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REALIZATION AND EXPERIMENTAL STUDY OF A FORCED CONVECTION 

SOLAR DRYER 

 

 

 

Abstract 

Post-harvestlossesrepresent a significant cause of foodinsecurityworldwide. Theselosses not 

only affect the availability of food, but theyalso impact the economicstability of farmers and 

communitiesdependent on thesecrops. Food drying presentsitself as a viable solution to 

reducethese post-harvestlosses and ensuregreateravailability of food for humanconsumption. 

It is in thiscontextthatourwork on the creation of an indirect solardryerwithforced convection, 

integrating an automatictemperature control system, takes place. This studyconsisted of 

creating a prototype and subsequentlycarrying out drying experiments on onions in order to 

evaluate the performance of the device. Our experimentstook place fromOctober 25 to 

October 29, 2023 at Joseph KI-ZERBO University. After 8 hours of drying, only 12% of the 

initial mass of the onionsremained. The solar thermal collector presented an efficiency of 

62%. And a drying efficiency, estimated at 17% with an averagesunshine of 600W/m
2
. 

Keywords: drying, forced convection, thermostat, yield, onion. 

 

 

1. INTRODUCTION  

The processing and preservation of foodproductsconstitutes an important issue, especially in 

countries wherefood self-sufficiencyis not alwaysguaranteed. It istherefore important 

aftereachharvest to ensure the proper conservation of products in order to ensure a stable 

supply of foodevenwhenfreshproducts are not available. Conservation alsohelpsreduce post-

harvestlosses and wastage of surplus crops. By preservingfood for periods of shortage, 

itpromotesfood self-sufficiency and contributes to the well-being of communities. Reducing 

post-harvestlossesallowsproducers to improvetheirincome, lowercosts and preserve the 

environment [1]. Todaythere are severalmeans and techniques of preservationsuch as 

refrigeration, freezing, pasteurization, drying, etc. Drying has long been used over the 

centuries in differentsocietiesaround the world as a technique for preservingproducts. The 

advent of progressthrough the consideration of hygiene and the speed of responding to 
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requests for driedproducts have led to the development of several drying methods[2]. Drying 

foodproducts corresponds to a reduction in the water content inside the product. But the use of 

fossil fuels for drying poses a major problem of cost and environmental protection. Thus, itis 

important to use renewableenergiessuch as solarenergy [3-5]. 

Burkina Faso has a significantsolarresource. Itsaveragedailysunshineisaround 5.5 kWh/m²/d. 

There isthereforeconsiderableinterest in the scientificstudy of solardryers. Solar drying is a 

conservation and recovery process whichpromotes the storage of food and which uses 

solarenergy as aheating source, itconstitutes a cost-effective means for the dehydration of 

agro-foodproducts at lowtemperatures [6.7]. It is an efficient, sustainable and 

environmentallyfriendlytechnology. For thispurpose, there are several types of solardryers. 

Depending on the mode of theiroperation, wedistinguish: direct wagedryers, indirect 

solardryers, hybridwagedryers, mixed wagedryers [8]. 

Indirect solar drying offers a superior solution by enablingcontrolled drying 

processesthatpreserve the quality and nutritional content of products [9,10]. 

In drying industries, an improvement in energyefficiency of 1% leads to profit growth of up to 

10% [11]. For the same final humidity, the relative thicknesses of the products are not 

constant [12]. An increase in drying air temperature leads to a reduction in drying time [13]. 

The literatureactually tells us that the indirect solardryer has better performance compared to 

the direct dryer. This is how a lot of work has been carried out onthis type of dryer, some of 

whichwe cite. 

Boulemtafes and D. Semmar, [14] in 1999 alreadydesigned an indirect dryer and testedits 

performance through drying experiments. Djamel Mennouche [15] using an indirect 

solardryereffectivelydriedmint and was able to concludethat the drying presented a single 

phase. BenseddikAbdellouahab[16] carried out and numericallystudied the drying of figs in 

an indirect solardryer in forced convection. Dianda et al [8] studied the performance of an 

indirect solardryerwith a collectorfittedelsewhere in drying papaya. Thierry et al [17] studied 

the performance of an indirect solar collector dryerequippedwithhemisphericalconcentrators 

by drying mango and ginger. 

The presentworkcontributes to the improvement of this type of dryerwith new technology. 

