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I. INTRCDUCTION

Joule2d probably was the first one to understand clearly thst
the major resistance to heat transfer from & fluid to & sclid sure
face is & film of nesrly stagnant fluld st the interface. Both
he and Lord Kelvin®® reslized that the thickness of the film wes
indeterminant, sinoce in genersl heat flows both by convection and
conduction through the film. MocAdams and Frost.85 elaborated on
the film oonception theory and came tc the conclusion that eech
film and the metal wall hes to be treated separately in celculating
the heat flow,

In the past twenty years many experiments have been performed
measuring the actual metal temperature when steam was condensed
on tubes. In this way the heat transfer coefficients of the con-
densing vapor could be determined. Other experiments have been meade
using orgenic vapors such as diphenyl compounds, benzene, toluens,
and carbon tetrachloride vapors.

In the condensation of vapors the resistances encountered
arofthoae of the water, tube well, snd condensing vapor. JSince
the resistance of the film is the reciprocal of the film coeffi-
olent, 1t can eesily be seen thet the vapor film coefficient is
indispensible in the calculations of heat flow. Since there has
been intensive investigation on the celculation of water film ccef-
ficients and tube wall resistances, only the film coefficients of
the oondensing vapor has to be known in order to calculste the

heat flow., This fact shows the irmportance of determining the film

coefficients of oondensing vapors as is done in this experiment.



The purpose of this investigstion is:

(1) To compare actual experimental film coefficlents cobtained
for alcohol vapors with the theoretical film coefficlents obteined
by the Nusselt equetion.

(2) To correlate the values of the vapor film coeffioients in
a serles of eloochols, methyl, ethyl, isopropyl, n~butyl, and n-
emyl, with their physical properties.



II. REVIEV, CF LITERATUKE

According to Valker, Lewls, and Yohdems 0 heat may flow by
one or mcre of three besic mechanisms: conduection, conveotion, and
rediation. This investigstion deals principally with convection
and oonduction. Convection is the transfer of heet from one point
to éncther within e fluld, gss or liquid, by the mixing of one
poriion of the fluid with another. Conduction is the transfer of
heet from one part of a body to snother pert of the seme body, or
from one body to another in physicel contact with it, without ap-
preciable displacement of the particles of the body. In the condens-
etion of vapors the hest flow is across the vapor film, the tube
, wall, and the water film.

Probably Joulezs wes the first one to understand cleerly the
fact thet the major resistance to heat flow from e fluid to a solid
surface 1s a film of neerly stagnent fluid at the interface. Both
he and Lord Kelvin reelized that the thickness of this film was
indeterminant, since in general heat flows both by convection and
"eonduetion through the film. Kelvin"’!6 suggested the term "hesat
trensfer coefficient" be used for such ceses. The coefficient wes
defined as the smount of heat passing through unit surface in unit
time with unit terperature difference. FPFeclet is also given credit
for having & conception of the water film in 1844.

44 studied the effect of air on the over all

In 1873 Reynolds
coefficient of heat trensfer from steam to water. He concluded
thet there is no limit to the rate at which heet will flow from
pure condensing stesn to metal surface except the power of the

gsurface to cerry away the heat.



From the time of Reynclds until ebout 1910 no significant
experiments were mede. A lerge number of investigetors worked on
the overall coefficient of heat transfer from steem to weter in
condensers and eveporators, but these were largely tests on speci-
fic spperatus.

Since 1910 rether a large number of experiments have been
made meesuring the sctual metal temperature when steem was condensed
on tubes. In this way the heat transfer coefficient of the oon-
densing vepor could be determined.

Webstersz, Clement and Garland,ll McAdsens and Frost,33 Morris

and Whitman?s and othmer*

1 have investigated the condensetion of
steam on the outside of a horizontal tube. McAdams end Frost®®
also reported experiments on benzene and carbon tetrachloride.
Jekob, Erk and Eok?Z& have studied steem ocondensation inside a hori-
zontal tube.

42 and Jaodb and

Jordan,zs Collendsr and Nichalson,g Philipp,
Erk21 have studied steam condensstion on vertical tubes. Badger
and Mcnrad‘ have reported results obteined with diphenyl vapor
oondensing at high temperature differences on a long vertical tube.

othmer, % Merkel,3? Josse,24 Arzcomenian and Alpert,? Kerr,Z27
Rcbinsen,47 Chambers and Eskew,lo and Colburn and Hougenlz have
studled the effect of eir on the condensstion of steem.

The effects of vapor velocity have been studied experimenteally
by several of the above investigators, but no very definite conclu-
sions were reached. The effect of superhest of the vapor hes been
studied by Jascob and Erk®l and shown to have a very small effect

on the transfer of heat.



In 1916 Nusselt®® in en excellent mothematical paper studied
the effects of vapor and liquid properties, shape of the surface,
end the purity and superheat of the vapor on the condensation of
any vapocr on a solld surfece.

The formulas developed for the case of the verticsl tube are
probably accurate for short tubes and low temperature differences,
but are in general inaccurate for industrial operations, owing pro-
bably to the effect of turbulence and possibly to the formation of
drops.

In 1915 Wilsond® employed a valuesble graphical enelysis of the
over-all coefficient of heat transfer which has not recelved the
attention the method deserves. The method was first developed
by Professor C. E. Luckess. An srticle by Moadams, Sherwood and
Turner,3°°‘showa plots of date for & number of ocndensers and feed
hesters employing this same method.

MoAdems and Frost®® in 1922 elaborated on the £ilm conmception
theory and came to the conclusion that easch film end metal wall
has to be treated seperately in celculating the heat flow, instead
of all these factors being treated in one lump as had been done
before this time. Another experiment by MecAda:is and Frost35 in
1923 developed an equetion for heat transfer coefficients from a
metal tube to a liquid inside a pipe. It is:
| H = (22.6 %M%’L)O'e (1)

In 1924 McAdams and Frostss developed enother equation for
the water film coefficient. It is:

H = 5.06 /[ D(1 # 50) 7 [_"(}Z[)O‘8 J(2)
r



Two experiments, one in 1925 and cne in 1927 evaluated oversll
coefficients of materisls of construction and found thelr varlstion
with formation of sceles and oxide films.

