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ABSTRACT

The quest of conservation of energy and production of energy systems that
are more efficient have introduced the use of nanoparticles in heat transfer fluids.
This study investigated the effect of TiO, of a vapour compression refrigeration
system (VCRS) when used with R 600a. The usage of alternate refrigerants like
R- 600 a could reduce carbon emission and thereby reducing global warming which
could contribute to sustainable future. The system’s performance analysis was
carried out via the freezing capacity tests and energy consumption analysis. The
outcome demonstrated that the system with nano lubricant and nano refrigerant
achieved low work done in the compressor with better performance in the system.
The results also indicate R 600a with Tio, nano particles works normally and safely.
In order to improve the efficiency of system, cooling medium with high thermal
conductivity should be used. Quest to improve thermal conductivity leads to usage
of different methods and one of them is addition to nanoparticles to base liquid. The
use of nano particles in refrigeration system with lubricants and refrigerants lead to
considerable improvement in performance of a vapour compression refrigeration
system by reducing the work done by compressor. Application of nanofluids showed
enhancement in heat transfer rate which is not possible to achieve by using simple
liquids. This project could pave the way for more energy-efficient refrigeration
systems, with positive environmental and economic implications, especially for
residential and commercial applications

Keywords: global warming, R-600a, nanofluids, work done, vapour compression
refrigeration, nanolubricants.
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CHAPTER 1
INTRODUCTION

1.1 Introduction to Nanofluids

Nanofluids are the fluids where nanometer sized particles are mixed
with fluids to enhance better properties. Nanofluids have novel properties that
make them potentially useful in many applications in heat transfer including
microelectronics, fuel cells, pharmaceutical processes, and hybrid-powered
engines, engine cooling/vehicle thermal management, domestic refrigerator,
chiller, heat exchanger, in grinding, machining and in boiler flue gas
temperature reduction. They exhibit enhanced thermal conductivity and the
convective heat transfer coefficient compared to the base fluid. Knowledge of
the rheological behavior of nanofluids is found to be critical in deciding their
suitability for convective heat transfer applications. Nanofluids also have
special acoustical properties and in ultrasonic fields display additional shear-
wave reconversion of an incident compressional wave; the effect becomes

more pronounced as concentration increases.

1.2 Introduction to nano-lubricants

Nano lubricants and nano refrigerants have been widely used in vapor
compression system and shown to have high potential to increase the efficiency
of the thermodynamic and mechanical performance of the system. Nano
refrigerants and Nano lubricants have an improved tribological characteristic
(lubrication, the wear properties, high-pressure conditions) which added
advantages for the compressor. Thus, with the addition of nanoparticles into

refrigerant improves the heat absorption or cooling in the vapor compression



system. Whereas, a mixture of nanoparticles in the lubricant improves

compressors efficiency.
1.3 Advantage of Nano-Lubricant

The advantages of adding nanoparticle to the lubricant is that it reduces
the power consumption of the compressor and there is sub cooling of the
nano-refrigerant in the condenser which in turn increases the COP. The
addition of nanoparticles in both the refrigerant and lubricant proved to
Improve the energy-saving in the system significantly. Nano refrigerants and
nano lubricants is a good alternative to improve the performance of the vapor
compression system in term of improved heat transfer characteristics,
tribological performance, and enhanced refrigerant-lubricant solubility
characteristic. Usually, the nanoparticles suspended liquid will have an
increase thermal conductivity compared to its base lubricant. The increase in
the heat transfer properties of the working fluid in the vapor compression
system help in flow and pool boiling heat transfer characteristics and as well
as the flowing pool condensation heat transfer in the system. The influence of
nano refrigerants and nano lubricants towards the performance of the vapor
compression system is also presented. Till date, numerous works had been
done related to Nano refrigerants and Nano- lubricants. However, to the best
of authors' knowledge, there is no comprehensive literature on the nano
refrigerants and nano lubricants prospective to highlight the mechanisms that
contribute towards enhancement of VCRS. The COP, compressor work, and
cooling capacity is the essential thermodynamic parameter which determines
the performance and efficiency of the vapor compression system. Studies have
shown that with the addition of nanoparticles into the refrigerant or the

mixture of refrigerant-oil can help towards the improvement of refrigeration
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system performance. One of the earliest studies on the refrigeration
performance system was accomplished using TiO,/MO/R134a Nano

refrigerants.

