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Abstract

This project aims to design and build a refrigerator which will be used in remote areas
.The refrigerator volume and temperature will be estimated for small family food storage, and it
consist of one suitable chamber which can serve as a cooler or freezer chamber, and this is
related to user needed. The volume of a refrigerator is estimated about (252 L), and the
temperature range of a refrigerated space between (-15 to 5) C°.

The refrigerated cycle will be driven by utilizing solar energy (direct energy conversion
system 'PV").

The design and selection of cycle component such as : compressor , evaporator , condenser,
,capillary tube and other component will be done. The working fluid will be selected as a result
of comparisons among refrigerants on the basis of many factors i.e. efficiency, environment
effect, and cost.

The system will be driven by (PV) solar panel, or from electrical grid .The storage of
cold will be done by storing it in a secondary refrigerant. Special Batteries will be used for
storing electrical power.

The project will deal with traditional control system (contactors, Relays ...etc) and it let
enough chance for other project to improve its control system like use modern programmable
logic controlling (PLC) system. Also the system may be used as educational unit in laboratories.

The system will be test, and to make measure of a refrigeration capacity ,temperature
limits, pressure gages, to make comparisons between theoretical and actual results at the end.

Acialall ¢ LyeSl) A4St hashd e sagely A0 Gl desdd 3206 eliyy mpaai ) gopdall 138 Cangy
S e(50252) Jal e Al aas ) s aaall By Byul Gilalialy L6 Cusy 32D aaa luay i
el auias ol yall C_\.\.d\ N L_Ac el o)liidl)

Sl b 50l 48538 aa30S () (Says ¢ 4455 Aall il aaa s Baaly a5 A8 O 430N (S
A s st A5 15-) pha Glayy e Gen Jaad Cuny il dalag Ay e Gy A WSail) Ly
GRS A pacalall A0l Lashad Gk e 8pdle sl ¢ (Ranalll WD 10 ) diall A8 pladiuly Lol
05 2wl o Bliall (696 3,8 aila (88305 s 4nlSa) ) Alayl. dals (pas clyllay (8 ¢ lsl)
Ol e adlgal) Gl dabaall ¢ 1Y) ALels Ajlie A (e lelae o Baxxie Jalse o ol o)lial iy 5 g Ual)
Bysall sl gyl wile HLaa) oy ARl Gl ity e 2alSlg Al e o) ¢ 5o SH Jia Baanie

WANeA el Ayl daalle @i€alle Jae LallS 15y50ll 400 5eSl A0l 6l JLES) § apeal S
Aals malyy alblua e el e s Glplladl 4l

Thermostat, relay ) Jie ddgpmall oSaill Jiluy aladinly ysall 8 gllaal) aSail) ¢ lja) i Gl
-] O3 el apyliall (A& (PLC)zeassall Sihaiall aSaiill aladin dua jdll 4ali) as ¢(etc...contactors
g ailly Ayl ) o 43)e Jead ojlialy HUail oLy wi

\Y



Table Of Contents

Chapter No
Title

Department Head And Supervisor Signature
Dedication

Acknowledgment
Abstract
Table Of Contents

List of Tables
List of figures

References

Appendix A

Chapter One

1.1

1.2

1.3

14

15

1.6

1.7

Chapter Two

2.1

2.2
2.2.1
2.2.2
2.2.3
2.2.4
2.2.5

2.3

2.4

Introduction

Scope of the project

About solar-powered refrigerator

Why vapor compression refrigeration cycle
Backgrounds about solar cells powered vapor
compression system

The cycle component selection

The budget for the project

The time planning for the project

Cooling load

Introduction

Load Sources

The wall heat gain

The product heat gain
Infiltration heat gain
Packaging heat gain
Respiration gain

Total cooling load

Required equipment capacity

Vi

O W N DN

o1 ol



Chapter Three

3.1

3.2

3.3

4.1
4.2

4.3

4.4
4.5

3.1.2

3.2.1
3.2.2
3.2.3
3.24
3.25

3.3.1
3.3.1.1
3.3.1.2
3.3.13
33.14

3.3.2
3.3.21
3.3.2.2

3.3.3

3.34
3.34.1
3.34.2

3.3.5

Chapter Four

421
4.2.2

43.1
4.3.2
4.3.3
4.3.4

45.1
45.2
453
454
45.5
4.5.6
45.7
4538

DESIGN AND SELECTION OF CYCLE
COMPONENT

Refrigerant Selection
Secondary refrigerant selection
Cycle analysis and calculation
General information
Mass flow rate

Condenser load
Power of compressor
Coefficient of performance
Mechanical Cycle Components
Compressor
Compressor calculation:
The volumetric efficiency
The theoretical volume flow rate
The compressor selection

Condenser
Desuperheating region

Mixture region

Evaporator design

Pipe Design and Selection
Discharge line pipe

Suction line pipe

Capillary tube Design and Selection

ELECTRICAL AND SOLAR PANEL

DESIGN AND SELECTION
Introduction
Types of Electrical Circuits
Control Circuit
Power Circuit
Components of Electrical Circuits
Thermostat
Potential relay
Contactor
Overload
Control circuit
Solar panel
Solar 'PV' power
Photovoltaic Cell analyses and principal of operating
PV technologies
Types of PV cell materials
Calculation of solar panel
PV Charge Controller
Inverter
Storage Batteries

Vil

18
19
21
21
22
23
23
23
24
24
24
24
25
26

26
27

31

33

34
35
35
36

38

38
38
38
38
39
39
39
40
40
41
41
41
42
43
44
45
47
48



Chapter Five ~ DESIGEN OF REFRAGRATION

Part A Design of chamber
Part B Design of equipment chamber 60
List of Tables
Chapter One
Table No Title Page
Table(1.1) Main refrigeration cycle comparison 4
Table(1.2) Actual budget table for the project 5
Table(1.3) The first semester time plan 6
Table(1.4) The second semester time plan 7
Chapter Two
Table No Title Page
Table(2.1) Chamber load 16
Chapter Three
Table No Title Page
Table (3.1) Physical properties of refrigerants 18
Table (3.2) comparlson between major secondary 20
refrigerant
Table (3.3) Properties of each point on the cycle 22
Table( 3.4) Capillary tube Selection 36
Chapter Four
Table No Title Page
Table (4.1) Table 4.1: Current efficiencies of different 43
PV technology commercial modules

Vil




List of Figures

Chapter Two
Figure No Title Page
Figure (2.1) Semitic diagram of constriction wall 10
Chapter Three
Figure (3.1) P-h diagram of R134a refrigeration system 21
Figure (3.2) Semitic diagram of refrigeration cycle 21
Chapter Four
Figure No Title Page
Figure (4.1) Thermostat 39
Figure (4.2)(a) a schematic diagram of contactor 40
Figure (4.2)(b) contactor device 40
Figure (4.3) control circuit 40
Figure (4.4) Current performance and price of different PV module 43
technologies
Figure (4.5) amorphous solar panel. 44
Figure (4.6) convert solar energy to electrical energy 44
Figure (4.7) PV Charge Controller 46
Figure (4.8) PV inverter 47
Figure (4.9) Connection of PV Charge Controller and inverter 47
Figure (4.10) PV storage batteries 48




References

1. Sanford A. Klein, Ph.D. and Douglas T. Reindl, Ph.D. Solar Refrigeration.
2. www.saidaonline.com/news.php?go=fullnews&newsid=9726

3. http://onmagharebia.com/news904.html.

e

http://fadel.ps/news/news-det-9379.html

5. Basic Refrigeration and Air Conditioning by P N Ananthanarayanan, Tata McGraw-Hill
Publishing Company Limited

Read more:
http://www.brighthub.com/engineering/mechanical/articles/66476/p3/#ixzz1at6 TSQcU.

6. Roy J. Dossat, Principles of refrigeration, second edition, SI version, University of Houston, Houston,
Texas, USA.

7. Hamza Arafeh , Raed abu Munshar ,and Mera Dadou "'Design and building of refrigeration system
for refrigerated chambers at three temperature levels"
, Mechanical engineering department, PPU, Palestine 2010.

8. cool Pack software .

9. http://www.google.ps/url?sa=t&rct=j&q=secondary%2Brefrigerant%2Bfluids%2Bsodium%2Bchlori
de&source=web&cd=8&ved=0CFoQFjAH&url=http%3A%2F%2Fwww.accessengineeringlibrary.co
m%2Fmghpdf%2F0071455884 ar020.pdf&ei=7J26TuGsIcSXhAF -
Li4Bw&usg=AFQ]CNGzrEu3ziz3RBW6-S KOQsIS83eEw .

10. Shan K. Wang, Hand book of Air Conditioning And Refrigeration , 2" edition.
11. Roy J. Dossat , Principles of refrigeration, second edition, SI version, University of Houston,
Houston, Texas, USA.
12. Chris Langley, Refrigeration principle practices and performance, 2ed edition, 2003.
13Autocad software

14 DanCap software


http://onmagharebia.com/news904.html
http://fadel.ps/news/news-det-9379.html
http://www.brighthub.com/guides/air-conditioning.aspx
http://www.brighthub.com/engineering/mechanical/articles/66476/p3/#ixzz1at6TSQcU
http://www.google.ps/url?sa=t&rct=j&q=secondary%2Brefrigerant%2Bfluids%2Bsodium%2Bchloride&source=web&cd=8&ved=0CFoQFjAH&url=http%3A%2F%2Fwww.accessengineeringlibrary.com%2Fmghpdf%2F0071455884_ar020.pdf&ei=7J26TuGsIcSxhAf_-Li4Bw&usg=AFQjCNGzrEu3ziz3RBW6-S_KOQsIS83eEw
http://www.google.ps/url?sa=t&rct=j&q=secondary%2Brefrigerant%2Bfluids%2Bsodium%2Bchloride&source=web&cd=8&ved=0CFoQFjAH&url=http%3A%2F%2Fwww.accessengineeringlibrary.com%2Fmghpdf%2F0071455884_ar020.pdf&ei=7J26TuGsIcSxhAf_-Li4Bw&usg=AFQjCNGzrEu3ziz3RBW6-S_KOQsIS83eEw
http://www.google.ps/url?sa=t&rct=j&q=secondary%2Brefrigerant%2Bfluids%2Bsodium%2Bchloride&source=web&cd=8&ved=0CFoQFjAH&url=http%3A%2F%2Fwww.accessengineeringlibrary.com%2Fmghpdf%2F0071455884_ar020.pdf&ei=7J26TuGsIcSxhAf_-Li4Bw&usg=AFQjCNGzrEu3ziz3RBW6-S_KOQsIS83eEw
http://www.google.ps/url?sa=t&rct=j&q=secondary%2Brefrigerant%2Bfluids%2Bsodium%2Bchloride&source=web&cd=8&ved=0CFoQFjAH&url=http%3A%2F%2Fwww.accessengineeringlibrary.com%2Fmghpdf%2F0071455884_ar020.pdf&ei=7J26TuGsIcSxhAf_-Li4Bw&usg=AFQjCNGzrEu3ziz3RBW6-S_KOQsIS83eEw

APPENDEX A

TABLE A-1 maximum and minimum temperature for Hebron city
TABLE A-2 Thermal Conductivity of Materials

TABLE A-3 Properties of common foods

TABLE A-4 Air change per hour

TABLE A-5 Specific heat of packaging material

TABLE A-6 Recommended Refrigerant Velocities

TABLE A-7 Dimensions and Physical Characteristics of Copper Tube ACR (Air -Conditioning
and Refrigeration Fields Service).