In 1928, Yorris and ¥hitman®8 experimented with the basic
equation

hD = @#(Dv)y(CZ) (3)
TS0

For heating, (%%) wes found to be (%?)0057 and spproximetely
the same value wes fcund for cooling. The equstion developed by

these investigations is:

hD
k_ =W (DV) (4)
Z%%)U-SV v Z ‘

Kirkbridge end McCebe®® in 1931 formulated en equation for
the point film coefficient for viscous flow,
D =y (_ kL) (5)

k D2VC
and for the aversge film coefficlent

h =
o nIE %S'av. (e)

In 1932 Sherwood and Petric4® found heat transfer cceffioclents
for verious orgsnle liquids in turbulent flow and found close sgree=-
ment with the Dittus snd Boelterl4 equation for hesting

hD = 0.29(DV)0-8(cyz)0.4 (7)
x Z

¥or cooling (%%)0'5 is used,

MeAdams®l points out thet the film coefficients in case of
condensing vapors are largely determined by the ccnductivity, vis-
cosity, end denslty of the condensate and the leatent heat of con-

densation of the vapor. He also states that the recommended



relation for the condensstion of a pure saturated vapor in the
absence of non-condensable gas, outside the tube of a horizontsl

rnultitubular condenser is given by the equation

h - o 725 (rd3k3§)0 <29 (8)

There have been few experiments pertaining to the condensation
of orgenic vapors. Lkost of these experiments have been with ben-
zene, dowtherim diphenyl compounds and meroury. Rhodes and Younger?6
in 1935, measured the thermel conductences between several conden=-
sing vepors end a horizontal copper tube. In general, the experi-
rmentally determined values agreed satisfactorily with the values
computed from the Nusselt equaticn. In this investigation a seriles
of elcohcls was condensed and the decrease 1n the coefflclient within
this series of alcohcls was calculated.

3

Badger and McCabe“ give the Nusselt equation for condensing

vapors on & horizontel tube as:

b = 0.943 [k%a%gq, 70-25 (9)
TZGT

In 1937, Baker end Mueller® found film coefficients of conden-
sing vepors on horizontal tubes and formulated an empirical equation
for the film coefficient.

Also, in 1937, Bays &nd VoAdens® made a gstudy of heat transfer
/in falling film heaters using streemline flow and formulated numerous
equations for calculsting the vapor heat transfer coefficient.

In 1938 Wallace snd DavidsonS} gave results for veriation of
the film coefficient with velocity of the cooling weter snd with

the composition of the mixed vapor, ethanol and water, Differences



between sctual and apperent film coefficients were demonstrated.
For pure benzene end toluene the ccefficlent deviated but slightly
from the Nusselt value.

During the seme yeer, qulgg, Yeayer, and Huntington43 determined
the effect of tube position for stear condenssticn. They concluded
that st slow flow retes the effect of tube positicn was negligible,
but et the higher Reynclds number the oversll coefficient for the
45° and horizontal tube positions were sbout 25 to 50 per cent
higher, respectively, than the corresponding ones for the vertical
- position.

In 1939, Stroebe, Baker, nnd Badger49 found film heat transfer
coefficients for water, sugar, and "Duponel' solutions, boiling in
g long=-tube vertical evaporator, equipped with & single 20-foot tube
under a wide range of conditiocns. ¥From the data obtained, sn empiri-
cal correlation of the coefficlents wes derived.

Morrison,>88 in 1939, determined heat transfer coefficlents for
condensing organic vapors. The vapors used were methyl, ethyl,
and butyl elcohols and methyl, ethyl, end butyl ascetates. The sctual
vapor film coefficlents were much lower than the vapor film coeffi-
clents calculated by the Nusselt equstion.

Also in 1939, Beker, Kazmsrk, and Stroebe® correlsted steam
film coefficlents for a 2 in, 0.d., 20-foot long vertical tube.
Other date for tubes 8 feet and 12 feet long were slsc correlsted
on the seme basls end were found to deviate from those for the 20-
foot tube. Fitzpatrick, Dsum, and McAdems}® found thet the use of

benzyl merceptan ess a drop-wise~-condensation promotor geve a



substantiel incresse in the steanm side coefficlients for vertical
tubes of edmirslty metal and of copper.

In 1940, MeAdams31 reviewed and summarized the developments
in heat transfer by conduction and convection. Seversl pepers on
the film type condensation of steam on verticel tubes reported film
coefficients ranging from 15 to 50 per cent higher than predicted
from the theoretical equation in the range of viscous flow of con-
densate. Vhen condensing vepors of certsin high bolling organic
substances on vertical tubes, turbulence flow of condensate wes
obtained, and the film cocefficient agreed approximstely with predice-
tions from several sources.

The method used in this investigation of incorporating thermo-
couple junctions into a copper tube was taken from en investigetion
of mixed vapors carried out by Wallace end DevidsonSl. Also the
generel set-up of apparatus in thelr experiment is similer to the

set-up used in this investigetion.
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III. EYPERIMENTAL

A. FPurpose of Study

The purpose of this investigestion is:

1. To compare actusl experimentel film coefficlents obteined
for condensing alcchol vapors with the theoreticel film coefficients
obtained by the Nusselt eguation.

2. To correlste the values of the vapor film coefficlents in a
series of slcechols, methyl, ethyl, isopropyl, n-butyl, and n-anmyl,
with their physical properties.

B. Plan of Investigatiocn

The plan of investigstion will be &3 follows:
1. Supply alecchol vapors.

2. Condense these vapors on the cutside of a verticel copper
tube with cooling water inside the tube.

3. Observe the type of condensstion on tiuls tube.

4., Measure the temperstures of the vapor and cooling water
in and out of the condenser, snd the temperasture of the
tube wall.

5. Messure the rate of flow of the condensate and the cooling
water.

6. Caleulate the film coefficients of these vapors.

7. Correlate these coefficients with the physical properties
of the series cf elcochols.

C. Materials
Methyl Alocohol. The methyl alcochol used in this investigstion

was purchesed from Thinps esnd Byrd Company, Richmond, Virginia.
This sclvent was 99 per cent pure.

Ethyl Alcohol. The ethyl aleohol used was secured from the

‘laboratory and by testing was found to be 90 per cent pure.
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Isopropyl Alcohol. The isopropyl slcohol used in this experi-

ment wes purchased from the Cerbide and Cserbon Chermicals Corporeticn,
Cherleston, VWest Virginla. Their specifications are:

Specific Gravity et 20° C - 0.786

Boiling Range -1.5°¢C

Purity - 99%
No water, weter soluble or non volstile masteriel.

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

wes purchased from the Carbide and Carbon Chemicels Corporation,
Charlesaton, Vest Virginis. Their specifications sre:

Speeific Gravity et 20° ¢ - 0,811

Boiling Renge = 1.859¢C

Purity - 99%
FNo water, water scluble or non voletile materisls.

n-Amyl Alcohcl. The amyl elechol used in this investigation

was purchased from the Sharples Solvents Corporation, Viyandotte,
Michigen. This elcohol was 99 per cent pure.
D. Apperstus

St11l. The still (Plate I) consisted of a 38-inch section
of standerd 10-inch flenged cast iron pipe. Two 1% by 1l6-inch
cast iron flanges served ss the top and bottom of the still. Stan-
derd #-inch copper tubing wes made into 2 heating unit by coiling
it into the shape of & spirel. The tubing was 19-feet long snd
had & wall thickness of 1/32-inch. Stesm lines were connected to
the tubing with standerd connections. The still was well lagged
with ¢ of an inch of asbestos cement completely covering the still.

