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ABSTRACT

Isuzu car is commonly used to transport perishable fruit freight in open cargo such as Tomato,
potato, onion, cabbage, banana, and other perishable food stuffs without refrigerationand in
open air transport. This mode of transportation exposes the fruit to fluctuating thermal stresses
and excessive moisture losses before the fruits reach the market. This thesis focuses on
designing vapor compression refrigeration system (VCRS) that can cool the Isuzu open loading
space by enclosing it with a rectangular cabin space and testing the experimental performance
of a scale down cabin. The dimension of the Isuzu cargo and the scale down cabin were 4.84m
x21mx2mand1.1lm x 0.6 m x 0.5m with cooling load of 4.319 kW and 0.4319 kW,
respectively. The cooling load was estimated by considering transmission heat load through
cabin, heat extracted from fresh fruit, respiration temperature load of product and entry of
unconditioned air. The size of the condenser and evaporator were found to be 21.61m and
26.65m, for the actual cargo and 4.2m and 3.23m the scale down cabinet, respectively. The
specific fuel consumption due to power of compressor and mass of cabin is studied. The
estimated which increase fuel consumption on engine is 1.34 L/hour. Scale down model was
tested for the cooling temperature without and with load of papaya fruit for three days. Infrared
thermometer and thermocouple wires were used to measure temperature and surface of cabin.
Experimental work result shows of free load and full load test it takes 45 minute and 1hour to
becomes to storage temperature respectively. Using ANSYS WORKBENCH simulation of
insulation material with different thickness and different cover material is done the result show

fiber glass is the best cover material due thermal conductivity and density.

Keywords: Vapor Compression Refrigeration System, Isuzu cargo, scale down, Cold Chain,

Transportation, insulation material

XiX



CHAPTER ONE

INTRODUCTION
1.1. Background

A transport refrigeration system removes excess heat and provides temperature control for
food products. The food products commonly transport by land transportation in Ethiopia are
meat, dairy products, flowers and different fruits such as banana, orange, mango, tomato
papaya and onion are the main ones by using unrefrigerated transports such as Isuzu cars.
Global food losses are estimated to be as high as 45% for fruits and vegetables, 35% for seafood
and fish, 30% for cereals, and 20% for dairy products and meat (Rech et al., 2020). As reported
by (Rech et al., (2020) fruits and vegetables are highly perishable compared to the others. The
main objective in the design of refrigerated transportation of fruits is to estimate the main
components of the refrigeration system that maintain the product temperature at the optimum
where metabolic and microbial deteriorationare minimized so as to keep the freshness and to
increase the shelf life. The main thermal conditions to be considered for design are the desired
or ideal holding temperature & moisture control during storage and distribution (Brecht et al.,
2019). and good hygienic state during transportation to avoid contaminants such as dust, (Jara
et al.,2019). In general, these transportation systems are expected to maintain the temperature
of the food within close limits to ensure its optimum safety and high-quality shelf-life and

protect moisture loss due to solar heating during transportation.

Different kinds of fruit transportation systems are in use in the developed world. There are
many technologies available for transport refrigeration like salt-water solution vapor
absorption refrigeration system (VARS) (Venkataraman et al., 2020), cryogenic system using
liquid nitrogen or liquid carbon oxide refrigerant (James, 2019), eutectic solution or phase

change material (PCM) refrigerant systems suitable for short delivery (Tassou and De-Lille
1



2010) and the most common vapor compression refrigeration systems (VCRS) (Ahamed,
Saidur, and Masjuki 2011). Some researchers attempt to use VARS for transportation
(Garimellaet al., 2011). This system’s main components are binary mixture of absorber (salt)
& water (or refrigerant), evaporator, heat driven refrigerant generator with rectifier, absorber,
solution heat exchanger with pump that circulates the solution between the generator and
absorber, condenser, expansion valve and refrigerant heat exchanger between the condenser &
evaporator. In VARS, the mechanical compressor of VCRS is replaced by pump, generator and
absorber (Venkataraman et al., 2020). Although this system operated with heat energy, it is not
commonly used for transportation since it requires additional heat source that cannot be
fulfilled using the car engine exhaust and occupies large space since it has many components.
VCRS is better compared to VARS for Isuzu car fruit transportation used in Ethiopia but it
requires external electric power. Figure 1.1 shows current fruit transportation system in

Ethiopia.

Figure 1.1 Current fruits transportation system

Since it is easy to construct cabin over the Isuzu cargo space, it is possible to minimized fruit
losses and deliver them to the market with preserved freshness. This thesis focuses on designing

vapour compression refrigeration system (VCRS) that can cool the Isuzu open loading space



by enclosing it with a rectangular cabin space theoretically and experimentally that can reduce

expiration, wastage, deterioration of products and market lose.

Figure 1.2 The scale down vapor compression refrigeration system designed and tested in this

thesis.

1.2 Statement of problem

In Ethiopia tomato, onion, avocado, banana, mangoes, oranges, papaya and other perishable
food items transported to major city commonly adapting unrefrigerated vehicles and
particularly Isuzu car is commonly used to transport freight in open cabin without refrigeration
by exposing fruits and vegetables to sun and temperature fluctuation which will cause large
tons of food product wastage/spoilage. These fruits have different desired delivery temperature
as low as 5°C and the weather condition they are exposed also depends on the areas of their
production & destination and the design of the cabin. In this thesis, a refrigerated cabin for a
medium sized Isuzu cargo and its one tenth scale down size was designed by estimating the
cooling load that satisfies the cabin space and types of fruits to be transported. The major
components of the refrigeration system for the cabin such as condenser and evaporator were

designed using the standard correlations for both systemsby considering transmission heat load



through cabin, heat extracted from fresh fruit, respiration temperature load of product and entry
of unconditionedair. During transportation of fruits using refrigerated cabin insulation material
great impact on energy consumption of vehicle. CATIA Software for 3D model conceptual
design of the refrigerated truck and ANSYS WORKBENCH were used for vary the insulation
thickness and cover material. Experimentation were performance to identify the temperature
distribution inside the cabin on the scale down model with papaya as a representative fruit and
without load. The additional specific fuel consumption on the engine of the Isuzu car were also

estimated using the cabin mass, compressor power requirementand its aerodynamic forces.

1.3. Objectives of the study

1.3.1 General objective

General objective of this work is designing a vapor compression refrigeration system for Isuzu
car cargo space that can transport different fruits and carry out experimentation on a scale down

refrigeration system.

1.3.2 Specific objectives

The specific objectives are

> To identify fruits items safe cold storage temperature ranges commonly transported
by Isuzu car in Ethiopia,

» To identify the size (width and length) of the Isuzu cargo cars area for deciding the
cooling chamber cabin for the fruits or estimate maximum cooling load requirement.

> To design a vapor compression refrigeration system that can cool a cabin constructed
using an Isuzu car sizes for the estimated maximum cooling load.

> Estimate the increment in specific fuel consumption of the Isuzu car due to the added

VCRS & cabin weight and aerodynamic drag,



» Varying insulation thickness and caver material insulated wall for best performance
using ANSYS WORKBENCH.
» To develop a scale-down Isuzu freight cabin cooled by a vapor compression

refrigeration system for experimentation

1.4 Significance of study

» food can be transported their destination without reducing nutritional value.
» freshness of food items is maintained and increase shelf life of foods.

» reduce wastage of food itemsand reduce market lose in the country.
1.5 Scope the study

Scope of this thesis work deals with design of VCRS which include the design of major
component of VCRS condenser, evaporator and selecting other main component refrigeration
system. Model of refrigerated truck designed by CATIA software and then transferred to
ANSYS to study simulation of insulation thickness and cover material of insulation. Finally

manufacturing of scale down prototype for experimental test of VCRS.

