Experimental Investigation on the Performance of Domestic Vapour Compression
Refrigeration Systems with the Usage of Nanorefrigerants.
Dissertation-II
Submitted in partial fulfillment of the requirement for the award of degree
Of
Master of Technology
IN
THERMAL ENGINEERING
By
Mohd Waheed Bhat
(11617047)

Under the guidance of

Gaurav Vyas

UID 17703

DEPARTMENT OF MECHANICAL ENGINEERING
LOVELY PROFESSIONAL UNIVERSITY
PUNJAB



TOPIC APPROVAL PERFORMA

School of Mechanical Engineering

Program: P17K: M.tech. (Thermal Engineering) [Full Time]

COURSE CODE : MEC604 REGULAR/BACKLOG : Regular GROUP NUMBER : MERGDO0046
Supervisor Name :  Gaurav Vyas uiD: 17703 Designation : Assistant Professor
Qualification : Research Experience :

SR.NO. NAME OF STUDENT REGISTRATION NO |BATCH SECTION CONTACT NUMBER
1 Mohd Waheed Bhat 11617047 2016 M1673 7696517012
SPECIALIZATION AREA: Thermal Engineering Supervisor Signature:

PROPOSED TOPIC: Experimental Investigation on the Performance of Domestic Vapour Compression Refrigeration Systems using
Nanorefrigerants.

Qualitative Assessment of Proposed Topic by PAC

Sr.No. Parameter Rating (out of 10)
1 Project Novelty: Potential of the project to create new knowledge 7.00
2 Project Feasibility: Project can be timely carried out in-house with low-cost and available resources in 8.50
the University by the students.
3 Project Academic Inputs: Project topic is relevant and makes extensive use of academic inputs in UG 7.00
program and serves as a culminating effort for core study area of the degree program.
4 Project Supervision: Project supervisor’s is technically competent to guide students, resolve any issues, 6.50
and impart necessary skills.
5 Social Applicability: Project work intends to solve a practical problem. 7.50
6 Future Scope: Project has potential to become basis of future research work, publication or patent. 6.50

PAC Committee Members

PAC Member 1 Name: Minesh Vohra UID: 15783 Recommended (Y/N): Yes
PAC Member 2 Name: Vijay Shankar UID: 16474 Recommended (Y/N): NA
PAC Member 3 Name: Sudhanshu Dogra UID: 16900 Recommended (Y/N): Yes
DAA Nominee Name: Kamal Hassan UID: 17469 Recommended (Y/N): NA
Final Topic Approved by PAC: Experimental Investigation on the Performance of Domestic Vapour Compression

Refrigeration Systems using Nanorefrigerants.

Overall Remarks: Approved

PAC CHAIRPERSON Name: 12174::Gurpreet Singh Phull Approval Date: 14 Nov 2017

11/23/2017 1:46:56 PM



CERTIFICATE

I hereby certify that the work being presented in the dissertation entitled “Experimental
Investigation on the Performance of Domestic Vapour Compression Refrigeration Systems
with the Usage of Nanorefiigerants > in partial fulfillment of the requirement of the award of
the Degree of master of technology and submitted to the Department of Mechanical Engineering
of Lovely Professional University, Phagwara, is an authentic record of my own work carried out
under the supervision of (Gaurav Vyas, Assistant Professor) Department of Mechanical
Engineering, Lovely Professional University. The matter embodied in this dissertation has not

been submitted in part or full to any other University or Institute for the award of any degree.
(23 November 2017)
(Mohd Waheed Bhat)

11617047

This is to certify that the above statement made by the candidate is correct to the best of my

knowledge.
(23 November 2017) (Gaurav Vyas)
(17703)
COD (ME)

The external viva-voce examination of the student was held on successfully

Signature of Examiner



ACKNOWLEDGEMENT

In completion of this research work, many individual have supported and I am very grateful that
they give their precious time and support. So, I would like to extend my sincere gratitude to all

of them.

I am deeply obliged to my dissertation supervisors, Mr. Gaurav Vyas, Dr. Raja Sekhar
Dondapati for their respectable guidance, support, encouragement and constant supervision as
well as for providing necessary information regarding my thesis. This dissertation would not

have been accomplished without their valuable advice and support.

I am also thankful to Mr. Gurpreet Singh Phull, (HOS) and Mr. Sudhanshu Dogra (HOD)

School of Mechanical Engineering, Lovely Professional University, Punjab

I would like to thank all the staff members of School of Mechanical engineering who have been

very patient and co-operative with us.

