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Abstract

In order to enhance the performance of an indirect solar dryer, it is crucial to improve the
poor heat transfer between the absorber plate and the inlet air in the air collector. This study
focuses on the impact of fins characteristics on the heat transfer process between the inlet air and
the finned absorber plate. By implanting fins onto the absorber plate, it is expected to optimize
the heat transfer efficiency and thereby enhance the overall performance of the solar dryer. The
present work aims to analyze various fin designs and their influence on the heat transfer
characteristics within the system, by change fin thickness (0.001,0.003,0.005 m), fin material
(M.S, AL, CU) and fin position in the air collector of indirect solar dryer, Where the air flow
applied in the study is the natural convection. A simulation work is conducted by using Fluent
6.2 and 19.2, to evaluate the thermal performance of different fin configurations, leading to
valuable insights for the enhancement of indirect solar dryers. In the results, we found that there
is a clear effect when adding fins average 3 % higher than without fins. Air collector with 0.001
fin thickness is approximately 0.299% And 0.799% higher than with 0.003 and 0.005 fin
thickness respectively. And for the fin position there an effect too. And all of this is shown in the
last chapter. So from this thesis we conclude that the fins increase the heat exchange area and the
fluid homogeneity.

Key Word:

Solar dryer, fins, Air collector, finned absorber plate.
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SYMBOLS

A area, m?

Bi Biot number

C Specific heat, J/Kg. K

Cr specific heat at constant pressure, J/JKg. K
Ein rate of energy transfer into a control volume, W

Eout rate of energy transfer out of control volume, W
Gr Grashof number

L characteristic length, m

M mass, Kg

Nu Nusselt number

P Perimeter, m

Pr Prandtl number

Ra Rayleigh number

T temperature, K

Y volume, m¥ fluid velocity, m/s

g gravitational acceleration, m/s?

h convection heat transfer coefficient, W/m?. K
hr radiation heat transfer coefficient, W/m?. K
Ka Thermal conductivity of air, W/m?. k

q heat transfer rate, W

t time, s

Greek Letters

Absorptivity; thermal diffusivity, m?/s

volumetric thermal expansion coefficient, K*
temperature difference, K

viscosity, Kg/s.m

kinematic viscosity, m?/s

mass density, Kg/m?

Stefan-boltzmann constant (5.68 x 108) W/m?2, K*
transmittance

N QD = "R I

Subscripts

am ambient conditions
abs absorber plate

cd conduction

M.S Mild steel

sky sky conditions

X local conditions on a surface

0 free stream conditions
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1 General Introduction

General Introduction:

The world is suffering from pollution and harmful greenhouse gases originated from
burning of fossil fuels where the consequences of climate changes are also alarming. Solar energy
is an alternative energy source that is abundant, safer and cleaner.

Algeria disposes of an important potential of renewable energies, such as geothermal,
biomass, solar and wind energy. However, referring to the guide published by the Algerian
Ministry of Energy and Mining, in 2007 [1], solar energy plays the most important role.
Effectively, and following the same source and the World Energy Council report, the insolation
duration in Algeria is around 2650 h per year for the coastal regions, 3000 h per year for the high
plateau regions and it increases to 3500 h per year for the Sahara. [1]

Solar drying is one of the processes that have found application in Algeria, because of the
important quantities of solar irradiations that can be exploited in this country. Nevertheless, the
experience of Algeria in solar drying is recent and limited to drying of fruits, vegetables,
medicinal and aromatic herbs. [1]

Exploiting solar energy for the drying process is very should be developed in Algeria
because of their great solar energy potential. Algeria is a country that only has 2 ‘big’ seasons
and the sun shines for 12 hours a day.

One of the efforts to improve the performance of solar dryers is to use fins. The use of
fins serves to increase the area of heat absorption without increasing the dimensions of the solar
dryers [2]. Research is attempting study the effect of different types of fins to optimize the
performance of solar dryer type.

In order to enhance the performance of the indirect solar dryer, and solving the problem
of poor heat transfer between the absorption plate and the incoming air in the air collector. This
study focuses on the influence of fine properties on the heat transfer process between the
incoming air and the fin absorption plate. By implanting the fins on the absorption plate, it is
expected to improve the heat transfer efficiency and thereby enhance the overall performance of
the solar dryer. The current work is aimed at analyzing various fin designs (dimensions, material,
disposition.) and their influence on the heat transfer properties inside the indirect solar dryer
where the air flow applied in the study is the natural convection.

In the first chapter we made a general presentation on the solar drying operation and
major properties.

The theoretical analysis study and the different heat balances presented for the air
collector of the indirect solar dryer in the second chapter.

The modeling and CFD analysis and the simulation working method, boundary condition,
geometries, meshing, are presented in the second chapter.

In the last chapter, we draw the results obtained from the simulation in the form of curves,
and discuss them with the conclusion for each case. The thesis is closed with a general
conclusion compromised all the points taken from the chapters.
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Introduction:

Drying is a process that has been used by humans for thousands of years to preserve food,
clothing, and other materials. In solar dryer, solar energy is used as either the sole sources of the
required heat or as supplemental sources. The air flow can be generated by either natural (passive
mode) or forced convection (active mode). The heating procedure could involve the passage of
preheated air through the product or by directly exposing the product to solar radiation or a
combination of both.

1.1 Passive and Active Mode:

ACTIVE DRYERS PASSIVE DRYERS

INTEGRAL (DIRECT) TYPE

DISTRIBUTED (INDIRECT) TYPE

MIXED MODE TYPE

> SOLAR RADIATION
—— AIRFLOW

Figure 1.1 Presentation of the different functioning modes and types of solar dryers [1]

e Passive mode: Passive solar dryers are often referred to as natural ventilation solar
dryers, where no external source of energy is required to run the dryer. In this dryer,
incoming air is heated up with the help of solar energy. The hot air then passes over the
crop's surface. The thermosiphon effect combined with the greenhouse effect is the main
operators for natural ventilation.

e Active mode: After open sun drying, passive solar dryer came into use and then an active
solar dryer was developed, working on the principle of the forced convection mode of
heat transfer. Fans or a blower are used to increase the airflow rate so that enhanced heat
transfer takes place.
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1.2 Basic Types of Solar Dryers:

1.2.1 Direct Type Dryers:

Direct type dryers are like a cabinet with a compartment with a glass roof. Here solar rays
directly fall onto the commodity through the glass and with the greenhouse effect, it’s been
heated. The airflow carries away the moisture as shown below. Tunnel, Greenhouse, and cabinet-

type dryers fall into this category.

W\

5
Sl /

w==p- HOT AIR QUT

COLD AIR IN BLACK
ABSORPTION
SURFACE

INSULATED FRAME

Direct (a) Cabinet (b)

Greenhouse (c)

Triangular Roof Tunnel (d)

Figure 1.2 (a),(b),(c)and (d) Schematic of Direct Solar Dryer and Examples [3]
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1.2.2 Indirect Type Dryers:

Indirect type solar dryers have separate chambers for drying and heating airflow. In this
case, there’s no direct contact between solar rays and commodity as shown in the figure below.
Airflow entering from solar collector gets heated up and carries away the moisture from drying

chamber.

