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EFFECT OF BAFFLING AND IMPELLER' GEOMETRY
ON INTERFACIAL AREA IN AGITATED
TWO-PHASE LIQUID SYSTEMS
H. E. Rea, Jr. and T. Vermeulen

Department of Chemistry and Chemical Engineering
University of California, Berkeley, California

I. ABSTRACT

This in'\restigation was undertaken to extend p:;eviou's
measurements of the inte'rfa_éi;l area formed,uhder baffled con-
ditions of agitation in a cylizidr_ical tank, and to measure the
interfacial area formed under unbaffled conditions. Interfacial
areas webre determined by light transmis sioh measﬁrements
‘through the unstable erﬁulsion formed during agitation.

Imﬁeller geometry was one of tﬁe physical variables of the
system which was studied. In tests with four -bla_decf flat paddles
at eqﬁal speed, the interfacial area was found to increase more
‘than linearly with paddle leng'.th, but to be .‘inde.pendent of ‘pa‘ddle
width; it was concluded that the d_rbp diameter is controlled by the
highest intensity of turbule.ncev reached at any pointl'in the tank.

The effect of physical properties of the fluids, stirring
speed, irripeller geometry, and relative p'roportions of the twd
phases on interfacial area héve also been studied. No gen'eralized

correlation for all of the variables was obtained. However, it

was found that for each system investigated,

B | 0.5
A = (constant) 6¢ e™% 0(4) NLb ?
where A = interfacial area, cm-Z/cm3; # = volume fraction of the

dispersed phase, cm3/cm3; N = stirring speed, rév/sec; ‘and L =
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impeller diameter, cm; the constant having a different value for
each system'.and for each condition of baffling. Mean drop

diameters were found to be approximately 1.5 times larger in the

~case of unbaffled tanks.

Power requirements for the agitation of these systems were
also investigated and were found to be identical with those for a
homogeneous liquid of equal mean density. - For similar impellers,

the power required in an unbaffled tank was about one-fourth that in

a baffled tank at the same Speed. However, both cases showed about

equal power for equal interfacial area, for a :given impeller

geometry. "The results indicate high values of interfacial area

may be obtained under mixing conditions that will require the

minimum power consistent with homogeneous dispersion, in any

specific system.



l1qu1d phases are only qual1tat1ve1y understood at the present
time. In 11qu1d l1qu1d systems ag1tatlon is commonly employed

'to 1ncrease the contact between the two phases

EFFECT OF BAFFLING AND IMPELLER GEOMETRY
ON INTERFACIAL‘AREA IN AGITATED
~ TWO-PHASE LIQUID SYSTEMS
" H. E. Rea, Jr.and T. Vermeulen

Department of Chemlstry and Chemical Engineering
University of California, Berkeley, California

1I. INTRODUCTION
The use of the unit operatlon of l1qu1d l1qu1d extractmn
is w1despread as a means of separat1ng components of a solut1on

However, the factors affectlng the contact eff1c1ency of the two

tik

| Many 1nvest1gat1ons (7 9 18) have been made to determlne

the contact eff1c1ency in related agltated systems Hlxson and

Tenney (9), who measured the sand suspendmg character1st1cs of

' a propeller in water and sucrose solutions; suggested the use of
the m1x1ng index as a criterion of d1spers1on The m1x1ng 1ndex

as deflned by these authors is the average value of the rat1os of

sand concentratmn at various points 1n_the apparatus to thev-..“
concentration that' should exist in a completely unifor'm d1str1butlon
The application of the mixing index to liquid-liquid systems ‘is of
little usefulness because of the vfact that once uniform distribution
is attained, the mixing index will fail to show any further increase
in the inteérfacial area upon increased agitation efficiency;

The use of the rate of a heterogeneous rea,ction‘ as »a‘cr"iterion

of agita_tion efficiency, as proposed by Hixson and Crowell (7), is



“not of general ut111ty due to thefactthat the ,r;t,e-determining
mechanism may vary w1de1y frorn one react1on to another.

 Miller and: Mann (18) have suggested that the power per unit
volume be used as a crlter1on of ag1tat10n eff1c1ency. Langlois (11) -

showed that thls crlterlon is a fa1r approx1mat1on for geometr1ca11y
similar m1x1ng vessels and 1mpe11ers but d1d not study cases where

the geometry is d15$1m11ar

In conS1der1ng the factors affectlng the rate of mass transfer
in agltated two -phase 11qu1d systems, the rate at wh1ch mass

i

transfer can occur will depend fundamentally on the 1nterfaC1a1
area between the two phaseso Because no baS1s was avallable

3 'unt11 recently for evaluat1ng the 1nterfac1a1 area, very httle work
] ; FRCRP RN
has been done w1th 11qu1d 11qu1d systems The cr1ter1a of
agltatlon descr1bed above are of 11ttle use in relat1ng the effect of

the operatlng var1ab1es because 1t is not known how the rate of

{\, 0o

;m1x1ng two 1mm1sc1b1e f1u1ds or the proportionat’e suspensmn of

fenh . : :.‘—,w R L
LooE - i iR e

a sand in a’ 11qu1d (m1x1ng 1ndex) 1s related to the productmn of

L . 3 ) - . ;‘x‘ 1\) v ‘b‘x“,u PR
! A

1nterfac1a1 area in an ag1tated two phase 11qu1d system.

R R

-_Measurement of Interfamal Area . . B T
Lang101s (11) found recently that the interfacial are‘_;a of an

» ;,agltated mlxture of 1mmlsc1b1e 11qu1ds could be measured by means

N

of 11ght transmlssmn measurements through the emulsmn formed

upon ag;tatu_)n of the two liquid ph;asbes. He obta1ned photographs and
‘.'light transmission measurements simultaneou_sly for various
systems of immiscible transparent (i.e., non-absorbing) liquids

over a range of stirring speeds from 100 to 400 rpm and for volume

fractions of the dispersed phase of 10, 20 and 40 percent. - Volume
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fraction is defined here as the volume of the dispersed phase
d1v1ded by the total volume of the two phases under cons1derat10n.
By measurlng and countlng the droplets in the photographs
interfacial areas correspo-ndmg to light transmlsS1on‘measuree_.
ments were obtalned | - - |
Langlois found that a stra1ghtforward relatlon.shllp» ex1sted
between the spec1f1c surface expressed as square centlmeters |
of 1nterfac1a1 area per cublc centlmeter of Volume,v and the
rec1proca1 of the: fract1ona1 light transm1SS1on 1 /I I be1ng

the light transm1ssmn through the cont1nuous phase alone and I

‘bemg the light transmlsswn through the emulswm Th1s quant1ty,

IO/I, will be referred to as the extinction rat1o in subsequen_t

,discussions In every case, a plot of the extinction ratio versus

the specific surface was found to be a stralght line w1th an 1nter-—
cept of un1ty, correspondlng to a funct10na1 relat1onsh1p of the

type:

I
o

This relations'hip is independent of the volume fraction of the
dispersed phase and of the stirring speed over the range studied.

Langlois also found that the slope of Eﬁuation (1), p, was'
different for each system that he investigated«, and that a plot
of these sllope's Versus the refractive index ratio, m, for the'-_ .
two media yieided a smooth curve for values of m less than-
unity, and also for values of m greater than unity, with-a dis-
continuity in slope at m = 1. Here m is defined as the ratio of °
the refractive index of the dispersed phase to that of the

continuous phase, i.e.,



(2} .

As a result,” if the light transmission probe is'p"fopeﬂy calibrated,
it is necessary only to measure the light transmis ’sion‘tiﬁ‘oﬁ:ghf "
the "etnulsvion in order to evaluate "the's;;ecifi‘c area of a2’
homogeneous dispersion of one liquid in another.

Power Requirements

A number of investigations have been carried out to
deterrnin'e the power requirements of fluid systems und'err'go‘ing:
agitation (3, 4, 6, 8, 9, 10, 14, 16, 22, 23, 24, 27). These
:-investig}é.t"ions have covered a ’,lar'ge"irange of vessel smeand e

s'sha:pe, imipeller geOmetrir, impeller speed, and fluid propérties,
so that ‘considerable information now’ exists whicfh"‘mayplose"us}:e*d‘,‘g'
for the 'prediotion‘ of the power':“i'e'quirem'e’nts for a gi"\ietn' Zé{g‘it*é':fe’d
sfstem. Most of these data, howéver, were obtained for' the ™

. agitation of single-phase liquid systems in baffled and ‘unbaffled
tanks, although some of the data (14, 18) were obtained for the"
ag1tat1on of two: phase liquid systems in unbaffled tanks. To date,
no study has been made of the power requ1rements for the ag1tat10n

of two phase 11qu1d systems in baffled tanks

Effect of Physical Variables on :Me._an Drop-Diameter

Although some gata are avia..i_,lab‘le on liquidsliq'[uid systemvs,
the major povrti{o:n of the published date_éon drop disrneters 1n |
unstable heterogeneous fluld systems, ha.ve been obta1ned in
connectlon with the breakup of 11qu1d Jets in a1r a,. 5 12 13, i7,
19, 20, 21, 26). | |

Ceh .

Jets: Haenlein (5) has shown that continuous Jets of

several different liquids issuing from a circular nozzle into
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gaseous;surro‘undihgs are u_hstable with respect-to the surface.
forces ac_fing upon it. Initial disturbances, -such.as vibration-
of the.injeqtor-;nd imperfecf,roundness of the orifice, cause . '
certain characteristic defdrmatior'ls which are a function of «. .
velocity for anjr ;particular liquid.

| M'érrington and Richardson (17) found that.the mean
drop diameter was proportional to thé kinematic viscosity of
the liquid to the 0.2 power, inversely proportional to-v_,the::\,linea‘r,
velocity of the liquid, and independent of the surface tension
over the range of 25 to 73 dynes/cm. They also obtained data.
»th jets of-. liquids into other. liquids, which did ndt_agree:well
with those obtained for liquid jets into air. No explanation for.
this difference was offered by the authors.

Lewis and co-workers (13) corrélatéd a good deal of
existing data on drop diameters oBtained from venturi-type
atomizers, using_an empirical;equatiqn,dev’eloped by Nukiyama,
and Tanasawa (19-21): ,

. P ' 0.5 1.5
_ 585 [@ anf Ha o\ Q1>.. .
d =222 .+ 597 (4 1000 —= o (3)
u d. <./.pdg- > < Q.2~ » (3)

where d = mean drop &iameten:, that diameter hé.'ving the .same‘
sturface to volume ratio as the 4tot.a.1 sum of droi)s,
microns
u = relative vel_ocity of liéuid and gas, metéfs/seg.

_ QI/QZ = ratio of volume flow rate of liquid to volume flow rate

of gas
pd = liquid density, gm/cc.
Kq = liquid viscdsity, poises

o = surface tension, dynes/cm. .
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This equation was repor'tédt to correlate adequately the results. of
a number of mea'.surem.ents; ‘including .those data obtained:with

ordinary hydraulic jets, ance a number corresponding to.the:

Laminar Flow Fields: From. a study of the breakup-of a

.liquid droplet in laminar flow fields, Taylor :(26)-.:deve1}'oped a

: diménsionlessvpa'x.'a-metevr,, “F (see Nomenclature). He found.that
the droplet burst at @ characteristic value of this parameter, - :

. Fc He also fOﬁ.nd that FC was a function only of the ratio.of
continuous phase viscosity to dispersed phase viscosity, to about
the 0.15 power. In another apparatus, for values-of this vis’éoéity
ratio greater than unity, F--C was approximately proportional:to"
the 5.5 power of this ratio.

‘Taylor thus concluded that, when bursting ofi'a‘.droplet is
the result of simple shearing action 'in a laminar flow field, the
dependence of drop diameter on the viscosity of the two phases .
will vary considerably With the type of sheariﬁg action. -His con-
clusion serves to emphas“i‘ze‘ the,gliiffi;culty of predicting the effects
of fluid propertiés -on drop diame:ters when the fiow field is not a
.lal"minar 01;1e but a cbrhple:’:;:tiylrbﬁlzeﬁf one.

" Agitated Systems: _Data on drop sizes in agitated two-phase

liquid systems are reported by Clay (2), who St‘udlie‘d ‘emulsion
formation 1n tu.r‘b.u_lenf flow f;r iiquids cover1ng 'a.:,rari‘;'ge of densities
_ fromO 78 to 1.19 gm/c"cf, of v1sc051ty from 0.6 to 37‘{'cént%‘i‘i)oi's5es,
and of interfacial tension from 1 to 47 dynes/cm‘."["lj;i;bp sizes,
determined by high speed photoé'ral{.)hy}, were oBféinéd' from a |

technical apparatus" and a "model apparatus'’.
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In the techn1cal apparatus which consisted of a circuit of
four 1nch i.d. p1pe in series W1th a pump,‘ Clay assurned that the
ma_]orlty of burst1ng of droplets resulted from turbule‘nce.‘ln the
g‘p1pe part1cular1y at the bends in the p1pe and that the contr1but1on
of the purnp to emuls1on formatlon was negl1g1b1e. ThlS as‘_sumptmn
seelrns somewhat-doubtful | . ' " o
: In the model apparratus Wh1c'h contalned the emulsmn ln the
. annular .space betvleen two cyhnders the agltatlon of the two -
xquu1ds occurred as a result of: the rotatzon of the mner‘ ctrlmder

In 1nterpret1ng hlS data Clay proposed two posmble

» mechanlsms of the burst1ng of droplets In the flrst mechanlsm
Clay po stulated that if burstlng were accomphshed by shearlng
'act1on resultmg from vebc1ty gradlents w1th1n the 11qu1d the

d1ameter of the largest drop Wthh would be stable in the model

apparatus would be glven by the expressmn

l-Iere Cla‘y‘as sumed that*thl-e dlsruptwe fo'rces necessar;t to bur st
the drOplet would be proport1ona1 to 20'/d If this. mechan1sm v;tere
‘dom1nant then ZO'/d P (NR ) would be proport1onal to the inverse
Square root of the Reynolds nurnber for the model apparatus Re

In the second mechamsmw Clay\as sumed that the droplet
would burst Whenever the pressure at 1ts surface fell to a value
‘below the mean, and that the dlarneter for the largest stable drop

for th1s mechamsm would be g1ven by the expressmn

20 _ 2 e
T = kP _(NR)) | (5)



=14 -

and in this case Zo-/d p (NR ) would be 1ndependent of the
Reynolds number Re . »i
This quant1ty, Zo-/d e (NR )Z, "rﬂas calc’ulate‘d(:by Clay for all
the model apparatus exper1ments ‘and plotted agalnst the Reynolds
number The data scattered very badly Clay concluded that |
since th1s quant1ty appeared to be 1ndependent of the Reynolds
'number the second mechamsm was almost solely respon51ble
for the burst1ng of the droplets Since Equat1ons (4) and (5) were
not der1ved by any rlgorous mathemat1ca1 development and that
there ex1sts the pos51b111ty of other mechamsms of burstmg, the
most that can be concluded is that the latter mechamsm was some -
Vfwhat .more. 1mportant than the former |
N Langlo1s (11) obta1ned drop diameters for two phase 11quld
.s‘ys'tems by the ag1tat1on of these systems in a baffled cy11ndr1cal
tank. He used 11qu1ds cover1ng a range of den51t1es of 0 69 to
‘1. 60~gm/cc density-differences from 0.03 to 0.60 gm/cc,
v1scos1t1es from O. 38 to 184 cent1p01ses and interfacial tensions
frorn 3 6 to 55 l dynes/cm For any g1ven 11qu1d l1qu1d system
he found that at a g1ven speed of ag1tat1on the mean drop d1arneter
that d1ameter havmg the same surface to volume ratlo as the total
sum of drops, was an exponent1a1 functmn of the volume fract1on
vThe slopes of log d versus volume fract1on plots were found to
vary with the st1rr1ng speed and the f1u1d propertles of the hqu1ds
~used. By plott1ng the values of these slopes aga1nst the Weber

number, he obta1ned the follow1ng equat1on relat1ng the mean drop

diameter to volume fraction:
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1?,+.'_1vog do; L e :(;6_)"

Logd = 0.46 ¢ We'"
where d = mean drop. diameter, cm
~ ¢ = volume _lra_ctio_n of dispe‘r,sed phase,__,ccﬂ/p_:_e .
We = Weber number = N L 9/0'
The data used to determ1ne the exponent of the Weber number in

Equation (6) scattered badly. ’I’h1s he attrlbuted to the fact that

the dlfference 1n the mean drop d1ameters ex1st1ng at two d1fferent

R SR

,.{

volume fract1ons was not a great deal larger than the exper1mental

error 1n reproducmg the emulsmns.