I would also like to extend my gratitude to my seniors Mr. Mohit Kalsia, Mr. Abhinav Kumar,
Ms. Priyanka Anand, Mr. Rajesh Kumar who always encouraged and supported me in this thesis

work.

I would like to thank Lovely Professional University for giving me opportunity to use their
resource and work in such a challenging environment. I am grateful to the individuals whom

contributed their valuable time towards my thesis.

Nonetheless, I am very thankful to my family, friends and classmates for their endless support,
love and encouragement. Acknowledging the parents support is foremost in achieving what I am

now.
Mohd Waheed Bhat

(11617047)



ABSTRACT

The demand for energy is increasing dramatically, therefore energy conservation and reduction
of emissions become compulsory for sustainable development. However, the enormous
development in technology has led to energy shortage and environmental global warming.
Domestic refrigerators have been identified as huge emission contributor globally due to usage
of high Ozone Depleting and Global Warming Potential Chlorine or Fluorine based refrigerants.
Globally about 12% of total energy budget is consumed to run domestic refrigerators working on
R134a refrigerant. In India R134a refrigerant is used in 90% of the refrigeration systems such as
refrigerators, deep freezers. Among the refrigeration systems, Vapour Compression Refrigeration
Systems find wide applications in domestic and Industrial needs. From literature survey, it has
been found that usage of Hydrocarbon refrigerants such as R290, R600a etc. have proved to be
energy efficient and ecofriendly to the environment. Also, usage of nanoparticles in refrigerants
enhances thermophysical properties such as density, thermal conductivity, viscosity and specific
heat, therefore increases the performance of refrigeration systems. In this study, the calculation
of thermophysical properties of mixed nanorefrigerants have been carried out using NIST
database standard 4 (SUPERTRAP®) versions 3.2.1. Obtained results are used to calculate
pressure drop and heat transfer characteristics to estimate compressor and evaporator
performance. Experimentation and its validation will be done in near future.
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1 Introduction

Due to the massive developments in technology, the demand for energy is increasing
dramatically, however energy conservation and reduction of emissions these days became
compulsory for sustainable development in terms of energy shortage and environmental global
warming protection [1]. Montreal and Kyoto Protocols [2] recognized Domestic refrigerators as
an enormous emission contributor globally due to usage of high Ozone Depleting and Global
Warming Potential Chlorine or Fluorine based refrigerants [3]. Globally about 12% of total
energy budget is consumed to run domestic refrigerators working on R134a refrigerant [4]. In
India R134a refrigerant is used in 90% of the refrigeration systems such as refrigerators, deep
freezers [5-6]. Among the refrigeration systems, Vapour Compression Refrigeration Systems
find wide applications in domestic and Industrial needs. Refrigeration systems are those devices
which are used to either cool or maintain a body at a temperature lowers than that of the
surroundings. In order to function, heat must flow from a body at low temperature to the
surroundings at a temperature higher than that of body and to execute this function, work must
be applied externally. So, refrigeration systems are work consuming plants. The examples of
work consuming plants includes Domestic Refrigerators, Cold Storage Plants, Central and room

air conditioning systems, food freezing plants, air Liquefaction Plants etc.

1.1 Vapour Compression Refrigeration Systems

Vapour Compression Refrigeration Systems is the most commonly used refrigeration system and
find wide range of applications in Domestic as well as in Industrial needs. The working fluid in
VCRS is known as Refrigerant which undergoes a change in its phase during evaporation and

condensation processes.

The refrigerant extracts heat from the body to be maintained at lowers temperature that that of its
surroundings from the evaporator part of refrigeration system and throws out to ambient

atmosphere in the Condenser part of refrigeration system.



The refrigerant leaving the evaporator is in low pressure vapour form which is compressed to
high pressure vapour form by passing through Compressor. The high pressure vapour is then

admitted into the condenser where it rejects latent heat of condensation to ambient atmosphere.

‘ Q,.: HeatRejected ‘

n

| Q,Heatadded |

Figure 1 Schematic diagram of VCRS

1.2 Main Components of VCRS

The following are the main Components of VCRS:

v Evaporator
v" Compressor
v Condenser

v Expansion Valve

1.2.1 Evaporator
In this the refrigerant extracts latent heat of vaporization from the body to be maintained at lower

temperature than the surroundings and gets converted into vapour phase. The state of refrigerant



leaving the evaporator is low temperature, low pressure vapour. The evaporator ideally works on

isobaric heat addition process. The evaporation process is shown as 4-1 in figure 1.

