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Slurry coating onto porous substrates
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DryingSlurry

Coating

Two-layer anode (Lithium-ion battery)

Gottschalk et al., Energy Technol. 11 (2023).

Exhaust gas catalyst

https://www.cataler.co.jp/train/qa/living/03.php

濱崎喜仁, 

セラミックス 55 (2020).

Glazed ceramics



Objective & Method
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• Packing density

• Permeability

Particle deposition

• Cake growth rate: Efficiency

• Density distribution: Quality

Control factor Structure

Macro-scale model (e.g. Ruth eq.)

Meso-scale model



Meso-scale model
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Particles’ motion
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Presentation 

at SCEJ

(2) Horizontal averaging Empirical Low No 91st  Ann. (2026)

(3) Pore network Empirical Mid Yes 57th Aut. (2026)

(1) Fluid dynamics Direct High Yes 55th Aut. (2024)

Horizontally averaged 

hydraulic conductance

(1)

(3)(2)



Equations

𝑚 ሶ𝒗𝑖 = 𝑭𝑖
P + 𝑭𝑖

H
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Contact force

DLVO force

ሶ𝒓𝑖 = 𝒗𝑖

Drag force

Pore network
Particles Fluid (Pore flow)

ሶ𝑉𝑘 = σ𝑙=𝑘1

𝑘4 𝑞𝑘𝑙 

𝑞𝑘𝑙 = 𝑔𝑘𝑙(𝑝𝑘 − 𝑝𝑙)

Mass balance

Darcy’s law

Delaunay triangulation

Chareyre et al., Transp. Porous Media 94 (2012).

Pressure: 𝑝𝑘

Flux: 𝑞𝑘𝑙

Hydraulic conductance: 𝑔𝑘𝑙

Fluid volume: 𝑉𝑘



Hydraulic conductance
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𝑔𝑘𝑙 =
𝛼

𝜂

𝐴𝑘𝑙

𝐿𝑘𝑙
𝐷𝑘𝑙

H 2

Wetted perimeter: 𝐶𝑘𝑙

Hydraulic diameter:

Flow area: 𝐴𝑘𝑙

𝛼 =
1

80
 

𝑔HP =
1

𝜂

𝐴𝑘𝑙

𝐿𝑘𝑙

𝐷2

32

Hagen–Poiseuille flow

Analogy

𝐷𝑘𝑙
H =

4𝐴𝑘𝑙

𝐶𝑘𝑙

𝐷

Fluid viscosity: 𝜂

Distance between pores: 𝐿𝑘𝑙



Equivalent circuit 
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ሶ𝑉𝑘 = σ𝑙=𝑘1

𝑘4 𝑞𝑘𝑙 

𝑞𝑘𝑙 = 𝑔𝑘𝑙(𝑝𝑘 − 𝑝𝑙)

Pressure:

Mass balance

Darcy’s law

Kirchhoff’s current law

Ohm’s law

𝑈 =
𝑔sub

𝐴sub
𝑝sub

1 2

3
4

5
7

8
9

6

𝑝out = 0

𝑝in = 𝑃

𝑈

𝑝sub

𝑃
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𝑈

𝑝in

𝑝out

𝑝sub

𝑔sub

𝑝𝑘 , 𝑝sub

Flow rate:

𝑮 ⋅ 𝒑 = 𝒃



Simulation conditions

5𝑑 × 5𝑑 × 8𝑑

Interparticle potential
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Flow

Particles

• Diameter: 𝑑 = 500 nm

• Concentration: 40 vol%

• Zeta potential: 20 mV

Fluid: water

• Pressure: 𝑃 = 60 kPa

𝑥
𝑦

𝑧



Particle deposition
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Filtrate volume per area:

𝐿 = න
0

𝑡

𝑈 𝑡′ d𝑡′



Pressure distribution
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(a) 𝑈0𝑡/𝑑 = 0.4 (b) 𝑈0𝑡/𝑑 = 2

(a) (b)

Volume fraction
Pressure, 𝑝𝑘/𝑃



Pressure distribution
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𝑈0𝑡/𝑑 = 2

Volume fraction

Pressure, 𝑝𝑘/𝑃

Local heterogeneity in structure

→ Pressure distribution

Flow area



Summary & Outlook
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Pore-scale modeling to analyze particle deposition on a porous substrate

→ Possibility for analyzing the formation process of 

    horizontal structural heterogeneity:

    Cracking, Clogging

→ Heterogeneity on flow reflecting local structure:

    Pressure, Flux
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