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Abstract-An investigation of film boiling heat transfer in saturated pools of liquid Freon 113, normal 
pentane, cyclopentane and benzene was conducted. The fluids were boiled from copper, cylindrical heat- 
transfer surfaces 0.0762m (3 in) long, and 0.01397,0.01905 and 0.0254m (0.55,0.75 and l.Oin) in diameter. 
The data covers a moderate range of pressures up to 1.67 (1O)6 N/m’ (242.5 psia). The experimental data 
are compared with existing film boiling correlations. The existing film boiling correlations were found to 
be inadequate in predicting heat-transfer coefficients for the conditions of this investigation. 

NOMENCLATURE 

heat capacity[J/g K (Btu/lb “F)] 
diameter [m (ft)] ; 
Khtwp,)gWW, 
[J*/m’ s4K (Btu4/ft7h4”F)] ; 

%d.wp,W/~T~, 
[J4/m7 s4K (Btu4/ft7 h4’F)] ; 
acceleration due to gravity 

Em/s’ (ft/s2)] ; 
gravitational constant 

kr$PaEZ m{fny’l ; 

[J/s m2 K (Btu/h ft2 OF)] ; 
thermal conductivity 
[J/em K (Btu/h ft “F)] ; 
Laplace. length 

Cgu/P,(P, - p,)l 1’2, Cm CW] ; 
temperature [K (“R)] ; 
temperature difference 

T,,, - Tu,, [K (“WI. 

Greek symbols 

0, surface tension [g/m (Ib/ft)] ; 
1 CI critical wave length 2x L [m (ft)] ; 
P, viscosity [g/m s (lb/ft h)] ; 

P. density [B/m’ (lb/fP)] ; 
1, latent heat of vaporization 

[J/g (BWbll ; 
1’9 latent heat of vaporization plus average 

sensible heat content of vapor 

[J/I: (BWb)]. 

Subscripts 

c, refers to the critical point ; 
1, refers to the liquid; 
rr refers to reduced property, (T/T,, etc.) ; 

*Dr. Capone is now with Monsanto Company, Decatur, 
AL 35601, U.S.A. 

t Dr. Park is now with The University of Mississippi, MS 
38677, U.S.A. 

sat, refers to saturation conditions ; 
sur, refers to heat-transfer surface ; 
V, refers to vapor. 

INTRODUCI’tON 

INVES~OAT~~N of film boiling of cryogens carried 
out by the authors [l-5] indicate that the commonly 
accepted film boiling correlations which appear in 
the literature will not adequately correlate experi- 
mental film boiling data. This investigation was 
initiated to obtain data for several organic com- 
pounds over a range of pressure and heat-transfer 
element diameter. The data obtained were used to 
test the adequacy of several film boiling correlations 
which appear in the literature. 

There are several excellent reviews of the film 
boiling literature [6-lo]. Therefore, the reader who 
is unfamiliar with the area is referred to these reviews 
for background material. The correlations for film 
boiling from cylinders which are commonly used for 
correlations will, however, be briefly covered. 

The first film boiling correlation to gain acceptance 
was presented by Bromley [ll]. He suggested an 
analysis for film boiling similar to the analysis used 
by Nusselt [12] for condensation. Bromley’s result- 
ing equation is given by equation (1). 

h = 0.62 (F’/D)“4 (1) 

where F’ is defined by 

F, = K:pJw-PvMg 
1 AT/G 

(2) 

In a later paper [ 133 Bromley suggested that 
equation (2) could be improved by using a heat of 
vaporization corrected for sensible heat effects (2) 
instead of the latent heat of vaporization, 1. The 
expression suggested for 1’ is given by equation (3). 

