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         ABSTRACT 

The experimental work was carried out in the summer season of 2023 at Agricultural and Bio-systems 

Engineering Department, Faculty of Agriculture, Damietta University, Egypt (Latitude 31°25′35″ North, 

Longitude 31°39′03″ East) to manufacture and develop the double ventilated solar dryer for drying chill, 

lemon and tomato. The manufacture dryer consists of the solar collector which attached with the drying 

chamber through 3 isolated pipes. All ambient and solar dryer conditions were measured using a locally 

calibrated solar radiation, temperature and relative humidity data loggers with thermocouples, and also a 

Weather Total Station. The maximum solar radiation for the dryer chamber, collector and ambient were 

1000, 1000 and 1100 W/m2, respectively. The maximum temperatures for the entrance; upper, middle, 

lower trays; exit; and collector were 41, 64, 62.5, 61.79, 42.29, and 83.9°C, respectively. The minimum air 

relative humidity at entrance and exit slots were 11 and 13%, during the day hour of 2pm, while the 

maximum air relative humidity at entrance and exit slots were 71 and 65%, during the day hour of 9am. 
The decrease of moisture content ratio were decreased from 85.4, 86.6 and 88.2% fresh product to 10.46, 

13.52 and 8.83% dry product in total drying time of 15, 21 and 19h for chilli, lemon and tomato, 

respectively in the upper tray and air suction speed of 0.6 m/s. The drying rate were decreased after the first 

hour of drying from 9.37, 8.46 and 8.32% to 5, 3.48 and 4.18% during total drying time of 15, 21 and 19h 

for chilli, lemon and tomato, respectively in the upper tray and air suction speed of 0.6 m/s. The higher 

values of solar collector efficiency (C) were 74.27, 75.74 and 73.09% at the day hour of (1pm) during 

three drying days of 29, 30 and 31/8/2023, respectively and 1.6 m/s air suction speed. The lower values of 

(S.R.U.E) were 46.35, 46.35 and 51.90% around the day hours between (2 and 3pm) at three drying days of 

26, 27 and 28/8/2023, respectively and 0.6 m/s air suction speed. The dried amount of chilli halves, lemon 

slices and tomato slices for each upper tray were 32.40, 28.62 and 25.59 kg/month; 23.58, 23.58 and 20.61 

kg/month and 21.33, 25.29 and 16.92 kg/month at different air suction speeds of 0.6, 1.1 and 1.6 m/s, 

respectively. The solar drying cost of chilli halves, lemon slices and tomato slices for each upper tray were 

10.28, 11.65 and 13.03 L.E/kg.month; 14.14, 14.14 and 16.17 L.E/kg.month and 15.63, 13.18 and 19.70 

L.E/kg.month at different air suction speeds of 0.6, 1.1 and 1.6 m/s, respectively. The net present worth of 

total cash income from drying of chilli, lemon and tomato under solar dryer was found to be 5250 L.E. The 

benefit cost of chilli, lemon and tomato in solar dryer was found to be 17025 L.E. So, the payback period 

for drying of chilli, lemon and tomato in solar dryer was found to be 98 days or (3 months and 8 days). 

 

 

1. INTRODUCTION  

The earth's surface has received approximately 1014 kW of 

solar energy from the sun. The energy equivalent of around 1 

HP or 1 kW is supplied by one square meter of land exposed 

to direct sunlight. Large-scale conversion of solar energy 

involves a large investment of resources. In contrast to other 

sources of electricity, solar energy has some strong 

advantages. Solar radiation does not contaminate the 

atmosphere or jeopardies environmental equilibrium. It 

prevents serious problems such as mining, extraction and 

transportation. They protect agricultural produce from insect 

pests, dust and rain damage. Higher temperatures, lower 

relative humidity and lower product moisture content are 

produced by solar dryers. Solar dryers can be considered one 

of the solutions to the food and energy shortages of the planet. 

Solar dryers are mainly divided into three groups, which are: 

Direct solar drying, indirect solar drying and mixed mode 

solar drying. Drying refers to a process in which water is 

removed from a moist material by using heat as the energy 

input. The mechanism of drying is a complex phenomenon 

involving combined heat and mass transfers within a 

biological food material. Drying has been reported to account 

for anywhere from 12% to 20% of the energy consumption in 

the industrial sector, Raghavan et al. (2005). The basic 

essence of drying is to reduce the moisture content of the 

product to a level that prevents deterioration within a certain 

period of time, normally regarded as the safe storage period, 

Ekechukwu (1987). Drying involves the removal of moisture 
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from the product by heating and the passage of air mass 

around it to carry away the moist vapor. Drying is an energy-

intensive process because the latent heat has to be supplied to 

the material to evaporate the moisture from the product. 

Drying offers a means of preserving foods in a stable and safe 

condition as it reduces water activity and extends shelf-life 

much longer than that of fresh foods and agricultural 

products. A major challenge of drying fresh foods and 

agricultural products is to reduce the moisture content to a 

certain low level while maintaining the quality attributes such 

as color, texture, chemical components and shrinkage, Orsat 

et al. (2007). In conventional heating, such as hot air and 

infrared drying, thermal energy is transferred from material 

surface to interior due to temperature gradients. These drying 

processes have low drying rates causing long drying times in 

the falling rate period of drying. The long drying times at 

relatively high temperatures often lead to undesirable thermal 

degradation of the finished products, Zhang et al. (2006). Sun 

drying is a cheap method of preserving fruits and vegetables 

because it uses sunlight as its source of heat. However, it is 

generally accepted that open-air sun drying has limitations 

such as dust contamination, bird and rodent attacks, fungal 

attacks and the risk associated with sudden rainfall on the 

product being dried, Ojike et al. (2010). Sharma et al. (1994) 

gave a preliminary economic analysis for an indirect type 

solar fruit and vegetable dryer. The analysis stressed that the 

most significant economic parameters in the lifecycle costing 

of the system were the payback period and internal rate of 

return. And the important and influential parameters, namely, 

initial investment, fuel price, interest on fuel price, etc. 

Artificial drying is high energy intensive and expensive 

process. It raised the cost of final product. A systematic 

approach for the classification of solar energy dryers were 

also evolved, identifying two generic groups, namely, passive 

or natural circulation solar energy dryers and active or forced 

convection. It is fertile to get infected from foreign particles, 

rain, and beast. Therefore, it is important to develop solar 

dryer in third world countries to avoid the shortcoming of 

natural drying, Yaldiz et al. (2001). The drying methods used 

for vegetables and fruits depend on using heat in an 

appropriate manner until the moisture content in vegetables 

decreases to (4-6%) and in fruits to (18-22%) due to 

containing a higher percentage of bound sugar, which reduces 

the amount of free water available for microbial activity. 

There are factors that help the success of the food drying 

process such as adjusting the temperature, air speed, and 

relative humidity, while controlling the drying duration. The 

Arab countries, especially (Egypt and Libya) having a large 

number of sunshine hours in summer and winter. Therefore, 

this solar energy can be exploited to dry many agricultural 

products (vegetables and fruits). So, the objectives of this 

study are to: 

1. Manufacture a double-ventilation solar dryer using local 

materials. 

2. Develop of double-ventilation solar dryer to improve 

product quality and reduce production costs. 

3. Study the most appropriate operational factors during 

drying process to obtain the best quality of the dried 

product  

4. Evaluate the manufactured solar dryer from an economic 

perspective. 

