atmosphere. Heat duties 

were measured by three methods: the electrical power 

input, the boil-up rate, and the condenser water heat 

pickup. These agreed within 10 per cent. The Freon-113 was 

boiled under a vacuum during start-up to remove dissolved 

air. Data were taken at atmospheric pressure. Eleven 

successful runs were made at successively higher heat duties. 

When the maximum heat duty was reached, the sudden 

temperature excursion caused part of the bismuth to melt. 
This terminated the investigation. 

RESULTS 

The point in using an insulating coating on the fins is to 

achieve an isothermal surface. Figure 4 is a photograph 

of Freon-113 boiling on the bismuth-coated copper fins. 

The visual appearance of the bubbles on the surface in the 

lower half of the picture is remarkably uniform. No large 

IO 20 40 60 60 100 140180 240 400 

ATB, Excess Temp. at Fin Base, “R 

FIG. 5. Experimental and predicted performance for the 
tinned tube, before and after coating with bismuth. The 
smooth curves are predicted; the symbols are experimental. 

The uncoated fin information is from [4]. 
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firm-boiling hubbies are seen. This contrasts with photo- 

graphs [4] of the uncoated tube in use. Figure 4 indicates 

success in obtaining a uniform surface temuerature and 

surface heat transfer coefficient. 

The experimental data for the finned tube, both before 

and after coating, are given in Fig. 5. The measured improve- 

ment in the peak heat duty was 29 per cent. The predicted 

performances are given by the curves; they indicate a possible 

improvement of 68 per cent. The discrepancy may result 

from imperfect machining of the bismuth or theoretical 

errors arising from the assumption of one-dimensional 

conduction. However. the agreement between the predicted 

and measured performance for the coated tins is close. The 

predicted critical temperature difference is 185F for the 

coated fins as contrasted with 14O’F for the uncoated 

fins. The respective measured values were 200 and 169°F 

The coated fins show no superiority at low values of AT. 

Their attraction is the increased heat duty at high values 

of A’JY It is significant that the coating geometry is indepen- 

dent of the heat flux and the choice of liquid. The type of 

coating, the durability of the coating. the way to apply the 

coating, the surface texture, and the wettabi~ity of the coating 

are significant problems which need further study. 
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