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LeRoy Ao Bromley, No~ R. LeRoy and James A., Robbers 
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.Abstract 

Heat transfer coefficients in upward flow forced convection film 

boiling (liquid at bopo) from a horizontal tube, have been measured 

and a theory developedo Based on the theor,y and the data, simple

expressions (equations 26-29) are developed by which it is possible 

to calculate heat transfer coefficients for this type of boilingo 



Introduction 

T.here are two distinct types of boiling phenomena for the boiling of 

liquids from heated surfaces depending upon the heat input to the systemo 

The first type, and that most generally preferred because of the fairly 

large heat Uransfer coefficients encountered, is nucleate boiling where 

the vapor originates from individual points on the hot surface·. The 

second type of boiling phenomena is that of film boiling where there is 

a continuous' vapor film between the boiling liquid itand the heated sur-

face. Film boiling is ~nerally distinguished by low values of the 

heat transfer coefficient and high values of the temperature of the 

heated surface compared to ll!l;lCleate boiling. A discussion of the occur'"'·· 

renee of film boiling has been given by one of the authors1 ~ 

Natural convection film boiling has been studied by Bromleyt and 

is that form of film boiling in which the liquid motion past the 

heated surface is caused ~r ¥u~1a;ge d bd:tl£4oil wa. '=hp::4 Lh&&iJ::q:&t:li : tbli 

* 1 ~' · > 
1 by viscous. drag forces of the rising vapor acting on 

the liquid. Forced convection film boiling is that type of film boiling 

where the liquid is forced past the heated surface. As would be expected, 

the heat transfer coefficients increase with increasing liquid flow rates 

past'~~~ heated surface, because of the decrease in the vapor film thick--

ness. 

It is the purpose of this study to develop a theory for predicting 

heat transfer coefficients to be eJEpeH:r~ed in forced convection film 

. boiling from a horizontal tube, and to verify by experiment the resulting 

expressions. 
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Film Boiling Theorz 

Mathematical relationships will be developed which will enable one to 

calculate the coefficients of heat transfer to be expected in upward flow _ 

forced convection film boiling from the outside of a horizontal tube. 

The vapor film is in dynamic equilibrium9 for as it rises under the 

action of buo~an~ and drag forces 9 vapor is added to it from the boiling 

liquid. The heat required to vaporize the liquid and heat the vapor is 

supplied by radiation and conduction through the film. This mechanism 

appears to be the situation on about the lower half of the tube where 

from visual observation there appears to be a smooth continuous vapor 

fi~. The situation is very complicated on the upper half of the tube~ 

for in this region the bubbles form before rising. The point on the tube 

at which the thic1mess o;f_,~h~,_-:iapo~~;-~lm.;·~~~i¥:~~y:~:Tt!~Eif:~O: the 

normal thickness) will be palled the separation point. Since most of the 

heat is transferred on the bottom section of the tube up to the separation 

point, it would seem most important to have the theor,y fit the mechanism 

on this part of the tube. 

The concept is represented graphically in Fig. L The tube is 

immersed in a body of fluid which is moving upward at a uniform velocity 

equal to U. If P represents the pressure at a point in the film~ it has 

been shown6 that~ 

P ... P0 + ~ R~ cos @ + JL u2 (1 = 4 sin2 9) (1) 
gc · .· 2ge 

A heat balance may be written fo;r the element of' vapor in_ the film 

enclosed by dQ for a tube of len~h L. 
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where~~ represents the effective heat content of in~ vapor film in excess 

of the heat content or the liquid. 

We will consider that the vapor film is in laminar flow such that 

heat travelS through the vapor film by conduction only. I! "a" represents 

tM average thickness or the vapor ~ilm at any 9-ngle G.ll then 

h k 
CO E a: (.3) 

In this case h00 represents the heat transfer coefficient due to convec= 

tion when hr~ the coefficient due to radiation 9 equals zero. All of the 

heat does not pass clear through the vapor film as some of the heat 'fs' __ ;

require!4 to heat the fill! itself. Therefore~ the above expression can 

not be exact but should give a fairly good approximation 9 as long as 

the latent heat is the major item in )\n • · The correc.t )\1 to be used has 

been derived elsewijere2 • 

Let us apply Bernoulli&s theo~ to the elemep,t d~» ne~lecting 

the kinetic energ of the vapor in the fiJJa1 • Consider a unit mass 

of vapo~ enterin~ this differential element in viscous flow. 

·!E 
= r "" dx L~ dF 

~c 

From the application. of a material balance we obtain~ 

... 
w ... ~VaL-· .," .... , ... ·:··c· .. .... , .. ,._. ....... ~ 

From the geometry of the systei.a· we obtain9 

dx .. R sin G dt.i~ 
'It-~ 

(4) 

(5) 

(6) 

It is necessary to restrict ourselves to a tube o! such diameter 
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that the film thickness is a negligible quant it;r compared to the radius 

of curvature of the filmo The vapor film can be considered as in vis= 

cous flow between two parallel platesll one of which is stationary 

while the other is moving at a velocity of 2U sin Go 

drag force has been shown3 to be represented by 

The frictional 

(7) 

The use of the numeri~al value of twelve ill.plies that the velocity 

distribution in the liquid at the liquid=vapor interface is unaffected 

by the Vapor drago 

Substituting the values of dF from equation (4) 9 dp from the 

differentiation of equation (1) 9 and dx from. equation J6) 9 and 

substitutin~ the value of V from equation (5) 9 the value of 11 a 11 from 

equations (2) and (3)~ and 1/2 sin 2~ for sin Q cos Q~ we obtain the 

following equation 

(8) 

The terms in~equation (8) may be designated as the static drag 

effect 9 the ~avity pressure effect 9 the velocity pressure effect 9 

and the velocity dra~{,l effect respecti vel;;' o 

Since we have not been able to derive an exact solution to equation 

(8)~ let us derive an approximate solution from which we may predict 

the coefficients of heat transfer due to convectiono The term 9° will 

be defined as the separation point for the flow upward a~ross the tubeo 
,' 
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Let us restrict ourselves to the conside:mtion of the heat transfer from the 

region of 0 to Q1
9 since from visual observation it is from this lower 

;· 0 

section of the tube that the major portion of the heat ~ransfer takes 

place. The value of Qt will depend upon ~he velocity of the liquid 

intpingin! upon the tube. ' For high flowe 9' approaches 90 degrees, while 

for low values Qt tends toward a value of 180 degrees and equals 180 

degrees .at sufficiently low values. 

An analysis of the no flow case1 indicates that ~ does not vary 
dQ .. 

greatly over a large section of the tube and hence it is possible to 

· . W dw 
substitute Q for dQ in the ,least significant term, the velocity drag 

term, in equation (8). Thus 

12p)tv.3 w (dw)'3 .. gR(e~ -f) sin Q 

f2gckJR2L4At3 dQ f gc 
+ 

(9) 

Multiply the above equation by 2e~~2 ~ take the cube root~ and 

separate the variables; also let us integrate from 0 to Q u and rearrange. 

The weight of liquid vaporized per unit time on one half the tube~ 

w, can also be evaluated from the !n~egrated form of equation (2) 0 

(ll) 

(10) 

., \1 
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In this equation hco(O=QO) is the value of the heat transfer coefficient 

for convection averaged over the pbr~ion of the tube from zero to 9~. This 

equation9 as stated previously9 neglects the heat transferred by radiation 

from. the specified portion of the tube. 

Let us substitute the value of w from equation (11) into equation (10); 

also let us ·,ne~lect for the present the ·heat transferred above 9° 9 hence 

(12) 

(13) 

This equation has been evaluated numerical~ in Table I. A more 
I 

complete derivation is given by Robbers?. 

It will be noted in Fig •. 8 that the experimental data lie approxi= 

mately in a straight line somewhat above the predietedr curve. Or 

At very low flows this equation reduces 

h \~DAte e 0 62 
co V1J (ei_= C) fg>to ...• 

. 1L J' 1/4 + 3D}lhco
2 

(no) 
UkTe.A. "' 

(15). 

which cheeks the natural convection work1 • At very hi!h flowe (9u~1f) 

and equation (14) becomes 

.. 2.1 (16) 

(14) 
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TABLE 1 

Numerical ~aluation of Integral for Equation (13) 

gnCet-e) 
4t12 o· 

!: 
0 

0.01 

0.10 

0.;50 

1.00 

2.00. 

10.00 

00 

+ 3If!!fhco2 
Uk2e,_g,2 

~ 

0.429 

0.435 

0.451 

0.521 

0.608 

0.814 

1.293 
.1 

0.721 F4 

for F)2; Qt. T( 

for F <2; F • -2 cos 9' 

~· 
90° 

90° 17' 

92° .52' 

104° 29' 

120° 

180° 

1soca· 

180° 

This is plotted as the solid curve in Fig. Sa. 
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It will be shown later that with equation (15) or (16) the coefficient 

of heat transfer may be calculated for. almost the entire range of velocity. 

~~ - . 
mU'i:rbJr:~a{idlci;'a' <£'Btitr:& gr,6_lh:i$.i.tlO'{fC'or-Fe'l~i3": aJ~l cot ~~the ---vai:-ilci,:!Yices b' 1-:Su:Ch- grou'ps; as 

·. ~), :,~¥ ~ "'"··combl.riatib~l wit)l. ~·he above mighti •be used. 

Effect of Radiation· 

For the ease of natural convection film boiling the following 

equation has been used1 g 

(17) 

This equation is accurate within five per cent for cases where the 

value of hr is small compared to the value of h00 o 

A similar development assuming that all heat transferred above 

G1 is by radiation. results? in the_ expression 

(18) 

at high velocities QU..l)> 1 and 

h '"' hco ~ ~ hr (19) 

The tem hr may be calculated by the following equation for 

parallel platesj 

(20) 

whereg TL i~ the temperature of the boiling liquid in degrees R 

TT is the temperature of the hot tube in degrees R 

f is the emissivity of the hot tube 
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"".is the absorptivity or the liquid 

· q- is the Stetan-Boltzman constant~ 0 ol713 x 10-S 

Btu/(hr)(rt2)(0 R4) 

UGRL-1894 

For the graphite tube E was taken • Oo8 and tor the liquids used 

a was taken • loO. 

