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HISTORY

In 1943 Drickemer end Bradford presented a correlae
tion between viscoelty end plate efficlency in the Trone
sactions of the American Institute of Chemicnl Engineers.(4)
They pointed out that the tray efficiency of fractionating

colurms is a function of many things., Some of these are
temperature, pressure, tray design, colummn load, physical
properties of the liquid, etos When all other things are
constant, such e8 in columns of similer design or for similer
purposes, the efficiency mey then be a function of the physic=~
el propertles of the liquid.

It is obvious that the efficiency would not be a funce
tion of Just eny one physiczl property, but of meny. 1t 18
desired in this problem, then, to study the effect of liquid
viscosity upon the efficlency of a bubble~tray tower. A
vater solution of a soluble cellulose gum wos metered om to
the top tray of the towere The effeect of the gum was to wary
the 1iquid viscosity in the tower. DBy analyzing various
liquid and vapor samples from dbhe tower, the efficiencles

end visgosities were detcrmined.

The results obtained by Drickamer end Bradford were
drawn from test data on 54 refinery fractionating columns
end dealt wholly with hydrocarbonse They checked their re-
sulting curve ageinst data on 30 commercial eolumns taken

from the litersture. The literature date used was also fron

hydrocarbon eolumns, except for four pointss Two of these
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polrts vere Lecr S5tllls, cne on fcetiso Acid-inter toucr,
end the othey on cveree £ Live tests on eurrcercicl Jleohole

woter tovcerse

Thely reoults ere shown in figures (1) cnl (2)e Th
curve 1s of thso form
E w Cel? » 0,616 10y (ZMu)
for cfficlcencies (E) cf fracticrrting colwmn using hydrocoye

ton mixturca with visccocitics (u) voryins £rom 0.C6 t0 leDe

Wolter end Cherwocd hove eloo €eoclt slishily with
this probleome(10) Thoy surrested & pencrel ecusntion for
porphroe efficicencies for o8 cvacrption, ¢nliing into cccount
the cficet of viscooitye They v8iuie tht

Althourh 1t i3 hijhly orobsble thet the inlivie

duel g8 and 1i0d8 filnm coefficients rre diffa

ercut fancticna ¢f viaccelty, the present dota

~n be cer:clated £04rly ueli by resusding both

licuia ral pr8 $ilm cocfiielents 4o be inverscly
vrorsortioncl 45 vincosity to the 0063 DOwLTs

Tl.eir ecuntion ia
vhere

g h'-l
(2450 & 0,270/Tpr) u 0068 y0eZc

Efficicncles eotirmted by this enuntion were & moxdm
of €O 8ifferent £100 the experinentcrl restlto, The eversge
deviction wes Lle The equation covered wvolues ¢f Ly fren
0.0GE8 to €75, u from 070 ¢o 22, h; from 1.0" to 1.8”. cno

rotes fron 0,70 0 Z.4 pound mols per hour per squore inch of
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glot rron, end H, from 0.0CL2 1o 8.0

EQUIPIIT

The problem here involved wos etiachkced in o difforent
neancys  Forperly perny @ifferent prstena, types ead slzes
of colurmneg, troy depigns, end corditions were ucels lcre
conditiong vie: @ mrintnincd as cinstont 88 feoecitle with only
the 11nqudd viscosity ea o vorictle £ootore

Thorefore, to meolntrin thece eonditions, o tinvle (low
tillction eclurn wes uscd to gothor all the dntre The colwm
we8 en ex cricentndl lrboratory €istillintion wilt of 24 tulblee
ircyse It 43 & portion of the equipuent evellovble 4n the
Undt Cperationy Ledboratiory of the Depertuent of Chexical
Engincering et Xichip~n £4rte Collerce T'l8 column wos dee
eirned for uoe Loy either boteh or countinvous frretionsticne
It was £i44cd with eonzling $opa for liculd and vopcr on

erch {roy.

Twe gyaten Dihrnoleictor wos chosen due to the lorgce
crount of informnticsn aveilntle ebcut equilibriun curves,
dounsity~conerntrntion curves, ttce, ond Lor the ense end

1nexzence cf obltnining the compinentos

The mejor problem with this methed then, wos one cf
verying end controlling the voriction of ti:e viscositye %he
pretlea was ov.reone by the use of & wnter sclutle celluloze

cun which groctly inecrenseas the viscosity of wotor when in



even very dilute solutionse Iolutlions cf thls eellulosze
cun vere metered intec tho top cf tiio tullleetroy colurm durae
ing oper - tione In thie mrnner the visrosity of the 11:uid
trhrouchout the coluwn eowld bte sltered to e predeternined

desroce

The bublleeticy coclwin uscd wrg an experirertnl
l-bvorotory dintillinticn urit, tyre A2, built Ty the Vuleon
Copper end Supply Comprny of Cilneinsntl, Chios The eclum
shell wes fobricoted fronm €% S18 cop ey pinpce It wrs £Ure
nished with 24 bultlcecnp treys eprecd on 67 conterse Erch
troy hed two tiree dnch Vulran presccd bulblee-cnp nosertlies,
{sce Firure 4)¢ Isch try ernd vonor spoce wop fitted with
e 2/3 inch glote velve and union 40 frellit-te srm ling.

Ti® gyoten necesoryy to focd the viscuus silution
into the top ¢f the cclwm wrs ot a resuloy pord of the eolwn:,
but uwica eunntructed copcelally for thit vcee (Seo Fioureg §
erd €) Iesenticlly it woe ein:sly o sresourized tonk: with
gisht ¢lhsa ead o plug volve to ellow the solution to flow
on to tho $op troy cof the colurne

grnll) refriccersted colil wes uoed to tole the 14cild
end vosor gonolez directly Lfrom the colwme (Flotes 81, £2
end &7 onlyle This sempling dcvice weg fobriecated fren glx
fect of 1/8% ecp.oxr tubing forned 4n o coil irpide ¢l o three
guryt stocl enns The upper end of the coll wes brozed to

the pele hel)f cf e T/78% unione The lover end of the tubing



drcined into the teost tubes thet were uced to tole the
panpless During operoticn the coll wra surrcunded bty erunbed
1ce rnd uwntere 4An 1llustreoticn of tho sonulinge oy nyntus

is ghowm g Tipure Te Four clority the ice wns left out of

the suntoincr,

The dcneltlics of the samples were det radncd et roonm

tenpernture veine o eheinonntie Wicotyhel brnlonces

The vigcosities ¢f the iiguid sruiles #nd bvotton
sroducts were feteornined by using n glegs Vimtle Ce200 vioe
coplneter of the Cestunld typose The tenperctures wers noine
tcined %o plup cr minus ono-helf a Cegree eentiornde in a
ecnotont tepperoture vatcr bothe The vizecsirvetor end both
ere shoun in Fipoure 84 The dath wos heatcd by %wo 150 wentd
knife hocters eontrolled b e Cereo Teihotingly ThormOe
regulrfore A wrrictle srcced slirrer escswwed & wilforn tone

percivre through cut the btothe

The distillation cunponents were ¢iotillod woder end
954 ethyl cleuvhols The viscosity of the 1icuid in the tover
weg veried usling solutlions of licreules CiC, cr Cellulose Gum,
type CICaT0=1,(2)
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Flzgure 3.