Air Outlet
i’* i ! Food
/ \ = o

Sun ¢ G
[
\;k ) g g \ Apple
o ; 7 - | — Slice
N, =N
Sun Ray \\ . & ~— Air Flow
\ S
- ¥ - ¥
Glass C o\'a\‘ N
& -—
Black Surface g > ‘ ) \
« 7 N

= i

Figure 1.3 Schematic of Indirect Solar Dryer [3]

1.2.3 Mixed-Mode Dryers:

Mixed-mode dryers are a combination of above two types. The structure is similar to
indirect dryer but drying chamber is made of transparent material so that the solar collector and
drying chamber both get heated up by the greenhouse effect.

Figure 1.4 Schematic of mixed solar Dryer [3]
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1.3 _The Drying Process:
It is divided on three steps

- Converting Light into Heat: the presence of black inside a solar dryer improves the efficiency
of the transformation of light into heat.

- Trapping Heat: insulating the air inside the dryer from the outside air makes a significant
difference. Using a transparent solid, such as a plastic bag or glass lid, allows light to enter, but
once the light is absorbed and converted to heat, the plastic bag or glass lid traps the heat inside
to dehydrate the food. This makes it possible to achieve similar temperatures in cold, windy
weather as in hot weather.

- Move Heat to the Food: Both the natural convection dryer and the forced convection dryer use
heated air convection to move heat to the food. When the heated air enters to the hot chamber, the
humidity in the air decreases, allowing dehumidification and drying of fruits for example.

1.4 Advantages of solar drying:

o The rate of drying increases with higher temperature and movement of air in the chamber.

e Food is enclosed in the dryer and therefore protected from dust, insects, birds, and
animals.

o Higher temperature prevents insect infestation and the faster drying rate reduces the risk
of spoilage by microorganisms.

o The dryers are waterproof, therefore, the food does not need to be moved during the rainy
season.

e Adryer can be constructed from locally available materials at a relatively low cost.

e Solar dryers last longer. A typical dryer can last 15-20 years and will need minimum
maintenance.

1.5 Limitations with solar drying:

Can be only used during day time when an adequate amount of solar energy is present.
Lack of skilled personnel for operation and maintenance.

Takes longer as compared to the modern type of electric dryers.

A backup heating system is necessary for products requiring continuous drying.

For these reasons, in order to raise and reduce these limits, many researches and works
have been conducted, and some of them are mentioned on the following.
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1.6 State of the art:

1.6.1 In Algeria:

In 2002, Miri et al. [4] have developed an indirect solar dryer working on natural
convection. The chart of this solar dryer is illustrated in Figure 1.5. It is constituted of two
essential parts: the solar collector and the drying chamber. The solar collector is heating air with
double circulation; the first between the glass cover and absorber and the second between the
absorber and the bottom part. This last part and the lateral walls are thermally isolated. The
results obtained by the collector with double circulation were compared with one with simple
circulation. Hence, the temperature of the absorber of simple circulation has attained 103.31 °C
and was 96.55 “C for double circulation. The most important temperature to be known is one of
the heated air that goes to the drying chamber. It was around 60 °C, for a simple circulation
collector and around 50 “C for a double circulation. The calculated efficiency of the solar dryer
was around 40% which was an encouraged result.

Figure 1.5 Natural convection solar dryer — indirect type developed in D.C.R.E. [4]

In 2002, a comparison between the direct natural solar cabinet dryer and the indirect
natural one was made by Benkhelfellah et al. [5] The results were relatively favorable to the direct
solar cabinet dryer, as we register 70% of extracted pepper humidity in 72 h against 243 h for the
indirect dryer. Also drying grapes needed 268 h using direct dryer against 318 h for the indirect
solar dryer. But 67% of the humidity of vervain was extracted in 48 h using direct natural solar
dryer and it was only 30 h for extracting 75% of its humidity using the indirect natural solar
dryer.

In 2007, Benaouda and Belhamel [6] and in 2008, Boulemtafes-Boukadoum et al. [7] have
developed a solar dryer shown in Figure 1.6. As well this dryer is constituted of 2 main parts; the
solar collector and the drying chamber. The solar collector is a simple one with simple air
circulation, its dimensions were: 2m x0.94m, built with galvanized sheet-iron. The same matter
painted in black (in order to increase the absorption properties) is used as absorber. It has a
0.0005m thick and the value of its thermal conductivity was 54Wm~2 K. The collector is covered
with a 0.003m thick of
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ordinary glass. The use of a thermos regulator tool allows performing drying with air heated to a
constant 50 “C. Several products were tested such as tomatoes, tobacco, figs, mint and laurel and
depending on the product; the drying time varies from 5 to 10 h. The dryer has given satisfactory
results; however, the quantities were not important.

Figure 1.6 Indirect forced convection dryer developed in D.C.R.E [6, 7]

In 2017, Messaoud Sandali et al. [8] by numerical simulation (fluent), they study the
thermal performance of a direct solar dryer with integration of geothermal water heat exchanger
shown in Figure 1.7. For supply the solar dryer by heat after sunset. The climatic data used in
this work were measured in Ouargla city. The temperature of geothermal water in this region was
found to be 343K.The smallest obtained value of drying air temperature was found 327K (At
night), while the highest obtained value was found 344K(13:00PM).

Outlet

ity

Glass Cover {}

Heat Exchanger

(?’—

Absorber Plate Insolator

Figure 1.7 Direct Solar Dryer with Geothermal Heat Exchanger [8]
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For improve the thermal performance of a direct solar dryer, in 2019, Messaoud Sandali
et al. [9] They presented a work concerns an experimental study to improve the thermal
performance of a direct solar dryer with integration of geothermal water heat exchanger properly
tested in the arid North-Saharan regions of Algeria shown in Figure 1.8. The results in this study
showed a significant improvement of the thermal performance of the direct solar dryer, especially
after sunset, the smallest obtained experimental value of drying air temperature was found 46 °C,
while the highest one was 58 °C. After sunset and throughout all the night until the sunrise, the
drying air temperature remains important and almost steady with an average value of 46 °C and
exceeds that in case of solar dryer without heat exchanger by 30° C.

Figure 1.8 Direct Solar Dryer with Heat Exchanger [9]
1.6.2 Other Countries:

In 2010, B.M.A. Amer et al. [10] study a hybrid solar dryer, which consists of solar
collector, reflector, heat exchanger cum heat storage unit and drying chamber shown in Figure
1.9. The drying chamber was located under the collector. The dryer was operated during normal
sunny days as a solar dryer, and during cloudy day as a hybrid solar dryer. Drying was also
carried out at night with stored heat energy in water which was collected during the time of sun-
shine and with electric heaters located at water tank. The efficiency of the solar dryer was raised
by recycling about 65% of the drying air in the solar dryer and exhausting a small amount of it
outside the dryer.

