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ABSTRACT

Vapour Compression Refrigeration system (VCRs) has been extensively used in
Refrigeration and HVAC sectors due to its beneficial characteristics like higher COP
and Refrigerating Effect. However, these sectors and consequently VCRs contribute to
a substantial and rapidly increasing global energy consumption which has raised huge
concerns. This project aimed to experimentally analyse the vapour compression
refrigeration system and compare performance of the system with and without heat
addition. It was conducted by fabricating a VCR unit and adding extra heat to the unit
before and after the compression process. The COP of the system increased by 46.07%
when heat was added before compressor while the current consumption of the
compressor decreased by 12.07%. However, COP of the system decreased by 22.7%
when heat was added to the system after compressor with 32.6% increase in current

consumption.
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CHAPTER ONE: INTRODUCTION

1.1 Background

Understanding the historical context of refrigeration sets the stage for a closer
examination of the vapour compression refrigeration system. This system's significance
lies in its widespread utilization, playing important role in both comfort and process air

conditioning.

1.1.1 History and development of Refrigeration

Refrigeration, broadly defined as any method that maintains a temperature lower than
the ambient surroundings, has a history dating back to ancient times, including ice
houses in Mesopotamia (1780 BC) and Persian Yakhchals (400 BC). In the 1800s,
natural ice harvesting was a thriving part of the economy, with large quantities stored
in insulated ice houses. Mechanical refrigeration systems, using various refrigerants
like sulphur dioxide, methyl chloride, ether, and carbon dioxide, were invented during
this time. Some systems in the early 1900s utilized carbon dioxide as a refrigerant,
requiring cold condenser water. In the 1930s, CO2 was used in cascade systems with
ammonia for freezing food. Ammonia absorption systems were viable until the 1950s
and 1960s, utilizing waste heat. Reciprocating compressors, refined in the early 1900s,
saw improvements in the late 1930s with the development of v/w-type compressors.
The 1950s and 1960s witnessed a significant expansion in the frozen food industry,
leading to increased demand for rotary and v/w compressors. In the late 1960s, the
helical screw compressor, invented in Sweden in 1935, became widely used for high-

pressure refrigerants [1].

1.1.2 Vapour Compression Refrigeration System

In vapour compression refrigeration systems, compressors increase the refrigerant's
pressure and temperature levels after the refrigerating effect is produced. The
compressed refrigerant releases heat to the sink and undergoes condensation,
transforming into a liquid state. This liquid refrigerant is subsequently expanded to a

low-pressure, low-temperature vapour, generating a refrigerating effect during



evaporation. Vapour compression systems are extensively utilised in both comfort and

process air conditioning, representing the employed refrigeration systems [2].

1.1.3 Components of vapour compression refrigeration system

Compressor, condenser, throttling device, evaporator, drier are the main components of

vapour compression refrigeration systems.

CONPENSER

EVAPORATO

FD
L P VAP H.P VAPDUR

,£>C OMPRESSOR

Fig 1.1: vapour compression refrigeration cycle

1.1.3.1 Compressor

Compressor is a device that is used to compress the refrigerant to increase its pressure
and temperature. Low pressure and temperature gas gets compressed into high pressure
and temperature gas in the compressor. Different types of compressors can be used in
VCRs depending on the size of refrigeration system and volume of refrigerant.
Centrifugal, reciprocating, screw, scroll etc. are types of compressors that can be used
in VCRs [3].

1.1.3.2 Condenser

Condenser is placed at the discharge side of the compressor. It cools down the high

temperature vapour refrigerant coming from the compressor by allowing the hot
2



refrigerant to release its latent heat to the surrounding. When high pressure gas enters

into the condenser it gets condensed and changes its phase to high pressure liquid [3].

1.1.3.3 Filter Dryer

It is used to remove moisture and particles from refrigerants before it enters into an

expansion device.

1.1.3.4 Capillary Tube

The capillary tube serves as a widely used expansion device in household refrigeration
systems. Typically, these tubes have diameters ranging from 0.5 mm to 2.0 mm and
lengths spanning 2 m to 6 m. Capillary tubes have several advantages over expansion
devices like thermostatic expansion valves. They are simple, cost-effective, and have
ability to equalise pressure during off-cycle enabling the compressor to start with low

torque [4].

1.1.3.5 Evaporator

Evaporator is a heat exchanger that enables the refrigerant to remove heat from the
desired space. Evaporator is placed after the capillary tube and before the compressor
in the refrigeration system. It usually has a series of coils that increases its surface area
and aids in the heat transfer process. The low-pressure liquid refrigerant in the
evaporator absorbs heat from the refrigerated space and consequently evaporates into a

low-pressure vapour. It utilises the latent heat for the refrigeration process [3].

1.1.4 Thermodynamics Cycles of VCRs

In a vapour compression refrigeration system, refrigerant is circulated in a closed loop
and heat transfer takes place by changing the phase of refrigerant. The ideal
thermodynamic cycle of VCRs is shown in Fig:1.2 and Fig:1.3. The four-process
involved in an ideal VCR cycle are:

Process 1-2: Isentropic Compression

Process 2-3: Isobaric Heat Rejection in Condenser

Process 3-4: Throttling in Expansion valve (Capillary Tube)
Process 4-1: Isobaric Heat Addition in Evaporator



However, in the actual process compression will not be isentropic due to the presence
of irreversibilities like friction loss, pressure drop, heat transfer to the surroundings, etc.

The actual thermodynamic process of VCRs is shown in Fig: 1.4 and Fig: 1.5.

Pressure (P)
N
K

Enthalpy (h)

Fig 1.2: Ideal Refrigeration Cycle on P-h diagram

S |
O 2
gl 3
s | 7
5|/ ——\
— ;x

/

f.f

Entropy (s)

Fig 1.3: Ideal Refrigeration Cycle on T-s diagram
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Pressure (P)

Enthalpy (h)

Fig 1.4: Actual Refrigeration Cycle on P-h diagram

Temperature (1)

Entropy (s)

Fig 1.5: Actual Refrigeration Cycle on T-s diagram



1.2 Problem Statement

Vapour Compression system is extensively used for Refrigeration and HVAC sector
for space cooling, space heating, cold storage etc. The HVAC system accounts for 40%
of the total building energy consumption and about 16% of the global energy
consumption [5]. With the world experiencing extreme temperatures in recent years the
energy demand for the HVAC system can only increase tremendously. As per, latest
IEA data, sales of HVAC equipment were increased by 11 % as of 2022 and further
increments have been predicted [6]. Similarly, the IEA also warns that the electricity
demand for space cooling can reach as much as 40% globally by 2030 without the move
towards better products [7]. This rapidly growing energy need raises concerns over
supply difficulties and exhaustion of energy resources and demands for improvement
in the efficiency of the vapour compression refrigeration system.

This project aims to experimentally analyse the vapour compression refrigeration
system and compare performance of the system with and without heat addition. This
has the potential to increase efficiency of VCRs and reduce the impact HVAC and

refrigeration systems have on global energy use.

1.3 Objectives

1.3.1 Main Objective

The main objective of this project is to fabricate the vapour compression refrigeration
system and experimentally study it by conducting performance analysis of system with

and without heat addition before and after the compression process.

1.3.2 Specific Objectives
I.  To select components of appropriate size for VCRs
ii.  To fabricate Vapour Compression Refrigeration System

iii.  To select components of appropriate size for the heat addition process
iv. To analyse and compare the performance of VCRs with and without heat
addition before and after the compressor.



