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ABSTRACT

This project will illustrate the practicality of vegetable oil-based (Soybean oil)
nanofluid with few nanoparticles including the single-type nanoparticles (Cu), oxide
nanoparticles (CuQO) and hybrid nanoparticles (Cu-Zn) on the performance of flat plate
solar collector as an alternative for conventional working fluid. A numerical study of
the vegetable oil-based nanofluid as the working fluid is conducted to visualize the
temperature distributions and the efficiency of the flat plate solar collector by using
specific formula. The thermophysical properties value of the nanoparticles is obtained
from the classical model formula as there are lack of research paper that use vegetable
oil as the based nanofluid in the experimental work. Finally, the project concluded that
vegetable oil-based nanofluid is feasible as the alternative of the conventional fluid

which water that has poor freezing point.
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CHAPTER 1: INTRODUCTION

1.1  Background

Solar thermal energy plays important roles in today’s technological world
because it is renewable, sustainable and clean. This form of energy utilizes the solar
energy to generate thermal energy and produce electric energy for the households,
industries and commercial area. The most known solar collector that is widely used is
flat-plate solar collector and it can be found almost everywhere especially at the
residential area. The main application of flat-plate solar collector is to collect the solar
energy and utilize it for heating purpose in the working area with the working
temperature range of 30°C to 100°C (Ahmed Kadhim, 2016). For most residential area
and small commercial, flat plate solar collector is chosen due to the low cost,
installation practicality and simple design compared to other form of water heating

system.

Flat-plate solar collector consists of a glass cover plate, flow tubes, absorber
plate, insulation plate and the housing. The glass cover is used to transmit vast amounts
of short waves light spectrum and provide a greenhouse effect to trap the radiated heat
inside the collector. The heat will be absorbed by the absorber plate and transfer it to
the working fluid inside the tube. The commonly used working fluid is water because
of the good thermophysical physical properties. However, in some cases reported
water freezes during winter season hence damaged the tube system of the flat plate

collector.
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FIGURE 1.1. Flat Plate Solar Collector



Vegetable oil as an alternative is proposed to provide the good performance as
the working fluid. It is extracted from different type of seeds or from a part of fruits.
There are many types of vegetable oils which are corn oil, grape seed oil, hazelnut oil,
linseed oil, rice bran oil safflower oil, sesame oil, canola oil, soybean oil and carapa
oil. Vegetables oil had been recognized throughout the days as a potential source of
the thermal working fluid due to the good specific heat capacity, biodegradability,
environmentally friendly, availability and renewable. Due to the ability to mix with
nanoparticles, the thermophysical properties of vegetable oil can be enhanced in this

project discussion.

Besides, vegetable oil can be dispersed with various type of nanoparticles for
example, Cu, Zn, Al, CuO and many more. According to Choi (1995), “Nanofluids are
a relatively new class of fluids which consist of a base fluid with nano-sized particles
(1-100 nm) suspended within them. These particles, generally a metal or metal oxide,
increase conduction and convection coefficients, allowing for more heat transfer out
of the coolant”. Since solid metal such as Cu, Zn, and Al is known with the high
thermal conductivity, suspending fine metallic nanoparticles in the working fluid is
expected to produce better thermal conductivity enhancement than non-metallic

particles.

Nanofluids can be prepared mainly by two techniques to obtain a well
dispersion solution. Right preparation method is highly important because as Dhinesh
et al. (2016) stated, nanofluids need special necessity and requirements for example
stable suspension, less particles agglomeration, an even suspension and no changes in
chemical of the working fluid. The first method is one-step method. This method mixes
the dispersion of the nanoparticles in the working fluid and the production of the
nanoparticles into a single step. Nanofluid that is produced by the solidification of the
nanoparticles which is in gaseous phase at the beginning inside their respective base
fluid is called direct evaporation one-step method. The original idea was developed by
Akoh et al. (1978) when they decided to produce nanoparticles. Meanwhile for the
next method, which is two-step method nanoparticles are obtained first and then
disperses it into the intended base fluid. Nanoparticles is packed as nano-powders and
it can be obtained from different mechanical, physical or chemical sectors.



1.2

Problem Statement

The problem statements of this project are:

13

The efficiency of solar collectors is limited by poor freezing point of the

conventional working fluid which can damage the piping system during winter

Lack of theoretical study and research on the effect of vegetable oil as heat

transfer medium

Objectives

The objectives of this project are:

14

To study the fundamental and select the best vegetable oil-based nanofluids
(Cu, CuO, Cu-2Zn)

To develop simulation model of performance of the vegetables oil-based
nanofluids in the flat plat solar collector under different percentage

concentration

To compare and analyse the performance of the flat plate solar collector by
using different type of nanoparticles (Cu, CuO, Cu-Zn) in vegetable oil-based
fluid

Scope

Focus on heat transfer of the working fluid inside the solar collector rather than

the whole component

The modelling and simulation of heat transfer between the system and the heat

transfer fluid will be analysed using CFD simulation (ANSY'S Fluent)

Use flat plate solar collector efficiency formula for the performance
investigation of the solar collector

Differentiate the performance of the flat plat solar collector with common
based fluid



CHAPTER 2: LITERATURE REVIEW

2.1  Fundamental study and effects of size and volume fraction of the

nanoparticles on solar collector

Common working fluids such as water, ethylene glycol, propylene glycol and
other heat transfer fluid play one of the most important roles in many diverse
industries, including manufacturing, transportation, microelectronics, heating and
cooling processes, chemical process, power generation and solid-state lightning.
However, these working fluids have restricted thermophysical properties such as low

thermal conductivity which result in limited heat exchange rates in today’s technology.

As research and development keeps going day by day, researchers had found a
way to overcome the limitations by adding ultra-fine solid particles suspended into the
common fluids. Saidur et al. (2013) stated that the suspension of the millimeter- or
micrometer- sized particles to improve the thermophysical properties of the
conventional fluids, has been known for than a decade. The enhanced thermophysical
properties of the nanofluids could promote wide range of heat transfer intensification
in many areas and one of them is the solar energy devices. Solar collector is a heat
exchanger that utilized the solar radiation energy and convert it into internal energy
through the working fluid medium. The extracted energy is carried from the working
fluid and eventually goes to the hot water equipment or thermal storage, which it
usually used during the night or the day with low solar energy. Nanofluids in solar
collectors are usually observed in two important aspects which the efficiency and the

environmental viewpoints.

The efficiency of the flat plate solar collector is highly depending on the
working fluid. Hence, the physical properties result significant effect to the solar
collector efficiency. These includes how much and how big nanoparticles are the best

suit to be synthesized inside the working fluid.



(a) Volume fraction of nanoparticles

Mahian et al. (2014) plotted and efficiency of mini channel based flat plate
solar collector against the concentration of the nanoparticles at 0.1 kg/s mass flowrate.
The theoretical study was done by using different type of nanofluids which includes
Cu-Water, Al,0;-Water, TiO,-Water SiO,-Water. From the result, high solar collector
efficiency only achieved at low level of concentration and keep on adding the
nanoparticles eventually will cause the efficiency to drop. From the observation also,
entropy generations are reduced with the increment of volume concentration. To
conclude, too much volume concentration of the nanoparticles in the base fluid may
end up deteriorate the thermophysical physical properties as it will significantly
increase the value of viscosity. High value of viscosity will cause the difficulty for the
fluid to flow hence low viscosity is preferable for a better flow inside the tube and low

pump energy consumption.