1’= [1+(0.34C,AT/I]‘. (3) 
121 
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Breen and Westwater [14] developed equation (4) 
which is based on hydrodynamics and Taylor 
instability 

where 

F = I GP,(P,-P,)~g 
P,AT 1 

A, = &CL (51 

L=9(r. 
Pi--P” 

Sciance [15, 16] suggested that film boiling data 
could be correlated by equation (6) which is a 
modification of Berenson’s [17] flat plate correlation 

; = 0.346 LP”(P,TP”U%J o.267 1 (6) ” PJTK, X2 
Baumeister and co-workers [l&20] postulated a 

model which consisted of a thin tubular vapor film 
between the heat-transfer surface and the boiling 
liquid. Analysis of this model yielded equation (7) 

F 114 h=CL [I [ I 9f, 8 
+ -- 

(6)“2 D 
+ - 

3(6)“’ 
01 L 3 
5 

i’4. (7) 

The constant C was found to be 0.346; however, the 
constant was increased to 0.46 for nitrogen film 
boiling. 

Pomerantz [21] in a study of the effect of gravity 
on film boiling suggested the following film boiling 
correlation 

In addition to the above equations, the equation 
of Chang [22] (equation 9) and the equation of 
Berenson [17] (equation 10) which were derived for 
flat. plate geometry are sometimes used to correlate 
cylindrical film boiling data 

(9) 

. (10) 

EXPERIMENTAL EQUIPMENT 

The experimental equipment used in this in- 
v~tigation can be described in terms of five sub- 
systems: (A) heat-transfer elements ; (B) boiling 
v&se1 ; (C) pressure measurement and control ; (D) 
power supply; (E) temperature measurement. 

(A) Heat-transfer elements 
The heat-transfer elements shown in Fig. 1 

consisted of copper cylinders heated by passing 
direct current through tungsten wire cemented inside 
the copper cylinders. 

The heat-transfer surfaces were machined from 
copper tubing to outside diameters of 0.0254, 

\ 

\ 
\ 

R&l Twgsten Winding 

Teflon Endpiece 

Thermocmpie Well 

/copper Costng 

Resista Cement 

\ Tungsten Winding 

section A-A 

FIG. 1. Heat-transfer element. 

0.01905, and 0.01397m {LOO, 0.75, and O.Sin), a 
length of 0.0762 m (3.00 in) and a wall thickness of 
0.00254m (0.1 in). Four thermocouple wells were 
drilled axially into the walls of the cylinders to a 
depth of 0.0254m (1.0 in) with a diameter of 
0.00142 m (0.056in). Two of the four thermocouple 
wells were located at one end of the cylinder and 
180” apart. The remaining two thermocouple wells 
were located at the opposite end of the cylinder. 180” 
apart, and rotated by 90” from the other two 
thermocouple wells. All wells containing the ther- 
mocouples were filled with silver solder having a 
melting point of 658 K (725°F). 

The heat losses from the heat-transfer elements 
ends were estimated to be less than 70/, for the 
0.0254m (1.00 in) diameter surface which is the 
element with the greatest losses. 

(B) Boiling vessel 
The boiling vessel was a 0.0038m3 (1 gal) 304 

stainless steel autoclave, 0.127 m (5 in) I.D., 0.3048 m 
(12 in) deep. The autoclave was sealed with a 304 
stainless steel cap and plug with a Teflon O-ring. The 
sealiug plug was fitted with five, 0.00635 m (l/4 in) 
coned fittings for a fill line, level indicator, pressure 
tap, and inlet-outlet ports for a condensing coil. The 
sealing plug also had three 0.01905 m (3/4 in) fittings 
to allow thermocouple and power leads to be 
introduced to the system. 

The boiling vessel was wrapped with an asbestos 
tape heating element for auxiliary heating of the 
autoclave. 

(C) Pressure measurement and control 
The pressure in the autoclave was controlled by 

regulating the flow of cooling oil through 6.1 m 
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(20ft) of stainless steel cooling coil contained inside 
the autoclave. 