· Film Properties 

It is necessary to know the correct average values of the physical ,, 

properties or the vapor film in order to evaluate the dimensionless 

groups utilized in the theory. A general procedure tor evaluating the 

film properties is to determine the values at the arithmetic average 

temperature. This approach~ although usually adequate; is not very 

exact. Therefore~ expressions are developed tor evaluating the best 

average value or each physical property individually. In order to 

simplify the derivation, other properties were assumed constant when 

considering any: single property. 

Thermal Conductivity.--The thermal conductivity or most vapors vary 

with temperature in such a manner that a plot or the logarithm or 

the thermal conductivity, k~ versus the logarit~ or the temperature~ 

T, is approximately a straight line with a slope equal to n. We carl. 

write the equation of the straight line as 

k • c'!"l~ (21) 

where C is a constant. With this it may be derived? that 
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(22) 

We now have an expression for the average value of the thermal conduc= 

tivity that inv-olves a knowledge of the values of the thermal conductivity 

at the tempengtur'e "at ,the tube sutfa:ce and' at. the· Jc;emperature of the boil= 

ihg -liquid, Equation -·(83) can be !reduced t;o a simpler fo:t-m sin~e for any 

given liqu~~;;;9.'t it-~ boiling point the value of ktTr. is a constant o 
n-1Pl 

Density of Vaporo==Assuming ideal gas it may be derived? that 

(23) ' 

where fL"" density of the vapor at the liquid boilingtemperatureo 

ViscositYo""=The average viscosity of the vapor film was determined from ·.· 

an analogy to an expression given by McAdams8 • McAdams evaluates the.· 

averag~ viscosity of the liquid film produced by film condensation at 

a temperature that is lower than 'the· average film temperature o The · 

viscosity for the vapor film also should be evaluated at a temperature 

closer to the tube temperature than to the liquid temperature. The 

temperature at which the viscosity should be evaluat'ed is denoted by 

~o If the fluidity is assumed linear with temperature~ then;-

(24) 
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Heat Content ~ '>. 1 o-- The "effective" latent heat or vaporization in the 

case of condensation has been derived2o A consideration of the equations 

indicate that for natural convection film boiling that the same type of 

equation is involved, however although it may be slight~ in error for 

forced convection film boiling the error should not be serious. 

(25) 

Average Tempera~pre Methodo=-The on~ physical property for which the 

· error in the calculat.ed coefficient is serious ( > 5%) is that for-A e o 

Accordingly it is recommended that all physical .properties except ">t 1 

be evaluated at the average temperature of the vapor film for simplicity. 

Description of the Apparatus. 

Figure 2 is a diagram of the forced convection film boiler. 

The film boiling apparatus was W!led for continuous~ circulating a 

liquid at its boiling temperature past a graphite heating element where 

the liquid underwent film boiling and subsequently for condensing the 

resulting vapors for recirculatio~o The heat input to the heating 

element was controlled by means of a voltage regulat·or and current 

trans!ormero ·Instruments were provided for measuring the amperage~ 

voltage, temperature, and liquid velocityo Auxiliary equipment was in-

. eluded for ptimping the liquids to storage and for filling the film 

boilero Safety measures have been devised for protection against the 

toxic vapors and the fire hazards resulting from the liquids to be 

studied in the apparatuso A more complete description has been given 
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by LeRoy4 and Robbers7o 

Experimental Procedure 

The graphite heating tube to be used in a series of runs was care~ 

ful~ polished with crocus cloth before being installed in the test 

eectiono The routsiale diameter of the graphite tube was determined with 

a ·micrometer and recordedo The copper sleeves which fitted the graphite 

tube were polished to provide a good electrical contact surface with the 

tapered end of the graphite tube as well as to help prevent leakage 

during the runo The apparatus was then assembledo 

After charging the apparatus with the desired liquid~ and pre= 

heating to the boiling point.9 the heat input to the graphite tube was 

increased until the boiling from the tube changed from nucleate to film 

boilingo The flow rate was adjusted to the desired value and the flow 

manometer reading was recorded o Three sets of data were determined for 

each flow readingo These corresponded to a low9 high and an intermediate 

va.lue of the heat input to the graphite tube o 

A chromel versus alumel ~hermocouple was inserted through the· 

copper supporting tubes and was used to determine the average tempera= 

' ture at the center of the graphite _tubeo Consecutive temperature readings 

were determined until the stable film boiling attained steady state condi= 

tionso After recording the average temperature.at the center of the 

tube~ the thermocouple was moved specified distances across the tube 

so as to attain a temperature profile with distanceo The temperature 

profile was determined in order to calculate the heat conducted longi= 

tudinal~ away from the center of the graphite tube o 
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The.thermocouple was removed and the voltage probe was insertedo 

The leads from the voltmeter were connected to the voltage probe and to 

the electrical connector on the right hand supporting tubeo The voltage 

was determined at points 2o5 inches on either side of the center of the 

graphite tube and the difference between the two values was recorded as 

the voltage drop across the 5o0 inch te3t sectiono The current flowing. 

through the graphite tube during ~ach run was measured with the a.mmeter 

and recordedo 

The three inch and the one inch orifice sections were calibrated 

by means of a movable pitot tube- which could be mounted in the left 

hand end plate when the graphite heating tube was removedo A static 

pressure tap was mounted on the upper side of the nozzleo The static 

tap and the pitot tube were ~onne©ted to two vertical glass tubes 

which were open to the atmosphere o The difference in the hydrostatic 

heads developed at each flow rate was used as a basis for calibrating 

the orifice manometero 

The ~locity profile was determined at different heights above the 

nozzle sectiono The velocity distribution was fairly constant up to 

about one and one=fourth inches above the nozzle sectiono The vertical 

distance between the center of the graphite tube and the nozzle plate 

was determined from a consideration of the uniform flow profile and the 

established flow distribution around a cylinder in a uniform flowo . 

The visual characteristics of the stable film boiling phenomenon 

were recorded as an important part of the present investigationo 



UCRL=l894 

Description oU he Vapor Film 

I 

The use of pyrex glass piping for the test section made possible the 
, ~·. ~fr~~ .. 

visual obse'rvation or the liquid boiling from the 'graphite tubeo The 

change from nucleate boiling into film boiling and the reverse was clear~ 

distinguishableo The effect of changing the liquid flow rate or the 

heat flux generated within the graphite tube was noted by a corresponding 

change in the vapor film surrounding the tube o The bubbles formed at 

the graphite tube surface during the preheating of the liquid to its 

boiling point were observed and their resulting change in size as they 

flowed to the condensing section was used as a measure of the liquid 

temperatureo 

In film boiling the vapor film surrounding the tube was 'very smooth 

at low tube surface temperatures with only natural convective forces 

acting in the liquid·o As the tube temperature or heat nux was increased~ 

a corresponding increase in the film thickness was notedo The roughness 

or irr;egularities at the vapor and liquid interface increased noticeably 
, .. 

with the increased heat fluxo The separation point for the vapor leaving 

the tube surface was at the top of the tube and the tube appeared to be 

completely surrounded by the va})or fil.n1-o As the liquid flow rate was 

increased 9 th~ vapor fi~ thickness decreased 9 and the separation point 

moved down to approximately the middle of the tube as predicted by the 

theoryo 

In some trial runs made with a carbon tube it was observed that 

at high velocities with film boiling that the bottom of the tube was 

from 100° to 200° colder than the top half of the tube 9 indicating 
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that by far the larg~st percentage of the hea,t is transferred on the 

lower half of the tube~ especially at high flow rateso 

Experimental Data 

Experimental data were taken on the following liquids g absolute 

ethyl alcohol~ benzene~ carbon tetrachloride~ and n~hexaneo The data 

and calculated quantities appear in Tables 2 to 19o The values for 

ethyl alcohol are listed in Tables 2 to 7 for benzene 9 Tables 8 to 13 

for carbon tetrachloride 9 Tables 14 to 16~ and for n=hexane~ Tables 

17 to 19o 

To study the effect of tube diameter~ three different tube 

sizes were usedo The approximate outside diameters were 3/8~ 1/2; 

and 5/8 incheso More accurate measurement of each are listed in 

the headings of each table o The tube material in all three· cases 

wa.s graphite~ and all three sizes were used for each liquido 

Since the primary problem was to study the effe~t of forced 

convection on the heat transfer coefficient 9 liquid velocities were 

varied from zero flow to approximately 14 feet per second depending 

on the particular liquido Extensive studies were made on alcohol and 

benzene in the region from zero flow to 2 feet per secondo These 

data are listed as low flows in the heading as distinguished from 

high flows~ which covers the entire range o The general practic~ was 

to record three pieces of data~ covering a range of temperatures for 

each velocity settingo ~~ 

A samp~e calculation and values of the physical properties of the 
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liquids used in computation have been recorded4~7o 

Included in the tables are the following quantitiesg 

UCRL=l894 

L The run number is taken from the laboratory notebook and is used 

only as a means of listing the data in the correct columns o In some 

cases the data were taken at different times and therefore the run 

numbers may not be concurrent with each othero 

2o 11Volts 11 refers to the voltage drop across a five inch section 

on the center portio~ of each tubeo The values represent the difference 

of two readings as read from a current flux voltmeter o 

3. 11 Arnp 11 refers to the total current flowing in the tubeo The 

values being read for an alternating current ammeteto 

4 o The ''ti 11 is the recorded inside temperature of the tube at 

the center pointo The values were measured in millivolts by a chromel 

vs o alumel thermocouple and converted to degrees Rahranheito 

5. The 11L\t 11 is the temperature difference between the outside 

surface of the tube and the boiling liquid. The tube surface tempera= 

ture is calculated from a knowledge of ti and the thermal conductivity 

of graphite4o A correction? is made for longitud~nal heat conductiono 

6. 11U11 is the velocity of liquid at the slot opening as measured 

by a calibrated sharp edged orifice. 

