ISSN: 2455-6203

International Journal of Science Management & Engineering Research (IJSMER)

Volume : 06 Issue : 01 | March - 2021

www.ejournal.rems.co.in

CFD Analysis on Solar Air Heater to Enhance the Heat

Transfer - A Review

1Mayank Sharma , ’Dr. Emarti Kumari, 3Dr. P.M. Meena
'ME Student, 2 Assistant Professor, 3Professor
Jai Narain Vyas University, Jodhpur, Rajasthan

Abstract

The solar air heaters are extensively brought in
use for converting solar energy into thermal
energy. There are various applications of these
solar air heaters such as process heating, space
heating and drying the agriculture products. For
enhancing the capability of solar air heater in
transferring the heat, powerful computers as well
as mathematical model are used to perform
“computational fluid dynamics (CFD)
simulation”. The simulation made from CFD is
capable of predicting the transfer of momentum,
heat and mass in several processes of fluid flow
and heat transfer. This work constitutes of reviews
of various researchers made in relation of
enhancing the performances of the solar air heater.
The presented literature reviews contains both
numerical as well as experimental analysis
conducted by bringing the Roughness geometries
fitted on the flow side of absorber plate in use.
Key Points: CFD, Solar Air Heater, SAH.

I.Introduction

For various applications, solar energy is widely
used as it is easy to access and present abundantly
in various tropical countries like India. Solar
energy is a sustainable form of energy. The
weakness of direct drying is overcome by solar
drying which helps in eliminating the
contaminants such as animals, birds, insects etc.
In comparison with the normal convection drying,
solar drying is more beneficial as it requires more
fluid and energy cost is also high [1]. In
comparison with the open sun drying, solar drying
is a better option. Some of the benefits of solar
drying are it increases the drying temperature and
on the other hand it decreases the relative

humidity of the products. Solar drying is a very
convenient method as it constitutes specialized
structure which controls the drying process and
also protects the products from damages such as
insects, dust and rain. In comparison with the
open sun drying, the products obtained from solar
drying are of better quality [2], [3].

A.Principle of heat absorption

For heat conversion, the most fundamental
process which is nowadays generally brought in
use 1s greenhouse effect. It got its name because it
was first brought in application in green house
projects. It helps the plants grow better especially
at those places where sunlight is not sufficiently
available.

The large portion of the solar energy is
received from the sunlight which is basically a
“shortwave radiation”. This radiation when comes
in contact with any liquid or solid material, the
heat is absorbed by the material and it transforms
into heat energy. This increases the temperature of
the material and it stores this heat energy. After
that, it starts conducting this heat to its
surroundings such as liquids, solids or air or
conduct it to any material available in contact with
it and have a comparatively lower temperature.
This type of radiation is termed as “long wave
radiation”.

The absorption of the visible sunlight at
20°C, on the surface of the ground, will emit IR
lights at approximately 10um wavelength.
However, sunlight of shorter wavelength is not
absorbed by carbon dioxide.
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Figure I1.2 Conversion of Solar Radiation into
Heat

B. Working of Solar heating system

With the help of a fan, which is powered with the
help of a PV panel, fresh or heated air is blown
inside the house. This system is capable of
blowing air having an additional higher
temperature of 20°C-40°C in comparison to the
external temperature. This is generally beneficial
during winter days or cold places. The thermo-
statistical controls of the air collector are
completely digital, which turns off the fan when
the desired temperature range is attained.

ILPERFORMANCE OF SOLAR AIR
HEATER

The solar air heater performances exhibit the
utilization degree if the inputs provided to the
system. The main concerns of the thermal
performances are with the process of the heat
transfer inside the collector. The hydraulic
performances are dependent over the drop in the
pressure of the duct.

The solar air heater’ thermal performances
having a flat plate can be studied by bringing the
energy balance among the usable outputthermal
energy and the solar energy absorbed by the
absorber plate in consideration. There will be
some difference in the input energy and output

energy which is termed as losses.