1.4 Main Components of the project

e Vapour Compression Refrigeration system (compressor, condenser,

expansion valve, evaporator)
e Cylinder for mixing nanoparticles with lubricants.
e Ultrasonicator
e Charging and evacuation instruments
e Sensors
1.5 Working of Vapour Compression Refrigeration System

The Vapor ~ Compression Refrigeration Cycle involves  four
components: compressor, condenser, expansion valve/throttle valve and evaporator.
It is a compression process, whose aim is to raise the refrigerant pressure, as it flows
from an evaporator. The high-pressure refrigerant flows through a condenser/heat
exchanger before attaining the initial low pressure and going back to the evaporator.

A more detailed explanation of the steps is as explained below.

STEP 1: COMPRESSION

The refrigerant (for example R-717) enters the compressor at low temperature
and low pressure. It is in a gaseous state. Here, compression takes place to raise the
temperature and refrigerant pressure. The refrigerant leaves the compressor and

enters to the condenser. Since this process requires work, an electric motor may be
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used. Compressors themselves can be scroll, screw, centrifugal or reciprocating

types.
STEP 2: CONDENSATION

The condenser is essentially a heat exchanger. Heat is transferred from the
refrigerant to a flow of water. This water goes to a cooling tower for cooling in the
case of water-cooled condensation. Note that seawater and air-cooling methods may
also play this role. As the refrigerant flows through the condenser, it is in a constant
pressure. One cannot afford to ignore condenser safety and performance.
Specifically, pressure control is paramount for safety and efficiency reasons. There

are several pressure-controlling devices to take care of this requirement

STEP 3: THROTTLING AND EXPANSION

When the refrigerant enters the throttling valve, it expands and releases
pressure. Consequently, the temperature drops at this stage. Because of these
changes, the refrigerant leaves the throttle valve as a liquid vapor mixture, typically
in proportions of around 75 % and 25 % respectively. Throttling valves play two
crucial roles in the vapor compression cycle. First, they maintain a pressure
differential between low- and high-pressure sides. Second, they control the amount

of liquid refrigerant entering the evaporator.
STEP 4: EVAPORATION

At this stage of the Vapor Compression Refrigeration Cycle, the refrigerant is
at a lower temperature than its surroundings. Therefore, it evaporates and absorbs
latent heat of vaporization. Heat extraction from the refrigerant happens at low

pressure and temperature. Compressor suction effect helps maintain the low


https://www.araner.com/blog/district-cooling-system-direct-condensation/
https://www.araner.com/blog/district-cooling-system-direct-condensation/

pressure. There are different evaporator versions in the market, but the major
classifications are liquid cooling and air cooling, depending whether they cool liquid

or air respectively.

'Qc
Condenser
High Pressure
P2
Compressor
-~ “ W(Electril:al Consumption)
Expansion
Valve
v Evaporator
Low Pressure
P1
Qe

Fig No. 1.1 Schematic representation of VCR System



CHAPTER 2

LITERATURE REVIEW

This chapter details with the literature data on investigation of performance of
Vapour Compression Refrigeration system using various nano lubricants. Some of

these are study and some experimentally investigated.
M.Z. Sharif et al 2018

This paper presents a review on mechanism for improvement in VCRS performance
by using nano refrigerants and nano lubricants. The heat transfer augmentation, the
refinement of refrigerant-oil mixture characteristic, and the tribology properties
enhancement are among the major mechanisms that affect the VCRS performance.
The performance parameters of VCRS such as compressor work and COP of
refrigeration system using nano refrigerants and nano lubricants have been discussed
to relate between the mechanisms with overall system performance. The nano
lubricants were behaved better tribology characteristics with 32% and 13% reduction
of friction coefficient and wear rate, respectively. The effect of nano refrigerants and
nano lubricants on heat transfer, refrigerant-oil mixture and tribology had increased
the overall performance of VCRS with 11% compressor work reduction and 24% of

COP enhancement.



Oluseyi O. Ajayi et al 2019 [

The study investigated the effect of AI203 nanoparticles on the working fluids of a
vapour compression refrigeration system (VCRS) when used with refrigerant
R134a. The Nano refrigerant was used in the vapour compression system without
system retrofit. The system’s performance analyses were carried out via the freeze
capacity tests and energy consumption analysis. The outcome showed that the
performance of the AI203-dispersed nano-working fluid outperformed that of the
conventional working fluid mixture. Specifically, the outcome demonstrated that the
system with the Nano refrigerant achieved faster cooling, better performance and
improved energy consumption. Thus, using Al203 nanoparticles in combination
with the working fluids of domestic refrigerators was shown to be feasible. Further
to this, based on the performance results, it was necessary to find out the very reason
behind the improved thermal performance of the nanoparticle dispersed working
fluid. This led to the determination of the thermophysical property of the Nano

lubricant.
Omer A. Alawi et al 2015 B!