The pressure in the autoclave was measured with a 
Bourdon tube pressure gauge which had a 0.0406m 
(16 in) dial, a range from 0 to 1.38 (10)’ N/m* 
(o-2000 psi) in 6.89 (1O)3 N/m* (1 psi) increments 
and was accurate to more than 0.1% of full scale. The 
system pressure was read to the nearest 3.44 
(lO)‘N/m* (0.5psi). During tests there were fluc- 
tuations in the system pressure of f 1.72 (1O)3 N/m* 
(f0.25 psi) as measured from the-d/p cell output by 
means of a 2.07 (10)4-1.03 (10)5N/m2 (3-15psi) 
pressure gauge. The system pressure fluctuations of 
f 1.72 (lO)j N/m* (kO.25 psi) correspond to tempera- 
ture fluctuations of the boiling fluid of +0.280K 
(O.OS’F). 

(D) Power supply 
The power was supplied by a 6OV, 4OA, DC 

power supply and was measured with a DC ammeter 
which could be read to fO.l amp and a digital DC 
voltmeter which could be read to +O.Ol V. The 
accuracy of this voltmeter was 0.1% of the 1OOV full 
scale. All power leads from the power supply to the 
autoclave were 10 gauge copper wire. 

(E) Temperature measurement 
Asbestos-coated, 24 gauge, copper-constantan 

thermocouple wires from the heat transfer element 
were connected to the Teflon coated thermocouple 
leads, leading through the autoclave cap to a 
thermocopule switch. The temperatures were read in 
millivolts using a digital DC millivoltmeter. In 
addition, a strip chart recorder was used in order to 
establish steady-state conditions of the system during 
operation. The temperatures during tests were read 
to within +O.O04mV or f0.08 K (+_O.l5”F). 

At the minimum values of voltage (9V) and 
current (12 A), the maximum error in the experimen- 
tally determined heat flux was approximately 1%. In 
view of the accuracy of temperature measurements 
and pressure control of the system and taking into 
consideration the heat losses of 7% for a 2.54cm 
(1 in) dia heater, a conservative estimate of the total 
error in the heat flux introduced by experimental 
limitations was 8%. 

EXPERIMENTAL PROCEDURES 

The cylindrical heat-transfer element was horizon- 
tally suspended from the autoclave plug by the 
entering power leads. The level of the heater in the 
autoclave was adjusted to allow a 0.076m (3in) 
liquid level above the heater surface. A Q.OO16m 
(1/16in) stainless steel tube was positioned through 
the autoclave cap to indicate when the vessel was 
filled to the proper level. 

At the start of a run the voltmeters and power 
source were turned on and allowed to stabilize. The 
oil reservoir was pressurized to 4.14 (lO)‘N/m* 
(60psia) with compressed air and the cooling water 
to the oil cooling tank was turned on. 

After the metering systems had stabilized, the 

power to the heat-transfer element was turned on. 
The power was supplied in step increases of 1 V 
every 5 min. When the heat-transfer surface attained 
a temperature of approximately 533.3 K (500”F), the 
fluid to be tested was forced through the fill line with 
compressed air. As the fluid reached the level of the 
heater surface, additional power was supplied to the 
element to maintain the surface temperature at 
533.3K (500°F). When the level of the liquid was 
shown by the level indicator to be 0.0762m (3 in) 
above the heater surface, the fill line and level 
indicator ports were capped. This procedure of 
pouring the liquid on the heated surface was adopted 
to avoid the necessity of going through the critical 
heat flux. The possibility of destruction of, the 
heating element was decreased by avoiding the 
critical heat flux. After filling, the auxiliary power to 
the autoclave was turned on to bring the fluid in the 
boiling vessel to the desired saturation temperature 
and pressure. In general, the saturation pressure of 
the system was first set at a reduced pressure of 0.04. 
The temperatures of the heater surface were moni- 
tored with the strip chart recorder until there was no 
change in temperature with time. Temperatures on 
the circumference of the heater surface were then 
recorded along with the saturation temperature of 
the fluid, and the voltage and amperage supplied to 
the heat-transfer element. The next temperature level 
was attained after an approximate 0.5V increase or 
decrease in the voltage to the heater. Every test 
consisted of a sequence of increasing voltage, 
followed by a sequence of decreasing voltage with 
occasional reverse steps. 

