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I. INTRODUCTION 

Joule25 probably was the first one to understand clearly that 

the major resistance to heat transfer from a fluid to a solid sur-

face ls a film of nearly stagnant fluid st the interface~ Both 

he and Lord Kelvin26 realized that the thickness cf the film was 

indeter.minant, ainoe in general heat flows both by convection and 

conduction through the tilm. McAdams and Frost33 elaborated on 

the film oonoeption theory and came to the oonolusion the.t eaob 

film and the metal wall hes to be treated separately in calculating 

the heat flow. 

In the peat twenty years many experiments have been performed 

measuring the actual metal temperature when steam was condensed 

on tubes. In this way the heat transfer ooettic1ents of the con-

densing vapor could be determined. Other experiments have been made 

using organic vapors such es diphenyl compounds, benzene, toluene, 

and carbon tetrachloride vapors. 

In the condensation ot vapors the resistanoes encountered 

are those of the water, tube well, and condensing vapor. Since 

the resistance ot the tilm is the reciprocal of the film coett1-

o1ent, it oan easily be seen that the v~por film ooettioient is 

indispensible in the oelculations of heat flow. Since there has 

been intensive investigation on the calculation ot water film coef-

ficients and tube wall resistances, only the film ooettioients ot 

the condensing vapor has to be known in order to calculate the 

heat flow. This tact shows the importance ot determining the film 

ooett1c1ents of condensing vapors as is done in this experiment. 
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The purpose or this investigation is: 

(1) To compare actual experimental film ooettioienta obtained 

tor alcohol vapors with the theoretical film ooefticients obtained 

b7 the Nuaselt equation. 

(2) To correlate the values ot the vapor film ooett1o1ents in 

a aeries of alcohols. methyl, ethyl, iaopropyl, n-butyl, and n-

am.yl, with their physical properties. 
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II. HEVIB-Y~ or LITERATURE 

According to \\alker, Lewis, and MoAdema50 heat may f'low by 

one or more of three basic meohanimns: conduction, convection, nnd 

radiation. This investigation deals principally with convection 

and oonduotion. Convection is the transfer or heat trom one point 

to another within c fluid, gas or liquid, by the mixing or one 

portion of the fluid with another. Conduction is the transfer or 
hee.t from one part of a body to another pert of the same body, or 

trom one body to another in physical oontaot with it, without ap-

preciable displacement ot the particles of the body. In the oondens-

ation ot vapors the heat flow is across the vapor filn, the tube 

wall, and the water film. 

Probably Joule25 was the rirst one to understand clearly the 

fact that the major resistance to heat flow from a fluid to a solid 

surface is a film of nearly stagnant fluid at the interfaoe. Both 

he and Lord Kelvin realized that the thickness of this film was 

indetermlnant, since in general heat flows both by oonveotion and 

oonduot1on through the f'ilm. Kelvin26 suggested the term "heat 

transfer coefficient" be used for such cases. The coettioient was 

defined as the am.ount of heat passing through unit surface in unit 

time with unit temperature difference. Peclet ls also given credit 

tor having a conoeption of the water film in 1844. 

In 1873 Reynolds44 studied the effect of air on the over all 

coefficient of heat trensfer from steam to water. He concluded 

that there is no limit to the rate at ~hioh heat will flow from 

pure condensing steEm to metal surface except the power of the 

surface to curry away the heat. 
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From the time of Reynolds until about 1910 no signitlcant 

experiments were mede. A large number of investigators worked on 

the overall coetf ioient of heat trenater trom steam to water in 

condensers and evaporators, but these were largely tests on speci-

fic apparatus. 

Sinoe 1910 rather a large number of experiments have been 

made measuring the actual metal temperature when steam was condensed 

on tubes. In this way the heat transfer coettioient of the con-

densing vapor could be determined. 

Webster52• Clement and Garland,11 Mc.Ad8I!ls and Frost, 33 Morris 

and Wh1tman~8 and Otbmer41 have investigated the oondensation of 

steam on the outside of a horizontal tube. Mo.Adema and Frost34 

also reported experiments on benzene and carbon tetrachloride. 

Jakob, Erk and Eok22 have studied steem condensation inside a hori-

zontal tube. 

Jordan, 23 Collendsr and Nicholson, 9 Philipp,-'2 and J'aoob and 
21 Erk have studied steam condensation on vertioal tubes. Badger 

and Monrad4 have reported results obtained with diphenyl vapor 

oondensing at high temperature differences on a long vertical tube. 

Othmer, 41 Merkel, 37 Josse,24 .Arzccmanian and Alpert, 2 Kerr, 27 

Robinson,47 Chambers end Eskew,10 and ~olburn and Hougenl2 have 

Rtudied the etfect cf eir on the condensstion of steem. 

The effects of vapor veloo1ty have been studied experimentally 

by several of the above investigators, but no very definite conclu-

sions were reached. The eftect of superheat ot the vapor has been 

studied by Jacob and Erk2l and shown to have a very smell effect 

on the transfer ot heat. 
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In 1916 Nusselt39 in an exoellent mathematical paper studied 

the et"feots ot vapor and liquid properties, shape of the surt'aoe, 

end the purity end superheat of the vapor on the condensation of 

any vapor on a solid surteoe. 

The formulas developed for the case or the vertical tube are 

probably accurate for short tubes and low tempernture differences, 

but ere in general inaccurate for industrinl operations, owing pro-

bably to the e1"f eot of turbulence and possibly to the formation of 

drops. 

In 1915 W1laon53 employed a valuable graphical analysis of the 

over-all ooeftioient of heat transfer which has not received the 

attention the method deserves. The method was tirat developed 

by-Professor C. E. Luoke55 • .An article by McAdams, Sherwood and 

Turner,368 ·ahows plots ot data fore number of condensers and feed 

heaters employing this same method. 

McAdams and Frost33 in 1922 elaborated on the film conception 

theory and came to the oonolus~on that each film and metal well 

bas to be treated separately in calculating tha beat flow, instead 

ot all these factors being treated in one lump as had been done 

before this time. Another experiment by McAda:.ns end Frost35 in 

1923 developed an equation tor heat transfer coefficients tram n 

metal tube to a liquid inside a pipe. It is: 
'T Din' o.a 

H : (22.6 lT)(T) (l} 

In 1924 McAdams and Frost36 deYeloped another equation for 

the water tilm coefficient. It is: 

H : 5. 0 6 £"D ( l .;. .§2) J L-( v) 0 . 8 __ 7 ( ?, ) 
r z 
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Two experiments, one in 1925 and one in 1927 evnlueted overall 

coeff1o1ents of materials of construction end found their variation 

with formation of ~oales and ox14e films. 

In 1928, l"'orris e.nd Whitma.n30 experimented with the basic 

equation 

h.D : ¢(Dv}w(CZ) 
'"F zr'k 

(3) 

For heating, (CZ) wFs found to be (cz)0.3? end approximately 
"k T 

the same value wcs found for cooling. The equ&tll)11 developed by 

these investigations is: 

hD 
k :lp (DV) (4) 

(cz)0.37 z 
k 

K1rkbr1dge end MoCebe29 in 1931 formulated en equation tor 
the point film ooettiaient for viscous flow, 

hD:'P(kL) 
T D!VC 

and tor the average film ooet"ficient 

(5) 

hav • f 
• TrDL(.D ) av. ( 6) 

In 1932 Sherwood and Petrto48 tound heat transfer ooeftio1ents 

for ·various organic liquids in turbulent flow and found close agree-

ment ~~th the Dittus end Boelterl4 equation for heating 

hD - 0.29(DV)O.B(cz)0.4 F- z 1C 
For cooling (21:,)0.3 is used. 

