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The application of computational fluid dynamics (CFD) in the area of porous media and adsorption cooling system is becoming
more practical due to the significant improvement in computer power. The results from previous studies have shown that CFD
can be useful tool for predicting the water vapour flow pattern, temperature, heat transfer, flow velocity, and adsorption rate. This
paper investigates the effect of silica gel granular size on the water adsorption rate using computational fluid dynamics.

1. Introduction

The adsorption properties of silica gel have been studied
for many years as silica gel is used in many industries
including adsorption cooling systems. Past research have
shown experimentally that the adsorpitivity of silica gel
granules depend on their size. The purpose of this work
was to study the effect of granule size on the adsorption
properties of silica gel by using CFD and comparing the
simulation results to those obtained experimentally.

To design an efficient adsorber bed, flow, and temper-
ature, adsorption information is essential. Studies of fluid
dynamics and heat transfer in adsorber beds date back to
the early twentieth century [1] (Andersson, 1961.) The early
investigation of flow in porous media packed beds provided
mainly such bulk information as pressure drop correlations
[2]. Predict pressure loss for flow in adsorber beds [3, 4].
Computational fluid dynamics (CFD) provides an innovative
approach to model and analysing the local flow and the effect
of silica gel size on adsorption performance of a packed bed.
CFD simulation of porous media local flow and heat transfer
based on CFD technique has increasingly been reported in
recent years in fields of packed bed flow and heat transfer
modelling [5, 6]. CFD simulation was based on fundamental
principles of diffusion and adsorption/desorption of porous
materials. In this study, an integrated CFD model was
developed to model and simulate the adsorption dynamics

of water vapour in three different sizes of silica gel in a fixed
bed adsorption column. The developed integrated model
was used to determine the adsorption capacity of the three
silica gel as a function of time, based on different operating
conditions.

The simulated results were compared with pass research
papers experimental data and found to give a good agree-
ment. The effect of various influencing parameters such as
velocity and silica gel porosity were studied to investigate
their influences on the adsorption capacity.

1.1. Methods

1.1.1. 3D Geometry of Silica Gel Packing. Geometric models
of the silica gel adsorber bed systems are generated for a tube
of 25 mm length of 100 mm diameter.
The size of silica gel that are use in this CFD simulation is

Silica gel granular size 1 mm
Silica gel granular size 2 mm
Silica gel granular size 3 mm.
Adsorbent particle size affects how the water vapour

flows through the adsorber bed. Smaller particles (higher
mesh values) larger particles (lower mesh values).

First we selected the silica gel to particle sizes the silica gel
were selected in the ranges of 40–60 mesh, 60–100 mesh, and
100–200 mesh.
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2. Modelling Strategies for
Silica Gel Adsorber Beds

In this study, an integrated CFD model was developed to
simulate the adsorption dynamics of water vapour of silica
gel granules in a fixed bed adsorption column using the
solidworks flow simulation module. The model consists of
two modes of operation, the water vapour adsorption and
the desorption mode. In each mode, the water vapour flow
profile surrounding the granules was determined by solving
the Navier-Stokes equations and the resulting velocity profile
was regarded time invariant and stored for later use. Also,
the time-dependent mass transfer both outside and inside
the porous silica gel due to its adsorpitivity was simulated
through a user-defined function developed to solve the
Brunauer, Emmett and Teller (BET) equation [1] for both
adsorption and desorption processes. The developed model
was used to determine the adsorption capacity of three
different sizes of silica gel granules namely; 1 mm, 2 mm,
and 3 mm as a function of time at different operating
temperatures. The simulation results were compared with
past experimental data and found to give a good agreement.

2.1. Modelling of Vapour Flow in Silica Gel Particle. The po-
rous media capabilities of flow simulation are used to sim-
ulate a porous media silica gel which allows you to model the
volume that the silica gel occupies as a distributed resistance
instead of discretely modelling all of the individual passages
within the silica gel, which would be impractical or even
impossible. We consider the influence of the porous medium
permeability type (isotropic and unidirectional media of the
same resistance to flow) on the water vapour mass flow rate
distribution over the silica gel. We will observe the latter
through the behaviour of the water vapour flow trajectories
distributed uniformly over the model’s inlet and passing
through the porous silica gel. Additionally, by cooling the
flow trajectories by the flow velocity the vapour residence
time in the porous media can be estimated, which is also
important from the silica gel adsorption of water vapour
effectiveness viewpoint. As a first introduction to CFD a
simple model was created the model represented one silica
granule in a tube as shown in (Figure 1) the flow inlet and
flow outlet.

