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Abstract. The adsorption technology is becoming the more expected solution by today's researchers for fix 
the energy and environmental issues. The main part of the cooling system adsorption is adsorbent and 
adsorbate. One of the most widely used adsorbents in research of adsorption technology is silica gel. A new 
silica gel-water adsorption chiller design was developed that composed of two sorption chambers with 
compact fin tube heat exchangers as adsorber, condenser, and evaporator. Energy, mass, and momentum 
conservation equations of the adsorption systems have been used for the CFD two and three dimensional 
models. The geometry of simulation is simply made within silica gel layer between two fins. The simulation 
is also implemented using a finite volume method through the CFD software Fluent. User defined functions 
are given to modify the energy, mass, and momentum conservation equations. The simulation of adsorption 
process is adjusted at unsteady condition. Adsorption and desorption processes are simulated with room 
temperature for cooling water inlet at temperature 305.15 °K, hot water inlet at temperature 353.15 °K, 
mass flow rate cooling water inlet at 0.3 kg/s and pressure 32 KPa. For the whole adsorbent bed area, the 
result shows that the highest absolute adsorption rate at the outer surface, while the lowest rate is at the 
center. After adsorption was finished, the condition is reversed. The highest absolute adsorption rate is 
achieved at center, while the lowest rate is achieved at the outer surface. 

1 Introduction 
Adsorption cooling technology in chillers has become a 
notable popularity as an alternative to conventional 
vapour compression chillers. Adsorption coolers have 
significant advantages today such as suitable for low 
thermal energy in the form of waste heat or solar energy. 
As natural coolants such as water, ethanol, methanol, 
CO2, ammonia, it has additional advantages that include 
zero global warming potential (GWP) and ozone 
depletion (ODP). The maintenance is easy because there 
is no moving part.  

But some constraints such as low coefficient of 
performance (COP) and specific cooling power (SCP), 
size of the mass and the volume that is less ergonomic, 
as well as high initial procurement investment become 
challenges in implementing this technology on massive 
scale. Researchers working on this field are also looking 
for ways to improve the efficiency of their own 
adsorption cooling technology, such as develop several 
new refrigerants with high uptake [1-4], attempt 
variations in the use of adsorbents [5-8], improvise heat 
transfer coefficients [9-11], attempt variations of cycle 
time [12-13], and apply the heat recovery and the mass 
recovery process [14]. 

Specific topic that requires special attention to the 
adsorption cooling system is the performance of the 
adsorbent bed which is one of the most important parts 
in the chiller. However, research on CFD 

(Computational Fluid Dynamics) simulation on 
adsorbent bed in adsorption cooling system is still very 
rare. Some researches that are similar to the topic of 
related discussion have been largely done by experts. 
Sahoo, et al (2011), has conducted ANG research 
simulation using COMSOL MULTIPHYSICS 3.5a. 
software with a symmetric 2D-axis geometry model for 
the distribution of temperature and pressure at adsorption 
and for the variation of bed size. Nouh, et al (2010), has 
conducted a 3D model simulation using Fluent software 
to find out the adsorption capacity that included CO2 and 
CH4 gas mixtures with variations of speed and porosity. 
Xiao, et al (2013), has performed simulation using 
Fluent software to determine the adsorption capacity and 
the distribution of pressure and temperature. The study 
was conducted on hydrogen gas with 2D symmetric axis 
model and facilitated by CFDs that help analysing the 
temperature, pressure, and adsorption during the 
experiment. 

The silica gel-water adsorption cooling system can be 
driven by low temperature heat source in range from 60 
to 95 °C [15]. So, the simulation will be run at some 
variation of hot water input temperatures. The silica gel-
water adsorption phenomena can be described as contour 
of the temperature, pressure, and adsorption. It can be 
described by using the 2D geometry model or the 3D 
geometry model within the porosity model. So the 
simple 3D model (2D model with thickness) is used to 
get more detail about the phenomena. 
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2 Mathematical model 
2.1 Adsorption model 

In this work, the adsorption for adsorbent bed model 
cumulate models for the adsorption isosteric heat and the 
adsorption isotherms. An adsorption isotherms model in 
adsorbent can be performed by the modified Dubinin-
Astakhov (D-A) model. The absolute adsorption 
isotherm for the system is defined as [16]: 

 

where the  value is 71.6 mol/kg which is the 
maximum adsorption value. The m value is 2. The R 
value is 8.314 J/mol which is the universal gas constant. 
The p is the equilibrium pressure. The p0 value is 1.47e9 
Pa which is the saturation pressure. The parameters  is 
the enthalpic factor which is equal to 3080 J/mol and 
parameter  is the entropic factors which is equal to 18.9 
J/(mol K). 

