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Abstract
In this work, an experimental and numerical study was presentadsolar air
collector (SAC) in order toimprove the thermdnydraulic performance through
rectangular baffles perpendicular to the air inside the channel .(tluthe experimental
study, many cases were studied using different formations of baffles, tladtgra
numerical mdel was designed usir@omputational Fluid Dynami€FD (Ansys Fluent
18.1)in the Reynolds range froRe= 5038 toRe= 10635 which was validated based on
the experimental resulthe turbulence model RNG-# was chosen because
closer results tothe standard correlations of DittB®elter and Modified Blasius,
compared to the rest of the moddlbe results showed that the besf playa major role
in improving the heat transfer of these collecttns, effect of baffles on the heat transfer
from the absorber plate to the air was understood through the local heat transfer
coefficient along the channel and the velocity fields and their, l@yschoosing the
appropriate coordination of shape, angle of inclination, number and positioning play an
effective role in improving the thermwydraulic performances
Keywords: solar air collector, CFD, Ansys Fluent 18.1, heat transfer, baffles,
thermaehydradic performances.
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Résumé

Dans ce travail, une étude expérimentale et numérique a été présentée sur un
capteur solaire a air afin d'améliorer les performances thbyai@uliques a travers des
chicanes rectangulaires perpendiculaires a l'air & l'intérieur du canal (conduit). Dans
I'étude expérimentale, de nombreux cas ont été étudiés en utilisant différentes formations
de chicanes, aprés cela, un modele numérique a été concu en utilisant Computational
Fluid Dynamic CFD (Ansys Fluent 18.1) dangitervalle de Reynolds de Re = 5038 a
Re = 10635, qui a été validé sur la base des résultats expérimentaux. Le modéle de
turbulence RNGK) a ®t ® choi si car il donnait des
standard de DittuBoelter et de Blasius modifié, par rapport au reste des nwdede
résultats ont montré que les chicanes jouent un rdle majeur dans I'amélioration du
transfert de chaleur de ces capteurs, I'effet des chicanes sur le transfert de chaleur de la
plaque absorbante a l'air a été compris a travers le coefficient dertraleschaleur local
le long du canal et les champs de vitesse et leurs ragonglus de cale choix de la
coordination appropriée de la forme, de l'angle d'inclinaison, du nombre et du
positionnement joue un rble efficace dans [I'amélioration des rpwfces
thermohydrauliques.

Mots clé: capteur solaire a ailCFD, Ansys Fluent 18 1transfert thermique

performances thermloydrauliques
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General introduction

Energy is an essential component for the growth and development of human societies. It
is the driving force behind almost every asp#anodern life, from transportation and industry to
healthcare and communication. Without energy, societies would be unable to progress and thrive
as they do today. Energy can come in many forms, including fossil &amelsgnewable sources.

Each of these sources has its uniqgue advantages and disadvantages, and the choice of which to
use depends on a variety of factors, such as availability, cost, and environmenta|ingjact

The use of energy has led to tremendousiadements in technology and infrastructure,
enabling the creation of vast transportation networks, modern communication systems, and
efficient industrial processes. These advancements have helped to improve living standards and
reduce poverty in many partsf the world, allowing people to lead more comfortable and
fulfilling lives. However, the use of energy also comes with significant environmental and social
impacts. The burning of fossil fuels, for example, has been linked to climate change and air
pollution, while the construction of largecale energy projects can displace communities and
harm biodiversity. As such, it is important for societies to consider thetésngsustainability of
their energy use, and to seek out cleaner and more efficieesoirenergy wherever possible.
Solar energy is a clean and renewable source of energy that is becoming increasingly popular
around the world. The use of solar power has grown rapidly in recent years, as people seek to
reduce their reliance on fossil fsehnd minimize their impact on the environmetlar energy
has a wide range of applications in our daily lives, from powering homes and businesses to
providing electricity to remote communities and powering transportation. Solar panels can be
installed @ rooftops or in open fields tcapture the energy of the s{@-5].

One of the most important ways to exploit solar energy is to convert it into thermal energy
using the seaalled solar air collectors (SAC) [6]. The use of solaair collectors (SAC) is
becoming increasingly popular as a means of harnessing solar energy for heating and cooling
applications. However, one of the challenges associated with these systems is improving heat
transfer within the collectors to increase their overall efficiencys ©hihere the use of til@s
inside the channel comes By strategically placing barriers inside the channel, it is possible to
disrupt the flow of fluid and create turbulence, which in turn improves heat transfer. The design
of thebafflesis crucial,as it needs to balance the need for increased turbulence with the need to
maintain an efficient flow of fluid through thauct To achieve this, in this studye focused on
designing the geometric shape of the barriers to optimize thermaheand hydraulic
performance, where weused both experimental and numerical gsial including the use of
Computational Fluid Dynamics (CFDoftware such as Ansys Fluent 18.1, to simulate and
visualize theflow within the SAC The combination of expenental and numerical analysis is a
powerful approach, as it allows researchers to validate their simulations withord@ldata and
make adjustments as needed. By doing so, they can refine their designs and identify the most
effective methods for imprawg heat transfer within the collectors.



In the first chapter of the study, we explored the topic of improving the efficiency of solar
thermal collectors by introducingafflesin the channel. We explained the concept of adding
bafflesto disrupt the flow of fluid and create turbulence, which in turn improves heat transfer. To
achieve this, the researchers conducted HOHD and experimental studies to test the
effectiveness of different designs and configurationdaffles Numerical simulations were
carried out using software such as Ansys Fluehi, while experimental studies involved the
construction and testing of physical models of the collectors. The researchers also noted that the
effectiveness of the obstacles depended om gemmetric shape, spacing, and orientation. By
experimenting with different configurations, they were able to identify the most effective designs
to improvethe performance of the collectoi®he first chapter of the study provided ardepth
analysis 6 the research conducted on improving thermalefficiency ofthe SACby adding
bafflesto theduct

In the secondchapter our experimental work was dealt with in sequence, where the
applied side was explained, starting from the structure to meashamggultsMany obstacles
formations were presented inside the channel, whose inclination angles, susniepositios
were studied.

After the experimental work, we entered tG8&D analysisin the third chapter, which
includes three stages before pratirg with extracting the results, which atee study of the
effect of division choosing a model turbulence to floxalidationwith the experimental results,
and finallyvalidationwith the experimental results

In the last chapter, the results wamresented and discusstiee resultsas a function of
the therno-hydraulic performanceof this studied collector.

This study achievedptimal configurations in regardirtg thermal and hydraulic factors,
while also comprehensively characterizing thet i@msfer mechanisms through assessments of
thermal diffusion, fluid velocity, and pressure.



Chapter |
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I. Literature review

[.1  Introduction

Thermal energy is a vital aspect of our daily lives and is used for a variety of purposes,
such as drying and heating, among others. To harness this energy from the sun, a device called a
solar air collectorQAC) is utilized Fig I.1, which converts the sun's energy into thermal energy
[7]. The operating principle of these collectors involves the exchange of energy betwieid the
and the absorber plate. The greater the heat transmission between the fluid and the absorber plate
caued ahigherof the thermal efficiency. This is why many studies aim to improve the thermal
efficiency of SAC by developing techniques that enhance the thermal transfer among the fluid
and the absorber, taking into consideration ttesgure drop for the tector. SACwith baffles
are one such example of a technique aimed at mimgydhe thermal efficiency oc5AC. Baffles
arefins that are installed inside the collector to enhance the thermal transfer between the fluid
and the absorber plate. The main itbeaind using baffles is to increase thebulence intensity
of the fluid inside the collector, which in turn leasa higher heat transfer rathjs increase in
the thermal efficiency of the collector, making it moracééit energygathering deviceln this
chapter, we aim to highlight the most important works and findings of these technologies, with a
focus on studies BAC with baffles. By reviewing the latest advancements in this field, we hope
to provide insights into the current state of theaard help guidduture research in this area.
Overall, the use o8AC with baffles represents a promising approach to improving the thermal
efficiency of SAC[8, 9]. By exploring the potential of this technique, we can continue to advance
the use of reneable energy sources and reduce our dependence on traditional energy sources. In
the future, the development of more advanced and effiidtwith baffles has the potential to
play an important role in shaping the energy landscape of our world.

4@1 et

Glass cover
Absorber plate Thermal insulator

Air duct

t

Figure 1.1 Flat plate solar air collector

[.2  Improve thermo-hydraulic performance techniques
There are many technical improvement methods available to increase the heat exchange
within SAC, each with its own advantages and disadvantages. The selection of the most suitable

4
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method depends on various factors, such as the collector's size, type, application, -and cost
effectiveness. Nevertheless, these technical advancements offer great |foreatinancing the
performance and competitiveness of solar thermal energy systems in the future. Thiereeare
main ways to improve the heat exchange within solar thermal coll@jtorwhich are
summarized as follows

[.2.1 Active techniques

Mainly depend on external forces used to improve heat exchange, the efficiency of the
system hinges on harnessing these forces to optimize thermal performance and enhance overall
energy transfer.

[.2.2 Passivetechniques

To increase heat transfer coefficients by alterhmg ftow behaviour, specific surfaces or
geometries are required in the flow channel. This can involve integrating artificial roughness or
external surfaces, which can be achieved without the need for direct external power. However, it
should be noted th#ttese techniques may result in an increase in fluid pressure drop.

[.2.3 Compound techniques

In this area of improvement it incorporates both technologies to improve thermal and
hydraulic performancgig |.2.

Improve thermo-hydraulic performance

techniques
A 4
Active techniques Passivaechniques Compound technique
v v \ 4

External forces All technical changes tg Hybrid techniques
Surface, fluid increase the exchange are
vibration including changing the shape
Mechanical aids :

the channel, addingobstacles,

changing the shape of th

absorbent plate ¢

Figure 1.2 Organigranof the thermehydraulic performanctechniques

In our study, it was relied on tmprove the heat transfer on tbempound techniques, in
this sense; the previous studies availabline literature were selected
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[.3  Solar air collector without baffles (smooth plate)

Typically, the absence of baffles in a solar collector is commonlyamg as a baseline

reference point for various investigations in the field. The rationale behind this practice is to
establish a point of comparison for the examination of the impact of different factors on the
performances of the solar collector. By utilizing this reference case, researchers can identify the
changes in thermal and hydraulic behavior that result from the inclusion of baffles, and more
accurately quantify the benefits and drawbacks of such modificatiortsslstudy, several cases
were examined and compared to the reference case to determine the effectiveness of different
baffle configurations in optimizing solar collector performamnde this contextChabaneet al,
[10] report study of amxperimental o SAC with a smooth platgwithout baffles)Fig 1.3, this
work pointedto determine the optimal thermal performasnidéwas changed thmass flow rates
where they usdive values also they changed thsolar intensity, tilt angle, andutside
temperatureThis study was done in ordey find outthe thermal behaviasf this SAC with the
this design.

1: Transparent cover (Plexiglas)

2: Absorber plate (dark color & gaivanized)
3: Exterior plate (gaivanized).

4: Insulation (polystyrene).

5: Inlet airfiow (cold).

6: Bottom plate (gaivanized).

7: Outlet airflow (hot).

Figure 1.3 Schematic view of th8 AC[10].

Through the results of thisesearch, which is mainlyepresented in the study of heat
transfer undea fixed of operating conditions tmprove the thermal efficiencit, was found that
for mass flow rate m=0.0202 kg/he efficiency found to be higher than the mass flow rates
m=0.0108 kg/s m=0.0161 kg/shere the best value of efficiency was58.30% at 13:15,h-ig
1.4.
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8 9 10 1 12 13 14 15 16 17,

Time of the day

Figure |.4 Variation of collector efficiency at different mass flow raf&g).

Similarly, we remark that the results showaftier changing the mass flow rates was
affecting directly in the temperature of the bottom platel the absorber plate.

I.4 The influence ofthe addition of different geometrical shapes of baffles

One of the most effective methods for improving therpefformance of collectors is
the inclusion of baffles within the collector channel. The use of baffles can significantly enhance
heat transfer rates bgdreasinghe flow of fluid through the collectpand increasing the surface
area available for heat transférhere is a wide range of ideas and concepts present in the
literature regarding the form, number, and position of baffles witt®A@. For instance, some
researchers propose the use of tapered or twisted baffles to promote more turbulent flow, while
otherssuggest using a combination of straight and curved baffles for improved heat transfer.
Additionally, the number and placement of baffles bawary depending on the specific design
of the collectorand the intended application. As such, exploring and testing these different baffle
configurations is a vital step towad®veloping more efficient and effecti®\Cs for widespread
use.[8, 11-18]. Chabane et al[19] studiedexperimentally the thermbydraulic performancs of
SACs with and withoutbaffles the shape of these baffles is seaylindrical, for the tow
configuration, where the angle of inclinatiohcollectorb =8 °3

This study was conducted to calculate the thermal efficiency of SAG with and
without baffles, for different air flows after thatmonitoring the outlet temperature changée
work presented that the thermal efficiency of ®&C with semicylindrical formed of baffles
waslarger19 % than th& AC with smooth plate-ig |.5.
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Figure 1.5 Absorber plate with baffles in seroylindrical form [19].

100

20
80
70

n (%)

50
40
30

Figure 1.6 Thermal efficiency as function of time of the day (with and without baffle§)

In the same backgrounBgensaci et al, [20] changed théocal of their rectanguldvaffles
in the anexperimentabnd CFD investigation®f SAC (Fig |. 7), where the study confirmed that
the positions ofbafflesareeffects on th&HPF of the SAC, that is meansot just thegeometrical
shape ofthem, but its positions plays a great role in thEtte new position effects othe
coefficients of local convecterheat transfeand the thermal efficienayereforeon heat transfer

in general.

60

—_—
F=—With fins, m = 0,01 kg/s

—&— With fins, m = 0,02 ka/s
4— Smooth plate, m = 0,01 kg/s
—w— Smooth plate, m = 0,02 kag/s

=

e,

Time of the day
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Alr outlet

W

Air inlet

(A) (B)

Figure 1.7 Studied cases GAC, withdimensions: (A) Smooth plate; YEase 1(Up); (C) Case2¢wn);
(D) Case 3(Middle)(E) Case 4Al1)[20].