The effects of nano lubricants on boiling and two phase flow phenomena are
presented as well. Based on results available in the literatures, it has been found that
nano refrigerants have a much higher and strongly temperature-dependent thermal
conductivity at very low particle concentrations than conventional refrigerant. The
results indicate that HFC134a and mineral oil with TiO2 nanoparticles work
normally and safely in the refrigerator with better performance. The energy

consumption of the HFC134a refrigerant using mineral oil and nanoparticles mixture



as lubricant saved 26.1% energy with 0.1% mass fraction TiO2 nanoparticles
compared to the HFC134a and POE oil system.

A.A.M.Redhwan et al 2016 !

This paper reviews the augmentation of heat transfer, enhancement of coefficients
of performance (COP) and energy efficiency of various nanoparticle dispersions in
the refrigerants or lubricants based on refrigerant type. From the results available in
the literatures, it shows that nano refrigerants and refrigerant/nano lubricant mixtures
enhances the heat transfer coefficient. Furthermore, the augmentation of heat
transfer coefficient depends on the concentrations and size of the particles.
Increment of concentration also increases the viscosity, and consequently, the
pressure drop. Moreover, from the review, most of the researchers tend to use R134a
hydrofluorocarbon (HFC) as the refrigerant base. Even though the use of
chlorofluorocarbon (CFC) refrigerant had been banned, it is still favored by some
researchers as it is easy to prepare the nano refrigerant mixtures in a liquid state with
atmosphere pressure and room temperature. The limited research of nano
refrigerants in using hydrocarbon (HC) refrigerant base is due to its flammability

ISSUES.
Alawi.O.A et al 2014 Bl

Nanorefrigerant is one kind of nanofluids. It has better heat transfer performance
than traditional refrigerants. Thermal conductivity, viscosity and density are the
basic thermophysical properties that must be analyzed before performance analysis.
This paper presents a comprehensive review of nucleate pool boiling, flow boiling,
condensation and twophase flow of refrigerant-based nanofluids. The effects of
nanolubricants on boiling and two-phase flow phenomena are presented as well.

Furthermore, studies of applications and preparation of refrigerant-based nanofluids


https://www.sciencedirect.com/science/article/abs/pii/S0735193316301889#!

are presented. For the limited studies done so far, there are some controversies from
one study to another. Based on results available in the literatures, it has been found
that nano refrigerants have a much higher and strongly temperature-dependent
thermal conductivity at very low particle concentrations than conventional

refrigerant.
Jiang W et al 2019 [€]

This paper experimentally investigated the influence of the different amounts of
Ti02 nanoparticles on the coefficient of performance (COP) of the ammonia-water
absorption refrigeration system (AARS). Based on our previous experimental results
and other researchers’ literature, T1O2 nanofluids in mass fractions of 0.1%, 0.3%,
and 0.5% were prepared and added to the newly built miniaturized AARS, also, the
mixture of 0.5 wt% TiO2 and the 0.02 wt% SDBS was also applied. In the test
conditions, evaporation temperatures ranged from -18°C to 0°C, generation
temperatures ranged from 105°C to 150°C, and inlet cooling water temperatures
ranged from 22°C to 33°C. Experimental results show that: the TiO2 nanoparticles
have great effects on AARS, and the COP can be increased by up to 27%; the mixture
of 0.5 wt% TiO2 and the 0.02 wt% SDBS has the most significant effect on the
improvement of the COP compared to other nanofluid; the improvement of COP is
strongly corresponded to the numbers of nanoparticles stably dispersed in the base
fluid, not just the nanoparticles added; this paper provides evidences for the

application of nanoparticles on AARS.
Alawi. O. A et al 2015 ["]

The heat transfer performance and energy consumption of various thermal devices
may be augmented by active and passive techniques. One of the passive techniques

is the addition of nanoparticles to the common heat transfer fluids so that the thermal



transport properties of the prepared suspension (called nanofluid) will be enhanced
as compared to the base fluid. Nano refrigerants are a special type of nanofluids
which are mixtures of nanoparticles and refrigerants and have a broad range of
applications in diverse fields for instance refrigeration systems, air conditioning
systems, and heat exchangers. This review is performed in order to clarify the effect
of nano refrigerant properties on heat transfer and pressure drop compared to pure

refrigerant.
Sanukrishna S.S. et al 2018 @

The studies on nano refrigerants are still in its budding stage. The intention of the
present paper is to provide a comprehensive overview of experimental studies on
thermophysical and rheological properties, boiling and condensation phenomena,
pressure drop characteristics, aggregation behavior, migration and degradation
characteristics of different Nano refrigerants and application of Nano refrigerants in
HVAC systems. Various outlooks of future scope associated with the studies of
Nano refrigerants have also been suggested. It has been recognized that addition of
nanoparticles in refrigerants contributes noteworthy augment in the thermal physical
and heat transfer characteristics of refrigerants. Furthermore, application of Nano
refrigerants in heating, ventilation, and air conditioning systems enhance the overall

performance in terms of coefficients of performance (COP) and energy efficiency.
Vithya P. et al 2019 [