The adsorption isosteric heat decreasing during 
adsorption and increasing during desorption. The 
adsorption heat can be specified as [17]: 

 

 

2.2 Conservation of mass 

The mass conservation equation in porous media is 
defined as [19]: 

 

where  (kg/m3 s) is the mass source term. The mass 
source term models the mass added from the gas phase 
to the absorbed phase in unit volume per second. It can 
be expressed as: 

 

The bed density,  (kg/m3), and mass ratio of adsorbate 
to adsorbent, , are defined as: 

 
 

 

So the mass source term also can be expressed as the 
equation below [18]: 

 
 

 

where  is the bed porosity,  (kg/m3) is the particle 
density of silica gel,  (mol/kg) is the absolute 
adsorbed amount per unit adsorbent and  (kg/mol) 
is the molecular mass of water [20]. 

2.3 Conservation of energy 

The energy balance amount compiled in the adsorption 
system due to the convective flow, the pressure, the 
conductive and thermal dispersion fluxes and the heat 
release, can be defined as [19]: 

 

where E is the summary of internal and kinetic energy. It 
can be defined as: 

 

In the terms of left hand side of the equation, it is 
considering the pressure work. The impact of gravity 
may be neglected. The viscous dissipation ( ) is counted 

in the term  based on the following equation: 

 

In the energy conservation equation, the energy source 
term can be defined as [18]: 

 

where  (W/m3) is the energy source term,  (J/mol) 
is the isosteric heat of adsorption, and  (kg/m3 s) is 
the mass source term. 

2.4 Conservation of momentum 

The momentum equation can be described as the 
following equation [19]: 

 

where  (N/m3) is the momentum source term and  is 

the stress tensor. The momentum source term is based on 
the Ergun equation. It contains viscous and inertial 
losses. For a simple homogeneous porous media in i 
direction, “Fi”, the momentum can be expressed as [19]: 

 

where  (Pa s) is the dynamic viscosity of water, 1/K 
(1/m2) is the viscous resistance coefficient,  (1/m) is 
the inertial resistance coefficient,  is the magnitude of 
the velocity vector and  is the velocity component 
along the i direction. 
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3 Model parameters 
3.1 Model validation using experimental system 

 

 
Fig. 1. The silica gel layer between two fins as the adsorbent on the adsorbent bed. [21] 

 
The experimental study of silica gel-water adsorption 
chiller was developed in Mechanical Engineering of the 
Universitas Indonesia. The design configuration of 
chiller is designed of two sorption chambers that each 
has three sub-chambers consisting of compact fin tube 
heat exchangers as adsorber, condenser, and evaporator 
[21]. The simulations are tested under typical condition 
for hot water inlet/cooling water inlet/chilled water inlet 
temperatures are 353.15/305.15/288.15 °K. The inlet 

cooling water pressure and the mass flow rate is set as 
32000 Pa and 0.3 kg/s. The pressure value is 21331.6 Pa 
for the chamber of adsorber so the inlet adsorption 
pressure value too. The data will be recorded after 
getting a stable condition in several cycles in order to get 
easier to be analyzed. 
The student version of CFD software Fluent is used to 
simulate the silica gel-water adsorption cooling process 
during adsorption and desorption. Fig. 2(a) shows

 

  

Fig. 2. Pictorial view (a) and grid view (b) of silica gel adsorbent on adsorbent bed. 
 

(a) (b) 
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the geometric model of the adsorbent at the adsorbent 
bed. The wall of circle area represents the tube where the 
cooling water inlet flows. Fig. 2(b) shows the grid of 
silica gel adsorbent which has 33220 nodes. The 
dimensions of the geometry model and the location of 
the middle point of all tubes are given below.   

Table 1. Geometric parameters. 
Parameter Value (mm) 
Outer radius of tube 12.7 
Thickness of tube 0.8 
Length of adsorbent 56 
Width of adsorbent 3 
Height of adsorbent 160 
Middle point of tube 1 (11.35, 9.35) 
Middle point of tube 2 (44.65, 25.05) 
Middle point of tube 3 (11.35, 40.75) 
Middle point of tube 4 (44.65, 56.45) 
Middle point of tube 5 (11.35, 71.15) 
Middle point of tube 6 (44.65, 87.85) 
Middle point of tube 7 (11.35, 103.55) 
Middle point of tube 8 (44.65, 119.25) 
Middle point of tube 9 (11.35, 134.95) 
Middle point of tube 10 (44.65, 150.65) 
 

3.2 Material properties 

The materials used in the simulation of the silica gel-
water adsorption chiller were copper for fins and tube, 
water liquid for cooling water, water vapor for the 
refrigerant, and silica gel as solid material of porous 
zone. 

