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Abstract - The development in the field of air conditioning experienced strong growth 

because of the improvement of standards living and the increased demand for comfort. 

However, the cold production systems are now mainly based on vapour compression 

refrigeration processes large consumers of electricity. Furthermore the cold production 

requires the use of refrigerants harmful for environment. In this context, new cold 

production processes must be developed and the use of neutral refrigerants is required. 

Moreover, the use of solar energy is an attractive concept, since the cooling requirements 

coincides mostly with the availability of solar radiation. The ‘desiccant cooling’ system is 

proposed as an alternative to traditional air conditioners. Evaporative cooling facilities 

potentiated by desiccation produce directly cool air, unlike the mechanical compression 

refrigeration units and absorption or adsorption which cools an intermediate fluid. The 

objective of this work is to assess the interest of the desiccant cooling technology 

according to weather conditions, modelling of the desiccant installation is followed by a 

simulation to reach the parametric study of the system on the Site of Tipaza led us to 

results that show the feasibility of the system.  

Keywords: Evaporative system, Dessiccation, Humidification, Solar cooling, 

Environmental protection. 

 
1. INTRODUCTION 

Any one has suffered the discomforts of hot, humid summer weather understands 

that it is not just the heat, but also the humidity that makes the air feel so miserable. 

That ‘muggy’ feeling comes from the relative humidity or saturation level that is the 

amount of water contained by air at specific temperature and atmospheric pressure. One 

way of accomplishing very low levels of humidity is by forcing the air stream through a 

dehumidifying unit such as a desiccant wheel, which consists of a porous disk strongly 

impregnated with a hygroscopic material, such as silica gel or molecular sieves.  

This technology is one of the alternatives developed to current air conditioning 

applications which use the heat generated by the solar collectors as an attractive option 

for the cooling process operating by heat [1, 2]. Solar cooling technologies currently 

available for commercial applications (absorption, adsorption, and desiccant cooling) 

are characterized by a thermal coefficient of performance low (between 0.5 and 0.7) [3], 

compared to the compression process.  

That is why it is necessary to optimize the system to improve its average intrinsic 

performance and to maximize the contribution of the solar heat supply. This 

optimization will achieve larger primary energy savings and thus make these solutions 

more competitive. 

2. OPERATING PRINCIPLE 

Materials for HVAC desiccation are selected on the basis of their ability to hold 

large quantities of water, their ability to be reactivated, and their cost.  
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To continually absorb moisture, a desiccant needs to be regenerated (dried) by 

passing hot air over it. When a desiccant wheel is used, the drying of process air and the 

regeneration of the desiccant can occur concurrently (figure 1) [4].The air undergoes 

through the following process: 

 
Fig. 1: Scheme of the desiccant cooling system 

1- Air filtration of the inlet air  

2- Humid air enters the rotating bed of dry desiccant called the desiccant wheel, as air 

passes through this bed, the desiccant attracts moisture from it than it leaves warm and 

dry.  

3- Passing through a heat exchanger 3/7: incoming air temperature cools to the dry 

exhaust air temperature.  

4- In contact with dry air, water spray is evaporated by taking in air the latent heat of 

vaporization necessary, which results in a decrease in temperature and restores 

acceptable humidity.  

5- Ventilation  

6- Cooling by humidification: exhaust air is saturated with moisture in order to lower 

the maximum the temperature, and thus lower the temperature of the air entering the 

next step 
7 and 8- The exhaust air is heated in order to allow it to absorb more moisture, first by 

heat recovery from the incoming air, followed by heating in the radiator 8 through a 

solar loop.  

9- Regeneration of the desiccant wheel: The exhaust air heated from 45 to 90°C allows 

vaporizing the water molecules retained in the pores of the wheel sorption. In this way 

the desiccant wheel can again absorb moisture from the incoming air. 

