University of Thi_Qar Journal for Engineering sciences ISSN :2664- 5572 ( online)

http:// www.doi.org/10.13663/tqujes.10.2.336(2019) ISSN:2664-5564 (print)
Vol 10 .2 (September2019) Available at http://jeng.utqg.edu.ig
utjeng@utg.edu.iq

Improved Photovoltaic Panel Performance Using a Cylindrical Pin
Fins as a Heat Sink

Assist Proof, Dr Ibtisam A. Assist Proof, Dr Iman S. Duha Adil Attar

Hasan kareem Student master in Electro

Electro mechanical Engineering Electro mechanical Engineering Mechanical Engineering
Depart., Depart. Department, University of

University of Technology University of Technology Technology
Baghdad, Iraq Baghdad, Iraq Baghdad., Iraq

Email: Email: Email:

dr_ibtisam ahmed@yahoo.co dr_esk 71@yahoo.com engduha 1990@yahoo.com

m
Abstract:

In this work, the photovoltaic panel performance has been investigated theoretically and experimentally where using
an array of pin fins as a cooling system. Trying to satisfy the ideal operation conditions of the solar panel, heat sink
was fixated on the back of the PV panel to use as a passive technique. An Analytical thermal model based on the steady
state and one dimension analysis condition was built to transfer the excess heat from PV panel with the heat sink
existing to predict the operation temperature of PV panel. Theoretical results were compared with experimental results
of solar panels cooled by heat sink, in order to validate the suggested thermal model. Also, the effect of the solar
cells temperature on the panel performance has been studied experimentally. The results displays that using pin fins
array as a cooling technique led to drop in the average panel's temperature nearly 5.9°C and an enhancement of the
average output power nearly 13.5%.

Keywords: heat sink, passive cooling technique, pin fins, solar panel

Symbol Meaning Unit Symbol Meaning Unit
As The base area of heat sink m? A Fin cross section area m?
(mD;*/4)
Achs channel area of heat sink m? Arp Free surface area of heat m?
sink base
Avtin area of outer surfaces of the | m? Avorar Outer surface area of heat | m?
fin =7 Ds Lin sink
bc Backing factor Cp heat capacity J/kg. °C
ds The distance between center | m Ep The output electrical w
to center of fins energy
Effectys The overall finned surface Fg The shape factor of glass
effectiveness of heat sink layer with ground
Symbol Meaning Unit Symbol Meaning Unit
F sy The shape factor of glass h Convection coefficient W/m2.K
layer with sky
heo—ns Heat transfer Convection W/K'm | Hioss The heat losses w
coefficient of heat sink 2
Hro Heat losses from front W H The heat losses at rear W
surface of panel surface of panel
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Q s Total heat dissipation from w qac The actual dissipated heat | W
heat sink from fin
Qmax The maximum dissipated i Incident beam of solar ray | W/m?
heat from fin
I Available solar energy for Lrefiectea The reflected solar W
solar panel radiation from glass covers
and solar cell layer
I3 Solar panel absorbs energy w Is1 Absorbed solar energy at | W
from solar irradiance at solar cells layer
cover glass layer
I, Absorbed solar energy at W | . The absorbed energy part | W
back insulation layer from incident beam at
cover glass
Isop The absorbed energy by the | W kfin Thermal conductivity of Wim - K
cover glass of a beam fin material
reflects from cells layer
Ky s Heat sink base thermal Wim - | Kpeq Tedelar layer thermal W/m - K
conductivity K conductivity
K giass Glass thermal conductivity Wim - | Kgya EVA thermal conductivity | W/m - K
K
K el cell thermal conductivity Wim- |1 Mass flow rate, equal to P | kg/s
K VAchs
R;p, The thermal resistance K /W Rys heat sink thermal K /W
resistance
R, Convection thermal K /W Res Reynolds number depend
resistance on fin spacing = Vs/iv
Requ Equivalent thermal K/w Ry_equ The equivalent resistance K/W
resistances of convection of thermal radiation at the
and radiation at cover glass front surface panel
of panel
Symbol Meaning Unit Symbol Meaning Unit
Rytg The thermal radiation K/W Prtim Prantle number at film
resistances between glass temperature
and ground
Ry fsiy The thermal radiation K/wW Z R The sum of the resistances | K/W
resistances between glass Th=rear | of the upper half panel’s
and sky layers
Z R The sum of the resistances K/W S Channel width between m
Th-top of the upper half panel’s fins rows or columns = ds-
layers D¢
Tam Ambient temperature K Ts Heat sink base temperature | K
Teell Solar cell temperature K Tsky The sky temperature K
Tret The reference temperature °C tlps Heat sink base thickness m
(25°c)
tl cen Cells layer thickness m tlgya EVR layer thickness m
t0 glass Glass cover layer thickness | m threq Tedelar layer thickness m
Nt The total number of fins U, The overall thermal W/K

