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PERFORMANCE EVALUATION OF A SIMPLE 

SOLAR DRAYER(GREENHOUSE-TYPE) 

*
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ABSTRACT   

Drying is simply the process of moisture removal from a product. It 

can be performed by various methods. In these methods, thermal 

drying is most commonly used for drying agricultural products. These 

drying systems are usually classified into low and high temperature 

dryers according to their operating temperature ranges. In low 

temperature drying systems, natural-circulation greenhouse-type 

dryers appear the most attractive option for use in rural locations. 

They are superior operationally and competitive economically to 

natural open sun drying. An experimental of natural solar drying 

system was constructed at Sharkia Governorate in order to study the 

drying behavior of some vegetables. Two agricultural crops were used 

in this experiment, fresh melokhia and red pepper. The obtained data 

showed that, the highest removal rate of moisture content was 

obtained at open holes number of 9 for the products at any product 

mass. The lowest mass of melokhia (0.3 kg/tray) was dried within 6 

hours to an average moisture content of 4.9 and 34.7% wet basis in 

solar dryer and the open sun drying system respectively. For red 

pepper the lowest mass (0.5 kg/tray) was dried within 18 hours to an 

average moisture content of 9 and 21 % wet basis in solar dryer and 

the open sun drying system respectively. The higher thermal 

efficiencies of the dryer were 24.3 and 24.6% for melokhia and pepper 

respectively campared to the open sun drying which were 17.5 and 

20.7% for melokhia and pepper respectively. The production costs for 

drying one ton of melokhia and pepper were 970 and 1280 LE/ Mg 

compared to the open sun drying system for both melokhia and pepper 

which were1680 and 1820 LE/ Mg. 
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INTRODUCTION 

 Drying of agricultural products has a great importance for reservations 

of food by human beings. Egypt is one of countries which have solar 

energy in abundance. It lies within the tropical and subtropical region. 

It has a value of about 5 to 8 kW.h/m
2
.day and that sun-shine duration 

per year extends to about 4100 hours (Al-Awady et al.1993). Thermal 

drying is the form most commonly used for drying agricultural 

products. Different heat sources are employed for the thermal drying of 

agricultural products, the most common being fossil fuels, electricity 

and solar energy. However, in many rural locations in most developing 

countries, grid-connected electricity and supplies of other 

nonrenewable sources of energy are either unavailable, unreliable or, 

for many farmers, too expensive. Thus, solar energy dryers appear 

increasingly to be attractive for rural farmers.Turhan Koyuncu. 

2005). He also added that the traditional open sun drying utilized 

widely by rural farmers has inherent limitations: high crop losses from 

inadequate drying, fungal attacks, insects, birds and rodents 

encroachment, unexpected down pour of rain and other weathering 

effects. All these problems result in a poor quality dried product and in 

post harvest losses. Sun drying is a useful application of solar energy 

with a low operating cost and can be used for many agricultural and 

food products. However, open sun drying has some disadvantages, i.e., 

contamination by dust and insects, cloudy weather and long drying 

periods. These problems can be solved by using a solar dryer. Solar 

dryers comprise a collector, a drying chamber and sometimes a 

chimney. Solar dryers have been used to preserve fruits, vegetables, 

foods and other agricultural products in many countries (Kongdej 

Limpaiboon and Songchai Wirryaumpaiwong. 2009). MWPS 

(1981) indicated that in clear days, the maximum amount of solar 

energy is available at mid–day and the maximum temperature rise in a 

solar collector occurs near noon time. Therefore, the solar collector 

delivers the largest friction of its total energy output during the period 

of high radiation under clear sky condition in which about 85% of 

solar radiation is direct and 15% is diffuse. Muhlbauer (1986) 

reported that using the solar dryers in developing countries could 
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reduce crop losses and improve the quality of the dried product 

significantly as compared with traditional drying method. Solar drying 

systems must be properly designed in order to meet particular drying 

requirements of specific crops and give satisfactory performance with 

respect to energy requirement (Steamfield and Segal. 1986). Hot chili 

is dried to make chili powder and to store it for both short and long 

term storage. A large quantity of chili is lost during the production 

season when the supply is abundant in Bangladesh, which exposed 

chilies traditional industry to sun dried. The farmers exposed their chili 

to the open sun on a mat, floor, and cemented floor or on a tin shed. In 

this method drying can not be controlled and relatively low quality 

dried product is obtained. Drying rate is very slow and takes 7-15 days 

depending on the weather conditions.(Hossain .2003)  

