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Fig. 1. Heat transfer from a flat plate, a) the temperature profile of the thermal boundary layer, b) volume
control for energy analysis of smooth boundary flow (Holman, 2002)
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Fig. 2. Solar dryer including collector plate, cabinet, solar panel and specified surfaces for test, 1) Collector, 2) Drying
cabinet, 3) DC motor, 4) Solar panel, 5) Fan, 6) Swivel, 7) Location of photocell
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Fig. 5. Variation of heat transfer coefficient over the time at different surfaces of the collector;
a) with rotation, b) without rotation

Aghanajafi and Dehghani, ) s i o &g g Gygods
et 1508 5l ol Foml st 55 el Sglito Ol
39y Job 2 O Gl & S (g e Jg Ml amio SV
aS ol ] s ol ol S o im0l Jie Gl Loy
2 u’.)lA)f CM::L.)l 9 009 (ZuyN Ojyeods jg) JJ|9| )I Lo)f u:ul)ﬁl
JLasl caioyd dlaims )d 39390 0110 g D)l dgng dxiio Job

Db 1y Gl dmas > gyl slo)S

25
20
E
E 15
z
2
= 10
g —t—S]
= )
5 3
——S4
0
9 10 11 12 13 14 15 16 17
time(hr)
(<)
b

Heat flow(W.m2)

U celuw jl o cdl S oS Canl i csly yol (o
Oygody (S Sis LAl asas o LS 5 may WV celu
s byye o B S8 oged (P JS) 45 iy ol S
ISl s cedl gpl 3 dloe (232 (g OBl axio
394> jo) byl U plusy ©ad b g i (ialjdl 4 g) 59y Ll
K505 g yloj CubdS b iduy o 395 Ay Hlade 4 VY-V el
Mo bl WMo was b 5l Lo Hhade OldT gyt 4 i
@ g Al (§3gm0 yow dedygd (B A o) adgl Clels )3 1
LS JUis ol el 5 donir b LS (0,8 e o
25

20
15
10 =S ]
e S)
5 e S3
et S 4
0
9 10 11 12 13 14 15 16 17
time(hr)
(<)
a

B A (g (S > L (uﬂl ‘O“"j S o.x..;fé.o.? PCT W )I aliseo C?Ja“’ 5 u;)IP Hs ul)».».x)—-l M
Fig. 6. Variation of heat flux over the time at different surfaces of the collector; a) with rotation, b) without rotation



YO oo Sl ool ol b S (o 95 00l o S 33 192 (g% Sy by (o 2

e Dlg OF/AF U wls ¥Y/+F 51 (s o b cdls o g g ¥Y/4N
O s b sl gy b 3 ol IS pliee izen g2
A adyly 5l oly SYYYO jis s L cls gl g lg FRO/5Y
01 S ger dxio (0y90)0 S e b )00 jle 4 el canday
YEIY 250 U astun | Jal slo)S jlade (gauddyed S S )
b 5l oalital b S oy oo o] Cdlato 9 1l o iuldl ao )y

bor pialS Joae (3900 S loj Dde (o232

80
70
£ 60
z
=
=
' 50
D
=
=
S 40
2
30
20
9 10 11 12 13 14 15 16 17
time(hr)
(<)
b

L) oaiiSgen axxio 95 5l adly, Jlisl glo)S JS 500

g 0dd dloe (1) adarly jlosliiwl L (A2 09 5 U252
JS 5 a8 g yshailen cal osd 03l inles ¥ S5 o @l
53 ()l cp it g (n a8 (o NS nl et
J o el ol ol i3 e b s Sl it i 2 (g
onizzen il o oloj Jgb > (o) cudlol il b sl sggay
oSl bl S i e gh Al > ol Jlisl ke
U aly YIYY 1 jid y s e cldls o oyl ! olie ol

80
70
g 60
E
=]
=
= 50
D
=
£ 40
=
30
20
9 10 11 12 13 14 15 16 17
time(hr)
())
a

O o (@ id o b (@l o) sy 0008 gex dzmin | alisie polaw S @yl L] UIM—V Js.w
Fig. 7. Variation of total heat transfer over the time at different surfaces of the collector;
a) with rotation, b) without rotation
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Introduction