}Jodel A=2 Lixverimental Distillation Unit
previous to tiae installation of the sampling

valves and insulation.
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Figure 6., ClC feeding

system, showinz the storage

tank and pressure source,

Figure 7. “ampling

apraratus, showing the valves,

unions and cooling coil.



Fizure 8. Viscosimeter, showing the stirrer, heaters

and controller,

Photograrhy by Huby,
{aiser and Author.



JRICIOCHE

It vne previcusly stoted thet $he syoten necegsory

t0 foed thie CIC solutiong into the top of tho towr wesn

st a rogulne pozd of the tower unlt, tut w-a edlcd copeclinle
ly Lopr tiis puryosce The CiC soluticns were fed into tho
tover through whot wre foruerly o therconcter well, Tlla
well wos in the woper spnce chbove the top (24ths ) $roy ond
directly telow the reflux inlete It weo felt thrt the ofw-
feet o2 the refluz licuid floving fovn ovey the CLC solutica
into 4.6 pocl of 1inquid behind the welr woild couse esscntlcle
ly _exrfeet wixing.

A Vbottle of gra, such cs Iy or €Oy wos uacd a9 8
presoure suvurce Tor the feoldlng gyotons 7o zressure in

the feeling tonk wos kept totuecen B end ¥ pslige

The oleoholewnt: r focld otock wrs rixed In the ket le
to & concenirntlion of epyroxic lely O ethonol, by welichie
The sclutions were thoroughly nlxed by reeirculoticn 40 89w

gure wnifornity of the feeds

A problen thot initiclly erused sone trovble, wna thet
c? dlooilving the poucred Clle It wrg depired ¢0 use BClue
ticns of O0u75%0 ond 0.7795% CIC £8 fecds Solutions of these
concentrations hove viccosities of &, voxinetely S0 end 6
centiolse roapectivelye whon the CZ0 powdex wes adled 40
weter, & ¥.ry gelotinous film inredintcly forned erownd elwrd
of tre pouler, very ¢rectly decrecsing tiie rote of sclutiocn.

The problen wos s:olved by glovly edding the ecorrect roount
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of C.C to €0 pouvrds of watcer while the soluticon wis bvedng
erit ted with & Ced Lichinin? Tdxer, Fortyefive winut.s of

rixing resulted in e elory urifors golutione

The ecolwm wos breoght to onmercting enuilibricn by
ellouins 1% to operate under o L£i::04 act of eorditions for
tt lecst U0 minuten., During this jeviod, feoed rote and
product rote were fixced, end =1l the vty € rnditions were
cllowed to edjuczt themsclves sccordinglye The dictillzte
end Lotton prolucts were re@geled during thie jortion of the
ruhe Lnullibriun operctl:y conditions wero scid 10 exist
in the touer when in-enming rnd out-poing streong renained
esgentially eunstent in cunult, cad cuclity over a poerlod of
tices %he visible effects of equilitriun were irdicated by
corstont volues of steem pressure, feed temsernture, feed,
refiuvx, end -roduet rmeter recdince, ond & econotnnt sleohel

concentrotion In the _roduet siyrcon8e

When the tower rorched the eonditiocn where 1% wog
opercting rt ecullidrius, tihe CIC solution wis netcred into
tho top plotes I% ghould be emphnpiged 2t this point thet
fron thnt tinme forveord e rmizioun arcunt of operating tice
rexcincds Al cf tho ornples ked 10 Ye tolen before the
supuly of CIC end feed otock wng gone, o6r the recciver trrls

viere £illcd,

A2 the BMD eolution wns stortcd intc the top of the

eslum, the recéiver tonls were isclated from the kettle e0



: 3 T !ﬂ!ﬂ.ﬂsw
an‘«.’%‘ﬂg« et



15

tint the systom wng no 1o:gar recirenlnting, The flow of €0
g:lution ves reculerted o the decired rote end held et o
constint vrnluee The ernilizg wra bepcun when the tover venin
erne to ecuilibriun from tho effccts ¢f the CI, usunlly

etout 20 riautcse

Senplies of 80 rl, wore drovm off fr.m ench tyoy 1nto
scven ineh tceet tubes vaing the cccled ermpling ccile Fo
the leet tiree rens & glisht vrcuun wrg used to enecd the
&raving of semnles, The Brmzlesd were tolien in the cxder
Jope Eooe Yaoe Xone oo Ty By end Fo Crure, peler, end
eondens to realingg vere trken end the CC Lflov sto. . clde
The dtovuer wra left in ojernticn for » short _ericd of tire

o elerny §% soiewlint of visccous eslutions,

Lefore the tower €o.:ld Ye uscd for srncthor ron it
hed to be clecred of 21l the viscoua medericl, This vns o=
gonziished by droining the viacouvs bobtons product frem the
recelivers into the kettles llers 1t wos heated with clocced
stenn 80 thrt the eleochol end weter wos bolled oiff leeving
e vigsecus wetcr solutione This wns discorded end the clechol

end weter reuscd,

7he srnple concentrations end viocesitics were de-
ternlrned in the menver deseridbed cn ponre 26 ¢f Dnnlels, 1ite
heus cnd wll dermse (2) Dota Lor the rleohclevintir dencitye
tenporntoresconcenterrtlon dotoruination vwees telen fron 42

c? the Cherienl Exgdneccerg? Inndbook by lerrye (€)
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The folloving scetion 158 cerpeecd of the 1lnleratory
dcta token in the process of the experiionts The dctz noy
te rourhly aivided into two prritse C:ne concicts of gpcelrd

chbacrvntions £ad the other 18 nrrocd) tover oneroticnel Gotce

The firest pord ¢f the drte 1s foxr the stondordlcnticon
ef the C8fweld type viccosirctcr end the equrticn for its
uce, end en investigntion of the effcet of CIC cozmcentrution

upon the 1ligudd density end viscositye

T.e second port, or »irmed toucr operntloral dote,
lists govers) thirngoe Theoe includey ecncentryrotion of CIT
fecd sclution, rte of CIC fced into tho tover, toucr roire

ceter readings, and liquid cnd vejer ssnsle properticse
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Strnderidzation ¢f Cotwrld viscoolinetor voling 445w

$illed woter a% S040 degrs Co (Fintle Viscosinmeter sizo Ca200)

10 cce wrt:r srople
tive 9,62
9.8C
9483
9.86 evereyso tire 9,05 scce
The viscenliy of wnter et L5640 QCre Co 18 #8907 contipcine.

