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Describing the problem
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What is the effect of the active layer roughness on the ion separation?

Compute Na+ and Cl- transport through the

active layer with real 2-D geometry
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Geometry
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Geometry

Interpolation curve
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Model description. Transport of water: creeping flow 
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Model implementation. Transport of water: creeping flow

Domain selection: all domains



7

Model implementation. Transport of water: creeping flow

Domain selection: feed and permeate domain

= 997

= 8.016E-4
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Model implementation. Transport of water: creeping flow

Boundary selection: all boundaries were overridden

Overridden by
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Model implementation. Transport of water: creeping flow

Domain selection: membrane

= 8.016E-4

= 997= 0.05

= 5.344E-22
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Model implementation. Transport of water: creeping flow

Boundaries selection: external boundaries

So
ur

ce

De
st

in
at

io
n

= 2E6



Water (feed)

Water (permeate)

Membrane (active layer)

Transport of Na+ and Cl - (ci, ϕ)
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Model description. Transport of species: tertiary current distribution, Nernst-Plank
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Model implementation. Transport of species: tertiary current distribution, Nernst-Plank

Domain selection: all domains
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Transport of species: tertiary current distribution, Nernst-Plank

Domain selection: all domains

= 1

= -1
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Transport of species: tertiary current distribution, Nernst-Plank

Domain selection: feed and permeate

= 2.032E-9

= 1.334E-9
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Transport of species: tertiary current distribution, Nernst-Plank

Boundaries selection: only lateral
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Transport of species: tertiary current distribution, Nernst-Plank

Overridden by

Boundaries selection: external boundaries
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Transport of species: tertiary current distribution, Nernst-Plank

Domain selection: all domains
Imposed values on each domain
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Transport of species: tertiary current distribution, Nernst-Plank

Domain selection: membrane

= -1.93E5

= 2.032E-11

= 1.334E-11
= U*0.2
= V*0.2
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Transport of species: tertiary current distribution, Nernst-Plank

Constraint on the interface (boundary) feed/active layer
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Transport of species: tertiary current distribution, Nernst-Plank

Boundary selection: inlet and outlet

= 500
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Transport of species: tertiary current distribution, Nernst-Plank

Boundary selection: only lateral
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Transport of species: tertiary current distribution, Nernst-Plank

Boundary selection: feed and permeate
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Solution strategy 

Build model

Tertiary current distribution

Creeping flow

Step 1
Solution (u, v, p)

Step 2

Solving          (u, v, p) Solving          (c_na, c_cl, V)

Auxiliary sweep

Solution
(c_na, c_cl, V, u, v, p)

Results

c_mem = -0.01 [mM]

c_mem = -1 [mM]

c_mem = -200 [mM]

…

Solution

Solution

c_mem = -10 [mM]

Solution
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2-D Model. Results - Fluxes in uncharged membrane (-0.01 mM)



Diffusion dominates

Even at high Pfeed convection is negligible
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2-D Model. Results - Fluxes in uncharged membrane (-0.01 mM)



Migration becomes important

Convection balances migration
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2-D Model. Results - Fluxes in charged membrane (-200 mM)



Locally, total fluxes are not equal!
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2-D Model. Results - Fluxes in charged membrane (-200 mM)



There are ionic currents in the 2-D membrane

Closed current circuits (insulation)
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2-D Model. Ionic current density
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3. The 2-D model revealed the possibility of circular ionic currents. 

1.   The response of the 2-D model to variations in flux and salinity can be represented by a 1-D model 

using an appropriate equivalent membrane thickness.

fernan.martinez@kaust.edu.sa 

2.   We provided a method to compute the equivalent membrane thickness from images of membrane 

active layer.
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Key messages



Scan the code to learn more about the workshop

wdrc.conferences@kaust.edu.sa

fernan.martinez@kaust.edu.sa

• Fundamentals of membrane transport 
processes

• Theory and computer applications in 
COMSOL

• Experimental aspects of transport 
phenomena in membranes, from 
small-scale to system-level



Thank you

fernan.martinez@kaust.edu.sa 

PMP 6th conferenceArticle
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fernan.martinez@kaust.edu.sa 



Ideal 1D and equivalent active layer thickness L3, for all active layer geometries

Active layer Geometry 

Average 

2D 

thickness 

L1, nm 

Relative 

standard 

deviation 

of L1, σ/L1 

Reference 

1D 

thickness 

LB, nm 

Reference 

1D 

thickness 

LA, nm 

Equivalent 

thickness 

L3, nm 

 a 181 0.29 149 154 149 

 b 175 0.35 125 130 131 

 c 160 0.27 128 132 128 

 d 270 0.27 224 231 220 

 e 198 0.23 165 170 165 

 
f 250 0.38 177 183 178 

 
g 221 0.51 129 133 129 

 
h 324 0.40 239 247 239 

 
i 214 0.34 179 185 180 

  



Feed and permeate:
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Brinkman
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2-D Model. Ionic current density
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Comparison between the magnitudes of forces affecting water permeation 
through the active layer:
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2-D Model. Water transports in the membrane. SD or SF?

SD model is equivalent to the Darcy equation when the osmotic pressure 
gradient is negligible

strong water/membrane 
partitioning



Figure SI 4
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Model implementation. Transport of water: creeping flow

Domain selection: all domains
Imposed values on each domain
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