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Abstract—The present study provides an overview of the various 
theoretically developed mathematical isothermal models for the 
analysis of adsorption cooling systems with different adsorption 
working pairs. After an introduction, the brief history of development 
of refrigeration systems from the conventional refrigeration system to 
adsorption refrigeration system, Dühring diagram, and recent 
progress in adsorption technologies are reported. This work also 
investigates the applications of the mathematical models for various 
adsorbent bed stages. The authors predict that the challenges of 
future research in modification of the mathematical models to 
approach the industrial application. 

Introduction 

Energy plays an essential role in the development and progress 
of a country's economy. The economic growth and technical 
advancement of developing nations depend on energy which 
imitates the country's standard of living. In recent decades, an 
increase in energy demand is observed due to increase in 
population, energy expenditure per capita and rising economy. 
Fossil fuels persist to contribute a large amount of energy 
utilization in the world and oil leftovers the main source of 
energy. As a result, the global warming occurs when CO2 
released primarily through the combustion of fossil fuels (oil, 
natural gas, and coal) and other gases, such as hydro-
chlorofluorocarbon (HCFC), chlorofluorocarbons (CFC), 
hydro-fluorocarbon (HFC), water vapor, methane, nitrous 
oxide, and ozone [1]. In addition to global warming and 
climate change, air conditioning and refrigeration 
requirements have increased rapidly. Concerning 
environmental issues, scientists and researchers studied 
alternative ecological solutions like adsorption cycle. It is the 
most interesting unconventional technology to save energy 
and surroundings [2]. Adsorption technology has proven its 
way in various energy conservative and environmentally 
friendly applications. Adsorption chillers consume a lesser 
amount of electrical energy than conventional chillers (VCRS) 
and can also be operated with lower heat energy sources, such 
as solar energy or heat loss, requires less maintenance because 

of the absence of moving parts such as compressors and 
working pairs are also eco-friendly [3]. To the best of author’s 
knowledge, approximate no systematic review study is 
available on various types of the isotherm models for the 
application of the different working pairs in adsorption 
cooling system. Therefore, this study provides the various 
mathematical isothermal adsorption models for various 
adsorbate adsorbent pairs and their application for specific 
type of isotherm. 

Development of refrigeration systems 

In the past few decades, the conventional cooling system 
(vapor compression cooling system) was developed and 
utilized for cooling purposes. The vapor compression 
refrigeration system (VCRS) requires the installation of an 
expensive mechanical compressor, condenser, expansion 
valve, and evaporator. VCRS consumes large amount of 
electrical energy with all its restrictions like accessories, 
operational and maintenance difficulties, and low capacity. 
The non-natural, traditional refrigerants like hydro-
chlorofluorocarbon (HCFC), chlorofluorocarbons (CFC) and 
the hydro-fluorocarbon (HFC) result in both ozone depletion 
and/or global warming are used as working fluids. It has a 
high potential for global warming and ozone layer depletion. 
These are the main drawbacks of VCRS. To overcome the 
power consumption (electrical energy) with the use of waste 
heat energy (solar energy), the vapor absorption refrigeration 
system (VARS) was developed in 1700s. 

Development of adsorption systems 

The first proof of the experience of adsorption cooling was 
found in Faraday's laboratory in 1848. At the present time, 
global energy consumption and environmental problems are 
found as two major problems. Therefore, the adsorption 
cooling technology and heat pump systems are becoming an 
interesting and upcoming area of research for newcomers by 
means of successful adaptation of the long duration economic 
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Theoretical models of adsorption cycles  

The many researcher-developed mathematical equations to 
analyze the various adsorbent adsorbate paired adsorption 
cooling systems (refer Table 1). 

Table 1: Various mathematical models for adsorption cooling 

Models Mathematical equations 
D–A 

[used in [7]] 
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Summary 

Author The present study summarised the various 
mathematical isothermal adsorption models for various 
adsorbate adsorbent pairs and their application for specific 
type of isotherm. 

1. For Maxsorb III/ ethanol, RD silica gel/ water, and carbon-
based composite/ CO2 pair at temperature range of 303 K- 
343 K, the Toth model show better accuracy. 

2. The modified BET method results in better for 
alumina/water, poorly crystalline boehmite/water pair at 
295 K. 

3. At the temperature range of 288 K to 333 K, the GAB 
isothermal models fit better for the dried raisins/ moisture 
working pair. 

