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ABSTRACT

Several experimental methods have been developed for the detersinge
tion of the rate of heat tranafer between a pure cordiensing organie vepor
snd 8 oold surfece. The experimertal results of the carliest method, the
so-aalled "enbedded themwoacuple® approash, have not been in gobd sgreee
nek ﬁ@h heat transfer values predlcted by the theoreticsl Husaell equa~
tion, nor has good agreament been found msong the incividual data, The
altermate mothod wes an indireet aporoach daveluped by Wilson and was
based on the effect of cooling water veloeity. wilson's method provided
velues in elose agrewtent with the velues predictod by the Huszell equa~
tion but wes empiricsl in nature. Hoth methode have been subject o
oriticiam.

Chu, Fliteraft and Roleman developed and tested o modifisstion of
the Wiloon method based on & rigorous theoretical analyeis which postilse
ted that the film coefficient waz sn inverse function of the heal trang~
ferred and oould be detemined by graphicsl means, With a fow wxeeptions,
notebly toluene, this technlque has provided values in good a
with the predicted thecreticsl soefficlients,

The parpose of tide work was threc-fold: to enlarge the sran of
operatdng conditions investigated with partioular veferencs to extensi on
of the cooling water veloedity range; % determine whether the modified
¥ilson method was applicable to nepropyl and nesmyl aleohols and to
investigate nebutyl alochol which was previously tested and did not
exiibit & wrlation of the film coefficlent with the hest transferred,

The experimentsl results of this (nvestigation showed the values
obtained fur the throe sloohols to be in confomacce with the behavior



spected by Chu and were in goud apresment with the predicted values,
The Gl setdhexl was also found Lo de appliecchle over the larger weter
flow range tested. In addition, the extended range provided data that
sllovwed more accurate shurting of the grahdcel method. The inclusion
of thle data was lmmtrumentsl in determining the wardastion of the heat
transfer cooffieient, by, with g for the nebutyl alechol where none was
found previously, It is felt that & simllsr investigation over the
axtercied range of wstor flow would olarify the veristion of h, for
toluene, the only presently koow eweeption to Chu's method,
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INTRCBUCTION

The Husselt eqguetion (19) L& pererslly used in predicting the rsie
of hest tranafer bDetwoen a eold surfaoe and pure condensing vepors.
However, the equstion has nob been widsly checked for & large renge of
aaterisls due to difficuities in devisiog equipment suitable for ascureale
moasurenent of the film heat tranafer coefficlent, hy.

Experimental work to dats has been baved on two methods of messuring
the soefficlent for crganie wspors condensing on horizontel tubesy the
smbedand thermooouple method (35, 18, 20, 26); wod the Wilson method (28).

The sabudded thermocouple method messures the sversge cond
surface toapersture to determine the film coeffiaient, relying wpon an
;piriosl equetion for detemlning the socling water resistence film.
shodes and Younger {25) found that the use of {ixed thermocouples do
deteruine sn average wall teparature invelved cexrtain sssxvmptions of
guestionsble validity. Rhodes and Younger also found disorepancies in
the espirioal oalpulation of the ccoling water £1lm resistanse, Laber
work by Baker and Hueller (1) proved thet there iz no one powition at
which a thermoecuple will indicote a represetative fube wall suxrface

Wilson (28) preposed an indireet method of determining the £ilm
sosl{ielent without retonrse $0 obtaining an scourate tube surface teap-
erature, Rhodes snd Yourger esployed the uss of the Wileon metihod to
obtein valuss that were in closer agrecsent with the Husselt squation
than were provicusly oblained by the thermcoouple approsoh.

Following thie work, Chu, Flitoraft and Holewsn (7) proposed a modi
fieation of the Wilson method welng a rigorous theoreticel anslysis that

gave values in closer agreement with the Hussell equation.



The modified teshnique of Chu and assocliates was investigated further
by Lipuma and Mirwsiey {16) on seversl other crganies,

This investigetion was initisted to enlarge the nwber of homclogous
organic slcohols tested and to expand the range of operating eonditions.
Forwel propyl, butyl and sayl alechols heve Doon tested for study. The
predicted filn coaffioients will beo eeleoulabet and oompered witn the
chearved values.



THLORY

¥Yor the case of & pure vapor conderaing on a oold surface, the
fuasdlt equation (17, 19) e generally used to preduct the cosfileients
of heat tranefer, 45 applied to the epecific case of & single horison~
tal cylindriesl tube, the sguation is:

Mo = 0725 (k.20 %5 No, uy o2)0%5 1

The squation is based on the assumpiion that stresuline flow exists in
the sondessate fils with liguid flow by gravity only. 4ny accelerstion
sffents due to vapor veloelty are ansglected.

As previously moted, the aajor poriden of the past work initlated
o test the Nusselt equation relied upon the sabedded thersvecuple method
(15, 18, 20, 26). The data cbtained was variuble and the values of hy
d4id not sgree well with the Wusseltepredicted values, Sinve the condens
sate film thickness will vary sround the perifery of the oylindrical tube,
1t waa thought that the film surface temperature would also vary. Baker
and Mueller (1) proved that the tempersture waristion was sipoificant snd
that there weo no podnb on the surfoece of the tubs that a thermocoup)

instellation could be positioned to oblaln & representetive tewpersture.

Wilson (28) developed an indirect approsoh to cirmumvert the difiie
culties in obteinding representative bempersture aeasuresente based on
the following theory. The vapor to water hest flow is across & lotal
resistance gomposed of the vapor resistance aw% resistanoe Ry }w
for glaplicity a L«mrm&m\a composed of & constant end the water
velooity

SR 2 iy f iy £ a/08 11

This equation assumes R, to be independent of the eonling weiler rate.



b

In later work Rhodes and Younger (25) proved that Ry was affected

by the water rate and postulated that

Ry 2 Ry # b/¥0:8 543
Further work was undertaken by Bestiy and Eats (3) ueing equation I1YI in
working with finned Lubes, bud malntalined constant water tempevetures to
ninlzize its effect on the water film.

o other investigators in the field it appesred that the Wilson
method and ite modifications were epiricsl and fundamentally unsound.
Chu, Flitersft and Holeman (7 proposed z modification of the Wilson
method based on a2 rigorous theorebtical relationsbip. The Chu wodificew
tion forms the baslie for this investigation,

It was pointed out by Chu snd associates that the group of tems

{kfsfgzﬁ A a f}ﬁ'w
appedars o resain conestast for most orgsnic solvents. The walues of the |
group {kfjf f“‘"g A/,uf)a“?s for various homologous sloohwls have been
listed in Table 1 m' ranges of tLemperatures where deta sre available
(11, 23).

For steady state heat transfer

q = hph ot I
ard based on the Fussell equation with substitution of a constant X for
the grouping as noted above, then

he K
and results in an equation for h, as a function of the heat transferred.
by 3 ! ,,y-'.-
q= K(b@:l/ L, E,\Q - ‘Ki 2 Vi

It can be seen that nlag«lueplata:%wmﬁ'qmmﬂdgivea
gtraight line of slope mimus one third, Substituting equation VI in the



5

uenal expression of over-all therssl resistance frum the condensing vapor
e the eonling weter, then

1= A x At

Tk Rolc Wokay Ai0]

Inspestion of equation VIX for constant q shows K, & be nepligible, h,

sonebart sl thus the only varisbles for & given tube sre V, ¢ and the

value of 1/U,. Purther, & plot of 1/Usdo versus _ 1 x 10/ 0.8 should

yhold & straight Line at equsl welues of q.
The intercept of this line equals L/hgh, v X/Bgh,, 8o can be used
to caloulate ki, sinoe

1 sQove 3 4 =z ViIl
Tk 4 R Teav

and
1 =1 = ¥ be 4
o Al e

Thue by obtaiming several sete of ssperimentsal data suoh thet esoh
got apintained & constant over-all vapor 4o water teapercture differanve

a% varying wabter flows, ord plotting § versus wstor flcw 1 x 10° 8’

it is possible to obtaln twe or wmore sets of sonditions where ¢ is equal.
The over-all bempseature differenne is varied by altering the sbsolute
pressure in the system, When q is equal, the b, value would be equal
and & plot of 1/U.Ag versus the water flow provides tie intercept valus
sgual o # x ., with h, determined by equation IX.

g



TABLE I

Ratio of (k2P p% My )05 ot Difforent Teuperetures

Upper Temp. Lower Tenp.