An improvement in co-efficient of performance (COP) of a vapour compression
refrigeration (VCR) system is largely depends upon the work of compression which
in turn rely on the quality of lubricants. Further the compatibility of cylinder
liner/piston ring tribo pair material of a hermetically sealed compressor is another

vital aspect to consider during the development of refrigeration oil. The base oil,
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which has been used for the formulation of refrigeration oil, is derived from
petroleum products. However the depletion of petroleum reserves, uncertainty in
crude oil prices, energy demand and increased environmental awareness has
promoted the crucial requirement to synthesize refrigeration oil from
environmentally friendly energy resources. The present investigation is intended to
formulate a rapeseed oil based trimethylolpropane tri ester as biodegradable
refrigeration oil with good thermo-oxidative stability and cold flow behaviour via
chemical modifications. Thermo gravimetric Analysis (TGA) and Differential
Thermal Analyses (DTA) were performed to study the thermo-oxidative stability of

biodegradable refrigeration oil.
Chen W.H et al 2018 [

This study investigated the effect of an energy saving device (ESD) on the
performance of a split-type air conditioner (SAC). The ESD was fabricated using a
moisture-transferring and quick-drying textile (MTQDT), a condensate pipeline, and
a distributor. The MTQDT was coated on the shell surface of the compressor to
absorb the condensate expelled by a condensate pipeline and distributor to enable
evaporative cooling of the compressor. The SAC was tested under various outdoor
air conditions (29, 32, and 37 °C; 55% relative humidity) and under a fixed indoor
air condition (26 °C; 50% relative humidity), and the performance of the SAC before
and after ESD installation was compared. Results demonstrated that the MTQDT
effectively improved compressor cooling and the efficiency of the SAC. Compared
with the SAC without an ESD under the optimal condition, the shell temperature of
the compressor, high-side pressure, and power consumption of the proposed SAC
were 15.1 °C, 2.7%, and 9.2% lower, respectively. Moreover, the dehumidification
capacity and energy efficiency ratio of the proposed SAC were 25.4% and 7.3%
higher, respectively.

11



Nair. V et al 201611

The research on the refrigerant based nanofluids or a Nano refrigerant is slowly but
surely increasing. The boiling heat transfer coefficient data for nanofluids and Nano
refrigerants have been inconsistent but in general, researchers have observed a rise
in the boiling heat transfer coefficient which encourages them to pursue their
research further in this field. Numerous studies regarding Nano refrigerants have
shown that the addition of nanoparticles lead to a better system performance and
energy efficiency. This review paper is an attempt to summarize all the aspects of
Nano refrigerants such as its preparation, thermophysical properties, pressure drop
in Nano refrigerants, boiling heat transfer and performance of Nano refrigerants in

various domestic refrigerators.
Adelekan D.S 2019 2

Nanofluids are being considered as an efficient heat transfer fluid in various thermal
applications. In this work, an experimental study was conducted on TiO2
nanoparticle mixed with R600a as the working fluid. TiO2-R600a nano-refrigerant
was used in a domestic refrigerator with little system reconstruction. The refrigerator
performance was then investigated using test parameters including: Pull down test,
specific compressor work-input, refrigeration effect and coefficient of performance
(COP) using steady state analysis. The results indicate that TiO2-R600a nano-
refrigerant works efficiently and safely in the refrigerator and the performance was
better than the pure R600a system. Overall, 0.1g TiO2 in 40g R600a nano-refrigerant
mixture had the highest refrigeration effect and COP and gave the least specific

compressor work-input within the test rig.
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Badr. O et al 1990 I3

Vapour-compression units are the most widely used refrigeration systems.
Interactive computer routines have been composed, in BASIC language, in order to
permit the prediction of the performances of simple, multi-evaporator multi-stage
compressor vapour-compression refrigerators when employing refrigerant R-11, R-
12, R-22 or R-502. Listings of the composed programs and samples of the
predictions obtained are presented. Use of the programs should facilitate
investigating the behaviour of refrigeration units, and in particular the selection of
the most appropriate operating conditions and the identification of the optimal

design specifications for a unit for a particular application.
Kamaraj. N 2016 14

