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The adsorption cooling system is an environmentally friendly system because of non-
CFCs (chlorofluorocarbons) and non-HCFCs (hydrochlorofluorocarbons). The 
simulation developed is an adsorption system that can operate with a low temperature 
waste heat source so that this adsorption system can be applied to building cooling 
systems. The purpose of this research is to obtain the most effective and efficient cycle 
of three bed silica gel-water adsorption system with a low temperature heat source so 
that it has the potential for building applications. The method developed is by 
simulating various design combinations of three bed adsorption systems and 
simulating 6 (six) cycle types. Furthermore, those designs of silica gel-water based two 
different types of three-bed adsorption chiller has been analyzed statically. The 
performance of the chillers was investigated in terms of coefficient of performance 
(COP) and specific cooling effect (SCE) for heat source temperature between 60oC and 
90oC. The result first shows that the performance data of the proposed chillers (Cycle 
E and Cycle F) were compared with those of other four different types of three-bed 
adsorption chiller with the same operating conditions. It was observed that the 
proposed chillers provided a higher SCE compared with other four assorted chillers. 
Second result show that The Cycle B obtained the higher COP comparing with the other 
cycles designed in this study. Thus, this system has a good potential to be developed 
for building cooling systems by utilizing heat waste. 
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1. Introduction 
 

Over the last few decades considerable efforts have been given to use adsorption (solid/vapor) 
for cooling and heat pump applications to comply with the international restrictions on production 
and utilization of CFCs (chlorofluorocarbons) and HCFCs (hydrochlorofluorocarbons). Adsorption 
cooling systems are environmentally friendly as both the ozone layer depletion potential and global 
worming potential are zero due to use of natural refrigerant, e.g., silica gel-water, and due to ability 
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of utilizing the low temperature waste heat or solar energy. In other hand, solar energy as renewable 
energy has also become a road map for energy development in various countries, including Malaysia, 
and development of solar collector technology is positive such as the thermal efficiency of MWCNT 
nanofluids increases by optimization at a certain fluid flow rate [1,2]. The adsorption chiller system 
is also one of the most promising technologies that utilize waste heat to produce cooling water and 
drinking water simultaneously. And the case studies conducted show that the adsorption chiller 
system can produce significant energy-saving performance [3]. Waste heat driven silica gel-water 
based two-bed adsorption chillers was modeled in commercialized chiller which determine the 
optimal cycle time with recovery duration required for cooling load, and also to provide maximum 
efficiency under operating conditions. This is good progress for adsorption chiller technology which 
can apply for commercial building cooling [4]. Since buildings in general in tropical countries are still 
inefficient in terms of energy consumption [5]. 

Silica gel -water adsorption technology with the low temperature heat source has been previously 
studied with various models and types. Xia et al., [6] conducted studies on a new silica gel-water 
adsorption chiller driven by hot water 60 °C –90 °C. This chiller integrates two single bed systems with 
only one vacuum valve. The results show that the chiller Coefficient of Performance (COP) is 0.39 for 
a heat source temperature of 82.5 °C, a cooling water temperature of 30.4 °C and a chilled water 
outlet temperature of 12 °C. Pan et al., [7] investigated of the adsorption system for performance 
tests under solar hot water temperature (70 °C) on a small scale through a heat and mass 
Furthermore, Xu et al., [8] also investigated on a low level heat source at 70 °C but investigated on 
an industrial scale. The experimental results show that the hybrid system can be driven effectively by 
a low-level heat source at 70 °C with a coolant at 30 °C and can achieve high efficiency in extracting 
a 70 °C heat source to meet the needs of cooling and dehumidification with performance coefficients 
can reach 0.539. In addition, Younes et al., [9] calculate COP of adsorption cooler at normal capacity. 
The optimum value is obtained at 94 °C hot water, 15 °C cold water, and 35 °C condensation 
temperature. The lowest COP and normalized capacity values were recorded at 65 °C hot water, 7 °C 
cold water, and 38 °C condensation temperature. 