2. MATERIALS AND METHODS 
The experimental work was carried out in the summer season 

of 2023 at Agricultural and Bio-systems Engineering 

Department, Faculty of Agriculture, Damietta University, 

Egypt (Latitude 31°25′35″ North, Longitude 31°39′03″ East) 

as shown in Fig. (2.1) to manufacture and develop the double 

ventilated solar dryer for drying some agricultural products 

under Egyptian conditions; investigate and estimate both the 

performance and the dryer efficiency in both solar collector 

and drying chamber during drying process. The main 

experiments were carried out during the summer season of 

2023 at the late August from 20/8/2023 until 31/8/2023.  

 
Fig.(2.1): Location of experimental work according to 

Google Earth 2023. 

2.1. Materials: 

2.1.1. Agricultural products:  
Fresh red chilli (Chilli variety), Lemons (Balady variety) and 

Tomatoes (080 variety) used in this study were bought from a 

local market at New Damietta city, Damietta governorate, 

Egypt, as shown in Fig. (2.2).  

   
           Chilli             Lemon                   Tomato 

Fig.(2.2): Fresh (Red chilli, lemon and tomato) used in the 

study. 

2.1.2. Solar dryer:  

The solar dryer consists of two main components names: 

solar collector and drying chamber, as shown in Fig. (2.3).  

 
Fig.(2.3): Solar collector and drying chamber.  

A. Solar collector: The solar collector is made of wood and 

covered with (2 mm) Polycarbonate transparent sheet at the 

top in order to concentrate the solar radiation into the inner 

area. The solar collector has dimensions of (200×100×25 cm) 

for length, width and thickness. The solar collector consisted 

of flat plate solar air heater having area of 2 m2 and connected 

with drying chamber using three wire support flexible thermal 
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pipes with diameter of 3 inches for each. The solar air heater 

has 2 mm thick serrated aluminum sheet painted with black 

color to absorb the incident solar radiation. The absorber plate 

was placed directly behind the transparent cover 

(Polycarbonate) with a layer thickness of air heating of 10 cm, 

Fig.(2.4). The air to be heated passes from two side holes 

with square area of 30 cm2 for each to the drying chamber 

through the flexible pipes. The longitudinal axis of the solar 

collector was located at the E-W direction facing the sun 

shine with an inclination angle of 30.  Two sensors for both 

solar radiation intensity and air temperature inside the solar 

collector were fixed into its middle area to determine their 

values. 

 
Fig.(2.4): An engineering drawing for solar dryer. 

B. Solar drying chamber: The solar drying chamber is made 

of wood and covered with 2 mm Polycarbonate transparent 

sheet from top, bottom and lateral sides in order to increase 

the drying air temperature coming from solar collector. The 

solar drying chamber has dimensions of (150×100×100 cm) 

for length, width and height, respectively. The solar drying 

chamber consists of 15 trays distributed through three vertical 

stacks; each tray has dimensions of (100×43×5 cm) for 

length, width and height, respectively. The tray frame was 

made of wood and the bottom side which carries the 

agricultural product was a galvanized metal mesh with 

rhombus in shape. The vertical distance between two trays 

was (10 cm) to allow the hot air passing through the products 

to be dried.  

Nine sensors for solar radiation intensity, air temperature and 

air humidity were fixed inside the solar drying chamber to 

determine their values as following: Three sensors for air 

temperature and other three sensors for air humidity were 

fixed above the upper, middle and lower trays; one sensor for 

product temperature and one sensor for product moisture 

were fixed in the agricultural product.  

The last sensor was fixed in the middle of the drying chamber 

at the upper side to determine the solar radiation intensity. 

The drying chamber supported with two air suction fans 

(50W) to force drying air to transfer from the solar collector 

to the drying chamber through the flexible pipes, each fan has 

suction diameter of (12 cm) rotating at different controlled 

speeds. 

2.1.3. Air temperature data logger: 

 
Fig.(2.5): Data logger for measuring temperature (8 

ports), (Locally programed and assembled). 

2.1.4. Solar radiation and air humidity data logger: 

 

Fig.(2.6): Data logger for measuring relative humidity (6 

ports) and solar radiation (2 ports), (Locally 

programed and assembled). 

2.1.5. Weather total station:  

The weather station components were purchased from an 

electrical store in Cairo city, and constructed by an electro-

engineer to measure all weather conditions at all drying test 

runs. The locally weather station comprises the following 

components as shown in Fig.(2.6).   

- A 12-volt, 40-watt solar panel. 

- Power regulation using the MAX1724EZK5a step-down 

regulator to charge the battery. 

- A 7.4-volt battery composed of two 3.7-volt lithium-ion 

cells. 

- A 5-volt regulator (LM7805). 

- An Arduino Nano (ATMEGA328P). 

- A Bluetooth module (HC-06). 

- A 4GB SD card and SD card module. 

- An ultrasonic module (HC-SR04) for rain gauge. 

- An LDR module for light meter (lux). 

- A wind fan module for measuring wind speed and direction. 

- An anemometer module for wind speed measurement 

(meters per minute). 

- A DUT22 sensor for measuring humidity and temperature. 

This system continuously communicates data through a 

dedicated mobile application, and data is saved at 5 minute 

intervals on the SD card module for monitoring purposes. 

FRONT VIEW

TOP VIEW

SIDE VIEW

1

6

2

7

3

8

4

9

5

10

11 12

(6*8cm)

(3 Inch)

(3 Inch)

(94*43cm)

(197*94cm)

(15*15cm)

Notes

(95*82*48cm)

No. No.offPart Name

Air inlet

Solar collector

Air outlet

Thermal hose

Collector stand

Drying chamber

Tray

Tray handle

Suction fan

Spare fan

Serrated sheet

Main frame

1 1

1

1

1

2

3

1

1

1

2

15

15

2

3

4

5

6

7

8

9

10

11

12

All Dimensions in, cm

Materials

Plastic

Wood

Wood

Wood

Wood+steel

Aluminum

Steel

9
1

2
0

0

43 43 43

150

100

1
0

3
7

0
3

0

1
2

7

5
0

100

3
0
°

5
0

1
0
0

43 43 2
5

15

1
5



             DJAS., Vol. ( 3 ) (II): ( 14 - 25 ) (2024) 
 

17 

 

 

Fig.(2.7): Weather total station powered with solar panel, 

(Locally programed and assembled). 

  
Fig.(2.8): Weather total station beside solar dryer. 

2.1.6. Electrical suction fan: Two electrical Golden Sun 

220V 0.23A suction fans (12×12 cm), made in China with 50 

Watts and 5000 rpm was used to intake hot air from solar 

collector to the drying chamber at the adjustable speed.  

2.1.7. Solar power meter: A digital solar power meter made 

in TENMARS ELECTRONICS CO., LTD, TAIPEI 114, 

TAIWAN, with a measuring range of solar radiation (1-1999 

W/m2) with resolution of 1W was used during the 

experimental treatments to determine the solar radiation 

outside of the drying device and also to calibrate both Data 

logger and Weather total station.  

2.1.8. Anemometer: A digital anemometer made in China 

with a measuring range of air speed (0.8-40 m/s) with 

resolution of 0.01 ± (2.0%+30) was used during the 

experimental treatments to determine the air speed of the 

exhausted fans.  

2.1.9. Digital balance: A digital balance made in China with 

a measuring range of 0-10kg ± 0.1g was used during the 

experimental treatments to determine the initial weight of the 

agricultural product and also the decrease in weight for each 

drying treatment. 

2.1.10. Electrical oven: An electrical oven made in Italy, 

model A3-214-535V with an accuracy of ± (0.2-0.5%) was 

used to record the moisture content of agricultural product. 