1.6 Limitation of study

Due to availability and cost the compressor used to expermental work is take power from
utility electric source. Solar heat gain during transportation of refrigerated truck is not
considered in cooling load estimation due to color selected to refrigerated truck and speed of

truck.



CHAPTER TWO

LITERATUREREVIEW
2.1 Different works in refrigerated vehicles

Glouannec et al., (2014) studied an experimental and numerical study of an insulation wall for
arefrigerated panel van. The different experimental and numerical tools developed allowed the
dynamic characterization of the thermal transfer within several multilayer insulation walls of
the cabin. Reflective multi-foil insulation and aerogel layers gave good results, especially for
limiting peak heat transfer and energy consumption during the daytime period. As a result, a
20% increase in the multilayer panel thickness resulted in a 36% reduction in energy when
compared to the reference application. The use of a PCM layer to boost wall inertia yielded
promising results as well. Nevertheless, for the experimental conditions tested, the layer could
not fully melt or freeze during the eight-hour experimental periods. Work to optimize the size,
emplacement and choice of the PCM layer are underway to increase the performances of the

insulation wall.

llorkar et al., (2019) designed and developed e-vehicle that transport milk in controlled
environment based on vapour compression refrigeration system (VCRS). By considering
refrigeration load VCR system was designed and which include selection of compressor,
refrigerant, power source to be used in VCR system for 100 liters capacity milk. Battery
inverter combination has been used during running conditionand AC power when stationary.
To prevent heat transfer polyurethane foam (PUF) used as insulation. The heat load of milk,
power of compressor and coefficient of performance (COP) calculated theoretically and also
the performance of battery checked based on battery output, compressor input and output for
every 15 minutes during 2h operation. The result of their work was theoretical COP is 3.46 at

full load for 100 liters of milk and actual COP is 2.14 at full load for 100 liters of milk.



Jara et al., (2019) worked on the analysis of thermal behavior of refrigerated vehicle for food
transportation to predict temperature distribution inside it. Computational fluid dynamics
(CFD) used to model fluid flow situation. Temperature data is acquired using DS18B20
encapsulated sensor and ANSYS WORKBENCH for simulation of data obtained. MATLAB
ARDUINO interface used also to facilitate the storage and analysis of data. In different range
of climate condition refrigerated food transport vehicle performance was checked. The
experimental temperature value was taken with the help of temperature sensors DS18B20,
which have an accuracy of £0. 5°C.The difference that occur between temperature value,

measure, and simulated was acceptable.

Artuso et al., (2019) worked on dynamic modelling and thermal performance analysis of
insulated box of refrigerated vehicle and validated it experimentally. A 0-D lumped parameter
model is used to characterize the refrigerated box structure. The model is tuned and
successively validated over experimental data. The cooling power required by the vehicle and
the dynamic load that insists on the exterior surface of the structure are simulated after
description and validation of the numerical model. Refrigerated cargo is modelled as the
internal air volume of 9.75 m’® has been considered and experimentally characterized. The
truck body was first investigated under steady state conditions, to quantify its global heat
transfer coefficient. The testing procedure is based on applying a known and controlled thermal
load by electrical heating within the insulated box using fan-heat. The result of their work was
best fit value of thermal capacity was found to be 47% higher than the one derived from
stratigraphy while the best fit value of thermal resistance allowed by 23% lower than the one

obtained by stratigraphy

Imtiaz et al., (2020) works also in refrigerated vehicle in their work numerical analysis carried

out to assess the performance of refrigerated vehicle. Computational Fluid Dynamics (CFD)



simulations are performed for each of the designs and crate arrangements along with the
compartment design and product storage pattern for better air circulation and uniform
temperature distribution which would result in an improved cooling and storage of goods. This
study, ANSY'S Fluent was used to perform the numerical analysis of different configurations.
The result of assessment was the thermal performance improved more when vertical
partitioning of the chamber was introduced. The percentage of products stored in the chamber
within the acceptable temperature increased significantly when the chamber was vertically

partitioned.

Adekomaya et al., (2017) studied a sustainable way of reducing energy consume in diesel
engine driven vapor compression system of refrigerated vehicle. The best way to reduce energy
consumption in refrigerated vehicles, according to the authors, is to find a material that is
lightweight and has a low thermal conductivity to use for the exterior walls of the vehicles. All
indications point to the thermal conductivity value (K) of the sandwiched insulation as the main
factor influencing the performance of an insulated panel. The concept of energy demand in this
medium of transportation s still not solved. Another possible area of exploration could be fiber
reinforced polymer composite which is generally reported to be lighter in weight and have

better dimensional and tensile properties.

Xiaofeng and Xuelai, (2020) presented research to couple cold storage materials and vacuum
insulation panel technology to design multi-temperature zone cold chain logistics
transportation equipment, namely a multi-temperature zone insulation box. A three-
dimensional unsteady model was developed in their study to analyze the temperature fields in
various parts of the box. Two different PCMs suitable for cold chain transportation were
prepared. The experimental results reveal that the phase transition temperatures of PCM1 (n-

octanoic acid-myristic acid composite) and PCM2 (potassium sorbate-water composite) are



7.1°C and -2.5°C, the latent heats of phase change are 146.1 and 256.2 J/g, and the thermal
conductivities are 0.2832 and 0.9427 W.m~1K~1, respectively. The theoretical calculations
reveal that 13.8 kg PCML1 is optimal for T2 and 12.1 kg PCM2 for T3. The multi-temperature
insulationbox can keep cold for 15 h. The experimental results show that the temperatures of
T2 and T3 remained at 7°C and -2°C for 13 and 14h, respectively, and that of T1 was

maintained at 19°C for these times.

Islam et al., (2019) studied transport refrigeration system and numerical simulation of
refrigeration performance. Computational Fluid Dynamics (CFD) modeling is carried out to
examine the effect of commonly practice storage pattern on performance of transport
refrigeration system and the effect of goods loading pattern inside the refrigerated chamber of
refrigeration vehicle on refrigeration performance. It is found that the commonly practiced
storage pattern with crate causes considerable non-uniformity in the cold air and temperature
distribution inside the refrigeration chamber. From the insight obtained from this study, it is
recommended that a more detailed study should be carried out which would investigate the

future prospect of integrating more energy conserving.

So etal., (2021) using experimental and numerical analysis techniques, it was studied how the
loading patterns of the box affected the airflow and temperature change in the refrigerated
body. CFD modelling with two different turbulence models (k-€ and SST k-w) was developed
using COMSOL Multiphysics for predicting the temperatures inside boxes loaded with
different patterns, and the predicted data were compared to the experimental data. Based on the
experimental results, a temperature distribution model was developed for different loading
patterns in the refrigerated body. For practical modelling, the k-¢ model was selected as the
turbulence model. In addition, the insulated walls and outside airflow were neglected in the

modelling. In the developed model, the error increased when measurements were closer to the



wall of the refrigerator body, but it was within an acceptable error range. This developed model
can be applied in the future, taking into account the loading patterns, cargo, and box sizes for

real transport environments.

Micheaux et al., (2016) worked on experimental and numerical investigation of heat and mass
infiltration rates during the opening of a refrigerated truck body. The infiltration dynamics was
found to involve two different ways: the first is buoyancy driven flow during this period, the
density difference between the two volumes is the driving force. The volume flow rate reaches
a peak value but quickly decays due to the temperature increase inside the truck body. The
measured temperature and velocity profiles at the doorway and the CFD model, which assumes
an instantaneous door opening, agree well. A very simple ODE model taking into account both
mass and thermal inertia and the second a boundary layer flow. This is basically natural
convection over the cold walls of the container. This phenomenon appears once the inside air
has roughly reached a ceiling temperature of a few Kelvin below the outside temperature. Then,
a quasi-steady-state heat transfer is observed until doors are closed, at a time that can reach 10

min in actual food deliveries.