Efficiency (%)

¢ (%)

FIGURE 2.1. Solar collector efficiency vs volume fraction graph
(Mahian et al., 2014)



(b) Size of nanoparticles

Otanicar et al. (2010) had carried out both experimental and numerical study
with different nanofluids to study the performance of a direct absorption solar collector
(DASC). The purpose of using different type of nanofluids is to widen the effect of
various size of the nanoparticles to the solar collector. The experiments were started
with 0.5% volume concentration with smaller particles size. The results of the findings
are the smaller size of nanoparticles produced better solar collector efficiency. For
better result, adding the volume concentration up to 1% will increase 2 — 4 % of the
efficiency. The reduction of the efficiency as the size of the nanoparticles had been
explained by the authors which is cause by high fluid absorption at high particle
loadings. From the trend, the range of particles size that can maintain a linearity of the

efficiency is around 5 to 25 nm.
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FIGURE 2.2. Solar collector efficiency vs particle diameter graph
(Otanicar et al., 2010)

TABLE 2.1. Table of nanoparticles size

Particle Average Particle Size Ref
(nm)
Cu 10 Choi et al. (2001)
Fe 10 Hong et al. (2005)
ZnO 25 Baek et al. (2011)
CuO 33 Zhang et al. (2006)
TiO2 40 Zhang et al. (2006)




2.2  Fundamentals of vegetable oil stability and its properties

Vegetable based natural ester oil has started to be a part of today’s research as
a working fluid due to the advantages, including biodegradability, higher value in flash
point, thermal conductivity, lower calorific value and temperature stability. The
availability of vegetables oil is high as it can be produced from renewable sources.
Unlike ethylene glycol which is famous with the toxic issue, vegetable oil has the
capability to shift and alternate this common working fluid in solar collector as it is
environmentally friendly and the thermal conductivity can be enhanced with a way
higher when it is dispersed by the right nanoparticles. Sandeep et al. (2016) had done
an experiment to study the thermal conductivity enhancement with various oil and the
result produced an enhancement of 53% of thermal conductivity and the best increment
of flash points with Cu-Zn (50:50) particles.

In terms of the chemical oxidative stability of vegetables oil, it is affected by
the change in temperature and the different heating techniques and extraction processes
(Bakhshabadi et al., 2018). Vegetable oils consist of variation of esters molecule
derived from glycerol and have a high degree of unsaturation. Long fatty acids chain
is the special characteristic of vegetables oil and heating the oils at high temperature
can change the compositions constituents of triglyceride molecules which indirectly
alter the physical properties due to the unsaturation degree and position (Fasina et al.,
2008). From a study conducted by Saeeda et al. (2019), the physicochemical
parameters of vegetable oils changes are showed by the oxidation rate and in their
research, corn oil and concluded to have a faster rate of oxidation compared to soybean
oil which make it the stability better compared to the corn oil. There is a way to
improve the physical changes of the vegetable oil throughout the temperature which is
by adding natural anti-oxidants to vegetable oil (Rafiee et al., 2012). Many researchers
concluded that the stability of the vegetable oil will be deteriorates at cooking
temperature as vegetable oils are commonly used for cooking. However, for a lower
working temperature like flat plate solar collector, the stability of the vegetable oils

will not affect that much especially to the chemical properties.



To produce a good stability of vegetable oil based nanofluid, the technique of
dispersion of oil based nanofluid is steric stabilization. The dispersion of oil based
nanofluid is more convenient and effective as oil phase ligands like fatty acid or amine
are responsible to conciliate the growth of nanoparticles and cap the synthesized
nanoparticles (Fan Yu et al., 2017). Hence, the capped nanoparticles show uniform

dispersion within the vegetable oil.

2.3 Stability enhancement for oil-based nanofluids

To achieve the best stability of nanofluids is a bit challenging. Even a lot of
method had been proposed, there is no general way to achieve a stable performance
for any nanofluids. Controlling and understanding the stability of the nanofluids are
very crucial especially for the nanofluids that has broader applications temperature.
Without proper stability approach, fouling and settlement at the bottom of the fluids
might occur and reduce the enhancement of thermal properties. Stability improvement
methods are depending on the based type of the fluid. For example, to improve water
based nanofluids, introducing charges onto nanoparticles surface is known as one of
the effective methods however, for oil-based nanofluids, the best method is by

introducing the surface capping ligands or longer polymer chains. (Yu et al., 2017).

A B

FIGURE 2.3. Schematic of stabilization mechanisms for nanofluids: (A)
electrostatic stabilization, (B) steric stabilization (Yu et al., 2017)



Other method had been revealed by a researcher team from Universiti Malaysia
Pahang to improve the nanofluid stability is by using ultrasonic vibration process
without any surfactant of pH stabilizer. (Sharif et al., 2017). This method is considered
as mechanical approach as there is not surface modification required. The stability was
observed by using 4-step UV-Vis spectral absorbency analysis and the fluid that was
under the observation is PAG lubricants (oil based) with the dispersion of Si02
nanoparticles. The ultrasonic vibration process is done for two hours and the result
from the approach is the nanofluids are still stable after 30 days without any

agglomeration.

In an experiment done by Sandeep et al. (2016), hybrid nanofluid had been
prepared by using three different oil-based which are vegetable oil, paraffin oil and
SAE oil. All nanofluids are prepared under same concentration which is 0.5%. The
method that they used is by using Sodium Dodecyl Sulfate (SDS) surfactant. This is
considered as chemical approach which surfactant are added. Surfactant is believed to
increase the stability of most nanofluids however, viscosity will be increased too which
is not suitable for fluid flowing scenario. In their experiment, vegetable had achieved
the highest thermal conductivity among other three nanofluids. However, the stability
of all three nanofluids ends until 72h. This experiment shows that using surfactant to
improve stability may not work effectively on oil based nanofluids unless the
application is needed for less than three days.

Another study that combine both of chemical and mechanical approach had
been done by Ghasemi et al. (2015). The based fluid of transformer oil is used along
with Fe304 nanoparticles under different volume concentrations. The objective of his
research is to study the lightning impulse breakdown voltage by using magnetic
nanofluids based on transformer oil. They briefed few steps in preparing the nanofluids
by coated with oleic acid surfactant and dispersed using an ultrasonic processor. By
using both approaches, the stability of the nanofluids was achieved longer than four
months. To enhance the stability further, Muthukumaran et al. (2012) claimed that
appropriate washing of the as-systhesized to remove the excessive synthetic surfactant

can make the nanofluids stable for more than three years under room temperature.



2.4 Thermophysical study among conventional working fluids

TABLE 2.2. Comparison table among conventional working fluids

Specific | Thermal .
Boiling | Freezing heat conduct- \D/?/Srgzgrtlc Toxi-
Base fluid | point, point, | capacity | ivity at at 40° Cy city Ref.
°C °C (kJ/(kg 40°C (MPAS) level
K) (W/mK)
Vegetable Mashewary
QOil 240 -16 2.27 0.162 12 None etal.,
(Soybean) (2017)
Water | 100 0 419 | 0625 | 075 | None | YURelAl
Ethylene . Ahmadi et
Glycol 197.6 -12.9 2.36 0.250 9.5 High al., 2018)
14.28
Propylene i (with Ahmadi et
Glycol 182 59 2.5 0.315 0% Low al., 2018)
water)

In flat plate solar collector, the common working fluid is water due to relatively
high specific heat capacity, incompressible and infinite availability. However as
reported by Vanek et al. (2008), the biggest disadvantage of water as the working fluid
is it freezes during winter due to high freezing point and eventually damage the piping
system of the solar collector. An effort had been made which is draining down the
collector at low solar inputs. Unfortunately, pocket water freezing had caused tube
damage which make lot of efforts less effective to the freezing system. Due to the
freezing point limitations, some designers had started to shift to ethylene glycol and

propylene glycol.

Ethylene glycol works best in solar collector as a working fluid as the specific
heat capacity and the thermal conductivity is among the good range compared to other
fluids except water. However, the disadvantage of ethylene glycol is the toxicity level
is very high and due to this it not suitable for domestic hot water system. On the other
hand, propylene glycol has a low toxicity level and has a low degradation rate.
However, there is a case reported that when the water supply in the tanks somehow
stop, the propylene glycol as the working fluid keep receiving heat from the collector

without any pauses. This phenomenon develops two problems which the first one,

10



glycol becomes more acidic at high temperature and the solutions starts to boil and

cause overpressure of the fluid. (Vilppu, 2011).