TABLE A-8 modified correlation of grim son for heat transfer in tube banks
TABLE A-9 Properties of air at atmospheric pressure
TABLE A-10 ratio of N rows deep to that for 10rows deep

TABLE A -11 Respiration

Xl



CHAPTER ONE

INTRODUCTION



CHAPTER ONE

Introduction

With scientific and technological development in the field of solar cells, now it be
in different applications ,like cooling science to reach the desired goals , and thereby cooling
science develops from better to best and achieve its goals.

There is a significant problem followed by families who live in remote areas, especially
those not reached by the electricity grid in order to preserve their food and drink, So the need call
us to provide a refrigerators operate in the absent of national electricity grid .

Great dangerous outputs of non-renewable energy which pollute the environment i.e.
global warming potential (GWP),and ozone depletion layer (ODP) call us to search for an
alternatives and clean sources of renewable energy sources ,like solar energy.

1.1 Scope of the project

Solar refrigerators are manufacture to serve people who suffer from absent of national
electricity grid lines or continuous power cut off especially for those live in Gaza and remote
or 'Bedouin ‘areas , like some of the south areas people in Hebron city .This project also has
an academic benefit for (HVAC) students to develop their skills and ability of combination
between practical and theoretical sides.

The refrigerated cycle will be driven utilizing solar energy (direct energy conversion
system 'PV'), which is one of the most important source of renewable energy, so it has an
environment and economic benefits referred to community.

The refrigerator volume and temperature will be estimated for small family food storage
.S0 the volume of the refrigerator was estimated about (252 L),and the temperature range of a
refrigerated space between (-15 to 5)C°.

1.2 About solar-powered refrigerators

After conducting the studies and statistics which keep up with scientific and
technological developments in a refrigeration for a promising this research provides a
scientific field benefit in a refrigeration and cooling field using solar cells energy, often
known as photovoltaic's (PV) cells , which common use these days. Some of us use it to
power our homes, cell-phone chargers, radios, International Space Station (ISS), and other
applications. These technologies use photovoltaic (PV) cells to convert sunlight into
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electricity. When sunlight strikes a PV cell, it heats the cell up. Heating the cell causes
electrons to knock loose, and these electrons are converted into a stream of electricity, or
current. [1]

There are several previous studies and researches were prepared in this field. Some of
there will be display in this project, as follow here :

One of the most common solar-powered refrigerators on the market, (NASA)
refrigerators, which uses (PV) technology to power there refrigerators in there space travels.

A team of German scientists developed a new technique that make a refrigerators operate
by solar-power technology instead of electricity grid lines ; which will bring great benefits to
the hot countries ,also in German there is A team of young scientists - who are working with
( Fasenbosc Geladbek inventions center) in a (University of Applied Sciences) in the area
(Gelsankrshen) - «Such technology would have tremendous benefits for the hot countries ,
where are refrigerators and air conditioners, there is vital »also they have developed a
prototype will be used soon in a cold storage plant in (Morocco) using solar power
technique.[2]

Two Emiratian engineers ; recently graduated from the "Faculty of Technology" in
Electrical Engineering Department in ' Abu Dhabi ', United Arab Emirates, enable to
accomplish the creation of "solar-powered refrigerator,” have a lot of features and uses . It
should be noted that the refrigerator invented by engineers' 'Abdullah and Hamad ,it powered
by 12 volts and 46 watts, it can be available enough cooling effect for food and medicine
storage along 8 continuous hours at10 ° C, and able to turn the cooling system in which to heat
what we want done things frozen to be used at a temperature less than it is, note to mention the
refrigerator light and easily transported and operated.[3]

In Gaza The Ministry of Health has provided several solar-powered refrigerators to
save the vaccinations, with the support of "UNICEF" to improve the cold chain for vaccines, to
reducing the problem of continuous power cuts off especially in last ware. These refrigerators
solved the problem of a large drop in the constant supplied power , pointing that one sunny day
equivalent to three days without sun for the work of the refrigerator without any defect in the
cooling quality ,also its operating on 12 volt only . [4]

1.3 Why vapor compression refrigeration cycle?

There are different types of refrigeration and cooling cycles were discovered and build ,
such as vapor jet refrigeration cycle , absorption refrigeration cycle, vapor compression
refrigeration cycle, and others .Which are considered the main types in the field of cooling
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science , (1.1) compare between those three major types mentioned above , in order to select the
most appropriate type to be the subject of study , research ,and development in this project

Table (1.1) Main refrigeration cycle comparison [5]

Vapor Absorption Vapor jet
Comparison compression refrigerator refrigerator
face refrigerator
Initial cost low high High
Maintenance continuous rarely rarely
life Long life Short life intermediate
(corrosive in
pipes)
COP High nearly (4-5) | Very low (1.1 for low
LiBrz)
Heat rejection condenser Condenser Condenser,
element ,Analyzer Steam boiler
,Absorber.
rectifier.
Heat rejection Low(heat high(heat High( heat
amount rejection factor rejection factor rejection
1.2) 2.5) 2.7)
Refrigerant Expensive; ie Cheap and Cheap and
(HCHs ,HCFCs, available available
CFCs) (NHs,LiBr; . (water in
general)
Green house Halocarbon No green hose No green hose
effect (HCFC)refrigerant effect effect
produce depletion
in Ozone layer

Through the table (1.1), it is difficult to identify which is the best type, because there's
many factors play rule and and control . Despite the existence of several problems in the vapor
compression system like economical, technical, and environmental problems, it will be
considered the best and most appropriate one on the basis of comparison shown above, by
depending on the two most important factors, like efficiency ,and coefficient of performance
(COP) of cycle . So vapor compression refrigeration cycle is considered as a subject of study in

this project.

The use of solar energy be a solution of economic problem (i.e. operation cost
reduction ). The use of primary refrigerant (R_134a) be a solution of environmental problem
(environmental friendly), and the use of secondary refrigerant be a solution of the technical
problem by keeping cooling effect in the time of compressor shut off by reradiating of cold all

time especially at night .



1.4 Backgrounds about vapor compression system powered utilizing solar cells energy

These systems like any traditional vapor compression system which compression
element (compressor) ,condensing and evaporating units, and expansion devices(capillary
tube), in addition there as a solar cell as a power source to run compressor and condenser fan
Also a Special batteries are use to keep necessary operation cooling cycle for a desired
needed time .In shortage these component are integrated together in their work to produce
desired goals and keep a temperature for cooling space .

1.5 The cycle component selection

In next chapters it will be design and select cycle component based on several
calculation , designs using catalogs ,and software programs , ( Dan-cap ,solar cell program ,
cool back,...etc).

1.6 The budget for the project

Table (1.2) Actual budget table for the project

Task # COST (NIS) Total
Compressor 1 450 450
Condenser 1 200 200
Connecting pipes 8m 1m=40 320
Capillary tube 1 25 25
Refrigerant R134a 1 200 200
Battery 2 650 1300
Solar cells 2 1000 2000
Building chambers - 950 950
Regulator(10A) 1 500 500
Thermostat 1 40 40
Inverter(1440W) 1 1500 1500
Filter 1 50 50
Sight glass 1 30 30
Total 7565NI1S




1.6 The time planning for the project

The project plan follows the following time schedule which includes the related tasks of
study and system analysis. The following time plans are for the first and second semester

Table (1.3) First semester time plan

Task/Week
Choosing
project title
Collecting
information

Reading

Introduction

Load
calculations

Cycle analysis

Refrigerant
choose
Compressor
Design and
selection
Condenser
Design
And selection
Evaporator
Design and
selection
Pipe Design and
selection
Electric control
Design
And selection
Preparing&
printing
Project
Documentation




Table (1.4) Second semester time plan

Task/Week
Chambers
building
Accessory
Selection

Electrical &
Control building
Cycle test

Conclusions

Project
Documentation
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COOLING LOAD



COOLING LOAD

2.1 Introduction

The total heat required to be removed from refrigerated space to bring it at the desired
temperature and maintain it by the refrigeration equipment is known as cooling load. The purpose of
load estimation is to determine the size of the refrigeration equipment that is required to maintain
inside design conditions during periods of maximum outside temperatures. The design load is based
on inside and outside design conditions and its refrigeration equipment capacity to produce and
maintain satisfactory inside conditions.[6]

2.2 Load Sources

The cooling load on refrigerating equipment seldom results from any one single source of
heat. Some of the more common sources of heat that impose the load on refrigerating equipment
are:-

The wall heat gain.
The product heat gain.
Infiltration heat gain.
Packing heat gain.

Chamber are working at between two temperature degrees (5, -15)C°, chamber are located in
Hebron city , From Palestinian codes the Maximum surrounding temperature for Hebron city is
38°C (TABLE A-1), The required mass product is 8 [L] water ,6 [L] milk ,5[kg] Beans green , 5[kg]
Orange, 3[kg] cheese , 1[kg] eggs in chamber cooling and 25 [kg] fish &25 [kg] Poullry in Freezing
chamber . Desired cooling time is 16[hr] .

2.2.1 The wall heat gain
The quantity of heat transmitted through the wall is a function of three factors whose
relationship is expressed in the following equation:[7]
Q=U=xAx* AT (2.1)
Where: A: is the outside surface area of the wall [m?], U is the overall heat transfer

coefficient [W/m?. «C], AT is the temperature difference across the walls [°C].

