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Fig. 1. Forces and capture mechanisms on particles in por-

ous media at the pore scale.
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Fig. 2. Schematic diagram of the velocity distribution of

particles at the pore scale.
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Fig. 3. Schematic diagram of particle transport and cap-

ture in porous media.
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B 7 AR R-FHIBIA (average model) B H ¥ = 2/ (ML) LK (a) Cy =0.1(a=1); (b) Cp = 1.19 (o = 0.8)
Fig. 7. Comparison of the parameter ¥ = 2/ (AL) between the present model and the average model: (a) C, =0.1(a=1);

(b) Cp =1.19(a = 0.8).
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8 ARSCHELRY W R EL 0 X Cy R AL B UL 53 #r

(b) 50

40

30
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10

O = N W oA U o
0

0

(a) Cy € (0,0.1], A € [0,200]; (b) Cy € (0,50], Al € [0,0.1]

Fig. 8. Sensitivity analysis of the macroscopic coefficient 6 of the present model to C, and M : (a) Cy € (0,0.1], X € [0,200] ;

(b) Cy € (0,50], Al € [0,0.1].

124702-7


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y] 32 2 3R Acta Phys. Sin. Vol. 74, No. 12 (2025)

124702

AR HOUE S BN, L, C) R T a =1/
Bt o < 1AL 2B EL (Pe,0, 2) . 5] 10 FoR
Hh(Pet,0,0) o, \TLUEH, M a =18, %
AR —A TG XA RE TS RN T IE
SR = A2 1] Y o < 1B, BT S R R
TR, WS AR, (AN Ira
IE SR R = HE s ). X2 TS A MR 1
YIHLER R FEUEA N AR ISR

AEHRIE THERRETH

TER IR 2% 2 IR (8) h, L U8 R A e 17 b
AR (straining) /EH, HBE AR LR A
[T AR Ak, 255 FE B AH Gy BRI 20 X T LAl AR 3R
BLI, FTLASE T A A A B A8 18 AH OG0 1o 8 R A0
YRR T2 AP LA R AL .

B 5% [ (attachment) HLHI, 1% HL il
I~ it OE 7 B (e 2 Y DO am e HEINOK(IAER
IETFAE S AR JE B 1S B 1Y i 8 REOE—

3.3

a) 0.10
(a) 10
0.08
0.5
0.06
&} 0
0.04
—0.5
0.02
—1.0
0
0 50 100 150 200
Al
[# 9

Fig. 9. Sensitivity analysis of the macroscopic coefficient ¥ = 2/ (AL)

(0,0.1], Al € [0,200] ; (b) Cy» € (0,50], Al € [0,0.1].
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of the present model to C, and MN: (a) C, €

(b)

o 10 Q

(a) a=1;() a<l1

Fig. 10. Results of calculating the macroscopic parameter for (Pe’l,Q,.Q) from the microscopic parameter for (A,1,Cy):

(a) a=1;(b) a<l1.
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Fig. 11. Three microscopic filtration coefficient models (the
positive and negative values of the average velocity repres-

ent the direction of particle motion).
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Fig. 12. Sensitivity analysis of the macroscopic coefficient under three capture mechanisms to the average velocity wu
(s=1072,1=10"% a=05—1): (a) Pe~1;(b); (c) 2.
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Fig. 13. Comparison of the coefficients between the present model and traditional models at very small Al when the particle velo-

cities are positive: (a) Pe™1; (b) 0; (c) 2/ (AL).
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Fig. 14. Comparison of outlet concentration profiles for different models: (a)
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Fig. 15. Comparison of outlet concentration profiles for different models: (a)
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Abstract

The structural randomness of porous medium presents significant challenges for accurately simulating
colloidal transport. The Boltzmann transport equation (BTE) provides a reliable way for simulating the
microscopic dynamics of colloidal particles in random space.

By using the Chapman-Enskog (CE) method, a macroscopic advection-diffusion transport model is derived
from the BTE. It includes a diffusion term dependent on the particle velocity distribution, a velocity delay
term, and a capture term reflecting the microscopic capture mechanism, which tends to preferentially capture
high-speed moving particles. These terms explain the delay and capture effects in colloidal transport.
Meanwhile, the explicit expressions of the three transport coefficients are presented to provide a quantitative
basis for using the model.

The model is effective at small mixing filtration coefficients Al. By comparing the outlet concentration
profiles of different models, the influences of this mechanism on the advection velocity delay and capture
efficiency are elucidated. The model solves some of the paradoxes of traditional colloidal transport models, and

under specific conditions, it is consistent with previous models.

Keywords: porous media, colloidal transport, capture, Boltzmann equation
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