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Mixing-Time Studies on Non-Newtonian Fluids

Shuichi Aiba, Kunitaka Suzuki and Sumi Kitai

(Institute of Applied Microbiology, University of Tokyo)

Using a paddle type impeller whose ratio of width to span was larger than usual,
an axial dispersion coefficient in 2 mixing vessel of a clay suspension was measured by
radioisotope technique (P3%%). The clay suspension studied was assumed to be a Bingham
fluid judging from the flow curve determined with a concentric double-cylinder type
viscometer.

The experimental results of dispersion coefficients were arranged based on dimensional
analysis. Values of the mixing time in the clay suspension were calculated therefrom.
The effect of rotational speed of the impeller used on the mixing time seemed to be
markedly large compared with that for Newtonian fluids.

As control experiments, aqueous solutions of glycerine and water were also used.
The empirical formulae which have been reported by other workers on the mixing time
of Newtonian fluids were reviewed carefully. It was found, then, that the Non-Newtonian
fluid studied here approximates the Newtonian, if the plastic viscosity is used in lieu of

the Newtonian viscosity in expressing the Reynolds number of the clay suspension.
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Table 1. Example of determining E values from the experimental results.

(1) Experimental data, Run No. 274
Water content of clay suspension 69.92%
Rotational speed of impeller 170 rpm
Temp. of Fluid 23°C, High Tension 600 volts., Chart speed
80mm/min. Radioisotope P*? about 0.9mC. 4ml, Time required

for injection about 5 sec.
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(2)
¢ Reading | ,. .| . % ‘ k/t E
L > L Cp~-C 1-C/Cg ! . . .
(sec) , on chart | " | T { (From Fig. 6) | (1/sec)] (cm?/sec)
? f | \ ! ;
o 98.0 . 20.0 1.000 ¢ ‘
. . 1 92.3 [ 14.83 0.715 0.95 ‘ 0.0864 7.89
Cg o Reading, o i é _ ,
15 89.0 E 11.0 | 0.550 1.26 ! 0.0840 7.67
20 19 . 8.0 | 8.0 |  0.400 1.58 . 0.0832 7.60
on chart 23 |  83.8 5.8 0.290 1.91 ' 0.0830 7.58
26 ! 82.3 4.3 0.215 2.20 0.0846 i 7.72
C=0. » » 30 | 8l.4 3.4 0.170 2.43 00810 7.9
oo 3 805 2.5 . 0.125 2.75 . 0.0809 | 7.39
38 1 79.9 C1.9 0.095 | 2.93 ! 0.0772 i 7.05
41, 793 1 1.3 | 0.065 3.40 o 0.0829  7.57
45 78.8 0.8 0.040 3.70 | 0.0822 7.50
co 78.0 0 |
é | ; §
av. 7.53cm?/sec
(33 Take, =41 1 Fig. b, C/Cp=0.97
2+ S* 4,1)(30)° R
Time 6 required for this degree of mixing. 6= er = (5(.1,511))!(({’370;) =50(sec)
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Table 2. Effect of 2 on 6.

Type of | Baffling | “a’values in | ,p= Procedures of
Fluid | LN measuring References
Impeller i Conditions 0 oo n? # mixing time
' 4.5x 10* -
; daffled Conductivity
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Paddle 1 | 4.6 {250
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| | | Schii hod . 16)
| : 4.5 L 250 |
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| | ; |
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et | 0.8 101 iodine va
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unshrouded) 1 5 40~50 injection (visual)
Paddle unbaffled } 1.4 . Laminar Iz?vliigblioa j 2)
1 > 0.7 <1t acid-base |
; Turbine bafled | neutralization : 13)
! 0.7 > 10¢ ‘ (visual)
| |
| Paddle baffled - 3.4 ! {10:~10%| Radio isotope P3* |This paper
{ : ! E
g | | | oo ‘
= | | _nDi'p_ |
g ~ T |
Z ¢ Paddle ~ baffled | 5.5 Radio isotope P* |This paper
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g | i ; {
z | | i \
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Table 3. Comparison of (7, 7y) values with the published data.
- (ﬁ;) Tu('g{f%‘) Measurement Reference
10.0 , 4.65x107 l Rotational viscometer This work
f
7x107* i 7 X 1072 ” 7" 6)
- - Flow through .
61072 | 2 X107 | round pipe 4)

Water content of clay suspension 72.74%
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LU= 2 — P VIREROBAI SR TE 2 0GR TH B,

& B & 5

a = empirical exponent (Table 2)

C = tracer concentration

Co = tracer concentration injected

Cr = tracer concentration after completion of mixing
d = empirical exponent, Equation (6)

D; = impeller diameter (cm)

Dy = vessel diameter (cm)

e = empirical exponent, Equation (6)

E = axial dispersion coefficient (cm?/sec)

ge = conversion factor (g-cm/G -sec?)

g = acceleration due to gravity (cm/sec?)

K = proportionality constant, Equation (7)

K = proportionality constant, Equation (§)

k (=(=/S)?Et), dimensionless

k = proportionality constant, Equation (9)

] = empirical exponent, Equation (7)

m = ” ”

7 = rotational speed of impeller (1/sec) or integer in Equation (2)

Nam (= tyge/nm) Bingham number

Nre (= wygeDi*p/7*) (= Npm-Nge) Hedstrom number

Np, (= nDi*/E) Péclet number

Nze (= nDi*p/p) Reynolds number or (=aD;i*p/%) for Non-Newtonian

S = distance between fluid free surface and vessel bottom (cm)
L = time (sec)

dv/dr = shear rate (1/sec)

x = axial distance from free surface of fluid (cm)

7 = plastic viscosity (g/cm. sec)

= mixing time (at C/Cr=0.97) (sec)

A = width of tracer pulse (cm)
o = viscosity of Newtonian fluid (g/cm. sec)
B = apparent viscosity (g/cin. sec)
p = density of fluid (g/cm?)
Ty = vyield value of stress (G/cm?)
¢ = mixing-time {actor
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