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EFFECT OF BAFFLING AND IMPELLER GEOMETRY 
ON INTERFACIAL AREA IN AGITATED 

TWO-PHASE LIQUID SYSTEMS 

el 
	 H E; Rea, Jr. and T. Vermeulen 

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

I. ABSTRACT 

This investigation was undertaken to extend previous 

measurements of the interfacial area formed.under baffled con-

ditions of agitation in a cylindrical tank, and to measure the 

interfacial area formed under unbaffled conditions. Interfacial 

areas were determined by ligid transmission measurements 

through the unstable emulsion formed during agitation 

Impeller geometry was one of the physical variables of the 

system which was studied. In tests with four -bladed flat paddles 

at equal speed, the interfacial area was found to increase more 

than linearly with paddle length, but to be independent of paddle 

width.; it was concluded that the drop diameter is controlled by the 

highest intensity of turbulence reached at any point in the tank. 

The effect of physical properties of the fluids., stirring 

speed, impeller geometry, and relative proportions of .the two 

phases on interfacial area have also been studied. No generalized 

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

was found that for each system investigated, 

A = (constant) 60 e 	
O(Ø)° NLL  5 

where A = interfacial area, cm2/cm3; 0 = volume fraction of the 

dispersed phase, cm 3/cm 3 ; N = stirring speed, rev/sec; and L 



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 investig3ted 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. 



EFFECT OF RAFFLING AND IMPELLER GEOMETRY 
ON INTERFACIAL AREA IN AGITATED 

TWO-PHASE LIQUID SYSTEMS 

H. E. Rea, Jr..ndT. Vermeulen 
Department of Chemistry and Chemical Engineering 

University of California, Berkeley, California 

II. INTRODUCTION 

The use of the unit operation of liquid-liquid extraction 

is *idesprea-d as a means of separating components of a solution. 

However, the factors affecting the contact efficiency of the two 

liquid phases are only qualitatively understood at the present 

time. In liquid-liquid systems, agitation is commonly employed 

•to increase the contact between the two phases. 

Many. investigations (7, 9 9  18) have been made to determine 

the contact efficiency in related agitated systems. Hixson and 

Tenney (9), who measured the sand-suspending characteristics of 

a propeller in water and sucrose solutions, suggested the use of 

the mixing index as a criterion of dispersion. The mixing index 

as defined by these authors is the average value of the ratios of 

sand concentration at various points in the apparatus to the 

concentration that should exist in a completely uniform distribution. 

The application of the mixing index to liquid -liquid system's is, of 

little usefulness becau.se  of the fact that once uniform distribution 

is attained, the mixing index will fail to show any further increase 

in the interfacial area upon increased agitation efficiency. . . 

The use of the rate of a heterogeneous reaction as a criterion 

of agitation efficiency, s proposed by Hixson and Crowell (7), is 

-7- 
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not of general utility due to the fact that the rate-determining 

mechanism may vary widely from one reaction to another. 

Miller and Mann (18) have suggested that the power per unit 

volume be used as a criterion of agitation efficiency. Langlois (11) 

showed that this criterion is afáir approximation for geometrically 

similar mixing vessels and impellers, but did not study cases where 

the geometry is dissimilar. 

In considering the factors affecting the rate of mass transfer 

in agitated  two-phase liquid systems, the rate at which mass 

transfer can occur will depend fundamentally on the interfacial 

area between the two phases. Because no basis was available 

until recently for evaluating the interfacial area, very little work 

has been done with liquid-liquid systems. The criteria of 

agitation described above are of little use in relating the effect of 

the operating variables, because it is not known how the rate of 

mixing two immiscible fluids, or the proportionate suspension of 

a sand in a'iiquid (mixing index) .is. related to the production of 

interfacial area in an agitated two-phase liquid system 

Mças.rementof.Interfacial Area 

La.ng],Qis (11) found recently. that the interfacial area of an 

agitated mixture of immiscible liquids could be measured by means 

of light, transmission measurements through the emulsion formed 

upon agitation of the two liquid phases. He obtained phopgraphs and 

light traflsmission measurements simultaneously 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 

divided by the total yolume of the two phases under consideration. 

By measuring and counting the droplets in the photographs, 

interfacial areas corresponding to light transmission measure-

ments were obtained. 

Langlois found that a straightforward relationship existed 

between the specific surface, expressed as square centimeters 

of interfacial area per cubic centimeter of volume, and the 

reciprocal of thefractional light transmission,. I s /I; 10 being 

the light transmission through the continuous phase alone, and I 

being the light tr.nsmission through the emulsion. This quantity, 

I/I, will be referred to as the extinction ratio in subsequent 

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

the specific surface was found to be a straight line with an inter - 

cept of unity, coiresponding to a functional relationship of the 

type: 

PA 
I 

This relationship is independent of the volume fraction of the 

dis.pè:rsed phase and of the stirring, speed over the range studied. 

Langlois also found that the slope of Equation (1), 3, w  a s 

different for each  system That he investigated, and that a plot 

of these slopes versus the refractive index ratio, m, for the 

two media yielded a smooth curve for values of in 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., 	. 
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rn 	 (2) 
n 

C 

As a result, if the light transmission probe is properly c.librated, 

it is necessary only tomeasure the light trnsmlsionthough 

the emulsion in order to evaluate the specific area of a 

homogeneous dispersion of one liquid in another. 

Power Requirements 

A number of investigations have been carried out to 

determine the power requirements of fluid systems undergoing 

agitation (3, 4, 6, 8, 9, 10, 14, 16, 22, 23, 24,27) 	These 

investigations have covered a large range of vessel size and 

shape, impeller geometry, impeller speed,and fhiid óptiés, 

so that considerable informatiOn ñowexists which'may be'u4 

for the prediction of the power requirements for a given agitated 

system. Most of these data, however, were obtained forthe 

• agitation of single -phase liquid systems in baffled and unbaffled 

tanks, although some of the data (14, 18) were obtained for tb& 

agitation of two-phase liquid systems in unbaffled tanks. To date, 

no study has been made of the power requirements for the agitation 

of two-phase liquid systems in baffled tanks. 

Effect of Physical Variables on Mean prop Diameter 

Although some data are available on liquid-liquid systems, 

the major portiqnof the published data on drop diameters in 

unstable heterogeneous fluid systems have been obt.ined in 

connection with the breakup of liquid jets in air (1,5, 12, 13, 17, 

19, 20, 21, 26). 

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

several different liquids issuing from a circular nozzle into 
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gaseous, surroundings are unstable with respectto the surface 

forces acting upon it. Initial disturbances, such as vibration 

of the injector and imperfect roundness of the orifice, cause ;  

certain characteristic deformations which are a function of 

velocity foranyparticular liquid. 	 - 

Merrington and Richardson (17): found thatthe mean 

drop diameter was proportional to the kinematic viscosity :.of 

the liquid to the 0. 2 power, inversely proportional to;the linear. 

velocity of the liquid, and independent of the surface tension 

over the range of 25 to 73 dynes/cm. They also obtained ,data 

.on jets of l.iquids into other liquids, which did not 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) correlated a good deal of 

existing data on drop diameters obtained from venturi-type 

atomizers, using an empirical :equation developed by Nukiyama, 

and Tanasawa (19-21): 

	 1.5 
d=- 	

+ 	(d;)°5 (i000) 
	' 

where d = mean drop diametec, that diameter having the same 

surface to volume ratio as the total sum of drops, 

microns  
* 	

u = relative velocity of liquid and,gas, meters/sec. ' 

Q1/Q 2  = ratio of volume flow rate of liquid to volume flow rate 

of gas 

= liquid density, gm/cc 	, 

= liquid viscosity, poises 

a-  = surface tension, dynes/cm. 
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This equation was reported to correlate adequately theresults, of 

a number of measurements, including those data obtained :with 

ordinary hydraulic jets, once a number corresponding to the 

ratio:i Q1/Q2  has been determitied for a given nozzle. 

Laminar Flow Fields: From.a study of the breakup'ofa 

liquid droplet in laminar flow fields, Taylor (26) developed a 

dimensionless parameter., 'F (see Nomenclature)". He found..that 

the droplet burst at 'a characteristic value of this  parameter, 

F. He also found 'that F:  was a function only of the ratio of 
c 	 c 

continuous phase viscosity to dIsed phase viscosity, to about 

the O 15 power. In another apparatus, for values of this visèity 

ratio greater than 'unity, F was approximately proportionalto" 

the 5 5 power of this ratio; 

Taylor thus concluded that, when bursting of 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 shearing action. 'His con-

clus ion serves tO emphasize the difficulty of predicting the effects 

of fluid properties on drop diameters when the flow field is not a 

laminar one but a complex turbulent one, 

Agitated Systems: Data on drop' sizes in agitated two-phase 

liquid systems are reported by Clay (2), who studied emulsion 

formation in turbulent flow for liquids covering a' range of densities 

from 0. 78 to 1, 19 gm/c'c, of viscosity ficT1 0, 6 to 37 'centipoises, 

and of interfacial tension from 1 to 47 dyne s/cm'. Drop sizes, 

determined by high speed photography', were obtained from a 

"technical apparatus" and a "model apparatus". 
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Inthe technical apparatus, which consisted of a circuit of 

four -inch i. d. pipe in series with a pump, Clay assumed that the 

majority of bursting of droplets resulted from turbulence in the 

pipe, particularly at the bends in the pipe, and that the contribution 

of the pump to emulsion formation was negligible. This assumption 

seems somewhat:doubtful. 

In the model apparatus, which contained the emulsion in the 

annular space between two cylinders, the agitation of the two 

liquids occurred as a result of;the rotation of the inner cylinder. 

In interpreting his data, clay proposed two possible 

mechanisms of the bursting of droplets. In the first mechanism, 

Clay postulated that, if bursting were accomplished by shearing 

action resulting from vebcity gradients within the liquid, the 

diameter of the largest drop which would be stable in the model 

apparatus would be given by the expression, 

P (NR) 2  c 	1  
- 	iRe m 

Here Clay assumed that the disruptive forces necessary to burst 

the droplet would be proportional to Za/d. If this mechanism were 

dominant, then Zo-/d P(NR1 ) 2  would be proportional to the inverse 

square root of the Reynolds number for the model apparatus, Rem 

In the second mechanism, Clay assumed that the droplet 

would burst whenever the pressure at its surface fell to a value 

below the mean, and that the diameter for the largest stable drop 

for this mechanism would be given by the expression, 

= k P(NR1)2  
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and in this case 2r/d p cRi)2  would be independent of the 

Reynolds number, Re 

This quantity, 2/d pNR 1 ) 2 , was calculated byClay for all 

the model apparatus experiments and plotted against the Reynolds 

number. The data scattered very badly. Clay concluded that 

since this quantity appeared to be independent of the Reynolds 

number, the second mechanism was almost solely responsible 

for the bursting of the droplets. Since Equations (4) and (5) were 

not derived by any rigorous mathematical development, and that 

there exists the possibility of other mechanisms of bursting, the 

most that can be concluded is that the latter mechanism was some-

what more important than the former. 

Langlois (11) obtained drop diameters for two-phase liquid 

systems by the agitation of these systems in a baffled cylindrical 

tank. He used liquids covering a range of densities of 0.69 to 

1. 60gm/cc, density-differences from. 0. 03 to 0. 60 gm/cc, 

viscosities from 0. 38 to 184 centipoises, and interfacial tensions 

from 3. 6 to 55.1 dynes/cm. For any given liquid-liquid system, 

he found that at a given speed of agitation the mean drop diameter, 

that diameter having the same surface to volume ratio as the total 

sum of drops, was an exponential function of the volume fraction. 

