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ABSTRACT

The effect of various type of nanofluids on thermoelectric cooling performance has
been investigated numerically. This paper described the effect of nanofluids is used to
assist the thermoelectric cooler for heat dissipation at the hot side to improve cooling
performance the thermoelectric module. ANSY'S Fluent is used to model and simulate
the flow of nanofluids in minichannel Heat sink attached to the thermoelectric module
hot side. The model described is validated with prior experimental study. The selected
nanofluids are TiOx/water, SiO./water, TiO2/EG and Si02/EG, the volume
concentration of nanoparticles for each nanofluids varies from 0.01%, 0.02% and
0.04%. The results of present work show that TiO./water with 0.04% volume
concentration as a coolant lead to highest COP of thermoelectric air conditioner.
Numerical findings show that increase in volume concentration, improves thermal

conductivity and thermal effectiveness between coolant and heatsink.
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CHAPTER 1

INTRODUCTION

1.1  Background Of Study

Specific liquids are used as coolants in different purposes for heat transfer since
these liquids have a lower thermal conductivity than common solids. To transfer heat
rapidly and more effectively with minimum fluctuations in temperature, scientists are
working to integrate small particles into liquids. A mixture of colloidal nanoparticles
and base fluids when uniformly dispersed and stably in base fluids called nanofluids,
Can impressively improves the thermal properties of base fluids to boost the rate of
heat transfer. Research indicates that Al>Os-water nanofluids and the thermal

conductivity improvement is observed to 87% at 293K for 50wt.% [1].

Several years back, thermoelectric cooling technology is one of high performance,
low energy consumption devices. The physical thermoelectric properties depend on
the temperature of the heating and cooling sides[2]. Thermal resistance network

designed to reflect the efficiency coefficient (COP).

Thermoelectric cooling is used to control the temperature of electronic devices
thermally, including processors. TEC fixes the perceived problem of dissipation of
heat of electronic areas. Thermoelectric advances are becoming faster as the basic

science of thermoelectric is becoming well known.



In this project, nanofluids used as heat dissipation fluid for hot-side thermoelectric
cooling, as the thermoelectric module degrades as it exceeds maximum temperature
different. The heat transfer between the nanofluids and thermoelectric hot side is
demonstrating in ANSYS Fluent.

1.2 Problem Statement

The performance of thermoelectric cooler will reduce when the different
temperature at the hot side and cold side exceed the maximum different temperature
specification which is 67 ° C. Application of nanofluid as a heat dissipation fluid
improves cooling performance of thermoelectric cooler[3]

The heat dissipation between the TEM and nanofluids is quite specific
challenging along the way. The stability nanoparticles affect the thermophysical

properties, respectively.

1.3 Objectives

The objectives of this project are as below:

i.  To study the thermal physical properties and select the suitable nanofluids for
heat dissipation in thermoelectric cooling.
ii.  To develop a simulation model of thermoelectric module and nanofluids as a
coolant using ANSY S software.
iii.  To analyse the performance of thermoelectric cooling by using nanofluids as a

coolant numerically.



1.4 Scope Of Study

i.  This work is focused on the effects of the thermophysical properties,
thermal conductivity, density, specific heat capacity and concentration of
nanoparticles, in enhancing the cooling performance of TEC.

ii.  Thesimulation of heat transfer between thermoelectric module hot side and

nanofluids is analysed using CFD simulation (Ansys Fluent).



CHAPTER 2

LITERATURE REVIEW

2.1  Preparation Of Nanofluids

Nanofluids are diminish colloidal suspensions of nanoparticles in a base fluid

showing extremely good efficiency improvement

applications. However, the preparation and stabilizing of nanofluids is still a major

concern as the properties of nanofluids rely on the stabi

are two way of nanofluids synthetization which are single step and two step
method[5]. The single step method involves preparing the nanoparticles directly inside

a liquid volume while the two step method involving the dispersion of dry

nanoparticles into a liquid base[6]. Figure 2.1 shows

using magnetic stirring. Metal-oxide nanofluids is suitable to prepare using two step

method. So, we will use the two-step method for this project to synthesize nanofluids

according to nanofluid selection.