In thiswork four cases have been studied case 1, 2, 3, and 4 classified according to the
percentage and position of the baffle8% in the beginning, 50% in the middénd50%, at the
end100%(Fig 1.8).
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Case 1 1
Case 2 4
Case 3
Case 4

h, (W/m?2.k)
n
(=]
-
e :_»
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=
i~
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0 I L] L] 1 1 I I
0.0 0.2 0.4 0.6 08 1.0 1.2 14 1.6

Length of SAH (X (m))

Figure 1.8 The local heat transfer coefficientterms ofthe length of S& for all
casesat Re ¥4 237f20].

The airflow over a diamondhaped obstruction on the hot surface of the lower wall of a
rectanguladuct was simulatedy Menni et al.[21]. As the Reynolds number increased, there
was a significant amount of recirculating flow, which led to an improvement in the rate of heat
exchangeThe Nusselt number ratio between the modified and the simple dufitowaS.046 to
17.794% for Reynolds numbers froRe=12,000to 32,000 respectivelyig 1.9). The highest
temperature was observed downstream of the diarsbaped baffle In the same year, Menni et
al., [22] did a numerical studysing a commercial CFD to solvenamertcal problem réated to
the impact of arbaffles spacingon various factors including streamlines, temperature
distributions, heat transfer, pressure diapd thermal enhancement factdhey also studied the
effect of an increased shaptbafflesinside the channel on thermal and hydraulic performance
(Fig 1.10) [23].

Figure 1.9 Geometric shape with division using CE2D].

10
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(a)

IR [ [ .

| totak-termpen sure: 305 310 315 320 325 330 335 340 345 350 355 340 365 3T

Figure |.10Variation ofisotherms with arbaffled22]

Khanoknaiyakam et al[24] ensured an experimental study afSAC with V-shaped
baffles. The study aimed to investigate the thermal performance of a fiagt solar air
collector (SAC) with VVshapedf baffles installed in a rectangulatuct. The channel had a width
to height ratio of AR=10and contained baffles with ratios of e/H=0.2, 0.3, and 0.4. The
i nclination angle of the baffles concleerning
experimentaketup consisted of a rectangular duct made of galvanized sheet and painted black to
enhance solar absorption. The duct was placed on a flat surface-SHap®d baffles were made
of aluminum and were arranged in a staggered pattern to entm@ntebulece of the airflow
(Fig 1.12).

To estimate the thermal performance of the SAC, the researchers measured the collector's
thermal efficiency, heat gain, and outlet temperature for different values of flosyaatesolar
radiation intensity. The results shed that the thermal efficiency of the SAC increased with the
increase in the mass flow rat@nd the radiation intensity. Additionally, the use of-8haped
baffles enhanced the SAC's thermal performance, with a higher thermal efficiency and heat gain
observed for baffles with larger ratios of e/H.

11
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Triangular Baffles

Electrical heater Insulation

:> Inflow H

Figure 1.11 Test section with wavy rib arrangemef4].

The addition ofV-shaped bafflesauses a higbressure drop, also an increase in the heat
energy exchangeén the same fieldHu et al.,[25] did an experimental and theoretical work of
the heat transfeinside a new model ofSAC, the baffles were recognized to split tBAC
internallyinto five rooms(Fig 1.12).

1. Inlet 2. Outlet 3. Glass cover 4. Periphery structure 5. Absorber plate 6. Baffle

Figure 1.12 Threedimensional calculation modg5].

Throughthese experimental and theoretical investigati@ivgas found that the first room
width has a major effect on the thermm@rformances Hig 1.13), and a little effect on the
hydraulic performancesable |.1 For the width w=200 mm the thermal efficiency has the
highest véue which is greater to x=16.99comparedo the SAC with bafflesevenly distributed.

12
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Table .1 Width of theroomsfor different models.

MODEL CHAMBER

1 2 3 4 5
0 400 400 400 400 400
1 60 485 485 485 485
2 120 470 470 470 470
3 200 450 450 450 450
4 280 430 430 430 430
5 340 415 415 415 415

(c) Model 3 (d) Model 5

Figure .13 Temperature afheabsorber for differentases [25].

Table .2 Pressure drofor different SAC cases

Inlet velocity Pressure drop of each model (Pa)
(m.s?h)
0 1 2 3 4 5
2 1.12 0.44 0.13 0.52 0.94 0.86
3 9.51 795 7.84 8.97 9.83 9.33
4 4.03 191 1.17 2.97 4.40 4.01
6 9.55 4.69 3.89 7.71 11.34 8.58

Karim [26] did an experimental study of SACs with three kinds, SACs with a flat plate,
with finned and withV-corrugatedgfor two modesgouble pass and single pd5sjy |.14).

13



CHAPITER 1I: LITERATURE REVIEW

Back planum
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Glazing Cap I
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Glazing i
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Back Plate

Cross Sectional View ; Section A-A

T

Finned absorber

Flat plate absorber

Figure 1.14 SAC frame and three typesf absorber platg6].

Through thework, it was establish that the best collector kind in terms of efficiency is the
v-corrugatedSAC. The operation of double pass improvesttitermalefficiency compared with
the single pass; this enhancement shows accurately in the flaBpi@ge(ig 1.15).

1
08
- 07
g
§ 08
€ 05
w
04 i @V grppve exp
*® Finned Exp
03 ® Flat Plate Exp
02
0.1
0 . . :
0 0.01 0.02 0.03 0.04 0.05 0.06

Flow rate of air: kglmz-s

Figure 1.15 Variation of the efficiency aafunction of mass flow rates:groove, finnedand
smoothplate SACs[26].

Wang et al [27] ensured an experimental study o8AC with s-shapes of balés (-ig
|.16). This collector has airways, wheredssignedn orderto increase the heat excharfgem
the absorber plate tohe air, also for facilitating air passageo improve the hydraulic
performancesin thiswork, a comparative study was conducted to analyze the impact of several
significant factors on thermal efficiency and the temperature differential between the inlet and
outlet. The fndings were subsequently compared to those of the flat plate.SAC

14
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section at BB

Figure 1.16 Ribs arrangement on collector pl§2g].

A significant improvement in thermal efficiency was recorded compared witSAlG2
with aflat plate. The factors that affected heat transfer in this study are the strudheelofair
passage hei gh trates solareadiationand maghened puofaces.

Ozgenet al.,[28] fixed an experimental studyf a SAC, its channkconsists of a bottom
flat-plate, and the absabplate.

type 11

type 111

o 2 =
ﬁ

type | type 11 type 111

Figure 1.17 Types and the view of absorber plates in the collector box, (a) type I, (b) type II, (c)
type 11l [28].

15
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The ducthascans made of aluminum into the tow plate of dhannel {ig 1.17), this
method was used to improve the therpatformance®f the heaterwith increasng the aiflow
rates,these leads aimcrease in the heat excharfgem the absorber plat the fluid. There are
three types of absorber platesrestudied in this search, the first one (type 1) where the cans are
arranged crissross orthe absorber plate, in the second as@arranged regularly (type Il), and
the last one is flat plate without canspgylll). The best thermal efficiency was recorded in the
first type where thecans created turbulence in the duct of collector.

An experimental study was conducteglChabane et 3gl[29] to investigate heat transfer
in a SAC (crosdlow heat exchangerwith rectangularfins placed perpendiculawnith the air
stream(Fig 1.18). The experiment comprised fouases, as followsMode 1 consisted of six
baffles positioned at the air stream's entry, Mode 2 involved placing six baffles in the middle of
the airstream, and Mode 3 entailed positioning six baffles at the ettieddir streamand the
final mode involved placing all 18 baffles across the entirduait.

Figure 1.18 The baffle shapf9].

They aimed to focus on thmportantof the efficiency of the thermal transfieiside the
SAC. It was concluded that the thermal efficiency increasesnbiynportant value with adding
the bafflesComparing different configurations, it was observed thstialling baffles across the
entire air stream (Modd) resulted in higher efficiency compared to the other modes (Mode 1,
Mode 2, and Mode 3). Furthermore, the analysis indicated that Mode 2 exhibited the most
favourable performanoshile Mode 4 had a bher pressure drop than Mode 2, the performance
of both modes was relatively similar. Hence, installing baffles in the center of the air stream was
deemed the optimal configurati¢nig |.19, 20).

Mode 1
Mode 2
Mode 3
Mode 4

-
©
A
v

T T T T T T
0 5000 10000 15000 20000 25000
Re

Figurel.19Var i ati on of ®@A29as a function of

16



CHAPITER 1:

LITERATURE REVIEW

L
10

L
12

00 " 0,015 kg/s Mode 2 |
& e 006kgis R
a4 4 0038Bkols a ",
° ® 80+
° A "
A ae - A A
70 . * . A
™ e ®* @ ®
a" Le A . . .
. £ 60 s * wd
L~ . *
50k [ " o
0,015kg/s | - [
0,026 kg/s sl =" = .
0,036 kg/s w
1 30 1 1 1 1
14 16 6 8 10 12 14 16

Figure 1.20 Thermal efficiency as a function of time of the day, according to mode 4, mode 2

[29].

Chamoliet al, [30] experimentally analyzed the flogharacteristicsand heat transfer for
V-down perforated daes (Fig 1.21). The duct of the collector was divided into three sections:
the inlet, outlet, and test section. Within this collector, an electric heater was installed to provide
a consistent hediux of 1000W/m? to the absorber plate

Figure 1.21 Sketch of \\shaped bia es with perforatiofi30].

The parameters of this study are the relative roughness pitch (P/e), the relative roughness
(e/H ), the open area ratiobf, the Reynolds numbethe friction factor (f ), and the Nusselt
number (Nu). This study confirmed that the Nusselt number is directly related to the relative
roughness height, where tiNu increases with the increase in relative roughness height up to

0.514(Fig 1.22).

17
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Figure 1.22 Nusselt number ahe baffledduct as a function of Reynolds numijg@].
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Figure 1.23 Comparison of a thermbydraulic performance parameter in a roughened SAC duct,
considering the use of both solid and perforated baf365.
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Figure 1.24 Thermchydraulicperformance parameter of the roughened duct as a function of Reynolds
number, considering various vakiof relative roughness heig80].
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Through the results, it was concluded that théown perforated Baedin theroughened
duct is thermehydraulically better than the smooth d®AC, and the perforated kaes are
better than solid baffle@-ig 1.23, 29.

With the same shape ®&f-shape obstaclesnany researchers have developed this shape
by changing the dimensions or adding péfris 1.25) [31-33].

— D3| [P0
77 7 77"

Karwa et al.(2003) Singh et al.(2011) Patil et al.(2012)

Figure |1.25V-shape configuration84].

Chabane et gl[35] investigatedan experimental study &AC in Algeria (Biskraregion),
with cylindrical shae of baffles {ig 1.26), its diameter D6cm, and height h= 2cm.

Vitrage Lamc Absorbeur Fluide caloporteur

AT S

l /
A=1le / / /
Plagquc métalligue ( C ffret
0
Chicanes /

C
Isolant : Polystyréne / [ Chicane

Figure 1.26 Transversal cUBAC with baffles[35].

The resultswere about theheat transfer, andenerallythe temperature in the most of
components of thiSAC, the thermaefficiency with and without baffles, the changedokct and
diffuse radiation also the global one for two modgland the experimental onehi§ study
showed some of the most used mod#lsayonment like model ofKasten,andthe model of
M.Capderou. A of these characteristics are as a function of ottagrables (time of the day,
massflow rateg. The results of global solar radiation, confirmed that the experimental results and
the results of the proposed models were very ¢losgl.27).

19



CHAPITER |:

LITERATURE REVIEW

900 - T T T T T
24/01/2012 997973338

E 800 + ",:::’:.:ffnt.:f::.’::"’ 4
= 17 g0t %, 990
2 700t R J0,%, |
E P) ." "‘.c
° 600 " ‘l " -
= N
€ 500F o't g
£ 2 :
Q M o » Modéle 1
E 400F * o e Modéle 2 -
S, XS * Modele 3
§ 300 e Expérimental ]

200 ! L 1 L " f s

7 8 9 10 1" 12 13 14 15

TSV

Figure 1.27 Global experimental radiation and proposed models as a

The study also showed that the presence of baffles has
of theSAC (Fig 1.28, 29.

functtbetirhe of the day35].

increased the thermal performance
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Figure 1.28 Temperature comparison with and without baffis.
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Figure 1.29 Performance comparis¢as].
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In order todevelopa SAG Aoues et al [36] prepared a series of experimeatsthe heat
transfer inside a flat plateAC (Fig 1.30). During this work, it was measured the solar radiation,
wind speed, madtow rates ambient, inletand outlet temperatures.

Air outlet

#

Cell of solar e
Solar au
ntegrator

collector

Differential
manometer

Air mlet

Figure 1.30 Experimental devicg36].

The dynamic air stream is equipped with rows of thin metal baffles welded perpendicular
to the flow, these baffles have two di#at forms: model 1, and model 2i¢ 1.31), the first one

with an angle of inclinatiot=60°, and the secontE 120°, they are spaced by a distance d = 10

cm, and d = 5¢cm, according the two configuration A and B which is differentiated by the
number of rows equal 152 and 256 baffles respectively

——
‘ m— 1] — : {1y
Sens de > 1 ) 2
I'tcoulement —p é M o \ \
] L fA |

a- Model-1 avee @ = @y = 60° b- Model-2 avec @ = ay <120°

Figure 1.31 Descriptive diagram of baffl§86].

It was established that the addition of these kintlbaffles in the duct of fluid allow

more heat transfer, where the best efficiency of 8A€ recorded in the studiedases is for
configuration B model of baffles ITable 1.3.
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Table |.3 Experimental results.

Conf. Temps(h) | G(W/mz) T,(°C) Tw(°C) Ti(°C) (Tte- h(%)
Tfs)/l G
Al 11h40 738 28 36 55 0.0108 56.06
A2 10h30 746 24.5 34 54 0.0127 55.67
B2 11h30 743 23 34 50 0.0148 55.11
B1 11h50 739 31 35 66 0.0054 57.80

Through an experimental study, Moummi et, §87] created a turbulent flow inside a
SAC with rectangular baffles perpendicular to the flow direction, this was ofogeod weather
conditionsin Biskra, Algeria £ig 1.32).

Air inlet

fins

Air outlet

Transparent
cover

Absorber
plate

Insulation
sheet

__ Rectangular

Back wooden plate

Figure 1.32 SAC with thefinned systenfi37].