AT = Tout - Tin
(2.2)
Where Ti, is the refrigeration space temperature, T, is the outside temperature.



Overall heat transfer coefficient is computed by the following:

— 1
U= 1 _|_Ax1 Ax2 Ax3 , ., 1 (2'3)

k1 k2 k3 ho

Where : U: is the overall heat transfer coefficient [W/m?. C], Ax: is the thickness of the layer
of the wall [m] , k: is the thermal conductivity of the material [W/m. C] . h; : is the convection heat
transfer coefficient of inside air film =9.37[W/m?. °C], h, : is the convection heat transfer coefficient
of outside air film = 22.7[W/m*C].

All walls are constructed of three layers as shown in figure (2.1) :

e Galvanized steel sheet 0.06 [cm] k=20[W/m. ‘C]. From (TABLE A-2)
e Polyurethane 4 [cm] k=0.025[W/m. ‘C]. From (TABLE A-2)
e Galvanized steel sheet 0.06 [cm] k=20[W/m.C]. From (TABLE A-2)

GALVANIZED
STEEL x=0.06 cm

Polyurethane
insulation x=3 cm

Figure (2.1) Semitic diagram of constriction wall

Applying equation (2.3), the overall heat transfer coefficients:

1 o
e U=+ 00006 004 00006 1~ = 0.57 [W/m?. C]

937 ' 20 0.025' 20 227

Applying equation (2.1), the wall load for the chamber:

Q fioor = {0.57*(1*0.6)*(38- (-15))}= 18.13 [W]
Q roof = {0.57*(1*0.6)*(38- (-15))}= 18.13 [W]
Q sidest= {0.57*(0.6*0.6)*( 38- (-15))}= 10.87 [W]
Q sidesz= {0.57*(0.6*0.6)*( 38- (-15))}= 10.87 [W]
Q sidess= {0.57*(1*0.6)*( 38- (-15))}= 18.13 [W]
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®  Q sigess = {0.57*(1*0.6)*( 38- (-15))}= 18.14[W]
*  Quaiwan =94.26 [W].

2.2.2 The product heat gain

The heat emitted from the product to be stored is very important in case of cold storages. The
loads to be considered in the cold storages are divided into the following groups. chilling load above
freezing: The product chilling load above freezing depends upon the mass product, mean specific
heat of the products above freezing, entering product temperature, final product temperature desired,
and the chilling time. The space heat gain from product is computed by the following equation: [6]

Qch: m. Cp. AT/T (2.4)

Where: Qe . is the quantity of heat [kJ], m: is the mass of the product [kg],C,. is the specific
heat above\below freezing [kJ/kg.”C], T : desired cooling time [seconds], AT: is the change in
product temperature [*C]. The total Cp from (TABLE A-3)

AT=T,— Ten (2.5)
Where :
To: is the entering product temperature [°C].
Ten: IS the chilling product temperature [°C].
Applying equation (2.4) to find quantity of heat for the first product (water):
e CP=4.18kJ/kg.C1,To=24[°C], Tch=5[C°] ,x+ =16hour

e Q= 8*4.18*1000*(24-5) /(16*60*60)
e Qe =11[W]

Applying equation (2.4), for the second product (Beans green):
e Cp=23.64[ki/kg.°C] (TABLE A-3), To=[26.5°C] ,Tch = [5°C] ,t=16 hour

e Qch=5*3.64*1000*(26.5-5) /(16*60*60)
e Qun=7[W]

Applying equation (2.4), for the third product (milk):
e Cp=3.77 [kI/kg.°C] ,To= 7.25[°C] ,Tch = [5°C] ,t=16 hour
e Q= 6*3.77%1000*(7.25-5) /(16*60*60)

e Qu=0.88[W]
11



Applying equation (2.4), for the fourth product (Orange):
e Cp=23.81[kJkg.°C] ,To=22[°C],Tch= [5°C] ,t=16 hour

e Qg =5%3.81*%1000*(22-5) /(16*60*60)
e Qun=6[W]

Applying equation (2.4), for the fifth product (cheese):

e Cp=2.68[kIkg.°C] ,To=15[°C] ,Ten = [5°C] ,t=16 hour
o Q= 3*2.68*1000*(15-5) /(16*60*60)
* Q= 1.4[W]

Applying equation (2.4), for the sixth product (eggs):
e Cp=23.56[klkg.°C] ,To=10[°C],Tch = [5°C] ,t=16 hour
o  Qcp=2*3.56*1000*(10-5) /(16*60*60)
e Qun=0.7[W]
Applying equation (2.4), for the seventh product (Poullry & fish temperate between (-15 °C):

Fish:
e CP =3.18 [kd/kg.C] (TABLE A-3) . T,=7[°C], Ten = -3 [C 9], t=16 hour .

e Qun=25*3.18*(7-(-3)) = 795 [K]]

Also, there's another load for freezing (fish) product , calculate use equation (2.6):
Q; = m=*CP % AT Q, = m * Ah (2.6)
Where: Q;: is the quantity of heat after freezing [kJ] , Q. : freezing load , CP: specific heat
after freezing [KJ/kg. C°] (TABLE A-3) , AT: freezing point to set point , Ah: latent heat of fusion
[kJ/kg].
Applying equation (2.6), for the fish product :
e Q;=25%172%(-3—(—15)) =516[kJ].  Q, = 25 % 235 = 5875 [KJ]

(Qch +Q1 +Q2) _ (795+561+5875)K]
t - 16+3600 s

= 0.12554[KW] = 125.54 [W]

®  Quotal load =

Poullry:

CP = 3.18 [kJ/kg.C°] (TABLE A-3) , T,=29.5[°C] , Ten =-3[C] .
12



o Q¢ =25*3.18%(29.5-(-3)) =2583.7[kJ]
Applying equation (2.6), for the Poullry product :

e Q =25%155x(—3—(—15)) =465[k]].  Q, = 25 * 246 = 6150 [kJ]

(Qch +Q; +Q2) _ (2583.7+465+6150 )

= 0.160[KW] = 160[W]
t 16+x3600

®  Qtotal load =

2.2.3 Infiltration heat gain

In the practical operation of a refrigerated facility, doors must be opened at times in order to
move the product in and out. The infiltration load is one of the major loads in the refrigerator. The
infiltration air is the air that enters a refrigerated space through cracks and opening of doors. This is
caused by pressure difference between the two sides of the doors and it depends upon the
temperature difference between the inside and outside air.

The heat gain resulting from air change can be determined by applying the following
equation:

Qinf= m'*Cp*(To'Ti) (2.7)
Qint= p* V ' Cp*(To-Ti) (2.8)

Where : p: is the air density [1.25 kg/m?], Cp: is the specific heat of the air [kl/kg.C*], Vr. is
the volumetric flow rate of infiltrated air [m3/s], T,: is the outside temperature [C"], T;: is the inside
temperature [ 'C].

V's= number of air change * volume of room.

Number of air change = 0.5 [times /h] (TABLE A-4)

e Volume of room = 0.7*%0.6*0.6 =0.252 m°.
e V\V't=0.5*0.252 =0.126 m%/hr.

Applied the equation (2.8), the Qinf for the product n: (water, milk, Beans green, eggs, cheese,
Orange.):

e Qi =N* 1.25* (0.126/3600)*1000*(38- 5)
o Qu= 7*1.44=10.1[W].

13



2.2.4 Packaging Heat gain

Many products refrigerated in packages. It could be more than 10% of product's weight.
Packages could be plastic, steel , wood , glass ,carton or any material that has low specific heat.
The milk are stored in carton with 100g ,each Beans green and Orange has 1 box . Plastic box mass
has 0.5 kg, each one can hold 5 kg of Beans green or 5kg of Orange, 8 L water are stored in plastic
Bottles with 50g , 3kg of cheese are stored in 3 Plastic box with mass of 100g , eggs will store
in two plastic boxes with mass of 20 g, fish and Poullry will store in two plastic boxes with
mass of 0.5Kg .

The heat gain resulting from Packaging can be determined by applying the following
equation:[ 6]

MpkxCpk+(To—Ti) 2.9
0 : ‘10 (2.9)

Where :Qx is the packaging heat load, m is the mass of packaging material [kg], Cyk is the
packaging material specific heat [J/kg.C"], Ty is the packaging material temperature ["C], Tiis the
temperature of the refrigerated space ['C], *: is the desired cooling time [seconds].

Cok plastic=1.6[kJ/kg. C°] (TABLE A-5), Applying equation (2.9), to find Qx for the (Beans
green, Orange):
0.5%1%1.6%(24—5).
o Qu=2 (Tt 109
. ka plastic:0-53[vv]

Applying equation (2.9), to find Qpy for (water):

0.05%6x1.6%(24—5
° ka = ( )* 103
16%3600

L ka plastic = 0.16 [W]

Applying equation (2.9), to find Qp for (milk):

_ 0.1%6%0.34%(24—5)

* Q=15 3600
. ka plastic = 0.1[W]

* 103

Applying equation (2.9), to find Qpx for (cheese):

0.1%3%1.6%(24-5)

* Q= 16+3600
®  Qpkplastic = 0.158 [W]

* 108
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Applying equation (2.9), to find Qp« for (egges):

_0.02%2%1.6%(24—5)

* Q= 16%3600
i ka plastic = 0.01[w]

Applying equation (2.9), to find Qyx for (Fish):

* 108

0.5%3*1.6%(24-5)
. = * 103
Qk 16%3600

A ka plastic = 0.792 [W]

Applying equation (2.9), to find Qp for (, Poullry):

_ 0.5%3%1.6%(24—5)

* Q= 03600
i ka plastic = 0.792 [W]

* 108

2.2.5 Respiration gain

Fruits and vegetable are still alive after harvesting and continue to undergo changes while in
storage; the more important of these changes are produced by respiration process during which
oxygen from the air combines with the carbon rates in the plant tissue and results in the release of
carbon dioxide and heat .The heat released is called respiration heat which is found by the following

equation: - [6]

Qr=m*respiration rate

Where:- Qg. the respiration heat load, m: is the mass of product [Kg]. Respiration
rate[W/Kg] which equal 0.019[W/Kg]for Orange at 5°C and 0.09 [W/Kg] for beans green at 5°C

(TABLE A -11). [6].