Thermal conductivity plays important role in heat transfer phenomenon. The
conventional refrigerants used in the vapour compression refrigeration system are
having low thermal conductivity. To increase thermal conductivity of these
refrigerants and thereby the heat transfer rate, Nano fluids are the topic of research
by several the researchers. This paper investigates the reliability and performance of
Vapour Compression Refrigeration System using carbon black nano powder mixed
with Polyolester (POE) oil / Mineral oil (MO) as nano lubricant and R134a
refrigerant. POE Oil / Mineral Oil are mixed with carbon black nano powder by
ultrasonic sonication and stirring process to prepare the nano lubricants. These nano
lubricants were used in the compressor of R134a refrigeration system instead of
Polyolester (POE) oil. An investigation was done on the compatibility of
POE/Mineral oil mixed with carbon nano black powder (at a concentration of 0.1
and 0.2 gram / liter) as nano lubricant and R-134a refrigerant. To carry out this

investigation, an experimental setup was designed and fabricated in the lab. The

13
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refrigeration system performance with the nano lubricant was investigated by using
energy consumption and refrigeration effect test. The results indicate that R-134a
and POE/Mineral oil with carbon black nano powder works normally and safely in
the refrigeration system. The refrigeration system performance was better than the
conventional R-134a and POE oil system. Thus the above nano lubricants can be
used in refrigeration system to considerably reduce energy consumption and better
Coefficient of Performance (COP).

Babarinde T.O et al 2018

Application of Nano particles as additives in refrigerants has been identified as a
way of enhancing the performance of the vapour compression refrigeration system
(VCRS) without modifying the system components. When Nano particles are
dispersed in a refrigerant or lubricant, they are regarded as Nano refrigerants or
lubricants. The improvement in heat transfer and tribology are responsible for the
enhancement of VCRS performance. In this review paper, the effect of Nano
particles on the coefficient of performance, power consumption, thermal
conductivity, viscosity and heat transfer of refrigerants are discussed. It is shown
that the application of Nano particles as additives in refrigerant and lubricant in
VCRS is favourable and promising. Therefore, Nano refrigerants are expected to be

the future refrigerants to be adopted by VCRS manufacturers.
Venugopal. D.V.R.R.C et al 2018[*®!

Researchers focused on use of Nano additive refrigerants in vapour compression
refrigeration system (VCRS) because of their remarkable improvement in thermo-
physical and heat transfer capabilities to enhance the Coefficient of Performance
(COP) and reliability of refrigeration system. Based on results available in the

literatures, it has been found that Nano additive refrigerants have a much higher and

14
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strongly temperature-dependent thermal conductivity at very low particle
concentrations than conventional refrigerant. This can be considered as one of the
key parameters for enhanced performance for refrigeration systems. In this review,
we summarized the performance enhancement of vapour compression refrigeration
system using Nano additive refrigerants reported by different researchers. Moreover,
challenges and future directions of performance enhancement of VCRS using Nano

additive refrigerants were presented.

Senthilkumar et al 2015171 improved energy efficiency and to make the use of
environment-friendly refrigerants. In this paper, we report a method that uses natural
gas to enhance the energy efficiency of the refrigeration retorting method employing

CuO - R600a as alternate refrigerants.

Aruna Veerasamy et al. 2022[*8 improved the performance of Heat Pipe with
nano refrigerant. A circular HP made up of copper material has been used in this
study. Graphene nanoplatelets were mixed with R-410a refrigerant and used as the
working fluid in a heat pipe. The thermal resistance, thermal conductivity, and
temperature difference between the evaporator and condenser were validated by

using different working fluids, different heat power, and inclination angles.

Veera Raghavalu K et al 2017 focused on the use of Nano additive
refrigerants in vapor compression refrigeration system (VCRS) because of their
amazing development during Thermo Physical along with heat transfer potential to
improve the coefficient of performance (COP) and reliability of refrigeration system.
Furthermore, challenges and future instructions of performance enhancement of
VCRS using Nano additive refrigerants were presented. Lubricant oil is essential in

the entire vapour compression refrigeration systems, mostly for the efficient function

15


https://www.sciencedirect.com/topics/materials-science/thermal-conductivity

of the compressor. But, some assign of the oil is entire the cycle oil circulates with

the refrigerant

V. S. Manikanden et al 20191 ysed cupric oxide nanoparticle to enhance the
refrigerant performance. Pure nano-cupric oxide and silver-doped nano-cupric oxide
are mixed with R290 in the ratio 1:100. The doped nano-cupric oxide is
characterized by XRD followed by EDX. TEM is used for photographic verifcation
of nano-size, and the DRS test is used to calculate and compare band gap. The

refrigerator gives better results with the prepared nano-refrigerants.