By a comparison between this type AC and that without baffles, aldry using two

kind of absorber plates, selective and +sa@tective; they found that the selectivity of the absorber
does not present a remarkable enhancement in the presdrafflesf(Fig 1.33). They also gave
an imprecise approach for the calculation of the convetattransfer coefficient inside the
channel, which takes intmnsideratiorihe nature of the absorber ahetype of flow.

Figure 1.33 The efficiency factor of SA@vith the air flow for differentase [37].
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Esenetal., [38] did an experimental study ofAC with bafflesand with smoothed duct
the aim of thignvestigationis to increase the heatansferbetween the absorbplateand the air
by additionthe new three geometricahapedof baffles with a doublehannel [Fig 1.34). The
physical parametemieasured are the inlet, outlet and absorber plate tempestatiaifferent
flow rates and fnally, calculate the efficiency

Figure 1.34 Types of absorber plai@s].

The results presented that during all conditions the efficientlyedbAC withbaffleswas
much higher thathat with smootiplate

An experimental and numerical study was condubteldhanlari et al, [14] to investigate
the impact of plushaped perforated baffles on the drying applications of SACs {itovsseat
exchangers). Thevork was divided into threease: novel SAC with parallelpassand double
rangesof baffles (PPSCDB)SAC with parallelpassand single rangesof baffles (PPSCB), and
paralletpass withsmooth platdPPSC)(Fig 1.35, 3§. The experimental study was carried out at
two different air mass flow ratean=0.011 kg/s and m=0.009 kg/s. In the numerical
investigation Ansys Fluent 18.2 was employed to evaluate the thermal performance of the
collector by solving the governing equations, which include the mass conservabim@ntum,
and energy equations

Through the experimental resylts was shown that the best efficiency was equal
h=84.30% in massldw rate m=0.011 kg/s in PPSCDB and the average efficieatyase of
PPSC,case of PPSCB anccase ofPPSCDB are about these raade=62.10% toh=66.32%,
h=65.72 toh=69.62%,andh=71.12% toh=75.11%, respectivelf-ig 1.37).
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o - ) - ag—

Figure 1.35 Geometry othe studied SACsa) case oPPSC, brase oPPSCB, crase of
PPSCDB

Figure 1.36 Experimental setufi4].
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Figure 1.37 Variation of thermal efficiencgf SAC in terms ofime [14].

Through the numerical analysis, the effect of adding perforatedspaed baffles on
thermal transfer was known in the three types studied,.38 is an example of this effect in
PPSCDB baffles.

Figure 1.38 Thetemperaturelistribution in air domain c8AC [14].

Finally, a comparison between the experimental and the numerical analttsesabsorber
plate's norma{smooth plate)emperature valuesvhich show that the results are clpadere the
highest, value odeviation between the two 5% (Fig 1.39).
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Figure 1.39 Absorber plate temperatuf#4].

YoucefAli [39] did an experimentally studied of 8AC; where they added offset
rectangular platdaffles, oriented parallel to the fhiw, this research was conducted for two
types oftransparentover, triple glazing anddouble glazindFig 1.40).

Z

Length

Iy

% yég//

2em / 2.5(om

Flow

Figure 1.40 Offset plate fin absorber plafg9].

This study showed that the triple glazing reduces the heat energy loss more than the
double glazingalsoadding the offset fins leads &m increase in heat transfer between the air
stream and the absorber plaaad thareduceghelossof heat energyThe thermal performance
of the triple glazing is better than the double glazwheregives in thecase ofoffset fins
collector, but the amount of radiation decreased for the triple glazingl.41).
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Figure |.41 Thermalefficiency as a function ofmass flow rate: G (kg/hnf), a: offset platebaffles,L =
2:5 cm; b: offset plate baffles, L = 5 cm;affset plate baffles, L = 10 cm; d: offset plate bafflesz20

cm; e: double glazing, friple glazing[39].

I.5 Effect of the baffles on flow and thermal fields
Ameur et al, [11] performeda numericalsimulationof a SAC with inclination baffles

(Fig 1.42), and note the flow ahthermal field's heat exchange

The results indicated that the greater heat transfer arefiseanear of wallzones; also
the study showed that the straight baffiFroducethe largest recirculatiomonescompared with
the inclined baffleThe opposite direction of the inclined bafitethe best heat transférig 1.43).
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Figure 1.43 Thermal fields for Re =10[11].

Aouissi et al[8] did an experimental and numerical study of heat transfer by forced
convection inside a channel containing the baffles of a solar collector. The study chose the shape
of the baffles as an important factor to improve heat exchange, which has a rectstmgpgeand
is transversal with air flowing at an angle o
at different mass flow rates and different times of the day, to find out the effect of these
conditions on the convective heat transfer fromahsorber plate to the air through the channel
of the collector
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I.6 Influence of the absorber geometry

Mahboub et al[40] had beertreated a design that features a slightly curved channel with
a smooth flow and a conveshaped absorber plateig 1.44). A prototype of aSAC with a
collector area of 1.28 square meters was constructed and tested in summer conditions in Biskra,
Algeria. The performance of the heater was measured based on its thermal and effective
efficiency usingdifferentmass flow rates. Results show that the overall efficiency ofSASis
significantly better compared to the efficiency range of conventional flat plate heaters with a
smooth surfacehat waspreviously reported in the literature for similar operatingditions.

Solar radiation

- Iransparent cover

; . -«— Absorber plate
Air ﬂu\\/’

<—— [nsulation

Curvature radius

/

Air gap

Flow channel W~— Wooden Box

Insulation V

Figure 1.44 A crosssection of the curved solar air collecf40].

Ural et al., [41] showed an experimental studgn a novel SAC (crosfliow heat
exchanger) design that incorporates a textile fatig 1.45). The study involved a comparison
between the performance of this new collectord that of a flat plate SAC, wheme the new
design, the airflow passes throughtextile fabric. The experiments were conducted under
identical conditionsand in the same environmdot bothSACs

Figure 1.45 Schematic view of the textitbasedSAC, and thesmoothplate SAC (FP-SAC). 1. SAC
outer body, 2: Textile fabric support, 3:Textile fabric, 4:Transparent top cover, 5:Aipirtlet to the
textile fabric[41].
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The results of this experimental study showed that the oblique position of textile fabrics
gives better perfornmece (energy) (Fig 1.46), it has also been noted that this new collector
increased the pressure losses but the energy destruction of this collector stays less than the flat
plate one this is because of the outlet air temperature is bigger compared to the other

120
100
80

60

Energy efficiency (%)

07:30
08:15
09:00
09

e s e i

Figure 1.46 Change irtheenergy efficiency of the TEBAC and FPSAC [41].

Fiuk et al, [42] carried outan experimentabtudy on SACs with two forms of wavelike
absorber surfaces in the natural convection regime. The experiment was conducted under
artificial radiation conditiongFig 1.47). T h e al&dtlsgibecsensisted of three aluminum panels
with wavelike shapesyherethe situation of these formsaglifferent figure.

a) b) <)

Figure |14 Nisualization oftesteACs (a) AFl at Basel i ne dWadeshaped n ; (b)
Type |1 0; (c) sWaveshagednypevild2l. desi gn 0
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The esultsof this workconfirmed that th& AC with wavelike bafflesType | hasa good
thermalperformanceshan Type lI(Fig 1.48).
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Figure 1.48 Collector heat output, Q, veradiance [42].

Also, the study showed that wagsbaped Type | has the largérermal effigency for
higher thermal risealues(Tout- Tamy/I (Fig 1.49).
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Figure 1.49 Comparison of the thermalfficiencyd , SACK versus the temperature ri@out- Tamb)/I
[42].

I.7 Influence of passage geometry @ACswith baffles

Doublepass air collectors can be classified according to the direction of $eweral
researchers have carried out theoretical studies aimedprove the thermal performance of
doublepass aifSACsusing different techniquesncreasingthe heatexchange surface by using
baffles, using porous mediand using corrugated absorptates[43].

Yeh et al, [44] presentedh theoretical analysis for a Solar Air Collector (SAC) thaes
rectangular baffle shapes for internatycle operation. The channel containing the SAC's
absorber plate has a width B, length L, and height H. To enhance the SAC's performance, an
insulated plate is installed in the duct, dividing the channel into tweclsannels with equal
dimensions, namely suthannels 1 and 2. To promote fluid circulation, a pump is installed to
recycle the fluid's movement inside the channel, moving it from the exit edtgarinel 1 to the
entrance of sulshannel 2, as shown kg |.50.

Air outlet
1, To,

insulated

Air inlet

Figure 1.50 Downwardtype SAC, with aninternal recycle antiafflesattached44].

The study report revealed that the recycling operation resulted a better thermal efficiency
of the collector with two sulshannelsin bothcaseswith and without fins

The SACefficiency E depends orthe massflow rates (Fig 1.51), and the reflux ratip
where the collector efficiency increases with the increase in the reflux ratio R for small flow rate
valuesbecause of the increase in the fluid velocity also causes of dean¢has driving force for
thermal energy transmission due to the remixingairletTable 1.4
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Figure 1.51 Collector efficiency [ ; =298K ) [44].
Table | .4 Further enhancement of performance fay1§=830 Wi/nf.

T «(K) m (Kg/s) E (%)

R=1 R=3 R=5 R=7

0.01 49.27 22.73 20.33 12.58

288 0.015 48.84 21.53 14.72 11.15
0.02 48.12 20.41 13.46 10.85

0.01 50.78 23.04 16.97 13.45

293 0.015 50.22 22.47 15.55 11.93
0.02 49.82 21.41 14.39 10.76

0.01 52.17 24.69 17.82 14.25

298 0.015 51.68 23.99 16.41 12.74
0.02 51.24 22.33 15.23 11.58

Naphonet al [45] presented a numerical study of the heat transfer perforisatinee
mathematical modalsedto study the effects of mass florateson the performance ACs
with double pass and single pd5s) 1.52).

The models were solved using the explicit finite difference method, and it was observed that
employing the double pass yielded superior results compared to the single pass, within the
identical range of operiagg and design parametdfsg 1.53).
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Figure 1.52 Schematic diagram SAC [45].
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Figure 1.53 Efficiency of solar air heater obtained from each mi@dg!

Sopianet al[46] did an experimental study ef doublepassSAC with porous media
insidethe duct under the absorber plétetween the absorber plate and the insulation), as shown
in Fig 1.54. The study enabled a significant relationship between the collector design and the
operating conditions.
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Figure 1.54 A diagram illustrating &AC with a doublepass configuration is shown, where the
second channel incorporates porous mddg].

The research was about the influence of the height of the upper and lower canals, mass

flow rates, the effects of solar radiatiofi-ig 1.55)

efficiency of thisSAC with, and without porous media. The addition of porous media ingease

, and the temperature rises on the thermal

the heat transfer areavhere leadsncrease in the temperature thie outlet which causesto
improvementin the thermal efficiacy, this kind of collectoris considered better than its

counterpart singkpass in thermal performance.
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Figure 1.55 The thermal efficiency of the doubassSAC relation to the temperature rise, revealing its
impact on the system's performanigs].

El-Sebaiiet al.,[47] conductedan experimental antiumericalstudy on a doublgass
SAC with tow casedjat, and \:corrugated absorber plate as we segiinl.56, 57. The study

involved comparing the theoretical results with

the experimentadstigationresults In this
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work theoutlet temperatureoverall heat lossesnd output power were comparbdtween the
smooth plate&SAC and V-corrugatedf absorber
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Figure 1.56 Double pass flat platBAC (DPFPSAH)[47].

Upper and lower

Absorber glass covers
plate 1 h,,

0.025 m

Figure 1.57 (a) double pass-vorrugated platSAC, abbreviated as DPVCPSAM) A section of the-
corrugated absorber plgir].

Fig 1.58 presentedhe effect ofthese ations where indicated that the douiplassSAC
with V-corrugated absorbetateis better than the collector with flat plate absorbethmthermal
efficiency, and the outlet air temperature, also the study showed that the thermal efficiency
increase with increasing the mass follow sate
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Figure 1.58 Theeffect of flow rates on the thermal efficiency of the double pass flat (DPFPSaRY) v
corrugated (DPVCPSAH) plaAC[47].

Thakur et al [48] also changed the shape of the absopb&te through numerical work,
where they studied the effect of the new shapthertrermal and hydraulic performance.

Absorber plate < Constant heat flux, g" —= Back plate
(1000 W/m?2)

VT T

Air out

Absorber plate

™~

Parabolic profile 1

(b)
.Figure 1.59 The geometry of the new absorber plate

Hernandezt al.,[49] carried outa theoretical and experimental studies on a dophks
SAC with a porousmatrix placed in the second channel (between the absorber plate and
insulation to enhance thermal transfer between the absorber plate a(skaitig 1.60). The
study involved developing a system of thtependent equations using balanced energy
equatiors in a separate volumiiese equationsere sohed using the GausSidel method

The relative errowas relatively small between theoretical results and measured results,
for the output temperature was 3%the digital simulation showed that the interreadat
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distribution of theSAC with the porous matrix is better than tiAC without the porous matrix
because this technology increases the thermal transfer between the air and the absoddso plate
the results showed that in the same operating conditivze thermal efficiency &@AC with the
porous matrix i20% larger than the same collector without porous matrithiporosity of the
porous matrix U = 90 %.

i=1 i-1 i i+l i=N i=N+1

Figure 1.60 Discretization scheme of the calculation don{di9j.

Jha et al.,[50] et al did a heoretical study of a double paSAC for house air
conditioning applicatiog) which predicts a temperature rise of 3° to 7° based on a mathematical
model of parallel modbieat transferln the same objective of the study, which is to improve the
heat transfer &ween the air and the absoripate, Tyagi et al, [51] experimentally studied the
passage othe air above and below the absorbglate where they got a significé thermal
improvement through the duplication of the chanaslshown irig 1.61.