4. The Sun & Chakraborty model provides better results for 
AQSOA-Z01/water pair in the range of 298 K–338 K 
temperature. 

Nomenclatures 

n heterogeneity parameter 

bo equation constant [kPa-1] 

E characteristic energy [J mol-1] 

W, x instantaneous uptake[kg kg-1] 

W0, xo maximum uptake [kg kg-1] 

KD hill constant 

m heterogeneity factor or mass [g] 

Z compressibility factor 
α a coefficient 

β load factor 

A0,A1,B,C constants 
V amount of total gas adsorbed 
Vm the monolayer coverage  
Hfg enthalpy of evaporation 
ΔH function of the heat of adsorption 
K measure attractive force field of adsorbent 
Qst* isosteric heat of adsorption 
Vm monolayer coverage 
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aw water activity 
β load factor 

Φm min. potential energy, kJ/kg 
Ψ  surface coverage 
z  compressibility factor 
P pressure, Pa 

Ps  saturated pressure, Pa 

References 

[1] Bilen, K., Ozyurt, O., Bakırcı, K., Karslı, S., Erdogan, S., Yılmaz, 
M., & Comaklı, O. (2008). Energy production, consumption, and 
environmental pollution for sustainable development: A case 
study in Turkey. Renewable and Sustainable Energy 
Reviews, 12(6), 1529-1561. 

[2] Meunier, F. (1998). Solid sorption heat powered cycles for 
cooling and heat pumping applications. Applied Thermal 
Engineering, 18(9-10), 715-729. 

[3] Li, A., Ismail, A. B., Thu, K., Ng, K. C., & Loh, W. S. (2014). 
Performance evaluation of a zeolite–water adsorption chiller with 
entropy analysis of thermodynamic insight. Applied energy, 130, 
702-711. 

[4] Sarkar, A., & Paul, B. (2016). The global menace of arsenic and 
its conventional remediation-A critical 
review. Chemosphere, 158, 37-49. 

[5] Dinesh, B., Manikanta, M. S., Kumar, T. D., & Sahu, D. (2016, 
September). A case study of a low power vapor adsorption 
refrigeration system. In IOP Conference Series: Materials Science 
and Engineering (Vol. 149, No. 1, p. 012227). IOP Publishing. 

[6] Umair, M., Akisawa, A., & Ueda, Y. (2014). Performance 
evaluation of a solar adsorption refrigeration system with a wing-
type compound parabolic concentrator. Energies, 7(3), 1448-
1466. 

[7] El-Sharkawy, I. I., Uddin, K., Miyazaki, T., Saha, B. B., Koyama, 
S., Miyawaki, J., & Yoon, S. H. (2014). Adsorption of ethanol 
onto parent and surface treated activated carbon 
powders. International Journal of Heat and Mass Transfer, 73, 
445-455. 

[8] Hassan, H. Z., Mohamad, A. A., Alyousef, Y., & Al-Ansary, H. 
A. (2015). A review on the equations of state for the working 
pairs used in adsorption cooling systems. Renewable and 
Sustainable Energy Reviews, 45, 600-609.  

[9] Kapoor, A., Ritter, J. A., & Yang, R. T. (1990). An extended 
Langmuir model for adsorption of gas mixtures on heterogeneous 
surfaces. Langmuir, 6(3), 660-664. 

[10] Hill, A. V. (1910). The possible effects of the aggregation of the 
molecules of hemoglobin on its dissociation curves. j. 
physiol., 40, 4-7. 

[11] Chan, L. S., Cheung, W. H., Allen, S. J., & McKay, G. (2012). 
Error analysis of adsorption isotherm models for acid dyes onto 
bamboo-derived activated carbon. Chinese Journal of Chemical 
Engineering, 20(3), 535-542. 

[12] Brunauer, S., Skalny, J., & Bodor, E. E. (1969). Adsorption on 
nonporous solids. Journal of Colloid and Interface Science, 30(4), 
546-552. 

[13] Maroulis, Z. B., Tsami, E., Marinos-Kouris, D., & Saravacos, G. 
D. (1988). Application of the GAB model to the moisture 
sorption isotherms for dried fruits. Journal of food 
engineering, 7(1), 63-78. 

[14] Chakraborty, A., & Sun, B. (2014). An adsorption isotherm 
equation for multi-types adsorption with thermodynamic 
correctness. Applied Thermal Engineering, 72(2), 190-199. 

 

 

 