Firstly, itis a question of creating an indirect solardryer, withforced air circulation and having 

an automatictemperature control system in order to allow the drying of a wide range of 
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productswhilerespecting the temperatureintervals. required to retain the maximum of 

theirnutritional values. Secondly, an experimentalstudyiscarried out to determine the 

performance of the dryerproduced. 

2. MATERIALS AND METHOD 

2.1 The dryer 

 

 The solar collector 

The collectorisfixedabove the drying box. A frame inclined on bothsides carries clear 

glass glazing on eachslopewith dimensions: 1mx 0.3m x 0.005m. This double 

slopeoffersbetter capture of solar rays throughout the day. Below the glazingis the 

absorber whichis a sheet of iron (7 mm) painted black. This absorber isabove the drying 

box. The entiredryerrests on a 20 mm square tube support with a height of 0.6 m. 

 The drying box 

The drying box is the enclosure which must contain the products to bedried. It is important to 

ensurethatitiswellinsulated to avoidheatloss. Our drying box is made of ironusing 20 (mm) 

square tubes. It has a length of 1m, a width of 0.6m and a height of 0.16m. A layer of 2 cm 

polystyrene insulation on the side and bottomwalls. The interior of the drying 

chamberislinedwithaluminumsheet. Inside the drying box are placedtwo racks 1m long and 

0.55m wide. A downwardcurveddoorallows for closure and preventsheatleakage. On 

thisdoorwhere the fresh air enters are the 3 fans, the thermostat and the PV solar module. The 

air outletisslightlyraisedupwards, whichallows for a difference in levelbetween the air inlet 

and outlet. 

 The forced convection and temperature control system 

To force air convection and ensuretemperature control inside the dryer, we have threeidentical 

fans and a thermostat. This equipmentoperatesusing a PV module sizedaccording to needs. 

The characteristics of thisequipment are recorded in table 1: 

Table 1:characteristics of the electricaldevicesused 

Devices Number  Voltage Power Operating time   Energy 

Fan 03 12V (DC) 1,80 W 08h 43,20 Wh 

Thermostat 01 12V (DC) 0,02 W 08h 0,16 Wh 
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PV Module  01 12V (DC) 10Wc 08h  

 

 Operating principle of the dryer 

The forced convection solardryerwithautomatictemperature control operatesusingsolar 

thermal and photovoltaicenergy. In fact, the solar collector withtwoslopeslocatedabove the 

drying box transforms the sun's rays intoheat. The air entry into the dryerisforced by a fan 

(which in principleimproves the drying process) powered by PV energy. Once this air is in the 

dryer, itheats up by recoveringheatfrom the absorber (whichis the upper part of the drying 

box). This hot air drawsmoisturefrom the products and then escapes through the upperopening 

of the dryer. 

 

 

 

 

 

 

Figure 1: forced convection solardryer 

 

To control the temperatureinside the dryer, we have a thermostat equippedwith a probe 

thatisplacedinside the drying box. The othertwo fans are connected to the thermostat. 

Depending on the need, weadjust the minimum and/or maximum temperature to beinside the 

dryer. Once the desiredtemperatureisreached, the thermostat closes or opens the electrical 

circuit to turntwo fans on or off. This automatictemperature control allowsvariousproducts to 

bedriedwhilemaintaining the temperature range required to preservetheirnutritional or 

organolepticproperties as much as possible. 

2.2The devicesused 

To carry out ourexperiments, weused the followingdevices: 

- a GRAPHTEC brand data logger model midi LOGGER GL 220 equippedwith 10 

thermocouples to record and record temperature values, 
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- an SR03 type pyranometer, Sensitivity 9.58 µV (W/m2) to measuresolar lux, 

- a hot wireanemometer to record the air speed values, 

- and a PCE-BH 6000 brand electronicscale to measure the mass of the productduring drying. 

Figure 2 shows thesedifferentmeasuringdevices. 

 

a) b)  c)  

 

d)    e)  

Figure 2: datalogger (a), thermocouples (b), pyranometer(c)anemometer (d), electronicscale(e) 

 

2.3Mathematicalapproach 

 Water content 

The water content over time isdetermined by the following relationship: 

𝑋 𝑡 =
𝑚 𝑡  𝑋0+1 −𝑚0

𝑚0
(8) 

With X(t): water content of the product at time (t), m(t): mass of the product at time (t) in kg, 

Xo: water content of the product on a dry basis and mo: initial mass of the product (kg). 

