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ABSTRACT 

Space cooling has become a necessity in present climatic conditions. A 

considerable fraction of today’s energy consumption is due to air-conditioning 

of buildings, involving both heating and cooling. Maintaining comfortable 

indoor conditions in office building and industrial environments, it results 

higher energy bills due to heavy dependency on electrically operated air 

conditioning systems. Energy cost and environmental concerns force 

designers to find sustainable solutions. In order to explore ways and means to 

improve the energy efficiency and alternative energy resources, a feasibility 

study was conducted for combined cooling, heating and power system suitable 

for a tropical country This research has been conducted to evaluate the 

performance and applicability of desiccant cooling systems under Indian 

climatic conditions. The system has been analysed experimentally for the 

month of March and April. The performance of solid desiccant wheel at 

different rph (rotation per hour) was experimentally investigated in the 

month of March. The optimum speed for maximum value of average 

adsorption and regeneration rates was found to be 40 rph of both process and 

regeneration sectors. The variation of COP for the experiment has been 

analyzed with day time. It has been found that the COP ranges between 0.43 - 

.54 for the months of March. 
 

OBJECTIVE 

The aim of the experiments is to investigate the performance of a solid 

desiccant air conditioning system with a rotary desiccant wheel. 
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INTRODUCTION 

In the present scenario, there is a great need of better air 

conditioning systems as environment conditions are 

changing and living standard of society is improving day-by-

day. As we know that, air conditioning systems have 

accounted a large part of energy consumption in the society 

worldwide.  

 

Desiccant cooling system is more attractive alternative than 

conventional vapour compression systems due to its 

advantages of utilizing low temperature energy and 

providing an environment conscious operation. Solid 

desiccant cooling method has following advantages. 

 

LITERATURE REVIEW 

In this chapter, detailed literature review related to the 

development of AHSS is given, with special emphasis on the 

third generation of AHSS. This review covers all the 

developmental stages of all three generations of AHSS 

particularly concentrating on the strength levels, industrial 

viability, limitations, compositions required and the 

mechanisms involved for achieving the desired properties. 

 

High Strength Steel (HSS) 

This category of automotive steel contains bake-hard enable 

steels (BH), carbon-manganese steels (CMn) and high 

strength low-alloy steels (HSLA). The main strengthening  

 

 

 

 

mechanisms in these steels are solid solution hardening. In 

the bake-hard enable steels (BH) the processing is done in 

such a way that carbon is taken out of the solution during  

paint baking cycle. In this way, these steels are made softer 

and more formable for the press working operations. 

However, it becomes more strengthen after being put in 

service due to work hardening during forming. Carbon-

manganese (CMn) steels are mild steel solid solutions, which 

are strengthened by adding manganese as alloying element. 

High strength low alloy (HSLA) steels are actually CMn steel, 

which are strengthened by the addition of micro alloying 

elements such as vanadium, titanium or niobium. Among all 

these HSS steels, HSLA was the first commonly used HSS in 

automotive industries during 90s. These steels are still used 

in many vehicles, particulalrly in energy absorbing areas. Fig 

2.1.1 shows elongations and strength banana curves of mild 

steel and conventional HSS, indicating a strength-elongation 

product of less than 15000 MPa%. At present, AHSS is 

replacing these HSS in energy absorbing applications areas, 

because they can absorb more energy than these HSS due to 

high strength [5]. Further, there is a continued efforts from 

the researchers all over the globe to enhance the strength-

elongation product and aim a achieving this value to be 

around more than 50000 MPa%. There requires to be a good 

compromise between strength and ductility so that we can 

obtain high strength as well as high ductility together. 
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Shelpuk and Hooker (1979) started the development of 

desiccant technology under the scheme of US solar heating 

and cooling program. The basic operating principle of 

dehumidifier for open cycle adsorption system has been 

explained in the work. 

 

Collier et al. (1981) described that solid desiccants could be 

regenerated using low grade energy at different levels of 

temperature. Temperature was found to be depended on the 

desiccant materials which were being used for the 

regeneration. 

 

Barlow (1983) also worked on the same methodology to 

find out the efficient air conditioning method. 

 

Sheridan et al. (1985) described theoretically solid 

desiccant cooling system as an effective system than 

conventional vapor compression systems. 