CHAPTER TWO: LITERATURE REVIEW

2.1 COP of Refrigeration cycle

The coefficient of performance (COP) of a VCRs gives us the measures of the
efficiency of the system. It is the ratio of the cooling produced by the evaporator to the
amount of work or energy input utilised by the system. Greater Coefficient of
Performance (COP) values correspond to increased efficiency, reduced energy (power)

consumption, and consequently, decreased operating expenses [3].

Usually, the work input to the VCRs is electrical energy. So, it can also be measured
by

Refrigerating Ef fect

COP =
Work done

The coefficient of performance (COP) of VCRs is calculated practically by measuring
the cooling or heating effect produced by the system and the electrical energy consumed
by the compressor. The general steps taken to calculate the COP of VCRs used for

cooling are:

I. We can measure the cooling effect produced by the system by measuring
the amount of heat removed from the maintained refrigerated space per unit
time. This can be done using a heat flow metre or by measuring the change
in temperature of a known mass of water or another suitable medium and
with their specific heat capacity known to us.

ii. Then we can measure the electricity consumption of the VCRs over a

specific amount of time [8].

2.2 Factor affecting COP of refrigeration cycle

COP of refrigeration cycle varies due to various factors such as inlet and outlet pressure
of compressor, temperature difference between indoor and outdoor, superheat and

subcooled process etc. [3,9,10].



2.2.1 Effect of Suction Pressure
When there is decrease in suction pressure due to losses during flow of refrigerant,
refrigerating effect decreases, compressor work input increases. Thus, the COP of the

system decreases [3].

2.2.2 Effect of Discharge Pressure
When there is increase in discharge pressure due to losses during flow of refrigerant,
refrigerating effect decreases, compressor work input increases. Thus, the COP of the

system decreases [3].

2.2.3 Effect of Evaporator Temperature

When there is increase in evaporator temperature, there is reduction in compressor work
due to decrease in pressure ratio of compressor. However, refrigerating capacity is
increased due to increased heat transfer between refrigerant and medium being cooled.
The combined effect of these two factors results in overall increment of COP of the
system [9, 10].

2.2.4 Effect of Condenser Temperature

With increase in condenser temperature, the effect is just opposite to that of evaporator
temperature rise. As condenser temperature increases, the COP of the system decreases
[9,10].

2.2.5 Effect of Superheating

Superheating refrigerant before suction increases the refrigerating effect of the system,
hence increasing COP [11].

2.2.6 Effect of Subcooling
Subcooling refrigerant increases refrigerating effect, thus increasing COP of the system
[11].

2.3 Method of Increasing COP of VCR Cycle by Regenerative method

During the 69th conference of the Italian Thermal Engineering (ATI2014), a paper was
presented by Ascani Maurizio, Cerri Giovanni, and De Francesco Eduardo, the focus
of which was the optimization of power consumption in a cooling plant layout. The



proposed approach involved a compressor expander group to increase pressure at the
main compressor's inlet. The feasibility test using R-404a demonstrated positive results,
indicating an expected increase in the coefficient of performance (COP) by
approximately 22-23% [12].

Additionally, Sobhit Mishra and Nomendra Tomar presented a theoretical analysis
during the same conference. Their research centred on a new regenerative compression
system incorporating an ejector as the second stage of compression. The theoretical
analysis showcased promising outcomes, revealing a performance increase of 22% for
R-134a and 11.7% for R-1234yf in the regenerative cycle. These findings contribute
valuable insights to the advancement of energy-efficient and optimised cooling systems
[13].

2.4 Method of Increasing COP of AC by Heat Addition

In VCRs, most power is consumed by the compressor while circulating refrigerant.
Compression process can be enhanced by adding extra heat to the refrigerant before the
compressor inlet [14]. LLSL-HX is used to transfer heat from the condenser section of
VCRs to heat refrigerant in the suction line of the compressor. In an experiment
conducted by Prasanna & Kishore in 2014 it was found that using the LLSL-HX
refrigeration effect of the VCR cycle was increased by 16% and the workload of the
compressor was reduced by 14% [15]. Alli et al, increased the COP of vehicle air

conditioning systems by 10% using SL-HX in their experiment [16].

2.5 Effect of Ambient Temperature on COP

Ambient Temperature and relative humidity have significant impact on COP and power
consumption of Vapour compression refrigeration system. With constant relative
humidity, change in power consumption is proportional to change in ambient
temperature and with increase in ambient temperature, COP of refrigeration system
decreases [17].

As per experiment conducted in [18], for every one-degree Celsius rise in temperature
compressor work input is increased by 0.017 kW linearly and cooling capacity is
decreased by 0.022 kW.



2.6 P-h chart

The p-h chart is the most convenient diagram for examining the characteristics of a
refrigerant. In this chart, vertical axes depict pressure, while horizontal axes represent
enthalpy (total heat). At the critical point, the saturated liquid line and saturated vapour
line converge. A saturated liquid refers to one with a temperature matching its pressure's
saturation temperature. Consequently, the area to the left of the saturated liquid line is
the sub-cooled liquid region. The space between the liquid and vapour lines is termed
the wet vapour region, and to the right of the saturated vapour line lies the superheated

vapour region [3].
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Fig 2.1: Pressure-Enthalpy Chart

2.7 Refrigerant R- 134a

A refrigerant is the fluid in a refrigeration system, responsible for absorbing and
conveying heat. It absorbs heat at low temperature and pressure, releasing it at higher
temperature and pressure. Refrigerants typically undergo phase changes during heat
absorption (evaporation) and heat release (condensation). R134a (1,1,1,2-
Tetrafluoroethane) is a hydrofluorocarbon refrigerant. R134a is widely employed in

refrigeration applications as azeotropic blend, owing to its essential attributes like non-
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flammability, chemical stability, and favourable thermodynamic properties, all of

which have no detrimental impact on the ozone layer. [19]

2.8 Fabrication process

The fabrication processes used in the fabrication of our setup are explained below.

2.8.1 Cutting

Tube cutter is used to make straight cuts in copper pipes. The copper pipe is inserted
securely into the cutting tool. Proper handling of the pipe is ensured to achieve
satisfactory results. The lever is set to establish contact between the blade and the pipe.
The tube cutter is rotated counter clockwise, completing one full turn until it is sensed
that the blade is initiating the cutting process. Subsequently, the rotation is reversed in
a clockwise direction. While turning clockwise, the lever is periodically adjusted until
the pipe is fully cut [20].

2.8.2 Swaging

Swaging is a technique used to join two copper tube pieces of identical diameter by
enlarging or elongating the end of one piece to accommodate the other, facilitating
subsequent soldering or brazing of the joint. The swaged ends are usually cylindrical in
shape. Typically, the length of the joint that encompasses the other corresponds
approximately to the outer diameter of the tubing.

Swaging tools primarily utilise pressure to expand or widen the end of copper tubing.
Various types of swaging tools are available for copper pipes, including spike-shaped
punch tools, manual tube expanders, and feed screw tools akin to flaring bars. Notably,
flaring tool kits often come equipped with swaging bits or die blocks that can transform
the flaring bar into a swaging bar.