Applying equation (2.10), to find Qg for the (Orange):

QR orange =5*0.019= Ol[W]

Applying equation (2.10), to find Qg for the (green banes):

Qr green beans =5*0.09= 0.45[W]
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2.3 Total cooling load

The total cooling load is the summation of the heat gains

QT:QW+Qp+Qinf+ka+QR

Table 2.1 Chamber load

(2.11)

Chamber QuW] | QW] | Q inf [W]

Q pk[VV]

QRrIWI

Qr[W]

Chamber 94.62 312.54

2.546

0.55

420.34

It is common practice to add 10%-12% as a factor of safety as general rule 10% is used:[6]

o  Qr1)=420.34+(420.34*0.10) = 462.4 [W]

2.4 Required equipment capacity

After the safety factor has been added, the cooling load is multiplied by 24 hours and
divided by the desired operating time in hour to determine the average cooling load which is

used as basis for equipment selection:[6]

TCLx24
operatingtime

Qa=

Operating time = 16 hour

4624 X24

Q= —F

= 693.6[W]
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CHAPTER THREE

DESIGN AND SELECTION OF CYCLE
COMPONENT
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3.1 Refrigerant Selection

A refrigerants are classified into two main types ,one is a primary refrigerant ,other
is a secondary refrigerant .1t absorbs and transports heat from a cooling space.

A primary refrigerant are classified into five groups, one of these groups named HFC,
some of its refrigerant R 134a (CH,CFCs;), table (3.1) shows R134a properties and compare them
with other refrigerants like (R12, R22). [8]

3.1.1 aprimary Refrigerant

Refrigerants are used for the same purpose, but some of it give better results than
others, so what is required of a good refrigerant? A good refrigerant should have the
following properties:

¢+ Economical properties.
High operating efficiency.
Low cost.

Availability.

¢+ Thermodynamic properties

Low boiling point.

High critical point temperature.
High latent heat of vaporization.
Low specific heat of liquid.
Mixes well with oil.

< Environment friendly

Having zero ozone depletion potential(ODP).
Having low global warming potential( GWP).
Non corrosive to metal.

Easily detectable in case of leakage.

Non flammable and non explosive.

Non toxic.

Table (3.1): physical properties of refrigerants (the properties at 1 atm)

Properties R 12 R 134a R 22
Molecular formula CCloF; CoHaFy CHCIF,
boiling point(°C) —29.8 -26.3 -40.8
Melting point (°C) -101 -157
critical point (°C) 112 101.1 96.2
toxic Non Non Non
flammable Non Non Non
ODP 1.0 0.0 0.05
GWP 8100 1,300 1700
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From table (3.1),boiling and melting temperature for R-134a is higher than R-12 and R-
22 .All refrigerants are nontoxic, non flammable and low ODP "ozone depletion potential ,but
GWP "global warming potential " for R-134a is lower than other refrigerants.

So, R134a is best suited for refrigeration system because R-134a is more friendly than R-
12 and R-22.[8]

3.1.2 Secondary refrigerant selection

A secondary refrigerant is the fluid that chilled by conducting the primary refrigerant,
it performs the refrigeration process by absorbing cold from primary refrigerant

The terms secondary refrigerant, brines, and antifreezes are sometimes used
Interchangeably . This section will use secondary coolant as the general description of a fluid
with freezing temperatures below those of water. Brines are one class of secondary refrigerant
formed by the aqueous (with water) solution of a salt.

The number of candidates for secondary refrigerant is large, and this section Will attempt
to give key data on a wide selection. Of this large number of Possibilities, certain choices are
more popular than others, so additional Characteristics will be provided. Key data include the
following factors:

» Lowest solidification temperature

* Flammability

* Compatibility with food

* Corrosion tendency and inhibition possibilities

If a candidate possesses satisfactory key data to pass the first stage of the selection process,
additional characteristics should be evaluated, such as the thermal and fluid properties, including
the following:

* Viscosity

* Specific heat

* Specific gravity or density
* Thermal conductivity

Secondary coolants to be considered in this section include the following:
* Chloride—calcium chloride

* Chloride—sodium chloride
* Glycol-propylene glycol

The selection of desired secondary refrigerant will done according table (3.2), by making
compassion including major properties
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Table ( 3-2 ) comparison between major secondary refrigerant:[9]

. Sodium Chloride Calcium
Fluid (NaCL) Chloride(CaCly) Ethylene Glycol
X [vol
%]concentration of 18.50 18.50 30.00
solute ,percent by ' '
mass
T[°C] -14.68 -13.06 0.00
Density [kg/m”3] 1150.70 1177.09 1051.75
Specific heat
[kd/(kg K)] 3.438 3.121 3.590
Conductivity
[W/(m K)] 0.526 0.526 0.429
Dynamic viscosity
[10°-5 Pa-s] 465.672 524.302 415.220
IS 4.047 4.454 3.948
viscocity [cSt]
Freeze point [°C] -14.85 -15.72 -15.79

The two important brines for refrigeration service are aqueous solutions of either of two
salts—sodium chloride (NaCl) or calcium chloride (CaCl,). NaCl brine is probably the most
economical of any available secondary refrigerant, and it can be applied in contact with food and
in open systems because of low toxicity.

Furthermore, NaCl brine is nonflammable and has favorable thermodynamic and transport
properties. The freezing point, density, viscosity, specific heat, and thermal conductivity of NaCl
brine are shown in table (3.1) above. These properties result in high heat-transfer coefficients,
although not as good as CaCl2 brine.

Steel, aluminum, and copper are compatible with both glycols, but galvanized steel
should be avoided as is true of calcium chloride brine ,Neither NaCl nor CaCl; brines should be
used with galvanized steel, because the brines attacks the zinc in the galvanized coating. CaCl,
brine is corrosive to the metals of its containment system. For this reason inhibitors must be
added to the brine and a maintenance plan should include periodic checks of the brine. [10]

So, NaCL will choose as a secondary refrigerant in this project .
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3.2 Cycle analysis and calculation
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Figure (3-1) . P-h diagram of R134a refrigeration system

3.2.1 General information

The schematic of such a system and corresponding operating cycle on P-h diagram are
shown in Fig (3.1).As shown in the figure the system consists of a single compressor , a single

condenser ,and single evaporators.
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Figure (3.2) Semitic diagram of refrigeration cycle
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1. Refrigerant enters the compressor at point (1) at the super heated state. It is compressed to
the high pressure at point ( 2).

2. Hot gas enters the condenser, in which it is de-superheated and sub cooled at point (3) .

3. After the condensing process, the liquid refrigerant flows through a throttling device
(thermostatic expansion valve).

4. Refrigerant is divided into three evaporators, which enters evaporators at low temperature
and low pressure at points (4 ) The liquid refrigerant is vaporized at points in the
evaporator. The vapor then flow to the inlet of the compressor at point 1 and completes the
cycle.

Table (3.3) Properties of each point on the cycle

# T(°C) P(bar) h(kJ/kg) v(m¥/kg)
1 -15 1.64 388.32 0.012
2 44.65 9.63 425.2 0.022
3 38 9.63 253.2 N/A
4 -15 1.64 253.2 0.12

3.2.2 Mass flow rate

In this cycle evaporator has a mass of refrigerant that flows through it .To find the
mass flow rate we use the following equation: [11]

o= Qe (3.2)
qe

Where: m; is the mass flow rate in the evaporator, [kg/s] , Qe : refrigeration capacity,
[KW] , ge= refrigeration effect[10].

Qe =Ah (3.2)

Where Ah is the difference between the enthalpy of saturated vapor leaving evaporator
and the enthalpy of refrigerant entering evaporator: [k J/kg] , Applying equation (3.2), the Qe
for the refrigerated space is:

o Qo=hsy-hy=388.3-253.2=135.1 [KJ /kg]

Applying equation (3.1) the mass flow rate is:

. 0.693.4

T 1351
e m=0.005314 [kg/s]
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3.2.3 Condenser load

After calculating the total mass flow, condenser load is found by the following
equation:[11]

Qc=m (hz - hs) (3.3)

Where: Q. is the condenser load [kKW], h; is the enthalpy of the hot gas discharged
from the compressor [kJ /kg], hs is the enthalpy of the liquid discharged from the condenser [kJ
/kg]. Applying equation (3.3) and table (3.3) the condenser load is :

e Q. =0.005314 (425.2-253.1)
e Q:=0.914 [kW]
3.2.4 Power of compressors
To find the compressor power , we use the following equation:[ 11]
P=m" *(h,-h,) (3.4)

Where P: is the compressor power [kW], h,: is the enthalpy of the hot gas discharged
from the compressor [kJ /kg] ,hi: is the enthalpy of the gas discharged from the evaporator [kJ

Ikg].

Applied equation (3.4) the power of compressor is :

P = 0.005314 (425.2 — 388.3)
P =0.196 [KW]
P =196 [W] P = 1\3 hp = 248.6[W]

3.2.5 Coefficient of performance

Qe (3.5)
COP =

Where COP is the Coefficient of performance of the cycle, P is the compressor power
[KW], Qe total IS the total cooling capacity [KW]. [6]

0.6936
e COP = 0.196
e (COP =354

To ensure of the accuracy of the calculation a software program (Cool Pack) was used ,a
single stage compression cycle at the lowest evaporating temperature and at the same
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condensing temperature give a cooling capacity(0.696 [kW]) ,compressor power ( 0.198[kW]),
condensation capacity (1 [kW]) , refrigerant mass flow (0.0048 [kg/s]) , and COP( 3.6) .

3.3 Mechanical Cycle Components

Mechanical and electrical components are required to work integrally together in this
refrigeration system. In this part, discuss the main and auxiliary components of a system to
make design and selection of these components

The main components of the refrigeration system are :

Compressor.

Condenser.

Evaporator

Connecting pipes.

Throttling device(capillary tubes).

3.3.1 Compressor

The refrigeration compressor (vapor pump) is the heart of the refrigeration system. It
moves the vapor to high pressure side of the system. It maintains the low side pressure at which
the refrigerant evaporates, and the high side pressure at which it condenses, it supplies the
pressure difference necessary to keep the system refrigerant flowing through the system. [12]

There are many types of compressors; one of them is called hermetic compressor. In this
compressor, a motor and a compressor are connected together. The reason for choosing this
compressor is that:

e It hasa long life, so the life of the equipment should be even longer.

3.3.1.1 Compressor calculation:

The actual volumetric flow rate for the compressor must be calculated to determine the
type of compressor. To find this value; volumetric efficiency and the theoretical volume flow
rate of the compressor must be calculate.