( 7) 

'7-1 k MoAdems .. i points out that the fil.n. coefficients in oase ot 
condensing vapors are largely determined by tt.e conductivity, vis-

cosity, end density of the condensate and the latent beat of con-

densation of the vapor. He also states that the recomaended 
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relation for the oondens&tion of o ;mre saturated vapor 1n the 

absence or non-oondensable gas, outside the tube or a horizontal 

raultitubular condenser is given by the equation 

(8} 

There have been few experiments pertaining to the condensation 

of organic vapors. Most of these experiments have been with ben-

zene. dowtherim diphenyl compounds and mercury. Rhodes and Younger16 

in 1935, measured the thermal conductances between several conden-

sing vapors end e horizontal copper tube. In general, the experi-

mentally determined values agreed satisfactorily with the values 

computed rrom the Nusselt equation. In this investigation a ser1e8 

of alcohols was condensed and t.he decrease in the ooetfioient within 

this series of alcohols was calculated. 

Badger and MoCabe3 give the Nusselt equation tor condensing 

vapors on a horizontal tube as: 

h = 0.943 ~k3d2gQy ..:;°·25 (i) 
LZ Gi'1') 

In 1937, Baker and Mueller6 found film ooett1c1ents of conden-

sing vapors on horizontal tubes and formulated an empirical equation 

for the tilm. coetfioient . 

.Also, in 1937, Beys and J.'I0Adet;1s8 me.de a study of heat transfer 

in talling film heaters using streamline flow and formulated numerous 

equations tor calculating the vapor heat transfer ooetficient. 

In 1938 Wallace and Dav1dson5l gave results for variation of 

the film coetf!oient with velocity or the cooling water end with 

the composition ot the mixed vapor, ethanol end water, Differences 
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between actual and apperent film coefficients were demonstrated. 

For pure benzene e.nd toluene the coefficient devieted but slightly 

from the Nuseelt value. 

During the seme yeer, Quigg, Eayer, and Euntington43 determined 

the ettect ot tube position for ~.temn condensation. They concluded 

that Rt slow flow retes the effect of tube position was negligible, 

but Bt the higher Reynolds number the overell coett1cient tor the 

45° end horizontal tube positions were about P5 to 50 per oent 

higher, respectively, tha.n the corresponding ones for the vertical 

position. 

In 1959, Stroebe, Beker, llnd Badger49 found film heat transfer 

coetticients tor water, sugar. and "Duponel" solutions, boiling in 

a long-tube vertlosl evaporator, equipped with e. single 20-toot tube 

under a wide range of conditions. From the data obtained, on emp1r1-

oal correlation of the ooeffioients was derived. 

Morr1son,38a in 1939, determined heat transfer ooeffioients tor 
condensing organia vapors. The vapors used were methyl, ethyl, 

and butyl alcohols and methyl, ethyl, end butyl acetates. The actual 

vapor film coefficients were much lower than the vapor film coeffi-

cients calculated by the Nusselt equation. 

Also in 1939, Beker, Kazmerk, and Stroebe5 correlated steam 

film coeff1o1ents tor a ~ in. o.d., 20-toot long vertioal tube. 

Other date. tor tubes 8 feet and 12 feet long were elso correlated 

on the same basis end were found to deviate from those for the 20-

toot tube. Fitzpatrick, Baum, nnd McAde.msl5 found that the use of 

benzyl meroapt811 es e drop-w1se-oondenset1on promotor gave a 
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substantial inorei::se in the steor:1 side ooeffioients for vertical 

tubes or admiralty metal and or copper. 

In 1940, MoAdema3l reviewed and summarized the developments 

in heat transfer by conduction and convection. Severvl papers on 

the tilm type condensation of steam on vertical tubes reported film 

coettioients ranging from 15 to 50 per cent higher than predicted 

from the tbeoretioel equation in the range of viscous flow of con-

densate. When condensing vapors of certain high boiling organic 

substances on vertical tubes, turbulence flow or condensate was 

obtained, and the film ooeffioient agreed approximately wtth predic-

tions from several sources. 

The method used in this investigation or incorporating thermo-

couple junctions into a copper tube was taken from an 1nvestiget1on 

ot mixed va.pors carried out by Wallace end Davidson5l. .Also the 

general set-up of apparatus in their experiment is similar to the 

set-up used in this investigation. 
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III. EXPERIMENTAL 

A. Purpose of Study 

The purpose of tb1s investigation is: 

1. To compare actual experimental film coetfioients obtained 

tor condensing alcohol vapors with the theoretical film coetticiente 

obtained by the Nusselt equation. 

2. To oorrelete the values or the vapor film ooetfioients in a 

series of elooholo, methyl, ethyl, isopropyl 1 n-butyl, and n-amyl, 

with their physical properties. 

B. Plan ot Investigation 

The plan of investigation will be es follows: 

l. Supply alcohol vapors. 

2. Condense these vapors on the outside of a vertical copper 
tube with cooling water inside the tube. 

3. Observe the type of condensation on this tube. 

4. Measure the temperatures of the vapor and cooling ~ater 
in and out or the condenser, a.nd the temperature or the 
tube wall. 

5. 'Measure the rate of flow of the condensate and the cooling 
water. 

6. Calculate the film ooefticients ot these vapors. 

7. Correlate these coeftioients with the physical properties 
ot the series of alcohols. 

C. Materials 

Methyl Alcohol. The methyl alcohol used in this investigation 

was purchesed from Phipps and Byrd Company, Richmond, Virginie.. 

'l'his solvent was 99 per cent pure. 

Ethzl Alcohol. The ethyl alcohol used was secured from the 

·laboratory and by testing was round to be 90 per cent pure. 
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Isopropyl Alcohol. The 1sopropy1 alcohol used in this experi-

ment was purchased from the Carbide and Carbon Chenioals Corporation, 

Charleston, llest Virginie. Their speoifioations are: 

Specific Gravity et 20° C - 0.786 
Boiling Range - 1.5° C 
Purit7 - 99~ 

No water, we.ter soluble or non volatile me.terial. 

n-Butyl Alcohol. The butyl alcohol used in this investigation 

wee purchased trom the Carbide and Carbon Chemicals Corporation, 

Charleston, West Virginie.. Their specifications ere: 

Speoitio Gravity at 20° C - o.Bll 
Boiling Range . - 1. 5o c 
Purity - 99~ 

No water, water soluble or non volatile materials. 

n-Amyl .J\lcohol. The Btlyl alcohol used in this investigation 

we.a purobased trom the Sharples Golvents Corporation, 'Wyandotte, 

Michigan. This alcohol was 99 per cent pure. 

D. Apparatus 

Still. The still (Plate I) consisted of a 38-inoh section 

of stsnderd 10-inch flanged cast iron pipe. Two li by 16-inch 

cast iron flanges served es the top and bottom of the still. Stan-

dard !-inch copper tubing was made into a heating unit by coiling 

it into the shape ot e spiral. The tubing was 19-feet long and 

had a wall thickness of 1/32-inch. Dteem lines were connected to 

the tubing with standard connections. The still was well lagged 

with t ot an inoh of asbeBtos cement completely covering the still. 

Heet Exchanger. The heat exchanger (Plate I) was made by 

enoloDing, within a 3-:f'oot section of standard 4-inch Pyrex glass 
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pipe, and a condensing tube consisting cf a 38-inch section of 18 

B. w .G. 7 /8-inch copper tube. ~31x therr.i.o-oouples placed six inches 

apart were mede by slotting the tube at right angles to the axis 

ot the tube and covering the oonstanten-copper couple with solder 

et the Junction, the copper pipe serving es one metal of the couple. 

The oonstenten wire was led eround the slot for e quarter of an 

inoh end from the slot into the vapor space. The wire in the vapor 

space was enclosed in small glass tubing to prevent the wires trom 
making contact with each other and the copper tube. The heat ex-

changer was lagged with a. three toot section of 'Philip Carey Air 

Cell insulation. A 150-watt bulb placed in a reflector wes used 

to light the exchanger. This bulb was turned on only when obser-

vations were being made. 