in heat transfer in multiple

lity of the suspension[4]. There

the preparation of nanofluids

Al;03 Nanoparticles

Base fluid (water)

>,

Magnetic Stirring

Sonication

Al>03/water nanofluids

Figure 2.1: Preparation of nanofluids




The main dilemma in preparing the nanofluids is on the stability because it is
dependent on surface forces acting between particles, the general technique for
enhancing nanofluids stability is to add surfactants, which induce electrostatic or steric
revulsion between nanoparticles, thereby abstain from aggregation[2]. The base fluid
might be a low-viscous liquid including water, refrigerant or a high-viscous liquid such
as ethylene glycol, mineral oil or a combination of various fluid forms[7].

2.2  Application Of Nanofluids In Heat Transfer Enhancement

Study on enhancing heat transfer via nanofluids and device assisted by
nanofluids also Gained huge global exposure over the last decade due to their
numerous stunning properties[8]. Nanofluids could be characterized as a
nanoparticulated fluid with a nanometer size and a base fluid. The heat transfer
properties of nanofluids will indeed be superior than ordinary heat transfer fluids
because of the existence of high thermal conductivity nanoparticles usually made up
carbon nanotubes, metal oxides and carbides. Owing to its thermophysical
characteristics, nanofluid can thus be widely used in most research activities in recent
decades in relation to heat transfer enhancement that serves the principal purpose of
its use. Table 2.1 shows critical analysis of nanofluids in heat transfer enhancement in

various paper.

Table 2.1: Summary of critical analysis of nanofluids as coolant

Authors Base Fluid Nanoparticles Volume Result and
Concentration remarks
(Ahammed et | Water Al2O3 0.1%, 0.2% The higher the
al., 2016)[9] concentration of

nanofluids, the
higher thermal

effectiveness.




(Hashimoto et
al., 2020)[10]

Water/Ethylene
Glycol

SiO2

0.02%,
0.05%, 0.1%

The coefficient
of heat transfer
increases with
increased
concentration of

nanoparticles.

(Fares et al.,
2020)[11]

Water

Graphene

0.2%

Heat exchanger
thermal
efficiency
improve by
13.7% compare
to conventional
fluid.

Mukherjee et
al., 2020) [5]

Water

Al,O3, TiO>

0.25%, 0.5%,
1.5%

Al>O3 achieved
44% thermal
conductivity
enhancement

and 21%
enhancement of
transient heat
transfer

performance.




(Ghanbarpour
et al.,, 2014)

[1]

Water

AlxO3

3% - 50%

The rise in
thermal
conductivity
and viscosity
varies from
11% to 87%
and 181% to
300%,

accordingly.

(Keshavarz
Moraveji et
al., 2013) [12]

Water

TiOy, SiC

0.8%, 1.6%,
2.4%, 3.2%,
4%

Increase in
particle
concentration,
improve the
heat transfer

coefficient.

2.2 Application Of Thermoelectric Cooling

Thermoelectric Cooler (TEC) technology has gained good attention for its

compact design, working silence, highly reliable, eco-friendliness and absence of

mechanically moving components. TEC includes of Semiconductor p-type and n-type

parts, electrically connected in sequence. As direct current flows via the circuit and

causes temperature differences between sides of the TEC. As a result, one side of the

TEC, defined as the cold side, is cooled while its opposite side, which called the hot

side, is heated at the same time [13]. Table 2.2 shows summary of application of

thermoelectric cooling and cooling method at hot side.




Table 2.2: Summary of application of TEC and cooling method at hot side

Authors Application Cooling method at | Result and remarks
hot side
(Irshad et al., Air- Conditioner | Air Cooling Achieved
2015) [14] maximum COP of
0.679 and 498.6 W
cooling capacity.
(Ahammed et al., | Water chilling Water, Highest COP of
2016)[9] Al>Os/water 1.69 achieved
when Al2Os/water
used a coolant
compare to water
1.2.
(McNally et al., Electronic devices | Air Cooling Highest cooling
1936)[15] cooling capacity achieved
57 watts at 6 A
input current.
(Shoeibi et al., Water Chilling Water Cooling The efficiency of
2020)[16] solar still improved

76.4% using
thermoelectric

cooling.

