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Abstract- Hybrid air conditioning systems can allow 

significant energy saving and emissions reductions with respect 
to conventional air-conditioning systems. Thermal analysis of a 
desiccant wheel, a heat exchanger, a ground source circulation 

system, and a solar collector for a hybrid air conditioning 
system is performed in this study. The effects of these 
parameters have been studied: Inlet air temperature, Inlet air 

humidity ratio, wheel speed, regeneration temperature, 
regeneration mass flowrate, heat exchanger effectiveness, 
ground source circulation effectiveness, and solar radiation on 

the behavior of the outlet air temperature and the outlet air 
humidity ratio from the desiccant wheel, the area of solar air 
collector, the solar collector efficiency, the cooling coil load, and 

the coefficient of performance. The hybrid system is more 
efficient than the vapor compression system. The hybrid system 
significantly decreases the cooling coil load, the cooling coil load 

of the hybrid system is approximately 48 % lower than the 
vapor compression system. 

Key words- Hybrid air conditional, Ground source 

circulation, Desiccant wheel, COPth. 
 

1. INTRODUCTION 
In conventional cooling systems, humidity of air is 

removed by condensation.  The Coefficient of 

performance (COP) of the conventional system decreases as 

the heating after dehumidification is always 

necessary. Hybrid desiccant dehumidification systems 

integrated with conventional cooling system can 

handle latent and sensible loads. Hybrid desiccant cooling 

systems can also use low grade energy sources or low 

temperature sources such as solar power, waste heat etc. 

Solar energy as a heat source for regeneration has also been 

studied [1,2,3].  

Furthermore, [4] found that energy savings ranging from 

30% to 50% could be achieved for three different hybrid 

cycles under Indian climatic conditions. [5] also discovered 

that energy savings ranging from 30% to 50% could be 

achieved for three different hybrid cycles under Indian 

climatic conditions. Thermal comfort for occupants using 

low grade thermal energy has gained increasing attention, 

and various types of technologies have been developed [6]. 

On the basis of mathematical modeling, thermodynamic 

research, experimental investigation, and practical 

implementation, rotary desiccant cooling has been widely 

investigated over a number of years [7].  

Several review studies are undertaken by various 

researchers to describe and operate desiccant cooling 

systems [8–10]. The most popular desiccant cooling systems, 

designed by different researchers [11–13], are systems using 

rotary desiccant wheel to dehumidify air. A thermal analysis 

of air conditioning system was been studied [14], via its 

various components: desiccant wheel, solar collector, heat 

exchanger, ground heat exchanger, and water spray 

evaporative cooler. The study simulates three different air 

conditioning cycles for different zones such as hot-dry, 

warm-dry, hot-humid, and warm-humid zones, found that 

the desiccant air conditioning system gives a greater thermal 

comfort in different climates. They discussed the sensible 

and latent load of AC needed for nonhuman AC applications 

[15]. They described ideal temperature and humidity zones, 

and effective AC systems for the applications were proposed 

and discussed. Furthermore, the thermodynamic limitations 

of the VAC method are discussed.  

The potential for efficient air-conditioning (AC) and 

cooling systems to avoid excessive power consumption, as 

well as the mitigation of harmful refrigerants generated by 

existing AC systems [16]. Introduced desiccant based air-

conditioning (DAC) options for livestock's thermal comfort 

[17]. Experimentally investigated desiccant dehumidification 

and indirect evaporative cooling for agricultural product 

storage, the thermodynamic advantages of the proposed 

system were highlighted by [18], and it was compared to 

vapor compression systems. Comprehensive details of 

evaporative cooling options for building air‐conditioning 

(AC) in Multan (Pakistan) [19].  

