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The drying process is the most important process in the Libyan agricultural sector for agricultural products export 
value. Libya uses a direct drying system from solar radiation, but it provides a large energy loss and decreases the 
agricultural products quality. Solar air heater technology was developed to solve these problems. One indicator of 
the solar air heater performance is infl uenced by the solar radiation energy absorption distribution to heat the airfl ow, 
which can be seen from the changes in air temperature and infl uences the thermal effi ciency. The addition of fi n ele-
ments can optimize these mechanisms. This research was conducted to analyze the effect of fi n elements (geometry 
and fi n number) on air temperature rise through three methods i.e. measurement of air fl ow characteristics, heat 
transfer rate and thermal effi ciency of solar air heater. The results showed that fi n elements with a length of 1 m and 
a high range between 0.197 m to 0.221 m and the fi n number of 10 pieces were able to increase the air temperature 
from 350C to 71.80C so that the thermal effi ciency of solar air heater reached 51.5%. The performance of this tech-
nology can be applied to the agricultural products drying process in Libya.
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INTRODUCTION

Drying agricultural products is an important process in 
Libya's agricultural sector, because Libya's dry agricultur-
al products have a high export value on the international 
market, and are able to increase Libya's gross domestic 
product (GDP) value by 12.1% [1]. The working principle 
of drying is to reduce the product moisture content to 
reach a safe level through the evaporation process by 
controlling heat energy from solar radiation as an energy 
source so that the saving life of products is longer and 
easier [2–4]. The solar radiation energy each region is 
different because it depends on the conditions of the so-
lar irradiance tilt angle, and latitude of a country [5–7]. 
Libya has a latitude of 32.90N and a sunshine slope of 
34.100, where this condition can receive solar radiation 
energy of 2300 kWh/m2/year up to 2956.5 kWh/m2/year 
with a sunshine duration of 3500 hours/year [6,8,9]. 
The energy potential of solar radiation can improve the 
drying process of agricultural products [5]. The drying 
process in Libya still uses conventional methods through 
direct drying under the sun, however, this drying process 
has some disadvantages, among others, its dependence 
on weather conditions which causes an increase in so-
lar radiation energy losses, and agricultural products 
are attacked by insects and thus reduce the agricultural 
products quality [10]. One of the technologies that can be 
utilized for the drying process in Libya is the technology 
of solar air heater, where this technology uses indirect 
drying process that utilizes the solar radiation energy ab-
sorption to heat the airfl ow so that the air fl ow tempera-
ture increases [11,12] then the air fl ow can be used for 
the drying process of agricultural products. The solar air 

heater technology can be shown in Figure 1.
The solar air heater has main parts among others are air 
fl ow ducts, glass cover, absorbent plate, and insulation 
plate [15,16]. Based on these parts the solar air heater is 
divided into two types i.e. single-pass and double-pass 
[17–19]. The single-pass uses an air fl ow mechanism 
through the top or bottom of the absorbent plate from 
the inlet to the outlet of the solar air heater [20]. The dou-
ble-pass type uses an air fl ow mechanism through two 
types of fl ow i.e. counter-fl ow or parallel-fl ow where the 
air fl ow through the top as the solar air heater inlet and 
the absorbent plate bottom as the solar air heater outlet 
so that the air fl ows twice, therefore the airfl ow utilizes 
solar radiation energy optimally [20]. Both types of so-
lar air heater have different effi ciency levels, where dou-
ble-pass types have a higher effi ciency level of 10% to 
15% compared to the single-pass effi ciency [15,20,21].
Some research have also developed the solar air heat-
er design by adding fi n elements to the absorbent plate 
part. The design development with the addition of fi n el-
ements to expand the heat energy absorption fi eld area 

a) b)

Figure 1: Solar air heater design a) single-pass and 
b) double-pass [13,14]
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Figure 2: The solar air heater with double-pass type

