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ABSTRACT

Low heat-air exchange in a dynamic vein of the solar collector still remains one of the major issues
to solve in the use of thermal solar energy. These exchanges do not enable to achieve better
performance or increased energy efficiency with these Systems. Instead, the fitting of fins on the
absorber of the collector significantly improves heat transfer. So, the objective of our study is to
assess the performance of a flat plate collector equipped with rectangular fins in natural and
forced convections. In a theoretical study, a program to simulate the thermal performance of the
transitory regime collector was established using MATLAB 7.8.0 calculation software. Regarding
the experimental part, a set of measurements of solar radiation and temperatures of the fluid and
the collector components were undertaken both in natural and forced convections. Theoretical and
experimental results are consistent and encouraging. The maximum experimental productivity
reaches 75% in forced convection and 40% in natural convection. The theoretical experimental
efficiency is 84.5% in forced convection.

*Corresponding author: E-mail: boubakont2015@gmail.com;



Ouedraogo et al.; BJAST, 11(6): 1-11, 2015; Article no.BJAST.20741

Keywords: Thermal collector; fin, performance; natural and forced convection.

NOMENCLATURES
a : albedo
A : Collection surface of the air flat plate

collector (m?)
DH : Hydraulic Diameter (m)
DT : Temperature gag (Ts — T,)(T)

€is . Thickness of the rear isolator (m) ;

ey : Thickness of the window pane (m)

F' : Local efficiency transfer coefficient air -
absorber

Fr : Overall transfer coefficient air — absorber
H : Angular height

h.., : Transfer coefficient by radiation between
the vault and the pane (W/m°K)

h.., : Transfer coefficient by radiation between
the pane and the absorber (W/m’K)

h.i : Transfer coefficient by radiation between
the absorber and the isolator (W/m°K)

h.s : Transfer coefficient by radiation between
the isolator and the floor (W/m°K)

hvv : Convective transfer coefficient due to win
(W/m?K)

h,., : Transfer coefficient by natural convection
between the absorber and the pane
(W/m°K)

h,na : Convective transfer coefficient between

the absorber and the air (W/m’K)

i : angle of inclination of the incident solar
ray

lo  :Solar constant (W/m?)

L : Collector length (m)

I : Collector width (m)

m : Mass air flow (kg/s)

N : Number of fins

Pg : Overall flow received by the air flat plate
collector (W/m?)

P, : Direct flow (W/mz)

Py : Diffuse flow (W/m?)

Pg : Flow absorbed by the absorber (W/mz)

P,  :Useful heat flow recovered (W/mz)

RG : Overall radiation (W/m?)
1. INTRODUCTION

Since its invention, solar collector still remains
limited because of its low productivity in
converting solar energy into thermal energy.
Since then, several studies are conducted to
solve this problem and turn it into a simple
weakness. Then, we move from coverless
collectors to window panned ones: single
gazing, double glazing [1,2], combined double
glazing [3] and triple glazing [4]. This has

T . Air temperature in the mobile air vein of
the collector ()

T, : Ambient temperature (C)

T. : Temperature of the vault (C)

Te : Air temperature at the entry of the
collector ()

Ti, Tie : Temperature of the internal isolator (C)

T  :Linke air trouble factor

Ts : Air temperature at the exit of the collector
(T)

Tso : Temperature of the floor (C)

Tve ,Tyi : Temperature of the external and internal
pane ()

Tn : Temperature of the absorber (C)
U, : Thermal loss coefficient in the back of the
absorber (W/m?K)

U, : Thermal loss coefficient between the
absorber and the ambient air (W/m’K)

U, : Thermal loss coefficient in the front of the
absorber (W/m?K)

Vi . Air speed in the mobile air vein (m/s)

V, :Wind speed (m/s)

Dimensionless numbers

Re :Reynolds

Nu  : Nusselt number

Pr  : PrandIlt number

Greek Alphabet

an,a, : Absorption coefficients of the absorber
and the pane

B : Angle of inclination of the collector

&, &, & Emissivities of the vault, the isolator
and the pane

n . Thermal efficiency of the air plan
collector (%)

A . Air conductibility (W/mK)

A . Isolator conductibility (W/mK)

Ao : Wood conductibility (W/mK)

v Air cinematic viscosity (m?/s)

Vi . Air dynamic viscosity (kg/ms)

o : Stephan-Boltzmann constant, (W/m?K?)