D.S. Adelekan et al 20192Y considered nanofluids as an efficient heat transfer
fluid in various thermal applications. In this work, an experimental study was
conducted on TiO, nanoparticles mixed with R600a as the working fluid. TiO,-
R600a nano-refrigerant was used in a domestic refrigerator with little system

reconstruction.

Shengshan Bi et al 201122 investigated the nano-refrigerant. TiO,-R600a nano-
refrigerants in a domestic refrigerator without any system reconstruction. The
refrigerator's performance was then investigated using an energy consumption test
and freeze capacity test. The results indicate that TiO,-R600a nano-refrigerants work

normally and safely in the refrigerator.

R. Reji Kumar et al 20132% build experimentation according to the national
standards of India. The performance of the refrigeration system depends upon the
heat transfer capacity of the refrigerant. Normally R12, R22, R600, R600a, and 134a
are used as a refrigerant. This refrigerant heat transfer capacity is not so good and

Increases power consumption.

16



SUMMARY OF LITERATURE SURVEY

From the above reviews of literature, we infer that either by adding
nanoparticles to refrigerant or to a compressor lubricant, we attain more

coefficient of performance (COP) and decrease in work done.

Power consumption by the compressor with Nano lubricant is less than that

of the compressor using normal lubricant.

When compared to conventionally used HFC refrigerants like R-134 a, R-410
a, alternate hydrocarbon refrigerants like R-600a and R-290 exhibited low

carbon emission and low global warming potential.

Nano particles with R-600a refrigerant and lubricant can be used as an
excellent refrigerant to improve the heat transfer characteristics and

performance in a refrigeration system.
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CHAPTER 3
OBJECTIVE AND METHODOLOGY

3.1 OBJECTIVE

» To study the impact of TiO, nanoparticles in a VCR system employing

alternate refrigerant like R-600 a.

« To prepare nano lubricant for refrigeration compressor by mixing nano

particle with lubricating oil.

» To calculate the difference in COP for a vapour compression refrigeration
system using R-600a as a refrigerant along with nanoparticles and compare

it with a conventional vapour compression refrigeration system.
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3.2 METHODOLOGY

SELECTION OF ‘ SELECTION OF
SYSTEM REFRIGERANT

- SELECTION OF
LUBRICANT

SELECTION OF
NANOPARTICLES
MIXING OF NANO

LUBRICANTS

CHARGING OF
NANO LUBRICANTS
& REFRIGERANT IN

COMPRESSOR

COMPARISON OF CALCULATION OF
COP COP
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CHAPTER 4

EXPERIMENTAL WORK
4.1 Experimental Setup

The experimental setup was filled with R600a gas at a suitable
pressure after evacuating the vapour compression refrigeration System as

shown above. Then the system was ensured for no leakage.

‘D

P Refrigeration
Test Rig -1

1 TIC] &

Fig No. 4.1 VCR System Setup

Table 4.1 Specifications of the system

Compressor Hermetic type compressor
Condenser Air Cooled Condenser
Refrigerant R-600a

Cooling Capacity 0.15TR

Voltmeter 0-300V

Ammeter 0-10A

Energy Meter constant 1500 Kw-hr

Expansion Device Thermostatic Expansion Valve
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& Capillary tube

4.2 Procedure For Mixing Nano lubricants

Nanoparticles TiO, were added to the refrigeration system by adding them
to the lubricant in the compressor of the system. The preparation and stability of this
lubricant and nanoparticle mixture is very important. The lubricant oil, a type
commonly used in refrigeration and air-conditioning systems was polyester oil
(POE).

Fig No. 4.2 Refrigeration Lubricant (Suniso Refrigeration Oil)

Nano particles Titanium dioxide , weight of these nano particles were
measured using a digital weighing machine, shown in figure 4.3 before mixing it

with 300ml of POE oil as per proportions is as follows :
> 50ppm
> 100ppm

> 150ppm
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Fig No. 4.3 Digital Weighing Machine
The preparation and stability of these lubricants and nanoparticle mixtures
are very important. Placing the beaker into a ultrasonic heater for around 45 mins

properly covered as shown in fig no. 4.4

Fig No. 4.4 Ultrasonicator

Table.4.2 Ultrasonicator Specification

Make LABMAN
Tank volume (litres) 1.8L
Ultrasonic Wattage 50 W
Ultrasonic Frequency 40 KHz
Tank Dimension (L*W*H) mm 150*%137*100
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Outer Dimension (L*W*H) mm

175*%165*200

Heating

Ambient to 80 °C Digitally Controlled

Digital Timer

5 to 60 Minutes

Inner and Outer Material

Stainless Steel

Power Supply

220 volt, AC 50Hz, Single Phase

After that, place the same beaker onto a magnetic stirrer after keeping a

magnet inside the beaker covered properly for 30-40mins.Hence a nano lubricant is

prepared within 1 and half hour. No surfactant is added in this work as there may be

any influence in reduction of thermal conductivity and performance moreover the

oil was miscible with Copper oxide and Titanium dioxide respectively.