No. Parts Dimension (L x W x H) Materials
1. Glass cover 1.2 m x 0.8 m x 0.004 m Glass
2. Absorber plate 1.0 m x 0.8 m x 0.003 m Copper
3. Fins element 1.0 m x 0.06 m x 0.018 m Copper
4. Insulation plate

a. Left side
b. Right side
c. Back side

1.1 m x 0.04 m x 0.11 m
1.1 m x 0.04 m x 0.11 m
1.1 m x 0.04 m x 0.11 m

Cork
Cork
Cork

Table 1: Material of double-pass solar air heater

from solar radiation has the aim of increasing the solar air 
heater outlet air fl ow temperature so that it infl uences the 
thermal effi ciency rises of the solar air heater and can be 
used for drying agricultural products. The modifi cation of 
fi n elements that have waveforms by changing the length 
and amplitude of fi n elements, where it can increase the 
amplitude and length reduction of the fi n element which 
produce a solar air heater thermal effi ciency of 78.6% to 
78.8% [22]. The addition of fi n elements using the type 
of offset where each increase in distance and height of 
the offset fi n elements resulted in an increase in thermal 
effi ciency of the solar air heater starting from 30.56% to 
74.57% [23]. The utilization of fi n elements with three 
types among others are rectangular, triangular, and ellip-
tical, where the rectangular fi n type produces the higher 
thermal effi ciency of 5.5% to 12.5% compared to the oth-
er two types of fi ns [13]. The fi n elements made chang-
es the geometry using the herringbone corrugated type, 
where this type uses zig-zag-shaped fi n elements to ob-
tain a thermal effi ciency of 71.4% [24]. The effect analy-
sis of fi n elements by the number and height factor of fi n 
elements, where the increasing number of fi n elements 
was able to increase the thermal effi ciency of solar air 
heater by 60%, while an increase in fi n elements height 
could reduce thermal effi ciency by 35% [25]. The solar 
air heater used a transverse type fi n element on a sin-
gle-pass and double-pass types, where the double-pass 
has a higher thermal effi ciency of 15% compared to a 
single-pass [15].
Based on some previous fi n elements research can be 
explained that fi n elements most infl uence the thermal 
effi ciency condition of solar air heater. This research was 
conducted to analyze the fi n elements effect applied to 
the absorbent plate to increase the air temperature at the 
outlet of the solar air heater by using fi n geometry factors 
(length and height) and the fi n elements number adjust-
ed to the solar radiation energy conditions in Libya. The 
aims of research are to produce the optimum air tem-
perature for the drying process of agricultural products, 
and increasing the thermal effi ciency of solar air heat-

ers applied in Libya. The research method is carried out 
through the calculation of energy equilibrium in the heat 
transfer process in the solar air heater, and calculation of 
thermal effi ciency.

METHOD

This research analyzes the performance of double-pass 
type solar air heater with counter fl ow conditions that 
have a material composition with the ability to absorb so-
lar radiation energy optimally, which is adjusted to Libyan 
conditions. The solar air heater with double-pass type 
can be seen in Figure 2. 
The Solar Air Heater has four parts, among others are 
airfl ow ducts, glass cover, absorbent plate, and insula-
tion plate [15,16]. The addition of fi n elements to the ab-
sorbent plate section was the main factor of research in 
determining the solar air heater performance. The mate-
rial composition of the double-pass type solar air heater 
(Figure 2) can be seen in Table 1.
Based on Table 1 can be explained that the glass cover 

uses glass material which has a high heat transmission 
coeffi cient of 0.935 [26,27], where the coeffi cient makes 
the glass cover absorb and collect enough solar radia-
tion energy for heating the primary air fl ow on the inlet 
section of the solar air heater. The absorbent plate mate-
rial uses copper material with a heat conductivity rate of 
400 W/mK [28]. The high rate of thermal conductivity 
makes the absorbent plate absorb solar energy direct-
ly from the environment or solar radiation energy which 
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Figure 3: The working principle of double-pass 
solar air heater [16]

Glass cover:

Absorbent plate:

(1)

(2)

Insulation plate:
(3)

Airfl ow:

Fins elements:

Where:

(4)

(5)

(6)

(7)

s not utilized on the primary air fl ow heating process. 
The addition of fi n elements applied on the absorbent 
plate also increases the area of solar thermal radiation 
energy absorption towards secondary airfl ow on the out-
let section of the solar air heater [29]. The fi n elements 
utilization is also infl uenced by the fi n geometry (length-
height) and the fi n number. The cork utilization as insu-
lation plates can reduce the energy losses because of 
the viscoelastic cork characteristics, and impermeable to 
liquids or gases, moreover this material has a low ther-
mal conductivity rate of 0.063 W/mK up to 0.065 W/mK 

