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Abstract: The present analytical study reports the effect of fin spacing, mass flow rate and insolation
on exergy performance of triangular fin attached SAH. The primary objective of the work is to
manifest the condition and parameter combinations that yield high values of exergy efficiency. A
computer code has been developed in MATLAB R2016a. The numerical results of triangular fin
SAH obtained are compared with that of plain SAH as a measure to evaluate the effectiveness of
former over the latter. It is found that lower values of mass flow rate and fin spacing yields maximum
exergy efficiency. Exergy efficiency drops continuously thereafter and at higher values of mass flow
rate, the exergy efficiency drops even below the exergy efficiency of plain SAH.
Keywords: Triangular fin, exergy efficiency, fin spacing ,solar air heater.
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1 Introduction: The utilization of solar energy is converet in to thermal energy for heating
application by using the solar collectors. SAH have been used very widely becouse of their inherent
simplicity. The main applications of SAH are solar green houses, solar aquaculture, solar stills, water
heaters, space heaters, agricultural driers etc. In recent years many researchers has been attracting the
attention of solar collector device. Bahrehmad el al. [1] analyzed the thermal and exergy performance
of double glass and single glass cover solar collector with force convection. They concluded that the
performance of double glass cover with thin metal sheet was high. Akpinar and Kocyigit [2] reported
an experimental analysis of flat plate collector with attached different types of obstacles. They found
that the leaf type obstacles attached with absorber plate achieved a highest exergy and thermal
performance for all operating conditions. Benli [3] presented in experimental analysis of exergy and
thermal analysis of different types of solar collectors: reverse trapeze, reverse corrugated, corrugated
trapeze and flat plate collector. The experimental data indicated that pressure drop and heat transfer
coefficient increased with the all shape of collector plate as compared with flat plate collector. Esen
[4] performed an experimental analysis of exergy and energy performance of SAH using with
different types of obstacles and plane solar collector. They found that the optimal value of
performance were found in the middle of absorber plate under in all range of operating conditions.
Kalogirou et al. [5] presented a review paper of exergetic analysis of various SAH and application of
solar thermal system. Kurtbas and Durmus [6] experimentally analysis a thermal performance of
different types of SAH with different geometrical shapes. They observed that the increased pressure
drop and heat transfer depends on the shape of geometry and number of absorbers. Ucar and Inall [7]
conducted an experimentally analysis of exergetic and energetic performance of SAH with different
augmentation technique. They found that the different shape and arrangement of collector plates were
provide to better performance of SAH. Bayrak et al. [8] reported experimentally analysis of five types
of SAH with inserted porous baffles. They found that highest temperature rise and thermal efficiency
were achieved at mass flow rate of 0.025 kg/s and thickness of 6 mm. Alta et al. [9] conducted an
experimental study to analysis the exergetic and energetic performance of different type of SAH, two
having fins and one without fins. They found that the fins attached with absorber plate and double
glass cover were more effective as compared to others. Kar [10] investigated the performance of flat
51

© Applied Science Innovations Pvt. Ltd., India

Carbon – Sci. Tech. 10/1(2018)51-60

plate SAH. They determined optimum exergy performance of optimum mass flow rate and constant
inlet temperature. Yeh and Lin [11] performed experimentally as well as theoretically of flat plate
SAH with different collector aspect ratio. They observed that thermal performance increased with
increasing in collector aspect ratio and mass flow rate.
In the present study, thermal and exergy performance of a triangular fin SAH with various fin spacing
attached beneath to the absorber plate is performed analytically. The obtained results are compared
with plane SAH. It has been performed various parameters such as insolation, different fin spacing
and various mass flow rates of air have a striking influence on exergy performance.
2. Theoretical analysis: The model of triangular finned attached below to the absorber plate it can
be shown in fig. 1 and fig. 2 shows the flow direction along the absorber plate. In order to analysis
the mathematical model, the following assumptions are [12, 13]  kinetic and potential energy changes is neglected
 Flow is steady state
 Flow air is an ideal gas

Figure (1): Solar air heater with triangular fins.

