
1. Introduction 

The ongoing pursuit of energy-efficient and environmentally 

sustainable cooling technologies has catalyzed the development 

of several alternatives to conventional vapour compression sys-

tems. A notable breakthrough in this domain is adsorption cool-

ing technology, which harnesses the principles of adsorption and 

desorption of a refrigerant onto an adsorbent material. This ap-

proach has garnered significant attention for its ability to effec-

tively utilize waste heat and significantly reduce greenhouse gas  

emissions, marking a substantial leap in eco-conscious cooling 

solutions. Due to their innovative operating mechanism, adsorp-

tion cooling systems present a promising prospect, yet they are 

continuously subject to enhancements and development. These 

systems are characterized by a relatively modest Coefficient of 

Performance (COP) and considerable size, factors which cur-

rently limit their competitiveness in the broader market. The 

challenge in optimizing these devices lies in the complexity and 

cost associated with adjusting various interdependent parame-

ters, which intricately affect the device's performance. In this  
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Abstract 

The article presents a comprehensive computational fluid dynamics analysis of the adsorption and desorption cycles in 
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Nomenclature 

𝑎𝑠𝑣 ‒ interfacial area density, m-1 

Dp ‒ diameter of the bed particles, m 

ℎ𝑠𝑣 ‒ heat transfer coefficient in porous bed, W/(m2K) 

k  ‒ thermal conductivity of the medium W/(m K) 

�̇� – mass flow rate 

Nu – Nusselt number 

P – pressure, Pa 

T – temperature, K 

 

Greek symbols 

𝜀 ‒ porosity of the medium 

τ ‒ time, s 

Subscripts and Superscripts 

a – average 

A – absolute 

f – fluid 

s   – surface 

t ‒ total  

𝑣 – vapour 

 

Abbreviations and Acronyms 

CFD   ‒ computational fluid dynamics 

COP   – coefficient of performance 

PISO  – pressure implicit with splitting of operators  

UDF   – user defined function 

context, Computational Fluid Dynamics (CFD) emerges as an 

invaluable tool for advancing our understanding and enhancing 

the efficiency of these systems. 

In paper [1], numerical simulations of a real-scale adsorption 

chiller, including a sorption chamber with a bed, condenser, and 

evaporator, were conducted. The results were verified against 

experimental setups, showing high consistency with deviations 

not exceeding 2%. This demonstrates the legitimacy of the usage 

of numerical models for optimizing adsorption chillers. In the 

study [2], the authors present a methodology for conducting nu-

merical simulations of adsorption and desorption processes in 

adsorbent beds, utilizing CFD techniques. The research focuses 

on analyzing the impact of various factors, such as the cooling 

water temperature and cycle duration, on the performance of ad-

sorption chillers. In another work, researchers employed CFD 

simulations to examine the influence of silica gel grain size on 

the efficiency of the adsorption process, thereby identifying op-

timal grain dimensions for maximal operational effectiveness 

[3]. Similarly, investigations into the spatial distribution of po-

rosity gradients have illuminated their critical role in enhancing 

the cooling performance of adsorption-based systems. Employ-

ing CFD simulations, researchers have validated the signifi-

cance of directional porosity distribution in improving cooling 

efficiency [4]. Analysis of various adsorbent-adsorbate combi-

nations has revealed superior performance in coated beds versus 

densely packed ones [5]. The impact of the temperature of the 

cooling and heating medium on the sorbent bed was described 

in the paper [6]. Despite these advancements, there remains 

a need to fully comprehend the impact of adsorbent bed geome-

try on the performance of adsorption chillers, particularly in 

light of novel adsorbent materials and innovative bed configu-

rations that have emerged in recent years. In the study [7], the 

authors designed and constructed a fin of the heat exchanger, 

increasing the efficiency of the adsorption process. The im-

provement was not significant due to the limitations of 3D print-

ing; however, this remains an interesting direction for future re-

search. In the paper [8] the authors proposed using a modified 

plate heat exchanger in adsorption devices. Both experimental 

and numerical results showed a 310% increase in differential 

water absorption after 300 seconds from the start of adsorption 

compared to standard adsorbers with aluminium fins. 

One of the most critical components in adsorption chillers is 

the adsorbent bed. The design and structural geometry of the bed 

significantly influences heat and mass transfer processes, thus 

directly impacts the overall efficiency of the adsorption chiller. 