7. The nh1' is the calculated overall coefficient of heat transfer 

of the vapor film. 

8. The rihco" is the calculated value of the coefficient of heat 

transfer due to convective heat transfer if there were no radiation;.'. 

The rest of the calculated quantities are dimensionless groups 
\ 

basee on the theory and useful in the correlations. 
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TABLE 2' 

Experimental and Calculated Data on the Film Boiling of Ethyl Alcohol 

at Low Flows from a 0.387=Inch Outside Diameter Tube. 

Run Volts Amps· t· 6t u h hco 
No. op OF ft Btu 

sec {hri(sq. ft.Tr0 FY 

342 3.;09 158.0 1017 838 0 45.2 39.6 

343 3.43 175.0 1146 966 0 48.2 41.4 

344 3.68 190.0 1326 1145 0 47.2 38.3 

345 2.98 153.5 946 768 0 46.2 41.2 

346 3.37 173.5 1132 953 0 47.5 40.8 

347 3.69 187.5 1256 1075 0 49.9 41.9 

348 2.83 144.0 853 675 0.37 47.1 42.9 

349 3.29 170.5 1092 913 0.37 47.9 41.6 

350 3.72 193.5 1283 1102 0.37 50.9 42.6 

351 2.57 140.5 815 638 0.55 44.2 39.9 

352 3.28 181.5 1132 952 0.55 48.8 41.6 

353 3.76 200.0 1263 1082 0.55 54.3 45o5 

354 2.93 148.5 864 686 0.78 49.7 44.9 

355 3.42 175.;0 1105 925 0.78 50.7 43.5 

356 3.70 191.5 1249 1068 0.78 52.0 43.1 

357 2.71 149.0 799 621 1.00 51.2 46.8 

358 ' 3.25 180.0 1013 834 1.00 55.1 48.8 

359 3.82 209.5 1269 1088 1.00 57.9 48.5 

360 3.08 156.0 842 664 1.31 57.0 '52.2 "' 

361 3.47 180.0 1063 883 1.31 56.7 49.8 

362 3.83 200.0 1211 1030 1.31 58.7 5Ll 

363 2.93 160.0 829 651 1.61 57.1 52.4 

364 3.32 186.5 1024 844 L61 58.1 5L6 

365 3.84 21L5 1229 1048 1.61 6L5 52.5 



=21= UCRirl894 

·:n\BLE 2 (Conto) 

~ t4 h tD6tp . r/4 Run ;u h D26tp 
F h~ At~k ~ No. co u2k3 eeJ.r..' co k3ece .... = e>g~~ co Uke)\a pe:>.~ 

342 0 (' 0.65 .• , .. 

343 II 0.66 

344 II 0.58 

345 II 0.69 

346 If 0.65 

347 ,, 0.65 

348 0.358 L21 2.20 0.72 5.08 310 

349 II Ll2 2.13 0.67 5.08 420 

350 II , 1.10 2.12 0.66 5.13 470 

35i 0.536 0.94 1.18 0.69 3.91 .300 

352 II 0.90 1.12 0.66 4.09 430 

353 II 0.96 1.13 0.70 4~57 520 

354 0.765 0.85 0.75 0.75 ;·~59 .320 

. 355 ii 0.80 0.68 0.70 3.54 430 

356 II 0.76 0.64 0.67 3.54 470 

357 0.978 0.82 0.59 0.81 3o40 300 

358 II 0.81 0.55 0.80 ).60 390 

.359 II 0.76 0.50 0.75 . 3.55 480 
' . 

360 1.288 0.79 0.47 0.90 3.34 320 

361 II 0.71 0.39 0.81 3.24 410 

362 II 0.70 0 • .37 0.80 .3.24 460 

363 1.584 . 0.70 0 • .36 0.88 2.94 .310 
/ 

364 " 0.67 0 • .32 0.84 2.99 400 

365 II 0.65 0.30 0.81 3.01 460 
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TABLE·~·~ ·r. .:····.'· 

Experimental and Calculated Data on the Film Boiling of Ethyl Alcohol 

at High Flows from a 0.387=Inch Outside Diameter Tube. 

Run Volts Amps t, lit u h hco 
No. op OF ft Btu 

sec (hr)TSq. ft}(°F) 

257 2.70 150.5 703 526 2.32 62.4 58.6 

258 3.41 201.0 1017 838 2.32 .. 66.1 59.6 

259 4.23 246.5 1335 1153 2.32 73 o1 62.6 

260 2.90 164.0 685 508 3.97 75.7 72.0 

261 2.57 214.0 972 793 3.97 77.9 71.8 

262 4.43 261.0 1274 1092 3.97 85.6 76.0 

263 3.45 201.0 790 611 6.02 . 91.6 87.2 

264 4.12 243 .o 1029 848 6.02 95.5 88.9 

265 4.84 28·5.5 . 1292 1108 6.02 100.8 91.0 

266 3.87 225.5 811 631 7.92 111.8 107.2 

267 4.54 267.0 1062 880 7.92 111.4 104.4 

268 5.28 312.0 1346 1160 7.92 114.6 104.1 

269 4.34 254.0 896 715 10.03 124.7 . 119.4 

270 4.83 288.5 1087 906 10.03 124..3 117.1 

271 5.54 325.0 1314 1127 10,;03 129.2 119.2 

272 4.76 280.5 982 800 12.01 134.8 128.7 

273 5.15 306.0 1105 921 12.01 138.4 131.0 

274 5.58 331.0 1249 1062 12.01 140.7 131.5 
,, 

275 4.80 282.5 991 808 12.01 135.5 129.4 

276 5.15 306.5 1128 943 12.01 135.4 127.7 

277 5.56. 331.0 1274 1087 12.01 137.1 127.6 

278 . 4.94 294.0 1018 835 14.55 140.5 134.1 

279 5.23 315.5 1117 932 14.55 142.1 134.5 

280 5.74 340.0 1267 1080 14.55 146.0 136.6 ' 
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TABLE 3 {Cont .. ) 

tAtp jl/4 ~At 
1/4 

Run u hc0VDl1t lltetk s he 2~ee~~ F' heo 
Noo k3e(e.k = {') g 'A u peN Uk09 

257 2.277 0.69 .34 L04 2.77 260 

258 II 0.65 .26 0.98 2.90 400 

259 II 0.63 .23 0.95 2.94 510 

260 3.897 0.65 .28 lo28 2.59 250 

261 u 0.60 .21 Ll9 2.65 .380 

262 II 0.59 .25 1.17 2.35 250 

263 5.909 0.62 .23 L51 2.60 310 

264 If 0.60 .20 L46 2.70 410 

265 II 0.58' .17 L41 2.75 520 

266 7.771 0.67 .26 1.86 2.84 320 

267 " 0.61 .20 1.70 2.77 430 

268 " 0.56 .15 L57 2.65 520 

269 9.844 0.64 .23 2.02 2 .. 81 370 

270 tl 0.60 .19 1.89 2.75 440 

271 II 0.58 .16 1.81 2.76 520 

272 11.79 0.62 (.22) 2.14 2.79 410 

27'3 II 0.61 .19 2.11 2.62 340 

274 li 0.59 .17 2.03 2.'17 490 

275 li 0.63. .21 2.16 2.82 400 

276 II 0.59 (.19) 2.04 2.71 450 

277 II 0.57 .16 L97 2,;70 510 

278 14.26 0.59 .18 2.21 2.67 420 

279 " 0.57 (.17) • 2117 2.61 440 

280 II 0.55 .15 . 2.09 2.62 520 



=24.., -t:.~~J:$94 
· . ·· •••r i:1~.·r_ :·,·· ·, ·-·--

TABLE 41 
Experimental and Calculated Data on the Film Boiling of Ethyl Alcohol 

at Low Flows from a 0.497=Inch Outside Diameter Tube. 

Run Volts Amps t· at u h hco l. 
Noo Op Op ft Btu 

sec (hr)(sq. ft)(°F) 

.319 2o62 180.0 844 666 0 4LO .36o9 

.320 2.95 207.5 1026 846 0 4L9 .36o2 

.321 .3.28 2.36 0 5 1202 1021 0 44ol .36o6 

.322 2.78 189o5 92.3 744 0 4LO .36.2 

.32.3 .3 ol2 . 22.3 .o '.1121 941 0 42.8 .36 o.3 

.324 2.78 189.5 914 7.35 0 • .34 4L9 .37o2 

.325 .3 .08. 216o0 1071 891 0 • .34 4.3 o6 .37 .6 

.326 .3o45 244.0 1252 1070 Oo.34 . 46oO .38o0 

.327 2.47 18.3 .5 822 644 Oo55 4L4 .37 oO 

.328 2.95 227.0 1072 892 0.55 44.1 .37 o5 

.329 .3 • .3.3 256.5 12.3.3 1051 . Oo55 47o8 .39 o4 

.3.30 2.91 199.5 957 778 Oo77 44ol .38o5 

.3.31 .3 ol7 224o0 1108 928 Oo77 45ol .38 oO 

.3.32 .3 0 5.3 247 o5 1245 106.3 Qo77 48o5 .39.8 

.3.3.3 2o6.3 199o0 847 668 LOO 46o5 4L8 

.3.34 .3.05 2.30.5 1015 8.35 LOO 50.1 4.3 .8 

.3.35 .3.44 265.5 1224 1042. LOO 52o0 4.3 o4 
' 