J
The dinsity is «99%71.

Tre equrtion for use with the viscosinmetir wrs (0w

veloped a3 follovist

1 os Gy ~§,,7 2 ot
ug Ity 3 R oy Je0

R og e 2%

u s 02108 dt

where
u is viscoclity in eontipolce
d 15 the dencity of the Lluld

t 1o the tire of efflux in secendBe
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Investigation cf e¢flicet ¢f CIC ocxncentr-tion
upon density cnd viscosity,
9/15/49
’a;fcig?zt‘ lr;?oct. Denpsity  Teruerrture Density Iure inter ot

Bl &cCe Co Corre.to £) 2oge Co
18 ¢
& #0C187% e 20032 “lel 29903 ¢ 29032
3 S OR07 «SO08 Cled 900 29032
4 JCC04CH 938 &0 ¢92387 09088
5 #000..04 9937 Lled «09CYT #9003
& S00CLL7 »$977 cleld 29078 093833
7  COGLLY 2930 cled PRI} e D002
9/19/749
8 $00400 1.CC06 Cle9 1.,C015 s 0083
9 (COI(O +9092 Clee 29993 » 0004
10 «COLC « 000 “le ¢ 5293 «S9CE
11 LCClCO «00C4 e 0 0039 e S0G2
12 LG0OE0 ¢ 99C0 wile? 0C937 29908
13 JCLOLB 273981 Lle 29984 00003
34 JCCCCO 02933 Elel 0 590CZ #3928
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All of the viscosities were determined 2t & bath temperature

of 85 dege Co The viscosities are in centipoise snd time in

secondse.
Semple 1 Sanmple 2 Semple 3
time 93.0 time 40.4 time 25.98
89,5 40.8 25.94
87.0 39.8 26415
8545 40.2
84.0
velue velue velue
used 84.0 used 40,3 used 25.96
Visoosity 7.4 Viscosity 2Z.56 Viscosity2.28
Stmple 4 Scmple § Scmple 6
time 13.89 time 9.45 time 6.63
13.40 9.29 6.60
13.00 2.26 6.62
12.68 9632 _
lgozg 9,35
value - value value
used 12.70 used 9435 used 6.62

Viscosity 1l.12

Visceosity .82

Viscosity .58

Semple 7 Sample 8 Semple )
tire 6.80 tine 74.2 time 5342
6.84 74.0 52.6
6.85 74,0 535
6.82 o 5345
6,80 —

value velue volue
used 6.82 used 74.0 used 531

Y¥scosity «60

Viscosity 6.53

X |

Viscosity 4.68



Sample 10

tine 40.5
40.7
40,3

value
usecd 40.5

Viscosity 3.57

Srmple 13

time 7.42
7.42

7.42

value
used

Viscosity .65

Sample 11

time Zl.84
2l.84
2l.86

volue
used =2l.85

Viscosity 1.93

Samnle ;é
tinme 6,02
597
6.06
6.01
value
used 6,01

Viscosity «53

Sample 12

tine 9,12
9.00
9.13
9.18
9,18

velue
used 9.12

Viscosity 80
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Run Bumber 1 871749
0.75% CXC sclution Steem eondensate
Rate of CLC feed 242t st 7112

123F at 6:18
tire fell 1194 in 54 min.
6322 on
6:48 65% Rotemetcr reecdings

Dizmeter of CXC feed Fecd 11,3
Reflux 348
tenk is 123", Froduct 2.7

Scmple Properties

Sample Density Temperature Wt. Fraet. Yol., Freet, Hol.Fr

dess Co Alc, Alc, Alce
o1 + 9648 26,5 #2038 +«092
Xpy  +9664 2645 +195 . 087
Yop #9293 265 «356 1775 417
Xoa «9584 265 0248 114
Yo #9029 2645 «525 «302 «460
T +8890 2645 ¢ 587 0358
B #9971 2645 + 000 + 000

Viscosity Determinations

Semple Xo0 Xon
BePs deg. Ce 86.0 84.5
Bath temp. 85,0 83.5

Time of efflux
seconds 15:25 10,08
15,15 10.12

15.31 10.05
15,25 10,04
16,28
15.21
Yalue used 15.24 10,07
Viscositf 1.30 0.85
sentipolse
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Run Nunber 2 8/8/49
0.75% CMC solution Steam condensate

steanm to column et 77 psige.
Feed liquid to columnn et 78 dege Co 258# at 6114

101 at 5:12
Rate of CMC feed 1577 in 1:02 hrs.
tire £rll Rotameter readings
5843 ovu Feed ll.4
6:05 757 Reflux 4,3
Product 285
Diameter of CLC feed tank
i8 12.5"

Semple Properties

Sample Density Temperature VWte Frast. Lol. Freasct. Mbl.Frgct.

dege Co Alc. Alce Alc.
Y21 .9574 3340 o231 105
Xo0 .9840 3.0 .061 .025
Yoo .9520 23,0 .264 123 213
- .9768 57,0 .106 .043
Vos 9248 33.0 .402 +208 .302
9196 3.0 421 .221
+9945 33,0 » 003 .002
F <9836 33,0 063 .026

Viscosity Determinations

Sample Xoo Xon B
BePo dego Ce 93¢0 89.5 100.0
Bath tempe 92.0 8845 98,0
Time of efflux
peconds 101.86 21.08 25497
101.48 20,95 25,70
20.84 25,328
25433
25.18
25415
Value used 101,67 20.96 25,16
Viscosity

centipoise 8.82 1l.81 2.19
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Run Nuwber 3 8711749

