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I, INTRODUCTION ..
A. -History of Profect
There have ‘been many ‘investigations of the plate efficlency ¢f bubble~-
oap fractionating towers, but the information on allowable,vapor. - =
velooity is still- incomplete. "Even today, large scale ocommeroial towers
are operating with relutively low vapor velooities. .Afrter.review of .the
information on this subjeot, it was conocluded that the main faotors- :
ocontrolling the vapor- velocity are entralnment and pressure 4rop across
the bubble plate. : T g
In recent years, the importance of entrainment as a factor in determining
the allowable vapor velooity ‘has oome t0 be more fully recognized. Bher-
‘wood and Jenny reported - imental ‘data for the water-air system, and i
pointed out that the entra t -for this system is substantially negli-
gible until vapor velooity of 1.2 meters per second is reached. This
conolusion cannot bde directly applied to & petroleun system since, the
physical and ohemical propedties .of water, stean, and. air are quite .
© differsnt from those of petroleum. . Fartioularly, the o:gooino gravity of
. .water is greater than that of- oleus, snd, on the e hend, the .
© specific gravity.of oll wapor is greater than that of air or stesm. In
‘00n88QUeNnse, . the suspending velooities of oil partiocles are higher than
for water particles. ZExrpsrimental data are needed on entrainment during
-actual distillation. The work rresented here reprssents an effort to
olear thess points with & view to raising the capacity of bubble towera.

B. Key Bouix;dh Personnel Working on.the P;;ojoot
" 'onam. Zng. Lieut. T. YOXOTAMA '
Chem. Eng. Suv. lieut. H. moo' '
Chem. Eng. Sub. Lieut. I. XANISE
II. [ETATIED IRSCRIPTION -
A o >t0l

Tho apparatus used in this work is shown in Figure 1(B)2. This shows the
apparatus used for the fundamental experinmsnts, and for thess experiments
two soluxns were ussd. One is a ladboratary column with three
single~-0av plates. In designing this coluan., much case was taken to
%o :gn severe conditions for satrainmsnt than ordisarily exist in
80 a0lumns . :

--0n-the basis-of Gata-on-the dimensions of coamercial -towers in this
oountry and information on struotual faotors uttooung entrainment re-~
rorm by vious investigators, & plate spaoing of 25 oentimeters

minimum for petroleum fractionator), and a 8lot area per plate
seotion of adout were sdopted for ths saall ladoratory oolumn. Liquid
submergence (Gistanse detwesn top of slot and liguid levsl), is variabdle
up to a maximan of 2.5 centimeters. ~Another. ~oommerd coluan was
dsvised to simulate an aotusl coluxn as closely as possidle. This oould
be attached t0 the same still-put and condenser. Suffioient heating and
oondenaing surfecs were provided 0o g:n:t running at high vapor velooi-
ties, Most previous investigators a 4 only two plates, and caloulated
the eantrainment from the sis of liquid on the upper te, and lquid
d::gtnhh were oarried away froa the uppgbphu Yy vapor into the
oondenser were negleoted. In our apparatus, however, all entraissent
from the middle te was caught by the upper plate, abd entrainnont dsta
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were oorrected for the same. Only data with’ good material baladces wers
utilized in correlations. -In order to withdraw a definite volume of .
sample quiokly, a special calibrated sampling ‘pipette -was provided on -
each plate., A sight gless, hand hole, ' and level.gauge were also provided. -
on each plate. Due :to the nature of this investigation, downflow plpes
were not installed. T T BT e '
The columms, still hot, -and vapor lines were ‘insulated with asbestos
ocovering. ' R o : . Co o

B, Test Prooeduréa

In order to f£ind the characteristio properties of the apparatus with
regard to previous investigations, entralnment and pressure drop were
determined for the water-steem system. At first, to preheat the column,
water was added to the still-pot from the feed tank, and brought to
bolling by heating with steam. . - Coo : T .
-‘The vapor flowed up the column, condensed on the wall, and acoumulated ° .
on each plate. Whep the temperature of the top of column reached 100°C,
the heating steam valve was closed, and the condensed water on each plate
was withdrawn %uiokly through the three-way-cock of the level gauge. .
Next, a definite volume (1000cc) of 0.1 N NaOH solution was introduced
on the lower plate and. same volumes of distilled water were introduced
~ on thy middle and upper plates. ~These liguids also had besn prehsated
to their boiling points (a successful test demanded much care in para-
tion). Then the still was carefully heated until the v:m velooity
reached the desired value. When a steady state was._obt 4, liquiad
- samples were withdrawn from each plate simultaneously through sampling
pipettes, and after maintaining the steady state for a definite tims,
samples were again withdrawn as before. The content of NaCH on each
late was determined by titration with standard sulphuric acid, and a
aOH material balance was caloulated.