The swaging process is first started by preparing essential tools, such as a tube cutter,
reamer, sand cloth, brush, flaring block, swaging tool, and hammer. The tube is then
cut to the specified or desired length. Burrs are removed, and residues are cleaned from
the tube using the reamer. The tube is placed in a flare block or anvil block with a hole
matching the outer diameter of the tube, with the tube extending slightly above the
block. The appropriate swaging punch is placed in the tube, and it is either struck with
a hammer or forced slowly into the pipes through the means of screw to achieve the
desired shape and length of the joint. The joint is assembled, ensuring smooth fitting of
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the tubes. Post-swaging, the tubing is inspected for cracks or defects, and if any are

detected, the swage is cut off, and the process is restarted [20].

2.8.3 Flaring

Flaring refers to the process of creating a wider, funnel-shaped lip at the end of a soft
metal tube, typically copper or aluminium. This flared end then fits securely onto a
fitting, such as a male flare nut, to create a leak-proof connection. Flaring tools
primarily utilise pressure to create the flared ends. The bar-type tool is the most widely
used flaring tool for copper tubing, equipped with various holes to accommodate
different pipe and tube sizes effectively.

The initial step involves precisely cutting the copper pipe to the desired length, a tube-
cutting tool ensures smooth and even cuts. Measurements are marked on the pipe, and
the cutting tool is securely attached, rotating around the pipe to create a circular groove
for a precise cut. The loose ends are trimmed using a deburring blade on most pipe
cutters. Then the pipe is placed in a flare form to ensure a secure hold and proper cutting
without altering the diameter of the pipe. The nut that is nearest is tightened first before
tightening the other nut and the yoke is adjusted. Then the reamer is placed on the flare
form while making sure that the conical point is placed at the centre of the pipe. The
reamer is then slowly tightened to the copper pipe through a screw. The flared end is
then attached to a fitting such as a flared nut, creating a leak-proof seal. Successful
flaring results in a 45-degree angle covering the fitting. The process should be repeated

if there are any defects on the flared surface [20].

2.8.4 Brazing

Brazing is a metal joining process that entails applying heat and introducing a filler
metal to join two metal pieces. The filler metal, with a lower melting point than the
metals being joined, is introduced either beforehand or during the heating of the parts.
The copper pipes in the HVAC and Refrigeration systems are usually joined by the
brazing method. It is because brazing creates a strong and durable joint that can
withstand the high pressure and temperature experienced in refrigeration systems. The
capillary action of the molten brazing filler metal fills any minute gaps between the
joining parts, ensuring a tight and lasting seal and preventing the leakage of the
refrigerant.
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The brazing process begins with the thorough preparation of metal parts, ensuring the
removal of contaminants like dirt or rust. Subsequently, the parts are meticulously fit
together, leaving a small gap to facilitate the flow of the filler metal. A flux is then
applied to the joint area, protecting the metal surfaces from oxidation and aiding in
impurity removal. The assembled parts undergo heating to a temperature above the
filler metal's melting point but below that of the base metals, allowing the filler metal
capillaries to flow into the joint and create a robust bond. The filler metal used has a
melting point higher than solder but lower than the base metals being joined. The joined
components are then allowed to cool gradually, solidifying the filler metal and ensuring

the durability of the connection [20].

2.9 Testing

Various tests should be conducted to ensure that the designed and fabricated system are

free of leakages to get good results. Important testing method are described below.

2.9.1 Nitrogen Flushing

Nitrogen Flushing is done after the complete fabrication of the system. It is the process
of cleaning pipelines using nitrogen gas. Dry Nitrogen is used to purge certain
contaminants from the system by connecting the nitrogen regulator to a line and
allowing it to expel the contaminants through the other line, while isolating the
compressor. While supplying the nitrogen, precaution should be given so as not to

exceed the system's working pressure [21].

2.9.2 Bubble Test

Bubble Test is one of the most widely used leak detection tests used in HVAC systems.
It is typically suitable to find large leakages in the system. The part to be tested is filled
with soap water and whether there is formation of bubbles or not is noted. Formation
of bubbles indicates the presence of leakage, so appropriate measures must be taken to

remove the leakage [21].

2.9.3 Pressure Testing

Pressure testing involves applying a defined pressure to the piping system to identify
potential leaks. The objective of pressure testing is to confirm the absence of leaks in
the system before it becomes operational. Pressurised Nitrogen is passed through the
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refrigerant circuit and left there for 24 hours by sealing the openings of pipes. If there
is no fluctuation or very little fluctuation in the pressure reading of the pressure gauge,

then it indicates the absence of minor leakages [21].

2.9.4 Vacuuming
Vacuuming is done to remove nitrogen gas and moisture from the system before

refrigerant is charged in the system [21].

2.10 Choking of a Capillary Tube

The refrigerant flow in the capillary tube undergoes a flash process, transitioning from
liquid to vapor-liquid mixture due to the reduction in the pressure of the refrigerant.
Beyond the flashing point, pressure drops rapidly due to two-phase friction and vapor
acceleration, leading to a saturated liquid-vapor mixture. As pressure continues to drop,
saturation temperature decreases and refrigerant quality increases until the refrigerant
reaches the capillary tube exit. This results in the increase in velocity of the fluid due to
the larger specific volume until it gains sonic velocity, where the Mach number becomes
unity, and choked flow occurs. After the Mach number becomes unity, the refrigerant
entropy achieves a peak value and further decrease in backpressure does not change the
mass flow rate through the capillary [22].

Capillary tube blockage may also occur due to presence of moisture, which freeze up
in tube when the temperature of capillary tube falls below 0°C, and due to presence of

dust particles.

2.11 Safety Consideration for Heat addition

High pressure cut-out and low-pressure cutout can be used as safety device in
refrigeration system. LP cutout, connected in compressor suction side, cut off the
compressor when suction pressure falls below certain set value. HP cut out, connected
in compressor discharge side, cut off the compressor when discharge pressure exceeds

above pre-set value [23].
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CHAPTER THREE: METHODOLOGY
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3.1 Literature Review

By reviewing articles, books, journals and other sources, valuable knowledge and
insights to conduct our project was gained. After a comprehensive review of the related
literature the specifics of the experiment were decided. The performance of the Vapour
Compression Refrigeration System by adding heat before and after the compressor was

to be analysed against the normal system.

3.2 Materials

Different materials, tools, software that are necessary for our project are listed below

3.2.1 Equipment
i.  Compressor
ii.  Heat Exchangers
iii.  Thermometers
iv.  Pressure Gauges
v.  Copper pipes
vi.  Pipe fittings (elbow, tee, flare-nut)

3.2.2 Tools
i.  Pipe cutter
ii.  Flaring tools
iii.  Brazing tools
iv.  Wrenches
v.  Drill machine
vi.  Clamp Metre

vii.  Wattmeter

3.2.3 Software Requirements

i. AutoCAD
ii. SolidWorks
ili.  Microsoft 365

iv.  Engineering Equation Solver (EES)
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3.3 Schematic Design

As per the objective of our project, modifications were made on existing VCRSs systems
by adding heat exchangers before and after the compressor for the heat addition process.

Then the simple schematic design of the experimental setup was prepared.