A solid-silica-gel-based DAC system was developed, at 

lab-scale, for the performance evaluation of the DAC system 

[20]. [21] recalled the principle of a solid desiccant cooling 

system and discussed its technological applications and 

advancements. Different configurations of desiccant cooling 

cycles, conventional and hybrid desiccant cooling cycles, 

various types of mathematical models of rotary desiccant 

dehumidifier, performance evaluation of desiccant cooling 

system, technological advancement, and the advantages it 

can provide in terms of energy and cost savings are 

highlighted. A detailed account of the general features and 

performance of the solid desiccant cooling system when 

powered by solar energy or industrial waste heat for 

desiccant regeneration are provided.  

In this study a mathematical model of the hybrid air 

conditioning system. The effects of the following parameters 

are studied: inlet air temperature, inlet air humidity ratio, 

regeneration air temperature, regeneration mass flowrate, 

heat exchanger effectiveness, ground source circulation 

effectiveness, and solar radiation on the behavior of outlet air 

temperature from desiccant wheel, outlet air humidity ratio 

from desiccant wheel, area of solar air collector, efficiency 

of a solar air collector, cooling coil load, and coefficient of 

performance. 
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                                                 Fig. 1(a) Fig. 1(b) 
Fig. 1 Hybrid air conditioning system with desiccant wheel / heat exchanger and ground source circulation. (a) schematic of system, (b) processes of both 

process air and regeneration air on psychrometric chart. 

 
 

1. SYSTEMS DESCRIPTION 
The hybrid air conditioning system consists of a desiccant 

wheel (DW), a heat exchanger (HE), a ground source 

circulation (GSC), a vapor compression cycle (VCC), a solar 

air collector (Sol), and auxiliary heater (AH). The desiccant 

cooling process has two air streams, process (points 1–R) 

and regeneration (points 5–8), as shown in Fig. 1(a). When 

the temperature of the solar air collector lower 

than dehumidification temperature, the auxiliary heater is 

driven. The ambient air is used to prepare the process air 

stream and the regeneration air stream. Fig. 1(b) presents the 

schematic of the process and regeneration air on the 

psychometric chart the desiccant wheel is used to dry the 

process air (1) first. After the process air is dried in the 

desiccant wheel (2), it is precooled by passing it through the 

heat exchanger (3), and by passing ground source circulation 

(4), Thereafter, the precooled air (4) is cooled by passing in 

cooling coil. 

 

3. GOVERNING EQUATIONS 

 
A. Desiccant wheel 

 

In this section the temperature and humidity of outlet air 

from the desiccant wheel is calculated using the simulation 

software of desiccant wheel. A desiccant wheel simulation 

software was used for the analysis of desiccant cooling 

cycles, by knowing inlet conditions in points 1 and 7 and 

also the wheel properties, the simulation of the desiccant 

wheel can be performed.  

 

B. Heat Exchanger 

 

The purpose of the heat exchanger, is to transfer the heat of 

absorption that is present in the supply air stream after 

dehumidification to the regeneration air stream. The 

effectiveness of an ideal heat exchange system with 

negligible air leakage and heat transfer to the outdoors is 

known as 

                                                          

where T5 = T1 is the ambient temperature. Therefore, the 

exit air temperature at point 3 is 

                                                
 

The energy balance between the two air streams is written 

by the following equation: 

                                                     
         

The states at points 3 and 6 are calculated with the above 

equation and when the temperature and humidity ratio in 

points 2 and 5 are known, the leakage is negligible, so ω2 = 

ω3, ω5 = ω6 = ω1. 

 

C. Ground Source Circulation 

 

By variations in the air temperature and solar radiation the 

ground temperature is affected. Under influence of these 

effects, ground temperature fluctuates daily and annually. 

The annual variation of the surface ground temperature can 

be estimated using a sinusoidal function [22]. The ground 

temperature is changing down to 10 m in depth after which 

the ground temperature becomes constant [23]. The purpose 

of the ground source circulation is to cool the supply air 

stream after the heat exchanger. In the ideal heat exchange 

system, with negligible air leakage and heat transfer to the 

outdoors, effectiveness is defined as 

                                                         
Therefore, the exit air temperature at point 4 is 

                  
Calculates the enthalpy of moist air at points 3 and 4 

where ω3 = ω4 = ω2. 