Compound 3 ot 4 % Eetio
Hethyl Aleohol T2 63 1.02
1 = Propyl AKleohol & & 1.13
n = #ropyl Alcohol 95 60 1.1
n « Butyl sleobhol $8 86 1.
8 = pguyl Aleohol 105 7% 1.07

o = Hexyl Aloohol 10¢ 50 1,07



DESCRIPTION OF APPARKIUS

The equipment wsed in this work was escuatruveted by Lipwss and
Wimater (16) for & previouws thesis and wodified to extend the range of
operating sonditione, The major pertions of the wdt as showm in Flgures
1 and 2 imcluded & Kettle, horleomtal tube condenser, & oold water olirw
euletding systen snd a vacumm pump. |

The vapor ketile was of five gallon aapwﬁ% S5 stainless steel
throughout and Jucketed for a seximm of 50 p.B.1.0e Stsan flow o the
atile was controlled at 1 to 10 P.8.0.0. wWith & spring opsrsted cesh
valve,

The horisontal tube comdenser consisted of sn 0,375 ineh 0.D. bewss
tube with & wall thickness of C.03% inches and 5 best transfer lengih of
2L inches, providing a surfsce ares of 0,198 sq. 3. The metal conduee
tivity was 60 Btu/(hw.) (8g. £2.) (VP/ft.). The annuler vapor specc wag
& 2.5 inoh, Sohedule WO, 316 stainless steel pipe flengad st both snds.

Yapors passed to the condenser ammilus freon the kedtle through
three 0.5 lneh dismeter tubes. Jondensate returned to the ketile through
twe 0.5 ineh tubes. The retwrn limes were provided with three imeh ldquid
seal traps.

Exeess vepores passed to a final gless condenser for return to the
kettle through a 15 ineb liguid sesl trap.

The pot temperature wes messured with a Owl50%C themometer while
paosss vapor froa the test condenser was messured with o -1 to 101% or
99 to 2019C thereometor 88 required. The vapor lesperatures were resd
in 0,190 inerenerts. A thermooouple wue installed in the snpulus o
record the condensate [ilm Sesperature.



Tthe sooling water system consisted of a centrifical pusp veted fop
80 gallons at an 80 £, hesd and 1.0 specific gravity., Constent hemd wes
provided by twoe fifty-five gallon drums squipped for heating or osoling.
water flew 1o the system was cormtrolled and messured shrough alternute
Pischer-rorter flowrztors of 13.6 and 0.91 gallons per minute.

The condenser lnlet and outlet water temperatures were mesaswrod with
8 0 to 50% thermometer gradusted in 0,1% inorements and a 0 to 5%
Beckmamn thersometer tbot sould be reed to 019,

The desired system vaouva vas obtained with & Cenco-Rypsrvas 4 pump
ratod at 1.4l coble feet per mirmte of air. Vacwss sootrol was maintained
with 8 Cartesian mancstat el measured with o msroury sanoasber.

411 hot surfeces on the wapor side were heavily insulated. Qooling
wster lines were insulated adjacent to ithe messuring thermcmeters, The
entire condenser wai logated in a plywood box end packed with Perlite teo
redure hest losses in the shell.

the aleohels used wers reagent grade with bolling ranges of less
than 1%,
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EXPLADMENTAL PHOCEDURE

The system wes evacusted to 29.5 inshes of meroury vasusm atel tested
for lesks. The pwsp wee stopped and {he unit considersd sirwtight 1L no
noticesble change in absplute pressurs cocurred in tweaty sinutes. The
test alechol was shargsd Lo ibe Kettle snd vesuss malntained in the systan
equivalest to the aleohol vepor pressure in order 1o alnisize nen~condensables,

The Seplmunn readings on the cocling water line were teken (0 detersine
the difference in readings betwsen the Wwo Bechkmann colusng &b sed0 beat
£low, Ewxsept where new absolube levels were required, these resiings were
used oconslotently.

In starting up the systen it was customary % byepass the manostat
for fastor evasuation. Then the pusp was stopped untll the spplicsiion
of heat on the kettle had raleed the vapor pressure in the system to the
deslred level., 7The manostal waz set, the pusp sterbed and an alr blecd
introduced to waintain the desired vaowms, It was deomed DEOSEBATY tC B
thds approsch to reduce the poesibility of istrvdusing alr inmto the cone
danser anruig,

The beat o the ketlle was ralsed gradusliy until an expess of vapors
was pessing into the finel eondenser.

The system required fiftesn te thirty sminutes to resph steady-state
conditions. At this poimt fuur sets of remdings were taken and averwged
to obtein one run. The resdings included the rotameter setting, systes
veouws, pot Leaperaturs, veper temperature, condensste film tesperature
and the abeolube snd BSeckmann ten ersture yeadings, |

Due to the wide range of water flous investigsted, it wae often
neonssary o changs the feed weter Senpercture to the eondenzer in order

to saintein a eonsletent vapor $o average coolanmt tesporature €ifferencg.



LHTAL RESULSS AND TREATMIND OF DATA

the experimentel results for butyl, syl and propyl slechol are
tabulsted in Tebles £, 3 and Le The Tables aleo intlude the caleulated
values of the ¥llson fastor 1 x 103 8" Flots of the Wilscn fastor

o #

versus the hest trersferred, q, are shown in Pigures 3, 5 wxd 75

The heat transfer cosfiieients h, were obtained by drewing a series
of porallel lines at conatect hoet losdie through the wpor to water tome
peraturs difference eurves of Figumres 3, 5 and 7. For eceob intersection
the A% st oonstent heat losd g end & value of (1 x 103)/(1 £ 0114)v0.8
wos reads The (1 x 203/ # 004)V08 value wes then plotted spainst
the sorresponding At/g. The resulte are straight lines which were g~

trapolated 4o the ordinates at (1 x103 ) 2, The Lstercspts
(TF oIR8y ©

reprassnt the valus of A%/q oF 1/Ugh, ot infinite weter flow, it
dafinite weter flow the wator fils resistence is negligible and the valus
of B, oun be calevlsted from Eguation




TABULATED 7EEULTS » we-BUTYL ALCOHOL

THHLE 2

RUK  INLVT  WATER  VAFOR  OVERALL WATER HEAT 1 3 103v0e8

B WATER  TEMFP, TEHP, AT E - PLOW STy b 4 ; o P53 5K
TEEP, RIBE VAVR W Q
W % L% mm sum

1 13,15 3,03 93,00 81.33 3300 4110 0970

2 10.9¢ 1,26 93.600  BL.LY 280 Hoo 1.16

3 11.26 1,67 92,86 80,481 1980 59U0 l.ib

§ 3‘1 tm 3;3&? 92 .5‘3 5‘9«&5 ?% '5235@ 2 * §S

6 20,65 L0 9285 8O0 650 5150 3e 38

8 850 T.50 93.00 80,35 335 L530 &.18

9o gd0 gnm S0 D LB 10
11 1180 680  80.80 6560 335 490 5.93
12 1250 5.3 80,60 68.62 k25 L0B0  Lu76
13 1310 393 6070 65.63 60 L&D 3.0
1 13,75 2.7 E81.00 65,8 980 B3 2:45
15 13495 240 81,00 6600 1320 5% 1.935
i 13.95 1.48 Bl.30 66443 1980 5160 Leli0B
17 1380 1.20 B1.20 66,85 266 5230 1.12L4
i8 1,00 0,9 81,15 68,70 30 SuI0 0.938
19 11.20 1.1k 20500 93.23 310 6770 1.0k
2 1100 LW 10505 93.35 26i0 6650 1.6
a 1,00 1.88 10510 93,16 180 640 115