The specific objectives of this study are:  

1- Design and construct a natural convection solar system able to 

dry some vegetables and compare it with sun open drying 

system. 

2- Investigate the factors affecting the drying process. 

MATERIALS AND METHODS 

This study conducted in faculty of agriculture, Zagazig university July 

2010.  

Description of the solar drying system: 

The solar drying system was designed and manufactured in faculty of 

agriculture, Zagazig University 2010. (Longitude =35° 30° and 

latitude =31° 31°). The dryer mainly consists of a frame  constructed 

from black coated wood bars, corrosion resistance plastic mesh, black 

coated solar radiation absorber surface, isolated by foam layer (0.03 m 

thickness), Polyethylene cover sheet, product door, air inlet and outlet 

channels. Fig. (1 and 2) and Tab. (1) show the configurations of the 

dryer. The greenhouse type dryer has two perforated trays that net 

surface area was 0.36 m
2
. The width and the length of tray is 24 and 

75 cm respectively. The trays consist of a frame made from black 

coated wood bars and the bottom is made from plastic mesh. The 

height of each tray is 25 mm and the trays are arranged one above the 
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other. The corners of this dryer are connected to each other with 65° 

tilt angle. Some holes each 2.5 cm in diameter were added at the 

bottom of front side of the dryer for inlet air. Only one air outlet 

channel was located at the middle of dryer's top and covered  by 

plastic mesh. The dimensions of this air channel were 5X30 cm. A 

0.025 mm thickness Aluminum sheet was coated black and used as a 

solar radiation absorber surface. This Aluminum sheet was placed on 

the 3 cm thickness isolated material. Four 40-cm-length legs were 

connected at the corners of the bottom of the dryer to raise the body of 

the dryer from the ground. 

Table 1: Specifications of solar dryer. 

Gross dimensions of the dryer  110*70*50 cm 

Net surface area available for drying  110*70 cm
2
 

Absorber material  Black painted aluminum sheet 

Glazing material  Polyethylene (PE) 

Thickness of glazing 0.15 mm 

Insulation material  Foam 

Thickness of insulation  3 cm 

No. of product trays used 2 

Outlet air dimensions  5*30 cm 

The experiments design: 

This experiment was carried out for drying melokhia and red pepper during 

the period of July and August 2010 .The product was spread out over the tray 

in a single layer in the dryer and in three masses 300, 400, 500 g/tray for 

melokhia and 500, 750, 1000 g/tray for red pepper. Some holes each of 2.5 

cm in diameter were added at the bottom of front side of the dryer for 

inlet air were 6, 9 and 12 holes with all masses.  To compare the performance 

of the solar dryer with the open sun draying, some samples were placed on 

trays in a single layer beside the dryer in the open sun. Drying was started at 

10:00 am and discontinued at 6:00 pm. Weight loss of the samples was 

measured during the drying period at 2 hours. For red pepper the samples 

were kept in the dryer after 6:00 pm and put out again in the sun the next 

morning.  
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Energy balance in the solar dryer: 

A microclimate energy balance can simply be developed to predict the air 

temperature inside the solar dryer, as shown in figure( ) (Ibrahim , 1999 ). 

Qi  = ± Qcd ± Qv + Qt 

Qi : solar heat gain , W, Qcd : heat loss by conduction , W, Qv : heat loss by 

ventilation , W, Qt : heat loss by thermal radiation , W. 