[30,31]. The mechanism of primary and secondary air 
fl ow on the solar air heater that undergoes a heating pro-
cess can be seen in Figure 3. 
The solar air heater performance experiment is carried 
out by energy equilibrium analysis between airfl ow and 
the solar air heater parts. Energy equilibrium measures 
are carried out by air fl ow characteristics analysis and 
heat transfer that occur in the solar air heater system. 
The addition of fi n elements on the absorbent plate with 
parameters are geometric and fi n elements number are 
the main factor. The two measurements were carried 
out following the four conditions of the solar air heater, 
among others, the stable performance of the solar air 
heater system, the overall constant convection coef-
fi cient of heat transfer between the pipe ducts and air 
fl ow, the constant thermal conductivity between absor-
bent plate and fi n elements, and the high temperature air 
fl ow utilization which is uniform along the solar air heater 
pipe ducts [16]. The level of solar air heater performance 
is measured by the thermal effi ciency and the effective-
ness of solar radiation energy distribution on air fl ow 
which is known from the airfl ow temperature difference 
in the solar air heater system.

Energy balance in the heat transfer process

The heat transfer process between the air fl ow towards 
the solar air heater parts determines the solar radiation 
energy distribution effectiveness and thermal effi ciency 
of the solar air heater. The heat transfer process occurs 
at a steady state thus, the energy equilibrium in the air 
fl ow and every part of the solar air heater can be mea-
sured by Equations 1 through Equation 7 [24].
Calculation of energy equilibrium in fi n elements is in-
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Figure 4: Energy balance scheme of fi n elements

fl uenced by geometry (height-length) and number of fi n 
elements. These factors affect the circulation condition 
of air fl ow around the absor-bent plate and fi n elements 
area. The energy balance mechanism in fi n elements 
can be shown in Figure 4. 

Based on Figure 4 is explained that the heat energy of 
solar radia-tion driving from the absorbent plate to the 
fi n element which the solar radiation energy is able to 
heat the air fl ow in the end plate of fi n element [32,33]. 
The energy equilibrium conditions in the solar air heater 
system described in Equation 1 until Equation 7 are infl u-
enced by the temperature parameters in each part of the 
solar air heater and air fl ow temperature, which can be 
measured using Equations 8 to Equation 11 [24].

(8)

Glass cover:

Insulation plate:

(9)

Absorbent plate:

(10)

Airfl ow:

(11)

Meanwhile, the condition of the air temperature at the 
outlet section of the solar air heater can be determined 
by Equation 12[18]. 

(12)

(13)

Where,

(14)

(15)

(16)

(17)

(18)

Thermal Effi ciency

The total energy used in heat transfer process is calcu-
lated, where it is explained in the form of air mass fl ow 
rates, specifi c air heat and differences in air temperature 
between the inlet and outlet, where the calculations by 
Equation 13 [18,22]. 

RESULTS AND DISCUSSION

The energy potential of solar radiation can be used as an 
energy source in the drying process of agricultural prod-
ucts in Libya. However, the conventional drying process 
that utilizes radiation energy directly still has a large level 
of solar radiation energy losses which decrease the agri-
cultural products quality. The utilization of solar radiation 
energy potential by using solar air heater technology is 
the possible solution because the solar air heater is able 
to collect and distribute solar radiation energy to heat the 
air fl ow in the solar air heater pipe ducts as a heat source 
in the drying process of agricultural products. Increasing 
the air fl ow temperature that occurs in the inlet to the 
outlet section of the solar air heater can explain the solar 
radiation energy distribution effectiveness in the solar air 
heater system as a performance parameter of the solar 
air heater.
The air fl ow type passes the solar air heater pipe duct 
uses the counter fl ow concept, where the concept is able 
to heat the airfl ow twice at the top and bottom of the solar 
air heater. The air fl ow rate at the top section gets solar 
radiation energy through the collector plate, while the air 
fl ow rate at the bottom section gets solar radiation ener-
gy through absorbent plates and fi n elements. The solar 
air heater system works in conditions adapted to the Lib-
yan environment, where the inlet air temperature has the 
same value as the ambient air temperature of 350C. The 
air temperature has increased at the end of the top pipe 
ducts section by 44.50C. Then, the air temperature is in-
creased again at the bottom section so that it gets an air 
temperature in the outlet section of 71.80C. Based on the 
results of the air temperature rises in the solar air heat-
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Figure 5: Correlation of solar air temperature, 
air fl ow rate, and air velocity

Figure 6: Effect of fi n element length
 on air outlet temperature

Parts Temperature (°C)