In 2016, S. Nabnean et al. [11] by an experimental work, a new design of a solar dryer
shown in Figure 1.10, which consists of drying cabinet, heat exchanger, 16-m? water type solar
collector, and water type heat storage unit. The cabinet size is 1.0 m wide 3.0 m long 1.4 m high
with the load capacity of 100 kg for drying osmotically dehydrated cherry tomatoes. In the results
the Drying air temperature was varied between 30 °C and 65 °C during drying.
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Figure 1.9 Schematic Diagram of a Hybrid Solar Dryer [10]
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/
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Figure 1.10 Schematic Diagram of a Solar Dryer [11]

In 2017, M. Yahya et al. [12] investigated a hybrid solar-biomass dryer for drying paddy
shown in Figure 1.11. In this system, the air from surrounding entered into the solar collector and
received some heat before it travelled to the biomass furnace. The air was further heated up in the
biomass furnace and subsequently moved to the fluidized bed where the paddy was placed. The
investigated drying system was able to reduce the moisture content of paddy from 20% to 6%,
with average drying temperature of 61°C and 78°C.The average thermal efficiency and exergy
efficiency were 13.45% and 47.6% respectively for drying temperature of 61°C. For drying
temperature of 78°C, the system was able to achieve average thermal efficiency of 16.28% and
exergy efficiency of 49.5%.
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Figure 1.11  Schematic Diagram of a Solar-Biomass Dryer [12]

In 2017, T. Bhattacharyyaa et al. [13] study a Finned Plate air heating solar collector for
paddy drying shown in Figure 1.12, with rectangular fins attached is studied theoretically for
various controlling parameters such as numbers of fins, H/D ratios and fin thicknesses to use it
for paddy drying. Outlet air temperature first increases and then decreases with number of fins.
Pressure drop also increases with number of fins and fin height. To choose the optimum number
and height of the fins both the outlet air temperature and pressure drop are taken into
consideration and the design with 80 numbers of fins and 0.6 H/D ratio with 2 mm fin thickness
is chosen to be optimum. The optimum design of solar air heater produces higher outlet
temperature at steady state than required.

ﬂ-@l‘

3

a — Glass cover;
b — Air gap;

c — Absorber

Fluid flow
normal to

d — Flow Duct;
e — Fin;

f — Insulation;

Figure 1.12 Schematic diagram of finned plate solar air heater [13]
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In 2018, Panuwat Pawakote and Atit Koonsrisuk. [14] investigated the performances of a
solar collector with fins and baffles numerically and experimentally shown in Figure 1.13. It was
found that the experimental efficiency and outlet temperature are about 47.27% and 60.1°C,
respectively. While the predicted efficiency and outlet temperature is about 52.01% and 64.9°C,
respectively. The discrepancy could be due to heat losses from the walls of the air passages.

Air Outlet 1\ =T
R _—A
XSSO
R\ a _.::’T t’ "7'),;% CC"j olar radiation
e s LLLLome  mme
" i’)’ @}2" c;'k)*’ {I.’,") Absorber Plate
’é),)('»c:lf CHSTE) r g 774
s RSN ST
NN e
FLZ '

Cooling Fan

Figure 1.13  Schematic diagram of Solar Collector with Fins and Baffles [14]

In 2018, The work of C. UMA MAHESWARI1et al. [15] shown in Figure 1.14 focuses on
numerical analysis using CFD CFX 14.0 and experimental analysis of the solar crop dryer
attached with flat plate collector and the waste heat recovery of exhaust gas from the diesel
engines used in the agricultural fields for water pumping. A comparison study was made between
the crop dryer with and without exhaust pipe heat exchanger (with and without fins) and found
that when the exhaust pipe was attached there was an improvement in the increase in temperature
compared without exhaust pipe. The copper tubes of exhaust pipe were also added with the fins
to improve its heat exchanging efficiency.

Figure 1.14 Food Dryer with an Exhaust Tube and Copper Fins [15]

In 2020, Satyapal Yadav and V.P. Chandramohan. [16] made A 2D numerical study to
identify the effect of fins on thermal energy storage (TES) device of indirect type solar dryer
(ITSD) shown in Figure 1.15. Two models have been developed to study the above behavior, one
being TES device without fins (case — 1) and the second one with fins (case — Il1). CFD
simulations were carried out for four air velocity conditions and a comparative study was
performed in both cases. It was found that both cases work fine with an air velocity of 1 m/s
compared to higher air flow velocities (2 to 4 m/s).and the Maximum heat gained by the air for
case — Il is 55.2% more compared to case — | at an air velocity of 1 m/s.
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Figure 1.15 Schematic of indirect type solar dryer (ITSD) setup with sensors location [16]

In 2020, S. Murali et al. [17] presented an experimental work. The study was aimed at
design and development of an energy efficient solar dryer suitable for continuous drying
operation. In this dryer, water was used as a thermal energy storage and heat transfer medium,
and air as an intermediate fluid. The major parts of the dryer were flat-plate solar water collector,
water storage tank, drying chamber, heat exchanger, and liquefied petroleum gas (LPG) water
heater shown in Figure 1.16. The dryer was designed to work mostly on solar energy during peak
sunshine hours and LPG water heater as auxiliary heat source during low sunshine hours. The
maximum collector outlet temperature of 73.5°C. Overall, solar system supplied 73.93% of heat
energy and LPG water heater assisted rest of the energy requirement due to lower incident solar
radiation during start and end of drying. The maximum collector and drying efficiency obtained
for shrimp drying were 42.37% and 37.09%, respectively.

Flat plate water collector

Cold water
Hot water

Heat exchanger \ I Manual sun
| tracking
system

Blower.
\- .

= Hot water

. = @ ), = Cold water
Exhaust fin Water storage I j \'LPG < Hot air
tank Gas water Cvlind Fresh air
heater y

© Temperature sensor

}__. Drying chamber ._—+_ Control section —l Q Pump

Figure 1.16  Schematic diagram of Solar-LPG Hybrid Dryer [17]
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In 2021, Cristiana Brasil Maia et al. [18] by an experimental study they presented a hybrid
solar dryer with baffles disposed of on the solar collector shown in Figure 1.17. When the levels
of solar radiation are low, an electrical heater is used to increase the drying air temperature. A
photovoltaic system feeds the electrical heater and the fans. The Results indicated that the baffles
augmented the energy efficiency of the system (from 23.5 t024.9%).

PV system

Figure 1.17 Schematic of the Dryer [18]

In 2021, Erdem Ciftci et al. [19] study, two vertical PVT dryers with and without fins
shown in Figure 1.18, by a numerical and experimental work. Fins have been integrated over
absorber and PV surface to increase heat transfer and regulate air flow. Both numerical
simulation results and experimental findings clearly illustrated the positive effects of fins. In the
experiments conducted at 0.010, 0.012 and 0.014 kg/s flow rate in the PVT without fins, average
thermal efficiency values were achieved as 47.46%, 52.36% and 54.86%, respectively. In
addition, in the performance tests done at 0.010, 0.012 and 0.014 kg/s mass flow rate in the PVT
with fins, average efficiency values were attained as 50.25%, 55.83% and 58.16%, respectively.