.3.36 .3.02 210.0 94.3 76.3 L29 49o7 44.0 

.3.37 .3 • .3.3 2.36 .o 1101 920 L29 5Ll 4.3 .8 

.3.38 .3.60 256.0 1225 104.3 L29 52.8 4.3 0 7 

.3.39 2.77 21LO 862 • 68.3 L6.3 5L5 46.6 

.340 3 .1.3 242.0 1026 845 1.63 54.0 47.5 

.341 .3.67 278.5 1247 1064 L6.3 57.9 48.7 



Run 
Noo 

319 

320 

321 

322 

323 

324 

325 

.326 

327 

328 

329 

33o 

3:31 

332 

33.3 

334 

3:35 

336 

337 

3.38 

339 

340 

341 

0 

II 

II 

II 

II 

0.297 1.22 

II 1.17 

II 1.14 

0.473 0.98 

II 0.94 

II 0.95 

0.665 0.84 

·tl 0.80 

II 0.80 

0.864 0.82 

" 0.83 

II 0.77 

1.118 0.74 

II o.tL 

tl 0.69 

1.413 Oo'll 

" 0.70 

II 0.68 

=2~ 

-TABLE 4 (Cont.,) 

fp4t 1/4 
F hcQLk3e<e.~.-elg '>~' 

0.67 

0.63 

0.61 

0.65 

0.62 

3.09 0.66 

3.05 0.64 

3.02 0.62 

1.41 0.67 

1.36 0.65 

1.35 0.65 

0.85 0.68 

0.80 o.65 

0.79 0.66 

0.64 . 0.76 

0.62 0,;77 

0.57 0.72 

0.46 0..79 

0.43 0.75 

0.40 0.73 

0.39 0.85 

0.36 0.83 

0.33 0.80 

UCRL-1894 

5.1.3 310 

5.23 400 

5.28 460 

4.11 310 

4.20 400 

4.40 460 

3.55 320 

3.62 420 

3.73 470 

3.46 320 

3.69 390 

3.57 460 

3.23 .360 

3.23 430 

3.21 470 

3.03 3.30 

3.13 400 

3.17 470 
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:TABLE '5: 

Experimental and Calculated Data on the Film Boiling of Ethyl Alcohol 

at High Flows from a 0.496=Inch Outside Diameter Tube. 

Run Volts Amps t· At u h hco ~ 

No. Op Op ft Btu 
sec (hr)(sq. ft)(°F) 

287 3.77 239.5 763 584 4.02 71.5 67 o3 

288 3.13 279.0 937 756 4.02 72.8 67.2 

289 3.80 334.0 1180 995 4.02 80.4 72.1 

290 3.06 270.0 788 608 6.00 85.7 81.4 

291 3 ;61 319~5 995 812 6.00 89.6 83.3 

292 4.12 368.0 1202 1015 6.00 94.4 85.8 

293 3.63 320.0 892 709 8.00 103.3 98.0. 

294 4.02 357 .o 1042 856 8.00 105.7 99.1 

295 4.54 398.5 1294 1104 8.00 103.5 93.7 

296 4.21 370.0 1072 885 9.99 111.0 104.0 

297 4.48 395.5 1168 979 9.99 118.4 110.3 

298 4.79 419.5 1283 1092 9.99 116.0 106.4 

299 4.71 414.5 1184 .994 12.03 123.8 . 115.6 

300 4.90 427.0 1238 1046 12.03 126.3 117.3 

301 5.11 447.5 1339 1145 12.03 126.0 117.2 

302 5.16 450.0 1270 1077 14.55 136.0 126.6 

303 5.28 462.0 1319 1124 14.55 . 13?.0 127 .o 

304 4.97 435.0 1213. 1021 14.55 133.4 124.7 
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TABLE '5 (Cont.,) UCRL=l894 

u n2 jl/4 F 
I Run [;At ~1h~ &te;k 

No. vgtt . hco D AtJl · 
hco k.3~(eJ. =€)g)n . tJ2k1{l~)lv co Uke)l n- ,~)<e 

287 3.186 0.67 .29 1.20 2.76 290 

288 II 0.64 .24 1..14 2.81 370 

289 II 0.65 .22 1.15 3.01 460i 

290 5.205 0.67 .26. 1.52 2.85 .320 
•' 

291 II 0.64 .22 1.46 2.86 400 

292 'If 0.63 .20 1.4.3 2.94 :.,· 410 

293 6.940 0.67 .25 1.77 '2.92. 360 

294 II 0.65 .22 1..71 2.94 420 

295 li 0.59 .17 1.54 2.79 .·· 500 

296 8.665 0.61 .19 1.80 2.,79. 440 

291 · II : 0.63 .20 1..87 2.94 470 

298 II 0.59 .17 1.75 2.80 510 

299 10.430 0.60 .18 1.94 2 •. 79 . 470 

300 II 0.60 .18 . 1.94 2.8,3' 500 

301 II 0.58 .16 1.87. 2.77 530 

302 12.620 0.58 .16 2.07 2.75 510 

303 II 0.58 .16 2.07 2.76 520 

3.04 II 0.58 .17 2.07 2.72 490 



UCRIF1894 

TABLE 6) 

Experimental and Calculated Data on the Film Boiling .. of Ethyl Alcohol ,at 

Low Flows from a 0.638-Inch Outside Diameter Tube. 

Run Volts Ainps. t· llt u h hco 
No. 0~ OF ft Btu 

sec (hr )(sq. ft )(°F) 

366 2.10 270.0 792 613 0 40.9 36·.5. 

367 2.26 289.5 874 695 0 41.8 36.7 

368 2.42 316.0 979 799 0 42.5 36.4' 

369 2.18 274.5 808 629 0;54 42.7 38.8 

370 2.48 324.5 1002 821 0.54 43.9 38.3 

371 2.88 376.0 1225 1042 0.54 . 46.7 39.0 

372 2.30 294.5 869 690 LOO 44.4 39.5 

373 2.63 339.0 1042 861 LOO 46.9 40.3 

374 3.01 389.0 1243 1059 LOO 50.2 40.8 

375 2.51 .327 .o 941 760 1.62 49.5 43.9 

376 2.71 357.5 1067 885 1.62 50.2 43.3 ' 

377 3.12 402.0 1238 1053 1.62 54.8 45.9 
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TABLE 6 (Cont .. )' 

~2 jl/4 u r14 
@; 

liteg,k Rtin·\ u h D litR F h Dlitp h Ddt 
No. (g!t co u2kJ~e~A' , co k3 e Cf!.t =e)g(l' .. co ~~)\0 )l~At 

366 0 0.73 

367 II 0.70 

368 " 0.69 

369 0.416 1.18 1.79 0.76 '4.78 270 

370 ,11. 1.11 1.72 0.72 4.87 ' 370 

371 II 1.07 1.68 0.69 4.91 <, 450 

372 0.764 Oo87 .76 0.77 3.68 320 

373 II 0.,86 .72 0.75 3.81 . 390 

374 II Oo83 .68 0.73 3.88 c 480 

375 1.241 Oo75 .44 0.84 3o25 ' 350 

376 II Oo72 .40 0.80 3.22 400 

377 " 0.72 o39 0.81 3.33 460 

.. ~ ' 
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'.TA'BLE 7·. 

E..-.cperimental 2nd Calculated· Data on the Film BoilintS of Ethyl Alcohol · 

at High Flows from a 0.638-Inch Outside Di~~cter Tube • 

Run Volts .Amps t. ~t u h h 
No. op. Op ft Btu co 

sec ·(hr)(sq. ft)(op) . 

305 2.34 294.5 802 623 2.47 51.7 47.2 

306 2.64 339.5 970 789 2.47 53.1 47.2 

307 2.96 390.0 1162 979 2.47 55.2 47.1 

308 2.59 335.0 783 603 4.06 69.6 . 65.3 

. 309 2.85 372.0. 909 727 4.06 70.6 65.2 

310 3.10 411.0 1044 860 4.06 71-.8 65.1 

311 ' 2.92 384.0 914 732 5.52 75.2 . 69.8. 

312 3.15 412.5 . 1009 825 5.52 .· 77.3 ?0.9 

313 3.36 443.5 1098 912 5.52- 80.3 73 .o 

314 3.08 409.5 943 759 7.00 81.8 76.1 

315 3.29 435.5 1024 839 7.00 83.9 77.4 

316 3.49 457.0 1083 897 7.00 87.0 79.8 

317 3.31 440.0 959 774 8. 53 92.5 86.7 

318 3.53 465.0 1031 845 ~L53 95.4 88.8 

319 3.15 415.0 873 689 8.53 93.1 88.1 
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TABLE 1 (Conto) 

Run u h WAtp ~l/4 F he{~~~r f?g~ jl/4 hco\fuk~;,·· . 6t€ek 
No. fg!) co 2k3 : pe)t' t1 ee])' . . 

' .· . .,, • ' !, ' . • . • 

305 1.890 o.68 .33 '0.93 r-: ; 2 .. 8) 300 

306 II 0.65 .29 o.89 2.85 370 

307 " O~p4 .26 '0 .. 88. 3 .. 03 510 

308 3.107 0.73 .33 -1~29 "3 .. 04 300 

309 II 0.71 .29 lo25 3.07 350 

310 . ,II' o.68 .26 1.21 ·. ).06 410 

311 4.224 0.65 .25 '1~34 . 2.8) 360 

312 11 ' -.0.65 ..• 23 1.34 2.90 400 

313 ' Ji 0.65 .• 27 1.34 2.96 430 "' 

314 -5.357 ·o.62 .22 ·1.45 2 .. 72 370 

315 II. 0.62 .21 ·1..44 . 2.79 410 

316 II .· 0.63 .21 1.46. 2.87 430 

317 6.526 0.64 ' .23 1.'64 2.84 .. 390 

318 II' 0.65 .22 .1.65 2.94 420 

319 II 0.67 .25 1.70 . ' 2.90 350 
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. 'l'ABLE 8 

Experimental and Ca],.culate<i D.a:t-~. on the Film Boi~izlg·()r Benz~ne at Low· 
... 