T, : Glazing transmission coefficient

enabled to make a major step in reducing heat
loss in its exchange with the external
environment. Indeed, according to H.A.M. ALI
[2], the combined plastic-glass cover collector
has a better optical productivity (61.40%) than a
double glazing (55.20%). S. Youcef-Ali and JY
Demons [5] showed in an experimental study that
the triple coverage gives greater performance
than double-glazed by minimizing energy losses
outward. This problem is now solved. The
pending issue is how to raise the low level of
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heat exchange produced between the absorber
and the heat transfer fluid. In this theme, several
works were conducted including those by T. Letz
and M. Lallemand [6] who, in their study, has
showed the importance of selective absorbers
for air collectors. They enable to significantly
improve  productivities when inflow air
temperature is high.

With the view to improve the heat exchange
rate transmitted to the fluid, the most commonly
used possibility consists in increasing the
absorber exchange surface by adding fins or
heat seals. So, several types and models have
been studied by researchers such as A. M.
Amine [7], Aoues K. Andal [8] and M. Younes
[9]. K. Aoues et al. [10] have studied both
models (1 and 2) differentiated by the angle of
inclination with reference to the horizontal (60
and 1209. It is clear from their work that the
model-1 gives better results compared to the
model-2. S. Bahria and M. Bahria Amirat [4]
found that the increase in the number of heat
seal rows improves the productivity of 2% when
we add one row. The studyby A. Ahmed al-Zaid
et al. [11] enables to classify in an increasing
order of efficiency and performance four
different collectors as follows: collectors without
heat seals (SC), transversally curved ogival heat
seal collector (OCT), longitudinally curved delta
heal seal collector (DCL), and lastly cross-
longitudinal heat seal collector (TL).

We would like through this paper, not only to
contribute to improve solar thermal collectors by
studying the thermal performance of right fin
collector build in the absorber, but also to see the
impact of the number of fins on this performance.

2.2 Modelling of the Collector

2. MATERIALS AND METHODS

2.1 Description  of  the

Mechanism

Experiment

The solar collector we study here is designed
and developed by LETRE (Laboratoired’
Energies Thermiques Renouvelables) of the
University of Ouagadougou. This is an air
plane collector with3 m? collection area, or a
length L = 3 m and a width 1 = 1 m. The collector
is integrated into a drying unit.

The main components of the sensor are
summarized as follows:

- Only one transparent 5 mm thick glass
cover.

- A thin steel absorber plate painted in matt
black which thickness is1 mm. The height
between the transparent cover and the
absorber plate is 50 mm.

- The dynamic air stream of 50mm high is
located between the absorption plate
(black body)

- And a lower steel plate placed on the
insulator.

The rear insulation is done through a polystyrene
sheet of 50 mm thick and a wooden
casing of 5 mm thick. Additionally, 19 straight fins
are embedded perpendicularly to the absorber in
the sense of the fluid flow. They are 0.8 mm
thick and separated one to another of 52.63 mm.

Exposed to sunlight, the collector receives on its surface an overall solar flow put as follow:

Pg = Pyir + Pyiy (1)

Where Pdif = Pdif,h(l + cos ‘B)/Z +a Pdif,hﬂ(l + sin h) (2)
. 94 . -1 .