The slopes of log d versus volume fraction plots were found to 

vary with the stirring speed and the fluid properties of the liquids 

used. By plotting the values of these slopes against the Weber 

number, he obtained the following equation relating the mean drop 

diameter to volume fraction: 	 . 
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Log d = 0.46$ We . . + log d 	. 	
(6) 

where ,d mean drop, diameter, cm 

• 	 = volume fraction of dispr.d phase, cc/cc, 

We = Weber number = N 2L3  P/o- .. 

The data used to determine the exponent of the Weber number in 

Equation (6) scattered badly. This he attributed to the fact that 

the difference in the mn drop diameters existing at two different 

volume fractions was not a great deal larger than the experimental 

error in reproducing the emulsions. 

In attempting to find a general correlation for the effect of 

all variables, he found it more convenient to use a fictitious drop 

diameter, d, the mean drop diameter 'extrapolated to zero volume 

fraction of di;sed phase. He found the following dimensionless 

expression to fit the data satisfactorily: 

(a0J/ (NL3/2 1 	 :.th 
\L 	\J 	/ 

By combining Equations (6) and (7) withthe relationship between 

the square centimeters of interfacial area per unit volume and 

drop diameter, i. e. A = 604, he obtained as a final correlation 

of his data the following expression:  

Ao-°67 	

bT L 	
= 48$ exp 	

[ 46ØNZL3y 	(8) 

This correlation is highly dependent upon the values of d 0  obtained 

by Equation (6). The exponent of the Weber number in .Equation (6) 

was evaluated with data over 'a 16-fold range in the 'Weber number, 

whereas the data used to calculate the values of d from Equation 
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(6) had a 225-fold range in the Weber'nuthber. In view of the 

scatter of the plot which was used in'determinixig'theexponent 

of the Webernumber in Equation (6), it is quite probable That 

Equation (8) is not applicable over the 225_fold; range of Weber 

humber. ' 

Purpose of Pesent Investigation 

The primary objective of this investigation was to tudy the 

effect of the physical variables in agitated twa -phase liquid' 

systems on the formation of interfacial area. Impeller geometry 

especially was studied more fully than in any previous investigation. 

It was desired to extend previous measurements of intei*fa'ciL' 

area formed under baffled conditions, and to measure thèinte-

facial area formed under unbaffled conditions. Earlier sfiidiès 

of the effect of volume fraction upon intèrfacial area were indecisive, 

and this factor was also given attention. 

The secondary objective was to determine the power require-

ménts for the agitation of these' systems under baffId and unbaffled 

conditions. It was desired to measure the effect, ifany, of the 

production of interfacial area and the ielative volume pioportion S 

of the two liquid phases on power consumption. It was expected, 

but not found, that the extent of interfacial area might have a small 

effect on power consumption, which might have theoretical 

significance. For single -phase liquid systems (23, 24) density is 

the only physical property of the fluid that affects power require-

ments in the turbulent region of flow, hence fluids covering a wide 

range of densities were employed. 
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The variables which were considered to be pertinent in this 

study were: 1. The physical properties of the two iiquid.pha.ses, 

e. g. viscosity, density, and interf3cial tension... 2. The volume 

fraction of dispersed phase. 3. The .stirring speed. 4. Factors 

characterizing the •geornety'of the impeller. 5. The effect of 

scale-up conditièns. 

IlL EXPERIMENTAL PROGRAM 

• 	 Sjrstems Investigated and Materials 

Interfacial areas resulting from the dispersion of iso-octane 

(2, 2, 4-trimethyl pentane), carbon tetrachloride, carbon disulfide, 

n-butanol, and methyl isobutyl ketone in water and the dispersions 

of water in these liquids were determined in the small baffled tank. 

Interfacial areas were also obtained in the large baffled tank for 

the system methyl isobutyl ketone.-water. Interfacial areas were 

measured in the small unbaffled tank for the systems: carbon tetra-

chloride -water, carbon disulfide -water, and methyl isobutyl ketone - 

+ 	o 	 • 
water. All measurements were made at 20 - 0.5 C. 

The physical properties of the equilibrated phases for these 

systems were determined at 200  C. and are listed in Table 2. 

Prior to agitation and subsequent measurement of interfacial area, 

the two liquid phases were saturated with .respect to each other. 

For the purpose of calibrating the light transmission probe, 

interfacial areas were determined for the systems which Langlois (11) 

measured photographically (see Table 3). These runs also served 

• 

	

	 to determine the reproducibility of the equipment and measurements, 

gave additional information on the volume fraction dependence and 



on the phase shift, provided, data on power consumption; 

AgitationApparatus.  

Mixing Equipment: Two cylindrical stainless steel tanks; 

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 900  intervals 

around the tank were mounted against the tank wall and at right 

angles to it. Mack and Kroll (15) have shown this number of 

baffles to represent a condition of "standard baffling" (so termed 

by J. H. Rushton (25)). A cooling coil was soldered to the outside 

of each of the tanks, through which cooling water could be 

circulated for temperature control. 

The small tank was mounted to the frame, which was 

constructed of five-inch channel iron, by means of an integral.-

suspension ball-bearing unit welded to the tank cover. A collar, 

which was welded to the upper side of the frame and center- 

lined with respect to the tank cover aasembly, contained a spindle 

assembly with two sets of ball bearings to which the impeller shaft 

was connected. The two sets of ball bearings were located as far 

apart as possible so as to minimize any whip the impeller might 

have. The final assembly of these units permitted the free rotation 

of the tank cover assembly and the impeller shaft, each independent 

of the other, thereby enabling the determination of the power 

required for mixing by torque measurements. 

The tank itself was fastened to the tank cover by the use of 

L-shaped wing nuts, A gasket groove, into which a cork gasket 
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was cemented, was provided to ensure liquid-tight contact between 

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

impeller, shaft seal liquid-and air-tight. 

The small tank cover contained a mounting for a light 

transmission probe, the construction of which will be described 

in detail in the following section; two holes tapped for 1/4 inch 

'pipe for feed lines to the tank; and a combination thermometer 

well and vent hole tapped for 1/8 inch pipe thread. These were 

spaced at ninety 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 i/z inch pipe outlet was located 

in the center of the tank bottom. 	 , 

The bottom of the large tank was mounted on the bottom of 

the channel iron Irame by means of a ball thrust bearing assembly. 

The tank cover for the large tank was mounted to the frame through 

a self-aligning ball bearing unit, above which was another spindle 

assembly  similar to that of the small tank as's embly. This final 

assembly also allowed independent rotation of the tank and impeller 

shaft. 	 ' 

Whereas in the small tank assembly, the tank was removed 

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

was designed so that the tank cover and shaft assembly could 

be liftedfrom the tank. This was done by attaching the channel 

iron across the top of the frame over the large tank to a 

supporting bracket post which could slide up and down in its 

mounting on the lower portion of the frame. To remove the large 
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tank cover, the upper cilannel iron was unbolted, the tank cover 

unbolted from the tank, and, the: tank cover, channel iron, spindle 

assembly, impeller shaft, and impeller were lifted manually from 

the tank as a unit. When the bracket post, was at its uppermost 

traverse, high enough to allow the tank cover, assembly including 

the impeller shaft and impeller to swing out clear of the tank 

for the purpose of changing impellers in the large t3nk, a spring 

would pull a post stop underneath the b •racket post, thereby 

holding the assembly in position at its maximum height. 

The large tank cover also contained amounting for a, 

light transmission probe, two holes tapped for, 1/2 inch n.p.s.,. 

for feed lines into the tank, and a combination thermomeZer well 

andvent hole tapped for 1/4 inch n.p. s. These were also spaced 

at ninety degree intervals around the tank cover and forty-five 

egrees out of phase with the baffles in the tank. A 1/2 inchn,p, s. 

product line was located in the center of the tank bottom, passing 

directly through the thrust bearing seat, The l.rge tank was also 

equipped with a mercury seal to make the impeller shaft seal 

liquid- and air -tight. A cork gasket was employed to make the 

contact between the tank and tani cover liquid tight. On both tanks, 

provision was made to protect the ball bearing units from any 

mercury that might be blown out through the ball bearing units. 

No difficulty was experienced, howçver, in tl blowing of the 

mercury seal. 	
'1 

A slight pitch was built into the bottom of the 1,rge tank to 

ensure complete drainage upon emptying the tank when changing 



from system to system. The small discrepancy inthe geometric 

similarity.betweèn the two tánksis due-to the fact-that the small 

-tank was a prefabricated tank, whereas the large tank -was -- 

constructed for this.investig3tion 	 -- 

A tang-. -wasprovided at the:lottom of each impeller shaft 

to lock the impeller into position horizontally. A threaded 

extension-of the shaft beyond the tang permitted the use of lock 

nuts to hold the impeller in place vertically.: 	 - 

Three sizes of impellers were used in the small-tank 

investigations::A2, -- 5.00 inches in diameter and 0.94 inchcin1: 

-width; A3,' 76 50 indhes in diameter. and 0. 94 inchc in width;- - 

and-A4, .. 67 inches in diameter and 1.65 inches in width. T.hë 

- .- latter -impeller - was used in.thec-ali-bration of the light transmission 

probe.- 	-. 	-- 	- 	- 	-. 	- 	-- 	- 	- 	- 	
- 

- ...,...::.H.Four siz.e..of ime1ler-s were used in the large-tank

investigations: m, 5. 00 inches in diameter ãnd--2. 00--inch-es in 

wi.dth;-B2, 10:00 -inches in diameter - -and 2. 00.inchës in width.; ---- 

3 9- 15. 0.0 inches--in diameter and 2.00- inches:in width; and -134y.: 

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

The impellers in both tanks were:driven through a V-belt 

--drive by-a. 3/4ho-rsepower, 3phase, 60-cycle,- 22-0--volt, 216 rpm 

right-angle.-ring -mounted gea-r motor supplied by Electra-- Motors, 

-Inc. - of Aliaheim, California, - -V-step cone pulleys, were-mounted 

-- 

	

	 on- ---ach of the"irn-p'eller --shafts and on the. motor - shaft. The four 

steps -  in:the pulleys permitted- the operation oft the impellers at 

- 	...- -94, 154; 247,--and3-94-rpm. 
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.,,Figur.e 1' is, an.as sebly dwig of: 'the; ans .howing 

detail their 	 .the.:;a's'senlh'ly5of the .,baIl .,: 

bearing'units, 7the cups for the,mecury seal, and other, featir.es 

of the design. Figure 2 is a photographof the fina:1' assembly.. 

Complete dimensions ofthe tanks, 'baffles, and impellers are 

giveninTablel.. 	 •.:, 

• Light Transmission Probes: The lighttransmis'sibn probes 

consisted of two parts. The lower section contained, a 

source .whichwas a small penlight lamp, and the upper.'sèction 

contained a photoelectric cell. Countersunk into the hop.sing". 

directly in front of the se'• two units were, windows made of Corning 

Filter G;lass,. number 3962 '(also.labe.led CS.157). The giass-to 

rxeta:i ..seal,'was. madewith 'Araldite cement, which is. athermosetting 

polymer. These two units were mounted in a unit assembly of:. 

stainFéss steel so that there was a gap of 1. 0 centimeter between 

the outer. surlac.es  of the two glass windows, i:e, , '.thoa 'surf aces 

in c:ontact with th'e:liquid -liquid emuls-ion Light.. tr,ans"rp:isions 

acos.s 	gap were,,mea'sured by The photoelectric:. ce'll.,:The..' 

