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Abstract: To reveal the particle motion mechanisms and the effects of feed parameters on the moisture distribution within the
filter cake, a three-dimensional dynamic filtration numerical model of a plate-and-frame filter press was constructed based on
the Eulerian multiphase model and the multi-scale characteristics of coal slime particles. The motion processes of the particle
and liquid phases, alongside the particle deposition process, were systematically investigated, and the impacts of coal slime
mass fraction and filter chamber thickness on the moisture distribution of the filter cake were analyzed. The results indicate that
fine particles (<C0.1 mm) are dominated by fluid drag forces. During the initial filtration stage (0 — 120 s), streamline
dispersion and particle bleed-through phenomena occur, forming a dense shell on the filter cloth surface with a volume fraction
approaching 80%. Conversely, coarse particles (Z==0.1 mm) are primarily governed by gravitational settling, aggregating in the
middle and lower sections of the filter chamber to constitute a supporting skeleton. The feed mass fraction of the coal slime
significantly impacts the filter cake structure. Under a low feed mass fraction (30%), fine and coarse particles undergo
stratification, leading to a “sandwich” moisture accumulation in the middle and upper parts of the filter cake. At a mass fraction
of 40% , a uniform particle distribution and efficient dewatering are achieved. When the coal slime mass fraction exceeds 50% ,
the weakened carrying capacity of the water flow causes particles to settle synchronously, resulting in an overall dense filter

cake with dispersed moisture. Furthermore, when the filter chamber thickness exceeds 38 mm. the densification of the outer
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cake layer combined with insufficient internal drainage pressure collectively induces the “sandwich” phenomenon at the center of

the filter cake, which shifts toward the chamber axis as the chamber thickness increases. The findings provide a theoretical

basis for optimizing the process parameters of pressure filtration.

Key words: Plate-and-frame filter press, Multi-sized particle, Filter cake structure, “Sandwich” phenomenon, Numerical simulation
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Fig.3 Head-flow characteristic curve of diaphragm pump
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Table 2 Proportion of particle phase species distribution

i 5 BRI d /mm it/ % ag

K1 0.045 53.12 0.212
K2 0.074 8.92 0.036
K3 0.125 6.64 0.027
K4 0.250 15.56 0.062
K5 0.500 10.37 0.041
K6 1.000 5.39 0.022

100 s

150 s

(b) K2 (c) K3

(d) K4

2 ERIEAENHEHEN

2.1 WNHHIEEh T2

] 4 Sy Z2 R A5 U IR 28 108 2o A5 1) 9 448 v A ok
T, I 4 R 4 EUR 4 (K1~ K2) 500 50k 41
(K3~K6) iz Zh R IEAEAE 0 3 25 5% . Al UKL 78 T
B By K 5.45 X107 m/s. R TEJE %
G AR SN 5 2 W 2 3t A B, 0 A R R 5 R AORE
AR N 3.81X10 ' m/s, Tk WKL, %
B2 s o o B 3. (HAS TR W2, W41
L[] 3t 2 R 0 T 25 48 FL AT B2 ARRL M PR O )5 2
WAL LA K1 A1 K3 A 1] s e 5K () 32 2l ook 7%, B
K1 AR T B0 0,248, K3 i AR A FR 43 %
90,152 ARk SR T K0 0.4,

kA
o R (mv/s)

=

5.4564E-01

4.090E-01

2.727E-01
1.363E-01

0.000E+00

L

g A T (nvs)
J 3.814E-01

2.860E-01

1.907E-01

9.634E-02

0.000E+00

(e) K5 (f) K6

B 4 A [E) B % & Rk A8 7 2k T A

Fig.4 Evolution characteristics of particle phase streamlines at different time
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Fig.5 Evolution characteristics of Z-axis particle phase streamline at different time
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Fig.7 Evolution characteristics of liquid phase streamline at different time
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Fig.8 Particle phase distribution characteristics of filter chamber at different time
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Fig.9 Particle phase distribution characteristics of three-dimensional filter cloth at different time
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Table 3 Proportion of particle volume fraction

under different coal slime mass fractions
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Fig.10 Distribution characteristics of liquid phase in filter chamber under different coal slime mass fractions
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Fig.12 Particle distribution characteristics in filter chambers under different coal slime mass fractions
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