The next step in the procedure was to increase the 
system pressure to a higher value by closing the 
cooling coil valves to the autoclave and increasing 
the delivery pressure from the nitrogen cylinder to 
the high pressure side of the d/p cell. Normally the 
pressure was increased by an amount to increase the 
reduced pressure of the system by 0.02. For a more 
complete description of the experimental equipment 
and procedures the reader is referred to [23]. 

RESULTS AND DISCUSSION 

The calculated results for the film boiling of Freon 
113, n-pentane, cyclopentane, and benzene are pre- 
sented in tabular form in [23]. The heat flux from 
the heater surface was determined by the electrical 
power input to the heat-transfer element and divided 
by the surface area of the copper surface. The surface 
temperatures around the circumference of the heater 
surface were arithmetically averaged to obtain, the 
average surface temperature. The temperature ,gra- 
dient along the circumference was less than 4.44K 
(8°F) for all tests. The saturation temperature of the 
fluid was recorded for each data point. The tempera- 
ture difference, T,,, - Tat, was calculated by subtract- 
ing the saturation temperature from the average 
surface temperature, and the heat-transfer coefficient 
was determined by dividing the heat flux by the 
temperature difference. Examples of the calculated 
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FIG. 2. Film boiling results for cyclopentane, 0.019m surface diameter. 
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FIG. 3. Film boiling results for benzene, 0.0254m surface diameter. 

results are also presented in graphical form in Fig. 2 
and 3. 

Tests showing the reproducibility of the data are 
shown in Figs. 2 and 3 for cyclopentane and benzene, 
respectively. The scatter in the data shown in Fig. 2 
for the cyclopentane boiling from a 0.0019 m (0.75 in) 
diameter heater is less than 3%. The benzene 
reproducibility shown in Fig. 3 was within 6%. The 
increased scatter for the benzene was caused by the 
increased difficulty in maintaining a stable film. At 
any particular temperature difference, system pres- 
sure, and surface diameter, the required heat flux 
increased in the following order: Freon 113, n- 
pentane, cyclopentane, and benzene. In general, the 
trend of the boiling behavior is an increase of the 
heat flux with an increase in the latent heat of 
vaporization. 

Figures 4 and 5 show the heat input per m of 
heater surface as a function of heater diameter. The 
figures represent the data for Freon 113, however, 
similar trends were shown by the other data of the 
investigation. Figures 4 and 5 were presented in this 
manner instead of plotting heat flux or heat-transfer 
coefficient against diameter since both the flux and 
coefficient contain the diameter and this could tend 
to mask the trends of the data. Freon 113 at a 
pressure of 1.37 (10)’ N/m2 (19.8 psia) becomes more 
linear for heat per m as a function of diameter as the 
temperature difference increases (see Fig. 4). Figure 5 
indicates that the diameter effect becomes linear at 
lower temperature differences when the pressure is 
increased. 

As the diameter approaches zero, the heat required 
to maintain film boiling should approach zero. 
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FIG. 4. Film boiling as a function of surface diameter for 
Freon 113 at 1.37 (lO)5 N/m*. 
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FIG. 5. Fills boiling as a function of surface diameter for A comparison of the experimental data with the 
Freon 113 at 3.42 (tO)5 N/m*. existing correlations are presented in Figs. 6-g. The 

However, the extrapolation to a value of zero was 
not attempted since a stable film may not be 
attainable at temperature differences shown in Figs. 
4 and 5 for smaller diameters. An example of the 
relationship between the diameter and temperature 
difference required for stable film boiling was 
observed when boiling benzene. Only data for a 
0.0254 m (lOOin) surface could be obtained. No 
stable film boiling was observed for benzene from 
surfaces of 0.019 and 0.014m (0.75 and OSSin) dia 
with surface temperatures of 505.SK (450°F). More 
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FIG. 6. Comparison of film boiling correlations, n-pentane, 
3.34 (1O)5 N/m*, 0.0254 m surface diameter. 