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 piobe, for the large tank, was an exact 

duplicate, of, that for. the, smal'i.',.t.ank....with, the, exception' of. it;s.';  length. 

The depth'to which the center -'line between The 'gla.ss..windo,ws. was 

immersed .wa.s'geometrically p.rop.ortionai:t.b the. co-rr'e sp'onding. 

depth in the small tank. In' additiOn' the.pro'be''mcuntihg:for- the%

large tank was designed so that the light ttañs'mission' pr'.che could 

have avertical 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 .could be studied. 

The lighttransmission probes in bo,th.tanks were inserted 

ar4mounted into place so that the gap between the glass windows 

would face the .center.of the tank. A half-diameter of.t1eprpbes 

protruded inside, (i.e., to the center) the circle diameterfo'rrned 

by the baffle edges away frpmthe tankwall, When the tanks were 

baffled, the positioningof the probes in such a manner would not 

affect.the mixing characteristiç:s of the various impeller s.employed 

and would ensure light :transmis sions throughemulsions rç.presentative 

of the tank contents. The probes were heldinpçsiti.ozi onthir 

mounting byme.ansof Allen-headset screws., and a T.ygon gasket 

.:made the juflction liquidand airt.ight. The 

under side of the tank cover and the center-line between the, glass 

surfaces of the small-tank probe was 1-3/8 jnches. The solid 

portion of the:probe on the back side(i. e. next to thetaxk,al1) 

was bored for wire leads'to 'the penlight lamp. Two holes, were 

drilled on either 'side of tils bore at a height midwaybetween the 

glass windows, to ensure rapid circulation of the emulsion through 

the 1. 0 centimeter gap between the windows. 

Figure 3 is an assembly drawing of the large-tank light 

transmission probe, and Figure 4 is a photograph of the small-

tank light transmission probe. Inspection of Figure 2 will show the 

large-tank light transmission probe mounted in position in the tank 

cover. 
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The small-tank light trnsmissión probe .sêdin tlis 

investigation wa.s calibrated by obtaining light transmission 

measurements during the agitation of the same liquid-liquid 

systems in an apparatus identical to that usedby Langidis in 

determining the interfacial area photographically. The results 

of this calibration are given in Table 3 where the apecifi.c area 

and the corresponding light ratios, I/I, are listed for the 

various li4uid-liquid systems. Figures 7-11 are p10ts of the 

light ratio against the specific: area, and Figure 12 is a plot 

of the slopes, p, of Figures 8-11 against th& refractiveindèx 

ratiO, M. Interfacial areas for additional li4uid-liquid syste's 

were determined by measuring the 'l{ghttransmissionsthrdtigh 

the emulsions obtained, reading a zalue of for the particular 

system bing studied from Figure 12, an calculat g he specific 

area. 	 S  

The large-tank light transmission prObe used in this 

iñvèstigation was calibrated against the small -tank light tra.ns -

mission probe. The following equation was used to correct the 

reading obtained using the large -tank 1ight 5 transmision probe. 

large tank = 0 9533 	smaii tank 	(9) 

Figure 13 isacross -plot of, p values obtained with the probe 

in this investigation with those obtained by Langlois. As can be 

seen, there exists a considerable difference in the calibration of 

the probe used in his investigation  and that of the present work 

The internal construction of the probes used in this work was 

designed to be identical to Langlois' probe. Thus, the penlight 
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lamp was mounted at an identical distance from its glass window, 

and the cathode of the photoelectric cell was an identical distance 

from its glass window. Sincéit Was thought that the liquid;flow. 

pattern around the probe might account for the differences in the 

calibration, the small-tank light-transmission probe was rotated 

in its mountingand light transmission readings obtained, and it 

was found that rOtation of the probe had no effect upon the light 

transmissions. It was observed that thegeometries of the photo-

electric cells are not identical; to determine whether this could 

explain the difference in calibration, the photoelectric cell was 

also rotated and light transmission readings obtained; in addition, 

light transmission readings were obtained using several different 

photoelectric cells. A slight change in the light transmissions 

(possibly 0.5 percent) resulted from the rotatiqn and replacement 

of the photoelectric cell, which was negligible in comparisdn to the 

difference in calibratiàns. 

It was decided that the solid surface where the two circulation 

holes were drilled served as a reflection surface and thereby 

increased the value of the light transmissions obtained with the 

probe used in this investigation, particularly:for the liquid-liquid 

systems with high and low, values of the refractive index ratio, m. 

This surface was not present in the-probe used-by Langlois. In 

order to obtain standard readings, it is recommended that the 

outer surfaces of future probes be permanently blackened to 

eliminate reflection. 
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PoweMeasurements  

•Thetwomixing tanks were mounte.d with bal1bearingunits, 

previousy described, which allowed the rotation, of the tanks with 

a negligible amount: of &iction. The i to:rque necessary to prevent 

the. tanks from, turning int-he directiOn of rotation of the impe11r 

was recorded and used to calculate the power r.equired,for 

agitation. The following expression forbiake-ho.rsepower was:' 

used tocalculate the..power required': 	 ' 	; ::• 

P=ZirRNT 	 (10) 

where P = agitator shaft power, ,ft-lbs/min 

agitator ,  speed, rpm  

R.= dynarnometer torque arm, ft 

dynamorneter balancing force, lbs. ' 

The dynamometer balancing force was measured by a Toledo Scale, 

Model 4021 BA, (Number 874285) which had a capacity of 30 poinds 

and a two-pound dial scale reading graduated to 0,01 pound. This 

was connected to a stud on top of the tank by a cprd and a nea-1y 

frictionles pulley mounted on the supporting frame. Readings 

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

0.04pound.  

Light Transmission Measurements 

The current to burn the penlight lamp was drawn from a six 

volt lead storage battery. A .  Leeds and Northrup students' 

potentiometer (Number 635112), in conjunction with a Rubicon ., 

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 

circuit by means'of which a given e, m.f. could be applied to 

the filament and held constant, thus assuring a constant light 

intensity during any one experiment. Thel lamp, which was 

designed to be burned at about 2 volts, was burned at only about 

1volt so that therewoüld be no tendency for the lamp filament 

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

source is shown in Figure 5. 

The photoelectriccell used in this work was a commercial 

cell, the RCA 1P41, ,which consists simply of a photoseisitive' 

cathode plate and an anode'.' A pténtial of 90 volts was placed: 

across the cell in order that all electrons emitted by the cathäde 

would be caught by theanode. Current flowing through the cell 

was measured by à'sensitive galvanométer. A sketch of the 

photoelectric cell circuit is shown in Figure 6. 

The galvanometer used in this circuit was a Leeds and-

Northrup Type 2430 D direct-current galvanometer, (Number 

1014406) with a sensitivity of0.00042 micröamperes per .milli-

meter. The photoelectric cell 'wOuld not r'emainstablewheñ 

subjected to continuOus .currents much in excess of 2 'microamperes; 

this fixed the upper limit of the light intensity at 100 percent 

transmission, that is, when no emulsion was pre sent. The 

galvánorneter sensitivity was selected to give 2 percent accuracy 

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

in thecircuit so that, by'suitabIe adjustment of the variable 

resistance, a large deflection could be obtained even at 'low-values 



of the light transmission, with consequent. increased precision. 

in the readings obtained.. The variable, r.esistance.s were ... 

adjusted in: suc.h a way that the total resistance .was, equal to 

24, 00.0 ohms., the critical damping resistance of the galvanometer. 

The total current flowing from the photoelectric cell was - .. 

calculated from the: indicated galvanornetér current, using the, 

known'values of the two'variabie resistances and the galvanometer 

resistance. Because of the very small currents being measured, 

considerabietroubie was experienced with stray currents. This 

difficulty was surmounted by mounting. the whole photoelectric cell 

circuit on a metal plate and grounding the circuit to the plate at 

the point .indicated on. the diagram. .......... ,  . . 	. 

The current flowing through the photoele'ctric:c eli is directly 

proportional to the intensity of the light failing upo ,n it. . By', taking 

a ratio of the current under. two different.situatio.ns,, the: constant 

of propotionality cancels and'the ratio,7 of the .photo,electic cell 

cur.rentsis equalto the ratioof the light intensities. In this 

investigation; an'.initial value of "the current, .1., corresponding 

to the initial light intensity' was obtained before the stirring'.was 

started, that is, with only the conti'nuous:pha.se.between the light 

source and the photoelectric cell. .'. Values of thecurrent, 'I, were . 

subs equently.obtained while stirring .wi.th the emulsion between the 

light source' and the photoelectric cell, and the., ratio of thetwo 

quantities, 1/10,  is equal to.. the £ract'ional.light transmission. 	. 

.The colo.red filter glasses used 'as the .windowplates in fr.ont 

of the photoele'ctric cell and the.. lights ourçe were used, to filter. 



out the infrared radiation of the -light source, in order to narrow 

the wavelength range and thü,s sharpen the r ef ractivei index ratio. 

From a consideration of the, characteristics of the.li.ghtsource 

and the.'f.ilter-glass and the photoelectric, cell sen:sitivi.ty,;it was 

concluded.that the bulk'of the current resulted from light in the 

range from 7000-8000 R. Therefractiveindices of Ahe liquids 

were used in the correlation of the li.ghttransn'i"ssion data, and 

striètly, the refractive index 'at. 7500 A shoulde have been used. 

However,, the refractive 'index'appeared in .a-ll.of the calculations 

as. a ratio, and th& change in refractive -index, with wave length 

for'the: various liquids used is sufficiently 'similar (for 'five 

liquids on which data wee available) so that there is 'a 'ne.giigible 

.';'diffe:renc'e between the ratio of the indices at -5893 X;(theodiuth 

'-D'line):axd the ratio of the iridices."at 7500:;-. Conse4üen.tiy-," the 

more easily bbtái-ned values of the refractive 'index-at'th.e' sodiurn 

D'iinewereused 	.• 	 ' 	 ''. . 	 .: 	
. 	 ' ': 	 ''' 

A raldite cement was used for cementing the filter ,  lass 

windows tothe probe housing; The Araldite was meltedonto the 

glass andmetal surfaces by means of-a gas- flame'andthen:;; 

0. 	 0 
cured.bybaking.at  200' C.forl ho'ur-and at 150 C. for.- twp. hours. 

This cement was found to be satisfactory for all of the liquids 

- handled in this investi.gati:on if a 'good bonding to the metal is 

obtained. 'As a safety precaution., -in order to prevent any damage 

to the bonding, 'the -probe unit was reinoved from the apparatus at 

the end of.- a series of runs and dried out. ........' . 	 "' . - 

Operating'Pro'c'edure  

- In making each experimental.run  for''the rn easurement of 
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interfacial areas, the following procedure was followed: the 

tank was cleaned and rinsed thoroughly with the polar solvent; 

usually water. The light transmission probe ;was placed in the 

tank, and the tank charged iwith the continuous phase. Thea 	 - 

initial lightintensity, 10,  was then observed. This was done before 

adding the dispersed phase because, if the latter were the upper. 

