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Abstract

The present work investigated the solar collector system with triangular lon-
gitudinal fins fixed to the absorber surface at different configuration. Four
models of collectors were manufactured with different absorber plates made
from aluminum material. The experiments were carried out at the winter ses-
sion in the climate of Irag—Ramadi city with longitude (43.268) and latitude
(33.43). The experiments have used three values from (0.027 to 0.037) kg/s.
The results showed that the temperature difference increases gradually until
midday and begins decreasing gradually until it becomes zero at sunset.
Maximum temperatures difference has been obtained at the fourth type
which is (20.6°C), and maximum efficiency and exergetic efficiency (99.9%),
(43.08%) respectively. A comparison has been made with previous works for
thermal and exergetic efficiency. The comparison showed good compatibility
between results; the percentage of error does not exceed 3%. The results
proved that the existence of fins was a good technique for enhancing the
thermal performance of double pass solar collector with a non-effective in-
crease in pressure drop.

Keywords

Solar Heater Collector, Exergy Efficiency, Double Pass Collector, Drying
Collector

1. Introduction

The interest in severe pollution in the environment as a result of the use of fossil
fuels has created an urgent need to think of energy sources that have less envi-

ronmental impact. One of the most important sources of energy that is consi-
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dered environmentally friendly is solar energy. Solar energy has been used for a
long time to dry crops and was a source of light and heating. In the last century,
interest in solar energy appeared after the energy crisis that occurred in 1973.
After the increase in fossil fuel prices, researchers focused on developing solar
powered systems. The most important of these systems were the solar heating
complexes for water and air. Solar air collectors are very popular in heating
homes and drying agricultural crops, as well as providing hot air for some in-
dustrial applications [1]. Among these collectors is the so-called single-pass solar
air heater. These systems were of low efficiency and in order to increase their ef-
ficiency, a double-pass solar air heater was used. The thermal efficiency of these
modified double pass has increased to increase the distance the air moves through
which allows it to conduct heat exchange with the same absorber plate twice.

Despite the improvement in the efficiency of the solar air heater using the
double pass, this efficiency is still below the level of ambition. In order to in-
crease the thermal performance of these systems, the researchers thought of
ways to improve the heat transfer by using augmentation techniques to generate
turbulence inside the stream, which improves the heat exchange process between
the air and the absorber plate [2].

The reliance on the first law of thermodynamics to measure the thermal per-
formance of thermal systems has become deficient after the spread of the con-
cept of exergy. Many researchers began studying the performance of solar air
collectors, based on the concept of exergy that emerged from the application of
the second law of thermodynamics [3].

Several studies [4] [5] [6] [7] [8] were conducted in order to increase the heat
transfer of air passing through the solar collector by increasing the disturbance
by the use of flaps, barriers, baffles, fins, and any other obstacles fixed to the ab-
sorber surface. These studies showed that a significant improvement occurs in
thermal performance with a slight increase in pressure drop using these flow ob-
stacles. Some researchers who thought about the recycling of waste materials in-
troduce waste aluminum cans on the absorber plates as an augmentation tech-
nique for enhancement the heat transfer between the air and the absorber plates.
These studies [9] [10] [11], show that in addition to reducing these waste cans
from environment, they proved to be a good augmentation obstacle for their
high thermal conductivity and their light weight and they enhance the heat
transfer through the solar heater collectors.

The use of wire mesh is a good technique for the improvement of heat transfer
through solar air heater. These techniques present their advantage by promoting
a good mixing between air currents and save energy due to their high thermal
conductivity and then release it at another time. Many researches [12]-[20] study
these techniques and treat the wire mesh as a porous media. The use of these
porous media enhances the thermal efficiency to a great extent. Heat stored in
the porous media is lost more quickly due to the increase in heat transfer due to
the porous media.

AfaqJasim, [21] conducted a comprehensive practical study to evaluate the
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improvement of the thermal performance of a double pass solar heater collector
and compare its performance with that of a single pass. These collectors were
used for the purposes of drying agricultural crops. Six solar collectors were stu-
died using different types of fins. The study showed great agreement with pre-
vious studies and showed that the thermal gain of the double pass collector is
much better than the one with the single pass. The study proved that the hori-
zontal fins with the direction of flow are better in thermal performance than
other shapes. Also the study shows that the fins of the helical shape are better
than other types. Experimental experiments were conducted by Maytham Ali
2018 [22] to compare the performance of a single pass solar air collector with a
double pass one using baffles. Several layers of wire mesh were used as an alter-
native to the absorber plate. The height between the two tracks of the double
pass was changed from 3 cm to 7.5 cm. In this study, the researcher dealt with
the effect of changing the mass flow rate and changing the number of obstacles
and its effect on thermal performance. The study showed that the best thermal
performance was obtained by using seven baffles, a height of 3 cm, and a tem-
perature difference (between outlet and ambient) of 54 degrees Celsius. The
study confirmed that increasing the number of obstacles leads to an increase in
pressure drop.