T g a—

Fig No. 4.5 : Magnetic stirrer

Table.4.3 Hot Plate Magnetic Stirrer Specification

Model 1 MLH
Stirring Capacity in litres 1
Heating Capacity in watts 150
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External Dimensions 200*225*185

-19
Stirring Paddle (Model) (PTFE Coated) Q

Stirring Paddle (Length) (PTFE 9*25 mm
Coated)

The nanoparticles of TiO,, ranging between 20 nm to 50 nm were mixed with
POE to synthesize nano lubricant in a recommended method. POE oil was used as
supplied by supplied without further purification. The nano particles of TiO, and
POE mixture were prepared with the aid of magnetic stirrer for 1 hr. The mixture
was then further kept vibrated with an ultrasonic homogenizer for half an hour to
fully separate the nanoparticles and to prevent any clustering of particles in the
mixture to obtain proper homogenization. No surfactant is added in this work as

there may be any influence in reduction of thermal conductivity and performance.

4.3 Charging and Evacuation In Experimental Setup

In vapour compression refrigeration system, Nano lubricant oil specimen was
charged into the compressor by using suction pressure of compressor. A vacuum
pump was connected to the suction side provided in the compressor and the system
was completely evacuated for the removal of any impurities. This process was
carried out for all the trials. Through the service ports of compressor, nano
refrigerant was carefully added to the system.

The experimental setup was filled with R600a gas to required system
pressureafter evacuating the vapour compression refrigeration system. Then the

system was ensured for no leakage.
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4.4 Experimental Procedure

In Vapour compression refrigeration system, experimental investigation was
started by measuring the water height in the duct for varying loads, 10litres and
15litres respectively. Initially the water temperature was measured using digital
thermometer. Running the system to run for forty-eight minutes, readings were noted
for each samples of prepared Nano lubricants leaving a time interval of six minutes.
Finally, final temperature of water is measured using digital thermometer. Again the

same procedure was repeated. After noting down the readings of required values,

coefficient of performance was calculated.

4.5 Property Tables

Table 4.5 Properties of Titanium Oxide

Atomic Volume 0.0057m3/kmol
Density 3.97Mg/m3
Specific heat 683J/Kg.K
Thermal conductivity 4.8W/m.K
Dielectric Constant 10

Table 4.6 Properties of POE Qil

INDEX RL68H
Viscosity 19-150 mm2S
@ 40°C
(104°F)
Flash point VC >93.3°C
(200°F)
Vapour Pressure <0.01 mm
Hg
Initial boiling point >230°C
and boiling range (446°F)
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CHAPTER 5
RESULTS AND DISCUSSION

The heat transfer enhancement, solubility, and performance enhancement of the

VCRS with Nano refrigerants and Nano lubricants as the working fluid were

critically reviewed. The following remarks can be extracted from the present review:

1.

11.

111.

1v.

The use of Nano refrigerants and Nano lubricants were increased the
heat transfer performance of VCRS especially in pool boiling and nucleate

boiling heat transfer.

The solubility and miscibility of refrigerant-oil mixture is neither
enhance or unchanged with the introduction of nanoparticles into the

mixture, which helps in oil return ratio in the VCRS.

The Nano lubricants have better tribology characteristics in term of
friction reduction and wear rate in comparison to original compressor

lubricants.

The utilization of Nano lubricants and Nano refrigerants were increased
the overall performance of VCRS which related to the cooling capacity

and coefficient of performance (COP) of the system.
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Results for TiO2 for 10 litres and 15 litres of capacity
Time vs COP

TIME VS COP FOR TiO,, (15 LITRES)
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—— R600a + POE OIL ®— R600a + POE OIL + 50 PPM TiO2 R600a + POE OIL + 100 PPM TiO2

Fig No. 5.1 Variation of Time with respect to COP for TiO- (15 litres)