• layer, the interfce.between the .two phases for the small volume 

fractions, which were used to start the series of:runs üiÜ.fli 

passedthrough a plane which lay between the light sdurce. and the 

photoelectric: cell. T.hus; this wouldgive an incorrect.valüe:.of 

the initial light intensity, I. .. An amount of the c ontinuousi phase 

slight.y exceeding that of the desired volume fraction :f  the; 

dispe.rsed.pha.se  wasthen drained from the tank; the desired volume 

fraction of dispersed..phas.e added to the tank, and continuOus phase 

liquid added to b.ring.the liquid level in,the tank to1he top. This 

procedure eliminated the. formation of air bubbles from trappedair 

in the tank during mixing. Cooling.water was.circulate,d 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 

+ 	0 
. easilywithin -.0.5 C. 	.. 	.• 	'' 	 ' 	i 

Light transmissions were, observed and:recorded every thirty 

seconds from the time agitation was started. . When the light 

•:trans.mission had ceased to drop and held constant, over a period 

of time, usually 15 to 30 minutes, the system was consideredto 

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 tenor fifteen. In somecases, the rate. 

of. approach to steady state was too fast to be .observe4. 

The indicated light .intensity was not steady, but experienced 

short-term fluctuations These apparently resulted from small 

local inhomogeneities in the emulsion. The magnitude of these 

fluctuations was rather large at the lowest stirring spee4; Xhe -. 

fluctiations. frequently. amounting to several.percent. At.the higher 

speeds,..tbe fluctuations were much.sm,alr.. This, does..nc 

necessarily-mean that the emulsions were more ho.rnogeneous..at the 

higher speeds, but might merely, indicate that, the glvanometer 

did not have time to react to them In all cases, an average 

value was estimated for the current, and this was used in the 

calculations of the extinction ratio. The variations of area 

mean diameter values from smoothed curves indicates apec,ion 

of 5%,,  which is superimposed upon an additional uncertainty:of 

*. .10% due to the probe ,calibration.  

After the steady-state light transmission readings. ha4..bn 

obtained, power readings were taken. The power readings 

experience very rapid fluctuations, particularly at the higher, 

speeds where there was a higher degree of turbulent motion of 

the fluids. The average fluctuations in the power readings were 

approximately five percent at the.highest..speed. At the low speeds 

the fluctuations were negligible. A series of - twenty 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 reading.s was too fast to observe. 
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Althàugh a directcomparison of flüètuations in baffled and 

unbaffled -tänks was not rnde, much less fluctuation was observed 

inthe unbaffled systems'L 

By Observing the continuity of the.1 0/I readings; it was 

possible to determine which phase was dipersèd. With the 

exception of the bütãndl-water system, the phase shift occurred 

- 	- :at or near 50 percent volume fraction point. For butanol-water, 

this shift occurred at 60 percent biitanol. This agrees with 

observations made by Long (14). 

After a value of light intensity and powei had been obtained 

at one speed for a giveh volume fraction of dispersed phase the 

stirring speed was increased, and a new set of readings for these 

quantIties was obtained. After light transmissiOns and p owe:r  

readings were determined for the four stirring speeds used, the 

volume fration of dispersed phase was changed, and the light 

transmissions and power readings were determined for this new 

volume fraction. 

Whéna corhpbetel set of light transmission and power data 

had beéñ obtained for'a given system for all of the desired speeds 

and volume fractons of dispersed phase, the tank contents were 

drained, the tank rémoed, and the impeIler changed. A complete 

set Of light transmission and power data were then determined 

for the new impeller. 	 ' 
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IV. POWER REQUIREMENTS 

Power data obtained on single-phase systems have been 

correlated using two dimensionless groups: a power number and 

aReynolds number. 	' 

Power Number 	= P6 = Pg/PN 3  

Reynolds Number = 'Re = NL 2P /11  

where P power 

g = gravitational constant 

N = stirring speed 

L = impeller diameter  

P liquid dënty 

liqitid viscosity, 

all in consistent units. The power data obtained in this inet1ation 

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

Results and Discussion 

Single-Phase Power Data: Single-phase power data were 

obtained under baffled conditions for all impeTlers  used inthis 

study, for both tanks using water, and.Ior all impellers in the 

ten-inch tank using carbon tetrachlbride. For unbaffled conditions, 

power data were obtained for all impellers in the ten-inch tank 

using water, carbon djsulfide,' and methyl isobutyl ketone and 

for impeller number A4 for carbon tetrachloride. The powa 

numbers and the Reynolds numbers calcülated'from these data are 

listed in Table 4.  

It was found that the power number was a constant; the 

value of this óonstänt varying with the geometry of the impeller 
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used. By multiplying the power. number, by the .diameter -to -width 

ratio of the impeller, i, e. , L/W, another dimensionless number 

was obtained, P 	which had a constant value independent, of 

impeller geometry. Values of P for both baffled and unbaffled 

agitation are given in Table 4. 

The purpose of obtaining the single-phase power data was 

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

discrepancy existed between the 	 asments obtai-ned  

in this study and those obtained by previous investigators.. No 

discrepancy was found to exist. Secondly, it was desired to 

establish that the range of. Reynoids numbers to be encountered 

in this investigation would be in the turbulent region of f low. 

Inspection of Figures 14 and 15 shows that P 
0 	. W 

and P are 
..  

independent of the Reynolds number and that such is the case. 

The plots of Figure 15 can be represented by the equations: 

for baffled tank;: 	Pg 19N3 L4 W:.  

for, unba,ffled tank: 	Pg.=6PN3JJ4W 	 . 	(12) 

Two-Phase Power_Data::Two-phase powerdata were 

obtained under baffled conditions for the dispersions of the systems 

of iso -octane -water and carbon tetrachloride -water for one 

impeller geometry, A4, and for the dispersions of the systems, 

n -butanol -water, carbon disulfide -water, and methyl isobutyl 

ketone -water for all impeller geometries in the ten-inch tank. 

Power data for the twenty-inch tank were obtained from 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 ,  geometries in the ten -inch tank, axdfor' 

the system carbontetrachioride -water for impellernunTherA4. 

it was found that the use of a volume-fraction-mean density 

would give values:of the number, P., corresponding to those 

obtained from the single-phase power data.  Values of Päré 

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

equations: 

for baffled tanks: 	Pg = 19 N3L4W [PC + 0 	c] 

for unbaffled tanks Pg = 6 N3L4W 10 + 	P d - 	 (14) 

V. EFFECT OF PHYSICAL VARIES 
ON MEAN DROP DIAMETER 

Various pairs of liquids listed in Table 2 were agitated 

together under baffled and unbaffled conditions, and the light 

transmissions measured. The specific area was calculated using 

Equation (1). The mean drop diameter was then calculated from the 

• specific area; the mean drop diameter being the diameter of a drop 

having the same ratio of surface to volume as the sum total of the 

droplets in the emulsion. The mean drop diameter so defined may 

be calculated by using the following relation: 

d = 60/A 	 (15) 

where d = mean drop diameter, cm 

0 = volume fraction of dispers1 phase, cc/cc 

A = specific area, cm2/cm3 
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The effect of the volume, fraçt.ion.ofdispersed phase on .the 

mean drop diameter was investigated over the range from 10 to 

40 percent and insome'cases as high as60 ; percent.:The effect 

of stirring .s.pee.don the mean dropdiameter was studied at. 

speeds of 94, 154, 247, and 394 rpm. A large numbet 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 resulting  mean drop dianiéteis are given - in- . 

Tables 5-17. 

Results and Discussion 

Effect of Stirring Speed: As would be expected, the mean 

drop diameter decreased as the stirring speed was increased. 

The nature of the dependence may be seen in Figure 18 which is 

a log-log plot of mean drop diameter versus the stirring speed for 

some typical runs. For the high interfacial tension liquids, this 

plot is not a straight line but has a slight curvature, so that the 

relationship between d and N cannot be expressed rigorously by an 

equation of the form: 

d = c Na 	 (16) 

where c and a are constants. However, for the low interfacial 

tension liquids, it will be seen that this plot does give a straight 

line over the range of stirring speeds studied. For both low and 

high interfacial tension liquids, the best fit of the data for both the 

baffled and unbaffled conditions of agitation indicates a simple 

relationship of the form: 	 - 	 - 

d = c/N 	 (17 
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Discrepancies in mean drop diameters obser,vedjn this study 

and that of Langlois at low stirring speeds may indiçte 

incomplete flixing. Data jn this i'egion were therefore discpunted 

in attempts to finda general correlation. 

The relative  rate of increase of interfacial area andpowe. 

input as the stirring speed is increased may be obtained:b.y, 

combining Equations (15) and (17)to give, an. equation rel,atirg the  

interfacial. area to stirring  speed.. The power .:consump9fl, 

baffled and unbaffled systems, as give1 ;  byEquations. (13) and (14), 

is proportionalto the third power of the, impeller speed. 

Combination of these equations results in. an 

power consumptionto interfacial area, for the condition here.all 

•..•variables except stirring speed are held constant •  

A = kP°33  

As the stirring speed is increased, therefore, the power 

consumption increases much more rapidly than does the inter-

facial area. 

Effect of Volume Fraction of Dispersed Phase: The mean 

drop diameter was also found to depend on the volume fraction of 

dispersed phase, becoming smaller as the volume fraction thcreased. 

A dependence of drop diameter on this factor is not unexpected. The 

processes of coalescence and bursting are both occurring in the 

mixing apparatus, and in the steady state, the rates of these two 

processes must be exactly equal so that the total interfacial area 

remains constant. The frequency of bursting will increase as the 

degree of turbulence increases and as the drop size increases. The 
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frequency of coalescence will dependupon'the frequency and'" 

number of droplets colliding with' one another. If it is assumed 

that the number of coalescènces is proportional to the number of 

collisions between droplets, and if, in'analogy to the kiiietic 

theory Of gases, 'it is assumed'that the number of collisions is 

propor'tional to the square of the number of droplets,' the number 

of coalescences would be proportional to the square of the volume 

fraction of dispersed phase. Asthe volur 	rátiOnoIthe'- - -- - 	 - 

dispersed phase is•' increased, therefore, the rate of co:alescence 

would increase as the square of the"volume fraction, whereas 

the rate of 'bursting would increase as the first power of the 

volume fraction. This would result in an unsteady state during 

which the mean drop size' would increase until the rate of bür sting 

had again become equal to' the rate of .  coalescence. 

The effect of volume fraction of dispersed phase on the 

mean drop diameter 1  was determined with five pairs of fluids and 

in some cases for all geometries in both the small and large tanks 

for baffled and unbaffled conditions of agitation. The magnitude of 

the variation in mean drop diameter with volume fraction may be 

seen in Figure 18 where, for a typical case, the mean drop diameter 

is plotted as a function of stirring sp'eed with volume fraction of 

the dispsed phase as a parameter. With all other variables held 

constant, the mean drop diameter was found to be an exponential 

function of the square root of the volume fraction, i. e., 

log d 	b(Ø) 0 	+ log d0 	 , 	 , 	 ( 19) 
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This is shown by Figure 19 where for a t'ical case log d is 

plotted against the square roOt of volumefraction for a number 

of stirrIng speeds. The slope of Equation (19), b, Wasfound to b e  

independent èf stirring speed and àf:; fluid properties of the 

systems over the ranges. investigated. z Inspection of Tabie 18 

shows the average value ofthe slope, b, for all systems studied 

to be 2. 0. The interèpt drop diameter, d, of Equation (19) 

may be tentatively identified with the mean drop diameter at -

imfiñite dilution. In this state, no coalescence woul'd'o'cc.ur, and 

herce, after the jnitial dispersion, no bursting would -occur. Thus, 

the drops . would be stable in the, turbulent field of flow., The 

intercept, drop diameter, d should be proportional to, but not 

.identicalwith,: the maximum diameter, of a drop capable of,.. 