Seoondary Condenser. A Liebig glass condenser wes used to 

turther cool the condensate from the heat exohenger. This further 

cooling did not ettect the heat balance since the temperature of 

the condensate was taken before it reached this oondenser. 

Resistance 'rhermometer. Resistance thermo:cieters were used 

for taking all temperatures other then those of the tube wall. 

This apparatus (Plate II) consisted ot a Brown Instrument Company 

9003 indicator, with a range of from o0 to 300° F, a twelve point 

selector switch and e standardizing panel tor the indicator. An 

Eveready Compensated Air Cell battery was used as a souroe of 

current. 

Millivoltmeter. The millivoltmeter used was e type 8657-B 

potentiometer indicator menufaotured by the Leeds end Northrup 
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Company. An Eveready No. 6 dry cell was used BS a source of our-

rent for the potentiometer olrouit. The thermocouple leads were 

brought into the instrument es shown 1n Plate II. 

W1r1ns. 'I'he conste.ntan wire used was Uo. 28 B.Vi .G. and was 

purchased from the CentrBl So1ent1f1c Conpeny, Chicago, Illinois. 

The copper wire used was No. 18 B.V~.G. copper bell wire. It was 

purohused looally. 

Cold Junction. A one gallon glass jer covered with one quer-

ter or an inch of asbestos cement was used for the cold junction. 

A resistance thermometer was immersed in the ioe and water to 

take the temperature ot the mixture. The th~rmooouple leads were 

immersed in the jar as shown in Plate II. 

Balences. A set of O. Haus be.lances, accurate to within one 

gram, sold by the Central So1ent1f1o Company were used in making 

all weighings. 

Timer. A Luxor Photographic Timer menufaotured by Burke 

and James Company, Chicago, Illinois, was used for timing readings. 

Piping. Standard pipe, fittings and valves, were used in 

all oases. Steem and vepor lines were lagged with Philip Carey 

Air Cell insulation and Philip Cercy A.S.I. covering wes used 

on cold water lines after the temperature of the incoming water 

was taken. 

E. Methods of Procedure 

Starting e Run. When a run was made the following procedure 

was followed: 
1. Set the desired water rate. 
2. Lower the temperature of the cold junction. 
3. Turn on the steam. 
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4. Turn on the weter to the second~1ry condenser 
5. Adjust the steam condensate valve to give s suitable rate. 

llhen the vapors began to oome OVbr, the steam cond~nsete vnlve 

was readjusted to obtain the desired rate of flow of' the ccnden-

sate of the material being investigated. It was desired to vary 

the condensate rate on the different runs, but to keep this rate 

constant during each individual run. This was done by varying the 

steam condensate rate by means of the valve on the steam conden-

sate outlet. 

Recording Data. When the condensate was observed to be flow-

ing steadily and the vapor in the still was equal in temperature 

to the vapor coming into the heat exchanger, the system was said 

to be in equilibrium. The timer was set to zero end a run started. 

Readings of all indicating thermometers and millivoltmeter readings 

were taken at zero and e.t five minute intervals during the length 

or the run. The water rate was kept constant. The condensate from 

the beat exchanger and the steam condensate were weighed over the 

entire length of the run. 
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F. Experimental Data 

The data is presented in sequence with data on each materiel 

on one page or section of pages. The runs are numbered 1n the 

following order: Steam; methyl, ethyl, isopropyl, n-butyl e.nd 

n-emyl alcohols. 

Thermometer Readings. The resistance thermometers are given 

a number. The key to these numbers is, 

l. Temperature of steam to still. 
2. Temperature of condensate from still. 
3. Temperature ot vapor in top of still. 
4. Temperature ot vapor in top of condenser. 
5. Temperature of vapor out ot condenser. 
6. Temperature ot cooling-water into condenser. 
7. Temperature of oooling-weter out or condenser. 
8. Temperature ot cold junction. 

Thermocouple Readings. The thermocouples are numbered l to 

6 from the top of the tube to the bottom. 
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IJ.'ABLE NO. l 

Data tor steam 

l t nea1atance thermometera - deg •. F 
Run • Steam. 1 • 2 : ; : 4: 5: 6: 7: 8 : • • • no. : presa 1 

: p.s.1~ 

1 10 232 226 210 210 At 50 ~t ,5 
2 10 2;0. 206 210 210 50 35 

' 10 2;1 204 210 210 71 50 57 ;5 
10 2.71 203 209 209 70 50 ~ 35 

A 10 2;1 210 210 210 1z 50 ~i ~ 15 ~6 220 210 210 
·~ 50 ~5 15 211 210 210 ~g 36 

~ i~ 
~z· 211 210 210 ~8 ~~ ,& 
2ljo 209 210 210 50 1 ~l B 15 2',io 21] 210 210 92 50 ia f o 15 2liO 2;; 210 210 200 ~i ~ 15 2 6. 

~~ 210 210 1~ 81 
ll 15 ~o 210 210 2 51 at ~b l2 15 ~o 222 210 210 i6~ 51 ~ c 15 2ijo 226 210 210 51 

9~ 
;1 

~ 15 ~~ 235 210 210 162 52 ~§ 15 ~~ 210 210 158 51 ~7 ii 15 ~o 210 210 i~ 52 39 15 fil!~ . 207 210 210 51 70 ;9 
D 15 221 210 210 156 51 77 ;9 
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D&ta tor steam (continued) 

: • t " 1iher:>H>couples - m.v. • • 
~: ~ t 5: 6 Run 1 'l'ime : steem t Cond. • l • .2 : t . • 

~o.: min.: rate : rate ~ 
4 :lb./hr.tlb./hr.: .. 

l 0 ~ .. 01 1'.0l ;.62 ;.ao ;.12 2.2i 2 10 :;.11 ,.20 2.91 2.ijo i.10 o. 

' 20 2.08 l.92 0.98 0.70 0.60 o.60 
30 2.10 2.01 l.~ 0.70 o.66 o.66 

A - 20.7 6.o 2.8; 2.7§ 2. l.90 i.37 i.o 
l 0 1,.20 ~ .. l 5.82 ~.oo ~.bb ~:Z6 10 ij .10 4.10 3.78 J.i .oo 3.60 
A 20 t·95 4.05 ,?.70 ~-82 3.00 1.90 ;o .oo ~.90 ;.20 ;.10 i.20 o.~ B ... ;2.8 16.; lj .06 .06 ,.b8 '·ll 3.()3 2. 
9 0 14.,0 ~.12 E·82 E:2a ~:a~ l.20 
10 10 li .28 lj.20 .ot 3.30 
ll 20 ~.28 ~.21 ~.o ij.J.q 3.66 2. 0 
12 ;o E:~ ~.oo ;s.ao 3.30 1.90. i.oo 
0 - 26.2 15., ij .l} ~· 6 ~· 9 2.98 2.18 

iE 0 ~.~a ~.40 .18 .,o ~·fili 3.90 
10 2.08 2.0~ 1.20 0.90 o.a ~:I6 it 20 I, ~8 4.3 ~:i6 ~.22 3.80 Li• 30 ;>. 5 3.~1 2.70 1.20 o.ao 

D - 19.2 ll.8 3.67 ;.61 ;.16 ;.o, 2.q8 2.01 
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Data for methyl alcohol 

"- Resistanee thermometers - deg. P : • . 
Hun:Steam : l : 2 • 3: ~: 5: 6: 7: 8 • .. • no.:presa : 