0.75% CMC solution Steam condensate

steam to column at 55 psig,

Feed liquid to column at 680 deg. Ca 224 vt 5:08.5
927 ot 43102.5

Rate of CMC feed 122+ in 1:06 hrs.
time fall Rotemeter readings
4:20 on Feed 9.5
5:04 on Reflux 35

Product 2e6

Dicsmeter cf CXC feed tonk

is 12,5"

Scmple Properties

Sample Density Temperature Wt. Fracte 1}ol. Fraet. kol, fﬁ1

dege C Ale. Alce © Alce
Yoy 9713 27.5 157 .068
X5 .9858 27.5 042 +017
oo +9663 27 192 084 150
X5 9694 27.5 170 074
- 9575 27,5 250 116 292
T .9298 27.5 .298 206
9978 27,5 000 +000
#9897 2745 027 +0145

Viscosity Determinations

B.P. deg- C, 95,0 87.0 100.0
Bath temps 94.0 86.0 99.0
Tine of efflux
in seconds 82.58 23s22 284,00
77.02 23.24 27.92
74.82 23.05 27.63
74.38 22.82 27.57
23.20 27.12
: 26490
Yalue used 74.61 23.11 26490
Viscosity

eentipoise €.47 1.95 2e3D
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Run Humber 4 8717749
0.75% CLC solution o Stean ceondensate
Feed liquid to colurn et 81" C,

241} et 4¢51
Rate of CiC Feed 94:% pt 2:58
time £011 147# in 1113 hrs.
4:14 on Rotameter recdings
4:52.,5 8.5"
Feed 9&9
Diameter of Cl® feed tank Reflux Zed
is 12.5" Product 2eb

Sample Properties

Sample Density Temperature it. Frect. Lol.Frecs. Mol.Fregt.

degs Co Alce Alc, ‘Alcs
Ioq «9687 26.0 «181 0079
22 «9692 26,0 176 + 077
oo +9682 2640 184 } #0815 2392
Xon +9869 26.0 057 « 023
Voo »9558 260 266 o124 220
T #9343 2640 «282 v 194
F »9904 2660 «035 « 014
B + 3980 2645 «000 « 000

Remark¢ Sanple 323 taken Ybefore Xon

Viscosity Detcrminations

Sample oo Xon B
Bs Pe dege C» 865 93.8 100
Bath tenps 855 92,5 98.5
Time of efflux
in seconds 12,62 74,20 37,90
12,74 70.Z0 2254
12,72 71.80 33602
12,65 69.04 32.88
68.45 32.72
32446
Yalue used 12,68 68445 32446
Viscosity

centipoise 1.09 5.70 2.84



Run Nurber 5

0.75% C!C solution
Stezm to columm et 79 psig.
C

Feed to columm st 80

Rcte of CLC feed

8/19/49

5

Stcam condenscte

190 et 5320
1127 et 4341

78# in 39 min.

time f211
' Rotametcr readings
4126 on
5:17 gin Feed 1043
Reflux 2el
Diamcter of CXC feed tonk Product 2e9
is 12.5"
Sample Properties
Semple Density Temperature Wit.Fracte. Mol.Fracte Mole.Frget.
dego Ce Alc, Alc. Alce :
Yo1 «9702 23.0 169 +074
X5q « 9897 26.0 «029 «016
Voo 9644 22.0 s220 » 099 «142
x25 9612 2665 e 229 «104
Yon +9551 23.0 282 + 137 0448
T - «9882 2645 361 «181
« 2976 26.0 000 « 000
«9885 2345 «051 205
Viscosity Determinations
Sanple Xog Xon B
Bse Pe dege Ceo 95,5 85.0 100
Bath tempe 9445 84.0 98
Time of efflux
in seconds 43,22 9.81 15.57
41.73 9.65 15.22
41,14 9,68 15.00
40,56 9,63 14,70
40.26 14.71
40.02 14.65
Yalue used 40,02 9.65 14,69
Viscosity in
centipoise Ze48 0.82 1.28
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Run Nunber 6 8/23/49
0.75% CiC solution Steam Condensate
Steam to column at 70 psige
Feed liquid to column et 78° C. 156 at 4:11
nate of CXC food 109 et Z:47

ate 0 pad ee o .
time £a11 477 in 324
Rotametcr reedings
348 on
4104 VA Feed 10.4
Reflux 343
Diemetexr of CLC feed tonk 1s 12,57 Product 3¢9

Semple Propertles

Somple Density Temperature Wt.Fraets Yol.Fract. Mbl.Frgpt{

dege Co Ale, Alce Alc.
¥21 9293 2445
Voo 09429 25.0
T «9237 25.0 +436 222
B »9986 250 +000 000
r «9878 25.0 «052 »021

Remerkss Run only partially completede Ren out of CLC at 4104,

VYisocosity Determinetions

Sanple B

B.Ps deg. Cs 100.0

Eath tempe 98,0

Time of efflux in

seconds 14,80

14.80
14.57
14,50

Yalue used 14,50

Viscosity in centi-
polse 1.266



Run Number 7

0.275% CXC solution
Stcem to column at 70 psig.

Feed liquid to column at 72°

Rate of CIC feed

time fell
12:14 on
1:12 9,627

Ce

Dianeter of CXC feed tuznk is 12,5%

S~mple Properties

a7

8725789
Stecm condensate

24.2% et 1:15
120* et 12:17

112# in $58 min.

Rotameter Recdings

Feed 10.1
Reflux Je8
Product 0.1

Semple Density Temperature Wt.Fract. Xol.Fracte Hbl.rrgcti

deze Co Alc, Alo. Xlec.
Y21 «9194 2845 + 443 0238
sz +9602 20.0 224 102
oo +9069 2845 + 500 e 282 o443
}’25 « 8764 285 +633 « 403 +408
B 22966 30.0 «C00 +0CO
«9855 20,0 »C57 « 023
Viscogity Determinations
Sample Xo, Xon B
B.P. dego C. 85.0 83.0 100.0
Bath tenp. 84.0 82,0 98.5
Time of efflux in
geconds Z4.42 2373 15.94
34,33 23460 15,75
24,05 33468 15.33
24.04 33462 15.20
34.04 14.10
14.06
14.10
14,10
VYalue used 24,04 23463 14.10
Viscosity in
centip01ee 2.89 2.81 1.26
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Run Number 8 8/726/49
0.375% CIAC solution Stecn condensate
stean to colurm et 80 psig.

