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Abstract— A fiberscope and highspeed camera system was employed to measure drop size distribution in a stirred
vessel. Two geometrically similar vessels, two types of impellers were used for the experiment. Three systems were
chosen for a variation of physical properties. With the measured size spectra, bimodality analysis technique was in-
troduced to predict the coalescence ratio. Sauter mean diameter was correlated with operating variables and physical

properties.
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Table 1. Review on the average drop size correlations for stirred L-L vessels.

Ref. Workers & (%) N (rpm) Correlation Method
- _ d,. o Light
24 Vermeulen (1955) 10-40 110-400 n =We ™ *f, Transmittance
7 Rodger et al. (1956) 50 da CW. " *(I./T) ™ B
4,6 | Shinnar (1960, 1961) 5 | 170-627 | Weern=const. Photo w/
frozen sample
9,10 | Sprow (1967*°) 0.5-5 | 250-1000 | S2—q_ o524 (Z)eNop e | Coulter-
D 14 counter
d
8 Chen & Middleman (1967) 0.1-0.5 80-1000 B”=0. 053W. *° Photo
19 Henrickson (1971) 0.5-1 250-375 | Graph respresentation only |Photo
d
17 Mlynek & Resnick(1972) 2.5-34 B”ZO. 058W,o "*(1+5.4¢) -
- I/!t L. ht
16 Brown & Pitt(1970,1974) | 5-30 ) L e v E—") —const.| BV
o T Transmittance
High speed
25 Park & Blair (1975) 0.5-10 250-375 | Population balance model photo w/fiber
optic probe
18 Colaloglou & d“—O 081 (144, 474) (W.)* Photo & light
Tavlarides (1976) 2.5-15 130-310 p = 479 © Transmittance
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gAY Table 3. Apparatus dimensions. .

. . Unit:m/m
yimgixatdixn ot dnxim, 1SiSn a System |*FVIOL/ FFVIOL/ FFV20L/ }FV2L/
Aotz ! Dimensio FB-3 | DFB-2 |DFB-4 | FB-5
Q¢ T d, ot qmdm Zew, 1<Sk=E , Vessel diameter

. R . 12) . 216 216 272 272
Qk.¢ +qie ¢, T Fakm Pm —ex, €, Sk=0 (internal)
AlS delg ZAlsk ofaob Rt Impeller diameter | 76.3 | 69.9| 90.1}101.5
Y =XV¥° 1 Disk diameter - 47.8| 60.1| —
12 Ao Atz A4ES ¢xmo g8, Q2 }  Blade length 27.2 | 17.2| 22.7| 38.2
bl QE o¥] 2535 z3eke Ag=AS o Blade height 9.3 4.4 18.2 | 12.6
EbHE ¢, xme] da, Qot 559 Az ¢, Xxm  Blade thickness 1.55| 195 1.95 2.45
o =, Q7 vepd + Uk Disk thickness - 195 195 -
{6} ) Baffle width 21.5| 21.5| 27.3| 27.3
Q Baffle thickness .99 195 1.95 195
dd Ex Sioh 22 oz bl okt 2 ghaf diameter 127 127 | 127 | 12.7
= - *FV10L, FV20L:two sizes of pyrex cylindrical
E=[E] 13 vessel (nominal size 101, 201
u} 2} 4] - respectively).
- — FB, DFB : flat turbine and disk flat turbine
QU2E type impeller, respectively.
QU-E i
ob o] sd ()@HA S e o oz T Ay AF sRUYes HE It
4 AeH(11) 4) T & oA x~Fzke] Az uhEet
1) Gran-Schmidt® Z 3ol 2 3le] do]e}l
(x — ¥7H) & Euclidian¥-Zboll 4 9] gho g whieh, m & #
2) Lagrange o] @ A4 A Ao 9)3ke] Aotz
S Z A7} 2. A 3l o] 4 & Chemineer-KenicsA2] model ELB
3) +535%5 3 24 o7 % AbREtl e adbze] rleketd FaE

No. Part
1 4 HP ELEC. MOTOR
2 MOTOR ADAPTER

3 TRANSMISSION W/DIAL CALIPER

4 BASE & THRUST BEARING
r=12:==1 5 TACHOGENERATOR

6 FIBER- SCOPE

7 EXTENSION TUBE

8 ELECTRODE
Photo Sys. 9 PYREX VESSEL

10 4-EQUALLY SPACED BAFFLES
11 MAGNETIC BASE
‘ e~ ACIIOV 12 MACHINED & LEVELED STEEL PLATE
i 13 16 M/M HYSPEED CAMERA
hnkinialaies N B 14 CAMERA POWER SOURCE
11 15 CAMERA CONTROL UNIT
& \ o wEl | @ 16 TIMING & EVENT MARKER
L Leg 17 TUNGSTEN HALOGEN LAMP
Recording & T—r
Indicating Sys.

1

-------- 4 18 HEAT ABSORBING FILTER

+—@ Lighting Sys. 19 FAN

o 2 DC POWER SUPPLY

Agitating Sys. 21 TRANSFORMER

22 RESISTANCE DECADE BOX
23 RPM INDICATOR
24 OHM METER

Fig. 2. Experimental apparatus(schematic). gg CYT&SEI%?“RIB\%};PTER

sistmat x227 H53 198417 102
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Table 4. Physical properties of the systems
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densities viscosities  |Interfacial
System (g/cm®) (cp) tension
cont. disp. |cont. disp. |(dyne/cm)
phase phase |phase phase
S -1 70.9978 0.9654] 1. 1221 34.2
S -2 {0.9918 0.8439 1.2 2.89 5.0
S - 310.9847 0.8155] 0.93 0.59 9.8
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Fig. 4. Typical photography of the dispersion.(S-3)
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M SR : mean of squares due to regression

MSE : mean of squares due to residual errors
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NOMENCLATURE
C, Ci(i=1_2 ----------- ) : Constant defined in each
equation
d . Drop diameter, L
ds; : Sauter mean diameter, L
D . Impeller diameter, L
e : Constaint value
E : Constaint value (£ x 1 matrix)
f(x) : Probability distribution (or density)
function
fp : Hold up related function

Cumulative distribution function

Miz2d X5 19847 10

Mg . Geometric mean diameter, L

Q : Constraint coefficients on Y(2 x m
matrix)

T . Vessel diameter, L

te : Circulation time, T

u? (x)=u(x; )-—u(x;)*, mean square of the dif-
ference of the velocities at distance x

We . Weber no. defined by eq.(2)

X : Radius vector or drop diameter d,
used to avoid notational confusion

X : Random variable

Y : Measured drop size distribution, (n x
£ matrix)

Y¢ : Predicted drop size distribution by the

regression where constraints are ap-
plied, (n x 2 matrix)

Greek Letters

€ : Energy dissipation rate per unit mass,
LT3
€ Average energy dissipation rate per

unit mass, L.2/T3

u . Dynamic viscosity, M/LT

0 Density, M/L?

Ap Density difference between cont.
phase and dispersed phase, M/L?

o Interfacial tension, M/LT?

g :  Geometric standard deviation

] Fractional volumetric hold up

v Compositional ratio for each mother
distribution (regression coefficient)

Superscript

c 1 Calculated

Subscripts

c . Continuous phase

d : Dispersed phase
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