A.Thermal Performance:
The computation of the solar air heater’s thermal
performances can be made with the help equation
of “Hottel-Whillier—Bliss” which was represented
by Beckman and Duffie[4]. The mathematical
expression of the energy balance equation
presented below:
Qo = A,UR(zra).]=Q, +Q,

)]
Where, absorbed energy is signified by Q, the
absorber plate’s areais signified by A, the
conversion factor is signified by R and is used for
converting horizontal surface’s radiation to that
over the absorber plane, “(ta) e is the effective
transmittance absorbent product of the glass
cover-absorber plate combination”,
energy 1s signified by Q, and the collector’s
energy loss is signified by Q;.

the useful

B. Hydraulic Performance:

The solar air heater’s hydraulic performances are
in concern with the duct’s pressure drop. The
energy consumed by the blower in order to push
the air through the ducts is accounted by the
pressure drop. The following equation expresses
the pressure drop of the completely developed
turbulent flows with Re<50000:

__ 2ApD
f = pLu? (2)
Where
f= 0.079Re 025 3)

III. Enhancement of Solar Heating system
Various research studies have been performed in
past forimprovement in heat transfer enhancement
for solar air heater that is discussed below:

The Author presented the study of various
agricultural products and considered drying
essential for preserving them for longer periods
[5]. And for drying, hot air temperature above
40°C 1s needed for the agricultural products. Due
to slow drying rate of direct sun drying, it takes
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more time in drying of products. Moreover, the
quality of dried products is hampered by several
factors. Bacterial attack might take place due to
the presence of moisture in the products.
Although, India is a tropical country, so it has
good solar radiation. For avoiding the spoilage of
quality of any product, solar dryers are advisable.
In the presented study of the author, the author has
designed theportable and compact forced
“convection solar dryer” and it is used for
applications like drying thechilies. Based on the
air heating system, the solar dryer comprises of a
flat plate collector and its capacity is 15kg. Here
as PCM, Paraffin wax was used. For studying the
distribution of the temperatureon the collector’s
surfaces, CFD simulation was carried out.
Moreover, velocity of air as well as phase change
behavior was also analyzed through CFD.
Through experimental results, the results obtained
through the simulations made with the help of
CFD are validated.

The effects of conic constants of rough
geometries are studied and investigated the
associated Reynolds number on the heat transfer
and pressure drop of a solar air heater [6].
Comprehensive analysis was also done for an
absorber plate attached with the multiple conic-
curve profile. From the results, decrease in
friction factor and increase in Nusselt number was
observed. When the Reynolds number was 8000,
the maximum thermo hydraulic performance
parameter observed. For both Nusselt number as
well as friction factor, a regression analysis was
performed. The friction factor equation observed
was 0.9351 and correlation coefficients of Nusselt
number was 0.9978.

The conic constant’s effects over the rough
geometry are brought under study and the solar air
heater’s PD and heat transfer’s Reynolds number
are also investigated [6]. This study also
constitutes a comprehensive analysis which was
conducted over an absorber plate. This absorber
plate was in contact with the “multiple conic-

curve profile”. The results showed that there was
an hike in the Nusselt number and reduction in the
friction factors. For both friction factoras well
asNusselt number, a regression analysis was
performed. The friction factor equation observed
was 0.9351 and correlation coefficients of Nusselt
number was 0.9978.

The analysis of the solar air heater’s
performances was made through modeling the flat
plate solar collector [7]. From previous works of
the researchers, it was observed that the
performance was enhanced by flat plate solar
collector with and without jet impingement. The
design was modeled through Autodesk inventor
professional. And for simulating the heat transfer
and fluid flow, CFD software was used.
Solarcollector with jet impingement as well as
solar collector without jet impingement were used
as the design parameters. 300K was the ambient
temperature and 500-800 W/m?2 solar radiation
were used as other design parameters.

Heat transfer rate was studied of a “solar
air heater” [8]. CFD analysis was used here to
investigate the effectsover thevelocity as well as
surface heat transfer. Aluminium is used for the
solar air heater for making the absorber plate. The
simulation for this study was attained with the
help of the ANSYS FLUENT version 16.0. With
respect to experimental results, the outcomes
attained from the simulation through CFD
analysis was found to be in good agreement. And
from the results it was observed that due to
different rectangular rib shape of the duct,
turbulence is increasing and at the outlet side, the
temperature and velocity is increasing.

Solar air heater are the devices that are
used for converting renewable solar energy into
usable energy [9]. The main application of these
heaters is heating of air and water. For enhancing
the heat transfer from the heater, different designs
are proposed. This study of the author mainly
aims to increase the performance of natural
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convection solar air heater. For different heat flux,
the value of Nusselt number is also calculated.
The heat transfer from the duct is enhanced
through optimizing the pitch in between the two
fins.