Figure 1.18 A photograph of experimental setup (a) and designed fin geometry (b) [19]
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In 2023, S. Madhankumar et al. [20] in an experimental study shown in Figure 1.19, three
different corrugated absorber plate solar collector setups (without Phase Change Material Energy
Storage (PCMES), with PCMES, and with fins inserted PCMES) for a solar dryer. The ISD with
fins inserted PCMES performed better than the other two setups in energy performances.
However, because of the usage of fins, the same setup has a slightly higher (3.1%) capital cost
than the setup without fins. ISD with fins inserted PCMES is chosen as the best setup based on
energy and economic parameters from the multiple criteria decision-making techniques.

‘l
Air outlet o= | z
e
e o - )

Photovoltaic board

Weighing
machine

&S Airinlet
wer

Figure 1.19 Schematic representation of the ISD with instruments [20]

1.7 General Information of Different Dryers:

Different types of dryers have their unique advantages. There’s no ‘best’ option for all
applications. Taking into the nature of the commodity and other factors, best fit can be chosen.
Therefore, it is better to know some facts and figures of different drying mechanisms shown in
Table I.1.
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Table 1.1  General Information for Different Dryers [1]

Direct Solar Dryer Indirect Solar Dryer

\x-‘-\"'q‘ \
hot ;\\
air out|
—
\ \3‘;’ P

cold
2 HO OO \
\ \ black absorbtion .
insulated frame surface /

—

/ ‘IIV:'-II e \ |IIlI

Operating
Temperature . )
Medium T usage (45-78 "C) Medium T (45-75 "C)
Scale of Applicable in small to industrial scale Better in small scale usage
Operation
Need of Solar No solar collector Solar collector must
Collector
Type of Can also be used for products where Can also be used for products where
Commodity direct solar contact is mandatory direct solar contact is not mandatory
Performance in | Operatable even in unfavorable weather Poor performance in unfavorable
unfavorable weather
weather

1.8 Factors that Affecting the Efficiency of the Solar Dryer:

1.8.1 Physical Characteristics of the Dryer:

* Type, size, shape and drying capacity.

* Surface of the drawers and their number.

* Modality of loading and unloading.
1.8.2 Thermal Performance:

* Drying time and air flow.

* Dryer air temperature, solar irradiation and relative humidity.
1.8.3 Dried Product Quality:

* The product that we going to during it.
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Conclusion:

Overall, all these dryers can be made with locally available materials and still can achieve
better quality products than open sun-dried products. But, understanding the nature of the
product, applying proper materials, selecting appropriate mechanisms, and controlling the
optimum conditions will make your dryer more productive and sustainable while making better
profit margins.



CHAPTER II
THEORETICAL ANALYSIS
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Introduction:

This work focuses on the indirect dryer in general and the solar collector in particular. The
role of a thermal solar collector is to transform the solar radiation it receives, into usable calorific

energy, most often via a heat transfer fluid (water, air...). The basic diagram of a flat solar
collector is given in the figure below:

Solar Radiation

Heated Air

Out
Glazing
Insulation _} Collector
- Housing
/s 7SS AN
y Absorber Plate
Inlat an

Figure 11.1  Principle Diagram of a Flat Air Solar Collector [21]

I1.1 Heat Balance Equations for Air Collector:

a — Class cover,

b — Air gap;
¢ = Abzorber
" Fload flow
normal to d — Flow Duct;
paper
i f — Insulation;

Figure 11.2 Schematic diagram of solar air heater [22]

« Glass Cover: (node ‘c )

h c-am (Tam—Tc ) + hrl(Tsky—Tc ) +h c-a (Ta—Tc ) + hrZ(Tabs—Tc )+I Oc = Mc Cc aTe (”-1)

at
. Airgap: (node ‘a ‘)

hac (Tc —Ta )+ h a-an (Tab —Ta ): Ma Ca ddita (||.2)
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« Absorber: (node ‘abs’)

dTgps

h abs-a (Ta—Tabs )+ hrZ(Tc —Tabs )+ h abs-f (Tf—Tabs )+ 1 aabs Tc = Mabs Cabs dt (l |.3)
 fluid: (node ‘f°)
d
h t-abs (Tabs —Tf )+ D ¢ -ins top (T instop — T¢ )+ Mriow Ct (Tt.in—Ttout) = M Cf% (1.4)
« Insulation top: (node ‘ins top )
AT ins to
h ins top -f (Tf—T ins top )+ hcd ins top - ins bot (T insbot— I ins top) = Mins top Cins top Ttp (“.5)
« Insulation bottom: (node ‘ins bot )
hcd ins bot - ins top (T ins top—T ins bot)"‘ h ins bot -amb (Tamb—T ins bot ): M ins bot Cins bot% (I |-6)
1.2 Heat Balance Equations for Air Collector with Fins:
- a8
+«—— b
FN : C
a — Class cover;
-
b — Air gap;
H & c — Absorber
7 Fluid flow
T normal to d — Flow Duct;
I U «d U U L paper o
N “* - e— Fin;
t
f — Insulation;
- f
Figure 11.3 Schematic diagram of Finned plate solar air heater [22]
« Glass Cover: (node ‘c )
h c-am (Tam—Tc ) + hrl(Tsky—Tc ) +h c-a (Ta—Tc ) + hrZ(Tabs—Tc )"‘1 oc = Mc Cc% (”-7)
« Airgap: (node ‘a ‘)
h a-c (Tc —Ta )+ h a-ab (Tab —Ta ): Ma Ca ddlf (”8)
« Absorber: (node ‘abs’)
dTgps

h abs-a (Ta—Tabs )+ hrZ(Tc —Tabs )+hcd (Tfinbase' Tabs )+ h abs-f (Tf—Tabs )+ 1 0abs Tc = Mabs Cabs

dt

(11.9)
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« Fin base: (node ‘finbase )
hcd ( Tabs = Tfinbase)+ hcd ( Tfinbase+l - Tfinbase)"‘ hfin-f (Tf - Tfinbase) = Mfinbase Cfinbase % (l |.10)
« Along the fin: (node ‘fi(n) )

AT rin
hed ( Trign-2) - Trign)+ Ned ( Trig+1) - Trigny)+ htigny-f (Tt - Trig) ) = Msigny Criny ;t( ) (1.12)

. Fin tip: (node “fintip )

AT finti
hed ( Ttign-1) - Ttintip )+ Neintip -t (T¢ - Ttintip ) = Meintip Cfintip % (1.12)

« fluid: (node ‘f°)
h t-abs (Tabs — Tt )+ D tfinbase (Tfinbase — Tt ) + N 5in)(Teiy — T ) + N fintip (Teintip —T¢ ) +0 £ -ins top (T ins

d
top— T )+ Miiow Ct (Ttin—Ttout) = Mg Cf% (1.13)
« Insulation top: (node ‘ins top )
dTins to
h ins top -f (Tf*T ins top )+ hed ins top - ins bot (T ins bot*T ins top) =M ins top Cins top fop (l |-14)

dt
. Insulation bottom: (node ‘ins bot )

— ATins bot
th ins bot - ins top (T ins top—T ins bot )+ h ins bot -amb (Tamb -T ins bot )— M ins bot Cins bot % (”-15)

The convective heat loss coefficient from cover to ambient air is given and V is the wind speed
over collector in m/s: [23]

h c-am=2.8+3V (1.16)
The radiation heat transfer coefficient is calculated by, [22]

4 4
(TC _Tsky)
Te=Tam

(11.17)

hr]_: O &

The heat transfer coefficient for radiation between the absorber plate and glass cover is, [22]

2 2 _
o= g et TE)Tabe= 1o (11.19)

Ec Sab
And for the rest, convective heat transfer coefficients between a plate and fluid is, [22]

h= (ke*Nu)/L (11.20)
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1.3 Heat Balance Equations for Fins: [24]

To determine the heat transfer rate associated with a fin, we must first obtain the
temperature distribution along the fin. by performing an energy balance on an appropriate
differential element. Consider the extended surface of Figure 11.4.