Flows from a OS87-Inch Outside Diameter· Tub.~. 
. ... 

Run Volts Amps ti At u h Pco 
No. OF OF ft Btu 

· .. sec (hr )(sq. rt)(~F) 

378 2/12 137.0 865 685' 0 .· 42.2 37;1.9 ,• . . .... . 

379 3.03 155.0 1017 837 i 0 '43•5 . 37 .• 9 

380 3.4.2 175.5 . 1195 1014 0 '45.9 38.5 

381 2.85 145.5 932 752 0.40 '43 .1 36.5 . : ~· 

.. ' ~: (~ 

382 3.18 163.5 :1.083 902 0.40 .· 45.c.O 36·5 

383 3.46 177.0 1193 1011 0.40 :47.3 37.3 

384 3.02 154.0 970 790 . 0.80 . 46.3 40.1 

. 385 3.26 169.0 1099 918 0.80 .47.1 :39.2 

386 3.54 182.0 1209 1027 . 0.80 . 49.3 40.2 
' 

387 3.13 160.5 .. 955 775 1.30 . 51.3 45.3 /'l 

388 3.33 17j .o 1044 863 1•30 52.8 45.9 

389 . 3.58 185.0 1146 964 1.30 54.3 46.2 
' 

390 3.20 164.5 .. 961 780 1.58 53.6 47~6 

391 3.38 1?6.0 1045 864 1.58 54.7 47.9 

392 3.62 189.0 1162 980 1.58 55.4 47.3 
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TABLE 8 (Cont.)· 

• .. IT2Atu r4 ~ 1~ . Ruii. U· .· D~tp . . · · . · At . Ateek 
~co u2kJee~ u . . . 

F. 
he k3- (ef.o- e)g)! . hco~~e>.• No. YiJ5 pJ?.),D 

378 0 0.62 

.379 II 0.57 - ···-·· 

380 II 0.52 

381 0.395- 0.92 L77 0.58 3.98 350 

382 II 0.86 L76 0.54 3.77 . 370 

3~ ~· 0.82 1.74 0.51 3.64 390 

384 o. 787 . 0.70 0.62 0.62. 3.05 360 

385 ,II. 0.64 0.58 0.57 2.82 380 

386' If, 0.62 0.57 0.55 . 2.75 . 390 ·~· 

387 ' 1.280. 0.62 ·. 0.35 0.71 2.70 360 

388 '" 0.61 0.34 0.68 2.67 370 

3.89 II 0.58 0.32 0.65 2.')7 390 

390 . L550· 0.60. 0.29 0.74 2.61 3q0 

391. l'! 0.57 0.28 0.72 2.51 380 

392 II 0.53 0.25 0.66 2.35 390 



OOlijitd$4' 
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TABLE,.; 

Experimental and Calculsted Data on the Film Boiling of Benzene at High 

Flows from a 0.387-Inch Outside Diameter Tube.- ... ~ ~ . . . 

Run Volts Amps t.' At u h " h ·'·· 
No •. OF OF it.. Btu 

co 
•' 
' sec (hr)(sq. ft)(°F) 

423 3.10 159~5 874 694 2.44 57.6 52.5 

424 3.47 179.0 1008 827 2.44 60.6 54.3 

425 3.86 198.0 1159 976 2.44 63.3 55.2 

426 3.50 180.0 811 630 5.03 81.4 76.9 

427 3.95 205.0 948 765 5.03 86.2 80.4 

428 4.47 230.5 1141 957 5.03 87.7 79.8 

429 3.96 205.5 793 611 8.01 108.5 104.1 

430 4.45 231.0 923 739 8.01 113.3 107.8 

431 4.90' 256.0. 1072 886 8.01 115.3 108.3 

432 4.49 233;.0 856 673 11.03 126.6 121.7 

433 4.97 260.0 991 805 11.03 130.7 124.5 

434 5.45 284.5 1128 940 11.03 134.4 126.7 

' 435 4.88 254.5 957 772 11.72 131.1 125 .2} 

436 5.28 277.0 1072 885 11.72 134.8 127.8 

437 5.66 294.5 1180 1001 11.72 135.9 127.5 
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Run u r4tp 
3

1/4 h g 4t&k 
No.,. .;grr hco F co .Uke~ fit'H · u2kJeei}tv · . 

423 2.406 0.55 .22 0.85 2.38 350 

424 ·II 0.53 .20 .. 0.82 2 • .33 370 

425 II. 0.50 .18 0.78 2.2.3 400 

426 ' 4.953 0.58 .• 21 1..30 2.47 330 

427 ·II 0.57 .19 1.26 2.50 370 

428 II ' 0.51 .15 . 1.1.3 2.29 410 

429 7.896 0 .. 63 .. 23 1.77 2.69 3.30 

4.30 II 0.61 .21 1.71 2.67 370 

431 II 0.56 .17 1.58 2.52 410 

432 ·1.0~890 0.61 .21 2.01 2.64 350 

433 II 0.58 .18 1.90· 2.56. 380' 

434 ·II ·0.55 .12 1.81 2.57 480 

435 11.'560 0.58 .19 1.96. 2.54 370 

436 II 0.56 .16 ·. 1.89 2.55 430 

437 II o.,52 .14 1.75. 2.37 430 



UCR!r-l894 

TABLE JO 

Experimental and Calculated Data on the Film Boiling of Benzene at 

Low Flows from a 0.496-Inch Outside Diameter Tube. 

Run Volts Amps t· ~t u h h 
No. 0~ Op ft Btu co 

sec (hr)(sq. rt)(6F) 

393 2.01 162.5 671 492 0 38.4 35.4 

394 2.11 175.0 732 553 0 38.7 35.3 

395 2.37 197.0 865 685 0 39.5 35.1 

396 2.08. 172.5 738 559 0.39 37.6 34.1 

397 2.28 187.0 817 637 0.39 39.2 35.2 

398 2.50 206.5 986 805 0.39 37.5 32.2 

399 2.26 184.5 784 604 0.77 . 40.8 36.6 

400 2.37 197o0 847 667 . 0.77 41.3 36.6 

401 2.65 218.0 982 801 0.77 42.7 36.8 

402 2.34 192.5 779 599 1.27 45.0 40~7 

403 2.49 207.0 853 673 1.27 46.0 41.1 

404 2.75 230.5 984 803 1.27 47.2 41.2 

405 2.43 204.0 804 624 1.58 47.9 43.4 

406 2.66 221.0 905 724 1.58 '49.0 43.6 
.. 

407 2.93 244.0 1029 847 1.58 50.9 44.3 
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TABLE 10 {Cont.) 

Run u . E2Atp r4 ~AW r4 ~ hco u2k3ee..R. '» F hco k.3e(e_,=e)g"A' hco Uk~).v At~k No. ygD pfDIB 

.39.3 0 0.67 

.394 II 0.65 

.395 II 0.61 

396 0.3.34 1.10 2.46 0.63 4.53 290 

.397 II 1.09 2.45 0.63 4.58 .310 

.398 II 0.91 2.38 0.53 .3.94 .350 

399 . 0.668 0.82 0.85 0.76 .3.41 300 

400 II • 0.79 0.82 0.65 3 • .36 .320 

401 II 0.74 0.78 0.60 .3.20 .350 

402 1.102 0.71 0.47 0.75 2.98 .310 

40.3 II 0.69 0.45 0.72 2.92 .320 

404 II 0.64 0.41 0.67 2.77 .350 

405 1..371 0.67 0 • .37 0.79 2.84 .320 

406 II 0.64 0 • .35 0.75 2.74 .340 

407 ·n 0.61 0.32 0.72 2.66 .360 
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TABLE ~1 

Experimental and Calculated Data on the Film Boiling of Benzene at High 

Flows from a 0.496=Inch Outside Diameter TUbe. 

Run Volts Amps t· fit u h hco 
No. op OF ft Btu 

.sec (hr)(sq. ft)(°F) 

438 2.31 185.0 673 493 2.44 54.7 51.2 

439 2.48 206.5 774 594 2.44 54.5 50.2 

440 2.85 237 .o 912 731 2.44 58.4 53 .o 

441 2.55 208.0 649 469 5.09 71.4 68.0 

442' 2.91 241.5 774 593 5.09 74.8 70.6 

443 3.21 271.5 912 729 5.09 75.6 70.2 

444 3.52 249.5 777 595 7.46 93 .o 88.7 

445 3.94 276.0 898 714 7.46 96.2 90.9 

446 4.46 316.5 1096 909 7.46 98.2 90.9 

447 3.91 275.0 900 716 9.49 94.9 89.6 

448 4.27 303 .o 1022 836 9.49 98.3 91.8 

449 4.75 335.0 1168 979 9.49 102.7 94.5 

450 4.28 300.0 954 768 11.72 105.7 99.9 

451 4.60 325.5 1054 867 11.72 109.0 101.9 

452 4.90 351.0 1166 977 11.72 111.3 103.2 



:.J. 

Run u 
Noo •'fi!t· 

438 ',-2~]:19 

439 II' 

440 II 

441 4o418 

442 " 
443 " 
444 6o477 

445 " . 

446 II 

~ • ·- d 

8 .. 639 447 

448 ... 

449 II 

450 10 .. 100 

451 II 

452 It 

0 .. 67 

Oo63 

0 .. 62 

Oo62 

Oo62 

Oo57 

0.64 

0 .. 62 

0 .. 56 

Oo57 

Oo55 

Oo52 

0.52 

0.50 

0 .. 48 

=.39-

.. ~~J.E, 'll {Cont, .. ,): . 

·.i/4 . 
. :_•; ,. 