Mustafa Adil et al. [23] examined the effect of changing the path of flow
within the collector of solar air with multiple pass. Three models were tested
theoretically and practically. The first model includes concurrent flow configu-
ration, the second includes counter concurrent flow configuration while the last
model was a so-called U-shape flow configuration. The augmentation technique
was using recycled aluminum cans (RAC’s) fixed on the absorber plate. The re-
sults showed the using RAC’s enhanced the thermal performance of all models.
Also the results indicated that the U-shape is better than the other types in
thermal performance.

To the best knowledge of the researches; the influence of extended surface on
the single duct of double pass solar air collector (U-flow shape) has not been
given enough attention in the past, which motivated the (current) study. The
current study extracted many variables from previous research that lead to im-
proving the performance of solar collectors. Thus, the current study is focused
on the impact of increasing turbulence in the air flow on the thermal perfor-
mance of a single duct double pass SAH collector using extended surfaces as air

flow obstacles.

2. Experimental Works

Because of the development in the performance of solar collectors that work by
using solar energy, many countries have begun to urge researchers to develop
these systems to obtain the maximum benefit from them in providing heating
without relying on traditional fuel. In this section, the practical aspect of solar air
heater performance will be mentioned. The solar collector system with fins fixed

to the absorber surface at different configuration will be studied. Practical expe-
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riments will be conducted in the city of Ramadi, Anbar Governorate—Iraq,
which is located at longitude 43.268 east, latitude 33.43 north and height above
sea level 59.8 asl. Experiments will take place in winter months: February 2020
and early March 2020. The period of the experiments extended from 09:00am to
17:00pm. The collectors face south with an angle of (45°).

1) Construction of Experimental Set-Up

Four models were manufactured for the double pass solar air collector
(DPSAC) with equal dimensions and with different absorber plate, plywood with
thickness (2cm) used to manufacture the bases and sides for collector. Plywood
was considered insulation to prevent heat leakage to surrounding, while the up-
per part of the collector was covered by transparent plastic (Perspex) to allowed
solar radiation to pass through it and to prevent heat leakage out of the collector.
The commercial Perspex panel is 4 mm thickness. The Dimensions of DPSAC
were: length (122 cm), width (60 cm) and height (25 cm). The shape of the solar
collector is rectangular of (100 cm) length and (60 cm) width and the end of the
collector is trapezoidal shape of length of (22 cm) with upper base and lower
base of (60 cm, 14 cm) respectively. All parts of collector painted black color to
increase absorbitivity and reduce heat loss. The collector divided into channel
upper and lower by absorber plate. Air was provided to the system with the help
of a blower fan. In order to obtain the largest amount of incident solar radiation
with all of the time of experiments, the tilt angle of the SAH is selected to be
(45°).

All absorber plats used in this experiment was made from aluminum with a
thickness of (1 mm). The dimensions of the absorber plate were (85 cm x 56 cm)
and painted with black color to keep high absorbance. The Aluminum plate is
used for construction of absorber plate, it has a thermal conductivity of (K = 217
w/m-k) at (Temperature = 100°C), absorptivity of (0.94) with transmissivity
(0.09) [24]. Absorber plate was placed at (12.5 cm) from collector base and lead
to division inside collector to upper and lower channel and made empty region
with length (15 cm) to forced air to change its direction from upper channel to
lower channel and exit from the collector. It is thus considered a double pass so-
lar air collector. Four models were designed and manufactured depending on the
shape of absorber plate. The first model is a flat plate without longitudinal fins
and this model will be taken as a reference one. The second model is a flat plate
containing six longitudinal fins with length (55 cm). The fins are of triangular
shape with hydraulic diameter of (5 cm). In third model, the longitudinal trian-
gular fins are placed symmetrically on a flat absorption plate at an angle of in-
clination (45°) with different lengths but the sum of fins length is equal length
fins in second model and same hydraulic diameter. The last model has six of the
longitudinal triangular fins were placed upper the absorber plate and six under
the absorber plate perpendicular with airflow. The models are shown in Figure
1. The whole structure of the experimental setup is shown in Figure 2. Table 1
present the classification of each model used in experiments.

2) Maintaining the Integrity of the Specifications
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Figure 2. The experimental set-up.