Zhang etal., (2017) studied the stability of the temperature within a refrigerated vehicle during
unloading has been studied using varied door geometries by examining how open doors of four
different doors using computational fluid dynamics (CFD) models. The results show that,
temperature inside the compartment increases due to large difference with respect to the
ambient temperature, wind pressure and thermal pressure. The stability of the ambient
temperature inside the refrigerated compartment affected by different door placement. The
maximum root mean-square error for volume mean temperature and wind speed is 1.218°C

and 0.27 M/, respectively.
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Getahun, (2018) studied the airflow distribution inside two types of refrigerated shipping
containers (T-bar floor and flat floor) which used for transporting fresh fruit handling were
investigated. (CFD) airflow model was created and experimentally confirmed. Then put into
practice to investigate how container designs and operational circumstances affect airflow
distribution and pattern. The two-reefer design's high and low evaporator speed possibilities
were looked into. The result indicates that airflow distribution in the two container designs
were markedly different. And reefer with T-bar floor design exhibited a noticeable reduction
of air recirculation zone and enhanced uniform vertical air movement than reefer with flat floor

design.

Senguttuvanet al., (2020) studied numerically analyzing the airflow patterns in the refrigerated
container with Fifteen different design models of the refrigeration unit. By altering the
refrigeration unit'seffective dimensionsand design criteria. By taking into account the pressure
drops and flow characteristics of the refrigeration unit, the numerical simulation of the airflow
inside the refrigerated container is carried out. By simulating the refrigeration unit's evaporator
coil as a porous media, the pressure drop in the refrigeration unitis determined. In comparison
to the refrigeration unit's base case design, the upgraded refrigeration unit's improved design
offers much higher jet velocity, higher vertical velocity distributions, higher mass averaged
velocity, and reduced areas of dead zones in the container. The mass averaged velocity in the
refrigerated container with the improved refrigeration unit is 33.66% higher than that of the

base case refrigerated container.

Oury etal., (2015) studied temperature distribution and air flow in the chamber of a refrigerated
truck using CFD both with open door/cooling system on and closed door/ cooling system off.
When the door is closed and the cooling system is turned on, the firstway is applied, in which

CFD and heat transport are somewhat decoupled. When the cooling system is turned off and
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the door is opened following a cooling period, the second (completely connected) technique
calculates the natural convection that takes place. The simulation results are compared to
experimental values. The result of their study shows that the COMSOL is a tool particularly
well adapted for simulating non isothermal flow and it can be used for like to optimize the
location or the power specifications of the cooling system as well as the design of the box walls

and the associated materials.

2.2 Review on insulation material

Verma and Singh, (2020) studied by creating a system-level computer model of a household
refrigerator, the impact of various insulation materials, with varied thickness, on the energy
consumption, weight, inner-volume, and payback periods was evaluated. Polyurethane (PU)
foam and vacuum insulation panels (VIPs) consisting of fumed silica, glass fiber, and
alternative core materials are among the insulation materials. The results of their study were
indicated that a fridge insulated with 10mm thick and the freezer with 20mm thick fumed silica
VIP energy consumption decreased by 19.6% while increasing the inner volume by 148 liters

and weight by 2.48 kg when compared with PU foam insulated refrigerator.

Sruti et al., (2020) studied the improvement of insulating material both theoretically and
experimentally used in cool boxes. Theoretically three best insulating materials, polyurethane
(PU), expanded polystyrene (EPS) and poly-glass fiber (PGF) selected out of six based on
calculation and simulation. Then experimentally tested at three different room temperatures
using thermal insulation test to determine the best insulating material for a cool box. The result
of their study was, polyurethane recorded the best performing insulation material in terms of
heat transfer and longest time taken for ice to change into water at the three different

temperatures experimentally. Also resulting in better thermal insulation of the cool box.
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Thiessen et al., (2018) study on the effectiveness of applying vacuum insulation panels in
domestic refrigerator. Experimental analysis was done on the thermodynamic behavior of a
normal home refrigerator that has vacuum insulation panels (VIPs) insulated in 16 different
ways. Additionally, both the coverage area and the positioning of the panels have an impact on
energy usage. The result observed from their study shows that the energy consumption is
reduced by approximately 6% and 11 % when the doors and the rear wall are insulated with
VIPs, respectively. It was also found that a coverage area of 56 % drops the energy
consumption by 21%. refrigerated transport system by focusing on parameters such as the
number and type of refrigerated vehicles, size, design, fuel consumption, type of refrigeration
system, refrigeration performance, and energy efficiency. Some others also analysis thermal

behavior.

Oludaisi et al., (2017) study to investigates the overall heat transfer coefficient of reinforced
composite panel with the aim of being used as the internal and external cover sheet of the
insulated panel. The result of their study shows that the overall heat transfer coefficient, U
(W.m~2K~1)value of the composite reinforced with 10%wt. of fiber at 0° orientation (G10E)
offers the lowest U value of 0.386950 (W.m~2K 1) and 0.196680(W.m~2K~1) for 50mm
and 100mm insulation thicknesses, respectively. This also shows their potential of being used
as internal and external sublayer of insulation materials which may prolong the ageing period

of insulation and increase the shelf life of fresh raw fruits.

Gupta et al., (2014) worked on optimum sizing of PV panel, battery capacity and insulation
thickness for a photovoltaic operated domestic refrigerator. The PV-based refrigeration system
is simulated using the transient simulation program (TRNSYS). and confirmed by data from
experiments. The factors taken into consideration include the battery bank's capacity, the PV

array's PV panel wattage, and the refrigerator's insulation variance. The result of their study
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indicates that 25 mm insulation thickness on solar photovoltaic (SPV) without grid power with
320 W panel arrays with 50 Ah battery capacity can operate refrigerator. At 50 mm thickness

200 W panel capacity is sufficient to drive the refrigerator.

Hammond and Evans, (2014) investigates the viability of using VIPs in the cold chain by
incorporating VIPs into the polyurethane foamed walls of conventional refrigerator and freezer
cabinets. With and without VIPs implanted in the insulating walls, thermal modelling of the
insulation of a variety of typical refrigerator and freezer cabinets used throughout the cold chain
was conducted. potential energy savings and payback times were then calculated; The result

indicates that for refrigeratorsthe average payback was 9.7 years, for freezers it was 4.5 years.

Taylor, (2007) studied the fundamental problem in design of insulation thickness. This study
includes how incorporate the new generation of non-CFC (chlorofluorocarbons) materialsina
composite layer which contains polyurethane foam and how to choose the thickness of each
sublayer in the composite to reduce the overall cost over the refrigerator’s lifetime. The second
how distribute a given amount of insulation material around the refrigerator. The result shows
non-CFC material can be used in a sandwich with polyurethane foam to provide thermal
resistance and adequate mechanical stability. Insulation thicknesses for the freezer and cooler

sections can be optimized so that the overall heat transfer rate is minimum.

Jae et al., (2012) study the optimization process for the insulation thickness to improve the
energy efficiency of a total refrigerator-freezers (RF) system. which detailed the quantitative
relationship between the COP and the individual compartment's insulation thickness.
Additionally, the dual-loop cycle and the bypass two-circuit cycle performance of RF were
examined for how the proposed optimization technique affected them. According to their

research, using the suggested optimization technique resulted in energy consumption
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reductions of 5.7% and 6.1% for the bypass two circuit cycle and the dual-loop cycle,

respectively.