:p.s.1.: 

td i.5 211 ~b iti ~z 142 58.0 70.0 $~ i.5 212 W1 58.5 70.5 
19 1.5 212 1.lj2 148 1'-48 58.5 70.0 '" 20 1.5 212 l.lj2 lli8 l!iB ~I 58.0 70.0 ·~ 

E 1.6 212 lljo ~8 ~8 58.6 zo.o '~ 21 l. 211 l.ijo ll.!8 148 iq, 58.5 a.o 
·~ 22 1.0 210 1,8 4'8 148 110 ~s.o 68.~ 

~ 1.0 210 1}8 ill~ llit ~i a.o 68. 
1.0 210 138 58.0 ~i:6 ~~ F i.o 210 i52 1118 1118 108 ;s.o 

~i 0.75 2.10 ~7 ~1 82 58.0 65.5 '~ 0.75 210 i;G ilii 78 ~s.o ~-0 ~ ~~ 0.75 210 13 147 1~ 
a.o 3.0 

0.75 210 l,4 it+ W1 ~s.o 62.i ~ a 0.75 210 ~6 ~ a.o 6,. 
29 2.0 2ll lfii ~b g9·0 70.0 ,6 30 2.0 2 142 if!s 1146 ·o.o 72.0 ~6 H 2.0 2llf ll4l l.ij8 1311 60.0 71.0 
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Data for methyl alcol1ol (continued) 

• • • • Thermocoup!es - m.v • • • • . 
Ru.a: '.!'ime: 3team • Cond.. t 1 • 2 : 3 : 4 : 5 I 6 • .. • • No.: min.: rete : rate • • 

• · : lba.!b£t: lbs. l:J.:r.. : , • .. 

ri 0 2.50 2.66 ~:ga 2.~5 2.08 1.92 
5 2.50 2.6 2.52 2.10 l.98 

19 10 2.50 2.60 2.32 2.52 2.10 1.98 
20 15 2.50 z.68 ~.;2 2.52 2.10 i.41 
E .... i;.7 17.0 2.~o 2.64 2.36 2.~3 2.09 1.9 
21 0 ~· ~ 2.~5 2.22 2. 2 1.81 i.40 22 io .:! ·'-' 2. 0 2.;o 2.h8 i.20 1. 2 2 .. 2.lj8 2.60 2.2~ 2.ij5 l.~ 1.~ 2li 15 2.40 2.56 2 .. 2 2.zs l.I' l. 
p .. 7.1 9.5 2.44 2.58 2.26 2. 3 l.81 1.,1 
~g 0 i.1A 2.01 l.60 i.zg 1.05 g:z~. 5 i.7 2.02 1.60 l. 0.95 
~ 10 l.~ 1.95 l.58 i.68 ~=6~ 0.60 

15 l. l.96 l.58 l.~ o.u G •· ij ·9 5.2 1.78 2 .. 0 .1.,9 .. 1. 6 0.99 o •. 
29 0 2.~5 2.70 2.~ 2.~ 2.10 ·1.a5 
30 ·5 2. 5 2.72 2. 0 2. 2.20 i.zg 
H - -- -- 2.60 2.71 2.35. 2.6o 2.15 l.· 
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Data tor ethyl alcohol 

• t Hea!stsnee thermomeEers ..:-aeg. P • Run: steam : l : 2 • '! 4: 5: 6: 7: 8 • Ho.: press.: 
:. ,e.s.t.: 

'l 1.5 209 lg9 172 172 80 56.0 60.0 3~ 
}2 i.5 210 l 0 174 i1E 78 56.0 60.5 ;~ 

~ l.5 210 160 17~ 17 76 56.6 61.5 33 1.5 210. 160 171.1 171' 7~ 5l· 61.5 33 
I l.6 210 160 li~ i1e 77 5 ·5 61.0 

~ 't 2. 210 i~ l 4 17 ~& 5~.o 70.0 

ll 2.0 210 17~ i:ft 5 .o 71.5 ~t 2.0 21.2 169 179 lg2 58.0 72.0 
2 .. 0 212 169 l7b lf6 ~ 58.0 72.5 ;t J 2.0 211 . 167 175 58.0 72.0 ~ ,6 2.5 212 170 176 f7t 170 58.0 72.5 2.5 2l2 170 176 176 17~ 58.0 7l·5 ~t 141 2 .. 5 ~tg 176 176 176 171.l 58.0 i .o 

~2 2.5 178 176 176 l7q 5z·5 ~.o ~ & 2.i 213 17'4 176 176 17g 5l .a 75.5 2. 2ll 174 itd 176 15 ~A:6 73.0 ;t 2.0- ' 211 i1g 178 178 73.5 ~ ti 2.0 211 ibi 178 178 ~lo 57·5 1g·s 2.0 211 178 178 i~ 57.0 7 .o ;t L 2.0 211 17i 178 178 5I·5 1~:6 ~ t4 1.5 210 17 174 174 108 5 ·5 l.5 210 ili 17~ 174 99 56.6 69.0 ~t ~9 1.5 210 17lj 17~ 100 57· 69.5 
50 1.5 210 168 l7ij 174 102 5f .o 69.5 ~ )( i.5 210 i~ 174 174 102 5 .o 69.0 
51 i.25 209 l7J.f 17'4 102 57.0 ?J:a ~ sz 1.25 209 162 17lj 17~ 6.q 57.0 
~ i.25 209 161 l7J:i l7lj ~ 57.0 · 62.o 

~ i.25 209 l6o 17~ 17~ 57.0 61.5 
B i.25 209 1'2 17ij 174 91 57 .. 0 65.0 ;14 
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TliliLE NO• 6 

:oata for ethyl alcohol (continued) 

: : : :" 'rhermocouples - m.v. 
Rw:u '1'1me: steam i cond. : 1 1 2 : ' : 1'. : 5 : 6 t 
wo.: mint rate 1 rate : 

: i1b./bz:.:1b.f!!!:L: 
0 

~o 
15 --0 

!o 
15 
0 

io 
15 -0 

to 
15 --0 

io 
15 --0 

f o 
15 --

6.1 

11.2 

JZ.2 

J.t.8 

0·~·8 a. 5 o. 0 o.;a 
0.38. 
1.45 1.90 . 
l.92 
2.05 
1.8, 
2.10 
2.05 
2.10 
2.15 
2.10 
2.10 
2.10 
2.12 
2.10 
2.11 
1.12 
i.~o 
1.28 
l.20 
1.23. 0.58 
0.55 
0.50 
0.5? 0.511 
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!'.;I) HL.,.,. '"'0 7 .L '•-') t~ i.'i • 

Data tor propyl alcohol 

T . Resistance thermometers - deg. F • : • • Run: steam : l .. .2 :., : 4: 5: 6: 7: 8 : . 
tio.: pre as : 

: 2.a.1.: 

5g 2.5 212 i1z 178 176 172 58.0 z1.o }2 

iA 
2.~ 212 ifo 178 178 177 56.0 9.0 ~ 2. 2l2 178 178 m 52.0 66.o 2.5 214 > 210 178 178 5 .o 7_ .o 32 

0 2.~ 21J ~i 178 178 ~z:t ~:6 ·"···· ~· . ~= ·.·· ' 210 i1z 176 ,2 
212 178 17 . 178 176 ; .o 69"0 , .. ;2 

61 2.5 212 179 178 178 
~~ ~6.o ~·O '2 62 2.5 ~12 210 178 178 6.o .. o ,2 

~ 
2.6 212 185 178 178 

1 ' 
56.0 .68.i ~~ z. 210 17, i:ra 177 15~ 56.0 68. z.o 210 17 11A 17b 56.0 68.5 52 

~~ 2.0 a10 }~ 178 17 171 56.0 ~.o 32 
2.0 210 178 178 l7li 56.0 ~-0 J2 

h a.o 210 182 178 178 ll~ 56.0 .o ,2 
2.0 210 209 178 rn . 56.0 63.0 32 
2.0 210 209 178 177 118 56.0 60.0 ,2 