Extensive research has been undertaken to explore the effect of 

bed geometry on the efficiency of the adsorption process. Stud-

ies have shown, that a thin, flatbed geometry outperforms a cy-

lindrical configuration in analyzed conditions [9]. Additionally, 

research findings suggest that a compact bed layout with a high 

surface-to-volume ratio can enhance chiller efficiency [5]. In the 

study [10], the authors conducted research on optimizing the ad-

sorbent bed. It focuses on optimal geometric parameters and the 

impact of metal additives. Numerical simulations were used, an-

alyzing the adsorbent bed with metals and silica gel/water pair. 

The study reveals that adding aluminium particles significantly 

enhances cooling performance, showing a 300% efficiency in-

crease with the addition of aluminium particles. In a different 

study [11], adsorbent beds with vacuum tubes and fins were ex-

perimentally tested. It was found that beds with more fins short-

ened the cooling time but lengthened the preheating and desorp-

tion times. The system's optimal performance was achieved with 

four fins, and additional fin enhancement did not further im-

prove the efficiency of the adsorption cooling system. This sug-

gests that each bed geometry has an optimal number of fins, and 

more fins do not always equate to better performance. In the pa-

per [12], the impact of fin thickness and height, as well as plate 

type, on the efficiency of an adsorbent bed were investigated. 

The study revealed that decreasing fin thickness could enhance 

water adsorption by up to 8%, and reducing fin height from 

30mm to 20mm could increase adsorption by up to 17%. Addi-

tionally, the type of plate used was found to be significant, with 

a copper plate improving water adsorption by up to 9% com-

pared to an aluminium plate. Using CFD simulations, the im-

portance of the Z-direction in porosity distribution and its sig-

nificant impact on cooling efficiency have been validated [13]. 

Furthermore, investigations into different adsorbent-adsorbate 

pairings have demonstrated improved performance in coated 

beds compared to packed beds [14]. 

Despite these research advancements, a comprehensive un-

derstanding of how the geometry of the adsorbent bed influences 

the performance of adsorption chillers remains crucial. The ef-

ficiency of adsorption in cooling systems is a complex measure 

of how effectively the system utilizes the adsorption-desorption 

cycle to generate a cooling effect. This process is more compli-

cated than a simple relationship between the amount of water 
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vapour adsorbed by the adsorbent and the efficiency of cooling. 

Key aspects, such as adsorption capacity and rate, are significant 

but represent only a part of the equation. In thermodynamic 

terms, the timing of the cycle involving adsorption and desorp-

tion is fundamental. A cycle that is too short may not provide 

sufficient regeneration of the adsorbent, while a cycle that is too 

long can decrease overall operational efficiency. Therefore, not 

only the intensity of vapour adsorption is important, but also the 

optimization of the cycle time based on specific conditions and 

system requirements. Furthermore, the geometry and size of the 

device are crucial. The time required to switch between the ad-

sorption and desorption phases and the stabilization of the pro-

cess can impact efficiency to the extent that lengthening the cy-

cle becomes more advantageous. In this context, optimizing the 

adsorbent bed and heat exchanger geometries is particularly im-

portant. Efficient and controlled heat transfer is essential for 

maximizing the cycle's efficiency. This research aims to demon-

strate specific correlations between the geometry of the adsor-

bent bed and the adsorption process, ultimately influencing the 

efficiency of adsorption-based cooling devices. 

2. Methods 

The sample analyzed is a representative part of a plate heat ex-

changer used in adsorption refrigeration devices. The model 

consists of a wall simulating the heat exchanging surface, where 

a convective boundary condition is established with a heat trans-

fer coefficient of 600 W/(m²K), consistent with the experimental 

setup described in the literature [15], and a temperature of 303 

K, corresponding to the cooling water temperature for the adsor-

bent bed. On this wall, a layer of silica gel, serving as an adsor-

bent in a water vapour atmosphere (adsorbate), is applied. The 

silica gel sample is enclosed in an aluminium frame, which re-

stricts vapour flow in one direction, and an adiabatic boundary 

condition is applied to it. This inflow is modelled as a pressure 

boundary condition with a PA  = 2000 Pa and an incoming water 

vapour temperature Tv = 290.15 K. The operating pressure 

within the model is set to 0 Pa, and the model features only a 

vapour inlet with no outlet. The study involved simulating the 

adsorption process in beds of various dimensions, where the 

base dimensions are set as 100×80×6 mm (Fig. 1). 