R
H

In attemptlng to f1nd a general correlatmn for the effect of

. fl‘ . EA

all varlables he found 1t more convement to use a £1ct1t10us drop

d1ameter do” the mean drop dlameter extrapolated to zero“ volume
. . . 3

fractlon of d1q>er sed phase He found the fOIIOW1ng d1mensmn1ess

expressmn to fit the data sat1sfactor1ly R

3/2 . : . S : [ N
do NL X = 0.213_ R 4

T -

A fo comb1n1ng Equat1ons (6) and (7) w1th the relat10nsh1p between
the square cent1meters of 1nterfac1a1 area per un1t volume and

’dr0p d1ameter i,e. = 654/d,,, he obta1ned as a f1nal correlatmn

¢ . L ) co ,,_.r_'_‘.-; o

of h1s data the followmg expressmn

067 23 2

, Ao ‘ ;o N"L°p .
s = 484 exp 0. 46;&( ‘ - (8)
N1.33 pU.b"/’L [ ' |

This correlatmn is h1gh1v dependent upon ‘the values of d obta1ned

kby Equatmn (6) The exponent of the Weber ‘numbes in Equat1on (6)
 was evaluated with data over a 16 fold range in the Weber number

whereas the data used to calculate the values of do from Equatmn
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(6) had a 225-fold range in the Webernumber -~ In view of the
scatter of the plot which was used iﬁ:’determi‘nirig’ the’ expornent -
of the Weber number in Equation (6), it is quite probable »that
Equation (8) is not applicable 'ovérf th’e 225-fold: range of Weber

number .

Purpose of Present Invest1gat1on

The pr1mary obJect1ve of this 1nvest1gat1on was to study the

“ effect of the phys1ca1 var1ab1es in agltated two -phase hqmd
'systems on the formation of interfaeial area. Impeller geometry
espec1ally was stud1ed more fully than in any prevmus 1nvest1gat1on.

It was des1red to extend prev1ous measurements of 1nterfac1al

" area formed under baffled cond1t1ons, "and to measure the 1nte'r- _

facial area formed under unbaffled conditions.  Earlier studies"
. coseag o E
of the effect of volume fract1on upon 1nterfac1al area were 1ndec151ve

and this factor was also given attent1on
‘The secondary obJect1ve was to determlne the power requ1re—

rm.e'nts for the ag1tat1on of these systems under baffled and unb‘affled

conditions. It was desired to measure the effect, if any, of the

| produ-ction of :Afnte'rfac‘;ial a;reas Aand the relative v.olumé proport1on s
of the two liquid phases on power:'Convsumptio.n.. It was expected,
but not found that the extent of interfacial area mlght have a small

effect on power consumptmn wh1ch m1ght have theoret1cal

slgn1f1cance For ls1ng1e -phase 11qu1d systems (2.3 24) denslty is

the only phys1ca1 property of the f1u1d that affects power requ1re—
ments in the turbulent reg1on of flow hence f1u1ds covenng a w1de

P

range of dens1t1es were employed,
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The variables which were considered to be pertinent in this
study were: 1. The physical propertles of the two liquid phases,
€. g.. visgosity, de_nsity,,. and interfacial tension... 2. : T_h_e volume
‘ fr'action of dispersed phase. 3. The stirring speed. 4. Factors
characterizing the geometry of the impeller. 5. The effect of "
scale -up conditions.

AE

1. EXPERIMENTAL PROGRAM

S)rstems Invest1gated and Materials

Interfac1al areas resultmg from the d1spers1on of iso- octane

.'(2 2 4. trlmethyl pentane), carbon tetrachlor1de carbon d1sulf1de
n-butanol, and methyl 1sobuty1 ketone in water and the d1spers1ons

of water in these l1qu1ds were determlned in the small baffled tank.
: Interfac1al _areas were also obtalned in the larg;e baffled tank for
the ‘sy'ster‘n methvl isobutyl ketone -waterf : Interfac.ival areas \ver-e
measured in the small unbaffled tank for the systems carbon tetra-
chloride ;Water, carbon dlsulf1de vvater and methyl 1sobutyl ketone—
Vvater All measurements were made at 20 * 0. 5 C : |

The physmal propert1es of the equ111brated phases for these
b'systems were deterrmned at 20 C and are l1sted in Table 2.
Prior to ag1tat1on and subsequent measurement of 1nterfaC1al area,
the two liquid phases were saturated w1th respect to each other

For the purpose of cal1brat1ng the l1ght transmlssmn probe
1nterfac1a.1 areas were determ1ned for the systems which Lang101s (ll)
‘measured photographmally (see Table 3} These runs also served
to determine the reproduc1b1l1ty of the equ1pment and measurements

_ gave add1t1onal 1nformat1on on the volume fract1on dependence and
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on the pha‘se shift, ”,pr_qv,ide}d‘_data_on »pow}er.,cqn,sumption;-

Agitation Apparatus. =

Mixing Equipment: . Two cylindrical stainless- steel tanksj

.one approximately-ten inches in diameter and height and the ..
other twenty inches in diameter and height, were used in this
investigation. Four vertical baffles spaced at 90° intervals
around the tank were mounted against the tank wall and at right
angles to it. Mack and Kroll. (15) have bshown this number of
baffles to. represent a cond1t1on of "standard baffhng” (so] terrhed
JI.V'by J. H Rushton (25)) A coohng co11 was soldered to the outs1de
| nof each of the tanks, through wh1ch coolmg water could be oo
Jc1rculated for temperature control | T
| The small tank was mountedb to the frame Wthh was
constructed”of f1ve -inch chann.el 1ron by rneans .of anl 1ntegra1-
Isuspensron ball bear1ng un1tv welded to the tank cover, A collar
which was. welded to the upper 51de of the frame and cevnter—
llned w1th respect to the tank cover assembly, contalned a splndle
assembly W1th two sets of ball bear1ngs to wh1ch the 1mpe11er ‘shaft
leas connect.ed The two sets‘ of ball bear1ngs were located as far
apart as poss1b1e so as to minimize any wh1p the 1mpeller‘m1ght
have The f1na1 assembly of these un1ts perm1tted the free rotatlon
of the tank cover assembly and the 1mpe11er shaft each 1ndependent
of the other thereby enabhng the determmatlon of the power
.requlred for rn1x1ng by torque rneasurernents - |

| ‘The tank 1tse1f was fastened to the tank cover by the use of

?

L shaped wing nuts A gasket groove 1nto wh1ch a cork gasket
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was cemented, was prov1ded to ensure 11qu1d -tight contact between

the tank and the cover. A mercury seal was used to make the

i

The small tank cover conta1ned a mountmg for a 11ght
tran‘smlssmn probe, the construction of which will be descrlb:edv
in detail in the following section; two holes tapped for 1/4 inch
pipe for "feedlinefsr to the tank; an_da cornbinat:ion thermomeﬁter‘:;
well and vent hole tapped'sfor 1/8 inc'h pipe thread vThes"e.w:er‘e
spaced at n1nety degree intervals around the tank cover and |
located so that they would be forty -five degrees out of phase -
with the baffles in the tank ‘A 1/2 inch pipe outlet was located
in the center of the tank bottom. ”

‘The bottorn of the large tank was ‘rnounted on thebottomuo\f
the channel rr.on frame by means of a ball thrust bearlng assembly
The tank cover for '.th.e ‘large‘tank \x}as mounte.d' to the'Af.ra-rn'e‘ through

a self -al1gn1ng ball bearlng un1t above wh;ch was another splndle

‘?assembly S1m11ar to that of the small tank assembly ThlS f1na1

\iassembly also allowed 1ndependent rotatlon of the tank and 1mpe11er

shaft.

Whereas in the small tank assembly, the tank was removed

by lowering theyt,ank from the tank cover, the large tank assembly

was designed so that the tank cover :and ‘shaft asserhbly -couid'.ﬁ:
be 11fted from the tank. This was done by attach1ng the channel
iron across the top of the frame over the 1arge tank to a |
supporting bracket post which could slide up and doWn in 1ts

mounting on the lower portion of the frame. T_o.remove the large
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tank cover, the upper ;channel 1ron was unbolted the tank cover
unbolted from the tank, and the tank cover, channel rron,» sp1nd}e
assembty, 1mpe11e}r.s:_h_a_ft, _.a_“nld ;mpellerl were_:lifteq manually from
the tank as a unit. When the bracket post was at its gppermost,‘
traverse, high Ien_,ough to allow the tank cover assembly inc»l‘u_.d;ng
the impeller shaft and impeller to swing out clear of the t_ank
for the purpose of chang1ng impellers in the large tank a spr1ng
would pull a post stop underneath the bracket post, thereby
holding the asﬂslemb'ly ‘in position at its _max_!imurn height«

. The larg_e t,ank cover also ...cont'a_i‘.ned a :mountingdf‘or_‘{ta} \
light transmission probe, two ho.lesw_tappevc.ll gor{; 1/2 inch} n.p.s.. ..
—{01," ;feed lines ti‘nto_ th,e _tank, and a c_orrrbina.tion therrnome,ter well
. L___éanvdiv.ent hole tapp‘ed_,:,for ___1/4 inch n.p. s. '_I‘he_s_e were alsoa:_vspa'ce‘d
at ninetY jdeg‘ree ‘int_erlvalls aroungi the ._t.ank_ cover and ‘.fort_y_—fi\_r_e? -
i}degrees _ox_;t of phase wtth the baffles in _the tank. A 1/2 inch;n,p, S.

.product 11ne ‘was located in the center of the tank bottom pas 51ng

. d1rect1y through the thrust bearlng seat The large tank was also

equipped with a mercury seal to make the impeller shaft seal :
liquid - and,_ air i=tight° A c‘or_k ga_sket was ernployed to make the
__contact b:etwe:ef_n__th_e:tank and tank,_coyer liqurd tighti v On both tanks, ‘
provision was made to protect the b_all be)ar{ing untts {f‘_ro:rn any
mercury that m1ght be blown oo.t,_/_”th‘r;ough t:h,e'ball bjear_ing{_nniﬁts.,
No difficulty was e}xp_,erienced, :howlever?_in_tte blow1ngof the
mercury seal. S R S g8 n o ,
A slight pitch was built info the bottom of the large tank to

ensure complete drainage upon emptying the tank when changing
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from system to.system. The small discrepancy in-the geometric

similarity between the two tanks.is due-to the fact that the smail

‘tank was a prefabri:cated tank, whereas the large.tank was

constructed for: th1s 1nvest1gat10n
. Atang was: prov1ded at the bottom of each 1mpeller shaft

to lock the impeller into ‘position horizontally.’ A threaded

. _eéxtension-of the shaft beyond the tang permitted the use of lock

- nuts to ‘hold the ifnpeller in place vertically. -

- Three .sizes of impellers were used in the small-tank: - -

investigations:..A2, *5. 00 inches in diameter and O. 94 inchcin: .-

, width; A3, 7,50 inches in diameter.and 0. 94 inchc. in width; .0

and-A4; 6.67 inches in diameter and 1. 65 inches in width. . Thé

~ latter impeller was used .in,th‘egc-alibra..tion of the light transmission

1

u i Four sizes of impellers were used in the large ~tank:« i

" 4dinvestigations: Bl, 5.00 inches in diameter énd 2.00-inches in:

“width; B2, 10.00'inches.in diameter and 2. 00:3 in’ch'es in width; .

B3, :15. 00 inches .in diameter and 2..00 inches:-in_width; and'--B4:,s,i

-13 00 inches.in d1ameter and 3. 72 inches in width.

‘The 1mpellers in both tanks were: ‘driven through a V-belt

-'dr1ve by:a 3/4° horsepower, .3+phase 60—cyc“1e - 220-volt, 216 rpm
. right-angle.ring -mounted gear motor supphed by Electra: Motors,

: .Inc,; of Anaheim, California,: -V-step cone pulleys were:mounted

on each of the"impeller shafts and on the motor shaft.’. The four

steps in:the pulleys.permitted the operation of the impellers. at’

‘94, 154, 247, .and 394 rpm.:
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. Figure l is:an-assembly: d;rra,w-ing' of -the tanks showing:in- "
»jdetaivl their construction,..along.with the:assembly;of the-ball ..
bearing -units, :the cups for the mercury seal, and other features
of the design. Figure 2 is a photogr_aph:o-f the final assembly. .
Comiplete difnerisions.ofwthe"ta"nks,' -baff’les’, and impellers are
given in Table 1. . S T P L A S LA

Light Transmission Probes: - The light transmission probes

consisted of two parts. | ‘The lower :section contained. a light. ..
source .which was .a small penlight lamp;: and the .upper:‘section
contained a photoelectric cell. Countersunk into the housing
directly:iq front of these two units were windows made of Corning
Filter Glass, number 3962 (also.labeled CS 1-57). The glass=to-
-metal seal'was made. wifh Araldite cement, which is.a thermosetting
polymer. These two units were mount.-ed in a unit assembly of:;
stainless' steel so.that there was a gap of 1. 0 centimeter -between
the outer surfaces of the two glass windows, i.e., those surfaces
in contact - with the liquid-liquid emulsion. . Light transmisgsions
across this gap . were measured by the ph,c')toelectrigg_.ce‘11.,‘;-:‘?Th;e,;-;’
penlight lamp had.a built-in lens which resulted in a.beam of : :
nearly parallel light so that no collimating system was necessary.
The light transmission probe for the large tank was an exact
duplicate of that for-the .small,tank, with the exception of:its:length.
--The depth to which the center-line between the ~~,g1aAs)_s,,windo,yvs.:was‘
imm ersed .'w.a-s-'-geom etrically proportional:to.the corresponding.
dépth.in the small tank: In-addition;  the. probe:mounting.for-the
largé tank was designed so that the light trahsmission probe could

have a.vertical traverse. This permitted the observation of any
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variations which might exist in the light transmission readings
due to the depth of-the probe, .i.e., variations due to the:absence
of uniform mixing conditions ,coold be studied.