Triple (100 g) of samples for each agricultural product were 

dried in the electrical oven at 105 °C for 24 h. 

2.1.11. High performance liquid chromatography, 

(HPLC): The organic acids for fresh and dried agricultural 

products in this study separated and simultaneously 

determined by (HPLC). 

2.2. Methods: 

2.2.1. Drying product preparation: 

Only good quality of fresh red chilli, lemon and tomato 

samples were brought from a local market in New 

Damietta city during the summer season of 2023 and 

checked up carefully to discard spoiled ones to prevent 

contamination of these products by bacteria or fungi. Each 

patch from these products was carefully washed and dried 

from water. Before solar drying experiments, the products 

were not treated with any chemicals and sliced as 

following, as shown in (Fig.2.9). 

 
Fig.(2.9): Sliced (Red chilies, lemons and tomatoes) before 

drying process. 

- Chilli: were sliced into longitudinal halves.  

- Lemon: were sliced into equal thicknesses of 5mm  1mm. 

- Tomato: were sliced into equal thicknesses of 5mm  1mm. 

Each patch with total weight of 1000 g from these 

products was dried until the required final moisture 

content was attained. The fresh product was located over 

the tray of drying chamber having about 90% perforation. 

The initial moisture content was calculated by taking three 

different samples. During the experiment moisture content 

was calculated at every interval of one hour during the 

drying hours. The suction fan was operated for reducing of 

relative humidity inside the solar dryer. The different 

parameters were observed during the experiment hours at 

every interval inside and outside the solar dryer. Open sun 

drying method was also conducted to know the 

performance of the dryer. Solar dryer was tested for its 

performance in drying of these products by conducting 

three sets of experiments. The tests were conducted from 

09.00 to 18.00 h and the hourly data were recorded from 

Data loggers and Total solar station.  

2.2.2. Distribution of drying trays inside the dryer: 

The full load test was conducted for evaluate the 

performance of the double ventilated and forced 

convection solar dryer in actual loading condition with a 

single thin layer of each product. The dryer contains 9 

trays; 3 trays upper, 3 trays medium and 3 trays lower; 

1000 g of red chilli, lemon and tomato were placed on the 

upper, medium and lower trays interchangeably, as show 

in Fig.(2.10). 

 

Tray (1) 

Lemon 

Tray (2) 

Chilli 

Tray (3) 

Tomato 
Upper 

Tray (4) 

Chilli 

Tray (5) 

Tomato 

Tray (6) 

Lemon 
Middle 

Tray (7) 

Tomato 

Tray (8) 

Lemon 

Tray (9) 

Chilli 
Lower 

Fig.(2.10): Locations of drying trays inside the dryer 

chamber according to the original direction. 

Loading and unloading the products into the solar dryer 

was done manually. 1000 g of fresh chilli, lemon and 
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tomato were placed in the open air for natural drying for 

comparison purpose. The observations of the parameters 

were recorded at interval of one hour starting from 9.00 h 

to 18.00 h each day. By using oven drying method the 

initial moisture content of fresh red chilli, lemon and 

tomato were determined. The drying process was 

continued till the moisture content of these products tends 

to a constant value. The performance of drying unit was 

evaluated in terms of moisture content variation, drying 

rate, etc. For this purpose, the hourly reductions in weight 

of representative sample were recorded. 

2.2.3. Study variables: 
- Three different agricultural crops: Chilli, Lemon and 

Tomato. 

- Three different drying air speeds: 0.6, 1.1 and 1.6 m/s. 

- Three different tray locations: upper, middle and lower. 

2.3. Measurements 
2.3.1. Moisture content, wet basis, (%):  

It is the ratio between the weight of moisture in the material 

and the total weight of the material (w.b), Kenneth and 

Hellevang, (1995). 

.....(1) %,
WW

W

W

WW
w.b

dm

m

t

dt





  

Where: Wt = Total material weight (weight before drying), g 

Wd = Dry weight of the material (weight after drying), g 

Wm = Moisture weight in the material, g 

2.3.2. Removed moisture by unit time: The moisture 

removed can be calculated by extracting the moisture content 

first before the drying process and then the moisture content 

after the drying process and the difference between them is 

equal to the amount of moisture to be expelled attributed to 

the completely dry weight of the material. Weight of moisture 

to be removed (evaporated) from one unit of fresh matte 

(M.R), Arun and Adharsh (2014). 

.....(2) %,
)M(100

)M(MM
M.R

f

fip






 
Where: Mp = Sample weight, kg. 

Mi = Initial moisture content, %. 

Mf = Final moisture content, %.  

2.3.3. Drying rate:  

It is the weight of fresh material producing one unit of weight 

of the dried material (D.R). The drying rate is proportional to 

the difference in moisture content between material to be 

dried and the equilibrium moisture content. The concept of 

thin layer drying was assumed for the experiments as reported 

by Fudholi, et al., (2013). 

.....(3) ,
dt

dM
D.R   

Thus we can write from equation (4) as following:  

.....(4) %,
t

M.R
D.R 

 
3.3.4. Solar collector thermal efficiency:  

The solar collector's thermal efficiency is the ratio of useful 

heat gain by the collector to the energy incident in the plane 

of the collector. It was determined using the following 

equation (Fudholi et al. 2014):  

......(5) %,
)A(I

)M(M..Cm

Q

Q
η

T

a.ina.outpa

i

u
C

C


  

Where: C = Solar collector thermal efficiency, %.  

Qu = Heat gain, J.  

Qi = Energy incident in the plane of the collector, J.  

Ma = Air mass flow rate, kg/s.  

Cp = Specific heat of the agricultural product, 1.005 J/kg.C. 

Ta.out = Outlet air temperature,C. 

Ta.in = Inlet air temperature,C. 

IT = Intensity solar radiation, W/m2. 

AC = Area of solar collector, m2. 

3.3.5. Air mass flow rate:  

The air mass flow rate (ma) through the solar collector during 

the drying process was calculated as follows, (Sadodin and 

Kashani, 2012): 

......(6) kg/s,.v.ρAm aha   

Where:  Ah = Surface area of the suction fan, m2. 

v = Air speed of through the solar dryer, m/s. 

ρa = Density of the drying air, 1.2 kg/m3. 

2.3.6. Solar radiation utilization efficiency:  

The solar radiation utilization efficiency can be calculated 

as a percentage ratio with divided the temperature in the 

solar collector to the exhausted air temperature out from 

the suction fan.  

)7.....(%,
T

T
E

C

E
D 

 
Where: TC = Air temperature in the solar collector, C.  

TE = Air temperature out from the suction fan, C.  

2.3.7. Solar dryer productivity:  

The machine productivity was calculated during grinding 

operation by the following equation: 

)8.....(%,
t

D
Pr M  

Where: Pr = Solar dryer productivity, kg/month,  

DM = Dry mass of product, kg,  

t = Time consumed in the drying operation, month. 

2.3.6. Solar drying hourly cost: The cost per hour of drying 

process using the solar dryer is calculated from the following 

formula by Awady, (1978). 

  )9,.....(
300

m
W.ert

2

i

a

1

h

P
CH 








  

Where: 

Table (3.1): Cost analysis of drying operation using solar 

dryer. 