 

D. Solar Air Collector 

 

The energy balance equations in steady state to determine 

the area of the collector. Energy into a system must be equal 

to the energy output from the system. To model the collector, 

a number of assumptions are made which do not contradict 

(2) 

(1) 

(4) 

(5) 

(3) 
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the real situation [24]. The assumptions made are given as 

follows:      

1. The thermal performance of the collector is considered 

under steady state condition.  

2. Temperature of air varies only in the flow direction. 

3. The collector components are operating at uniform 

temperature. 

4. Heat lost through the bottom plate is by conduction 

alone. 

5. Compared to the top and bottom the side loss coefficient 

is negligible. 

 

The first law of thermodynamics along with heat transfer 

analysis is applied to the various components of the collector 

and the mathematical expressions are formulated and 

presented below. 

The energy balance in the glass cover is: 

                  
 

Energy balance on the absorbing plate is: 

        
 

Energy balance for the fluid: 

                                 
    

Energy balance on the bottom plate 

                      
 

The difference between the incident solar radiation and the 

optical loss is used to measure the solar radiation absorbed 

by the absorbing plate per unit area: 

                                                                                         
 

The incident solar radiation that is absorbed by the 

absorbing plate is represented by 

                                                                       
 

The heat gain equation is given as: 

                                                                            
 

the collector efficiency can be determined by: 

 

                                                                        
 

3. CYCLE PERFORMANCE 

The thermal Coefficient of Performance (COPth) of the 

cooling system was determined by the ratio of the cooling 

load system to the sum of regeneration heat and electrical 

power input to the vapor compression cycle. 

                                                                  
 

The regeneration energy gain by the air was determined 

from: 

                                                    
 

Pin is the input power for running the vapor compression 

cycle compressor. The current study does not take into 

account the energy needed for a circulator pump and 

ventilator fan. This assumption separates the results from the 

distribution system. 

 

4. NUMERICAL PROCEDURES 

The above-mentioned governing equations were solved 

using a computer program. The analysis of desiccant cooling 

cycles was conducted using desiccant wheel simulation 

software. The simulation of the desiccant wheel can be done 

by knowing the inlet conditions in points 1 and 7 as well as 

the wheel properties. The airstream simulation continues by 

calculating points 3 and 4 in relation to the equations in 

"Desiccant Wheel," "Heat Exchanger," "Ground Source 

Circulation," and "Solar Air Collector." In the regeneration 

air stream, the outdoor design condition at point 5 is known, 

and the air regeneration at point 6 can be calculated. Then, 

using the equations in "Solar Air Collector," the effects of 

the solar air collector can be calculated. 

 

5. RESULTS AND DISCUSSION 

In the present study, the design parameters of the desiccant 

wheel include wheel speed = (10, 15, 20, 25 and 30 RPH), 

wheel diameter = 3050 mm and wheel depth = 200 mm. 

Ground temperature is assumed to be constant at Tw,in = 20 
oC and εHE = εGSC =(0.6, 0.7,0.8,0.9) are the effectiveness of 

heat exchanger, ground source circulation.  

 

A. Effect of the Ambient Air Temperature  

 

Fig. 2 shows the effect of the ambient air temperature, T1 

on of the desiccant wheel’s outlet air temperature and outlet 

air humidity ratio, T2, w2. The speed of the desiccant wheel 

is kept constant at 25 RPH, constant regeneration air 

temperature at 90 oC, constant ambient air humidity ratio at 

24 gw/kgda, constant heat exchanger effectiveness at 0.9, and 

Ground source circulation at 0.9. When the inlet air 

temperature increases, the outlet air temperature and the 

outlet air humidity ratio of the desiccant wheel in the process 

air stream increase.  
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Fig. 2 The effect of inlet air Temperature, on the outlet air conditions 

from desiccant wheel 

 

 