 Dryerefficiency 

The efficiency of the dryerisdetermined by the following relationship : 
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ɳ =
𝑚𝑒×𝐿𝑉

𝑁×𝐺×𝑆
(9) 

With ɳ: dryerefficiency, me: mass of water extracted (kg), Lv: latent heat of vaporization of water 

(J/kg), N: Drying time, G: Averagesolar irradiation (W/m
2
) and S: collector surface (m

2
). 

 

 Average air flow 

The average air flow D (m3 /s) at the inlet of the dryeris calculated as follows: 

𝐷 = 𝑉 × 𝑆 = 𝑉 ×  𝜋 × 𝑅2(10) 

With V: air speed at the dryerinlet (m/s), S: air inlet section (fan surface) in m2 and R: fan 

radius (m). 

 

 Collector performance 

The efficiency of the collectorɳcisdetermined by the followingrelationship:[18] 

ɳ𝑐 = 𝐹𝑅𝛼𝜏 − 𝐹𝑅𝑈𝐿
(𝑇𝑠−𝑇𝑒)

𝐼𝑡
(11) 

FR𝛼𝜏 : Optical efficiency, 𝐹𝑅UL : Overallheatloss coefficient. It : Incident solar irradiation of the 

collector in (W/m
2
), Ts : Air temperature at collectoroutlet(°C), Te : Air temperature at 

collectorinlet (°C). 

2.4 The onion 

The driedproduct for the experimental phase is the onion. Onion production 

worldwideisaround 18,859,001 tonnes, a significant part of which (508,740 tonnes) 

comesfrom West Africa. However, the lossesrecordedduring conservation, despite the 

differentmethodsused, reach 22% [19]. Driedonionisincreasinglyintegratingintoeating habits 

and has become a standard ingredientused as an aromatic additive in severalagro-

industrialproductssuch as sauces, soups, sausages, meats, fries, biscuits, etc. 

3. RESULTS AND DISCUSSION 

3. 1. No-load tests  

Wecarried out tests withoutloads in the dryerduring the day of October 25, 2023. Duringthese 

tests wemonitored the sunshine, the speed of the air at the entrance to the dryer, the 

temperature of the air in the collector and in the drying box. The resultsobtained are presented 

and discussed.  
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Figure 3 shows the sunshineevolutioncurve. 

 

Figure 3:evolution of sunshine 

Wegenerallyseethatsunshineincreasesconsiderably in the morning and reaches a maximum 

value of around 1000 W/m2 beforedecreasing. However, cloud disturbancesoccurred, 

causingsawtooth variations in the solar flux. The average irradiation value on 

thisdayisapproximately 703 W/m2. 

Figure 4 shows the evolution of the air temperature at the collectorlevel.. 
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Figure 4: Evolution of the temperature in the collector 

All thesecurves look practically the same. The air temperature at the collectorinlet varies 

slightly and isapproximatelyequal to the ambient temperature. However, the air temperature at 

the outletissignificantlyhigherthanthat at the inlet. This is proof that the air receivesheat and 

itstemperatureincreases. Wesometimes notice a drop in the air temperature at the 

outletwhichis due to the reduction in sunshine; the heating of the air isthereforelinked to 

sunshine. The maximum air temperaturerecorded at the outletis 69.5°C. The average air 

temperatures at the inlet and outlet of the collector are 37.83°C and 60.58°C respectively.. 

Figure 5 represents the evolution of the temperature in the drying box. 

 

Figure 5: evolution of the temperature in the drying box 
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The temperatures on the two racks show the same trends. Even if at times the temperature of 

the two racks seems to beidentical, we notice that rack 2 has a slightlyhighertemperaturethan 

rack 1. In fact, rack 2 is the one closest to the absorber, which justifies 

itstemperaturehigherthanthat of rack 1. 

Figure 6 represents the evolution of the air speed at the inlet of the dryer. 

 

Figure 6:air speed at dryerinlet. 

The speed measuredhereisthat of the air propelled by the fan at the inlet of the dryer. We 

observe that the speed curve varies littleduring the day. This meansthat the fan brings in air 

almostconstantly. The averagemeasured speed isapproximately 3.1 m/s. 

