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Abstract

The project presents the design and implementation ol (hree refrigerated
chambers. The total volume of the chambers is about {200 L) for storing 30 kg meat.
30 kg cucumber, and 35 kg lemon. single slage vapour compression refrigeration
evele with multi evaporator swill be used for maintaining the required temperature in
the champers, every chamber has a different temperaturc (0, 5, 8)C°.

Full theoretical design and sclection for each component, the design paid
allention for ecological and cnvironmental aspects in selecting the refrigerant, so R-
134a presented the best refrigerant that is nsed.

The control of the svstem will be done by using traditional automation
tomponents with the possibility of improving the svstem by using direcr digital
controller (DDC) or programmable lngic controller (PLC).

The system will be built and tested v make comparison berween theoretical
and actual results.

200) i be ) Il By 3 55 G 00 Ny sl o o B e g
el s g ol 23 )58 5y Ml 252 35l G5 ¥ 44 R3S T+ cpall 4S T 0500 (8
Blasan Lpalai e Kol JBag dhdis ) ml ol s 1 G gen ol S jial) a2l
: 5.._-_,3.-1;._,;(- VO A Aaliag

s ;".l-__, .QJALM%‘_,LH'IH;MEH d.u:-_’i_;.,.iﬂ-;ll]__ﬁn _JJ.._i.'li“nfi,'al_iJuE_g._).-i-J‘ I"%'J_.

e O s Byl e sl sl da o N Ll TSN S W) ol | 5 plail
Alaiunl sl il R 1435

(DDC) plasialy wSadll s T A8 e pulisl) oSatl) o Ko Jlastals gl adad
(PLCY..!

gl aasll 5 A kil sl 45 i Jaad s il A 2l af




Table of contents

Chapter No
Title

Department Head And Supervisor Signature

Dedication
Acknowledemenls
Abstract

Tahle (O Contents
List of Tables

List of figures
Refersnces
Appendix A

Chapter One
1.1
1.2
1.3
1.4
1.5
1.6

Chapter Two
2.1

ay

22
2.2
223
2.3
2.24
=0
226
23
i

Chapter Three
39
311

Introduction

Scope of the project

History ahout a multiple evaporators system
Backgrounds on a multiple evaporator system
The project eyele selection

The budgel [or the project

The time planning for the project

Cooling load
Introduction

I.nad Sources

The wall heat gain
The product heat pain
Infiltration heat gain
Packaging heat gain
Miscellaneous gain
HKespiration gain
Total ¢ooling load
Fequoired equipment capacily

Refrigerant selection and cyele caleulation

Relrigerant selection
Refrigerant propertivs

vl

Page

1
v

Vi
X
X
X1
Al

(RN, RN S N N [ K |

20
Al




312 Relationship between Refrigerant and compressor 232
s B Cycle caleulation 24
3,21 General information 24
322 Mass flow rate 27
23 Condenser load 28
324 Power of compressor 29
325 CoelTicient of performance 30
Chapter four Components design and selection
4.1 Introduction 32
4.2 Cyele Componerntys 32
4.2:1 Compressor 33
422 Evaporator 33
Condenser 14
424 Cormecting pipes 34
425 Throttling devices 35
4.3 Component caleulation 35
4.3.1 Compressor 35
4.3.1.1 The volumetric efficiency 35
4.3.1.2 'The theoretical volume [liw rate 37
4.3.1.3 The compressor selection 38
4.3.2 Evaporator 39
4.3.2.1 First evaporator 42
4.3.2.2 Second evaporator 46
4.3.2.5 Third evaporator 45
433 Condenser 51
4.3.3.1 De-superheating region 52
4.3.5.2 Mixture region 56
434 Pipe Design and Selection 50
4.3.4.1 Suction line pipe &l
4.3.4.2  dischurge line pipe 62
Chapter five Electrical design und selection Page
5 Introduction B
5.2 Types of Electrical Cireuits 64
521 Conrrol Circuit 65
522 Power circult 65
3.3 Components of Electrical Circuits 65