dramatic behavior was observed when boiling cyclo- 
pentane (Fig. 2). When testing a surface of 0.019m 
(0.75in) dia, cyciopentane remained in stable film 
boiling conditions up to and including a pressure of 
2.8 (10)’ N/m2 (40.6 psia). Increasing the pressure to 
3.37 (1O)5 N/m2 (54.1 psia) and holding the surface 
temperature at 533.3 K (500°F) resulted in the loss of 
stable film boiling conditions and the slippage into 
nucleate boiling. Stable film boiling of cyclopentane 
from a 0.014m (0.55 in) surface could not be attained 
for surface temperatures of 505.5 K (450°F). Con- 
sequently, a surface’s apparent stable boiling is a 
strong function of the type of fluid, system pressure, 
surface temperature, and surface diameter. 
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3.34( f0)5 N/mz, 0.019 m surface diameter. 

graphs represent the heat-transfer coefficient as a 
function of temperature difference. 

Figure 6 shows that the Sciance correlation 
(equation 6) for n-pentane from 0.0254 m (1.00 in) dia 
surface and at 3.34 (10)’ N/m2 (48.5 psia) predicts 
values within a few percent of the experimental 
values. The other correlations presented in Fig. 6 
agree with the experimental values to a lesser extent 
to a maxims of approximately 60% for the Chang 
correlation. As shown in Fig. 7, there is a lack of 
responseofthecorrelations toanincreaseinpressureto 
1.67 (1O)6 N/m’ (242.5 psia). The Sciance correlation is 
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FIG. 9. Comparison of film boiling correlations, cyclopen- 
tane, 4.66 ( 1O)5 N/mZ, 0.0254 m surface diameter. 

approximately 200/, lower than the experimental values 
and the Chang correlation is approximately 70% lower 
than the experimental values at 1.67 (10)6N/m2 
(242.5 psia). 

Figures 8-13 present similar comparisons of the 
experimental values with existing correlations. The 
correlations show insufficient response to changing 
pressures, fluids, and diameters. With the wide 
variations in the ability of the correlations to 
accurately predict experimental values, no cor- 
relation tested can be recommended with an accept- 
able ( f 20%) degree of reliability. 

Many of the correlations which were tested were 
developed in a manner similar to the deveiopment of 
the correlation of Bromley [1 11. An energy balance 
within the vapor flow surrounding the heat-transfer 
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FIG. 12. Comparison of film boiling correlations, benzene, 
1.01 (1O)S N/m’, 0.0254 m surface diameter. 
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element was the starting point for the Bromley 
development. The F’ factor in the Bromley (equation 
2) is included in many of the other correlations. For 
example, Chang [22] obtains the same fluid property 
group, F’, but raised it to the l/3 power instead of 
the l/4 power. When considering just the fluid 
property dependent part of F’, comparisons of F’ 
with the experimental data at constant temperature 
and diameter were made for n-pentane at 
l.013(iO)sN/m2, 3.34(~O)‘N/m2; 1,47(lO)‘N/m’ 
(14.7psia, 49.6psia and 242.5 psi). At vapor film 
temperatures below 422K (300°F) the F’ factor 
increased with an increase in the system pressure for 
n-pentane. However, at vapor film temperatures 
above 450K (350°F) for pressure increases from 
1.013 (10)’ to 3.34 (10)’ N/m2 (14.7 to 48.5 psia) and 
from 3.34 (1O)5 to 1.67 (10)6N/m2 (48.5-242.5 psia), 
the F’ factors as a function of the film temperature 
decreased with an increase in the system pressure 
which is the wrong trend since the heat flux increases 
with an increase in the system pressure. Also, F’ 
deviated by a factor of two from the experimental 
data when the system fluid was changed from Freon 
113 to n-pentane. It is apparent that the grouping of 
physical properties as defined by F’ does not 
respond correctly to changes in system pressure or 
fluid properties. 

CONCLUSIONS 

In general, the film boiling heat flux as a function 
of temperature difference, T,,- T,,,, increases as the 
temperature difference and system pressure increase 
at the moderate temperature differences and pres- 
sures of this investigation. 