Vegetable oil with the higher boiling or flash point has the capability to
withstand with high temperature when there is unwanted scenario happened to the solar
collector due to the high boiling point and low freezing point. The toxicity level is
considered as none because vegetable oil is a natural ester and does not harm the
environment. Even the specific heat capacity and thermal conductivity is low
compared to other working fluid, synthesized the vegetable oil with nanoparticles can
improve the limitation as a heat transfer fluid. Vegetable oil has a medium range of
dynamic viscosity. Even so, vegetable oil can behave as Newtonian fluid and the
change in viscosity with the application of shear force is relatively less and this is one
of the strong factors is choosing the best working fluid when mobility should be taken

into consideration (Sandeep et al., 2016).

2.5 Choosing the right vegetable oils

Edwin et al. (2013) had done extensive study to achieve the value of the
thermophysical properties of vegetable oils: cotton, canola, sunflower, corn, and
soybean oils. Since the properties of vegetable oil is affected by the temperature, they
had repeated the same process with the interval of 10°C for the experiment of density,
specific heat capacity, thermal conductivity and dynamic viscosity. Their findings are
very useful as each value was concluded in table rather than graph pattern which make
it easy for researchers to do numerical study based from the input value. However, to
study the behaviour of each vegetable oil, trends and patterns are created in this paper
with the temperature range of 30°C to 80°C to suit the working temperature of flat

plate solar collector.

11
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FIGURE 2.4. (A) Density vs Temperature of various vegetable oil
(B) Specific Heat Capacity vs Temperature of various vegetable oil
(C) Dynamic viscosity vs Temperature of various vegetable oil
(D) Thermal conductivity vs Temperature of various vegetable oil
(Edwin et al., 2013)

From these trends, all vegetable oils do not differ to much in terms of
thermophysical properties. However, when it comes to choose the right application for
the vegetable oil, small discrepancy should be considered. In this project, soybean oil
is selected even it has the lowest thermal conductivity among the other vegetable oil.
Thermal conductivity is not the only scale of measure in heat transfer system of solar
collector. The reasons why soybean oil is chosen are, it has a low dynamic viscosity
and density. Even canola oil has a good thermal conductivity, the dynamic viscosity

produced the highest and similar things goes to cotton oil which has among the highest

12



density value. The specific heat capacity on the other hand is almost similar for all
vegetable oils and all of them increase uniformly throughout the temperature
increment. According to Mukesh et al. (2017), soybean oil has a low coefficient of
friction and a viscosity of 20% of palm oil which make the mobility better as the

working fluid.

2.6 Single nanoparticles, oxide nanoparticles and hybrid nanoparticles

Enhancement of thermal conductivity, specific heat capacity and viscosity are
the interesting characteristic of the based fluid synthesized by nanoparticles. The type
of nanoparticles affects the percentage enhancement of the thermophysical properties.
The common type of synthesized nanoparticles that researchers used to carry out the

experiments are single, oxide and hybrid nanoparticles.

Non-oxide single nanopatrticles

Non oxide single nanoparticles synthesizing is a method of adding
nanoparticles such as Zn, Cn, Al, Ag and graphite with any oxide components.
However, non-oxide nanoparticles dispersed to the base fluid result the lowest
enhancement compared to the oxide and hybrid nanoparticles. Kole et al. (2013), had
dispersed of Cu nanoparticles alone with the volume concentration of 0.11% to 2% in
gear oil and the nanofluid was prepared with surfactant of oleic acid. They found that
the thermal conductivity is highly dependent with the temperature as the experiment
was carried out at a range of 10°C to 80°C and the enhancement of the thermal
conductivity was approximately 24% with 2% of volume concentration at room
temperature. According to Taylor et al. (2011), to determine the usefulness of the
nanofluids when they are being used in solar collector, the ability to convert solar
energy to thermal energy must be known and in their experiments, the measurement
of the extinction coefficient for Al, Ag, Au and Cu nanoparticles somehow achieve a

good result with the average concentration of 1.0% of volume fraction.

13



Oxide nanoparticles

Metal-oxide nanoparticle are widely used in nanofluid field. Thermal
conductivity of CuO with engine oil had been studied by Aberoumand et al. (2017)
experimentally to observe the effect of the temperature and concentration on the
thermal conductivity of the nanofluid. Results achieved from the experiment showed
a49% increase in thermal conductivity with 1% volume concentration in the base fluid.
Besides, Kole et al. (2013) examined the conductivity enhancement of CuO on gear
oil and the result obtained was 10.4% increment at only 0.025% of volume fraction.
This conclude that oxide nanoparticles have a better thermal conductivity increment
even it is at a lower volume fraction value. Mu et al. (2009) had carried radioactive
properties of oxide nanoparticles which is SiO2 and compare it with ZrC. SiO2 allowed

a remarkable amount of visible light to pass through the nanofluid compared to ZrC.

Hybrid nanoparticles

Hybrid nanofluids showed high thermo properties enhancement in comparison
with conventional nanofluid. According to Sandeep et al. (2016), hybrid nanofluids of
Cu-Zn can be prepared by adding the estimated amount of nano-powders in vegetable
oil through ultrasonication method which requires the functionality of ultrasonic probe
sonicator for 2 h each. Among paraffin, SAE and vegetable oil, the improvement of
flash point vegetables point is the highest with Cu-Zn nanoparticles which made the
vegetable oil among the best pair of hybrid nanoparticles. Hybrid nanoparticles of Cu-
Zn had improved the relative thermal conductivity to relative viscosity for effective
heat transfer especially in vegetable oil as the experimental result of Sandeep et al.
(2016) had showed 53% better results in comparison with paraffin and SAE oil with a
low concentration value. High concentration value should be avoided as Saeedinia et
al. (2012) reported that increasing the solid concentration of nanoparticles will

decrease the specific heat capacity of the nanofluids.
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2.7 Thermophysical properties of base fluids and nanoparticles

Calculating the vegetable oil based nanofluids will require the thermophysical
properties of the base fluid and nanoparticles. Since in this project requires three
different nanoparticles which are Cu, CuO and Zn, those value should be identified so
that the properties of single, oxide and hybrid nanofluids can be formulated. Some of
the value are retrieved from researchers meanwhile some of it makes us of the
functionality material database that are provided from Ansys software. Following is

the thermophysical properties of the base fluid and nanoparticles:

TABLE 2.3. Thermophysical of base fluids and nanoparticles

Thermal Specific
. Density Viscosity L heat
Properties conductivity . Ref.
(kg/m3) (kg/ms) (W/mK) capacity
J/kgK
Water 998.2 | 0.001003 0.6 4182 Ansys
Database
. Edwin et
Soybean Oil 913.7 0.028001 0.154 1957 al. (2013)
Copper Ansys
(Cu) 8978 N/A 387.6 381 Database
Copper (I1) Ramasamy
Oxide 6510 N/A 18 540 etal.
(CuO) (2018)
Zinc 7100 N/A 112.2 390 AnSys
Database
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CHAPTER 3: METHODOLOGY

3.1 Research Framework and Process flow

Following are the process flow chart of the project progress start from the literature
review study until the result from simulation is attained. The modelling and simulation

will be done by using Finite Element Modelling and Simulation with ANSY'S software.