(Sunetal., 2017)
[17]

Electronic devices

cooling

Water Cooling

Cooling capacity
improved 73.54%
compare to air

cooling.




CHAPTER 3

METHODOLOGY

3.1  Project Management

Project management is a critical element to scheduling and planning the

research flow under the time limit.

3.1.1 Research Techniques

Gathering the information is necessary for starting the analysis in order to get
a project overview. Reading materials related to the research through books,
conference articles, and online journals can provide the necessary information for the
analysis to be performed. For instance, topics related to thermoelectric air conditioner,

heat transfer enhancement via nanofluids and minichannel heatsink.

Other than that, It is essential to consult with lecturers and experts in the
research field to ensure that the research achieves the goals.



3.1.2 Project Activities

Objective/Scope

v

Literature review on nanofluids and
thermoelectric cooling

v

Selection of Nanoparticles and Base
Fluids

v

Simulation of Thermoelectric Cooling
and Nanofluids in ANSYS

v

Analyze the hot side temperature of
thermoelectric

Data Analysis

Results

v

Validation and discussion

v

Conclusion and recommendation

Figure 3.1: Project activities flow chart
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3.1.3 Project Gantt Chart

Table 3.1: Project Gantt chart of FYP 1

No Details/Week 1 2 3 4 5 6 7 10 | 11 | 12 | 13 | 14
1 | Literature Review on Nanofluids
and Thermoelectric Air
Conditioner
2 | Selection of nanoparticles and *
base fluids
3 | Construction of Methodology
4 | Research on numerical modelling
between nanofluids and TEC
5 | Identify the equations used in
fluid flow analysis of nanofluids *
in TEC
6 | Simulation in Ansys of
nanofluids and TEC

i\( Project Key Milestone

11




Table 3.2: Project Gantt Chart of FYP2

No

Details/Week

1

2 | 31415

6

7

10

11

12

13

14

Literature Review on Numerical
Study of Nanofluids and
Thermoelectric Air Conditioner.

Develop equations used in fluid
flow analysis of nanofluids
assisted thermoelectric air
conditioner.

Model the thermoelectric air
conditioner in ANSYS.

Mesh the geometry

Run the simulation.

Analyze the results.

Validate the results.

Conclude the results

Ol 0O N O o1

Discussion and
recommendation

i\( Project Key Milestone

12




3.2 Thermoelectric Air Conditioner Description

Figure 3.2 shows a proposed schematics diagram of nanofluids assisted
thermoelectric Air conditioner. Minichannels heatsink used to aid the coolant dissipate
heat from thermoelectric hot side. Minichannel heatsink is attached to the
thermoelectric module's hot side. The specifications of the aluminum minichannel
heatsink are given in the Table 3.3. The coolant flows through the heat sink and
contains the heat which is transmitted from the thermoelectric modules' hot side. The
heat exchanger transports the hot coolant to drain the added heat and return to the

coolant tank.

To measure the cooling load, a test room with a scale of 2 mx 2 mx 2 m is
used. The cooling load of the room was calculated with value 170 W. It was noted that
26 W of input power to thermoelectric module can produce 40 W of cooling power.
Therefore, to ensure adequate cooling, the number of TEMs needed for a cooling load
of 170 W was 5 units, That could provide cooling power of up to 200 W in the

configuration offered, which was slightly larger than the cooling load needed.

13



Heat Exchanger 3
N Cold Air

. To room
Nanofluids Tank space
__— Air Duct
DrainValve — ___— Thermoelectric Module
- — Cold side of TEM
HotSide of TEM —
Fan for air intake

Minichannel —— TN

heatsink . —— \ 1 i

Fluid Pump — \ Ambient Air

Shutdown valve

Figure 3.2: Schematics diagram of NTEAC

Table 3.3: Specification of minichannel heatsink[9]

Specifications Value
Channel width, Wen (M) 0.00145
Channel height, Hen (M) 0.001

Base thickness, t, (M) 0.0005
Fin width, Win (m) 0.0005
Hydraulic diameter, Dy (m) 0.001184

14




3.3  CFD Modelling Process

Create Geometry

A

Perform Discretization

(Generating mesh)

4

Set boundary condition

Vin=0.05 m/s
Tinlet =293 K
Tho =298 K

>

A

Type of nanofluids

TiOz/water
SiOz/water
TiO2/EG
SIO/EG

el

A 4

Variation of volume
concentration (%)

e 0.01%, 0.02%,0.04%

Repeat the step and
change the volume
concentration.