2% 10,80 2,80 10852 9310 1320 8170 2441
2} lﬁ km 3*59 1&5&@‘5 ? 2 u?ﬁ 9&9 &1&@ 2 * S&
2 9.60 505 10095 §2.63 6% 5910 3.58
25 B.58  T«02 10L.9S 92.89 Lzs 5370 L8
26 780 B, 10L90  $259% 335 5000 G408
21 6,60 10.50 105.00 93.15 250 L0 T8
&8 12,20 1,08 93.10 BD,68 ,jm 62% G857
29 12,15 1.31 93.28  80.Lb 260 &220 1,13
30 11,70 1.0  $320 SO 1980 5700 Yol
n N 2.52 93.85 80P 1380 &00 1.p92
b - .10 308 9310 8048 980 5360 .57
33 10,80 .32 93,00 B0k 650 S0l0 3w
3, 9.5 6P 9295 80.00 L5 4880  L.bk
35 8,80 7.8 $2.80 B0.10 335 LO 606




TARLE 2 (coNT)
CPABULATED RESULTE w nwBUTYL ALCOHOL®

R INLET WATER VAPOR OVERML WATIR Hmar 1 x 1oy<.8
WO,  WATER  TEMP, ¥IME.  GATERe mx@ pery TFUONET
TEMP,  RIFE TAMOR ¢
o 9 % TeoC Ls!m ATYAR

b 805 9.5 9RO 80,13 250 kRS0 7.8
31 10 098 8135 66,36 330 % 05X
3 135 103 6LA2 65,50 2800 5370 L2
by }.}4 o2 1&5@ Bl b 65&53 19& ‘5330 1.3
B L0000 200 BLD O 8.0 1320 k1% 199
Mmoo 1375 280 BL06 &5 g0 WX Ll
L2 13,10  3.8% 8095 6593 650 4500 3\;%&%
ﬁ 12,36 5.8 Bo.BY  65.B5 ks la70 170
Bk W0 69T 80,92 65,73 33 @0 5.8
B 1095 9.00 8090 &5, 250 4050 7.0
b6 1150 1,10 105,00 9325 300 650 1.06
BT B0 1S 105,25 9343 260 St 1.12
1B 11,35 1.80 105.05 92,8 1980 &L1o 1.5
1 1085 2,72 105,00 2% 1320 640 196
53' 7.9 L9 5 wh.85 92 ﬁh? 5‘5{;‘ 5790 "5
52 870 6.86 104,80 92,67 425 52 2.;.,3
53 195 b 10L.70 52,53 335 K00 597
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TABLE 3
TABULATED HESULTE « nefMTL ALOCHCL
RUN  INLET WATLR  VAFOR OVIRALL ATER HmaT 1 x 1edvof
KO. HATEE TEMP, TSP, WATERe FLOW  DONY +OLIA
TEMP, HILE YAPOR W G
5 % Gg T,%  LB/ER BrU/EA
55 12,45 0.87 82,50 6.8 30 AW 093
56 12,00 1.03 82,35 @.L3 0 260 igoo 1k
§7  l2.35 l.37  BR0 .06 19860  L8BO 1.43
g8 12,20 2,08 82,15 68,93 1320 BT 1,97
89 11.9% 2,09  BZ.00 68.80 980  LOO 2.52
60 110 359 81,95 68.75 650 400 g
61 10.60 5.22 BlLBO 68,5 W25 000 L.B8
62 10805 6. 81.75 8 o 50 335 3860 592
63 B8.80 8,30 81,60 66,65 25 37130 T.51
6l 11.00 0487 93,3 B2 3300 5718
6 11.00 1.18 93,50 818 2660 5600 1.16
66 1095 1,852 9345 Bl.7h 1980 8h10 15
67 10,70 2.3k 93.35 B8l.53 130 5320 1.99
68 10,55 2,86 93,20 8l.22 980 5010 2.5k
& mtw 3&-:13 93:2& MtTS 6% ’Jm 3&51
T 2,75 S5.81 2315 BOLSO L2y Ll 30 193
L 9,20 6,83 93,15 5053 33 W20 595
72 B.5 8,75 93.10 80,57 m PO 753
73 11.25  1.08 100,80 88,83 6230 057
7 1.5 1,29 10,680 88,80 aﬁw 6130 1.14
?5 3@:99 3-‘% 1@3;&5 »{?ﬁc‘?z l?w ﬁa} Yot
76 10,0 2.36 100.70 89,02 1320 séio 2,00
7T .28 3,13 100,75 88,88 80 5520 2453
B 9.65 L35 100,90 89.07 650 5090 3.5
® a,&o 6,10 101,00 H9.15 ues LS 1190
80 8.15  Tekh 0050 8,03 335 FAR. 5e9h
Bl 7.30 9.23 100,95 8,03 280 Lo 7.61
82 12,60 0G.B8LF B2.20 &.18 30  igBo 097
83 12,50 1,05 B2, .3 2640 1980 1.12
8h 18,35 1432 B2.20 &.19 1580 LTG0 1.47
88 1200 191  B2l0 .04 1320 k530 2,20
86 11,88 2.55 B2,08 68493 280 LS00 Lo 2B
87 110 3,61  81.50 68,70 650 4220 3.7
B6 10,80 5.6  Bl.TS  6B.37 25 B0 L1
80 10,15 6,27  Bl.70  6B.2 33 3760 6,00



TAELEZ (CoEYD)
TABULSTLU RESULYS w neidyl A1COHOL
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BUN  INLET  WATFR  VAPCR OVERALL  WATER HEa? 1 x 20508
HO. WATER PP, TIMP,  CGATERe  PLOW z}m A b L
TEHP,  RILE YAPOR W .
2. 2 g 1,50 .. L3/uR msg/azs»
‘}9‘ 9 m£35 a s@é 81;&’} ﬁéﬁa?g ;‘3% M ? . &
91 LLO5 1,03 100,70 8923 3300 620 6.8
92 11.00  1.27 100,70 89,07 o 8030 1.20
3 10,80 1.6 100,60 88,94 1980 5560 1eld
9k 10,40 240 100,50 68,90 1380 &0 1,58
95 10,15 3.7 100.85 BB.B6 980 SLif 2057
94 950  L.52 :mmés B8 By L3 4] 5280 38
97 8485 6,27 100,70 BB.TL s W0 L98
78  8.20 7,23 loo.75  0B,93 35 W 6,00
99 750 9.18% 100,70  H8,862 240 LBi20 767
100 11,35 094 93,08 81,23 3300 5850 1,00
100 1S 1.9 93,10 081,26 2600 5650 191&
12 105 1.5 93,20 81.38 1980 B0 102
103 10,80 2.9 $3.25 Gl.55 1320 5200 £.02
104 10,50 2,92 93,15 £1,19 980 k.o 2450
106 905 6,00 92,56 80,75 s Lo L%
107 .50 649% 92,7 B0.72 35 b 5489
108 7.0 8,80 9275 80,95 250 010 751
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TABLE U
TABULATID RESULTS =~ nePROPYL ALCOHOL
AU DHLET  WATRR  VAROR  OVEBALL WATER HEa? 1 x 3050
B, WATER TP, TEHP,  WATERe mm BUTY TFoonE—
TEMP,  HIDE VAPCR 4]
e % % 1% z;ajmi _mrufm
100 9,75 102 9290 BR2.6L 3300 6060  0.985
110 9.90 1.25 9310 82,97 2l HIP 1.18¢
111 10,15 1.6 93,20 82.24 198 5770 147
112 1o.20 2.0 93.40 B2.00 1320 sS800 2403
133 10,00 3.3 93.h5 81,8 S8 55 2.5
Wbk 9.55  bLek3  93.40 Bl.63 650 5200 3.56
33.5 gaiﬂ ‘fhﬁ 93;2& 31;;63-3 Wﬁ 3533{) 5;&3
117 6,85 1000 9315 81.28 2% 3w 7.63
D8 11.80 0,92 83,10  Ti.34 3300 470 0.97
139 11,55 1.1k B39 7.0 2640 5270 1.16
120 1100 1.9 83.85 T71L.% 980 530 1.6
121 1,85 2.7 8L Ti.2 i3 s5iso 2,01
3.32 11,068 2.83 83,30 T71.03 280 990 2454
12 9.35 6,06 63,20 70,72 L25 4630 L.95
125 5,8 7.3 8315 0.8 335 Ligo 5495
126 7,55 9.68 8300 7.0 RS0 4360 T.57
127 1.0 0.86 7450 63107 30 R 05
126 10.68 1.06  7h.O90  63.32 260 5% 1172
129 1040 1.37 TLO 6331 1980 L8BO 1.LS8
1 298 2,03 Theli® 6318 1320 L8 2,03
3-31 9;& 24&1 ?&.5%) 64’3«-% 9% i;élﬁ &v,‘}b
132 9.05 3.8k 755 63.58 650 L0 3,58
133 g&lﬁ i"&?? ?il#gﬂ fﬁoﬁl 2‘25 b}nﬁ 5'02
13} 7.35 7.01 TLe50  63.65 335 4230 6.07
135 6.80 9,20 7h.50 63,10 2% 1330 7.68
136 10,55 1.04 9315 82,08 3300 6180 0.973
7 10,85 1.3 91,20 8z.% 26l 62:0 1,170
138 1830 170 93,35 82,0 1980 S016 1.463
13 295 2.hb F3.50 82,33 1320 5790 2,03
1lig 2.70 3,16 g3 82,12 980 5570 2.57
Il 9.20 Lu37 93.20 &8 650 5130 3,57
1&12 ‘& ;@5 6*% 9 3n°§ 81 03? 2325 33?99 QU@
U3 7,20 1.3 9300 81.84 335 4780 5,02