And Py;, = 1,C,_gexp [T} (0,9 + 5a92 50 h) X cos i 3)

These are the diffuse flow and the direct flow respectively. A small part of the overall flow is
reflected by the pane and the great part is transmitted to the absorber, which also absorbs

The parth, = (t,a,)P

(4)

It reflects a small part on the pane like infrared rays. Since it is opaque to infrared rays, it sends
them back once again toward the absorber and so on. This phenomenon is called greenhouse
effect. The power absorbed P,reduced from losses Fyis the power or useful heat flow P,sent to the
coolant:
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P, = AX Fe((r,an)Ps — Uy (Ts — T,)) (5) Fp = T < 1 exp <_4.F'.UL)) ©)
AXUp, mxCp
With A: the surface of the collector and Fithe .
overall thermal exchange efficiency of the Where the local transfer efficiency
collector. F = (Uar+hZpi+hvna)hvna )

2
(Ugv+hynithona) Ugr+hyna+hrnid) —hi,;

2.2.1 Thermal balance of the various components of the collector

Considering that the collector is divided into a number of fictitious slides which length is Ax related to
the coolant flow, the heat transfer equations are as follow.

In the window pan

In the external face

MyCpy(Tye(J)—T*pe(j) P, . , . .
gl vedlt vel) = dsf + hrvcds(Tc - Tve (])) + hvvds(Ta - Tve(])) + hcvdS(Tvi(]) - Tve (])) (8)
In the internal face

MyCpy(Tyi()—T"4i(j)

dt = hrvndS(Tn(j) - Tvi(j)) + hvvndS(Tn(j) - Tvi(j)) + hcvds(Tve (]) Tm (])) + dS (9)

In the absorber

Mo = s (T () = Ta() + henidS (T = Ta)) + honds(Toi ) — Tu()) +
hvnads(T(] - 1) T, (])) + hvaalnlNaLdsaL(T(] - 1) -T (])) + P ds (10)
Surface of the fin for a given section

dsg =2 X e X Ax (112)

In the coolant

T(G) = TG = 1)+ 20 1 Ax (T,() = TG = D) + 722 1 Ax (T4 () = TG = 1)) + 222, Nog 2 Ax (T, ()
P P P

77-1 (12)

With e the fin width h,,, = hyiq (13)

2.2.2 Balance of isolator

In the internal face

M TUDTUD) = s ds (T, () = Ta (D) + hoan ds (TG = 1) = Ta()) + hep ds(Te() = Tu())  (14)

In the external face

MDD = o ds (Top = Toe (D) + o ds (To = Tie()) + hegds (Tu() = Tie () (15)

2.3 Thermal Efficiency of the Fin Collector

This is the ratio of the power or useful flow recovered by the heat transfer fluid from the overall flow
received at the surface of the collector [12].

P
Nen = i (16)
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By replacing P, by its expression, 1., becomes

UL(TS—Ta))

Nen = Fr (Tvan - P
B

Avec B, =U, (T, —T,)

In which the overall loss coefficient is:

UL = ((Uav+Uar) (Zhrnihvna+h127na)+2Uav Uar hvna)/((Zhrni +Uav+hvna) hvna)

1 1 -1
Uay=
hyy+hrye  hyyn+hron

1 1771
And U= h_a + h—w]

3. RESULTS AND DISCUSSIONS
3.1 Theoretical Results

With a simulation program established in
MATLAB, we have studied the influence of
parameters including ambient temperature,
collector length, time, flow rate of the coolant
and number of fins on the fluid temperature at
the exit of the collector (Figs. 1, 2, 4 and 5). Also
we studied the influence of the fluid flow speed on
the thermal productivity based on the DT / RG
ratio (Figs. 8 and 9).

We have also compared the right fin collector
with the collector without fins (Figs. 7(a) and

(b)).

According to Fig. 1, the fluid temperature at the
exit of the collector increases very slightly as

360

temperature air en K

0.5 1 15 2 2.5 3
espace utile en (m)

Fig. 1. Evolution of the fluid temperature
according to the ambient temperature

17

(18)

(19)

(20)

(21)

well as the ambient temperature. The ambient
temperature (30C < Tamb < 42€C) has little
influence on that of the fluid. It can be seen in
Fig. 2 that fluid temperature at the exit of the
collector increases with the length according to
its length. This is quite logical because the longer
the collector, the longer the time the fluid will
take to run through it; so it will receive more
heat.