Initialize and run calculation

A

Post Processing

e Visualize the
temperature contour

Figure 3.3: Process of CFD Modelling
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34 Simulation Model

3.4.1 Design Of Geometry

Figure 3.4 shows the geometry of minichannel heatsink affixed to the
thermoelectric hot-side design in design modeler ANSYS fluent. The geometry shown
in figure consist of minichannel heatsink, thermoelectric module and air duct. The
geometry shows the minichannel heatsink attached to the Thermoelectric hot side for
heat dissipation and improve thermoelectric cooling power. Various nanofluids is used
as the cooling fluids. Table 3.4 shows the domain type and material that being declare
in ANSYS for each body part in the geometry.

Figure 3.4: Design of geometry in design modeler

16



Table 3.4: Declared material ANSY'S Fluent [7]

Body Part Domain type Material
Air Duct Fluid Air ldeal Gas
Copper Solid Copper
Ceramic Solid Aluminum Oxide
Minichannel Solid Aluminum
Heatsink
Pleg Solid Bismuth Telluride
Nleg Solid Bismuth Telluride
Fluid Fluid Nanofluids

3.4.2 Meshing Of Geometry

Meshing forms a crucial aspect of the simulation phase in which Complex
geometries are categorized into basic elements that can be used as discrete local
simplifications of the greater domain. The mesh affects simulation precision,
convergence, and the simulation speed. Besides, as meshing usually occupies a large
portion of the time it takes for simulation outcomes to be obtained, the quicker and

more efficient the meshing devices, the more precise the solution is. Figure 3.5 show

size of element of 0.1 mm in the meshing part in ANSYS fluent.

17




Figure 3.5: Meshing of Geometry

3.5  Numerical Analysis

The system was modelled by using ANSYS Fluent and ANSYS Thermal
Electric. This software will measure how much heat can be dissipated by the fluid flow
within the minichannel heatsink from the thermoelectric hot side. The thermoelectric
modules used in the simulation are specified in Table 3.5. The initial temperature of
the hot side of thermoelectric module is set to Thot = 25 °C.

Table 3.5: Specification of thermoelectric[9]

Specifications Value
Dimension (mm) 40x40x3.5
N 127
Imax (A) 8.5
Vimax (V) 14.4
Qmax (W) 72
ATmax (°C) 67
Rre (Q) 1.31
Ste (VIK) 0.048
Kre (W/°C) 0.71

18



3.5.1 Thermoelectric Cooler

A TEM's heating and cooling capacity comprised four forms of heat which
are Peltier cooling (Qrec), Peltier heating (Qpen), Joule heat (Qsn) and Fourier heat

(Qrn) given as follows:

Qrec = StelTeold 1)
Qpen = Stel Thot )
QiH = Stel Thot (3)
QrH = K1 (Thot — Teold) 4)

By using the above equation, a TEM can describe the heating and cooling

power as:
Qeold = StelTeold — 0.51°Rre — KreAT ()
Ste = 2Na (6)
Rte =2No | G’ (7)
Kre = 2Nk G’ (8)
Qnot = Stel Teold + 0.51°R1e — K1eAT 9)
Vin = (Ste X (Thot — Tcoid)) + (I XRTE) (10)

The electrical power input of a TEM is provided by:

Pre = al (Thot — Tcold) + 1? RTe (11)
S%rg (12)
Rrg KrE

19



The COP of TEC can be given by:

COP1e cooling = % (13)

TE

3.5.2 Estimation of nanofluids thermophysical properties

Suppose the nanoparticles are have been well distributed throughout the base
fluid, the distribution of particles can be assumed uniform in the whole system, The
thermophysical properties of the mixtures can be measured using certain classical
formulas as normally used for dual phase flow. Thermophysical properties of base
fluids and nanoparticle are given in the Table 3.6 and Table 3.7 respectively. They
used the following equations to estimate the thermal conductivity, density and specific
heat of nanofluids at different concentrations[18].