Figure 11.4  Energy balance for an extended surface [24]

The analysis is simplified if certain assumptions are made. After the conduction is assumed
to be one-dimensional in the longitudinal (x) direction, although the conduction within the fin is in fact
two-dimensional. The rate at which energy is convected to the fluid from any point on the fin
surface must be balanced by the rate at which energy reaches that point due to conduction in the
transverse (y, z) direction. However, in practice the fin is thin and temperature changes in the
longitudinal direction are much larger than those in the transverse direction. Hence we may
assume one dimensional conduction in the x direction. We will consider steady-state conditions
and also assume that the thermal conductivity is constant, that radiation from the surface is
negligible, that heat generation effects are absent, and that the convection heat transfer coefficient
h is uniform over the surface. Applying the conservation of energy requirement to the differential
element of Figure 11.4, we obtain [24]

Ox = Qx+dx + dQConv (| |.21)

From Fourier's law we know that

=-KA (11.22)
Where A, is the cross-sectional area, which may vary with x. Since the conduction heat rate at x
+ dx, may be expressed as

Qo = Qv i X (11.23)

It follows that
d d d
G = - K Ac - — k=—(Ac =) dx (11.24)
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The convection heat transfer rate may be expressed as
dqconv = h dAs (T‘Too) (“25)

Where dAs, is the surface area of the differential element. Substituting the foregoing rate
equations into the energy balance, Equation 11.21, we obtain:

d, N dT\ hdAs _

(A ) - (T-Tx) =0 (11.26)
Or

ar 1 dAc . dT 1 hdAs _

This result provides a general form of the energy equation for one-dimensional conditions in an
extended surface.

11.3.1 Fins of Uniform Cross-Sectional Area Ac: [24]

To solve Equation 11.27, it is necessary to be more specific about the geometry. We begin
with the simplest case of straight rectangular and pin fins of uniform cross section Figure 11.5.
Each fin is attached to a base surface of temperature T (0) = Ty, and extends into a fluid of
temperature T

- "
2t ] P=xD
F o g Ac=wDY4

Figure I11.5 Straight Fins of Uniform cross section (Rectangular and Pin Fin) [24]

For the prescribed fins, Acis a constant and As= P X, where Asis the surface area measured from
the base to x and P is the fin perimeter.
Accordingly, with dAc/ dx = 0 and dAs /dx = P, Equation 11.27, reduces to

%_ (%) (T-T.)=0 (11.28)

To simplify the form of this equation, we transform the dependent variable by defining an excess
temperature O as

() =T(X) - T (11.29)
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Since T is a constant, dO / dx = dT / dx. Substituting Equation 11.29 into Equation 11.28 we then
obtain

L2 me=0 (11.30)
Where

2_ hP
m’ = S (11.31)

Equation 11.30 is a linear, homogeneous, second-order differential equation with constant
coefficients. Its general solution is of the form

O(x) =Cre™*+ Cre™ ™M~ (1.32)

By substitution it may be readily verified that Equation 11.32 is indeed a solution to Equation
11.30.

To evaluate the constants C; and C, of Equation 11.32, it is necessary to specify appropriate
boundary conditions. One such condition may be specified in terms of the temperature at the base
of the fin (x = 0)

O0)=Tp-Tw = O (1.33)
Fluid, T,
Tb /qCOIIU
L. daT i|!
W = kAc 5| ¥ ||| hAdTIL) - T,
Tk ek
l
/
)
0 (x)
0 e Ii - X

Figure 11.6  Conduction and Convection in a Fin of Uniform cross section [24]

The first condition, considers convection heat transfer from the fin tip (x = L) [24]. Applying an
energy balance to a control surface about this tip Figure 11.6, we obtain

=L

h AC(T(L)-TOO):-kAC%L_ (11.34)

or

how) =- k%LL (11.35)
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That is, the rate at which energy is transferred to the fluid by convection from the tip must equal
the rate at which energy reaches the tip by conduction through the fin. Substituting Equation 11.32
into Equations 11.33 and 11.35, we obtain [24], respectively.

6, =C1+ C2 (11.36)
And
h(Cie™ml+ Cre ™mE)=km(Ce ™I+ Cie™!) (11.37)

Solving for Cy and C» it may be shown, after some manipulation, that

h .
hm (L-x)+(—=) sinh m (L—
o _coshm (L=x) (i) stnhm (L) (—j)Temperature distribution (11.38)
b

Op cosh mL+(%) sinh mL

The form of this temperature distribution is shown schematically in Figure 11.6. Note that the
magnitude of the temperature gradient decreases with increasing x. This trend is a consequence of
the reduction in the conduction heat transfer gx (x) with increasing x due to continuous convection
losses from the fin surface.

We are also interested in the total heat transfered by the fin [24]. From Figure 11.6 it is evident that
the fin heat transfer rate g+ maybe evaluated in two alternative ways, both of which involve use
of the temperature distribution. The simpler procedure, and the one which we will use, involves
applying Fourier's law at the fin base. That is,

qf=qb=-kAC2—ZL :-kAC%L (11.39)

=0

However, conservation of energy dictates that the rate at which heat is transferred by convection
from the fin must equal the rate at which it is conducted through the base of the fin. Accordingly,
the alternative formulation for gr is

Qf= fAf h© (x) dAg (11.40)

where At is the total, including the tip, fin surface area.

By substitution of Equation 11.38 into Equation 11.40 would yield Equation 11.41

— inh mL+(—) cosh
o = thAC Gb sin mL+(mhk) coshmL (”.41)

cosh mL+(ﬁ sinh mL

~—

With gr is the fin heat transfer rate
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11.4 Validity of the Fin:

11.4.1 Biot number:

We will frequently have occasion to apply the conservation of energy requirement
Equation 11.42 at the surface of the fin, reduces to 11.43 from Figure 11.6 [24]

Ein' Eout = 0 (I |42)
hA (T(L) - T ) = (To-T(L) == (11.43)
We then obtain

Tb -T(L) - (L/KA) :Rcond - E = Bl (”44)
T(L) — Too (1/hA)  Rconv K

The quantity (h.L/k) appearing in Equation 11.44 is a dimensionless parameter. It is
termed the Biot number, and it plays a fundamental role in conduction problems that involve
surface convection effects. The Biot number provides a measure of the temperature drop in the
solid relative to the temperature difference between the surface and the fluid. Note especially the
conditions corresponding to Bi << 1. The results suggest that, for these conditions, it is
reasonable to assume a uniform temperature distribution within a solid at any time during a
transient process. This result may also be associated with interpretation of the Biot number as a
ratio of thermal resistances, Equation 11.44. If Bi << 1, the resistance to conduction Rcong in the
solid is much less than the resistance to convection Reonv across the fluid boundary layer. [24]