2.3 Different works on vapour compression refrigeration system

Fikresendek, (2020) designed a domestic refrigerator that operates based on vapor compression
refrigeration system (VCRS) and studied its experimental performance. The experimental
performance was studied with and without integrating phase change material (PCM) at the
condenser and refrigerator. Placing this PCM in condenser and evaporator to increase
performance of refrigerator and to reduce temperature fluctuation. He designed major
components of VCRS. Designed length of both evaporator and condenser and selected other
component. SOLIDWORK software was used for design of refrigerator. Temperature
measuring instrument used were like the digital thermocouple thermometer, mercury
thermometer, and K type thermocouple wire. Refrigeration system designed was having
cooling capacity of 0.433 kW with 0.186 kW compressor power input and cyclically operating
R134a refrigerant working with -10 and 60 °C temperature of the condenser and evaporator,
respectively in the pipe circuit. Finally assembled and manufactured the prototype.
Experimental work was done with load and without load using water and by varying the
thickness of PCM 2, 3 ,4 and 5 mm. The recommendation was Integration of a maximum 2
mm thick paraffin wax of on the condenser is recommended since the COP increase, on-off

time reduces and on-off frequency increased.

Ajayi et al., (2019) worked to investigate experimentally the performance of the vapour
compression refrigerator using AI203 nanoparticles dispersed with R-134a working fluid for
single temperature domestic refrigerator. The outcome of their study indicates that the Al203
nanoparticle increase the performance of the refrigeration process with better efficiency.

Addition to, the pH analyses indicate that the presence of the Al203 nanoparticles in the
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working fluid may have negative effects on the compressor walls and material. They
recommended that for future better to determine anti-wear properties of the nano lubricant and

ascertainthe reliability of its application in a vapour compression refrigeration system.

Thavamani and Senthil, (2020) studied thermal performance of hydrocarbon blend refrigerant
in a domestic refrigerator application. And domestic refrigerator designed for investigation
purpose to work with HFC-R134a. The result of this study is the use of the HC blend refrigerant
system faster rate of cooling by 7 min than that of the R134a refrigerant and the energy
consumption of HC 17.86% lower than R134a refrigerant of the same cooling capacity with

higher coefficient of performance.

Arora and Kaushik, (2008) studied theoretical analysis of a vapor compression refrigeration
(VCR) cycle with R502, R404A, R507a. For R502, R404A, and R507A, a computational
model has been created to calculate the coefficient of performance (COP), energy destruction,
exegetic efficiency, and efficiency faults. This investigation has been done for evaporator and
condenser temperatures in the range of -50°C to 0°C and 40°C to 40°C, respectively. The
results of their study shows that R502 can be replaced by R507A rather than R404A. For the
refrigerants taken into consideration, the efficiency fault in the condenser is largest and the

liquid vapour heat exchanger is lowest.

Soni and Gupta, (2013) worked to provide a thorough exergy analysis for the theoretical
vapour compression refrigeration cycle using R404A, R407C, and R410A. The research
demonstrates that different results are obtained for the effect of evaporating temperatures,
condensing temperatures, degree of subcooling, and effectiveness of liquid-vapor heat
exchanger on COP, exegetic efficiency, and exergy destruction ration (EDR) of theoretical
vapor compression refrigeration cycle. The COP and exegetic efficiency of R407C are better

than those of R404A and R410A. The EDR of R410A is higher than that of R407C and R404A.
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This analysis was carried out using the condenser temperature between 40 and 50 °C and the

evaporator temperature between 50 and 0 °C.

Yeh et al., (2014) based on a finite temperature difference heat transfer method and
irreversibility analysis, the effects of subcooling on the coefficient of performance, cooling
water pressure drop of the condenser, and heat exchanger area for R1234yf, R1234ze, R22,
R134a, and R410A in a single vapor-compression refrigeration system are being studied. The
results of their study show that the maximum coefficient of initial cost saving and coefficient
of operating cost saving and their corresponding optimum degree of subcooling increase with
condensation temperature. At a higher inlet temperature of cooling water, the optimum degree
of subcooling turns out to be smaller for all refrigerants. The outcomes are anticipated to make
it easier to develop a future vapor-compression refrigeration system that can use different

refrigerants.

Dalkilic and Wongwises, (2010) worked to study theoretical performance on a traditional
vapor-compression refrigeration systemsusing mixes of HFC134a, HFC152a, HFC32, HC290,
HC1270, HC600, and HC600a were tested in a variety of ratios and compared to CFC12,
CFC22, and HFC134a as potential replacements. Taking into account performance coefficient
(COP) in comparisonto CFC12, CFC22, and HFC134a at a condensing temperature of 50 °C
and an evaporation temperature range of -30 °C to 10 °C. The result of their study was
refrigeration efficiency, (COP) of the system, increases with increasing Evaporating
temperature for a constant condensing temperature in the analysis. And all systems including
various refrigerant blends were improved by analyzing the effect of the
superheating/subcooling case. Better performance coefficient values (COP) than those of the

non-superheating/subcooling case are obtained as a result of their optimization.

17



Vaibhav et al., (2011) studied characteristics of different refrigerants like R22, R134a, R410A,
R407C, and M20 that are used by global manufacturers to meet the challenges of higher
efficiency and environmental responsibility while keeping their system affordable have been
compared. This was done using a refrigerant property based thermodynamic model of a simple
reciprocating system, which can simulate the performance of actual system as closely as
possible. The result their study shows that R407C can be a potential HFC refrigerant
replacement for new and existing systems presently using R22 with minimum investment and

efforts.

Mehmet et al., (2019) study experimental analysis comparing performance of vapour
compression refrigerating system until operating with R22 and its performance comparison to
new HFC fluids R422A, R417A and R422D. With a semi-hermetic compressor, a coaxial
evaporator, an air condenser, and a thermostatic expansion valve, the refrigerator used to
evaluate the behavior of R22 substitutive fluid was equipped with the instrumentation required
to gather data on temperature, pressure, and mass load of refrigerants. The evaporator was
connected to an auxiliary containing water-glycol solution which supplied refrigerating load
throughout the different test condition. The result of their study was R22 more energetically
efficient other alternative fluid (R22A, R22D and R417) are characterized by ODP=0 in the
existing installation they can easily replace R22 without changing lubricant, refrigeration

circuitand accessories.

Baskaran et al., (2022) worked on performance investigation on a vapour compression
refrigeration system was done using a variety of environmentally friendly refrigerants,
including HFC152a, HFC32, HC290, HC1270, HC600a, and RE170. The findings were
compared to R134a as a potential replacement alternative. The analysis's alternative

refrigerants RE170, R152a, and R600a were shown to have somewhat higher performance
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coefficients (COP) than R134a at 500°C for condensation and between -300 and 100°C for
evaporation, according to the data. Among other options, the refrigerant RE170 was discovered
to be a replacement for R134a. In this study, an ideal vapor-compression system is used for the
performance analysis of alternative new refrigerants substitute for R134a. The refrigerant
RE170 was determined to be the best suitable substitute among those tested for R134a after
comparing the performance coefficients (COP) and pressure ratio of the tested refrigerants as

well as the primary environmental effects of ozone layer depletionand global warming.

2.4 Computational Fluid Dynamics (CFD) use for refrigerated vehicle body

Computational fluid dynamics (CFD) simulation applied in most disciplines involving
to study characteristics of air flow inside insulated body of refrigerated vehicle.
Furthermore, temperature spatial variability is also affected by frequent door openings
refrigerated food vehicle are subjected to during their travel can studied by using CFD

(Artuso et al., 2019)
Shear Stress Transport k-omega (SST k-m)

The SST (Shear Stress Transport) k-omega turbulence model is a two-equation eddy viscosity
model. It is a combination of both the k-epsilon and the k-omega turbulence models, using the

former in the free-stream and the latter near the walls.