The silica gel granule in the tube was designed with the
dimensions of 1 mm, 2 mm and 3 mm this was then used
in the validation model. With this model it was tried to fit
CFD data to generally accepted experimental data. This one
granule was then clone to 40 granule 60 and 120 these clone
granule was then simulated in a tube bed (see Figure 2).

This limitation of granules was necessary to keep the
model reasonable in size with a mesh density comparable
to the validation model. A series of runs was conducted at
a number of flow velocities, see Table 3. In all these runs, the
centrally located granules had a defined temperature of 20◦C.
The tube wall temperature was set at 20.5◦C to create a 0.5◦C
temperature difference between the granule and the fluid at
infinite distance. The water vapour that flowed through the
tube was defined at 20◦C at the entrance. The temperature
of the through the granules was simulated and recorded.

Outlet

Tube wall

Silica gel granule at
temperature of 20◦CInlet for water

vapour

Figure 1: One silica gel in a tube geometry used for validation of
CFD against theoretical models.

Figure 2: This one granule was then clone to 36 granule 65 and 114
granules.

A constant diffusion coefficient De was assumed according to
the reference of [7] Sakoda et al. (1984). The spherical silica
gel particle with initial conditions of water content mr = 0
and a temperature Tin is instantaneously exposed to vapour
flow. The diffusion equation in the silica gel particle is

∂mr

∂t
= 1
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∂r
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)
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The initial condition and boundary conditions for (1) are
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The mr is local water content of a silica gel particle in the
radial direction and the me is the equilibrium water content
on the particle surface. The water content averaged in a silica
gel particle is given by

m = 24
d3
p

∫ dp/2

0

(
1− ep

)
r2mrdr, (3)
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where the porosity in a silica gel particle was fixed at ep =
0.38 for 1 mm silica gel, 0.38 for 2 mm silica gel and 0.34 for
the 3 mm silica gel.

3. CFD Governing Equations

The transport phenomena can be divided into adsorption
and water vapour flow in the adsorber bed, silica gel granules
surfaces Navier-Stokes equations for flow are used to solve
the water vapour flow phase [1, 3, 7–11]:

∂�u
dt
= −1

ρ
∇p + ηΔ�u,

∇ · �u = 0.
(4)

The p represents pressure, η dynamic viscosity and ρ
density of the fluid the velocity flow can be simulated in first.
This simulated data is then stored and used for solving the
convection-diffusion equation [1]:

∂c

∂t
= −�u · ∇c + D · Δc. (5)

The c represents the water vapour molecule adsorbed into
the silica gel, and D the diffusion flow coefficient in the silica
gel. In contrast to diffusion, an effective diffusivity De must
be applied [1, 3, 9–11]:

∂cp
∂t

= De · Δcp − 1− εe
εe

∂q

∂t
,

De = εiD

θ
·

(6)

The cp represents the water vapour molecule adsorbed within
the silica gel particle. The mass transfer resistance between
the silica gel surface is also modelled [1]:

�n · (−D∇c + c�u
) = k f

(
c − cp

)
,

−�n ·
(
−De ∇cp + cp�u

)
= k f

(
cp − c

)
.

(7)

The �n represents the normal vector of the outer silica
surface. The driving force of transport over the particle
boundary is relative to the adsorption difference, and k f is
the corresponding mass transfer coefficient. The adsorber
beds in the CFD simulation are simulated with far less
silica gel granules than in a real adsorber bed. In order
to simulate similar systems, the effective diffusivity De is
increased. The adsorption of the water vapour molecules at
the silica surfaces is described by a classical Langmuir-type
kinetic [1, 3, 7–10]:

∂q

∂t
= ka · c ·

(
qmax − q

)− kd · q. (8)

The ka and kd represent adsorption and desorption rates,
qmax maximum capacity, and q the current occupation of
binding sites at the surface.