 

 

 

 

 

 

 

 

 

The model was discretized using the SWEEP method. Pre-

pared geometry enabled the creation of a well-organized struc-

tural mesh across the entire model. In order to perform grid con-

vergence tests, three grids differing by a factor of 1.5 in their 

characteristic dimension were generated. Each grid was charac-

terized by a minimum orthogonal quality equal to 1. Detailed 

information about the prepared grids is gathered in Table 1. Dif-

ferences in the values of adsorbed vapour and average tempera-

ture in the adsorption bed between the results obtained for the 

individual grids result from the applied global grid size. Consid-

ering the very small differences in values between the fine and 

medium grids, it was decided to use the medium density grid 

(Fig. 2) for further work, as a compromise between computa-

tional cost and solution accuracy.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In this study, a CFD modelling approach for the adsorption 

process as described in paper [2] was adopted. The calculations 

were performed using Ansys Fluent software. For the modeling 

of the porous volume, the equilibrium model was replaced with 

a non-equilibrium model, which is defined by two parameters: 

Interfacial Area Density and Heat Transfer Coefficient in AN-

SYS Fluent software. 

Interfacial Area Density asv is a parameter used in multiphase 

flow simulations within porous media. It measures the area of 

the interface between different phases (e.g. liquid and solid) per 

unit volume of the porous material. This parameter is crucial for 

predicting phenomena such as mass and heat transfer accurately 

 𝑎𝑠𝑣  =  
6(1−𝜀𝑡)

𝐷𝑝
. (1) 

Heat transfer coefficient hsf in a porous medium is a param-

eter that quantifies the efficiency of heat transfer between the 

fluid and the solid structure within the porous material 

 
1

ℎ𝑠𝑓
=  

𝐷𝑝

𝑘𝑓Nu
+

𝐷𝑝

10𝑘𝑓
. (2) 

The simulation was conducted under transient conditions. It 

was assumed that the flow of water vapour is laminar. The 

Green-Gauss node based gradient computation scheme, along 

with the QUICK momentum discretization scheme, were em-

ployed. A pressure-based solver utilizing the PISO scheme was 

used. 

 

Fig. 1. Geometry analyzed in the simulations. 

Table 1. Parameters of meshes used in the grid convergence study. 

Mesh 

Characteristic 
dimension of 

mesh elements 
[mm] 

Total 
number 
of mesh 

elements 

Orthogonal 
quality 

Average bed 
tempera-
ture [K] 

Uptake 
[kg/kg] 

Coarse 0.7 125350 1 315.255 0.1209 

Medium 0.5 207360 1 314.925 0.1212 

Fine 0.3 613452 1 314.903 0.1212 

 

 

Fig. 2. Numerical mesh generated. 
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The model was verified against an experiment available in 

the literature [15]. The experiment was conducted on a specially 

constructed experimental setup that simulated the operation of 

an adsorption refrigeration device. The sorption capacity of 

a silica gel sample was analyzed under various temperatures of 

the cooling/heating medium. The maximum deviation between 

the numerical simulation and experimental data did not exceed 

2% (Fig. 3), indicating very good convergence of the developed 

numerical model. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

For further simulations, initial conditions were set: T = 

303.15 K, P = 2000 Pa, and H2O uptake 0 g/g. Each cycle con-

sisted of two stages: adsorption, where the sorption bed was 

cooled, and regeneration (desorption), where the bed was 

heated. As the adsorption process ends and desorption begins, 

the function of the heat exchanger plate switches from cooling 

to heating. Consequently, expressions for the cyclic change of 

the boundary condition from 303.15 K to 353.15 K were intro-

duced. During desorption, as vapour is released from the bed, 

the boundary condition changes from a pressure inlet to a pres-

sure outlet. For this purpose, a UDF (user defined function) was 

prepared and implemented to monitor the P in the adsorption 

bed. This function calculates and returns the Pa in a specified 

area, allowing observation of P changes over time. Moreover, it 

defines pressure boundary conditions that trigger the change in 

boundary conditions. Iterative calculations, consisting of 3000 

time steps (5 full cycles of 600 seconds each) were performed. 