Turbulence Model

The turbulent flow is the type of viscous flow that is applied to most industries. It is a flow the

main turbulence models are grouped into three families.

1. Reynolds-averaged Navier-Stokes (RANS) equations are obtained by time-averaging

equations of motion over a coordinate in which the mean flow does not vary.
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e Solve time-averaged Navier-Stokes equations
e All turbulent length scalesare modeled in RANS

e Extensively used approach for calculating industrial flows.

2. Large Eddy Simulation (LES) solves large-scale flow motion while approximating small

scale motions.

e Solves the spatially averaged N-S equations.
e Less expensive than DNS, but the number of computational resource and efforts are

still too large for most practical applications.

3. Direct Numerical Simulation (DNS), in which Navier-Stokes equations are solved for all
scales of turbulent flow motion, increasing accuracy as well as the time required for the

calculation.

e Theoretically, all turbulent flows can be simulated by numerically solving the full
Navier-Stokes equations.

¢ Resolves the whole spectrum of scales. No modelingis required.

e The cost is too excessive

e Not practical for industrial flows and not available in Fluent.

Reynolds-averaged Navier Stokes (RANS), Spalart-Allmara model and Standard k-g

(SKE) model

It's a low-cost RANS model for solving a modified eddy viscosity transport equation. It is
useful for aerodynamics and transonic flows over airfoils because it is stable and has good
convergence. Its limitation does not promise to apply to all sorts of complex engineering flows.

The Standard k—¢ e is the most extensively used turbulence model for industrial applications.
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It has good convergence and cheap memory requirements. Compressible and incompressible
flow are both supported. No-slip walls, unfavorable pressure gradients, severe curvature into a

flow, and jet flows are not correct.

RNG k_& and Realizable k_&

Suitable for complex shear flows involving rapid strain, moderate swirl, vortices, and locally
transitional flows (e.g., boundary layer separation, massive separation, and vortex shedding
behind the bluff body). Offers largely the same benefitsand has similar applicationsas RNG.

Possibly more accurate and easier to converge than RNG.

Standard k—om model

This model is utilized for good convergence, minimal memory requirements, and enhanced
accuracy for internal flows, curvatures, separated flows, and jets. However, it is difficult to

converge and sensitive to initial conditions.

Shear Stress Transport k-omega (SST k-m)

The SST (Shear Stress Transport) k-omega turbulence model is a two-equation eddy viscosity
model. It is a combination of both the k-epsilon and the k-omega turbulence models, using the
former in the free-stream and the latter near the walls. SST k—w selected because of Frist can
be integrated to the wall without using any damping functions. Second accurate and robust for

wide range of boundary layer flows with pressure gradient.

2.5 Conclusions from literature review

In the above reviews can be observed that most of researchers where try to study the existing
of a refrigerated vehicle with the purpose of predicting the temperature distribution inside it

numerically and experimentally. Moreover, amost of the efforts were done to study the exiting
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refrigerated vehicle by using Computational Fluid Dynamics (CFD) modelling using the CFX
module of ANSYS WORKBENCH and also, they have done comparison between CFD and
experimental data. Some others worked to investigate dynamic behavior of insulated body of
refrigerated vehicle during transport mission also for exiting vehicle. In addition, other study
to minimize energy consumption in refrigerated vehicles is to find a light weight and low
thermal conductivity material as the external wall of refrigerated vehicles. In general, most
researchers try to study the behavior of exiting refrigerated vehicle either by using
Computational Fluid Dynamics and experimental method. Most of researchers work on VCRS
experimentally by changing different refrigerant to improve performance of the system and

reducing global warming.

2.6 Research gap

Fruit transportation in Ethiopiais commonly done by Isuzu car from the product site to different
places without refrigeration. This car can be redesigned to be refrigerated by constructing cabin
from locally available materials which is the critical part of the refrigerated vehicle. During
transportation of product in refrigerated trucks the refrigerated cabin is exposed to temperature
in different direction and fluctuation of temperature. The major challenges in cabin design is
the effectiveness of the cabin wall in controlling heat loss to the atmosphere. Most literature
shows walls of cabin constructed with different wall thickness. No literature worked on varying
insulation thickness using ANSYS WORKBENCH software for local weather conditionin the
design of refrigeration cabin with different materialsand thicknesses. This research focuses on
the cabin design by varying insulation thickness with similar wall thickness and with different

cover material to suitable to the weather condition.
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CHAPTER THREE

MATERIALSAND METHODS

3.1 Introduction

In this chapter material used for scale down prototype of the vapor compression refrigeration
system for conducting performance test and the methodology used for the simulation study
particularly to determine the thickness of the cabin wall that is used to store fruits are described.
The data collection methods and selection of materials for the refrigerator components are
discussed. The CATIA model of a medium scale Isuzu car that can be used for ANYSYS
simulation is developed and the description of the research methodology is shown with the

block diagram.

3.2 Materials

Material, measuring device and system components required for developing experimental scale
down prototype purchasing from local market. Material used to construct the scale down
prototype depend on local availability and data from literature. The main material used in the

experiment are presented. The materials required for thesis work are shown in Table 3.1.

Table 3.1 Material used for scale down prototype

No Material

1 Copper Tube

2 Compressor

3 Refrigerant fluid

4 Insulation (material of body)
5 Capillary tube

6 Thermostat

9 Filter

23



3.3 Methodology

Different products like fruits, vegetables and other perishable food items by using Isuzu truck
in Ethiopiatransported from different parts of country to center areas primarily to Addis Ababa
which leads highly to wastage of product. The waste of products can be reduced by designing
the cargo space of Isuzu car to be used as refrigerator. Theoretical and experimental approach
is used as methodology in this study. The research used governing equation of fluid flow &
heat transfer and standard refrigeration system correlation to analyze major components of the
refrigerator and experimental approach was used to test the performance of scale down
prototype. For different analysis and modeling CATIA, ANSYS WORKBENCH, Microsoft
excel will be used. The following methodology has been adopted in order to carry out this

thesis wok:
(a) Literature Review

Latest literature and research work about on vapor compression refrigeration system on

refrigerated trucks and insulation material is surveyed.
(b) Data collection

Meteorological data from Arbaminch to Addis Abeba and insulation material property with
thickness from different literatures were collected. Collecting and measuring using primary and

secondary data source.
(i) Primary data collection

Design of refrigerated vehicle cabin with dimension of 4.84 m of Length, 2.1 m of Width and

2 m of Height depending on literature reviews.

(i) Secondary data
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The materials needed for constructing the cabin insulation materials and their thermophysical
properties are shown in Table 3.2. The thickness of the insulation materials recommended by

literation are shown in Table 3.3 up to Table 3.5.