Heat Exchanger. The heat exchanger (Tlate I) was made by

enclozing, within a 3-foot section of standard 4-inch Pyrex glass
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pipe, and e condensing tube consisting cf & 38-inch section of 18
B.W.G. 7/8-inch copper tube. Six thermo-couples plsced six inches
aepart were made by slotting the tube at right sngles to the axis

of the tube and covering the constenten-copper ccuple with solder
et the Jjunction, the corper pipe serving as one metal of the couple.
The constanten wire was led eround the slot for & quarter of an
inoch snd from the slot into the vapor spasce. The wire in the wvapor
space was enclosed in smell gless tubing to prevent the wires from
neking contect with each other and the copper tube. The heat ex-
changer was lagged with a three foot secticn of Philip Tearey Alr
ell insulation. £ 150-watt bulb plsced in a reflector wes used

to light the exchenger. This bulb was turned on only when obser-
vetions were.being made.

Seoondary Condenser. A Liebig glass condenser wes used to

further coocl the condensate from the heat exchanger. This further
ccoling did not effect the heat balance since the tempersture of
the condensate was teken before it reached this condenser.

Resistance Thermometer. Resistence thermometers were used
for taking all temperatures other than those of the tube wall.
This apparatus (Plaste II) consisted of s Brown Instrument Compeny
9003 indiocator, with a renge of from O° to 300° F, a twelve point
selector switch end a standerdizing panel for the indicstor. An
Eveready Compensated Air Cell battery was used as & source of
current.

Millivoltmeter. The millivoltmeter used wes & type 8657-B

potentiometer indiceator meanufactured by the Leeds and Northrup



Company. £#An Evereedy No. 6 dry cell was used es & source of cur-
rent for the potentiometer circuit. The thermocouple leads were
brought into the instrument ss shown in Plete II.

¥Wiring. The constenten wire used wass No, 28 B.V.G. and wes
purchased from the Centrs)l Scientific Compsny, Chicago, Illinois.
The copper wire used was No. 18 B.V.G. copper bell wire. It wes
purchased locally.

Cold Junotion. A one gallon glass Jer covered with one quer-

ter of an inch of ssbestos cement wa: used for the cold junction.
A resistance thermometer wes irmersed in the ice end weter to
teke the tempersture of the mixture. The therrocouple leads were
{mmersed in the Jjar ss shown in Flate II.

Balances. A set of 0. Haus balances, scourate to within one
gran, sold by the Centrel Scientifioc Company were used in msking
all weighings.

Timer. A Luxor Photographic Timer menufactured by Burke
and Jemes Company, Chicago, Illinois, wes used for timing readings.

Piping. Stenderd pipe, fittings and valves, were used 1n
all cases, Steam and vapor lines were lagged with Thilip Carey
Air Cell insulation and FPhilip Cerey A.S.I. covering wes used
on cold water lines after the temperature of the incoming water
was taken.

E. Methods of Procedure

Starting @ Run. V%hen & run wes mede the following procedure
was followed:

1. Set the desired weter rate.

2. Lower the temperature c¢f the cold junction.
3. Turn on the stesm.



4. Turn on the weter to the secondsry condenser
5. Adjust the steem condensate velve to give s suitable rate.

Vihen the vapors begen to come over, the steam condensate velve
was readjusted to obtein the desired rate of flow of the ccnden-
sate of the materiel being investigeted. It was desired to vary
the condensate rate on the different runs, but to keép this rate
constant during each individuel run. This was done by varying the
steam condensate rate by means of the valve on the stesm conden-
sete outlet.

Recording Data. When the condensate was observed to be flow-
ing étoadily and the vepor in the still was equel in temperature
to the vapor coming into the heat exchanger, the system was sald
to be in equilibrium. The timer was set to zero and a run started.
Readings of all indicating thermometers snd millivoltmeter resdings
were taken at zero and st five minute intervels durilng the length
of the run. The weter rate was kept conastant. The condensate from
the heat exchanger and the steam condensste were welghed over the

entire length of the run.
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FRONT VIEW OF RESISTANCE
THERMOMETER



F. Experimental Data

.19 -

The deta 1s presented 1n sequence with dsta on each materiel

on one page or seotion of pages. The runs sre numbered in the

following order:

n-amyl slcohols.

Steam; methyl, ethyl, isopropyl, n-butyl snd

Thermometer Readings. The resistance thermometers sre glven

& number.

1'
2.
s.
4.
50
6.

7.

Temperature
Temperature
Temperature
Temperature
Temperature
Tenperature
Temperature
Temperature

of
of
of
of
of
of
of
of

The key to these numbers is,

steam to still.

condensate from still.

vapor in top of still.

vapor in top of condenser.
vepor out of condenser.
cooling-weter into condenser.
cooling~weter out of condemnser.
c¢old junoction.

Thermocouple Readings. The thermocouples are numbered 1l to

6 from the top of the tube tc the bottom,



TABLE NO.

Data for steam

1

Resistance thermometers - deg. F
Run ; Steam, 2 : : 5 + 6 7T + 8
no. i press,
Pcﬂoig
1 10 232 226 210 210 6 0 8
2 10 2%0 206 210 210 gh go 62 22
10 231 204 210 210 71 50 57 25
ﬁ 10 231 203 209 209 70 50 22 35
A 10 231 210 210 210 7 50 _ 52
2 15 237 220 210 210 50 35. 3
15 0 211 210 210 'Z 0 2 36
g 1 22 211 210 210 9 0 g 36
1 20 209 210 210 78 50 g 5z
B 15 2ho 213 210 210 92 50 9 3
g 15 240 233 210 210 200 1 88 27
0 15 238 22 210 210 150 31 81 ?J
11 15 0 210 210 2 51 8 g
12 15 240 222 210 210 igz 51 g
¢ 15 240 226 210 210 6 51 37
1 15 238 235 210 210 162 52 9% %
15 0 21 210 210 158 51 5 53
1 15 20 22 210 210 1 52 8T 39
1 15 241 207 210 210 10 51 70 39
D 15 240 221 210 210 156 51 77 39




TARLE 0. &

pata for steam (continued)

: : : : Thera0eouples = mMeVe
Run: Time : Steam 1 Conde : 1 : 2 ¢ 3 : 4 + 5
i0e: min.: rate : 180te

: :1{3,"!}11»,:1'3./112‘»:
1 0 L.01 4.0l 3.62 3.80 W12 a.gg
2 10 3,11 3,20 2.91 2.40 .10 0O,
E 20 2,08 1492 0,98 0,70 0.60 0.60
30 2.10 2.01 1.0 0.70 0.66 0O, g
A - 20,7 6.0 2.83 2.7 2. 1,90 137 1.0
2 ) L.20 .1 .82  L.00 . 2. 3
10 4.10 .10 .78  L.00 3,60 3.
g 20 3.95 L.05 3.70 3.82 3,00 1.90
30 [00 3.:90 35.30 5.10 1.90 0.2
B - 32.8 16.3 L.06 06 3,68 3,73 3.63 2.
9 0 }4050 1‘012 .82 . apag 1.20
10 10 L.28 L.20 .0 20 3, 3.70
11 20 L.28 L.21 4.0 L.ly 3.66 2.80
12 30 *.gg ;400 5.30 3.40  1.90. 1.00
c = 26.2 15,3  L[.18  L.13 pbe 7 2 2
1 0 L8  LJ40 .18 «30 h.og 3.90
10 2.08 a.aﬁ 1.20 0.90 0.8 e.z
12 20 Lei8 L3 L1 L.22 3.80 2.
1 30 3465  3.61 3.1 2.70 1.20 0.80
D - 1902 11.8 5067 5.61 3.16 3003 29)48 2.01