Furthermore, a new approach to predict heat and mass transfer in the adsorption layer of cooling 
and desalination systems has been carried out using artificial intelligence methods. The innovative 
concept of applying a fluidized bed was introduced to overcome the poor heat and mass transfer as 
well as the low performance of adsorption coolers that exist with conventional packing systems [10]. 
Because increasing the heat transfer coefficient of the adsorption cooling system is very urgent to 
implement because of its ability to be driven by heat that is close to ambient temperature. In 
addition, artificial intelligence (AI) approaches for adsorption cooling optimization studies have also 
been introduced and are very relevant ideas [11,12]. Thus, the coefficient of performance (COP) of 
the three-bed adsorption cooler with desalination function, using silica gel and water as working pairs 
increases from 0.20 to 0.58 when the heating water temperature increases from 57 to 85 °C, and it 
is concluded that the heating water greatly affects the performance of the adsorption chiller [12]. 

In recent year, building cooling applications is continuous increase in energy demand. The 
adsorption chiller system driven by solar energy is very effective used, especially in sub-tropical to 
tropical regions [13]. The commercial building sector is progressively using more energy as the 
economy grows rapidly, thus promoting Building Energy Efficiency (BEE). A solid energy saving 
strategy can be implemented if early prevention is carried out, including the use of heat recovery 
[14]. In a case of building solar adsorption air conditioner, when the hot water temperature is lower 
a longer mass recovery time is required for re-adsorption from the cold adsorbent bed and re-
desorption from the hot adsorbent bed. The COP can be up to 0.53 [15]. Solar single effect vapor 
absorption systems are designed to meet the cooling demands of a building. Solar insulation at a 
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location is used as a heat source for the heat input of an absorption chiller generator. The hot water 
temperature to the generator (heat supplied) is kept constant at 85°C. The genset load required to 
meet various cooling loads is achieved by controlling the solution pump flow rate in the absorption 
system. Further simulations were carried out from an economic perspective, costs and space 
required for the installation of the power plant is still challenging compared to conventional systems 
[16,17]. 

Thus, adsorption chiller technology has received much attention in recent decades because of its 
advantages in utilizing low levels of thermal energy and environmentally friendly refrigerants. 
However, it has not been widely commercialized due to the low coefficient of performance (COP) 
and low specific cooling power (SCP) compared to conventional refrigeration technologies [18]. So, 
this research aims to get the best design for a three-bed adsorption chiller that can use low 
temperature heat recovery so it is very suitable for building cooling applications, where the building 
also has a heating system (boiler) for hot water supply which can be used as a heat source. 
Furthermore, the design of two different types of three-bed adsorption chiller has been proposed 
and the ideal performance was investigated statically in terms of coefficient of performance (COP) 
and specific cooling effect (SCE) for different heat source temperature from 60 oC to 90 oC. Silica gel 
and water have been chosen as an adsorbent adsorbate pair because the regenerative temperature 
of silica gel is lower than some other adsorbents and water has large latent heat of vaporization. 
Finally, the performance was compared with that of other four different types of three-bed 
adsorption chillers considering the same operating conditions. 
 