Table 3.2 Material property

Wall material Density Specific heat Thermal conductivity
(kg/ms) (]/kg. K) (W/m. °C)
Fiber glass 1700 1260 0.033
Polyurethane foam 35 1450 0.025
Polywood 650 1760 0.13
Galvanized sheet steel 7850 470 52

Stainless steel sheet 8000 490 16.2
Polyester 1380 1400 0.25

Table 3.3 Constituting of vehicle wall material from literature (Oury et al., 2015)

Wall material Thickness(mm)
Polyester 15
Polyurethane foam 50
Polyester 1.5

Table 3.4 Constituting of vehicle wall material from literature (Jaraet al,. 2019)

Wall material Thickness(mm)
Stainless steel 1

Polyurethane foam 66

Galvanized sheet steel 1
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Table 3.5 Constituting vehicle wall from literature (Artuso et al., 2019)

Vehicle wall Insulation material thickness (mm)

Lateral wall Fiber glass=1.5
Polyurethane=67
Fiber glass=1.5

Fiber glass=1.5
Polywood=18
Floor wall Polyurethane=79

Fiber glass=1.5

Fiber glass=1.5
Roof wall Polyurethane foam=97

Fiber glass=1.5

Fiber glass=1.5
Front wall Polyurethane foam=67

Fiber glass=1,5

Fiber glass=1,5
Rear wall Polyurethane foam=67

Fiber glass=1.5

(c) Simulation Concept generation

Input parameter similar thickness to all refrigerated body walls and output parameter
temperature of wall. During transportation the refrigerated trucks, is exposed to sun light in
different side of walls due to this in this simulation similar wall thickness is applied to all walls
of body.

(d) 3D CATIA model

Design of refrigerated truck was carried out using CATIA V5 software depending on different

literatures with 4.84mm Length, 2.1mm Width and 2mm Height (Figure 3.1)
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(e) Main component design of refrigerated truck

Major component design and selection using governing equation and different literature review

for refrigerated truck and scale down prototype was done.

(f) CFD analysis to vary insulation thickness and cover material.

Insulation thickness and cover material was carried out using ANSYS.

(g) Prototype and Experimentation

Scale down prototype constructed depending on different literature and design specification

from locally available material for experimentation.

Figure 3.1 3D model of Refrigerated truck

(f) Thesis research method work flow block diagram

The general methodology used for the thesis are indicated in Figure 3.2.
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Figure 3.2 Block diagram of methodology
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CHAPTER FOUR
DESIGN AND SELECTION OF THE REFRIGERATION
SYSTEM MAIN COMPONENTS

4.1 Introduction

In this chapter after estimation of the maximum cooling load or the minimum cabin temperature
to cool fruit is determined. Then the appropriate vapor compression system technologies such as
compressor, condenser, evaporator and expansion valves were selected are done based on the
component selection criteriawhich found in literature. After selectingand deciding technology &
material of components sizing of refrigerated main components were designed using standard
correlations. The cabin insulation wall material, the most important part of the refrigeration
system, that effectively insulted the refrigerated space from ambient thermal conditions were
simulated using ANSYS CFD software for different materials and thickness. Then the influence
of the refrigeration system on the performance of the engine was estimated based on the power

required to drive the compressor of the VCRS and mass of cabin.

4.2 Selection of Main Components of the Vapor Compression Refrigeration
System

The refrigerator type selected for this thesis is refrigerator for transportation of fruits and
vegetables from one place to another place on Isuzu car with rear door which works in principle

of vapor compression refrigeration system cycle.

4.2.1 Compressor Selection

The compressor is the heart of the refrigeration system. It pumps heat through the system in the
form of heat-laden refrigerant. A compressor can be considered a vapor pump. It reduces the
pressure on the low-pressure side of the system, which includes the evaporator, and increases the
pressure on the high-pressure side of the system. This pressure difference is what causes the
refrigerant to flow. All compressors in refrigeration systems perform this function by compressing

the vapor refrigerant, which can be accomplished in several ways with different types of
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compressors. Since compression of refrigerant use same work to be done on it, therefore
compressor must be driven by some prime mover (Arora, 2010).

Compressor
| . 1
Posetive Displacement Rotodynamic
| : 1
Resprocating By Constraction By Arangment motor
Acoustic : :
Rot —  Semi-h tic T
otory Compressors emi-hermetic Type
Acoustic Compressors — Hermetic Type
— Axial Flow Type
Orbital Compressors — Open Type
Rotary Screw Type

Figure 4.1 Classification of compressor.

The reciprocating compressor uses a piston in a cylinder to compress the refrigerant. Valves,
usually reed or flapper valves, ensure that the refrigerant flows in the correct direction. This type
of compressor, known as a positive displacement compressor, increases the pressure of the
refrigerant by physically decreasing the volume of the container that is holding the refrigerant. In
the case of the reciprocating compressor, the volume is decreased as the piston moves up in the

cylinder. When the cylinder is filled with vapor, it must be emptied as the compressor turns, or
damage will occur.

The rotary compressor is also a positive displacement compressor but are usually very small
compared with reciprocating compressors of the same capacity. They are typically used for
applications in the small equipment range, such as window air conditioners, household
refrigerators, and some residential air-conditioning systems. Rotary compressors are extremely
efficient and have few moving parts. They use a rotating drumlike piston that squeezes the

refrigerant vapor out the discharge port.
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The scroll compressor is one of the latest compressors to be developed and has an entirely different
working mechanism. It has a stationary part that looks like a coil spring, and
a moving part that matches and meshes with the stationary part. The movable part orbits inside the
stationary part and squeezes the vapor from the low-pressure side to the high-pressure side of the
system between the movable and stationary parts. Several stages of compressionare taking place
in the scroll at the same time, making it a very smooth-running compressor with few moving parts.
The scroll is sealed on the bottom and top by the rubbing action and at the tip with a tip seal. These
sealing surfaces prevent refrigerant from the high-pressure side from pushing back to the low-
pressure side while the compressor is running. The scroll compressor is a positive displacement
compressor until too much pressure differential builds up; then the scrolls are capable of moving
apart, allowing high-pressure refrigerant to blow back through the compressor, preventing
overload. The capability to move the mating scrolls apart makes the mechanism more forgiving if
a little liquid refrigerant enters the compressor’s inlet, because compressor damage is less likely

to occur.

The screw compressor is another positive displacement compressor and is used in larger air-
conditioning and refrigeration applications. This compressor is made up of two nesting “screws,”.
A space between the screws gets smaller and smaller as the refrigerant moves from one end to the
other. The vapor refrigerant enters the compressor at the point where the screw spacing is the
widest. As the refrigerant flows between these rotating screws, the volume is reduced and the
pressure of the vapor increases. The screw compressor is popular for use in low-temperature

refrigeration applications.

Open type compressor is driven by diesel engine or electric motor with the help of pulley and belt
system. The power shaft of compressor (input shaft coupled to motor shaft) extends out through
its housing. The compressor may be belt-driven or gear driven. Therefore, a shaft seat is required

to prevent the refrigerant from leaving out of compressor housing (John et al., 2016).

The selection of a compressor should be made according to the following system cooling
characteristicsand where it will be installed.

» Minimum Evaporator Temperature
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Cooling Capacity or Thermal Load
Refrigerant Type

Ambient Temperature

Electrical Power Available

YV V V V V

Compressor and Drive Cooling

In this study open type compressor is selected because this type of compressor has easy

maintenance.

4.2.2 Condenser Selection

Condenser is an important devise used the high temperature side of refrigeration system. Its
function is to remove heat of the hot vapour refrigerant discharged from the compressor. Hot
vapour refrigerant consists of the heat absorbed by evaporator heat of compression added by
mechanical energy of compressor motor. The heat from the hot vapour refrigerantin a condenser
is removed first by transporting it to walls of the condenser and then from tubes condensing or
cooling medium. The cooling medium may be water or air or combination of two cooled. And the

condenser performs three main functions when refrigerant flowing through it ( Arora, 2010).

1, desuperheating the vapors (the superheated vapour cooled to saturation temperature

corresponding to pressure of refrigerant this occur in discharge line or in few coils of condenser).

2, Condensing vapors to liquid (saturated vapour gives up its latent heat and it condensed to

saturated liquid refrigerant).

3, Subcooling the liquid (the temperature of refrigerant reduced to below its saturation temperature

in order to increase refrigerant effect).