B (kp+ (n—Dkps+(n—1)@kpf—kp) (14)
Knt = Kof
(kp+ (Tl—l)kbf+(p(kbf—kp)
prt= (1= ) pot+ @pp (15)
) (1= @)(pCp),, 1+ (@)(PCp),, (16)
p)nf =

Pnf

For viscosity calculation of nanofluids, the correlation has been used[19]:

unt = ot (1+ 39.11¢p + 533.9¢2) a7

20



Table 3.6: Thermophysical properties of base fluids[20]

Properties Water Ethylene-glycol
Thermal Conductivity (W/mK) 0.6316 0.256
Dynamic Viscosity (N s/m?) 6.56 x 10* 0.021
Density (kg/m®) 991.8 1126
Specific heat capacity (J/kg K) 4178.6 2354

Table 3.7: Thermophysical properties of selected nanoparticles[5], [21]

Properties TiO2 SiO,

Thermal Conductivity (W/mK) 11.7 1.3
Density (kg/m?®) 4000 2200
Specific heat capacity (J/kg K) 683 740

3.6  Boundary Condition
For thermoelectric boundary condition, at input power 26 W initial value at hot
side temperature is set to Thot = 25 °C.

For minichannel heatsink, the inlet temperature and velocity of coolant is set

to a constant value which is:
Tin=293 K
Vin=0.05 m/s

The flow is often believed to be thermally fully formed at the channel outlet,
as the temperature gradient change along the stream path at the channel outlet is

typically relatively low.

21



CHAPTER 4

RESULT AND DISCUSSION

4.1 Model Validation

To ensure the numerical model is valid, the model is verified with available
experimental result from Ahammed et al., 2016 [9]. The heat flows from the hot side
to the heat sink wall. According to the simulation results, the hot side temperature of
TEC and the maximum wall temperature of minichannel heatsink using water as
coolant been recorded and compared with experimental results. Figure 4.1 shows the
temperature of hot side and maximum temperature of wall of minichannel heatsink.

The percentage different is 2.78%.

SIMULATION VALIDATION

24.5

N
~

N
9)
(2]

—&— Ahammed et al.
Present Study
22.5

TEMPERATURE (°C)

N
N

21.5
TH TW

Figure 4.1: Temperature at hot side and wall of minichannel heatsink
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4.2 Coefficient Of Performance Of Thermoelectric Cooler.

Figure 4.1 shows the change of COP of the thermoelectric cooling module in
the variation of nanofluids and nanofluids concentration. Certainly, it is shown that the
COP rises with increased concentration of nanoparticles. The highest COP of
thermoelectric cooler is 1.4821 when TiO2/water used the coolant at an input power of
26 W, with volume concentration of 0.04 %. The COP decreased to 1.4657 when

SiO2/EG as the working fluids under the same input power.

COP vs Nanoparticles Concentration
1.484
1.482
1.48
1.478
1.476

—@—Ti02/Water
1.474

cop

Si02/Water
1.472

TiO2/EG

1.47 SiO2/EG
1.468
1.466

1.464
0 0.01 0.02 0.03 0.04 0.05

Nanoparticles Concentration(%)

Figure 4.2: Various COP at various concentration of coolant
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4.3  Cooling Capacity

Figure 4.2 presents the variation of cooling capacity against volume
concentration of nanoparticles. It was found that, as the concentration of the coolant
increase, the cooling power (Qc) increases. These findings showed that this would
increase the cooling power by regulating the temperature at TEC's hot side using
nanofluids as the coolant. The cooling power increase from 42.31 watt to 42.52 watt

for TiO2/water cooling at 0.01% and 0.04% volume concentration, respectively.