Fig. 4 shows that the temperature of the air at
the exit of the drainage pipe increases with the
number of fins. However, an optimum number is
to be sought to efficiently ensure heat exchange.
Indeed, by increasing excessively their number,
the thermal inertia of the collector also increases
resulting in heat losses and pressure drops. This
will decrease the efficiency of the thermal
collector. Over twenty (20) fins, fluid temperature

variation increases slightly compared to its
440
420
RG=950w/m2
400 | v=0.5m/s B
X
o
£ 380 - B
o
2
g 360 | —
2
340 R
320+ R

300 . . . . L
o] 2 4 6 8 10 12
longueur du captuer en (m)
Fig. 2. Evolution of the fluid temperature
according to the collector width
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température de la itre,absorbeur,et fluide

Temperatures en T

| |
1 1
10 11 12 13 14 15 16 17
Temps en heure

Fig. 3. Variation of the temperature of the fluid,
the pane and the collector

380

temperature air en K

0.5 1 1.5 2 25 3

300 - -
0

espace utile en (m)

Fig. 5. Variation of the fluid temperature
according to the speed of flow

below twenty (20) fins. This confirms the right
choice we made to set 19 fins on the absorber.
With zero fin, fluid temperature is 345.8 K while
with 19 fins, it is 351.2 K, accounting for an
increase of 5.4 K. we conclude that fins
contribute to improve the thermal performance of
the collector.

Fig. 5 shows that the speed of the fluid flow
strongly impacts on the temperature at the exit of
the ventilation channel. When speed increases,
fluid temperature decreases. This is simply due to
the fact that when the speed of the air
increases, the amount of air to be heated

353
352
RG=950W/m2 L
351
v=0.5m/s
4
~ 350
o
0
|4
2 349
[
o
£
ki 348
347
346
345
o] 5 10 15 20 25 30

nombre des ailettes

Fig. 4. Evolution of the fluid temperature
according to the number of fins

variation du rayonnement solaire théorique
1100 T T T T T

—+— Rdir
—H - Rdif [
—>—RG

1000

900+
800+
700+
600+
500
400

300 / q
200 \

QZD‘D»B-ﬂ—D~—EF—D~B*D\ﬁ;

100 I I I I I I I I I
7 8 9 10 1 12 13 14 15 16 17

temps(h)

flux solaire(W/m2)

Fig. 6. Evolution of direct (Rg;), diffuse
(Rqif),and overall (RG) radiation

increases, causing temperature decrease at the
exit.

When considering the Fig. 6, we notice that all
these values reach their maximum at 12 h 00
min. To ensure a maximum overall radiation of
1045W/m? (Fig. 6), the absorber reaches
136.55C, enabling therefore to raise that of
the fluid to 78.25C (Fig. 3). The pace of the
overall radiation RG is similar to those obtained
in literature, notably by [4, 13] and by [1], with a
displacement of the maximum at 13 h.

The case of the collector without fin (Fig. 7(a))
shows a positive variation of nearly 38T



Ouedraogo et al.; BJAST, 11(6): 1-11, 2015; Article no.BJAST.20741

between the temperature of the air when
entering and that at the exit, against a positive
variation of 58C for the case with fins (Fig. 7
(b)), accounting for an improvement of the fluid
temperature by 20°C. These results once
again highlight the importance of fins on the
performance of the collector. Figs. 8, 9 below
show that the thermal performance of the
collector increases with the flowing speed of
the coolant. Yet, an exaggeration of this will
contribute to decrease the performance.

3.2 Experimental Results

The experimental study was conducted in two
parts: in natural convection and in forced
convection.

3.2.1 In natural convection

The results of experiments carried out with
natural convection are shown in Figs. (10, 11
and 13). Natural convection is characterized by
low flow velocity of the coolant. The fluid velocity
is not controlled; it depends on the wind natural
breath. It is therefore random. In natural
convection, the thermal efficiency of the sensor is
relatively low. However, the fluid temperature at
the output from the flow vein of the sensor is
important. This is explained by the fact that the
fluid flow is slow allowing it to heat up more due
to heat exchange with the absorber.