Item Value Unit 

CH = Hourly cost  

P = Price of solar dryer 

H =Yearly working hours  

a = Life expectancy of the dryer 

i = Interest rate/year  

t = Taxes, overheads ratio  

r = Repairs and maintenance ratio 

W = Fan power 

e = Hourly kW price  

m = Monthly average wage 

300 = Monthly working hours 

10 

15000 

1500 

7 

10 

6 

7 

50 

1.40 

1500 

300 

L.E/h 

L.E 

h/year 

Year 

% 

% 

% 

W 

L.E/kW.h 

L.E/month 

h/month 
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3.3.7. Solar drying unit cost: The drying cost of the 

production unit using the solar dryer is from in the following 

equation:    

)10......((L.E/kg),
(kg/month)Pr 

)(L.E/monthC
C H

U   

Where: CH = Monthly cost, L.E/month. 

Pr = Solar dryer productivity, kg/month. 

3.3.8. Payback period: The payback period is the length 

of time from the beginning of the project until the net 

value of the incremental production stream reaches the 

total amount of the capital investment. The payback period 

of the project is estimated by using the straight forward 

formula, Kamble et al. (2013).   

)11..(month....,
E

I
PA   

Where, PA= Payback period of the project. 

I = Investment of the project, L.E. 

E = Monthly net cash revenue, L.E. 

3. RESULTS AND DISCUSSIONS 
3.1. Solar radiation at air suction speeds of (0.6, 1.1 and 

1.6 m/s): 

It was observed from Fig.(3.1) that the solar radiation 

during all the days of the experiment was of similar values. 

The maximum solar radiation for the dryer chamber, 

collector and ambient were 1000 W/m2, 1000 W/m2 and 

1100 W/m2, respectively. It was also observed that 

maximum solar radiations were around the day hour of 

(2pm) which was recorded the maximum solar radiation. 

These results agree with Samreen et al. (2017), who 

reported that the solar radiation was a minimum in 

morning increased to reach maximum at 1.00 pm, later it 

followed decreasing trend till the evening.  

   

 
3.2. Air temperature degrees at different air suction 

speeds of (0.6, 1.1 and 1.6 m/s): 

It was observed from Fig.(3.2) that the maximum 

temperatures for the entrance; upper, middle, lower trays; 

exit; and collector were 41°C, 64°C, 62.5°C, 61.79°C, 

42.29°C, and 83.9°C, respectively. While the difference 

between air temperature at the upper tray and the lower one 

was about 2.21°C at the day hour of (2pm).  

     

   
However, the air temperature in the dryer was a little more 

60°C to be suitable for drying agricultural products. A similar 

result was reported by Kumi et al. (2020) for an indirect type 

of dryers, the temperature rise in the dryer reached a 

maximum of above 50°C. This result also agree with Basunia 

et al., (2013) mentioned that, raising temperatures above 

60C can be harmful for vegetables and can induce loss of 

volatile nutrients through the excessive loss of moisture.  

3.3. Air relative humidity at different air suction speeds 

of (0.6, 1.1 and 1.6 m/s): 

It was observed from Fig.(3.3) that the minimum air relative 

humidity at entrance and exit slots were 11% and 13%, 

during the day hour of 2pm, while the that the maximum air 

relative humidity at entrance and exit slots were 71% and 

65%, during the day hour of 9am. The results show also that 

air relative humidity was increased after the day hour of 2pm 

to 38% and 43% at the same places at the day hour of (6pm). 

It was observed that there is always an inverse relationship 

between the relative humidity of the air and its temperature. 

These results agree with Samreen et al. (2017), reported that 

the relative humidity of the dryer was found to be less than 

that of ambient relative humidity due to the high temperature 

prevailing inside the dryer. 

  

  
3.4. Decrease of moisture content ratio during drying 

time: 

Concerning to the effect of air suction speed on the decrease 

of moisture content ratio and the total required drying time, 

the results in Fig.(3.4) that show that the decrease of moisture 

content ratio were decreased from 85.4%, 86.6% and 88.2% 

fresh product to 10.46%, 13.52% and 8.83% dry product in 

total drying time of 15h, 21h and 19h for chilli, lemon and 

Fig.(3.1): Solar radiation 

in ambient, collector and 

drying chamber during 

drying time at different air 

suction speed of 0.6, 1.1 

and 1.6 m/s.  

 

Fig.(3.2): Air temperature 

degrees at different 

locations during solar 

drying time at different air 

suction speeds of (0.6, 1.1 

and 1.6 m/s) 

 

Fig.(3.3): Air relative 

humidity at entrance and 

exit slots during drying 

time at different air 

suction speeds of 0.6, 1.1 

and 1.6 m/s.  
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tomato, respectively in the upper tray and air suction speed of 

0.6 m/s. Whereas the decrease of moisture content ratio was 

decreased to the same dry product ratio in more total drying 

time of 19h, 24h and 24h for chilli, lemon and tomato, 

respectively in the upper tray and air suction speed of 1.6 m/s. 

Relating to the effect of tray location on the decrease of 

moisture content ratio and the total required drying time, the 

results in Fig.(3.4) that show also that the decrease of 

moisture content ratio were decreased from 85.4%, 86.6% 

and 88.2% fresh product to 10.46%, 13.52% and 8.83% dry 

product in total drying time of 15h, 21h and 19h for chilli, 

lemon and tomato, respectively in the upper tray and air 

suction speed of 0.6 m/s. Whereas the decrease of moisture 

content ratio was decreased to the same dry product ratio in 

more total drying time of 27h, more than 29h and 20h for 

chilli, lemon and tomato, respectively in the lower tray and 

the same air suction speed of 0.6 m/s. It was observed that the 

drying process for chilli, lemon and tomato took less than 3 

days to be completed. Similar results were reported by Kumi, 

et al. (2020), where the solar dryer recorded total drying 

time of 35 h.   

   

   

   
Fig.(3.4): Effect of air suction speed and tray location on 

the decrease of moisture content ratio for different 

agricultural products. 

3.5. Drying rate per hour during drying time: 

Concerning to the effect of air suction speed on the drying 

rate, the results in Fig.(3.5) that show that the drying rate 

were decreased after the first hour of drying from 9.37%, 

8.46% and 8.32% to 5%, 3.48% and 4.18% during total 

drying time of 15h, 21h and 19h for chilli, lemon and tomato, 

respectively in the upper tray and air suction speed of 0.6 m/s. 

Whereas the drying rate was decreased from 10.93%, 9.23% 

and 8.32%  to 3.94%, 3.04% and 3.31%  in more total drying 

time of 19h, 24h and 24h for chilli, lemon and tomato, 

respectively in the upper tray and air suction speed of 1.6 m/s. 

These observations agree with Kumar et al. (2020) who 

reported that the drying rate was found to be higher during the 

initial stages of drying when the product surface has enough 

moisture to evaporate (constant rate period). It decreased 

towards the end of drying once its surface is depleted with 

moisture (falling rate period). 

   

   

   

Fig.(3.5): Effect of air suction speed and tray location on 

the drying rate for different agricultural products. 

Regarding to the effect of tray location on the drying rate, the 

results in Fig.(3.5) that show that the drying rate were 

decreased after the first hour of drying from 9.37%, 8.46% 

and 8.32% to 5%, 3.48% and 4.18% during total drying time 

of 15h, 21h and 19h for chilli, lemon and tomato, respectively 

in the upper tray and air suction speed of 0.6 m/s. Whereas 

the drying rate was decreased from 4.68%, 4.62% and 6.8%  

to 2.77%, 2.28% and 3.97%  in more total drying time of 27h, 

29h and 20h for chilli, lemon and tomato, respectively in the 

lower tray and the same air suction speed of 0.6 m/s. These 

results agree with Samreen et al. (2017) found that the drying 

rate of top, middle and bottom trays first increases and the 

trend decreases as the drying time increases. And also, agree 

with Hossain et al. (2015) reported that, the drying rate of the 

upper tray was higher than that of the lower tray because the 

upper tray temperature was higher than the lower tray. 