69 . 2.0 210 209 178 177 106 56.0 ~9·0 rz 70 2.0 210 209 178 li1 100 56.0 7.0 
R 2.0 210 209 178 itl 117 56.0 o.o '2 
71 2.0 210 170 178 . 102 58.0 68.5 ~ 72 2.0 210 170 178 178 130 58.0 70·6 
t~ 2.0 211 173 178 178 iuo 5fi•O 72. ,2 

2.0 a10 202 178 178 168 5 .o 70.0 fa s . 2.0 210 l7i 178 178 U.o 58.0 zo.o 7g i.5 210· 20 178 178 i;~ 58.0 1.0 fa ti 1.5 210 ~~ 178 178 11 58.0 60.o 
i.5 209 178 178 108 58.0 60.0 ,2 
l.5 209 208 178 178 102 51·5 ~-0 32 

T 1.5 210 20"{ . 178 178 116 5 .o 0.5 "2 
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Data for propyl ~lcohol (continued) 

'.i.'lleri:aoeouefes .. m.v • ... ·-. • • • • • • • 
Run: Time : steam : Coad. : l 

= 
2 : 3 : : ; : 6 1 

No.: rn1n.: rate : rate : 
· : • :lb·l'!!!:·:.~b.Lhr·: 

~t 0 2.80 ;.oo 2.28 2.ao l.85 i.70 
t: 2.70 ,.oo 2.~o 2.75 l.85 1-r ~A 1o 2.70 ~.oo z. 0 2.13 1.90 1. 0 
15 2.70 3.10 2.,0 2.' l.~ l. 0 

0 -- 21.2 ;2.1 2.76 ;.o; 2.,0 2.ra l. i.70 
68 o· 2.7 ;.02 2.32 2. 0 i.60 l.70 

io 2.~5 3.00 2.,5 2.80 l. 8 1.70 
61 2. 0 ;.oo 2.,0 2.80 1.90 l.~ 62 15 2.65 2.90 2.10 2.5, i:ai l. 
p ·- 17.0 29.6 2.73 2.98 z.~ 2.7 

l~i 2 0 2.70 ;.oo 2., 2.75 1.90 l. 

!o 2.75 ;.oo 2.30 2.n l.li 1. 0 
zi 2.1a ~-00 2.32 2. l. l.~ 15 2.5 .70 2.00 2-~~ l. ,• l. ' 

~ -- 11.~ 27.~ 2.68 1:~i 
2.2; 2 .I; ' i.79 l.~ 

6h 0 i.1a i.40 1.7 i.oo o. i 
~o i.,; l.~ l.18 1.,5 0.90 o.u 69 l.Oi l. 0 o.9i 1.10 o.n o. 

79 15 o.a ~:~2 o.b o.ea o. o.iJ 
R - 6.5 5.2 1.25 1. 7 1.26 0.83 o. 
71 0 2.75 ,.oo 2.,0 2.so l.90 1.50 u 5 ~:fi~ ~.OS 2.;o 2.~ 2.00 l.~' 10 5.10 2.30 2. 2.06 l. 15 2.6! 2.a! 2.00 2r i.a 1.20 
s ·- ll.4 20.5 2.8 5.0 2.~ 2. 6 l. 6 5:ai 7i 0. 1.60 l.62 l. l. 3 l.00 

t to 1.26 1.3 0.90 i.25 0.90 0.70 
l.l l.la 0.90 1.15 0.90 o.~ 16 15 0.9~ o.~ o.~ ~:i~ o.7J6 o. 

T ..... 4.; 4.9 1.2 l. o.~ o.·9 0.11 
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'f.ABLE JO• 9 

Data tor butyl alcohol 

• . Resistance thermometers • deft• F • . • 4 t 5: 6: 7: s Run: steam : l . z : ' : • No.1 preea: 
: 1!·•·1.: .... 

A6 20 250 249 214 208 112 57.0 68.o 32.0 
20 ~~ 251 220 215 i~ 57.0 68.o ,2.0 

81 20 2!)1 225 220 57.0 66.o ,2.0 
82 20 ~~6 25~ 250 228 108 57.5 68.5 32.0 
l1 20 25 222 21,.8 108 57.0 6I.5 ;a.o 
~ ii: ;5 25, 2,~ 2}2 112 57.5 6 .o '2·0 