Figure 2 Evaporator

1.2.2 Compressor

Before admitting the refrigerant to reject heat to surroundings in condenser, the pressure and
temperature of the refrigerant is increased isentropically in the Compressor. During isentropic
compression, the volume of the refrigerant gets reduced. The process is carried out with the help

of external work given to Compressor. The compression process is shown as 1-2 in figure 1.

Figure 3 Compressor

1.2.3 Condenser

In this, the refrigerant rejects latent heat of condensation to the surroundings and gets converted
into high pressure, high temperature liquid. The condensation process takes place at isobaric
condition. The refrigerant dissipates heat to outside environment by flowing through condenser

tubing. The condensation process is shown as 2-3 in figure 1.



Figure 4 Condenser

1.2.4 Expansion Valve

Process 3-4 in figure 1 represents irreversible adiabatic expansion of saturated refrigerants. The
pressure and temperature gets reduced as the refrigerant is passed through the expansion valve.

The state of refrigerant leaving the expansion valve is low temperature, low pressure liquid.

Figure 5 Expansion Valve

1.3  Refrigerants

A refrigerant is a substance that absorbs heat through vaporization and losses it through
condensation in a refrigeration System. Refrigerants are classified into primary and secondary

refrigerants. Examples include R134a, R290, R717, R600a etc.

1.4 Desirable Properties of Refrigerants
The selection of refrigerant for a particular application depends upon satisfying its essential

requirements which are classified into Thermodynamic, Physical and Chemical requirements [7].



1.4.1 Thermodynamic Requirements

a) Normal Boiling Temperature
The boiling temperature of the refrigerant should be low at atmospheric pressure. The high

boiling temperature reduces the capacity and operating cost of the system.
b) Freezing Point
The freezing point of the refrigerant must be lower than system temperature.

Table 1 Normal Boiling Temperature and Freezing Point of few commonly refrigerants [7]

S. no Refrigerant Normal Boiling | Freezing  Point
Temperature (°C) (°O)

1 R11 23.71 -111

2 R12 -29.8 -136

3 R152a -24.02 -117

4 R134a -26.074 -96.6

5 R290 -42.1 187.1

6 R600a -11.67 159.6

¢) Critical Temperature and Pressure

For high COP, Critical Temperature should be very high so that Condenser temperature line on
P-h diagram is far removed from the Critical point. The critical pressure should be low so as to

result in low condensing pressure.

d) Volume of Suction Vapour

It is an indication of the size of compressor. Reciprocating Compressors are used with
refrigerants with high pressures and small volumes of the suction vapor. Centrifugal or Turbo
Compressors are used with refrigerants with low pressures and large volumes of the suction

vapor.



e) Isentropic Discharge Temperature

It is the temperature of the refrigerant leaving the compressor. The hydrocarbons such as R600a
(Isobutane) and R290 (Propane) have lowest discharge temperature among all refrigerants and

are therefore suitable for domestic applications.

Table 2 Isentropic Discharge Temperature of few commonly refrigerants [7]

S. no Refrigerant Isentropic Discharge
Temperature (°C)

1 R11 43

2 R12 38

3 R152a 46.7

4 R134a 37

5 R290 36

6 R600a 30

1.4.2 Chemical Requirements

a) Flammability
None of CFCs are explosive or flammable. Except R134a, all HCFs are flammable. HCs such as
Methane, Ethane, Propane and Butane are highly explosive and flammable.

b) Toxicity
Refrigerants have been divided into six groups on the basis on toxicity. First group is most
toxic such as SO, where as Six group includes Compounds with very low degree of toxicity.

¢) Reaction with Oil
Refrigerants such as R12, R152a, and R290and R600a are completely miscible with oil.
Refrigerants like ammonia or CO, are not miscible with oil. Most fluorocarbons such as R22 are
partially miscible with oil in all temperatures and concentrations. R134a is not miscible in
mineral oil, accordingly is miscible in polyol-ester (POE).

d) Construction materials
Ammonia attacks copper, however Iron and Aluminum find suitable for use. The recommended

material for use in Halocarbons is Copper.



1.4.3 Physical Requirements

a) Dielectric Strength
It is primarily important in hermetically sealed units in which motor is exposed to the

refrigerant as the windings are cooled by the suction vapor. Most Fluorocarbons are good

insulators.
Table 3 Dielectric Strength of few refrigerants [7]
S.no Refrigerant Dielectric Strength
1 R22 1.31
2 NH; 0.88
3 CO; 0.82

b) Leak Detection
The leak detection of refrigerant should be easy. Ammonia refrigerant is easily detected by its
pungent odour while as fluorocarbons are odourless due to which there is complete loss of

refrigerant without being detected. Also the leak tendency of refrigerants should be nil.