3.1. Desorption of Vapour in Porous Materials. When consid-
ering desorption in a porous material one must considers
vapour transport the Lattice Boltzmann equation can be
expressed as

∂s

∂t
= r
(
kpc

p − sq
)
. (9)

This can be done with Lattice Boltzmann multi physics ex-
tension by applying a local rule describing the change of the
adsorption rate ∂s/∂t on the water vapour concentration C
and the adsorbed mass S deposited per unit volume of the
porous media matrix.

With parameters kp > 0 and exponents p, q fulfilling
p/q ≤ 1. At equilibrium, that is, for ∂s/∂t = 0, this model
reduces to a Freundlich isotherm:

s = kcn, (10)

with k = kp
1/q and n = p/q.

4. CFD Modelling Method

In all types of CFD modelling there are some factors
that determine the difficulty of modelling granules packed
adsorption beds. In a silica gel packed bed the amount of
packing and the narrow region between them makes its
modelling more complicated. One way of solving this prob-
lem is to model a single granule of silica gel in CAD software.

This single granule can then be clone into thousands of
granule then pack into a 3D adsorption bed (see Figure 3).
The clone pack silica gel can then be inserted as a parasolid
CAD file then one could applied a porous media material
using a CFD software called flow simulation. Then, this
porous media could be solved by using a finite control-
volume method.

4.1. Smaller Arrangements of Silica Gel Granules. The amount
of silica gel granules in a real adsorber bed cannot be
reproduced in a three-dimensional model using CFD tools.
However, to simplify the numerical calculations you can
simulate smaller arrangements of silica gel granules. In this
study, there are three silica gel sizes in the adsorber beds
these beds contain 36, 65, and 114 particles, respectively (see
Figure 4).

Different porosities were obtained by changing the
particle sizes and arrangements. Constant thermo physical
properties at 20◦C were assumed for the water vapour. Peri-
odic boundary conditions were imposed on the boundaries
of the computational domain. The inflow into the domain
was set as a velocity inlet with the outflow set as the pressure
outlet boundary condition. The dimensions and porosities
of the porous media used in the simulation were based on
the experimental research are listed in Table 1. The constant
contact areas between the particles were calculated based on
the desired porosity.

4.2. Computational Mesh Domain. In this work, the mesh
creation was done using flow simulation, a general-purpose
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A single granule of silica gel

A packed bed of silica gel control

volumes

Figure 3: Thousands of granule pack the silica gel into a 3D adsorption bed.

(a)

(b)

(c)

114 silica gel granules

65 silica gel granules

36 silica gel granules

Figure 4: The three adsorption bed tube containing the numerically created example packing with (a) 36 granules, (b) 65 granules, (c) 114
granules.

Table 1: Geometry and mesh parameters.

Test section
Porous media sizes

(mm)
Porosity ε

Total number of
elements

No. 1 1 mm 0.38 1065623

No. 2 2 mm 0.38 1122425

No. 3 3 mm 0.34 1097191

program providing a variety of automatic meshing strategies.
All the simulation, in this exercise were conducted first with
automatic meshing and then secondly modified manually to
help determine the influence of mesh density on the outcome
of the simulation.

4.3. A Porous Sample with Nonuniform Porosity. The mesh
domain was split into 1065623 cells containing 1122425 faces
and 1097191 nodes.

The grid was then partitioned along the principal axis
into 3 segments to allow the domain to reduce simulation
time on computer see Figure 5.

4.4. 3D Silica Gel Granules Packing Arrangements. When sim-
ulating the adsorption of water vapour on porous silica gel
the volume of silica gel packing and pore spacing will depend
upon the size of silica gel. But in some sense the relationship
between size and pore spacing can be more complex because
of the influence of packing arrangements.

For example, the packing of spherical porous media
of 1 mm uniform size in Figure 6(a) when a simulation
was completed on this type of packing arrangement, the
porosity was 0.45. But when the simulation was simulated in
Figure 6(b) the porosity was 0.26 and when a simulation was
completed in the Figure 6(c), it was 0.38, this arrangement
was a more realistic packing arrangement, this was a random
arrangement. In a real-world scenario, adsorption bed would
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Figure 5: Schematic diagram of the computational domain.