resistance at front surface
of panel
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Urea The overall heat transfer WIK \% Voltage of the panel \Y
coefficient at rear side
v Wind speed m/s Acell The reflection coefficient
o Transmissivity coefficient of Olcell Absorptivity coefficient of
glass solar cell
Nfin Fin efficiency Olp-in Absorptivity coefficient of
back insulation layer
1]sc Cell efficiency Fref Solar cell efficiency at
reference temperature
Nys Heat sink efficiency Eglass Glass cover emissivity

1-Introduction:

Photovoltaic cells can be directly produced an
electrical energy from an incident solar radiation upon
it. The

environmentally friendly systems are the PV modules.

most  functional,  sustainable, and
But the problem lies in its ability to convert part of the
solar energy received into an electric energy and the
significant part converts to heat which accumulate
inside the solar module causing an increasing in
temperature of the module [1]. Several parameters
have an effect on PV system performance including
temperature. The high temperature will lead to
decrease module efficiency. This undesirable effect in
conversion efficiency of PV module may be partly
avoided by using a suitable method for extracting the
unwanted heat [2]. Many researchers have proposed
various procedures for achieving an enhancement in
the performance of solar panels along with reducing in
the installation costs. One of these methods is to use
properties of extended surfaces in heat dissipation, [3].
Fins are the extensions of surfaces in an object to
enhance the heat transfer rate by convection from or to
the surroundings areas. Thus to achieve a high rate of
heat transfer, the exchange surface area can be
increased or enhanced the convection coefficient of
heat transfer, or both at a time, [4]. But the natural

convection in the heat sink can be achieved in good
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manner only with the optimization arrangement of its
geometry, like fin dimensions and their spacing, [5].
Many researchers had been discussed in previous years
that the fins arranged in the form of strip or an array of
fins [5, 6, 7, and 8] (as a heat sink) caused an increasing
in the surface area of heat transfer. In Some researches,
the heat sinks were utilized to dissipate the excess
thermal energy associated with the PV panel during the
operating time and especially in hot climate areas to be
as a passive cooling system. In ref [5, 7] the heat sink
was fabricated as ribbed walls, made of materials with
high thermal conductivity, while ref [9 and 10],
presented studies in improving PV panel performance
using passive fin cooling with natural ventilation. An
optimized plate fin as a heat sink was used to cool a
concentrating solar panel [111t can be concluded from
the previous experimental and theoretical studies that
the use of fins achieved an enhancement in PV panel
performance within 2-10% in its output power
according to the ways of used heat sink's geometries .

In the subject area, previous studies have found
insufficient, which were published about densely
cylindrical pin fin as heat sinks at the back of a solar
panel to cool it naturally. It is therefore necessary to
investigate this configuration to provide natural

cooling. The use of Standalone configurations of solar
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module is the least methods to achieve enough cooling
for it.

In present work, theoretical simulations and
experimental results will be provided for improving
the performance of solar module with the use of pin
fins array (as a heat sink) for cooling in natural
ventilation. Dimensions of the proposed pin fin heat
sink have been optimized according to the steady-state
and one dimensional heat transfer analysis results.
Simulated and experiential performance results of the
PV module with pin fins heat sink have been compared
with the experiential performance results of the
standalone PV panel.