1.4.4 Thermophysical Requirements

a) Thermal conductivity
In order to have higher heat transfer coefficient, the thermal conductivity of the refrigerant
should be high.

b) Viscosity
For better heat transfer coefficient, the desirable viscosity of the refrigerant should be low.

¢) Specific heat
The specific heat of refrigerant should be lower when it is in liquid phase so that there is no
further change in entropy while it passes through expansion valve, however the specific heat at

vapour state should be high in order to prevent compressor from mechanical breakdown [8].



1.4.5 Environmental Considerations

a) Ozone Depletion
In the stratosphere region of atmosphere, ozone gases are present preventing [9] the harmful
ultraviolet rays to reach the earth’s surface by absorbing them. Halogenated refrigerants such as
HCFC’s, CFC’s contain free chlorine radicals [10] which remove ozone from atmosphere and
convert it to oxygen. Ozone layer Depletion is the presence of chlorine or bromine in the

stratospheric part due to chlorine containing substances.

b) Global Warming Potential
It is relative measure of a greenhouse gas heat entrapment in the atmosphere to the heat
entrapment of CO, at same conditions over a time horizon [10]. Greenhouse gases act as heat
trapping substances thereby rise the temperature of earth. Thus both ODP and GWP these days

became important criteria for selecting new alternate refrigerants for domestic refrigerators.

Table 4 Different Refrigerant Specification [2, 10]

. Critical Critical Atmospheric
S.no Reféllgerant Examples | Pressure | Temperature | ODP GWP lifetime Flammability
ass (MPa) (K) (Years)
, R32 5.78 351.26 675 Non-
Pl CFCs 1 Ry | 499 | 3693|961 1810 | #7170 | fammable
, R11 441 470.26 0.02- | 4750 Non-
2 HCFC's R12 4.14 384.27 0.11 | 10900 1-20 flammable
, R134a 4.06 374.21 1430 Non-
3 HFCS 1 pisoa | 452 386.41 0 1 124 1300 1 g mmable
, R290 4.25 369.9 3
4 HC’s R600a 3.63 407 81 0 4 Few Days | Flammable
5 | HC blend | R436a 4.27 389.04 0 3 Few Days | Flammable

1.5 Nanoparticles

Nanoparticles are nano-metre sized particles having dimension less than 100 nm. These particles
are widely used in heat transfer applications because of their superior thermophysical properties

[11-25] such as Thermal conductivity, Specific Heat etc. Nanoparticles consist of three layers



[26] i.e. (I) The Surface Layer, (II) The Shell Layer and (III) The Core. The surface layer
consists of metal ions which can be functionalized by surfactants. Both the Shell layer and the

Core are made of chemically different composite materials.

Figure 6 SEM Image Si0, [27]

Nanoparticles are classified into various categories on the basis of their size, morphology and

Chemical Properties.

Fullerenes
Carbon nanotubes

Copper
Silver
Gold

4

" Aluminum Oxide
Titanium Oxide
Copper Oxide

Figure 7 Classification of nanoparticles



1.6 Nanorefrigerants

These are new class of refrigerants synthesized by mixing conventional refrigerants with
nanoparticles for better heat transfer applications such as in domestic refrigerators [28-29] due to
their enhanced thermophysical properties. Adding Nanoparticles in the refrigerant (I) increases
solubility between refrigerant and lubricating oil [30] which reduces power consumption. (II)
Enhancement of heat transfer which increases COP reduces freezing Capacity, decreases pull
down time in evaporator, decreases pressure ratio. (III) The energy consumption reduces due to

decrease in wear and tear, friction losses get minimized.



2 Scope of the Study

The scope of the research is as follows

a)

b)

d)

The scope of the study is to find out the new composition of mixed Nano-refrigerant
which can enhance the thermo physical properties such as

v Thermal conductivity

v’ Viscosity

v" Density

v' Specific heat
These above significant enhancement in the Thermophysical properties of refrigerants
has the ability to deliver better efficiency and to be applicable in

v Domestic refrigeration systems

v' Water chillers

v Heat exchangers

v’ Air conditioning systems
The comparison of Nano-refrigerants will guide to a conclusion of the feasibility and
applicability of these refrigerants at different pressure range, mass flow rate and different
heat fluxes.
Furthermore, the study compares the performance of convention refrigerants with the

Nano-refrigerants on the same platform of VCRS.