The light transmission probes in both tanks were inserted
and ‘mounted into..pl'ace so that the gap between the glass windows
would face the -center_of the tank. A half -diameter of the.probes
protr,uded'in'side; (i.e., to the:center) th,e circle diameter--formed
by the baffle edges away from the tank wall, " When the tanks were
baffled, the positioning of the p;obes, in such‘a manner would not
affect.the ‘mixing: characteristics. of the va‘rious_;'impe}ler s.employed
-and would e'nsureb light :transmiesions through emulsions representative
of the tank contents. The probes .ﬂwex.-e, held,;m';‘po sition: on their
m,ounting by \m.e_ansof Allen-heéd_; set s.crew,s\, and a Tygon gasket
+.zmade the jun’ction'liquid—andv eir-t_ight. The distance bet‘we,.egzthe
under side of the tank cover end the center -line between the glass
»surfa_ces of the small-tank probe was 1-3/8 inches. 'I'.h‘-e. solid
portion of the probe on the back side- (i.e. nextto the tank wall)
was. bored for wire leads to the penlight lamp. Two holes were
drilled on 'either side of this bore at a height midway between the
glass w1ndows to énsure rapid circulation of the emulsion through
_ the 1.0 cent1meter gap between the tvmdovté |
o F1gure 3 is an assembly draW1ng of the large tank 11ght
trahsmlssmn probe and F1gure 4 is a photograph of the small-
vtank 11ght transm1ss1on probe. Inspectlon of F1gure 2 w111 show the
large -tank 11ght transm1ss1on probe mounted in pos1t1on in the tank

cover.

Lo
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"Thé small-tank light transmission probe Used’in this
investigation was calibrated by obtaining: light"ftraﬁs‘rnis"s‘iqn
measurements during the a“éita-mt‘ion of the same liquid-liquid "
systems in an apﬁarétus identical to that used by Langldis in
‘ detéﬂrfhining the interfacial area photographically.” The ‘results
of this calibration are given in Table 3 where the specific area’
and the corresponding lighf ratios, io/f, are listed for the
various liquid-liquid systems. Figures 7-11 are plots of the
"light ratio against the specific: area, and Figure 12 isa plot-
of the slopes, B, of Figures 8-11 against the refractive indéx -
‘ratié, m. ‘Ihfe'ffacial' areas for additional liqﬁid'iliquid"s';‘ys‘te"’ﬁ:d”s
were determined by measuring the light transmissions’ through’
the "’efnqlsiohs‘ obtained, feédiﬁg a value of B for the particular
‘system béing studied from Figuté'12, ‘and calculating the specific
Cdreal |

Tld;e:v large';-tank light fransmission probe used .'in this
investigation was calibrated against the small-tank'light trans™
mission probe. The following equation was used to corrett the
" reading obtained using the large-tank li‘ght'traris'r'riis"‘sion probe.

PR

(B’la:‘gg.tagk - 0. 9533 ®)

small tank‘ - | (9)
Flgure 13 1s a cross-plot of [5 values obtamed with ”the probe

in tl}‘ns 1nves_t1gat1_loun with those pbt;a'l;vned by Langl_cng .As can be

seen, . the;e ?xists a con;s__.igierable d1fference1n 1:_1-13 calii:b‘ratio_n‘ of

. the A_prob'e 'us.e;;d in his inve stig_atiiorl;._)ami‘ that c.)_f_:v tche p;este_;t wo_z;k,

The 1nterna1 construction of the probes used in thls work w.as‘

designed to be identical to Langlois' probe. Thus, the penhght
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lamp was mounted at an identical distance from ite-glass’window,
and the cathode of the photoelectric cell was an identical distance
from its glass window. Since‘it was thought that the _liquid:"rlow-,
pattern around the probe might account for the differences in the
calibration, - the s}mall -tank light-transmission probe was rotated
in its mountin'gvand light transmission' readings obtained, and it
was found that rotation of the probe had no effect upon the light -
transmissions. It was obser'ved-that the‘geometries of the photo -
electric cells are not 1dent1ca1 to determlne whether this could
explain the d1fference in cahbratmn the photoelectrlc cell was
also rotated and l1ght transmission readmgs obtamed in addltlon_
light transmlssmn readings were obtained u51ng severa.l different
photoelectric cells. A shght change in the 11ght transm1ss1ons
(possibly 0.5 percent) resulted from the rotation and replacement
“of the photoelectrlc cell, which was neg11g1b1e in companson to the
) d1fference in cahbratlons.l -

It was decided that the solid surface where the two circulation
holeswere drilled éé;véd' as arefl'ection'suzr:face :and thereby '
increasedthe”value of the vli'gvht transmiesions obtained"w%i't{h:theq
probe used in th1s 1nvest1gat10n, part1cu1arly for the 11qu1d 11qu1d
systems with h1gh and low values of the refractive index ratlo m.
This surface was not present in the" probe used by Langlo1s In
order to obta1n standard readmgs, it is recommended that the A
outer surfaces of future probes be permanently blackened to '

eliminate reflection.
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.Power Measurements T T

- . 'The.two mixing tanks were. fnount'e,d with ball-bearing ‘units,
previously described, which allowed the rotation of the tanks with
a negligible amount: of friction. - The, torque necessary to prevent
the: tanks .from turning in:the direction of rotation of the impeller
'was recorded and used to,calculate‘ the power required for
agitation. The following éxpression for:brake-horsepower was :

used to calculate the power required:

P=2rRNT (10)
where P = agitator shaft power, ft-lbs/min

- N

agitator speed, rpm

.'R>

dymamometer torque arm, £t ., .,

T = dvpamorﬁeter PalaArécli,ng: foré_e, Ibs.

. . The dynamometer balancipg force was measured by a Toledo Scale, -
Model 4OZi BA, (Number A874285) which hz}vd__a; ca_.pacity of '_3}0 pop.nds
and a two -pound d?al sca1¢‘reasiip‘g_:g_ll"a,du:ated to O.,_O.l pO}lqd. This
wa.s‘ ‘:c:o_nne"ctel_d to Vav'stud on top of the tank by a cord and a negr}y

frictionless pulley mounted on the supporting frame. Readings

!

taken with the scale were found to be reproducible to within 0.03-

. 0. 04 pound.

Liﬂght T;ans_mis_sipn Mea,sufemtenrts o
) The current to burn the penlight :lamé was »d?a_wn. frcz)nl'],.;a .six

volt.l,ead storage battery. A Leeds and No;th_rup $1':1'1ld:er'1ts‘

potentiometer (Number 635112), in conjunctiop_with a Rub1con -

d.c. galvanometer (No. 3829), (with a sensitivity of . 036 micro-

amperes per millimeter) was used to measure the potential drop
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across the filament. ' A variable resistance was provided in the.

ciréuit by means of which 'aigi've’n e.m.f. could be applied to "
the filament and held constant, thus assuring a constant light .
intensity during any one experiment. The lamp, which was
designed to be burned at about 2 volts, was burned at only about
1 volt so-that there’ would be no tendency for ti1e lamp filament -

to deteriorate over a period of time. The circuit for the light

‘source is shown in Figure 5.

 The photoelectric’cell used in'this work was a commercial

‘cell, the RCA 1P4l, which consists simply of a photosensitive

cathode plate and an anode. A poténtial of 90 volts was placed -
across the cell in order that all electrons émitted by the cathode

would be caught by the anode. Current 'flowif;g through the cell

" was measured by a sensitive galvanometer. A sketch of the

‘photoelectric cell circuit’'is shown in Figure 6.

The galvanometer used in this circuit vs}as a Leeds and: <~
Northrup Type 2430 D direct-current galvanometer, (Number -
1014406) with a sensitivity of 0.00042 miérda'fnperes per .milli<
meter. The photoélé_c’cr’ic‘ ¢ell ‘would not remain stable when

subjected to continucdus .Currents miich in excess of 2 microamperes;

‘this fixed the uppér limit of the light intensity at 100 percent

‘transmission, that is, when no emulsion was present. ' The'

gé.lva'ném'éter sér‘isiﬁvity was selected to give 2 percent-accuracy

on light transmissions aé low as 1 percent. A shunt was placed

in the circuit so that, by suitable’ adjustment of the variable

ré"sistanéé, a large deflection could be obtained even at low'values
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of the light'transmi'ssion,;-‘withﬁicqnseque-nt._ increased precision -
in the readings obtained. The variable resistances were
‘adjusted in such aiway that the totai resistance was. equal to-

24, 000 -ohms, the critical aamping resistance of the galvanometer.
‘The total current flowing from-the .photoelec;tr:ic cell was'
calculated from the:indicated gaiva-nomet'er current, using the.

known values of the two.variable resistances and the galvanometer

resistance. Because of the very small cu_rrentsib.e—l;‘ng measured,
considerable:trouble was: eXpérienced with stray currents. This
difficulty .was surmounted by mounting the whole photoelectric cell
circuit on:a metal plate and grounding the ci,rcuif' to the_pla’ce at
the point indicated on the diagram.. .-

The curreént flowing ‘thrlou‘gh the photogle_'ctric .cell is directly
proportional to the intensity:of the: lieght:_falli_né upon it. . By.taking
a ratio of the current under. two. different situations, -the. constant
of proportionality cancels. and the r;afio; of the photoelectric cell
currents is equal-to the ratio-of the light intensities. . In this:
inve‘stigation;’ ‘an initial value of the current, 'Io" corresponding:
to the initial light intensity was obtained before the stirring:was
-gtarted, that is, with only the conti-nuoxtlgzzpha,sev,between the light
source -and the photoelectric cell... Values of the current, I, .were
subsequently obtained while. stirring with the emglsion betﬂeen the
. light source and the photoelectric cell, and the ratio of these:two
quantities, I/Id’ -is equal to. the fractional light transmission.

“The »F:olo.;'e'd filter glasses used as:the winddw plates in front

of the ‘photoelectric cell and the.light-source were used to filter



-29-

out the infrared radiation of the light.source, in-order to narrow
the wavelength range and thus sharpen the refractive index ratio.
From a Aconsi.deration of the. chaf,aﬁteristic:s of the light:source: -
and the filter-glass and the photoeflectricr cell sen:éitivity,:A'it was
; -cdncluded tha'; the bulk:.of .tHe current resulted from light:in the
range from 7000-8000 K. ‘The refractive indices -_of?the liquids.."
were-used in the éorrelatio‘h of the. li-ght-tra’hsim-i’s sion data, and; |
strictly; the refractive index at. 7500 & should have been:used.:.
.However, the refractive i»ndek’ap‘p'eared in all of the calculations
| as.a ratio, and the change in refractive index with wave length -
for the: various'liquids used is sufficiently ‘sir;lilar (for five o
liquids on which data were available) so that there is a negligiblke
wdifference befween the ratio ‘of -the sindices at 5893 Kf(the: sodium
D line) and the ratio of the indices at 7500 &; - Consequently,  the

more easily obtained values of the refractive index at the sodium

o D line were used: -

" Araldite cement was used for‘ ce‘menting the filter "g‘lws:-s

. windows to rfhe probe héusing. . The Araldite was rnfélt'ed‘-,;onto the
glass and metal surfaces by méans of a gas flame “and then: i

- cured by baking at 200° C. for 1 hour and at 150% C. fot two hours.
This cement was .found to bé satisfactory for all of the liquids -

* - handled in this investigation if a good bonding to the metal is
obtained. -As.a safety pf-e‘caution,-, ‘in order to prevent any damage
to.the bonding, the brob”e uhit‘\‘vasf_riémoi/ed‘from the apparatus at
the end of a series of runs and .driedout; Tt

- Operating Procedure

BRI In making éach'éxpérim‘entalﬂrun’ for the measurement of ¢
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interfacial:areas, the Afollowing'p'r.q’t::edure was followed: the

tank was cleaned and rinsed tho{rou-ghly' with the polar solvent, -
usﬁally‘wai:er. The light transmission probe:was placed in the :
tank, and the tank charged with the'céntin’uous phase. The:* ~ |
initial light'intensity, '.Io, -was then observed. This was done before
adding the dispersed phase because, if the latter were the upper

~layer,  the interface»betwe‘én the two phases for the small volume

fractions,'-\;&ﬁiéh were used to start the gé}iég of runs, usually —  —
passed.through a plane which lay betw‘eer‘; the light source and the
phot',oe‘léctri‘c? cell: Thus; this wéuldfgive an incorrect value:.of

the initial light intensity, Io.‘».Ahiamount- of the continuous: pha.sé.
_slightly exceeding that of the desired volume fraction of thé::-.:
dispersed phase vx}-as ‘then drained from the tank; the desired volume
fraf:tion of dispersed: phase added to the tank, ;van.d continuous. phase
'liquid added to-bring the liquid level in the tank to.the top. This
procedure eliminated the formation of air bubble.s from trappeéd air
in the tank during mixing. Cooling water was circulated to bring
‘the temperature of the tank contents to-20° C and agitation started.
It was:found that by varying the flow rate of the.'cooling water * -
-through the cooling coils, it was possible to control the temperature
easily within t:0.5°C. - = . . .

" Light transmissions were observed and.recorded eveéry thirty
.seconds from the.time agitation was started. - When the light "« .
"transmission had ceased to drop and held constant over a period

of time, usually 15 to 30 minutes, the system was. considered to’
be in steady state. The time required to reach steady state varied

from: system to system and from speed to speed and ranged from
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two or~three minutes to .teh»io'r fiftegn..‘_ In ‘some,c{as.e,s,___ the ;-"ja,t'e,_
- of approach to steady state was too fast to be observed.

.. The indicated iight intensity was not steady, b“':‘. experienced
short-term f}gctu#tions.; '. 'AI‘hé‘gei-a‘ppAar_Aently rgsglted.,from~,smal_1
locai inhomo'genei_ties in the emulsion. The magnitude of these .
fluctuations was ,fath_er. large at the .l,o_ys‘/e st stirring speed; the
flucg;uations.'frquently amoun_tif;g tos eve/i,'ral percent.. At the higher
sﬁeeds, .the fluc,f;u_ations_ were mg;h,‘s.m,alj/ler_.. th‘is, d;‘?es‘.t;ng"_c .
necessarily mean that the emulsions Wefe more ho_rrzgig'i,epgp};__s___aft the
highe;v speeds, but might rpe,r,’elyv indicate that. theﬂgglyg}r{xqgneter
did not have time fp react to ‘th'e\m, Inall ca»s;e_rs,, an .average .