Qi = τ I Ac 

τ : transmissivity of solar dryer cover for short wave radiation , decimal, I : 

outside solar radiation flux incident , W/m
2
, Ac: the surface area of the solar 

collector. 

Qcd = U Ac (Ta-To) 

U : overall heat transfer coefficient , W/m
2
.K°, Ta: absolute temperature of 

inside air , K° , To: absolute temperature of outside air , K°  

Qt= ε τtσ Ac(T
4
a – T

4
sky) 

ε: emittance factor of inside surface , decimal, τt: transmissivity of solar dryer 

cover for long wave radiation , decimal, σ:Steven Boltazman constant 5.67 

W/m
2
. K°

4
, Tsky; sky temperature, K°. 

The sky temperature can be determined with respect to the ambient air 

temperature as follows,(Swinbank,1963): 

Tsky=0.0552(To)
1.5 

 Measurements 

Mass: Electric balance was used to measure mass of product (accuracy 

0.01 g and maximum mass 3000 g)  

 Solar radiation and temperature of ambient air were measured by 

"Watchdog" weather station model 900 ET. The Weather station 

measures wind speed (0-175 mph) ± 5%, wind direction (2
◦
 

increments) ± 7°, temperature (-30°
 
: 100° c), relative humidity (20-

100%) ± 3%, rainfall (0.01-0.25 cm) ± 2% and solar radiation (1- 

1250 W/m
2
). Air temperature inside the dryer was recorded at 

different positions using thermometers with accuracy of 1°c with 

maximum of 100° c. Moisture content was measured using the electric 

oven. 

The efficiency of the solar dryer was calculated as follows: 

tcmLmQ ppru   
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Figure 1: Isometric view of constructed dryer 

 

 
Figure 2: Sectional elevation of constructed dryer 
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Qu: The useful heat; mr: mass of moisture removal, kg, L: latent heat 

of water, 2257 kJ/kg (Awady,1993), mp: mass of agricultural product, 

kg, cp: specific heat of the agricultural product kJ/kg °C, 

:t temperature rise of agricultural product °C. 

i

u

Q

Q
  

 : The thermal efficiency of the solar dryer.  

The production cost was determined according to (Awady 1978). The 

total expected life is (5) years. The cost of the solar dryer is (200 LE) and 

the open sun draying is (50 LE).  

RESULTS AND DISCUSSION 

The discussion covers the obtained results under the following heading: 

      -Effect of number open holes and mass of product on moisture content 

in solar dryer compared to the open sun drying: 

Results from Figure (3,4and5) showed that the highest removal rate of 

moisture content was obtained at open holes number of 9 for the 

products at any product mass. The lowest mass of melokhia (0.3 

kg/tray) was dried within 6 hours to an average moisture content of 

4.9 and 34.7% wet basis in solar dryer and the open sun drying system 

respectively. Results from Figure (6,7and8) for red pepper the lowest 

mass (0.5 kg/tray) was dried within 18 hours to an average moisture 

content of 9 and 21 % wet basis in solar dryer and the open sun drying 

system respectively. The other masses of melokhia (0.4 and 0.5 

kg/tray) were dried within 6 hours to an average moisture content of 

2.53 and 3.53 % wet basis, while in the open sun drying system these 

masses were dried within 6 hours to an average moisture content of 

24.20 and 25.80 % wet basis. For red pepper, the other masses (0.75 

and 1 kg/tray) were dried within 18 hours to an average moisture 

content of 12.85 and 16.07 % wet basis, while in the open sun drying 
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system these masses were dried within 18 hours to an average 

moisture content of 23.64 and 28.90 % wet basis.  

