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Abstract 

A significant portion of energy consumption, particularly during the summer, is attributed to cooling 

demands in buildings. The most common methods for providing cooling are vapor compression and 

absorption refrigeration systems. However, in recent years, alternative methods based on adsorption have 

been explored, and some systems have even reached the commercial market. In Iran, however, such systems 

have only been investigated at the laboratory level. The goal of this experimental study is the evaluation of a 

silica gel–water adsorption cooling system. The constructed system included an adsorbent bed filled with 

silica gel, a condenser, an evaporator, a heating unit, and a cooling water circulation system. A key feature of 

this design is the use of a chamber for both the adsorbent bed and the condenser which makes the system 

simpler. After construction, the system was tested and its performance data were collected. The cooling 

energy produced at the end of each cycle was measured based on the temperature change in the evaporator. 

According to the results, the cooling energy per cycle ranged between 1.3 and 1.8 kWh, with a maximum 

heating energy requirement of approximately 1.8 kWh. Based on various experimental runs, the coefficient 

of performance (COP) of the system was calculated to be in the range of 0.035 to 0.048. The use of an 

integrated chamber simplifies the system, but it results in reduced performance. 
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1. Introduction 

Energy scarcity is one of the most critical 

challenges facing humanity, and it is expected to 

cause serious problems in the near future [1]. 

Energy has various applications, including 

transportation, heating, cooling, and electricity 

production. Among these, cooling is essential for 

providing thermal comfort and reducing 

temperature during hot seasons. Cooling can be 

achieved through various means such as electrical 

and mechanical devices, employing different 

methods [2]. Absorption cooling systems are 

generally classified into two types: absorption and 

adsorption systems. The main difference between 

absorption and adsorption chillers lies in the 

nature of the adsorbent material. In absorption 

chillers, the adsorbent is in liquid form, and the 

refrigerant is absorbed volumetrically. In contrast, 

adsorption chillers use solid adsorbents, and the 

refrigerant is adsorbed on the surface [3]. The four 

main components of an adsorption chiller are the 

adsorber chambers, condenser, evaporator, and 

expansion valve. Industrial applications typically 

utilize two adsorber chambers in the system. 

Although the concept of solid-based adsorption 

cooling has been known for a long time, its 

application in building cooling systems is 

relatively recent, with the first commercial model 

introduced in 1986. In such systems, water serves 

as the refrigerant, while silica gel functions as the 

adsorbent [4]. The heat required for the 

regeneration of the adsorbent is usually supplied 

by hot water ranging from 55°C to 90°C, and the 

outlet chilled water temperature can be reduced to 

as low as 3.3°C [5]. Several studies have been 

conducted in this field. Razek et al. [6] carried out 

both theoretical and experimental investigations 

on silica gel–water refrigeration systems. A 

Dynamic Vapor Sorption (DVS) analyzer was 

used to evaluate a new class of adsorbents known 

as Metal–Organic Frameworks (MOFs). These 

adsorbents exhibit high water adsorption potential 

and could serve as replacements for conventional 

silica gel. MOFs were characterized in terms of 

adsorption isotherms and kinetics, as well as their 

performance in cyclic operations. It was found 

that HKUST-1, a copper-based MOF, showed a 
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95.7% increase in water uptake compared to silica 

gel. Additionally, an iron-based MOF 

demonstrated better performance than silica gel 

under high evaporation temperature conditions. 

Younes et al. [7] investigated an adsorption chiller 

using silica gel for cooling applications. They also 

examined the porous properties and thermal 

conductivity of thermal composites, concluding 

that the thermal conductivity of the prepared 

composites was approximately 2.8 times higher 

than that of silica gel powder. Pan et al. [8] 

studied a 3 kW adsorption chiller utilizing silica 

gel and water. Their results indicated that the 

system could achieve a cooling capacity of 3.98 

kW with a coefficient of performance (COP) of up 

to 0.632. The optimal half-cycle time was 

determined to be 750 seconds. Additionally, the 

outlet temperature of the cooling water reached 

39.9°C, making it suitable for domestic hot water 

applications. Manila et al. [9] analyzed a two-

stage adsorption chiller using silica gel and water 

vapor. They examined the influence of critical bed 

depth and silica gel particle size on adsorption. 