2- Mathematical Formulation:

I. Optimized of Heat Sink Dimensions:

Cooling by a cylindrical pin fin as a heat sink might
be a potential solution to overcome the problem of high
temperature PV panel. Heat sink effect can provide a
much greater potential convection heat transfer. It
provides an increasing area of heat transfer. So It must
be ensured that the overall effectiveness of heat sink is

at least greater than 2, while its efficiency must be
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close to ideal conditions (of n = 1). These
considerations will ensure that the heat transmitted by
the heat sink to the surrounding is maximized. Ideal
conditions have been applied to be a comparative tool
for the heat sink performance. Thermal analysis of heat
sink has been built on an assumption that heat transfer
is in one dimension and in steady state in determining
thermal resistance (or thermal performance). Because
it deals with one heat source (solar cells) and changes
in environmental conditions are going smoothly
throughout the day. Heat sink with cylindrical pin-fins
will be used in the present analysis. It is characterized
by high heat transfer coefficient due to weak
recirculation flow which will contribute to providing a
fresh air continuously, [12]. Pin fins array is also not
affected by the direction of airflow such as a ribbed
wall as a heat sink, [13]. Fins spacing are determined
of z/d = x/d = 2.5 for best performance, [14], see figure
1. In order to optimize heat sink dimensions, a thermal
model is built to analyze its characteristics depending

on all assumptions that has been mentioned above.

Total heat dissipation (Q;_g) from the heat sink is , [15]: Q_s =

(heo-ns)- (AfB + IlfianAfin) (Tg—Tam)-

Where the thermal resistance is:

1

Tp—Tqa

Fluid resistance is added to the heat sink thermal

87

- Q)

m B (hco—HS)-(AfB +TlfinAfin)

resistance to be

as follows, [16]:

Figurel.Pin fins array as a heat sink geometry
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Qh—s __ 1 1
Te=Tam  (hco-ns)(Arp+sinAfin)  27Cp

Rys =

...(3)
Thermal radiation resistance can be ignored
according to Ref [17]. Equation 3 contains fin
efficiency to cover the fin temperature different along
the fin surface [15].
Fin efficiency can be determined by as following
equation [18]:
= Jdacl (8

dmax

Nfin
Where q_max and q_acl for the case of an isolated
tip of pin fin which has been considered in the current
analysis, are to be as mention in Ref [18].

While h.,_gs of pin fins heat sink is, [ 14] :

k .
heo-ns = 0.068Red733Prit x %

Properties of fluid (air) have been defined at film

temperature.

The total number of fins in heat sink is calculated by

A
The base free area (Asg) can be defined as follows:

AfB = Ag — Nfin At
Heat sink thermal efficiency (n,,,) of heat sink is

calculated as following, [19]:

Glass Cover Reflection
Incident beam(T) + Solar Cells Reflection

Ireflected —=

Transmitted

Electrical power(EP)

(undersied(Hloss)) |

Is =I - I reflected = Ep+Hioss
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Nps =1 %(1 - I]fin)
..(8)

Where, Aiorar = Agp + Afin
..... 9)

Heat sink thermal effectiveness is defined as

follow:

Effectus = ro=s

....(10)

Where h, [20] is: h = 2.56V + 8.55

11. PV- COOL model Thermal analysis

One configuration that leads to natural convection

enhancement is the linking of extended surfaces (fins)
on the back side of the solar module [4]. Heat sink
and layers of PV panel used have been described in
the physical system shown in figure 2. The
boundaries conditions for the studied case were
included heat dissipation and output electrical power
(Ep) as output power and the received solar radiation
(1) as input power to the module, see figure 3. heat
dissipation encompasses the heat looses (Hoss) at the
front of PV panel, by radiation (qr.g) and convection
(deonv) heat transfer modes as well as the heat loss
through a heat sink (Qnear sink) at rear of PV panel, as

illustrated in figure 2.