Literature Review on nanofluids
and flat plate solar collector

Modelling and Simulation of the
solar collector by using ANSYS

Define the related properties

Specify boundary condition

Temperature gradient

No

Validation of the
efficiency based on

similar properties

Result

Discussion & Conclusion

FIGURE 3.1. Process flow of the project framework
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3.2  Related formula for thermophysical properties estimation for simulation

In this project, the efficiency of the solar collector should be investigated by
using vegetable oil-based nanofluid. Soybean is chosen due to the good mobility
properties with an acceptable range of thermal conductivity and specific heat capacity.
Various type of nanoparticles will be used as synthesized nanoparticle in the soybean
oil which including the single non-oxide nanoparticles (Cu), metal oxide nanoparticles
(CuO) and hybrid nanofluids of Cu-Zn. However, the limitation is lack of research and
study of these combinations which make it difficult to observe the thermophysical
properties. Due to extensive research and study, few formulas to predict and estimate
are obtained from many researchers to assist this project. Maxwell (1881) had
developed formula to obtain the thermal conductivity, density and specific heat
capacity of the nanofluids which is observed and had been modified by many
researchers throughout for example Hamilton-Crosser (1962) and Takabi and Salehi
(2014) as follow:

Thermal conductivity of conventional nanofluids:

kng _ kp + 2kiy — 20, (ki — k) )
knr  kp + 2k, — 0,(kpr — kp)

Thermal conductivity of hybrid nanofluids:

Dpns + 2kpp + Z(kpl(bpl + kPZQPZ) ~ 20ky @
khnf kbf
k10 .+ k,,0
pl pl(bh ; p27p2 | 2kpp — Z(kmqjm + kp2¢p2) — Okyy

Density of conventional nanofluids:

Png = Dppp + (1 — Dp)pps (3)
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Density of hybrid nanofluids:

Panf = (Z)plppl + (Z)pzppz +(1- ¢h)pbf (4)

¢h = @pl + @pz

For the specific heat capacity of nanofluids, the formula had been developed by Pak
and Cho (1998) and Takabi and Salehi (2014) as below:

Specific heat capacity of conventional nanofluids:

c, = = cpnf(b +(1- (D)cpbf (5)

pnf

Specific heat capacity of hybrid nanofluids:

(1 - (D)pbfcpnf + wpplcppl + wppchpz (6)

C =
pnf phnf

For the dynamic viscosity of the single nanofluid, the model is following
Einstein’s model which is popular in predicting spherical nanoparticles. For the hybrid
nanofluids, Tekir et al. (2017) proposed a new correlation in their analysis and they
use three different approach which are Single Phase Model, Euler-Euler Approach,
Euler-Lagrange Approach. Both formulas are given as follow:

Upr
Unfr = m (7)
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Upr
= (8)
Hinf = A= (@p; + 0p2))2°

To study the performance of the solar collector, the efficiency of flat plate solar
collector formula will be used. The inlet temperature value will be taken from other
researcher that had been carrying out the experiment of flat plate solar collector by
using water as the working fluid. Following is the efficiency of the flat plate solar

collector formula:

Qu = 7'th(Tout — Tin) 9)
Qy
= (10)
"7 ToaAa
_ Tth (Tout — Tin) (11)
It qAq
Nomenclature
k Thermal conductivity (%) m Mass flow rate (kTg)
Densit (k—g) I Solar irradiance (K)
p y m2 t,a m2
¢,  Specific heat capacity (kgLK) Tin  Inlet Temperature (K)
m Dynamic viscosity (%) Toue  Outlet Temperature (K)
1) Solid concentration (%) A, Area of the collector (m?)
Qu Useful energy collected (W) n Efficiency
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3.3  Thermal physical program calculator

In this project, vegetable oil based with different type of nanofluids will be
simulated under different concentration. Conventional calculation may take some time
as the formula is quite long and it is not practical to repeat the same calculation for
different concentration. Therefore, a program to calculate the thermophysical
properties of the nanofluids is introduced. The governing equation is taken from many
previous researchers such as Hamilton-Crosser, Einstein and Takabi and Salehi (2014)

from the methodology section. Following is the program interface:

Nanofluids Thermophysical Calculator
by Wan Amirul Asyraf

Base Fluids Soybean oil Nano particles 1 Cu Nano particles 2

Thermal Conductivity Thermal Conductivity Thermal Conductivity

Density Density Density

Specific Heat Capacity Specific Heat Capacity Specific Heat Capacity

Dynamic Viscosity

Concentration 0 Concentration l:l Concentration l:l

Concentration of Hb l:l

Conventional Nanofluids Hybrid Nanofiuids

Thermal Conductivity 0 Thermal Conductivity 1] W /mK
Density 0 Density 1] kg/m3
Specific Heat Capacity ] Specific Heat Capacity 0 1fkegk
Dynamic Viscosity 0 Dynamic Viscosity ] kg/ms

FIGURE 3.2. Interface of the thermophysical of nanofluids program calculator

Following is the example of the formula from one of the cells that has an automatic

generate data from user input:

Conventional Nanofluids Hybrid Manofluids

Thermal Conductivity ~ |SIFERROR{D8%(GE+2*D8-2*G12*(D8-GB))/(GE+2*D8+G12%(DE-GE)),0)
Density | | IFERROR(value, value_if_error) (0] kg/m3
specific Heat Capacity 1] Specific Heat Capacity 0 Ifkgk
Dynamic Viscosity 0 Dynamic Viscosity 0 kg/ms

FIGURE 3.3. Cell is linked with nanofluids formula
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3.4  Thermal properties of nanofluids

By using the governing equation stated in previous chapter, thermal properties
data are calculated for the cell zone condition and material properties in Ansys Fluent.
The changes of the properties will affect the result and the behavior of the working
fluids. Thermal properties of the different type of nanofluids (Cu-Soybean Qil, CuO-
Soybean Oil and Cu-Zn-Soybean Qil) are identified based on different number of

concentrations as below:

TABLE 3.1. Thermal Properties of Single Nanofluid
Single Nanofluids (Cu)
% p (kg/m3) Cp (J/kgK) k (W/mK) u (kg/ms)
0.1 1720.13 1799.4 0.205265411 | 0.036439069
0.2 2526.56 1641.8 0.2693281 0.048915734
0.3 3332.99 1484.2 0.351663288 | 0.068301217
TABLE 3.2. Thermal Properties of Oxide Nanofluid
Oxide Nanofluids (CuO)
% p (kg/m3) Cp (J/kgK) k (W/mK) u (kg/ms)
0.1 1473.33 1815.3 0.203898 0.036439
0.2 2032.96 1673.6 0.26588 0.048916
0.3 2592.59 1531.9 0.344939 0.068301
TABLE 3.3. Thermal Properties of Hybrid Nanofluid
Hybrid Nanofluids (Cu-Zn)
% p (kg/m3) Cp (J/kgK) k (W/mK) u (kg/ms)
0.1 1626.23 1370.200777 0.230876 0.036439
0.2 2338.76 1140.951752 0.358923 0.048916
0.3 3051.29 1018.770104 0.614722 0.068301
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3.5  Assumption and surrounding condition properties

To simulate the real condition of the working fluid inside the solar collector,
the surrounding condition properties should be known to produce accurate result to the
experimental value. The inlet velocity will be used is 0.02 m/s and the physical
properties value of related component of solar collector which are absorber plate and

glass are studied as follow:

TABLE 3.4. Solar collector components properties

Properties Absarber Plate Glass Air Rockwool
(copper) Plate
Density, (kg/m3) 8978 2230 1.225 48
Cp (j/kg K) 381 750 1006.4 840
K (W/mK) 387.6 1.14 0.0242 0.04

Assumption: The flow is assumed steady and the fluid possesses uniform axial velocity