. TABLE 40.3

Date for methyl alcohol

) e Resistance thermoneters = deg. F
" Kun:Stesm : 1 ¢ 2 :+ 3 s+ Lk + 8% :+ 6 7 8
0. :Dress
:J}g.s.i.z
1 1. 211 137 1 1 142 53.0 T0.0 34
W% 22 Wb us ug  up 2 foks 4
19 1.5 212 12 8 W8 7 58.5  70.0 3L
1.5 212 12 18 U8 1&2 58.0 70.0 3
E 1'8 212 140 1,8 18 1 58.6 70.0 34
21 1. 211 140 U8 18 U3 5845 8.0 34
22 1.0 210 138 18 8 110 58.0 6813 ‘
2 1.0 210 138 U7 U7 2 8.0 68,
1.0 . 210 138 U7 7 6 58.0 ég.s 3L
F 1.0 210 1;2 1,8 18 108 58.0 63.0 3l
22 0.75 210 1 7 U7 82  58.0 63.5 34
2 0475 210 13 U7 a7 18 8.0 63.0 3
23 0.75 210 13 7 U7 13 8.0 5.0 34
2 0.75 210 13} 7 7 7 8.0 62.3 2
G 0.75 210 1%5 U7 U7 8.0 63,
$ 5% 0 odwe wb uh W Bl Be %
% 2.0 21y 1 148 148 13} 60.0 ?1.a 26
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TABLE HO. 4

Deta for methyl alecohol (continued)

Time: 3teapm Cond. '
©nine:; rste : rate 3
*

¢+1bs./hr,: lbs./hr.

T HeIMOCOUPLIEE = MeVa

1 ¢+ 2 3 + 4 + 5.4 6

.
»
2
=

0 2.50 2'68 2.35 2.55 2.08 1.92
5 2.50 ?.Qé 2.5 2.52 2,10 lige
10 2.50 2.60 2.32 2.52 2.10 1.98
15 » 2.50 2.68 2.52 2.52 2.0 1.97
- 1507 1700 2.30 d.éh 2!36 2.23 2099 1.
0~ ] éq Z 2.25 2022 ’20 2 1.81 1‘ 0 )
; ci.h g. 0 2.50 ‘201‘{8 1020 10 2
0 201}8 c‘..60 242 2.1{5 loi(;g 1032
1y 2.0 2,56 2.2 2.35 1.6 1.
S S A o T S v B o 3
. . 0 . ° .
5 1.?3 2.02 1.6 1.28 0.95 a.zg
10 1.33 1.95 1.58 1.68 O.gg 0.60
15 .80 1.5 158 158 1. 0-37
- L9 5.2 1,78 2.00  1.59  1.66  0.99 0.6
5 2.05 2,72  2.40 2. 2.20 1.%%
- - - 2.60 2.71 2.35 2,60 2.15 1.

-



TABLE H0.5

Data for ethyl aleohol

s T He8l8lapnce thermMometers - deg. ¥
Rung Stesm : 1 : 2 ¢ 3 R : : 6 0+ 7T 1 8 s
NO+: Press.:

t DeSeles

1 1. 20 1 172 172 80 6.0 60.0
%a 1.% ‘ 21% 12% 1%& 17 78 gé.e 60.5 ??
3 1.5 210 180 174 17 76 56.3 61.5 33
1.5 210 160 174 174 4 sz. 61.5 33
I 1.5 210 160 %;h 132 Y 56.5 61.0 gg
32 2.0 210 162 74 17 72 55.9 70,0
2.0 210 16 17 175 9 5840 T1.5 34
2.0 212 149 17 17 152 58.0 T2.0 3L

- 2.0 212 169 176 176 1 58.0 T72.5 3

J 2.0 211 ° 167 175 1 2 58.0 72.0 34
9 2.5 212 170 175 176 170 53.0 T2.5 3
0 2.5 212 170 176 176 174 53.0 T73.5 %)

41 = 2.5 213 176 176 176 174 58.0 ; L0 3l

ha = 2.5 2 178 176 176 7k 5&.5 L.0 3

ﬁ | 2.% 213 17l 176 176 172 53.0 73.5 34

24 211 17h 177 176 15 55.3 3.0 34

- 2.0 211 17 8 1718 178 58. 7%2.5 34
uz 2.0 211 1 178 178 129 57«5 T3+5 34
ke 2.0 211 1o 178 178 163 57.0 4.0 34
L 2.0 211 17 178 178 1 5745 23.5 3l
ug 1.5 210 17 17h 174 108 505 0
L 1.5 210 170 7Y 17l 99 56.3 69.0 3l
L9 1.5 210 1 174 174 100 57. 69.5 34
50 1.5 210 168 174 174 102 57.0  69.5 3l
M 1.5 210 170 174 174 102 57.0 §£9.0 3}
51 1.25 209 1 174 7L 102 57.0 gg.g 5ﬁ
52 1.25 209 162 174 174 gh 57.0 . 3
g nE % i iy M & 48 &8s o
N 1.25 209 162 174 7l 91 57.0 65,3 3l
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TABLE HO. 6

pata for ethyl slcohol (continued)

: : Thermocouples « f.Ve
Run: Time; Steam : Cond. 3 1 2 : 5 6
No.: min: rate : rate :
: :lbﬂm-:lhtfhr/z

1 0 1.40 1,50 1.22 1.20 0,76  0.38
22 i logs 1020 1430 loho k ﬁ:é? 0.2 5
3 0 1.65 1.80 1,45 1.4  0.85 0.0

15 1.70 190 1,50 1.50 0.85 0.38

1 - 6.1 5.0  1.55 1.70 1.3 1.%3 0.80 0,38
32 ) 2.90 3.10 2.68 2. 2.10 1.
3 ? 3.00 3.1 2.72 2.92 2.2 1.9
55 0 3.08 3.2 2.00 3.00 2.l 1.92
3 15 501 3028 2:8 30 - 201‘8 2.0
J - 1l.2 16.7 5 3420 2.7 2e 2.31 1.8
39 0 3.15 3,29 3.00 3.02 2,50 2.10

o g 3.%2 3.30 2,90 3.05 2.8 2.0%
L1 0 3 5.22 3,00 3,20 2. % 2410
L2 15 3.22 3,30 3,08 3,12 2, 2.1
X 19.5 17.2 3.21  3.28 3,00 3,10 2,60 2.1
hz 0 3.22 3.28 3.02 3,08 2.60 2.10
I g 3.20 3.32 3.0 2,29 2.58 2.10
ug 0 . 325 3. 3,10 3,20 2.68 2.12
4 15 3.22 3.32 3.08 3,18 2.62 2.10
L - 12.7 1706 3-22 5:53 5.{35 5;00 2*62 2.11
i o DR SR 2R in
s 2 R M g e in IR
50 15 , ' 2 Ae 2.65 2,90 2.10 1.20
M - 8.7 12,2 2.96 3,13 2.68 2.90 2.1} 1.2
51 0 1& 5 1.92 ltza l'?ﬁ 1110 005
52 ; 1.8 2.08 1. 1.55 1.02 0.5
5 o 1.81 1.95 1,60 1,60 1.eg 0.
5 15 1.g§ 1.95 1,50 1.6 0. 0.
N - 4.8 5.6 1.81 1.99  1.57 1.63 Ol 0.5}




