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In this work, the performance of a solar crop drying system comprising a drying tray 
cabinet and roof-integrated solar collectors was investigated. The drying cabinet is a 
parallel-flow tray type dryer with a drying area of 25.2 m

2
. Two arrays of the solar collectors with 

the total area of 144 m
2
 were placed on the roof structure of a building with a working area of 

108 m
2
. The solar collectors serve as both a roof of the building and solar air heaters of the 

drying system. The solar collectors supply hot air to the drying cabinet placed inside the building. 
Two dc-fans powered by six 50-watt solar cell modules were used to suck air from the solar 
collectors to the drying cabinet. Field-level tests for drying coffee and chili demonstrated that 
drying these products in this system resulted in a significant reduction of drying time as 
compared to natural sun drying. In addition, the solar collectors performed well both as the roof 
of the building and the solar air heaters. Finally, simulation models of the solar collectors and 
the drying cabinet were developed. The simulated air temperature at the outlet of the solar 
collectors agreed well with the measured temperature. The predicted and the observed 
moisture contents were also in good agreement. 
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2.1

2.1.1  (properties of moist materials)

2.1.1.1

 (solid materials) 
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1)  (free water) 

2)  (solvent water) 

3)  (water attached with Van de Waal force)

4)  (mono-molecular water) 
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)bMexp(a1
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d                                                (2.3) 

L    =  [J/kg] 

L =  [J/kg] 

Md =  [%] 

a,b  =

 (specific heat)  (heat conductivity) 

(convective heat transfer coefficient) 

2.1.2  (properties of moist air)
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               1)   (Tdb)

               2)   (Twb)

               3)   (dew-point temperature) 

               4)   (relative humidity, rh) 

               5)   (absolute humidity)  (humidity ratio) 

               6)   (enthalpy)

6)  (specific volume)  

 7  (psychometric chart) 
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 (moist material) 

 (convective drying) 
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 (constant-rate regime)  (falling-rate 

regime)
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dM/dt     =   [kg/s] 
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                  (thermal conductance of air film)  [W/m
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dM/dt = -k(M-Me)                                                         (2.6) 

 Me =   (equilibrium moisture content)  [%, db] 
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 k =   (drying constant) [s
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1)  (thin layer drying)
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 (in-bin drying) 

 (Bakker-Arkema, 1974) 
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2.2  (solar drying)

 2  (natural 

convection drying) 

 (forced-convection drying) 
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 (direct mode dryer)  (indirect mode dyer)  (mixed 
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2.2.2  (forced-convection solar dryer) 
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 (natural convection) 
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 2.15  (Boon-Long et al., 1984) 
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 2.17  Soponronnarit  (1986) 

Praditwong  Janjai (1990) 
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 (blower)  1 
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 5  (annual cost analysis) 
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 2.18  Praditwong  Janjai (1990) 
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 (heat exchanger) 
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 2.22  Janjai  Tung (2005) 
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