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Numerical analysis on the respirable dust separation efficiency of cyclone
separator using response surface methodology

HUI Lifeng' *

(1. Chongqing Research Institute of China Coal Technology and Engineering Group Chongging 400037 China; 2. State Key Lab. of Methane Disaster Monito—
ring & Emergency Technology Chongging 400039 China)

Abstract: In order to study the respirabléxdust cyclone separator that meet the BMRC curve the inner flow fields of
cyclone separators with various geometries were simulated by commercial computational fluid dynamics ( CFD) soft—
ware Fluent 6. 3. Based on the response surface methodology and using the statistical software Design¥xpert the quad—
ratic polynomial prediction model of cyclone sampling efficiency was obtained. The results show that the tube length
vortex finder diameter and vortex finder height have significant effect on the cyclone performance. The sample cyclone
separator was made based on prediction model and tested it was found that the standard deviations of cyclone separator
designed by RSM and BMRC curve was 3. 16% which was less than 5% . The study shows that RSM not only improves
work efficiency but also ensures the reliability of calculation model at the same time provides a reference for the de—
sign of separator to meet the requirements of EN481 PM10 and PM2.5.
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X, X, Xy X, i .
X, 0.001 45% ~0.009 32%
1 5 ( DPM) 10% ~ 12%
o 0.7 m/s o
1.225 kg/m’ 1.81 x10 °Pa * s
1.364 4 kg/m’, . k
1 RSM - & SIMPLE
Table 1 Variables and their ranges in RSM model QUICK °
X, X, X, (3) VELOCITY
D.ID X, 0.75 0.3 INLET ouT-
h /D X, 1.0 0.3 FLOW ( ESCAPE) ;
H/D X 2.0 1.0 0 ( TRAP) ;
Z.ID X, 2.5 2.0 . WALL
D,/D Xs 0.4 0.15 ( RE-
FLECT) .
2.2 CFD
(1) o Gam-— 3
bit
3 43
32(2) :10( 2k)
(2) CFD Fluent 6.3 ] . 2
2
Table 2  Calculation conditions and value of CCD
X, X, X, X, X Y X, X, X, X, X; Y
1 0.3 0.3 1 2 0.15 0. 94 23 0.3 1 2 2 0.4 0.96
2 0.75 0.3 1 2 0. 15 0.38 24 0.75 1 2 2 0.4 0.55
3 0.3 1 1 2 0.15 0.92 25 0.3 0.3 1 2.5 0.4 0.96
4 0.75 1 1 2 015 0.31 26 0.75 0.3 1 2.5 0.4 0.53
5 0.3 0.3 2 2 0.15 0.96 27 0.3 1 1 2.5 0.4 0.95
6 0.75 0.3 2 2 0.15 0.63 28 0.75 1 1 2.5 0.4 0.24
7 0.3 1 2 2 0.15 0.95 29 0.3 0.3 2 2.5 0.4 0.97
8 0.75 1 2 2 0.15 0.49 30 0.75 0.3 2 2.5 0.4 0. 69
9 0.3 0.3 1 2.5 0.15 0.95 31 0.3 1 2 2.5 0.4 0.96
10 0.75 0.3 1 2.5 0.15 0.44 32 0.75 1 2 2.5 0.4 0.59
11 0.3 1 1 2.5 0.15 0.94 33 0.01 0.65 1.5 2.25 0. 275 1
12 0.75 1 1 2.5 0.15 0. 06 34 1. 060 0. 65 1.5 2.25 0. 275 1.33
13 0.3 0.3 2 2.5 0.15 0.96 35 0.525 0.18 1.5 2.25 0.275 0. 86
14 0.75 0.3 2 2.5 0.15 0. 65 36 0.525 1. 48 1.5 2.25 0.275 0.73
15 0.3 1 2 2.5 0.15 0.95 37 0. 525 0. 65 0.31 2.25 0. 275 0. 65
16 0.75 1 2 2.5 0.15 0.53 38 0. 525 0.65 2.69 2.25 0. 275 0. 87
17 0.3 0.3 1 2 0.4 0.95 39 0.525 0. 65 1.5 1. 66 0.275 0.79
18 0.75 0.3 1 2 0.4 0. 47 40 0.525 0. 65 1.5 2. 84 0.275 0. 84
19 0.3 1 1 2 0.4 0.94 41 0.525 0.65 1.5 2.25 -0.022 0.78
20 0.75 1 1 2 0.4 0. 06 42 0.525 0.65 1.5 2.25 0.572 0. 87
21 0.3 0.3 2 2 0.4 0.96 43 0.525 0. 65 1.5 2.25 0.275 0.82
22 0.75 0.3 2 2 0.4 0. 66
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Table 3 Analysis of models variance
P p ° 2(c) H/D h,/D
0.531 4 0.614 3 <0.000 1 H/D =1 N
0.977 2 0.954 9 11.78 <0.000 1 ° 2( d)
0.516 7 0.902 4 8.75 0.003 8 H/D =1.2
R=0.9772 R,y =0.9549. 71D . 2D
2 n d
2 n
Fig.2 Response surfaces as a function of two different factors for sampling efficiency
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Table 4 Structural parameters values of optimization

D.ID h 1D H/D Z,ID D,/D

n = D(0.044 71 +0.058 41X, - 0. 003 74X, -

0.59 0.99 1. 05 2.05 0.17
0.016 92X, - 0.036 05X, X, + 0. 032 48X, X, +
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