Glass cover

LN D )

— =-=Outlet
Air Inle{ 7 A outit
Air Inlet
Air outlet Inlet
Bottom insulation
Jha et al. (1992) Tyagi et al.(2014)

Figure 1.61 Jha et al and Tyagi et al du¢sgl, 50, 51]

Ho et al.,[52] did an expemental and theoretical studjis work presented study of a
SAC with dividedits channel intowo sectiors, the two sub channels are wifms, and these fins
installed by baffles havbeen created external recyclinghis research aims to increase the
thermal transfer between tlag and the absorber plate, by using the technique of recy¢ling (
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|.62). The theoretical and experimental results for this collector are comparetthenigsults ofa
singlepassSAC without recycling.A significant improvement in thermal transfer dtee the
addition of baffles and finsyhere thestudy suggested good operating conditiongtiese kind
of collectors,andthe echniqueof external recycling to improve the collector efficiency

A \ glass covers
absorber plate
baffle

fin

bottom plate

Figure 1.62 baffled SAC with internalobstaclesattachedand external recyclb2].

[.8 Conclusion

The findings of this chapter indicate that a majority of the researchers in the field of solar
energy have focused their studies SACsthat are equipped withaffles These collectors are
designed to utilize air as the fluid medium, and the primary aim of the researchers has been to
improve the thermal and hydrazikfficiency of the collectors.

To achieve this goal, the researchers have conducted experiments to wawidtifys
aspects of th&AC, including its geometrical characteristics, operating conditions, and the type
of channels used. The geometrical modifications have included changes to the number, shapes,
and positions of baffles, which play a crucial role iproving the performance of the collector.

Overall, the results of these studies have shown that there is still significant room for
improvement in the design &ACswith baffles, and researchers are constantly working to find
new ways to optimize theperformance. By doing so, they aim to make solar energy an even
more viable source of renewable energy and contribute to the global effort towards a greener
future.
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II. Experimental study of theSAC with baffles

[I.1 Introduction

In this section of the study, an experimental investigation was carried out to analyze the
performance of th&AC in detail. While many previous researchers have focused only on the
thermal aspect of the collector, this study took a more comprehensivaaelpgry considering
both the thenal and hydraulic performances.

The series of experiments were conducted at Biskra Univefddgria, and involved a
thorough analysis of the components of 8&C, both with and withoubaffles The technical
specifications, geographical location, and working mechanism of the collector were studied in
detail, providing a clear understandioighow the collector functions.

In addition to studying the collector itself, the study also examineth#tieiments used
to measure the various properties of 8&C. These measuring devices were available in the
technological laboratory, and all the parts of the collector were locally manufacithisd
comprehensive investigatiamedto gain a better uristanding of the functioning of tIi®AC
and to identify areas where improvements could be made.

[I.2 The global solar irradiation

Through meticulous experimental measurements of solar radiation data across all months,
we conducted a comprehensive analysisgusim analytical approach. The primary objective of
this analysis was to establish a mathematical equation that captures the relationship between each
month and the angle of solar altitude while considering relevant constants and global solar
radiation. Thé endeavour aimed to deepen our understanding of the intricate patterns and
influential factors that shape solar radiation throughout the year, encompassing the distinct
seasons of wietr, summer, spring, and autumn.

By scrutinizing the collected data amnploying rigorous analytical techniques, we
sought to uncover the underlying relationships and dependencies between solar radiation, the
angle of solar altitude, and the varying charasties exhibited by each month.

The insights gained from this anal/®nable us to discern the specific influences and
patterns associated with each season. We can better comprehend how factors such as the Earth's
tilt, solar declination, atmospheric conditions, and other variables impact the amount and
distribution of star radiation during wirdr, summer, spring, and autumn.

The establishment of the mathematical equation linking the months, solar altitude angles,
constants, and global solar radiation provides a valuable tool for future research and practical
applications It facilitates accurate predictions and assessments of solar radiation levels
throughout the year, enabling informed decismaking in various fields such as renewable
energy planning, agriculture, and climate stué@ak
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[1.2.1 Geographic site

Biskra is pogioned at the southern slope of the Aures massif and is located at the
convergence point dfvo valleys trailing the massiét the same time, abundant water and fertile
soil resources have supportagricultural activities. The citgf Biskraspans an area of 21,671.2
km? and shares bders with Batna to the north, dila to the northwest, Khenchela to the
northeast, El Oued to the south, and Djelfa to the southwest. Biskra is geographically situated at
34°48' north latitude and 05°44' eastdandeFig 1.1 [54].

Figure 1l .1. Location of the experimental setup in the map (Biskra)

[1.2.2 Model of the global solar irradiation

After analyzing the measured results, it was converted into a mathemaaidel in terms
of many characteristicd=inally, we get the nofinear mathematical model that simulates the
experimental results, which gives the following

b-a 1.1

Ra)(h)horizontalz a+ ‘(WEW)

Where a, b, ¢, d are constatttanges by mon#) and h isthe height sun(The angle
between the astronomical horizon and the axis conmgtttenobserved point the sun). Table 1,
2 shows the change of constants in terms of the change in months

Table Il .1 The constants of the model of global solar irradiation, according to the month from
January to June.

Months January February March April May June

a -3.3205 -5.280 -7.227 -12.30 -18.208 -20.357
b 701.329 820.10 886.46 962.43 986.38 965.33

c 0.36153 0.4317 0.5336 0.614 0.6310 0.6398

d 3.299 2.6913 2.3220 1.994 1.8791 1.8473

R2 0.9843 0.9717 0.9840 0.9906 0.9970 0.9875
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Table Il .2 The constants of the model of global solar irradiation, accordirgetmbnth from
July to December.

Months July August September | October November December
a -19.21 -11.446 -9.58401 -6.2274 -3.709 -2.666

b 961.035 858.94 908.052 821.72 692.83 597.57

c 0.62617 0.6108 0.54844 0.4586 0.38247 0.34569

d 1.87613 2.0273 2.20218 2.6067 3.19469 3.61849
R2 0.9938 0.9924 0.99725 0.9967 0.99334 0.99822

[1.2.2.1 Variable equations a, b, c, and d

In the first observation of the constant of the (a) variation with low values by a signal (
draw the illustration curves against the evol
depending on the montlu the year when in the month selected values with different, trying to
create a mathematical model to predict the constant (a) as a function of the month of the year,

a amM-M.g@
a=Y, +H? eop® 05880  (M<M,)
e ¢ m =2
” . 1.2
a  aM-M_§ 9
+Hs 2 (¢} 2
a=Y,+H exngOS? " 39 (M2Mm,)

Equation (2), shows the variation of (a) as a function of the month of the year with two
different ways to calculate or different conditions such as when the M arid M > M, which
depending on confined in the constadt andw2, see Tab.3.

Table Il .3 The constants of the model of equation (2)

Adj. R-Square Yo M, H ¥ ¥
0.97348 -3.17265 + 0707 5.92 £ 022477 -17.249 + 1.74025 + 022324 | 2.03371 + (23729
0.86548
a. aoM-N)s 1.3
b=h, +4,3 ggin ( )%
(Y e -

The constant (b), too depends on the month of the year, for this point trying to predict the
mathematical model as a function of tivnth, the illustration curve estimate to sinusoidal
function see Eq.(3) and Tab.4.
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Table Il .4 The constants of the model of equation (3)

Adj. R-Square hg N, e K4
0.93394 -418039.86541 -308.86107 629.5827 | 419014.40835
am-pr)ya .
=gy +5 3 expl )8 1.4
& 22n 9

Table Il .5 The constants of the model of equation (4)

Adj. R-Square Co P n S
0.97618 0.13079 6.16691 4.17233 0.5211
d=d0+/33|n2%u§ 1.5
Table Il .6 The constants of the model of equation (5)
Adj. R-Square do F. J I
0.99046 1.808 6.128 250879 347127

Constants (c) and ef.4 the evoludio estinmate withawo tfunctioasr firets o f
exponential, see eq.4 and the second sinusoidal square see Eg.5. The adjustment residual square
gives a good approximation between the two equation, which means the constantsdeitenate

basic values.

11.2.3 The ultimate mathematical model of solar radiation

After completing the variable constants tables (a, b, c, d), We substitute these variables
into the final mathematical model for all months, which takes the following:form

N

& aMm-M_ 398
Ra}(h)honzomal Y +H3 exp% 05£ : 8 O+
e T om 29
~2 2 2 =
& (M- N,)oo 2, AM-M_§ 9
h0+k13é§|ng 08 Y+H3exp8805é£ L
~: M <M,
é‘e éia?:0+s3exp?é;’vI R) 0—th +/3sm2§—éM_F°gg ( )
A +10° ¢ Em o= s "% 1.6
e (o}
Q -
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N

a aM - M_9 0
Ray(h)horizontaleo + H 3 expg 05@—8 8+
G ¢ W
2 o >
a - M - NC 66 a AM - Mcé ol
Mo+t gin ( )9§'Y°+H36XP§05$ w, 86
¢ ¢ C (@ > +; (|\/| , MC)
& a%o+53e><p§%§—h§}d +/3sinz'¥\$§8
200 T e 1.7
& (o)
¢ =

1.3 Experimental design

In this work, a singkehannel SAGvas tested, as shown g I1.2, with an inclination
angle of 38 degreesThe experiments were carried out near the mechanical engineering
experimental hall at th®&iskra University, Algeria, located in the northeast of the Algerian
Sahara. The site has coordinates of 34'.84° longitude, 3afi&fde, and an elevation of 108
meters above sea level. The aim of the study was to investigate the effects of the number, angles
of inclination, and positioning of rectangular baffles on the SAC's performance. The rectangular
baffles were positioned at an angle of inclination 135°, arw dther cases, case M and case
H[55]). The study focused on investigating an incompressible fluid stream (air) flowing through a
rectangular channel of the SAC, as illustrated-im!l.3, 4. The experiment took under natural
atmospheric conditions, utilizing various measurement devices accessible in the laboratory. Key
parameters measured during the experiment included inlet and outlet temperatures, mass flow
rates, and absorber temperatdre.capture data from different regions of the collector's surface,
five collectors were employed, as depictedFiy I11.5. Additionally, the temperature of the
bottom plate was measured at five points aligned parallel to the absorber plate, as shiown in
11.5. [13].

Inlet temperature
meéasurement pom!

Temperature measurement
points on absorber plate.

3 Outlet temperature
T~ measurement point

Figure 1l .2 The solar air collector.
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Figure 11 .3 Schematic diagramf our SAC (1: transparent cover, absorber plate, 3: baffles, dir duct,
5 iron support, 6aspirator, 7: bottom plate, 8: insulation, 9: irdeflow, 10:outletairflow, 11 solar
radiation, 12tool table).

Absorber plate ‘

Bottom plate

Duct / [ 0.04m

0.88m

Figure 1l .4 Crosssection of thesmooth plate SAC.

The Solar Air Collector (SAC) in this study was well insulated thermally. The SAC used
in this study consisted of multiple layers for protection, including a 2.2 mm galvanic layer, 40
mm polystyrene layer, and 4 mm wood layBy.ensure insulation, wood wasegdsfor the sides,
and a transparent glass cover was placed on top. The channel was enclosed at the bottom by a
galvanic plate and at the top by a galvanic heat absorber coated witlreflaotive layer to
minimize radiation. The dimensions of the SAC &gpd in this investigation are provided in
Table I1.7.
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Inlet temperature

X=38.8<:V

~._Temperature measurement points
— on the absorber plate

”___Outlet temperature

Figure 1l .5 Temperature measurement points.
Table Il .7 the dimensions of the SACslements.

The elanents Length Width Thickness
(m) (m) (mm)
Transparent cover 1.88 0.88 3
Absorber 1.88 0.88 0.8
Polystyrene 2 1 40
Baffles 0.88 0.02 0.8

Table 111.8 provides a summary of all theraphysical poperties of the materials used,
the tablealso includes essential parameters such as thermal conductivity, specific heat, and
density.

Table Il .8 Thermaphysical characteristics of the elements.

Materials Density(r) [kg/m®  Specific heat (G)[J/kg.K] Thermal conductivity (1)
[W/m K]
Glass 1.2 1500 1.5
Galvanized steel 7800 473 45
Polystyrene 16 1670 0.037
Wood 1500 1200 0.15
Air 1.167 1006 0.0262

11.3.1 Technical characteristicsof the usesbaffles

In this work, the baffles used were produced locally at the technological laboratory of
Biskra University, as shown ifig I1.6. They were rectangular shaped galvanic plates that
measured 20 mm wide and 880 mm long. These plates were fixed to wooden borders, leaving
two spaces below and above the baffles for air to flow through, as depicted i .
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Inlet o Outlet

12.9mm

&
'196\ 100mm 40mm
/ 45°

Figure 11 .7 Cross sectionf the channeshowing the position of baffles.

11.3.2 Uses devises

In this work, several modern digital devices were used to measure all quantities and
move the air inside the channelg Il. 8 shows the various devices employed.

AIRFLOW #)

Figure 11 .8 Used devicesThermocouple, Aspirator Pyranometand airflow pressure device.
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11.3.2.1 Pyranometer

Was utiized to measure thsolar radiation \V/m?; wherethe portable type was
used

[1.3.2.2 Thermocouple

A temperature measurement device was utilized to monitor the temperature at
different locations within the collector. The device employed a conveyor thread, comprising
a pickup fixed on the target area for measurement and a socket directly connected to the
thermocouple. This setup allowed for accurate temperature readihgsreadings were
easily obtained from the display screen.

11.3.2.3 Aspirator

To facilitate the airflow within the channel, a mechanism was employed to move the air
from the entrance to the exith@& mass flow rate was regulated by a flasjusting device
directly connected to the aspirator, enabling precise control over the airflow.