Fig. 3 shows the effect of inlet air Temperature, T1 on the 

area of sola collector, Ac and solar collector efficiency, ηc at 

the same parameter on Fig. 3. When the inlet air temperature 

increases, the area of solar collector decreases and the solar 

collector efficiency increases. Fig. 4 shows the effect of inlet 

air Temperature, on cooling coil load and the coefficient of 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 

(13) 

(14) 

(15) 
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performance at the same parameter on Fig. 3 and Fig. 4. The 

cooling coil load of vapor compression cycle increases when 

the inlet air Temperature increases but the coefficient of 

performance decreases when the inlet air Temperature.  
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Fig. 3 The effect of inlet air Temperature, on the area of solar collector 

and the solar collector efficiency. 

 

When outdoor air temperature increases, the outlet air 

from the desiccant wheel in the process air stream, at point 2, 

increases. Therefore, the process air stream at the inlet of 

heat exchanger system at point 3 has the high value, so the 

outlet air temperature of heat exchanger at the air 

regeneration process has high value. This is caused that the 

temperature inlet solar collector is high value, so the area of 

solar air collector is lower value as shown in Fig. 3, and so 

the coefficient of performance is lower value as shown in Fig. 

4. Increasing inlet air temperature from 30 to 50 °C results in 

increasing outlet air temperature and outlet air humidity ratio 

from the desiccant wheel, and cooling coil load by 24, 13, 

and 33 % respectively, but the area of solar air collector, 

solar collector efficiency and the coefficient of performance 

decrease by 55, 14, and 8 % respectively. 

 

B. Effect of the Ambient Air Humidity Ratio 

 

The effect of the ambient air humidity ratio, w1 on of the 

desiccant wheel’s outlet air temperature and outlet air 

humidity ratio, T2, w2 is shown in Fig. 5. When the inlet air 

humidity ratio increases, the outlet air temperature and the 

outlet air humidity ratio of the desiccant wheel in the process 

air stream increase, at constant speed of the desiccant wheel 

at 25 RPH, constant regeneration air temperature at 90 oC, 

constant ambient air temperature at 40 oC, constant heat 

exchanger effectiveness at 0.9, and Ground source 

circulation at 0.9.  

At a constant inlet air temperature and for a high humidity 

ratio, the air leaving the desiccant wheel at the process air 

stream at point 2, contains more humidity. Therefore, the 

process air stream at the inlet of heat exchanger system at 

point 3 has the high temperate and humidity ratio, so the 

outlet air temperature of heat exchanger at the air 

regeneration process has lower value. 

This is caused that the temperature inlet solar collector is 

lower value, so the area of solar air collector is high value as 

shown in Fig. 6, and so the coefficient of performance is 

lower value as shown in Fig. 7.  
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Fig. 4 The effect of inlet air Temperature, on cooling coil load and the 

coefficient of performance. 
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Fig. 5 The effect of inlet air humidity ratio, on the outlet air conditions 

from desiccant wheel. 
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Fig. 6 The effect of inlet air humidity ratio, on the area of solar collector 

and the solar collector efficiency. 
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 Fig. 7 The effect of inlet air humidity ratio, on cooling coil load and the 
coefficient of performance. 
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When humidity ratio increases from 0.01 to 0.025 

kgw=kgda, the outlet air temperature and outlet air humidity 

ratio from the desiccant wheel, cooling coil load increase by 

about 7, 197, 700 % respectively, but the area of solar air 

collector, solar collector efficiency, and the coefficient of 

performance decrease by 15, 4, and 32% respectively. 
 

C. Effect of the wheel speed 

 

Fig. 8 presents the effect of wheel speed, V on the outlet 

air conditions from desiccant wheel, T2, w2. When the wheel 

speed increases, the outlet air temperature in the process air 

stream increase, and the outlet air humidity ratio of the 

desiccant wheel decreases, at constant regeneration air 

temperature at 90 oC, constant ambient air temperature at 

40oC, constant humidity ratio at 24 gw/kgda constant heat 

exchanger effectiveness at 0.9, and Ground source 

circulation at 0.9.  