- The data were utilized only when the reduction of NaOH on the lower plate
agreed woll with the inorease on the middle and upper plates. Eatrain-
ment was oaloulated by the same method as desoribed by Holbrook and
Baker or Sherwood and Jenny. Vapor velooity through the column was cal-
oulated froz the flowmeter reading and the volume of ocondensate.

The next determinations were mads on a narrow out aviation gasoline-
gasoline vapor system, and finally on the toluol-toluol vapar systea.

tions on thece subatances are givea in Tadle I(B)2. In the table,
it is sesn that the properties of the water-air systenm and hot water-stean
syatea are similar and the gasaline-gasoline vapor system and toluol-toluol
vapor systea are also similar, Jor the hydrocdrbon aystems, &nmlyses ™~~~
were made as follows. A definite volume of dyed sulutica was fed oa the
lower plate and the sane volume 0f distilled water was fed on the aiddle
apnd upper plates. To the 1iquid oa the lower te was added a definive
volume of aon-volatile dye, and the oonocentration of dye on the alddle
and upper plate ocaused entrainment during the process was estimated
tron the color determined with a colorimeter. : e

To investigate othor variables offeoting plate effiolenoy, and to doter
aine over all plate offiociencies, a larger continuous rectification
‘pilot plant coluzn was oonstructed. Experizentsl work was dons with
this ooluzn on the methanol-water system and benzol-toluol systea, dut
since the apparatus lacksd an eutomatio ocontroller, steady state oould
aot be resched and satisfeotory naterisl balances were aot obtained.
Consequently, theoe dats were disoarded and it was planned to modify the
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_apparatus. :This-ooculd: not:be realized, however, because of circumstances
" caused by the war..: ' ’
.G+ Experimental Results’
1. Entrainment, The experimental data are shown graphiocally in . :
" Figure. 2(B)2 and are: compared -with data reported by previous investi-
gators. It is seen that the data for the hot water-steam system
correlate well with the water-air data of Sherwood and Jenny obtained
on a single-cap leboratory column with column diameter of 25 centi-
meters and variable plate spacing ranging from 31 to 61.5 centimeters
If Sherwood end Jenny's data are extrapolated to a plate spacing of
25 centimeters, they ocnincide with- the "author's. This 1s to be
expected, sinoce the internal structures of both columns are similar,
as well as the physiual and chemical properties fox both systems. By

" this comparison, ihe characteristics of the test apparatus,.and
confidence in the experimental procedure, were eetabliahod..

Investigation of the hydrocarbon systems were made on the same

. apparatus. At first, a narrow ocut fraction of aviation gasoline,
110°C-130°C was used.— However, -the investigation of this complex

_mixture was unsucoassful because the moles of vaporization and con-
densation at each plate were not equal, resulting in flooding. There-
fore, it was deoided to investigate the toluol~toluol vapor system,
whioh has properties. similar to ths aviation gasoline fraoction, as
shown in TabIe I(B)2. As-a result of this investigation, entrainment

. for the toluol-toluol vapor system was found to be unexpectedly low
as compared with the water-steam systen. s

2, Pressure Drop. The pressure drop data are shown in Fizure 3(B)2
in whic e pressure drop across ons plate in millimeteters of mercury
is plotted egainst vapor velocity through the coluzn. On the dasis of
Figure 3(B)2 it is calculated that & vapor velocity of 1.0 meter per
second can te safely used in a cozmercial petroleum column (atmospheric
preasure) without exceeding the flooéing point.