. value, w:as“e_s_timate.'d for th? current, and thi's‘ was used ‘in_:,th,e; i
calg:ulat_iovngv_of: the exfﬁnqtign:rgt,io. .,:-T,he vazj_ia_tiqns of area or .
mean diameter Vq‘al_\'les from s__mo__o_?:hed_ c,u;rve_s in_rd_i_cvat’e:s aprec1s1on
of '*-' 5%, which is superimposed upon van‘additipn?f]; uncertainty of
t 10% due to the probe calibration. . ot
After the steady-state light transmission readings, hadbeen
obtained, power readings were taken. The pc_)‘wer readings
,;g:xpgrience very rapid fluctuations, particularly at the hlgher
speeds where there was a higher degree of tuz_'l;ulent motion of
‘_the fluids. The average fluctuations in the -p__ower{»regdings_‘we:::e'
approximately five percent at thhe:}(ligh_les‘_t__speied.“ LAt thgiovy speeds
the fluctuations were negligible. A series of tvéenty readings were
taken at thirty second intervals, and the average of these values |
taken as the power reading. In all cases, the rate of approachcto

steady state for the power readings was too fast to observe.
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Although a direct comparison of fluctuations in baffled arid -
unbaffled tanks was not made, 'rhuc_:h‘ iéés fluctuation was observed
" in'the unbaffled systems. |

"By observing the continuity of the. IO/I readings, it was
possible to determine which phase was dispersed. Wi‘thi-th’e "
exception of the butanol-water system, the phase shift occurred

‘ _at or near 50 percént volume _.fra‘ct‘ion’?pvoint‘m For butanol-water,

this é‘hift occurreéd at 60 percent butanol. "n"I‘-h,i's "ag.'.ree's with ot
ébser'vatioﬁé'made by Long (14).

“After a value of light intenéity and powetr had been obtained
at one speed for a gi\iéif 'vc';‘Iﬁrﬁé fraction of dispersed phase, the
stirring s'peégl ‘was increased, and a new set of réadings for these
quaritities was obtéiﬁ’e’d. ) ‘After light transmissions and power
" readings were determined for the four stirring speeds ‘used,” the
‘volumie fradtion of dispersed phase was é'hange'd, and the light " *
vtransmissions and power readings were det"ez;'m_ined forthis new
‘volurne fraction..

‘When a complete' set of light trans'rnis's‘i‘on"and power data
had been obtained for a given system for all of the desired speeds
and volume fractions of dispersed phase, the tank contents were
drained, ‘thé tank removed, and the impeller changed. A complete

" set of light transmission and power ‘data were then determined

" for the neéw impeller. -
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IV. POWER REQUIREMENTS
- Power data obtained on single-phdse systems have been .
correlated using two dimensionless groups: a power number and

a Reynolds number .

Péiv .

Power Number Pg/ZPN3 . "l/I;;'5 :

1]
P
[¢]
"

‘Reynolds ‘Number Nsz a0

‘where P = power

(118

gravitational constant

stirring speed

g
N
L

‘impeller diameter

P = liquid density
E |.L = liquid viscosity,
all in consistent units. The power data obtained in this investigation

are given in Tables 4 and 5-17 in Appendix II.

Results and Discussion

Single -Pha;e Pé\;.&rei" Data: Single -phasé power data were
' obtained under baffled conditions for all impej,l‘ers used in this
study; for both tanlés héiné ‘water, and for all ir}ixpellef.s in the
ten-inch tank usingﬂ—cﬂarbon tetrachloride. For unbaffled conditions,
power data were obtained for all impellers in the ten-inch tank
using water, carbon disulfide, and methyl iso‘butylketohe ‘and
for impeller number A4 for carbon tetrachloride. T'he:powva'
numbers and the Reynolds numbers calcﬁlaqted"froi'n these data are
listed in Table 4.

“o It was 'fbﬁnd that the power number was a constant; the

value of this constant varying with the geometry of the impeller
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,used.v By multiplying the.’pQVV_?:Fv ;n}lm,‘%‘?f;b}' the diameter -to-width
ratio of the impeller, i. e., vI_',./W., a_,rlla_ot'h»elr_ dAi_mensvi}onleg‘s pumber
was o};teiqed, Pw’ vw.hic_l} had a eens@a}ptl, y"alue) independeqt.o{ .
impeller geometry. Values of P\"V for both ba_fﬂed andA ‘gpb:a.ffleq
agitation are given in Table 4.

The purpose of obtaiﬁing the single -,phese power data was

twofold. First, it was desired to determine whether _or not any

d1screpancy existed between ‘the power r measurements obtalned ——
in this study and those obta1ned by previous 1nvest1gators No
discrepancy was,found to exist. Secondly, it was de51red to
establish that the range of Reyno.l'ds numbers to be_encountered
in this investigation would Be in the turbulent region of flow.
‘ ,’Inspe_»(._:tiop ovf .Figqre_s 14 and 15 shows that Po and__Pw .ar'e_
independent of the Reyinolldshnumvbe‘r and that .su_lch is _the case.
The plots of Figure 15 can be represented by- the equations:

- o . :

_ for baffled tank;: . Pg =19PN'L W o

for unbaffled tank:  Pg = 6PN3L4W o a2

- Two -Phase .Power,, Data: :,'T,WO -phase power-data were

_ ‘qbtained undezj__befﬂed conditions fo_rj the dispersions of the Asystems
of iso-octane -water and carbon t_eFrachloride owa_te_r. fqr one .
imgelle_r geometry, A4, and for the dispersions of the._s_y'st_e;ns-t
n-bqtanol-we,ter, carb_qn di’isul_‘fide -water , _and”rl.rnethyl i:sp’b!utyl
ketone i\‘vater for a.lll_ imp_eller geome’triesv in the ten-inch tank.
Power data for the twenty-inch tank wete obtained frfovm the
dispersions “of the system methyl isobutyl ketone -water using all

impeller geometries under baffled conditions. Power ‘data were
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also obtained for unbaffled conditions for the. dispersions of the
systems. of carbon disulfide-water and methyl isobutyl ketone~
water for all impeller: geemetries in the ten-inch tank, and:for:"
the sys-tem'carboﬁ'tetrachloride -water for impeller numbér:A4]
‘It was -feund'that'the use of a volume-fractidh-mean density
-would give v'alues:-of the number, Pw; corresuondiné to those - -
obtained from the single-phase power data. * Values of P\;v are

~given in Tables 5-17, These data can be represented by the

equations:
for baffled tanks: Pg = 19 NoL*w [:p +g(Py =P )] Cnas),
for unbaffled tanks: pg,:' 6N L*w E» ey (p e )] S (14)

V. EFFECT OF PHVSICAL VARIABLES = ... . %
ON MEAN DROP DIAMETER

. Var1euev pa1t's of l1qu1ds 11sted 1n Table ‘2 were ag1tated
together under baffled and unbaffled cond1t1ons and the l1ght
transm1ssmns measured The spec1f1c area was calculated u‘s.u‘.lg
" Equation (1). The mean drop diameter was then calculated from the
‘specific area; the mean drop diameter being the d1ameter of a dzv"op‘
havlng the ‘same ratio of surface to volume as the sum total of the
dreulets ih the emulsioh The mean drop diameter so defmed may

be calculated by us1ng the follow1ng relatlon
d = 6¢/A . (15)
where d = mean drop diameter, cm
4 =volume fraction of dispersed phase, cc/cc

A

\ s 2
specific area, cm“/cm
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The effect of the volume fraction of dispersed phase on the
mean drop t_diameter was investigated ovte‘r the range from 10 to
40 percent and in.some cases as-high as 60.percent..  The effect
of stirring speed.on the mean drop diameter was studied at -
speeds of 94, 154, 247, and 394 rpm. A large number of drop
diameter data were obtained as a function of the impeller geometry

by varying the diameter, and the diameter-to-width ratio,- of the

impeller. The resultinﬂg: rhean-&ropfdi’arhét’e’rs’ are givenin- ----. ... . .

Tables 5-17.

Results and Discussion

Effect of Stirring ;Speed:: As wouldlbe expected, the‘/n:lean
drop dia‘m'eter decreased as the stirring speed was increase_d.
The nature of the dépendehce may be seer__} in Figure 18 which is
a log log plot of mean drop dlameter versus the st1rr1ng speed for
some typlcal runs. For the h1gh 1nterfac1a1 tens1on 11qu1ds thL s
plot is not a stra1ght line but has a sllght curvature, so that the
arelat1onsh1p between d and N canhot be eacpres sed rlgorousl; by an
equat1on of the form h | ‘ ’ -

R ()
where c and a are constants However for th-e low- 1nterfae1a1
tension '11qu1ds it w111 be seen that thls plot does g1ve a stra1ght
11ne over the range of st1rr1ng speeds studied. For both low and
h1gh interfacial tension 11qu1ds, the best fit of the data for both the
baffled and unbaffled cond1t1ons of ag1tat1on 1nd1cates a s1mp1e

relationship of the form

= C/N N | (17)
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Discrepancies in mean drop diameters observed-in this study
and that of Langlois. at low stirring speed‘s may indicate, - .
incomplete mixing. Data in this region were t_her,éfore di__s.g.o'pnted
in attempts to find.a gener_a;l cor‘relat‘i_on.‘> e e e

The r.elativle lrate of increase of interfacial ;ar,e_,a__;and,,zpower_
: input as the stirr'ing speed is increased may,bé '-obta_inedfbvy;.-,i;‘:»
combvining. Equations (15) and (17‘) to give an. eéuation relating the
interfacial area to stirring speed.. Thepowér.;consumptipg An: o
baffled and unbaffled systems, .as given_by,Ecjuations_‘_(l_:’;)-;a»n,d (}51),
is proportional to.the third power of the, imp‘e:lll‘e,r ,spe,ed;.n,fv Foariteve
Combination of the,se eqﬁation,s _l;es'ul;ts‘_in. an e.xpr:evs,s.:iq‘n relating
‘éo,w_er consumptibn,to interfacial area, for the condition where all
+.variables except stirring speed are held constant, .. - . - 7 .2 .-

A =kpP%33 0 L s

As the stirring s_peedi is increaséd,‘ thei'efore, the power
consumption increases much more ré.pidly than does the inter -
facial area.

Effect of Volume Fraction of Dispersed Phase: The mean

x

drop diametie:r__'wa_s glso_found»_tp depend on t_hfe _volﬁrpge fra;tiqr} of
dispersed pha'sev, becoming sm‘ai;llge.r as .Fhe_ volume frac_tion <fi(;i{.c:;'e.'=1sed°
A dependence of drop dia{neterlqn“ this factor is not_prie;cpec_ted. The
pfocessqs of coalescence and bursting are both occlu;"x.'i‘ﬁg in »t‘h,_e
mixing apparatus, and’ in the ste?..dy \'sta_;te, ’th‘e rates of tl_u;_se two
processes must be exactly équal so that the total interfacial area
remains constant. The ffequ‘éncgf ‘of bursting will increase as the

degree of turbulence increases and as the drop size increases. The
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frequency -of-\coalescenc‘-e will depend ‘upon the fr‘e’quén‘éir and -
number of droplets colliding w1th one another. If it is assumed
that the 'number' of coaléescences 'is‘:pr'oporti:ona'l' to.the number of
collisions between droplets, and if, in-analogy to ‘the kinetic’
theory of gases, it is assumed that the number of collisions is
proportional to the square of the humber of droplets, the number

of coalescences would be proport1ona1 to the square of the volume

fraction of d1spe‘rsed phase. As the volume fraction of the-—: - - —
dispersed phase is increased, th-erefore, the rate of coalescence
would increase as the sq-ua're of the'volume fraction, whereas ..
the rate of "b:ursting would increase as the first povwe'r of the
" volumé fraction. This would result in an unsteady state during
which the mean drop size would in'cré'asei.until the rate of bursting
had again become equal to the rate of coalescence.

The effect'of volume fraction of dispersed phase on the
mean drop diameter was determined with five.pairs of fluids a_nd
in some cases for all geometries in both the small and large.tanks
for baffled and unbaffled conditions of ag1tat1on The magmtude of
the var1at1on in mean drop d1ameter with volume fractmn may be
seen in F1gure 18 where, for a typ1ca1 case, the mean drop dlameter
is plotted as a funct1on of st1rr1ng speed w1th volume fract1on”of
the dlspe:sed phase ash a parameter. With all other varlables held
constant the mean drop d1ameter was found to be an exponent1al

¢

function of the square root of the volume fract1on, i.e., v

logd = b(¢) +logd S gL (19)
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This is showh by Figure 19 where for a typical case -log d is
plotted against the square ro‘o%c 6£ volume fraction for a -ﬁumbe‘r
of stirr"i‘ng’ speeds. The slope of Equation (19), b, was found to be
"independent of stirring speed and of  fluid properties'of the -
systems over the ranges. iﬁVe-éti.gated;.f Inspection of Table'18
shows the average value of the slope, b, for all systems studied-
-to be 2.0. : The 'iriter,‘cépf d-rép diameter, dd’ of Equation (19).

‘may be tentatively identified with the mean drop diameter at- -
" ‘infinite dilution. In thié state, no cqalesceﬁc‘? Woui'd”o’cé-ur,.v and
herce, after the initial dispersion, no bursting would.occur. " Thus,
the drops would be stable in the. turbullentvfie.l'd. of flgw., ;T.hé
intercept drop diameter, do’ should be prq:p)c;_i'tional to, but not
..i«dleptic;al.'\_nitlf;,; the maximum dia.me‘qer of a drop capable °-f.-;.-:- oy e

‘existing in the turbulent flow field; drops somewhat smaller than

this maximum can b_e fdrme_d dp.r_,_ing dispersion., and=wquld:.z'%.

continue to exist in the absence of coalescence.

Effect of 1mpe11er Geo’fnetry: At ‘constant speed, themeian
drop diameter decreased as the impeller diameter was increased.
The blade width, howeveér, had no effect on the mean drop
diameter.” For impellers A4 and A3, the mean drop diameters -
were of the same order of magnitude. The diameter‘-to.-width'
ratio of th_ese two impellers is 4.10 and 8. 00 respectively; a
factor of approximately two. A cross-plot of ~t\hes.e data indicates
that the mean drop diameter is proportional to the impeller

diameter to the minus three-halves power, ‘i.e.,

d = c/Lb3. (20)
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It is of interest to note here that sipcgz the mean dl_'o,b diameter . -
is independent of blade width, and power cqn_surpptipnl@s;__di-regtly
;proportional to blade width, the -same degree of_d_ispe_rgiqn
could be obta}inéd_with. a decrease in power consurﬁptiqp at a given
impeller diameter and impeller speed by reducing the blade width
of the impeller. This may .beA explained as due to the fact that the
power required for agitation is controlled by the volume swept out
by | _the “ 1m ;ell er '., — v&;he_r eas the R eynolds number,~which-is-a-measure _____
of the intensity of furbulence,, is controlled only by the pgr(iphe;a_l ‘

..velocity of the impeller.

o

- Effect of Baffling: - The observed mean drop diameters for

unbaffled agitation were, on’ the average, a factor of 1.5 times: .-
greater than those obtained for baffled agitation. The power con-
sumption fér- baffled agitation is a:factor of approximately 3
greater than that for the unbaffled case. ' These data indicate that
the power required to obtain.a given degree of dispersion is nearly
the same for either condition of agitation.