3.3.1.2 The volumetric efficiency

First, the volumetric efficiency must be determined using equation (3.6) is [8]
M=Nc*Nh (3.6)

Where: ny is the volumetric efficiency, n. is the volumetric efficiency due to clearance
volume in compressor, ny is the volumetric efficiency due to heating occurring in compressor.
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But the volumetric efficiency due to the clearance volume in compressor is calculated by
equation (3.7), [8]:

ne=1- o[ ()" -1] (37)

Where c: is the clearance volume (ratio between volumetric clearance and volume of
cylinder of the compressor, ¢ = 0.04 for low pressure different, ¢ =0.02 for high pressure
different [reference 8], n is the exponential coefficient of expansion for refrigerant, n= 1.
[Reference8], PH is the high pressure of the cycle; PL is the low pressure of the cycle. Applied
equation (3.7) the volumetric efficiency is:

9.63

e nc=1-0.02[ (m)l’1 -1] =90.2%
Equation (3.8) is used to find the volumetric efficiency due to the heating in compressor
[7]:
_ Tevap 3.8
M= Tcond ( )
Where T evap : IS the evaporator temperature [°K] , Tcong IS the condenser temperature
[°K] :

— 258 _ gqg
Mh =357 = 83%

Applying equation (3.6), the volumetric efficiency is :
e 1 =90.2%* 83% = 75%
3.3.1.3 The theoretical volume flow rate

The theoretical volume flow rate (V') of the compressor can be calculated by using
equation (3.9),[8]:

Vtheo= M*v (3.9
Where: - Vo is the theoretical volume flow rate of the compressor [m*/s], m is the mass
flow rate of refrigerant [kg/s], v is the specific volume at the inlet of compressor [m*/kg] which
=0.012 from the PH diagram. Applied equation (3.9):
e Vieo= 0.005314 *0.012=6.38*10"° [m?/s]

To determine the actual volume flow rate by the equation (3.10), [8]:

Voot = V.theo (3.10)
nv

Where V 5 : is the actual volumetric flow rate[m?/s], applied equation (3.10) the actual
volumetric flow rate is :

o Vo=t PRU0 = g 5110 Y]
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3.3.1.4 The compressor selection

The main consideration to select the compressor is the actual volumetric flow rate, so
we chose a compressor that satisfies it, danfoss compressor is selected for this project from AC
compressor catalog , we select a AC compressor type SC12G .Which has displacement of 3.5
cm?® per revolution and 3500 RPM .

The actual flow rate for the compressor can be calculated as the following:
Vact =V theo™ Nv (3.11)

Where: -V 5 is the actual volumetric flow rate for the compressor [m%/s], V ieo is the
theoretical volumetric flow rate for the compressor [m*/s],n: is the volumetric efficiency.

e V'ieo = 3.5% 10° *(3500/60) = 2.04*10* [m*/s]
o Voa==204%10"*0.75 = 1.53*10™ [m?/s]

3.3.2 Condenser

A condenser design was manufactured. The condenser was made from a (10mm)
diameter, copper tube, the following is geometrical data, condenser:

e condenser length L. =30 [cm]
e condenser height H, =20 [cm]
e condenser width W, =7[cm]

S, Transverse tube spacing [m]

condenserheight 0.20
¢ S, =g 2o 20,02 [m]

numberofrows 1
S, Longitudinal tube spacing [m]

e S = evaporator width _ % _ 00175[1’(’1]

P numberofcolumn
finlength = Ly = (S, — Dg)
e L= (0.020—0.01) = 0.01[m]
Finwidth = W; = (S, — D,)
e W= (0.0175 — 0.01) = 0.0075[m]

e number of fins in a row =100 fins
e finpitch =P=—>=0.2 [cm]

e Finthickness = t; = 0.01[cm]

e baretubethickness =t, = P — t;
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e t,=02-0.01=0.19[cm]

Condenser has two regions; first region is (desuperheating) region then is (mixture)
region, now desuperheating must be calculated:
3.3.2.1 Desuperheating region

Applying equation (3.12) the Q gesuper IS [8]:

Q desuper = M*(hjn- Nsat. vap) (3.12)

Where Q gesuper : condenser load from desuperheating region [W], h': mass flow rate in
the condenser and calculated in chapter three , [kg/s], hi, :enthalpy of refrigerant entering the
condenser, [kJ /kg], hsatvap.: €nthalpy of saturated vapor leaving the desuperheating region in
condenser [kJ /kg]so:

From (table A-8) value of C, N are determined by S,/D and Sy/D, so the value S,/D=
17.5/10 =1.75, S,/D = 20/10 =2 :

e (C=0.183
e N=0.667

For flows normal to staggered arrangement the maximum flow velocity can be calculated

as the follows[8]:

Vo=l -

=V
Voo== (3.14)

Where: V., is the free air velocity entering the condenser [m/s] , A area of condenser.

Applying equation (3.14), the free air velocity is determined by a known value, V'= 600
[m3/h]=0.1666 [m*/s]from fan manufacturer company.

e A=0.3*0.20 =0.06 [m’]

\'A 0.1666
o V, =—= =2.7m/s
A 0.06

Applying equation (3.13) the max velocity is :
2.7(0.020)

2

\/[(@)Zw.ows 2]—0.01

Vimax = =2.66 [m/s]
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_ Tw + Too (3.15)

Tf
2

Where T ¢ : film temperature[°C], T , : wall surface temperature[°C], assume that it equals
the refrigerant temperature, T..:free air temperature[°C].

The properties of air are evaluated at the film temperature, which can calculated by
equation (3.15), applying this equation:
e Tavw= 45+;4'65 = 45 [°C]
45438

o Tf=2"2=415[°C] =3145 [°K]

Using table A-9, different properties can be determined:

p =1.1254 [kg/m?]

[}
e u=1.912*10"[kg/m.s]
e K=0.0273 [W /m.°C]
e Pr=0.704
Re = PrVmax D (3.16)

n

Where p: density of air at film temperature [kg/m®], Vs maximum velocity of air
between the evaporator tubes [m/s], D :outer diameter of the condenser tubes [m], p :dynamic
viscosity of air at film temperature [Pa.s].

Applying equation (3.16), Renaldo number is :

_ 1.1254%2.66%0.01

e Re —
1.912%10

=1566.

Nu=C(Re)" pPr'’® (3.17)

Where Re: Reynolds number, Pr. Prandtl number of air at film
temperature,(C,N):constants can be obtained from table (A-8) according the following
considerations.

e S,/D=17.5/10=1.75
e S,/D=20/10=2:
e From In line arrangement tube banks table(C =0.183, N=0.667).

Applying equation (3.17), Nusselts numbers :
e Nu=0.183(1566)"%" * (0.704)"°® =25.63

Nuxk (3.18)

ho= >
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Where Nu: Nusselts number ,k: thermal conductivity of air at entrance of condenser
[W/m °C], D: outer diameter of evaporator [m]. The Nusselts number can be calculated by the
equation. [8]:

Applying equation (3.18), external convection heat transfer coefficients :

_ 25.63%0.0273

0= —oro5 =10 [W/m?C]

The heat transfer coefficient that would be obtained if there are 10 rows of tubes in the
direction of the flow ,because there are only 4 rows ,this value must be multiplied by the factor
0.83 ,as determined from (table A-10) [ 8]

e he=70*0.83=58.1 [W/m?*C]
In order to calculate the total heat transfer from one element (one fin and one bare tube)

the equation (3.19) is used [8]:

Q total = Q finact™ Q original (3.19)

Where Q o1l : the total heat transfer from the element[W], Q fin act - actual heat transfer rate
per fin[W], Q originai: heat transfer rate from tube without fin[W], Q originat Can be calculated by the
equation:

Q original = h, *A original*(Tw'Too) (320)

Where h,: external convection heat transfer coefficient [W/m2°C], Aqriginai:the outer surface
area of bare tube [m?], T.,: outer evaporator wall temperature [°C], T..: free air temperature:

Acriginal= T*D*L =1 *10%1073*2*10=62.83*10°® [m’]
*  Qorigina= 58.1*62.83*10°° *(45-38) =0.0255 [W]

Q fin Ccan be calculated by the equation (3.21):

Q fin = ho Afin(Tw - Tw) (3.21)
Where: Qfin: theoretical heat transfer rate per fin [W], Asin : surface area for fin [m2]:

o Anin=2( Sn *Sp—Apipe) = 2[0.02%0.0175- 7 (0.01)”] =0.54*10° [m’]

e Qfin=58.1%0.54*10" (45-38) =0.22 [W]

Now, Fin efficiency is calculated by the following equations[7]:

_ tanh(mly)

T (3.22)

29



Dy Ly
L 2 t32)
o (l 2 t2 (3.23)
Ly =(£)[1+0.35 B
2

> 0.01 )
o L= (T) [1 + 0.35In—%552—| = 0.0062[m]

2

h*P (3.24)
KA

Where: h:external convection heat transfer coefficient [W/m?.°C], k:thermal conductivity of
cupper fin ,[W/m. °C], P :perimeter of the fin[m], A :surface area for convection of fin[m?]:

Fin efficiency can be calculated by equation (3.21):

e perimeter of the fin = 2*t+2*L =2*0.1*10°+2*0.022 =0.0442[m]
e Areaof fin = t*L =0.1%10°*0.022 =2.2*10°[m?]