}— - 44—

L T(x, 0) =”f'l‘,~—-\ - T(x,0) = T; —‘

f ]
/"N\\ T.,.,’—-// | \\- T, T,
sl L L. * L - L
Bi K1 Bi=1 Bi>1
TT0) T=Tix, 1) T=T(x,1t)

Figure 11.7 Effect of Biot number on steady-state Temperature distribution in a plane wall with
surface convection [24]

The three conditions are shown in Figure 11.7. For Bi << 1 the temperature gradient in the solid is
small and T(x, t) = T(t). Virtually all the temperature difference is between the solid and the fluid,
and the solid temperature remains nearly uniform as it decreases to T... For moderate to large
values of the Biot number, however, the temperature gradients within the solid are significant.
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Hence T = T(x, t). Note that for Bi >> 1, the temperature difference across the solid is much
larger than that between the surface and the fluid. So for the valuable fin we should to calculate
the Biot number and see if the condition bellow is satisfied [24].

RLc

Bi = K <0.1 (11.45)
With L is the ratio of the solid’s volume to surface area, L= V/As

For this, it is necessary to determine the convection heat coefficient value, of which varies
according to several application conditions.

11.5 Heat Transfer Coefficient for Free Convection:

For convection heat transfer calculation, Nusselt number is determine by:

Nu =5 ¢ h ="t (11.46)

a

11.5.1 Nusselt number: Basic dimensionless convective heat transfer coefficient (ration of
convection heat transfer to conduction in a fluid slab of thickness L) [25].

Nu= 0.13 Ra'”® Ra. < 2*1078 (Laminer mode) (11.47)
Nu= 0.16 Ra'”® 5%10"8< Ral <1071 (Turbulent mode) (11.48)
For that, it is necessary to evaluate Rayleigh number:
11.5.2 Rayleigh number: Modified Grashof number [25].

Ra.=Gr.* Pr (11.49)

11.5.3 Grashof number: Ratio of buoyancy to viscous forces [25].

*[3 % — oy
Gr =8B sT)eL (11.50)

VZ
11.5.4 Prandtl number: Ration of molecular momentum and thermal diffusivities [25].

_HG_ v
Pr=£e=2 (11.51)

Conclusion:

In this chapter, we wrote the heat balance for the air collector without fins and with fins in
general, and the heat balance for the fin in particular, in order to apply them and use them in the
next chapter, for boundary conditions and their calculation for the simulations.
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Introduction:

In this section, the study in more details and the air collector characteristic that is going to
be modeled by using ANSY'S Fluent 6.3 and 19.2.

First of all, after choosing an experimental work in the state of Adrar [26] about an indirect
solar dryer, in order to choose an optimal dimensions and appropriate conditions of the air
collector, and compare our work with it. which is, changing the fin thickness, fin material, and fin
position.

I11.1 Computational Fluid Dynamics:

Computational fluid dynamics or CFD is the analysis of systems involving fluid flow,
heat transfer and associated phenomena such as chemical reactions by means of computer-based
simulation. CFD is part of computational mechanics, which in turn is part of simulation
techniques. Simulation is used by engineers and physicists to forecast or reconstruct the behavior
of an engineering product or physical situation under assumed or measured boundary conditions
(geometry, initial states, loads, etc.). [27]

I11.2 Fluid Governing Equations:

The cornerstone of computational fluid dynamics is the governing equations of fluid
dynamics- the continuity equation, momentum equation and energy equation. These equations
speak physics. They are the mathematical statements of three fundamental physical principles
upon which all of fluid dynamics is based: [27]

- Conservation of mass
- Conservation of momentum
- Conservation of energy

I11.3 Naiver-Stokes Equations:

111.3.1 Continuity Equation:

The continuity equation describes the conservation of mass. It is given by [28]

L= —(V.pV) (111.2)

111.3.2 Momentum Equation:

The momentum equation describes the law of conservation of momentum which states that the
net force acting on a mass is equal to the change in momentum in that direction. [25]

dpVy a(pVxVx) a(PVny) a(PVsz) _ _ a_P i( %) i( %) i( %)

ot T 7o T o, T o, POt e ) o e )t e, (111.2)
apvy | d(pViVy) | 3(pvyvy) | 8(pVyvy) _op i( %) i( f’ﬁ) i( aﬁ)

Jat + ax + dy + 9z =PIy ay + ax \Me 5y ay He ay 3z \Fe 5, (|||3)
dpVy 6(PVsz) 6(PVsz) a(szVz) _ _a_P i( %) i( %) i( %)

et T T YT =P~ Gt e 5) oy ey ) + 5 (e S, (11.4)
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Where:

gx Oy, 9-= components of acceleration due to gravity
p = mass volume and p. = effective viscosity

111.3.3 Energy Equation:

One of the most fundamental laws in nature, First Law of Thermodynamics, also known as,
conservation of energy principle, provides a basis for studying the relations among energy and
energy interactions. It states that “Energy can neither be created nor destroyed, it can only be
changed from one form to another”. Conservation of energy principle for any system can simply
be expressed as

%(p.H) +V.(p.v.H) =V.(kVT) + s [28] (111.5)

where H = enthalpy
p = Density

v = fluid velocity
S = source term
111.4 Assumptions:

- Steady state for the simulation work.

- Temperature for the absorber plate is imposed Uniform.
- Fins inlet Heat flux is Uniform.

- Surface radiation effects are negligible. [25]

- Incompressible flow.

- Fin-absorber resistance is negligible.

- The effect of gravity is weak for air

111.4.1  Assumptions Applying:

111.4.1.1 Continuity Equation will be:

V.pV) =0 (111.6)
111.4.1.2 Momentum Equation will be:
Vs | OWaVx) | OWyVx)  OWVa)\ _ _ 9P 0 ( 9Vy\, O ( V) 98 ( 0V

p(at t ax t dy t az )_ ax+ax(“e ax)+ay('ue By)+az('ue az) (H1.7)
ovy o(vavy) | a(vyvy) | a(Vevy) Y\ _ 9P 2 vy | 8 vy, 9 ovy

p<6t+ ax t+ dy t az - 6y+6x( eax)+ay('“eay)+az(eaz) (111.8)

WV, | 0WxVy) | OyVz) oV \ _ 9P | 3 AN LAY av,
p<at+ 0x + dy + 0z )_ az+ax(“eax)+ay(“eay)+az(“eaz) (111.9)
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111.4.1.3 Energy Equation will be:

p ( G (v.H)) = k.V.(VT) (111.10)

at

111.5 Steps in Solving CED Problem: [27]

1. Define the modeling goals.

2. Create the model geometry.

3. Generate the mesh.

4. Set up the solver and physical models.
5. Compute and monitor the solution.

111.6 Geometry creation:

The air collector geometry used during the entire work is not fully detailed model: parts like glass
cover, air gap is excluded from the model. the effects of most of these simplifications are
negligible and essential to reduce model simulation time.