(a) (b) (c)

Figure 6: Arrangements of the silica gel particles for CFD simulation.

have randomly packing of silica gel and not uniform
arrangement. So, it was determined that this was the packing
arrangement to be used in all CFD simulation.

4.5. CFD Mesh Generation. For all types of geometries the
creation of the mesh has different obstacles. In the meshing of
silica-gel-packed bed geometry, the major issue is resolving
the areas where two solid surfaces touch the contact points.

Because of this fact, the silica gel radii were reduced by
about 2% in order to avoid mesh failures in the area of the
silica gel contact points (see Figure 7).

4.6. Porous Media Simulations. A porous material had to be
defined for the adsorbent used in the simulation. Materials
were found in different sources, one of the source was in ([8]
Akisawa, Saha (2001), [3] Akira , Alam (2005)). Type A and
Type RD were created with a density of 730 kg/m3, for type
A and a density of 800 kg/m3, for type RD, a heat capacity of
0.921 J/kgK, and a thermal conductivity of 0.174 W/mK (see
Table 2).

By studying the table above, you can see that Type A
silica gel and Type RD have similar physical properties which
give them similar adsorption/desorption characteristics at
different regeneration temperatures [8].

Table 2: Thermophysical properties of silica gel.

Type A Type 3A Type RD

Specific surface area (m2/g) 650 606 650

Porous volume (mL/g) 0.36 0.45 0.35

Average pore diameter (A) 22 30 21

Apparent density (kg/m3) 730 770 800

pH value 5.0 3.9 4.0

Water content (wt.%) <2.0 0.87 —

Specific heal capacity (kJ/kg K) 0.921 0.921 0.921

Thermal conductivity (W/m K) 0.174 0.174 0.198

Mesh sire 10–40 60–200 10–20

4.7. Porosity of Silica Gel Used in CFD Simulation. Porosity
is the effective porosity of the porous medium, defined as
the volume fraction of the interconnected pores with respect
to the total porous medium volume; here, the porosity is
equal to 0.36. The porosity will govern the water vapour
flow velocity in the porous medium channels, which, in
turn, governs porous medium efficiency. The porosity of the
granules is defined as the ratio of the volume of the total pore
space filled by the fluid to the total volume of the porous
medium, all within the domain of interest. Since mesh cells in



6 Modelling and Simulation in Engineering

Silica gel radii were reduced
by about 2%

A packed bed of silica gel

Figure 7: 3D dimensional display and detail of the control volumes in the fluid region near particle-to particle contact points.

Figure 8: To define a porous medium in this simulation you need to specify the porous medium’s properties (porosity, permeability type,
etc.) in the engineering database and then apply the porous medium to a silica gel in the assembly see Figure 8.

the domain have been tagged as solid or fluid, the volume of
total pore space can easily be obtained numerically by finding
the sum of volumes of the cells tagged as fluid. Similarly, the
volume of the solid matrix is the sum of volumes of the cells
tagged as solid. Finally, the total medium volume is simply
the sum of the volumes of all cells, see also Figure 9.Then the
porosity is defined by the following equation:

ΔP

L
= −αU2

s − βUs. (11)

For some materials which have nonconstant porosity
(Benenati and Brosilow), there are various techniques avail-
able to generate numerical porous media with the same non-
uniform characteristics.

4.8. Pressure Drop and Mass Transfer. The pressure drop and
water vapour flow rate caused by the different size of silica

Table 3: Simulated pressure drop of different spacer arrangement.

Inlet velocity
(m/s)

Pressure drop
size 1 mm
(kPa/cm)

Pressure drop
size 2 mm
(kPa/cm)

Pressure drop
size 3 mm
(kPa/cm)

0.5 0.27 0.32 0.35

1.0 0.92 1.05 1.13

2.0 2.19 2.60 3.02

gel perpendicular to the flow direction together with the
mass transfer coefficient are very important in determining
optimal packing design.

Table 2 shows the pressure drop for different simulated
silica gel size and arrangement.