Therefore, the process air stream at the inlet of heat 

exchanger system at point 3 has the high air temperate and 

lower air humidity ratio, so the outlet air temperature of heat 

exchanger at the air regeneration process has high value. 

This is caused that the temperature inlet solar collector is 

high value, so the area of solar air collector is lower value as 

shown in Fig. 9, and so the coefficient of performance is 

high value as shown in Fig. 10. When wheel speed increases 

from 10 to 30 RPH, the outlet air temperature from the 

desiccant wheel, the area of solar air collector, solar collector 

efficiency, and coefficient of performance increase by about 

7, 120, 18, and 5 % respectively, but cooling coil load 

decreases by the 4 %. 
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Fig. 8 The effect of wheel speed, on the outlet air conditions from desiccant 

wheel. 
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Fig. 9 The effect of wheel speed, on the area of solar collector and the solar 

collector efficiency. 
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Fig. 10 The effect of wheel speed, on cooling coil load and the coefficient of 

performance. 
 

 

D. Effect of the Regeneration Temperature 

 

Fig. 11 presents the effect of the regeneration temperature, 

TReg on the outlet air conditions from desiccant wheel, T2, 

w2. When the regeneration temperature increases, the outlet 

air temperature in the process air stream increases, but the 

outlet air humidity ratio of the desiccant wheel decreases, at 

constant speed of the desiccant wheel at 25 RPH, constant 

ambient air temperature at 40oC, constant humidity ratio at 

24 gw/kgda constant heat exchanger effectiveness at 0.9, and 

Ground source circulation at 0.9.  

Therefore, the process air stream at the inlet of heat 

exchanger system at point 3 has the high air temperate and 

lower air humidity ratio. So, the outlet air temperature of 

heat exchanger at the air regeneration process has lower 

value, this is caused that the temperature inlet solar collector 

is lower value, so the area of solar air collector is high value 

as shown in Fig. 12, and so the coefficient of performance is 

lower value as shown in Fig. 13. When the regeneration 

temperature increases from 70 to 120 oC, the outlet air 

temperature from the desiccant wheel, the area of solar air 

collector, and solar collector efficiency, increase by about 30, 

37 ,4, and 5 % respectively, but the outlet air humidity ratio 

from the desiccant wheel, the cooling coil load, and the 

coefficient of performance decrease by 20, 22 and 80 %. 
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 Fig. 11 The effect of regeneration air temperature, on the outlet air 

conditions from desiccant wheel. 
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Fig. 12 The effect of regeneration air temperature, on the area of solar 

collector and the solar collector efficiency  
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Fig. 13 The effect of regeneration air temperature, on cooling coil load 

and the coefficient of performance. 

 

E. Effect of the regeneration mass flowrate 

 

The effect of the regeneration mass flowrate, m.reg on the 

outlet air conditions from desiccant wheel, T2, w2 is shown 

in Fig. 14. When the regeneration mass flowrate increases, 

the outlet air temperature in the process air stream increases, 

but the outlet air humidity ratio of the desiccant wheel 

decreases, at constant speed of the desiccant wheel at 25 

RPH, constant ambient air temperature at 40 oC, constant 

humidity ratio at 24 gw/kgda, constant regeneration 

temperature at 90oCconstant heat exchanger effectiveness at 

0.9, and Ground source circulation at 0.9.  

As the high regeneration mass flowrate, the area of solar 

air collector is high and solar collector efficiency is constant 

as shown in Fig. 15, and so the coefficient of performance 

and the cooling coil load are lower value as shown in Fig. 16. 

When the regeneration mass flowrate increases from 5.65 to 

22.6 kg/s, the outlet air temperature from the desiccant wheel, 

the area of solar air collector, increase by about 22, and 

500 % respectively, but the outlet air humidity ratio from the 

desiccant wheel, the cooling coil load, and the coefficient of 

performance decrease by, 17, 22, and 51 %. 