Cooling capacity vs Nanoparticle Concentration

42.6
42.5
E 42.4
>
=
o
g —@—Ti02/Water
2 m03
(&) Si02/Water
oo
é TiO2/EG
o
8 42.2 SiO2/EG
42.1

42
0 0.01 0.02 0.03 0.04 0.05

Nanoparticle Concentration(%)

Figure 4.3: Cooling capacity against volume concentration of nanoparticles
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Figure 4.4 compares the cooling power (Qc) of the TEC for cooling cases at 26
watt of input power. The cooling capacity depends on the temperature of cold side,
reducing the temperature of hot side will improve the system cooling. Therefore, the
lower the temperature at the cold side, the higher the cooling power. It is observed
from the figure TiO2/water nanofluid cooling method produces the highest cooling
power, which means the most efficient cooling of all method. Also, it seen that
nanoparticles dispersed in water as based fluid produce better cooling compare to
Ethylene Glycol as base fluid. That is because of the inclusion of nanoparticles to

improve thermal conductivity of the base fluids.

Having a low cooling capacity for EG base fluids does not make it a bad
coolant. For a winter condition air conditioner, EG base fluid will be better than water
because of the low freezing point. EG as base fluids also have a low specific heat
capacity, it enables a mixture of glycol to bring heat away much faster than water.

Cooling Capacity vs Type of Coolant

42.6

42.5

42.4
42.3
42.2
42.1
4
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Figure 4.4: Cooling capacity against type of coolant.
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45 Thermal Effectiveness Of Minichannel Heatsink

The thermal effectiveness between the minichannel heatsink and nanofluids is
important to analyses. Figure 4.5 shows variation of the minichannel heatsink thermal
effectiveness as a function of the nanoparticles volume concentration. The velocity
inlet is set to be constant at 0.05 m/s. Thermal effectiveness is measure by observed
the wall of heat sink base temperature. The result shows nanofluid with water as base
fluids shows higher thermal effectiveness. It also seen that increase of volume

concentration increase the thermal effectiveness.
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Figure 4.5: Thermal Effectiveness as a function nanoparticle

volume concentration
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4.6 Thermoelectric Dimensionless Figure Of Merit (ZT) At Hot Side

Dimensionless figure of merit (ZT) is defined to measure the thermoelectric
performance. Figure 4.6 shows variation value of ZT as a function of nanoparticle
volume concentration. The higher the volume concentration of Nanoparticle, the lower
the value of ZT. This occurs because the more heat will dissipate at the hot side of
thermoelectric cooling module. The simulation shows the worst ZT at the hot side,
produce the highest cooling. The joule heating at the hot side is transfer to the heatsink.
It shows, optimizing local ZT towards highest value not necessarily optimum for
maximum cooling. The lowest ZT is shown by TiOz/water cooling at 0.04% volume

concentration which is 0.7304.
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Figure 4.6: ZTlocal at hot side as a function of nanoparticle

volume concentration
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CHAPTER 5

CONCLUSION AND RECOMMENDATION

51 Conclusion

Thermoelectric air conditioner with nanofluid cooled minichannel heatsink is
numerically study for cooling performance. Thermophysical properties of TiO2/water,
TIO2/EG, SiOo/water and SiO2/EG is study for heat dissipation fluid at hot side

thermoelectric cooler and enhance cooling performance.

The simulation of fluid flow between nanofluids, minichannel heatsink and
thermoelectric module is develop using ANSYS fluent. The cooling performance
thermoelectric cooler being analyse using nanofluids as a coolant in numerical

analysis.

The highest COP reached by thermoelectric air conditioner is 1.482 for 0.04%
of volume concentration of TiOz/water as coolant. The result show increment of 2.71%
in COP compared to water. The thermal effectiveness of the cooling system improves
with increased volume concentration of nanoparticles. The result prove that nanofluids

enhance efficiency and cooling performance of thermoelectric.
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5.2 Recommendation

The stability of nanofluids is not considered in this project because it cannot
be calculated using simulation. The simulation show, EG as base fluid have a lower
COP compare to water. Low freezing point and high boiling point make EG a better
coolant compare to pure water. The low specific heat capacity of EG make it carries
the heat much faster than water. It is recommended to mix EG with water as base fluid
because of the high viscosity of pure EG, will need to boost the flow rate and increase
energy consumption. This could contribute to wear of the equipment. It is important
to determine the exact the minimum glycol concentration required to maintain device

performance.