V, and temperature T, profiles at the inlet of tube

3.6 Design configurations and schematic diagram

The configuration of this solar collector is an active configuration as it involves
pump. The nanofluid is initially stored in the tank and it flows to the flow control valve
and flow meter by pump before entering the flat plate collector. The main function of
a flow control valve is to control the flow rate in the flow circuit meanwhile the flow
meter acts as an indicator to measure the volume of the nanofluids passing through the
line. When the nanofluid enters the collector, it will be heated and enters the secondary
tank. The secondary tank serves as and heat exchanger to heat up the cool water comes
into the tank and due to the heat transfer phenomenon, hot water will be produced and

flows out of the tank.
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FIGURE 3.4. Schematic diagram of the design configuration

3.7 Modelling and Geometry Construction

To simulate the behaviour of the fluid inside the flat plate solar collector,
geometry or the model is required. Hence, the geometry of the flat plate solar collector
was created by using Ansys GAMBIT software. Ansys GAMBIT is a geometry and
mesh generation software that can work together with Ansys FLUENT. There are 5
main components in Ansys FLUENT which are geometry, mesh, setup, solution and
results. The ability of the Ansys GAMBIT is it can complete two of the main
components required in Ansys Fluent which are geometry and meshing. Unlike,
Autocad and Catia, there are only focusing on the geometry construction without
having the function to do meshing. A complete set of automated and size function
driven meshing software promises an excellent meshing work to be generated whether

it is hybrid, structed, unstructured and multiblock.
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The geometry construction is initialized with the point plotting according to the
dimension of the flat plate solar collector. In real construction, there will be a lot of
riser tubes to create the path for the fluid to flow in the solar collector. However, the
design can be simplified for only one riser tube for the simulation works without
abandoning the cell zone condition like absorber, glass and insulation. This is because,
the fluid flow behaviour is similar in other tubes hence simplify the construction may
reduce a lot of time. In a research paper by Ekramian et al. (2014), one tube
configuration is used for numerical analysis of heat transfer in flat plate solar

collectors.

The assumptions for this simplified CFD geometry are:

1) Fluid is divided equally through all risers and the flowrate in each riser is
constant
2) Radiation loss is ignored specifically from margins of collector

3) Heat loss is neglected at the bottom surface of collector

Absorber
(copper)

Insulation (Rockwool)

FIGURE 3.5. 3D flat plate solar collector geometry construction
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The point plotting is important to create lines and surfaces. The starting point
is at the centre of the axis reference with the coordinate of 0, 0 in X and Y axis. To
create other points, coordinates of each point is important to create a perfect dimension.
The point plotting is created on only two axis which means there are on a single plane
of X and Y axis. The lines are connected from point to point to produce faces. From
faces, 3D model can be created by using extruding process. Volume is generated from
each surface and different volume is assigned with different cell zone for the material

specification.

Following are the dimension of the flat plate solar collector:

TABLE 3.5. Flat plate solar collector dimension

Solar collector design
Specification Dimension, mm
Width 200
Height 40
Length 1000
Wall Thinkness 10
Tube diameter 10

3.8 Boundary Condition

When the 3D model has been created with a length of 2000 mm, cell zone can
be specified with glass, absorber, tube and insulation from the entity. Starting from the
top surface, the material is specified as glass. For the first volume from top is the air
and followed by the absorber meanwhile for the bottom and frame volume is specified
as insulation which made of rockwool. Next, boundary condition should be specified.
In this project, the inlet is chosen to be the “velocity inlet” type so that the value of
the velocity can be inserted in the simulation. Meanwhile, the outlet was set to default
which is “pressure_outlet” and it will be automatically calculated during simulation.
The other components are declared as wall. “Interface 1” is the wall of the tube

meanwhile “Interface 2” is the wall for the air trap.
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3.9  Mesh generation

The meshing process was done in Ansys GAMBIT as well. The technique that
was used for the meshing is the volume or body meshing. There are four main volumes
in the geometry and each of them is meshed according to their priority in the
simulation. For example, the tube act as the pathway for the working fluids and the
goal of the simulation is to study the outlet temperature of the fluid running inside the
tube so that efficiency can be computed. Hence, the mesh of the tube should be created
with more detail and smaller size compared to other components in the solar collector.
The type of mesh for the tube is “tet/hybrid” or commonly known as tetrahedral/hybrid
meshing. The spacing size is selected as interval size function with a value of 0.001

for the tube and 0.003 for the other components.

FIGURE 3.7. Smaller mesh size for the tube
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Mesh dependency test is a convergence test that is required to determine the
least number of elements in finite element modelling that can produce nearly accurate
result. There are many factors that affect number of elements for example, element
size, number of divisions, number of spacing, type of the mesh finishing (course,
medium, fine) and many more. For instance, when we increase the number of divisions
in an edge, it will produce high number of elements around it. Hence, the variable of

this test is depending on how the mesh is generated or the technique used.

In this test, the variable of the number of elements is the spacing value and
some of the settings set as default to reduce the time taken. As mentioned, the mesh is
generated by using volume meshing and each of the volume is assigned with different
number of spacing according to the role in simulation. Small spacing will result in

higher number of elements. Following is the data collected from few tests in the

simulation:
TABLE 3.6. Mesh dependency test data
Tet/ Tet/ Hex/ Tet/
) ) ) Results
Hybrid Hybrid Wedge Hybrid
. Absorber .
Pipe plate Alr Frame Number Outlet
volume volume volume
) volume - . of Temperature, Status
spacing, . spacing, | spacing,
spacing, elements K
m m m
m
0.002 0.004 0.004 0.005 698391 305.08437 Converge
0.003 0.003 0.003 0.004 1260062 305.34108 Non-.
converging
0.002 0.003 0.003 0.004 1348205 305.13048 Converge
0.001 0.004 0.004 0.005 1453828 305.14542 Converge
0.001 0.003 0.003 0.004 2118710 305.0014 Converge
0.0008 0.003 0.003 0.004 2844964 304.99643 Converge
0.0006 0.003 0.003 0.004 4887787 305.00639 Converge
0.001 0.002 0.002 0.003 4931698 304.95546 Converge
0.0006 0.002 0.002 0.003 7758995 304.94532 Converge
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From the table, it is noticeable that large number of spacing can cause a non-
converging result in the simulation. For example, 0.003 m spacing for volume 1 caused
a non-converging scenario which is undesirable in any simulation result. Hence, the
maximum number of spacing for volume 1 can be concluded as 0.002 m. The higher
the number of elements, the longer time taken for the solution to converge. For the
same number of spacing 0.001 m for volume 1, few tests are done by reducing 0.001

m for volume 2, 3 and 4.

Mesh Dependency Test

305.4

305.35 o
305.3

305.25
305.2

305.15
£ Temperature: 305.0014 K

305.1 o No. of elements: 2118710

305.05 /

305 o o o

Temperature Outlet, K
<&

304.95 < o

304.9
0 1000000 2000000 3000000 4000000 5000000 6000000 7000000 8000000 9000000

Number of Elements

FIGURE 3.8. Mesh dependency test graph

From the trend, the graph starts to stable at around 305 K. Hence, the most
preferable element size is 2118710 because the difference with the same number of
spacing of 0.001 m for volume 1 with element size of 4931698 is only 0.0459 K and
with the number of elements of 7758995 is 0.0561 K which is very small and not worth
for a very long duration of convergence. Plus, the chosen element size has the shortest

duration of convergence that produce a result of 305 K outlet temperature.
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3.10 Radiation modelling in Ansys FLUENT

Mesh was imported to Ansys FLUENT to generate the result of the temperature
inlet. Material specification details were inserted under Setup Tab in Ansys FLUENT.
Under “Models”, energy equation must be turned on as the simulation will deal with
the heat transfer and the viscous is set to “k-epsilon” with a default setting instead of
laminar to obtain a better accuracy of the result. Radiation model is required to mimic
the sun irradiation sent onto the surface of the solar collector. As the result should be
validated with another researcher, the location of the experimental work should be
known as Ansys FLUENT will automatically generate the direct solar irradiation and
diffuse solar irradiation according to the location. However, to study the behaviour of
the working fluid inside the collector if they match the characteristic of the solar
collector working fluid during simulation, the setting for the radiation is set to 1200
(W/m2) for the direct solar irradiation and 200 W/m2 for the diffuse solar irradiation.