Their results showed that both cooling capacity 

and COP were dependent on ambient temperature, 

and an optimal particle diameter for silica gel was 

identified. Carroll et al. [10] investigated the 

effect of adhesives used in the production of 

adsorption beds to enhance heat transfer on the 

target surface. Experiments were conducted using 

silica gel and three types of adhesives on metal 

heat exchanger plates. The results indicated that 

samples using hydroxyethyl cellulose adhesive 

exhibited lower moisture adsorption capacity. Lee 

et al. [11] evaluated the performance of an 

adsorption chiller system using three different 

adsorbents—silica gel, aluminum fumarate, and 

01FAM-Z—to assess the impact of adsorption 

isotherms and physical characteristics. Their 

findings showed that among the three tested 

adsorbents, 01FAM-Z delivered the best 

performance, with a coefficient of performance 

(COP) of 5.13. Liu et al. [12] studied the 

performance of a solar-powered adsorption 

cooling system utilizing silica gel and the zeolite 

SAPO-34. Experimental results showed that the 

system achieved maximum performance at an 

adsorption time of 45 minutes, with a COP of 

0.258. Furthermore, a comparative analysis 

between the optimal performance of the silica gel 

system and the SAPO-34 system revealed that 

cooling capacity and COP for the silica gel system 

were highly dependent on adsorption time. At 

optimal adsorption conditions, the COP of the 

silica gel system was 1.93 times greater than that 

of the SAPO-34 system. Overall, the silica gel–

water pair demonstrated superior performance 

compared to the SAPO-34 zeolite–water pair in 

solar adsorption cooling applications. Naja et al. 

[12] conducted an experimental analysis of the 

adsorption refrigeration cycle using a solar-

powered system with the silica gel–water pair. 

Compared to other adsorbents (such as activated 

carbon–methanol and zeolite–water), silica gel–

water offers superior physical and thermal 

properties of water (high latent heat of 

vaporization, low viscosity, high thermal 

conductivity, and thermal stability) across a wide 

range of conditions. Di et al. [13] carried out 

theoretical and experimental studies on the 

performance characteristics of a newly designed 

silica gel–water chiller under variable heat source 

temperatures. Their findings revealed that the 

COP is significantly influenced by the rate of 

temperature variation in the heat source. The 

results also suggested that when powered by solar 

energy, the system should incorporate a buffer 

tank to enhance performance during low solar 

radiation periods. However, using a buffer during 

periods of high solar radiation may lead to 

unnecessary electrical energy consumption and 

result in a lower COP. Thomas et al. [14] 

developed an adsorption chiller and heat pump 

system for residential heating and air conditioning 

applications. The results of two prototypes 

indicated promising advancements. The heating 

COP exceeded 1.5, while cooling COPs for air 

conditioning purposes (12–15°C) reached up to 

0.5. The device is being developed for the small-

capacity chiller market, with a nominal cooling 

capacity range of 3–8 kW and a nominal heating 

capacity of up to 16 kW. While silica gel as an 

adsorbent is suitable at 75°C, the improved design 

also allows for the use of other adsorbents such as 

zeolites when higher temperatures are available. 

Chen et al. [15] studied a water–silica gel 

adsorption chiller without a vacuum valve. Their 

findings showed that when the average inlet hot 

water temperature, inlet cooling water 

temperature, and outlet chilled water temperature 

were 82.0°C, 31.6°C, and 12.3°C respectively, the 

cooling capacity and COP reached 9.60 kW and 

0.49, respectively. Chorowski et al. [16] modeled 

and experimentally examined an adsorption 

chiller using low-grade waste heat from 

cogeneration. The study presented a 

thermodynamic model of a triple-bed adsorption 

chiller with a cooling capacity of 90 kW. The 

system provided cooling at two temperature 

levels—approximately 13°C and 8°C. The 

dependence of the chiller's COP on the adsorption 

bed regeneration temperature was identified 
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within the range of 45°C to 70°C. The system 

could be operated using hot water at 65°C, which 

corresponds to typical cogeneration heating 

conditions in distributed systems. Pan et al. [17] 