2. Methodology 
2.1 Three-Bed Adsorption Chiller Model Cycle 
 

The three-bed adsorption chiller model which has been simulated consists of three 
adsorber/desorber heat exchangers namely Bed 1, Bed 2 and Bed 3, one evaporator and one 
condenser. In term of cycles type of the simulation consist of six type of adsorption chillers cycles 
namely, Cycle A, Cycle B, Cycle C, Cycle D, Cycle E and Cycle F and the schematic diagrams of the 
cycles are shown in Figure 1 to Figure 6, respectively. Firstly, Saha et al., [19] proposed three-bed 
adsorption chiller, and the cycle identical with Cycle A (Figure 1) to utilize low temperature waste 
heat and found better performance compared with conventional two-bed adsorption systems. 
Significance of the chiller was that it could produce stabilized cooling effect as a result no fluctuation 
on chilled water temperature. Second, Khan et al., [20] modified the chiller by adapting mass 
recovery process between Bed 1 and Bed 2, i.e., Cycle B (Figure 2). The mass recovery process 
enhanced the COP by increasing the evaporated refrigerant mass without any heat input. The mass 
recovery process is performed by interconnecting two beds for depressurizing-pressurizing after the 
desorption-adsorption process. The mass recovery cycle was effective for improving cooling power 
also, especially at relatively low driving temperatures. Third, Khan et al., [21] was revised their system 
through adding mass recovery process between Bed 1-Bed 3 and Bed 2-Bed 3 instead of mass 
recovery only between Bed 1 and Bed 2, which is shown as Cycle C (Figure 3).  
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Fig. 1. Schematic diagram of three-bed 
adsorption chiller without mass recovery (Cycle 
A) 

 Fig. 2. Schematic diagram of three-bed 
adsorption chiller with mass recovery (Cycle B) 

 

 
Fig. 3. Schematic diagram of three-bed adsorption 
chiller with modified mass recovery (Cycle C) 

 
Furthermore, Uyun et al., [22,23] designed a new adsorption system, Cycle D by adapting heat 

recovery as well as mass recovery process (Figure 4). Main difference between Cycle C and Cycle D 
was that, Bed 3 was connected with condenser in Cycle C, while it was always disconnected from 
condenser in Cycle D. 
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Fig. 4. Schematic diagram of three-bed adsorption 
chiller with a novel heat and mass recovery 
(Cycle D) 

 
In the latter case Bed 3 desorbs the adsorbed vapor to Bed 1 or Bed 2 at same pressure. The 

process is different from mass recovery, however, because mass recovery only happens when two 
beds are in different pressure levels and then connected by each other. That is why in this study mass 
recovery process has been adapted between Bed 1 and Bed 2 and proposed a new design, which is 
Cycle E (Figure 5). The design of another cycle has also been proposed namely Cycle F, which is shown 
in Figure 6. In this case both Bed 1 and Bed 2 are fully disconnected from condenser and only 
desorbed the adsorbed vapor to the Bed 3 at the same pressure. Bed 1/Bed 2 is connected at the 
same pressure as Bed 3, and Bed 1/ Bed 2 are heated by hot water, while Bed 3 is cooled by cooling 
water to allow vapor transfer from a higher pressure bed to a lower pressure bed. Only Bed 3 will be 
connected with condenser and performs desorption, pre-cooling, adsorption, mass recovery cooling 
and pre-heating modes. On the other hand, Bed 1/Bed 2 perform only adsorption, mass recovery 
heating and pre-cooling modes. Bed 1 and Bed 2 are producing continuous cooling effect in the 
evaporator. 
 

 

 

 
Fig. 5. Schematic diagram of a proposed 
three-bed adsorption chiller with mass 
recovery, Type 1 
(Cycle E) 

 Fig. 6. Schematic diagram of a proposed 
three-bed adsorption chiller with mass 
recovery, Type 2 (Cycle F) 
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The operation modes and time allocation of each mode of Cycle E, are shown in Figure 7, which 
is fully different from cycle D and the operation mode and time allocation are shown in Figure 8. 

The dimension of Bed 1 and Bed 2 is chosen as uniform and the size of Bed 3 is chosen as the half 
of Bed 1 or Bed 2 for all chillers except Cycle F. In addition, it was observed better performance when 
the size of Bed 3 was a half of that of other two-beds. For Cycle F, the size of Bed 1 and Bed 2 was 
identical and it was a half of that of Bed 3, but total mass of silica gel as well as total size of the beds 
were adjusted to be the same as those of the other chillers. 
 

 

 

 

 

 
 

Fig. 7. Operation mode and time allocation of the 
proposed Cycle E (Sec.) 

 Fig. 8. Operation mode and time allocation of 
proposed cycle F (Sec.) 

 
Standard working condition and basic input parameters were kept constant for all chillers are 

shown in Table 1 and Table 2, respectively. 
 