3. SYSTEM MODELLING 

3.1 Desiccant wheel  

The desiccant wheel is modelled from the balance equations of heat and mass in a 

small volume element of the wheel. The mass conservation equation expresses the 

equality between the mass of water adsorbed by the desiccant per unit time and the mass 

of water lost by the air mass per unit of time, [5]: 
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Fig. 2: Scheme of the desiccant wheel 
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The mass transfer equation can be written as: 
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The energy conservation equation expresses the equality between the heat gained or 

lost by the air and the heat lost or gained by the adsorbent material per unit of time: 
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The energy transfer equation is given by: 
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The water content of the desiccant material W  varies with the equilibrium 

temperature of the material and the partial pressure of water vapor on the surface. The 

plot of the water content of the material as a function of the equilibrium relative 

humidity gives sorption isotherms. These isotherms vary considerably from one 

material to another. They are determined experimentally and are approximated by 

correlations of the form [6, 11]: 
  )W(fwT eqmeq             (5) 

3.2 Other organs  

The non-hygroscopic rotary heat exchanger used in the system is modelled by the 

NUT-effective method that is used for heat exchangers [7]. The configuration of the 

wheel is similar to a counter flow exchanger wherein the correction factors are 

introduced to take account of the rotation of the wheel [8, 9].  

To provide the energy required for regeneration of the desiccant wheel, the return air 

is heated in a regeneration battery before it enters the desiccant wheel. This battery is a 

heat exchanger air-liquid. A model cross-flow exchanger was used unmixed method 

TLM  (Logarithmic mean temperature difference), [10].  

The efficiency of a humidifier is defined as the ratio function of the gradient 

temperature between differences the inlet and the outlet temperature and the gradient of 

inlet temperature and the wet bulb temperature: 

hume

se
hum

tt

tt




             (6) 



L. Merabti et al. 

 

90 

The input wet bulb temperature is known, so it is possible to determine all other 

variables in the air at the outlet of the humidifier. We suppose that the fans are variable-

rate and an average efficiency constant. The consumed power by a fan is expressed as: 
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3.3 The solar loop  

Useful energy of the solar collectors is used to calculate the outlet fluid temperature 

of the solar collector as [6, 7]: 

pff

u
fefs

c.m

Q
TT              (8) 

Useful energy of the solar collector is the balance between the solar gain absorbed 

by the fluid collector and the total heat loss from the collector the atmosphere. This 

energy is expressed by [14]: 

 )TT(UFG)(F.SQ afmgReRcu           (9) 

Where eR )(F   and gR UF  are the collector factors, equal respectively to 0.68 and 

6.2 W/m2K.  

The efficiency factor of the flat plate collector is expressed as follows [6, 7]: 

c

u

S.G

Q
            (10) 

4. RESULTS AND DISCUSSION 

The influence of the choice of the operating point to parameterize the model was 

studied with regeneration temperatures of 75 °C and 95 °C, air flow regeneration and 

blowing are equal. We took two speeds for rotary heat exchanger for parametric 

calculation for each organ: 

 
 

Fig. 3: Gap of absolute humidity for 

tare=75 °C and tare=95 °C 

Fig. 4: Gap of the temperature for  

tare = 75 °C and tare = 95 °C 
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Fig. 5: Evolution of the air temperature 

after passing through 

Fig. 6: Efficiency of the rotary heat 

exchanger and the humidifier for two speeds 

 

  

Fig. 7: Evolution of the local 

temperature for tow rotation speed 

Fig. 8: Evolution of the local humidity 

for tow rotation speeds 

Temperature and absolute humidity at the outlet dessicant wheel were calculated, the 

influence of different components on the temperature and humidity of the local was 

studied. Thus the effect of each element is shown in figures above. 

In general for the desiccant wheel, when the regeneration temperature increases the 

local temperature changes in the same direction but the absolute humidity decreases, the 

efficiency of the rotary heat exchanger no hygroscopic increases when its speed 

increases, which causes a drop in temperature in the local. We note for the solar loop 

that the inlet temperature of the solar collector has an important influence on the 

performance evaluation so that if the inlet temperature decreases, the yield increases. 

We also note that the solar flux density plays an important role in the performance 

evaluation. 