Applying equations (3.22) and (3.24):
| 58.1x0.0442
¢ m= \/ 386x2.2x106 23

__ tanh(55%0.0062) 0.90

[ ]
Ne 55+0.0062

So the actual heat transfer flow through the fin is
. finact = 0.22*0.90= 0.2][W]
Now the total heat transfer from the element is:

e Q= 0.2+ 0.0255=0.225 [W]

Now the number of elements needed to perform the condenser load to desuperheating
process can be determined by the following equation:

[ —Qdesuper (3.25)

Qtotal

n= 282 =125.33 elements
0.225
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3.3.2.2 Mixture region

After finishing the desuperheating region, and finding the element number, the mixture
region will be calculated and find the number of element, so applying equation (3.26) , Q mix IS
determined :

Q mix =M’ (Nsatvap~ Nsat. lig.) (3.26)

Where: Qmix condenser load from mixture region [W], m: mass flow rate in the
condenser, [Kg/s],h satvap.: €nthalpy of saturated vapor entering the mixture region in condenser,
[kJ /kg], hsatiiq.: enthalpy of saturated liquid leaving the mixture region in condenser [kJ /kg].

e Qmix = 0.005314 ( 420-253.2) = 886.4[W]

The properties of air are evaluated at the film temperature .1t can calculated by equation
(3.15), applied this equation :

45438
T2

Tf =415 [°C] =314.5 [°K]
Then from table A-9

p =1.1254 [kg/m’]

u=1.912 *10” [kg/m.s]

K =0.0273 [W /m.°C]

Pr =0.704

Applying equation (3.16), Renaldo number is :

_ 1.1254%2.66%0.01

e Re —
1.912%10

=1566

Applying equation (3.17), Nusselts numbers :
e Nu=0.183(1566)%%" * (0.704)"® =25.63

e Applying equation (3.18), external convection heat transfer coefficients :

_ 25.63%0.0273

o he= =5 =10 [W/m?C]

This is the heat transfer coefficient that would be obtained if there are 10 rows of tubes in
the direction of the flow .Because there are only 4rows ,this value must be multiplied by the
factor 0.83 ,as determined from table A-10[reference 8],s0:

e he=70 *0.83=58.1[W/m?**C]

In order to calculate the total heat transfer from one element (one fin and one bare tube)
the equation (3.20) is used [8]:

o Aciginu= T*D*L =n *10%10°*2*10°=62.83*10° [m’]
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o Quriginai= 58.1*62.83*10°® *(45-38) =0.0255 [W]
Q fin can be calculated by the equation (3.21):
o Anin=2( Sn *Sp—Apipe) = 2[0.02%0.0175-  (0.01)*] =0.54*10° [m’]
o Qrin = 58.1%0.54*10° (45-38) =0.22 [W]
Fin efficiency can be calculated by equation (3.22):

> 0.01 )
I = (=) l1 +0.35 In—Zgpr2—| = 0.0062[m]

2
2

e perimeter of the fin = 2*t+2*L =2*0.1*10°+2*0.022 =0.0442[m]
e Areaof fin = t*L =0.1*10°°*0.022 =2.2*10°[m?]

Applying equations (3.22) and (3.24):

.« m= 58.1%0.0442 c5
T A/386x%2.2x10~6
__ tanh(55%0.0062) 0.90

[ ]
Nt 55+0.0062

So the actual heat transfer flow through the fin is

. Q fin act — 022*090: OZ[VV]
Now the total heat transfer from the element is:

o Qo= 0.2 +0.0255=0.225 [W]

Now the number of elements needed to perform the condenser load to Mixture process
can be determined by the following equation(3.25):

_Qdesuper
Qtotal

886.4 _
=572 =3939.4 elements

Now the number of elements needed to perform the total condenser load is:

o Nyt =125.33+3939.4 = 4064.77 elements, Number of elements in available condenser
150*30=4500 elements.
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3.3.3 Evaporator design

An evaporator design will be manufacture as a close loop copper tube ,without fins .
The evaporator was made from copper tub ,the dimension of evaporator is shown below :

X 490mm X__g/70mm -
3
V=
g £ £ gl £ C
& 5 £ 55 )
49 g 93 € N
> 9
X 600mm | X 1000mn -
(A) (B)

Fig(3.3 ) evaporator schematic .

To calculate pipe area ,it must calculate total area include space area between pipes and so it
can subtracted from total area to find pipe area :

Apipe = X* Y- (6x*2). (3.27)
Appling equation (3.27) calculate area of (A) side evaporator:

Apipe =(0.6*0.6) —(6*0.49*0.07) = 0.1542 m*

Appling equation (3.28) calculate length of evaporator:

A pipe = nDL.
(3.28)

0.1542= =*0.01*L
L=46m

Product the value with safety factor to avoid fittings and elbow by 10%
So, pipe Length in each side L=5 m.

The total pipe length in all tow sides is:

L tota= 2*5= 10 m

Appling equation (3.27) calculate area of (B) side evaporator:
Agipe =(1*0.6) —(6*0.87*0.07) = 0.2346 m?

Appling equation (3.28) calculate length of evaporator:

A pipe = nDL.
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0.2346= ©*0.01*L
L=7.3m

Product the value with safety factor to avoid fittings and elbow by 10%
So, pipe Length in each side L=8 m.

The total pipe length in all three sides is:
L tota= 3*8= 24 m
The total pipe length in all sides is:

L tota= 24+10 =34 m

3.3.4 Pipe Design and Selection
To calculate the inner diameter for the pipe the following steps can be used: [7]
Q=m=*v (3.29)

Where Q: is the flow rate [m*/s], m" is the mass flow rate of refrigerant [kg/s],v is the
specific volume [m®kg] ,[table 3.3] [reference 8]:

Q=V*A (3.30)

2Where V: is the velocity of refrigerant[m/s]. [TABLE A-9] ,A is the cross sectional
area [m-]

A=ndi’ /4 (3.31)

Where: d; is the inner diameter [m]:

di = \/T: (3.32)

To calculate the outer diameter for the pipe can be as follows[8]

6. :Pin(r202+_2ri2) (3.33)
(ro?—ri?)
Where 0: is the tangential stress [Mpa], Pi,: is the inner pressure [Mpa], 1, is the outer

radius [m], ri: is the inner radius [m]. 6;: can be calculated from the following equation:[reference
10]:

SY 34
P V6t2 + Pin6t + Pin2 (3.34)
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Where Sv.is the yield strength [MPa],[70 MPa for copper ],[8], n is the factor of safety,
taken 8 [recommended from cooper hand book]. Now by using equation (3.35) the outer radius
of the pipe can be calculated:

t=rori (3.35)

Where: - tis the thickness of the pipe [mm]
3.3.4.1 Discharge line pipe

Discharge line is the outlet pipe from compressor. To determine the diameter of discharge
line, last equation used :

e Q=0.005314*0.012=6.38*10° [m*/s]

_Q _ 0.000938 _ 216 2
o A—;— m =6.38*10" [m“]

o = [2ONE =) 85%10° [m]

o 1 =1.425%10° [m] = 1.425 [mm]

. % = /62 + 1.64 6t + (1.64)?

e 0;=286.67 [ bar]

_ 1.64 (ro*+0.001425%)
86.67 = (ro? —0.0014252)

o 1,=1.452 [mm]
o 1=1.452-1.425=0.027[mm]

The inner and outer diameter in inch is :

e diinch = di, mm/25.4 = 2.85/25.4 = 0.112 [inch]
o do, inch = do, mm /25.4 :2.904/25.4 = 0.1143 [InCh]

By referring to copper hand book (TABLE A-7), the suitable type selected is ACR type
(Air-conditioning and Refrigeration Field Service), and according to pervious calculations, the
nominal or standard size (inches) for this section is 3/16A which has outer diameter 0.187 inch,
and inside diameter 0.128 inch .

3.3.4.2 Suction line pipe

Inlet pipe for compressor named suction line. Last equation is used to determine the suction line
diameter:

. Q=0.005314*0.022 =1.17*10* [m®/s]

o A=2=222 -8.35%10°mY

4 14

o di= |20 - 396%10° [m]

e 1 =1.63*10° [m] = 1.63 [mm]
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. % = /62 + 9.636t + (9.63)?

o 0;=282.82] bar]
_9.63(ro? +0.001632)
82.82 (ro? —0.00163%)

o 1,=1.832[mm]
e t=1.832-1.63=0.202[mm]

The inner and outer diameter in inch is
o i, inch =3.26/25.4=0.128 [inch]
o do, inch = 3.664/25.4=0.144 [inch]

According to pervious calculations, the nominal or standard size (inches) for this section is
1/4D which has outer diameter 0.25 inch, and inside diameter 0.19 inch .

3.3.5 Capillary tube Design and Selection

By using the software Danfoss capillary tube selector under the following conditions the
condenser temperature 45C°, the evaporator’s temperature (-15C°), the cooling load (693.6 W),
and R143a is the refrigerant used we found that the length and the diameter of the tube as in the
table:-

Table 3.4 Capillary tube Selection

L[m] ®[m]

Chamber 1.80 0.042
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CHAPTER FOUR
ELECTRICAL DESIGN AND SELECTION

4.1 Introduction

This chapter presents the protection of refrigeration cycle. The refrigeration cycle is keeping
food at a suitable temperature. If a motor stops at several times due to power failure or a single
breakdown, food will be destroyed. So the electric motor must be protected.

4.2 Types of Electrical Circuits

There are two types of electrical circuits in general. There are power circuits and control
circuits. Capacities for small units are usually the control and power of one; either for units with
high capacities controlling circuit is controlled separately from the power circuit.[13]

4.2.1 Control Circuit

This circuit is working to influence the controls to follow up the implementation of required
control program as defined by introducing elements operating according to the requirements of
control thermostat and unequivocal pressure and break convection. Also working to introduce
elements of the capacity as the exact timing advance . Often control circuit is working with single
phase. And potential voltages in control circuit are less or equal in power circuit. The energy
consumed to control much less of the energy power circuit. [13]

4.2.2 Power Circuit

Power circuit is working to operate or stop power elements such as motors depending on the
signal of the control circuit. The potential voltage and the electric power consumed in the power
circuit equal to or greater than what is used in the control circuit. The power circuit is working in
one or three phases.[13]

4.3 Components of Electrical Circuits

The electrical circuit is built with more conditions. First the requirement is economy and
this is important in the installation of any equipment. Second cost is an impotent part of total
cost; repair and maintenance costs are also part of total cost. Third the requirement for driving
equipment is simplicity, simple mean can be understood, simple to operate, maintain and repair.
There are many components which are used in this project to protect a refrigeration cycle. The
components are:
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4.3.1 Thermostat

A thermostat is a device for regulating the temperature of a system so that the system's
temperature is maintained near a desired set point temperature. The thermostat does this by
controlling the flow of heat energy into or out of the system. That is, the thermostat switches heating
or cooling devices on or off as needed to maintain the correct temperature. Figure 4.3 shows
thermostat. [13]

Figure (4.1) Thermostat

4.3.2 Potential relay

Potential relay, also known as voltage relay, is used on single phase motors that require
large starting torque. During the off cycle, the contacts are closed to the start winding. This
prevents arcing and possible burning of the contacts. When the thermostat contacts close,
electricity is applied to the start and run winding in the motor. As the motor picks up speed,
voltage is actually generated in the winding and causes a small amount of current to flow. As the
motor approaches operating speed this counter electromotive force becomes strong enough to
open the start winding relay and power is no longer applied to the start winding. Power remains
on the run winding and the motor continues to run. [12]

4.3.3 Contactor

Figure (4.4) shows the schematic diagram of contactor and contactor device, contactor is
electric switch. It is similar to relay but it used at higher amperage. One of the contactor
components is magnet, which is used to move switch open and close.