Figure (2): Side view of solar air heater.

2.1 Thermal analysis: The useful heat gain given as:
(1)

(2)
The collector efficiency factor

is
(3)

The effective heat transfer coefficient

is
(4)

Where

=fin effectiveness and is given by
(5)

The radiative heat transfer coefficient

is given by
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(6)

(7)
And for same reason

is taken equal to mean temperature of fluid

in iterative calculation.

The mean absorber plate temperature is given by

(8)

Overall heat loss coefficient

:
(9)

Where

and

And heat transfer coefficient due to wind is given by [14]
(9)
The overall loss coefficient is given by
(10)
is the thermal conductivity of insulation and

is back insulation thickness.

The efficiency is defined by
(11)
The Nusselt number is then given by [14]
Nu = 0.023 Re0.8Pr0.4

(13)

In this equation, de is the hydraulic diameter of duct and is calculated by
=

(14)

The following correlation is developed [14] for calculating the pressure drop
(15)
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Where

f is the friction factor and the characteristic dimension in Re is again the equivalent diameter

.

(16)
2.2 Exergy Analysis: In order to qualitative analysis on the solar collector and to find the thermal
capabilities in terms of maximum useful work, exergy analysis seems to be essential.
The general exergy balance for a process is:
(17)
Since the flow is steady, so

=0 and hence exergy balance equation becomes
(18)

•
•

is the potential work that was destroyed due to irreversibility like friction.
Exergy can be transferred to any system by heat, work, and mass i.e. fluid flow.
(19)
(20)

(21)
And the outlet exergy rate includes only the exergy rate of outlet fluid flow
(22)
The difference of fluid outlet exergy and inlet exergy is termed as increase in flow energy:
(23)
Putting value of

and

in original equation of exergy balance, we have

On simplifying above equation we found
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Exergy destruction in absorbing process consists by the plate surface, the sun and temperature
difference between the absorber [12]
(25)
Exergy destruction caused by the duct pressure drop [12]
(26)
Exergy destruction caused by the fluid and temperature difference [12]
(27)
The heat leakage rate from the absorber plate to the environment is
(28)
The second law (or exergy) efficiency of a SAH system is given by [13]

(29)