TBLE B (coNty.)
TABULATED RFOULES » nePROFYL ALCOHOL

22

RUN  INLET WATER VAPOR CVERALL  WATER HEAT 1 x 109¢0.8
B0,  WAYER  THMP.  TIdNP.  WATERe | FLOW  DUTY Ao
tEMP,  KISY YAROR W Q
8¢ % 1,% LB/HR  BIU/ER

i 6,60 10,20 9295 61,28 56 L4580 7.63
1k 11.75  0.9% 83.25 71.02 IxG 5610 G572
s 11,60 1.16 §3.-35' 7117 2640 5510 1.16
LT 11.50 1.57 83,50 Ti.22 1960 5800 1.5
b8 11,08 2,37 B350 71.26 1320 5580 2,01
1@ 10,90 2.8  83.55  71.17 980 5210 Z2e5h
150 16.80 L2 &B«ée 7084 &0 5050 3.5
152 9,20 1.8 83‘5‘@ 70.56 338 L5%0 592
153 8,05 9.0 B3.45  N0.50 250 Lh2o 7.5
1sh  10.90 0.8 TheSE 63,32 3300 o0 0.972
155 10,80 1,06  7L.55 63,22 260 5030 1.167
156 10.55 1.0 The50 63,28 980  lgbo 1,465
157 10.30 2,00 The® 63,20 1320 L750 2.01
199 9,15 389 7h.iS  63.35 650 LSS0 .56
1% 8.3 .62 Thuells 63.29 s L300 L399
18 1.5 699 The$0 63,27 33 Laso 6.02
62 6,80 9,30 7h,50  463.0% 50 b0 7.66
53 LM G591 83,80 Ti.5% 3m 5420 0,960
6L 11.45% LAk 8365 71,63 2840 k20 1.155
8 11,30 148 B3.50  T1.56 1980 =270 148
166 11,20 2.1h 0 83,50 Y1.23 1380 080 @...ae
167 10,18 2.87 83.50 Ti.31 980 5070 2.5%
1& 3«&*3‘6 %#lﬁ S}*ﬁ) ncn {’jﬂ iﬁm 3*52
b1 .sies 587 B350 Ti.06 s LB LSk
1IN 7.3 9.6 83.50 Ti.35 20 L3 7.58
172 10.05 0.9 92,80 B82.35 3300 sBB6  0.98%
173 10,00 1,27 92,58 Bz.n G 6030 1.18
17k 9.90  1.6L 9315 62,43 1960 5630 1.47
175 9,75 2.35  93.20 82,27 1320 5580 2,08
176 9,60 307 93,20 82,06 980 ti20 “463
1?? &»95 h.ﬂS 93-29 31.5?? ﬁ% 5338 3 m
178 B.00  6.87 93,85 81,96 LEs 5030 he958
1?9 ?v&b ?n?ﬁ ’?}Jﬁ 510?9 ;Bﬁ’i‘ 24??9 :%.97
B0 6,75 1.5 9325 Buhe a% Lo 7,57
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DISCUSIION OF HESBLES

The results of thie investigetion hsve shown that the fila hewt
tronoler eveffiolont, b,, varics inversely with q for Beoropyl s Beutyl
and nesmyl slochol, For mepropyl aleshol, h, varies from 238 to 26k et
heat flowes of 5600 %o LHOD Stu/hr. The velses for nebutyl are 243 Yo 272
with g varying betusen G200 and LHOC, while neanyl varies from 280 4o 250
at g values of S0 to 1000.

The wlues were shtalned Pyou WO O thves polote z6 shown On Figures
by & and 8, The nuaber of polnte 1o detemined by the alops of the curves
in Plgures 3, S and 7, and 5 deorease in the overesll tespersture difference
wiuld reguire o lerge nuwshey of experinents with & tendeney for overlasppdog
of the dete. The enlergesent of the tenperature differencs curves is a
variable deternined by equipsent limitations.

The seeuyaey of the fils ﬁmmmm walues ohtalned iz estineted Yo
be ascurste to Y 10%, based on the sooureey of the prephicel method and
the esperimental ervor sualysis. The oocling weter tamersturs rlue wag
read 4o 0.01%C, The error st the loweeh touperaturs rise correspondiog
@ high water Ilows wvas less then t 2%, The deviatdonu of the pointe in
Fipureg 3, 5 and 7 were Y 2% or less, The water flow wes sooureie o
wltidn * 3%, A% low flowe 8 larger devistion wes possible due W the
lisited flow dn the votaweters, For these conditdons it wes ousfumary to
cheok wideh the wemn water return 40 provide an accurabe water balanve.
Sesed on the ebove, It i» bDellewed thel $he walue of the cbperved evefficient
ip sceurste within * 10%,

The relstien of h, to q as detersined by i plotted on logeleg paper
should ghve a straight line of slope equal Yo ninus one-third, The glopes
for the thres slovbols are plotted in Pigure 9, The slopes for nepropyl,



26

nebutyl and neamyl arve -0.437, =0.3bk and -0,385, respectively. In the
main, the previous data of Chu (7) with values of «0.37} and ~6,3G? for
ethyl scetate and bengene, and Lipuma and Nirmaier (16) with values of
0,278 and ~0.1405 for methyl aloohol and i~propyl sleohol agrees with the
above values in ithe wariation from the predicted slope of «-0.333., It is
believed that this veriation is a result of the limited number of points
available for plotting Figures L, 6 and 8. A smell displacement of the
curve effects a large change in the value of & £/¢ at gero Wilson fastor
and results in a change in the slopes of Figure 9. Accordingly, it is
felt that the variatinn is an experimental error and not the result of an
unknown parsmeter.

Chay Fliteraft and Holeman found the slope of toluene to be positive.
It would be expected that further work on toluene and other homologous
organics over an extended operating range would define more clearly the
true slops. |

Lipwsa and Nirmaler substantiated the work of Chu with the exgepw
tion of n-butyl alcohol where a variation with ¢ was not noticed. N-butyl
aloohol was investigated in thies work and a variation with q was found,
The earlier data for n-butyl has been rechecked and except for the tem-
perature correction for fluld frietion, as noted in the Appendix section,
is in agreement with the current work. %he exclusion of the temperature
correction and the extended water flows used in this work increases the
slopes of the curves in Pigures 3, 5 and 7, and accounts for the inoreased
slope of b, in Figure 9.