B solar Caleulator X
Global Position Mesh Orientation
Longitude (deg) |13.34 North East
Latitude (deg) |77.1 X1 X0
Timezone (+GMT) 5.5 Y0 Y0
Z\0 1
Date and Time Solar Irradiation Method
Day of Year Time of Day Theoretical Maximum
Day | 29 - Hour | 12 - ®! Fair Weather Conditions
Month | 4 | Minute 0O = Options
Sunshine Factor 1

FIGURE 3.9. Solar Calculator in Ansys FLUENT

The value however will be changed accordingly to validate and match the result
with other researcher as a code validation under result section. By turning on the
radiation model, the trend of the outlet temperature is expected to give similar pattern

with experimental data.
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3.11 Ganttchart

FYP I

Key milestone: Understand the behaviour of the vegetable oil based with different

type of nanoparticles

TABLE 3.7. FYP | Gantt chart

Activity W1 | W2 | W3 | W4 |WS5|W6|W7 | W8 | W9 WI10W11W12

Basic study of

nanofluid

Study on the

literature review

Finalise the

nanoparticles

Construct
methodology on
vegetable oil

performance

Analyse the
properties
improvement of the

vegetable nanofluid

Study the

performance
improvement * 1 *
equation for ANSYS

simulation
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FYP Il

Key milestone: Model, simulate and analyse the performance investigation of flat

plate solar collector with vegetable oil based nanofluid.

performance with
different type of

nanoparticles

TABLE 3.8. FYP Il Gantt chart
Activity W1 | W2 | W3 |W4|W5|W6|W7|W8|W9 W10(W11|w12
Finalise ANSYS
modelling for the
solar collector
* * * * *

Perform test and

result validation

Analysing the
improvement and
compare with other
nanofluids (Water

base)

Verification and
conclude the
performance

improvement
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CHAPTER 4: RESULTS AND DISCUSSION

4.1  Convergence graph

For the early part of result section, water is used as the working fluid instead
of vegetable oil. This is because the model needs to be validated and research paper
using vegetable oil in the solar collector is very limited. The setting difference between
using water and vegetable oil is only under cell zone boundary section which the fluid
can be changed to any fluid that is desired. The result is observed when the iterations
reached convergence and usually it takes up to 150 iterations to reach convergence

criteria.

0 20 40 60 80 100 120 140 160
Iterations

FIGURE 4.1. The iterations graph from Ansys FLUENT

iter continuity x-velocity y-velocity z-velocity energy k epsilon time/iter
155 5.7180e-05 3.1157e-06 3.1351=-06 1.41252-05 4.53952-08 1.0903e-04 5.2615e-05 55:27:22 5845
156 4.98282-05 2,7678=-06 2.7928=-06 1.3312e-05 4.5566=-08 1.0542e-04 5.1721=-05 55:17:53 5844
157 4.6626e-05 2.6470e-06 2.6770e-06 1.26662-05 4.56052-08 1.01892-04 5.0748e-05 55:43:03 9843
! 158 solution is converged
158 4.4335e-05 2.5805e-06 2.6156c-06 1.2084e-05 4.5514e-08 9.9797e-05 5.0255e-05 55:30:13 9842
Writing data to C:\Users\Wan Amirul Asyraf\AppData\lLocal\Temp\WB_DESKTOP-4D6L53C _Wan Amirul Asyraf_11836_2\unsaved project files\dpO\FFF\Fluent\fpsco.001.i]
x-coord
y-coord
z-coord

FIGURE 4.2. The number of iterations to converge
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4.2  Contour Distribution of water as the working fluid

Contour distribution is the graphical representation of the model after
processing or solution unit. It can be obtained from post-processing or under result tab
in Ansys Fluent. The function of investigating the contour distribution is to see the
flow of the heat transfer in the model. Depending on the application, other than
temperature and pressure, velocity also can be observed to study the motion. In this
project, velocity will not be observed as it is not a critical parameter that should be
obtained. Contour distribution investigation starts by observing the absorber plate as

below:

FIGURE 4.3. Temperature contour distribution of the absorber plate

As the main function of absorber plate is to receive the solar radiation and
convert it into heat and transfer it to the working fluids. The contour distribution above
represents its function at which the inlet part is colder comparing to the outlet part. As
the fluids absorbing heat throughout the passage, heat transfer occurs hence increasing

the temperature at the rear part of the flat plate solar collector.
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FIGURE 4.4. Temperature contour distribution of the fluid

Similar behaviour observed for the fluids section. It shows a uniform increment
of the temperature across the collector length. The temperature visualisation range are
set similar to the absorber plate contour and from the graphical representation above,
the inlet fluid is a little bit colder compared to the front part of the absorber plate. This

is due to the beginning of heat transfer starts to happen.

viss

FIGURE 4.5. Pressure contour distribution of the fluid

50 0300 (m)

It is expected to see pressure drop phenomenon in a fluid flow passage. The
lowest pressure developed at the end of the tubes. The reason of pressure drop is due
to the frictional forces acting on the fluid which introduced resistance to flow thought
out the tube.
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4.3 Code Validation

As there is no research paper uses vegetable oils as the working fluid in the flat
plate solar collector, validation by using water will be used. Validation is important to
make sure the model, geometry, boundary condition and cell zone condition are
correct. Hence the data for validation progress will be retrieved from Ranjitha et al.
(2013). They worked with both experimental and simulations works to validate their

result with a very low percentage of error.

Few runs had been done by using water as the working fluid and the differences
from the experimental results are being compared. Ranjitha et. al (2013) used mass
flow rate of 0.025 kg/s for the inlet setup meanwhile in this project, velocity inlet of
0.02 m/s is used in the CFD software to match the setting as the geometry of is not
exactly similar for simplicity purposes. Following is the relationship of the Ranjitha

et. al (2013) experiment and the CFD result in this project:

Validation Test

350
340
330
320

310

Temperature, K

300
290

280
8 9 10 11 12 13 14

Time (hour)

= Qutlet Temp Exp Outlet Temp CFD

FIGURE 4.6. Validation Test Result
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Seven runs had been tested in Ansys Fluent and the variable of the validation
test are inlet temperature, time and radiation. Time and radiation are set under
Radiation setting in Ansys Fluent according to the experimental data to match the
working condition. All result from CFD are considered acceptable as the highest
percentage different is at 2PM test which is 2.3%. The lowest is 12PM at 0.22%

percentage different hence, this setting will be used to compare with vegetable oil.

4.4  Vegetable oil based nanofluids efficiency vs nanoparticles concentration

CFD Simulations had been run for different number of concentrations with
different type of nanofluids. Outlet temperature of each run will be observed to study
the performance of the solar collector according to the governing equation of flat plate
solar collector efficiency. The setting of each run follows the setup of 12PM study case

such as the radiation value and the inlet temperature.

Single Nanofluid (Cu-Soybean Qil)

34.00%
33.50%

33.00%

FPSC Efficiency, %

32.50%

32.00%
0 0.1 0.2 0.3 0.4

Concentration, %

FIGURE 4.7. FPSC Efficiency vs Concentration % of Single Nanofluids
(Cu-Soybean Qil)
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From the obtained result, the performance of the solar collector nearly the same
for all tested concentration. Even though it is expected that thermal conductivity is
increased with the additional of nanoparticles onto the fluid, other thermal properties
are sacrificed for example the dynamic viscosity and specific heat capacity. As
concentration of nanoparticles are increased, dynamic viscosity is increased too which
caused the outlet temperature to drop accordingly. For the specific heat capacity, it
decreases with the percentage of concentration and it should significant drop for hybrid
nanoparticles which drop at 0.3% concentration.