.. 33• ··o '· · Q .. ·98 .. 2 .. 71 270 

o28.- • · 0 .. 92 . 2o62 300 

o26 Oo90 2 .. 68 350 

o26 1 .. 31 2o49 260 

o24 1o29 2o60 310 

o19 1..19 2 .. 48 360 

o24 L63 2 .. 73 330 

o21 1 .. 57. 2o72 370 

o17 1..43 2o54 420 

o16 1..67 2 .. 64 460 

ol5 L61 2o59 500 

.13 1..53 2o49 530 

.16 L68 2.29 380 

ol,4 L61 · 2.25 410 

.. 13 1..53 2 .. 16 410 
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TABLE i2 · 

Experimental and Calculated Data on th~ Film Boiling of Benzene ~t . 

Low Flows from a 0.638-Inch Outside Diameter Tube. 

Run ·Volts Amps t. At u h hco 
No. · op OF ft Btu 

sec (hr)(sq. ft)(°F) 

408 1.80 234.5 630 451 0 41.5 38.7 

409 1.94 259.5 734 554 0 40.4 36.9 

410 2.14 285.0 822 641 0 42.2 38.2 

411 1.88 246.0 694 514 0.39 .40.2 37.0 

412 2.01 268.0 777 597 0.39 40.4 36.7 

413 2.19 292.5 867 686 0.39 41.8 37.5 

414 1.93 257.5 738 558 0.77 40.0 36.2 

415 2.05 278.0 808 627 0.77 40.9 36.6 

416 2'.27 300.0 887 .705 0.77 43.5 38.6 

417 2.03 269.0 734 554 1.27 44.8 40.9 

4i8 2.18 290.0 81~ 630 1.27 45~7 41.2 

419 2.32 312.0 878 696 1.27 47.3 42.2 
.<:' 

420 2.13 283.5 757 576 1.58 48.0 43.9 

421 2.26 300.5 815 633 1.58 49.2 44.5 

-:422 
ill 

2.36 320.5 885 702 1.58 49.4 44.3 
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TABLE 12 (Cont o) 

Run u h' ~At .. ·.··. . " '• 1/4 .· . ' . 

h ~DAtp ] h ~ ~ Noo e- . c? u2IJ ~~· ·. co k3ete.t- e~· . co ~e)av jl 

400 0 Oo80 

409 " Oo73 

410 tf Oo72 

411 Oo298 lo.36 .3ol5 ,Oo74 5o 51 270 

412 II lo.30 3o10 Oo7l 5o35 290 

4i3 II L26 3o07 Oo69 5o40 .340 

414 Oo589 Oo9J. '1o06 Oo71 3o80 280 

415 It Oo90 L03 Oo69 3 .. 74 .300 

416 II Oo92 L03 Oo7i Jo92 330 

417 Oo974 Oo82 Oo60 Oo81 .· .3o35' 280 

418 " Oo79 Oo57 Oo78 3.o32 310 

419 tf Oo79 · Oo56 Oo7S .3~37 .330 

420 lo209 Oo78 Oo50 Oo79 3o2l 290 

/ ·421 II Oo77 Oo48 Oo78 Jo43 .310 

. 422 11 Oo74 Oo45 Oo75 .3o15 .330 
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TABLE ~ ., 

Experimental and Calculated Data on the Film Boiling of Benzene at High 

Flows from a 0.638-Inch Outside Diameter Tube. . ' 
. ' 

Run Volts- Amps. t· t.t u h hco 
No. 0~ OF !L Btu 

sec (hr)(sq. ft){°F) 

453 2.Jd 295.5 761 580 2.52 54.8 .50.6 

454 2.43 318.5 829 647 2.52 56.0 51.3 

455 2.65 347~0 930 747 2.52 57.6 52.0 

. - 456 2.40 310.0 727 546 3.96 65.8 61.8 

457 2.60 335.5 804 622 3.96 67.8 63.3 

458 2.70 358.0 878 695 3.96 67.2 62.1 

459 2.47 319.5- 698 517 5.50 74.9 71.2 

460 2.64 345.0 777- 595 5.50 75.1 70.8 

461 2.74 368.0 849 666 5.50 74.4 69.5 

462 2.67 350.0 763 $80 7.00 79.0 74.9 

463 2.73 , 368~0 817 634 7.00 77.8 73.1 

464 2.96 396.0 - 900 716 7.00 80.4 75.0 

465 2.85 - 385 .. 5 ~10. 627 _8.51 86.1 8L6 

. 466 3.01 410.0 885 700 8.51 86~7 81.5 

467 3.31 451.0 997 810. 8o51 90.5 84~3 
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~ . . . ., .. 

TABLE 13 (Cont.)· 

ratl! ~l/4 /4 
~ Ate&k Run u 

heo u2k3ee.i>.' . F 
'h 

No. ·(gjj e hco UkE)p fe)\• 

453 1.925 0.72 .36 1.00 2.97 290 

454 II 0.70 .34 0.97 2.96 320 

455 II 0.67 .31 0.93 ,.~ ..• 90 350' 

. 456 3.033 0.70 .31 1.22 2.89' 290 

457 If 0.70 .30 1.22 2.96 320 

458 lr 0.66 .27 1.15 2.83 340 

459 4.207 0.70 .31 1.;44 2.86 280 

460 , 'n 0.67 .28 i.37 '1..79 300 

4~1 II 0.64 ~24 1.30 2~72 330 

462 5~357 0.63 .24 1.47 2.65 310 

463 If 0.60 .22 1.39 2.54 320 

464 II 0.59 .21 L~n 2.55 350 

. 4~5 6.509 0.61 .22 1..56 2.58 320 

466 II 0.59 .20 1..50 2.55 350 

467 II 0.57 .19 1.46 2.52 380 
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TABLE ';tl+ 

Experimental ahd Calcula~~d Data on the Filrri, Boiling' of :carbon Tetra-

chloride at High Flows from a 0.387-Inch Outside Diameter Tube. 

Run Volts Amps ti ~t u h hco 
No. OF OF -~ Btu 

sec (hr)(sq. ft)(°F) 

522 1.99 110.8 770 59S 0 27.7 24.1, 

523 2.38 133.3 .· 1015 842 0 28.3 22.8 

524 2.71 155~4 1240 1066 0 29.7 . 21.8 

525 2.37 132.1 828 655 2.48 . 37 .l . 32~4 

526 2.61 147 o)' 963 789 2.48 37.9 . 32·0 

527 2.93 166.0 1132 957 2.48 39.5 31.7 

528 2.72 154.0 867 693 5.00 4£3'~6 .44.2 

529 3.02 173.7 1038 863 5.00 48.9 42.2 

530 3.33 187.5'. 1153 977 5.00 51.4 43.4 

531 3.07 174.5 874 700 7.01 61.9 56.8 

532 3.45 196.5· ' 1063 887 7.01 . 61.7 54.8 

533 ·3.90 222.0 1261 1084 7.01 64.6 . 55.2 

534 4.18 238.5 1242 1064 9.49 75.8 66.6 

535 3.98 226.0 1:)..44 967 9.49 75.2 67.3 

536 4.19 239.0 1153 975 13.37 83 .o 75.1 
~ 

537 4.43 251.5 1252 1073 13.37 83.9 74.7 
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TABLE 14 ( Cont o)· i 
OORIF1894 

~4tn J/~F 
I~ 

Run u ~~h ~- Ate&k 
Noo- · fgit hco u2k1€e.._~· . -~o Uke~~ _ pe>t• 

522 0 OoB3 ' 
.. 

. · 52i II Oo77 

524. -II.' Oo70 

525 2o429 Oo71 o)6 loll 2o80 240 . 
526 II Oo69 o)) lo08 2o79 270 

527 II Oo67 o29 lo04 2o81 _310 

528 4o912 Oo68 o30 1.51 2o70 250 
. -

529 " Oo64 o25 L41 2o77 350 
·~ ... 

', ,:.. ; 

530 " Oo64 o25 L42 2.71 -320 
.. 

531 6o88i Oo75 o34 lo98 3o07 _280 
.. , ' i 

532 ·n. Oo7l - o29 L87 3.03 \~no 

533 " Oo69 o26 lo82 3o04 }jao 
·' 

534 9.317 Oo70 (o40) 2o15 3o0) 350 

535 " Oo72 .27 2.22 3o07 3~0 

536 13.130 0.68 .29 2o46 2.o90 330 . 

537 11 Oo66 ~26 2.41 2.86 350 
·"~..1. 
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TABLE.l5 . • .. ~ -! • .. . . ::~ 
' J 

Experimental and Calculated Data on the Film Boiling of Carbon 'Tet~a.--. 
• • .• ! 

chloride at High Flows from a 0.496-:i:nch Outside Diameter-Tube. . .• ·7:- ' 
. 

u h 
~"· t ·~ .... , ': 

Run Volts Amps ti bt .. h; co 
No. OF OF ft Btu 

sec (hr)(sq. ft) (°F) 

..,_ ~ "";:-<:/, 

540 1.42 134.0 599 427 0 25.8 23.2 

541 1.79 160.6 820 647 0 25.5 2i.5 
. . .. ~ 

542 2.02 184.3 1008 834 0 25.6 20.1 
;\. 

543 1.76 155.4 718 545 2.52 29.8 26.0 
-···· 

544 2.00 1:78.0 869 696 2.52 30.4 25.3 
.. 

545 2.22 197.7 1009 835 2.52 31.2 24.8 

546 2.05 183.2 653 480 5.01 48.3 44.9 

547 2.30 204.5 801 627 5.01 46.3 41.9 

548 2.54 229.4 955 780 5.01 46.1 40.3 

549 2.37 209.5 702 528 7.00 59~3 55.5 

550 2.65 237.5 880 705 7.00 56.3 51.2 

551 '2.89 266.0 1051 875' 7.00 55.4 48.6 

5~2 2.79 253.5 840 665 9.50 6?.0 62.2 

553 3.03 279.5 943 766 9.50 69.7 64.0 

554 3.35 306.0 1137 959 9.50 67.3 59.5 



;j;;,47~ UCRJr.l894 

TABLE 15 (Cont.) 