The researchers of this paper conducted an
experimental study over the solar air heater
comprising of absorber plates having rectangular
roughness [10]. For the experimentation to be
performed, the solar air heater was locally
fabricated. At the day time operations conducted
between of 09:00 hours-18:00 hours, the peak
level intensity of solar air heater temperature,
ambient temperature and solar radiation was
attained as 112.0°C, 33.77°C and
827.87TW/mZ2respectively. So for handling the
procedures, solar air heater was considered
capable. Some of the examples are water heating,
drying of agricultural products etc.

The thermal performance of “longitudinal
solar dryer” has analyzed through numerical
simulations [11]. On the basis of finite element
model, mathematical model has been developed.
This model will help in evaluating the thermal
behavior of the solar dryer. The prime target of
the researchers of this study is to maintain the
drying temperature by using the control system.
This system is brought in use for
numeroususeslike products’ drying in different
weather conditions. Different steps are used for
achieving the objective. The results of the
simulation showed that obtained results are
considered satisfactory. Better results can be
obtained in future by further refining.
Additionally, it was observed that with the studied
solar air heater, thermal storage system can be
used for reducing the heat insufficiency during
low solar radiation days.

The Author compared the simulated
results, obtained from this study, in contrast with
the smooth duct that exhibits that roughened
surfaces over the duct can enhance the friction
factors along with the heat transferring capacity

by 3.54 and 2.13 times respectively [12]. This
study designed a solar air collector comprising
with square shaped roughness which provides a
better THPP of 1.45 with P/e=7.14 upon having
the value of Re as 15000. Upon upgrading the
dryer with the design presented in this study, the
heat gain was observed to be 106 percent and a
rise in the temperature by 4 Kelvin was seen. For
validating the results obtained from the
simulation, a comparative study was also
presented in contrast with the past researches and
a good agreement was reported.

Author used CFD analysis for heat transfer
enhancement in a solar air heater which was
prepared with square rib roughness on the
absorber plate [13]. In the present study, the
effects of Reynolds number on the Nusselt
number was also investigated for square shaped
transverse wire rib roughness. ANSYS FLUENT
16.2 code 1is used for performing the 2-D
computational based analysis. The Reynolds
number is also considered here ranging from
3800-18000. From the results, it was observed
that Nusselt number strongly depends upon the
Reynolds number and they both are directly
proportional to each other.

In the process of moisture extraction, the
chamber plays very important role in a hot air
dryer [14]. It is important to control it because it
guarantees the homogeneity in velocity and
temperature. CFD method is used for identifying
the contours within a simulated environment. It is
also used for modifying the needed improvements
in the performance of the system. The focus of
present study is to design a hot air dehydration
system in which different configurations are also
proposed for trays, position of inlet and outlet.
CFD simulation is used for analyzing the contours
of temperature and velocity.

The author performed a3-D CFD analysis
for studying thefluid flow as well as heat transfer
behavior in therectangular ducts [15]. In that
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study, several parameters and their effects are also
studied such as roughness pitch, relative
roughness pitchand height,Reynolds number and
friction coefficient. The results of the experiments
are brought in comparison with the available
outcomesattained for same types of flow
conditions. The implication of the analysis with
the help CFD software is conducted for medium
Reynolds number flow. There is a hike in the
average Nusselt number when the Reynolds
number is hiked. On increasing the Reynolds
number, the average friction factor decreases. On
the basis of practical considerations, the ranges of
parameters are defined. After obtaining the
results, the results were brought in comparison
with the heated plateshaving no roughness and the
increase in heat transfer coefficient was also
determined.

IV. Conclusion

The design and development of a solar heater
were investigated by several researchers. Through
various applications of solar air heater it is noticed
that solar energy is the main source of renewable
energy. As fossil fuels are harmful for human as
well as ecosystem, so this study should be taken
into consideration. This review also discusses
about different types of solar heaters, CFD, mesh
generation as well as boundary conditions.
However, there are various developments in the
field of SAH but still there is a demand for further
improvement in it to enhance the efficacy of SAH.

The CFD analysis will be helpful and provide
various approaches and opportunities to enhance
the drying performance of solar air heater. New
concepts are adapted by few of the researchers for
increasing the transferring rate of heat in the duct
of the solar air heater. As artificial roughness, ribs
were added by (Abhay et al, 2018) on the
absorber plates. Additionally, at the inlet section,
a swirl flow generator was also added for creating
the additional turbulances. The rate of heat
transfer get increased because of this concept.
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