VII




LAy R Bm L Lm By
) . " ¥ a ¥
N Rl T ey b
O LA i Ld ) e

W Ln
o B
ik —

Chapter Six

Chapter Seven

7

APPENDEX

High pressure and low pressure contral
Solenaid valve

I'hermostat

Polential relay

Contacter

Overload

Control circuit design

principle Control gireuil

Principle of work

Design

Design of Chamber

Design of Steel strueture

Wiring Diagram

Automation of commercial refrigeration plant

Recommendations
Recommendations

{4
b
a7
68
68
69
i3
69
70

Page
105




List of Tables

Chapter One
Table No Title Page
Table(l.1} Actual budgel table for the project S
Table[1 .Ej The first semester lime plan fs
Tablef1.3) The sceond semester time plan 6
Chapter Two
Tahle No Title Page
Table(2.1) Chamber load 17
Chapter Three
Table No Title Page
Table (3.1} Physical properties of refi oerants 22 |
Table{3.2) Propertics ol cach point on the cycle 26
Table (4.1) | Capillary tube selcetion 63




List of Figures

Chapter Three
Figure No | ' Title Page
Figure (3.1) (a) P-h diagram for the R-134a 23
| Figure (3.1) (b) P-h diggram for the R-12 23
Figure (3.2) | Schematic diagram for 1 multiple evaporator system 25
| Figure (3.3) P-h disgram of a multiple cvaporator svstem 26
Chapter Five
Figure No ' ' Title Page |
| Figure (5.1) Schematic diagram high and Low pressure control 68
Figure (5.2) Schematic diugram of a solenoid valve 64
Figure (5.3) Thermpastat | 69




References

. Rov J. Dossat, Principles of refrigeration. second sdition, ST version,

Universily of Houston, Houston, Texas, UISA,

LP. Holman, Heat Transfer. Ninth Edition, South Methodist University.
Mew York, MeGraw-11ll BOOK COMPANY, USA,

Shan K. Wang, Hand book of Air Conditioning And Refrigeration, 2™
edition.

Chris Langley, Relrigerution principle practices and performance, 2ed
edition. 2003,

"Andrew, Carl. Alfred, Modem refrigeration and air conditioning, Tinley
Park, inois, 2000.

Whitman, Johnson, Tomezvk, Silberstein, Refrigeration and  Adr

conditioning Technology,6th edition, Clifton Park NY 12063, USA, 2009,

Khaled A Sider, Murad M Dweik "Design And Implement Of ‘T'wo Stage
Vapor Compression Relmigeration System For Fresh Frozen Plasma

Starage, Mechanical engineering department, PIPU, Palestine 2009,

Burmeister, L.C., Elements of Thermal-Fluid Syslermn Design, Prentice TTall,
1998,

Chumak 1.G, Nikulshina D.G. Ralrigeration system first edition. Vee shya
sheola cor, Moscw, 1984,




10.

12,

13.

14.

i 8

16,

17.

18.

Toseph E. Shigley, Charles R. Mischke, Richard (. Budyans, Mechanical
Engineering Design, Seventh Edition. University of Michign, and Lowa
State University, McGRAW-HILL BOOK COMPANY. USA

- Chumak 1.G., Nicoolshian D.G. design of refrigeration inistulation.

Matthew . Ellior and Bryan P. Rasmussen, Model-Based Predictive
Control of a Multi-Evaporator Vapor Compression Cooling Cyele,
American Control Confercnee. 1463-146%, Westin Seattle Hotel, Seattle.
Washington, USA, June | | -13, 2008,

Mutthew 8. Elliott and Bryan P. Rusmussen, control architecture for a
multiple evaporators on HVAC, American Control Con ference, 3669-3673,
Hyatt Regency Riverfront, St. Louis. MO, USA, June 10-12. 2000.

5. Forbes Pearson, Refrigerants Past, Present and Future, Thornlicbank
Industrial Estate, 4.9, United Kingdom, 2005

hitp:finptel.iitm. ac.infcourses/ Webcourse-
conlents/IITSA 20K hara ur/Ref% 20and % 20Air% 20C ond/pd /R AC % 20 Lec
turefe2013. pdf.

Cool puck software.

Aulocad software

Danfoss software

All




APPENDEX A

TABLE A-1
TABLE A-2
TABLE A-3
TABLE A-4
TABLE A-5
TABLE A-6
TABLE A-7
TABLE A-¥
TABLE A-9
TABLE A-10

Maximum and minimum temperature for Hebron city

Thermal Conductivity of Materials

Properties of common foods
Air change per hour
Specitic beat of packaging malerial
Cyele specification (Cool pack)
Crvele amalysis (Conl pack)
RE543 Selection Report
Recommended Refrigeramt Velocities

Dimensions and Physical Characteristics of Copper Tube ACR

(Aar -Conditioning and Refrigeration Ficlds Service),

TABLE A-11
TABLE A-12
TABLE A-[3
TABLE A-14
TABLE A-15
TABLE A-16
TABLE A-17

Modified correlation of grimson for heat (ransfer in tube banks
Properlies of air al almospheric pressune

Ratio of N rows deep 1o that for 10rows deep

Desired cooling time

The light coaling factor (CLF),,

Electrical motor heat gain according to their rated output power
Respiration rate

XII




CHAPTER ONE

INTRODUCTION




CHAPTER ONE

INTRODUCTION

A vapor compression coaling cycles arc very impertant, The technological
advance change from bertter to the best, to achieve and maintain temperature

below that of the surrounding .