3.3.1 Normal Operation

ﬁ L;Evaporator

Fan

@ {TH
vo Fier vo vo @ o Symbols & Abbreviations
: . Low Pressure Guage
Capillary Tube
pillary % QP

E' Heat Exchanger High Pressure Guage
condenser ve

vC Low Pressure Line
/]

High Pressure Line

3/8 Valve

Heat Exchanger 1/4 Valve
| Compressor
@

Temperature Guage
ﬁ vO Valve Open
Fan V C

Valve Close

Fig 3.2: Schematic diagram of system for normal operation
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3.3.2 Heat addition before compressor
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Fig 3.3: Schematic diagram of system for heat addition before compressor
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3.3.3 Heat addition after compressor
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Fig 3.4: Schematic diagram of system for heat addition after compressor

3.4 Selection of components
Procedures followed for the selection of components are listed and described below

3.4.1 Selection of Compressor

Compressor was the component that was selected first for the fabrication of our VCR
system. All the other components were then selected based on the compressor

specifications and design requirements. The compressor that best suited the criteria of
size, market availability and our budget was selected.
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3.4.2 Selection of Condenser and Evaporator

For the selection of condenser, following procedures were consecutively followed.

3.4.2.1 Design Temperature

Initial design temperatures were taken under the guidelines of Compressor’s data sheet.

Table 3.1: Design Temperatures

Suction Temperature (T1) -10°C
Discharge Temperature (T2) 55°C
Condensing Temperature (T3) 46°C
Evaporating Temperature (T4) -10°C

3.4.2.2 Plotting on P-h chart

After the design temperatures were obtained, respective temperatures were plotted in
the P-h chart of R-134a, assuming ideal VCR cycle, to obtain necessary data for further

calculations.
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Fig 3.5: Plotting of design temperatures on P-h chart of R134a

Processes shown in the above chart are:

Process 1-2: Isentropic Compression

Process 2-3: Isobaric Heat Rejection in Condenser

Process 3-4: Throttling in Expansion valve (Capillary Tube)
Process 4-1: Isobaric Heat Addition in Evaporator
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Enthalpies obtained from the above chart are:

Table 3.2: Enthalpies obtained after plotting design temperatures in P-h chart of

R134a
he 392 ki/kg
ha 432 ki/kg
hs 266 kJ/kg
ha 266 kJ/kg

3.4.2.3 Compressor’s efficiencies

The overall compressor efficiency was obtained by calculating mechanical, volumetric

and electrical efficiencies.
1

Volumetric efficiency (n,) =1+ C—C (%);
1

Mechanical efficiency(n,,,) = ZaputPower

Input Power

Electrical Efficiency (n,) = %: input power / rated power of the compressor

Overall Efficiency=n, * 1, * 1,

3.4.2.3.1 Mechanical efficiency
Due to insufficient compressor data the mechanical efficiency was set to a typical
Value of 0.90 obtained from relevant literature sources [10].

3.4.2.3.2 Volumetric efficiency

Following formulas were used to calculate the volumetric efficiency of the compressor

Specific heat capacity of R-134a at constant pressure is given by
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Cp = Cp;+ CpoT + Cp3T? [24, eq. (3.1)]

Specific heat capacity of R-134a at constant volume is given by
C,=a+bT+cT?+dT’ + 4 [24, eq. (3.2)]

Heat Capacity Ratio of R-134a is given by

)

y=2p [24, eq. (3.3)]
Cy
Clearance volume for the compressor is given by

Clearance volume (V) = clearance(c) X stroke volume(v) [3, eq. (3.4)]
Stroke Volume can be obtained from the Compressor data sheet. However, due to
insufficient compressor data clearance was considered to be 4% from the relevant

literature source [39].

Clearance ratio is given by

Clearance volume (V) [3, eq. (3.5)]

cl tio (€) =
earance ratio (C) Stroke volume (v)

Volumetric efficiency of compressor is given by

1
e (P2)77 [3, eq. (3.6)]

My = P,

Here, % is the pressure ratio and can be obtained from P-h chart
1

3.4.2.3.3 Electrical Efficiency
Electrical Power consumed (input power) by compressor is given by

Electrical power consumed(P;) [eq. (3.7)]

= Rated current X voltage

Electrical Efficiency is given by
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_ b eq. (3.9)
Ne = p

i

Here output power of compressor (P,) is the compressor rated power which can be

obtained from the compressor data sheet.

3.4.2.5 Mass flow rate
Mass flow rate for the VCR system is given by

Compressor rated Power X 1, X g X Ny = m (hy — hy) [3, eq. (3.10)]

3.4.2.6 Required Capacity
Required capacity for the evaporator is given by

Qevap = M (h; — hy) [3, eq. (3.10)]
Required capacity for the condenser is given by

Qcona = M (hy — hy) [3, eq. (3.11)]

3.4.3 Selection of Capillary Tube
The size of the capillary tube was selected from the capillary tube selection guide based
on the evaporating temperature of our system and the rated cooling capacity of our

compressor.

3.5 Procurement of Materials

All the above-mentioned components were purchased according to the calculated
selection requirements. The remaining components like pipes and fittings were
purchased in standard sizes typically used for the VCR system. The required fabricating

tools like pipe cutter, flaring tools and brazing tools were also acquired.

3.6 Fabrication

The components were assembled, and the system was fabricated in accordance with the
schematic design. Some modifications were incorporated that made the fabrication
easier. The fabrication process primarily encompassed various pipe works like cutting,
flaring, swaging, and brazing. These techniques were employed to connect different

components through pipes, forming an integrated system.
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3.7 Testing of Fabricated Unit

Once the fabrication of the unit was completed, the testing was carried out in Himal

Refrigeration & Electrical Industries PVT. Ltd to check the leakages in the set-up.

3.7.1 Nitrogen flushing and soap bubble test

After the system assembly, the tubes were flushed with nitrogen, and the soap bubble
test was conducted. The test revealed leakage in the system, and these leaks were
corrected by re-brazing the joints with leakage and tightening the flare nuts. When these
did not work the faulty components like flares and pressure gauge adaptors were
changed.

3.7.2 Nitrogen Pressure Testing

The nitrogen gas was filled into the system at 130 psi, and the system was left
undisturbed for 48 hours to ensure that the pressure held and there were no leakages
following the soap bubble test.

3.7.3 Vacuuming

After the nitrogen pressure test, the nitrogen gas present in the tubes were vacuumed
out with the vacuuming machine.

3.7.4 Refrigerant Charging

Before the refrigerant charging, the calculation of the nature of the working cycle was
done which determined the required temperatures and enthalpy values. The volume of
the tubes was measured from the fabricated system and multiplied by the densities of

the refrigerant at different temperatures to get the mass of the refrigerant required [25].

Cylindrical pipe sizes: % inches and % inches in diameters.
2
Cross-sectional Area(A): %

Volume(V) = Cross-Sectional Area(A) * length of tubes(L)

Mass(m) = volume(V) * density(p)
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3.8 System Operation

After a series of tests were conducted and it was verified that our set-up was free of
leakages, refrigerant (R-134a) was charged into the system. Electrical connections of
the compressor and fans of the evaporator and condenser were completed. The system

was then operated.

3.9 Selection of Heat addition method

The finned tube heat exchanger was selected because it facilitated the heat addition
process and its budget-friendly nature was advantageous. The heat addition method that
worked best for the finned tube heat exchanger (forced type) was selected. The ability
of the heating component to reach the required temperature for the experiment was also

considered.

3.10 Experimentation

The experiment was conducted as per our project’s objective. Pressure gauges and
thermometers were placed in various places throughout the system through which the
pressure and temperature at different states were obtained. Clamp meter was used to

measure the current consumed by the compressor for the performance analysis.