3.6. Solar collector efficiency, (C) (%): 

Fig.(3.6) shows the collector efficiency against drying time. 

The maximum values were 74.27, 75.74 and 73.09 % at 

constant air suction speed of 1.6 m/s at three drying days of 

29, 30 and 31/8/2023, respectively. While the minimum 

values were 28.69, 27.66 and 23.64 % at constant air suction 

speed of 0.6 m/s at three drying days of 26, 27 and 28/8/2023, 

respectively. For all the three days, it was observed that, the 

highest percentage of collector efficiency occurred at (1pm) 

which usually the hottest time of the day. These results agree 

with Fadhel et al. (2012) reported that the maximum value of 

solar collector were 50% at the clear day and 14.2% at cloudy 

day around 11am to 1pm. 



             DJAS., Vol. ( 3 ) (II): ( 14 - 25 ) (2024) 
 

21 

 

   

 
3.7. Solar radiation utilization efficiency, (S.R.U.E) (%): 

The solar radiation utilization efficiency (S.R.U.E) which 

solar energy can be converted into more useful forms is one 

of the most important parameter concerning its utilization as 

available source of energy. The (S.R.U.E) was found to be at 

lower levels when the difference between air temperature at 

exit slot and collector is small. So, that the (S.R.U.E) was in 

high levels at earlier and late drying hours. Fig.(3.7) show 

that the lower values of (S.R.U.E) were 46.35%, 46.35% and 

51.90% around the day hours between (2pm and 3pm) at 

three drying days of 26, 27 and 28/8/2023, respectively and 

0.6 m/s air suction speed. On the other hand, the higher values 

of (S.R.U.E) were 68.67%, 66.74% and 62.66% at 9am, and 

were 74.15%, 57.77% and 52.26% at 6pm in the same drying 

days, respectively. Meanwhile, the lower values of (S.R.U.E) 

were 43.98%, 45.80% and 44.78% around the day hours 

between (2pm and 3pm) at three drying days of 20, 21 and 

22/8/2023, respectively and constant air suction speed of 1.1 

m/s. On the other hand, the higher values of (S.R.U.E) were 

62.13%, 62.91% and 70% at 9am, and were 56.28%, 52% 

and 51.68% at 6pm in the same drying days, respectively.  

Whereas the lower values of (S.R.U.E) were 43.32%, 47.53% 

and 46.27% around the day hours between (2pm and 3pm) at 

three drying days of 29, 30 and 31/8/2023, respectively. On 

the other hand, the higher values of (S.R.U.E) were 77.92%, 

80.80% and 77.56% at 9am, and were 49.68%, 53.55% and 

51.92% at 6pm in the same drying days, respectively. These 

results agree with Chevli et al. (2016), reported that the 

collector efficiency ranges from 20% to 43% and temperature 

rise was between 25 and 30 °C. And also agree with Prakash 

and Satyanarayana (2014) found the efficiency of the 

collector ranged from 42.18 to 71.4% with an average value 

of 35 % at a drying air flow rate of 0.01kg/s. 

     

 
3.8. Solar dryer productivity, (kg/month): 

Relating to the effect of agricultural product type on solar 

dryer productivity, Fig.(3.8) show that the dried amount of 

chilli halves, lemon slices and tomato slices for each upper 

tray were 32.40, 28.62 and 25.59 kg/month; 23.58, 23.58 and 

20.61 kg/month and 21.33, 25.29 and 16.92 kg/month at 

different air suction speeds of 0.6, 1.1 and 1.6 m/s, 

respectively. The difference between trays productivity for 

the upper trays were due to the type of agricultural products 

which have different structure and dry matters. 

 
Fig.(3.8): Solar dryer productivity for three different 

agricultural crops at different tray locations in 

drying chamber and different air suction speeds.   

Concerning to the effect of air suction speed on solar dryer 

productivity, Fig.(3.8) also indicated that the increase in 

air suction speed from 0.6 m/s to 1.6 m/s measured at the 

upper tray for chilli halves, lemon slices and tomato slices 

leads to decrease the tray productivity from 32.40 to 25.59 

kg/month, from 23.58 to 20.61 kg/month and from 21.33 

to 16.92 kg/month, respectively. Decreasing tray 

productivity with increasing air suction speed may be 

attributed to more amount of hot air delivered from the 

upper slots causing a decrease in air temperature inside the 

drying chamber.  

As to the effect of tray location on solar dryer productivity, 

Fig.(3.8) illustrated that the upper tray recorded higher 

productivity than the lower one for all dried products. For 

chilli halves, the productivity of the upper tray was 32.40, 

28.62 and 25.59 kg/month decreasing to 18.00, 21.15 and 

19.44 kg/month at different air suction speeds of 0.6m 1.1 

and 1.6 m/s, respectively.  While for lemon slices, the 

productivity of the upper tray was 23.58, 23.58 and 20.61 

kg/month decreasing to 14.58, 17.10 and 12.69 kg/month 

at different air suction speeds of 0.6m 1.1 and 1.6 m/s, 

respectively. And for tomato slices, the productivity of the 

upper tray was 21.33, 25.29 and 16.92 kg/month 

decreasing to 20.25, 21.33 and 15.24 kg/month at different 

air suction speeds of 0.6m 1.1 and 1.6 m/s, respectively.  

Increasing the upper tray productivity comparing with the 

Fig.(3.7): Solar radiation 

utilization efficiency for 

dryer during solar drying 

time at different air 

suction speeds of (0.6, 1.1 

and 1.6 m/s) 

 
Fig.(3.6): Solar collector 

efficiency during drying 

time at different air 

suction speeds of 0.6, 1.1 

and 1.6 m/s.  
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lower one at the same other conditions may be due to the 

upper tray exposed to more solar radiation through the 

transparent upper side of drying chamber. So the total heat 

gains for the upper tray always more than the lower tray. 

3.9. Solar drying cost, (L.E/kg.month): 

The solar drying cost is highly affected by the solar dryer 

productivity, which affected with the parameter mentioned 

in (Solar dryer productivity title), and also affected with 

solar dryer materials, price of solar dryer, yearly working 

hours, life expectancy of the dryer, interest rate/year, wage 

for labor, taxes, overheads ratio, repairs and maintenance 

ratio, monthly working hours, fan power, hourly kW price 

and monthly average wage. The fixed and variable costs 

were represented in from (Awady, 1978) equation.  

Regarding to the effect of agricultural product on solar 

drying cost, Fig.(3.9) show that the solar drying cost of 

chilli halves, lemon slices and tomato slices for each upper 

tray were 10.28, 11.65 and 13.03 L.E/kg.month; 14.14, 

14.14 and 16.17 L.E/kg.month and 15.63, 13.18 and 19.70 

L.E/kg.month at different air suction speeds of 0.6, 1.1 and 

1.6 m/s, respectively. The difference between trays solar 

drying cost for the upper trays were due to the type of 

agricultural products which have different dry matters 

productivities. Relating to the effect of air suction speed 

on solar dryer productivity, Fig.(3.9) indicated also that 

the increase in air suction speed from 0.6 m/s to 1.6 m/s 

measured at the upper tray for chilli halves, lemon slices 

and tomato slices leads to increase the solar drying cost 

from 10.28 to 13.03 L.E/kg.month, from 14.14 to 16.17 

L.E/kg.month and from 15.63 to 19.70 L.E/kg.month, 

respectively. Increasing solar drying cost with increasing 

air suction speed may be attributed to the decrease in solar 

productivity since the hourly operating cost was fixed at 

about 10 L.E/h.  

