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OAT DRYING USING MOBILE AIR HEATING SOLAR COLLECTOR

AVIZU DZIOVINIMAS NAUDOJANT MOBILU ORO SILDYMO SAULES
KOLEKTORIU
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The aim of this research was to determine the effectiveness of oat grain drying using
air heating solar collector’s heated atmospheric air. The experiment took place in Spring.
The obtained results and their analysis confirms and proves air heating solar collector ap-
plication effectiveness and efficiency of agricultural products drying. Oats grain drying
using air heating solar collector heat up the air with an average temperature 33°C provide
5,1 ¢/100g water removal after 6.5 hours of drying. At the initial grain moisture 25.85%
after 8 hours of drying using solar air heating collector with heating air temperature 33°C
5 cm thick grain layer moisture reaches 14.4%. Oat grain layers temperatures and moistures
changes depending on the drying time are given.

Oat, drying, solar collector.

Introduction

Preservation of agricultural production is a very important problem to be
solved producer of this product. One of the way of the preservation of products is
drying. Drying process is the use of products with low water activity, thereby inhi-
biting the production of microbial reproduction and enzyme activity, and can give
the flavor of a good product to achieve long-term storage, easy to transport, easy to
consumer spending. During drying, heat is supplied and the volatile component,
mainly water, is eliminated from the material mixture.

Many studies were done to process cereals, carrot, apples and etc. drying by
small heated air. The researches have been investigate the influence of some pro-
cess parameters (temperature, sample thickness, layer thickness, air flow rate, etc).

On the other hand the solar energy collectors are special kind of heat
exchangers that transform solar radiation energy to internal energy of the transport
medium. This is devise that absorbs the incoming solar radiation, convert it into
heat, and transfers the heat to a fluid (usually water, air or heat transfer oil) flowing
through the collector.
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In general, solar air heaters are flat-plate collectors (FPCs), consisting of an
absorber, a transparent cover, and backward insulation. The performance of solar
air heaters is mainly influenced by meteorological parameters (direct and diffuse
radiation, ambient temperature and wind speed), design parameters (type of collec-
tor, collector materials) and flow parameters (air flow rate, mode of flow). The
principal requirements of these designs are a large contact area between the absorb-
ing surface and air (Kalogirou, 2009).

The air heating collectors can be used in two main directions- for production
drying and room heating (ventilation). Production issues through drying in the sun-
warmed air are discussed a lot in works (Mulet et al., 1993, Ratti & Mujumdar
1997, Andoh et al., 2010; Aboltins & Upitis, 2011, 2012).

Over the past years in the Latvia growing oats sown area. This means that an
increasing interest in oat drying and storage. Drying costs are high, so try to use
alternative energy sources, such as. solar energy. Based on Latvia University of
Agriculture obtained LV patent N°14310 is made air heating solar collector. This
collector was used for heating ambient air and drying wet oats.

The aim of the study is to investigate oat drying possibilities using air heat-
ing solar collector.

Materials and Methods

The mobile air heating solar collector technical solution is based on three
key elements (Fig.1) — carts with hydraulic lifting platform at an angle from 0 to 40
degrees, the two modules foldable flat-plate solar collector (2 modules (120 cm X
80 cm x 12 cm) in total surface area of 1,92 m?) and fan (capacity 290 m*/h and
power consumption of N =58 W) (Fig.1).

Fig.1. Drying equipment with mobile air heating solar collector: 1 - modular solar
collector with variable angle setting; 2 — fan; 3 — air inlet; 4 — drying equipment; 5 — scales.

1 pav. Dziovinimo jrenginys su mobiliu oro kaitinimo saulés kolektoriumi: 1 — mo-
dulinis kei¢iamo posvyrio kampo saulés kolektorius; 2 — ventiliatorius; 3 — oro kanalas;
4 — dziovykla; 5 — svarstyklés.



Moisture-resistant plywood panels of 8 mm thick used as body material.
6 mm thick clear polycarbonate sheet of cells is used as a covering material, which
is mechanically and atmospherically resistant, as well as be effective from the ther-
mal point of view. Prefabricated modular solar collector panel for increased surface
area and capacity and provides easy handling and safe storage in compact state. Ab-
sorber was made of 0,5 mm thick sheet metal plate coated with black matte paint.
Absorber was placed in the middle of the collector. For the studies made cylindrical
experimental ventilation equipment (4) (with volume 200 liters) located on the sca-
les (5) and connected with isolated air supply (3) to the solar fan (1). (Fig. 1)

Fig. 2. Grain temperature measurement sensor location
2 pav. Grudy temperatiros matavimo jutikliy iSdéstymas

Fig. 3. Humidity measurement in grain layer
3 pav. Griidy masés drégmés matavimas

Experiment used 25,7% wet oats. Air heating was performed using a mobile
air heating solar collectors. Beginning of drying atmospheric temperature was 14 °C.