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

this maximum can be formed during dispersion., and would... 

continue to exist in the absence of coalescence.. .,.. . . .. . - 

Effect of Impeller Geometry: At constant speed, the 'mean 

drop diameter decreased as the impeller diameter was increased. 

The blade width, 'however, 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 

4 

	

	 ratio of these two impellers is 4.10 and 8. 00 respectively; a 

factor of approximately two. A cross-plot of these data indicates 
4 

• 	 that the mean drop diameter is proportional to the impeller 

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

L d 	c/L 5 , 	 (20) 

e 
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It is of interest to notehere that since the me an dro,p diameter 

is independent of blade width, and power consumptionis directly 

proportional to blade width, the same degre,e of dispersion 

could be obtained with, a decrease in power consumption at a given 

impeller.diameterand impeller speed by reducing the biade width 

of the impeller. This may be explained as due to the fact that the 

power required for agitation is controlled by the volume swept out 

by the impeller, whereas the 	yioFdsnuflber, which-is-a--measure 	- 

of the intensity of turbulence, is controlled only by the peripheral 

..elociy of the impeller. . 	 .. 	. 	,. 	. 

Effect of Baffling: . The observed mean drop diameters Thr: 

unbaffled agitation were, on the aver.age, a factor of l;5 times:. 

greater than those obtained forf baffled agitation. The power con-. 

suniption for baffled agitation is afactor of approximately.3 

greater than that for the unbaff led. 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. samples were taken from 

the bottom center of the tank durin.g agitation, andthe resulting 

volume fraction of, the dispsed phase observed. These data were 

usedto calculate "mixing index" values. (ratio of local volume 

fraction of one phase., usually the light phase, to, the mean volume 

fraction of that phase) which are given in Tables 13-17. .T.hs.e 

samples are not entirely representative of thetank .c9ntens, but 

do give a relative indication of ., the ,uniformity..,of mixing. 
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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 d, the mean drop diameter extrapolated to zero volume, 

fraction of di spers.ed. phase. Use of this quantity, simplifie.d the 

correlation problem by separating out the effect of coalescence. 

In order to test the validity of a previous correlation 

(11), a plot of d0 /L versus Weber number, N 2 L 3  P /0- , was made. 

This plot was made using values of d 0  obtained by Equations (6) 

and (19), and in both cases there was a scatter of the data through 

a, factor of four. Additional ,  data showed that the exponent on L 

for such a plot should be 5/2, indicating that the Weber number 

should be combined with another dimensionless number. The 

Froude number, N 2 L/g, was introduced as a trial factor, but it  

only increased the. scatter between systems.  

Log-log and semi-log plots were also made of d versus 

a-/P . Plots.were also prepared of d versus AP/P c 

significant trend in the data was 'observed in these plots. 

Since it was found earlier that viscosity did not appreciably 

affect the extent of interfacial area formed (11), the present 

investigation did not cover a wide  range of this variable. Correction 

factors such as the viscosity ratio were tried, however, in an 

attempt to bring the data together into a general correlation. 

These correction factors were too small to shift the data 

significantly. Since the previous study did not include cases in 

which both the continuous and the dispeil phase had high viscosities, 
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it remains possible that a system of this type might show some 

effect. 

A completely general correlation has not yet been found, and 

there is evidently an effect of the physical variables that has not 

yet been resolved. For each of the systems so far investigated 

in detail, the following equation, which is a combination of 

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

.A 	(constant) 6 e2' 
0()0 

 NL1 '. 5 ' 	 (21) 

The ëonstants are not dimensionless, and vary both with the 

system and the extent of baffling. 

VI, CONCUIONS 	. 	. 

Light transmissions provide a .rapid and accurate measurement 

of interfacial area for two -phase liquid emulsions in which each 

phase is separately transparent. 

For stirred-tank systems of different sizes but similar 

• proportions, the interfacial area depends on the stirring Speed, 

impeller diameter, and volume fraction of dispersed phase. 

The effect of interfacial tension, mean density, density 

difference, andviscosities of the fluids has not yet been 

resolved. Mean drop diameters were found to be approximately 

1. 5 times larger in the case of unbaffled tanks0 

Power requirements for the agitation of two-phase liquid 

systems were found to be identical with those for a homogeneous 

liquid of equal mean density. 	 . . 
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The interfacial area 	ear.0 ffèted by the width of the 

impeller. This suggests that dro.p diameter 	ç.11ed'.... 

by the highest intensity of turbulencereachëd at any point 

inthe...tank. If this observation is correct,'it indicates that 

the impeller width and number of blades may be reduced to 

the minimum values that will still give homogeneous diSperiion 

(100 percent mixing index)., Thus, the dependence of mixing 

index upon impeller design andY speed is a p:óssible  future study 

that is economically important. 

Viscosity effects were not investigated in the present work, 

and they are also recommended as a subject for future study. 

The dissimilar behavior of gas -liquid systems sug ,gests that 

high values of P.d/Pd  may give slow rates of bursting. Williams 

0.5 (28) has found that the. slopes of log d versus (0) 	are steeper 

for gas-liquid systems, indicating a more ra.pid coalescence. 

Since white oil-water and other liquid-liquid systems also 

havehigh values of 
d'd'  but p:robably very low coalescence 

rates, the effect of volumefraction on mean drop diameter in 

such systems should be. investigated. It is already known 

that the rates of approach to steady state in these systems are 

very low. 	. . 	. 	. 

This work wasperform,ed under the auspices of the 

U. S. Atomic Energy Commission. . 
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• 	•: VILE NOMENCLATURE 

Latin LeterSymbols 	• 	 • 	.•• 

a iconstant 	 • 	 •• • 

A spcific area = total interfacial area .per/unit 

. 	2 
volume, cm /cm 3 

 

A2,A3,A4.. = 	small tank impellers; see Tablel. 	. 

bl.  0.5 slopeof plotof log d.versus(.Ø): 	• 

B2, 	3, 	4= 	large ta1 	 1 

C = velocity gradient, :u/x, in which drop exists )  sec 1  

=• 	drop diametr,. cm. 

mean drop diameter for 0 = 0, cm. 

F = 	2C1.d/o- .. 

Fr.  = Froude number 	N2L/g, dimensionless 

e baseofnatra1logadthms 

• g gravitational constant 

I. light transmission through emulsion 

10 •= 	light transmission through continuous phase alone 

is/i = 	light extinction ratio 	- 	• 

k •= 	proportionality constant 

• 	•L = 	impeller diameter,% cm. and in. 	- 

m 
-• 

= 	refractive index ratio, n 
d'c 

= •refractive index (n
2. 0.)of continuous phasèat 

sodium D line 	•. 	 - 

= 	refractive index (n ° ) of dispersed phase at 

sodiumD line 

N = stirring speed, rpm 	rps 

P = power, ft-lbs/mm 
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La.tin Letter Symbols (cont'd) 

P = power number = Pg/P N 	l/L , dimensionless 

Pw  power number = Pg/P N 3  l/L4W, dimensionless 

= torque arth, ft ' 

Re =Reynolds number = NL2P /., dimensionless 

= radius of external cylinder in Clay's model' 

apparatus 

T = torque, ft lbs. (Wherever "T" occurs in tables, 

dimensions should read "ft - lbs" rather than 

"lbs". 

W 	blade width, cm and in 	 ' 

We = Weber number = N2L3P /o-,  dimensionless 

Greek Letter Symbols 

proportionality constant in Equation (1) relating 

Is/I and A .  

= viscosity of continuous phase, gm/cm-sec 

= viscosity of dispersed phase, gm/cm-sec 

= density of continuous phase, gm/cc 

d 	density of dispersed phase, gm/cc 

P = mean density for drops = 0. 
'd 

 + o, 6P,  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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Figure 1. Assembly Drawing of Tanks. 
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Figure 3. Assembly Drawing of Light Transmission Probe. 
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Figure 4. Photograph of Small Tank Light 
Transmission Probe. 



4 

6 VOLT LEAD STORAGE 
BATTERY 

III I 

LAMP 

VARIABLE RESISTANCE 

STUDENTS 
POTENTIOMETER 

MU- 510 2 

Figure 5. Penlight Lamp Circuit. 



90 VOLT 
"B" BATTERY 	GROUND 

4; I%%.------------ 

PHOTOELECTRIC 	R 1  
CELL 

GALVANOMETER 

R3  

R1 a R2 ARE 100,000 OHM DECADE BOXES, 

R3 200,000 OHM RESISTANCE 

MU-5iO3 

BLgure 6. Photoelectric Cell Circuit. 



~Ptc'f/C I7d4641  i4. 

F/6oi 7: PLr OF 	W cpEc,p'c g4 

5Ycr6'i:<rz //ZO  

MU-47j5 

S 

/0 

g 

I 

-o 6 

'1 

/ 

a 
a 



T 

/1 

II 

(a 

'1 

c 

A 

C 

0 lw 	 ia' 

5p6ipI 

 

41b?i, 4, 

	

F16o,'6 61,  P'r OF 	yg 5'wyc 	 F -  77'6 

	

YSTEi(i' I 	 - 

MU-4716 

/ 



'4 

-57.- 

,. 	
olo%Ct4 

'1 	
ctC 

Q /OCC4 

1 

6 

tj 4 

3 

a 	20 	 /20 

5pEc/F/c 4/AE54, 

Ffwi' 9: PLor 	' ~PTciffc 4'ER FW 7W. 

- 

MU-47i7 



q 

I 

6 

/ 

0 
C •2o 	49 	 lao 	/20 

/7E/Ffc /1RE4, .4 

-8- 

,t' . Pior OF 	V$ SPECIF/C 
•1 

• 	Y6Af.' 4o- cc 
MU-4718 



-59- 

4 

•0 

r 

2 

0 

0 	 4, too 	120 

	

~P6c,r/c 	A, 
e.Lf7/er 

	

F/6t3e ,','.' ior OF 	j 

%$7f. 

MU-4719 



-60- 

I' 

-- I 

2v 	4,7o, - 

FfM- /2; Pôr op 	vc RCZ4r7fr riDec R.r/ 

MU-4720 



aob 

0.o6 

0.04 • 

0/ 

tlol 

-61- 

8RA55 Pfo5é 

F/G(J'E /3. c055 pLor or 	4LuE5 PO' L1611T T,fAN5M/S370t/ PR0BF5 

MU-4721 



7' - 

-62-. 

I' 

I 

t 

4-1 
Lc 

2 	 1 

z 
REYNLL 	4Ø(/7 

F/6o'6 

 

14 FICT 	IJIPELIER 6E0/.'E rEV aw 5INELE -P#A$E 	 B,9FFLEP 7M 

MU-4722 



-63- 

V/O$ NOA'l8ER, 

F/suRE Ic: ENERALI?E ccqT,w a.c ~/N6LE-P/14$ê swrt1 Pw 

MU-4723 



0 

PEI 

'Jo 

4 1 
pii3 14/ 

/0 

SySTEi: 7- &IT,4NO - Y4r' 

o-9 	 0 	00 

Oc 	az 	E4 	0.6 	08 
	

1.0 

VCW/-(E FR,Qcr/oi%' 
of 2WlNOL_ 

Fftie /6' EFPEcr ac YOU1i PggrfoA/ 

0%' PØ4' 

MU-4724 



9 



a 

-66- 

/; E[/ECr Of S772e/4' 5/0 ON ME,9N DE'oP 

MU-4726 



O. tIo 

o.O 

-67- 

.. .:....::: s:.:... .... .. ••U•R •• •.......u....u....uu.up.'Iu.•UU.U.....UU..U•_I..a.m_.______sammmummummung  
•S••••••U••••UU••N• 
.r.uu............, 

No 

.' 