The comparison of the observed values of h, with the calculated
values of b, by the Nusselt equation are listed in Table 5. The agree-
ment between the two values is considered to be good for all three alcochols

tested, slthough the maximum variation is 11%. In sll cases the predicted
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values ave Righer %!mz the cbserved velues. Thie ip in agreoment with
all previcus mr-kf Unfortunately, the physiesl data availsble for the
three alechols is meagre end where avsilable fyem scurces (2, 9, 10, 11)
ig 2% in good spreement. Jeosuse of the weriablliity of physieal data
for the three alevhols, it is £21% that study of the relationship betwpen
Byvg Meals, 0 moleculer weight or other parmmeters is pot werranted,

the effeet of subesooling has often been investigeted in siniler
work, tub Lt is folt to be of neglipgivie effect for this investigation
due to the mssll temperature dLfference betwosn the saturated veopor and
the comdensate temperature sg sheocked by the sdar thormosouple.

The effect of condenser tube foulimg eppoars to be negligible sioee
the tube wes dismantled and cheoked perdodicslly for scele or dirt
bulldsup, The presence of nomeeondensable fouling wes uiniatized by the
mothod of operation, sy noted ln & previous seetion.

In eomparing the hghg, versus the bpele, fPom the Hussell squation,
the most serious sourne of eryor avallable appesred o be the pomdbilivy
that exncessive wvapor flow in the test oordensar would affeot the eoudensing
£ilm tidokness. As previously noted, the Husseld ejuation sssumes grevity
flow without seceloration effecte Irom the vaper veloeity. For the
aleohols used in this investigation excessive vapor welogity wae noted at
points of high vecunm with the high bollern and during exoessive vaporiss~
tlon of low bollers »t low vecuwss. This wes evidenced by "blowing" of
ths seal lege. The problem was mindmized by sanuel throttling of the
stomn 0 the Jackel, but eculd better De controllied thyouwph use of
tenpered walor for low bolling meterisls ecupled with Lneballation of &

larger vapor space for the high vacuum work,



TABLE 5
COMFARISON BETWEEN OBSERVID AND CALOULATED HEAY TRANSFIR
COEFFICIENTS OF CONDENSING VAPCR

Rstio of Cheerved

he

to Thecretical by

Biu/hr Husseld
neFropyl Aleohel
5600 238 2hh 0978
5300 25 252 0.972
! ’ 0.5
LDo 264 260 0.916
neButyl Alcohol
v ; g
5600 250 17 286 2 V" 0.868
100 272 300 0.906
n=fmyl Alschol
2600 220 270 0,818
5200 227 289 0. 765
. 2 &
1000 250 330 0.758



HEAT TRANSFER COEFFICIENT OF CONDENSING VAPOR, h,

B.T.U./HR - FI? - °F,

400
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- FIGURE 9

THE VARTATION OF HEAT TRANSFER COEFFICIENT OF
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COMCLUSTONRS

The fils coefliclents of heat traneley, Ny, have been cbtained for
the three aliphstio aleohols, nepropyl, nebutyl ard nesmyi. The theory
of Chu, Fliteraft snd Holeman that by is & funetion of the heat transe
ferved, q, has beon substantiabed.

The orgenice and flow reateos teoted in tide work have extended oone
glderably the ronge of opersting conditdons lnvestigatod [or checking
the validity of the Wilson sethod ss nmodificd by Chu and assoolates.

The range of the Wilson masbers investigated has been inoreased by sixty
per eent with water flows tested st Reynolds numbers of [0U0 to 55,000,

Good agresment wee fourd between the obserwed sosfficiente and tiw
welfistente caleouwlated by the lnsselt equation, Por the aliphatie
sloohols Lested ot veapor pressures up o ohe atmosphere, 1t can be tone
cluded that the Husselt equatlion satisfasetorily prediots the condensing
film eoefficients. The effeot of heat eapacity at positive pressure is
unknow.

14 is further concluded that the wethed of Chu snd assoclates offers
s satisfavtory method of obtsining acourate fila cosffletents for econe
denzing orgardes, partlewlarly where physlesl properties ore unknown or
variable, 'ami applleation of the Nusselt equation is qusstionable.



The following recoswendetions are maede:

1, Comduet investigations of the aliphatie sloohols at high water
rades with Wilson numbers of less than 1.0, sod at low water
rates of Wilson mubers sbove 8,0, Detemine the variation
from the Husseld value, if eny.

2, Investigete the valuss of b, for the sliphatie alcohols st

positlve presoures.
3, Inttlate stutles of amother sories of howologous orgmies.

ke Purther investigstione ehould inelude modifisstion of the existe
ing equipment to Lowinde:

{a) tempered water systen for vaporisation of low boiling
point ovganios;

{b) snlarged wopor arolus to reduce the sffect of vapor
velopity on the comdensate filmg

{e) provide welgbed water bolding taske Jor more accursie
dstemination of the water flows;

{d) provide a positive displacenent water eireulating puap
to allow ilnvestigetion of higher water flowg than popge
sible in the existing equipment due to centrifugal pump
head Limitations,
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cenetante.

sxternel , inslde, and aversge surface arsa of a
tube perpendioular to the flow of heat, sg. £%.

hest cspeaity of condensate, Biu/lb./OF.

inside, outside diameter of tudbe, It.
gravitational eonmstant, L7 x 108 £t,/(hri2,
fﬁ.?m wm clent, cheerved fils coefficient and
S e e Ftu(nes ToR) ey geogoensate outside

themal econductivity of comiengate film,

themal condustivity of tube wall, Btu/(hr)

& oonstard.

rate of heat trensfer, Btu/hr,

therss) resistance, (99) (hr)/stu, Hy for tubs
wall, R, for condensing VApory Ry, for eondensate
at infinite rete of flow of water, and R for
totel resistance (g 1/Uy)e

teapersture, °F or %0. 4 for water bulk, ¢y for
condensate ﬁm, %y for outside tube surfaes,
tgy for saturated vapor,

tesperature difference apross eondensate, CF,

ovorall {water bulk Yo saturated wepor) teupersture
difference, “F.

oversll hest transfer ccefficient based on outside
tuby surfzee ares BLu/(hr) (F) (sg. £.).

eversge velooity of flow, £t./sec. based on o
wabar ﬁm&ty of éﬁmB Iheeus P, {V 133&’133': in
the caloniation procedurss).

thickness of tube wall, f%.

latent heat of V&};@ﬂﬁﬂum; thba



fz,fv
M

#H

i

sondensate fila, vapor denslity, 1b./ou. ft.

ahsolute viscoslty of condensate Tils,
b, /(br) (£8.}»

33
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REFERENGE CORRECTION OF BECKMANN THERMOMEYERS

Three 5°C Beclmann thermometers were used to measure the cooling
water rise through the condenser tube. One of the instruments was
positioned at the oold inlet permanently. The other two instruments
were rotated as required to cover the maximum temperature rise of 10°¢,

No attempt was made to adjust the mercury columns to the same scale
readings due to the wide tempersture range and the difficulty in adjusting
the sbsolute tempersture level through slternate heating and ecoling of
the bulb,

At the outset of the investigation, the tempsrature difference
readings were oblained at serv heat flow and all three units ealibrated
with respect tv each other.