Based on single nanofluids graph, from 0.1% to 0.3% concentration, the
efficiency shows a slight drop which cause a fluctuation pattern in graph. From this
trend it can be concluded that as the concentration of copper nanoparticles in vegetable
oil increase, efficiency of the solar collector will decrease as well. This might be
because the viscosity increment is too high and this create the tendency of wall

deposition phenomenon even though it show an increment in thermal conductivity.

Oxide Nanofluid (CuO-Soybean Qil)

34.00%
33.50% *

33.00% L 4

FPSC Efficiency, %

32.50%

32.00%
0 0.1 0.2 0.3 0.4

Concentration, %

FIGURE 4.8. FPSC Efficiency vs Concentration % of Oxide Nanofluids
(CuO-Soybean Oil)
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For the oxide nanofluids on the other hand, shows almost similar pattern to the
single nanofluids. However, the efficiency is much better at 0.1% concentration. This
is because CuO nanoparticle has a better specific heat capacity under low concentration
level. Besides, the density value is quite small compared to other nanofluid. The drop
of efficiency from 0.1% to 0.2% is quite significant and it shows that under this range,
the concentration of the nanoparticles shows a great effect on thermophysical

properties of the nanofluids unlike the result from single nanofluid.

Hybrid Nanofluid (Cu-Zn-Soybean Qil)

34.00%
33.50%

33.00%

FPSC Efficiency, %

32.50%

32.00%
0 0.1 0.2 0.3 0.4

Concentration, %

FIGURE 4.9. FPSC Efficiency vs Concentration % of Hybrid Nanofluids
(Cu-Zn-Soybean Qil)

The trend shows the same pattern for hybrid nanofluids. However, the
efficiency is significantly less under low concentration which is 33.05%. This shows
that hybrid vegetable oil nanofluids is not suitable for fluid flow applications. Adding
two different nanoparticles will cause a great thermal conductivity. However, the
viscosity produced is quite big as well which will require more pumping power to resist

the internal resistance in the fluid flow motion.
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45  Temperature Difference of different nanofluids

Temperature Difference vs Working Fluids

0.3% Cu-Zn-Soybean Oil
0.2% Cu-Zn-Soybean Oil
0.1% Cu-Zn-Soybean Oil
0.3% Cu-Soybean Oil
0.3% CuO-Soybean Oil
0.2% Cu-Soybean Oil
0.2% CuO-Soybean Oil
0.1% CuO-Soybean Oil
0.1% Cu-Soybean Oil
Water

o
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o

20 30 40 50 60

Temperature Difference, K

FIGURE 4.10. ' Temperature Difference for different working fluids

Inlet temperature are set to 313.2 K for all runs. Under same setting and
conditions, temperature difference of all nanofluids are observed. This is crucial when
the increment of temperature outlet is the prime factor for any application. According
to the graph, the highest temperature difference at each concentration is hybrid
nanofluid. Meanwhile for the pattern and trend, all three type of nanofluids exhibit the
similar behavior in which, the temperature differences are slightly increase as the
concentrations are increased. This is due to the decrement specific heat capacity value
as nanoparticles are added in which small energy can be stored at each 1°C of a certain
mass. This explains why water show a lower temperature difference comparing to the
other nanofluids as the specific heat capacity is relatively large. However, the rate are
different which hybrid nanofluids show the higher difference compared to single

nanofluids and oxide nanofluids.
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The reason why hybrid nanofluids achieve higher temperature difference is
due to the the highest thermal conductivity enhancement at less viscous state compared
to the other two fluids. Even though adding nanoparticles sacrifice a lot of specific heat
capacity value compared to the other two fluids, hybrid nanofluid shows a thermal
conductivity enhancement of 50% at 0.1% concentration meanwhile oxide and single
nanofluid able to achieve approximately 30% at same concentration. Water on the
other hand only able to achieve temperature different of 13.8 K. Hence, for the
temperature increment, vegetable oil nanofluids surpass the conventional working

fluid, water.

4.6  Temperature Contour Distribution of Vegetable oils

From below temperature contour distribution, the red colour region at the outlet
side is darker for the hybrid nanoparticles. Meanwhile, a slight dark for oxide
nanofluids and lighter for single nanofluids. The objective to study the contour is
observe the behavior of the nanofluids during irradiance energy from sun is being
transferred on the solar collector. Following are the illustration based on the

temperature contour of the tube:
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FIGURE 4.11. (A) Temperature distribution of single nanofluid at 0.1%
concentration (B) Temperature vs length of the solar collector
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Title

FIGURE 4.12.  (A) Temperature distribution of oxide nanofluid at 0.1%
concentration (B) Temperature vs length of the solar collector

Title

Terperatre [K]

Figure 4.13.  (A) Temperature distribution of hybrid nanofluid at
0.1% concentration (B) Temperature vs length of the solar collector

The box shows different temperature range even though the temperature
contour is almost similar. The red contour at hybrid nanofluids indicates more higher
temperature compare to single and oxide vegetables nanofluids. The show that show
much hybrid nanofluids indicates faster heat transfer rate based on the contour in which
the colour conversion from yellow to red appears earlier in the tube.
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4.7  Efficiency comparison among conventional fluids

Efficiency vs Working Fluids
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Figure 4.14.  Working fluids efficiency comparison

At the end of this project, vegetable oils nanofluids are being compared with
other conventional fluids such as water and ethylene glycol. According to the graph
above, most of the vegetable oils has a lower efficiency compared to water. However,
it does not mean it is not feasible to be used. The highest efficiency achieved is by
using CuO-Soybean oil at 0.1% concentration which able to reach until 32.54% of flat
plate solar collector efficiency. Meanwhile, water which dominates the result produces
around 33.51%. This shows that nanoparticles greatly affect the flat plate solar
collector efficiency and from this result, using CuO-Soybean oil at a very low
concentration level will able to surpass conventional working fluid. By comparing
with another conventional fluid which is ethylene glycol, the range of efficiency is
almost in the same for both fluids. In this case, average vegetable oil nanofluid is a
better option as ethylene glycol is well known with the toxicity and can harm the

environment.

The best vegetable oil among the three nanofluids is 0.1% CuO-Soybean oil.
This is because the efficiency is significantly different with the other nanofluids. One
of the reasons is high enhancement under low concentration percentage. Under fluid
flowing scenario, the viscosity matters the most and adding too much nanoparticles
will eventually cause a disturbance for the flow and create wall deposition or internal

resistance of the fluid to flow.
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4.8 Discussion

As the performance study of vegetable oil as the working fluid in solar collector
is totally depending on the formula to obtain the thermal properties value, the result
might less accurate as experimental data. This is because the formula obtained from
classical models just like proposed by Maxwell or Einstein, is totally general and basic.
Asadi et. al (2016) claimed that classical model formula generally underestimates
thermal conductivity enhancement of nanofluids with nanoparticles loading. To get a
very accurate data, formula should be created from experiment using the same

vegetable oil based nanofluid is in this project.

Other than that, choosing the right nanoparticles is very important. From the
result, different nanoparticles show a great influence and effect to the base fluid
thermophysical properties. By using single and hybrid nanoparticles, the enhancement
of efficiency could not be achieved and they behave differently under different
concentration. For oxide vegetables nanofluids, efficiency improved even at a very
small value. Meaning that, the tendency to enhance the performance further is high at

a low concentration level.

The limitation of water is it freeze during winter. Draining the fluid may be one
of the solutions however refueling back the system may not be perfect and air pocket
can develop. Vegetable oil nanofluids as the alternative is introduced however it may
need higher pump power is required. Comparing with water, vegetable oil may be
recommended for an area that have winter season. This is because vegetable oil has

lower freezing point compared to water.