It can be seen that the pressure drop in the different size
of silica gel arrangements in the adsorption tube increased
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Vs

Water
vapour

Porous
media

Figure 9: A typical domain of a porous medium two phase
problem.

significantly with inlet velocity. The silica gel size 1 mm has
the lowest pressure drop values are observed. This may be
partly due to the fact that the diameter of these silica gel
arrangement are smaller than the two silica gel 2 mm and
3 mm arrangement in the adsorption tubes. The pressure
drop for silica gel size 2 mm is slightly higher than 3 mm silica
gel this is also because of the different size effect on flow of
vapour.

4.9. Boundary Conditions Used in Simulation. The boundary
conditions determine the flow and thermal variables on the
boundaries of the physical model. There are a number of
boundary conditions:

(i) flow inlet and exit boundaries: pressure inlet, velocity
inlet, pressure outlet;

(ii) wall, repeating, and limit boundaries: wall, symme-
try;

(iii) internal fluid, solid;

(iv) internal face boundaries: porous, wall, interior.

In our model we use a velocity inlet at the flow inlet of
the adsorption bed, this boundary condition defines a flow
velocity at the inlet of the bed. The flow exit boundary is
defined as a pressure outlet; the outlet pressure is defined
as atmospheric pressure. The bed and packing interiors are
defined as boundaries. The wall boundaries separate the fluid
zone, vapour, in between the silica gel particles from the wall
zones [4, 5, 12–14].

With the determination of the boundary conditions, the
physical model has been defined and a numerical solution
can be provided. It was then necessary to determine how
the solution will be established. This was done by setting the
iteration parameters. With all boundary conditions defined,
a number of additional parameters and solving schemes were
selected.

An initial condition was assigned to the model and was
used to help speed the convergence of the computation. The

computation is an iterative process that solves the governing
equations for flow and energy in each simulated cell.
Depending on the complexity of the model and the computer
resources available, CFD simulation can take anywhere from
minutes to days [10]. The results of the simulation can be
viewed and manipulated with post-processing software once
the simulation has converted to a solution.

4.10. Postprocessing the Simulation Data. When the simu-
lation has converged, the last dataset is stored as a final
solution. This dataset has a record of the status of all elements
in the model, temperature, densities, pressures, flow aspects,
and so forth. To be able to interpret the data, it needs to
be ordered and reduced to comprehensible sizes [15]. This
displaying of the data is called postprocessing and makes it
possible to compare the different simulations with each other
and with external data. There was as many ways of displaying
the data as there were data points so it was important
to select the data representation that was required for the
desired data comparison. Some of the standard options
available are contour plots and velocity vector plots. Contour
plots will give a plot in the defined data point collection,
this can be a plane or a volume, of contours of another
variable. For example, a plane can be defined as a constant
x coordinate plane (y-z plane), we can then make a contour
plot showing temperature contours in this plane. In the same
plane, a velocity contour plot can be made showing absolute
velocities of the fluid in the defined plane. Other variables
that can be used for contour plots are magnitude of velocity
components, turbulence components, pressure, and so forth.
Velocity vector plots can be made to get an insight into the
flow patterns in the overall geometry or detailed at specific
locations [3, 9–11].

4.11. Fluid Flow Fundamentals. For iteration, CFD solvers
use generalized fluid flow and energy balances based on the
Navier-Stokes equations. The balances are generalized so the
user can influence which elements are added in the balance
and which are not. The number of balances to be solved is
also user defined; it can be advantageous to not solve all
balances initially. The generalized balances that are used by
the flow simulation commercial CFD package are the Navier-
Stokes equations for conservation of mass and momentum,
when it is set to calculate laminar flow without heat transfer.
Additional equations are solved for heat transfer, species
mixing or reaction, or κ and ε for turbulent cases [16].

5. Results and Discussion

The present CFD simulation attempts to clarify the adsorp-
tion characteristics of the adsorption bed packed with
spherical silica gel type A under the boundary condition of
parameters such as a width of packed bed, the inlet water
vapour velocity, and granule size of silica gel.

5.1. Granules Packing Gap between Wall. To be able to solve
for turbulent flow in a CFD simulation, it was necessary to
introduce a small gap between the wall and the silica gel
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3 mm silica gel

2 mm silica gel

1 mm silica gel

Figure 10: Flow profile in an adsorber test beds.
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Figure 11: Velocity vectors profile in an axial cut model velocity profile expressed in m/s.

granules. It was shown from comparisons of flow profiles at
several gap sizes that the small gaps used in the final model
did not affect the stagnant flow area around the contact
points.