carried out an experimental study on an 

adsorption chiller designed to utilize low-

temperature waste heat. For application in data 

centers, the chiller was tested under operating 

conditions of 51.4°C to 61.3°C, achieving a COP 

between 0.285 and 0.477, while producing chilled 

water at 18.8°C to 22.4°C. These experimental 

results confirm the feasibility and strong 

performance of the water–silica gel adsorption 

chiller for low-grade waste heat recovery 

applications. Pan et al. [18] conducted 

experimental research on an adsorption chiller 

designed to utilize low-grade waste heat. In 

scenarios using data center waste heat (51.4–

61.3°C), the chiller achieved COPs ranging from 

0.285 to 0.477 while producing chilled water at 

18.8–22.4°C. These findings confirmed the 

feasibility and reliable performance of silica gel–

water chillers in low-temperature waste heat 

recovery applications. Sah et al. [19] conducted a 

comparative experimental analysis of two 

adsorption cooling systems using silica gel/water 

and silica gel/methanol pairs under waste heat 

conditions in the range of 60–90 °C. Their results 

showed that the silica gel/water pair exhibited 

superior performance at higher driving 

temperatures, achieving a coefficient of 

performance (COP) of approximately 0.45 and a 

specific cooling power (SCP) of nearly 100 W/kg, 

indicating its suitability for applications utilizing 

mid-temperature waste heat. In another study, El-

Ghetany et al. [20] designed and simulated a 

solar-powered adsorption chiller using the silica 

gel/water pair for air conditioning applications. 

The system was modeled using 

MATLAB/Simulink and analyzed for cooling 

loads ranging from 10 to 100 TR. The study 

reported a COP of up to 0.55 and emphasized the 

potential of solar thermal energy, especially with 

solar concentrators, to significantly enhance the 

system's thermal performance and reliability. 

Complementing these studies, Du et al. [21] 

developed and experimentally tested a compact 

silica gel/water adsorption cooling unit intended 

for data center cooling powered by industrial 

waste heat. Their prototype demonstrated a COP 

of around 0.43 under a driving temperature of 

85 °C, with improved heat exchange due to the 

compact design and reduced thermal resistance. 

In this study, an adsorption cooling system has 

been practically tested. By reviewing previous 

studies, it was found that most of the systems built 

have separate chambers for the condenser, 

evaporator and absorber bed. The most important 

feature of the design examined in this study is the 

use of a chamber for both the adsorbent bed and 

condenser. In this way, the complexity of the 

system can be reduced. In this experimental study, 

the use of this chamber has been investigated. 

 

2. Process description 

The schematic of the system developed in this 

study is shown in figure 1. As can be observed, 

the bed containing silica gel and the condenser are 

placed within a chamber. The evaporator is 

located outside the chamber, with an inlet and an 

outlet. 

The connection between the different sections is 

controlled using separate valves. If the silica gel 

bed is saturated with water, first the hot water 

valve is opened and the hot water passes through 

the absorbent bed and desorption process is 

started. Water evaporated and the chamber 

pressure increases. After the pressure reaches a 

certain level, the condenser valve is opened and 

the process of condensation of water vapor in the 

chamber takes place simultaneously with the 

passage of cold water through the condenser. The 

condensed water is directed to the evaporator 

from the pipe under the bed, which is connected to 

the evaporator. When the chamber cooling 

operation is completed, the connection valve to 

the evaporator is opened and, given that the 

evaporator pressure is lower, the evaporation 

process is carried out in the evaporator. The 

required heat for evaporation supplies from the 

water in the evaporator tank and causes it to cool. 

On the other hand, cold water flows into the bed 

and cools it and is ready for the absorption 

process. After the bed cools, by opening the upper 

valve between the evaporator and main chamber, 

water vapor flows into the chamber and re-

absorbs the bed. This process can continue 

continuously. 

Since silica gel is used as the adsorbent in this 

study, an initial description of its characteristics 

and sourcing is provided. Silica gel is a solid 

material composed of silicon dioxide (SiO₂), 
known for its porous structure and high porosity, 

which gives it excellent adsorption capability. It is 

non-flammable and can absorb up to 40% of its 

own weight in moisture. This compound does not 

cause corrosion or degradation of materials, is 

easy to package, and is available in various sizes 

for different applications. When stored in a dry, 

moisture-free environment, silica gel has an 

unlimited shelf life. It is non-toxic, odorless, and 

exhibits highly stable thermal and chemical 
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properties. Additionally, it maintains its physical 

appearance even after absorbing moisture. After 

absorbing moisture, silica gel must either be 

replaced or regenerated. To regenerate silica gel 

for reuse, it should be dried by indirect heating at 

approximately 60-150°C. Direct exposure to heat 

or prolonged heating may burn the silica gel and 

impair its adsorption properties. When properly 

stored and kept away from ambient moisture, 

silica gel can be reused. 
 

 
 

Figure 1. Schematic of the cycle used. 
 

 
 

Figure 2. Samples of silica gel. 
 