   -Effect of number open holes and mass of product on thermal 

efficiency in the solar dryer compared to the open sun drying: 

The conrertation  efficiency of solar energy into more useful forms is 

one of the most important parameters concerning its utilizations as 

available source of energy. In order to evaluate the efficiency of the 

dryers, various parameters, such as solar radiation and drying air 

temperatures were measured at an interval of 2 hours. Also parameters 

as temperature differences between outlet and inlet of the dryer, useful 

heat gain were calculated to determine the thermal efficiency of the 

dryer.Results in Fig. (9) show the measured temperatures and solar 

radiation in 15 July 2010. The maximum values of measured 

temperature and measured solar radiation were 37.1 °C and 923.5 

W/m
2
 at 15 O,clock. and 11 O,clock respectively. Fig. (10) showed 

temperatures records for solar dryer and open sun drying on melokhia 

(400 g) with 9 holes. Fig.(11) showed that the maximum efficiency of 

solar drying values for drying Melokhia was 24.32% at open holes  

number of 9 and (0.3 kg/tray) while in the open sum drying the 

efficiency was 17.5% at the same mass. Fig. (12) showed that the 

maximum dryer efficiency of solar drying values for drying red 

pepper was 24.59% at open holes number of 9 and (0.5 kg/tray) while 

in the open sun drying the dryer efficiency was 20.70% at the same 

mass. 

Cost analysis: 

Fig.(13) illustrate the production costs for drying one Mg of Melokhia 

and red pepper were 970 and 1280 LE/ Mg compared to the open sun 

drying system for both of Melokhia and they were  1680 and 1820 LE/ 

Mg for the red pepper. 
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Figure 3, 4 and 5:   Effect of time and number of open holes on moisture content of 

melokhia at (300 m 400 and500 g) in the solar dryer compared 

to the open sun drying 
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Figure 6 ,7 and 8:  Effect of time and number of open holeson moisture content of 

red pepper at  (500 , 750 and1000 g) in the solar dryer ompared 

to the open sun drying 
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Figure 9: solar irradiance and temperature in 15 July 2010 
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Figure 10: Temperature records for solar dryer and open sun drying on melokhia 

(400 g) with 9 holes. 
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Figure 11: Effect of number of open holes and mass of melokhia on thermal 

efficiency of the solar dryer compared to the open sun drying. 
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Figure 12: Effect of number of open holes and mass of pepper on thermal    

efficiency of the solar dryer compared to the open sun drying. 

 
 

 

 

 

 

 

 

Figure 13: Production costs for solar dryer and open sun draying in melokhia and        

red pepper. 
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CONCLUSION 

This research was carried out to study the possibility of drying melokhia 

and red pepper using heated air by solar energy and to study the factors 

affecting the drying process such as the product mass and the number of 

air inlet holes. This research included these points: 

1. The optimum mass to dry melokhia and pepper were 0.3 and 0.5 

kg/tray respectively. 

2. The ideal numbers of air inlet holes were 9 holes for both 

melokhia and pepper under all investigated masses. 

3. The average thermal efficiencies were 24% and 24.5% for both 

melokhia and pepper respectively. 

4. This method saves both cost and time required for the drying 

process. 
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 الملخص العربي

 تقييم أداء مجفف شمسى بسيط )طراز الصوبة(

 *نى محمود عبذ العسيس حسنم

يهذف البحذ إلى  حنىع و ا ابخبىنس م ىنت ليخضا ىم الطراى  لىشاص النىملت را يرى  لب  ى  

لاسخخذامه ف  حضا م الخضشااث. ا يخكمن هزا الع نت من إلنس من الخطب الرذهمن لنليمن 

صمام  الخضا ىم  اسى ا امخنىنص منىعم  مىن الالممع ىمت لاىر  الأسمد ا يمضو لذابيه 

 سىىىىا ا الرضاىىىىم  ل ىىىىند   3ميي رخىىىىش ا مىىىىب ن ل ب ىىىىت ونصلىىىىت مىىىىن الاىىىىمت لاىىىىر   0.025

( سا  اغ   لغ نء من البلاسخ   الطىانف  فى   ويى  الغ ىنء فخحىت لخىشاس 50*75*110)