F. Effect of the heat exchanger effectiveness 

 

Fig. 17 and Fig. 18 present the effect of the heat exchanger 

effectiveness, εHE on the area of collector, collector 

efficiency, on cooling coil load and the coefficient of 

performance. When the heat exchanger effectiveness 

increases from 0.6 to 0.9, the solar collector efficiency and 

the coefficient of performance increase by about 9, and 4 % 

respectively. but the area of collector, and the cooling coil 

load decrease by about   8, and 2 % respectively. 
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Fig. 14 The effect of regeneration mass flowrate, on the outlet air 

conditions from desiccant wheel. 
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Fig. 15 The effect of regeneration mass flowrate, on the area of solar 

collector and the solar collector efficiency. 
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Fig. 16 The effect of regeneration mass flowrate, on cooling coil load 

and the coefficient of performance. 
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Fig. 17 The effect of heat exchanger effectiveness, on the area of 

collector and collector efficiency 

 

6

Journal of Engineering Research, Vol. 5 [2021], Iss. 2, Art. 1

https://digitalcommons.aaru.edu.jo/erjeng/vol5/iss2/1



Vol. 5, No. 2 – 2021  Journal of Engineering Research (ERJ) 

 

7 

 

0.6 0.7 0.8 0.9
800

805

810

815

820

825

830

835

840

0.75

0.76

0.77

0.78

0.79

0.8

0.81

0.82

0.83

0.84

0.85

eHE  

C
o

p
th

Q
c
.c

 [
K

w
]

w1=24  gw  /kgda 

Vdw  = 25 RPH

m.
Reg=11.3 kg/s

T1=40oC

TReg=90 oC

AcAc

h
C

h
C

 
Fig. 18 The effect of heat exchanger effectiveness, on the area of solar 

collector and the solar collector efficiency. 

 

G. Effect of the ground source circulation effectiveness 

 

 The effect of the ground source circulation effectiveness, 

εGSC on the cooling coil load and the coefficient of 

performance is presented Fig. 19. When the ground source 

circulation effectiveness increases, the coefficient of 

performance increases, while the cooling coil load decreases. 

When the ground source circulation effectiveness increases 

from 0.6 to 0.9, the coefficient of performance increases by 

11 %, but the cooling coil load decreases by about 15 %. 

 

H. Effect of Solar Radiation 

 

The effect of solar radiation, I on the area of solar collector 

and the solar collector efficiency are shown in Fig. 20. The 

area of solar collector decreases, while the solar collector 

efficiency increases by the solar radiation increases. When 

the solar radiation increases from 532.6 to 1005 w/m2, the 

solar collector efficiency increases by about 39 %, while the 

area of solar collector decreases by about 62 %. 

 

I. Comparison between the hybrid system and the vapor 

compression system 

 

Fig. 21 and Fig. 22 show the variation of the cooling coil 

load with inlet air temperature and inlet air humidity ratio for 

a hybrid system and vapor compression system. As shown in 

figures the cooling coil load in a hybrid system is lower than 

that the vapor compression system. When inlet air 

temperature increases from 30 to 50°C, the cooling coil load 

of the hybrid system is approximately 49 % lower than the 

vapor compression system. When inlet air humidity ratio 

increases from 0.01 to 0.024 kgw/kgda, the cooling coil load 

of the hybrid system is approximately 47 % lower than 

the vapor compression system. Therefore, it is clear that the 

hybrid system is more efficient than the vapor compression 

system. 

 

7. CONCLUSION 
In this study, the hybrid air conditioning system consisting 

of a desiccant wheel, a heat exchanger, a ground source 

circulation, a solar air collector, and vapor compression 

cycle, the heat obtained from a ground source and solar 

radiation was utilized. The main conclusions from the results 

of this study, are as follows: 
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Fig. 19 The effect of the ground source circulation effectiveness, on 

cooling coil load and the coefficient of performance. 
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Fig. 20 The effect of solar radiation on the area of solar collector and the 

solar collector efficiency. 