Ciro  

.l.r....a...0 	 ......:........a.III. g.....*a
mowwwom  

dU•••UUUUUU••NU•U••U•UUUU••UUU• •.Ui,dI...U..IUUU•••P IUWUUUUUU•U••U•U•U•U••••UU• 

I 

I 	 - 	I 	 I 	 • 	'I. '- 



0.04 

0.020 

00/0 

0.009 

0006 

&v2 

-68- 

NL, 

F/6C'h'E 20: ORoP P/,q/4ETEi caeecz4r1O1v rae 7e -y,l: 

150- Oc7qVc - Wg7E 

MO-4728 



re 

ri 

D. 

Fa 

C,. 

F16u'e 20 i2,OP 4914MErFR £ZWe'Efl171V FOk TIlE 7EAi: 

CA1ON TETRAC/ILAe,PE- wn7? 

MU-472 9 



-70- 

p/6cq?E iZ: p,WP p/g,167?e C2WREL//rfOFV fo,E' 171E 7/f I 

ciie&,,i rE7e,,cHzo,2,pe- I'Vf7ç 

MU-4730 



—11- 

"I 

4,.  

F/bgifc'E 	: PgaP prn/-,ErE,e CDIEKLL4T1aN flW rll,.c  S>7FA,': 

cAdeeoN p/gOLF/pc- IW4TE, 

MU-473i 

/ 



-72- 

Qi 

Ai 

iVL , L.L4 

F16,61IE 24: PROP P14/-fErE 	1z4714V Mif 7Az7  s)r,i: 

4R&W t2/$OZF1P - 

MU-4732 



ao2 

O.ODI 

NL, W2/56 

r'6('R6 ' OROP P/ie7 	CaE'REL4r/DN / 77/i $T/1f 

n- 	 - 

MU-4733 

-73- 



ft 

Nol

•.uuiiuuuIIuIlIIIII.......UU.UUUU.UIIul. .luIuILIIuIIIuIlIUUuuIlI 	 III 
•iIuIluIIIIIuIIIIII••UU••UUUBII•I••IIII 11111111.9111. .IU.uiuui 	 III 
.uIIuuuuuluIluIuIII.......uu.uuuuuuI.uluI ..IIIuIIIIII..uI . - ' -U...., 	 III 
.uuuIiIuUuuuIuuIIII........UUuluIUIIuuIuIIIIlIuIIlIIIII.'• ..- •l.,'.0 	 III 
uuuuiIiIUlIHIIIIIIU••••UUUUUUUIIIIIIIIIIl!IIIIIIIIIIIIP'.#! iU..IIIIIIIIIIIIIIIIIIIIIIUIIIItIIIIIIIIlIIlI 

' ' 



775- 

[I 





do, 

0 

-77- 

0.004 	1-1-ill"I'll I- 	

- 



—78- 

a. 



-79- 
/ 

Wmmu mmamw 

- 	- 

'IIIIIII1 	
1 	Iti 

— 	••.S.•U.UU5.UpIflhJuu,,,JuulItt,,Ib,I;:_lII.,$.,,....,I,I,,I,I,IIIul..,.Iuu.,u.hl,,,uu,, 
iuuiui,,,iii 

..........IuuIuuIIpIu,,,u,,uIIn.t UhuI,.I,tIUhI,IUhiuIuiuIiiui;.ututuiuiuuiai,iuiii 
•UUI•lUUUIIIIIIIIIIuIIIIlIIIIIIIIIII'!IiIIIIIlIXPuIIuIpiiuIuIuutuutiuUIUJuiuiuuuIuuuuiii 
•..uu.uIpuIuu,uuIIIIu,IIIII,IIJtII,IIlIjuIIujtuI,i,u,unuuuiiuui,iuiui,,.ii,i,iii 
•....UUIluuuuuuuIlfl,,flhI,,IIIItItIluuIIILaIIIfl,Ii,,,,i,uiuiiirnuuuuiu,uiuuifl,,flhi 
•..iuiiiiIii.tuiiiiiuiiiiiiiiiiniiiiiiiuiirniuiiiniiiiiu,iiuuiiinuiiiiiiuiuiiiiiiiiii 
U... •uIlIuuuIuuuuIluIIIIIIIIIuIIIIIIuIIUUIDUIIutIllIlIIIIuutII?IIuIIIIIlIuIIIIuIIIII 

mm  

11J 

I 



-80- 

APPENDIX II 

Tables 1 - 19 

/ 



Tab].el 

Dinns ions of Mixing Apparatus 
(inches) 

• 	 : 	 • 20" Tank (B) 10" Tank(A) 

Tank Height 	... .. .. 	:• 20.00 

Tank Diameter 	 1.  10.35 20 .O0 

Baffle Width 	••• • 	 ,•. 1.00 • 	 2O0 

hnnber of Baffles 	 . 4 .. 	. . 	 . 

Diameter of Impeller #1. 	. 	 . 5.00 

Width of Impeller #1 2.00 . 	 . 

Djer of Impeller #2 	. 	 ., 	. . 	 5.00. 	............ 

Width of Impeller #2 0.94 2.00 

Diameter of Impeller #3 7.50  

Width of Impeller #3 	. 	. 	 . 0.94 2.00 

.Dianter of Impeller #4 	. 6.77 	• 13.00 

Width of IurpeUer #4 	• . 1.65 3.72 

Nimfoer of Blades on all Impellers 4 4. 
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Table 2 

hysioal 	opert±es of Liiids Used in Mixing Studies' 

Befractive Density Viscosity Interfacial 
Liquid Index. gnco op 	- 	 - Tension2  

D d.ynes/cm 
n20  

Water 1,3330 0.998 1.000 

Carbon te -hrachloride 1.4601 1.595 0.990 - 3909 

Carbon diu1fide 1.6273 1,265 0,378 35.2 

Iso-octane (2,2,4- 1.3910 0.693 0.517 	.- 46.5 
triinethyl pentane) 

Iviethyl isobuty]. ketone 1.3940 0.800 0,585 9,6 

n-Butaxiol 1.3991 0,806 2,950 2,4 

1 	 0 All properties measured at 20. C. 

21nterfacial tension with vter as the other phase. 
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Table 3 

Thotographic and Light Transmission Data 

Refractive Volurne Fraction . Specific Light Stirring 
index of Area,A Ratio Speed 

System1  Ratio Dispersed Thase N 
m CITI 	CM7,  rpm 

H20-CC14  0.9130 0.400 67.8 9.84 400 
0.9130 0.400 85,1 7,93 255 
.0.9130 0.400 	. 65.1 5.00 140 
.0.9130 0.400 71.5 6.60 189 
0.9130 0,400 105.0 , 	 8.45 289 

0.9130 0,200 58,3 6,52 228 

0.9130 0.100 34.4 4.31 2.25. . 

0.9130 : 	 0.100 	. 17.7 ... 5.17 	. 288 

CC14
7H
20 1.0956 0.396 59.2 3,48 102 

• :1.0956 0.396 750 :5.O 147 

1.0956 0.202 25.4 .2.95 128. 
1.0956 . 	 0.202 1.70 1ô1 
1.0956 0.202 . 	 54,5 4.20 158 
1,0956 . 	 0,202 63,5 7.10 266 

1.0956 . 0.099 	. 19,4 1.35 . 114 
• 1.0956 0.099 37.0 2.25 158 

1,0956 0.099 43.5 4.15 244 

i-C8-H20 	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 47.2 1,72 144 

1.0439 0.098 . 	 17,7 1,23 110 
1.0439 0.098 26.4 1.37 150 
1.0439 0,098 30.1 1,56 204 

Disperseiphase listed first. 
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Table 3 (Cont'd) 

Refractive Vol,.]me'raction Specific Light Stirring 

Index of .  Area, 	A Ratio Speed 

Systen1  Ratio Dispersed Pnase ' 	10 N 

m 2/3 i rpm 

1.2208 0.090 13.8 1.98 98 
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 26.6 	' 4.98 100 
1.2208 0.200 46.2 6.82 140 
1.2208 0,200 70.2 9.12 203 

H20-c52 	0.8192 0.204 21.7 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 • 	191 
0.8192 0.204 40.1 6.99 150 
0,8192 0.204 86,9 10,91 '400 

3Dispersed phase listed first 
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Table 4 

Single-Tháse Power Data 

Liquid Number W rpn lbs. Po 	. P Re10 

E20 
A2 5.33 94 0.073 3.62 1.31• 2,54 

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 

H20 	•. A2 8,00 94 0.346 2.27 18,16 .. 	5.69 

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 

H20 A4 4.10 94 0.448 5.52 22.65 4,45 
154 1,190 5.46 22,40 7,30 

247 2.070 5,48 22 9 48 11.70 

H20 B1 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 

H20 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 

H20 B3 7.50 94 6.722 2.48 18.60 22.60 

151 16.578 2.37 17,78 37,00 

H20 B4 3.52 94. 7.510 5.68 19.97 16,90 151 
19.460 5,70 20.04 28,00 

cx14 A2 5.33 94 0.116 3.64 19.41 6,28 

154 0.329 3.84 20.48 10,30 
247 0,849 	. 35 20.53 16,50 
39. 2.230 3.98 21.23 26,30 

14  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 

14  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 
394 12.500 5.50 22.57 46,00 
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Table 4 (Contd) 

Single-Thase Power Data for Uxfbaff led Conditions 

Impel1er L T1 1 
Liquid Number W rpm lbs. 

w.o. 
____________ 

W. 

H20 A2 5.,33 154 -- -- -- - 

247 0.16 0.11 6.12 4.21 
394 0,42 0.33 6.31 4.96 

H20 A3 8.00 154 0.30 0.21 5.85 4.09 
247 0,82 0.59 6,24 4,49 
394 2.19 1.67 6.54 4.99 

H20 A4 4.10 154 0,32 0,22 6.02 4.14 
247 0.84 0.61 6.14 4,47 
394 2,23 1.71 6.42 4.92 

1Th1C 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 0.25 0.17 6.10 415 
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 
247 0.68 0.54 6.22: 4.94 
394 175 1,34 6.30 4,82 

CS A2 5.33 241 0.21 0.16 6.36 4,85 
394 0.55 0.43 6.54 5.12 

8.00 154 0.40 0.32 6.17 4.94 
247 1.09 0,83 6.56 5.00 
394 2.07 2.57 7.01 4.89 

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 

cd 4  A4 4.10 154: 0.54 0.42 6.37 4.96 
247 1.37 1.07 6.29 4.91 
394 3,53 2.77 6.39 5.01 

- power measured with light transmission probe in tank, 
w.o, - power measured without light transmission probe in tank. 
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Table 5 

Drop Dianter and Power Data for the System: 

Iso-octane dispersed-Water continuous 

Volume NdL1 '5  

Impeller. Fraction N d d0  2,5 

Nuniber 1 C8  ZTU I sec lbs., 

A4 0,087 354 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 

0.200 354 1,794 0,0293 0,0120 2,20 1,054 21.71 

247 2.522 0.0353 0.0063 1.85 2.811 21.16 

394 2,853 0.0126 0,0051 2,39 7,297 22,38 

0,400 154 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 0,0049 2,30 6.577 21,58 

0,443 354 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 0868 .20,05 

247 3.540 0,0275 0 ; 0059 1.73 	. 2,296 20,61 

394 3,963 0,0236 0,0050 2,34 5,908 20,84 

2°  

A4 0.092 154 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 

0.223 154 1,384 0.0952 0.0370 6,78 0,850 21,03 

247 1,903 0,0414 0,0161 4,73 2,306 22,18 

394 2.902 0.0197 0.0077 3.61 5.892 22,27 

/ 



Table 6 

Drop Diemeter and Power Data for the System: 
Carbon tetrachloride-we.ter 

Volume Nd0L1  5 

Impeller Fraction N Io d d0 cm2 ' 5  T P 
Nunber 	cC14 T.PM I cm. cm. sec lbs. 