3. System description 

The main part of the system is the chamber that 

contains absorbent bed and condenser. For both of 

them, a type of fin-tube heat exchanger is used. In 

the adsorbent bed, silica gel is held on the outer 

surface of one of the exchangers by a mesh. As 

shown in figure 3, The condenser is also located 

next to the absorber. 
 

 
 

Figure 3. The condenser used in this study. 
 

An evaporator is a device that continuously 

absorbs heat from the surrounding environment, 

where the refrigerant undergoes phase change 

through evaporation. In the evaporator, the 

temperature of the space or substance being 

cooled must always be higher than that of the 

refrigerant to allow for effective heat transfer. 

Therefore, in a refrigeration cycle, any component 

in which the refrigerant evaporates during the 

cooling process is referred to as an evaporator. In 

this study, to enhance efficiency, the evaporator 

was placed inside an insulated tank (Figure 4). 

Table1 presents the other equipment used in the 

system. A powerful vacuum pump was also used 

to create a vacuum throughout the system (Figure 

5). 
 

 
 

Figure 4. The evaporator used in this study. 
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Table 1. Other equipment used in the study. 

 

Row Equipment Description 

1 Circulation Pump A 500-watt pump was used to circulate and pump water through the system. 

2 Vacuum Pump 
The vacuum pump is a device used to create a vacuum for various applications. This vacuum pump has a 
power of 550 watts and can create a vacuum up to -82 kPa in the system. The discharge capacity of the pump 

is 51 liters per minute. 

3 Thermometer Thermometers with an accuracy of 0.1°C were used to measure temperature at different points in the system. 

4 Flowmeter 
The flowmeter is a device that measures the volume of fluids passing through it over time. It was used to 
regulate the inlet flow rate to the system and to reduce errors in flow rate measurement. 

5 Pressure Gauge 
The barometer or pressure gauge is a device used to measure system pressure, which can measure pressure in 

units such as bar or millimeters of mercury. 

 

 
 

Figure 5. Vacuum pump used in this study. 
 

Figure 6 presents an overview of the constructed 

adsorption chiller system. The system consists of 

four main components: an evaporator, a 

condenser, an adsorption bed, and a vacuum 

pump. The condenser and adsorption bed are 

housed within a single chamber. Silica gel is used 

as the adsorbent material, which absorbs water at 

low temperatures and releases it into the chamber 

as the temperature increases. The experimental 

procedure in this study is as follows: Initially, all 

system components were thoroughly checked for 

leakage and proper insulation. Prior to the start of 

the experiment, the silica gel was dried in an oven 

to ensure its maximum adsorption capacity. The 

vacuum pump was then activated to reduce the 

system pressure to the desired level, creating low-

pressure conditions suitable for evaporation. In 

the next step, hot water from a reservoir was 

circulated into the condenser section located 

within the silica gel bed. The heat caused the 

silica gel to desorb the absorbed water vapor, 

which was then condensed inside the internal 

condenser and expelled from the system. The flow 

and control of the hot water were managed 

manually using valves, according to the schematic 

diagram. Subsequently, cold water was passed 

through the condenser to facilitate the adsorption 

process. Simultaneously, a specified amount of 

water was introduced into the evaporator, where it 

evaporated under vacuum conditions. This phase 

change absorbed latent heat from the 

surroundings, thereby reducing the temperature. 

The resulting vapor was then adsorbed by the 

silica gel, completing the cycle. Throughout each 

stage of the experiment, the system was monitored 

using thermometers and pressure gauges installed 

at critical points. The outlet temperatures of the 

hot and chilled water, vacuum pressure, and 

ambient conditions were regularly recorded. 
 

 
Figure 6. The constructed adsorption chiller system. 

 

Initially, preparation is carried out in such a way 

that all valves are open and the entire system is 

evacuated. Then the evaporator valves are closed 

and water is injected into the chamber. The water 

evaporates and is absorbed by the bed. In this 

case, due to a slight increase in pressure, the 

system is evacuated again with a vacuum pump 

and the system is ready for testing. From this 

moment, the main cycle begins. 

 

4. Results 

In this section, the obtained results are analyzed. 