 

Fig.(3.9): Drying cost for three different agricultural 

crops at different tray locations in drying 

chamber and different air suction speeds.   

Concerning to the effect of tray location on solar drying 

cost, Fig.(3.9) illustrated that the upper tray recorded lower 

drying cost than the lower one for all dried products. For 

chilli halves, the drying cost of the upper tray was 10.28, 

11.65 and 13.03 L.E/kg.month increasing to 18.52, 15.76 

and 17.15 L.E/kg.month at different air suction speeds of 

0.6m 1.1 and 1.6 m/s, respectively. While for lemon slices, 

the drying cost of the upper tray was 14.14, 14.14 and 16.17 

L.E/kg.month increasing to 22.86, 19.49 and 26.27 

L.E/kg.month at different air suction speeds of 0.6m 1.1 and 

1.6 m/s, respectively. And for tomato slices, the drying cost 

of the upper tray was 15.63, 13.18 and 19.70 L.E/kg.month 

increasing to 16.46, 15.63 and 21.41 L.E/kg.month at 

different air suction speeds of 0.6m 1.1 and 1.6 m/s, 

respectively. Decreasing drying cost for the upper tray 

comparing with the lower one at the same other conditions 

may be due to that the upper tray recorded high drying 

productivity than the lower ones. 

3.10. Payback period, (month): 
The production worth for chilli, lemon and tomato are 

presented in Table (3.2). The net present worth of total cash 

income from drying of chilli, lemon and tomato under solar 

dryer was found to be 5250 L.E. The benefit cost of chilli, 

lemon and tomato in solar dryer was found to be 17025 L.E.  

The payback period for drying of chilli, lemon and tomato 

in solar dryer was found to be 98 days or (3 months and 8 

days). Therefore, it was concluded that drying of chilli, 

lemon and tomato in solar dryer found to be economical as 

it showed more profit rate of 1.63, 2.62 and 4.46 %, for 

chilli, lemon and tomato, respectively. Drying agricultural 

production in solar dryer seems to be economical because 

the solar energy is freely available throughout the year thus 

no additional expenditure was incurred for air heating. 

 
These results agree with Kamble et al. (2013) reported that, 

the benefit cost ratio in solar cabinet dryer was found to be 

1.11. The payback period for drying of chilli in solar cabinet 

dryer was found to be 7 month and 11 day. The drying in 

solar cabinet dryer seems to be economical because solar 

energy is freely available throughout the year thus no 

additional expenditure was incurred for air heating. 

4.10. Quality of dried products: 

Fig. (4.36) show some photos of the dried chilli, lemon and 

tomato produced from the developed solar dryer.  

 
            Chilli                     Lemon                  Tomato 

Fig.(3.10): Photos of dried chilli, lemon and tomato 

using the developed solar dryer. 

To determine the quality of the dried agricultural product, 

the main organic acids were analyzed and calculated using 

the (HPLC) system in the Center for Excellence in Research 

of Advanced Agricultural Sciences (CERAAS), Damietta 
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University, according to the procedures of (Tusseau et al. 

1986). The results in Figs.(3.11) occurred from (HPLC) 

show that the concentrations of some important organic 

acids in both fresh and dried chilli, lemon and tomato. It was 

observed that the Oxalic, Malic, Ascorbic, Lactic, Acetic 

and Citric acids concentrations (mg/g) in dried chilli were 

always higher than the same organic acids concentrations 

(mg/g) in fresh chilli especially Malic, Lactic and Citric 

acids which were increased by 76.67, 99.65 and 88.90 %, 

respectively.  

 

 

 

Fig.(3.11): (HPLC) analysis of some important organic 

acids for fresh and dried chilli, lemon and tomato 

using the developed solar dryer. 

While, it was observed that the Oxalic, Malic, Ascorbic, 

Lactic, Acetic and Citric acids concentrations (mg/g) in 

dried lemon were always higher than the same organic acids 

concentrations (mg/g) in fresh lemon especially both Malic 

and Citric acids which were increased by 98.65 and 93.13 

%, respectively. Moreover, it was observed that the Oxalic, 

Malic, Ascorbic, Lactic, Acetic and Citric acids 

concentrations (mg/g) in dried tomato were always higher 

than the same organic acids concentrations (mg/g) in fresh 

tomato especially Lactic, Acetic and Citric acids which were 

increased by 99.76, 93.95 and 91.11 %, respectively.    

4. SUMMARY AND CONCLUSSION 
The experimental work was carried out in Agricultural and 

Bio-systems Engineering Department, Faculty of 

Agriculture, Damietta University, Egypt (Latitude 

31°25′35″ North, Longitude 31°39′03″ East) to 

manufacture and develop the double ventilated solar dryer 

for drying some agricultural products under Egyptian 

conditions. From the obtained results during the summer 

season 2023 for solar drying chilli, lemon and tomato, it 

could be concluded that: 

1. The maximum solar radiation for the dryer chamber, 

collector and ambient were 750 W/m2, 750 W/m2 and 825 

W/m2, respectively.  

2. The maximum temperatures for the entrance; upper, 

middle, lower trays; exit; and collector were 41°C, 64°C, 

62.5°C, 61.79°C, 42.29°C, and 83.9°C, respectively. 

3. The minimum air relative humidity at entrance and exit 

slots  were 11% and 13%, during the day hour of 2pm, 

while the that the maximum air relative humidity at 

entrance and exit slots  were 71% and 65%, during the day 

hour of 9am. 

4. The decrease of moisture content ratio were decreased 

from 85.4%, 86.6% and 88.2% fresh product to 10.46%, 

13.52% and 8.83% dry product in total drying time of 15h, 

21h and 19h for chilli, lemon and tomato, respectively in 

the upper tray and air suction speed of 0.6 m/s. Whereas 

the decrease of moisture content ratio was decreased to the 

same dry product ratio in more total drying time of 19h, 

24h and 24h for chilli, lemon and tomato, respectively in 

the upper tray and air suction speed of 1.6 m/s.  

5. The drying rate were decreased after the first hour of 

drying from 9.37%, 8.46% and 8.32% to 5%, 3.48% and 

4.18% during total drying time of 15h, 21h and 19h for 

chilli, lemon and tomato, respectively in the upper tray and 

air suction speed of 0.6 m/s. Whereas the drying rate was 

decreased from 10.93%, 9.23% and 8.32%  to 3.94%, 

3.04% and 3.31%  in more total drying time of 19h, 24h 

and 24h for chilli, lemon and tomato, respectively in the 

upper tray and air suction speed of 1.6 m/s. 

6. The higher values of solar collector efficiency (C) were 

74.27, 75.74 and 73.09% at the day hour of (1pm) during 

three drying days of 29, 30 and 31/8/2023, respectively 

and 1.6 m/s air suction speed. 

7. The lower values of (S.R.U.E) were 46.35%, 46.35% and 

51.90% around the day hours between (2pm and 3pm) at 

three drying days of 26, 27 and 28/8/2023, respectively 

and 0.6 m/s air suction speed. On the other hand, the 

higher values of (S.R.U.E) were 68.67%, 66.74% and 

62.66% at 9am, and were 74.15%, 57.77% and 52.26% at 

6pm in the same drying days, respectively.  