Motor starters are basically contactors with overload protection built in. This overload
protection supplements the protection offered by breakers. Breakers protect the entire circuit,
while the protection built into the stator protects a specific. [12]
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Figure (4.2) (a) a schematic diagram of contactor and (b) contactor device

4.3.4 Overload:

The most common cause of motor failure is overheating. The condition is created when a
motor exceeds its normal operating current flow. The result can be either a breakdown of the motor
winding insulation and a short circuit, or a winding burn-out. For this reason overload protection is
provided in the form of a current and temperature sensitive control which will open the circuit
before any damage can occur. [7]

L
4.4 Control circuit
12
S1 K1
13
[ R [
Al H
Lk | [k | @
A2
N

Figure (4.3) control circuit
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e When pressing on the main switch S1 (plug) and there is no signal from thermostat so
compressor will run ,the compressor will continue operate until signal reached from
thermostat.

e When compressor contact (K1) activate then it will contact fan contactor (K2)and condenser
fan will operate.

e Lamp(H1)will continue light while compressor operate in normal mode.

4.5 Solar panel
4.5.1 Solar ' PV' power :

Solar PV power is commercially available and Reliable technology with a significant
potential for long-term growth in nearly all world regions. The estimated research showed that by
2050, PV will provide around 11% of global electricity production , and avoid 2.3 Gigatones of
CO2 emissions per year.[14 ]

There is a pressing need to accelerate the development of advanced clean energy
technologies in order to address the global challenges of energy security, climate change and
sustainable development.[14]

Photovoltaic's (PV) comprises the technology to convert sunlight directly into electricity.
The term “photo” means light and “voltaic,” electricity. A photovoltaic (PV) cell, also known as
“solar cell,” is a semiconductor device that generates electricity when light falls on it . Although
photovoltaic effect was observed in 1839 by the French scientist Edmund Becquerel, it was not fully
comprehensible until the development of quantum theory of light and solid state physics in early to
middle 1900s. Since its first commercial use in powering orbital satellites of the US space
programs in the 1950s, PV has made significant progress with total U.S. photovoltaic module and
cell shipments reaching $131 million dollars in 1996.[14]

While most PV cells in use today are silicon-based, cells made of other semiconductor
materials are expected to surpass silicon PV cells in performance and cost and become viable
competitors in the PV marketplace.[14]

4.5.2 ( PV) analyses and principal of operating

When sunlight strikes a PV cell, the photons of the absorbed sunlight dislodge the electrons
from the atoms of the cell. The free electrons then move through the cell, creating and filling in
holes in the cell .This movement of electrons and holes that generate electricity. The physical
process in which a PV cell converts sunlight into electricity is known as the" photovoltaic effect”.
One single PV cell produces up to 2 watts of power, too small even for powering pocket calculators
or wristwatches. To increase power output, many PV cells are connected together to form modules,
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which are further assembled into larger units called arrays. This modular nature of PV enables
designers to build PV systems with various power output for different types of applications.[14]

A complete PV system consists not only of PV modules, but also the “balance of system” or
BOS - the support structures, wiring, storage, conversion devices, etc. i.e. everything else in a PV
system except the PV modules. Two major types of PV systems are available in the marketplace
today: flat plate and concentrators.[14]

As the most prevalent type of PV systems, flat plate systems build the PV modules on a rigid
and flat surface to capture sunlight. Concentrator systems use lenses to concentrate sunlight on the
PV cells and increase the cell power output. Comparing the two systems, flat plate systems are
typically less complicated but employ a larger number of cells while the concentrator systems use
smaller areas of cells but require more sophisticated and expensive tracking systems. Unable to
focus diffuse sunlight, concentrator systems do not work under cloudy conditions.[14]

4.5.3 PV technologies
Crystalline silicon: (c-Si) modules represent 85-90% of the global annual market today. C-Si

modules are subdivided in two main categories:

1) single crystalline (sc-Si)
i) multi-crystalline (mc-Si).

Thin films: currently account for 10% to 15% of global PV module sales. They are subdivided into
three main families:

) amorphous (a-Si) and micro morph silicon (a-Si/pc-Si).
i) Cadmium-Telluride (CdTe).
iii) Copper-Indium-Diselenide (CIS) and Copper-Indium-Gallium-Diselenide (CIGS).

Emerging technologies: encompass advanced thin films and organic cells. The latter are about to
enter the market via niche applications.

Concentrator technologies (CPV): use an optical concentrator system which focuses solar

radiation, onto a small high-efficiency cell. CPV technology is currently being tested in pilot
applications.

Novel PV concepts :aim at achieving ultra-high efficiency solar cells via advanced materials and
new conversion concepts and processes. They are currently the subject of basic research.[14]
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4.5.4 Types of PV cell materials

PV cells are made of semiconductor materials. The major types of materials are crystalline
and thin films, which vary from each other in terms of light absorption efficiency, energy conversion
efficiency, manufacturing technology and cost of production.[14]

uUsD usb usD uUsD uUsbD Module
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Figure 4.4: Current performance and price of different PV module technologies

Table 4.1: Current efficiencies of different PV technology commercial modules

Wafer-based c-Si
sc-Si mc-Si a-Si; a-Si/uc-Si CdTe CIS/CIGS
14-20% 13-15% 6-9% 9-11% 10-12%

With good efficiency and availability in Palestine market amorphous PV cells are selected,
with Efficiency 10-15%, Model VAF 1400 serial number000010000551 ,made in France.
24 volt ,110 W, two panels, which shown in figure (4.6) below .
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Figure 4.5: amorphous solar panel.

4.5.5 Calculation of solar panel

Solar Irradiaance

L ST T

Charge
Camrrolier

Figure 4.6: convert to solar energy to electrical energy

Load of compressor is 150 w and calculate load of solar panel is :
o efficiency, npy Of solar panel is 10-15%
e efficiency, nen Of charge controller 90-95%
e efficiency, niny Of inverter 85-88%

Appling equation (4.1) :

E 10ad = 250 * 8 h/day = 2000 w.h/day
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Ecomp

E inverter —

inv

2000

E inverter — m = 2353 Wh/day

_ E inverter
E charge controller —
Nch

_ 2353

E charge controller = 09 = 2614 w.h/day

_ E charge controller
E solar panel —

Moy
_ 2614

E solar panel =~ 7~ = 26140 w.h/day

Calculate area of solar panel by, Applying equation (4.4):

1m?
A

v

5400[w.h / day]

E solar panel

v

5400[w.m?/day] : annual rate of radiation
A: area of solar panel.

1m? » 5400[w.h / day]
A » 26140
A 26140 _ [m?]
5400

4.5.6 PV Charge Controller

(4.2)

(4.3)

(4.9)

(4.5)

The main function of charge controller is to regulate the flow of electricity from the
photovoltaic panels to the batteries. In PV systems with batteries, the batteries must be protected

from overcharging and be maintained at fully charged state.

The PV Charge Controller uses the Micro-Processor and PWM ( Pulse Width Modulation )
to give optimal and safe charging .It makes varying On-Off pulses of electrical energy from the
photovoltaic(PV) panel in charging the battery according to the battery state. It has 3 stages of

charging, as follows:[15]

a. BULK CHARGE :

At this mode, a preset maximum constant amount of current (amps) is fed into the battery as
the no PWM is present. As the battery is being charged up, the voltage of the battery increases

gradually.
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b. ABSORPTION CHARGE:

After the preset voltage is reached (approximately14.3 volts for a 12 volt system) the voltage
is then held constant. As the battery continues to be charged at constant voltage, the charging current
decreases. The charging voltage is held at the Bulk Voltage Setting for one full hour with various
rapid On-Off pulses (PWM). It then switches to Float Charge Mode.[15]

c. FLOAT CHARGE:

The controller will maintain the battery voltage at the float voltage setting by giving shorter
On-pulse charge to make up for any detected self discharge of the battery. When the battery voltage
drops below the Float Voltage Setting for a total period of 10 minutes, a new charging cycle is
activated in Bulk or Absorption Charge.

The three stages charging method works well with the chemical reaction that occurs as a
battery is being charged. When a battery is more discharged, a regulated maximum current can be
applied, since there is a lot of material available for the reactions to occur. As the battery refills, less
and less chemical material is available for the reaction. By using PWM to slowly reducing the
charge current, while maintaining a preset high voltage, the battery is more closely refilled at the
reaction rate of the chemicals. Finally, the Float voltage keeps the battery fully charged at all times
taking care of the self discharge .[15]

After electrical calculation and design ,Solar charger Info24V,10A ISSC-BASIC.100
VOLTRONICS, are selected.

Figure (4.7) PV Charge Controller
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4.5.7 Inverter

DC-AC inverters are electronic devices used to produce mains voltage AC power from low
voltage DC energy (from a battery or solar panel). This makes them very suitable for when you need
to use AC power tools or appliances but the usual AC mains power is not available. Examples
include operating appliances in caravans and mobile homes, and also running audio, video and
computing equipment in remote areas.

As explained earlier, most DC-AC inverters deliver a modified sine wave. Output voltage,
because they convert the incoming DC into AC by using MOSFET
Transistors as electronic switches. This gives very high conversion efficiency, but the .alternating
pulses. output wave form is also relatively rich in harmonics.

The most common type of pure sine wave inverter operates by first converting the low
voltage DC into high voltage DC, using a high frequency DC-DC converter. It then uses a high
frequency PWM system to convert the high voltage DC into chopped AC, which is passed through
an L-C low pass filter to produce the final clean 50Hz sine wave output. This is like a high-voltage
version of the single-bit digital to analog conversion process used in many CD players.

After electrical calculation and design , Info Inverter 240020, rating power 2400V A, are selected.

Figure (4.8) PV inverter

PV GSHARGE CONTEROELLER

Figure (4.19) Connection of PV Charge Controller and inverter [16]
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4.5.8 Storage Batteries

Batteries are needed to supply compressor and electrical elements (fan condenser, signal
light) with suitable electric current in the absence of direct electricity from solar radiation

Compressor power 250 W, power factor 0.85, voltage of batteries =24 V, supply needed time
from batteries =8 hours, So the energy of inverter equal 2353 w.h/day.

