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Our tasks in the project
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❑Deliver high-resolution single droplet model of foam spray drying using pore network model

• bubble nucleation and growth

• diffusion of gas molecules in the liquid phase and their transport from liquid into bubbles    

• couple bubble nucleation and growth with the drying process  

• consider the gas-solid interaction leading to the structural changes 
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Heterogenous nucleation 

𝑃𝑙 = 200 bar

𝑃𝑔

𝑅𝑐

Pg = Pl − Pc

❑ Steady-state condition maintained at high pressure, e.g., 200 bar

balance equation:

bubble nucleation sites exist at the 

nano-size crevices 
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Heterogenous nucleation 

𝑃𝑙 = 1 bar

𝑃𝑔

𝑅b

balance equation: Pg = Pl + Pc

bubble nucleation

some bubble sites could not be activated since 

the balance equation cannot be satisfied. 

bubble radius in nucleation

❑ Pressure depletion, e.g., from 200 bar to 1 bar:
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Bubble growth: diffusion process

Pg

C∗

Cl

δ

liquid

gas

A: surface area of bubble 

sh: Sherwood number

D: liquid phase diffusivity of gas

δ: thickness of the boundary layer

Cl: bulk concentration

C∗: interface concentration

H: Henry′s law solubility constant

dn

dt
=
A∙D∙ Cl−C

∗

δ
=
A∙sh∙D∙ Cl−C

∗

2Rb
, C∗ =

Pg

H

diffusion process of the gas molecular:

C∗> ClIf If C∗< Clbubble size shrinking bubble size growing

(boundary condition)

Update bubble size/gas concentration

PgV = nRT, Pg= Pl +
2σ

Rb
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Bubble nucleation and growth algorithm 

Initial liquid 

pressure (MPa)

Initial 

concentration C 

(mol/m3)

Ultimate liquid 

pressure

(MPa)

Diffusion 

coefficient D 

(m2/s)

20 100 0.1 2×10-9

determine the radius distribution of 

trapped gas, initial conditions

determine the nucleation bubble radius

pressure depletion 

establish boundary conditions

for each bubble 

implement gas molecules

diffusion

update bubble size and 

gas concentration
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0.1        0.105        0.11        0.115        0.12        0.125

Bubble size and gas pressure evolution

liquid pressure drops from 

20 MPa to 0.1 MPa

0.1 ms 9.9 ms
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Influence of initial operation pressure on nucleation 

(m)

bubble radius distribution at nucleation 

after pressure depletion 

Pini = 25 MPa Pini = 20 MPa Pini = 15 MPa

87% 73% 41%

percentage of activated bubbles 

compared to initial crevice sites
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Bubble gas pressure changes before and after nucleation

initial bubble gas pressure under 

operating pressure

bubble gas pressure at nucleation 

after pressure depletion 
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Bubble size and pressure evolution after nucleation

Bubble distribution after 

liquid pressure drop from 

15 MPa to 0.1 MPa

Bubble distribution after 

liquid pressure drop from 

20 MPa to 0.1 MPa

Bubble distribution after 

liquid pressure drop from 

25 MPa to 0.1 MPa
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Bubble size distribution after nucleation

t = 0.1 ms
(after nucleation) 

t = 20 ms
(after nucleation) 

(m) (m)
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Gas concentration in the liquid and total bubble volume

gas concentration change over time after pressure 

depletion

total bubble volume change
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Summary and outlooks 

• A 3D dynamic pore network model (PNM) is developed to simulate bubble nucleation and 

growth. 

• The distributions of bubble size and gas pressure in the bubbles are obtained from the

PNM simulations.

❖ Take into account the fluid viscous effect.

On-going work

❖ Integrate the drying process into the developed PNM model.

• Changes in nucleation ratio over total nucleation sites, bubble size, bubble pressure,

concentration of gas in bulk liquid, and total bubble volume at different operating gas

pressures are analyzed.

❖ Introduce the solid-gas interaction.
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Thank you!