Table 1 
Standard working conditions 
Heat transfer media Inlet Temp. (oC) 

Hot water 60-90 
Cooling water (condenser/bed) 30 
Chilled water 14 

 
Table 2 
Basic input parameters 
Parameters Value Units 

Qst 2.80E+6 J/kg 
Cw 4.18E+3 J/kg.K 
Lw 2.50E+6 J/kg 
Cs 924 J/kg.K 
Ws 45 kg 

 
2.2 Statics Calculation and Analysis of The Chillers 
 

Duhring conceptual diagram at saturation stage in support of longer cycle time was considered 
to calculate the performance of adsorption chillers. Heat loss or gain due to ambient temperature 
difference was not considered in this calculation. The amount of water uptake by silica get at 
equilibrium state, can be expressed in Eq. (1) as follows [24]: 
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where Ps(Tw) and Ps(Ts) are the saturation pressure at temperatures TW (water vapor) and TS (silica 
gel), respectively. 

Antoine’s correlates for saturation pressure and temperature can be expressed in Eq. (2) as 
follow. 
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Duhring diagram of Cycle A is shown in Figure 9, which has been drawn based on the operation 

mode of each bed of the system. According to adsorption cycle each bed follows pre-heating, 
desorption, pre-cooling and adsorption modes, which is indicated by the cyclic diagram a-b-c-d-a of 
Figure 9. 
 

 
Fig. 9. Conceptual Duhring diagram of Cycle A 

 
Point ‘a’ is indicating the end point of adsorption, and as a result, the adsorption quantity is the 

maximum, i.e., qmax. During adsorption process a bed is connected with evaporator and adsorbs 
refrigerant vapour from evaporator at evaporator pressure, Pevp, which is equivalent to the 
evaporator temperature, Tevp. Pre-heating mode is indicated by a-b, during this mode bed is fully 
disconnected from other parts and only heated by hot water to increase the pressure up to condenser 
pressure, i.e., Pcon (corresponding to condenser Temperature, Tcon). After becoming the pressure 
equal to the condenser pressure, Bed will be connected with condenser and then desorption mode 
is started. Consequently point ‘b’ indicating the end point of pre-heating and starting point of 
desorption, and the adsorption quantity will be remained maximum at this point. In desorption mode 
bed is heated by hot water to remove all refrigerant vapor to the condenser. As a result, at the end 
point of desorption (point ‘c’) the adsorption quantity will be minimum, i.e., qmin. The main function 
of condenser is to condense the refrigerant and then send back to the evaporator via U tube. Point 
‘c’ is the starting point of pre-cooling mode and during this mode bed is also fully disconnected from 
other parts and only is cooled by passing cooling water. Main intention of pre-cooling is to reduce its 
pressure up to evaporator pressure. Point ‘d’ is the end point of pre-cooling and starting point of 
adsorption. The adsorption quantity will also be remained minimum (i.e., qmin) at this point due to 
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neither happened adding or removing refrigerant during pre-cooling. Thus, point ‘c’ and ‘d’ are found 
on the same concentration curve (Figure 3). Cooling heat or heat released from evaporator, Qcol and 
desorption heat Qdes were calculated using the following equations [25]: 

)]()[( minmax evpconwwscol TTCLqqMQ −−−=           (3) 
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Heat for pre-heating, Qpheat was calculated using Eq. (5) as follow. 
 

)()( ..max beginpheatendpheatWsspheat TTqCCMQ −+=           (5) 

 
where Tdes.end, Tdes.begin, Tpheat.end and Tpheat.begin are indicating the starting and end point temperatures 
of desorption and pre-heating mode. 