111.6.1 First case: without fins

The body of the collector is composed of an absorbent plate 5 millimeters of thickness, and a
frame for insulation; their assembly creates the duct where the circulating incoming air is heated.
The duct has a parallelepiped shape of 95 x 100 x 4 cm® shown in Figure I11.1.

Fig I11.1 Geometry of the Air Collector without Fins

111.6.2 Second case: with fins

The same geometry just adding fins under the absorber plate, and change the fin characteristics
shown in figure 111.2.
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Figure 111.2  Geometry of the Air Collector with Fins

I11.7 Analysis of Air Collector with and without Fins:

In this work, the modeling of the geometry is done using Gambit 2.4.6 and imported to ANSYS
FLUENT 2.6 and 19.2 and the meshing, solver, material selection, boundary conditions, etc are
done step by step and the results are analyzed.

I11.7.1 Mesh generation:

Without fins:
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Figure 111.3 Initial meshing of the Air Collector without Fins
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the mesh used in the development study consisted of approximately 76500 cells and was created
in Gambit 2.4.6.

Figure I111.4  Side section for mesh of the Air Collector without Fins

With fins:

The mesh consisted about 344000 cells, and was created too in Gambit 2.4.6.
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Figure I11.5 Initial meshing of the Air Collector with Fins
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Figure 111.6  Meshing of the Air Collector with Fins

I11.7.2 Solver, Material Selection and Boundary Condition:
11.7.2.1 Solver:

The solver used in this project, as mentioned earlier, has been FLUENT version 6.3 and 19.2.
The specified solver settings were:

Table 111.1 Solver used throughout the thesis.

Physical Parameters Values

Models Energy: on
Viscous K — Epsilon
K — Epsilon
Standard wall fin

111.7.1.2 Boundary Condition:
Two different thermal boundary conditions were used consistently throughout this dissertation:

Heat Flux and Temperature.

e The heat-flux boundary condition allows us to set surfaces as constant energy sources by
specifying a heat flux in W/m2. This boundary setting was used for fins conditions
(uniform heat flux) and when setting unimportant surfaces as adiabatic (insulation).

e The temperature boundary condition allows us to set surfaces as constant temperature
sources in k. This boundary setting was only used for absorber plate (uniform
temperature).
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Without fins:

Table 111.2 Boundary Condition of the most important surfaces in the study without Fins

BC type material temperature Wall
thickness(mm)
Abs plate | Temperature | aluminum 361 5
Insulator Heat flux Rock flax 0 /
Air inlet Temperature Air 303 /
Air outlet Out flow Air Calculate /

With fins:

Table 111.3 Boundary Condition of the most important surfaces in the study with Fins

BC type material temperature Wall
thickness(mm)
Abs plate | Temperature | aluminum 361 5
Insulator Heat flux Rock flax 0 /
Air inlet Temperature Air 303 /
Air outlet Out flow Air Calculate /
Fin base Temperature | aluminum 361 Change
Fin walls Convection aluminum Change Change

The materials set in all simulations in this work, was mentioned, in the Table 111.4.

Table 111.4 Material data used throughout the thesis.

Material Density [kg/m3] Cp [J/kg K] Thermal Conductivity
[W/m K]

aluminum 2719 871 240

Air 1.225 1006.43 0.0242

Insulator 20 700 0.03
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111.8 Summary of Simulation Work:

Air Collector
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Figure 111.7 Simulation work flowchart
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Conclusion:

Two types of cases were simulated during this dissertation. Firstly, an attempt to simulate
the applied work that was conducted in the state of Adrar and obtain similar results. Secondly, the
work, which is related to adding fins to the air collector, and saw the effect of properties on them,
and compared it with the results obtained from the first simulation, and with the experimental
work that applied in Adrar state. and all that shown in the next chapter.



CHAPTER IV
RESULTS AND DISCUSSIONS
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Introduction:

This chapter, present the results obtained from the simulation and engage in a detailed
discussion of their significance and implications.

IV.1 Temperature measurement:

we choose 3 lines (near absorber, middle air volume and near insulator) for the
temperature measurement from the beginning to the end (drying temperature) of the air collector,
shown in figure 1V.1

Figure IV.1 Air Collector with the 3 lines (near absorber, middle air volume and near insolent)

IV.2 Air collector without fins:

1V.2.1 Mesh adapting effect:

To study the effect of mesh adapting, the simulation is done for 3 elements shown in figure 1V.2.
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Figure 1V.2 Mesh adapting

The figure 1V.2 represents the mesh number’s effect on the temperature variation. It’s clearly that
for different cells, there is the same outlet temperature. The yellow and the red lines are the same
so that mean the optimal cells number between those lines. And cause the difficult simulation and
the time, we used the cells number between the black and the yellow line.

1V.2.2 Air velocity effect: in this part, the effect of inlet air velocity is study for (0.01, 0.05,
0.1, 0.5and 1 m/s).

0.01 m/s air velocity:
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Figure I1\V.3 The Temperature distribution for the Air Collector without Fins at different Positions
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e (.05 m/s air velocity:
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Figure IV.4 The Temperature distribution for the air collector without Fins at different positions

e 0.1 m/s air velocity:
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Figure IV.5 The Temperature distribution for the air collector without Fins at different Positions
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e 0.5 m/s air velocity:
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Figure IV.6 The Temperature distribution for the air collector without Fins at different Positions

e 1 m/s air velocity:
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Figure IV.7 The Temperature distribution for the air collector without Fins at different Positions
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Figure 1V.3 to 1V.7 show the temperature distribution of different air velocity (0.01,0.05,0.1,0.5
and 1) m/s at different positions. As it is evident in Figure 1V.3 — V.7, with the increase in air
velocity, we can see a decrease in the temperature directed to the drying room, this is due to the
smooth surface and the insufficient residence time at higher air velocities in absorber plat wall,

which reduced the convective heat transfer.

S LD B AV DD D = L,
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S5 oS > 5 ol Ifb"’q' ﬂ?l"‘ PP of2 P o

Temperature [K]

Air inlet

0.01m/s 0.05m/s 0.1m/s 0.5m/s 1m/s

Figure V.8 Vertical section of Temperature contours for the Air Collector without Fins
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For the next figure, figure IV.8 represent the temperature distribution in the air collector at
different positions. As it is evident, the average temperature is lower for the base area of the air
inside the collector. By moving upward, the average temperature increases gradually and sees the
highest value at the top of the air next to the absorber plat. This is due to the density of the air, as
the air temperature rises, it becomes more and more lighter, for that the air rises to the top of the
air volume

Note: After selecting the simulation with an air velocity of 0.05 m/s, her contour shown in figure
IV.9.in order to compare it with a finned collector for the same air velocity.

Temperature
361.0
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332.0
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Figure IV.9 Temperature contour of the Air Collector at Air Velocity of 0.05 m/s
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IV.3 Air collector with fins:
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Figure IV.10  Air Collector with Fins sizing

Air collector with the fins sizing is shown in figure 1VV.10, as we can see, there is 7 lines of fins,
we calculated the heat transfer coefficient h for every line for the input in the simulation, shown
in figure 1V.11.