[1.3.3 Uncertainty of the parameters

To measue the temperature at various points o ®AC, a Thermocouple @ype) device
was usedrig Il. 8 which has four sockets and uncertainty in measuremegts® €2°C,
Pyranomete(L2-4890.20) with uncertaintyde=° 1W/n¥, also, a flow adjusting device connected
directly to the Aspirator was used ander to know the value of the flovand from it we can
calculate the velocityln all manual measurements, the reading is done after a while from the
initial display of the screen, to prove the value and be more acc@ratathematical model was
plannedby Kline et al[56]. The expression for uncertainty for every parameter X as a furation
partial parameters y1, y2,yn is given by:

QX & AX &, AX 8
m:%yyﬂgg +%7XW”8 +...+%WY“8 u I1.8.
gw: ol = ¢Hn ~H

Table Il .9 Theuncertainty of the parameters

Device Type name Unity Value
Pyranometer L2-4890.20 W/m* ° 1W/nf
Thermocouple K-Type ce °0.1C°
Pressure Airflow DM 3 Pa °1Pa
Thermal efficiency Cdculated / °0.032
Absorber dimensions Cdculated m °0.001m

1.4 Experimentally studied cases

The study conducted measurements for the cases with an angle of inclination B=135° in
April, with measurements taken every half hour between 8 am and 4 pm. The measurements
obtained included mass flow rates, temperature at five points of the absorbdrottom plate,
as well as inlet and outlet temperatures and solar radialimmugh an experimentalwork
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presented by Chabane e{%r], where itconducted on the placement of rectangular baffles with

a 90° angle of inclination inside a channel. The study revealed that mode 2 outperformed modes
1 and 3, when six baffles were placed ie tenter of the channel. Based on this finding, the
middle area was selected for further investigation, along with the baffles that had an inclination
angle of 135°After analyzing the resean conducted by Menasria et §68] it was determined

that the angle of inclination of 135° for the baffles results in less pressure drop for the air passing
through. As a result, the middle section of the duct was chosen for a thorough investigation,
building upon the findings from prior search. Two obstacles were placed in the center of the
duct, andfour baffles were added to each case, as depictédgin.10. These scenarios were
examined across three massaflrates, with one flow per day

During this phase of the experimental invgation, a total of six cases were examined
over a period of 18 days. These cases featured identical tilt angles but varied in terms of the
number of baffles employed. Measurements were taken for both pressure and temperature
differences at specific pomtwithin the system. Three different air flow rates were considered:
m=0.014 kg/s, m=0.024 kg/s and m=0.032 kg/s for each respective position. Fax1iBs°
angle, a total of five cases were studied, in addition to a reference case, resulting infastotal
cases analyzed for this configuration.

The cases studied are as follows:

1 Smooth plat cas&8AC without baffles.

1 Modell (2M135): SAC with 2 baffles in the middlewith anangle of inclination
of 135°.

1 Model Il (6M135): SAC withé baffles in thaniddle with anangle of inclination
of 135°.

1 Model 1l (10M135): SAC withl0 baffles in the middlewith an angle of
inclinationof 135°.

1 Model IV (14M135): SAC withl4 baffles in the middlewith an angle of
inclinationof 135°.

1 ModelV (18M135): SAC withl8 baffles distributed across all channels with angle
of inclination 135°, between each obstacle and the second 10 cm.

The second part of the experimental investigation is studying case M, and caberd
the angles of baffles inclination a@®°, 45°,135°,90°, and 90°,180°,180°,90°, respectively
1.9, 11, these experiments were undergone in the natural conditions of this region on the
following days: 30/11/2021 and 01/12/2021, where the weather was clear with no wind; the
average solar réation at that time was 1=876W/mIn the testing case used for comparison,
there are four baffles in the middle with different angles of inclination; the various characteristics
were then measured under changing operating condifitresseries of measurentswas done
from 11:30 am td2:00 pm where the solar radiation is the highest and almost constant. Each
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quarter of an hour, measurements were recorded, ending up with eleven (11) measured cases
whose mass flow rate ranged from m=0.011Kg/s to m=0.068Kg/s.

Inlet | N / | i Outlet

| E— |

A0mm

Figure 11 .9 Dimensions of baffles inside the channEMbcases.

The purpose of conducting these experiments was to enhance the technical efficiency of
the SAC by introducing baffles at various positions to generate turbulent flow. This approach
aimed to improve the coIIectors thermal performance whlle alllssmterlng its hydraulic aspect

/" f r " N . - & - - 3 : 7,
7 > F‘, N % - / ~ -W e tn 3
& ' \
SMOOTH CASE CASE CASE
PLATE CASE 6M135 10M135 — .\ 18M135 ;
14M135 "y N

Figurell .10Di f f er ent cases of the position

Figure Il .11 CassM and H

The resuls of this section present the found and their interpretation after a series of
experimental tests. The focus is on efficiency, and fluid outlet temperature to understand the
impact of addindaffleswith differentcase on the hydraulic and thermal performance o€SA
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1.5 Conclusion

This study presents an experimental investigation conducted to examine the heat transfer
mechanism within a SAC (Solar Air Collector) channel. The research focused on five distinct
casenf b = 1 3eAcA featuring varying numbers of bafflelile maintaining a consistent angle
of inclination in addition of the two cases M and Hhe investigation encompassed both
hydraulic and thermal aspects, encompassing parameters such as pressure drop, heat transfer
coefficient, thermal efficiency, andther relevant results. The design and installation of the
experimental setup took place in the technological lobby of the University of Biskra, utilizing
dimensions previously explored and documented in the literature.
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lll.  Numerical study

[11.1 Introduction

In this chapterthe numerical resultgvere analyzed, using CFDnvestigation (Fluent
18.1 softwarkg this part ofthe study consist of three stepsmanycases were examined for the
number and position obaffles (6 b, 10 b, 14 b, 18 base M, case Hwith afixed inclination
angle of 135%or the first four casem the Reynolds range from Re=5038 to Re=10&3fl with
another angke and positions for the rest, (= 90, b= 180, b= 180, b=90), M (b= 90, b=
135, b= 45, b=90). This phase of the research involved the utilization of Computational Fluid
Dynamics (CFD) using Ansys Fluent 18The RNGKJ t ur bul ence model was
its ability to produce results that closely aligned with the standard correlations of Botiier
and Modified Blasius when compared to other models. To validate the accuracy of the CFD
simulation, itwas compared against the findifigsm the experimental investigation, taking into
account the influence of meshing. This comprehensive analysis ensured the reliability and
validity of the CFD simulation resuslt

[11.2 Modeling

The purpose of this study is tmmprehensively evaluate the performanceSACsby
considering both the hydraulic and thermal aspects. To achieve this goal, thet#itzely/ hoth
dimensional and ndimensional parameters to quantify the performance of the collector. One of
the mostmportant nordimensional parameters used in this study is the Reynolds number, which
provides a measure of the fluid flowascteristics in the collector.

The Reynolds number (Re) is calculated using the forifillld), and helps to analyze
the flow regme of the fluid, whether it is laminar or turbulent, and the influence of various
parameters such as fluid velocity, density, and viscosity on the flow. This information is crucial
in determining the efficiency of the collector, as the flow regime can aaignificant impact on
the thermal and hydraulic performances of the collector.

{m LN ) )

WhereDy, U, andi are the hydraulic diameter of the channel, the velocity, and kinematic
viscosity,respectively

noT ) 8)

The heat transfer coefficient is given by the following relationship

I

S E Y s
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Where the heat enerdiyix:
FoO Rl o <l ) B)

S is the passing sectiofl, mass flow rateC, specific heatTi, and Ty, arethe inlet and
the outlet temperature,,J T, absorber plate, and bulk temperatures.

The local heat transfer coefficient given by the following:

|L

L ) B)
‘” 1| h‘||4+h
The local Nusselt also as follows:

3o, # ) Bp)

The average Nusselt number can bethemar esse
conductivity (Equation 111.7)

4o HJO.-O ) %)

The friction factor is dundamental parameter that is related to the hydraulic performance
of fluid systems. It is affected by several parameters, including the Reynolds number, surface
roughness, and flow rate. Understanding the relationship between these parameters and the
friction factor is essential for designing and optimizing fluid systems for various applications, its
relationship is as follows:

YA
i — = ) Bb)

Where L and are the duct length, and the density respectively.
There is aparamete that the Thermchydraulic side combing at the same time for
different heat transfer channels with obstacles, suggestBd byWEBB [59] in 1972 where the

thermaehydraulic performance factgifHPF defined bythe ratio of thermal antiuid dynamic
performancg58], Its equation is given dsllows:

THPF=(Nu/Nu)/(f/f) 3 1.9

Where Nu and Nuw, are the Nusselt number collector withnd without baffles
respectively.
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Governing equations

We have airflowNewtonian, incompressibleside a 2D duct using CFD Ansys Fluent
18.1, governed by Navietockes equations, continuity equatiand the energy equationhese
equations are giveas follows:

Continuityequation:

— o .10

Momentumequations:

: 100 - |F -

s Ce: ze re ¢ ) PP
Energy equation
z J ? +4
: fogg-;]l : G Ca z O ) B)C
Where:

r6 6 Tensor of Reynolds stressewturbulent viscosity coefficientéh AT & the
molecular thermadliffusivity, andthe turbulent thermadiffusivity respectivelyu velocity of x
and y, T, P and r are the average temperature, average
pressure iad average density respectively.

[11.2.1 Model selected

In the CFD studyRNG k-Umodelwas chosen to simulate the heat transfer in the flow
equations, this model consists of kinetic energy transfer equtiand its dissipation rate and
their expression is given as follows:

o B0y e .13

z ® S';Q

For the reason of buoyant shear layers for which the main flow direction is perpendicular
to the gravitational vectoit can be written as follows:

z e

m Y4
z & m 5_; Z ® Felt F€ ) B
6“, AORO given as follows:
, Fr- bjt
Fe Fe I ) $)u
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The production of turbulence kinetic energy

qe oo IIl.16

The generation of turbulence kinetic energy

14 A G, ) )X

Whered AT & ,are theclosure coefficientss effective Prandtl numbef, P and are
the average temperature, average presanttaverage density respectively

1.3 CFD setup

Following the experimental investigation, the design stage was carried out using Ansys
Fluent 18.1. This involved three primary stages: creating the geometrical model using Ansys
Fluent Design Modeller (DM), meshing the model with the same software, and specifying the
boundary conditions and turbulence model. The air was considered a Newftoid, with fixed
properties. The SIMPLE algorithm (Patankar ef6dl]) was utilized to obtain the pressure and
velocity fields. The equations for conservation of energy, continuity, and momentum were
solved iteratively until convergence was reacheitlh a monitor value of 18 for the energy
equation and I for the remaining equations (continuity;yxvelocity, K, and epsilon). The
three key elements of the digital stage are elaborated upon bejow1 .
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CFD Model
!
Creatingthe using DM

!

Meshing the domain using
the same software

\ 4

Fluent 18.1
v

Establish all thermal and physical propertie
of materials

\ 4
Boundary conditions
v
Does increasing the number of nodes have
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Figure 1l .1 CFD analysigliagram.

[11.3.1 Creation of the CFD geamnetry

Using Ansys Fluent 18,1part of the Design Modeler (DM), a numerical modebaf
SAC was formed. The dimensions of the collector, including the air duct anesbafere based
on the actual SA@sed in the experinm. Initially, a model of th&sAC without any baffles was
created, followed by a model with two baffles for validation with the experimental investigation.
Two baffles were then added from both sides untildihet was completely filled, resulting in a
total of four cases, in addition to the reference cdsemooth plateFig I11.2 shows longitudinal
sections of th& AC ductwith baffles for all cases, with a fixed distance of 10 cm between each
two baffles. The caes are labeled from the first case (18b) to the fourth case with six baffles (6b),
respectively.
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Figure Il .2 Studied models.
[11.3.2 Meshing the CFD geometry

To create a comprehensive tdonensional model of the SAC, Ansys Workbench 18.1
software was employed. The model was meshed using the 2D structured mesh quadrilateral cell
type method, chosen for its enhanced accuracy and reduced computational timvenghtse
equations. To ensure a higoality mesh throughout the model, size function proximity and
curvature were employed, enabling optimal division regardless of the geometrical shape of the
areas. The mesh was further refined by incorporating higlotsimg quality and fine relevance
center settings, resulting in improved meshing quality.

Continuous updates and improvements were made to the mesh by reducing the maximum
face size while considering the overall number of elements. The objective wasideeaah
balance between maximizing the quantity of elements and minimizing their count, a parameter
controlled by approaching value constancy as outlin€difrie |11.1

To evaluate the effectiveness of the meshing approach, a specific test scenario was
conducted. The test involved the mass fl ow ra
absorber temperature was set at T=363.94 K, while the inlet temperature was maintained at
T=315.6 K. This analysis aimed to ensure accurate and reliable resuliidating the meshing
strategy under specific operating conditions.

The effect of the number of nodes was also studied on another case, which is case M,
which showed almost the same effect as the previous case
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Table lll .1 Meshing effect.

Nodes Elements Sum Exp X%

Temperture Temperture
24292 25075 336.85 339.4 0.751326
41391 40274 337.38 3394 0.595168
60398 58953 337.58 339.4 0.53624
111851 109754 337.74 339.4 0.489098
158960 156466 337.78 339.4 0.68359
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Figure Ill .3 The effect of the number of nodes in Mode M at m=0.032Kg/s, 1=91fVémd T,=316.9k.

The method of meshing was done using size function proximity and curvature; this is to
divide all areas homogeneously, regardless of their geometrical form, using smoothing high
quality. The number of nodes was maintained using the max face size dimsingiertheir
number affects the study results. This characteristic must be taken into account, and this is
represented irfrig |11.3, where the increase in the number of nodes over the outlet temperature
was studied in the experimental M caaem=0.032Kg/s, 1=911W/fh and Tu=316.9k. It was
noted that there is a slight change in temperature by increasing the number of nodes, but it is
nearly negligible. The division was chosen when the number of nodes is withinF100958
nodes This is due tdhe accuracy of the results and the extracted fields.

The Y-plus (Y+) value is important in CFD simulations because it determines the distance
between the first node of the mesh layer and the wall. This distance is crucial in accurately
capturing the beh@our of the fluid flow near the wall, where the velocity gradient is high. Y
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plus is defined as the ratio between the distance of the first node to the wall and the viscous
length scale, which is calculated as the ratio between the dynamic viscosigyfhfidhand the
wall shear stress.

To ensure accurate simulation results, it is recommended to maintapius Value close
to one, which means that the first node of the mesh layer should be close to the wall. The growth
rate of Y-plus should also be lited to a value of 1.2 or less to ensure that the mesh is fine
enough to capture the fluid flow behaviour near the Walt I11.4, 5) [6].