The coefficient of performance (COP) is the ratio of the amount of heat released and supply heat 
in one cycle and specific cooling effect (SCE) is the total heat release divided by total mass of the silica 
gel contained in the heat exchangers. COP and SCE were calculated by using the following equations: 
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Duhring diagram of Cycle B with mass recovery with heating/cooling is shown in Figure 10, while 

that with mass recovery without heating/cooling is shown in Figure 11. In this cycle Bed 1/ Bed 2 is 
following mass recovery cooling, pre-heating, desorption, mass recovery heating, pre-cooling and 
adsorption modes indicated by the recurring diagram a-b-c-d-e-f-g-h-a. On the other hand, Bed 3 is 
only following pre-heating, desorption, pre-cooling and adsorption modes, which is stated in the 
figure by the diagram a-d-e-h-a. The mode a-b and e-f are indicating mass recovery with cooling and 
heating, respectively. During mass recovery Bed 1 and Bed 2 are internally connected by opening the 
connecting valve to allow vapour transfer. At the same time one bed is heated and another bed is 
cooled by passing through hot and cooling water. As a result, bed temperature at the end of mass 
recovery was the same as the previous temperature indicated by the points b and f. That is why the 
mode is called mass recovery with heating/cooling. On the other hand, mass recovery without 
heating/cooling system two beds is connected internally and beds are not heated or cooled by 
passing hot or cooling water. Pressure difference between two beds is working as the driving force 
for vapor transfer. The Duhring diagram of cycle B with mass recovery without heating/cooling 
process is shown in Figure 11. As a result of mass recovery without heating/cooling adsorption side 
bed temperature was increased (point b). On other hand desorption side bed temperature was 
decreased (point f). During mass recovery; 1) vapor mass of adsorption side and desorption side; and 
2) temperature increase and decrease associated with the adsorption heat and desorption heat were 
considered to calculate the saturated vapor pressure of Bed 1 and Bed 2. Mathematically it can be 
expressed as Eq. (8) and Eq. (9) as follow. 
 

dsdssasass qMqM =              (8) 
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where ∆q and ∆T are indicating the deviation of q value and bed temperature before and after mass 
recovery process of respective side, respectively. The subscript as and ds are indicating adsorption 
side and desorption side, respectively. It is noted that ∆T is zero for mass recovery with heating 
process. 
 

 
Fig. 10. Conceptual Duhring diagram of cycle B with mass recovery 
with heating/cooling 

 

 
Fig. 11. Conceptual Duhring diagram of cycle B with mass recovery 
without heating/cooling 

 
Figure 12 and Figure 13 illustrate the Duhring diagram of Cycle C with mass recovery with 

heating/cooling and without heating/cooling, respectively. The feature of this cycle is that mass 
recovery happened between Bed 1-Bed 3 and Bed 2-Bed 3. That is why, Bed 1/Bed 2 is following pre-
heating, desorption, mass recovery heating, pre-cooling and adsorption modes (a-d-e-f-g-h-a). On 
the other hand, Bed 3 is following mass recovery cooling, pre-heating, desorption, pre-cooling and 
adsorption modes (a-b-c-d-e-h-a). The bed temperature at point b and f is same as the previous 
temperature due to mass recovery with heating/cooling (Figure 12). On the other hand, due to mass 
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recovery without heating/cooling bed temperature is increased at adsorption side and decreased at 
desorption side, which indicated by point b and f of Figure 13. 
 

 
Fig. 12. Conceptual Duhring diagram of cycle C with mass recovery 
with heating/cooling 

 

 
Fig. 13. Conceptual Duhring diagram of cycle C with mass recovery 
without heating/cooling 

 
The Duhring diagram of cycle D is shown in Figure 14. The cyclic diagrams a-b-c-d-g-a and a-e-f-

g-a are indicating the different modes of Bed 1 and Bed 2 and Bed 3, respectively. The modes a-b and 
a-e are designate for mass recovery cooling and pre-heating mode because both internally connected 
at equal pressure. Although equal pressure is existed but Bed 3 is desorbing the adsorbed refrigerant 
to the other beds due to it is heated by hot water. 
 