Each step lasted one second and could include up to 500 itera-

tions until a reduction of normalized residuals by four orders of 

magnitude was achieved. However, it's important to note that 

sudden changes in temperature and pressure may lead to dis-

crepancies in simulation results. Therefore, during transitions 

from adsorption to desorption and vice versa, a reduction in the 

time step of the simulation from 1 s to 0.005 s for the next 5 

seconds was applied. As a result, convergence was achieved at 

the level of 4x10−5 for all residuals. Additionally, the vapour ve-

locity at the inlet, temperature in the adsorption bed, and the 

amount of water vapour adsorbed by the bed were monitored. 

Within the scope of this study, the adsorption process was 

simulated for beds of various dimensions. The base dimensions 

of the bed were 100×80×6 mm. The first step involved examin-

ing the effect of increasing the bed height to 6 mm and 9 mm 

(Fig. 4a). Subsequently, an analysis was conducted on changing 

the bed length to 50 mm and 150 mm (Fig. 4b). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3. Results 

Due to significant differences in saturation values between var-

ious stages of the simulation, different scales were applied to 

better illustrate the processes occurring within the bed (Figs. 5a, 

5b). Graphical distribution of the amount of vapour adsorbed by 

the sorption bed (Figs. 5a, 6a,7a) at τ = 300 s, corresponding to 

the end of the adsorption process in the first cycle, and at 600 s, 

corresponding to the end of the desorption process in the first 

cycle. Similarly, the amount of vapour adsorbed after 2700 s 

(Figs. 5b, 6b, 7b) – marking the end of the adsorption process in 

the last cycle, and at 3000 s - marking the end of desorption in 

the last analyzed cycle. The graphical distributions (Figs. 5, 6, 

7) indicate that for all analyzed geometries, both adsorption and 

desorption processes occur most efficiently near the wall 

 

Fig. 3. Comparison of experimental and numerical results: average 

bed temperature and the amount of adsorbed water vapour in the bed. 

a)        

A      B     C 

b)        

D            B            E  

            Compilation of silica gel mass depending on the geometry of the bed.  

Geometry A B C D E 

Mass of silica gel [kg] 0.01776 0.03552 0.05328 0.00888 0.02664 

 

Fig. 4. Dimensions of the simulated samples: a) various heights of the adsorbent bed, b) various lengths of the adsorbent bed. 
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heated/cooled by the heat exchanger and at the water vapour in-

let surface, highlighting the significance of T on the adsorp-

tion/desorption processes. It is observed that the saturation of 

the bed with water vapour increases with each process cycle, 

suggesting that adsorption and desorption do not occur uni-

formly. The ratio of the amount of adsorbed vapour to the size 

of the bed is highest for the bed with the smallest height and 

lowest for the tallest bed, confirming the importance of the dis-

tance from the centre of the bed to the heat exchange surface. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The amount of vapour adsorbed was analyzed for beds of 

varying heights (Fig. 8). The stabilization of the process in suc-

cessive cycles was quickest for the bed with the lowest height 

and slowest for the bed with the greatest height. For beds B and 

C heights, similar saturation values after the desorption process 

were observed in the initial cycles, which increased with subse-

quent cycles. According to the analysis of graphical distribu-

tions, the most vapour relative to the amount of adsorbent mate-

rial in each cycle was adsorbed by bed A, stabilizing at 0.132 

kg/kg. The least amount of vapour was adsorbed in bed C, sta-

bilizing at 0.111 g/g which represents a difference of approxi-

mately 20%. In the adsorption bed A, vapour desorbed to a level 

of 0.041 kg/kg, whereas in the bed C, it desorbed to 0.074 kg/kg, 

constituting a difference of about 45%. The dynamics of the pro-

cess varied depending on the height of the bed. Adsorption was 

most intense for the bed A and least intense for the bed C. This 

can be attributed to the fact that cooling of the bed during the  

adsorption process significantly influences its progression,  and  

a)               

b)                

Fig. 6. Distribution of the amount of vapour adsorbed by the sorption bed with dimensions of 100×80×3 mm (B)  

after adsorption and desorption process a) in the first cycle of the process b) in the last cycle of the process. 

a)             

b)              

Fig. 5. Distribution of the amount of vapour adsorbed by the sorption bed with dimensions of 100×80×3 mm (A)  

after adsorption and desorption process: a) in the first cycle of the process b) in the last cycle of the process. 

a)                

b)                

Fig. 7.  Distribution of the amount of vapour adsorbed by the sorption bed with dimensions of 100×80×3 mm (C)  

after adsorption and desorption process a) in the first cycle of the process b) in the last cycle of the process. 
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heat exchange within the bed itself is inefficient. 