Figure 11l .4 Meshing thesystem into contract taking into accourit Y

(b)

Figure 111 .5 Computational grida: channel with baffles, Imear of the wall.
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111.3.3 Turbulence models

Using the baffles in the SAC was aimdd increasehe heat transfer from the absorber
plate to the air by inducing turbulence in the flow. To evaluate the performance of the baffles,
multiple numerical models were used. In a study by Menasria[88]Jafour classic k) model s
were tested using serampitical correlations of Gnielinski and Petukhop61] (Cengel). The
model selection was based on a comparison of the numerical results obtained with each model to
previous experimental results. The CFD resultsrdtion Coefficientand Nusselt Number for
different kU t ur bul ence model s wer e ,candDjtasBeetier wi t h
correlations aproposed by Fox, McDonald et §2]

J 3 38
4o 8 A = Ik » ) )W
B 8 m ) P)w
34 T T T T T T T
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@® MNu (Realizable-k-£ model)
30] A Nu(SST-k-w model) g v |
WV MNu(Standard-k-£ model)
= 28] © Nu(RNG-k-£ model) g ¥ _
< Nu (Dittus-Boelter correlation) ' //-
S5 A ]
2 ] o 7 " oa ]
S 22 vV x A .
Z 20 > P A T
5
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// A
16 l/ A .
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Figure Ill .6 Predicted values dflusselt Number for different-& and k w turbulence models with
Dittus-Boelter correlation.
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Figure 11l .7 Predicted values of Friction Coefficient for differentkand kw turbulence models with
Modified Blasius correlation.
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The numerical study aimed to investigate the characteristics of turbulent flow in a duct
containing baffles. Multiple turbulence models were assessed to identify the most appropriate
model forthis specific flow scenario. The evaluated turbulence models included stantayd k
RNG kU, r e a-Uj z a bkawa ahdk 3S3k-w. These models were tested and their results
were compared with established correlations available in the literatureetssakeir accuracy.

In order to evaluate the performance of the turbulence models, the study extracted the
Nusselt numberu) and the Friction Coefficienf)(for various Reynolds numbers. These values
were then compared with the Modified Blasius andu3iBoelter correlations, which are well
established references in the field. By comparing the numerical results with these correlations, the
study aimed to determine the reliability and suitability of the turbulence models in accurately
predicting the hdaransfer characteristics and frictional losses in the duct with baffles.

TheRNGKU turbul ence model was selected for t
for streamlined curvatures at low Reynolds numbers, as mentioned in Duffie and Beckman's
work from 1980[63], it takes into consideration the effects of streamlined curvatures at relatively
small Reynolds numbers, as discussed by Menasri[®8Jal.he study observed that in a smooth
channel, as the Reynolds number increased, there was a corresponding increase in the Nusselt
number [ig 111.6). Additionally, it was noted that with increasing Reynolds number, the
coefficient of friction decreasedi( 111.7). The results indicated that the RNGJk mo d e | al i gr
well with the DittusBoelter correlation and provided the closest approximation to the Friction
Coefficient compared to the other models when considering the sameenwicells on a
smooth plée.

Moreover, there was consistency between the realizable kknd %-Uamddetds i n
both sets of results. The CFD results demonstrated a strong correlation between thelRNG k
model and both the DitteBoelter and Modified Blasius correlations. Thdsmlings, coupled
with previous research by Karmare efGd]; Yadav et al[65]; and Jin et a[66], who also
utilizedthe RNGK) model in the context of IBACsBqgddledf ar
the current study

[11.4 Validation

In the evaluation process, all boundary conditions were based on the expérinent
I1l.2. A consistent temperature was maintained at the absorber plate and bottom plate in all tests
as shown irFig 111.8. Similarly, the mass flow rate, inl&emperature, hydraulic diameter, and
turbulent intensity were all held constant. The turbulent intensity was varied bew28€ and
5.963, as specifieqSafer et al [67Menasriaet al [58)

1=0.16(Re)"® 11120
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CFD houndary conditions

- o~

Inlet Absorber plate Bottom plate Outlet
Inlet temperture constant temperature constant temperatur Outlet pressure
Volesity
Turbulent intensity

Figure 11l .8 CFD boundary conditions

Table Ill .2 Boundary conditions

Absorber plate constant temperature
Inlet temperature inlet, mass flow ratg
Bottom plate constant temperature

In the case of the empirical comparisortlod SAC with two baffles placed in the middle
of the channel, and for Reynolds numbers ranging from Re=2687 to Re=3844, all properties of
air and the components of the collector were considered to be constant. The validation process
involved comparing the olat temperature obtained from the experiment with that obtained from
the CFD analysis for two different cases. The objective was to assess the accuracy and validity of
the numerical model.
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Figure 11l .9 Outlet temperaturas a function ohours of the dajor mass flow rate m=0.024kg/s.
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Figure 11l .10 Outlet temperaturas a function ofhours of the dajor mass flow rate m=0.032 kg/s.

The CFD analysisand experimental results indicated excellent agreement for different
hours of the day, with varying values of solar radiation and mass flow rates. In this study, all
contollable parameters wenaried as shown ifrig 111.9, 10, and thato verify the acurag of
the CFD model. The differences between the experimanti$imulation models are attributed
to various factors, including measurement errors of experimental devices, thermal insulation, and
other sources of error. Based on these comparison rebeltstnerical model's validity has been
confirmed, demonstrating its potential for use in other mo@lesconfirm the validity of the
simulation in other models, a comparison was also made iis Mased Hin another parallel
study that we mention with th@evious oné-ig I11.11.

Through the curves$ig Ill.12, we note that as the mass flow rates increase, the outlet
temperature decreases in both cases. The results are very close between both the numerical and
experimental sides, which ultimatedhowthe effectiveness of the CFD model. There is a small
percentage of differe@ that does not exceed one pent. The latter is due to several reasons,
the most important of which are thermal insulation and measurement uncertainty.
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Figure 11l .11 Methodology ofvalidationdiagram (M and H cases)
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Figure Ill .14 Variation ofTemperature differencasa functionof mass flow ates.

Fig I11.13 illustrates the variation of the heat transfer coefficient as a function of mass
flow rates, for both the experimental and numerical investigationss i de t heltc8&ACO s
be observed that there is a remarkable level of agreement between the experimental results and
the CFD results, thereby confirming the validity of the designed model. Additionally, as the mass
flow rates increases, the heat transfer coefficient also increagdsh implies a corresponding
increase in heat transfer. This observation is consistent with the results obtained from the heat
absorber plate. The highest heat transfer coefficient value was attained in the experimental
investigation at h=32.14W/nk for a mass flow rate of m=0.068Kg/s. In the case of CFD, at the
same mass flow rate, the heat transfer coefficient was h=30.62V/m
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Moving on toanother important finding, we examine the temperature difference between
the outlet and inlet as a function ofass flow rate obtained through both CFD analysis and
experimental investigation as depicted-ig I11.14. This curve further affirms the validity of the
numerical model by demonstratiige convergence between the experimental and numerical
values. As th temperature of the absorber plate decreases, the temperature difference reaches its
peak value ofDT=34.7 C for a mass flow rate of m=0.011Kg/s in the experimental investigation,
and Or=33.36 C in the CFDinvestigation

[11.5 Conclusion

This chapter of thetudy relied on numerical and experimental procedures, the aim of
which was to ensure the validity of the model of CFD. The effect of the number of nodes on the
numerical results was also studieahd the appropriate number was chosen for this study.
Through the experimental and numeriaark, we find that the numerical model is effective and
valid for all positions and angles of the obstacles inside the channel with its various numbers.
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CHAPITER IV RESULTS AND DISCUSSION

IV. Results and discussion

V.1 Introduction

After a thorough investigation that involved conducting experimants validating the
numerical model, it was time to discuss the results of the study. This chapter focuses on the
analysis of the computational fluid dynamics (CFD) resoltined from the simulations, and
the experimental resultsSThe CFD results provide a detailed insight into the thermal and
hydraulic performance of tHeAC, and the numerical model was validated to ensure its accuracy
and reliability. The resultef the numerical investigatiowere carefully analyzed to understand
the fluid flow behavior and heat transfer characteristics of the collector, providing valuable
information about its p&wrmance.

This chapter represents an important stage in the study, as it providesdepthn
examination of the results and helpsutaderstand the behavior of tBAC. The discussion of
results provides a foundation for further improvement and optimization of the design, leading to
more efficient and effective solar energy systems.

IV.2 Experimental results

IV.2.1 Discuss and compare resultsf radiation

Through the initial observation of measured solar radiation and the derived mathematical
model, it has been determined that the change in solar radiation follows a parabolic pattern. The
peak solar radiation occurs consistently at 13:00 houradghowut all seasons. Furthermore, it has
been observed that the highest levels of solar radiation occur dhengummer and spring
seasons.

Figs IV.1, V.2, V.3, and IV.4 illustrate the variations in global solar irradiation
throughout the day, as measured across the horizontal area. The values of solar radiation increase
from sunrise, reaching their maximum at midday, and subsequently decrease until sunset in the
evening. This trents observedonsistently across all months.

Furthermore, both the prediction model and measurement investigations confirm that the
global solar radiation remains below a maximum value of 1000 W/m? (denoted HEsel).
simulated mathematical model of thepexmental results closely aligns with the actual
experimental data, demonstrating a high degree of agreement. The minimal difference between
them is so insignificant that it can be safely disregarded. This indicates the reliability and
accuracy of the ohtned model. Consequently, researchers can confidently utilize this model as a
benchmark for comparing and validating results from other studies in the literature. Its robustness
and consistency make it a valuable tool for further research and analykes field of solar
radiation
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Figure IV .1 Global solar irradiation, according to the season of the winter between measurement,
and prediction model
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Figure IV . 2 Global solar irradiation, according to the season of the spring between measurement,
and prediction model.
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prediction model.
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Figure 1V .4 Global solar irradiation, according to the season of the autumn between
measurement, and prediction model.

IV.2.2 Analytical view of the change insolar radiation throughout the year

Fig IV.5 represents the culmination of our previous analyses, incorporating both the
mathematical model and the results of the experimental investigation conducted across all
months. In this comprehensive representatiba remarkable agreement between the model and
the experimental measurements becomes evident.

1000 T T T

T 1 T T 1 T T 1 1000
1 —4— Global solar radiation (Measurement)
900 ¥ ¢ —=— Global solar radiation (Prediction) - 900
- L 4
800 - 4 l b 4 L 800
700 p 4 I ‘ Y 700 o~
T 600 ' & o0 S
E | L %
T 9001 * 500 2
£ T
£
2 400 ~ | * ﬁ - 400 @
o
300+ - 300
200 + | : f - 200
100 t ’ - 100
'R : -
0 = - -0
) 3 R D & & » S & & & &
& NG \3_(5‘ W™ w W A & & & & ¥
AR L e
2 > Q

Figure 1V .5 Global solar irradiation, and prediction model, according to all the seasons.

Upon examining thelata, it is observed that the months of May and June exhibit the highest
values of solar radiation. These months experience peak levels of solar energy, resulting in
intense radiation. On the other hand, the lowest values of solar radiation are recorded in

December, characterized by reduced solar exposure due to shorter daylight hours and lower solar
angles.
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The graphical depiction irig I\V.5 not only showcases the consistency and reliability of the
developed model but also provides a comprehensive ovenfithe seasonal variations in solar
radiation. This information is invaluable for understanding the temporal patterns of solar energy
availability and its potential impact on various applications and systems
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Figure 1V .6 Global solar radiation of measurements in terms of global solar radiation prediction.

In Fig IV.6, the mathematical model is presented, with the model's points displayed on the Y axis
and the corresponding measured results on the X axis. This analysis reveals that the asymptotic
model closely resembles a linear model that adheres to the modifiedffgrma.x. notably, the
constant 'a’' is nearly equal to one, emphasizing the effectiveness of the derived mathematical
model. The alignment between the model points and the measured results further supports the
reliability and accuracy of the mathematicabdel. The linear relationship observed indicates a
strong correlation between the predicted values and the actual measurements, reinforcing the
validity of the model.This analysis througliig I\V.5 underscores the utility of the obtained
mathematical mael in predicting and understanding the relationship between variables.
Researchers can confidently utilize this model to make accurate projections and draw meaningful
conclusions irtheir studies.

In the last FigureKig IV.7), we depict the variation of anstants throughout the months by
presenting them as curves. This graphical representation provides a clearer and more
comprehensive view of the obtained mathematical mdgglobserving the curves, we can
discern any patterns or trends in the behavidhefconstants over time. This information allows

us to gain deeper insights into the underlying dynamics of the system and how they evolve on a
monthly basis.
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Figure IV.7 The constants a, b, ¢, anéghdevery month.

Through this comprehensive study, its outputs can be summarized in a detailec text
mathematical model for global solar radiation has been developed, taking into account various
temporal and spatial characteristics such as a, b, ¢, d, and h on a horizontal surface. This model
specifically applies to the city of Biskra and has been felye validated against real
measurements of solar radiation to ensure its accuracy and effectiBnegamining the graph
representing the solar radiation data and the corresponding predictions from the model, it
becomes evident that they closely aligith each other. The patterns and fluctuations in solar
radiation throughout the specified days exhibit a consistent agreement between the measurements
and the model's projectionBhis congruence between the observed and predicted values provides
strong evidence supporting the validity and reliability of the developed mathematical model.
Such confirmation of the model's accuracy reinforces its utility for various applications, including
solar energy planning, resource management, and the design dfas#drsystems in the region.
Researchers and practitioners can confidently rely on this model for making informed decisions
and conducting further analyses related to solar radiation in Biskra.
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IV.2.3 Thermal performances

IV.2.3.1 Bottom and absorbeplatestemperature
The first curve~ig 1.8, presentedhe temperature of the absorber plasea function of
thelength in the different mass flows.

Mass flow rate (kg.s™)
Shape H ‘@ 0011

To( AC)

Figure IV.8 Temperature of the absorber plagea function ofhelength in the different mass flow
rates

Upon observing the temperature curves, it became apparent that all curves exhibited a
similar trend of temperature rising from the inlet to the outlet of the plate. The maximum
temperature values were recorded at thelfimeasurement point, located at the length of
x=1.50m. Furthermore, it was noted that an increase in mass flow led to a decrease in the average
temperature of the absorber plate, indicating an increase in hediétrirom the plate to the air.

The placement of baffles had a noticeable effect on heat transfer within the collector,
particularly on the absorber plate temperature. In the middle region of the collector, where the
four baffles were positioned between x = 0.752m to x = 1.128m, the teomeeoétthe absorber
plate exhibited a decrease. This can be attributed to the creation of turbulent flow in that area and
the disruption of dead thermal layers near the walls.