Feed liquid to ecolumn at 77° C. 1857 at 5:28
pat £ C1C feod 109" et 4:62
ate o Al ee " a
time fall 76¢; in 26 min.
Rotemeter readings
4349 on
5:17 10" Feed 10.4
Reflux Zeb
Diameter of ClIC feed tank is 12.5" Product LeB

Smmnle Properties

Sample Density Temperature Wt.Fraet. Mol.Fraet. ol. Fragt{

dezes Ca Ale. Ale. Alc.
Yo1 +9549 24.0 ¢ 279 »133
Xoo «9312 25,0 «095 v 042
Yoo 694332 24.0 e 373 164 « 297
Xox «9748 25.2 0129 «059
T3 9250 24.0 o424 221 «355
T «8929 22.8 «5758 0347
«2982 25.0 « 000 +000
F » 9907 24.6 «026 +0145

Viscosity Determinations

Sanmple X0 Xom B
BePe degt Ce 9l1.0 88.5 100.0
Bath temp. 90.0 87.5 93.0
rime of efflux
in seconds 43,20 41,33 18.32
43.32 41.28 18.38
43,22 &81l.22 18.28
43,10 41,36 18,28
41.20 13.28

Value used 43,21 41.28 18.33

Viscosity in
centipolise 3073 3455 1.60
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Run Fumber 9 8/30/49
0.278% €€ solution Steem condensate
steam to column &t 90 psig.o
Feed liquid to column at 78 C. 199+ at 5312.5
pete of CIC feod 95 at 4:20

ate o hid ee L R
4:20.5 oy Rotameter recdings
5111 7"
Feed 10.0
Diemeter of CMC feed tonk is 12,5% Reflux 37
rroduect 2.8

Scmple Propertles

Sample Density Temperature Wt. Fract. Mol.FBset. MNol. Frgot.

dege Co Ale. Alc, Alc.
Yoy +9658 19.0 «222 »100
Xo0 » 9604 Rle5 « 253 123
Jo2 »9620 20.0 « 248 »114 0470
Xon + 9850 2l.4 «077 « 021
Jon «9515 20,0 2313 0153 « 248
T » 9097 20.6 « 517 +295
+9938 lé2 » 000 «C00
«9895 2l.5 047 +019

Viscosity Determinations

Sample Xop Xoz B
Be.Ps deges Cs 84.5 92.5 100.0
Bath tempe 8345 91,5 98.5
Time of efflux
in seconds 7.90 2376 13.7%
T«96 23.10 13,68
8.00 22.97 13.47
8.08 22.80 13437
7.91 22.96 13.39
791 22.98 13,34
8,00 13.37
Value used 7.97 22493 13.37

VYiscosity in
centiPOise «676 1.98 1.17
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Run Kumber 10 9/2/49
0.00% CMC solution Steam corndensate
Stean to eolumn at 85 psig.

Feed to column at 80 dege Ce 1944 at 5:07
115% et 4429
Rate of CLC feed 79: in 328 min.
time frll
Rotemetcr readings
4:28 on
5:04 7.5"7 Fecd 10,65
Reflux 3e¢20
Diameter of Cli{ fecd tark is 1l2.5" Product 3+35

Samnle Properties

Semple Density Temperature Wi.Fracte Mol.Fracte. Ebl.Fr%nt,

i

dege Co Alc, Alo. Alec.
J21 » 9475 2l.8 0229 0161
Xoo 9274 24.0 274 «189
Jo2 « 9380 22,2 « 378 X925 «521
Xon « 9549 24.5 277 «130
Joz «9274 22,1 +430 » 2588 542
T +9276 22.1 +429 ° 228
B « 9979 24,1 «000 «000
F » 9889 4.3 046 «018

Viscosity Determinations

Sample X2 Zon B

B.P. dege Co 82.5 84,0 100.0

Bath tenmp. 8l.5 8340 9849

Time of efflux in

seconds 8.22 8.38 8.82

8.08 8.40 4,77
8.02 8.50 5.90
8.00 8.38 3.82
8.04 8445 8,83

Yalue used 8,04 842 8.83

Viscosity in
centipoise +666 «711 770



Run Nunber ll 9/5/49
o CMC solution uced Rotemetcer readings
Steam to eolunn at 80 peig.
Feed liquid to column et 789 C. Feed 10.7

Reflux 3.58
Froduct 289

Sample Froperties

Semple Density Temperature WteFracts Lol.Fract. M’ol-F&ragt.~

dege Co Alc. Alc. Alc.
Y21 +8930 21.5 +587 «357
Xop +8953 21.8 572 +243
Jop 9102 21.0 «513 .293 +580
Xon »9233 22.0 «401 . 207
Vs +9020 21.2 . 548 «322 <521
7 #5017 2l.5 « 549 323
299723 22.1 +004 «001
»9894 224 e 047 »019

Viscosity Determinations

Sample Xon B
Bs Pe dege Co 80.6 82,0 99.0
Beth tenpe. 79.5 81.0 98,0
. ®ime of efflux
in seconrds 8.60 8.28 7.01
8.71 8.13 7.10
8.55 8.16 6.96
8455 8,10 7.05
Value used 8,55 8413 7.02
Visoositi in -
centipolise « 677 o671 . +613



Run Number 12

0.75% CMC solution

Steam to column at 100 psig

é ¢,

(&2}
D

979749

Steam condensate

Feed licuid to eclumn &t 80 227 et D153
2+ ot 4150
Rote of CIC feed 40.- 1n 13
time fell
Rotameter rezdings
512645 - on
5:51 6.87" Feed 10.6
Reflux Jeb
Dicmetcr of CMC fced tonk is 12.5% Product 2,75
Semple Properties
Sample Density Temperature Wt.Froet., Nol.Froaocte Xol.Fract.
dege Co Ale,s Alc, Alo-‘ :
o1 «9690 2360 +188 2083
x22 « 9870 25,0 « 0G0 « 024
yaz « 9638 23,0 ¢ 224 «102 + 208
X5, +9859 25.2 «064 +026 « 218
yzz 9543 230 « 287 13§
+ 9078 2346 4611 290
B + 9976 24.3 «000 +000
+9892 24.0 « 046 «018
Yiscosity Determinations
Scnmple Xoo Xoq B
Be Pe deg- Ce 925 93.5 100
Bath temp. 9245 92.5 98,0
Time of efflux
in seconds 12.12 80.4 9,03
12.12 79.1 9,06
12.16 76.7 9.00
12.03 72,6 9.02
70.8
71.4 ‘
VYelue used 12.11 71.6 { 9.03
Viscosity in
centipoise 1.056 6.20 0789
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Fan funbey 17 /12749
02754 L solutlion Stcen Condensorte
Sterp to eolumn st 80 poige
Feed 1inuid to coliumn at 729 C, 109G ot 2344

118" et T3
Rrte of C.C feold g > b
trre Pt 750 dn 342 tine
Retonetoer reedings
2:58 on
23126 ll.5" Fecd 107

Lerlux Vel
Dicmeter of €10 focd tank is 12,57 Iroduet 479 §

Samnle rFrovertics

~ e, .