A comparison of Ta in sorption beds with different geome-

tries during the processes of adsorption and desorption was ex-

amined (Fig. 9).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The bed A reaches an Ta  at the end of each cycle stage that 

is closest to the T occurring in the heat exchanger, 308 K after 

adsorption and 350 K after desorption. This facilitates the most 

efficient adsorption/desorption process and has a direct impact 

on greater control over the process. In the case of the bed C, the 

Ta in the bed deviates more significantly from the T of the cool-

ing/heating medium, recording 320 K at the end of the adsorp-

tion process and 337 K after desorption, which affects the 

amount of vapour adsorbed. 

The mass flow of water vapour adsorbed by the sorption bed 

is illustrated (Fig. 10). Negative values indicate that vapour is 

being released and evaporates from the sorption bed. During the 

first cycle, where the saturation of each bed with water vapour 

was 0 kg/kg, the most intense 𝑚𝑣̇  occurred in the bed C, reach-

ing 1.13×10−2 g/s, which directly depended on the volume of the 

sorbent. In subsequent cycles, as conditions stabilize, the differ-

ences in 𝑚𝑣̇  decrease, in the last cycle for beds B and C, they are 

very similar, with the initial adsorption rate being approximately 

3.02×10−3 g/s. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Subsequently, an analysis was conducted to assess the im-

pact of bed length on the adsorption process. An aluminium 

frame restricted the steam inlet and directed the steam along the 

length of the bed. Beds with dimensions of 50×80×6 mm (D), 

100×80×6 mm (B), and 150×80× 6 mm (E) were analyzed 

(Fig. 5b). 

Similarly to Figs. 5−7, Figs. 11−13 illustrate the graphical 

distribution of the amount of vapour adsorbed by the sorption 

bed at times corresponding to the end of the adsorption process 

in the first and last cycles, as well as at times corresponding to 

the end of the desorption process in the first and last cycles. The 

graphical distributions indicate similar dependencies as ob-

served in the earlier analysis. The most efficient adsorption and 

desorption processes occur near the wall heated/cooled by the 

heat exchanger and at the surface where water vapour enters. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 9. Comparison of the Ta  in sorption beds  

for different bed heights. 

 

Fig. 10. Results of solar collector field simulation  

– hourly heating output. 

a)               

b)               

Fig. 11. Distribution of the amount of vapour adsorbed by the sorption bed with dimensions of 50×80×6 mm (D)  

after adsorption and desorption process a) in the first cycle of the process, b) in the last cycle of the process. 

 

Fig. 8. Comparison of the amount of water vapour adsorbed  

for different bed heights. 



CFD analysis of the effect of bed geometry on H2O adsorption and desorption efficiency 

 

45 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The amount of vapour adsorbed for beds of varying lengths 

was analyzed (Fig. 14). The saturation value for the shortest bed 

D  in the fifth cycle at the end of adsorption was 0.123 kg/kg, 

while for the longest bed E it was 0.117 kg/kg. In the case of 

desorption at the end of the process, the saturation for a bed D 

was 0.0645 kg/kg, and for E it was 0.0641 kg/kg. The length of 

the bed was more significant for the adsorption process than for 

desorption. It is observed that the impact of bed length on the 

process is less significant compared to the previously discussed 

bed height. It is noteworthy that as the duration of a single cycle 

increases, the differences in saturation also increase. This is at-

tributed to the fact that the more saturated the bed is, the greater 

the resistance it poses to the flow of adsorbed vapour. Such a 

connection can be beneficial in selecting the optimal cycle time 

for a heat exchanger of a specific size. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Similarly to the case of vapour adsorbed by the bed, the Ta 

within the sorption bed shows little variation for different 

lengths of the adsorption bed (Fig. 15). Ta stabilizes by the sec-

ond cycle, reaching 314 K at the end of adsorption and 341 K at 

the end of desorption. These similar Ta in the sorption bed may 

explain the comparable dynamics of the adsorption and desorp-

tion processes discussed earlier. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The mass flow of water vapour adsorbed by the bed for dif-

ferent lengths of the bed is illustrated (Fig. 16). Similar to the 

analysis of the height of the sorption bed, during the first cycle, 

where the saturation of each bed with water vapour was 0 kg/kg, 

the most intense 𝑚̇𝑣 occurred. The 𝑚̇𝑣 stabilizes by the second 

a)                

b)                