The temperature of the bottom plate, as depictéddn'/.9, exhibited a similatrend to
that of the absorber plate. This can be attributed to the plate's thermal resistance against the
convective heat transfer from the air.
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Figure IV .9 Temperature of the bottoplateasa functionof its lengthfor different mass flows

The highest temperature value was recorded at x=1.5, consistent with the absorber plate.
Among the various mass flow rates, the highest temperature value was observedwette |
flow rate of m=0.011 kg[55]

IV.2.3.1Inlet and outlet temperature

The results of the experimental tests are presentedoin\V.10, which displays the
temperature difference between the inlet and outlet of the SAC over the course of a day for three
different mass flow rates: m = 0.014 kgfs:0.023kg/s, and m=0.032 kg/s. It is observed that the
time of day has a significant effect on the performanaethe SAC, with the maximum
temperature difference occurring at noon. Furthermore, the heat difference values are dependent
on the mass flow ta, as they increase with an increase in flow. The highest heat difference was
recorded in Case V, with a maximum valuego® 35.3°C for a flow rate of m=0.024 kg /s at
11:30, while the lowest values were observed in the smooth plate case, with afeestaifof
o E in the case of m=0.0Rg/s.

The number of baffles also plays a crucial role in determining the temperature difference,
with an increase in baffles leading to a corresponding increase in the temperature difference due
to the turbulence gersted by the obstacles, which in turn enhances the heat transfer process.
However, there are some exceptions suctaas Il at m=0.024 kg/s and m=0.032kg/s where the
value of solar radiation is weak due to weather disturbances. In general, the temperature
difference increases with the number of baffles and the decrease in flow rate.
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Figure IV .10 Temperature differencas a functiorof hours of the dayat different mass flows for all

cases.

IV.2.3.2 Local temperature andNusselt numbers

The local temperature and local Nusselt number are important parameters studied in the
field of forced convection heat transfer. In this study, the local temperature and Nusselt number
were analyzed at four different zones (1, 2, 3, and 4) of the channel, as shiown\irlL1. The
results of this analysis were then compared at differens fl@as rates, as depicted ing 1V.12,
13.
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From the results, it was observed that the temperature increased as the air moved forward
through thed, with all the maximum values being recorded in zone 4. On the other hand, the
local Nusselhumber showed an opposite trend to the temperature, being greater at the beginning
of theduct (L=0.375m), and decreasing as the air advanced forward. The highest value of the
local Nusselt number was recorded at 13&%d Nu=61.92 m=0.032kg/sThese obervations
were found to be consistent across all the different hours of the day showng iiv.13
indicating that the heat transfer increased as the air moved towards the outlet. The reason behind
this can be attributed to the difference in temperaba@teen the air and the absorber plate,
which gradually decreased as the air moved forward. This decrease in temperature difference
caused a decrease in the heat transfer, which in turn led to a direct effect on the local heat transfer
coefficient.It wasalso found that the highest temperature values were noted at a mas®flow
m=0.014kg/s, where the heat transfer was less than the rest of the flows. The maximum value of
TLocam54.16°C was recorded at 13:30 and L=1.5m. These results highlight the angsoxf
considering both the local temperature and Nusselt number when analyzing the performance of a
forced convection heat transfer syst@ihe results obtained from the experiments show that heat
transfer increases as the air moves towards the outigthws consistent with the observations
made at all times of the day. This increase in heat transfer can be explained by the difference in
temperature between the air and the absorber plate, which is significant at the beginning of the
channel and begirt® decrease as the air advances forward. Due to this decrease in heat transfer,
the local heat transfer coefficient is directly affected by the temperature difference mentioned
above.lt is worth noting that the highesgmperature of air values were reded at a mass flow
rate of m=0.014kg/s, which is the flow rate where heat tramsdsrthe least effective compared
to the other flow rates. Moreover, the maximum temperature value f~94.16°C was
recorded at 13:30 and L=1.5m. These findings prouigigortant insights into the design and
optimization of SACs, patrticularly in terms of selecting the appropriate mass flow rate to achieve
optimal heat transfer performance.

N

Figure IV .11 Discretizationof zones.
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Figure IV .13 Thelocal Nusselt numbeias a function ohours of the dayat different flows.

IV.2.3.3 Heat transfer coefficient

Fig V.14 illustrates the variation of the heat transfer coefficient over the course of a day,
considering the three different mass flow rates. The graph reveals that thrainsfat coefficient
starts with relatively lower values during the early morning and late afternoon. However, during
the midday period, the values significantly increase, reaching their peak. Notably, the highest
heat transfer coefficients were obseri@dmass flow rates of m=0.032 kg/s and m=0.024 kg/s in
both cases IV and V. At specific time points, namely 12:30 and 13:30, the maximum heat transfer
coefficients were recorded, measuring h=15.84 W/m2K and h=17.46 W/m2K, respectively. These
findings highight the influence of mass flow rates and time of day on the heat transfer
performance of the system.
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Figure IV1 4The heat transfer coefficieat a functiorof hours of the day at different flovus
all cases.

IV.2.3.4 Pressure drop

The effect of two parameters on the hydraulic performance of the studied situations was
investigated: the angle of inclination of the collector and the number of h#fikeproperty was
studied by changing the angle of inelim i on of the coll efogtleds from
illustrates the results of changing these parameters while also varying the mass flow rates. The
pressure drop, which is a crucial characteristic in this study, showed a small effect due to the
angle of inclination of the collector. This is because thesume drop is primarily influenced by
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the flow rather than gravity. On the other hand, the number of baffles had a noticeable impact on
hydraulic performance. The increase in the number of baffles led to an increase in pressure drop,
as bottlenecks wereeated by the baffles. Similarly, an increase in mass flow rates resulted in an
increase in pressure drop. These observations suggest that hydraulic performance is affected by
the number of baffles and the flow rate. The highest pressure drop value wdgdeaoacase V,
whereg®P reached 15.2Pa at a mass flow rate of m=0.075kg/s.
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Figure IV .15 Thepressuralrop as a function ahass flow rates and different angles of
inclination

IV.2.3.5 Thermal efficiency

In this section, we will discuss and focus on thermal efficienicthe collectorFig I\V.16
shows the variations in thermal efficiency at three different mass flow rates throughout the day,
specifically from 11:00 to 14:00 when solar radiation was at its high#stases with different
baffle configurations used in the experimental investigation were considered. The results indicate
that thermal efficiency increases with an increase in mass flow rates. This is due to an increase in
heat transfer between the afiser plate and the air, as observed in the previous results where the
temperature of the absorber plate decreased. It is noteworthy that all cases reached their
maximum thermal efficiency at the flow rate of m=0.032kg/s.

Thermal efficiency is a crucial checteristic that has been studied for the casdes
obstaclesthe two case$4M134, and 18M13%ere found to have the highest thermal efficiency.
The best case was 18M135, which reached a maximum value of 0.73 at 12:30 and mass flow
m=0.032kg/s. This is atbuted to the increase in air turbulence intensity inside the channel
caused by the baffles. The more baffles there are, the higher the rate of turbulence intensity,
which breaks the dead thermal layers close to the walls and enhances the thermaiarsfeyy
process. On the other hand, the reference case (smooth plate case) recorded the lowest values of
thermal efficiency, especially at mass flow m=0.014kg/s. In summary, the process of improving
heat transfer and enhancing thermal performance in gecan be achieved by increasing the
number of baffles, mass flow, or solar radiation.
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Figure IV1 6Thethermal efficiencyas a functiorof hours of the day at different flows for all case

IV.3 The first part of the numerical study

The purpose of the first section of the numerical study was to examine the impact of an
increase in the number bhffles at an angle of inclination of 135 degrees. The study consisted
of five cases in total, including a refecencase, which served as a baseline for comparison. The
reference case was initiated from the middle, and then the number of obstacles gradually
increased from both ends. The four additional cases were designed to test the effects of
increasing the numbeof obstacles on various parameters, such as velocity, pressure, and
turbulence intensity. The results of this section of the study were crucial in understanding how
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changes in the number and placement of obstacles can affect fluid flow dyn@h@ositera

that have been used in this study are based on a thorough review of the literature and a
consideration of the findings of many previous studies. These criteria have been carefully
selected and refined to ensure that they are relevant, reliable, addinditators of the
phenomenon under investigation. The criteria have been widely used and widely accepted in the
field and are considered to be the most appropriate for this study. By relying on these established
criteria, the results of this study candmenpared to those of other studies and can be considered
part of the larger body of knowledge in this area. Furthermore, the use eéstadlished
criteria adds to the robustness and credibility of the findi®gs 0].

IV.3.1 Evaluation of the Nusselt number

In Fig 1V.17, we observe the variation of the average Nusselt number as a function of
Reynolds number for all studied cases and the smooth plate reference case. As Reynolds number
increases, the Nusselt number also increases for all cases, and theriNusiBettis higher than
the reference case (without baffles) for all studied cases. The case with 18 baffles exhibited the
highest Nusselt values (Nu=49.40 at Re=10257), while the case with 6 baffles had the lowest
values (Nu=21.92 at Re=4362). This indicatbat the addition of baffles and an increase in
mass flow rate significantly increase the Nusselt number. This is primarily due to the mixing of
air between the baffles, which leads to the cracking of thermal layid®specially near the
absorber wall
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Figure 1V .17 Nusselt numbein termsof Reynolds number for all cases.

IV.3.2 Pressure drop

Fig V.18 shows the change in pressure daspa function oReynolds number. Based on
the curvesthe reference case is observed to have the lowest pressure drop among all the cases
analyzed, with the minimum recorded value be@md0.62 Pa atthe Reynolds number of
Re=362. However, the presence of 18 baffles inside the channel leads to a sigmticzage in
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pressure drop, as it reaches its highest valup®¥8.9 Pa athe Reynolds number dRe=10257.

This increase in pressure drop results from the baffles obstructing the airflow, leading to a rise in
the resistance to fluid flow. Despite the impement in heat transfer, this increase in pressure
drop has a negative impact on the performance of the collector.
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Figure IV .18 Pressure drops a functiorof Reynolds number for all cases.

IV.3.3 Evaluation of the heat transfer coefficient

The heat transfer coefficient is a crucial parameter that defines the efficiency of the
studied model. It represents the amount of heat transferred per unit area per unit time per unit
temperature difference, and widely used to evaluate the thermal performance of various
systems. Hence, a comprehensive understanding of the heat transfer coefficient is essential to
optimize the design of the studied model and ensuimapheat transfer performance.
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Figure IV .19 Thelocal heat transfer coefficieas a function ofthelenghtchannel at Re=5368.
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Fig IV.19 presents the variation of the local heat transfer coefficient through forced
convection along the channehcompassing all modes, including the reference case. The primary
objective of this study is to comprehend the underlying mechanism responsible for the impact of
baffles on heat transfer from the absorber plate to the surrounding air. The depicted curve
illustrates a consistent decrease in the heat transfer coefficient for all cases, with a subsequent
increase occurring at the first baffle position until reaching a specific limit. Beyond this limit, the
heat transfer coefficient gradually declines. Thessenkations align with the findings reported
by Tao et allhe effect of baffles becomes evident at each peak in the curve, with the number of
peaks corresponding to the number of baffles, as documented by Le@Htial2001 Figs
I\VV.20, 21). The increase in the transmission coefficient is attributed to the air mixing and
alteration of its flow path towards the absorber plate, effectively disrupting the stagnant thermal
boundary layers at each baffle level. Notably, an increase in the Reynoldembatbeen
observed to result in an augmented heat transfer coefficient across all cases. To specifically
explore the impact of the Reynolds number, eighteen baffles (18b) were selected, while the
remaining cases underwent similar variations in accordamtethe changes in the Reynolds
number
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Figure IV .20 Thelocal heat transfer coefficieas a function ofthelength ofchannel fothecase
of 18 bafflesat different Reynolds numbers.
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IV.3.4 Evaluation of the friction factor

It is important to consider both heat transfer and pumping power when improving SACs.
In order to evaluate pumping poweng friction factor was calculated and compared for each
case to the reference case (without baffleg). V.22 shows the friction fetor ratiosf/f, as a
function of Reynolds number (Re) for all studied cases. It was observed that the friction factor
increased slightly with an increase in Reynolds number for all cases. Moreover, it was found that
the number of baffles has a significant impact on tiaidn factor, where an increase in the
number of baffles leads to an increase in the friction factor. The increase in the friction factor
ratio was almost the same between all cases, with the highest value observed in the case of 18
baffles, wheref/f;=28.69 at Re=8292, and the lowest values were recorded in the case of 6
baffles, where the lowest value wH&=9.29 at Re=4362. Therefore, any modification to the
SAC design should consider the traafé between heat transfer enhancement and increased
pumping power.
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Figure 1V .22 Thefriction factor as a function of Reynolds numbesll cases
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IV.3.5 The thermo-hydraulic performance factor (THPF)

Webb, Eckert et al[59]. havedefined a parameter to assess the effectiveness of channels
with baffles in different geometric shapes, positions, and numbersTHRE combines the
hydraulic and thermal performance of the collector and provides insight into its thermal
efficiency.(Layek et al[72]; Aravindh et a[73]; Menasria et al [58]

Forall cases studied at Reynolds numbers ranging from Re=4362 to Re=10Z61Pthe
was found to be less than unity (>1). The THPF is determined based on the Nusdrdt and
friction factor for channels with and without baffles, representedNby f and Nuw, fo,
respectivelyFig V.23 illustrates the change in the THPF as a function of the Reynolds number
in all cases.
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Figure IV.23TheTHPFas a function oReynolds numbeifor all cases

The results showed that th&iPF slightly increased in cases with 6 and 10 baffles from
Re=4362 to Re=5368, as depicted Fy 1\VV.23. However, it decreased at higher Reynolds
numbers. This finding is consistent with the results of Menasria §8&l. The highest THPF
values were observed when six baffles were placed in the middle of the duct, where the
maximum value of THPF=0.557 wascorded at Re=5368. The study also found a significant
difference between the case with 6 baffles and the other three cases, with the lowest value of
THPF recorded in the case with 18 baffles (THPF=0.499 at Re=10257). Thus, the economic
aspect should beonsidered when selecting the number of baffles since some cases may have
different numbers of baffles but still yield the same THPF. For example, the cases with 18 and 14
baffles have the same THPF at Reynolds numbers from Re=4362 to Re=7334.
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[m/s]

Figure 1V .25 Velocity field and thedirection of vortices at the level of baffle (18 baffles case at
Re=9515).

