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A Study on Swirling Flows in a Cyclone Separator
(Application of Large Eddy Simulation)
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Numerical simulation of the swirling flows in a cyclone separator is performed using a large
eddy simulation (LES) based on a Smagorinsky model. The validity of the simulation and the
complicated flow characteristics are discussed by comparison with experimental results. Moreover,
particle motions are treated by a Lagragian method and are calculated with a one-way method. A
performance for particle separation is predicted from the results of the particle tracing. As results
of our investigation, it is found that the LES has sufficient accuracy to predict the complicated -
swirling flows in the cyclone separator.
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T : RSO
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Fig.1 Schematic view of the cyclone separator
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Fig.2 The computational grid for TYPE-B
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Tablel Coefficients for equation (5)
Re R C 1 Cz C3
0-1 0 16 0
1-10 0 16 0.0418
10-20 5.32 37.2 0
20-50 6.44 37.2 0
50 - 100 6.45 32.1 0

Table 2 Particle properties used in this study

Material Lycopodium
p-p collisions Without
The number of particles 100,000
pr [ kg/m’] 700
d, [ um] 5 10

Relaxation time [ ms ] 0.053 | 0.21
Volume fraction [ X10°] | 1.18 | 9.46
Loading ratio [ X10°] | 0.687 | 5.49

Coefficient of restitution 0.95
Coefficient of friction 0.3
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Fig.3 Mean velocity distribution in the 7 - & plane at z
= 170 mm for TYPE-A, (a) experimental resuits
(r,=36mm), (b) computational results
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(a) Experiment

Fig.4 Mean velocity distribution in the r - & plane at z
= 105 mm for TYPE-B, (a) experimental results
(r,=27mm), (b) computational results
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(a) Experiment (b) LES
Fig.5 Mean velocity distribution in the 7 - & plane at

z = 20 mm for TYPE-B, (a) experimental results
(r,=27mm), (b) computational results
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Fig.6 Mean velocity distribution in the 7 - z plane at
0 =150 ° for TYPE-B, (a) experimental results
( ;=27 mm), (b) computational results

LEICH RS TIUERDD. ZOZ LIIAHOR
EThD.

BARITFITIL, FBEE 700 kg, RIFEE SBLUN10
pm QY aWIOy LRFEFRA, HOICRELERR
FUBIZ 100000 EDORI T2 YA 7 o L hEm=E
EROFBAERENC T A DITEE SN, Tk kL
FOEBhY, One-way method [ZE-SEFRAZFE S
N5, ASHETIIRTFOMREIRED 0 (10°)&IRFIC
FERETHDHOT, KT HIEZRIEE L. B
M &R FHVER T RS, BRI ZLick

—109—

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

484 VA7 a v SEERPRERR AT 2By

1]
Tidet pari ) ]
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Fig.7 3-D mean flow field in the swirl chamber
obtained from the LES; red bold lines display position
of the vortex core, color of the streamlines
corresponds to the magnitude of the velocity shown in
the color bar

i !
B N B il
LA 1] S— — ) Gt S
i )
i :
60} ------ L /- -
& 1 £ [
1 4 3 ] [
H ] i ! i
40} ------ i D S S— L —— -
. ——d,=5 um (TYPE-A)
20boeeen 7 4 | ===-d,=5 pm (TYPE-B)
o 1 —d,=10 z m (TYPE-A)
s , ----d, =10 u m (TYPE-B)
0 '::' : i i |

[]
0 20 40 60 80 100
Non-dimensional time T [ -]

Fig.8 Time history of the collection rate of the particles
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Fig.9 Instantaneous particle distributions at 7= 20
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