Silica gel Temperature (
0
C)

20 30 40 50 60 70 80

S
a

tu
ra

ti
o

n
 V

a
p

o
u

r 
P

re
ss

u
re

 (
k

P
a

)

1

10

S
a

tu
ra

ti
o

n
 T

em
p

er
a

tu
re

 (
0
C

)

14

3030

1414
Adsorption

Desorption

Pre
-h

ea
tin

g

Pre
-h

ea
tin

gMass Recovery

0.3
407

0.2
512

0.1
011

0.0
563

a

b

c d e

f

gh

Bed 1 Bed 2 Bed 3

Heat Source Temperature (
0
C)

20 30 40 50 60 70 80

S
a

tu
ra

ti
o

n
 V

a
p

o
u

r 
P

re
ss

u
re

 (
k

P
a

)

1

10

S
a

tu
ra

ti
o

n
 T

em
p

er
a

tu
re

  
(0

C
)

30

1414

3030

0.2
512

0.1
500

0.1
011

0.3
000

a

b c

d

Bed 1 Bed 3Bed 2

Adsorption

Desorption

Pre
-h

ea
tin

g

Pre
-c

oo
lin

g



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences 

Volume 112, Issue 2 (2023) 174-190 

184 
 

 
Fig. 14. Conceptual Duhring diagram of cycle D 

 
Mass recovery mode is fully absent in cycle D as it increases the performance of the system that 

is why mass recovery process has been proposed between Bed 1 and Bed 2. The Duhring diagram of 
proposed cycle E mass recovery with heating/cooling and without heating/cooling is shown in Figure 
15 and Figure 16, respectively. The modes b-c and e-f are indicating the mass recovery cooling and 
heating, respectively. 
 

 
Fig. 15. Conceptual Duhring diagram of proposed cycle E with 
mass recovery with heating/cooling 
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Fig. 16. Conceptual Duhring diagram of proposed cycle E with 
mass recovery without heating/cooling 

 
The Duhring diagram of another proposed cycle is shown in Figure 17. This diagram is similar as 

the diagram of cycle D but in this case Bed 1/ Bed 2 is following mass recovery heating, pre-cooling 
and adsorption modes (a-e-f-g-a) and Bed 3 is following mass recovery cooling, pre-heating, 
desorption, pre-cooling and adsorption modes (a-b-c-d-g-a). It is noted that Bed 3 is completing two 
cycles within one cycle of Bed 1/Bed 2 in all chillers. It is also noted that Duhring diagram only for 70 
oC heat source temperature was presented for all chillers. 
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Fig. 17. Conceptual Duhring diagram of proposed cycle F 

 
3. Results and Discussions 
 

The coefficient of performance (COP) and specific cooling effect (SCE) of all chillers have been 
calculated for different heat source temperature ranging from 60 oC to 90 oC, which are shown in 
Figure 18 to Figure 24. From these figures it is obvious that SCE is increasing with heat source 
temperature but the effect of heat source temperature on COP is not unique for all system. For cycle 
A and D, COP is increasing up to certain heat source temperature after little bit decreased at higher 
temperature (Figure 18 and Figure 21). On the other hand, for cycles B and C, COP is sharply 
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decreasing at higher temperature and maximum COP value indicated around 65 oC temperature 
(Figure 19 and Figure 20). It is noticeable from these figures that mass recovery with heating/cooling 
is providing little bit higher SCE and lower COP in comparison with mass recovery without 
heating/cooling system of the three-bed adsorption. 
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Fig. 18. Variation of COP and SCE with heat 
source temperature of cycle A 

 Fig. 19. Variation of COP and SCE with heat 
source temperature of cycle B 
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Fig. 20. Variation of COP and SCE with heat 
source temperature of cycle C 

 Fig. 21. Variation of COP and SCE with heat 
source temperature of cycle D 

 
Figure 22 indicated that the increasing pattern of SCE for proposed cycle E with mass recovery 

with heating/cooling and without heating/cooling is fully comparable with previous four cycles. It is 
also indicated that SCE is higher for mass recovery with heating/cooling system with respect to mass 
recovery without heating/cooling system. Observed effect of heat source temperature on COP is also 
comparable with other chillers but at lower heat source temperature COP for mass recovery without 
heating/cooling system is lower than mass recovery with heating/cooling system, which is not 
comparable with other cycle. The performance of cycle D and cycle E was compared and also shown 
in Figure 22. Basically, both cycles are same but main difference in operation modes due to add mass 
recovery process between Bed 1 and Bed 2 in cycle E. It is obvious that proposed mass recovery cycle 
E is providing better COP and SCE compare to the without mass recovery cycle D. 