3

Objectives of the Study

To estimate the Thermal conductivity of mixed Nano-refrigerants at various volume
concentrations of different nanoparticles.

To estimate the Viscosity of mixed Nano-refrigerants at various volume concentrations of
different nanoparticles.

To estimate the Density mixed Nano-refrigerants at various volume concentrations of
different nanoparticles.

To estimate the Specific heat of mixed Nano-refrigerants at various volume concentrations of
different nanoparticles.

To investigate the performance of domestic refrigerators using optimum mixed

nanorefrigerants.



4 Review of Literature

Mani et al., 2007 [31]. In this experimental study, the performance of VCRS using R290/R600a
replacing R12 and R134a respectively. The results showed that R290/R600a had better
refrigeration capacity. R12 and R290/R600a were having slightly same discharge pressure and
discharge temperature and were lower than R134a. The COP of the system enhances using

R290/R600a.

Mohanraj et al., 2007 [32]. The effect of varied mass concentration of R290/R600a was studied
experimentally as a drop in substitute to R134a in domestic refrigerators using synthetic oil as
lubricant. They also calculated performance characteristics and were compared with R134a. The

experimental results that R290/R600a has better performance characteristics and miscibility.

B. Palm, 2007 [33]. Experimentally compared and performed the usage of HC’s as refrigerants
by replacing conventional refrigerants due to global environmental considerations. It was found
that HC’s are having COP closely equal to similar HFC’s. The only problem associated with

usage of HC’s is its flammability and therefore safety considerations need to be added.

Zhou et al., 2008 [34]. They measured the specific heat capacity of water based Al,O3 nanofluid.
The effective heat flow curve of nanofluid is moved down as the nanoparticles volume fraction
increases. For large nanoparticles volume fraction; this result implies that low heat energy is
needed to obtain the same temperature increment. The specific heat of nanofluid decreases with
increasing nanoparticles volume fraction. The thermal equilibrium model predicts good

agreement with specific heat of nanofluid as compared to simple mixing model.

Tavman et al., 2008 [35]. They investigated experimentally viscosity and thermal conductivity
of suspensions containing Nano sized ceramic particles. The results showed that the thermal
conductivity of SiO,-water and Al,0;.waternanofliuds are lower than Hamilton-Crosser model at
different concentrations. The relative thermal conductivity of Al,Osnanofluid is found to be
independent of temperature increase. The viscosity of SiO; and Al,O3 nanofluids dramatically
increase with increase in particle concentration and Einstein model of viscosity is unable to

predict it.



Chandrasekar et al., 2009 [36]. They experimentally investigated and theoretically determined
the thermal conductivity and viscosity of Al,Os/water nanofluid. The results obtained were both
thermal conductivity and viscosity of nanoparticles increases with increase in nanoparticles
concentration. Viscosity increase is substainally higher than thermal conductivity. Viscosity
increase up to 2% Volume concentration is linear but above 2%, nonlinear relationship is
obtained due to hydrodynamic interactions between particles. Al,Os/water nanofluid shows

Newtonian behaviour.

Godson et al., 2010 [37]. They experimentally investigated the thermal conductivity and
viscosity of Silver Deionized water nanofluid. The results obtained revealed that The thermal
conductivity of nanofliud is observed to increase with an increase in temperature and particle
volume concentration. The viscosity of the nanofluid increases with an increase in particle
volume concentration and decreases with an increase in the temperature. For same volume
concentration, thermal conductivity enhancement ratio is higher than the viscosity enhancement
ratio. For metallic particle, at higher temperature the thermophoretic effect is one of the

important mechanisms with the use of nanofluids as compared to Brownian motion.

Bi et al., 2010 [38]. In this experimental work, the investigation of R600a-TiO, nanorefrigerant
on domestic refrigerator was studied without any further modifications of experimental set up.
The performance was calculated on the basis of energy consumption and freezing capacity of
the system. Using 0.5 g/l R600a-TiO, refrigerant, the energy consumption reduced to 9.6%. The
suction and discharge pressure of the compressor reduces, thus performance of R600a-TiO; is

better than R600a system.

Duangthongsuk et al., 2013 [39]. They experimentally measured temperature dependent
thermal conductivity and viscosity of TiO,/water nanofluids. The outcomes obtained were that
the thermal conductivity of nanofluid significantly increases with increase in nanofluid
temperature and particle volume concentration. The Viscosity of nanofluids significantly
increases with decreasing nanofluid temperature and also increases with increasing particle

volume concentration.