The 0-100°C thermometers were used as check points for the ecalibra-
tions, The temperaiure rise due to fluid frietion ncted by Lipuna and
Nirmaier (16) was not found. The smount of temperature rise expscted from
fiuid friction was calcoulated and found to be negligible exeept at full
flow where the maximum temperature rise was 5 per cent of the temperature

rise due to vapor condensation,



TARLR &
QRIGIHAL DATA - neBUTYL ALGOHOL

BUR  BOTAwe THLET WATER QUTLET WATER VAPOR FILE TERP,
X0,  HEIER TEHPERATURR TEAPYRATORE THIP.
g
ABS%0w  BECE.  ALS0w BYGEe
1541 KARR LuTR HANN
g ¢ 6 og e o w__ o

B 5@«9 lla«ﬁS 3-.@3 11035 an

i 50,0 11,15 1.1) 12.30 2.2 93.00 3.63 85,8

2 k0.0 10.50 0,88 12,20 2,18 9300  1.60 85,4

3 3@3“.{} 11.20 1033 12.9‘0 Q.?h ?2185 30& %fgnh

L 20.0 150 1.6 13.95  3.95 92.80 3.60  B5.)

5 15.0 11,00 ﬁ.?ﬁ 30 Loy 22.80 .60 85,k

B 3.%;% s g0 2.3 W70 L.5h

7 3%«& . 4 ?*?ﬁ 3 &} 1&95 2#7? ‘S?Eaﬁﬂ 3;?5 5?&@

2 &’0*‘5 B w&g {3.&3 3«9 25 L., 3 ‘
12 100.0 2 12.50 1.3 l’? :.-W 0. 72 &0.80 3;1& Tk
13 0.0 11,10 2.06 17.00 0.0 g0.70 3.15  75.3
B 10,0 13.80  3.62 16,08 2.52
b} lﬂ.@ 3.(3 #75  3.60 16,50 3.46 £1.00 3.20 76.3
15 30.0 .95 3.83 1545 2.20 81.10 3.20 76,3
17 40,0 13,80 .60 1.0 .82 BlL.20  3.20  76.3
1& 9&.6 3}4«% 3;83% 3}%»95 3«! &? 31035 3*20 ?6w3
B 50.0 11.30  2.45 12.20 278
19 50.0 11.20  2.37 m.:ﬁ 2,94 105.00 L0 96,3
20 L0.0 11,10 2.2% 12,85  3.08  105.05 L.Jo  $6.3
2L 30.0 1,00 2,33 12,50 3.bb 205.30 LIS 97.3
22 20.0 10,80 1.95 13.50 3,98 105.20 LS 97,3
33 1..3‘ 00 %hﬁ }mS? 13:9‘3 2&4 gﬂ mgteg a 15 97*3
B 10.0 9.80 3.62  1L.L0 1.3k ,
2h 0.0 .80 3.5 LTS L& 10h.9% La20 58,7
41 ne.0 . 8,55  2.33 15.50 2.h7  1h.9S L.20 98,7
26 3&;& i1 ?a&ﬁ 1.55 3,écg'5 3*% mk.% i-h ?&»?
2? !%;ﬁ 3 ff"'» m [ 38 l?ﬁ }.5 h OO lﬁﬁ.m vi%n 3-5 9? » 3
B 50.0 12,30 3.43 1250 2.9 ,
28 50,0 12.20  3.32 13.20 3,69 9340 3.0  §9.0



TABLE & (CON'T.)
ORIGINAL DATA = neBUTYL ALCOHOL

RUE  HOTA IHLAT WATER QUTLET WaTYR VAPOR Fils THHP,
HO. METER TEUMPERATURE TEMPERATURE TEHF.

‘ RDG

ABGDe  BECE-  ARSGe BECE.

LUTE MANH LT HAHH

Z 9 ¢ 8 2 e W eg

% 10.0 12,15 3.9 LW 92 93,2 3.76  B9.0
0 30,0 170 2.85 13,35 377 93.20 370 EBT.6
1 200 .40 2,60 13.95 .hh 93.05 3,70 87.6
2 15,0 mo?ﬁ Q«EX 1‘;;% I ak&
33 100 10,80 3.97  15.00 186 93.00  3.72 88,9
B 100.08 2,75  2.90 16,10 206 9295  3.65 £85.5
35 0.0 8 8,80 1.93 16,38 3.12 92,80 3.63  E&1.7
36 50*@ B ﬁm% 3.‘11 3‘70 55 hiw 92‘% 3‘ ?Q 57‘6‘
B %»ﬂ mtw 33‘72 3.26 6@ 2.12
37 50.0 kG40 L6 15,35 2.8k Bl.aE 3.30 78.6
3 0.0 U35 L.SE 15.50 2.96  BLk2 3.3 79.6
39 30.0 .20 LIP 15.65  33h 0 81h2 338 80.6
Lo 20.0 Lo LA 16.05 3.h6 £1.30 3.28 78.2
% 3 i5.0 3.7 3.9 8.8 L.oR 81.06 3.15  75.3
B 10,0 1340 3.6 1680 1.1k
Le 0.0 13.10 3.4 i7.00  1.32 80.9% .00 72.1
k3 100,08 12,30 2,58 17.80 2.09 £0.87 2.96 TL.6
[ 800 & 13,70 1.9k 18,65 297 80,92 2.90 6&5.9
ks 0.0 & 10,95 1.27 19,90  bL.3 80.90 2.92  710.4
E» 5@#0 nw?ﬂ 1&9§ 12'60 3:?5
L7 SV Ry 1140 1.60 12,95 ;96 105.25 3;.27 99.6
LE 30.0 13..35 1.53 .10 3.2k 105,05 L.22 98,7
Ly 20.0 10,85 1.01  13.60 3.6k 05,00 LB SEL
Sa 1}5#@ m;éﬁ f}n7§ 31&;19 z%am 3‘025990 l{n 19 ?603
B 10.6 15%% ;:&&}&3 1&20&; 1—»&?
52 mf‘:} 4 N u?g 333‘? 1?‘&55 2*&2 %»ﬁﬁ hi{ﬁ ‘5}5 c@
53 ﬁﬁu{j 8 i 0% g-m lﬁ; 4512& miv?g I&.lﬁ f)‘fh,}
52& &‘g E Qog{3 1»3& 3.?.1;9 hﬁjg l{&i’?g E.l& 9&#&



PARLE 7
ORIGIHAL DATA = RwAMYL ALGUHOL

AUN  AOT A INLET WATHR DUTLEY WIER ¥4 F0R FILH Teup,
¥, HETER T PERATURE TESPERATURE TiRP,
ABEGs  BEGEe  ABBOw  BEGEe
LUTE  HABN  LUTE  MANN
% S Lk o¢. bt 5 LA

B 50,0 12,50 LT3 12.60  Z.2 |
55 50.0 12,08 L70 130 3.6 82,5 3.2 76,3
86 W0.0 12,40 .66 13,50 3,26 82,35 315 75.3
57 3.0 12,35  Lhew® 13,75  3.55 52,10 3680 76,3
85 20,0 12,0 L3 14,30 heooR 2.5 330 Thek
3 15.0 11458 520 1l La2h 82,00 231G Theh
i 100 32,50 Le73 1,80  31.03
&8 100 1148 3.6 15,058 1.4 81.95 300 124
G 1000 8 10.60 285 15,75 2,06 H.B0 0 290 &9
&2 %mﬁ B M&ﬂs 3;‘23 1&»% 3&&% &3_,,7 5 L&?S T1.0
63 0.0 8 B.B0 1,05  17.05 338 81,80 3,05 736
3 50.0 11,05 3.3h 12,00 1.88 |
&b ﬁ?aﬁ ll*m B;ﬁ 11‘?5 34«% ?3*59 .}oﬁg ﬂih.ﬁ
& 0.0 1330 W® 12,88 206 93.50 350 Bh.2
&6 30.0 10,85 3.0 12,45 2,30 9305 347 83,8
61 20,6 10,70 2,97 13,00 2,80 93,35 G0 6l.6
6 18,0 10,85 2,82 L3.35 387 932 3,26 T8,k
B mﬁﬂ W»ﬁﬁ 2’?9 1}3&1‘5 00%
6 10.0 10,40 2,67 LS5 0.7 93,20 3.8 780
70 100.0 8 7.78 800 15.60 1135 23.15 J.2 ?ﬁis
71 §0.0 8 %20 Lels7 1«5;&5 24el 5 3.15 3 +16 75 o
72 0.0 8 8,15 0.1 16,85 3,10 9330 3,15 75.3
3 50,0 .20 362 11.30  1.63
13 2.0 11,88 3.86 1z.30 2.42 100.% §00 9440
Th .0 11,15 3.7% 12,40 2.7 100,80 395 93,0
?§ 10 10,50 3-&52 12,55 3#@ 106,68 3095 93.6
1% 200 10,50 313 12,85 2.8 100,70 5 P30
1 15.0 10,20 2.60 Li.0 6L 100,75 .00  9h.0
B 10.0 9.0 2.52 13.90 0.13
m }.Q QQ .éﬁ 2 wﬁé gpii 0@5 a&z 1% *9(} iai om 9 i-i#ﬁ
% 100 s 8,80 1.2 15,05 1,33 101.00 9% 9340
80 800 8 3;15 ﬁcv&? 1 5&@ lwg& 106,90 L5400 Gha0
81 60,08 TeX 002 16,15 2,85 100.95  L05 954
B B0 ,0 12.50 316 12,70 3100
82 50.0 12,60 5,17 12628 3,716 B2.20 3,15 78,3