To validate the accuracy of the tests, experiments 

were conducted on different days. The following 

subsections present and discuss the results 

separately for each testing day. 
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4.1. First experiment results 

Figure 7 illustrates the temperature and pressure 

profile of the adsorption bed over the course of 

the experiment. In Region 1, heating of the 

adsorption bed begins with a hot water flow rate 

of 4 liters per minute. As observed, the 

temperature gradually increases, reaching up to 

73°C. In Region 2, the vacuum phase ends and the 

cooling process begins, during which the 

condenser flow rate is 3.6 L/min and the bed flow 

rate is 3.9 L/min. Region 3 marks the start of the 

desorption phase, with all valves closed and the 

hot water flow rate maintained at 4 L/min. In 

Region 4, the vacuum is re-established and the 

end valve of the evaporator is opened. The 

experiment is then concluded. Therefore, cooling 

is performed in Regions 2 and 4, resulting in a 

noticeable decrease in temperature. 
 

 
 

Figure 7. Temperature and pressure graph of the bed. 
 

Figure 8 shows the temperature difference 

between the hot water at the inlet and outlet of the 

cycle. It can be observed that the maximum 

temperature difference in the hot water is close to 

7°C. During times when the temperature 

difference reaches zero, the hot water entering the 

cycle is stopped. Additionally, at the beginning of 

the cycle, the temperature difference is small, but 

over time, approximately 1 hour into the cycle, the 

temperature difference increases. 
 

 
 

Figure 8. Temperature difference between the hot water 

inlet and outlet of the cycle. 
 

Figure 9 shows the temperature difference in the 

cold water entering and exiting the cycle. The 

temperature difference in the cold water is much 

smaller compared to the hot water, with the 

maximum temperature difference reaching 3.2°C. 

These values are also dependent on the accuracy 

of the measuring instruments. 
 

 
 

Figure 9. Temperature difference between the cold water 

inlet and outlet of the cycle. 
 

Figure 10 displays the heating amount in the 

cycle. It can be observed that, due to the larger 

temperature difference created in the heating 

section, the amount of heat received is higher 

compared to the cooling section. The maximum 

heat received in the cycle is 1870 watts, which 

directly correlates with the temperature difference. 
 

 
 

Figure 10. Amount of heating generated in the cycle. 
 

Figure 11 shows the amount of cooling needed in 

the condenser section of the cycle. It is observed 

that, due to the smaller temperature difference in 

the cooling section, the amount of heat received is 

lower compared to the heating section. The 

maximum cooling achieved in the cycle is 1115 

watts, which is directly related to the temperature 

difference. 
 

 
 

Figure 11. Amount of cooling generated in the cycle. 
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4.2. Second experiment results 

Figure 12 shows the temperature and pressure 

graph of the bed on the second day of 

experiments. The explanations of the different 

regions are similar to figure 7, where the four 

distinct regions of the cycle are explained. 
 

 
 

Figure 12. Temperature graph of the bed in the second 

experiment. 
 

In figure 13, the temperature difference between 

the hot water inlet and outlet of the cycle on the 

second day of the experiments is shown. It is 

observed that the highest temperature difference 

in the hot water is close to 5.5°C. During times 

when the temperature difference reaches zero, the 

hot water entering the cycle is cut off. 

Additionally, at the beginning of the cycle, the 

temperature difference created is about 3.5°C, 

which stabilizes to a value of approximately 4.2°C 

after about half an hour. 
 

 
 

Figure 13. Temperature difference between inlet and 

outlet hot water in the cycle on the second day of 

experiments. 
 

In figure 14, the temperature difference between 

the cold water inlet and outlet of the cycle on the 

second day of the experiments is shown. The 

temperature difference in the cold water is 

significantly less than in the hot water, and the 

maximum temperature difference reaches 1.1°C. 

These values are also dependent on the accuracy 

of the measuring devices. It is also observed that 

as the experiment progresses, the temperature 

difference decreases. 

 

 
Figure 14. Temperature difference between inlet and 

outlet cold water in the cycle on the second day of 

experiments. 
 

In figures 15 and 16, the cooling and heating 

amounts in the cycle on the second day of the 

experiments are shown. It is observed that due to 

the greater temperature difference in the heating 

section, the heat received is higher than the 

cooling. The highest heat received in the cycle is 

1440 joules, and the highest cooling produced in 

the cycle is 592 joules. Another reason for the 

observed difference is the higher flow rate in the 

cooling section compared to the hot water flow, 

which reduces heat transfer due to the increased 

flow rate. 
 

 
 

Figure 15. Amount of cooling achieved on the second day 

of experiments. 
 

 
 

Figure 16. Amount of heating achieved on the second day 

of experiments. 
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4.3. Third experiment results 

Figure 17 shows the temperature and pressure 

graph of the bed on the third day of experiments. 