8. The dried amount of chilli halves, lemon slices and tomato 

slices for each upper tray were 32.40, 28.62 and 25.59 

kg/month; 23.58, 23.58 and 20.61 kg/month and 21.33, 

25.29 and 16.92 kg/month at different air suction speeds of 

0.6, 1.1 and 1.6 m/s, respectively.  

9. The solar drying cost of chilli halves, lemon slices and 

tomato slices for each upper tray were 10.28, 11.65 and 

13.03 L.E/kg.month; 14.14, 14.14 and 16.17 L.E/kg.month 

and 15.63, 13.18 and 19.70 L.E/kg.month at different air 

suction speeds of 0.6, 1.1 and 1.6 m/s, respectively. 

10. The net present worth of total cash income from drying 

of chilli, lemon and tomato under solar dryer was found 

to be 5250 L.E. The benefit cost of chilli, lemon and 

tomato in solar dryer was found to be 17025 L.E. The 
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payback period for drying of chilli, lemon and tomato in 

solar dryer was found to be 98 days or (3 months and 8 

days). 

11. The concentrations of organic acids (mg/g) in dried 

chilli, lemon and tomato were always higher than the in 

the fresh. For chilli, Malic, Lactic and Citric acids 

concentrations were increased by 76.67, 99.65 and 88.90 

%, respectively. For lemon, both Malic and Citric acids 

concentrations were increased by 98.65 and 93.13 %, 

respectively. For tomato, Lactic, Acetic and Citric acids 

concentrations were increased by 99.76, 93.95 and 91.11 

%, respectively.    
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 تطوير وتقييم أداء المجفف الشمسي ذو التهوية المزدوجة لتجفيف بعض المنتجات الزراعية
 1و بدر الدين السيد أبو رياق 1أحمد محمد الشيخة،  1حب محمد أنيس الشرباصيم  

 مصر -جامعة دمياط  -كلية الزراعة  - والحيوية الزراعيةالنظم هندسة قسم ١
قسيم هندسية فيي  2023 ي مي  عيا صييفال الموسمخلال  بعض المنتجات الزراعيةوذلك لتجفيف المجفف الشمسي ذو التهوية المزدوجة تصنيع وتقييم لتطوير و هذه الدراسةأجريت 

ى إمكانيية طيوال العيا  وبيا خي فيي فصيي الصييف وميد الإشيعا  الشمسيي طاقية تيوافر  مي  لدراسيةهيذه اوقد نبعت فكرة  دمياط.جامعة  -كلية الزراعة النظم الزراعية والحيوية ب

 ، وقيد روعييلمنيت  المجفيف وتكلفتيه العالييةاكيالتلو  وعيد  جيودة  الشمسيي التقلييد تجفييف التواجه عملية  المشاكي التيغلب على كطاقة مستدامة ونظيفة، وكذلك الت االاستفادة منه

 م  العناصر الغذائية المختلفة بالإضافة إلى تقليي تكلفة عملية التجفيف.  هلمحافظة على اللون ومكوناتم  التلو  ورفع جودته باالمجفف المحافظة على المنت   ةفي هذه الدراس

 ئي  أساسيي  هما: يتكون هذا النظا  م  جز المطور: الشمسينظام التجفيف  ●

شيفافة مي  البيولي كربونيات  بطبقيةمصينو  مي  الخشيب ومغطيى عبيارة عي  صيندو  وهيو   التجفييف،عمليية رة الهواء المسيتخد  فيي رفع درجة حرايقو  ب : المجمع الشمسي. 1

المجميع . يحتيو  والارتفيا سيم  للطيول والعير   25×١00×200مم في ا على م  أجي تركييز الإشيعا  الشمسيي فيي المنطقية الداخليية. تبلي  أبعياد المجميع الشمسيي   2بسمك 

  بسيمك الامتصياص مباشيرة خليف الغطياء الشيفاب  البيوليصيفائح مطلية باللون ا سود لامتصاص الإشعا  الشمسي. تم وضع   مم 2 على صفائح ألمنيو  مسننة بسمك  لشمسيا

يقيع المحيور الطيولي  تجفييف عبير ا نابييب المرنية.لكيي منهميا إليى ةرفية ال 2سيم  30يمير الهيواء الميراد تسيخينه مي  فتحتيي  جيانبيتي  بمسياحة ، حيث سم ١0طبقة تسخي  الهواء 

تم تثبيت مستشعري  لكي م  كثافة الإشيعا  الشمسيي ودرجية حيرارة الهيواء داخيي المجميع الشمسيي فيي   °30المواجه  شعة الشمس بزاوية ميي  E-Wللمجمع الشمسي في اتجاه 

 . منطقته الوسطى لتحديد قيمهما

مي  الجوانيب العلويية والسيفلية والجانبيية مي  أجيي رييادة درجية حيرارة   ميم 2بسيمك   الخشب ومغطاة بألواح شيفافة مي  البيولي كربونيات مصنوعة م  وهي  :حجرة التجفيف. 2

تجفييف بالطاقية سيم  للطيول والعير  والارتفيا  عليى التيوالي.  تتكيون ةرفية ال ١00×١00×١50هواء التجفيف القادمة م  المجمع الشمسي. تبل  أبعاد ةرفة التجفيف الشمسيي  

السيفلي اليذ  يحميي  هياجانبومي  الخشيب  مصينو  صيينية التجفييفعليى التيوالي. إطيار  ،سيم  للطيول والعير  والارتفيا  5×43×١00  منهياصيينية أبعياد كيي  ١5الشمسية م  

 .الميراد تجفيفهيا الهيواء السياخ  عبير المنتجياتتخليي للسيماح ب  سيم١0 صيينيتي  كيي ذات شكي معي . المسافة الرأسية بيي  خلاياها المنت  الزراعي عبارة ع  شبكة معدنية مجلفنة 

رفية التجفييف عبير هيواء التجفييف مي  المجميع الشمسيي إليى ة تيدف لسيحب و  سيم ١2 قطير وب  توا 50 قيدرة الغرفة وبفي أعلى هواء  سحبةرفة التجفيف مدعومة بمروحتي 

 .تهاسرع مع إمكانية تغيير، ا نابيب المرنة

وذليك مي   ةرفية التجفييف لتحدييد قيمهياالمجميع الشمسيي وشدة الإشعا  الشمسيي ودرجية حيرارة الهيواء ورطوبية الهيواء داخيي الخاصة ب مستشعراتالتم تثبيت   :عراتمستشال. 3

قيائ   د 5وحفي  البيانيات كيي   تسيجييميع إمكانيية  الشمسيي،  لشيدة الإشيعا (LDR)، و مستشعرات نيو  لكي م  درجات الحرارة والرطوبة (DUT22)خلال مستشعرات نو  

 التجربة.إجراء وتخزينها في كارت ذاكرة طوال فترة 

باسيتمرار، حييث تحتيو  هيذه المحطية عليى مستشيعرات لكيي مي   شيدة الشمسي وةرفة التجفيف لقياس ومعرفة المتغيرات الجوية خارج المجمع  . محطة أرصاد جوية متكاملة:4

طيوال فتيرة تسجييهي وحفيه  البيانيهات كيي  واحيد دقيقية  طوبية النسيبية، سيرعة واتجياه الريياح وكمييهة ميياه ا مطيهار السياقطة ، ميع إمكانييهة ، درجية الحيرارة، الرالشمسيي الإشعا 

  .  25لمسافة تبل    (Bluetooth)وتخزينها في كارت ذاكرة أو ربطها بجهار جوال عبر خاصية التجربة إجراء 