2 7 2, 23i 111 
~=~ 

68.o ~2.0 

gg 2lj 258 257 278 23 116 68.0 32.0 
~ 256 . 252 2,9 2; 116 57·~ 6l.5 32.0 v 
~ 

257 ~~ ~l ~~ k1t! 57. 6 ·5 ;2.0 
Hl ~'~ 57. 72.6 32.0 

~~~ 221 200 57.0 H· '2·0 
89 26 262 228 226 196 57.0 .5 ;2.0 
90 26 266 262 2}~ 22'; 202 57.0 4.0 ,2.0 w 26 261 260 fil 22.o i9z 5A.o lo.5 ;2.0 
§i 18 ~: ~7 210 78 5 .o 1.0 ;;.o 

18 226 ~i1i! ~.o 60.~ ,,.o 
~· 16 249 ~i 228 ~o ~a.o 60. ,,.o 

lfl ~§ 2}0 220 81 8.0 ~o.o ~5~0 X. 18 
~ 216 ~ 58.0 0.5 ;.o 9g 20 251 250 22!( 58.0 61.5 ;;.o 

b 20 ~~ 2~1 ~~ 
230 

~ 
58.0 62.o 3~.o 

20 2 l 232 57.0 60.5 ;~.o 20 

i~ 
251 2;5 57.5 ~0.5 ' .o y zo 251 ~6 2}0 91 57.5 1.0 ~3.0 

99 ii ~9 ~6 lll 57.0 68.0 ,,.o 
100 262 20J zu1 m 57.5 67.0 ,,.o 
101 261 2~1 2.ljo 57.5 6§.o 3~.o 102 25 260 279 2ljl Zljo llZ 57.0 t .5 ' .o z 25 261 .200 2141 2.qo 116 57.5 5.0 ,,.o 
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'l'ABLE MO. 10 

Data f'or butyl alcohol (cont1nued) 

: : : : r~·hernocouples - m.v. 
Run: 'Iime : Steam : Cond. rate: l : 2 : 3 : ~ : 5 : 6 : 
lio.: min.: rate : lb./hr. : 

: : lb.f!p:: .• : : 

0 

io 
15 --0 

~o 
15 ... 
0 

~o 
15 -0 

io 
15 ..... 
0 
5 
10 
15 --0 

1o 
15 --

12.0 

28.6 

12.0 

1.02 
l.00 
0.90 
0.90 
0.95 o.H .o. 
.o. 
0.60 
0.81 
.1.95 
i.98 
1.20 
o.~a 
l.63 
0.58 
0.52 
o.bc> 
0.60 
0.58 
.0.70 
.0.75 
0.70 

-0.70 o.I1 .1. 0 o.so 
0.75 
0.65 o.s, 
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Data for anyl slaollol 

: t hesistance theruiometers • deg. F. 
Run: Steam : .1 : " 2 . ; : ·~ : 5 : 6 : 7 : 8 : • 
No.: pr·e SS t 

: 2·•·1-: 

i~ §8 '290 270 

~ ·1Z 11~ §6.o 1z.o ~t 2~ ~i~ .2 fil!6 ~·o 7 .o lOl 50 29~ 25. 251 ~o.O Ift:8 ~ J.O 50 '292 ~o 258 25 206 i·o 11 ~g 2g3 0 255 251. 217 5 .o 72.0 ~ ioz ~~ 281 252 250 ;~ 58.0 73.0 
io~ ijo 278 251! 25~ 55.0 72.0 't 109 ~o 282 ' 271{ 256 . 25 202 ~·5 ro.o 

~ 110 ~o . 282 270 256 . 25 izs 54·6 9.0 
·b 140 282 276 255 ~§ .rs 55.. ]l•O ~ 111 ~o ~2 269 . 250 180 56.0 .o 
112 30 265 250 250 lQO ~6.o 61.0 
11~ 30 268 267 253 252 120 6.o 60.0 

~ c 30 268 . 267 ~l ·~~ 150 5~:8 61.0 
lllt ;z 271 . 270 96 ga.o 
ll~ ,2 271 270 256 250 100 56.0 o.o ;2 
11 32 . 271 . 270 251 '250 lat, 56.0 61.5 32 
117 32 271 210 252 251 110 ~6.o 62.o 32 
d ?? 271 2 0 250 . 250 1~ 6.o 6o.6 ~ 118 ;t ~~ 2.72 25? '252 .1 56.0 ~:o 119 1i 273 25~ . 253 ~6 56.0 32 
120 ~e . 272 251! 25E 55.5 44.0 32 
121 st 27, 

~~ 25 12; 5~·5 ~.o ;2 
e 27~ 27; 255 122 5 .o ·5 32 
122 37 27 m ~~6 255 l20 55.5 ~·5 32 m }7 ~~ 25t ~ ~5·5 .o ,2 

37 m 257 25 5.5 6;.5 '2 
125 ?>7 277 257 256 120 55.5 60.6 32 
f 37 277 Z76 257 256 l.25 55.5 6}. ;,2 
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Data tor amyl alcohol (continued) 

- - ' 'l'hermocoup!es .... m.v. RU.>t: : • . .. . 
No.: 'rime : steam : Cond. . l • 2 t ' t ~ : 5 ' 6 : • • 

min.: rate : rete • . 
• \l~.·Lb!·. :lb.h!E:i - • t .. • '" 

i~ 0 ~.20 ~·~ ~~6 tj ·~5 2.ro 2.35 
f o lj .30 ~. 4. 0 2. 0 2.,5 

~~ 24.22 ij .60 3.,0 4.ljo 2 .. 70 2.,5 
10 15 2.;o 2.Io l.90 2.~o i.;o o.66 
fl -- ~-1 52.a z 16 !1. l 2.99 e· 9 2.58 2.0 
l~ 0 ~: ··o 4.70 ;.50 .35 2.I6 2.~o 
10 1o 4.10 ~-~o 3.;o 4.20 .2. 0 2.~o 
109 li .10 4. 0 3.20 4.10 2.~o 1. i 110 15 e·6o ~.oo 2.80 ~.60 ~:El i.4 
b -- 15.2 ;9.2 .oo 4.35 ,.20 .06 2.0 
111 0 1.90 2.20 1.60 2.20 1.10 o.~ 112 5 l.~5 1.90 1.70 i.z5 1.10 o. 
11; 10 l. 0 i.,o 1.10 l. 0 0.90 o.~ c -- a.a lO.S 1.55 l.80 i.47 i.76 i.o, o. 114 0 1.1~ 1.22 l.OO i.2 0.90 0.70 llt 5 i.6 1.85 1.30 l.bO 1.02 o.ro 11 10 2.0 2.15 l.bo i.95 i.05 o. 0 
117 15 1.15 1.80 i.~§ i.'FJ: 1.00 o.+z d - ll.O io.9 l.~ 1.76 1. 0.99 o. 
118 0 2. 3.1r: 2.20 2.76 1.50 l.~ 119 5 2. ,.26 2~ 2.z i.Fo l.l 
120 10 2.50 2·~10 1. ~:~ 1. o.~ 121 15 2.oa 2. 0 l. z 1. 0 o. 
c. .. .. 11.2 13.5 2.67 2.81 1.9 2.1;8 1.26 0.16 
l.22 0 3. 0 ~.55 2.,0 2.90 1.60 1. 6 
-~ !o z.l,o ~:~6 i.z2 2.2i i.~o o.~. 

2.22 l. 5 2.1 l.20 o. ~ 125 15 1.62 1.71 i.25 l.6 0.98 0.7 
f - 10.3 15.5 2.;1 2.; l.7 2.2~ i.27 0.90 
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Experimental Results 

The results are presented in sequence. 'rhe calculated re-

sults and graphical date for each material a.re round in the same 

group of pages. The runs are numbered in the Bame order es found 

in the data. 

Curve I is e plot or the vapor film ooettioient of steam against 

the temperature drop across the steam film. Both actual and the-

oretical (Nusselt) valves o~ the steam film ooetticient are plotted 

on this ourve. Curves II, III, IV, V, and VI contain this same 

plot tor methyl, ethyl, 1sopropyl, n-butyl, and n-amyl eloohols. 
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TABLE UO. l 

Calculated results tor ateam 

• : : : • • . l • -K? 2 =10 • .. • Rua Reynold• Prandtl hw u hv hv t 
No. no. no. actual Nusselt if z f s:lO-

l 4110 ~.01 lel.O '~ 281 1000 26 127.0 
2 3580 .22 1800 12; Z' zoo Ji }0.4 

~ 
3;80 8.78 1785 62 05 1I.o 
;;20 a.96 1~90 ~4 3~ 600 122 1 .4 

A ~G~i 8.22 1 00 ~£i l~~ 6r 88 25.6 
i 6.50 1880 ~6 

12 0 11 290. 

t~g 6.79 1860 291 12 0 10 299.0 

i 6.ao 1880 '5I ;1~ 890 35 79.4 
~190 6. 0 l~O ;; 800 52 51.9 

B lj~o 6.72 l8t5 3;1 ~~8 990 25 122.0 

io 14 0 ~:1~ 18 0 159 122 900 32 a,.o 
ljo20 l~O ~i 118 2300 1 ;~~o.o 

11 ij110 7.01 1 0 112 1230 46 90.0 
l.2 ~900 7.45 1810 101 76 800 51.9 
c 060 z.13 18~0 128 97 1000 22 127.0 

iG ~~10 ·'1: 18 0 198 ;tJ 1!90 ; 1060.0 
~40 a. 1815 305 ~~6 119 17.0 

i~ izo 6.80 l~O ~6 123 65 51i.o 
37 0 7.82 1820 91 i10 4i ; .2 

D 3900 7.45 1810 130 98 00 51.9 
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'11.ABLE NO• 2 

Calculated results tor methyl alcohol 

I : : : : . t • . • 3 2 6 Run Reynold• .Prancltl hw u bv hv · t K f io• No. no. no. actual Nuaselt Is x 

il ;900 7.ij5 1810 87 65 3~0 11 igooo 
3980 1·?.9 1805 85 6~ 3 0 12 l 900 

19 3900 7-f:5 1810 80 ~ ,;40 12 16900 
20 ;9oc 7. 5 1810 Hi ;~o l2 16900 
B 3ioo 7j5 1810 60 340 12 16900 
21 ' 30 7. 0 1810 67 ~i 290 21 . 896o 
22 ;s;o 7.60 1810 95 ;10 18 18700 

~ ;a;o 7.60 .1810 109 82 ;oo 19 10300 ;s;o 7.60 1810 ll2 8~ 290 22 8960 
p j~O 7.60 1810 9-1 ~2 290 21 8960 
~~ . ; 0 7~82 1820 "67 2~0 h7 ~9,0 

37ijo 7.8.2 1820 65 li8 2 0 !19 ~o 
~ 'IJ4o 7.82 l.820 tt ~~ 225 50 50 'r 7·; 1820 220 ~~ 2910 
G 

!~ ~ 7. 1820 ~l ~~ 2;0 351;0 