Results and Discussions

Oats drying experiment took place at 01.05.2013 during the time from 11:30
to 18:00. Experiment investigated the air-heating efficiency of mobile air heating



collector (Fig. 4). Solar collector efficiency is characterized by its ability to raise
the flowing air temperature which depending on the solar radiation. The
experiment showed that the given collector at solar radiation between 700 W/m? to
850 W/m? heat the atmospheric air by an average of 25 °C. At solar radiation
between 300 W/m? and 500 W/m? air was warmed by 8-10 °C. The ambient air
average temperature during experiment was 15,1 °C.
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Fig. 4. Heated and ambient air temperature changes depending on the solar radiation
4 pav. Kaitinamo ir aplinkos oro temperatiiros kitimas priklausomai nuo saulés
spinduliavimo stiprio

Solar heated air was passed to drying equipment which is filled with oat
grains (Fig. 1). Grain temperature dynamics in oat layers shows air heating solar
collector heated air effects on grain temperatures (Fig. 5).
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Fig. 5. Oat grain layer temperature changes depending on the drying time
5 pav. Avizy sluoksnio temperatiiros kitimas prikalusomai nuo dziovinimo laiko



Grain temperature increases is gradually in the grain layer from the input of
warmed air it is 5, 15, 35 and 50 cm thick layer. Visible the deviation of time for
temperature increase, depending on the layer thickness. This can explain with the
drying front movement and drying is connected with water removal, which requires
energy. All drying time oat grain temperature at 50 cm depth insignificant changes.
At 35 cm depth temperature starts to increase rapidly after 3,5 hours. Grain tempe-
rature changes is similar, only it is different from the layer thickness (Fig. 5).
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Fig. 6. Moisture removal from wet oat layer dependence from drying time
6 pav. Drégmeés pasalinimo i§ drégnojo avizy sluoksnio priklausomybé nuo dziovi-
nimo laiko

The total water removal from oat shown at Fig. 6. At the first 4 hours of dry-
ing at average warmed air temperature 36,7 °C water removal at 1 hour was 0,9-
1,0 g/100 g drying grain. Decrease of solar radiation reduce the collector-heat tem-
peratures as a result of the moisture removal decreased to 0,4-0,5 g/100 g. This can
be explained by the fact that in the afternoon increased relative humidity of air and
drying rate decreases.

Dried material moisture reduction depends not only on the grain thickness of
the layer but also the drying time (Table 1).

Table 1. Oat moisture changes in layer depending on the drying time
1 lentelé. Drégmés avizy sluoksnyje pasikeitimas priklausomai nuo dZziovinimo laiko

Thickness of oat Oat humidity, %
layer At beginning After 2 h After 4 h After 6 h After 8 h
5cm 25,8 24,3 22,9 17 14,4
25cm 25,9 25,5 24,9 23,9 19,3
45 cm 25,9 25,9 25 24,9 21,6
65 cm 25,8 25 22,8 20,3 19,4
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At the initial grain moisture 25,85% after 8 hours of drying using solar air
heating collector 5 cm thick grain layer moisture reaches 14,4%. This means that
the continued drying, the lower layer of grain over dried, which is not desirable.
There is a need to solve the removal of the dried grain from drying equipment.
Drying zone moves from the bottom layer to the top, it means that the air wetted at
bottom layer intake less moisture from upper grain layers. Studies have shown as
illogical moisture reduction after 2 hours drying in 65 cm layer comparing with
45 cm thick. This is due to the fact that the upper layer of oats shone upon the sun,
warmed it and wind addition dried it.

Conclusions

1. Oats grain drying using air heating solar collector heat up the air with an
average temperature 33 °C provide 5,1 g/100 g water removal after 6,5 hours of
drying.

2. Cereal harvest period in July-August, when the solar radiation and ambi-
ent air temperature is high drying efficiency of the solar air heating collector only
increase.

3. Research shows solar collector efficiency, but does not solve the dried
grain handling from this drying equipment

References

1. Kalogirou, S. 2009. Solar energy engineering: processes and systems. (1
ed), Academic Press Elsevier Inc., USA.

2. Mulet, A.; Berna, A.; Rosello, S.; Canellas, J. 1993. Analysis of open sun
drying experiments. Drying Technology, 11, 6, pp.1385-1400.