ف  ايىذ صمامىب الرضاىم ( سا ا مغ نة لغ نء من البلاسخ   الرز ب  ا30*5الهماء  ل ندهن )

سىىا. االرضاىىم مىىضاد  2.5مىىن  سىىا  حىىا ورىى  مضرموىىت مىىن الاخحىىنث لىىذبم  الهىىماء ل  ىىش 

لنع خ ن لمضو الرعخش منعموت من إلنس من الخطب ا ال ن  مىن البلاسىخ   الرز ىب  ل ندهىن 

 .سا من س ا الأسض  40( سا ا الرضام محرم  وي   سلو  سص  وي  اسحان  75*24)

 م نملاث ه :احا ابز وذة 

( صىىشات لينىى ع ت المايىىذة ارىىلاد  500-400-300حىىا ابىىز رىىلاد  اصان مىىن الريمب ىىت ) -1

 ( صشات لين ع ت المايذة.1000-750-500 اصان من الايا  )

( فخحىىت  ارلىى  لنلر نسمىىت 12-9-6حىىا ورىى  رىىلاد مضرموىىنث مىىن فخحىىنث دبىىم  الهىىماء ) -2

 العخنئش من يي  : لنلخضا م ال ب    مو ماس الأاصان.اقذ  اضحج

وعىذ  %وعذ الىمصن الشلىب (34.7) ا (4.9 ق  محخمى س لمل  ليريمب ت الرضاات كنن ) -1

 9( صىشات , 300رل  وعىذ اسىخخذات اصن ) وي  الخمال  ا الخضا م ال ب    اسخخذات الرضام

 سنونث لنلر نسمت. 6فخحنث دبم  ليهماء ا رل  ل ذ فخشة صمع ت اسخغشقج 

وعىذ اسىخخذات %وعذ المصن الشلب  (21) ا (9ل  ليايا  الرضام كنن ) ق  محخمى سلم -2

فخحىنث  9( صشات , 500ا رل  وعذ اسخخذات اصن ) وي  الخمال  ا الخضا م ال ب    الرضام

 .سنوت 11دبم  الهماء ارل  ل ذ فخشة صمع ت اسخغشقج 

 
*

 جامعة السقازيق -كلية السراعة -مذرش الهنذسة السراعية  
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( صىىشات مىىن 300%( وعىىذ اسىىخخذات اصن )24.3و ىى   ويىى  كاىىنءة يشاسيىىت )الرضاىىم   -3 

%( لعاس 17.5فخحنث دبم  ليهماء لنلر نسمت لنلخضا م ال ب    الزي  و   ) 9الريمب ت ا 

 المصن.

( صىىشات مىىن 500%( وعىىذ اسىىخخذات اصن )24.6الرضاىىم  و ىى   ويىى  كاىىنءة يشاسيىىت ) -4

%( لىعاس 20.7ت لىنلخضا م ال ب  ى  الىزي  و ى  )فخحنث دبم  ليهىماء لنلر نسمى 9الايا  ا 

 المصن.

( صع ىىت ويىى  الخىىمال  1210( ا )970حكياىىت اايىىذ لىىن مىىن الريمب ىىت ا الاياىى  كنمىىج ) -5

 ( وي  الخمال .1120( ا )1610لنلر نسمت لنلخضا م ال ب    الزي يخكيم )

خخذات بنمىنث يركن اسىخخذات الرضاىم لماسى ت الرىضاسو ن النىغنس  ا سلىنث الب ىمث لنسى -5

 لا  ت ا مخمفشة.

يركن اسخخذات الرضام لخضا م معخضنث صساو ت  بىشى مزى  ال عىب ا الرطىرا ا الع عىن   -6

 ا غ شة.

لضيندة كانءة الرضام صيندة  ل ند  ا صيندة وىذد النىمام  لذابيىه ا حضايىذ  لميىذة حخىضين  -7

 ال نقت لنلعهنس للاسخاندة معهن ل لا.

 

 

 

 

 

 

 

 

 

 

 