TABLE 7 (COH'T.)
QRIDIMAL DATA = neAMYL ALCOHOL

RUH  ROTA- IHLTYT WATYR OUTLYT WATER YAROR Flix TRHE,.
Bo, MEIVR TREPHAT S THMPERATURR TP,
Ab0w  HECEe  AGOw  BECKe
ure HAHE 1UTR HAXH
% o¢ og og o ¢ M oc
83 ko0 12,50  5.05 13.50 3.85  Bz.35 310 Thad
Bh  30.0 12,35 L.93 13.65  3.98 82.20 3.20 76,3
85 20,0 12,10 468  1h.35 k.23 82,00 3.26  77.8
&é l ;G 11.@5 h»?ﬁ 1&.36 ﬁim% ?gtog 3:2ﬁ ?5!‘3
B lﬂvﬁ 13,..50 hngﬁ lih 9'5 Lil@
87 m.a 1.0 3.97 18,05 110 Bl.90 3.10  7Thua
gﬂ %lﬁ - ?4{}5 LS? I?alg 31: lﬁ ;531.8{} 3»16 ?l‘sll%
B 0.0 11,20 3.00 11.30 1.4
91 fﬁma 1L.05  2.6h 0 12,10 236 100,70 3,99 #3.0
23 3&‘?;{} 10,80  3.36 12,95 2,76 100.50 L.00 ?iﬁuﬁ
o 20.0 040 2.9 12.85% 3,09 100.50 La0S5 5.1
?5 1:30{} lﬂrlﬁ 26?{3 3‘3 1»23 3;‘3@ 19‘:%55 3&&10 96»3
B 10,0 10,00 2.60 1,00 0.05 |
96 1.0 .50 2.12 05 0.9 100.85 L.08  §5.1
9? m.& s ﬁg&f} lnlﬁ} 15.3.5 1:15 m-?ﬂ h.i’{) 9&«9
9 800 8,20 ©C.81  15.50 1.,k9 10075 L.00 94,0
99 .08 750 Q.09 16,75 210 100,70 3.95 9k
B 5.0 1,3 350 1.0 1.7
00 50,0 11,35 3.9k 12,35  2.59 93.05 3,25 77.5
01 koW 1125 3.87 12,65  2.77 23,10 3.3 786
102 30,0 11.05 3.63 12.50 2.88 73.20 3,20 76,3
3 10,0 10,25 2.B% 10 0.5
1o 10,0 10,10 2,72 14.15  0.17 93.00 3.5 78,3
106 1000 @ 2,05  1.66 15,15 1,12 $2.60 3.0 Theh
1@? E;{},Q 2 &a‘}ﬂ ldh 1)0) 2—«%«3 92 76 3. lg ?3&%1&
108 f0.09 7.50 0,03 16,25 2,28 92,78 315 TE.3



ranig 8
QRICINAL DATA o D=PROPYL ALCOHOL

BN ROTA~ LT wAYEH GUTLET walER YaroR FIM TEAF,
RC.  NETER TEMPERATURE TEAPERATUNE TEMP,
ROG
ABLOQe  BXOKw  ABBO=  BECKe

P S . . . T .
.| %?a 9 ﬁm 3095 ?tﬁ'ﬁ ﬁ.é3 ‘
109 50,0 9.75 3.01 10,80 1.51 92,90  3.70 O7.5
130 o 950 .13 11.1¢  1.86 93,10 3.7 9.0
11 ﬁ»g 3«&015 312{2 11075 2'53 93*26 ,}QT W*ﬁ
112 2”&..9 10.20 3«}6}& 13.&5 3033 93,40 JG?S &Quﬁ
113 15,0 10,00 3,23 13.25 384 9345 375 89,0
1Lk 0.0 %55 2.80 105 LTl 930 3.75 B0
B 0.0 1,85 1.5 1.63
115 W00 3&30 a&.} 12;.30 3*53 93*% j.ﬁﬁ 59.5
116 BoLO s 755 0,82 15435 2.5 9120 3,75 89.0
n7 w.0a» 6,85 0,01 16,95 L.99 935 3.85  90.k
B 5.0 11.60  L.87 13.70  2.45
m %qﬁ 110& ﬁ#% 3;3‘5$ B‘#ﬁé 33!3‘@ 3»% ?é*}
ng  Ww.0 11455 L1 12,70 36 83.50 3,20 76,3
120 3:3:3 11*34&} &aw 3‘2&99 a% 831:65 3-3’5 W#&‘
123 .0 1.8 L& 13.55 LR85  B3.355 3.3 .8
122 15,0 11,05 L.38  3L.0 LB 8350 3,35 19.8
123 0.0 1030 3,55 1ha0 513 83,35 3.28 78,0
8 10.0 9.60 2.87 1500 2,13
3.21; I00.0 8 aitg 2&?5 15,50 2#&? aﬁui‘(} 330 ?8 o5
126 60,0 @ 1.55 ©O.81 17,15 L.3% B3.40 e 76,3
B 0.0 11,00 Le27 11,10 1433
«12? w »G3 11800 2,;..28 1}.;&5 M .éﬁ ?L‘;t Eﬁ 2.50 é? &
128 Lo, 10,65 3498 .80 2.9 T B0 290 &.9
129 30,0 W.w Bt&? 11, ?f’ ’ 2‘&5&} ?ihm &095 1.0
10 20,0 9,95 .20 12,07 2,0 TiiS 290 &9
1N 15.0 9.60 2,92 12,25 2499  The50 .95 7.0
132 10,0 2.08 2.3 12,80 3.0 Tha 55 290 &.9
B 10,0 8.30  1.87 13.60  0.73
133 100.0 8 8.10 1.28 13,520 G.51 Fice S 2.9C @ «F
13, 80,08  7.35 081 Lil0 Ll T 90 &S
135 &‘}.G 8 6.80 ﬁc% 15,00 3&1»1% Tive S0 3.95 71 6
B 50,0 10,60  3.85 10,70 L.hB
1% %0.0 10,55  3.81  11.80 135 9315 505 B9