Seniple Tengity  Tempercsture wteFrrete 10leFricte hl.Fr;oﬁ,

Cefhe Co £la, Ale, blCe
Ioy 06732 A 650 0422
x., #8764 B2 «6Z7 127
Joo #8658 4 I 620 +465 2614
x5 +6637 Ble3 »CC7 »462
Vo .3671 £147 #7175 »4985 629
T #5765 2745 €25 208
E «9971 2043 «CCO #0500
F #9911 £240 v 023 #012

Lenoyias Stean supply drop.ed to T8 polge duriny rune

vigeosity Deterninntions

srnzle Xo0 Xon B
De Zo (€7e Co £C.4 £0.0 103
Dath terpe 7940 79.0 2340
Time ¢f ¢fflux in
gcconds 8401 8.72 15.€7
8.72 870 15,65
8.72 Ca75 1%5.69
Je72 8.72 15464
yrlue uvecd Se73 Be%2 15606

Tieccosity 4n
centivoise w674 CED 1s27



cd
L *3

Bun Turber 14 9/56/49
20754 CiB sclution Stern eondenente
Stesm 40 colunn ot 100 peips hodotg tire
Feed 1licuild to esluna et 609 Ce TS et IS
Inte ¢f C.¥ fecd 175" 2t 4:05
tirma o1l
Tios o Dirreter of econdesnnto tork
<106 v 12 18,75"
<07 on
3:10 A Dicmeter ¢f CI 0 fecd tonk 1s
¥ P 4an 15457
270 g0
el4 6Y rotunetor veodings
2108 7y
o8l iR Feed 10.4
Heflex Ce8
rroduct «CH

Srmple Irorertles

Sample  Donsity Temncroture wt.Fruete Molelrncts xol.Frﬂgt.

dcime Co 2lece L1Ce Alce
Toy +90C1 540 o542 o717
x $9I75 2842 e2CS5 102
o0 5701 5448 672 oil4 518
% 09743 £7.0 W76 151
Joz  #96U0 2541 JIC 44778 o551
T »9C19 £6e9 529 #2085
B +9979 2746 »OC »CC0
F $9867 2742 055 0555

Viscosity Detorninntions

srople X.q X 3

B.PQ ﬂ.O{v;b C. 83:5 82;5 100.0

Lrth tCQDQ Cl.B ClQS 0040
Tire ¢f ¢fflux in

gecoonds li4, 168 C0e71

144, 177 a5

1745 eelO

<9618

L3el

L3612

&TeC2

£7C0

E7e72

Voelue used 44 172 <741

Viscoeity in
centipolee 11,93 1éelb Cold
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Run Number 15

0.,75% CLC solution Steam c¢ondenszte

Steam to column at 90 psig.

Feed liquid to column st 82° C. 3.97 et 11109

Rate of CLC feed 19.5" st 12:08
tire fall

I1:02 0 Diemeter of condensate
11:11 1.0 tonk is 18.75"
11:14 2e1 Dicneter of CLC feed tank
11325 2.0 is 12,5"%

- 11t27.5 4,0
11323 543 Rotameter recdings
11:38 6e4 Feed 9.7
11:39.,5 7.0 , Reflux 3.1
11340 8.1l Product 2-85
1134305 9.0
11348 10.0

Semple Proverties

Sample Density Temperzture Wt.Fracts Lol.Fract. Xol.Fract.

dece Ca Alc, Alec. Ale.”
21 09792 223 114 « 047
Xon 9875 23.0 +058 «023
Yoo 9654 22.8 213 + 096 « 205
Xon 9764 229 132 «056
Yoz 9585 23,0 « 260 »121 0345
T #9482 2340 321 156
B «9992 22.9 +0C0 «000
r »9846 230 «076 » 031

Yiscosity Determinations

Scmple Xoo Xon B

B« Po deg- Ce 93.5 8845 100.0

Bath temp. 92.5 875 98¢5

Time of efflux

in seconds 24.92 27.22 2385

24.68 27.20 23.94
24.64 27.40 23493
24,78 2740 332.80

Yalue used 24.70 2740 23488

Yiscosity in
centipoise 2.14 2.26 2.09



Run Kumber

18

0.75% ClC solution

Stecm to column at 85 psig.

Feed 1liquid to column at 83 degs Co
Rate of CLC feed
fall

tine
T:Io.5
331405
3216
3 !17.5
3:20.5
3327
3:33
3338

ob

1,0
2.0
3.0
4.0
5.0
6.0
75

Sample Froperties

1)
9/29/49

Rotcnmeter reedings

Feed 10.5
Reflux Sed
Froduct 27

Diemetexr of CLC feed
tonk is 12.56"

Somple Density Tempersture Wte.Froete Mol.Froete Mol.Freact.
dege Co Alc. Alc. Alc.*
o1 09779 24.0 0120 +050
Xo0 » 9844 29.1 « 066 « 027
Tao «9758 2648 «127 « 053 225
xzs «9702 9.1 «160 +069
Yon «9698 2645 171 074 320
T » 9502 27,2 0295 +1505
09979 27.8 « 0328 +015
F 9896 27.1 +038 +015
Viscosity Determinations
Sample Xop Xon B
Be P deges Ce 92.0 87.8 100,0
Bath temp. 92.0 86.8 98¢5
Time of efflux
in seconds 31.20 18.73 28404
21.13 18,47 27.98
31.30 18439 27.98
18.48 27.75
18.44 27.81
Value used 3le21 18.45 27.84
Viscosity .65 158 242
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TABLE I
SUITZARY OF DATA

22nd tr%y 23rd tray Over-all Bottoms
Run Efficiency Viscosity Efficlency Viscoslty Efficilency Viscosit,

1 0.26 1.20 0.44 0.85 0.292
2 0.17 8.82 0.47 l.81 0.208 2.20
3 0.20 6047 0,10 1.95 0,250 2e3
4 0.01 1.09 C.38 570 0.208 2.84
5 0.27 S48 c.10 0.82 0«208 l.28
6 0.292 1.27
7 0.22 289 0.56 2,81 0e¢292 1.26
8 0.19 73 0.35 e 55 0.378 1.60
9 0.04 0.63 0.29 1.99 0.208 1.17
10 0.09 0.67 0.10 0.71 0.208 0.77
1l -0.28 0.68 0.22 0.67 0.208 0.61
12 0.16 1.05 0.c9 6.20 0,208 0.78
13 0.23 0.67 0.20 0.67 0,624 1.27
14 0.6 11.93 0.44 14.16 0.292 243
15 0.26 2.14 0.10 .36 0.292 2,09

16 0.017 2.658 0.076 1.58 0.208 2.42
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DISCUSSICHN

It 18 ipportent to note thet the efficiency of this
tower is unusually low, while it is often possible to easily
recch 959 efficliency with coimereial towers of this and
other systems. #ith this tower the average over-all efe
fieiency wes aprroximately 25%., Similar results have been

shown by other gersons using the tower in the past.