1.1 Seope of the project

This project presents the design and implementation of threc chambers at
different temperatures, The system will include all mechanical and clectrical parls

to make it fully automation Tt will be used as laboratory or workshop installation.

A single stage vapor compression refrigeration cyele is used. The volume
of three chambers is (200L). ‘These chambers will store cucumbers , lemons, and
meal at three evaporators and ong campressor. Three evaporalors arc desigmed 10
operate at three different temperature (8, 3, 0) " Three temperature applications
are normally accomplished with purcly mechanical valve on a temperature
controlled valve. This application is used in many applications that nced multi

temperalurss




1.2 History aboutmultiple evaporators system

Chambers are built lor temperatures close to cach other, =0 @ single slage
vapor compression refriperation cyele is suitble for this project, but with wide
range oflemperatures like (0,-35) C°, other cycles like two stage or more should

be usecd.

In 11-134une/ 2008 . Matthew 5. Elliot and Bryan P. Rasmussen
produced paper about control architccture for multi-cvaporator on vaper
compression cooling cvele | The tiile of paper 1s Model-Based Predictive Control

of a Multi-Evaporator Yapor Compression Cooling Cycle.| Referencel 2|

This paper studied the method of controlling multi-evaporator, the
relationship between nput and output parts, the relationship between evaporators,
made liner equation, and found thatevaporslor pressures and superhealseffected
by Compressor speed. Compressor has a lower speed when cvaporalor pressure
increases. Compressor speed increases when the condenser pressure increases,
Relationship hetween first EEV and evaporator pressure, Relalionship between

discharge valve and sccond cvaporator pressure,

Tn 10-12 ¢ June / 2009, Matthew S. Elliott and Bryan P. Rasmussen wrote
paper dboul control architeclure [or a multiple evaporators on 1TVAC | This paper
catitled™ A Model-Based Predictive Supervisory Controller for Multi- Evaporator
HVAC Systems . The paper presentsconirolurchilecture for System, and energy

consumption studies. |Referencel 3]




In July 21/ 2005, Dr S. Forhes Pearson produced a paper entitled
“Refrigerant Past, Presenl, and Future *. This paper presents improvement in

refrigerants from first refrigerant (o modem, and R 1424 properties.[Reference]4]

Dr Farbes puts the (R 134a) properties and compures it with (R12), he has
found that R134a and R12 properties are very similar so R134a is the hest
replacement for R12.Becansc it is less stable than R12, and has 1 lower critical
temperature than R12.Since it is fricadly for the envirenment and has ODP {ozone
deplction potential) coual zera, RB-134a is used in many applications like
automotive, air conditioning. commercial refrigeration and air conditioning
| Reference 1 3]

I3 Backgrounds sbout a mulliple evaporator system

The system consists of a single compressor and a single condenser but
three evaperators. Evaporators-1, 11 111 operate at the same vvapoerator temperaturc
(0C") onc cvaporator (say Evaporator-l) calers o freering while the other
(Evaporator-11, 1) caters W product cooling/space conditioning ar 5C°, §0C°

| Reference 15]

1.4 The project eyele sclection

[n chapter six; page (33-34), shows a system schemalic with all
components and accessorics of a mult-evaporalor system that uses three

cvaporators al three different temperatures and a single compressor.