The thermal comfort and humidity of the test room also not considered because
the simulation only focus on heat dissipation by nanofluids at the hot side
thermoelectric cooler. In the exact calculation stage, Verification of numerical findings
with experimental results is highly recommended with exact parameters and variables

in order to obtain the appropriate accuracy of the outcome of this project.

29



[1]

[2]

[3]

[4]

[5]

[6]

[7]

REFERENCES

M. Ghanbarpour, E. Bitaraf Haghigi, and R. Khodabandeh, “Thermal
properties and rheological behavior of water based Al203 nanofluid as a heat
transfer fluid,” Exp. Therm. Fluid Sci., vol. 53, pp. 227-235, 2014, doi:
10.1016/j.expthermflusci.2013.12.013.

K. Cacua, F. Ordofiez, C. Zapata, B. Herrera, E. Pabdn, and R. Buitrago-
Sierra, “Surfactant concentration and pH effects on the zeta potential values of
alumina nanofluids to inspect stability,” Colloids Surfaces A Physicochem.
Eng. Asp., vol. 583, no. September, 2019, doi:
10.1016/j.colsurfa.2019.123960.

N. Jaziri, A. Boughamoura, J. Miiller, B. Mezghani, F. Tounsi, and M. Ismail,
“A comprehensive review of Thermoelectric Generators: Technologies and
common applications,” Energy Reports, no. xxxx, 2019, doi:
10.1016/j.egyr.2019.12.011.

V. Fuskele and R. M. Sarviya, “Recent developments in Nanoparticles
Synthesis, Preparation and Stability of Nanofluids,” Mater. Today Proc., vol.
4, no. 2, pp. 4049-4060, 2017, doi: 10.1016/j.matpr.2017.02.307.

S. Mukherjee, S. Chakrabarty, P. C. Mishra, and P. Chaudhuri, “Transient heat
transfer characteristics and process intensification with AI203-water and
TiO2-water nanofluids: An experimental investigation,” Chem. Eng. Process.
- Process Intensif., vol. 150, no. March, p. 107887, 2020, doi:
10.1016/j.cep.2020.107887.

G. Zyla, J. Fal, M. Gizowska, A. Witek, and M. Cholewa, “Dynamic viscosity
of aluminum oxide-ethylene glycol (Al203-EG) nanofluids,” Acta Phys. Pol.
A, vol. 128, no. 2, pp. 240-242, 2015, doi: 10.12693/APhysPolA.128.240.

A. K. Sharma, A. K. Tiwari, and A. R. Dixit, “Rheological behaviour of
nanofluids: A review,” Renew. Sustain. Energy Rev., vol. 53, pp. 779-791,
2016, doi: 10.1016/j.rser.2015.09.033.

30



[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

B. Bakthavatchalam, K. Habib, R. Saidur, B. B. Saha, and K. Irshad,
“Comprehensive study on nanofluid and ionanofluid for heat transfer

enhancement: A review on current and future perspective,” J. Mol. Lig., vol.

305, p. 112787, 2020, doi: 10.1016/j.molliq.2020.112787.

N. Ahammed, L. G. Asirvatham, and S. Wongwises, “Thermoelectric cooling
of electronic devices with nanofluid in a multiport minichannel heat
exchanger,” Exp. Therm. Fluid Sci., vol. 74, pp. 81-90, 2016, doi:
10.1016/j.expthermflusci.2015.11.023.

S. Hashimoto, K. Kurazono, and T. Yamauchi, “Anomalous enhancement of
convective heat transfer with dispersed SiO2 particles in ethylene glycol/water
nanofluid,” Int. J. Heat Mass Transf., vol. 150, 2020, doi:
10.1016/j.ijheatmasstransfer.2019.119302.

M. Fares, M. AL-Mayyahi, and M. AL-Saad, “Heat transfer analysis of a shell
and tube heat exchanger operated with graphene nanofluids,” Case Stud.
Therm. Eng., vol. 18, no. January, p. 100584, 2020, doi:
10.1016/j.csite.2020.100584.

M. Keshavarz Moraveji, R. Mohammadi Ardehali, and A. [jam, “CFD
investigation of nanofluid effects (cooling performance and pressure drop) in
mini-channel heat sink,” Int. Commun. Heat Mass Transf., vol. 40, no. 1, pp.
58-66, 2013, doi: 10.1016/j.icheatmasstransfer.2012.10.021.