From the obtained result, the relationship of solar collector efficiency and
concentration of nanofluids can be observed. As we increase the concentration, the
efficiency decrease even it increase the outlet temperature. This is because, the amount
of temperature increment is not enough to improve the efficiency. Besides, the
efficiency of all working fluid is less due to low mass flow rate input setting in CFD
setting in order to match the pattern for the validation data trend. The efficiency can
be improved further for all nanofluids when the mass flow rate increased.
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CHAPTER 5: CONCLUSION AND RECOMMENDATIONS

5.1 Conclusion

Numerical studies were conducted to study the performance of vegetable oil
based nanofluids as the working fluids or the absorbing medium in flat plate solar
collector. The conventional medium which is water shows a major drawback during
winter season hence alternative for the fluid is proposed. Vegetable oil which is famous
with interesting characteristic fluid such as environmentally friendly and free from
sulphur compound which somehow may cause localized corrosion. To enhance the
thermal properties of the vegetable oils, nanoparticles such as copper, copper (I1) oxide
and copper-zinc (hybrid) under different concentration are introduced to study the
performance of the nanofluids in the solar collector. However, different nanoparticles
will behave differently although the expectation on the thermophysical properties is
better.

From this project, it is feasible to use vegetable oil as the working fluid with a
little bit less efficiency. Due to less efficient performance, it is advised to use vegetable
oil only in winter area as the major drawback of water is due to piping damage that
result from freezing. Besides, in an area that lack a source of water also applicable to
replace the conventional working fluid. For a better performance, it is suggested that
the pumping power should be increased as oil is more viscous compared to water.
Additional devices such as ultrasonic vibrator and mechanical stirring device are
advised to be used as the stability of the nanofluids might be an issue especially in high
temperature application that allow degradation rate to happen a lot faster. Chemical
approach such as using Oleylamine as capping and reducing agent may be another

solution to enhance the stability of oil based nanofluids.
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5.2 Recommendations

Closing the gap of accuracy is the majority goal in every research and project. As this

project has in a limited timeframe, there are few suggestions for further analysis to

obtain a perfect and accurate data for the performance study. Hence, | would like to

recommend:

1)

2)

3)

Experimental study

This should be done with exact variable values or parameters so that numerical
study and analysis can be compared apple to apple. Other than that, the benefit
of having experimental work is the stability of the nanofluids and the exact
behavior can be observed. Stability of nanofluids is very crucial to understand
so that we can predict the lifespan before aggregation of nanoparticles occur

over time. This can be done using photo capturing or DLS method.

Study the relationship between the efficiency vs Ti-Ta/G (reduced

temperature value)

The main function of studying this is to compare the nanofluids efficiency
under specific operating range. For example, an application of increasing 30 C
to 60 C is required and the best nanofluids may be different. To calculate the
relationship, more time is required as the value of heat removal factor, F and
overall heat loss coefficient should be determined, Ul either from specification

from factor or experimental data.

Adding stability device

To consider using vegetable oil based nanofluids as the alternative to replace
water, mechanical stirring device are recommended to be installed. Stability is
one of the important factors especially when the nanofluids are subjected to
high temperatures or repeating heating cycles as it affects the nanoparticles
interplay and collision. Besides, other suggestion is the chemical approach by

applying steric stabilization method that introduce the surface capping ligands.
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APPENDICES

FIGURE A. 2D Drafting of the flat plate solar collector

Command > wertex create coordinates 0 0 0
Created vertex: wvertex 1

Command > wvertex create coordinates 0.2 00
Created vertesx: wvertes 2

Command> wertex create coordinates 0 0.04 0
Created vertex: wvertex 3

Command > vertex create coordinates 0.01 0.04 0O
Created vertex: wvertex 4

Gommand > wertex create coordinates 0.19 0.04 0
Created vertesx: wvertes &

Command > wertex create coordinates 0.2 0.04 0
Created vertex: vertex 6

Command > vertex create coordinates 0.01 0.03 0
Created vertex: vertex 7

Command > wertex create coordinates 0.1 0.03 0
Created vertex: wvertex f

Command > wertex create coordinates 0.19 0.03 0
Created vertex: wvertesx 9

Command > vertex create coordinates 0.01 0. 017 0O
Created vertex: wertex 10

Command > wertex create coordinates 0.1 0,017 O
Created vertex: wertex 11

Command > wvertex create coordinates 0.19 0.017 0
Created wertesx: wertes 12

Command> wertex create coordinates 0.1 0.024 0
Created vertex: wvertex 13

Command > vertex create coordinates 0.1 0.029 0
Created wertex: wertex 14

Gommand > wertex create coordinates 0.1 0.019 0
Created wvertes: wertes 15

Command > wertex create coordinates 0.105 0.024 0
Created vertex: wvertex 16

Command s vertex create coordinates 0.95 0.024 0
Created vertex: wertex 17

Command > undo

Undone to: wertex create coordinates 0.95 0.024 0.
Command > wertex create coordinates 0,905 0.024 0
Created wvertesx: wertes 17

Command > undo

FIGURE B. Coordination commands in Ansys Gambit
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Operation

Iﬂﬁ: i |
I@:mﬁﬂl

Specify Boundary Types

FLUENT 516

®| @

Action:
4 g ~ Modify
w Delete o Delete all

Hame Type
water_outlet PRESEURE_OQUTLET
interface_1 WaLl
glass WaLL
walls WaLL
interface_2 WALL
F<1 [ i F

| Show labels _| Show colors

Hame: l—

Type:

WALL -
FIGURE C. Specifying boundary type in Ansys Gambit

Nanofluids Thermophysical Calculator
by Wan Amirul Asyraf

Base Fluids Soybean oil Nano particles 1 Cu Nano particles 2

Thermal Conductivity 0.154 Thermal Conductivity 18 Thermal Conductivity 333299
Density 9137 Density 6510 Density 7100
Specific Heat Capacity 1957 Specific Heat Capacity 540 Specific Heat Capacity 390
Dynamic Viscosity 0.028

Concentration 0.45 Concentration Concentration 0.15

Concentration of Hb

Conventional Nanofluids Hybrid Nanofluids

Thermal Conductivity 0.34494 Thermal Conductivity 2 920025605 WmK
Density 2592 59 Density 3520535 kg/m3
Specific Heat Capacity 15319 Specific Heat Capacity 108263119 1/kgk
Dynamic Viscosity 0.0683 Dynamic Viscosity 0.124815011 kg/ms

FIGURE D. Example of program calculator with values

Calculation complete.

Area-Weighted Average

Total Temperature (k)
liquid_inlet 313.28022
liquid outlet 327.01312

Net |zz0.14667

FIGURE E. Example of result retrieved from Ansys
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1. File Report

Table 1. File Information for FFF
Case FFF

File Path C:\Users\Wan Amirul Asyraf\Desktop\Final Year\FYP\3D and Simulation\Official\Vegework\Single Nanoparticles\Cu 0.5%\Ansys\CU
0.5%_files\dpO\FFF\Fluent\fpsc0.001-22-00170.dat.gz

File Date 09 April 2020
File Time 04:04:37 AM
File Type FLUENT

File 19.2.0
Version

2. Mesh Report

Table 2. Mesh Information for FFF

Domain  Nodes Elements
absorber 183359 833577
air 92108 135798
insulation | 118660 556177
liquid 118880 593158

All Domains | 513007 | 2118710

3. Physics Report

Table 3. Domain Physics for FFF
Domain - absorber
Type solid
Domain - air

Type cell
Domain - insulation
Type solid
Domain - liquid
Type cell

FIGURE F.  File, Mesh and Physic Report from Ansys Fluent

Transcript Y Description
Total volune elenents: 2118710 [> [ sraprzcs womov- weper LeeT quanrawt
Total mesh faces: 267360
Total mesh edges: 4604
Total mesh nodes: 423630
Total boundary layers: 0 7
commandt: || |

FIGURE G. Mesh transcript from Ansys GAMBIT
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