 

 

30 35 40 45 50
400

600

800

1000

1200

1400

1600

1800

2000

T1 [
o
C]

hybrid systemhybrid system

VCC systemVCC system

Q
c
.c

 [
K

w
]

 
Fig. 21 Variation of cooling coil load with inlet air temperature for a 

hybrid system and vapor compression system. 
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Fig. 22 Variation of cooling coil load with inlet air humidity ratio for a 

hybrid system and vapor compression system. 
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1. The outlet air temperature from desiccant wheel T2 

increases with the increase of inlet air temperature, and inlet 

air humidity ratio, wheel speed, regeneration air temperature, 

and regeneration mass flowrate. 

2. The outlet air humidity ratio from desiccant wheel w2 

increases with the increase of inlet air temperature, and inlet 

air humidity ratio, while it decreases with the increase of 

wheel speed, regeneration air temperature, and regeneration 

mass flowrate. 

3. The area of the solar air collector Ac increases with the 

increase of inlet air humidity ratio, wheel speed, and 

regeneration air temperature, while, it decreases with the 

increase of inlet air temperature, regeneration mass flowrate 

and solar radiation. 

4. The efficiency of the solar air collector ηc increases with 

the increase of inlet air temperature, and inlet air humidity 

ratio, wheel speed, regeneration air temperature, while 

decrease with the increase of regeneration mass flowrate, 

heat exchanger effectiveness and ground source circulation 

effectiveness. 

5. The cooling coil load Qc.c increases with increase of 

inlet air temperature, and inlet air humidity ratio, wheel 

speed, and regeneration air temperature while decrease with 

the increase of regeneration mass flowrate, heat exchanger 

effectiveness and ground source circulation effectiveness. 

6. The coefficient of performance increases COPth with 

increase heat exchanger effectiveness and ground source 

circulation effectiveness, while decrease with the increase of 

inlet air temperature, and inlet air humidity ratio, wheel 

speed and regeneration air temperature. 

7. the hybrid system is more efficient than the vapor 

compression system. 

 

NOMENCLATURE  

The following symbols are used in this paper: 

    Ac = area of solar collector, m2; 

    COPth= coefficient of performance; 

    Cp = specific heat, J/kg K; 

    I = solar radiation, W/m2 ; 

     hi = enthalpy, J/kg; 

 = thermal losses to the glass cover by natural             

convection, w/m2. K; 

  = thermal losses to the glass cover by thermal  

radiation, w/m2. K;  

 = thermal losses to the glass cover by the bottom plate 

by thermal radiation, w/m2. K; 

  = convection heat transfer coefficient of fluid on the 

bottom plate, w/m2. K; 

 = convection heat transfer coefficient from the glass 

covers due to wind, w/m2. K; 

 = radiation heat transfer coefficient from the glass cover 

to sky, w/m2. K; 

    Ub= conduction heat transfer coefficient across the 

insulation, w/m2. K;  

  = convection heat transfer coefficients for the fluid, 

w/m2. K; 

m = mass flow rate, kg/s; 

m
.
f = Air mass flow rate per unit area of collector 

N = wheel speed, RPH; 

 qu = Energy gain, W/m2; 

T = temperature; 

T1 = ambient temperature, k; 

Ts = sky temperature, °K; 

TC = Mean temperature on the glass cover, k; 

 Tap = Mean temperature on the absorbing plate k; 

 Tf = mean air temperature, k; 

 Tbp = mean temperature on the bottom plate, k; 

 Ta = ambient air temperature, 

 Tfi = inlet temperature to solar collector, k; 

       Tfo = outlet temperature from solar collector, k; 

 = Transmissivity of solar radiation of the glass cover; 

  U = velocity of air, m/s; 

  Vw = wind velocity of the ambient air (m/s); 

  αap = absorptivity of solar radiation of the absorbing plate; 

  ηc = efficiency of solar collector; and 

  ωi = humidity ratio. 
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