CABLE HO. T

Data for propyl alechol

T 3 T Resistance thermometers = 4eg. F
Run: Steam : 1 : 2 ¢ 3 =+ Lk ¢+ 6 + 6 s T
NOe: press : |

116

t Pe8elet _

2. 212 1 178 176 172 8.0 1.0 2

g 2.5 212 17. 1;8 1;8 1;7 ?5.0 Z .0 ié

E 2. 212 176 176 178 1 52.0 67.0 32

5 2.5 21 210 178 178 1 56.0 T70.0 32
0 2.5 213 ,_;ag‘ 178 178 122 5645, _23.2 .32

- 2. 212 178 178 178 176 = 56.0° (9,0° 32

61 2.5 212 17 178 178 177 56.0 gg. 32

62 2.5 212 21 178 170 1 56.0 0 32

E z.g 212 185 1786 178 173 56.0 68, 2

2. 210 17 1 177 5% 56.0 68.0 32

2.0 210 17 8 173 176 56.0 68'3 32

6 2.0 210 172 178 17 177 56.0 69. 32

6 2.0 210 20 178 178 1 56.0 ég.o 32

% 240 210 182 178 178 170  56.0 0 32

63 2.0 210 209 178 1 2 56.0 63.0 32

2.0 210 2 178 1 118 56.0 60,0 32

69 2.0 210 209 178 177 106 56.0 9.0 32

T0 2.0 210 209 178 177 100 56.0 T.0 32

R 2.0 210 209 178 172 11 56.0 0.0 32

71 2.0 210 170 178 176 10 58.0 68.5 32

72 2.0 210 170 178 178 130 58.0 70.3 z2

2.0 211 173 178 178 160 59.0 T2, 32

2.0 210 202 178 178 168 58.0 7T0.0 32

8 2.0 230 17 178 178 10 58.0 0.0 32

72 1.5 210 20 178 178 13  58.0 1.0 '

1.5 210 2 178 178 11 58.0 60.0 32

1 12 @ % weooms 1 23'? §°’3 5§

T 1.% agg 207 1%8 1;8 58,0 é%.5 32
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TABLE ¥0. 8

pata for propyl slcohol (contlinued)

Theriocoupies = MeVe

: b

: :
s Coad.

rate 3 rate

Run: ¢ime :

3

6

H

: 5

2 : 3

H

i

Steam
:1b./Areslb. /hr.:

HOe: zin.:

s & g 9 » 2 » 2 ® * » . . s
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TABLE Q. 9

Data for butyl alechol

Keslistance thermometera - de

Run; Steeam : 1 : 2 ¢ 3 : L4 ¢+ 5 : 6 ¢ T 1
Ho.: press:
H ?oltio&
20 250 2 208 112 0 68.0
gg 20 2552 ‘é’%? 32115 215 mlg g%.a 68.0
81 20 252 251 225 220 10 57.0 66.0
82 20 256 252 230 228 108 57-5 68.5
] 20 2 252 222 218 108 57.0 6&.5
8 2} 2 253 252 232 112 57.5 66.0
2l 268 257 2%6 23 111 5 g 68.0
8 24 258 25 238 23 116 . 63.0
8 2l 256 25 239 2% 116  57.5 62.5
v 257 25 23 236 ug 57..3 6be
gg 2 2 g 25} 22 2 18 e 72.3
2 2 222 22 221 200 57.0 73.
89 26 262 2 228 226 196 57.0 .
90 26 266 262 23l 252 202 7.0 64.0
w 26 261 260 2222 22 19 55.0 Zc.s
1 18 248 247 210 7 58.0 1.0
2 18 248 21;5 226 2 8 58.0 60.8
93 18 249 2l 228 21 0  53.0 60,
18 249 8 230 220 81 53,0 20_.9
5 R OB OE OB L o8s 83
32 20 25 251 234 230 8 : .0 .g
93 20 2 250 2 232 57.0 60.5
9 20 2 251 237 255 9 57«5 50.5
X 20 2 251 2 g 230 ?} 57.5 1.0
99 2 2 259 239 1 657.0 68.0
100 2 262 1 2L 0 1,;_3 57.5 67.0
100 25 261 260 2y 240 1 57 .0
102 25 260 259 2 250 112 §7. 5
Z 25 261 250 241 240 116 575 .




TABLE NO. 10

Data for butyl slcohol (continued)

3 : : : Theri0coupies = MeVe
Run: Time : Steam : Cond. rete: 1 : 2 t 3 : : 9 : 6
Ho.: min.: rate : lb./hr.
-3 !1bo/hro:

39 0 2.70 3.00 2.20 z.zo 1.68 1.02

e - g 2-70 . 2090 . 2400 2.60 o 1.50 1.00
81 0 2.50 2.68 2,02 2‘22 1.f5 0,90
82 15 2. 5060 2.00 2.‘ 0 lc 0 0-90
U - .7 13.6 2.68 2.90 2.06 2.56 1.38 .0.35
gz 0 2.40 2,65 1.95 2.30 1.35 0.
8 0 2,60 2.95 2.08 2.4 1.0 .0,
8 15 l.22 1,25 0,92 1,28 0,83 0.60
v -- 12,0 1.6 2.18 2.1 1.74 2.11 1.27 0.8
gg o 3.40 3,60 2.7 3.40 2.0 1.9

g 342 3,62 2.7 5.?2 2.42 1.9

89 0 3.35 372 2.;5 3. 2.0  1.90
90 15 .o 1.55 1.20 1'58 1.02 .0.68
W - 20.2 28.6 2. 3.12 2.3 2.5 2,06 1.6
91 0 1.30  1l.50 1,2 1.30 c.za 0.5
92 5 1.8 1.0  1.12 1,20 0.65 a.zg
9 10 1.10 1.25 1.10 1,10 0.60 0.
9 15 1.0 1.15 0.98 1.08 0.2 0.60
X .- 11.4 i o5 1.1 1e33  1.12 1,17 O, ? 0.58
9 0 1.20 1.56 1.20 1.0 0.73 070
9 5 1.40 1.58 1.25 1050 0. 0a75
9& 1o 1.28 1.50 1,20 1.50 Q.80 0,70
9 15 1.32 1.5 1. 1.8 0.80 0.70
Y - 11.4 Te2 1633  1.55 1.2 1.47 0.78 70.11
29 0 C 3,00 3,0 2.3 2,90 1.50 1.10

00 2.35 2.80 1. 5 2.&]3 lpls 0080
101 10 1.90 2.10 1.5 1. 1.05 O.ZS
102 15 1.15 1,32 1.10 1.38 0.90 o,
Z - ]2.0 l}oh 2010 2- 1 1.7}4 2-16 1015 008
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CADLIE §0. 11

Data for anyl eleoonol

S ' Hegistance tneraome:iers = Gege Fe
Run: Steam : -1 :.-2 : 3 ¢ . 4 5 ¢« 6 ¢ 7T : 8
H0oe: preass : .