29 7.29 1805 3~0 11 iiooo 
50 020 7.23 1830 ai ~ 3 0 8 2 !too 
H ij020 7.23 ia,o ;60 10 21500 
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TABLE NO. 3 

Calculated results for ethyl alcohol 

• • : • • : • : 32 • • • • • Rua Reynold.a Prandtl b• u hv hv t fzS x10•6 No. no. no. actual Nuaselt . t 

31 }580 8.22 1800 ~l 2z 150 ~ ~§ ;2 }~O 8.22 1800 ~l ,0 
151 

~~. ' 0 
8.08 1810 l5i ~ 7ll ,Ql.io a.oa 1810 Ji ;a 15 ~9 

I 361.iO a.oa 1810 35 15~ 86 769 
jt 3900 7.~5 1810 110 20 ;1 2030 

3980 7.29 1805 121 21 225 26 
r~ ~i ;980 7.29 1805 85 b3 ~g 23 

3980 7.29 1805 81 60 20 021 
J ,980 7.29 1805 6~ 73 230 ~ '~ig ,6 ;iso 7 ti.29 1805 ~ ~6 20 ,021 020 7·~ 1830 8~ .· i& 
~l 4020 7.23 1830 87 ~ 250 ·li95Q lt2 ~020 7.Z' 1830 ~o 255 15 . ,350 
1t ij020 7.23 ia;o 8~ 63 ~o iA 950 
tG lj020 7.2; 1830 6~ . 8 "790 l4020 7•23 1830 79 t6 2'40 12 021 

HZ ~020 7.;23 1830 90 ~g lb ljt50 lj020 7.23 18}0 96 71 18 ij 90 
L 4020 7~2, 1830 a1 ~l 2148 18 ~790 

t6 3830 7.60 1810 10~ 208 3~ ~zg 3830 7.60 1810 79 210 30 
49 38~0 7.60 1810 106 79 210 ;o ~~ 50 ~o 7.60 1810 103 

~ 
210 ;z • 38~0 7.60 1810 l§ 210 ,1 21460 

51 }'l 0 + 82 
1820 16~ 76 916 

52 3690 :95 1820 ~} 31 l4ij 76 ~ ~ ;6ro t:~ l.820 147 51' 160 ~ ~6 0 1810 ,3 160 829 
II 690 7.95 l.820 5~ 39 162 77 905 -
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11.1 ABLE NO. J.t 

Calculated results for propyl alcohol 

• • • : : • . • • • • . 
K3 2 -6 Run Reynolds Pr&ndtl h1r u hv hv t 

No.; no. no. actual Nusselt N z f ·x 10 

~g ;980 7.29 1805 73 5, 161 30 831 
,a~o 7.60 1810 66 ~8 150 ~o ~l 

~i 3~ 0 7.82 1820 61 4~ ~~ 1.i 0 ~ } ,o 7.60 l.810 I~ ~~ 53 0 ;8}0 7.60 1810 150 ~~ t6 3Aao 1.zo 1815 l~ r~ 151 gz ~1 3 30 7. 0 1810 ~8 filo 61 ;sao 7.60 1810 65 ~6 39 r 62 'Z o 7.70 1815 60 t~ ~~ p 3 ~o 7.00 1810 62 it~ ~ ~ 37 0 7.70 1815 Io 'l .?9 'zao 7.10 1815 6g lli9 39 ~ ~l 5r 7. 0 1810 ~8 ;9 
37 0 7.82 1820 ~; )8 ~~ t~ 

40 

h 'i 0 7.70 1815 ~~ 50 ~~ 3 ~o ~:Z~ 1820 30 119 
}5 0 1800 27 19. 112 91 ill 69 3580 8.22 1800 22 lb 110 101 

70 35~0 8.~· 1805 8 
~ i~ 109 

It 'i 0 
8. .1800 ~z . ~~. ~~ 71 3 ,o 7.6o J.810 150 

72. aro 7.45 1810 8~ 61 153 36 69~ 

~' 
7.2; 1830 51.t 155 35 ~l 5900 !·h5 1810 t9 51 139 

M 
1~ s 5900 :~ 1810 7~ ~~ 150 1 

+i )~O 1800 
~ 112 199 .:; . 0 a.oa 1810 10 111 97 . ii2 

ti 3~0 a.as 1810 l~ 10 111 100 l 9 8.08 1810 5 108 106 ii2 
T ~6!ig s.oa 1810 21 15 111 98 1 9 



- 37 -

TABLE NO. 5 

Calculated results tor Butyl alcohol 

• • • • • • • • • • • • . . 
x3 2fil'. io-6 Run Re;ynolde Prandtl hw u hv bv t 

HQ. no. no. actual Yusselt N z 

iz ~780 7.70 1815 70 51 118 ~~ 246 
;780 7.70 1815 75 ~i 115 206 

81 3;{80 7·zg 1815 gb 110 100 ~i 82 3 ~o 7. 1810 
~i 

115 io; 
v ~7 0 7.30 1815 67 112 92 i~ ~ 37~0 7· 3 1820 ~~ b 109 l"' 5Z5g 1-zg 1815 111 11, 192 
g~ 7. 1810 56 111 112 1~2 

36~0 7.95 1820 ;3 24 91 158 i1l 'f 37 0 . 7.10 1815 gg Ei 108 ~~ ~ ~980 7. 9 1805 lli5 t 3980 .7.29 1805 ii ~~ 151 g9 89 3980 .7.29 1805 150 
90 ;740 7.82 1820 26 l~ i§6 ~ 112 
w 'loo 7.~5 1810 55 40 361 
91 3~0 ·~·9a 1820 29 21 92 127 ii 92 . '~6ljg' .• o 1810 22 16 91 .- ~! ~ 

·s-.;oa 1810 17 12 91 . ·~ . ,~ .. · ... ·a.ea 1810 ~ 12 91 J.46 x '6ijo 8.08 1810 16 91 138 81 
~~ 3690 7.95 1820 28 20 93 ~~ H 

,690 ·~:ia 1820 ~ 21 91 
~l. 5~0 1810 il 95 ~1 ; 0 ·a.oa 1810 ~6 95 WE 1 
y 36qO 8.08 1810 20 Jg 103 
16o ,780 7.70 1815 63 ~6 101 ~11 3780 ·7.~ 1815 i~ ;6 110 122 l' 101 5If!O -~:oa 1820 29 102 1'6 1,7 
102 

' 0 
1810 l1l 10 92 15 l~ z 37ijo 7.82 1820 ;o 109 130 
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r.i.1ABLE NO. 6 

calculated results for amyl alcohol 

.. • : : : : • : • • • 
K3 2f -6 Run Reynolds Pran.dtl bw u hv hv t 

NO• no. no. actual Wusselt 1l 'z -x 10 

10~ :;980 729 1805 l~ t~ 
l}O ~ 361 

10 3980 729 1805 128 340 ioi ;980 729 1805 59 2§ ~~ 66 302 10 3780 7.70 1815 39 ~ 7 . • ,900 1.-r.; ·1a10 g; t! 112 1!9 
10~ 020 7.23 1830 

t~ 
130 ~9 ~ l 

10 . 3900 7·~ 1810 121 1i 271 
i~ 3740 7. 1820 46 113 206 

'X4o 7.82 182.0 g~ ijo 109 95 179 
b 5~0 i-60 1810 ~i 117 il~ 237 
111 3 0 .oa 1810 z; 82 57 
112 36~0 a.oa 1810 23 16 81 150 ~~ 113 ;~o s.22 1800 20 u. ro 170 
0 s.oa 1810 21 l~ 1~3 ~2 114 ~56g 8.35 1805 l2 77 
11~ 3~ 0 8.22 1800 2; 17 80 . M! 5~ 
ll 3 ~o a.oa 1810 31 22 81 55 
117 

i~~ 
8.08 1810 ;z ~~ 81 156 55 

d 8.22 1800 26 81 156 ~5 118 1·~ 1820 43 ;i 91 120 
119 3740 7. 1820 ~~ ]6 ~l 120 st 
120 3ozo i:zg 1820 ~& s5 ie§ zg l.21 36 0 1810 t1 e ;690 7.95 1820 31 90 130 a, 
122 ;690 7·9a 1820 ~i '' i~ 118 n ~ ;6Eo ;{·9 1820 ~i ~~ 36 0 .o 1810 ;9 ~i 125 ~~80 8.22 1800 25 18 1 3 g~ r ;5b 0 s.oa 1810 -,7 26 85 11.,2 
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IV. DISCUSSION 

Discussion of Results. Hendersonl9 in 1939 did some work ot the 

. same nature as this investigation using methyl, ethyl and n-butyl 

alcohols. As shown in his results of the investigation the vapor 

film coefficient oaleuleted by the Nusselt equation was in all 

oases over 75 per cent higher than the actual vapor film ooetti-

c ient. '!'his compares favorably with the results ot this experi-

ment 1n which the film ooetf1c1ents calculated by the Nusselt equa-

tion t"or methyl, ethyl, 1sopropyl, n-butyl e.rid n-amyl alcobols 

range from-70 to 80 per oent higher than the actual vapor film 

ooefticient. 

In the experiment performed by Henderson the eotual coeft1-

o1ents or the alcohols plotted against the tem.per6ture difference 

across the vopor film gave a ourve with almost the identical shape 

of the sAme values of temperature difference plotted against the 

values of the film coefficient caloulated from the Nusselt equation. 

In this experiment, es can be seen from ourves II, III. IV, v. 
and VI, the ourves Are not of the same shape, but, instead the 

curve obtained by using results calouleted by the Museelt equa-

tion has e concave shape while the curve obtained by using the 

actual vapor film ooeff1cient end the same temperature difference 

across the vapor film has a convex shepe. From these curves it 

can be seen that the Nusselt vaPfJr film coefficient decreases 

taster then the actual vapor fil~ coefficient as the temperature 

difference aoross the vepor film increases. Since the curves do 