The calculated air flow rate D at the dryerinletis: D= 0.029 m
3
/s. The efficiency of the 

collectorɳcis: ɳ_c= 0.62 or 62%. 

3.2 Loadtesting 

In order to determine the actual performance of the dryer, wecarried out onion drying tests 

betweenOctober 26 and 28, 2023. 

 Temperature and sunshine 

Thanks to the data logger and the pyranometerrespectivelywefollowed the evolution of the 

temperature of the drying air on the racks and the sunshinereceived on the drying site.  

 

Figure 7 represents the evolution of sunshine and air temperature on the racks. 
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Figure 71: evolution of the temperature of the onion on the racks on October 26, 2023 

The daywasslightlysunny and punctuated by cloudyperiods. This can beseen by the lowlevel 

of sunshinefrom 11:30 a.m. onwards. As for the temperatures on the two racks, they have the 

sameappearance and follow the sunshine. Around 11:48 a.m. the maximum temperatures on 

the racks wererecorded. They are approximately 60°C for rack 2 and 56°C for rack 1. Rack 2 

beingcloser to the absorber, has a temperaturehigherthanthat of rack 1. In fact, when the 

absorber heats up, itdissipatesitsheat in the drying box whichis first received by rack 2. 

Someauthors have obtained the sameresults [20-22]. 

This air loses part of the energy to evaporate the water from the productsbefore passing to 

rack 1. The action of the fan promotes the passage of air over rack 1. The 

temperaturedifference on the racks underloadisclearly visible compared to the empty test due 

to the factthat the air loses heatbefore passing over the next rack.  

 Drying kinetics 

During drying wefollowed the evolution of the mass by weighing and wecalculated the 

content using the relation of equation 8. Drying iscompletedwhen the mass 

aftertwoweighingsremainspracticallyunchanged. 1000g of onionissubjected to drying. 

Figure 8 shows the evolution of the water content of the onion on the racks during drying. 
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Figure 8: Evolution of the water content of the onionduring drying 

The kinetics of onion drying onlypresents a decreasing phase, whichis the case for most agri-

foodproducts [23]. The shape of the curvesrevealsthat the water content decreasesrapidly at 

the start of drying, then more and more slowly. Indeed, at the start of drying, the mechanism 

of movement of water by capillary action through the walls of the pores of the slices towards 

the surface takes place in an acceleratedmanner, thusreflecting a fairlyrapidreduction in the 

water content in the product..  

Drying lasted 8 hourswith a final water content of around 12%. This final value of water 

content is consistent withliterature data.  

Figures 9 and 10 show the onionsbefore and after drying. 

 

Figure 9: onionbefore dryingFigure 10: onionafter drying 

 

 Dryerefficiency 
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The efficiency of the dryercalculated by the relation in equation 11 isworth ɳ= 0.17 or an 

efficiency of 17%. This yieldisquiteaverage. 

 Temperature control system 

The temperature control system allowsyou to adjust the temperatureinside the drying box to 

adaptit to the product to bedried. Wetesteditseffectiveness by setting the maximum air 

temperature in the box at 60°C. 

Figure 11 illustrates the evolution of temperature and sunshinewhen the temperature control 

system isactivated. 

 

 

Figure 11: evolution of temperature and sunshinewith the temperature control system 

 

We observe thataround 8 a.m. and 9:20 a.m., temperaturesincrease, as does the sunshine. 

However, from9:23 a.m., a sudden drop in temperaturesoccurs, fromaround 60°C to 45°C. 

Temperaturesremainrelatively stable in the range of 45°C to 55°C whilesunshine continues to 

increase. This observation clearly highlights the importance of ourtemperature control system 

during the drying process. In fact, we note thatwhen the temperaturereaches 60°C, whichis the 

maximum temperature not to beexceeded, the system isautomaticallyactivated to 

lowerthistemperature. The system allows the temperature to decreaseeventhough the sunshine 

continues to increase. 

 

4. CONCLUSION 
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A new indirect solardryertechnology has been developed and tested. The tests werecarried out 

empty, underload and with the temperatureregulationdevice. The drying kinetics of the 

driedproduct, namely the onion, showedonly the decay phase and a final content of 12%. The 

efficiencies of the collector and the dryer are 62% and 17% respectively. The temperature 

control system effectivelycontrols the air temperature in the drying chamber. This system 

shows good performance. 
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