Y. W. Chang, C. C. Chang, M. T. Ke, and S. L. Chen, “Thermoelectric air-
cooling module for electronic devices,” Appl. Therm. Eng., vol. 29, no. 13, pp.
2731-2737, 2009, doi: 10.1016/j.applthermaleng.2009.01.004.

K. Irshad, K. Habib, N. Thirumalaiswamy, and B. B. Saha, “Performance
analysis of a thermoelectric air duct system for energy-efficient buildings,”
Energy, vol. 91, pp. 1009-1017, 2015, doi: 10.1016/j.energy.2015.08.102.

W. J. McNally, E. A. Stuart, T. F. Reid, and L. H. McConnell, “An
experimental investigation of tinnitus,” J. Laryngol. Otol., vol. 51, no. 6, pp.
363-386, 1936, doi: 10.1017/S002221510004264X.

S. Shoeibi, N. Rahbar, A. Abedini Esfahlani, and H. Kargarsharifabad,

31



“Application of simultaneous thermoelectric cooling and heating to improve
the performance of a solar still: An experimental study and exergy analysis,”
Appl. Energy, vol. 263, no. January, p. 114581, 2020, doi:
10.1016/j.apenergy.2020.114581.

[17] X.Sun et al., “Experimental Research of a Thermoelectric Cooling System
Integrated with Gravity Assistant Heat Pipe for Cooling Electronic Devices,”
Energy Procedia, vol. 105, pp. 4909-4914, 2017, doi:
10.1016/j.egypro.2017.03.975.

[18] Y. Xuan and W. Roetzel, “Conceptions for heat transfer correlation of nano
uids,” vol. 43, pp. 3701-3707, 2000.

[19] N. Masoumi, N. Sohrabi, and A. Behzadmehr, “A new model for calculating
the effective viscosity of nanofluids,” vol. 055501, 2009, doi: 10.1088/0022-
3727/42/5/055501.

[20] S. M. Peyghambarzadeh, S. H. Hashemabadi, S. M. Hoseini, and M. Seifi
Jamnani, “Experimental study of heat transfer enhancement using
water/ethylene glycol based nanofluids as a new coolant for car radiators,” Int.
Commun. Heat Mass Transf., vol. 38, no. 9, pp. 1283-1290, 2011, doi:
10.1016/j.icheatmasstransfer.2011.07.001.

[21] S. Soltani, A. Kasaeian, H. Sarrafha, and D. Wen, “An experimental
investigation of a hybrid photovoltaic/thermoelectric system with nanofluid
application,” Sol. Energy, vol. 155, pp. 1033-1043, 2017, doi:
10.1016/j.solener.2017.06.069.

32



APPENDICES

Appendix 1: Diagram of ANSY'S setup

Appendix 2: Nanofluids thermophysical properties calculator in excel

Nanofluids Thermophysical Calculator

Base Fluids

Thermal Conductivity
Density

Specific Heat Capacity
Dynamiciscosity
Concentration
wolume

Nano particles

Thermal Conductivity
Density

Specific Heat Capacity
Dynamicviscosity
Concentration
“wolume

Shape Factor

Oxide Nanofluids

Thermal Conductivity
Density

Specific Heat Capacity
Dynamichiscosity

ol|lo|o|o
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Appendix 3: Thermoelectric Calculator in Excel

INFUT VALLIE
Celta T (K) 10
Current (A) 4.5
Te (K) 287.182
Th (K) 297.182
Treduction (K) 3.116

OUTPUT WaLLIE
Qoc 41.667362 !
Oh 82,395062 Wy
Pte 28,6875 Wy
COPte 1.452464035
Ry 6,375 %

Appendix 4: Post-Processing in ANSYS FLUENT

ANSYS

2019R3

Temperature
Coolant

296.96
296.74
296.52
- 296.30
- 296.08
295.86
295.64
295.42
- 295.20
294.98
- 294.76
294.54
294.32
294.10
- 293.88

293.66
293.44
293.22

293.00

(K]

0.005 (m)
1
0.00375
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