3.11 Performance Analysis

3.11.1 COP
COP of the system is given by
hy—h
COP = (h; — hy) [3, eq. (3.13)]
hy = hy

3.11.2 Percentage increase in COP

If COP1and COP; are the COPs of VCR before and after the addition of heat, then the

percentage increase in COP can be calculated as

cor, — cop 15, eq. (3.14
% increase in COP = ZCOP L% 100 [15, eq. (3.14)]
I
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3.11.3 Power required to run Compressor

Let P1 and P2 be the power required to run the compressor before and after the addition

of heat, then it can be calculated as

_ m @y —hy) [15, eq. (3.15)]
"™ 60 x cop,

P, = m (h]new — Ninew) [15, eq. (3.16)]
? 60 x COP,

3.11.4 Percentage reduction in Power to run Compressor

Let P1 and P2 be the power required to run the compressor before and after the addition
of Solar Thermal respectively, then percentage reduction in power required to run the

compressor is given by

P, — P
% Reduction = ———= x 100 [15, eq. (3.17)]

3.12 Validation

At the end of the project, all the results obtained were validated by conducting thorough

literature review and expert consultation.

3.13 Documentation

The documentation was completed by following the guidelines provided by the

department.
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CHAPTER FOUR: RESULTS AND DISCUSSION

4.1 Output

4.1.1 Selection of Compressor

The Siberian GFF66AA compressor having following specifications was selected.

Table 4.1: Compressor Specifications [26]

Type Hermetic LBP
Refrigerant R134a
Power Ya HP

Evaporating Temperature Range

-35°C to -10°C

Max Peak Condensing Temperature 70°C

Max Operating Discharge Temperature | 120°C
Displacement 6.6 cc
Rated Voltage 220V-240V
Max Rated Current 0.92
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Fig 4.1: Compressor

4.1.2 Selection of Evaporator and Condenser

The calculations for the selection requirements of the evaporator and condenser were

done as follows:

From P-H chart of R134a enthalpies at different states were
h1 =392 kJ/kg

h2 = 432 kJ/kg

hs = 266 kJ/kg

hs = 266 kJ/kg

For volumetric efficiency

Stroke Volume (v) = 6.6 cm?®

Clearance (c) = 4% [27]

Clearance volume (V) = clearance X stroke volume

=4% X 6.6
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=0.264 cm®
Clearance ratio (C) = Ye
=0.04
From P-H Chart
Pressure ratio (P1/P2) = 1/6
Cp = Cps+ CpoT + Cp3T?
T = reference Temperature = 273 K

C,; = 1.94006 E+01——. K
mole

Cp, = 2.58531 E-01 ——.K
mole

Cp; = = —1.29665 E-04—— . K
mole

C, = 82.69—1—.K

mole
For R-134a, 102.03 g/mole
C, = 0.810447 kJ /(kg.K)

For C,
C,=a+bT+cT?+dT’ + 5
a = 3.154856 E+00

b =-1.656054 E-02

¢ = 4.353378 E-05

d = -3.754497 E-08

f = -3.023189 E+04

C, = 0.7088k] / (kg.K)
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Ny = 0.8474
For electrical efficiency
Maximum Rated Current of compressor = 0.92A [28]
Input Power(P;) = Rated current X voltage
=0.92x 220
=202.4W

Input Power (Po) = 143 W

Now,
- B
Ne = P,
Ne = 0.7065

For mechanical efficiency

Ny = 0.95

Power X0, X Ne X Ny = M (hy — h;)

(1/4) x0.7457%0.8474x0.7065%0.90 = m (432-392)
m =0.002511 kg/s

For COP

hi—hy

COP = Y-y

COP =3.15
Required Evaporator capacity

Qevap = m (h; — hy)
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= 0.002511x (392-266)
Qevap = 316.386 W

Selected Evaporator Capacity

The evaporators available on the market were only of standard sizes. We initially chose

one of them to see if it met our requirements.
Rated Capacity of selected evaporator = 1/3 hp
Qevap(sery = Rated Capacity X m, X 1 X 1y X COP
= (1/3)x0.7457x1000%0.8474x0.7065x0.90%3.15
Qevap(sery = 421.887 W

The capacity of the evaporator initially chosen came out to be 427.887 W which met
our requirement of 37/6.386 W. So, this evaporator was selected. This evaporator is a

finned tube evaporator with a fan set.

| ;L. = »
' 11
,' TM ” L /mmm

AR

JRIH “NLU.H

Fig 4.2: Evaporator

Required Condenser Capacity

Qcona = M (h; — hy)

0.002511(432-266)
Quong = 416826 W

Selected Condenser Capacity
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The condensers available on the market were only of standard sizes. We initially chose

one of them to see if it met our requirements.

Rated Capacity of selected condenser= 1/3 hp

i ha—h3
Qcondcsery = Rated Capacity X 1y, X ne X Ny X o
432-266
432-392

= (%3)x0.7457x1000x0.8474x0.7065x0.90x

Qcond(Sel) = 555.82W

The capacity of the condenser initially chosen came out to be 555.82W which met our
requirement of 416.826W. So, this evaporator was selected. This condenser is a finned

tube condenser with a fan set.

Fig 4.3: Condenser with fan set

4.1.3 Selection of Capillary Tube

The following selection guide was followed for the selection of the capillary tube. The
rated cooling capacity of our compressor is 186.4W and our evaporating temperature is

-10°C so the capillary tube of 0.91 mm diameter and 3.3m length was selected [29].

4.1.4 Fabrication

The fabrication of the system resulted in the following setup.
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Fig 4.4: Experimental Setup

4.1.5 Refrigerant Charging

Table 4.2: Refrigerant Charging Calculation Sheet

Copper Dia Dia | Length | Volume (m®) | Temperatur | Density | Mass of the
Tube _ of Pipe e at the Refrigerant
(inch) | (Mm) | (mm) point (°C) | (@ required(kg)
Liquid Flow | 0.25 | 6.35 | 533.4 | 1.68924E-05 -10 1327.4 | 0.022422972
1
Liquid Flow | 0.375 | 9.525 | 1041.4 | 7.42059E-05 -10 1327.4 | 0.098500912
2
Liquid Flow | 0.375 | 9.525 | 2413 | 0.000171941 -10 1327.4 | 0.228233821
3
(condenser)
Liquid Flow | 0.375 | 9.525 | 4597.4 | 0.000327592 -10 1327.4 | 0.43484549
4
(evaporator)
Liquid Flow | 0.75 | 19.05 127 3.6198E-05 -10 1327.4 | 0.048049225
5 (filter)
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Vapour 0.375 | 9.525 | 1676.4 | 0.000119453 +55 76.79 | 0.009172827
Flow 1

Vapour 0.375 | 9.525 | 1828.8 | 0.000130313 +55 76.79 | 0.01000672
Flow 2

Vapour 0.25 | 6.35 | 2667 | 8.4462E-05 +46 41.7604 | 0.003527167
Flow 3

Vapour 0.375 | 9.525 | 4826 | 0.000343881 +46 41.7604 | 0.014360608
Flow HX 1

Vapour 0.375 | 9.525 | 4826 | 0.000343881 +55 76.79 | 0.026406622
Flow HX 2

Vapour 0.375 | 9.525 | 2413 | 0.000171941 +46 41.7604 | 0.007180304
Flow

(condenser)

Vapour 0.375 | 9.525 | 4597.4 | 0.000327592 +55 76.79 | 0.025155782
Flow

(evaporator)

Total 0.927862451

The calculated value for the mass of refrigerant to be charged into the system was 0.927

kg.