Drying is one of the most common methods for storing food and agricultural products. During drying
process, free water that causes the growth of microorganisms and spoilage of products is removed from the
product. There are several methods for drying of agricultural products. one of the most important methods of
investment is drying by using sunlight. Tran is situated at 25- 43°E longitude and mean solar radiation is about
4.9 kWhm™ d”'. Because of the proper solar radiations in 95% of the agricultural areas in Iran, solar drying is
widely used for drying of fruits and vegetables. The use of solar dryer causes saving in energy consumption and
processing costs for drying of products in farms and gardens. Several researchers investigated heat transfer and
heat flow in dryers. Selection of appropriate method was carried out for drying of agricultural products using
heat pump. Experiments were done and mathematical relationships were estimated to obtain correlation
parameters between Reynolds number and Nusselt number for the three cases of solar dryer (cabinet, indirect and
combination).The best working conditions were determined for three types of solar collectors (flat, finned and
corrugated). In this study, the process of heat transfer and heat transfer coefficient of a solar dryer with and

without rotation of absorber plate was compared.

Materials and Methods

The experiments were conducted in Azarshahr, East Azarbayjan province, Iran in September 2014. Newton's
law of thermodynamic was used to analyze the working condition of solar absorber. For this purpose the
absorber plate was divided into four equal parts. According to the thermal equations and related boundary
conditions as well as the relationship between heat transfer coefficient and the temperature gradient, equation (1)
for the Nusselet number obtained:

11 Xy | 11
Nu, = 0.332Pr3Rez |1 — (;) ifx = 0 then Nu, = 0.332Pr3Re2 )

Beside the relationship between Nusselt number and heat transfer coefficient is defined as equation (2):

h k
Nu, = % then h, = Nu, <—) @
k X

Finally variation of total heat flow over the time at different surfaces of the collector is determined by using
equation (3):
q =h(T, — T.,) 3)

Two cases (solar panel with rotation and without rotation) were considered for testing. Data measuring was
carried out for 9 hours from 8 to 17. The fluid flow rate was 0.0185m’ s™'. The dryer was installed in an
environment with air temperature of 31.6 °C and 31.8 °C, with the air velocity of 0.58 m s and 0.54 m s and
with the relative air humidity of about 21%and 21.5% at the first and second days, respectively. The dryer had an
automatic temperature controller to fix the air temperature with an accuracy of 0.1 °C. An anemometer Yk-
2005AM model was used to regulate the required air velocity. The output data of the thermocouples was
recorded by a digital thermometer (DL-9601A, Lutron) that was connected to a computer using RS232 cable and
recorded the temperature at required point every an hour. The relative humidity of the ambient was measured
every hour with a digital hygrometer (HT.3600, Taiwan), accuracy of 3%. By assembling controlling system
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with a DC motor, a precious photocell and a proper mechanism, the frame would rotate by the sun and followed
solar radiation, therefore more solar energy produced in solar panel.

Results and Discussion

The results of the experiments showed that the heat transfer process increased in both cases from the early
morning and reached to its maximum value around 12 to 14 o’clock. The trend was more homogeneous in the
dryer by absorber plate without rotation due to the decline of the heat accumulation. The mean temperature rise
in the solar dryer without rotation was 37°C and in the solar dryer with rotation was 54°C. Because of the
rotation of solar plate, variations of solar radiation were low. Therefore, by rotation of the solar dryer panel the
temperature rise was 27°C. The values of heat transfer coefficient in the solar dryer with rotation were decreased
by the time. This reduction in the hours before noon is more than after noon. This is due to the reduction of the
temperature gradient in the solar absorber plate. Also the results showed that heat transfer coefficient in the
lower levels (S1 and S2) is more than higher levels (S3 and S4). Variations of the heat flow for the solar dryer
with rotation is more than the other. Because in the first one, the absorber plate was followed the solar radiation
and generated heat in the plate increases and the fan does not have the ability to discharge the generated heat.
The total amount of heat transfer in absorber plate with rotation was 36.1% higher than the absorber plate
without rotation. To increase the heat transfer from the dryer, design of the system to change air flow rate by
increasing temperature, can increase the efficiency of the dryer.

Conclusions

In this study the performance of the absorber plate in a solar dryer in two cases with rotation and without
rotation were compared. The results showed that by rotation of the solar absorber plate the output temperature of
the collector rises about 27°C. Thermal fluctuation in the rotation solar plate is lower than the solar plate without
rotation.

Keywords: Absorber plate, Heat flow, Heat transfer coefficient, Solar dryer