: PeBel.:

10 0 - 290 270 2 25 17 6.0 .0
WoB B H M W M ows 7 o
102 50 291 2 258 :25@ 246 5.0 0 03
10 50 292 290 258 2% 206 z,o 0 3
a 0 293 30 2r5 254 21 56.0 72.0 3
103 0 zgg 281 252 250 1 58.0 73.0
10¢ 4o 282 278 25y 25 2 55.0 T2.0 3l
109 Lo 282 274 256 . 25 202 5 0.0 3}
110 Lo a8k 270 256 . 25 178 5h.g g.o
b L0 282 276 255 2 g BT 55 Za.a
111 50 229 269 250 180 56.0 0 3
112 30 266 265 250 250 0 6.0 61.0 3}
113 30 268 267 253 252 120 6.0 60.0 3
¢ 30 268 . 257 gal ,gzo 150 gg.o 61.0 3L
11 32 271 270 g B 1 S T .0 8.0 3%
11 32 271 270 25 250 100 56,0 0.0 32
11 32 271 270 251 . 250 104 56.0 61.5 32
117 32 271 270 252 251 110 6.0 62.0 32
a 32 271 270 250 . 250 10 5.0 60.3 32
118 3l 27Z 2712 252 252 .1 56.0 6%. 32
119 34 27 273 25, 253 12 56.0 66.0 32
120 3], . 273 C272 25) 2§E 12 55.5 64.0 32
121 3l 27 273 25 25 123 22.5 63.0 32
e 3l 27 273 2 253 122 .0 B 32
122 27 27 21? 2 255 120 55.5 2&-5 22
§§3 Y ¢ 278 27 256 25 %gg gﬁ-ﬁ G.0 32
Y 276 27 a5T 25 5.5 65.5 32
125 31 vy 27 257 256 120 55.5 éo.g 32
£ 37 , 276 257 256 123 55.5  63. 32




.

TADLY H0. 12

Date for smyl alcohol (econtinued)

Run': : : : THETI0COUPLES = BaVe
NOe.: Time : Steam : Cond. : 1 : 2 : 3 + L4 : % 1 6 1
s wnin.: rete : rete

s 11b. /hr. :1b. /hre:

0 0 .20 - De "Q 2;
00 150 1B i il Ak
13% ?e he22 L60  3.30 g.ho 2.70
1 15 , 2,30 2.70 1.90 éo 1430
a -~ 22%.1 5208 ?. 6 holl 2&99 ? 9

1 0 L}-G : 2.1070 5.50 4058 ?i
10 ? Le10 50  3.30 L.

109 ig 4.10 L.20 3.20 L.10 2.0

UNN

Q

B

‘aaaoaoooe?rwwmmommn
O OO
AN O

110 60 L.00  2.80 60 1.
111 0 1s90 2.20 1.60 2.20 1.10 cgg
112 5 1.5 1.90 170 1.95 110 O,
113 10 1.20 l‘%g 1.10 1.40 quﬂ oag
e - 8'8 10;& ie 5 1. 1&187 1»7 le 5 »
1, o 1. 1.22  1.00 130 0.0 0.70
11 5 1. 1.85 1.30 1,60 1.02 .gg
11 10 2. 2.1 1.60 1.95 1.05 .
117 15 1.75  1.80 1.25 170 1.00 0.7
a - 11.0 109 1. 1776 1.2 1. 0.99 0,
118 0 2. 3.5 2,20 273 150 1.
19 3 2. 3.20 2.2 2. 1.50 1.1
120 0 2.50 2.70 1. 2.03 1. O.gg
121 15 2.08 2.20 1. Z 2 1.10 0.
¢ - 11.2 13.5 2.5T 2.81 1.96 2.48 1.36 0.96
1,22 0 ] 30 0 5:35 2’30 2*9{) 1060 ll g
2 g , 2.0 2.?8 I.ZZ 22 1.30 0.

' o 0 2;22 2.@ ;-o 5 2- 1'29 eq
125 15 : 1.62 1.72 125 1.60 0.98 0.7
£ - 10,3 15.5  2.31 2. 195 2.23  1.27 0,90




Experimental Results

The results are presented in sequence. The csloulsted re-
sults and graphicsl deta for each material are found in the same
group of pages. The runs are numbered in the same order es found
in the daté. |

Curve I is e plot of the vapor film ccefficient of stesm against
the temperature drop across the stesm film. Both actuel snd the~
oretical (Nusselt) valves of the steam film coefficient are plotted
on this surve. Curves II, III, IV, V, end VI contain this same

plot for methyl, ethyl, isopropyl, n-butyl, end n-smyl aleohols.



TABLE HO. 1

Caleunlated results for stesm

Run Reynolds Prandtl hw U hv hv t B2 1030
¥o. no. no. sctual Nusselt z
1 110 .01 18,0 281 1000 26 127.0
2 §580 gzz 1%3 % 3 00 9 30,
3380 8.78 1788 62 2 05 126 12.0
B 320 8.96 1§9 L} 3 600 122 16.4
A 80 8.22 1800 1% 10, 670 88 25,
' 10 6.50 1880 3 gg 1230 11 290.
2 L2Lo 6.79 1860 291 6 0 10 29940
Lh10 6.50 1880 552 31 890 35 79
% L190 6.80 1840 33 38 800 52 51.9
B~ La70 6.72 1855 331 2 930 25 122.0
L240 . 18 159 122 $00 32 83.0
gc Loz20 7.'? 1830 35 118 2300 1 52&043
11 4110 7.0 180 6 112 1230 90.0
12 900 7.45 1810 101 76 800 l 519
c 060 2.13 1830 128 97 1000 22 1263.0
1 Ll10 +50 1880 198 157 1790 3  1060.0
lg Lo 8. 1815 305 2 05 119 17.0
A O B B
1 0 . .
D ggﬂo ; 45 1810 130 98 00 hz 51.9




TABLE ¥0. 2

Caloulated results for methyl alcohol

: :

: : 3 :
Run Reynolds FPrandtl hw U hv hv -

-

No.  DnO. no. actual  Nusselt
1 00 . 1810 8 6 0
d#8% B Be ¥ 8
19 3900 7.45 1810 80 22 310
0 390C 745 1810 8l 3L0
E 5%00 745 1810 81 60 250
21 31330 7.60 1810 67 9 290
22 3830 7.60 1810 95 1 310
2 3830 T+60 1810 109 82 300
3830 7.60 1810 112 8 290
P 3830 7.60 1810 91 2 290
25 . 37,0 ~7.82 1820 67 2 250
2 37ho T.82 1820 65 48 230
g 321;0 7.82 1820 23 1 225
3690 7.82 1820 6 220
G 740 7.82 1820 6 23 230
3 fa0  v33 1% 8 4 38
A L 020 712% 18350 8 65 560
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TABLE NO. 3

Calculated results for ethyl alcchol

-
.