L5 The budget for the project

Table (1.1) Actualbudget table for the privect

sk o [Tat
Compressor 1000

' Condenser 500
pressure switches 200
Connecting pipes 200
Expansion valve 750
Refrigerant R134a 1200

Heater 100

| Fans 400
Building chambers 1500
Structure of device ) 1500
Thermostar 3 200 600
Wires - | 600 600

' Solenoid valves 3 150 450
Filter 1 | 100 50
Sight glass 1 e 60

' contactons 3 100 300
Accessories s00 800

- Totul F10210 NIS

L6 The time planning for the project

The project plan follows the following time schedulewhich includes the
related tasks of study and system analysis. The following time plansace for the first

semester and second semester,
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CHAPTER TWO

COOLING LOAD

2.1 Introduction

The twtal heat required to be removed from refrigerated space to bring it at
the desired temperature and maintain it by the refriperation equipment is known s
cooling load. The purpose of load estimation is to determine the size of rhe
refrigeration equipment that is required to maintain inside desipn condilions
during periods of maximum outside temperatures. The design load is hased on
nside and outside design conditions and its refrigeration equipment capacity to

produce and maintain satisfactory inside conditions.| Refurence 1]

2.2 Load Sources

The cooling loud on refrigerating cquipment seldom resulls from any onc single
source of heat. Rather, it is the summation of the heat which usually svolves from
several dilTerent sources, Some of the miore common sources of heat that impose the

lvad on refrigerating equipment are;-

* The wall heat gaimn.

*  The prixluct heat gain.
* Infiltration hear gain,
*  Puacking heat gain.

*  Fan motor heat gain




Chumbers arc working at three temperature degrees (0, 5, BYC", chambers arc
located in Hebron cily . From Palestinian codes the Maximum surrounding
lemperature for Hebron city is 38C (TABLE A 1). The required mass product
is30(kg] meat, 30[kg] cucumber 35 [ke] lemon. Desired cooling time is 16[hr] Fram
(TABLE A-14), chapter six explains the inner refrigerator size.

2.2.1 The wall heat gain

The wall hcat gain load, sometimes called the wall leakage load, is a measure af the
heat flow rate by conduction through the walls uf refrigerated space from the outside
to the inside. Since there is no perfect insulation, there is always a certain amount of
heat passing from the outside w the inside whenever the inside temperature is below
Of the outside. The wall gain load is common to all refrigeration application and is
ordinarily a considerable parl of the total cooling load,

The quantity of heat transmitted through the wall is a [unction of three
factors whose relationship is expressed in the following equation: [Reference?)

(2.1)
Q =l A*AT

Where A is (he outside surface area of the wall [m’], U is the overall heat

transfer coefficient [W/m®, vCJ, AT is the temperature difference across the walls
[+C].

I&T = Tnnl _'-rh




Where T.is the refrigeration space temperature, Ty i5 the outside
temperaturc.  Owerall  heal  (ransler  cocllicient s computed by  the
following:[Relereneie?]

| p— 1 2.3)
Ax3 1
TG W™

Where U: is the overall heat transfer cocfficicnl |W/m®. CAx: s the
thickness of the layer of the wall [m] k: is the thermal conductivity of the malerial
[Wim. «C] b is the convection heat transfer coefficient of inside air film
=8 37[W/m™."C] From (TABLE A-3), h,: is the conveetion heat transfer coefficient
of outside air film = 22 7)W/m*'C] From (TABLE A-3)AIl walls are construcled of

three layers as shown in chapter six (22-34):

Galvanized steel sheet 0.06 [em]k=20[W/m. 'C]. From (TABLE A-2)
Polyurethane 4 [em] k=0.025[Wim. C]. From (TABLE A-2)
¢ Galvanized steel sheet 0.06 [om [;k=20]W/m. 'C]. From (TABLE A-2)

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

1

* U= oo tos ooos 1+ = 057[Wim®. (]
a7 Yp i3 20 2ET

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

* Qe o= 27 {0.574(0.670.5+0.4*0.05)%(38- 0)}= 13.8[W]
Q stee=2*{0.577(0.33%0.4+0.320.05)" (38- 0)} — 6.4[ W]

* Qo bemra— 24 {0.57*(0.4%0.5)*(38- 0)}=R.6 [W]

* Q uatwan =28 [W]

-
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Applying equation (2.1) on second chamber (cucumber) is ¢

* 0 noor, reer =2* {0.57H0.60.540.4%0 05)*(38- 5) | = 12[W]
* Q;:i,,‘—‘ﬁ*{ﬂ.f?*{[}_ﬂ'ﬂ.-ﬂrE(J_H*I'J.Dij“‘{EE—S};=5.55IW]
* R o teting —2*{0.57%(0,440.5)(38-5)§ = 7.5| W]

* Qe =25 [W]

And applying equation (2.1) on third chamher tlemon) is:

* Q floar, roor “2¥ {0.574(0.6%0.540.4°0.05)%(33- §))= W]
* Qs ZH0.574(0.337 0.0 40.32%0,05)*(38- 8)}= 5.1 [W]
* Q for i =2* {0.57H0.A%0.5)*(38- B)i=7.5 [W]