3. Results and Discussions: Analytical work is performed with various values of operating and
system parameters to estimate the exergy efficiency of triangular finned solar air heater. Selected
range of parameters for performance evaluation are: I = 950 W/m 2, L1 = 1.5 m, L2 = .8 m, L = 0.025
m,
=0.0025 m,
= 0.85, = 0.95, =0 .95,
= 0.88, = 0.06 m, = 0.05 W/m K,
=
0.022 m, = 300 K, = 303 K, for the fin spacing 1- 4 cm and the mass flow rate 0.01 kg/s to 0.11
kg/s. Various performance curves are also plotted.
Figure (3) shows the variation of air outlet temperature of several fin spacing’s for various values of
mass flow rate. For every fin spacing the air outlet temperature is continuously decreasing with
increasing mass flow rate. This is attributable to the fact that mass flow rate increases with the
decreasing outlet temperature of the collector. Likewise, the slope of the curves continuously
descents with the increase in mass flow rates and finally becomes constant. Additionally, for 1 cm fin
spacing, the air attains a significant high temperature rise under the same operating conditions as
above this is due to the maximum rate of energy gain by the absorber plate.
Thermal efficiency as a function of mass flow rate for various fin spacing’s is plotted in Figure (4).
Thermal efficiency is seen to increases with the rise in mass flow rate. It is apparent that as fin
spacing decreases, there is a noticeable increase in thermal efficiency for the same mass flow rate.
This is caused by increase in heat transfer surface area. Also, due to increases in convection heat
transfer, there is a substantial rise in thermal efficiency for mass flow rate of 0.11 kg/s with 64.29 %
at fins spacing of 1 cm as compared to a meager 59.51 % for a fin spacing of 4 cm.
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Figure (3): Variation of outlet temperature versus mass flow rate.
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Figure (4): Variation of Thermal efficiency versus mass flow rate.
Figure (5) shows the exergy destruction between plate and fluid for various fin spacing’s with respect
to mass flow rate. In view of equation (27), exergy destruction between plate-fluid depends on mean
plate temperature and outlet temperature. The results revealed that the decreasing the temperature
difference between the plat and fluid with increases in mass flow rate. This is caused by decrease of
heat transfer rate between absorber plate.
Figure (6) shows the curve between the triangular fins with different fin spacing’s and a simple solar
air heater to display the effect of exergy leakage on the mass flow rate. Exergy leakage is found to
decrease due to decrease in mass flow rate. Equation (28) shows that overall heat loss coefficient and
mean plate temperature are only two parameters affecting exergy leakage. Increase in overall heat
loss coefficient increases exergy leakage.
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Figure (5): Variation of exergy destruction between plate and fluid versus mass flow rate.
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Figure (6): Variation of exergy leakage versus mass flow rate.
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Figure (7): Variation of exergy destruction versus mass flow rate.
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Figure (8): Variation for exergy efficiency versus mass flow rate.
Figure (7) illustrates exergy destruction for various fins spacing’s. In current study, solar collector is
used as a heat exchanger where the maximum heat transfer occurs. Surface temperature decreases at
the outlet of the collector. So, minimum heat loss occurs while using a finned absorber collector and
minimizes the exergy destruction. There is a converse relationship between exergy destruction and
temperature difference. When exergy efficiency is high, exergy destruction will be less. A fin spacing
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of 1 cm, there is minimum exergy destruction while in plane air heater there is maximum exergy
destruction.
W = 1cm
2

exergy efficiency at 950W/m
2
exergy efficiency at 650W/m
2
exergy efficiency at 350W/m

Exergy efficiency

0.04

0.03

0.02

0.01
0.00

0.02

0.04

0.06

0.08

0.10

0.12

mass flow rate(kg/s)

Figure (9): Exergy efficiency versus mass flow rate with different solar intensity.
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Figure (10): Exergy efficiency versus fin spacing.
Figure (8) indicates the variation of the exergy efficiency with mass flow rate for various fin spacing.
It can be observed from the fig. that the exergy efficiency drops with increase in mass flow rate. This
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is owing to the fact that maximum useful work is available at minimum mass flow rate. Although the
maximum value of exergy efficiency is obtained at the fin spacing 1 cm. which proves that higher fin
spacing significantly increase the available useful work as well as the performance of solar air heater.
Figure (9) depicts exergy efficiency for different solar intensity at constant fin spacing (W = 1cm)
with respect to mass flow rate. From the fig. It can be observed that the exergy performance is high at
higher solar intensity. It is because, the useful work potential increases with respect to the increasing
solar intensity. Figure (10) plots exergy efficiency for different solar intensity at constant mass flow
rate with respect to fin spacing. The exergy efficiency is seen to drop with increase in fin spacing.
This is attributable to the fall in useful work with rise in fin spacing. Correspondingly, the heat
transfer area decreases with increase in fin spacing which leads to higher exergy efficiency.
4. Conclusions: Exergy analysis of triangular finned solar air heater for different fin spacing’s and
insolation has been investigated analytically in the current work. The results obtained through the
triangular finned solar air heater have been compared with that of plane solar air heater. Following
conclusions may be drawn from the study. The exergy efficiency of solar air heater depends on the
extension of the air flow and geometry of the collector and is found to decrease with increase in mass
flow rate. The system achieves the highest exergy efficiency with the lowest mass flow rate. It could
be pointed out that the exergy destruction from the system increases with mass flow rate. Exergy
efficiency varies from 4.04 % to 1.07 % for fin spacing of 1 cm while it decreases from 1.44 % to
1.15 % for plane air heater for mass flow rate of 0.0138 kg/s and 0.11 kg/s respectively.
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