The heat flux required to maintain stable film 
boiling increases as the latent heat of vaporization 
for the boiling fluid increases as found for Freon 113, 
n-pentane, cyclopentane, and benzene, respectively. 

The correlations tested do not adequately ( 3~ 20%) 
predict the film boiling behavior of Freon 113. n- 
pentane, cyclopentane, and benzene at moderate 
temperature differences and pressures, and at surface 
diameters of 0.01397, 0.01905 and 0.0254m (0.55, 
0.75 and l.OOin). The difference between the cor- 
relations and experimental data are 3-400/, for the 
Sciance correlation ~equation 6) and up to a factor of 
three for the Chang correlation (equation 9). 

In view of the results obtained in this investigation 
and in previous investigations (II-51 with cryogen% 
it is suggested that the existing theories concerning 
film boiling be revised. 

Acknowledgements-The authors would like to acknowl- 
edge the Shell Oil Company for equipment and financial 
assistance given during the course of this investigation 

REFERENCES 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

1. G. J. Capone, Estimation of film boiling heat transfer 
coefficients for cylindrical heaters in corresnondine. 
states fluids, M. S: Thesis, University of M&o&-Roll; 
(1968). 
G. J. Capone and E. L. Park, Comparison of 
experimental film boiling behaviour of carbon mon- 
oxide with several film boiling correlations, Adv. 
Cryogen. Engng 17,407 (19’72). 
G. J. Capone and E. L. Park, Estimation of film boiling 
heat transfer coefficients for cylindrical heaters in 
corres~nding states fluids. Ado. Cr,yogen. Eng~g 15, 
2x3 (1970). 
V. J. Flanigan and E. L. Park, A study of film boiling of 
corresponding-states fluids over a wide pressure range 
with cylindrical heaters, Adu. Cryogen. Engng 16, 402 
(1971). 
E. L. Park. C. P. Colver and C. M. Sliepcevich, 
Nucleate and film boiling heat transfer to nitrogen and 
methane at elevated pressures and large temperature 
differences. Adu. Cryogen. Engng 11, 516 (1966). 
P. C. Colver and L. D. Clements, Natural convection 
film boiling heat transfer, fnd. Engng Gem. 64, 26 
(1970). 
D. P. Jordan, Film and transition boiling, in Advances 
in Heat Transfer, p. 55. Academic Press, New York 
(1968). 
E. G. Brentori and R. V. Smith, Nucleate and film pool 
boding design equations for 0,. N,, H, and He, 
Adu. Cryogen. Engng 10,324 (1964). 
W. M. Rohsenow (editor), Developments in Heat 
Transfer. p. 169. M.I.T. Press, Massuchusetts (1964). 
W. M. Rohsenow (editor), Boiling, Handbook of Heat 
Transfer. McGraw-Hill, New York (1973). 
L. A. Bromley, Heat transfer in stable film boiling, 
Chem. Engng Prog. 46,221 (1950). 
M. Jakob. Heat TranSfer. Vol. 1. John Wiley. New York 
(1949). 
L. A. Bromley, Effect of heat capacity of condensate, 
fnd. Engng Chem. 44,2966 (1952). 
B. P. Breen and J. W. Westwater, Effect of diameter of 
horizontal tubes on film boiling heat transfer, Chem. 
Engng Prog. 58,67 (1962). 
C. T. Sciance, C. P. Colver and C. M. Sliepcevich, Pool 
boiling of methane between atmospheric pressure and 
the critical pressure. Adu. Cryogen. Engng 13, 647 
(1968). 
C. T. Sciance. Ph.D. Thesis, University of Oklahoma, 
Norman, Oklahoma (1966). 
P. J. Berenson, Film boiling heat transfer from a 
horizontal surface, J. Heat Transfer 83, 351 (1961). 
K. J. Baumeister and T. D. Hamill. Laminar flow 
analysis of film boiling from a horizontal wire. 
N.A.S.A.TN. D-4035, 1967. 
K. J. Baumeister and T. D. Hamill. Film boilintl from a 
thin wire as an optima1 boundary-value process. Paper 
67-HT-62, A.S.M.E., (1967). 
K. J. Baumeister and R. J. Simoneau, Saturated film 
boiling of nitrogen from atmospheric pressure, Adu. 
Cryogen. Engng 15 (1970). 
M. L. Pomerantz, Film boiling on a horizontal tube in 
increased gravity fields, J. Heat Transfer 86(3(2), 213 
(1964). 
Y.P.Chang, Wave theoryofheat transferinfilm boiling,d. 
Heat Transfer 81, 1 (1959). 
G. J. Capone, Ph.D. Thesis, University of Missouri- 
Rolla, 1973. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 