.~ For the unbaffled runs, 100 ml -sa?hples.we_rlewtélfge;rzl_.vfrpm
the bottom center of the tank during agitation, and the resulting
volume vfractioﬁ of the d1spersed phase observed.. These data were
used.to cé.‘lculatje "mixing index'' values (ratio of local volume . .
fra).ction qf one phase, usually the light ph’ase, to the mean volume
fraction of that phase_).which are given in Tables 13-17 . These
samples . are not entirely representative of the tank contents, but

do give a relative .indig:,a'_cio'n/ of. the; iun.i,for;rpi_'g}{‘,{of m_ixing.
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. Effect of Other Variables; Steps Toward a General -

Correlation: In attempting to find a general correlation for

the effect of all the variables studied,‘-it was found convenient

to use do, the 'rﬁe,an drop diameter extrapolated to zero volume
fraction of dispersed phase. Use of this quantity.simplified the
corre‘latibn problem by séparafing out the. effect of coalescence.

‘ In order to test the validity of a previous correlation:

(11), a plot of do/L versus Weber number, NZ-L3 P /0', was ma.de. '
This plot was made USiné values of do. obtained by Equations (6)‘
and (19), and in both cases thce‘re was a scaf:ter of the datq_fch\rpggh
~a factor of four. Additionalr data showed that the ‘e_xplor'x:e,:nt” on L
for such a plot"should be 5/2, indicating that the Weber numbér
should be combined with another dimensionless number. The
Eroude number, NZL/g, was introduced as a _trial fa}q!;o;:,_ }?ut it
, ;iio‘nly :increased the ‘scatter between systems. |

Log-log and semi-log plqt;s_ were also ;i?ade on d.o versus
o/P . ‘Plots_Were also px:epared of‘ d_o versus AP /P . }\TQ B
,significant trend in the data was observed in these plots.

Since it was found earlier ;chat viscosity did not apprgt'_;iably
affect the extent of interfacial area formed (11), the prev_se”nt
investigati§n did not cover a wide range of this variable. Correction
factors such as the viscosity ratio were tried, however, in an
attempt to bripg the data together into a general correlation.
These correction factors were too small to shift the data
significantly. ‘ S_in_c.e the prev.iou..s study d1d not incl_ude cases in

which both the continuous and the dispersed phase had high viscosities,
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N

it remains possible thét a system of this type might show some
effect.

. A completely general corrélation inas not yet been found, and
there is evidently an effect of the 'phy'sicai variables that has not
yet been resolved. ’Fo;r each of the s?éterﬁs‘ so far invesi:igated
in'detail, the following equation, which is a cbfnbination of :

Equations (15), (17), (19), and (20), applies:

' 0.5 :
A = (constant) bg R 0(5‘))' , NLl'-5°,

' ‘The constants are not dimensionless, and vary both with the

system and the extent of baffling.

VI CO‘NCLUSIONS '

1. L1ght transmissions provide a rapid and accurate measurement

of interfacial area for two -phase 1fqﬁid emulsions in \%{hic“h.'each
" phase is separately transparent. <

2. qu stirred-tank systems of different sizes but similar
proportions, the interfacial area depends on the'stir"rin'g"s'zpéed,
ir’hpeller 'diamete'r, and volume fraction of dispersed ﬁhase.
The effect of "intezjfac':'ialltension', mean density, density
-differ"e?:'nce, and viscosities of the fluids has not yet been
‘reésolved. Mean di'op'_ diameters were found to be approximately
1.5 tirhes larger in the case of unbaffled tanks.’

3. Powierrlrequi'renients for the agitation of t'w>o'-phase liquid
'S‘ys-temé were found to be identical with those for"a. homogeneous

‘liquid of equal mean density.
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4. The interfacial. ar'e‘a‘"é."p'péa?r:sﬁ""iiﬁéﬁ“ffé"éted‘tby the width of the
impeller. This suggests 'th;"it drop diameter is‘controlled: .
by the highest intensity of tgrbulence'*-‘r‘e.a.'ch"e"d at any point
in"the.,:t_ank-. If this obServa_fi‘on is correct; it indicates that
the impeller wiﬁth and numi_:)ei" of blades may be reduced to
‘the minimurm vé.lues that will still give homogeneous dispersion
(100 percent ihixing-? index)., ‘Thus, 'the 'depe'%x‘dence of mixing |
index upon ir.hpéllér‘fdesig_#\ahd« speed is a pf)s sible future study

- that is economically important. = = *

5. Viscosity‘effec‘ts were not investigated in the present work,
and they are also re»cOmmen;n'd‘ed' as a'subject for future study.
The dissimilal; behavior of gas -liquid s:yst;eﬁms su.g/»gests that
high vé,lues"‘of pd/Pd rhay; give slow rates éf-bu"r‘st'i_n'g. Williams
{28) has found -thét the slopes of log d VGI‘SI;lS (¢)O’ 5 gré steepei' A
for gas 5liquid systems, ‘i’ndicatiﬁg.a more :'rapid coalescence.
Since white oil-water and -other'liquid'-l_iqﬁigiv:syéte‘ms also

“have.high values of p.d/Pd', but p'r'Qbabl’y vvé‘ry low coalescence
rates, the eff‘e‘ct of volume fraction on mean drop diameter in
such sysfems should be investigated. It is already known
that the rates of approach to- steady state in these systems are
very low.

‘This work was performed under the auspices of the

U.S. Atomic Energy Commission.
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VII.- NOMENCLATURE"

'La,tin Letter-Symbols . : -

‘a = comstant - .. - oo s o
A .= -specific area = total interfacial area per-unit
vélume, cmz/cm?’,m‘. C
. A2, A3, A4. = small tank impellers; see Table 1:
b ~=.'slope,;of £)lot _éf log d.ver;sus»(-gz().-o" 5 .
7B#1,B72, B3, i34=71;r_g€ ‘tank-impellers; see Table T v~ e
CV = velocity gradient, u/x, in which drop exists, sec -1
-4 = mgan“drop diameter,. cm. i
,_‘do_ =, mean drop diameter for g = 0, cm

F =.2C pd/o . -

Fr.

e

N
P

- Froude number = VNZ_L/g, ,dimen’sionléss

"base of natural logarithms

‘gravitational constant
light transmission through:emulsion -

light transmission through continuous phase alone

= light extinction ratio

-proportionality »constant: '
impeller diameter; ¢m. and in.
refractive index ratio, nd/nc
.refractive index (nlz)'-o))x of continuous phase at
sodium D line
.. 20, .
refractive index (nD ) of dispersed phase at
sodium:D line

stirring speed, rpm 9%’ rps

power, ft-lbs/min
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Latin Letter Symbols (Cont'd)‘ '

o

P

€

W o=

We =

3., .'1/'L5.,‘ dimensionless

power nuf‘nber Pg/p N

power number = Pg/p N> . 1/L4W, dimensitheSs

4 torque arm, £t

}Rt‘aynbflds number = NL%P /i, dimensionless

radius of external cylinder in Clay's-mo‘del’:

‘apparatus

torque, ft - lbs. (Wherevér "T" occurs inht"ables,

y‘d/ime'ns'i"d'ns should read 'ft - lbs'" rather than

Mlbs".)

blade width, cm and in
’ 3

Weber number = vNZL P /o, dim,er}sionle{ss

Syinbbls

g =

proportionality constant in Equation (1>) rei;a;fing\ :
I;/Ia:nd'A_ - | -
viscésity of ‘cont‘inuouvs pha;se, gm/,cm-sé_‘(;
viscosity of dispersed phgse, gm/cm-séc‘: _ |

density of continuous phase, gm/cc

density of dispersed phase, gm/cc

mean density for drops = 0. 4Pd + 0._690, ‘gm/cc'

interfacial tension, dynes/cm

volume fraction of dispersed phase, cc/cc
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APPENDIX I

Figures 1 - 31
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Tg,'ble 1

- Dimensions of Mixing Apparatus
(Inches) '

e

. 10" Tank (4) - - 20" Tank (B) --

Tank Height o Cger | 20.00

Taik Diameter S 10,35 20,00

Baffle Width o 1.00 S
 Nimber of Baff»lv'es: ' ‘ 4, " ,

Diameter of Impeller #1. ‘

© Width of Impeller #1

.- Diameter of Impeller #2 ; .. 5.00
Width ovampeller #2 o4 20005 T
Dismeter of Impeller #3 - . 7.50 15500

" Width of Impeller #3 o 0.94 | 2,00
‘Diameter of Impeller #4 6.77 . 13.00
Width of Tmpeller #4 11,65 , 3.72
Nunber of Blades on ’a.ll Impellers ‘ 4, _ 4.
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Teble 2

Poysical Properties-of-Liguids Used in Mixing Studies’

Refractive Density  Viscosity Interfacial

~Liquid - © wIndex. - gn/ce cp - . Tension®
D - dynes/cm_
Water 1,3330 0.998 1,000 . - . ==
Carbon tetrachloride 1,4601 1,595 0,990 - - . 39,9
Cerbon disulfide . 1,6273 1,265 0.378 . .- 35.2
Iso-octane (2,2,4- 1,3910 0.693 0.517 .- = . 46.5
trimethyl pentane)
Methyl isobubyl ketone 1.3940 0,800 0.585 9.6
n-Butanol 1,3991 0.806 2,950 2.4
1

A11 properties measured at 20° C, ' . S

2Interfacial tension with water as the other phase,
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Table 3

' Photographic and Light Tranémission Data *

Refractive ~ Volume Fraction = Specific Light  Stirring

e Index’, - ©  of - . Area, A '~ Ratio - Speed
Sys@en} Ratio Dispersed Phase : I N
m 4 _ ' CHF/bms 1 rm -
B,0-CCl, = 0,9130 0.400 87,8 9,84 400
0.9130 0,400 85,1 7.93 255
10,9130 0,400 _ 65.1 . ..5,00 = 140
- 0,9130 0,400 71,5 . .6.60 1189
10,9130 - 0,400 - 105.0 .-8.45 = 289
0.9130 0,200 58.3 6,52 228
0.9130 0.100 34,4 - 4,31 225 .
+0,9130 .- - 0,100 _ 17,7 517 . 288
CC1,-H,0 1,0956 0.39%6 - . 59.2 3,48 ‘102
11,0056 0,39 - 75.0 5.40 147
1.0956 0.202 - 5.4 2,95 . 128 0
1,0956 o 0.202 30,0 - 1,70 =~ 101"
1.0956 0.202 54,5 4,20 158
1.0956 ' 0,202 . 63,5 7.10 266
1.0956 0,099 19,4 1.3 114
1,0956 0.099 * 37.0 2.25 158
1.0956 0.099 43,5 4,15 244
i-Cg-H,0 1,0439 0.399 44,8 1.55 102
1.0439 0.399 63.1 2,00 141
1.0439 - 0.399 91,3 3,05 246
1,0439 0,201 36.0 1.46 111
1,0439 . 0,201 55.0  2.18 198
1,0439 . 0.201 S 47,2 1,72 144
1.0439 0.098 17,7 1,23 - 110
1.0439 0.098 26.4 1,37 150
11,0439 - 0,098 30.1 1.56 204

Ipispersedphase listed first.
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Table 3 (Cont'd)

Refractive -~ Volume Fraction  Specific  Light Stirring
4 Index ) of Area, A  Ratio - Speed
System Ratio Dispersed FPhase . I, N
m 4 a/en® 1 Tpm
CS,-H,0 1,2208 0.090 13.8 1,98 %8
1,2208 0,090 ' 16,2 3,58 - -137
1,2208 0,090 21,7 5.21 189
1,2208 ~ ° 0,090 _ 24,5 7,97 . 288
“1,2208 0.200 6.6 - 4,98 © 100
1,2208 0.200 46,2 6.82 140
1.2208 0,200 70.2 9.12 203
H,0-CS, 0.8192 0.204 2.7 4,65 104
: . . 0.8192 © 0,204 24,4 5.81 122
0.8192 0.204 79.6 9.90 300
0.8192 0,204 53,7 8.16 o191
0.8192 0.204 : 4.1 6,99 150

0.8192 . 0,204 86,9 ~ 10,91 “ 400

IDispersed phase’ listed first
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Teble 4

—

. '. I!r@ell'ei' L L ) T : s S =
Liquid Number - w Tm Ibs. B .. By Re-10
'“ﬁéo A2 5.33 94 0,073 3,62 19,317 12,54

154 0,194 3.58 19,09 4,16
247 0.471 3.38 18,03 - 6,70
394 1.365 '3.85 20,53 10.60
HO . A2 18,00 94 0.346 2,27 18.16 5.69
c 154 0,926 2,26° 18,08 . 9,32
247 2,398 -2.28 18,24 14,95
394 6.265 2,34 18,72 23,80
T B A4 4,10 .94 0,448 5.52 22.65 4,45
: S 154, 1,190 5.46 22,40 7.30
247 2,070 5,48 22,48 11,70
H,0 Bl 2,50 154 0.250 '8.33. 20.83 4,14
' 247 0,600 7.77 19.43. . 6,64
394 1.500 7.63 - 19,08 """ 10,60
H,0 - B2 5,00 94 1,623 4,54 22,70 10,10
‘ - 154 4,070 4.24 21,20 16,50
247 9.183 3.72 18,60 26,50
345 17,810 3.70  18.50 42,20
B0 B3  7.50 94 . 6,722 2,48 18,60 ' 22.60
_ > 151  16.578 2,37 17,78 37,00
H,0 B4 3.52 94 7.510 5.68 19,97 16,90
' 151 19,460 5.70 20,04 28,00
cCl, A2 5.33 94 0.116 3.64 19,41 6.28
: 154 0.329 3.84 20.48 10,30
247 0,849 ©3.85 20,53 . 16,50
394 2,230 3,98 21,23 26,30
1, A3 8,00 94 0.569 2,35 18,80 14,10
154 1,506 2,32 18,56 23,10
247 3.917 2,34 18,72 37.10
, 394 9,801 2,30 18,40 59,00
ccl, A4 4,10 94 0.710 5,49 22,53 11.00
154 1,920 5.53 22,69 18,00
247 4,970 5.56 22,81 28,90
304 12,500 5.50 22,57 46,00
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Table 4 (Cont'd)

