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Abstract — In this paper, we carried out CFD modelling and simulation for the membrane system to separate H2 gas
from the multi-component feed gas. The membrane system is of the annulus tubular type consisting of the external
lumen side for the feed gas and the internal permeation side for the sweeping gas. The operating temperature and
pressure of the lumen side inlet flow are 374 °C and 7 bar respectively and those of the sweeping gas are 374 °C and
3 bar, and considering these conditions, Pd membrane system was employed. CFD simulations were performed for
the co-current flow and counter-current flow membrane system based on the flow directions between the feed and the
sweeping gas. Comparisons and discussions were made for the H2 partial pressure, H2 mole fraction and H2 flux for
both cases. Furthermore, we executed CFD simulations for the each case of the various inlet flow rates of the feed gas
at the lumen side. Accordingly, we reviewed the effects of the flow rate and residence time on the performance of the
membrane system.
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Fig. 1. Schematic of the membrane system.

Table 1. Design conditions of the membrane system

Parameters Value Unit
D, 0.03 [m]
D, 0.0489 [m]
L 0.123 [m]
5 60x107 [m]

1 g

| - Mass fractions

| - Pressure <
L

FLUENT
- Bulk density

- Fluid flow
- Momentum balance

m -

Fig. 2. Information flow between FLUENT and UDF.

- Permeability
- Permeation kinetics

- Mass transfer

Table 2. Mathematical description for CFD model

Governing equations

Mathematical expression
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Table 3. Operating conditions for the CFD simulation

Lumen side Lumen Permeation Unit
Inlet temperature 374 374 [°C]
Inlet pressure 7ES 3ES [Pa]
Inlet velocity 0.02~0.08 0.01 [m/s]
Mole fraction

Cco 0.127 0 [-]

H,0 0.343 0 [-]

CO, 0.128 0 [-]

H, 0.402 0 [-]

N, 0 1 B
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Fig. 3. Velocity profile of the membrane system with (a) co-current
flow and (b) counter-current flow [m/s].
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Fig. 4. Hydrogen mole fraction with (a) co-current flow and (b)
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Fig. 5. Hydrogen partial pressure with (a) co-current flow and (b)
counter-current flow.
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: reactor length[m]

: reactor diameter[m]

: membrane thickness[m]
: pressure[Pa]

: molar concentration[mol/m?]

- N v o g

: diffusion flux[mol/m?s]

)
@

: permeance[mol/m?-s-P%]

-+

: time[s]

: velocity vector[m/s]

: local mass fraction[-]

: diffusion coefficient for in the mixture[m>:s]

§

» g <=

: rate of generating of each component[kg/m>-s]
: gravitational acceleration[m/s?]
: stress tensor[Pa]

: unit tensorf-]

= = a| 0@

: temperature[K]

=

: turbulent dissipation rate[m%/s?]

m
<

: turbulent dissipation rate[m%/s?]

~<
S

: contribution of the fluctuating dilatation in compressible
turbulence to the overall dissipation rate
X  :axial coordinate

JzlojA 2Kt

p : density[kg/m’]

€  : porosity[-]

p : fluid viscosity[kg/m-s]

Gy : turbulent Prandtl number for turbulent kinetic energyl[-]
«  turbulent Prandtl number for turbulent kinetic energy[-]

O X}
i,j :component

t : turbulent
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