4.2 Experimental Data

Once the system became operable, experiment was conducted to obtain necessary data

4.2.1 Data for heat addition before compressor

4.2.1.1 Normal operation mode

Ambient Temperature: 26°C
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Table 4.3: Baseline data for heat addition before compressor

Temperature | Pressure (in | Current
(in °C) kPa) (A)
Compressor inlet T1=26 P1= 140 0.58
Compressor Outlet T, =677 P,=1100
Condenser inlet T3=67.7 Ps= 1080
Condenser
Outlet/capillary  tube
inlet Ta= 27.2 P4=1080
Evaporator inlet/
capillary tube outlet Ts=-15.6 Ps=180
Evaporator outlet Te=23.2 Ps =160

4.2.1.2 Heat addition before compressor

Ambient Temperature: 26°C

Table 4.4: Pressure (in kPa) Data for heat addition before compressor

Refrigerant Superheated by

Position 3°C [4°C |5°C |7°C |8°C |9°C [10°C
Compressor inlet | Py 120 | 110 120 120 120 120 130
Compressor P2
outlet 1000 | 870 | 1000 | 1020 | 1020 | 1030 | 1040
Condenser inlet | P3 960 | 830 | 970 | 1000 | 1000 | 1000 | 1020
Condenser P4
Outlet/capillary 980 | 850 | 980 | 1000 | 1000 | 1020 | 1040
tube inlet
Evaporator inlet/ | Ps
capillary tube 160 | 140 | 170 180 180 180 180
outlet
Evaporator outlet | P 160 | 140 | 170 180 180 180 180
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Table 4.5: Temperature (in °C) Data for heat addition before compressor

Refrigerant Superheated by

Position 3°C |[4°C |5°C |7°C |8°C 9°C |10
°C

Compressor inlet | T 29 30 31 33 34 35 36

Compressor
T, | 66.1 | 66 66.4 | 67.9 67.9 68.2 | 67.9
outlet

Condenser inlet Ts | 66.1 66 66.4 67.9 67.9 68.2 | 67.7

Condenser
Outlet/capillary Ts | 269 | 27 27.2 | 215 27.5 2715 | 274
tube inlet

Evaporator inlet/
capillary tube | Ts |-15.6 | -15.6 | -14.13 | -12.73 | -12.73 | -12.7 | -12.7
outlet

Evaporator outlet | Te | 23.9 | 23.9 | 23.9 | 239 23.9 23.9 | 23.7

4.2.2 Data for heat addition after compressor

4.2.2.1 Normal operation mode

Ambient Temperature: 17°C

Table 4.6: Baseline data for heat addition after compressor

Temperature | Pressure Current
(in°C) (in kPa) (A)
Compressor inlet T1=27.3 P1=100 0.46
Compressor Outlet T, =58.9 P2=820
Condenser inlet T3=58.9 P3 =800
Condenser
Outlet/capillary tube
inlet T4= 19 P4=820
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Evaporator inlet/
capillary tube outlet Ts=-23 Ps=110
Evaporator outlet Te=16.3 Pe=110

4.2.2.2 Heat addition after compressor

Ambient Temperature: 17°C

Table 4.7: Pressure (in kPa) Data for heat addition after compressor

Refrigerant Superheated by

Position
06°C [3.1°C |4.1°C |52°C |7.1°C |9.2°C
Compressor inlet P1 140 140 140 150 150 160
Compressor outlet P2 980 1000 1000 1000 1000 1010
Condenser inlet Ps3 960 970 980 980 980 990
Condenser P4
Outlet/capillary tube inlet 970 980 1000 1000 1000 1000
Evaporator inlet/ Ps
capillary tube outlet 180 180 180 180 180 180
Evaporator outlet Ps 170 180 180 180 180 180
Table 4.8: Temperature (in °C) Data for heat addition before compressor
Position Refrigerant Superheated by
06°C [3.1°C |4.1°C |52°C |7.1°C |92°C
Compressor inlet T1 21.6 21.6 21.5 21.5 21.4 21.3
Compressor outlet T2 59.2 59.8 60 60.2 60.3 60.3
Condenser inlet T3 59.5 62 64.1 66 68.1 70
Condenser T4
Outlet/capillary tube inlet 20 20.4 20.4 20.4 20.4 20.4
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Evaporator inlet/ | Ts
capillary tube outlet -12.6 -12.3 -12 -11.9 -11.9 -11.7
Evaporator outlet Te 14.3 144 144 14.4 144 14.3
4.3. Results of heat addition before compressor
4.3.1 Normal Operation
Table 4.9: Result of baseline cycle of heat addition before compressor
h1 (enthalpy at compressor inlet) 276.5
h2 (enthalpy at compressor outlet) 299.8
h5 (enthalpy at evaporator inlet) 89.55
h6 (enthalpy at evaporator outlet) 273.3
v1 (specific volume at compressor inlet) 0.1692
Refrigerating Effect 183.75
Work done (kJ/kg) 23.3
COP 7.907
Current 0.58
4.3.2 Heat addition before compressor
Table 4.10: Result of heat addition before compressor
Temperature at | 29 30 31 33 34 35 36
compressor inlet
hl (enthalpy at
compressor inlet) 279.5 |280.3 |281.2 283 283.7 | 284.7 |285.1
h2 (enthalpy at
compressor outlet) | 299.8 | 299.7 | 300.1 301.3 |301.3 |[3015 |301
h5 (enthalpy at
evaporator inlet) 89.12 |89.26 |[89.55 [89.98 |89.98 |89.98 |89.83
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h6 (enthalpy at

evaporator outlet) | 274.3 | 2743 |2741 | 274 274 274 273.8
v1 (specific volume

at compressor inlet) 0.2004 0.2011 | 0.2019 | 0.2034 | 0.204 | 0.2047 | 0.2051
Refrigerating Effect | 185.18 | 185.04 | 185.04 | 184.02 | 184.02 | 184.02 | 183.97
Work done (kJ/kg) | 20.3 194 18.9 18.3 17.6 16.8 15.9
COP 9.116 |9.563 |[9.763 |10.056 |10.43 |10.92 | 1155
Current 055 |0.54 0.54 0.53 0.52 0.51 0.51

14

12

10

COP

cop vs Compressor inlet temperature

11.
10.92 55

10.43
9.116 9.563

7.907

26 29 30 31 33 34 35 36
Compressor inlet temperature (°C)

Fig 4.5: Variation of COP with increase in compressor inlet temperature

40




Workdone vs Compressor inlet temeperature

25
20.3 20.3
19.4 18.9 183
~ 20 : 17.6 16.8
g ' 15.9
;
< 15
)
c
8
; 10
o
= 5
0
26 29 30 31 33 34 35 36

Compressor inlet temperature (°C)
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Fig 4.7: Variation of current with increase in compressor inlet temperature

The temperature of the refrigerant was increased from 26°C to 36°C at the inlet of the
compressor. Enthalpy values at different states of the system were determined using
EES software based on the obtained data. The refrigerating effect didn’t show very
significant variation while the work done per unit mass of refrigerant decreased
progressively from 20.3 to 15.9 kJ/kg with the rising temperature. As a result, the COP
of the system increased from 7.907 at the normal operating condition to 11.55 at 36°C

experimental condition.
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This result implies that addition of heat to the refrigerant before the compression
process in the VCR system leads to an increase in the system's Coefficient of
Performance (COP). This is consistent with the results obtained in the experiment
conducted with solar powered AC syetem[30].

