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ABSTRACT: The capture efficiency of PM;, from coal
combustion in high gradient magnetic field was studied using
response surface methodology (RSM), which enables effect
examinations of parameters with a moderate number of
experiments. All experiments were conducted on a test rig,
which incorporates a high gradient magnetic field, with
variations of particle concentration real time measured by an
electric low pressure impactor (ELPI). The PMy, capture
efficiency was well correlated with operating parameters,
including particles density, magnetic flux density, gas velocity
and magnetic medium’s filling ratio. Effect test indicate that
the magnetic flux density has the most significant influence on
the capture efficiency. All of the interactions of particles
density with magnetic flux density, magnetic flux density with
gas velocity, and magnetic flux density with magnetic
medium’s filling ratio play important roles.
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Tab.1 Low and high level settings of the factors used in
the response surface model

EES A X Xiv Xiny
C/(10"/m?) X1 45 9.5
BIT X2 0.2 0.8
u/(m/s) X3 0.04 0.08
R¢ X4 0.02 0.06
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Fig. 1 Schematic illustration of the experimental system
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Fig. 2 Schematic illustration of the magnetic medium grid
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Fig. 3 Schematic illustration of the PMy,
magnetic hysteresis loops
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Tab. 2 Central composite experimental design and
responses experimentally observed

75 X1 Xo X3 Xa Y
1 4.5 0.2 0.04 0.02 0.04
2 9.5 0.2 0.04 0.02 0.06
3 4.5 0.8 0.04 0.02 0.27
4 9.5 0.8 0.04 0.02 0.38
5 4.5 0.2 0.08 0.02 0.03
6 9.5 0.2 0.08 0.02 0.05
7 4.5 0.8 0.08 0.02 0.15
8 9.5 0.8 0.08 0.02 0.24
9 4.5 0.2 0.04 0.06 0.07
10 9.5 0.2 0.04 0.06 0.09
11 4.5 0.8 0.04 0.06 0.42
12 9.5 0.8 0.04 0.06 0.53
13 4.5 0.2 0.08 0.06 0.05
14 9.5 0.2 0.08 0.06 0.07
15 4.5 0.8 0.08 0.06 0.29
16 9.5 0.8 0.08 0.06 0.41
17 4.5 0.5 0.06 0.04 0.08
18 9.5 0.5 0.06 0.04 0.12
19 7.0 0.2 0.06 0.04 0.07
20 7.0 0.8 0.06 0.04 0.37
21 7.0 0.5 0.04 0.04 0.16
22 7.0 0.5 0.08 0.04 0.10
23 7.0 0.5 0.06 0.02 0.11
24 7.0 0.5 0.06 0.06 0.14
25 7.0 0.5 0.06 0.04 0.19
et Z ERH, T LGB T Oy
Y =-0.113 24 +0.074 53X, —0.615 11X, +
2.142 06X, —3.698 35X, —0.005 55X +
0.948 211X —11.652 5X ] +38.347 5X} +
0.029 167X, X, —0.012 5X, X, +0.037 5X, X, —
4.687 5X,X, +5.312 5X,X, —1.562 5X,X,  (2)
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Tab. 3 Corresponding analysis of variance of
second-order model
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Tab. 4 Effect examinations of coded factors

“FJ7 1 0.494 697 0.429 133 0.028 927 0.036 638 0.007 99 0.495 496
¥J75 %1 0.036 031 0.100 764 0.016 187 0.006 106 0.000 090  —
F{i 0.035336 0.107 283 0.007 232 0.006 106 — —
P i 0.000 0.000 0.000 0.000 — —

i H 5 i 22 R4 TIH P {5
R 0.13542 0.003 86 35.095  0.000
X1 0.030 56 0.002 11 14506  0.002
X2 0.140 56 0.002 11 66.727  0.000
X3 —0.035 00 0.002 11 -16.616  0.015
X4 0.043 89 0.002 11 20.836  0.001
X1 -0.034 66 0.005 60 -6.189  0.000
X5 0.085 34 0.005 60 15.239  0.000
Xa -0.004 66 0.005 60 -0.832 0.425
X 0.015 34 0.005 60 2.739 0.021
XXz 0.021 88 0.002 23 9.791 0.000
X1X3 —0.000 62 0.002 23 -0.280 0.785
X1 X4 0.001 88 0.002 23 0.839 0.421
XoX3 -0.028 13 0.002 23 -12.588  0.000
XoXs 0.031 88 0.002 23 14.267  0.000

X3Xa —0.000 62

0.002 23

—0.280

0.785




5 20 RS

JE Wi J32 R T ERIE 5 e o PE T 37 T IR PMo T SRR 77

Iz
gy

0.4 ‘t”””""r’-",'
l"!._' ,’,4"""
/77

4 X FAXo X 78 ER3 R B) S2 M0 T (X5=0.06, X,=0.04)
Fig. 4 Xyvs.X, mesh plot under the conditions
of X5=0.06, X,=0.04

Bl 5 X FAX 3478 S 55 2 B9 2 M i 1 (X,=7, X,=0.04)
Fig. 5 X,vs.X3 mesh plot under the conditions
of X;=7, X,=0.04
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Fig. 6 X,vs.X,mesh plot under the conditions
of X;=7, X3=0.06
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Tab.5 Corresponding analysis of variance of the
evolutive quadratic model

HR i syl
A 10 14 24
Rt 0.494 573 0.009 230 0.495 496
By A 0.049 457 0.000 066 —
F{i 750.38 — —
P {i 0.00 — —
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