Jalal et al., 2013 [40]. They investigated the Nanofluid Viscosity, density and Pressure Drop in

Circular Channel. They concluded that The added concentration enhances the density of



nanofluid, whereas temperature rise reduces the density of nanofluids. Temperature rise reduces
the viscosity of nanofluids, whereas increased weight fraction increases the viscosity of
nanofluid. The enhancement of pressure drop for nanofluid is lower under turbulent flow in a

circular pipe, but higher under laminar flow condition.

Mahbubul et al., 2014 [41]. They studied the rheological behaviour of R141/Al,04
nanorefrigerant at varied volume concentrations (.005-0.15) with varying temperature range
(277-289K). From the experimental work it was concluded that nanorefrigerants show non-
Newtonian behaviour. However at high shear rate, this behavior comes close to Newtonian
behaviour. The viscosity of nanorefrigerant enhances with increase in shear rate but reduces

with increase in temperature.

Senthilkumar et al., 2015 [42]. They experimentally determined the reliability and
performance of nanorefrigerant as a working fluid. The performance calculation includes
cooling capacity, energy efficiency ratio. The cooling capacity of refrigerator increases by 10-
20% using R600a-CuO nanorefrigerant. The experimental results also bare that both the
compressor discharge and suction pressure of the R600a-CuO system reduced relative to pure
R600a.The energy consumption of 0.1 g/l and 0.5 g/l R600a-CuO were 11.83% and 17.88% less
than pure R600a respectively.

Behabadi et al., 2015 [43]. They experimentally carried out work on the heat transfer
characteristics of a nanorefrigerant flow during condensation inside a smooth horizontal tube.
Three different working fluids such as pure refrigerant (R600a), refrigerant lubricant (R600a/oil)
and nanorefrigerant (R600a/01l/CuO) were experimentally used. The results showed significant
heat transfer enhancement is achieved by adding up Nanoparticles to the baseline mixture and
pure refrigerant. The most heat transfer augmentation was observed for nano-refrigerant with
1.5% mass fraction; 83% higher heat transfer rate compared to pure-refrigerant fluid flow at the
identical experimental conditions.

Kumar et al., 2016 [44]. In this study the effect of ZnO Nanoparticles in R290/R600a (50/50)
mixed refrigerant added via lubricant oil on compressor suction and discharge characteristics is
experimentally investigated. The addition of ZnO Nanoparticles in refrigerant reduces both the
suction and discharge pressure due to increase in viscosity and density of the refrigerant. The

addition of ZnO Nanoparticles in refrigerant reduces both the suction and discharge temperature



due to enhancement of heat transfer coefficient of lubricant/refrigerant oil mixture in evaporator
and condenser. The energy consumption of compressor gets reduced due to decrease in
frictional losses because of increase in viscosity of Nano-refrigerant. The COP enhances due to
the presence of Nanoparticles in refrigeration which increases pool boiling heat transfer

coefficient of refrigerant/lubricant mixture.

Adelekan et al., 2016 [45]. They experimentally calculated the performance of LPG refrigerant
charges with varied concentration of TiO, nanolubricants in a domestic refrigerator. With the
increase in nanolubricant concentration, the evaporator air temperature increases but reduces
with respect to increase in time. The increase in evaporator air temperature is independent on
charges of LPG. The power consumption of all varied nanolubricant concentration is less and
power input given to compressor is slightly lower than pure mineral oil. The COP of the system

gets enhanced and cooling capacity increases.

Haque et al., 2016 [46]. They experimentally investigated the energy consumption and freezing
capacity performance of Vapour Compression Refrigeration System using POE oil with
Nanoparticles. They use different sizes of Al,O3 and TiO, Nanoparticles in two different volume
concentrations (.05 and 1% Vol. %). The results revealed that addition of 0.05% and 0.1 % vol.
Al,Os3 Nanoparticles increases COP by 19% and 22% respectively. Also the addition of Al,O3
and TiO2 in 0.05 and 0.1 % vol. reduces energy consumption by 27.73% and 14.19%
respectively as compared to Pure POE oil. Thus the addition of Nanoparticles proves to be an

effective and safe in domestic refrigeration.

D. Senthilkumar 2017 [47]. In this experimental study the Influence of Silicon Carbide
Nanopowder in R134a Refrigerant used in Vapour compression refrigeration system is
investigated. The COP of the system shows significant development due to enhanced
thermophysical properties and heat transfer capabilities of nanorefrigerant. Due to increase in
thermal conductivity of SiC Nanoparticles, the power consumption is less. Hence running cost
reduces. The freezing capacity of the system increases with the enhancement in rate of cooling.
The use of nanorefrigerants decreases global warming potential due to reduction in total mass
fraction of refrigerant. Both suction and delivery pressure rises with the addition of

Nanoparticles in refrigeration.