The explanations for the different regions are 

similar to those in figure 7, where four distinct 

regions of the cycle are described. 
 

 
 

Figure 17. Temperature and pressure of the bed in the 

third experiment. 
 

Figure 18 shows the temperature difference 

between the inlet and outlet hot water in the cycle 

on the third day of experiments. It can be 

observed that the maximum temperature 

difference in hot water is close to 4.5°C. When the 

temperature difference reaches zero, the hot water 

input to the cycle is cut off. Also, at the beginning 

of the cycle, the temperature difference is about 

3.5°C, which stabilizes at around 4.5°C after 

about half an hour. 
 

 
Figure 18. Temperature difference between the inlet and 

outlet hot water in the cycle on the third day of 

experiments. 
 

Figure 19 shows the temperature difference 

between the inlet and outlet cold water in the 

cycle on the third day of experiments. The 

temperature difference in cold water is much 

lower compared to the hot water, and the 

maximum temperature difference reaches 1.2°C. 

Figure 20 shows the amount of cooling and 

heating in the cycle on the third day of 

experiments. It can be observed that due to the 

greater temperature difference in the heating 

section, the amount of heat received is also higher 

compared to the cooling. The maximum heat 

received in the cycle is 1368 W, and the 

maximum cooling achieved in the cycle is 422 W. 

Another cause of this difference is the higher flow 

rate in the cooling section compared to the hot 

water flow. 
 

 
 

Figure 19. Temperature difference between the inlet and 

outlet cold water in the cycle on the third day of 

experiments. 
 

 
 

Figure 20. Amount of cooling and heating in the cycle on 

the third day of experiments. 
 

Figure 21shows the COP value in the different 

experiments conducted. It is observed that, on 

average, the COP value is in the range of 0.03 to 

0.05. This COP value is very low for a 

refrigeration system. The reason for the low COP 

can be due to the following reasons: 

 In the ideal adsorption refrigeration cycle, the 

working pressure of the cycle is between 1 kPa 

and 4 kPa, at which the saturation temperature 

of water is between 7 and 28 degrees Celsius. 

As mentioned in the previous sections, in the 

current study, we achieved pressures of 2 to 15 

kPa, which is far from the pressures of the 

ideal cycle, and the boiling temperature of 

water at this pressure is between 17.5 and 54 

degrees Celsius. 

 Among the system's shortcomings, we can 

mention the refrigerant passage path from the 

evaporator to the bed and condenser chambers, 

which was not properly designed to facilitate 
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the passage of vapor from the evaporator and 

absorption in the bed. 

 Finally, due to the presence of the bed and 

condenser in a common chamber, the 

performance of each of which affects the 

boiler, the overall performance of the system 

has been reduced. 
 

 
 

Figure 21. COP value in various experiments. 
 

5. Conclusion 

In this study, an adsorption cooling system using 

water and silica gel was designed, constructed, 

and experimentally evaluated. In the developed 

setup, the silica gel bed and condenser were 

placed within an insulated chamber, while the 

evaporator was positioned outside this chamber. 

Based on the results, the system was capable of 

producing a temperature difference of up to 7°C in 

the hot-water stream and 1.5°C in the cold-water 

stream. The coefficient of performance (COP) of 

the system was measured in three consecutive 

experiments as 0.048, 0.042, and 0.035, 

respectively. These values reflect the current 

operational efficiency and establish a solid 

foundation for further analysis and improvement. 

The thermal and pressure performance analysis 

showed that the operating pressure ranged from 2 

to 15 kPa, which differs from the ideal adsorption 

cooling cycle range of 1 to 4 kPa. At this pressure 

range, the boiling point of water was between 

17.5°C and 54°C, higher than the ideal saturation 

temperature range of 7°C to 28°C. This suggests a 

need for redesign to achieve more optimal 

conditions. In the design of the refrigerant flow 

path from the evaporator to the adsorption bed and 

condenser, the vapor flow and its adsorption 

mechanism were taken into account. However, 

further refinement of this path design could 

facilitate vapor flow and improve the adsorption 

process. Additionally, the shared chamber for the 

bed and condenser, which causes mutual 

performance interaction, plays a crucial role in the 

thermal behavior of the system. This design offers 

a valuable opportunity to study the simultaneous 

effects of these components on one another and 

can serve as a basis for future performance 

enhancement of the system. 
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