Naturally one can only postulzte upon the reasons
for these low efficiencies, for there mcy be menye The
seemingly most obvious reason is the small amount of vepor
space betwsen platess The individual trays in the solumn
ere speced on slx inch centers. Such a distance is recognized
es being very neer the minimum, At such a distance a very
significent amount of entrainment may result at the higher
vapor velocitles, redueing the over-all efficiency.

The Ligh ratio of tower wall surfoce area to the tray
serea and vepor space mey also add sone exp;anation to the ef-
ficlency figures. A column of small diemeter such as this
one may have the coefficient of heat transfer between liquid
and vejpor reduced because of the liquid collection upon the
wvells, It 1s understood thet the transfer occurs, not only
between vapor bubbles and liquid on the tray, but elso bee
tween the vepor and liquid droplets in the vapor space. A
lengthy discussion might result over which is controlling.

If & portion of the liquid droplets collect upon the tower
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wall in the form of a f£1lm, the trensfer surface area 1s re-
duced, resulting in a decrease in the transfer coefficient

and over-all efficiency.

Cther corditions, such £s the smell nucber of bubble-
caps per tray, mey also econtribute to the trend of effleienoy

fipures,

It must be understood, therefore, that any concluslons
dpawn from this experimental dcta of this problem should be
token in a relative sense with regard to other towers and

systems, rather then in the cbsolute.

Figure 4 1s & drowing of one of the bubble-trays copied
from the cowmpany printse It illustratea the lay-out of tae
bubble-caps, weirs, down spout, and sampling poris. It is
difficult to explain the variation in 1ndiv1duai trey ef=
ficiencles except perhaps by the close loceation of the sampe
1ing ports to the bubble-caps. It might ccncelvably cause a
locel concentration ehange i1f the liquid i1s depleted near
one side of & eaps A chnnge in concentration of the scmple
e-n eccuse en error im the ealeculation of the theoretical enw

richrent and the resulting plate efficlencye

The results of tha problem ere shown in Table I.
Figure 12 illustrates in graphie form the over-all tray efe
ficienoy versus liquid viscosity. Over the range of viecosity
gstudied here, there is no apparent correletion between liquid

viscosity end bubble tray efficiencye
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The data obscrved here 18 plotted over the curve of
Drickemer end Bradford in figure 13. The two do not egree.
Drickermer &nd Bradford include in trelr original deota only
one point ot a wviscosity of greater than 0.5 centipoises
It 48 logical to heve some doubt of the validity of the cor-
relation in the region from 0.5 to l.5 centipoises Thelir
coprelation would indicate en effieiency of near 20% for towers
with a liquld viscosity nesr that of wetcer, and correspond-
ingly lower feor higher viscosities. Vhile not $rue for
this particul:r tower, 1t is known that many commerciasl ale
cohol-watcr towers operate at much higher efficiencies, and
the results of the present work indicate that the efficiency
does not necessarily decrezse with increasing viscosity

over the ronge observed,

Figures 15 and 16 ;llustrate the effect of CLC con-
centration upon the solution density and viscbsity. It wes
discovered after extensive duplieate celeculetions thet core
recting the solution concentretions for =2ny chrnge in density
due to the slight amounts of C'C had & negligible effect upon
the resulting efficlency figﬁres.

It was necessary to determine the liquid vizcosity
at a temperature slightly below the esetual boiling pbint.
If eny boiling had zctually occurred during the determination
it would have ceaused considerable error. For simplicity,

the bolling point wes determined from the eoncentration, and
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& tenperature of one degree Centigrzde less useds Figure
17, taken from the Hercules pemphlet, indicotes that at higher
temperatures then is little chenge in viseosity with tempe

erature, 80 the suthor fecls the ection Juctified. (2)

The method used 1a ecalculating the efficlency wes e
nodificction of the Sorel methods (9) This method was chosen
because of its greatir eccursey ov r the lcC be-Thiele, for
the effect of the added CXC and the changes in latent heat
may be included. In $he modified Sorel method the effect
of the difference between ectusl and theoretical feed compos=
itions may slso be correcteds The besie equations of the mol-

ified Sorel method sre shown below. {See Figure 14).

A meterial balence eround the top of the column and

the nél plate ylelds

Vn = onll J D - c (l)
end
Yn¥nz Xne1 Onsz 4 50 (2)
then
Tp® Xng1 Onay 4 X2 (2)
Onkl 4 D-C Opgy 4 -0
Tn =z Xz Onal o XD ()
v, a

A materiael belance exround the bottom of the column

and the mth plate ylelds
Omll = vm ‘ Lf (4)
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By the some reasoning es in (3)

Ym s X Om‘l - xww (5)
CCRAER v

Y = Omds1 - X W 5

n Em.é%;._.. ’an' (5)

laking a heat balance around the top plate
vt-l H‘t-l £ Orb.r 4 Chc = Vt Ht £ Ot hg (6)

Equetion (1) mey be written for the 4op of the column
Vi s 0, #D=¢C : (7)

and for the top plate
Vi-=1 gOtI'D-O _ (8)

Also for the top ;late

Yyp = Z40p 4 XD (9)
Veear Vil

Another important equation eround the complete tower 18.
HaPALAC~-D (10)

and eround the condenserx

Vg =0, 40D (11)

It was necessery to modify equation (5) for use on

the f-1 troy when the actuel feed composition differed from
the theoretieal.

Yy s Xy Ongz £ XeF - %E {(12)
n

Y Vm
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CONCLUSIOIS

Cn the bosis of the experimerntal and theoretical work

done, the euthor believes the following conclusions may be

drawn:

1.