tapre 8 (comvr,)
QRIGLNAL DATA = BeFROPYL ALGOHOL

BUN  RCOTAe  INLIY WATER  OUTLEY WATER  VAPOR  PILK TEMP,
BD,  METER TERFERATURE PEMPERATURE TEHP,
RUG
ABEOw  BEOKe i’iﬁﬁﬁﬂ gf;%ﬂ
LuTE MANE UTE Al
o 6 o o o %  w %
131 160 10,25 3.52 11.55  £.33 9320 3.0 8BTS
1% 30,0 0.0 337 185 257 9135 370 8T8
1% 2.0 9,95  3.20 12,45  3.14 F3.50 3065 860
1 150 2.70 2,98 12.90  3.84 F3.10 370 87.5
3 10,0 9,20 2,47 13.65  Ll3h 93.20 375 89,0
B 6.0 810 1.3% 1L.00 1,13
g G0 s .08 1.3 1&%&:3‘3 1 5305 60 &8
1333 &uﬁ & ?a?ﬂ ﬁﬁgﬁﬁ 1501.’} ?03? ?}&w tag WOh
12&1@ m;@ & é‘m {}wﬁl 1&0?5 3}«@9 ?30?5 }éﬁg %mg
B 50,0 11.70 L.9% 13.75  2.50
s 0,0 11,75 459 12,75 3ubb 83,55 335 7493
16 w.;a 1,60 L3 1285 g B335 A& 76,3
1&9 ijua 1(3.954 &»15 13’?5 Q'm 83& 55 E.ﬁ ?8-&
B 100 10,80 3.85  1h90 2.0
156 10,0 10.60  3.85 1L.98 2,0 83.60 3630 78.6
158 300,08 10,05 3.3k 16,25 3.3 835 325 78,0
lﬁa m;;a 8 9‘.2‘3 ;ii's 146, ?5 8& 33%59 ,3.- ‘55 ?_&G
183 600 3&% 135 17.8% 508 B3.45 2a 85 78.0
B 50.0 n.o L2 110 1.8
15%5 ,@ .6 113%@ i’nl} llaﬁﬁ 3 » 3&8 ?iﬂmﬁg 095 ?Aﬁg
155 0.0 10,80 L.08 11,50 2.8 The5s 3.00  72.2
156 0.0 10,55  2.8L 12,00 4,7%  7h.50 295 T
157 20.0 10,30 3,88 12,3 .08 The50 250 5.9
1% 'lﬁ.i} 9#9@ .,3'1? 1@;55 3&3& ?5&% 2090 ‘59 *9
159 10,0 G35 246 13,0 3,85 ThaiS 2,885 68,7
B 10.0 8.58 1.80 1380 0.9
léﬁ 0.0 # Enm 1,83 13.95 1.d5 Tl 796 & .8
2 oo .80 0.0 16,05  Zeth  TheS0D LSS0 89,9
3 %*ﬁ 3.1&% 3.@*5 3.1'% 2 tég
163 56,0 131,80 5.05 12,75 3,56 B3.80  3.30  7B.6
l&‘ ’hﬁ*ﬁ }»3- &1&5 it » ?3 }»2 65 a * 36 330 &S 3; 35 ?5 aﬂ
165 0.0 1130 b8 18,80 356 83,60 3,25 78,0



tTass 8 (cower.)
ORICISAL DATA = nepsi¥L ALOOWCA,

UK ROTR=  THELET WATTH OUTLEY WAYER FaroR FILE TEAP.
NO. HPRER TEHPERATURE TEAPERATURE TEEP,
ABEOw  BiLFw  ABECe  BEIKw
LR MANN m& HARNK

£ % .2 e ®° S oow %
186 20.0 1120 L.iS 13,35  L.0O9 63.50 3425 780
167 15.0 10,75  5.03 13.65 LD 83.50 .25 78.0
8 0.0 10,80  3.85 1. 30 3...&35 "
168 10,0 16,30  3.54 14,50 1,68 83,5 3.20 76,3
1@ 0.0 8 9;2&5 2.712 l&'.iﬁ ﬁ@ s‘,}uw 3.% ?é&}
170 &3*@ 3 @,&Q 3"“35 35#35 ih 3 33 f&E’O 3.2¢ ?5#3
1?1 .0 8 Ts 35 }mf;a 17.05 S.08 5...» 50 3. 25 ?’ﬁuﬁ
B r}gﬁﬁ 1&« 3325 }-ﬁvlg 6385
172 0,0 0.0 3.28 11,05 1.77 9E.90 3.60 85,4
173 0.0 16,00 3,24 1130 2.0 92.95 3.70  B%.6
}-723 30#& 9&?" 3:15 llai:S aa? ?Stlg .h?{} ﬁ?né’
175 20,0 275 .02 12,15  2.87 23.20 3,75 88,7
176 15.0 9.60 2.87 12,70 3.k 83,20 3,75 88.7
l?? 10.0 &*?S 2480 13;% 3“2’5 93020 ws?s 3&3.?
B 16,0 8,10 1.35 1heds 1.6
176 1000 8 8,00 1.3 Lhed 1,76 23.28 3.80 89.8
1 80,0 = 1«45 0,71 1508 2.56 93,30 3.80 89,8
1 0 e 5,75 0.10 1685 Ladh 93,45 3.15 88,7

LS



1.

2.

3.

k.

BAMYLE CALCULATIONS

I. RUN B0, 3 - BUTYL ALCOHOL

Rate of Hest Iransfer, g

water flow rete w 1580 1b./ur.

Water tesperature rise g 1.67°C

Heat capacity of water « 1.0 Sta/(1n.) (°F)
q = {31980} (2.0) {2.26) (1.8) = 55LO Btu/hr.

Water Dulk Tempersture, 7¥

Inlet water btemparsture g 11.20°C
Water temperature rise s 1.879C
Fulk tempersture °C z 11.20 £ 1.67 = 12.04%

Bulk teeperature OF » (12,04) (1.8) £ 32 » 53.7°9F

Over-all water tw Vapor Temperature Differsnce, °C

Watar bulk Lemperature & 12,0470

Varor temporabure = 92.859C

{ver-gll temporature dlfference = P2.0% « 12,04 » 80.81%

1 x 1ol
(17 6.0018 708

dater tulk temperature z 53.79F
v0.8 o k35

u;ml% 6 13:1@3 « L



L7

II, BUTYL ALCOHOL AT q = 5600 Btu/hr

———————

1. Observed Heat Transfer Coefficient, 3{:
From Figure at q = 5600 Btu/hr

°F  At/q 1x 103 P
167 0298 L.15
1hh ,0257 2.30
119 .0213 0.35
From
AT/q versus 1 x 103 g Plot Figure

st 1 x 103
: TO11% 8

=0, OT/q= 0.0206

Tube wall thickness, x ¢ 0.00292 f%.

Outside tube surface area = 0.1962 sq. ft.

Ingide tube surface area = 0.1596 sa. ft.

Average tube surface area, A _ = 0.1962 - 0,1596 - 0.1772
1n 5-1858

Tube thermal conductivity, k = 60 Btu/(hr) (sq. ft.} (9F/ft)

ki ~ (&) (6.1772)

1 =AT=z1 # =
o™

‘9 hola k “‘av

___ = 251 Btu/(hr) (sq. ft.) OF




2. Theoretical Heat Irensfer Coeffinient, ho
Run #3  neButyl Aleochsl
At infinite water rate:
uster tesperature in s out 11.2%

Saturated ooy ‘3? = 9208560

Thernal resistasee water fila %o vapor
At& 2 GQW
T

Thermal resistance of tube wall » §,00027
Satuwrsted vapor to water temp. diff. = 92.85 « 11,20 g 81.65%C
Tube gurfece twp‘, &5 o J1.20 " ﬁi;éﬁ im? = 13-2?%

FAls tenp., tp = tgy » 075 (tgy = )
= 52.85 - 0,75 (92,85 ~ 12,27)
= 32.35%
At across condensate filn s 92,05 = 12,27 u 80,589
ab t¢ 3 32.35%
Thermal conductivity, ke z 088 Bbu/(hr) (sq. £t.) (%p/f%.)
- Deneity, Pw 50.7 ib/eu. ft.
Letent hest, As 254 Btu/lb. ©
Viseosity, Mg = 2.21 Ib/(hr) (f4.) C
Gravitationsl constast, g # 4.7 x 108 ro./me?
Cutside tube dismeter, D, = 0.03125 fi.
Temperature drop across condsnsate film ¢ LS9



8y the Nusselt equation
o WY
hg = 0,72% b o dg AE '

v
% = "}a.ﬁ-}g

= 268 Btu/(hr) (4. £%.) (°F)
25347

[

)
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