3.2.2 In forced convection

The maximum fluid temperature at the exit (Tg) is
65T at around 12 h 15 min (Fig. 14) while the

420

400 ///

380

RG=950w/m2

Tair

L x i
%0 Vair=0.5m/s Tuire

Température en K

340

320

300 I I I I I )
0 0.5 1 15 2 25 3

abscisse dans l'espace utile en (m)
(a)

Fig. 7. Evolutions of the temperatures of the glazi

minimum is 45C. The interval [45° -65C] is
acceptable for a system used to dry foodstuffs
like ours.

The maximum temperature at the exit in natural
convection is higher (71C) than forced
convection (65C). This is certainly due to the
fact that the forced convection air volume to be
heated at the same time is higher than in natural
convection.

However, the maximum thermal efficiency
(75%) in forced convection (Fig. 15) is
considerably better than in natural convection
(40%) (Fig. 12). This is due to the fact that in
forced convection, the gap between the
temperature at the entry and at the exit is
reduced.

4. COMPARISON OF THEORETICAL
RESULTS WITH EXPERIMENTAL

The results of the simulation and those from
experiments show good similarities in form and
substance. However minor differences were
detected. The experimental maximum
temperature of the coolant at the outlet is 70C
and is achieved between 12h30 - 12h45 (Fig. 12)
is less than that of the simulation 78.25TC to
12h00 (Fig. 5). A difference of 08.25%. This can
be explained by the fact that the absorber sensor
was not clean enough. Indeed a fine layer of
dust, but accentuated by place had deposited on
the absorber during handling. Also this difference
is evidently due to heat loss.

420

400 /

380

RG=950w/m2

Tair

360+ ¢ T
Vair=0.5m/s X Titre

340t /

320

Température en K

300 1 1 1 1 1 )
0 05 1 15 2 25 3

abscisse dans l'espace utile en (m)

(b)

ng, fluid, and absorber along the

collector (a) without fins (b) with fins
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As for performance, it has to recognize that
differences exist. The maximum theoretical
efficiency is 84% at the velocity of 3m / s (Fig. 9)
while that of the experiment is 75% at the same
rate (Fig. 15). They are due precisely to the
reasons that are:

» Climatic hazards: wind, clouds passing,
dust in the natural.

Heat losses in the sensor. In fact when the
temperature of the absorber or the overall
heat flow is uttermost, the heat loss factors
which increase naturally results in an
increase of heat losses as S. M. A.
Bekkouche, T. Benouaz and F. Bouayad
[14] have shown in their article.

>

As for the total radiation received at the sensor
surface, the experimental values are slightly
higher than theoretical. The maximum heat flow
recorded during the experiments is 1088w/m”
(Fig. 11) while the theoretical maximum value is
1045w /m? (Fig. 6). A difference of 3.68%. This
difference is acceptable and could be explained
by uncertainty about the coefficients a and Ty
characterizing the nebulosity of the sky in the
theoretical model (formulas 2 and 3).

5. CONCLUSION

This work was focused on the assessment of the
performances of a solar thermal collector used in
drying foodstuffs. In this respect, a digital model
enabling to simulate the functioning of the
collector, where a Computing language program
"MATLAB" was developed and used. This digital

0012 0.014 0016 0018 0.02

0022 0024 0026

DT.RG

10

orresponding to v=3m/s

model has enabled us to study the various
changes in the coolant temperature at the exit of
the collector according to factors such as time,
the number of fins set in the absorber, the
speed of the coolant, room temperature, and
the collector length. This has also enabled to
study the daily thermal efficiency, and the impact
of the coolant flow speed on it. The setting of a
relevant number of fins (19 in our study) on the
absorber improves the fluid exit temperature by
20°C compared to the same system operating
without fins. By applying the speed 3 m / s to
the coolant, we get maximal experimental and
theoretical efficiencies of 75% and 84.5%
respectively and maximal exit temperature of
65C. We noticed that the gap between the
temperature of the absorber and that of the fluid
is very significant. This requires better insulation
to reduce losses.
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