5 Research Methodology
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Figure 9 Simulation Research Methodology



v’ Identification of Refrigerants
» The foremost step in this research work is to identify refrigerants which are

compatible with VCRS.

» Further on comes most crucial part which is to identify refrigerants which can be
mixed together.

» In this research work mixed refrigerant Propane (R-290) and Iso-butane (R-600a) are
found to be suitable to be mixed and used in VCRS.

» Environmental impacts such as ODP and GWP and energy considerations were also

taken into account while selecting refrigerant to be used for experimental analysis.

v' Identification of Nanoparticles
» The second step in this research work is to identify Nanoparticles among the three

dominant categories such as metals (Cu, Al), metal oxides (CuO, Al,O3;, ZnO) and
Carbides or Carbon Nanotubes.

> In this research work Nanoparticles of Al,O3; were selected and found to be well
suited for above mentioned mixed refrigerant.

v" Synthesis of Nano-refrigerants
» The synthesis of Nano-refrigerant can be done by to methods such as direct injection

method and ultrasonic mixing.
» In this research we adopted the method of direct injection method due to high vapour
pressure of the mixed refrigerant.

v Study on Nano-refrigerants
» The thermophysical properties such as Thermal conductivity, Density, Specific Heat

and Viscosity of Nano-refrigerant with keeping in view the variation mass flow rate
and heat fluxes.

» The thermophysical properties such as Thermal conductivity, Density, Specific Heat
and Viscosity of Nano-refrigerant with the variation of Volume concentration of

Al O3 nanoparticles.



6 Proposed Work Plan with Timelines

The project work started in January 2017 and was successfully completed by December

2017. Unparallel dedication, good literature survey, proper time management and better

supervision were the corner stone of the project.

The below figure shows the various activities undertaken during the course of the project.

OSSR
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Study on Nano-Refrigerant -

Refrigerent

Plotting of Graphs

Report Writing

Study on Thermo Physical Properties of Nano- -

Figure 10 Proposed Work Plan with Timeline



7 Results and Discussions

In the present research work calculation of thermophysical properties such as Thermal
conductivity, Density, Viscosity and Specific Heat is carried out on mixed nanorefrigerants.
Three different nanoparticles Al;Os, Cu and SiC were chosen. The operating conditions were
taken to be 3 MPa Pressure and 300 K temperature respectively. For each nanoparticle,
calculation of thermophysical properties was carried separately with different volume

concentrations (1-5%) respectively.

7.1 R290/R600a-Al,0; nanorefrigerant at 3 MPa Pressure, 300 K Temperature
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Figure 11 density as a function of Composition

Figure 11 represents density as a function of Composition. As the volumetric concentration of
Al,O3 nanoparticles increases, the density of mixed nanorefrigerant increases. It is observed that

as the concentration of R600a decreases, density decreases.
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Figure 12 Thermal conductivity as a function of Composition

Figure 12 represents Thermal conductivity as a function of Composition. As the volumetric

concentration of Al,O; nanoparticles

Increases,

the Thermal conductivity of mixed

nanorefrigerant increases. It is observed that as the concentration of R600a decreases, Thermal

conductivity decreases.

Volume Concentration vs Viscosity
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Figure 13 represents Viscosity as a function of Composition. As the volumetric concentration of
Al,O3 nanoparticles increases, the Viscosity of mixed nanorefrigerant increases. It is observed

that as the concentration of R290 increases, Viscosity decreases.
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Figure 12 Specific heat as a function of Composition

Figure 14 represents Specific heat as a function of Composition. As the volumetric concentration
of Al,Os nanoparticles increases, the Specific heat of mixed nanorefrigerant increases. It was

observed that as the concentration of R290 increases, Specific heat increases.