3. Disoussion of Results. With regard to the faot that the entrain-
ment ratlo for thoe toluol-toluol vapor systoz is unexpeoctedly low,
the authors explain this as follows:

If tho data are plotted against linear velooity, the ourves for
both systezs I zore olosely together than when plotted
against nass velooity. Howover even when plotted against linsar
velooity, sntrainzent for the hydrocarbon systen is far lower
than the wator-stoam system. In reviowing the faoctors affeoting
entrainment, especislly surface teaaion and densities of llgum
-and- vapor-(refer-to-Tadle-I{B)2)-ths effect of.surface tension
cfpou'o to be more oontroll than donsity differencs detween
1iquid and vapor, and the er the surface tensioan, the
sasller theo ontreinment ratio., Whez it s considered that
urcur{a whioh has e high surface tossioca, 10 easily scattered
into fine particles, whereas ships at sca often pump oil (with
low surfscs tsasion) O osls ths waves, it can be appresistsd
that the phenomenca Of entréianneat is 2uch affected the
tesdency to form 11quid particles. Most fractiosating coluans
have boen dosigoed by the equation of Bouder end Browa, but ia
thia equation the effect of surfade teaslos 18 5Ot considered

as a direot wvarisdle.
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souder-Brovm'e equation ror ‘allowable v’apor velooity
' w=C v Dy(a)-az) :

where ‘W masa velooity (K’g/zn2 hr.)

d1= denslty of' liquld Ixé/my)‘
'__(xs/m3) v
¢ = conatant arreoted by surface

-tension and -plate spacln%
determinod from I‘isure 8)2.

) dg_ _density ot va:pOr

" I1I. CONGIHSION

It is shovm by thia 1nvestisation that, for a hydrooarbon system. 'entrainment
i1s less than for the water-air system.. Sherwood and Jenny pointed out, as
. the result of their experiments, that effiolenoy-is not substantially re- -
duced by-entrainment until an entrainmsnt ratio 0.l'is reached, an2 that %this
ratio would not be reached at -ordinary vapor velocities in an -actual oolumn.
As can be seen from Figure 2(B)2, for the ‘small laboratory -column an entrain-
ment ratio 0.1 1s reached at a vapor velooity ‘of .about 1.0 meter per second.
. In the 4O ocentimeters semi-ooumnmercial oolm the ontrainmnt rutio 1: about
0.01 for the  same ‘vapor velooity. .

In e large soale occmercial oolum with plate spaoing of 50 oontmtora or
over, allowable 7301- velooity of 1.2 meters per second, at least, can Ve
.safely used from the standpoint of entrainment and pressure drop across the

plate.
' Bibliography

" Sherwood and Jenay: ‘Ind., Eng. Chem. 27 265 (1935)

E. M. Baker: Ind. Eng. Ohem. 31 717 (1939)

Holbrook and Baker: Ina. Eng. OChem. 26 1063 (1934)

Souder and Brown: Ind. Eng. Ohem. 26 98 (1934)

C. C. Peavy and B.M, Baker: ‘n'm ‘Inst. Chem.
}2 315 (1937)

Pyott, Jackson: Ind. Eug. Chea. 326 1068

Ashraf. Cubdage, and Buntington:

Ind. Bog. Chea. 36 1068 (1934)
Kirshbaua: *Distillier und Rektifisierteknik® (1940)

26



RESTRICTED.

-+ Table I(B)

Xe380N0eAo

"weight - - X " . tenaton - (°c)
©of o (eme)- | iMquid [ vapor~ | (dyne/em) -
oy : 10 |- o 0733 : 70'6027‘ ' ‘196 125
»! |- CRe - |- el PR * ) o
n;-130°c <o e T (2009€) ) (50% pt,)
Teluol 0,79 -| 0,0029,. 19,9 - m
, _(11ee) |* (111%0) (111%) _
Yater 0,985 | - 0,0059 . f,5 - 100
(10oc) || - (1009¢) - (100°6) .
Adr 29 o 0,0013 ' .
Difference of Surface Viscosity(c.p.)
Systea | Dersity between Tension
. liquid & vapor (dyne/ca) | 2iquid vapar
Water-alr 0,999 72,1 o.omg 0,895
(25°0) (25°¢ (25°0)
Mter-stean 0,957 6, 0,003 0,284
(lmzC) (1000C) (1009¢)
92 Octane
avistion 0,73%0 19,0 0,011.0,020 | 0,20-0,29
| gasoline (ce. 10000 (200°0) (200°0)
Tolual (K] 19 0.028 0,2
yador 3 o o o
e | qiey | (idde
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brjure 3 {
ENTRAINLENT vs VAPOR MANS VELOCITY
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