Figure 2. Physical description of PV- COOL model
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Figure 3. Thermal network simulation for PV cooling

model

The construction of PVCOOL module is solar panel
layers and heat sink as shown in Figure 2. And their
dimensions and physical characteristic are as indicated
in Table 1.

Table 1. Dimensions and physical characteristic of the

suggested PVT module components

Thermal Absor- | Refle- | Transm-
Thickness
Layer conductivity | privity | ctivity ittance
(1), (m) )
(EK). (W/mK) (a) (A) (5]
Cover
0.0032 1.0 0.05 0.05 09
glass
EVA (1) 500%10-% 035 1
PV Cells 180*10-° 148 0.85 015
EVA (2) 500%10° 0.35
Rear
330*10° 120
contact
Tedlar 00001 02 0.5
Heat Sink
0.003 78
Base
Tested heat Fin Fin spacing Fin
Fin height N 1
sink diameter (ZD= XD, number
(L), (m) .
Geometry (D5, m m (Ngen )
0.05 0.01 0.025 130 1z

The solution of proposed thermal model is based on

energy balance for one-dimensional analysis and
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steady state conditions along with data of climate
conditions, dimensions and physical characteristic of
The

conditions are; ambient temperature, solar radiation

module  components. associated climate

and wind velocity.

So the energy balance is: 1= Ep + Hioss

.(12)

Where is = I *Ap ireflect.“ed
..(13)

Lrefiectea - The reflected solar radiation from glass
covers and solar cell layer, see figure 2.
And I

...(14)

jsl + st + 153

Where [si = Tq I Ap (bC ocen )

.(15)
I, =T 1Ap (1 = bO)ay_in
..(16)
iS3 :is3_a + isS—b = ngl IAp +( Cgl IAp bC)

Acen™ agl ..(17)

I3 is the absorbed solar energy at cover glass
layer (I43_,) from the solar rays when penetrates the
glass in its way to the solar cell and when it reflects
(I143_p)from solar cells, as shown in figure 2.

Therefore, the available solar power is as follows:

iS = Cgl IAp(bC Olcell ) + Cg IAp (1-bC) Op-in + agl I

Ap+T g I Ap (bC Aceir™ ag) ..(18)
where  Acen=1-0cel
While the electrical energy (Ep) is:  IJsc= #rer (1-
0.0041(Tecetr- Trer)) --(19)
Ep =Msc Ty Ap bc i
...(20)
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The heat losses ( Hioss ) is expressed as follows:

Hloss:Hfro +Hre (21)
Where Hfro = U, (Tcell -Tam )
- (22)

-1
And U, = ( ZRTh—top + Requ)

(23) B Ry igp = (fectle . Iheva, Alhzf;f:;)

(24) Roqu = [ﬁ] 1

.(25)

Convection resistance (R.) [21] is:- R =ﬁ=
1 ....(26)

Ap(2.56V+8.55)

Thermal resistances of heat transfer by radiation

between glass with the ground and the sky are [21

1

&22]: Resky = iy ptasse 073,
.. (27)
and R -

19 T 4Ry giasso ADTEm
...(28)
Where [23],  Fyy=1- (1+ cos (180- ¢))
...(29)
and Fg= (1- Ff_sqy)
...(30)
SO Ry—eqv = [1/Ryfsky + 1/erg]_1
(31

Sky temperature (Tsky) can be calculated by [24]:
Toky= 0.0552x (T, )10 .(33)

The heat loss at rear surface of panel (Hre) is: Hre=
Urea (Teett -Tam ) ..(34)

_ -1
Urea— (Z RTh—rea + RHs)
..(35)
theetl/z |, thgya thred

Rih—rea = ( e 4
) Th-rea ApKcett  ApKEva Ap-KTeq

tho-y ) (36)
Ap.Kp—_f
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The resistance of heat sink (Ryg) is calculated by
equation 3.