4.4 Results of heat addition after compressor

4.4.1 Normal Operation

Table 4.11: Result of baseline cycle of heat addition after compressor

h1 (enthalpy at compressor inlet) 279.5
h2 (enthalpy at compressor outlet) 299.8
h5 (enthalpy at evaporator inlet) 89.12
h6 (enthalpy at evaporator outlet) 274.3
v1 (specific volume at compressor inlet) 0.24
Refrigerating Effect 190.96
Work done (kJ/kg) 17
COP 11.23
Current 0.46

4.4.2 Result of heat addition after compressor

Table 4.12: Result of heat addition after compressor

Temperature at condenser

inlet 59.5 62 64.1 66 68.1 70
hl (enthalpy at compressor

inlet) 2727 | 2727 | 2727 |2725 |2724 |272.1
h2 (enthalpy at compressor

outlet) 2929 2932 |293.4 |293.6 |293.7 |293.5
h5 (enthalpy at evaporator

inlet) 79.36 | 79.92 |79.92 |79.92 |79.92 |79.92
h6 (enthalpy at evaporator

outlet) 265.9 |265.8 |265.8 |265.8 |265.8 |265.7
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vl (specific volume at

compressor inlet) 0.1664 | 0.1664 | 0.1664 | 0.1549 | 0.1549 | 0.1448
Refrigerating Effect 186.54 | 185.88 | 185.88 | 185.88 | 185.88 | 185.78
Work done (kJ/kg) 20.2 20.5 20.7 21.1 21.3 21.4
COP 9.23 9.07 |8.98 881 |873 |8.68
Current 0.59 059 |0.6 0.6 0.6 0.61

9.30

9.20

9.10

9.00

COP

8.90

8.80

8.70

8.60

8.50

8.40

Fig 4.8: Variation of COP with increase in condenser inlet temperature
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Work done vs Condenser inlet temperature
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Fig 4.10: Variation of current with increase in condenser inlet temperature

The refrigerant was heated after the compression process increasing the condenser inlet
temperature from 59.5°C to 70°C. Enthalpy values at various points in the system were
calculated using the EES software. The analysis of the provided data indicated minimal
fluctuation in the refrigerating effect, remaining around 185.88 kJ/kg. Concurrently, the
specific work input (W) increased from 20.2 to 21.4 kJ/kg. Consequently, there was a
decline in the Coefficient of Performance (COP) from 9.234 to 8.68 with the rising
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temperature. Meanwhile, the electrical current drawn by the compressor showed a
minor increment from 0.59 to 0.61 A, which signifies an increase in power consumption

of the compressor to maintain the same refrigerating effect.

The results suggest that adding heat to the refrigerant after the compressor in the VCR
system leads to a decrease in the system's Coefficient of Performance (COP) due to
increase in condenser temperature. This finding aligns with previous experimental

results reported by [31].
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4.5 Comparison of P-h chart
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Fig: 4.11 is the comparison of P-h diagram of heat addition to the system before the
compression process at 36°C temperature at the compression inlet with the baseline
cycle. The blue line represents the baseline cycle while the red line represents the cycle
after heat addition. The line 6’-1" represents the heat addition process before the
COmpressor.

The pressure seems to have decreased during the heat addition process, likely due to a
pressure drop in the heat exchanger tube. Comparing the lines 1°-2° and 1-2 on the
graph, we observe that the compression process after heat addition (1°-2”) is steeper.
This indicates a smaller enthalpy difference between the compressor outlet and inlet in

the cycle following heat addition, signifying a reduction in the work done for this cycle.
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4.5.2 Baseline cycle and cycle of heat addition after compressor

R134a

10° ‘ : :
3 2' ////
107} e 3'
g
S e
o g 3
6x102 <
288 294 300 f 306
h [kJd/k .
[ 9l Enlarged View
5 R134a
10 : : : ‘ ‘
——Baseline cycle
—Cycle after heat addition
10°} P
// N g*'
/ Vad §l~
VA
// /y
— 60°C /// ///
&5 10%} 4 40°C J/
=<, 4 20°C //
o 0°C ’
=
-20°C
10°} 5
10 -—
-100 -5 0 50 100 150 200 250 300 350 400 450 500

h [kd/kg]

Fig 4.12: Comparison of P-h diagram of heat addition after compressor and baseline

cycle

48




Fig: 4.12 is the comparison of P-h diagram of heat addition to the system after the
compression process at 70°C temperature at the condenser inlet with the baseline cycle.
The red line represents the baseline cycle while the blue line represents the cycle after
heat addition. The line 2°-3’ represents the heat addition process before the compressor.
The pressure seems to have decreased during the heat addition process, likely due to a
pressure drop in the heat exchanger tube. Comparing the lines 1°-2° and 1-2 on the
graph, we observe that the compression process after heat addition (1°-2’) is more
slanted. This indicates a greater enthalpy difference between the compressor outlet and
inlet in the cycle after heat addition, signifying an increase in the work done for this

cycle.
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4.6 Comparison of T-s diagram

4.6.1Baseline cycle and cycle after heat addition before compressor
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Fig 4.13: Comparison of T-s diagram of heat addition before compressor and
baseline cycle
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Fig: 4.13 is the comparison of T-s diagram of heat addition to the system before the
compression process at 36°C temperature at the compression inlet with the baseline
cycle. The blue line represents the baseline cycle while the red line represents the cycle
after heat addition. The line 6’-1" represents the heat addition process before the
compressor increasing temperature in the diagram. In this diagram, it is evident that the
compression process following heat addition, depicted by line 1°-2°, tends more

towards isothermal compression compared to the baseline cycle.
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4.6.2 Baseline cycle and cycle after heat addition after compressor
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Fig: 4.14 is the comparison of T-s diagram of heat addition to the system after the

compression process at 70°C temperature at the condenser inlet with the baseline cycle.

The red line represents the baseline cycle while the blue line represents the cycle after

heat addition. The line 2°-3” represents the heat addition process before the compressor

which can be seen by increasing temperature in the diagram. In this diagram, it is

evident that the compression process following heat addition, depicted by line 1°-2°,

tends less towards isothermal compression compared to the baseline cycle.

4.7 Limitations

Limitations of this projects are:

Variations in experimental conditions, such as deviation in ambient temperature
from the intended design condition, could have potentially impacted the

obtained experimental data.

The obtained data may have some inaccuracies as the thermometers that were
used had very slow response time and more accurate ones were limited by

budget constraints.

4.8 Problems Faced

The challenges that we encountered while carrying out our project were:

The evaporators and condensers available in the market weren’t in the exact size

that we required so these components were oversized in our system.

The pressure gauge adaptors were found to be defective, resulting in persistent

leaks and requiring extensive time and effort for rectification.

The recurrent choking of the capillary tube prevented us from operating the

system and conducting numerous experiments.