The greatest amount of heat is absorbed in the system when the refrigerant is at the point of

changing state (liquid to a vapor). The same thing happens, in reverse, in the condenser. The point

where the change of state (vapor to a liquid) occurs is where the greatest amount of heat is rejected.

The condenser operates at higher pressures and temperatures than the evaporator and is often

located outside. The same principles apply to heat exchange in the condenser as in the evaporator.
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The materials a condenser is made of and the medium used to transfer heat make a difference in

the efficiency of the heat exchanger.

The selection of condenser depends on types of refrigerants, capacity of refrigerating system and

type of cooling medium.

Condenser

|
B | |

Air cooled Water cooled Evaporative

Figure 4.2 Classification of condenser

1, Air-cooled condenser is one in which the removal of heat is done by air. Usually consist of
pipes with fins attached, but can occasionally have wires, or even a plate, affixed to the refrigerant's
piping. These give the condenser a greater surface area and allow for more efficient cooling. Air
circulationisachieved either by static means, where air in contact with the pipes becomes hot and
rises to be displaced by cooler air. Or, more typically, there is forced convection, where fans pass

air over the condenser. Generally copper tube used because of its excellent heat transfer ability.

2, Water-cooled condenser normally consist of an outer tube carrying hot vaporized refrigerant
which flows over an inner tube containing a counter flow of cool water. These shell-within-tube
condensers are very efficient. Water-cooled condensers are more complex than air-cooled
condensers as there are design considerations in water flow regulation and corrosion prevention.
However, the advantages of water-cooled systems are that water has a higher exchange coefficient

than air so heat transfer will be more efficient.
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3, Evaporative condenser use both air and water in condensing medium to condense hot vapour
refrigerant to liquid refrigerant this condenser performs combined functions of water-cooled
condenser and cooling tower. In its operation water pumped from the sump to spray header and
sprayed nozzles over condenser coils through which hot vapour refrigerant compressor is passing.
The heat transfer of refrigerant through the condensing tubes walls and into the water that is
wetting outside surface of the tubes.at the same time water a fan draws air from the bottom side of
condenser and discharge out of top of the condenser. The air causes the water from surface
condenser coil to evaporate and absorbs the latent heat evaporation from remaining water to cool
(Khurmi and Gupta 2008).

In this thesis air cooled condenser and tube type condenser is selected because as the heat removing
is done by air which means it consume less power, no extra moving parts, no noise, it consists of
steel or copper tubing’s through which the refrigerant flow. The size of the tube usually ranges
from 6 mm to 12 mm outside diameter, depending upon the size of condenser. Generally, copper
tubes are used because of their excellent heat transferability. The tubes are usually provided with
plate-type fins to increase the surface area of heat transfer. The fins are usually made from
aluminum because of its lightweight. The flow of the liquefied refrigerant will be assisted by
gravity, so the inlet will be at the top of the condenser and an outlet at the bottom. Rising pipes
should be avoided in the design, and care is needed in installation to get the level of the pipes. The

fins spacing is quite wide to reduce dust clogging.

4.2.3 Evaporator selection

The evaporator absorbs heat into the system or in a refrigeration system is responsible for
absorbing heat into the system from whatever medium is to be cooled. This heat- absorbing process
is accomplished by maintaining the evaporator coil at a lower temperature than the medium to be
cooled (John etal., 2016).

34



Evaporator

‘ Bare tube | ‘ Plate type | Shell and tube

Finned

Evaporator Evaporator Evaporator Evaporator

Figure 4.3 Evaporator classification

Bare tube evaporator

In this type of evaporator, the entire surface of coil is in contact with the refrigerant inside. The
material used for bare tube evaporator is steel or copper. This type of evaporator is also called
prime surface evaporator. The copper tubing is used for small evaporator or small evaporators
where the refrigerant other than ammonia is used, while the steel pipes are used with the large
evaporators where ammonia is used as the refrigerant. The bare tube evaporator comprises of
several turns of the tubing, though most commonly flat zigzag and oval trombone is the most
common shapes. The bare tube evaporators are usually used for liquid chilling. In the blast cooling
and the freezing operations, the atmospheric air flows over the bare tube evaporator and the chilled

air leaving it used for cooling purposes.
Plate type evaporator

In this of evaporator, the coils are either welded on one side of a plate or between the two plates
which are welded together at the edge. And usually made up of copper or aluminum is embedded
in the plate so as so to form a flat looking surface. Externally the plate type of evaporator looks
like a single plate, but inside it, there are several turns of the metal tubing through which the
refrigerant flows. The advantage of the plate type of evaporators is that they are more rigid as the
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external plate provides lots of safety. The external plate also helps to increase the heat transfer
from the metal tubing to the substance to be chilled. Further, the plate type of evaporators is easy
to clean and can be manufactured cheaply. The Plate evaporator are generally used in house hold

refrigerator, home freezers, beverage coolers, iceream cabinets.

Finned evaporator

Finned evaporators are bare tube type of evaporator covered with metallic fins. And finned
evaporator, the outer surface area is surrounded by thin metallic plate called fins. These fins are
thin metallic plates, usually aluminum or copper, securely attached or banded to the evaporator
tubes, with bare tube evaporators. When the fluid (air or water) to be chilled flows over the bare
tube evaporator lots of cooling effect from the refrigerant goes wasted since there is less surface
for the transfer of heat from the fluid to the refrigerant. The fluid tends to move between the open
spaces of the tubing and does not come in contact with the surface of the coil, thus the bare tube
are less effective. The fins on the external surface of the bare tube evaporators increase the contact
surface of the metallic tubing with the fluid and increase the heat transfer rate, thus the finned
evaporators are more effective than the bare tube evaporators. These fins increase the heat transfer

efficiency of the evaporator. Finned evaporator are used in air cooling application.

Shell and tube type: The shell and tube types of evaporators are used in the large refrigeration
and central air conditioning systems. The evaporators in these systems are commonly known as
the chillers. The chillers comprise of a large number of the tubes that are inserted inside the drum
or the shell. Depending on the direction of the flow of the refrigerantin the shell and tube type of
chillers, they are classified into two types: dry expansion type and flooded type of chillers. In dry
expansion chillers, the refrigerant flows along the tube side and the fluid to be chilled flows along
the shell side. The flow of the refrigerant to these chillersis controlled by the expansion valve. In
the case of the flooded type of evaporators, the refrigerant flows along the shell side and fluid to
be chilled flows along the tube. In these chillers, the level of the refrigerant is kept constant by the

float valve that acts as the expansion valve also.

In this study bare tube evaporator is selected because they are easier to keep clean and the

constructionis simple.
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4.2.4 Selection expansion device

The expansion device is an important device that divides the high-pressure side of refrigerating
system. It is connected between the receiver and the evaporator. The expansion devices perform
the different function which includes firstly it reduces the high-pressure liquid refrigerant to low
pressure liquid refrigerant before send to the evaporator. Secondly it maintains the desired pressure
differences the high- and low-pressure sides of the system, then liquid refrigerant vaporizes at the
designed pressure in the evaporator and controls the flow of refrigerants based on load on the

evaporator (Arora , 2010).

Expansion valve

Automatic Thermostatic

Float valve Capillary tube
expansion valve expansion valve

Figure 4.4 Classification of expansion valve

The automatic expansion valve: regulates the flow of refrigerant from the liquid line to the
evaporator by using a pressure-actuated diaphragm. It maintains a constant pressure in the
evaporator. The setback is that it is not efficient if the load fluctuates hence this type is not suitable
for use in air conditioning as the load fluctuates a lot during its operation.