Glass cover (Tg) 97.59

Primary air fl ow (Tf1) 43.45

Absorbent plate + Fin elements (Tp) 130.13

Secondary air fl ow (Tf2) 71.80

Insulation plate (Tb) 74.27

Table 2: Air temperature condition on solar air 
heater parts

er outlet, it can be explained that the addition of fi n ele-
ments on the absorbent plate is important in the solar air 
heater system, because fi n elements can increase the 
absorption area of solar radiation energy which comes 
from the energy residue output of solar radiation that is 
not utilized in the heating process of airfl ow at the top 
of the solar air heater or radiation energy directly from 
sunlight so as to increase the air temperature twice com-
pared to the increase in air temperature on the top of the 
solar air heater. The effect of air velocity and air fl ow rate 
also infl uences the solar radiation energy distribution to 
air fl ow. The results of the airfl ow temperature on the so-
lar air heater outlet towards the parameters of air velocity 
and air fl ow rate as results of Equation 11 can be seen 
in Figure 5. 
Based on Figure 5 can be explained that the optimum 
conditions of energy solar radiation distribution for the air 
heating process occur at an air fl ow rate of 0.05 kg/s and 
an air velocity of 0.5 m/s. The magnitude of air fl ow ve-
locity and minimum air fl ow rate make solar radiation en-
ergy absorption more effective, due to an increase in the 
airfl ow area to absorb solar radiation energy. The energy 
losses factor of solar radiation to be used in the heating 
process of air fl ow also decreases due to the increase 
in the absorption area of solar radiation energy which 
causes friction between the air fl ow and the surface of 

the solar air heater pipeline to decrease. In addition to 
the outlet air temperature condition, the air temperature 
conditions in some parts of the solar air heater can be 
analyzed by the equations calculation among others are 
air temperature in the collector plate, absorbent plate, 
top-bottom section pipe duct, and insulation plate, where 
it can be shown by equation 8 until equation 11. The cal-
culation results can be seen in Table 2. 

Based on Table 2 can be explained that the solar radia-
tion energy capable of heating the glass cover reaches 
a temperature (Tg) of 97.590C. The high temperature of 
the glass cover is used for the heating process of pri-
mary airfl ow (Tf1) at the the solar air heater pipe duct 
top section with an inlet temperature of 350C to 43.450C. 
The temperature of the absorbent plate and fi n element 
(Tp) has a value of 130.130C, this occurs because the 
absorbent plates and fi n elements have a wider area of 
solar radiation energy absorption compared to the col-
lector plate capable of absorbing residue solar radiation 
energy from the heating process on the top section or 
directly from the solar light. The temperature of the insu-
lation plate (Tb) has a value of 74.270C, where it can be 
explained that the heat energy produced by the air fl ow 
has been limited to the insulation plate thereby reducing 
energy losses from the air fl ow. In addition, it can be said 
that the solar air heater system has a closed condition 
without any leakage that causes energy to go out into 
the environment.
The utilization of fi n elements in expanding the absorp-
tion area of solar radiation energy in the absorbent plate 
part is infl uenced by several factors, among others are 

Figure 7: Effect of fi n element height
 on air outlet temperature
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Figure 8: Effect of fi n elements number 
on air outlet temperature

Figure 9: Comparison of fi n elements number 
to the thermal effi ciency of solar air heater

a)

b)
Figure 10: Heat transfer process on multiple 
fi n elements (a) and single fi n elements (b)

the geometry of fi n elements (length and height) and the 
utilization of fi n elements number. The factors as a pa-
rameter to measure the Equation 11. Each factor has a 
different effect on the temperature conditions of the air-
fl ow where the results of the conditions can be shown in 
Figure 6, 7, and 8 respectively. 
Figure 6 and Figure 7 can show that the length geometry 
and height of fi n elements needed to produce air outlet 
temperatures of 71.80C are 1 m and between 0.197 m 
up to 0.221 m respectively. Based on Figure 6 can also 
be explained that the addition of fi n element length can 
reduce the air outlet temperature because the distributed 
solar radiation energy has a small magnitude, where this 
condition is related to the conduction activity between 
the fi n elements to the air fl ow. Based on Figure 7 it can 
also be explained that the addition of fi n elements can in-
crease the temperature of the air outlet where this condi-
tion is also related to conduction activity, especially in the 
condition of the heat transfer area between fi n elements 
and airfl ow. However, increasing the air outlet tempera-
ture have a negative effect on the drying process of ag-
ricultural products, so it is necessary to control the air 
outlet temperature. In addition to the fi n geometry (length 
and height), the fi n elements number used can be taken 
into consideration in terms of increasing the absorption 
area of solar radiation energy. The effect of the fi n ele-
ments number on the airfl ow outlet temperature can be 
seen in Figure 8. 