A4 	0.087 154 2.347 0.0211 0.0117 2.14 - 

247 4.681 0.0077 0.0043 1.26 -- 
394 6.377 0.0053 0.0029 1.36 - -- 

0.196 154 3.911 0.0220 0.0091 1.67 1.224 20.61 

247 6.822 0.0110 0.0045 1.32 3.172 20.77 
394 8.622 0.0084 0,0035 1.64 8.191 21.07 

0.298 354 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 0.0104 0,0035 1,64 8.903 21.77 

0.398 154 5.677 0.0278 0.0079 1.45 1.367 20.82 
247 8.980 0.0163 0.0046 1.35 3,58 21.20 
394 11.892 0.0119 0.0034 1.59 9.101 21.18 

420  

A4 	0.087 94 2,238 0.0326 0.0181 2,02 0,680 22.28 
354 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 0,0042 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 0.0111 1.32 1.590 21,22 

247 7.521 0.0218 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 0,0117 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 2102 

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 

Drop Dineter and Power Data for the System: 

• Carbon disulfide dispersed-Water continuous 

Volume I Nd0L 1- 5  

Inikeller 	Pration 	N 
0 d d0  2.5 T P 

Number 	CS rpm .1 Cl!). °' sec lbs. 
W 

A4 	0.090 94 2.612 0.0375 0.0206 2.30 0.390 19.26 

154 4,375 0.0179 0.0098 1.80 1.163 21.40 
• 

247 7.292 0.0096 0.0053 1.56 3.115 22.28 

394 9,211 0.0073 0,0040 l87 7.913 22.25 

0.195 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 0.0386 0.0130 1.45 0.410 19,22 

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 .0.0161 0.0054 2.53 8.179 21.82 

0.399 94 7,114 0,0438 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 

154 5.742 0.0283 0.0116 2.48 1.070 19.85 

247 7.970 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 0.0354 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 0.0596 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 



Table 7 (Cntcj) 

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

Volune 
Impeller 	Fraction N I d d 2.5 
Number 	£52 ri i °"• sec lbs. 

W 

0.198 94 2.452 0.0916 0.0378 2.68 0,075 18.84 
54 4.838 0.0347 0.0143 1,66 0.200 18.72 
247 7.783 0,0196 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 0.0496 0.0140 1.63 0,205 18,27 
247 9.421 0.0318 0,0090 1.68 0.531 18.39 
394 11,933 00245 0.0069 2.05 1.422 19.36 
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.T&ble8. 

Drop Dianter and Power Data for the. System: 

Water.:dispersed_Carbon disulfide continuous 

Volume NdL15  

4 	 Impeller Traction N d do  P 
Nim'oer <I '• c1bs. .;yW 

•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 1.62 3.826 22.62 

394 9.118 0.0080 0.0044 2.06 9.524 22.07 

0.198 94 3.875 6.0517 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 ,9162. 

0.349 94 3.720 0.0962 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 0.0203 0,0063 2.5 8.805 21.61 

0.471 94 4.133 0.1127 0.0286 3.20 0.445 19.74 

154 8.455 0,0474 0.0120 2.20 1.297 21.43 

247 11,482 0,0337 0,0086. 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 

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 
4 394 5,788 0,0136 0.0075 2.23 1.704 20.65 
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Table •:(ont'd) 

DropDiaxneter 	x',  -bata forthe :stem: 
Water dispesed-Carbon iulfidecontinüous 

Volume Nd L15 : p 
Impeller Fraction N d d0  .5. m. 
Ntnber H20 rPm I cm. cm Sec 

A2 0.200 354 3.205 0.0680 0.0278 3.23 0.225 18.29 
247 5.61 00325 0.0133 2.48 0.614 19.40 
394 7.640 0.0226 0.0092 2.74 1.639 20.35 

0.403 354 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 



Table 9 

Dro:p Diameter and Power Data for the System: 

n-Butanol dispersed-Water continuous 

Volume - 
11.5  

Int.peller Fraction N 12  d. d0  cm2 ' 5  T P. 

Number IBUI rpn I cm. cm sec lbs 
W 

A4 0.087 94 1.600 0.0205 0,0114 1.27 0.425 19,39 

154 2.183 0.0105 0,0058 1.06 1.085 19.44 

247 3.321 0.0053 0,0029 0,85 2,941 19.43 

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 
• 354 3.200 0.0129 0.0053 0.97 1.115 19.39 

• 247 4,757 0,0075 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 0.0081 0.91 	. 0,405 19.73 

• 154 4.293 0.0172 0.0049 0,80 1.079 19.59 

247 5.867 00116 0.0033 0.97 2.787 19.66 

394 7.333 0.0089 0.0025 1,17 7,221 20.02 

0.600 .94 3.211 0.0384 00082 0.92 	. 0.385, . 	 .19.61 

4 4.816 0.0223 0.0047 0,86 1.014 19,24 

247 6.536 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 1864 

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 

354 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 

3.94 6.556 0.0102 0.0029 1.58 5.764 18.69 

0.600 94 3.050 0.0414 0,0088 1.05 0.330 19.66 

354 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 0,0156 1.11 0.070 18.83 

354 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 (Cont'd) 

opDiameter and Pd 'D-6:ta f or: the System: 
n-Butanol dislersed-Water cont inuoiis 

Volmm Nd0L5Y 
Ixupefleraotion N - 	 d 2.5 T 

-. Nurrber 	)BU r.rnn I am. S. sec 

42- 	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 096 0,065 18,68 
154 2.766. 0 6 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 
• 	 • 	 • 

154 2,952 0.0435= 0.0093 108 0.170 19.03 
247 3.978 - 0.0285 0.0061 1.14 0.455 19.80 
394 . 5.382 0.0194 0.0041 1.22 1.068 1826 



T&ble 10 

Drop Diameter and Power Data for the System: 

- Water dispersed-nButano1 continuous 

Volume : Nd0L1 .5  

Impeller Fraction N Ig - 	d do  cm2.5 
T '-• 	P 

Number E 
2 
 0 rpm I cm. cm.  ec is, ' w 

A4 0.100 94 1.500 0.0391 0.0208 •. 	2.33 0.365 19.95 

• ., 154 1.830 0.0236 0.0126 ':2.31 0.982 20.00 

• 247 2.440 0.0136 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 00165 . :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 
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 0.0056 3.06 5,461 19,87 

0.200 94 1.849 0,0461 0.0189 2,46 -- . 	 -- 

- 	

.. 354 2,288 .0.0304 0,0124 . 	 2.65 -- 	 . -- 

: 247 2,905 0.0205 .0.0084 2.88 

394 3.735 0.0143 0,0058 3.17 - -- 

.A2 0,100 94 1.280 0.0697 0.0372 2.64 0.060 19.34 

354 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 0,0436 3.09 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 

394 2.474 0.0265 0,0108 3,21 1.05 18.72 



Table 11 

Drop Diameter and Power Data for the System: 

Methyl isobutyl ketone dispersed-Water continuous 

Volume Nd0L1 .5  

Impeller 	Fraction N d do  cm 2 . 5  T P 
Niunber 	MK riti cm. cm . sec lbs. 

W 

A4 	0.087 94 1.199 0.0578 0.0320 3.58 0.375 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 0.0182 0.0075 3.51 7.562 22.62 

0 • 307 

0.414  

A3 	0.087 

0.200 

0.399 

94 1.378 0,1072 0,0360 4.02 0.335 18.05 

154 1.636 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 

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 

94 1.34 0.0332 0.0184 2.40 0.312 19.63 

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 

94 1.606 0.0436 0.0178 2,32 0.298 19.19 

154 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 

94 1.651 0.0809 0.0229 2,98 0.280 18.81 

154 2.035 0.0509 0.0144 2.07 . 0.784 .19.62 

247 2.574 0.0335 0.0095 3.25 2.123 20.66 

394 3.500 0.0211 0.0060 3.28 5.688 21.75 

A2 	0.087 	154 1,250 0.0459 0.0254 

247 1.378 0,0304 0,0168 

394 1.563 0.0204 0.0113 

0.201 	154 1.522 0.0509 0.0209 

247 1.716 0.0371 0.0152 

394 2.035 0.0256 0.0105 

2.95 0.205 20.55 

3.13 0.531 20.69 

3.36 1.392 21.32 

2.43 0,200 20.52 

2.83 0.508 20.27 

3.12 1.343 21.06 



-Q7 

Table 11 (Cont'd) 

Drop Diwrter and Power Data for the System: 

Methyl isobutyl ketone dispersed-Water continuous 

Vo1,.ni NdL1  

Impeller Frction N d d0 2.5 
T 

Number kmK rpm I Cm. CIII, 
sec lbs. 

--- 

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 6.087 18.70 

151 1.743 0.0182 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 2i588 0.0170 00067 3.77 

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 6.069 18.29 

151 3.088 0.0246 0,0069 4.17 16.114 18.81 

BZ 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 9.036 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 

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 

B1 	0.107 	247 1,549 0,0246 0,0128 	2.39 	0.622 	20.58 

394 1.,683 	0.0197 0.0103 	3.06 	1,465 	19.04 



Table 11 (Coid 

Drop Diaireter and Power 	ta for the Srsteiri: 

Methyl isobutyl keth±ie dispersed-Wate±' continuous 

Volume Nd LL5 

IrrTeller 	Fraction N I d °25 

Number 	iMIBK rpn cm. an, 
•sec 

Bi 	0.214 247 1.768 0.0351 0.0139 2.54 0;598 20.22 

394 1.902 0.0299 0.0119 3,54 1,414 18.79 

0.311 247 1.923 0.0445 0,0150 2.80 0.606 20.92 

394 2.161 0.0354 0,0120 3,57 1.422 19.29 

0.408 247 1.882 0.0611 0.0170 3.17 0.588 20.73 

394 2.161 0,0464 0.0129 3.83 1.368 18.95 

'A 
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Table 12 

Drop Dianter and Power Data for the System: 

Water disperse4-Methyl isobutyl ketone continuous 

volmne ia L1 .5  " 

Impeller Praction N 'I d d0 
•02.5 

Number B20 rn cm, cm, ____ 
P 

sec lbs. 

•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 0.295 17,81 

154 1,968 0,0350 0.0147 2.69 0.895 20.13 

•247 2.542 0,0220 0.0092 2.70 2.538 22.19 

394 3 1  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 

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 6830 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 

-394 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 

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 
• 

' 154 2,317 0,0275 00112 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 00404 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 0.0227 0,0093 2,76 1.157 20.73 
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Table 12 (Cont'd) 

Drop Dieneter and Power Data 'for. 	System: 

Water disersd-Methyi .isobutyl ketone cOntinuous 

Volume  
Impeller 1'raction N I d do  2. 5 
Number I 0 rn r c. 

2 sec lbs." 