Thermostatic expansion valve: is a precision device that it regulates the rate of flow of liquid
refrigerant into the evaporator in exact proportion to the rate of evaporation of liquid refrigerant
which is according to the heat load. And also regulate the quantity of refrigerant vapour exhaled
by evaporator. Thermostatic expansion valve works according to the temperature of the refrigerant

vapour and leaving the evaporator and pressure in the evaporator.
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The capillary tube: isused as an expansion device in small capacity hermetic sealed refrigeration
unit such as domestic refrigerator, water cooler, room air conditioner and freezer because of their
simplicity, reliability, low cost, no moving parts and lasts longer. Capillary tube is a fixed length
of small diameter tubing lying between the outlet of the condenser and the inlet of the evaporator.
It reduces the pressure of the refrigerant from the high-pressure side to the low-pressure side of
the system and controls the flow of refrigerant to the evaporator. In order to use this device, the

amount of refrigerant in the system must be properly calibrated at the factory level.

The Float Valve: is actuated by a float that is immersed in the liquid refrigerant. Both low side
float and high side-float are used to control the flow of liquid refrigerant. The high side float
maintains liquid at constant level in condenser. The low side float helps to maintain a constant
level of liquid refrigerant in the evaporator. It opens when there is no liquid in the evaporation.

And closes when there is liquid in the evaporation.

In this thesis the selected type of expansion valve is thermostatic expansion valve because ensure
complete vaporization of refrigerant in evaporator, eliminate the risk of liquid refrigerant particles

from reaching compressor and it can used in large capacity refrigeration system.

4.2.5 Refrigerant selection

The refrigerant is heat carrying medium which during their cycle (compression condensation.
Expansion and evaporation) in the refrigeration system absorbs heat from a low temperature
system and discards the heat so absorbs to higher temperature system. The suitability of refrigerant
for a certain application is determined by its physical, thermodynamic, chemical properties, non -
corrosive to mechanical components and be safe free from flammability and non-toxicity. It would
not cause ozone depletion or climate change. Since different fluids have the desired traits to
different degrees, the choice is a matter of tradeoffs. The desired thermodynamic propertiesare a
boiling point somewhat below the target temperature, the high heat of vaporization, a moderate
density in liquid form, a relatively high density in gaseous form, and a high critical temperature.
Since boiling point and gas density are affected by pressure, refrigerants may be made more
suitable for a particular application by appropriate choice of operating pressures (Khurmi and
Gupta 2008).
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4.2.5.1 Different types of refrigerants

R-11, Trichloro-monofluoro-methane: synthetic chemical product which has low pressure
refrigerant due to this it used exclusively large centrifugal compressor systems of 200TR and
above. Ozone depletion factor (ODF) of this refrigerant isequal to 1 and proportion of chlorine by
weight is 77.4.

R-12 dichloro-difluoro-methane: popular refrigerant. It is colorless, odorless, and liquid with
relatively low latent heat value advantage in small refrigerating machine. Ozone depletion factor

of this refrigerantis 1. proportion of chlorine by weight is 58.6.

R-113 Trichloro-trifluoro-ethane: has boiling point 46.6°C. It used in commercial and industrial
air conditioning with centrifugal compressor with. This refrigerant has the advantage of reaming
liquid at room temperature and pressure. therefore, it can be carried in sealed tins rather than

cylinder. ODF value is 0.8 amount of chlorine by weight 56.7.

R-22 monochloro-difluoro-methane: man-made refrigerant developed for installation that need
a low evaporator temperature.it can applied in air conditioning and household refrigerators and
used with reciprocating and centrifugal compressors. Ozone depletion factor of this refrigerant is
0.05 and amount of chlorine by weight is 41.0.

R-134 Tetrafluoro-ethane: most preferred substitute for refrigerant R-22. atom, since refrigerant
R134a has no chlorine atom, therefore this refrigerant has zero ozone depleting (ODP) and has

74% less global warming potential (GWP).

R-152 Difluoro —ethane: refrigerant R152 has similar characteristics refrigerantR134a has slight
vacuum in evaporator at -25°C and the discharge temperature is higher because of high ratio of

specific heat.

For this study R134a is selected because it is, available, working in the desired temperature

nontoxic and non-corrosive.
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Table 4.1 Ozone depletion factor of refrigerant.

Refrigerant ODF Proportion of chlorine by weight
R11 1.0 77.4

R12 1.0 58.4

R113 0.8 56.7

R22 0.05 41.0

R152a 0 0

R134a 0 0

4.2.6 Selection of Other essential components of refrigeration system

A) Flirter drier

Filter driers are devices used in a HVAC system that are a combination of filter and dryer (or
drier). A filter is used to remove any particle such as dirt, metal or chips from entering the
refrigerant flow control. The refrigerant flow control device could be thermostatic expansion valve
or simply a capillary tube. The filter is sometimes also referred to as a strainer. It is critical that
these particles are filtered out and prevented from going into the metering device. It can cause
blockage to the passage flow of the refrigerant in the expansion valve and cause improper operation
to the system. In this thesis is suction line selected because of which contains a solid core with
desiccant and activated alumina to remove moisture and acid while filtering out contaminants. It

also has access valves to measure pressure drop across the filter-drier.

B) Receiver

Receiver is a storage vessel designed to hold excess refrigerant which is not in circulation.
Refrigeration systems exposed to varying heat loads, or system utilized a condenser flooding valve
to maintain head pressure during low ambient temperature will need a receiver to store excess
refrigerant. Receiver selection should be based on the vessels ability to hold 100% of the total

system refrigerant charge.

C) Thermostat
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The thermostat controls the cooling process by monitoring the temperature and then switching the
compressor on and off. When the sensor senses that its cold enough inside a refrigerator, it turns
off the compressor. If its senses too much heat, it switches the compressor on and begins the
cooling process again. For this study cold thermostat is selected to control the refrigerator
temperature of the refrigerator. The cold thermostat used to maintain the refrigerator temperature
at the required level. The thermostat operates by using a temperature-sensitive gas sealed inside
the thermos bulb which is attached to bellows assembly inside the thermostat housing. As the
compartment temperature increases, the gas expands which forces the bellows to expand causing
points inside the housing to start the compressor. Once the compartment temperature begins to
decrease, the sensitive gas will contract until the bellows shrink and separate the two contacts,
cutting off the power to the compressor, thus shutting off the refrigeration systems. If for any
reason the thermos-bulb would become broken, allowing the sensitive gas to escape, the thermostat
would fail in the open position. This would result in no refrigeration and a new thermostat would
have to be installed. The cold thermostat has an external adjustment which may increase or
decrease the temperature of the compartment approximately 2°C. Never turn the thermostat to the
off position (completely-counter clockwise) as this will turn off the refrigeration system altogether
(Laguerre and Flick, 2010).

Table 4.2 Selected components of refrigeration system.

Components/system Selected type of component
Refrigeration cycle Vapour compression refrigeration system
Refrigerator type Single rear door

Compressor Open type

Condenser Air cooled copper wire and tube type
Evaporator Copper bare tube evaporator
Expansion valve Thermostatic expansion valve
Thermostat Cold thermostat

Filter drier Suction line type

Insulation Polyurethane foam

Refrigerant fluid R134a
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4.3 Cooling load demand estimation

The total cooling load for the Isuzu freight cabin are due to

Transmission heat gain

Estimation heat of respiration load

Heat to be extracted from the fruit

Entry of unconditioned ambient air

o > w0 D

Heat gain of solar radiation

Table 4.3 Recommended temperature and relative humidity of different products(Arora, 2010)

Product type RH Temp. difference | Remarks

Fruits, vegetables, flowers, etc. | 90% 4 — 5°C Minimum moisture loss
General  storage, packed | 80-85% 6°C product require lower RH
products.

Pharmaceutical, beer, | 65-8