The relay of the compressor kept failing due to capillary choking and required

frequent replacement.
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4.9 Budget Analysis

Table 4.13: Budget analysis

Components Quantity Rate Amount
Compressor 1 8500 8500
Condenser and fan set | 1 3500 3500
Evaporator and fan set |1 3500 3500
Heat exchanger and |2 3500 7000
fan set

filter 1 100 100
capillary 20 ft 450 450
¥s Elbow 15 130 1950
¥ flare nut 15 90 1350
Y4 flare nut 20 75 1500
Ya copper tee 8 110 880
¥s copper tee 8 130 1040
Y4 copper pipe 10 ft 60 /ft 600
% copper pipe 10 ft 95 /ft 950
% valve 3 800 2400
Yavalve 6 550 3300
Brazing tool set 1 2500 2500
Pressure gauge set 6 675 4050
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Temperature gauge 6 500 3000
Refrigerant 1kg 1600

Heat Adding | 1 3000 3000
Component

Miscellaneous 5750

Total NPR 56920
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CHAPTER FIVE: CONCLUSION AND FUTURE ENHANCEMENT

5.1 Conclusion

The project concluded with the fabrication of a vapour compression refrigeration
system, followed by a performance analysis. This analysis involved evaluating the
system's efficiency by introducing heat before and after the compressor to the
refrigerant R134a. The heat addition before compressor was conducted at ambient
temperature of 26°C whereas the heat addition after compressor was conducted at 17°C
ambient temperature. Adding heat before the compressor has shown significant
improvement in the system performance. Increasing the superheat degree by 10 °C has
resulted in increment of COP by 46.07% and decrement in current consumption of
compressor by 12.07%. On the other hand, system’s performance was degraded
considerably when heat was added after the compressor. COP was decreased by 22.7%

and current consumption of compressor was increased by 32.6%.

Superheating at compressor inlet can make vapour compression refrigeration system
more energy efficient, which is extremely beneficial for the future where energy crisis

may pose significant impact.

5.2 Scope for Future Enhancement

This experimental study conducted on the VCR system offers following potential

avenues for further research and enhancements:

i.  Future endeavours could involve conducting experiments during peak summer
conditions to explore the system's performance further and gather additional
valuable data.

ii.  Upgrading the experimental setup with advanced instrumentation such as
thermocouple thermometers for temperature measurement would enhance data
accuracy and analysis capabilities.

iii. For enhanced data quality, the experiment can be conducted under more
controlled environmental conditions and with a refined setup.

iv.  Additionally, conducting the experiment in diverse locations and with various

new refrigerants would provide insights into the performance of the system
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under different ambient temperature and humidity conditions, as well as with

different upcoming refrigerants
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ANNEX-A
EES Code for finding COP and plotting P-h diagram
$UnitSystem SI Mass KJ C KPa Rad
"Compressor inlet"
P [1] =160
T[1]=213
h [1] =enthalpy(R1344a, P=P[1], T=T [1])
s[1] =entropy(R134a, P=P [1], T=T [1])
v [1] =Volume (R134a, T=T [1], P=P [1])
"compressor outlet"
P [2] =1020
T [2] =60.3
h [2] =enthalpy (R134a, P=P [2], T=T [2])
s [2] =entropy (R134a, P=P [2], T=T [2])
v [2] =Volume (R134a, T=T [2], P=P [2])
"condenser inlet"
P [3] =990
T[3]=70
h [3] =enthalpy (R134a, P=P [3], T=T [3])
s [3] =entropy (R134a, P=P [3], T=T [3])

v [3] = Volume (R134a, T=T [3], P=P [3])
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"Condenser outlet"
P [4] =1000

T [4] =204

h [4] =enthalpy (R134a, P=P [4], T=T [4])
s [4] =entropy (R134a, P=P [4], T=T [4])
v [[4] =Volume (R134a, T=T [4], P=P [4])
"evaporator inlet"

P [5] =180

h[5]=h[4]

T [5] =Temperature (R134a, P=P [5], h=h [5])
s [5] =entropy (R134a, P=P [5], h=h [5])
v [5] =Volume (R134a, s=s [5], P=P [5])
"evaporator outlet"

P [6] =180

T [6] =14.3

h [6] =enthalpy (R134a, P=P [6], T=T [6])
s [6] =entropy (R134a, P=P [6], T=T [6])
v [6] =Volume (R134a, T=T [6], P=P [6])
P[71=P 1]

T[7]=T[]

63



h[71=h[1]
v[7]=v[i]
s[7]=s[1]
COP = (h [6]- [5])/ (h [2]-h [1])

EES Code for plotting T-s diagram

$UnitSystem SI Mass KJ C KPa Rad
"compressor inlet"

P[1]=100

T[1]=27.3
h[1]=enthalpy(R134a,P=P[1], T=T[1])
s[1]=entropy(R134a,P=P[1],T=T[1])

v[1]=Volume(R134a,T=T[1],P=P[1])

"compressor outlet"”

P[2]=820

T[2]=58.9
h[2]=enthalpy(R134a,P=P[2],T=T[2])
s[2]=entropy(R134a,P=P[2], T=T[2])

v[2]=Volume(R134a,T=T[2],P=P[2])

"condenser inlet"
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P[3]=800
T[3]=58.9
h[3]=enthalpy(R134a,P=P[3], T=T[3])
s[3]=entropy(R134a,P=P[3], T=T[3])

v[3]= Volume(R134a,T=T[3],P=P[3])

P[4]=800

x[4]=1

T[4]= Temperature(R134a,P=P[4] x=x[4])
h[4]=enthalpy(R134a,P=P[4] x=x[4])

s[4]=entropy(R134a,P=P[4],x=x[4])

P[5]=800

x[5]=0
h[5]=enthalpy(R134a,P=P[5],x=X[5])
s[5]=entropy(R134a,P=P[5],x=x[5])
v[5]=Volume(R134a,x=x[5],P=P[5])

T[5]= Temperature(R134a,P=P[5],x=x[5])

"condenser outlet"
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P[6]=820

T[6]=19
h[6]=enthalpy(R134a,P=P[6], T=T[6])
s[6]=entropy(R134a,P=P[6], T=T[6])

v[6]=Volume(R134a,T=T[6],P=P[6])

"evaporator inlet"

P[7]=110

h[7]=h[6]
T[7]=Temperature(R134a,P=P[7],h=h[7])
s[7]=entropy(R134a,P=P[7],h=h[7])

v[7]=Volume(R134a,5=s[7],P=P[7])

P[8]=110

x[8]=1
T[8]=Temperature(R134a,P=P[8] x=x[8])
h[8]=enthalpy(R134a,P=P[8] x=x[8])
s[8]=entropy(R134a,P=P[8],x=x[8])

v[8]=Volume(R134a,x=x[8],P=P[8])
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"evaporator outlet™

P[9]=110

T[9]=16.3
h[9]=enthalpy(R1344a,P=P[9],T=T[9])
s[9]=entropy(R134a,P=P[9],T=T[9])

v[9]=Volume(R134a,T=T[9],P=P[9])

P[10]=P[1]
T[10]=T[1]
h[10]=h[1]
v[10]=v[1]

s[10]=s[1]
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ANNEX-B

SLUDGE AND SOOT
BLOWN OUT

COMPRESSOR

PRESSURE
REDUCING NITROGEN
REGULATOR CYLINDER

Fig: Nitrogen Flushing [24]

Fig: Bubble Testing
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Fig: Brazing

Fig: Cutting copper pipe with tube cutter
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