Single-Phase Power Data for Unbaffled Conditions

Tmpeller

L . e P
Liquid_ - Number - w rpm s, . - LW

' R WaO.o W Wala.
HO A2 5.33 154 - - - —_
" 247 0.16  0.11 6.12 4,21
394 0.42 0.33 6.31 4,9
HO a3 8.00 154 0,30 0.21 5.85 " 4,09
' - o 247 0.82 0.59 6,24 4,49
394 2.19 1.67 6.54 4,99
HO . A4 4,10 154 0.32 0.22" 6,02  4.14
: o S 247 0.84 0.61 6.14 ' 4,47
394" 2.23 1.71 6,42 4,92
MIBK A2 5.33 247 0.13  0.10 6.22  4.79
' ’ : 394 0.33 0.26 6.20 4,89
MIBK A3 8.00 154 0.5  0.17° 6.10 i 4,15
E ' o 247 0.66 0.48 6.28 4,56
394 1,82 1,27 6.81 4.75
MIBK A4 4.10 154 0.26 0.19 6.11  4.46
o ‘ ‘ 247 0.68 0,54 6,22 " 4.94
394 1.75 1.34 6.30 4,82
cs, A2 ©5.33 247 0.21 0.16 6.36  4.85
: 394 0.55 0.43 6,54 5,12
€S, A3 8.00' 154 0.40 0.32 6.17 4,94
o : 247 1.09 0.83 6,56  5.00
394 2,07 2.57 7.01 4,89
cs, A4 4,10 154 0.46 0.34 6.84 5.06
' ' 247 1,07 0.85 6.20 4,92
394 2,76 2.16 6,29 4,92
CCl, A4 4,10 154 0.54 0,42 6.37 4,9%
- : 247. 1.37 1.07 6.29 4,91

394 3.53 2,77 6,39 5.01

1y, - power measured with light' transmission probe in tank,
w,0, - power measured without light transmission probe in tank.
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Table 5

Drop Diemeter and Power Data for the System:
Iso~octane dispersed-Water continuous

_ Volume - NdoLl's ' : .
Impeller . Fraction N Io i 8 o5 T B
Nunber 4~Cg rpm I om. . ©om. Sec - Tbs,
‘A4 0.087 = 154 1,392 0.0258 0,0142 2.60 1,117 21,62

247 1,758 0.0134 0,0074 2,17 . 2,968 22,33
394 2,148 0,0088 0,0049 2,30 7.414 21,93

0,200 154 1,794 0,0293 . 0.0120 - 2,20 ~ 1,054 21,71
247 2,522 0.0153 0,0063 1.85 2.811 21,16
394 2,853 0.0126 0,0051 2,39 7.297 22,38

70,400 154 2,148  0,0406 0.0115 2,11 0,948  20.36
| 247 3,053 0,0227 0,0064 1,88 2,557 . 21.35
394 3,702 0,0172 10,0049 2,30 6,577 21,58

©0.443 154 2,260  0,0409 0.0108 1,978 0,926  20.19
' 247 3,164  0,0238 0,0063 - 1,85 ~ 2,497 21,17
394 3,867  0,0180 0,0048  2.25 6,351 21,16

0.520 154 2,425  0,0425 0,0101 1,85  0.885 . 19,84
247 3,471  0,0245 = 0,0058 1,70 ' 2,349 - 20,47
394 4,124  0,0194 0.0046 - 2,156 ' 6.236- - 21,36

0.600 154 2,425  0,0490 0.0104 1,90  0.868 20,05
247 3.540 0,0275 0,005 ~ 1,73 2,29 20,61
394 3,963 0,023 0,0050 -2,34 5,908 20,84

H50
A4 0,002 154 1.257 0,0602 0,0327 5.99 . 0,808 21,16
247 1,439  0.0352° 0.,0191 5.61  2.250 22,90
394 1,924 - 0,0167 0,0091 4,26 5,697  22.79
10.223 154 1,384  0,0952 0.0370 6,78 0.850 21,03

247 1,903 0.0414 00,0161 4,73 2,306 22,18
304 2.902 0.0197  0.0077 3,61 5.892 22,27
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Table 6

Drop Diemeter and Power Data for the System:
Carbon tetrachloride-water

_ Volume o Ng Ll.5 _ :
Impeller Fraction N I d do em?S T P
Number  CCly rpm I cm, O, gee - bs, W

A4 0.087 154 2.347 0.0211 0.0117  2.14 == -

247 4,681 00,0077 0.0043 1.26 | == o
394 6,377 0,0053 0,0029 1,36 - -

0,196 154 3,911 10,0220 0.0091 1,67 1,224 20.61
© 247 6.822 0,0110 10,0045 1,32 - 3,172 20,77
394 8,622 0,0084 0,003 - 1,64 8,191 21.07

0.298 154 5,027 0,0242 0,0082 1,50 1,310  20.96
: 247 .8,011 0,0139 0,0047 1,38 - 3,475 21,62
394 10.370 0,004 0,0035 = 1.64 8.903 21,77

0,398 154 5,677 0,0278 00,0079 1.45 1,367 20,82
» 247 8,980 0.,0163 0,0046 1.35 3,58 21,20

0394 11.892 0,0119 0,0034 1.59 9,101 21,18

. A4 0.087 - 94 - 2,238 0,0326 0,018l 2,02 0,680 22.28
' 154 3,255 0.0178 0,0099 1,81 1,683 20,55

247 4,590 0,0112 0.,0062 1.82 5,032 19,13

394 6,393 0,0075 00,0042 1,97 10,520 19,62

0.194 94 2,672 0,0537 0.,0223 2,49 = 0,613 20.95
154 4,839 0,0234 0,0097 1,78 =~ 1,742 - 22.18

247 6,832 0,0154 0,0064 1.88 4,460 22,07

. 394 8,689 0,0116 0,0048 2.25 11,134 21,66

0.308 154 " 5,234 © 0,0337 0,011l 1.32 1.590 21.22
247 7.521 10,0218 0,0072 2,12 4,212 21.85
394 9,421 0,0169 0,0055 2,58 10.589 21,49

0.412 154 5,491 ~ 0,0425 6.0117 2.14 1,517 . 21,18
247 7.851 °0,0278 . 0,0077 2,26 3,966  21.52
394 9,835 0,0216 0.0060 2,81 9,855 21,02

0.459 154 5,296 0,0495 0,0128 2,34 1,502 21.41
247 7,650 0,0320 0,0083 2,44 3.947 21,87
394 10,056 0.0235 0,0061 2.86 9,726 21,18
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Table 7

'Drdp Dismeter and Power Date for the System:
Carbon disulfide dispersed-Water continuous

© Volume =~ I NdoLl's s
Impeller Fraction N _° d do cmled T P
Number ~ CS, = rpm I cm, CM.  cec Tbs, "
A4 0,090 94 2,612 0,0375 0,0206 2.30  0.390  19.26

154 4,375 0,079 ~ 0.0098 1,80  1.163  21.40
247 7,292 0,009 0,0053 1,56  3.115 22,28
394 9,211 0,0073 0,0040 1,87 7,913 22.25

10,195 94 4,730 0,0351 0.0145 1,62 0,395 18,99
154 7,479 0,0202 0,0083 1,52 - 1,170 20,96

247 10,174 0.,0143 0.0059 1,73 3.143  21.89

394 11,667 0,0123  0,0051 2.39 8,059 22,06

0,297 94 6.177 - 0,038 0.0130 1.45 0.410 19522
154 8,838 0,0254 0,0086 1,58 1.201 20,98
247 11.824- 0,0184 0.0062 1.82 3.101 21,05
394 13,462 10,0161 0.0054 2.53 8,179 21.82

0,399 94 7,114 10,0438 0,0123 1,38 0.415 19,85
154 10,294 0,0288 0,0082 1.50 1,200 21.38
247 12,681 0,0230 0,0065 1,91 3.200 - 22.16
394 13.889 0.0208  0.0059 2.76 8,190 22.29

A3 - 0,084 94 3,017 0.0280 0,0157 2.05 0.380 19,49
- 154 4,564 0,0158 0,0088 1.88 1,065 20.35
247 6.846 0,0097 0,0054 1.85 2,563 19,04

394 9,368 0.0067 . 0,0038 2.08 6,392 18.66

0,200 94 4,139 0.0428 0,0175 2.28 0,395 19.66
1s4 5,742  0,0283 0,0116 2.48 1,070 19,85
247 7.870 0.0193 0,0079 2.70 2,609 19,04
394 10,076 0,0148 0,0061 3,33 6.521 18,48

0.394 94 5,742 0.0558 0,0160 2,084 0,405 19,22
154 8,476 0,03354 0,0101 2,16 1,103 19,50
247 12,130 0,0238 0,0068 2,33 2,678 18,41
394 18,600 0,0150 0,0043 2.35 6,806 18.38

A2 0,098 94 2,106 0,059 0,0319 2,26 0.075 19,33
154 3,510 0,0262 0,0140 1.63 0.190 18.24
247 5,424 0,0149 0,0080 1.49 0,511 19,07
394 7,786 0.0097 0,0052 1,55 1.355 19,90
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Table 7 (Cont'd)

Drop Diameter and:-Power Date for. the System:
Carbon disulfide dispersed-Water continuous

Volume ' ' NdoLl 3

Tmpeller Fraction N 1 d 4 a5 1 oy
Nurber - €S, rpm 1 om, | Cm.  geg Ibs, - v
0.198 = 94 2,452 0,0916 0.0378 2,68 0,075 18,84

154 4,838 0,0347 0.,0143 1,66 0.200 18,72
247 7.783 0,019 0,0081 - 1,51 0.516 18,72
394 10,529 0,0140 0,0058 1,72 1.395 19,95

. 0.398 154 6,393 0.049% 0.0140 ~ 1.63 “o.205 18,27
: 247 9,421 10,0318 0,0090 1,68 0,531 18,39
394 11,933 0.0245 0,0069 2,05 1,422 19,36
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. Table 8.

Drop Diameter and Power Data for the System:
Water-dispersed-Carbon disulfide continuous

: Volume - N4 11.5

Impeller Fraction N I a 4, GBS p
Number B0 ‘ o . 1 cm. oM. . sec C T 1pg, AW

A4 0.087 - 94 2,354 0,0482 0,0267 - 2.99 0,515  20.97

154 5,215 0.0155 0,0086 1,58 1.485 22,53
247 7.623 0,0099 0,0055 '}.62 - 3.826 22,62
394 9,118 0,0080. 00,0044 2.06 9.524 22.07

- 0.198 94 3.875 0,0517 0.,0214 . 2,39 0.495 20,64
' 154 7.154 0,0241 0.,0100 1,83 1,379 21.42
247 9,208 0,0181 . 0,0075  2.20 3,688  22.28
394 -10.941 00149 0,0062  2.91 . .9,162- .~21.75

0.349 94 3,720 0,092 0,0296 3.31 0,460 19,84
154 8.378 0,0355 0,0109 . 1,99 1,314 21.11
247 10,941 0,0263 0,0081 2,38 3.552 22,19

394 13,881: 10,0203 0,0063 2.95 8.805 21,61

0.471. 94 . 4,133 0,1127 10,0286  3.20 0.445 19,74
154 8,455 0,0474 0,0120 2.20 1,297 21.43
247 11,482 0,0337 0,0086e 2,53 3.389 21,77
394 15,246 0,0248. 0,0063 2,95 - 8,497  21.45

A3 0,087 94 3,957 0.0220 0,0122 1,59 0.425 17.94
154 4,429 0,0191 0,0106 2,26 1,177 18.51
247 5,813 0,0136 0,0075 2,57 3.052 18,66
394 8,455 0,0088 0.0049 2,68 7.822 18.79

0.197 94 4,429 0,0431 0,0178 2.32 0.420 18,15
154 5,167 0,0354 0,0146 3.12 1,133 18,25
247 7,949 0,0211 0.0087 2.98 2,914 18,24
394 10,220 0,0160 0.0066 3.60 7.384 18,17

0,392 94 7,154 . 0,0478 = 0,0137 1.79 0.415. 18,72
154 10,941 0.0296 0,0085 1,81 1,101 18,52
247 14,091 0,0225 ' 0,0065 2,23 2.801 18.32
394 16,316 0,0192 0,0055 3.00 7.108 18,27

A2 0,087 154 2,842 0,0354 0,0196 2.28 0.235 18.64
247 4,064 0,0213 0.0118 ~ 2,20 0.638 19,67
394 5,788 0,0136 0.0075 2.23 1,704 20.65
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Table:&!(Cont'd)

- .Drop Diameter and ‘Power Dats for the System:
Water dispersed-Cafbon-Bisulfide céntintvous

Volure Na 115 g P

Impeller Fraction N I a o GBS lbe, W

Nurber H0 7 rpm I .cm, cm, Sec . T
A2 0,200 154 3,205 0.0680 0,0278 ..3.23 <. 0,225 18,29
- - 247 5,618 0,035 0,0133 . 2,48 0.614 19,40
394 7.640 0.0226 0,0092 - 2.74 1,639 20,35
10,403 154 4,988 0.0758 0.0213 2.47  0.215 18,28
: 247 8,304 0,0413 0,0116 2,16 0,582 19,24
394 10,053 0,0334 0,0094 . 2,79 1.578 20,50

L 2



Drop Diameter and Power Data for the System:
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Table 9

.n-Butanol dispersed-Water continuous

Volure . - Nd L1e5 R
Impeller Itraction' N I S d d cmled . P
Number  5BuOH Tpm 1 cm, om. sec - Tbs, ™
A4 0.087 94 1,600 0,0205 0,0114 1,27 0.425 19,39
- 154 2,183 0,0105 10,0058  1.06 .°1,085 19.44
247 3.321 0,0053 0,0029 ' 0,85 2,941 19,43
g 394 4,293 0,0037 ~0.,0020 0,94 7.746 20,11
0.200 94 2,121 0,0253 0.0103 1,21 0,420 19,61
154 3,200 0,0129 0,0053 0,97 1,115 . 19.39
247 4,757 0,007 0.0031  0.91 2.863  19.36
394 6,069 0,0056 0,0023. 1,08 7.694 20,45
0.400 94 2,983 0,0286 0,008l 0,91 0,405 19,73
154 4,293 0,0172 0,0049 0.80 1,079 19.59 .
247 5,867 0,0116 0.0033 0,97 2,787 19,66
394 7.333 0,0080 0,0025 1,17 7.221 20,02
, 0,600 94 3,211 0,0384 0,0082 0,92 . 0,385 _:19.61
V 154 4,816 0,0223 0,0047 0,86 1,014 19,24
247 6.53 0,0153 0,0033 0,97 2.640 19,47
394 . 8,832 0,0108 0,0023 1,09 6.888 19,97
A3 0,087 94 1,596 0,0207 0,0115 1,50 0.365 19,47
154 2.133 0,0109 0.0060 1,28 0.925 18,39
247 3,052 0,0060 0,0033 1,13 2,371 18,32
394 4,116 0,0040 0,0022 1,20 6.139 18,64
0.198 94 2,159 0,0242 0,0099 1,29 0.360  19.65
’ 154 3,052 0.0137 0,0056 1,20 0.992  20.17
247 4,317 0,0085 0,0035 1,30 2,430 19,21
394 5,531 0,0062 - 0,0025 1,37 6,110 18,98
0.399 94 2,723 0,0327 0,0093  1,21- 0,345  19.65
154 3,766 0,0204 0,0058 1.24 0,943 20,02
247 5,364 0,0129 0.0037 1,27 2,269 18,72
394 6,556 0,0102 0,0029 1,58 5,764 18,69
0.600 94 3,050 0,044 0,0088 1,05 0.330  19.66
154 4,256 0,0261 0,0056 1,20 0,907  20.13
247 5,719 0,0181 0,0039 1,33 2,218 19,14
394 7,320 0,0134 0,0029 - 1,58 5,519 18,72
A2 0,087 94 1,439 0,0281 0,016 1,11 0,070  18.83
154 1,624 0,0197 0,0109 1,27 0.180 19,04
247 2,133  0,0109 0,0060 1,12 0,485 18,90
394 3,000 0.0062 0,0034 1,01 1,302 19,94
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Table 9 (ani_;' d)