 

Shrivastava and Eames (1988) presented a review study of 

adsorbents and absorbents used in various investigations on 

solid – vapor adsorption heat pumps. 

 

Belding and Delmas (1997) explained and investigated the 

indirect evaporative cooler incorporated in novel type 

desiccant cooling system. 

Parametric Studies 

 

Jurinak et al. (1980) investigated the applicability of 

desiccant cooling system in meeting residential cooling loads 

by dynamic simulation using the computer program 

TRANSYS. Further in 1984 evaluated the performance of 

open cycle desiccant air conditioners for residential 

application and compared it with vapour compression air 

conditioning system on the basis of cost and energy. They 

also suggested that when these systems were coupled with 

solar energy to regenerate the desiccant wheel, they 

performed better than the conventional air conditioners 

 

Schen and Worek (1996) suggested that a solid desiccant 

absorber can be optimally designed on the basis of first and 

second law of thermodynamics. 

 

Panaras et al. (2007) proposed a methodology for the 

definition of the system’s achievable working range under 

specific set of space requirement. 

 

Kanoglu et al. (2013) developed a procedure for the energy 

and exergy analysis of open cycle desiccant cooling system 

and that procedure has been applied to an experimental unit 

operating in ventilation mode with natural zeolite as the 

desiccant. 

 

Experimental procedure 

The aim of the experiments is to investigate the performance 

of a solid desiccant air conditioning system with a rotary 

desiccant wheel. An experimental system has been designed 

and fabricated. The regeneration and the adsorption rates of 

desiccant wheel for producing the dry air have been 

experimentally investigated. In this chapter, an experimental 

study on the feasibility of solid desiccant air conditioning 

system with evaporative cooler has been carried out. The 

regeneration and the adsorption rates at fixed air flow rate & 

at different direction of rotation for desiccant wheel are 

analyzed for the climatic conditions of IIT (PATNA).Wheel 

effectiveness for regeneration sector and for adsorption 

sector has also been studied in this chapter. 

 

The schematic and actual experimental set-up side and front 

view of solid desiccant dehumidification cooling system has 

been shown in the Figure 3.1, 3.2 and 3.3 respectively. 

 

 
Figure 3.1: Schematic of the experimental set-up 
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The main parts of the proposed system are shown in the 

schematic (Figure 3.1) which are, 

� Rotary desiccant wheel, 

� Evaporative Cooler, 

� Air Heater 

� Pannel Fan 

� Pump 
 

Result and Discussion 

 
Figure 4.1: Variation of COP with Time of Day for the 

different sets of reading 
 

 
Figure .4.2: Variation of Moisture removal with Time 

of day for 10th March 
 

 
Figure 4.3: Variation of COP of the system with Time of 

day for 10th March 

CONCLUSIONS 

The main objective of the present research work was to 

explore the feasibility of solid desiccant dehumidification 

system for typical hot and humid climatic conditions of IIT 

PATNA. Major thrust in this work has been given to the solid 

desiccant dehumidifier due to its advantages of having lower 

regeneration temperatures and its capability to be driven by 

renewable energy. The main conclusions emerging from the 

present work are: 

 

The performance of solid desiccants was experimentally 

investigated for both adsorption as well as regeneration 

processes in the Indian climatic conditions. It has been found 

that effectiveness of wheel in regeneration process was 

higher. 

 

The performance of solid desiccant wheel at different rph 

was experimentally investigated in the month of March. The 

optimum speed for maximum value of average adsorption 

and regeneration rates was found to be 40 rph of both 

sectors. 

 

The performance of the system for wheel effectiveness for 

process sector and regeneration sector was analysed. Wheel 

effectiveness was higher during solar noon for all data sets 

for March and April. 

 

The moisture removal capacity of the experimental system 

has been analysed for process Sector and regeneration 

sector for the time of day during March and April. 

 

The variation of COP for the experiment has been analysed 

with day time. It has been found that the COP ranges 

between 0.43 - .54 for the months of March. 

 

REFERENCES 

[1] A. A. Pesaran, T. R. Penney, A. W. Czandern, (1992). 

Desiccant Cooling: State of the Art Assessment, 

National Renewable Energy Laboratory, pp. 1-12. 

[2] A. Khalid, M. Shakir, An experimental investigation in 

to a solar assisted desiccant evaporative air 

conditioning system, Sol. energy, vol. 39 (2), pp 97-

107, 1987. 