6. CFD Validation against Theoretical Models

The CFD simulation model has been used to simulate the
water vapour adsorption and desorption onto silica gel
porous media, heat transfer, and velocity. The results sim-
ulated using the CFD model were compared with the ex-
perimental data. Based on the simulation results, the data
demonstrated a good agreement with the experimental
data with maximum error (Figure 10). Based on the good
agreement of the model results, several important operating
parameters were varied to study the influence of these
parameters on water vapour adsorption performance.

6.1. Velocity Profiles. In all CFD simulation, it was notice that
the water vapour flow in the middle of the porous media
granules and the wall channel as expected. It was also noticed
that velocity increased by the inlet and velocity in some
constrained areas of the adsorption bed. Stagnation points
and secondary flows were also noticed near the contact
points (Figure 11).

It can be noticed that all simulations show a good
correlation with Ergun’s equation, turbulence, and velocity
model. The packing of the silica gel granules is clearly visible;
also note the practical difference between the interior of
the bed and the near-wall region where the packing of the
spheres is constrained by the presence of the wall. This lowers
the porosity in these regions and a significant fraction of the
flow is being channelled through this region.

In (Figure 12) it can be notice that the velocity vectors
of water vapour flows in the middle of the silica gel granules
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Figure 12: Velocity vectors plot of the water vapour velocity field in
a packed bed the inlet.
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Figure 13: Influence of the silica gel size and number on the
breakthrough curve.

packing and by the walls of the tube adsorption bed. It can
also be seen that the velocity vectors increasing by the inlet of
the adsorption bed tube.

One advantage of computational simulation of the flow is
the sheer volume of data available for analysis; in particular,
here, flow velocities at every point in the bed, which are
available for statistical analysis.

6.2. Effect of Flow Velocity. Flow velocity has a directly pro-
portional effect over heat transfer when forced convection
takes place. An increase on flow velocity leads to an increase
on kinetic energy. This fact generates a better heat transfer
coefficient.

The velocity variation within the porous medium de-
pends on the structure of the porous media, as manifested via
the pressure drop. The pressure drops occurring across the
porous medium are attributed to several factors, including
form drag, viscous drag from bounding wall, and inertia
force. The obtained results confirm that the pressure drop
is a linear function of flow velocity [1–3, 9–17].

6.3. The Performance of the Silica Gel. The performance of
the silica gel systems is commonly illustrated and evaluated
on the basis of adsorption of the water vapour molecules
in the adsorber bed over time. These simulations reveal the
impact of silica gel granule adsorption rates:

C = 1
A
·
∫
A
cdA. (12)

Figure 13 shows the resulting CFD simulations with the
three example of silica gel. The breakthrough curves become
steeper for models that contain smaller silica gel, which is
crucial for good adsorption performance of the adsorber bed
[1, 5, 7, 11, 15–17].

6.4. Water Vapour Flow Profile. The water vapour molecules
adsorption accumulation on the silica gel is shown in
(Figure 13). In this study, an integrated CFD model was
developed to simulate the adsorption dynamics of water
vapour of silica gel granules in a fixed bed adsorption
column using the Solidworks flow simulation module, the
model consists of two modes of operation: the water vapour
adsorption and the desorption mode. In each mode, the
water vapour flow profile surrounding the granules was
determined by solving the Navier-Stokes equations and the
resulting velocity profile was regarded time invariant and
stored for later use. Also, the time-dependent mass transfer
both outside and inside the porous silica gel due to its
adsorpitivity was simulated through a user defined function
developed to solve the Brunauer, Emmett, and Teller (BET)
equation [1] for both adsorption and desorption processes.
The developed model was used to determine the adsorption
capacity of two different sizes of silica gel granules, namely,
3.5 mm and 5 mm as a function of time at different operating
temperatures.

In Figure 14, the water molecules stick to the surface of
the silica gel the same as the Brunauer, Emmett and Teller
model of multilayer adsorption method [12, 13], in the
CFD simulation, the water vapour molecules is a randomly
distributed on to the porous silica gel material surface.