 وقد أظهرت النتائج المتحصل عليها ما يلي:  ●

 ١١00 و ١000 ، ١000 هييي: الخييارجي والمحييي  ةرفيية التجفيييفالشمسييي،  لمجمييعفييي كييي ميي  اكييان الحييد ا قصييى لاشييعا  الشمسييي . شدددة اعشددعاش الشمسددي: 1

 على التوالي. ،2 /توا

 ، 62.5 ، 64 ، 4١ هييي: الشمسييي والمجمييعالهييواء والسييفلية ؛ مخييرج  والوسييطيةلوييية ؛ الصييواني العالهييواءمييدخي درجييات الحييرارة القصييوى ل . درجددات الحددرارة:2

  على التوالي.،   83.9و  42.29 ، 79.6١

لهيواء عنيد ل الكبيرى، بينميا كانيت الرطوبية النسيبية ظهيرا   2السياعة  عنيد٪ ١3و ١١للهيواء عنيد فتحيات اليدخول والخيروج  الصيغرى بلغت الرطوبية النسيبية  :الرطوبة النسبية. 3

 . صباحا   9الساعة  عند٪ 65و 7١فتحات الدخول والخروج 

جياب فيي المنيت  لل٪ 8.83و  ١3.52 ، ١0.46طيارج إليى المنيت  لل٪ 88.2و  86.6 ، 85.4نسبة انخفيا  المحتيوى الرطيوبي مي   تانخفض :انخفاض المحتوى الرطوبي. 4

  .  / 0.6الهواء  سحبسرعة عند و ةالعلوي الصواني، على التوالي في ار والليمون والطماطملفلفي الحلكي م  اساعة  ١9و  2١ ، ١5إجمالي وقت التجفيف 

 ١9و 2١ ، ١5إجميالي وقيت التجفييف  ٪ خيلال4.١8و  3.48 ، 5٪ إليى 8.32و  8.46 ، 9.37انخفض معدل التجفيف بعد الساعة ا ولى م  التجفيف مي  : معدل التجفيف .5

  . / 0.6الهواء  سحبسرعة عند و ةالعلوي الصواني، على التوالي في لليمون والطماطملفلفي الحار والكي م  ا ساعة

 30، 29تجفييف ال  خيلال لالالاية أييا  ظهيرا   ١٪ فيي سياعة النهيار  73.09و 75.74 ، 74.27هيي:  الشمسيي المجمعكانت القيم ا على لكفاءة  :)C( الشمسي المجمع كفاءة. 6

  ظهيرا   ١٪ فيي سياعة النهيار  23.64و 27.66 ،28.69هيي:  الشمسيي المجميعلكفياءة  الصغرىكانت القيم بينما  .  / ١.6الهواء  سحبة وسرع ،على التوالي 3١/8/2023و

  . / 0.6الهواء  سحبسرعة عند  على التوالي، 28/8/2023و  27، 26تجفيف الخلال لالالاة أيا  

ميا ٪ حيول سياعات النهيار 5١.90و  46.35 ، 46.35 هيي: الاسيتفادة مي  الإشيعا  الشمسيي لكفياءة الصيغرىم كانيت القيي :(SRUE) الاستفادة من اعشعاش الشمسدي . كفاءة7

  .  / 0.6الهواء  سحبسرعة عند على التوالي و،28/8/2023و  27 ، 26تجفيف الأيا     في لالالاةمساء   3و  2بي   

 23.58 ، 23.58 ؛شييهركجم/ 25.59و  28.62 ، 32.40 هييي: علويييةالطميياطم لكييي صييينية والليمييون ، الفلفييي الحييار شييرائحة المجففيية ميي  كانييت الكمييي . إنتاجيددة المجفددف:8

 على التوالي. ، /  ١.6و  ١.١ ، 0.6ء مختلفة تبل  هوا سحبسرعات عند شهر كجم/ ١6.92و  25.29 ، 2١.33كجم/شهر و  20.6١و

 جنييه/كجم ١3.03و  ١١.65 ، ١0.28 هيي: علوييةالطمياطم لكيي صيينية والليميون ، لفيي الحيارالف لشيرائحكانيت تكلفية التجفييف الشمسيي  . تكاليف التجفيدف الشمسدي:9

 ١.6و ١.١ ، 0.6هييواء مختلفيية تبليي  سييحبسييرعات عنييد  ،جنيييه/كجم شييهريا   ١9.70و  ١3.١8 ، ١5.63و  جنيييه/كجم شييهريا   ١6.١7و  ١4.١4 ، ١4.١4 شييهريا ؛

 .على التوالي ، / 

الفلفيي الحيار والليميون قائمية المصيروفات المدفوعية لتجفييف  يمك  حساب فترة استرداد التكاليف اللارمة للتجفيف بالطاقية الشمسيية وذليك مي  خيلال التكاليف: استرداد. إعادة 10

باسيتخدا  المجفيف الشمسيي والطمياطم  مي  الفلفيي الحيار والليميون العائد مي  المنتجيات المجففيةصافي أما  .مصريا   جنيها   ١7025 والتي بلغتوالطماطم في مجفف الطاقة الشمسية 

 يوميا   98 حيوالي تكيونالطماطم في مجفيف الطاقية الشمسيية لتجفيف الفلفي الحار والليمون والتكاليف المدفوعة استرداد فترة  وبالتالي فإن.  في الشهرمصريا   جنيها   5250فقد بلغت 

 أيا  . 8أشهر و  3أو  فق  

، تيم ي الطارجية. بالنسيبة للفلفيي الحيارجم  في الفلفي المجفف والليمون والطماطم دائما أعلى م  تركيزاتهيا فيات ا حما  العضوية  ملغم/ت تركيزكان :المجفف جودة المنتج. ١١

سيبة مالييك والسيتريك بنرادت تركييزات أحميا  الفقيد ، بالنسيبة لليميونو ؛٪ على التيوالي88.90و  99.65و  76.67ريادة تركيزات أحما  الماليك واللاكتيك والستريك بنسبة 

 على التوالي. ،٪9١.١١و  93.95و  99.76رادت تركيزات أحما  اللاكتيك والخليك والستريك بنسبة فقد ، بالنسبة للطماطم؛ أما على التوالي ،٪93.١3و  98.65

 بأقي تكاليف ممكنة تحت الظروب الآتية:   ر والليمون والطماطمالفلفي الحالتجفيف شرائح ذو التهوية المزدوجة باستخدا  المجفف الشمسي المطور  الدراسةوصي تولهذا 

 كجم/الصينية. ١.5صواني مورعة بالتبادل داخي ةرفة التجفيف لتحميي المنتجات الزراعية المراد تجفيفها في طبقة واحدة وبورن  تسعاستخدا   -١

 طت أفضي معدل لتدف  الهواء وعد  فقد الحرارة م  حجرة التجفيف.  /  ، والتي أع0.6واء عند السرعة البطيئة  لله سحبمروحتي استخدا   -2

وبالتيالي يمكي  اسيتخدا  ، وإنتاجية كلا  م  ا رفف السفلية والوسطية ليم يكي  كبييرأ ا، ةير أن الفر  بي  إنتاجيتهللمنت  المجفف حققت ا رفف العلوية أفضي إنتاجية -3

 جميع ا رفف داخي ةرفة التجفيف. 

 نسبة الانخفا  في الرطوبة، نسبة التجفيف، تكاليف التجفيف، محطة ا رصاد الجوية. المجمع الشمسي، المجفف الشمسي،  لمفتاحية:االكلمات 