Figure 8 shows that the fi n elements number of 1 piece 
produces an air outlet temperature of 77.650C, while a 
fi n element of 10 pieces only produces an air outlet tem-
perature of 71.750C. This condition occurs because of 
the fi n elements numbers effect as same as the impact 
on the fi n element length. However, if it is connected with 
the thermal effi ciency condition of the solar air heater 
shown in Figure 9 can be explained that the increase fi n 
elements can increase the thermal effi ciency of the solar 
air heater. Based on Figure 9 can be seen that the num-
ber of fi n elements of 10 pieces can produce a thermal 
effi ciency of 51.5%, where it was calculated by Equation 
18. This condition occurs because the displacement and 
distribution of solar radiation energy is evenly distribut-
ed in each fi n element related with airfl ow compared to 
one fi n element which makes the process of transferring 
solar radiation energy centered on one distribution area 
where the airfl ow temperature would decrease at the 
outlet solar air heater, and the air temperature is not opti-
mum for the drying process of agricultural products. This 
whole process can be shown in Figure 10.
The thermal effi ciency produced by the solar air heater 
explains the hot airfl ow level for the drying process of 
agricultural products in Libya. 
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CONCLUSION

The research results can be concluded that the addition 
of fi n elements to the absorbent plate as a part of the 
double-pass type solar air heater can increase the air 
temperature rapidly. The fi n elements has a long geom-
etry of 1 m, a height range of 0.197 m to 0.221 m, and 
numbers of fi n elements of 10 pieces. This design can 
present the better performance of solar air type, where 
it can shows the rise of air temperature from 350C to 
71.80C. This condition also increases the thermal effi -
ciency of 51.5 %. This design can be a conventional dry-
ing methods in Libya.
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NOMENCLATURES

Ac  - Glass cover area (m2)
Ap - Area of absorbent plate (m2)
Afn - Fins area (m2)
Cp - specifi c of heat air (J/kgK)
F’ - collector effi ciency factor
Hf - Fins height (m)
hw - Heat transfer coeffi cient due to wind at the top of 
cover
he - Effective heat transfer coeffi cient (W/m2K)
hf - Convective heat transfer coeffi cient of air (W/m2K)
hr - Radiative heat transfer coeffi cient (W/m2K)
hr,ga - Radiative heat transfer coeffi cient between glass 
cover and ambient (W/m2K)
hr,pb - Radiative heat transfer coeffi cient between 
absorber plate and insulation plate (W/m2K)
hr,pg - Radiative heat transfer coeffi cient between glass 
cover and absorbent plate (W/m2K)
hc,pg - Convective heat transfer coeffi cient between ab-
sorber plate and glass cover (W/m2K)
hc,pf - Convective heat transfer coeffi cient between insu-
lation plate and fl uid (W/m2K)
hc,fb - Convective heat transfer coeffi cient between insu-
lation plate and fl uid (W/m2K)
I - Radiation intensity (W/m2)
kfn - Thermal conductivity of fi ns (W/mK)
Lf - Extended length of fi ns (m)
ṁ - Mass fl ow rate (kg/s)
N - Number of fi ns
Qu - Useful thermal energy gain (W/m2)
S - Absorbed solar energy (W/m2)
v - Air velocity (m/s)
TTαα - Ambient temperature (K) - Ambient temperature (K)
Tb - Mean temperature of insulation plate (K)

Tf - Mean temperature of fl uid (K)
Tfi - Inlet air temperature (K)
Tfo - Outlet air temperature (K)
Tfn - Mean temperature of fi ns (K)
Tg - Mean temperature of glass cover (K)
Ti - Inlet fl uid temperature (K)
Tp - Mean absorbent plate temperature (K)
Ub - bottom heat loss coeffi cient (W/m2K)
UL - Total loss coeffi cient (W/m2K)
Ut - Top loss coeffi cient (W/m2K)
αp - Absorptivity of absorbent plate
αg - Absorptivity of glass cover
ƞth - Thermal effi ciency of solar air heater
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