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THE EFFECTS OF IMPELLER CONFIGURATION ON MIXING AND HEAT TRANSFER
IN A STIRRED TANK WITH A HELICAL COOLING COIL

LS. Kim, H-S. Song, and S.P. Han

CFD analysis has been conducted to find the two stage impeller configuration which is the most suitable for a
stirred tank with an internal helical cooling coil and a cooling jacket, which is frequently used in chemical
industries for highly exothermic reactions ranged from low to medium viscosity. Two typical types of impellers are
considered; pitched paddle impellers and Rushton turbine impellers. Interestingly, pitched paddle impellers show a
good mixing performance for multi-species, whereas Rushton turbine impellers achieve a good mixing performance
for multi-phases. Besides the type of an impeller, the location of an impeller is another important factor to be
considered in order to accomplish an effective mixing. The best set of types and locations of two impellers is
recommended based on the coefficient of variation(CoV) value and the heat removal capability obtained from CFD
results. The former is a measure to quantify the degree of mixing. o
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Fig. 1 Schematic diagram of the geometry of the stirred tank
(a) before modified: case 1 (b) after modified : case 2~7
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Table. 1 The considered stirred tanks

up stage down stage

impeller impeller remark

case | Rushtonturbine Rushton turbine

case2  Rushtonturbine Rushton turbine e ingrall
case3  pitched paddle
case4  pitched paddle

of the two
impellers are the same as case 1

pitched paddle
pitched paddie

the installation location of the
down stage impeller is lowered

caseS Rushtonturbine Rushton turbme

case 6 Rushtonturbine pitched paddle
case 7 pitched paddle  Rushton turbme
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Fig. 2 Velocity magnitude distribution and streamlines
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Fig. 3 Volume fraction of the second reactant (multi-phases)
(a)case 1 (b)case2 (c)case3 (d)case4
(e)case5 (f)case6 (g)case7
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Fig. 5 Volume fraction of the second reactant (multi-species)

(a)case 1 (b)case2 (c)case3 (d)case4
(e)case 5 (f)case6 (g)case7
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Fig. 6 CoV variation of the second reactant(multi-species)
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Table. 2 The rate of heat removal per unit volume of fiuid

case ! case2 case3 case4 case5 caseb case?’

cooling coil(D) 2009 2101 2512 2708 1514 1750 2306

cooling jacket(®@) 2382 1604 3005 3172 2143 2433 2829

total(@+Q@) 4331 3705 5517 5881 3665 4184 5134




WA

Table. 3 The efficiency of the recommended stirred tanks

casel cased4 casa? unit
power 12946 13425 16569 [kw]
mult-phases g 005 o7 D032
(330sec)
CoV o - -
multi-species
R -05 -04
(55sec) 0.002 4e 28
h 1653 2383 2080 [w/m2K]
heat 4391 5881 5134  [W/mK]
removal haN
100 134 117 %
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