At substituting all terms in equation 12 by equivalent,
and rearranging it, Tcen can be calculated by equation
3.

Is—0.165 Tg bc Apl +TamUtop+TamUrea
—0.000615+Utop+Uyeq

(37)

Teen =

3.Experimental Setup:

Figure (4Aand 4B) presents the experimental setup.
it consists of two 10 W monocrystalline panel, with an
effective area (Ap) of 0.09975m? and maximum
product of the voltage and current 22V and 0.59A
1000W/m?

irradiance at 25°C). A passive cooling manner for solar

respectively in standard conditions (

panel is used by heat sink consisted of aluminum alloy
fins (cylindrical pin fins) with thermal conductivity of
123.84 W/m.K and it was manually manufactured.
Heat sink dimensions have been specified according
to the one dimension and steady-state analysis results
of heat transfer to be 2.5cm, 1cm, 5cm for fin spacing,
The

validation of this heat sink arrangement has been

fin diameter and fin length respectively.

inspected by intensive discussion which will be
posterior presented. The heat sink consisted from 130
cylindrical fins; its dimensions are explained in figures
1. The heat sink has been fabricated from an aluminum
alloy sheet and 130 rods of 1 cm diameter and 5 cm
length see Figure 1. Heat sink was formed by
digging130 penetrative holes in the sheet (base of heat
sink) to place the fins. The distribution of fins was
based on simulation results. The rods were inserted as
fins into the holes tightly to be in touch with the surface
of the hole and the rear panel surface. And then, the
back side of the heat sink has been polished very well

as shown in Figure 4.
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Figure 4. Manufactured heat sink (a) Front side (b)

e —
=B fove s, Shei-h . Back side

* g Y e

& 4 > 7 . “ & o
[ 575 o et e The heat sink was linked on the panel's rear side

 J » -~ ¢ < <
g I < - using thermal gel. A standalone PV panel was used to
; 3o - " ~ compare its performance with the panel which was
- - T e . .

> v~ : - integrated with the heat sink. The panels have been

fitted with a 32.1 deg tilt angle and facing the south
[24], see figure 5.

Voltage regulator , 7- thermocouple , 8- PV panels

Rear sides without cooling system]

Figure 5. (b) Experimental setup
The current work has been done in Baghdad city,
located at 33° 19' North, 44° 25' East, [18]) . The
experiments were conducted in July 2017 from 9:00

[1-PV panels Rear sides with cooling system , 2-PV am to 4:00 pm. Panel’s temperatures were measured
panels Rear sides without cooling system] by a temperature recorder (LUTRON BTM-4208SD

type) with accuracy about +0.3 °C. Thermocouples

were placed at front and rear sides for two panels (with

and without heat sink), to measure their temperatures.

Solar irradiance has been measured by solar meter
Figure 5. (8) PV panels Rear sides with and without (pyranometer, SPM 1116SD type). The output current
cooling system and voltage have been recorded using a digital
multimeter( type Fluke 179). The instant wind velocity
at 2 m above the panel location was measured. Data
recording was repeated in a 20 minute interval for two
panels (without and with cooling) concurrently. In
order to confirm the results, the test was repeated
several times on different dates. The measurement

devices have been calibrated previously.

) 4. Results and Discussion:
[1-PV panels cooling system , 2- Battery type ( SLA

12V *9AH ) ,3- Digital multi meter (as Volt meter) ,
4- Load , 5- Digital multi-meter (as Ammeter) , 6-

Thermal performance of PV module with cooling
system was formulated theoretically. The used
PVCOOL system has been created from cylindrical

pin fins arranged in-line array as a heat sink. The
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thermal performance and dimensions of pin fin and
heat sink that created from them, was depicted
through a mathematical model built for this purpose.
The proposed method was then validated
experimentally.