[ 2353
" 24 %0.85 * 0.8

= 150 Ah/day

Ah/day for one battery =150 Ah/day /2 =75 Ah/day

So, two (12V, 100Amp) batteries type UBS 100Ah vision 6FM100-X are needed for this operating
time (8hr).

uBi121100

UNIVERSAL BATTERY

oo

MIIOSET

Figure (4.10) PV storage batteries
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TABLE A-1 maximum and minimum temperature for Hebron city

Month Max.C'I;emp. Min.c':l;emp.
Jan 10.3 3
Fep 11.5 4.7
Mar 14.6 6.5
Apri 19.6 9.9
May 25.6 13.2
Jun 26 15.8
Jul 28 17
Aug 38 18
Sep 29 15
Oct 28 14
Nov 22 9.9
Dec 12 5.6




TABLE A-2 Thermal Conductivity of Materials

Material Description Thermal Thermal
Conductivity Conductance
(k) (@)
W/m K W/m? K
Masonry Brick, common 0.72
Brick, face 1.30
Concrete, mortar or plaster 0.72
Concrete, sand aggregate 1.73
Concrete block
Sand aggregate 100 mm 7C.95
Sand aggregate 200 mm 5.11
Sand aggregate 300 mm 4.43
Woods
Maple, oak, similar hardwoods 0.16
Fir, pine, similar softwoods 0.12
Plywood 13 mm 9.09
Plywood 1.9mm 6.08
Roofing Asphalt roll roofing 36.91
Built-up roofing 9 mm 17.03
Insulating Blanket or batt, mineral or glass fiber 0.039
materials Board or slab
Cellular glass 0.058
Corkboard 0.043
Glass fiber 0.036
Expanded polystyrene (smooth) 0.029
Expanded polystyrene (cut cell) 0.036
Expanded polyurethane 0.025
Loose fill
Milled paper or wood pulp 0.039
Sawdust or shavings 0.065
Mineral wool (rock, glass, slag) 0.039
Glass Single pane 6.42
Two pane 2.61
Three pane 1.65
Four pane 1.19
Metal Stainless steel 18
Aluminum 202
Cooper 386

Galvanized steel 20



TABLE A-3 Properties of common foods and substances

Food Specific Heat Capacity Specific Heat Capacity
above Freezing below Freezing
(KJ/kg°C) (KJ/kg°C)

Apples 3.64 1.76
Apricots. fresh 3.68 1.8
Avocados 3.01 1.55
water 4.18
Beef, carcass 2.85 2.01
Beans green 3.64 1.94
Beef, round 3.1 1.59
cheese 2.68 151
milk 3.77 2.05
Cucumber 4.1 1.88
oranges 3.81 1.84
Lemon juice 3.85 1.84
eggs 3.56 1.88
Fish 3.18 1.72
Poullry: 3.18 1.55




TABLE A-4 Air change per hour

Kind of room or building Air Change
[times/hr]
Room with no windows or exterior door 0.5

Room with windows or exterior door on one side only | 1.0

Room with windows or exterior door on two side only | 1.5

Room with windows or exterior door on three side only | 2.0

Entrance halls 2.0
Factories, machine shops 1.0-1.5
Recreation room, assembly rooms, gymnasium 1.5
Home, apartment, offices 1.0-2.0
Class rooms, dining room, lounges, toilets, hospital 1.0-2.0
room, kitchen, laundries, ballrooms, bathrooms

Stores, public buildings 2.0-3.0
Toilets, auditorium 3.0

TABLE A-5 Specific heat of packaging material

Packaging Material Specific Heat [kJ/kg.°C]
Wood 2.3

Stainless steel 0.5

carton 0.34

Plastic 1.6

Aluminum 0.85

Table A-6 Recommended Refrigerant Velocities

Line Refrigerant Recommended Velocity
(m/s)
Suction R12 R22 8-12
R404A R410A
Discharge R12 R22 10-18
R404A R410A




Table A-7 Dimensions and Physical Characteristics of Copper Tube ACR (Air -Conditioning

and Refrigeration Fields Service).

Nominal oF Nominal Dimensions, inches Calculated Values (based on nominal dimensions)
Standard Cross Extemnal Intemal Weight Contents
Size. Outside Inside wall Sectional Surface, Surface, | of TubeOnly, | of Tube,
inches Diameter Diameter Thickness | Area of Bore, sqft sqft pounds cu ft
sq Inches perlinear ft | periinearft | perlinearft | per linear ft
' A 125 065 .030 .00332 .0327 .0170 .0347 .00002
3 | A 187 128 .030 .0129 0492 .0335 .0575 .00009
s A .250 190 .030 .0284 .0655 0497 .0804 .00020
o 312 .248 032 .0483 .0817 .0649 109 .00034
% A 375 311 .032 .076 .0982 0814 134 .00053
D 375 315 .030 .078 .0982 .0821 126 .00054
" A .500 .436 .032 149 131 114 182 .00103
D .500 430 .035 145 131 113 .198 .00101
5% A 625 .555 035 242 164 145 251 .00168
D 625 .545 .040 .233 .164 143 .285 .00162
A .750 680 .035 .363 .196 178 .305 .00252
%a A .750 666 .042 .348 .196 174 .362 .00242
D .750 666 .042 .348 .196 174 .362 .00242
,/I A 875 785 045 484 .229 206 455 .00336
D 875 .785 .045 .484 229 206 455 .00336_
1'% A 1.125 1.025 .050 .825 .294 .268 .655 .00573
D 1.125 1.025 .050 .825 .294 .268 .655 .00573
h A 1.375 1.265 055 1.26 .360 331 .884 .00875
D 1.375 1.265 .055 1.26 360 331 .884 .00875
1% A 1.625 1.505 .060 1.78 A25 394 1.14 0124
D 1.625 1.505 .060 1.78 425 .394 1.14 .0124
2'f D 2.125 1.985 .070 3.09 .556 520 1.75 0215
25/ D 2.625 2.465 .080 4.77 687 645 2.48 0331
3% D 3.125 2.945 .090 6.81 818 J71 3.33 0473
3 D 3.625 3.425 100 9.21 .949 897 4.29 .0640
4% D 4125 3.905 110 12.0 1.08 1.02 5.38 .0833

TABLE A-8 modified correlation of grimson for heat transfer in tube banks

Sn
d
y s 1.25 = 1.5 2.0 3.0
~p -
d C: ) e c n C n C n
In line
1.25 0.386 0.592 0.305 0.608 0111 0.704 0.0703 §
1.5 0.407 0.586 0.278 0.620 0.112 0.702 0.0753 0.744
2.0 0.464 0.570 0.332 0.802 0.254 0.632 0.220 0.64
3.0 0.322 0.601 0.396 0.584 0.415 0.581 0.317 ¢
Staggered
0.6 - — — - - — 0.236 C
0.2 — - - 0.495 0.571 445 Do
1.0 - 0.552 0.558 — — —
125 — o — - 0.531 0.565 0.575 05
1.25 0.575 0.556 0.561 0.554 0.576 0.556 0.579 0.5
1.5 0.501 0.568 0.511 0.582 0.502 0.568 0.542 0.5
2.0 0.448 0.572 0.462 0.568 0,535 0.556 0.498 0.57
3.0 0.344 0.592 0.395 0.580 0.488 0.562 0.467 0.574

!



TABLE A-9 Properties of air atmospheric pressuer

T I & I ¥ ] k i
(K3 | (kgim™) (Mg K [ketm-s) (ens) | fwim K {m?fs) Pr
Air
100 | 3o | rezsssw | wemaxin | vemson | omsass | oozsoxnt | nes
150 | 2.3673 1R 10283 4 k43 | 03 ¥ES (0574 0750
0| 1 |00 13284 TAM y MEO9 DLl 035
TED | 14128 10053 1. 5%} |13 y L2z 2w D1568 0.3z
MK 11774 10057 18462 15650 0 [ 34 (2216 0TS
380 09080 1000 2075 10T 005003 (L2583 (&7
400 | (LER2G 10840 2288 1590 0.033 45 L3776k 0554
450 | 07833 L.oao7 24k T | 003707 1.4636 &8
0| 0T0es | opoess 247 1150 DO | 05504 680
250 | (4523 10352 2B4E 4427 | 004360 {LA5E2 1 0
&0 | 05874 E 10551 3018 i34 0046 59 1L.7512 [k
G50 | 055 10635 AITT AL 1040 53 ILE5TH LX)
700 | 05030 [ 10T 5,352 .25 005230 | 09672 i)
TE0 | 04700 1085 34B] 7191 105509 107 1
00 | 04505 1L.05E 34625 alw 1L 17 7 11551 L&
w50 | 04149 1005 305 LTS [0kl 28 15047 &7
Q0 | 0ER2S 1.ixz 1 " 0.062 79 1.4271 [
Q50 ¢ 03718 1.1321 44023 8.2 i 005 25 1.551% [ER.
I | 03524 L4117 4152 s | DT 52 167 00z
o0 | 05 1160 444 1384 00?2 1.964 03T
D200 | 02947 1179 440 1591 0078 X 2.251 [y
1300 | 03T LT 293 1821 | LOB3 T 2.5H83 0. T0%
(ETH I e Y 1.4 a7 4 | 1059 2920 70
LS00 | (oXRES 1.0 540 el {1091 & 3266 [ s
L0 § 02210 1243 543 254.5 0.1 3624 [ 0k
L7060 § 03052 LT k.4 0% L1405 aam 705
LA | s 1247 a7 11N 111 45N (e 151
1500 | OLIB5S 1.30% 519 138.5 a117? 4811 [ 11
20040 | LTS 1334 .50 I .12+ 5.260 .70
200 | onesr | 1an s 24,6 013 5 680 0,703
200 | 0oaanz Lale 693 436 014 0113 07
2300 ¢ 0L]538 1482 T4 ELoAH 0149 £.537 L0
2400 | 01458 1.5%4 7.8 Sl {1141 FRIE 0TIE
X500 013 IL.E8E 157 Han 0175 47 0730
TABLE A-10 ratio of N rows deep to that for 10rows deep
N 1 2 3 4 5 6 7 8 9 |10
Ratio for staggered | 0.68 | 0.75 | 0.83 | 0.89 | 0.92 | 0.95 | 0.97 | 0.98 | 0.99 | 1.0
tubes
Ratio for in-line | 0.64 | 0.8 | 0.87 | 0.9 [0.92|0.94|0.96|0.98|0.99 | 1.0
tubes

TABLE A-11 Respiration gain

Product temperature Watts per kilogram
Orange 5°C 0.019
Green beans 5°C 0.09
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