Table 1. Classification of models for the solar collectors used in the current work.

1 Type A Flat Plate

2 Type E With fins placed perpendicular on airflow

3 Type F With fins placed inclined at an angle 45°

4 Type G With double fins placed perpendicular on airflow

3. Thermal Performance Analysis

3.1. Energy Analysis

The useful heat gain (Q,) is given by [25] [26]:

DOI: 10.4236/jpee.2020.810001 5 Journal of Power and Energy Engineering


https://doi.org/10.4236/jpee.2020.810001

M. S. Fahmi et al.

Q, =m'C,AT (1)
AT = (To = To)

0 in

where:
C, = specific heat (J/kg-"C) [27]
C, =1.0057 +0.000066 (T

ave

27) (2)
The air mass flow rate (m") is given by:
m = pAV (3)

where: A_= the across section area of the collector inlet duct (m?).
The thermal efficiency of the heater (7, ) is defined as the useful heat gain
rate of the air across the heater to the solar energy incident on the heater surface

which is given by [27]:

(4)

where: A, = the area of absorber plate (m?).

I = the total solar radiation incident on the heater (W/m?).

3.2. Exergy Analysis

Exergy (sometimes called availability) is a measure of the maximum useful work
that can be done by the system interacting with a constant conditions environ-
ment.

Exergy can be obtained from the following analyzing [26] [28] [29]

The exergy efficiency
EX ot
— ou 5
(77ex ) EX, (5)
Exout =m [hout - hin _Te (Sout - Sin ):| (6)
T
EX, =|1-=% 7
AN .
AS:S(M—SM:CpInT"—”‘—Rlnh (8)
Q. = I () A ©)
where:

EX,,, = Exergy outlet (k]);
EX,, = Exergy inlet (k]);

Q, = the solar energy absorbed by the collector absorber surface.

4. Results and Discussion

The results of the current study were compared with that published in literature
surrey. Figure 3 shows the thermal efficiency comparison between the present
DPSAC without thermal storage system using type F and G with previous work
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Figure 3. Comparison thermal efficiency with previous works, (a) Type G, and F [13] at
3/2/2020, (b) Type G [13] at 8/3/2020.

of Nowzari, et al, 2011 [13]. From these figures, it can be shown that the con-
vergence is very good with the previous work until noon and reach to an ap-
proximately 99% convergence. After that, the thermal efficiency of DPSAC, type
F, and G in the present work is better than from previous work that using wire
mesh as heat transfer enhancement technique to improve heat transfer between
the absorber plate and air.

It’s obvious from Figure 4 that the solar radiation intensity increase linearly
from the starting reading to until it reach to peak values at noon or beyond little,
then it start to decrease until it faded at sunset. It was noted that the peak solar
radiation was 1013.12 W/m? in 27/2/2020. The behavior of solar radiation dur-
ing experiment times will strongly affect the thermal performance of the solar
heater collector.

Figure 5 depicted the hourly temperature distribution for DPSAC for types A,
E, F, and G respectively on a clear day on 17 February 2020. The temperatures
were observed normal behaver of the inlet, outlet, and ambient. Which was rec-
orded maximum temperature at midday and begun to decrease gradually. It’s clear

from this figure that there is a gradual increase in temperature from 09:00 a.m.
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Figure 5. Hourly temperature variation of the ambient, inlet, and outlet for different types
of collector versus time at 17/2/202020, (a) Type A, (b) Type E (c) Type F, (d) Type G.

to higher values at 01:30 p.m. After this higher value, it can be noticed a decrease
in the temperature values until the outside temperature values (from the collec-
tor) close to that of incoming air at the end of the day. This behavior is normal

due to the decrease in the value of incident energy due to the decrease in solar
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radiation after midday. The maximum outlet temperature from the collector has
been obtained in this present work, which is (51.5°C) in type (G) at 21/2/2020,

shows in Figure 6.

Figure 7 depicted the hourly temperature distribution for DPSAC for types A,

80
—-—Tp
70 F —a—Tout
60 —=0—=Tin
——AT
50 F

a0 F
30 f

Temperature °c

20 E
10

0 PRI P TP PR TP

O O O N O
S S
KRN UN N AN N

O O LSOO
D S D S S
NZECEINIEN SN

O 0O O N D
S B L S
RN EEN N IRNIEN

Time (hr)

Figure 6. Maximum outlet temperature from type (G).
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Figure 7. Hourly temperatures variation versus time at 17/2/202020. (a) Type A, (b) Type

E, (c) Type F, (d) Type G.
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E, F, and G respectively on a clear day on 17 February 2020. From the figures, it
was noted that the temperature difference of air takes the same behavior of the
absorber plate temperature, increases with time and reaches its maximum value
at 01:00 p.m., and begins to decrease gradually. The highest value of the temper-
ature difference was obtained in the present work, at 01:00 p.m. to be 20.6°C in
21/2/2020 at type G, because this type contains double fins that led to increase
heat transfer area more than from other types.