I. Best Finned Heat Sink Geometry:

The purpose of the search in the optimal heat sink
geometry is to be in perfect form to use as a solution
for overheating in the solar panel. Reference [14]
indicated that the best space between pin fins to be 2.5
D. Therefore, the fins number in heat sink base area is
determined depending on this result for spacing and
the fin’s diameter. Figure 6 shows that the relation
between fin’s diameter and fin's number is linear. The
effects of fin's diameter along with the fin's length have
been investigated mathematically, on the heat sink
efficiency and effectiveness as well the amount of heat
dissipation, as shown in figures (7,8&9) respectively.
In these figures, fin's diameter was varied between 0.4
cm to 1.9 cm with 0.3 cm increment and fin's length
from 3 to 7 cm with 1cm increment. Figure 9 shows
that the increasing of fin’s diameter leads to enhance
the efficiency of heat sink, while the effectiveness as
well heat dissipation are gradually decreased, see
Figure 7 and 8. Also these figures present the effects

of fin’s length on thermal performance of heat sink.

Improved Photovoltaic Panel Performance
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Usually, the increase of the fin length leads to improve
heat dissipation and effectiveness of heat sink due to
the increase of heat exchange area, see Figures 8and
9, while the increasing of fin length leads to a slight
decrease of heat sink efficiency due to increase in
thermal resistance as shown in Figure 10. Within the
scope of the current adopted fin length, it can be
concluded that there are a very little effect in thermal
parameters of heat sink, as shown in the above Figures
as well as Figure 10. Figure 10 illustrates the change
of heat sink's overall thermal resistances with the
different lengths and diameters of the fin. This figure
indicates that the fin having a greater diameter gave a
high thermal resistance with a little effect of increasing
in fin's length. Fins with high length are useful for
increasing the heat dissipation area but, it will be
caused in increasing the heat sink mass. Therefore, an
appropriate length should be selected in the practical
design. This figure indicates that fin having the greater
diameter gave a high thermal resistance with a little
effect of increasing fin's length. Fins having high
length are useful for increasing the heat dissipation
area but, it will be caused in increasing the heat sink

mass.
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Figure 6. The number of fins vs.

fin diameters and lengths
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Figure7. Heat sink efficiency vs.

diameters and lengths of fin

= .
CTR
3 08 J

Figure 8. Heat sink effectiveness vs.

different fin’s lengths and diameters

Figure 9. Heat dissipation vs.

different fin’s lengths and diameters

And fins with small diameter will be hardly manufactured due
to increase in fins number for the specific area of heat sink base
and it may also be easily broken during the manufacturing process.
According to the following considerations; lower cost and easily
fabrication, fins length and diameter and base thickness of heat sink
have been chosen to be 50 mm, 10 mm, and 3 mm respectively.
The selected fin dimensions were marked in above Figures in red
color. This heat sink will be utilized as a PV cooling method in

current work.

1 . | Figure 10. Overall thermal resistances Vs. fin length and diameter

Figure 11 shows the calculated and measured
temperatures of PV module with using the suggested
heat sink as a cooling system. Experimental results
have been got when heat sink was fabricated

depending on analytical results and used as a cooling
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1. Theoretical and Experimental Investigation for the

PVCOOL system performance:

method, in order to validate the performance of the
thermal model. The comparison between calculated
and measured temperatures shows good accuracy
with variance not more than 1.2° C. This Figure

shows that the temperature distribution profiles of
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solar panel were almost having the same tendency for
different cases (without and with cooling).This
detects the reliable performance of the solar panel
with different operation conditions. Also, it can be
observed that the highest module temperature
occurred at a period between 1:00 and 2:00 PM which
will be called the peak time.