From the above Fig No 5.1, it can be observed that Coefficient of
Performance is high for nano lubricant with R600a + POE Oil + 50ppm of Titanium
Oxide as compared to refrigerant using normal POE Oil as lubricant and it also
indicates Coefficient of Performance is maximum for R600a + POE Qil + 100ppm
of Titanium Oxide for 15 litres of Cooling Capacity of Water. Enhancement of
Coefficient of Performance is attained due to properties of lubricant with the

inclusion of nano particles.
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TIME VS COP FOR TiO, (10 LITRES)
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—e— R600a + POE OIL ®— R600a + POE OIL + 50PPM TiO2 R600a + POE OIL + 100PPM TiO2

Fig No.5.2 Variation of time with respect to COP for TiO2 (10litres)

From the above Fig No 5.2, it was observed that Coefficient of Performance
is high for nano lubricant with R600a + POE Oil + 50ppm of Titanium Oxide as
compared to refrigerant using normal POE Oil as lubricant and it also indicates
Coefficient of Performance is maximum for R600a + POE Oil + 100ppm of
Titanium Oxide for 10 litres of Cooling Capacity of water. Enhancement of
Coefficient of Performance is attained due to properties of lubricant with the

inclusion of nano particles.
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Time vs Workdone

TIME VS WORKDONE FOR TiO2(15 LITRES)
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Fig No. 5.3 Variation of Time with respect to Work done for TiO2 (15 litres)

From the above Fig No 5.3, it was observed that Work done by the
Compressor is less for nano lubricant with R600a + POE Oil + 50ppm of Titanium
Oxide as compared to refrigerant using normal POE QOil as lubricant and it also
indicates Work done by the Compressor is minimum for R600a + POE QOil + 100ppm
of Titanium Oxide for 15 Litres Cooling Capacity of Water. Decrease in Work done

Is attained due to properties of lubricant with the inclusion of nano particles.
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Time vs Workdone for TiO2 (10 litres)
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Fig No. 5.4 Variation of Time with respect to Workdone for TiO2 (10 litres)

From the above Fig No 5.4, it was observed that Work done by the
Compressor is less for nano lubricant with R600a + POE Oil + 50ppm of Titanium
Oxide as compared to refrigerant using normal POE Oil as lubricant and it also
indicates Work done by the Compressor is minimum for R600a + POE QOil + 100ppm
of Titanium Oxide for 10 litres Cooling Capacity of Water. Decrease in Work done

Is attained due to properties of lubricant with the inclusion of nano particles.
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TIME VS REFRIGERATION EFFECT

TIME VS REFRIGERATION EFFECT FOR TiO,
(15 LITRES)
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Fig No.5.5 Variation of Time with respect to Refrigeration Effect for TiO>
(15 litres)

From the above Fig No 5.5, it was observed that Refrigerant Effect is slightly
higher for nano lubricant with R600a + POE Oil + 50ppm of Titanium Oxide as
compared to refrigerant using normal POE Oil as lubricant and it also indicates
Refrigeration Effect is maximum for R600a + POE Oil + 100ppm of Titanium Oxide
for 15 litres Cooling Capacity of Water. Gradual Enhancement in Refrigeration

Effect is attained due to properties of lubricant with the inclusion of nano particles.
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TIME VS REFRIGERATION EFFECT FOR TiO,
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Fig No. 5.6 Variation of Time with respect to Refrigeration Effect for TiO>
(10 litres)

From the above Fig No 5.6, it was observed that Refrigerant Effect is slightly
higher for nano lubricant with R600a + POE Oil + 50ppm of Titanium Oxide as
compared to refrigerant using normal POE Oil as lubricant and it also indicates
Refrigeration Effect is maximum for R600a + POE Oil + 100ppm of Titanium Oxide
for 10 litres Cooling Capacity of Water. Gradual Enhancement in Refrigeration

Effect is attained due to properties of lubricant with the inclusion of nano particles.
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CHAPTER 6

CONCLUSION
From the experimental investigation following findings were made

e TiO; has higher Coefficient of Performance when POE Oil is used as

Lubricant along with R-600a

e TiO,+ POE Oil has reduced work done by the Compressor and thereby gives
higher COP.

e VCR system with TiO,+ POE Oil and alternate hydrocarbon refrigerant R-
600 a exhibited better energy efficiency, cooling effect and also low carbon
emission. The system with TiO, nano particles exhibit enhanced refrigeration

effect and low energy consumption.

e Nano lubricants are effective and safe to use in Vapour Compression
Refrigeration Systems. Nano lubricants gradually increases Refrigeration

Effect of the system.

e By adding nanoparticles Titanium Oxide it was seen to have difference in
Coefficient of Performance compared to refrigeration system using

conventional refrigerants and lubricants.

e During Experimental Investigation it was seen that no wear and tear in
compressor had happened and further mixing of nano lubricants with

refrigerant (R600a) in Experimental Setup did not take place.
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