not have e similar shape, a constant can not be incorporated in 
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the Nusselt equation to shift the theoretical curve down so that 

it would fall on the actual curve. 

The points plotted for the curves were scattered oonBiderably. 

This is probably due to variation in the rate of oondensaticn of 

the vapor o.n the copper tube. V-fhen the rate is fairly slow, air 

is given a better chance to oome in contact with the tube, thus 

causing a ver1et1on in the tempere.ture of the tube and vapor. 

Since the reed did not have a constant heed, the ve.por velooi ty 

and rate of condensation of the vapor changes, thus causing a 

change in tbe vapor film coefficient. Another cause for the scat-

tered points could be unknown defects in the apparatus. 

A possible explanation as to why the vapor film. coefficient 

deoreeses es the temperature d1ft'erenoe across the vapor film 

increases is that due to a high tenpereture dif'terenoe the vapor 

velocity is lower giving air e chance to make better contact with 

the tube wall thus decree.sing the temperature and, of course, the 

vapor film ooetticient. 

It can easily be seen from this investigation that the vapor 

fil:m. is the oontroling faotor in every cese. 

Recommendations. It' further work ls to be dune on this subject, 

three suggestions may be made: first, construct a reflux line 

from the condenser to the still in order to obtain a constant head 

tor the teed end also give continuous operation. Second, have a 

larger seoondery condenser to take care of the condensate at higher 

vapor velocities. Third, use rates of flow tor cooling weter which 

will carry from the viscous region through the oriticel region 

end into the turbulent region in order to investigate the efteot 

ot the type of flow on heat transfer. 
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Limitations. In this investigfition it wasn't possible to obtain 

high enough vapor velocity. At a high velocity the materiel was 

vaporized before the run could be completed. This was also un-

favorable beceuse or the marked change 1n head or feed. Due to 

the fact that there was no reflux line from th• condenser to the 

still, it wasn't possible to make our runs tor e longer period 

of time. These factors have a direct ettect on the results 

obtained. 
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V. CONCLUSIONS 

'rhe conclusions which may be Crawn from this investigation 

are: 

1. 'l'he type ot condensation of methyl, ethyl. iRopropyl, 

n-butyl, end n-amyl alcohol is filmw1se condensnt!on. 

2. The vapor film coefficients of these alcohols at ordinary 

temperature difterences across the vapor film at etmospherio pres-

sure are: 

{a} methyl - 60 everege l1 i' - 22 
(b) ethyl - 50 average llT - 70 
(o) isopropyl - 30 everegeAT - 80 
( d) n-butyl - 25 average.£\ T - 135 
( e) n-e.myl - 20 average A 'l' - 152 

3. The vapor film ooettioient ot these alcohols deorease as 

the temperature difference across the vapor film increases. 

4. The vapor film ooeffioient of the e.loohc;ls studied cal-

culated by the Nusselt equation give values greeter than the aotual 

vapor film coefficient. 

5. The vapor film coettioients of these alcohols at ordinary 

temperature difference across the vapor tilm at atroospheric pres-

sure as oaloulated by the Nusselt equation are: 

( e.) methyl - 288 aver&geAT - 22 
(b) ethyl 166 average AT - 70 
(o) isopropyl 119 e.verege Ll T - 80 
(d) n-butyl - 97.5 e.verege 6 T - 135 
(e) n-amyl - 81 average Ll T - 152 

6. As the molecular weight increeses in a series of alcohols, 

the vapor :film ooefticicnt decreases. 

'1. For a given value or e. vapor film ooeffioient, a. greeter 

temperature difference across the vapor film. is required as the 

molecular weight of the alcohols inore~se. 
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8. For a given temperature difterenoe across the vcpor tilm, 

the lower the alcohol is 1n n series the greater the difference 

between the actual film coefficient and the value calculated by 

the Nusselt equation. 

9. For steam. the vapor film ooett1oient 1s higher on a po-

lished surface then on en unpolished surface. 
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VI. SUMMARY 

The purpose of this investigation is to compare actual experi-

mental film ooetfioients for condensing alcohol vapors with the 

theoretical film coefficients obtained by the Nusselt equation. 

A secondary purpose is to correlate the values of the vapor film 

coefficients in a series of alcohols, methyl, ethyl, isopropyl, 

n-butyl, and n-amyl, with their physical properties. 

The apparatus consists principally of a still end a condenser 

with equipment tor measuring the temperatures and rates cf flow 

at various points. An investigation was first made on steam and 

data taken on five runs. Data was then taken on methyl, ethyl, 

isopropyl, n-butyl, end n-amyl alcohols. Three runs were made 

on methyl alcohol and six runs on each of the remaining alcohols, 

making e total or twenty-seven runs. The actual vapor film coef'-

:fioient or these materials were calculated and ooiupered with the 

values obtained by the Nusselt equation. These ooetf'ic1ents were 

plotted against the temperature difference across the vapor film. 

The values of the film ooeftioients were correlated with the posi-

tion or the alcohols in the series and the difference between the 

?iusselt values and the ectue.1 values for coettioients noted. As 

the molecular weight increased in this series of alcohols, the va-

por film ooef'ticient decreased. The vapor film coeftioients tor all 

ot the alcohols ranged from 70 to 80 per cent higher than the 

actual values. 
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smbols ~ 

k - thertr.iftl oonduotivity 

Z - viscosity 

h - tilm ooerticient 

D - diameter ot pipe 

r - re.di us ot pipe 

L - length ot pipe 

T - temperature ditf erence 

g - gra.Yitatione.l constant 

c - specif lo heat 

q - rate of heat flow 

"'°- latent heat 
V - mess velooity 

d - density 
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