~2 /4 /4 Run. ·U h..; ~e~>-· lf'·~ . . 
F yg!Y AteAk No. ' c. Uke)\! 

fe"' , .. 

540 0 0.87 
'·' ,. ,. ;, ; 

' ·~ ' 

54:t. n 0.80 ,.fi, 

542 '"' 0.74 i 

543 2.187 0.65 .:35 0.96 2.42: 190 

544 II .. 0.62' .30 0.92 2.42 230 

545 II. o.6o. .28 6.89 2.41 .. 260 

546 4.341 0.80 .46 1~67 2.97 .. : 190 

547 n. 0.74 .• 36. 1.54 2.85 . 220 

548 II 0.70 .31 L46· 2.83. .. 270 

549 6.072 0.83 .45 2.04 .3-.11 .. 200 

;so ·n . 0.75 o36 1.86 4~98 .. 250 

551 II 0.69 .29 1.71. 2.;82 280 

552 8.242 0.79 •39 2~28' 3.11 240 

553 If. 0.83· .39 2.37 ·. 3.42, 290 

554 " 0.72 • 30 2lOS .3.05 . 320 

•1 ,· 
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OORU:.1894 .. 

t~ "· 1 ) 'I 'kABLE t6·: .: · ~.~ ..... ~·~:;~·~"';:+·~~ -;:;··~ .... · 
; 

~eri.men~al.. and Calculated Data on the Film Boiling. of .Carbon Tetrii7 ._, 
~~!--L. ', , •[;_ .~ , - . ' .. •. . : ~ • . ,. ·.... . . . ,·-' .' . ;. ·-; ·'.:·.:·.1;~· • ;_•J:·~~~:·)r~/_.,, 

r)chloride at High 'Fiows from a 0.638-Inch Outside Diameter,.-~~--~~,-
: ' _i,,' ': ' : ·~ i \ .... ) 

Run Volts Amps ti flt u h "'-;·h!' '~'4 

No. OF OF ft Btu ... :c~/,. 

sec (hr Xsq.ft )(6F) 
.. 

; ., i • ;I 

558 1.47 183.0 561 -389 0 29.8 . 4'7::.4" 

•· 
" 

559 1;.86 229.5. 817 -643 0 28.6 ., 24.6 ·,' 

560. 2.12 272.0 1096 921 0 27 .o. 2Q•7 

561·' 1.84 225.0 631 458 2.48 4Q,J 3_7;.1 

562· 2.00 255.0 781 • 607 2.48. '•' 37.6. 33•3 

$63 2.21 285.5' 981 806 2.48 '. 35.0 28_.9 

564 2.13 270.5 772 598 5.01-.. 44~6 40•4 
,. 565 2.31 297.0' 914 739 5.01. 42.9· J7•4 

566 2.50 323.5 1076 -899 5.01 41.8 34.7 

567 2.46 314.5 s;3 677 7.oo· 54 .• 9 50~0 

568 '2.60 348.0 1015 838 7.00. 52.0 45.5 

569' 2.93 389.0' 1222 1043 7.00 52.6 43.8 

570 2~78 362.5 871 694 9.50 71.3 66.2 

571 2.94 393.0 1054 875 9.50 64.9 58.1 

572 3.17 418.0 1173 993 9.50 65.6 57.4 

573 3.08 409.0 997 817 13.37 75.8 69.6 

574 3.29 435~5 1092 911 13.37 77.3 70.1 

575 3.63 467.0 1249 1066 13.37 78.1 69.0 
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TABlE 16 (Cont.)· 

[o2At /4 ~4 ., 
Run u h \j?At At~ 
No. '(if5 hco u2~~..t~' F 

he .. .pe5i _ COlJke~l 

558 0 1.07 

559 If 0.96 

560 If 0.77 

561 1.89.3 1.06 .74 1.46 3 .8.3 ~170 

562 " 0.94 .59 L.30 .3 .57 . 210 

56.3 . II 0.81 .44 1.11 .3.25 260 

564 .3 .8.30 0.77 .4.3 L51 2.82 180 

565 If 0.76 • .36 1.44 .3.02 250 

566 If . 0.67 .28 1 • .31. 2.76 290 

567 5 • .357 0.84 .44 1.96 .3 • .31 . 240 

;68 tl 0.75 · • .34 1.74 .3.07 280 

569 II '0.70 .2e 1.61 2.96 320 

:ino 7.270 0.95 .51 2.56 .3.78 250 

571 -II 0.80 • .38 2.17 .3.27 280 

572 fl 0.79 • .34 2.14 .3 • .38 340 

57.3 10.227 0.8.3 o.39 2.66 .3.42 290 

574 It 0.82 .37 2.62 3.44 .310 

575 11. 0.79 • .33 2.52 3.42 350 
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TABLE 17 
'. . ., . . .. " . • . . -~ .: '·I 

·EXperimE;lntal and Calculated Data on the Film Boi1iri.g of n-Hexa.ne ~rom a· .. 

0.387 Inch Outside Diameter Tube 

•"\ 

Run Volts Amps ti At u h hco 
No. OF. OF .!L Btu 

sec (hr )( sq :ft )(°F) 

468 2.15 111 .. 5 581 424 0 43 .. 8 4L3 

469 2 .. 46 1.38 .. 0 766. 608 0 43 .. 2 39o7 
' 

470 2o80 158o0 907 748 0 45o9 4lo3. 

471 2.80 156o5 729 569 . 2 .. 46 62 .. 0 58o2 

472 3.21 186.0 912 751 2 .. 46 63 o9 58o6 

!+73 Jo65 21lo0 1069. 907 2o46 .68.3 61 .. 4 

474 3.20 181.0 682 523 5.03 _89~4 85.9 

475 3 .. 60 205.0 799 639 5.03 93.:3 89.0 

476 4.09 233.0 930 768 5.03 100o3 94.8 

477 3o68 209.0 729 569 7.56 109.4 .105.6 

478 4o16 235.0 844 682 7.56 115.9 111.2 

479 4 .. 70 263.5 982 .818 7.56 ·121 .. 8 115.9 
'' 

480 4.-08 234.5 761 598 10.01 129.3 125o2 

481 4o55 263.0 887 722 10.01 1.33 .4 128.3 

,482 4.97 288.5 1013 846 10.01 136.1 129.8 

483 4.67 268.0 914 749 12.37 1.34 .• 5 . 129.1 

484 5 .. 10 301..0 1053 885 12~.37 l39o4 1.32 .. 7 

485 5.63 327.5 1166 996 12.37 148.9 141.0 



Run 
.. No. 

468 0 

469 0 

470 0 

471 2.411 

472 2.411 

473 2.411 

474 4~944 

475 4.944 

476 4.944 

477 '7.421 

478 7~421 

479 7.421 

480 9.825 

481 9.825 

482 9.825 

48.3 12.i26 

484 12.126 

485 12.126 

l ·;._,I 
.. : .• 10 

-, ., I 
_ _;_,. !/_. 

0-.59 

0 •. 5# 

11\·.~~]l W•;? ' 
·:irf,:;: 

o.em 
0.86 

0.63 

0o·59 

m.;e 
ID.53 

0,.50 

0.$0 

F 

.22 

.28 

.26 

.25 

.26 

.25 

.23 

.26 

.21 

.19 

.17 

.17 

-51- UCRL-1894 
TABLE 17 (Cont.), 

hcorn .... At.· ·-~-...-t /4 he\~. ~ 
~ e<e.t-e)g )!• ~;;;;. ~ 

0.69 

0.66 

0.58 

0.89 

0.84 

0.80 

1.38 

1.34 

1.33 

1.67 

1.65 

1.59 

1.97 

1.85 

1.75 

1.84 

1.75 

1.74 

2.21 

2.10 

2.01 

2.32 

'2.31 

2.37 

2.35 

2~.34 

2.29 

i.48 

2.33 

2.23 

2.09 

'1.99 

2.01 

200 

230 

240 

200 

220 

240 

220 

2.30 

240 

240 

240 

250 

240 

250 

260 
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TABIE 18 .. ·. · 

Experimental and Calculated Data on the Film BOiling· of ·n-Hexane • from a · 

0.496 Inch Outside Diameter Tube 

Imn Volts Amps ti flt u h hco 
No. OF OF .!1.... Btu 

sec (hr)(sq rt)(°F) 

486 1.75 '155.0 ·550 390 0 41.·1 38.8 

487 .2.07 185.0 700 540 0 41.8 38.6 

488 . 2.40 214.0 8:33 672 . 0 45.0 .41.0 

489 1 .. 99 173 .. 0 543. 383 2.46 55.8 53.2 

490 2 .. 21 192.0 633 473 2 .. 46 55.7 . .52.5 

491 2.51 226.5 ·747 586 2 .. 46 60.2 56.3 
";' 

492 2•30 201..·0 5.38 377 5.oo 77;,3 74.7 

'49.3 2.65. 2.30.5 640 478 5.00 8o.6 77.5 

494 2.91 261.0 7.36 574 5.00 8:3 .. 5 79.6 

495 2.55 221.0 5.32 '.371 .7 .;1 ·95.8 93 .• 1 

. 496 2.81 249.5 619 457 7.51 .96o'l 93..~ 

497 3.1(> 282.5 720 557 7.51 ·99.2 95.4 

. 498 2.8:3 25L5 615 ·4'$.3 10.01 99.1 96.0 

499 .3.11 283.5 705 542 10.01 102.6 98.;9 

500 3.40 314.0 797 633 10.01 106 • .3 102.4 

501 3.10 285.0 680 517 12.37 . 107.8 104.3 

502 3.40 314.5 766 602 12.37 112.0 107~9 

503 2.72 345.0 86; 699 12.37 115.8 110.9 
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TABlE 18 ( Cont • ) 