[3] A. K. Singh, H. Singh, S. P. Singh, R. L. SAWHNEY, 

(2002). Numerical Calculation of psychrometric 

Properties on A Calculator, Building and 

Environment, Vol. 37, pp. 415-419. 

[4] Analysis and Technology Transfer Report, (1991). 

Brookhaven National Laboratory, Upton, Report BNL 

46559. 

[5] ASHRAE Fundamentals Handbook, (62-1989). 

Ventilation for Acceptable Indoor Air Quality, 

American Society of Heating, Refrigeration and Air 

Conditioning Engineers, pp. 71-75, Atlanta. 

[6] ASHRAE, (2004). Desiccant Dehumidification and 

Drying Equipment, American Society of Heating, 

Refrigeration and Air Conditioning Engineers, Vol.22, 

Atlanta. 

[7] B. C. Shelpuk and D. W. Hooker, Development 

program in solar desiccant cooling for residential 

buildings, Int. J. of Refrig., vol.2, pp. 173-179, 1979. 

[8] B. Camargo, J. R. Godoy, C. D. Ebinuma, (2005). An 

Evaporative and Desiccant Cooling System for Air 



International Journal of Trend in Scientific Research and Development (IJTSRD) @ www.ijtsrd.com eISSN: 2456-6470 

@ IJTSRD     |     Unique Paper ID – IJTSRD35821      |     Volume – 4 | Issue – 6     |     September-October 2020 Page 1841 

Conditioning in Humid Climates, Vol. XXVII, No.3. 

[9] C. K. Collier, T. S. Cale, Z. Lavan, (1986). Advanced 

Desiccant Materials Assessment, Gas Research 

Institute, pp-87-172805/XAB. 

[10] C. M. Schen and W. M. Worek, The second-law analysis 

of a recirculation cycle desiccant cooling system, 

ASHRAE Trans, vol. 9, pp. 1429-1435, 1996. 

[11] D. K. Daou, R. Z. Wang, Z. Z. Xia, (2006). “Desiccant 

Cooling Air Conditioning A Review”, Renewable and 

Sustainable Energy Reviews, Vol.10, pp. 55-77. 

[12] G. Panaras, E. Mathioulakis, and V. Belessiotis, 

Achievable working range for solid all-desiccant air-

conditioning system under specific space comfort 

requirements, Energy and Buildings, vol. 39, pp. 1055-

1060, 2007. 

[13] G. Grossman and A. Johannsen, Solar cooling and air 

conditioning process, Energy and Combustion Science, 

vol. 7 (3), pp. 185-228, 1981. 

[14] G. HARDY, (2003). A Cooling, Heating, and Power For 

Buildings (CHP-B) Instructional Module, A Thesis 

Submitted to the Faculty of Mississippi State 

University, Mississippi. 

[15] Harriman, L.G.III., (1990). The Dehumidification 

Handbook Second Edition, Munters Cargocaire, 

Amesbury, pp. 77-85. 

[16] H. Klein, S.A. Klein, J. W. Michell, Analysis of 

regenerative enthalpy exchangers, Int. J. Heat Mass 

Transfer, vol. 33 (4), pp. 735–44, 1990. 

[17] J. Hirunlabh, R. Charoenwat, J. Khedari and S. 

Teekasap, Feasibility study of desiccant air 

conditioning system in Thailand, Building and 

Environment, vol. 42, pp. 572-577, 2007. 

[18] J. J. Jurinak, J. W. Mitchell, J. W. Beckman, Open cycle 

desiccant air conditioning as an alternative to vapor 

compression cooling in residential applications, ASME 

Solar Energy Division, Orlando, USA, pp. 374-381, 

1980. 

[19] J. Singh, (2005). Desiccant Cooling: Desiccant Cooling 

Ventilation Comes of Age Emerging Opportunities and 

Desiccant Cooling Systems, pp. 1-3. 

[20] J. W. Mitchell, J. S. Sheridan, A hybrid solar desiccant 

cooling system, Sol. Energy, vol. 34, pp. 187-193, 1985. 

[21] J. Y. San, Heat and mass transfer in a two-dimensional 

cross-flow regenerator with a solid conduction effect, 

Int. J. Heat Mass Transfer, vol. 36 (3), pp. 633–43, 

1993. 