Film boiling of Freon 113, normal pentane, cyclopentane and benzene 

EBULLITION EN FILM DU FREON 113, DU PENTANE NORMAL, DU 
CYCLOPENTANE ET DU BENZENE A PRESSION MODEREE 

129 

R&n&-Gn btudie l’hbullition en film dam des reservoirs de liquides saturants tels que le Freon 113, le 
pentane normal, le cyclopentane et le benzene. Les surfaces chaudes sont des cylindres de cuivre de 
0,0762m de longueur et de diametre egaux a 0,01397, 0,01905 et 0,0254m. Lea mesures correspondent a 
un domaine mod&C de pression allant jusqu’a 1,67 (106) Pa. Les resultats experimentaux sont compares $ 
des formules connues pour l’tbullition en film. Ces formules ne sont pas adapt&es aux conditions de la 

prtsente etude pour prtvoir les coefficients de transfert therrnique. 

FILMSIEDEN VON FREON 113, NORMAL-PENTAN, ZYKLOPENTAN UND 
BENZOL AN ~LINDRISCHEN OBERFL~CHEN BE1 MASSIGEN DR~CKEN 

Znsammenfaasung-Der W~rrne~~r~ng beim Filmsieden in gesgttigter Fliissigkeit von Freon 113, 
Normal-Pentan, Zyklopentan und Benz01 wurde untersucht. Die FI&igkeiten burden verdampft an 
kupfemen zylindrischen W&meiibertragunnsflachen. 0.0762m land und 0.01397.0.01905 und 0.0254m im 
D&hmesser. Die MerJwerte erstrecken-sich iit&. einen m&Rigen Bereich ‘von Driickkn his zu 
1,67. lo6 N/m’. Die experimentellen Ergebnisse wurden mit vorhandenen Fihnsiedekorrelationen 
verglichen. Es zeigte sich, daD die vorhandenen Fi&siedekorrelationen zur Berechning von Wlrmeiiber- 

tragungskoeffizienten bei den ge&Wnen Bedingungen unzureichend sind. 

HJlEHO’lHOE KHHEHHE QPEOHA 113, H-HEHTAHA, HMKJIOHEHTAHA H 
6EH30JlA HA ~‘H~~H~P’~~~CK~X HOtiPXHGCTstX HPM YMEPEHHOM AABJIEHMM 

An~a~-n~~~eHo ~~e~oaaane neperioca renna npn n~eno~~M xaneaHa B 6onb~oM 

o6kenre Hac~~eaH~x XZSAWX #tpeoHa 113, H-nemazia, ~HKnoneHTa~a u 6eusona. mmrxocrn xifnffr 
Ha MeAHbix u~nHHAp~Ye~~x ncieepxeocrrx LU~HHO~ 0,0762 M n ru%ahferpoM 0,01397, 0,01905 ri 
0,0254 M B nnanaaoue namelinB no I,67 (lOI H/M’. Ronyuc?wwbre atrcnepnMerrranbut,re nannbre 
CpaaHHBaloTCn C H3BCC’rHbIMI KO~~JWW?M% rots uJleHOYHOf0 KilIIeHHX. Haiineuo, YTO 3TH COOTHo- 

rueHnx He 5awT Towibrx 3Haqewiir x03$&i&Ye~Toa Tennoo6MeHa Ann wccneAyeh4blx ycnossl. 