Run u h li24~ ~l/4 h {DAtu .. 1/4 h~ No. yg!J A$ co u2kett"A• F c. e<e,.re)r)\•. c Uke~· -pe).• 

486 . ) 0 :i . 0.74 

487 II 0.67 

488 II ·; 0.66 .• .!. • 

489 2.1.30 :0.66 • .38 0.97 2 • .38 170 

490 II :0.6.3 • .34 0.91 . 2 • .34 190 

491 II :0.64 • .3.3 0.9.3 2.4.3 210 

492 4 • .3.32 :0.6'6 • .34 1 • .36 2..3.8 170 

49.3 II :0 .. ~:!) • .31 1..34 2.41 190 

494 If :0 .. '64 .29 1 • .32 2.46 220 

495 6.509 D.;6/J • .34 1.71 2.42 170 

496 II :o.65 • .31 i.65 2.41 190 

497 II ~o . .-63 .28 1.61 2 • .39 210 

498 8.678 0 .. 5B .25 1.70 2.15 190 

499 '! :0 .. 57 .24 1.68 2.17 210 

500 . : II . :o .. 56 .22 1.65 2.18 230 

501 10.7.30 :o .. 84 .22 1.79 2.05 210 

502 It :0.54 .21 1.78 2.08 220 

503 n :0,.5) .20 1.73 2.07 230 
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TABLE 19 

Experimental and Calculated. Data on the Film Boiling of n-Hexane from a 
,, 

0.638 Inc~ Outside Diameter Tube ··.·. 
' . --- ·-· 

R1.m Volts Amps ti, At u h he~ '·· 

No. OF OF !:L Btu 
sec· (hr)(eq tt)(6F) ... 

... _; __ ! ' .. '' : ~- /-'·. 

504 1.52 187.0 462 303 0 41.4 39 .• 5 

505 1.78 220.5 565 406 0 42.8 40.4 

506 1.99 249.0 678 518 0 42.4 39.4 

507 i..68 209.0 451 292 2.54 55.3 .53~1 

50S i..91 238.0 532 313 2.54 56.0 53.4 

509 2.11 264.0 610 450 2.54 56.7 53.7 

510 1.;95 240.5 486 326 5.00 70.0 67.6 

511 2.17 271.5 563 403 5.00 7i..O 68.2 

512 2.39 302.5 651 490 5.00 71 .. 7 68.4 

513 2~29 28.3 .. o 518 358 7.53 88.9 86.3 

514 '2.47 313.0 594 433 7.53 87.7 84,.7 

515 2.66 341 .. 0 664 502 7.53 88.6 85.3 
.. 

516 2.58 324.0 561 400 10~01 102.7 99.9 

517 2.73 354.5 630 468 10.01 101.6 '98.4 

518 2.95 384.5 705 541 10.01 103.0 99.4 

519 2~73 353.5 590 428 12.37 110.8 107.8 

520 2.96 384.5 657 494 12.37 113.2 109.9 

521 ,3.12 416.0 738 573 12.37 lll.6 107.7 
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Run u h H2Atj! r4 h~ At~ No. (11! co u2k3ee..A."' . F co Uke)l p.~).l 

504 0 ~ '1 0.78 

505 II 0.77 ~ 

506 II i. 0.72 

507 1.948 ~o.;.izi. .50 0 .• 99 2 • .30 110 

508 II :o .• 74 .46 1.04 2.6.3 160 

509 II .. ''tJ o ... · .4.3 1.02 2.67 180 

510 .3 .822 
.... ~ ·~-:;-_ 

Q-~68 • .38 1..32 2.36 140 

511 II ·o,.67 • .3 5 1..31 2.42 170 
).:~~1/~~-, 

512 II ~,;(6;~ • .31 1.27 2.41 190 .. ,. ..... 
-~:: .· . 

51.3 5.762 :%~'70 • .38 1.68 2.49 160 

514 ·n ~'67 • .34 1.61 2.45 180 

515 II :6,iees • .32 1.59 2.47 200 

516 7.661 0.,.70 • .36 1.9.3 2.56 180 

517 11 :0 ... 66 • .32 1.82 2.45 190 

518 II ~o.:67 • .32 1.85 2.51 200 

519 9.466 ~Oco6b • .32 2.00 2.47 190 

520 II :o.~6t> • .31 2.0.3 2.48 200 

521 II b~b':Z .27 1.90 2.40 220 
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Results 

The meaeured heat tran~fer coefficients have been plotted in Figs. 3 

through 6. From equations (15) and (16) it would be predicted that 

~f hco x D
1
/ 4 were plotted against ~ for any given liquid (at same 

At) that a single curve would result. Fig. 7 indicates that this is 

approximately correct. Indeed it appears that benzene, ethyl alcohol 

and n=hexane are nearly on the same curve. Fig. 8 which is a plot of 

vs. 

indicates that in absolute magnitude ·the experimental data about 20 

to 40% above the theoretical and that indeed they lie on an approximate 

straight line as given by equation (14). 

The deviation of the experimental data from the theory may be 

explained as folloW3. Heat transferred above Ql was neglected; 

although small it is appreciable. Indeed the higher the velocity 

(low F) the better is the agreement between theory and experiment, 

as would be expected. It is fortunate that the low velocity limit 

corresponds to the natural convection equation (15). This should 

be expected though. The assumption that ~ .., •·ii in the velocity drag 
dQ 9 

term undoubtedly introduced some error also. 

Figure 9 is a plot of 

u 
Y~·ygD • It will be noted that for .JL"' 1 that the quantity above 

'flJJ 
is essentially constant at 0.62. 
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Figure IO is a plot of h00-~ ~~~ vs. Ju· It is to be noted that 

for ~) 2 that this group has the value of N2. 7 as given in equation (16). 

Conclusiones 

A sound theory has been advanced which explains almost quantitatively 

the observed heat transfer coefficients in- forced convection film boiling 

for upward flow over a horizontal tube. The equations may be simplified 

as follows: 

for u 
.r!!!!f!: <1 0 0 
y g.u 

and h • hco + 1 hr 
4 

or the same as for natural convection. 

for u > ~ 2.0 
yg.u 

and h • hco + ~ hr 

- ;!t 2 
where A' • ~ [1 1;0 •4 A~CP] 
For intermediate values one may use Figs. 8 or 9. 

(26~15) 

(29,19) 

(25) 
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Nomenclature 

. Symbol De.finition 

a thiekneu of vapor film · 

A .heat transfer area 

cp specific heat at constant pressure 

D outside diameter of .tube 

F ·friction. loss, also see Table lo 

g acceleration of gravity 

gc gravitational constant • 4o17 x 108 

h film coefficient of heat transfer 

film coe!':hciemt of heat transfer if there 

were no radiation 

hr radiation coefficient of heat transfer, 

see equation (20) 

k thermal conductivity 

l,. subscript denoting liquid 

L. length of tube 

p pressure 

P0 pressure at G • 90° 

Pr · Prandtl ~umber • ,6 
k 

q heat flow 

t temperature 

T absolut~ temperature 

At temperature difference between tube surface 

and liquid at its boiling point 

UCRL=-1894 

''· 

Suggested Units 

ft 

ft2 

Btu 
lb °F 

ft 

. (ft) (lb force) 
lb mass 

. Btu 
(hr) (rt2) (iF) 

Btu 
. (hr) (rt2) (°F) 

.. Btu 
(hr )(ft2) (iF) 

Btu 

ft 

lb force 
rt2 



Szmbol 

v 

w 

w 

X 

.Nomenclature (Concluded) 

Definition 

temperature inside t~e tube 

boiling point of the liquid 

temperat':lre of the outside .of the tube 

velocity of the liquid 

velocity of the vapor 'in the film 

weight evaporated up to any angle 9 

weight·evaporated on entire tube 

height above datum plane 

a. absorptivity of the cold liquid 

e emissivity of hot tube 

Q angle measured from bottom of the tube 

9' 8eparation point, see after eqo (8) and Table 1 

latent heat of vaporization 

· )1, effective difference in heat content ·between 

vapor at its average temperature and the liquid 

? 

e 

at its boiling point, ~ee eqo (25) 

viscosity of vapor 

density of vapor 

density of liquid 

o- Ste.fan=Boltzman Constant 

Ool71.3 x 10-8 

UCRL-1894 

Suggested Units 

OF 

ft 
hr 

ft 
'fir 

lb mass 
hr 

lb mass 
hr 

' ~ ' : . 

ft 

Btu 
lb mass 

Btu , 
lb mass 

lb mas~ 
(hrH.rt) 

lb 
ft:3 

lb 
ftJ 

Btu 
(hr) (ft2) (0 R.4) 



-7o- UCRL-1894 

Bibliography 

1. Bromley, L. A., Ph.D. Thesis, "Heat Transfer in Stable Film Boilirig"~ 

University of California, Berkeley (1948); also Chem. t\ig. Prog~ 

~' 221-7 (1950). 

2. Bromley, L. A., Ind. Eng. (!heAl~, "Effect of Heat Capacity of 
. . '~. 

Condensation on Heat Transfer Coefficient 'in Condensation", to be 

published in September 1952 • 

.3. Jameson, A. H., "Introduction to Fluid Mechanics", 2nd Ed., wngmans, 

Green and Co., New York (1942). 

4. LeRoy, N. R., M. S. Thesis, "Heat Transfer in Forced Convection Film 

Boiling; Effect of Physical Variables", University of California, 

Berkeley (1952). 

5. McAdams, W. H., "Heat Transmission"-, 2nd Edition, McGraw-Hill, 

New York (1942). 

6. Milne-Thompson, "Theoretical Hydrodynamics", 2nd Edition, Macmillian~ 

New York (1949). 

1. Robbers, ,J. A., M. S. Thesis, "Heat Transfer in Forced Convection 

Film Boiling; Effect of Geometric Variables", University of California, 

.Berkeley (1952). 