IV.3.1 Heat Transfer Coefficient: in this part, the heat transfer is calculating for every fin
lines for the simulation input.
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Figure 1V.11 show the heat transfer coefficient variation at different positions. As the air enters
and moves along the collector, we see an increase in the heat transfer coefficient, that due to its
high temperature and entering the turbulent mode (11.47 and 11.48 equations).

1V.3.2 Comparison between air collector with and without fins: In this part, our objective is

to compare the temperature between the air collector with and without fins.

e Air collector with 49 fins:
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Figure IV.12  Air Collector with Fins
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Figure IV.13 Temperature variation between the Air Collector with and without Fins
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Figure 1V.13, represent the temperature variation of air collector with and without fins at
different position, the system with fins is approximately 1.265, 2.927 and 3.701 % higher than
without fins for near, middle and far absorber respectively, this indicate that the system with fins
receive more the heat than without fins. So the addition of fins to a surface has a significant
impact on the efficiency and performance of various objects. by increased surface area allows for
more efficient dissipation of heat by providing more contact area with the surrounding air.

Table 1V.1 temperature difference between the 3 lines for air collector with and without fins

AT Air velocity 0.05 m/s
lines With fins (49 fin) Without fins
Near — middle 6.098 11.752
Middle-near insulator 3.427 5.968

This table shows the difference between air homogenization inside a finned and non-finned
collector. The collector without fins has a clear double difference compared to the other, in the
homogeneity of the air between the top, middle and bottom. This is due to another importance of
the fins, which is to increase the homogeneity inside the air, that shown in figure 1V.9 and 1V.14.

Temperature [K]

&l > A N
o o g o e I .
Temperature K]

Figure IV.14 Temperature contour of the Air Collector with Fins
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1V.3.3 _Fin thickness effect: in this part, we simulate it for (0.001,0.003 and 0.005 m) of fin
thickness.

e Air collector with 49 fin, 0.001 m thickness and 0.03 m height:
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Figure IV.16 The Temperature distribution for the Air Collector with Fins, (0.001m thickness)

Temperature
360.392

360.083
359,775
359.466
- 359158
- 358.850

l 358.541
358.233

357924
I 357.616
357.307

[K]

Figure IV.17 Local Temperature distribution for 0.001 fin thickness
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e Air collector with 49 fin, 0.003 m thickness and 0.03 m height:
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Figure IV.19 The Temperature distribution for the Air Collector with Fins (0.003m thickness)
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Figure 1V.20 Local Temperature distribution for Fin 0.003m thickness
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e Air collector with 49 fin ,0.005 m thickness and 0.03 m height:
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Figure 1V.22 The Temperature distribution for the Air Collector with Fins (0.005 m thickness )
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Figure IV.23  Local Temperature distribution for Fin 0.005 thickness
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Figure 1V.16, 1V.19, 1V.22, are show the temperature distribution for different thickness
(0.001,0.003,0.005) m, at different position. The simulation results have shown that there is an
effect of fin thickness, air collector with 0.001 fin thickness is approximately 0.299% And
0.799% higher than with 0.003 and 0.005 fin thickness respectively. Add to that, figure 1V.17,
V.20, 1V.23, we can see that, there is a different in the fin local temperature, the fin with higher
thickness (0.003 and 0.005 m) store more heat, for that the thick fin can't transformed the heat
easy. This change explains the difference in the drying temperature of the collector. So the
thicker fins tend to have higher conduction resistance, this is because a thicker fin requires heat to
travel a greater distance through the material, which can impede the heat transfer process.
Conversely the thinner fins offer lower conduction resistance as heat can more easily pass
through the shorter distance.

1VV.3.4 Fin material effect:

The fin material effect is study for 3 materials (Copper, aluminum and mild steel).
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Figure IV.24 Variation of Thermal gradients in Fin

Figure 1V.24 compare the fin material of different heat transfer coefficient. As it is evident in
figure 1V.24 larger thermal gradients exist in M.S. compared to Cu or Al, indicates that M.S.
stores more thermal energy rather than transferring it. Hence, the choice of M.S for fin
applications is not suggested from heat transfer consideration. On the other hand, the use of Cu
for such applications highly recommended as already seen. Further, Aluminum, which has heat
transfer performance closer to copper, can also be used as absorber material due to its lower
density and cost.
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IV.3.5 Fin position effect: in this part, the fin position is treated here
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Figure IV.26 The Temperature distribution for the Air Collector with Fins (46 fin,0.001 m
thickness and 0.03 m height)

Figure 1V.25 show another configuration for fins, its results are explained in figure 1V.26. the
system with vertical and horizontal fins is approximately 0.350 % higher than with normal fins.
So the arrangement and orientation of fins influence the overall fluid dynamics and pressure drop,
further impacting system efficiency.
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Conclusion:

In conclusion, the Results and Discussion chapter of this dissertation plays a pivotal role
in unraveling the results of the research conducted. By presenting the findings and engaging in a
thorough analysis. This will contribute to the existing knowledge in the field and guide future
research and practical applications.
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General Conclusion:

The Algerian experience in solar drying is a recent one, as we cannot find scientific
publications dealing with this theme before 1999. The local developed solar dryers are applied
essentially to dry different sorts of locally produced foods and medicinal herbs such as dates,
tomatoes, figs, apples, grapes, apricots, and mint. [1]

This study allowed us to deepen and consolidate our knowledge about the Fins and the
importance of fins characteristics on the air collector in particular and the solar dryer in general.

The characteristics of fins, including their thickness, material, and position, have a
significant impact on air collector performance. Through comprehensive research and analysis,
this dissertation has shed light on the effects of these parameters on heat transfer, fluid dynamics.

As we found out. After the addition of fins, the system improves by 1.265, 2.927 and
3.701 % than without fins for near, middle and far absorber respectively.

For fin thickness, air collector with 0.001 fin thickness is approximately 0.299% And
0.799% higher than with 0.003 and 0.005 fin thickness respectively. So it has been observed that
thinner fins generally offer higher heat transfer rates due to increased surface area. However,
there is a limit to how thin a fin can be before it becomes structurally unstable. Therefore,
selecting an optimal fin thickness that balances heat transfer enhancement and structural integrity
is crucial.

There is an increase in the heat transfer coefficient as air enters and moves along the
Collector.

There is a larger thermal gradient in M.S. compared to Cu or Al, indicates that M.S. stores more
thermal energy rather than transferring it, Aluminum, which has heat transfer performance closer
to copper, can also be used as absorber material due to its lower density and cost. So the choice of
fin material also plays a crucial role in determining the effectiveness of heat transfer. Different materials
exhibit varying thermal conductivity, corrosion resistance, and cost factors. The selection should consider
the specific requirements of the application to achieve optimal performance and durability.

The system with vertical and horizontal fins is approximately 0.350 % higher than with
normal fins. So the position of fins within a system also affects heat transfer efficiency.
Additionally, the arrangement and orientation of fins can influence the overall fluid dynamics and
pressure drop, further impacting system efficiency.

To conclude, this study asserts that fin thickness, fin material and fin position have a
direct effect on the performance of finned air collector. Overall, optimizing fin characteristics, is
essential for maximizing heat transfer efficiency, system performance, and energy utilization.
Future research should continue to explore advanced fin designs and materials to further improve
heat transfer capabilities in various fields.
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