Drop Diameter and Powér Dita for the System:
n-Butanol dispersed-Water continuous

Impeller Fraction . N I, . d- dg 2.5 T e .:»Ew-
" Nurber SBu0H = rpm I coem, T oem, L - B T PO

- A2 " 0,198 "94 1.825 0.0343 0.141 1.00 0,070 19,28

- 154 2,185 0.0239 0.,0098 1,14 0.180 18,47

247 2,902 0,0149 0,0061 1,14 0.475 18,95

394 4,023 0.0094 0.0039 1.16 1,205 18,89

0.399 94 2.185 0.0478 0.0135 0.96 0,065 18.68

' 154 2,766 . 0,0321 0,0091 °1,06 . 0,175 18,74

247 3,612 0,0217 0,0061 1,14 0.465 19,35

394 4,917 0.0145 0,0041 1,22 1,15 18,78

- 0,600 "94 2,288 0.0660 0.0141 1,00 0,065 19,53

T 154 2,952 0.0435. 0,0093 1,08 0.170 19,03

247 3,978° 0,0285 0,0061 1,14 0.455 19,80

394 . 5,382 00,0194 0.0041 1.22 1,068 18,26
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Table 10

Drop Diameter a;rxd Power Data for the System:
Water dispersed-n-Butanol continuous -

394

0.0265

. Volume, ; Nd°L1~5 : S
Impeller Fraction N I, d 4, somPS v P
Number - - '»HZO, rm I " o, cm, “soc” ks, W

A4 0,100 94 1,500 0.0391 0,0208 . 2.33 0.365  19.95

SRR 154 1,830 0,023 0,0126 - 2.31 0,982  20.00
247 2,440 0,013 0.0072 2,12 2.56 20,27
394 3,211 0,0088 0.0047 2.20  6.638 . 20.65
0,200 94 1,968 0.,0404 0,0165 - 1,84 0,370 19,74
.. 154 2,542 0,0254 0,0104 = 1,90 . 1,001 = 19,90
‘247 3,211 0,0177 0,0072 2,12 2,584 19,97
394 4,256 0,0120 0,0049 - 2,30 6,743 20,48
A3 . 0,100 .. 94 1,441 0,0443 0,0236 . 3.07 0.310  19.82
2 . 154 1,727 0,0269 0.0143 3,05 0.847  20.17
247 2,232 0,0159 0,0085 2,91 2.131 19,73
394 2,859 0.0105 0,005  3.06 5,461  19.87
0,200 94 1.849 0,0461 0.0180 ~ 2.46 == --
C 154 2,288 .0.0304 0,0124 = 2,65 - -
247 2,905 0.,0205 0,0084 2.88 - -
394 3,735 0,043 0,008  3.17 == --
70,100 94 1,280 0,0697 0,0372  2.64 0,060 19,34
154 1,441 0,0442 0,0236 .2.74 0.165  19.82
247 1,679 0.,0287 0,0153 = 2.85 0.415 19,38
394 2,153 0,0169 0.0090  2.68 1,04 19,07
0,200 94 1,366 0,1067 0,043 . 3.00  0.060  18.88
154 1,578 0.0675 0,0276  3.21 ©  0.165  19.35
247 2,103 0,0353 0.0144 2,68 0.435  19.83
2,474 0.0108 3,21 1.05 18,72
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Table 11

Drop Diameter and Power Date for the System:
Methyl isobutyl ketone dispersed-Water continuous

—— ——— e
e Volume o : Nd L1.5
Impeller Fraction N I Td dy- cmled T P
Number ’MIBK rpm I cm, cr. "sec - . lbs. v
A4 0,087 %4 1,199 0,0578 0.0320 3.58 0,37 19,30
- 154 1,316 0,0364 0,0202 3.70 1,097 21,03
247 1,549 0,0209 0,0116 3,41 3.021 22,52

394 1,923 0,0124 0,0069 3,23 7,637 22,37

0,202 - 94 1,400 0.0667 0,0274 3,06 . 0,369  19.45
. . 154 1,549 0,0485 0,0199 3,64 ° 1,039  20.40

247 1,882 '0.0302 0.0124 3,64 2.908 22,19

394 2,465 10,0182 0,0075 - 3.51 7.562  22.62

0,307 94 1,378 0,1072 0,0360 4,02 0.335 18,05
154 1,63 0,0638 0,0214 3.92 1.004 20,15
247 * 2.083 0,0374 0.0126 3.70 2.815 21,97
394 2.823 0,0222 0,0075 ' 3,51 = 7.261 22,27

0.414 94 1,411 0.1328 0,0369 4.13 0.332 18,30
: 154 1,699 0,0782 0,0217 3,97 0,960 19,72
247 - 2,188 0,0460 0,0128 3,76 2.664 21,27
394 3,070 0.0264 0,0073 3.42 7.074 22,20

A3 . 0,087 94 1,346 0,0332 0.0184 2.40 0.312 . 19.63
o 154 1,496 0,0232 0,0129 2.75 . .0.832 19,50
247 1,683 0,0168 0,0093 = 3,18 2.320 21,13

394 2,012 0,0114 0,0063 ' 3.44 6.050 21,50

0.200 .94 1,606 0,0436 0,0178 2,32 0.298 19,19
o .14 1,804 0,0328 0,0134 2.86 = 0,818  19.62
247 ' 2,108 0,0238 0.0097  3.32 2.264 21,11

394  2.536° 0.0172 '0,0070  3.82 5,959 21,84

0.399 94 1,651 0,0809 0,0229 2,98 0,280 18,81
154 2,035 0,0509 0,044 2,07. 0.784 19,62

247 2,574 0.0335 0,0095 3,25 = 2,123 . 20,66 .

304 3,500 0.0211 0,0060 3.28  5.688 21,75

A2 0,087 154 1,250 0,0459 0.0254 2,95 0.205 20.55
' 247 1,378 0,0304 0.0168 -3.13 0.531 20,69

394 1,563 0,0204 0,0113 ~ 3,36 1,392 21.32

0.201 154 1,522 0.,0509 0,0209 2.43 0,200 20,52

247 1,716 0,0371 0,0152 2,83 0.508 20.27
394 2,035 0,0256 0.0105 3.12 1.343 21,06
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Table 11 (Cont'd)

Drop Diameter and Power Data for the System:
Methyl isobutyl ketone dispersed-Water continuous

" Volume . wa Le>
. Impeller Fraction - N I d dy e - o P
s Nurber MIBK rpm I cm, cm, ‘sec . 77 1bs. N
0.401 154 1,651 0,0813 0,0230 2,67 0,195  20.88
: : 247 1,923 0,0573 0,0162 3,02 0.484 20,15
394 2,465 0,0361 0,0102 3,03 1,246  20.38
- B4 0,107 94 1,443 0,0305 0,0159 4,72 6,887 18,70
151 1,743 0,082 0,0095 4,53 17,884 18,82
178 2,121 0,0121 0.0063 -3.54 - --
0.214 94 1,743 0.0363 0,0144 4,28 6.684 18,56
151 2,228 0,0220 0,0087 4,15 16,883  18.16
178 2,588 ° 0,0170 0.,0067 3,77 L Y
0,408 . 94 1,956 0,0538 0,0150 . 4.46 - 5.969  17.27
151 2,628 0,0316 0.0088 4,20 16,114 18,07
178  3.200 0,0234 0,0065  3.66 - -
B3 0.107 - 94 1,586 0,0230 0.0120 4.42 6.387  18.06
151 2,071 0,0126 0,0066 3.98 16,784  18.39
0.214 94 © 2,047 0,0258 0,0102 3,76 6.284 18,17
151 2,667 0,0162 ,0.0064 3,86 16,783 18,80
0.408 94 2,286 0.0400 0,0112  4.13 6,060 18,29
151 3,088 0,0246 0,0069 4,17 16,114 = 18,81
B2 0.107 94 1,385 0,0351 0,0183 3,67 1.407  20.10
154 1,552 0,0244 0,0127 4,17 3.796 20,19
247 1,957 0,0141 0,0074 3,90 9,03  18.69
394 2,308 0.,0103 0.0054 3,98 18,299  19.40
0.214 94 1.667 0.0404 0,0160 3,21 1,323 19,32
154 1,915 0.0295 0.0117  3.85 3.647  19.84
247 2,222 . 0,0221 0,0088 4,64 8,990 . 19,01
0 394 2,769 0,0152 0,0060 4,42 18,529 20,09
»
0.408 94 1,748  0.,0688 0,0192 3,85 1,192 18.14
154 2,195 0,0430 0,0120 3,94 3.334 18,90
. 247 2,727 0,0298 0.,0083 4,37 8,318 18,33
- 394 3,000 0.0257 0,0072 5,30 17.778 20,09
Bl 0.107 247 1.549 0,0246 0,0128 2,39 0,622  20.58
394 1,683 0.0103  3.06 1,465 19,04

0.0197
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"Table 11 /(Cont'd)

Drop Diameter and Fower Datd for the System:
Methyl isobutyl ketone dispersed-Water continuous’

0.0464 "

0.0129

3.83

1,368

‘ Volume Nd°L1°5
o . 3 ~%.5
It;rrpeiler Ff;acbt;or‘x N ;Q d _do cm o P\ﬁ"

umber TE e, Ce sec. . . . AbSe e o

Bl  0.214 247 1,768 0.0351 0.0139 2.54 0,508 20,22

| 304 1,902 0,0299 0.0119 3.54 1,414 18,79
0.311 247 1,923 0.0445 0,050 2.80 0,606 20,92

394 2.161 0.0354 0,0120 3.57  1l.422  19.29

0.408 ~ 247 1.882 0,0611 0,0170 3.17  0.588 20,73

394 18,95




Drop Dismeter arnd Power Data for the System:

-9%

- Table 12

Water dispersed-Methyl isobutyl ketone continuous

Volume . Na 1l.3
Impeller Fraction - N I a 4 '°2.5 S
Numrber - -?Hzo‘ - rmm TQ om,: cm, = N -'?w
sec 1bs,
A4 0,101 94 1,326 0,0558 0,0285 3.19 0.380 17.26
' 154 1,564 0,0322 0.0171 3.13 0,887 20,37
247 1,947 0,0192 0,0102 3.00 2,455 21,92
394 2,473 0,0123 0.0065 3,05 6,535 22.93
0.189 .94 1,551 0,0614 0,0258 2,88 0,29 17.81
154 1,968 0,0350 0.,0147  2.69 0.8% 20.13
. 247 2,542 0,0220 0,0092 - 2,70 2,538 22,19
394 3,211 0,0153 0,0064 3,00 6,617 22,74
0.289 94 1,710 0,0732 0,0250 2,80 0.320  18.86
o 154 '2,259 0,0413 . 0,0141 2.68 0.892 19,59
247 2,952 0.0267 0,0091 2,67 2,551 21,78
394 3,813 0,0185 0,0063 2,95 6.647 22.30
' 0,386 94 1,830 0,0837 . 0,0242 2.71 0.328 18,91
' 154 2,473 0,0472 0,0136 2,49 0.899 19.31
247 3,327 0,0299 0.0086 2,53 2.611 21.79
3904 4,256 0,0213  0.0062 2,91 6.717 22,04
A3 0.100 94 1,525 0,0342 0.0182 2.37 0,245 18,27
o . 154 1,886 0,0203 0,0108 2.31 0.680 18,33
" 247 2,205 0,0149 0,0079 2,70 1,926,  21.03
394 2,652 0,0109 0,0058 3,17 5,275 22,63
¢ 0,201 94 1,912 0,0446 0,0182 - 2,37 0.255 18,76
o 154 2,317 0,0275 0,0112 2,39 0.686 18,80
247 2,731 0,0209 0,0085 2,91 1,981  21.11
394 3,327 0,0155 0,0063 3.44 5.286 22,14
© 0,401 94 2,103 0.0654 0,0185 2.41 0.273 19.17
154 2,773  0,0407 0,0115 2.45 0,697 18,24
247 -3,327 0,0311 0,0088 . 3,01 2,036 20,71
394 4,256 0,0222 0,0063 3.44 5,483 21,92
A2 0,099 154 1,441 0,0404 0.0215 ..2,50 0.170 20.35
247 1,726 0,0245 0,0130 2.42 0.441 20,60
©394 2,080 0,0165 0,0088 - 2,62 @ 1,147 21,05
0.199 154 1,605 0,0592 0,0243 = 2.82° 0,170 ~ 19,94
247 2,011 0,0354 0.,0145 2.70 0,449 20,47
394 2,578 0,0093 2,76 1.157 20,73

0,0227
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Table 12 (Cont'd)

Drop Dismeter snd Power Data ‘for the' System:
Water dispersed<Methyl isobutyl ketone:rcontinuous

o . . Volume . .. . .u:“.”;A' Ttaoz ;tL:Nd”L}ﬁ§ﬁgxw“n . .
Impeller Fraction . N I, - a tdy ”°2 g : L IR
Nurber oH O = rmm T cm, cm, s T P
v 2 . . sec Ibs, =
A2 0.398 154 1,867 0.0826 0,0233 ~ 2.71 T 0.180 ' 20.16
‘ R 247 2,346 0,0532 0,0150 .2.80  .0,475  20.68
s 394 3,327 0,0308 0,0087 - 2.59 1.17¢ 20,17
B4 0,106 - 94 2,165 0.0157 0,0082 . 2.44 5,581 18,06
' 154 2,921 0.0095 0.,0050 2.43 15,602 18,89
193 3,407 0,0076 0,0040 2,44 ..-r -
0.203 . 94 2,831 0,0191 0.,0078 - 2,32 5,669 17,92
- 154 3,755 0.,0127 0;0052 2,53  15.450 18,93
182 4.219 0.0107 0.0044 2,53 - -
‘L ©0.398 94 3.833 0.0242 = 0.0060 2,05  5.825  17.60
R £ 151 -4.842 0,0142 0,0040 .1,91 15,559  18.21
- : 178 5.412 0,0156 0.0044 .. 2.48 - -
B3 - 0,106 : 94 2,272 0,0144 0.0075 .. 2,76 . 5.381  18.13

- 151 3.016 0,0091 0,0048 2.90 14,962 19,54

0,203 94 2,921 0,0182 0.0074 -2.73 5,669 18,66
151 3.833 0.0123 0,0050 3.02 15.350  19.58