A2 0.398 154 1.867 0.0826 0.0233 2.71 0.12020.16 

247 2.346 0.0532 0.0150 2.80 0.475 20.68 

394 3.327 0.0308 0.0087 2.59 1.179 20.17 

B4 0 106 94 2.165 0.0157 0.008.2  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 

0.203 94 2.831 00191 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 -- -- 
0 398 94 3.833 0.0242 0 0069 2 05 5.825 17.60 

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 

9.203 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 0069 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 2184 0.0154 0.0081 2.66 3.134 19.87 

247 2.836 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 

154 2.923 0.0182 0.0074 2.43 3440 19.02 

247 3.826 0.0128 00052 2.74 7.863 18.52 

345 4.222 0.0108 0.004 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 0.0194 0.0055 2.90 8.021 18.46 

345 4.872 04177 0.0050 p3.68 16.244 19.16 
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Table 12 (contd) 

Drop Dianter and Power Data for the System: 

Water dispersed-Tvetbyl isobutyl ketone continuous 

Volume Nd L1 ' 5  
Impeller 	Fraction N I 	d d zo 	 1 

02 5 .• 
Number 	H20 rpm cm 	cm.  

- sec 

lbs 

B1 	0.203 247 1.968 	0 4 0378 	0,0154 2,97 	.0.528 20,33 

394 2..9b5 	0,0192 	0,0078 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 	0,0300 	0.0085 2,53 1.259 18.21 

I 



Tabie 13 

DiaBEter and PowerD.ta, fbr the Sysein 
Carbon 

(Unbaff led Texik) 

Vol'ume Nd0LI.5  
Impeller Friction N 10 d dc)  cm2'5  T P M. I.  
Nrnber CS2  rpm I m sec lbs 

W 

A4 0.200 154 4,886 00345 0,0142 2,60 0.34 6.08 81 
247 5.840 0,0230 0.0095 2.79 0,87 6,05 93 
394 9,500 0.0158 0,0065 3,04 2.30 6.29 

0400 154 51 0.0595 0,169 3.09 0.40 6,81 92 
247 8,593 0,0354 0,0100 2.94 1.00 6,62 92 

394 13.154 0.0221 0.0063 2.95 2 42 6.28 

A3.::0;20O 154 55l6-0,0297 0,0l22 2.60 0.3 .6.1 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 0' for system, hence 
mixing index was calculated for the opposite phase. 

s. 
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Table :14 

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

(Unbaff led Data) 

O lurre Nd0L1 .5  

Impeller Praction d cm2 ' 5  T NI 
rpn r an. an. 

• lbs. 

A4 	0 200 	154 4 590 0.0418 0.0172 3.15 0.37 5.75 35 
• 	 247 6.885 0.0190 0.0078 2.29 0.96 5.80 75* 

394 8.136 0.0210 00086 4,03 2.52 5.99 -- 

0.400 	354 6.393 0.0556 0.0358 2.89 0.34 5.52 38 

247 8.995 0.0375 0.0107 3.14 0.92 5.81 93* 

394 11.188 0.0294 0.0083 3.89 2.43 6.04 -- 

A3 	0.200 	354 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 

394 8.136 00210 0.0086 4.69 2.87 7.08 -- 

0.400 	354 6.885 0.0509 0.0144 3.07 0.35 5.90 18 

247 8.995 O0375 0,0107 3.66 . 0.99 6.50 85 

394 11.933 0.0274 0.0078 4.26 2.67 6.86 -- 

A2. 	0200 	247 4,195 0.0469 0.0193 3.60 0.18 7.58 16 

394 5.424 0.0339 0.0139 4.13 0,53 7.57 63* 

0 400 	247 5.837 0.0620 0.0176 3.28 0 18 5.95 88 

394 9.421 0.0356 0.0101 3.00 0.52 6.75 67w 

*Vo1_fraction  of dispersed phase 1eger than nan 	' for system, hence 

mixing index was calculated for • the opposite page. 
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.Tab1e 15 

Drop.Diaiiter and:Powe'r: Data,: for the System: 
Methyl isobutyl. ketpné: disered-Water. continuous 

(UnfIèdD) 

Impeller 	Fraction. 
Number. 	MIBK rpm I 

Volurne  

cm 
0 

cm. sec 
T 
lbs 

P .  LI. 

A4 	.0,200 154 1.315 0.0839 0,0345 .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 0.0090 4.22 2,23 6,69 90 

0e400 	•. 154 .523 0.1009, 0.0286 5.24 0.29 5.93 35 

247 2 012 0,0521 0 0150 4 41 0.79 6.29 100 

394 .2.964 0.0268 0.0076 .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 0.0167 5 72 0.94 7 45 75 

394 2,173 0.0225 0,0092 5.02 2,38 7.41 90 

0.400 . 	 154 1.552 0.0956 0.0272 5.81 0.34 7.21 37 

. 247 .1,918 0.05 0.013 .. 5.58 0.96 7.94 62 

394 2.964 0.0268 0.0076 4,15 2.30 7.47 55 

A2; ..200 ., 	:247 . 1370 0.0714 0.0293 5.46 0,14 5.58 55 

394 1 552 0.0476 0 0196 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 00620 0 0176 5.23 0 42 6.86 98 

*Vo1.ume..fraction of dispersed phase larger than mean 0' for system, hence 
mixing index was calculate4 for theopposite :Ph8o 	. 	• 

a 
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Table 16 

Drop Diameter and Power:Data for the System: 

Water dispersed-Methyl isobutyl, ketone continuous 

..(Unbaff led Tank) 	 - 

Volume NdoI;1 . 5  

Impeller Fraction N d d0  •2,5.: 
p 	.. M.I. 

Ntmfoer ,H20 rpm cm. M. 
sec Ths 

W  

A4 -  0,200 . :254 1.621 0.0579 0.0238 ... 4,36 .0.;26 5.83 46 

- 247 2,114 0.0323 O,0133 3,91 0.70 6.10 76 

394 2.879 0.0192 0.0079 3,70 1.80 6.17 80 

0.400 254 1.965 0.0746 0.0212 3.88 0.26 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 

2.930. 0.0187..0,0077. . 210 ... 	7,48 -- 

0.400 .154 2114 d.0646 0.0183 3,91 0,31 6.88 40 
247 2694 0,0425 :00121 . 	 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 

.2.062 ...00339 O 0139.,  4i13 98 

0.400 247 2 114 0.0646 0.0183 3.41 0.12. 5 22 83 

394 2.530 0,0470 0,0133 3.95 0.37 6.32 100 



- 1c6 - 

Table 17 

Drop Dieirtèrs and Po*er Data for the System: 
Carbon tetrathloride-Water 

(Unbaff1éd Tank) 

VolUUE 

Impeller Fraction 	N 	IQ 	d 	d, 	2.5 	T 
Nrnber £C14 	rpm I an. 	CM. 	sec 	Ths 

A4 	0.200 	247 3.000 0.0327 0.0134 	3.93 	0.91 5.95 	94 
394 6.107 0.0128 0.0053 	2.48 	2.39 6.15 	-- 

	

0.400 	247 4.622 0.0361 0.0103 	3.03 	1.05 6.21 	98* 

394 . 7.773 00193 00055 	2.58 	272 6.33 	-- 

Volume 
action . 
Jil  20. 	= 

A4 	0.200 	247 	2.949 .0.0475 	0.0195 5.73 .. 	116 575 	79* 

394 	6.214 0.0149 	. 0.0061 2.86 3.12 6.09 	-- 

0.400 	247 	4.703 o,0500 	0.0142 4.17 1.07 5.77 	90* 

394 	7.565 0.0282 	0.0080 3.75 2.86 6.07 	-- 

*Vo11.m_fraction of dispersed phase larger than mean 	for . system, hence 

mixing index vs calculated for the opposite phase. 

.4 

) 
4- 
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Table 18 
0.5 

Average values of b, the slope of log d versus ($) 
(Dispersed phase lIsted first) 

Baffled data: 

• 	••• 
..
System 

Impeller:.. 
Size 

b 
Slope 

1. Butanol-Water A4 1.90 
.2.; Water-Butanol . 	 A4 	. 1.65 

3. Butanol-Water ... 	'A2 .. 	1.97 
4, Water-Butanol A2 	. 2.42 

5.., Butanol-Water 
.6. Water-Butanol 

A3 
A3 

2.03 
1.60 

1.83 
2.09 

2.25 

2.27 
1.70 

2.75 
1.95 

Methyl isobutyl ketone-Water 
Water-Methyl .isobutyl ketone 

9.. Methyl isobutyl ketone-Water 
10.i Water-Methyl isobutyl ketone 

Methyl isobutyl ketone-Water 
Watez'-Nethyl isobutyl ketone 

Methyl isobutyl ketone-Water 
14• .  Water-Methyl isobutyl ketone 

15. Methyl isobutyl ketone-Water 
I6 Water-Methyl isobutyl ketone 

Methyl isôbutyl ketone-Water 
Water-Methyl isobutyl ketone 

Methyl isobutyl ketone-Water 
Water-Methyl isobutyl ketone 

Carbon tetrachioride-Water 
22 • Water-Carbon tetrachloride 

B2 
B2 

B3 
B3 

B4 
B4 

A4 
A4 

2.30 
1 97 

1.87 
1.95 

1.90 
1.78 

1.78 
2.45 

Carbon disulfide-Water 
	

A2 
	

2.15 
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 A4 	. 2.71 

29. Iso-octane-Water 	 . A4 1.70 
30. Water-Iso-octane A4 1.82 
Average value of s1ope b, for all systems = 2.02 ± 0.40 



Table 18 ; (Cont'd) 

Average vaues slopeof, 	log,dversus()05  
(Dispersed phase listed first) 

Unbaffled data: 

peUer b 
...Systm 	................................... Size... ....SlQpe 

1.. Methyl isobutyl ketone-Water A2 1.42 
 Water-Methyl isobutyl ketone AZ 1043 

 Methyl isobutyl ketone-Water A3 L51 
4 Water-Methyl isobutyl ketone A3 1065 

Methyl isobutl ketone-Water A4 . 	 1.01 
6 Water-Methyl isobutyl ketone A4 1.58 

7. Carbon tetrachloride-Water A4 1.36 
8, Water-Carbon tetrachioride . 4 	....... 1. 86 

90 Carbon disulfide-Water A2 2.94 
10. Water-Carbon-aisulfide 	............. A2 0.89 

U. Carbon disulfide-Water A3 2.30 
Water-Carbon disulfide 	. 	 . A3; 	. 	• 1062 

13. Carbon disulfide-Water A4 2.3 
14. Water-Carbon disulfide J4 2.33 

14 

Average value of slope, b, for all systems 1.8.0± P'5P: 
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Table 19 

Average values of Nd0L1 ° 5  

Baffled Tank 	
(Nd LL5)avg. 

sec 

Carbon tetrachioride-Water 	 1.62 
Water-Carbon tetrachioride 	 2.17 

Carbon disuif ide-Water 	 1.95 
Water-Carbon disulfide 	 2.48 

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

Butanol-Water 1.14 
Water-Butanol 2.65 

Methyl isobutyl ketone-Water.(small tank) 3.28 
Water-Methyl isobutyJ. ketone (snal1 tank) 2.76 

Methyl isobutyl ketone-Water (large tank) 3188 
Water-Methyl isobutyl ketone (:Large tank) 2.61 

Unbaffled Tank 

Carbon tetrachioride-Water 	 3.01 
Water-Carbon tetrachioride 	 4.13 

Carbon disulfide-Water 	 2.99 
Water-Carbon disulfide 	 3.49 

Methyl isobutyl ketone-Water 	 5.18 
Water-Methyl isobutyl ketone 	 3.98 

4 


