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Effect of Circulating Flow on Particle Dispersion
in a Stirred Vessel with Dual Paddle Impellers
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Particle dispersion in a stirred vessel with dual paddle impellers was numerically investigated by a
commercial CFD code. The working fluid was assumed a weak shear-thinning non-Newtonian fluid or
Newtonian fluid having low viscosity (ca. 4.0Pa-s). Particles were initially set in the lower half region in
the vessel. Numerical simulations were conducted by varying rheological property, location of the impel-
lers and discharge flow rate of impellers. Numerical results showed that the viscosity was lower near the
impeller in the non-Newtonian fluid than in the Newtonian fluid due to strong shear near the forefront of
impeller. Consequently, the velocity of discharge flow from impeller was larger in the non-Newtonian.
Larger velocity of the discharge flow took more particles to the tank wall as compared with Newtonian
fluid. The present work adopted the mean value and the standard deviation of particle concentration as par-
ticle dispersion indexes. It has been found that the standard deviation depends on particle dispersion proc-
ess.
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Fig. 1 Geometrical configuration of stirred vessel
and impellers
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Fig. 2 Rheological property of working fluids
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Fig. 3 Initial condition of volume fraction of parti-
cle in stirred vessel
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Fig. 4 Comparison between calculated flow pattern and
experiment
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Table 1 Input variables of the simulations
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Q1 (mB/S) Qz (mB/S)
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Nomenclature

C  : average of volume fraction (%) Re.y, : appearance Reynolds number of mixing (—)
D : diameter of mixing tank (m) Rex : Reynolds number of mixing for Newtonian fluid (—)
d  :diameter of impeller (m) R, :interactivity (—)
d, :diameter of particle (m) S : dimensionless constant (—)
Fl  : flow number (—) T  :rotational period of impeller (s)
g : gravitational acceleration (m/s?) 3 : time (s)
H  :liquid depth (m) V' : average radial velocity (m/s)
H, : height of lower impeller (m) v, :radial velocity (m/s)
H. : height of higher impeller (m) vy axial velocity (m/s)
K,, :momentum exchange coefficient (N-s/m") w  : width of impeller (m)
k  :index of average viscosity of fluid (=) X  : weight percentage of particle (=)
m  :numbers of data (—) Im @ volume fraction (=)
7, : mass flow rate (kg/s) ¥ : shear rate (sh
N :rotation speed (sH A : bulk viscosity (Pa-s)
n  :power law index (—) & :viscosity of liquid (Pa-s)
7 : minimum mixing speed for off-bottom v : dynamic viscosity (m*/s)

suspension of particle (sh o :density of non-Newtonian fluid (kg/m*)
P :pressure (Pa) on  : density of Newtonian fluid (kg/m®)
@  :total flow rate (m*/s) 04 : density of particle (kg/m®)
@, : flow rate of higher impeller (m®/s) o : standard deviation of volume fraction (%)
@:. : flow rate of lower impeller (m®/s) T : stress (Pa)
Re : Reynolds number of mixing (=)
Vol. 47 No. 5 (2010) (25) 325



1)

2)

3)

4)

5)

326

References

Nagafune, T. and Y. Hirata: “Growth of Flow Region and
Power Characteristics in Agitating Non-Newtonian
Fluids with Yield Stresses”, Kagaku Kogaku Ronbunsyu,
26, 387-393 (2000)

Kaminoyama, M., F. Saito and M. Kamiwano: “Numeri-
cal Analysis of Three Dimensional Flow Behaviour of
Pseudoplastic Liquid in a Stirred Vessel with Turbine
Impellers”, Kagaku Kogaku Ronbunsyu, 14, 786-793
(1988)

Kamiwano, M., F. Saito and M. Kaminoyama: “Flow
Pattern and Apparent Viscosity of Pseudoplastic Liquid
in a Stirred Vessel”, Kagaku Kogaku Ronbunsyu, 14,
316-322 (1988)

Hiraoka, S., I. Yamada and K. Mizoguchi: “Two Dimen-
sional Model Analysis of Flow Behaviour of Highly
Viscous Non-Newtonian Fluid in Agitated Vessel with
Paddle Impeller”, J. Chem. Eng. Japan, 12, 56-62 (1979)
Rutherford, K., K. C. Lee, S. M. S. Mahmoudi and M.
Yianneskis: “Hydrodynamic Characteristics of Dual

6)

7)

8)

Rushton Impeller Stirred Vessels”, AIChE ], 42-2,
332-346 (1996)

Aizawa, E., N. Sakano, H. Imakoma and N. Ohmura:
“Effect of Rheological Property of Fluids on Mixing
Time in a Stirred Vessel”, Kagaku Kogaku Ronbunsyu,
35, 539-542 (2009)

Zwietering, Th, N.: “Suspending of solid particles in lig-
uid by agitators”, Chem. Eng. Sci., 8, 244-253 (1958)
Nienow, A, W.: “Suspending of solid particles in turbine
agitated baffled vessels”, Chem. Eng. Sci., 23, 1453-1459
(1968)

9) Kuzmanic, N. and B. Ljubicic: “Suspension of floating

solids with up-pumping pitched blade impellers; mixing
time and power characteristics”, Chem. Eng. J., 84, 325~
333 (2001)

10) Inoue, Y., D. Takaoka, B. Okada, K. Natami, S.

(26)

Hashimoto and Y. Hirata: “Analysis of Fluid Mixing in an
Agitated Vessel Based on a Streakline”, Kagaku Kogaku
Ronbunsyu, 35, 265-273 (2009)