0.398 . 94 3.833 0.0242 0,060 2,54 5,825 18,32
. . 151 4,718 0.0184 0.0052 3,14 15,459  18.85
B2 0.106 94 1.681 0.0268 0.0140  2.81 1.116  18.99

154 2,184 0,0154 0,0081 = 2,66  -3,134 19,87
247 2,83 0.0099 0,0052 .2.74 7.569  18.66
345 3,393 0,0076 0.0040 2,95 15,524  19.61

0.203 - 94 2,159 0,0302 0.0123 2,47 1,149 18,67
o - 154 2,923 0,0182 0,0074 . -2.43 - . 3,140 19,02
247 3.826 0,0128 0,0052 :2,74 7,863 18,52

345 4,222 0,0108 0.,0044 3,24 15,957 19,27

0.398 94 2,794 0,0382 0.0108 2,17 1,151 18,29
154 3,800 0,0245 0,0070 -2.30 - 3.148 18.64
247 4,524 10,0194 0,0055 .. 2.90 8.021 18,46
345 4,872 0,0177 .0,0050 . .3.68 16,244  19.16
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Table 12 (cont'd)

Drop Diameter and Power Data for the System:
Water dispersed-Methyl isobutyl ketone coniinuous

Volume ‘Nd 11.5.
" Impeller TFraction ¥ 1 a - d o 2.
: . fin(e} B 2.5 . W
Number H,0 . rpm 1 cm, cm, cm Ibs, .
Bl 0,203 -« 247 1,968 00,0378 0,0154 2,87 . .0,528 20.33

394 2,905 0,0192 0,007 2,32 1,281 19,39

0,300 247 2,377 0.0392 .0,0131 2,44 0,550 20,70
‘ 394 3,211 0,0244 0,0082 2,44 1,285 19,01

0,398 . 247 2,614 0,0444 0,0126 2,35 0,562 20,68
394 3,389 0,030 0.0085 2,53 1259 18,21




Drop Diameter and FPower Data for the System:
ide-dispersed-Water: continuous .~

:Carbon disulf
‘ (Unbaffled Tank)

-1 -

- Table 13

mixing index was calculated for the opposite phase,

— : : e
A Volume = 4 Nd Ll.5 ‘
Impeller Fraction - N I, d dy em2eS g pt ‘M. I,
Rumber “CS, - rpm T cm. cm, “see - .'5""'1'bs., fweeo %
A4 "0,200 154 4,886 0.0345 0,0142 2,60 0,34 6.08° 81
! - ~ 247 6,840 0,0230 0.0095 2,79 0.87 6.05 93
394 9,500 0.,0158 0,0065 3,04 = 2,30 6.29  --
0,400 © 154 5,516 0,0595 0,069 3.09 0,40 6.81 92
247 8,593 10,0354 0,000 2,94 1,00 6,62 92
© 394 13,154 0,0221 0,0063 2.95 2.4 6,28 -
A3 T 0.200“ T 154 5«516 e 000297 B Oo0122 2,60 0. 33 6012 75
: 247 7.435 0.0209 0,0086 3,05 0.94 6,79 100
394 9,000 0,0168 0,0069  3.77 2,53 7,18 ==
0.400 154 6,107 0,0526 0,0149 3,18 0.39 6.88 86
247 8.636 0,0351 0,0099  3.39 0,99 6.81 100
394 14,250 0,0203 0,0058 3,17 2,69 7,27 -
A2 0.200 247 5,079 0,0329 0,0135 2,52 0.16 5.82 94
394 7.329 0,0212 0,0087  2.58 0.47 6.71 99
0,400 247 5,830 0,0556 0,0158 2,94 0.17 5.88 = 99%
394 8,143 0,0376 0,0107 3,18 0.52 7,07  99%
* Volume-fraction of dispersed phase larger than mean g{ for system, hence
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Table 14
Drop Diameter and Power Data for the System:

" Water dispersed-Carbon disulfide continuous
(Unbaffled Data)

Volume =~ 3 NdoLl.S, o

Impeller Fraction N ~ I, & d, a5 o MI
- Wumber ~ H,0  rpm T e oM sec . Tbs. By %
A4 . 0.200 154 4,500 0,048 0,0172 ~ 3.15 0.37 5.75° 33

. 247 6.885 0,0190 0,007 2.29 0,96 5.80  75¥
394 8,135 0.0210 0.0086 4,03 2,52 5.99 --

0.400 154 6,393 0,05% 0,0158 2.89 0,34 5.52 38
' 247 8,995 0.0375 0,0107 3,14 0.92 5,81 93
304 11,188 0,0294 0,0083  3.89  2.43 6.04 --

A3 0,200 154 4,838 0.0391 0.0161 3,44 0,41 6,60 15
' 247 7.458 0,0232 0.0095 3.25- 1,07 6.72 70
304 8,136 0.,0210 - 0,0086 =~ 4,69 2.87 7,08

 0.400 154 '6.885 0.0509 0.0144 -~ 3,07 0,35 5.90 18
247 8,995 0,0375 0,0107 3,66 0.99 6.50 85
394 11,933 0,0274 0,0078  4.26 2.67

o
°
o]
o
]

A2 0J200 . 247 4195 0.0460 0,0193 3,60 0,18 7.58' 16
‘ “. 394 5,424 © 0,0339 0.0139 4,13 0,53 7.57  63*

88

0.400 247 5.837 0,0620 0,0176 @ 3,28 - 0,18 5
75 67F

394 9,421 0,036 0,0101 ' 3,00 0.52

*Yolure-fraction of d1s1:ersed phase - larger than mean g{ for system hence '
mixing index was calculated for the opposite page, - : "
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- ..Ta'ble 15

Drop. Diameter andiPower Data: for:the System:

Methyl isobutyl ketone: dls‘perSed-Water continuous
(Unbateled’ Data) °

Volume } Nd L105 . 3
Impeller Fraction N I d - 4, 2 5.: p- P WLT
SN : N W “ “ado
. Number, jMIBK S T em, om, oo bs. g
A4 ,o,zoo 154 1,315 0.0839 0,035 6.32 0,31 6.07 50
247 1,598 0,0441 0.0181 - 5.32 0,83 6.33 60
394 2,203 0,0220 qpoqgo . 4,22 2,23 6,69 90
0,400 .. 154 1,523 0,1009 0,0286  5.24  0.29 5.93 35
: ;247 2,012 0,0521 0,0150 4.4l 0,79 6.29 100
394 2,94 O. 0268 9‘0076 3,56 2,05 6,42 50
A3 0.200 154 1,381 0,0692 0,0284 6,06 0,38 7.72, 20
" - 247 1,647 0,0408 0,067  5.72 0,94 7.45 75
394 2, 173 0.0225 0,0092 . 5,02 2,38 7.4l 90
0.400 . 154 1,552 0,0956 0,0272 ' .5.81 0.34 7.21 37
e 247 1,918 0.0575 0,063 . 5,58 0,9% 7.94 62
394 2,9%4 0,028 0,007 4,15 2,30 7.47 55
A2::  .0,200 . 247 1,370 0,0714 0,0293 5.46 0,14 5,58 55
’ e -394 1,552 0,0476 - 0,019 5,83 0,42 6.58  98¥
,0.400 . 247 1,567 0,0930 0.0264 4,92 0.14 5.82 98
- . 394 1,852 0.0620 0.0176  5.23 0,42 6.86 98

Volmne—fra.ctlon of.. dlspersed phase larger than mean yf for syst-em, henc
mixing index was calculated for the, opposzte .phase.. '
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.. Teble 16

_ Drop,_D;'Larheter and Power:Data for the System:
Water dispersed-Methyl isobutyl ketone continuous

- (Unbaffled Tank)

. i P B 2. o . i
( Impeller Fra_ctlon_ N ) .I.Q d _ .do . om' 5 o P M. 1.

5O .o : s % W'
Number )Hzo o rpm ) I 7 cm, v m. 'A'_'Sec» 5 lbs. V %

A4 70,200 . - 154 1,621 0,0579 0,0238 ...4.36 . 0:26 35.83 46
v . 247 2,114 _0.,0323 -0,0133 . 3,91 0,70 6.10 76
394 2,879 0,0192 0,0079 3,70 1,80 6.17 80

0,400 . 154 1,965 0.0746 0.0212 - 3.88 0.2 5.56 45
247 2,651 0.0436 0.,0124 - 3.64 0,73 6,07 = 75
394 3,630 0,0274 0,0077 3.61 1,92 6,28 78

A3 . 0,200 154 1,687 0.0524 . 0.,0215 4,59 :.0.29 6,74 55
247 2,227 0,0293 0,0120 4,11 . 0,80 7.24 84
394 . 2,930 0,0187....0,0077.. .4,20. . 2,10 .. 7.48 . -=

0,400 - :°154 2,114 -0,0646 0.0183 - 3,91 ‘0.3l 6,88 40
o ‘247 2,694 0,0425 0,0121 ‘4,14 0.83 7.17 90
394 3,711 0,0265 0,0075 4,09 2,20 7.47 -

A2 0,200 247 1,687 0,0524 0,0215 4,00 0,11 5.01 84
S 0D i ‘54':5":"..394;" 2,062 - .:0.0339 . . 050139 .. -4;13 ... 0435~ 0.0 98

0,400 247, 2,114 0,0646 0.0183 3.4l 0,2 5.22 83
394 2/530 0,0470 0,0133° 3.95 0.37 '6.32 100
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Table 17

Drop Dismeters and Power.Data for the System:
Carbon te tra,chlonde-Water

(thaffled Tank) o | .
Volume - nd, 115" 4 .
Impe}.ler Fraction - N Ig d do 2 5 . - '» 3 CMLI. .
Nu::n'ber :..>C(.714 . Tpm ‘T om, -cm, sec  Tbs. g .
A4 1 0.200 247 3000 0,0327 0.0134 - 3,93 0,91 5.95 - 94
o . © 2.48 2.39 6.15 -

394 6.107 0.0128 0,0053

0,400 247 4,622 0,0361 0,0103 3,03 1,05 6.21 9g¥
C 394 . -7,773 0.,0193 -0,0055 ' 2,58 ~ 2,72 6.33 --

~ Volume _
“Praction’ S Co : U
. ._shzo T o -
A4 - 0,200 247 2.949 .0,0475 0.0195 5.73 . 1,16 5,75 C79%
: 6.09  --

-394 6,214 A 0,0149 -1,0.0061 2.86 3.12

0.400 247 4,703 - 0,0500 0.0142 4,17 1,07 S5.77  90%
304 7,565 0,0282 0;0080 3.75 2,86 6,07 ==

—

—

*Volmne-fractmn of dispersed phase larger than mean ;{ for- system hence
mJ.xing index was ca.lculated for the oppos:xte phase. :
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Table 18
S R 0.5
Average values of b, the slope of log d versus (g)
.o ' | (Dispersed phase listed first)

 Baffled data:

J T N ‘ -~ Impeller . b
S _System Size - Slope
1. Butanol-Water . - A . - 1.90
;2. Water-Butanol o AL 165
3. Butanol-Water : . , -A2-V~-_ o L
4o - Water-Butanol . : o - A2 242
5.. Butanol-Water e o A3 2,03
. 6.. Water-Butanol o L A3.. . - . 1.60
7. Methyl isobutyl ketone-Water ..~ - A2 .- L 1483
8. Water-Methyl isobutyl ketone i A2 i 2.09
9. Methyl isobutyl ketone-Water . A3 ReR5
10. : Water-Methyl isobutyl ketone o A3 180
11. Methyl isobutyl ketone-Water - A4 S 2627
12.: Water-Methyl isobutyl ketone oo AL 0 s o0 170
13." Methyl isobutyl ketone-Water e ‘El . L2475
14. Water-Methyl isobutyl ketone ... Bl o 1495
15. Methyl isobutyl ketone-Water B B2 o 2.30
- 165 ‘Water-Methyl isobutyl ketone o B2 - 197
17. Methyi isébutyl ketone-Water o B3 : - 1.87
18. Water-Methyl isobutyl ketone - B3 1,95
19. Methyl isobutyl ketone-Water B, _ 1.90
20. Water-Methyl isobutyl ketone B4 1.78
21. Carbon tetrachloride-Water A4 1.78
22, Water-Carbon tetrachloride A4 2ey5
‘ - 23, Carbon disulfide-Water A2 . T2.15
’ 24. Water-Carbon disulfide A2 1.98
. 25. Carbon disulfide-Water A3 1.95
» 26. Water-Carbon disulfide . A3 2.08
27. Carbon disulfide-Water A4 1.89
28, Water~Carbon 'disulfide VA 2.71
29. Iso-octane-Water : : J.VA 1.70
30. Water-Iso-octane VA : 1.82

Average value of slope, b, for all systems = 2,02 = 0.40
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Table 18ﬂ(Cont'd)

Average values of b,.the slope .of log d versus (é)
(Dlspersed phase llsted flrst)

Unbaffled data: S L, ¢

_ System.... .. .. ...... .Size. . . Slope

1. Methyl isobutyl ketone-Water A2 T 1.2
2. Water-Methyl isobutyl ketone A2 143

3. Methyl isobutyl ketone-Water A3 1l
"4+ Water-Methyl ‘isobutyl ketone A3 o 1.65

55;: Methyl isobutyl ketone-Water A4 e 1,01
6% Water-Methyl isobutyl ketone AL v 1.58

ﬁ?k; Carbon tetrachloride-Water * =~ "' ¢ A4 f'f if'\f 1.36
"8, Water~-Carbon'tetrachloride "' 7 - A4 7 01,86

'9. Carbon disulfide-Water ?'H:‘;-f tom2 L 2.9
10." Water-Carbon-disulfide R . V- I )

;1134 Carbon disulfide-Water Coeo A3 1‘f7?;5; 2.30
12, Water-Carbon disulfide LR ’”A}"""‘* 162

13% Carbon disulfide-Water RO VAR S Y|
14% Water-Carbon disulfide [ VA T 2%33

Ayerage value of slope, b, for all systems = 1.80.& 0.504-.:.
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Tap19v19 .

Average values of Ng

pLe5

Water-Methyl isobutyl ketone

(Ng L1e5)
Baffled Tank 3.5 8%
L cm L4 .
sec

Carbon tetrachlorideJdaterv 1.62
Water-Carbon tetrachloride 2.17
Carbon disulfide-Water 1.95
Water-Carbon disulfide 2.48

Iso-octane-Water 2.09
Water-Iso-octane 5.16

Butanol-Water 1.4
Water-Butanolv 2565
Methyl isobutyl ketone-Water (small tank) 3.28
-Water-Methyl isobutyl ketone (small tank) 2.76
Methyl isobutyl ketone-Water (largé tank) - 3.88
Water-Methyl isobutyl ketone (large tank) 2.61

Unbaffled Tank

Carbon tetrachloride-Water 3.01
Water~Carbon tetraghloride 4013
Carbon disulfide-Water 2.99
Water-Carbon disulfide 349
Methyl isobutyl ketone-Water 5,18
3.98