The shape of the baffles and the channel generates swirls or recirculation regions, as
depicted in~ig 1V.24. The swirls are composed of two vortices, a primary and a secondary one
The secondary vortex has the same direction as the clockwise turnover, while the primary vortex
has the reverse direction. Unlike most studies, there were not many vortices, indicating the
airflow's ability to pass through the top and bottom and betwaties. As the Reynolds number
and the distance between baffles increased, these vortices grew longer, as confirmed by
Menasria, Zedairia et b8] Fig 1V.25 shows the change in the velocity field, indicating that the
areas between baffles act as traastas. By examining the velocity field, it is noted that there is
a cracking of the dead layers in the absorber plate's wall at these areas, which explains the high
local heat transfer coefficient at each baffle.

IV.4 The second part of the numerical study

The second part of the numerical study focuses on investigating the influence of the
location and angle of inclination of obstacles on the performance of a thermal collector. In this
section of the study Four baffles with different inclination angles wewused with the location
and angle of inclination of the obstacles varied from one case to the next. The objective of this
part of the study was to determine the optimal arrangement of obstacles in terms of enhancing
heat transfer and optimizing therma@rformance. This section of the study involved performing
a series of simulations using computational fluid dynamics (CFD) techniques to model the fluid
flow and heat transfer within the thermal collector. The results of this section of the study will
provide valuable information for the design and optimization of thermal collectors and will
contribute to the development of more efficient and effective systems for harnessing solar energy.
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This partaimedto investigate the impact of different formationsyadde H on the airflow
and thermalperformance of an air ducbllector To achieve this, simulations were conducted
using computational fluid dynamics (CFD)he first formation studied was H right, where six
baffles were placed on thgght-hand side ofhe air duct, axt, the H middle formation was
investigated, where six baffles were pldda the middle of the air ducthe third formation
studied was H left, where six baffles were placed on thénbeft sideof the air ductFinally, the
H all formation was studied, where eighteen baffles were placed all over the giFiduct.26).

Figure IV .26 The studied modes.
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Figure IV .27Change in Nusselt number in terms of Reynolds number for all cases

ThroughFig 1V.27, we notice that the number bdlusseltincreases with the increase in
the Reynolds number in all cases, whittlicates an increase in hegtnsfer inside the collector,
the best cases in heat transfer was the case khéulH left, The highest value recorded was in
the case of Hull, whereit was Nu=56.03 at Re=11216, and the lowest value was in the case of
thesmooth plate ( without bi¢es) where its value was Nu=18.31 at Re=4362.
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IV.4.2 Evaluation of the heat transfer coefficient

To understand the mechanism of heat transfer along the channel more in this part of the
results we discuss the local heat transfer coefficient in terms ofttacafer and also in terms of
different Reynolds numbers.
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Figure IV .28 Change in the local heat transfer coefficient in terms of the local change for all positions.
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Figure IV .29 Change in Nusselt number in terms of Reynolds number for all.cases

Fig IV.28 represents the local heat transfer coefficient in terms of length in the four cases.
We note that the local heat transfer coefficisiginificantly decreases at the beginning of the
channel in all cases due to the difference in temperature between the absorber plate and the
incoming air, which was high at the beginning, and with the movement of air inside the channel,
this difference begs to decrease due to the acquisition of air and the loss of thermal energy from
the absorber plate
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ThroughFig 1V.29, we notice that the number of Nusselt increases with the increase in
the Reynolds number in all cases, which indicates an increaset imaresdier inside the collector,
the best cases iheat transfer was the case H then H left, The highest value recorded was in
the case of Hull, where it was Nu=56.03 at Re=11216, and the lowest value was in the case of
thesmooth plate ( withouaffles) where its value was Nu=18.31 at Re=4362.

To understand the mechanism of heat transfer along the channel more in this part of the
results we discuss the local heat transfer coefficient in terms of local transfer and also in terms of
different Reyntds numbers.
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Figure 1V .30 Change in the local heat transfer coefficient in terms of the local change for all positions.

Fig V.30 represents the local heat transfer coefficient in terms of length fouheases.
We note that the local heat transfer coefficient significantly decreases at the beginning of the
channel in all cases due to the difference in temperature between the absorber plate and the
incoming air, which was high at the beginning, andcwlite movement of air inside the channel,
this difference begins to decrease due to the acquisition of air and the loss of thermal energy from
the absorber plate Inside the duct, at every positioning ofatiledy there is a noticeablese in
the valueof the local heat transfer coefficient, and this is due to the turbulence caused by these
baffles on the airway, whose seeds cause the cracking of the dead thermal layers close to the
absorber plate, and then increase the transfer of thermal energythesdiect at this the level.
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Figure IV .31 Change in the local heat transfer coefficient of the case H middiffierent Reynolds
numbers.

Furthermore, the effect of increasing the Reynolds number on the heat transfer inside the
channel is studied. We notice that every growth in the Reynolds number is accompanied by an
expansion in the heat transfer along the air channelv.31.

IV.4.3 Contours o temperature

Figure 1V .32 Contours of turbulent intensity, mode H middle at Re=10257.
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Figure 1V .34 Temperature of the three modes (with the same number of baffles).

Fig I\V.32 represents the contours of turbulent intensity in the case afiddle at

Reynolds number Re=10257. Through this contour, we notice that the presence of obstacles
creates a high intensity of turbulence; this leads to the removal of dormant thermal layers near the

walls, especially the wall of the absorber plate.
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As stown in the thermal field, we can distinguish two stages: before and after the baffles.
There is a noticeable decrease in the temperature of the absorber plate in zone 2 (after the baffles)
compared to zone 1. This explains the high heat transfer coefffatieach location of the baffles
along the duct where the percentage of increase in the heat transfer coefficient was about X=60%,
compared to the case of the absence of bdffles I\V.33, 39.

IV.4.4 Evaluation of the friction factor

Hydraulic performance isalso essential in thermal collectors, as it determines the
economic losses of these transformers, so in this part of the study, the friction coefficient f has
been studied

0.6 L e

0.5 ~ —

B Smooth plate

“044 @ fMidde i
% A fRight
G 03 v flLeft
£V fAll
o)
O
g 0.2 + i
g ‘\‘—-——‘-———‘———‘———‘——‘——‘
Lo1 A |

004 ®—®—a o

T T T " T T " T T T T T T
4000 5000 6000 7000 8000 9000 10000 11000 12000

Reynolds number, Re

Figure IV .35 Change of the Friction coefficient asunction of Reynolds number.

The first noticeable observation is that all the coefficients were less than one; the
maximum value was in the H all mode at Reynolds Re=11216, and the lowest values were
recorded in the reference mode, that is, without baffles and ranged between f=8r@il08
f=0.0084. In terms of the change curve, it was a descending curve in all cases; as the Reynolds
number increases, the Friction coefficient decreases. There is a big difference between the values
of the coefficient of friction in the three modes (H RigH Left, H Middle) compared to the
modeof H All Fig I\V.35. Moreover, we have confirmed that the Friction coefficient is not only
related to the number of baffles and air velocity, but also the location of these baffles has a minor
effect on this coeffient, as in the cases H left and H right
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IV.4.5 The thermo-hydraulic performance factor (THPF)
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Figure 1V .36 The THPFasa function ofReynolds number for all modes.

The THPFis what determines the thermal efficiency of this collector, taking into account
the economic aspecBased on the results, we found that the lowest Thdrydoaulic
performance factor (THPF) values (THPF=0.465 to THPF=0.489% in the first positionH
All) Fig IV.35. That is due to the high friction coefficient that was recorded. The highest
noticeable valuesf this factor were in mode (H left), where the highest recorded value was
THPF=0.0.59 at Reynolds Re=5368. Through this paper, we conttiatienot only does the
shape and number of baffles affect the Thehwdraulic performance, but that the same number
and shape of baffles placed in different positions yield varied results. That is indeed an advantage
since, using the same model and numbar can improve the hydraulic and thermal aspects by
merely changing their position.

IV.5 Conclusion

This chapterpresentsnumerical and experimental resutié energy transfer inside the
collector duct. All thermal properties have been studied for differextes) three of which have
the same number of baffles in various locatiomit the case without baffles) addition to the
four formations at an angle of inclinatid®5°. As for the numerical part, the CFD analysis was
accomplished using Ansys Fluent tsadre 18.1. In this analysis, the number of nodes was
chosen based on the proximity to the uncertainty of the extracted results. The turbulence model
was also determined by comparing all turbulence models to the -Bielter correlation.
Through the redts, the following was uncovered:

The baffles have a close relationship with the heat of the absorber plate and the local heat
transfer coefficient, as they create turbulence in their location, which affects the heat of the
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absorber plate in the exdotale of the baffles themselves, and eventually, the overall local heat
transfer

It is not only the number and angle of inclination of baffles that affects the thermal
hydraulic performance, but even the location has a significant impact on them.

The CFD is an effective model that we can rely on in the future without referring to
experimental limitations.
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General conclusion

SACsare becoming an increasingly popular choice for heating and ventilating buildings,
particularly in areas with abundant sunlight. However, to achieve optimal thermal performance, it
is important to consider the design and conception of the SAC. As nottek ireview of
research, itds one key area for i mprovement t
and increase efficiency. The baffles are used to disrupt the path lineslowawithin the duct,
creating turbulence that helps to irmse the surface area available for heat exchange. The
specific shape, size, orientation, and arrangement of tiedles can have a significant impact
on performance. The researchers have explored various options to find the most effective designs.

This gudy aimed to investigate the potential of using obstacles to enhance the thermal and
hydraulic performance o8ACs to achieve this and trying to conduct both experimental, and
numerical simulations using CFD.

In the experimental phase, have constructgaodotype SAC with a rectangular duct,
where the air was passed between the bottom, and the absorber plate. To enhance the heat
transfer process various obstacles waioduced,in the flow path. After the enhancement, the
stage of measuring the thernaadd hydraulic performance of the system comes, under different
operating conditions, including different flow rates and solar radiation levels.

In parallel, we conducted numerical simulations using CFD to investigate the fluid flow
and heat transfer chataastics of the collector with and without baffles. The simulation results
provided a detailed understanding of the complex fluid dynamics and heat transfer mechanisms,
allowing us to optimize the design and placement of the baffles for maximum perfermanc

The results of our study showed that the introduction of obstacles in the flow path led to a
significant improvement in the thermal and hydraulic performance oE#@ The turbulent
flow created by the obstacles to increase the heat transfer cogfbeiveen the absorber plate
and the passing air, resulting in higher thermal efficiency. Furthermore, the obstacles also helped
to reduce pressure drop, improving the hydraulic efficiency of the system.

Our findings demonstrate the potential of usingtaties to enhance the performance of
SACs providing an effective and practical solution for improving energy efficiency and reducing
the pressure drop. This work also highlights the importance of combining experimental and
numerical approaches to gain@mprehensive understanding of fluid dynamics and heat transfer
mechanisms in complex thermal collector.

In the experimental results focus on the thermal performance, according to five cases, and
its results were showthat increasing the number of bafflased increases the heat transfer
process inside the collector, this was shown by the heat transfer coefficient, the local heat transfer
coefficient, and the Nusselt number; wheite maximum values were h=15.84 and 17.46 ¥/m
in the two cases case V, and case IV respectively. The results also showed that the angle of
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inclination of the SAC almost does not effect on the pressure drop, as for increasing the
obstruction or the mass flow increases the pressure drop. For theissidly the channel,

maximum values were recorded at L=0.375m in the local Nusselt number in the case 6M135 at

all mass flow rates. Case 18M135 was chosen as the best case, through heat transfer, where the
highest thermal efficiency values were recordbde maxi mum val ue "H=0.73 &
flow m=0.032kg/swith a small hydraulic performance compared to the literature.

In terms of the numerical study, the study was divided into two parts, one section
concerned with the effect of the placement of atlss, and the second section concerned with
the effect of their number, so we start with the effect of their numbers, rectangular baffles were
added perpendicularly to the air duct at an angle of inclination of 135°, and four cases, including
the smooth dct, were analyzed using CFD Ansys Fluent 18.1. After selecting the turbulence
model and verifying the accuracy of the numerical model through experimental investigation, the
thermal and hydraulic performance of the studied thermal heater was evaluatedarameters
such as Nusselt number, heat transfer coefficient, friction coefficient, and the THPF. Through a
comprehensive analysis of these cases, the following observations were made:

T The RNGKkU model is the turbul enctethensiaddaidd t ha't
correlations of DittudBoelter and Modified Blasius.

1 Adding baffles and increasing airflow rates in all cases leads to an increase in heat
transfer. The case with 18 baffles at the highest Reynolds number (Re = 10257) recorded
the highest Nsselt rate.

1 The coefficient of frictiorf/fy is similarly affected by the increase in heat transfer, but the
increase is slight when the Reynolds number increases.

1 The local heat transfer coefficient in the duct changes with the position of every baffle,
resulting in an increase in heat transfer from the absorber to the air. A remarkable peak
was observed at each baffle due to the cracking of the dead thermal layers below the
absorber.

1 Heat transfer decreases from the inlet of the channel towards thie whtle the absorber
temperature increases in all cases.

1 The cases with 10, 14, and 18 baffles showed a large convergence through the THPF,
while there was a considerable difference between these cases and the case of 6 baffles
which was selected as thedb case for Re = 5368.

1 Conducting an experimental investigation is costly in terms of effort, time, and money.
However, by following the protocol used in this research, many experiments can be
conducted using CFD only after validation.

1 Increasing the nunds of baffles does not always improve both the thermal and hydraulic
properties simultaneously.

From the second aspect of the numerical study, where the effect of the placement of
obstacles was studied, its results showed the following:
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The baffles have elose relationship with the heat of the absorber plate and the local heat
transfer coefficient, as they create turbulence in their location, which affects the heat of
the absorber plate in the exact locale of the baffles themselves, and eventuallyrdhe ove
local heat transfer.

When both hydraulic and thermal performances are taken into account, the optimal model
to be used is H left.

It is not only the number and angle of inclination of baffles that affects the thermal
hydraulic performance, but evéime location has a significant impact on them.

The CFD is an effective model that we can rely on in the future without referring to
experimental limitations.
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