The effect of solar radiation on the thermal efficiency was depicted in Figure
8 for DPSAC for types A, E, F, and G respectively on a clear day on 17 February
2020. For each half hours through the daytime with solar radiation, from these
figures, it was noted the thermal efficiency was proportionate with solar radia-
tion received, so that, the thermal efficiency of DPSAC increases distinctly when
solar radiation increased. This is due to the releasing of heat storage in wax a sit
begun to solidify. Maximum thermal efficiency was obtained in DPSAC for type
G in 23/2/2020, which is 99.9%. Because of this type contains extended surfaces
that led to increase heat transfer area more than from other types, increase the
temperature difference between inlet and outlet and obtained an increase in heat
gain, which led to increase in thermal efficiency, shows in Figure 9. Figure 10

shown the thermal efficiency for DPSAC for types A, E, F, and G respectively on
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Figure 8. Thermal efficiency with solar radiation at 17/2/202020. (a) Type A, (b) Type E,
(c) Type F, (d) Type G.
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Figure 10. Thermal efficiency versus time at 17/2/202020. (a) Type A, (b) Type E, (c)
Type F, (d) Type G.

a clear day on 17 February 2020 from 09:00 a.m. to 05:00 p.m. From these fig-
ures, it was noted the thermal efficiency was increased until midday and begin
decreased gradually. In Figure 11 it was noted the DPSAC type G gives the
highest thermal efficiency from other types. This is due to the increasing of ab-
sorber plate area rather than other types. Type E and F give thermal efficiency
highest from type A (flat plate). Figure 12 shows that the exergetic efficiency for
DPSAC for model G on a clear day on 2nd of March 2020. From this figures,
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Figure 11. Comparison thermal efficiency between different types of DPSAC, (a) at
21/2/2020, (b) at 7/3/2020.
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maximum exergy efficiency was obtained in DPSAC for type G in 2/3/2020,
which is 43.08%.

Figure 13, shows comparison exergy efficiency between types A, E, F, and G,
on 21/2/2020 and 7/3/2020. From this figure, it was noted the DPSAC type G
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Figure 13. Comparison exergetic efficiency between different types of DPSAC, (a) at
21/2/2020, (b) at 7/3/2020.

gives the highest exergy efficiency from other types. Type E and F give exergy ef-
ficiency highest from type A (flat plate).

The effect of mass flow rate on the thermal efficiency with time for different
types of DPSAC, at mass flow rate (0.027 kg/s - 0.034 kg/s - 0.037 kg/s) is shown
in Figure 14. From these figures, it was noted thermal efficiency increased with
increasing of mass flow rate because the thermal efficiency is proportional to the
mass flow rate.

Figure 15 shows the effect of mass flow rate on the exergetic efficiency with
time for different types of DPSAC, at mass flow rate (0.027 kg/s - 0.034 kg/s -
0.037 kg/s). From these figures, it was noted exergetic efficiency increased with
the mass flow rate increased because the exergetic efficiency is proportional to
the mass flow rate.

5. Conclusion

An experimental apparatus was designed and fabricated to study the effect of ex-
isting extended surfaces of different configurations on the performance of DPSAC.

The main conclusions drawn from the results show that an increase in area of
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Figure 14. Effect of mass flow rate on thermal effeciency, (a) Type A, (b) Type E, (c) Type F, (d) Type G.

the absorber plate led to an increase in heat transfer by adding fins to the absor-
ber plate. These extended surfaces (triangular fins) led to a higher intensity of
turbulence, which led to a good mixing of the cold and hot air. The collector that
has fins both on upper and lower surfaces of the collector present higher thermal
efficiency. As the second law of thermodynamic is a good tool for the study of
such collectors, this study presents the exergetic efficiency of such collators. The

higher exergetic efficiency obtained collector type G, which is (43.08%). Also the
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Figure 15. Effect of mass flow rate on exergetic efficiency, (a) Type A, (b) Type E, (c) Type F, (d)

Type G.

maximum temperature difference was being obtained is (20.6°C) at collector
type G. The study concludes that there is a possibility of applying these collectors
to provide a suitable temperature difference for heating purposes. Extensive stu-
dies must be conducted to show the effect of using expanded surfaces on pres-

sure drops and the associated increase in pumping power.
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