5. CONCLUSION 

The parametric study of the various components of the system of desiccation was 

developed to bring up their interest in the field of refreshing air, the results meet the 

requirements to maintain comfort in the room to be conditioned. The results of the 
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parametric study gave the evolution of temperature and humidity of the various organs 

of the plant. This study should be extended to the solar loop to show the evolution of the 

efficiency of the system autonomous operation. Modelling and simulation for one 

specific climate conditions will be subject of future studies 

NOMENCLATURE 

pvC , Specific heat of water vapor, kJ/kgK pfC , Specific heat of thermal fluid, kJ/kgK 

G , total solar radiation per surface unit, W/m2 H , Enthalpy of desiccant, kJ/kg 

ch , Convective heat-transfer coef. W/m2 fgh , Specific enthalpy, kJ/kg 

tI , Solar flux density, W/m2 dM , Mass of adsorbent, kg 

uQ , Useful energy, kJ cS , Solar collector surface, m2 

aT , Air temperature, K mT , Desiccant temperature, K 

fsT ,  Fluid temperature at the outlet of the 

solar collector, K 

feT , Fluid temperature at the inlet of the solar 

collector, K 

Tp , Absorber plate temperature, K av , Specific air volume, m3 

fmT , Average fluid temperature in the solar 

collector, K 

W , Water vapor in the desiccant,  

 kg/kg ad 

aW , Specific air humidity, kg/kg as  , Absorption coefficient of solar collector 

gU , Global losses factor  , Transmission coef. of solar collector 

RF , Conductance factor  : Vacuum fraction 

hu : Efficiency of the humidifier  : Efficiency of solar collector 

REFERENCES 

[1] C.A. Balaras, G. Grossman, H.M. Henning, C.A. Infante Ferreira, E. Podesser, L. 

Wang and E. Weimkem, ‘Solar Air Conditioning in Europe – An overview’, 

Renewable and Sustainable Energy Reviews, Vol. 11, N°2, pp. 299 - 314, 2007.   

[2] T. Vitte, J. Brau and N. Chatagnon, ‘Technical and Economical Comparison of 

Solar Desiccant Evaporative Cooling with Solar Absorption and Traditional 

Compression Systems’, Climamed Conference, Lyon, France, pp. 387 – 404, 2006.  

[3] M. Torrey and J. Westerman, ‘Desiccant Cooling Resource Guide Technology’, 

Janvier, 2000.  

[4] http://www.lepanneausolaire.net  

[5] C. Maalouf, E. Wurtz and L. Mora, ‘Impact of Night Cooling Techniques on the 

Operation of Desiccant Evaporative System’, International Journal of Ventilation, 

Vol. 7, N°2, pp. 125 – 138, 2006.  

[6] P. Stabat, ‘Modélisation de Composants de Systèmes de Climatisation Mettant en 

Œuvre l’Adsorption et l’Evaporation d’Eau’, Thèse de Doctorat, Ecole des Mines 

de Paris, 2003.  

[7] J. Wurm, D. Kosar and T. Clemens, ‘Solid Desiccant Technology Review’, Bulletin 

of the International Institute of Refrigeration, Vol. 2-3, 2003.  

[8] M. Behne, ‘Alternatives to Compressive Cooling in Non-Residential Buildings to 

Reduce Primary Energy Consumption’, Final Report LBL, Mai 1997.  



Parametric study of solar desiccant evaporative cooling system… 

 

93 

[9] C. Maalouf, E. Wurtz and L. Mora, ‘Impact of Building Design on the Performance 

of a Solar Desiccant Cooling System’, 22nd International conference, Passive and 

Low Energy Architecture, PLEA’05, Beyrouth, Liban, Novembre, 2005.  

[10] T. Lindholm, ‘Evaporative and Dessicant Cooling Techniques: Feasibility when 

Applied to Air Conditioning’, Thèse de Doctorat, Chalmers University of 

Technology, Göteborg, Sweden, 2000.  

[11] M. Beccali, R. Guanella and R.S. Adhikari, ‘Simplified Models for the 

Performance Evaluation of Desiccant Wheel Deshumidification’, International 

Journal of Energy Research, Vol. 27, N°1, pp. 17 - 19, 2003.  

[12] M. Beccali, R.S. Adhikari, F. Butera and V. Franzitta, ‘Update on Desiccant Wheel 

Model’, International Journal of Energy Research, Vol. 28, N°12, pp. 1043 - 1049, 

2004.   

[13] ASHRAE, ‘Fundamentals’, American Society of Heating, Refrigerating and Air-

Conditioning Engineers, Atlanta, 1997.  

[14] N. Kasbadji, ‘Contribution à la Détermination des Performances Théoriques et 

Expérimentales des Capteurs Solaires Plans’, Thèse de Magister, CEN, Alger, 

1986. 

 

 

 

 
 

 

 

 

 

 

 

 