: :
Reynolds Prandtl

:

Run hw U hv hy t K -
G no. noce actual Nusselt Nzt x10 6

1 80 8.22 1800 1 2 150 0 1
?2 ?5 0 8.22 1800 ﬁ 121 38 2?3
33 3640 8.08 1810 5 0 15% 8L 711
3 3640 - 8,08 1810 38 15 82 789
I 3640 8.08 1810 L9 35 15g 86 769
3 3900 Tl 1810 143 110 20 31 2030

3980 T2 1805 121 91 225 26 32
3 3980 T+29 1805 8 63 230 23 0
3 3980 7.29 1805 8 60 0 20 021
J 3980 T+29 180 8 73 30 2l 3320
g 3980 7 +29 180 0 22 2 g 20 3860
0 020 T.2% 183 8l 19 021
L ;020 Te23 1830 87 62 250 e 4950
L2 Lo20 Te23 1830 0 6 255 15 - 5350
K Lo20 7.23 1830 83 63 250 ig 950
uz Lo20 723 1830 63 [i8 hggo
i }y020 Te23 1830 79 2,0 19 Lo21
uz 020 T+23 1830 90 6 250 16 L9950
N Lo20 723 1830 96 71 8 18 4790
L Lo20 7.23 18%0 gl 6 248 18 790
hg 3830 7+60 1810 2 6 208 3l 2370
i 3830 760 1810 10 79 210 30 0
Lo 3830 7 .60 1810 106 79 210 30 2460
50 3830 7.60 1810 103 7 210 32 2460
M 3830 7.60 1810 9 210 31 2460
51 3710 %.82 1820 9 16l 76 916
52 3690 +95 1820 L3 31 16l 76 333
5 36 E.%g 1820 47 3l 160 78
gé 0 . 1810 gs 160 78 829

N 690 T+95 1820 5 9 162 905
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TABLE NO. }

Calculated results for propyl aleohol

H H

: H . H H :
Run Reynolds Prendtl hw U hv hv
No+ no. noe actusl Nusselt

55 3980 7.29 1805 73 53 161
56 3830 7.60 1810 66 L8 150
5g 55 0 7.82 1820 61 L4 150
5 38330 7.60 1810 1 2 129
0 5833 7.60 1%10 6 8 150
.70 181 2 151
Zg ?550 ;.Zo 1813 6 Bg 150
61 5830 7+60 1810 65 48 129
62 35 0 T7.70 1815 60 Lk 140
P 3830 T7.60 1810 62 L5 7
6 5180 7+70 1815 ZG 1 149
5380 T.70 1815 6 149

62 3830 T.60 1810 6 48 1
6 3740 7.82 1820 53 38 1 E
2 3780 T7.70 1815 69 50 4
63 3690 g.gg 1820 )2 30 119
3580 . 1800 27 19 112
%g gsag %.ga %ggc 2@ 16 110
R , 53 0 8.22. ’,1803 2 1 1??
T1 3830 7.60 1810 8 150
72 E X 745 1810 sﬁ 61 153
7 1020 Te23 1830 Z 54 155
T 3900 4i5 1810 9 51 139
3 3900 '22 1810 7 32 150
7 5580 . 1800 3 ) 112
7 Soy0 8.08 1810 1} 10 111
73 3640 8.08 1810 13 10 111
1T 0 8.08 1810 5 108
T 640 8.08 1810 21 15 111
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TABLE NO0. §5

Calculated results for Butyl alcohol

: H : :
Run Reynolds Prendtl hw U hv hv t K> agx
No. no, no. sctual Husselt H 2 1 1
80 7.70 181 0 1 118 8 16
gg 2%&0 ;;.;o 181% 35 55 113 gg 536
81 5&80 '7'23 1815 5g 1 110 100 18
82 3 go Te 1810 6 o 11 103 22
U 3780 .7.&0 1815 67 2 1 92 1
8 57%0 783 1820 0 109 11 1
0 ?.zg 1815 1 4 111 113 192
82 3830 7. 1810 56 41 111 112 1
8 3690 795 1820 33 2, 91 158 Z
\j 3780 : 7.;0 1815 1 g 108 12 rz-
gg 3980 T+29 1805 6 15 2 Z 0
5980 T.29 1805 3 L 151 59
89 3980 T+29 1805 1 g 150 63 1
90 2740 7.82 1820 26 1 9 182 112
w 5209 745 1810 25 Lo 13 361
91 3690 ,3.93 1820 9 21 92 127 1
92  36Lo B 1810 22 16 91 1 ; :
93 '36Lio 8,08 1810 17 12 91 - 87
. 646 - - 8.08 1810 %Z 12 91 146 ﬁ
X 2640 8.08 1810 16 91 138
2 3690 T+95 1820 28 20 93 1 g
3690 (3.93 1820 2 21 91
97 3650 -0 1810 2 1 93 47 95
9 3640 8.08 1810 1 13 95 1, 10
Y 3630 8.08 1810 2 20 92 1 103
99 3780 T-70 1815 63 L6 12 101 5%%6
100 3780 T+70 1815 0 36 110 122 186
101 3740 ;g. 1820 1 29 102 133 137
102 3640 .08 1810 1 10 92 15 1
Z 3740 7.82 1820 41 30 109 130 1
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TASBLE NO. 6

Calculated results for amyl alcohol

|

: H H
Run  Reynolds Prandtl hw U hv w0t K32 -
HOe noce. no. actual Husselt N Z 10
10 3980 729 1805 0 1 130 27 361
10, 3980 729 1805 2 5 128 L 340
105 3980 729 1805 59 hg 125 69 502 _
106 3780 7470 1815 33 2 8 0 76
a 500 T-45 1810 3 8 112 | 199
10 020 723 1830 g 7 130 29 361
108 3900 7.%2 1810 he 121 9 271
10 3740 782 1820 3 L6 113 8 206
! 5gye 7.82 1820 5 o 109 95 179
b 3830 g.éa 1810 0 L3 117 5 237
111 %640 .08 1810 23 16 82 2 57
112 36L0 8.08 1810 23 16 81 150 5
113 3580 8.22 1800 20 1 57 170 5
e 0 8.08 1810 21 13 0 153 22
114 530 8.35 180 12 77 1 Z 2
11 3580 8.22 1800 23 17 80 -1 5
11 350 8.08 1810 31 22 81 (6 55
117 0 8.08 1810 32 2 81 156 55
a 2 0 8.22 1800 26 1 81 156 5
118 35690 7.32 1820 443 31 91 120 7
119 3740 T 1820 0 36 1 120 87
120 3690 g.gg 1820 1 2 9 133 9
121 3640 .0 1810 7 2 83 9 0
2 G0 1 10 12 B % 18 %
2o o BB BB W 7
5640 0 1810 39 2 8 6 6
125 3580 8.22 1800 25 18 8 163 22
£ 38)0 8.08 1810 37 26 85 142
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Iv. DISCUSSION

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

- same nature as this investigation using methyl, ethyl and n-butyl
aleoohols. As shown in his results of the investigetion the vapor
film coefficient celculeted by the Nusselt equetion was in ell
cases over 75 per cent higher than the sctual vepor film coeffi-
cient. This compares favorably with the results of this experi-
ment in which the film coefficlents calculated by the Nusselt equa-
tion for methyl, ethyl, isopropyl, n-butyl and n-amyl alcohols
renge from 70 to 80 per cent higher then the actuasl vapor film
coefficlient.