7.2  R290/R600a-Cu nanorefrigerant at 3 MPa Pressure, 300 K Temperature
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Figure 13 Density as a function of Composition

Figure 15 represents density as a function of Composition. As the volumetric concentration of
Cu nanoparticles increases, the density of mixed nanorefrigerant increases. This is due to
increase concentration of solid Cu nanoparticles. It is observed that as the concentration of

R600a decreases, density decreases.
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Figure 14 Thermal conductivity as a function of Composition



Figure 17 represents Thermal conductivity as a function of Composition. As the volumetric
concentration of Cu nanoparticles increases, the Thermal conductivity of mixed nanorefrigerant

increases. It was observed that as the concentration of R600a decreases, Thermal conductivity

decreases.
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Figure 15 Viscosity as a function of Composition

Figure 18 represents Viscosity as a function of Composition. As the volumetric concentration of
Cu nanoparticles increases, the Viscosity of mixed nanorefrigerant increases. It was observed
that as the concentration of R290 increases, Viscosity decreases.
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Figure 16 Specific heat as a function of Composition



Figure 19 represents Specific heat as a function of Composition. As the volumetric
concentration of Cu nanoparticles increases, the Specific heat of mixed nanorefrigerant

increases. Also as the concentration of R290 increases, Specific heat increases.

7.3 R290/R600a-SiC nanorefrigerant at 3 MPa Pressure, 300 K Temperature
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Figure 17 Density as a function of Composition

Figure 20 represents density as a function of Composition. As the volumetric concentration of
SiC nanoparticles increases, the density of mixed nanorefrigerant increases. It was observed that

as the concentration of R600a decreases, density decreases.
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Figure 18 Thermal conductivity as a function of Composition

Figure 21 represents Thermal conductivity as a function of Composition. As the volumetric
concentration of SiC nanoparticles increases, the Thermal conductivity of mixed nanorefrigerant

increases. It was observed that as the concentration of R600a decreases, Thermal conductivity

decreases.
Volume Concentration vs Viscosity
0.00018 -
7 0.00017 -
£ 0.00016 -
én 833812 | Vol. Conc.
z | ——1%
Z 0.00013 - ’
2 0.00012 - —-2%
”0.00011 - 3%
0.0001 T T T T T T T T 1 4%
oo olo ole ole olo olo oo oo oo
\099 \ebe \ef\Q \Q,Q \cbg \QD‘Q \099 \ef\'Q \e,\Q —#=5%
QS N Q QS Q QS N Q QS
A RPN RPN RN\ RN RN I NN
Compositions (R290-R600a)

Figure 19 Viscosity as a function of Composition



Figure 22 represents Viscosity as a function of Composition. As the volumetric concentration of
SiC nanoparticles increases, the Viscosity of mixed nanorefrigerant increases. It was observed

as the as the concentration of R290 increases, Viscosity decreases.
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Figure 20 Specific heat as a function of Composition

Figure 23 represents Specific heat as a function of Composition. As the volumetric
concentration of SiC nanoparticles increases, the Specific heat of mixed nanorefrigerant

increases. It was observed as the concentration of R290 increases, Specific heat increases.



8 Expected Outcomes

In the present research work, refrigerant mixture of R290 and R600a with three different
nanoparticles such as Al,O3, Cu and SiC are used to find the thermophysical properties. In the
present work, varied concentration of three different nanoparticles at a Pressure of 3MPa and 300

K Temperature respectively are used for analysis.
The following outcomes are as follows

v" Density of mixed nanorefrigerant increases with increase in volume concentration of
nanoparticles. It was also observed that as concentration of R600a decreases, density
decreases.

v Thermal conductivity of mixed nanorefrigerant increases with increase in volume
concentration of nanoparticles. It was also observed that as concentration of R600a
decreases, thermal conductivity decreases.

v’ Viscosity of mixed nanorefrigerant increases with increase in volume concentration of
nanoparticles. It was also observed that as concentration of R290 increases, Viscosity
decreases.

v’ Specific heat of mixed nanorefrigerant decreases with increase in volume concentration
of nanoparticles. It was also observed that as concentration of R290 increases, Specific

heat decreases.



9 Summary and Conclusions

The Purpose of this research was carried out for inspecting thermophysical properties of mixed
nanorefrigerants. Three different nanoparticles (Al,O3, Cu and SiC) and mixed refrigerant of
R290/R600a were synthesized individually to form mixed nanorefrigerant. The operating
conditions were 3Mpa Pressure and 300 K Temperature respectively. Results are calculated for
density, thermal conductivity, viscosity and specific heat of mixed nanorefrigerant.

From the results, we conclude following points

v" Density of mixed nanorefrigerant increases with increase in volume concentration of
nanoparticles.

v Thermal conductivity of mixed nanorefrigerant increases with increase in volume
concentration of nanoparticles.

v' Viscosity of mixed nanorefrigerant increases with increase in volume concentration of
nanoparticles.

v" Specific heat of mixed nanorefrigerant decreases with increase in volume concentration
of nanoparticles.
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