2,

e

4.

There is no definite correlation between the efficiency
end liquid viscosity of a bubble-troy tower in the
viscosity rance from 0.6 to 3.0 centipolse.

The correlation of Drickarmer end Bradford is in error
in their higher viscosity range if 1% is to be used

es a general correlation covering 2ll types of systems.
There ore many thihgs which have a far greater effect
upon the tray effiéiency than the liguid viscosity.
Some of these are, slot area, bubble-cap design, weir
design, downspout design, tray diameter, and vapor and
liquid rates.

There ere severel improverments which would lessen the
difficulty and incrense the mecuracy of future work
with thls tower, Some of these inprevements include:
thermometers in the feed, reflux, end product rotoe
meters, and condensers, & lerge diameter vajor connecs
tion between the ketile end ecolumn, end rotameter cali

brotion in the lower flow renges.
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CALCUTATIONS

Semple celculation of run rumber 3.

Basis « 1 minute

Yurphrec Efficiencies -

322 s 5 o - J21 = 2084 = 0675
22 = Ja1 e150 - ,0675

Ezz = yzs - yza - .116 - 0084: = 00104
»292 - 084

= 0.200

Y33 - a2

Tre following ctlculations, slong with all the others,
were comuleted in tabular forme Since the sctual calculae
tions are very lengthy, the complete calculations from only
Run Nos 3 will be givens A condensation c¢f the rore important'
figures of the rest of the runs will be given at the end of -
the celoulations,.

Run Foe 3
¥cl fract. EtOH in feed 0,0145
10l fraet. EtCH in distillste 0.206
Reflux « O, (Correctcd) (See ref, 8) 0.281 gal.
Produet « D n " 0.073 g&lc
Feed « F n n 0.49 galo
Spece Cravity of Oy 0.906

» " "p 0.990

" w "D 0930
tieight of OR 2.11 #
¥Weight of ¥ 4,04 #
Veight of D 0. 565¢
kte fract. EtCH in Op | 0.398

Wte EtOH inOg 0.8408



Wt. water in 0R 1,27 £

¥ols EtCH in OR 0.182 mols

Yols water in OR 0.0705 mols
Total mols of 0R 0.0887 mols of OR
Wtu f:ract. EtOH in F O. oz

WHte EtOH in ¥ 0.149 #

Wt. water in ¥ 3489 #

Xols EtCH in F 0.00325 mols
Yols water in P 0.216 mols

Totol mols of ¥ 0.2193 mols of ¥
Wte EtOH 4in D 0.225 #

Wts woter in D 0.240 3

MHols EtOH in D 0.,00489 mols

0.01888 nmols

liolg weter in D
0.02377 rmols of D

Total mols of D

YVt. water in C 0.641 #
lols water in C 0.0262 mols of C

0.2555 mols

F plus C

WeF£L£C-D 0.2317 mols of W
Ve = Op éD 0.1125 mols of V£
Totel heat of vapor « H 20816 Btu

Totel heat of liquid « h 2040 BEtu

17776 Btu in NH

Net heet of vapor = NH
2000 Btu in H
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febuler form cf Sorel cnleulations

yt -] xD = 0.206
X = 0.0248
= 0.0145

For purposes of calculation xw wes arbitrcrily teken as 0,001

Estimetes H h By Hg V, or Vp
1st esty y4 3 = »10 20758 8963 17795 2000 0.1123
2nd este y, 5 = »071 20738 2286 17752 2000 0.1127
1st ests yy_ o = »05 20715 2028 17690 2000 0.,1121
H h Ny H, Yo
1st este y,_; = 035 20705 3072 17633 2000 0,1134
34 h By Hy o
1st ests yp_ o = 020 20688 3135 17553 2000 01140
18t ests Jp_5 3 +CO7 20674 2201 17473 2000 001145

1st est. ye_4 = »005 20670 2210 17460 2000 0.1146

x £ 0
§= “né;v;f'géi K 2 (xp) (D)

Vn
Me X, 7 Ops

Qe (x) (F)
V.
m %

Ze Xm;lv‘ omll S e (Xw) (W)

™ -
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Une1 =
¢ Vu#C D y,4C-D J K Jn xp
0.0362  0.1458 0.0238 0.1247 0.0275 0.0436 0,0711 0.0087
0.0762 0.1489 0.0238 0.1251 0.0275 0.0436 00711} 0.0087
0.0362 0.1493 0.0228 0.1255 0.0092 0.0434 0,0526 0.0064
Undls
LI v ¥ Q S In n*
0.221%7 0.3541 0.0071 0.0280 0.0020 0.023 040041
W Ogs z 8 In xn
042217 0.3457 0.0243 0.00203 0.0223 0.0030
042317 0.2462 0,0110 0.00202 0.0090 0.0014
0.2317 043463 0.00423 0.,00202 0.0020 0.0003
less than
0.001
- Therefore, in the third run, the Screl method requires

seven theoret;cal
f-1, £-2 and f-4,.
theoretiocal trey,

culations.
celculations is six.

trayse.

These treys ere ¢, t-1, t-2 5 £,

Since the reboiler of the tower acts es one

trey f-4 ig not counted in the efficlency cal-

The theoretical number of trays used in the efficlency

Eover-all e 6/24 » 0,250

Yigeosity of bottomag & 2.%5 certinolce



X4-3 X
040103 0.t
0. ¢
0.¢
0.¢
X
0.,0128 0.¢
0.0003 0.
0.0120 0.(
0a(
0.
0.¢
0.¢
0.,0048 0.(
0.0004 0.(
040070 04

0.(
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NCYENCILATURE

tcttone product

rels of CEC sclution

liquid density, gm/ cc

mols of distillate

efficiency

murphree point vaper efficlency

feed trroy

mcls of feed

molal heat content of liquid

effective liquid depth, inches

molel heat content of vapor

Henry's law coeffficient, #mols/ft.% etm.

net hect of vepor ebove liguid ai its boiling point
mols of overflow from the nth tray

totel pressure, atmospheres

tire of efflux through the viscosimeter, seconds
distillete sample

viscosity, centipolse

moles of vapor

tubble-cep slot width, inches

mols of bottoma product

composition of liquid from the nth tray, mol frzetion
composition of vepor from the nth tray, mol froetion

theoreticeal composition of vosor in equilidriunm with
the liquid on the nth trey, mol froction






(1)
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(3)

(4)

(5)

(6)

(7)

(8)

(9)

(10)
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