3. Ratti, C.; Mujumdar, A.S. 1997. Solar drying of foods. Modelling and
numerical simulation. Solar Energy, 60 3-4, pp.151-157.

4. Andoh, H.Y.; Gbaha, P.; Koua, B.K.; Koffi, P.M.E.; Toure, S. 2010.
Thermal performance study of a solar collector using a natural vegetable fiber,
coconut coir, as heat insulation. Energy for Sustainable Development, vol. 14, pp.
297-301.

5. Aboltins A., Upitis A. 2011. The mathematical model of carrot slices dry-
ing. Poljoprivredna tehnika XXXIV (2), pp. 69-75.

6. Aboltins, A.; Upitis, A. 2012. Experimental and theoretical investigation
of agricultural material drying process. 11" International Scientific Conference
., Engineering for Rural Development”, vol.11, Jelgava, p. 93-98.

7. Palabinskis, J.; Aboltins, A.; Kunkulis, A. LR Patent No 14310 ,,Trans-
formable, mobile air heating solar collector” (2011).

11



Aivars Aboltins, Janis Palabinskis

AVIZU DZIOVINIMAS NAUDOJANT MOBILU ORO SILDYMO SAULES
KOLEKTORIU

Sio tyrimo tikslas buvo nustatyti avizy griidy dziovinimo efektyvuma naudo-
jant saulés kolektoriuje Sildoma atmosferos ora. Eksperimentas atliktas pavasarj.
Gauti rezultatai ir jy analizé patvirtina ir jrodo oro Sildymo saulés kolektoriuje ir
saulés kolektoriaus taikymo zemés iikio produktams dziovinti efektyvuma. Saulés
kolektoriuje oras susildomas vidutiniskai iki 33 °C temperaturos, dél to po 6,5 va-
landy dZiovinimo i§ avizy sluoksnio pasalinama 5,1 g/100 g drégmés. Esant pradi-
nei 25,85 % griidy drégmei, po 8 valandy dziovinimo, susildant ora saulés kolekto-
riumi iki 33 °C laipsniy, 5 cm storio gridy sluoksnio drégmé sumazéja iki 14,4 %.
Avizy griidy sluoksnio temperattiros ir drégmés pokyc¢iy priklausomybés nuo dzio-
vinimo laiko grafikai yra pateikti straipsnyje.

Avizos, dziovinimas, saulés kolektorius.

AtiBapc AbontuHc, Suanc [lanabunackuc

CVYIIKA OBCA ITYTEM HAT'PEBA BO31YXA MOBUJIbHBIM
COJIHEYHLIM KOJUUIEKTOPOM

Henpto naHHOTO MCCIENOBaHUs OBIIO onpeaeieHrue 3PPEKTHBHOCTH CYLITKU
oBca aTMoc(hepHBIM BO3IyXOM, HArpeThIM COIHEYHBIM KOJIEKTOPOM. DKCIEpH-
MEHT TIpoBeJieH BecHOH. [lomyueHHbIe pe3ynbTaThl U UX aHAIU3 TMOATBEPKAAI0T U
JIOKa3bIBAIOT KakK 3()()EeKTUBHOCTH HarpeBa BO3AyXa KOJJIEKTOPOM, Tak U d(dek-
THBHOCTh €r0 MPUMEHEHUs AJI1 CYLIKU CEJIbCKOXO3SHUCTBEHHON mpoaykuuu. B
COJIHEYHOM KOJUIEKTOPE BO3AyX HarpeBaeTcs A0 cpenHel temnepatypsl 33°C, uro
o0ecrieunBaeT yJajleHue U3 cJiost OBCsiHOro 3epHa 5,1 r/100r Biaru mocie 6,5 ya-
coB cymku. [lpu HaganpHON BiIaXKHOCTHU 3epHa 25,85 %, mocie § 4acoB CyIIkH, ¢
WCIIONIb30BAaHMEM BO3/yXa, HATPETOTO COJIHEYHBIM KoJutekTopoM 1o 33°C, B cioe
3epHa TOJIIIMHON 5 cM ypoBeHb Biaru jgocturaet 14,4 %. I'paduku nsmeHeHuit
TEMIICPATYPBI U BJIaru CJIOSA OBCAHOI'O 3€pHA B 3aBUCUMOCTU OT BPEMCHH CYIIKH
MIPUBEJICHBI B CTAThHE.

Oesec, cywika, COnHeu bl KOAIEeKmOop.
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