For the PV panel temperature without cooling, as
shown in Figurell a highest temperature has been
recorded during the time of experimentation with a
maximum temperature of 69.5° C at peak time. The
module temperature was reduced about 61.5° C in the
same period at cooling with heat sink. This was
corresponded to the reduction in module temperature
about 11.5% and 9.98% for the daily average
temperature

Improved Photovoltaic Panel Performance
Using a Cylindrical Pin Fins as a Heat Sink
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Figurell. Temperatures profile of calculated and
measured solar module

which may be attributed to increase in the surface
area of heat exchange at the rear face of panel. The
variation of output voltage, current, power and
efficiency of solar panels with the time at different
operation conditions are presented in Figures 12, 13,
14 and 15. It may be inferred that the electrical
characteristics output are improved when the solar

panel is supplied with cooling arrangement.
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Figure 12. Output currents of PV module along

with incident radi

ation. along with panel

temperatures

The electrical characteristics of the photovoltaic
module can be summarized in the relationship between
both of the output voltage and current. Figures 12 and

13 show the effects of the proposed cooling system on

Figurel3.
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Output voltages of PV module

both output voltage and current of the modules with
time. The use of heat sink as a cooling systems
achieved an improvement in daily average of output
currents about 5.55%, and outputted voltages about

6.63%, , compared with the standalone panel voltage
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output. The improvements are occurred due to the
reduction in PV temperature

The amount of solar irradiance determines the
amount of output current and the operating
temperature of solar panel affects in the output voltage
(V). Figure 14 presents the variation of the output
power with time for module with heat sink as a cooling
system along with radiation data. Figure 14 shows that
the output power for the panel without cooling
arrangement (standalone) is the least at a value about

4.37W, while the output power for the PV panel with

Improved Photovoltaic Panel Performance
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heat sink is 4.96 W. The daily average enhancement is
about 13.5%, for using heat sink arrangement. The
variation of solar module efficiency with the time is
presented in figure (15) along with the module
operation temperatures of the panel with and without
cooling. The average efficiency along time operation
is the smaller at a value 6% without cooling. The
average panel efficiency has been enhanced about 11.6
% to be about 6.7% at using the heat sink. The
experimental results point out that the solar panel

temperature has a significant

I, W/m2 [ Te mesurred, standalone
P . e i 900 105 1 n
—#—(stand alone panel) . To messured, with heat sink
—-with heat sink 105 == standlone pan
™ [ 500 nslanaunelp el 60 .
N 85 Jhwﬂhﬂéﬁnr ¢
2 7005 EE 85 -1 ! :
- -
" =
5 2 H w i
¢ g 15 HAFE= £
2 4 600.9 I 30 ]
g B 5 al :
5 :
3 i ~ - U
500 55 N g
L 400 45 0
3:5 LUNLEN LI L L L L L L LN L L L L L LN LA LI LN BN L | U
300 00000000000 000000000Q0
ONSOQNTOQNIONTOQNTQNTONTQ
R N S AR RER R LLRE R EEEE S
Time Time
Figure 14. output power along with Figure 15. panel efficiency along with
the solar radiation the solar module temperature influence on the efficiency

and output power of PV module or, the rising of PV
module temperature leads for decreasing the output
power followed by a reduction in electrical efficiency

of PV module as shown in Figure 15 .

5- conclusion:

A passive cooling system,( a pin fin as a heat sink) is
fixated to a flat PV panel to reduce the module's
operating temperature in order to enhance the solar
module performance. The following remark

conclusions can be derived:
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1- The solar panel maximum temperature about
70 °C and an average temperature about
62°C, without cooling.

2-  The maximum module temperature is 63 °C
and about 55.7°C for the average value when
the heat sink is used as a cooling method.
This corresponds with the reduction in
temperature of module about 9.1%.

3- The proposed thermal model gives good
accuracy for predicting module
temperatures ( panel with finned surface as a
heat sink) with variance not exceed than 1.2

° C. For the measured temperatures under
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same operation conditions. that is indicated
to use The thermal model as a tool to
examine other geometry of heat sink

4-  Cooling the module by pin fins (as a heat
sink) affects the voltage and current
production which leads ultimately to
increase an average output power about
13.5% , comparatively to the average
output power of standalone panel , and an
enhancement about 12% for the average
efficiency.

5- Heat sink geometry and dimensions must be
optimized in order to determine the best
performance with a low cost and easily
fabrication at using it as a solution for

overheating problem in solar panel.
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