Fig. 12. Distribution of the amount of vapour adsorbed by the sorption bed with dimensions of 100×80×6 mm (B) after adsorption and desorption  

process a) in the first cycle of the process, b) in the last cycle of the process. 

a)                 

b)                 

Fig. 13. Distribution of the amount of vapour adsorbed by the sorption bed with dimensions of 150×80×6 mm (E)  

after adsorption and desorption process a) in the first cycle of the process b) in the last cycle of the process. 

 

Fig. 14. Comparison of the amount of water vapour adsorbed  

for different lengths of the bed. 

 

Fig. 15. Comparison of the average temperature in sorption beds 

for different lengths of the bed. 
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cycle for each of the analyzed cases. For the bed E, 𝑚̇𝑣 is high-

est, registering 4.094×10−3 g/s  at the beginning of the adsorption 

stage and −5.554×10−3 g/s at the end of desorption. The lowest 

𝑚̇𝑣 was in the bed D, with values of 1.559×10−3 g/s at the begin-

ning of adsorption and −2.112×10−3 g/s at the beginning of de-

sorption. In the case of varying bed lengths, a clear difference in 

ṁ𝑣 between the beds is observed for all cases. It can be con-

cluded that increasing the length of the bed has a direct impact 

on enhancing the suction force of water vapour. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The saturation of water vapour in the adsorbent bed during 

the last, fifth cycle of simulation post-adsorption and desorption 

processes for all analyzed bed geometries was compiled (Fig. 

17). Additionally, the mass of water vapour adsorbed by these 

beds is presented. The highest saturation, indicating the greatest 

sorption capacity, was exhibited by bed A, characterized by the 

shortest distance from the heat source to the centre of the bed, 

measuring 3 mm. Despite having a sorbent material volume 

three times smaller than bed C, bed A adsorbed only 20% less 

vapour. This underscores the significant impact of this parame-

ter on the adsorption process and thus the efficiency of the de-

vice. For the analyzed cycle length (300 s), the saturation differ-

ences in samples varying in length (B, D, E) are minimal, 

whereas the differences in the amount of adsorbed vapour are 

substantial, reaching about 70%. In the analyzed case, designing 

a longer and thinner bed in the adsorption device would be much 

more advantageous. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. Conclusions 

The paper presents a method for CFD modelling of the entire 

adsorption and desorption cycles which enhances understanding 

of the relationship between these processes and the impact of 

various factors such as the cycle duration, the temperature of the 

cooling/heating medium, operating pressure, and the geometry 

of the sorbent bed on their dynamics. Until now, literature has 

only modelled either adsorption or desorption processes individ-

ually, not the full cycles. This approach allows for the observa-

tion of what happens during the transitional period between pro-

cesses and how this affects their course, which is a novel aspect. 

The obtained results demonstrate a significant impact of the 

adsorbent bed's geometry on the adsorption and desorption pro-

cesses, emphasizing the crucial role of the distance from the bed 

centre to the cooling or heating source in the efficiency of these 

processes. The difference in the amount of vapour adsorbed rel-

ative to the amount of sorbent material in beds of different ana-

lyzed heights during the adsorption process was 20% higher for 

the 3 mm bed (A) compared to the 9 mm bed (C). During de-

sorption, the difference in desorbed vapour relative to the 

amount of sorbent was even greater among these cases of geom-

etry and exceeded 40%. The results indicate that heat exchange 

significantly influences the progression and control of the ad-

sorption and desorption processes. The length of the bed, affect-

ing the water vapour path to the bed's centre, also impacts these 

processes, particularly in longer cycles. This discovery high-

lights the increased resistance caused by water vapour saturation 

in the sorption bed, which becomes more significant in a more 

saturated bed, a condition more common in longer cycle dura-

tions. These results offer valuable insights for designers of cool-

ing devices based on adsorption technology. Appropriately tai-

lored geometry of the heat exchanger with the sorbent bed can 

achieve the same effects despite a smaller amount of sorbent, 

which translates into a smaller device size and cost. 
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