In the experiment performed by Henderson the ectual coeffi-
cients of the slecohols plotted against the tempersture difference
scross the vepor film gave a curve with almost the identical shape
of the seme values of temperature difference plotted against the
velues of the film coefficient calculated from the Kusselt equation.
In this experiment, ss cen be seen from curves II, III, IV, V,
and VI, the curves are not of the same shape, but, instead the
curve obtained by using results calculasted by the Nusselt equa-
tion hes & concasve shepe while the ourve obtained by using the
sctusl vepor film coefficient and the ssme tempereture difference
scross the vapor film has s convex shepe. From these curves it
can be seen that the Nusselt vapgr film coefficient decreases
fagster then the sctuasl vepor film coefflcient aé the temperature
difference sorocss the vapor film incresses. Since the curves do

not have & similar shape, a constant cen not be incorporated in
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the Nusselt equation to shift the thecretical curve down so thet
it would fell on the esctusl curve.

The points plotted for the curves were scattered considersbly.
This is probebly due to varistion in the rate of condensaticn of
the vepor on the copper tube. When the rate is fairly slow, sir
is given a better chance tc ccme in contact with the tube, thus
ceusing & verietion in the tempereture'of the tube and vapor.
Sinee the feed did not have a constant head, the vepor velceity
and rate of condensation of the vapor changes, thus csusing a
change in the vepor film coefficlient. Another cause for the scat-
tered points could be unknown defects in the apparatus.

A possible explanation as to why the vapor film coefficlent
decreeses s8 the temperature difference across the vapor film
inoreesses is that due to a high tempersture difference the vapor
velocity 1s lower giving alr a chance tc make better contact with
the tube wall thus decreasing the temperature and, of course, the
vapor film coefficlient.

It can easily be seen from tﬁis investigstion that the vapor
film is the ocontroling faoctor in every cese.

Recommendations. If further work is to be done on this subject,

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

from the condenser to the still in order tc obtein a constant head
for the feed and also give continuous operaticn. Second, have a
larger secondary condenser to tske cere of the condensate at higher
vapor velocities. Third, use rates of flow for cooling weter which
will carry from the viscous region through the criticel region

end intc the turbulent region in order to investigate the effect

of the type of flow on heat transfer.



Limitations. In this investigation it wasn't possible to obtain
high encugh vepor velocity. At a high velocity the materiel wes
veporized before the run could be completed. This was &lso un=-
favorable because of the merked chenge in head of feed. Due to
the fact that there was no reflux line from the condenser to the
still, it wesn't possible to meke our runs ;or 8 longer perilod

’of time. These fsctore have s direct effect on the fesults
obteined.



V. CONCLUSICNS

The conclusions which mey be drewn from this investigation
are:

1. The type c¢f condensation of methyl, ethyl, isopropyl,
n-butyl, end n-asmyl elcohel is filmwise condensation.

2, The vapor film ccefficlents of these alcohols ei ordinary
temperature differences across the vapor film et stmospherio pres-
sure are:

| (a) methyl - 60 eaveregeAT - 22
(b) ethyl - 50 averegeAT - 70
(¢) isopropyl - 30 aversgeAT - 80
(d) n-butyl - 25 aversgeaT - 135
(e) n-amyl - 20 averageAT - 152

3. The vapor film ccocefficient of these alcohols decrease as
the temperature difference across the vapor film increeses.

4, The vepor film coefficient of the elcohcls studled csl-
culated by the Nusselt equatiocn give values greater than the actual
vapor film coefficient.

5. The vapor film coefficlents of these sloohols at ordinary
tempersture difference across the vepor film at etmospheric pres-

sure as oalculeted by the Nusselt equation are:

(e) methyl - 288 averegeAT - 22
(b) ethyl - 166 averzgeAT - 70

(o) isopropyl 119 aversgeAT - 80
(d) n-butyl - 97.5 aversge AT - 135
(e) n-amyl - 81 averasge 4T - 152

6. As the moleculer weight increeses in & series of alocohols,
the vapor film coefficient decresases,

7. For a given vslue of a vapor fllm adefficient, e grester
temperature difference across the vepor film is requlired as the

molecular weight of the alechols increese.
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8. For a given tempersture difference across the vapor film,
the lower the elcohol is in s series the greater the difference
between the actual film coefficient and the value caslculated by

the Nussgelt equation.
9. For steem, the vepor film coefficient is higher on & po-

lished surface than on sn unpoclished surfsace.
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VI. SUMMARY

The purpose of this investigetion 1s to compare actuel experi-
mentel film coefficlents for condensing slecchol vepors with the
theoretical film coefficients obtained by the Nusselt equation.

A secoﬁdary purpose 1s tc correlate the values of the vapor film
coefficients In a series of alcohols, methyl, ethyl, isopropyl,
n-butyl, and n-amyl, with thelr physiocsl properties.

The apparatus consists principslly of a still end a condenser
with equipment for meesuring the temperstures and rates cf flow
at verious points. An investigation wes first made on stean and
data taken on five runs. Dsta was then taken on methyl, ethyl,
isopropyl, n-butyl, and n-amyl alcohols. Three runs were made
on methyl alcohol and six runs on esch of the remaining alcohols,
rreking e total of twenty-seven runs. The asctual vapor film coef-
ficient of these materisls were caloculated and compered with the
velues obtalned by the Nusselt equation. These coefficlents were
plotted egalnst the temperature difference scross the vapor film.
The velues of the film coefficients were correlasted with the posi-
tion of the slocohols in the series and the difference between the
Nusselt values and the sctuel velues for coefficlents noted. As
the molecular weight incressed in this series of alocochols, the va-
por film coefficient decreased. The vapor film ccefficients for all
of the alcohols ranged fron 70 to 80 per cent higher then the

actuel values.
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Symbols Used

LR - S N
'

Q ;M 3 o
L

thermal conductivity
viscosity

£ilm coefficient
dismeter of pipe
radius of pipe

length of pipe
tempereture difference
gravitetional constent
specific heat

rate of heat flow
letent heat

mass veloolty

density
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