[22] K. Daou, R. Z. Wang and Z. Z. Xia, Desiccant cooling air 

conditioning: a review, Renew. And Sust. Energy Rev., 

vol. 10, pp. 55-77, 2006.  

[23] K. D. Farooq and D. M. Ruthven, Numerical simulation 

of a desiccant bed for solar air heater conditioning 

applications, Solar Energy Engineering, vol. 113, pp. 

80–92, 1991. 

[24] K. Fathlah and S. E. Aly, Study of a waste heat driven 

modified packed desiccant bed dehumidifier, Energy 

Conservation and Management, vol. 37, pp. 457-471, 

1996. 

[25] M. Kanoglu, M. O. Carpinhoglu and M. Yildirim, Energy 

and exergy analysis of an experimental open cycle 

desiccant cooling system, App. Therm. Engg., vol. 24, 

pp. 919-932, 2004. 

[26] M. N. Goluboric, H. D. M. Hettiarachchi, The variation 

of heat of sorption with water loading is derived using 

Othrmer’s method, Int. J. of Heat and Mass Transfer, 

vol. 49, pp. 2802-2809, 2006. 

[27] M. Z. Ismail, D. E. Angus, G. R. Thorpe, The 

performance of solar-regenerated open-cycle 

desiccant bed grain cooling system, Sol. Energy, vol. 46 

(2), pp. 63-70, 1991. 

[28] N. Shrivastava, I. W. Eames, A review of the 

developments in solid vapor adsorption-refrigeration 

and heat pump system, J. of institute of energy, vol. 

485, pp. 116-127, 1988. 

[29] P. L Dhar, S. C. Kaushik and S. Jain, Thermodynamic 

analysis of desiccant augmented evaporative cooling 

cycles for Indian conditions, ASHRAE Trans., vol. 101, 

pp. 735-749, 1995. 

[30] P. Majumdar, W. M. Worek, Combined heat and mass 

transfer in a porous adsorbent, Energy, vol. 14(3), pp. 

161–75, 1989. 

[31] P. Mavroudaki, C. B. Beggs, P. A. Sleigh, Haliiday, The 

potential for Solar powered single-stage desiccant 

cooling in southern Euro”, App. Therm. Engg. vol. 22, 

pp 1129–40, 2002. 

[32] R. R. Smith, C. C. Hwang, R. S. Dougall, Modelling of 

solar assisted desiccant air conditioner for a 

residential building, Energy, vol. 19, pp. 679-691, 

1994. 

[33] S. Sheridan, Evaluation and optimization of solar 

desiccant wheel performance, Renew. Energy, vol. 30, 

pp. 305-325, 1985. 

[34] SUBRAMANYAM, N., MAIYA, M.P. and MURTHY, S.S., 

(2004). “Application of Desiccant Wheel to Control 

Humidity in Air-Conditioning Systems”, Applied 

Thermal Engineering, Vol. 24, pp. 2777-2788. 

[35] S. Jain, P. L. Dhar, Evaluation of solid desiccant-based 

evaporative cooling cycles for typical hot and humid 

climates, Int. J. Refrig., vol. 18(5), pp 287–96, 1995. 

[36] S. P. Halliday, C. B. Beggs, Sleigh PA, The use of solar 

desiccant cooling in the UK: a feasibility study, App. 

Therm. Engg., vol. 22, pp. 1327–38, 2002. 

[37] T. S. Ge, F. Ziegler, R. Z. Wang, A mathematical model 

for predicting the performance of a compound 

desiccant wheel, App. Therm. Engg, vol. 30, pp. 1005– 

1015, 2010. 

[38] V. C. Met, F. C. Chen, Z. Lavan, R. K. Collier, G. Meckler, 

(1992). An Assessment of desiccant Cooling and 

Dehumidification Technology, Oak Ridge National 

Laboratory, Oak Ridge. 

[39] W. A. Belding, and M. P. F. Delmas, Novel desiccant 

cooling system using indirect evaporative cooler, 

ASHRAE Trans., vol. 103, pp. 841-847, 1997. 

[40] Zheng, J. D. Worek and Lee, Effect of desiccant 

isotherm on the performance of desiccant wheel, Int. 

J. of Refrig., vol. 32, pp. 720-726, 1995. 

 