Table 2. Material properties. 
Copper (Cu) Density (kg/m3) 8978 
 Specific heat capacity (J/kg K) 381 
 Thermal conductivity (W/m K) 387.6 
Silica gel  Density (kg/m3) 2330 
(SiO2) Specific heat capacity (J/kg K) 921 
 Thermal conductivity (W/m K) 0.174 
 Porosity 0.8 
Water liquid  Density (kg/m3) 998.2 
(H2O(l)) Specific heat capacity (J/kg K) 4182 
 Thermal conductivity (W/m K) 0.6 
 Viscosity (kg/m s) 1.003e-03 
Water vapor  Density (kg/m3) 0.5542 
(H2O) Specific heat capacity (J/kg K) PP 
 Thermal conductivity (W/m K) 0.0261 
 Viscosity (kg/m s) 1.34e-05 
*PP = Piecewise-polynomial 

 

 
Fig. 3. Absolute adsorption contour (mol/kg) at (a) 10 s (b) 20 

s and (c) 30 s. 

 
 

Fig. 4. Temperature contour (K) at (a) 10 s (b) 20 s and (c) 30 
s. 

 
Fig. 5. Absolute adsorption as the effect of inlet adsorption temperature. 
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4 Results and discussions 
In this case, we study the changes and the contours of 
temperature, pressure, and adsorption during the 
adsorption and desorption processes. 

4.1 Grid independence analysis 

The numerical study of adsorption chiller was developed 
using custom quality of mesh that plays a significant role 
in the stability and the accuracy of CFD. Finest mesh 
with 33220 nodes and 23575 elements gets high 
increment because it is necessary to maintain minimum 
value of orthogonal quality at 0.5 in order to improve the 
convergence of calculation. The finest mesh gets good 
orthogonal quality with minimum value at 0.5135. 

4.2 Absolute adsorption and temperature 
distributions 

By using CFD software, it can be shown using color 
variation per time or per position. Fig. 3 (a), (b), and (c) 
show the adsorption distributions at 10 s, 20 s, and 30 s 
respectively. While Fig. 4 (a), (b), and (c) show the 

temperature distributions at 10 s, 20 s, and 30 s 
respectively. While the absolute adsorption contours are 
a reverse of the temperature contour. 

4.3 Effect of inlet adsorption temperature 

Fig. 5 shows the effect of different inlet adsorption 
temperature on the absolute adsorption. At the 
adsorption process, it shows the different value of 
absolute adsorption, while at the desorption process, 
there are no significant difference. Fig. 6 shows the 
effect of different inlet adsorption temperature on the 
average temperature. At the adsorption process, it shows 
the difference while at the desorption shows the same. 

4.4 Effect of adsorption and desorption process 
cycle time 

We compare the cycle time in three cases (500 s, 600 s, 
and 700 s). Fig. 7, Fig. 8, and Fig. 9 shows the effect of 
cycle time on the absolute adsorption. At the absolute 
adsorption and the average temperature, 500 s cycle time 
shows a different pattern when compared to 600 s and 
700 s. 

 
Fig. 6. Average temperature at adsorbent as the effect of inlet 

adsorption temperature. 

 

Fig. 7. Absolute adsorption as the effect of cycle time. 

 

Fig. 8. Average temperature at adsorbent as the effect of cycle 
time. 

 

Fig. 9. Average pressure at adsorbent as the effect of cycle 
time. 
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Conclusions 
In this study, a CFD model is built while the silica gel-
water adsorption and desorption processes are simulated 
with room temperature for cooling water inlet at 
temperature 305.15 °K, hot water inlet at temperature 
353.15 °K, mass flow rate cooling water inlet at 0.3 kg/s 
and pressure 32 KPa. We study the changes of absolute 
adsorption, temperature, and pressure during the 
adsorption and desorption processes as well as the 
machine in idle mode. We also study about the effects of 
inlet adsorption temperature and cycle time in order to 
get a picture how the function of time can affect the 
average of absolute adsorption, temperature, and 
pressure. During the adsorption process, the silica gel 
layer absolute adsorption distribution shows the absolute 
adsorption at central area is higher than near the wall, 
while the silica gel layer temperature distribution shows 
the temperature at central area is lower than near the 
wall. 
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