The performance of proposed cycle F is shown in Figure 23. For this cycle effect of mass ratio 
between Bed 3 and Bed 1/Bed 2 was investigated. The mass ratio R = 2.0, i.e., the size of Bed 3 is 
double than Bed 1/Bed 2 is providing better performance compare to ratio 0.5 and 1.0. The increasing 
trend of COP and SCE both are comparable with all other chillers. Thus, the size of Bed 3 was chosen 
as double compare to other two beds but total mass of silica get was kept constant as other chillers. 
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Fig. 22. Comparison of performance of cycle D 
and cycle E 

 Fig. 23. Variation of COP and SCE with heat 
source temperature of cycle F 

 
The overall performance of all chillers was compared, which is shown in Figure 24 to Figure 27. 

From Figure 24 and Figure 26, it is clear that the COP of mass recovery cycle B and cycle C are exactly 
similar and higher than the without mass recovery cycles A, D and F. It means that mass recovery 
cycle with heating/cooling or without heating/cooling is better than without mass recovery cycle. The 
COP of cycle B is height compare to the all-other chillers. On the other hand, from Figure 25 and 
Figure 27 it is obvious that SCE of proposed both Cycles E and F is higher compare to all other chillers 
whether it works in mass recovery with heating/cooling or without heating/cooling process. But COP 
is lower than the cycles A, B and C. The proposed cycle F is providing the highest SCE and lowest COP 
among the all chillers. The COP of a system depends on many parameters thus further investigation 
will be done dynamically to know the actual behavior of the proposed chillers. 
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Fig. 24. Comparison of COP of three-bed mass 
recovery with heating/cooling adsorption 
chillers 

 Fig. 25. Comparison of SCE of there-bed mass 
recovery with heating/cooling adsorption 
chillers 
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Fig. 26. Comparison of COP of there-bed mass 
recovery without heating/cooling adsorption 
chillers 

 Fig. 27. Comparison of SCE of there-bed mass 
recovery without heating/cooling adsorption 
chillers 

 
4. Conclusions 
 

Three-bed adsorption chiller is capable of utilizing low temperature waste heat/solar heat, 
producing continuous cooling load to the evaporator, without fluctuation on chilled water outlet 
temperature and it will have better performances compared with conventional two-bed adsorption 
chiller. There is better scope to make three-bed adsorption chiller more popular. In this study design 
of two different types of adsorption chiller has been proposed and the performance were 
investigated statically. Observed performance was compared with four other different types of three-
bed adsorption chiller under the same operating conditions. 

It is obvious that mass recovery cycle is better than without mass recovery cycle. Mass recovery 
with heating/cooling chiller is providing better SCE and lower COP compare to mass recovery without 
heating/cooling cycle. The adsorption cycle B is providing the highest COP compared with all other 
chillers. The cycle B use the mass recovery process enhanced the COP by increasing the evaporated 
refrigerant mass without any heat input. The mass recovery process is performed by interconnecting 
two beds for depressurizing-pressurizing after the desorption-adsorption process. The mass recovery 
cycle was effective for improving cooling power also, especially at relatively low driving 
temperatures. On the other hand, proposed chillers (Cycle E and Cycle F) are providing the higher 
SCE compared with other chillers. More study will be needed to increase the COP of proposed chillers 
as it is shown inferior COP. 

In term of potential applications in building cooling, this system is very suitable as an alternative 
cooling system besides the conventional system one. In Building usually available abundant of heat 
recovery from heating system. Further development can also be developed from solar energy heaters 
for the tropical countries. 
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