6.5. Water Vapour Adsorption Profile. The CFD simulation
determine the distribution of water vapour molecules in the
flow vapour phase and the adsorption of adsorbed vapour
molecules on the silica gel surfaces. (Figure 15) shows some
views of typical adsorption of water vapour molecules (a),
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(a)

Molecules stick to the surface of silica gel

Silica gel

(b)

Figure 14: The adsorption starting to take place with the formation of multilayer of adsorbate on adsorbent.

(a) t = 129 sec (b) t = 350 sec (c) t = 700 sec

Figure 15: Concentration profiles for c and q at different times in a column filled with 100 silica gel beads.

(b) and (c) at different times of the adsorption of the beds
t = 129 sec, t = 350 sec, and t = 700 sec [1, 7, 8].

6.6. CFD Simulation of Desorption of Water Vapour from
Silica Gel. When attempting to simulate the desorption of
water vapour from silica gel, it was necessary to create a user
defined function (UDF); the major challenge in the use of
CFD simulation of the desorption of water vapour from silica
gel is the complex interconnected void space silica gel has. In
traditional 2D mathematical approaches, the engineers use
to largely ignoring this fact. In CFD simulation, this is not
ignored, it is model into the 3D model of the porous media,
see Figure 16. In order to simulate desorption, we had to
create a function called desorption that would take several
inputs (material, fluid, pressure, flow rate, and whatever
factors affect the silica gel calculations).

The desorption of water vapour for silica gel was sim-
ulated on a 3D test with one silica then was tested on a 3
silica gel then ultimately on a 40 silica gel simulation.

6.7. The Heat Transfer Performance. The CFD simulation
showed that the heat transfer performance of the silica gel

adsorption bed is one of the important factors to affect the
adsorption efficiency of the bed. The surface temperature of
the silica gel was measured in the simulation to get a batter
understand of the heat transfer performance of the silica
gel. The water temperatures of 70◦C, 80◦C, and 90◦C were
used to heat the silica gel different surface temperatures to
help one to understand the heat transfer performance of the
adsorber bed with silica gel. Figure 17 shows that the silica
gel surface temperature increased steadily in the bigger silica
gel sizes as compared to the smaller sizes and its surface
temperature was lower than that of the smaller sizes of silica
gel. As was expected, the heat transfer performance in the
smaller sizes was better than that of the bigger silica gel sizes.

7. Pros and Cons

CFD provides a cost-effective means to analyse, demonstrate,
and improve the performance of industrial designs; to
trouble-shoot manufacturing and process problems. It is
a very powerful tool for the simulation of fluid flows.
CFD is a knowledge-based activity. It still relies heavily on
the knowledge of the user. It is particularly important to
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Figure 16: Desorption of water vapour in porous materials.
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Figure 17: The variation of the surface temperature of silica gel size
with the heating time.

understand its bounds of applicability and the consequences
of limitations in physical and numerical submodels.

8. Conclusions

A CFD model was developed for simulating the adsorption
of water vapour on silica gel granules and used to study the
effect of granule sizes indicating that reducing the granule
size increases the adsorption. It can be concluded that CFD
is a promising tool in evaluating heat transfer behaviour in
an adsorption bed. Further CFD studies, with a larger silica
gel and porous medias, are required in the future simulation
to show whether they will produce this.

Notations

a: Surface area of silica gel
C0: Inlet concentration (kg m−3)
C: Bed concentration (kg m−3)
C2: Inertia resistance coefficient (m)
D: Molecular diffusivity (m2 sec−1)

Dp: Particles diameter (m)
K : Mass transfer coefficient (sec−1)
P: Partial pressure (Pa)
q: Adsorbent capacity (mmol g−1)
qs: Maximum capacity (mmol g−1)
t: Time (sec)
u: Water vapour velocity (x-direction) (m sec−1)
v: Water vapour velocity (y-direction) (m sec−1)
w: Water vapour velocity (z-direction) (m sec−1).

Greek Symbols

ε: Bed fraction (Porosity)
ρs: Particles density (kg m−3)
ρ: Fluid density (kg m−3)
α: Viscous resistant coefficient (m−1)
μ: Fluid viscosity (Ns m−2)

Abbreviation

CFD: Computational fluid dynamics
LDF: Linear driving force
UDS: User’s defined scalars
UDF: User’s defined functions.
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