* Qaiwar = 23.6]W)

222 The prodoct bheat gain

The heat emilled from the product te be stored is very important in case of cold
storages. The Ioads to be considered in the cold starages are divided into the
following groups. chilling load abuve freezing: The product chilling load above
freezing depends upon the mass product, mean speeific heat of the products aboye
Ireezing, entering product temperawre, final product temperature desired, and the
chilling time. The space heat pain from product is computed by the following

equation:[Reference]]

Qa=m.C,. AT/x (Z2.4)

13




Where Qg 15 the quantity of heat [Wlm is the mass ol the product  [kgl.Cpis the
speeific heat above freczing [kIke "Clr: desired cooling time [sccondsl &l is the
chanpe in product temperature ["C].

AT=T.-Ta (2.5)

Where T,.: is the entering preduct temperature ["C).T., is the chilling product
lemperature ['Cl

The meat frozen at (- 0.5_ - 2.75°C) but in our project we store the meat at (°C so
the praduct load is only the gbove [reezing load.

Applying equation (2.4) to find quantily of heal Tor the first product (meat):

s CP= 314 [kVkp.C'] (TABLE A-3) [T=24[°C] , T, — 0 |C ?] t=16hour
Fram (TABLE A-14)

* Q= 303,147 1000%(24-0) /(16*60%60)

* Oy =39.3[W]

Applving equation {2.4), for the second product (cucumber):

o Cp=4.1 [k C] (TABLE A-3), I, [24°C] I}, = [5°C] =16 hour
+ Q= 307417 1000%(24-3) /(1 6+60760)
o Q40,57 [W]

Applying equation (2.4). for the third product (leman):

o Cp=381 Kk C| (FABLE A-3) .T,= 24[°C], T = [8°C] =16 heur

12




& O,,=35*3.81*1000%(24-8) [(16%60760)
+ Q= 737.04{W]

1.2.3 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 loud is one of the major leads.
int the refrigerator. The infiltration air is the air that enters & relriperated space
through cracks and apening of doors, This is caused by pressure difference between
ihe twa sides of the doors and it depends upon the temperature dilference between

the inside and outside air, and cooler sizes. [Referencel]

The heat pain resulting from air change can be determined by applying the

following equation:

Q= m*C, (T Ti ) (2.6)

Qi p* ¥V PCHT-T) (2.7)

Where piis the air density [1.25 kg/m’] From (TABLE A-12),C; is the
specific heat of the air[1000)/kg.C°L, V7r is the volumetric flow rate of infiltrated
airfm?/s]. T.: is the omside temperature [C7).T : is the inside temperature [*CJ.

V= number of air change ¥ volume of room

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

13




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

e  Volume of room = 0.5%0.33*0.4 =0.066 m.
¢ V';=0.5%0.066 =0.033 m /hr.

Applying the equation (2.7), the Quyfor the first product (meat):

o Que=1.25% (0.033/3600)% 1000%(35- 0)
e Q=044 W]|

Applied the equation (2.7). the Qinf for the second product (cucumber ):

o Q= 1.25% (0.033/3600)* 1000*(38- 5)
o (= 035[W].

Applied the equation (2.7}, the Qutor the third product (lemon):

e Q= 1.25% (0.033/3600)%10007(38- 8)
o Qur=0.343[W].

2.2.4 Packaging Heat gain

Many products refrigerated in packapes It could be more than 10% of product's
weighl. Puckages could be plastic. steel , wood | glass or any material that has low

specilic heat The cucumber and the lemon are storad in plastic boxes each chamber

24




Each chamber has 10haxes. Plastic bux mass has 0.5 kg, each one can hold 3 kg of

cucumber 3.5kg of lemon and 3 kg of meat.

The heat gain resulting from Fackaging can be determined by applying the

following equation:|Referencel |

qu_uqlk-l.'ph-f'l"p‘k T4 g (2.5)

-
i

W here ()5 the packaging heat load \myx 15 the mass of packaging material
[kg],Cauis the packaging material specific heat [Tkg (O], Tax is the packaging
material temperature | °C], T, is the temperature of the refrigerant space ["Clos the
desired cooling time [seconds],Coy paie=1.6]k/kg. C°] (TABLE A-5), Applying
cguation (2.8). to find QO for the first chamher {meat):
0.5¢10-1.6+(24-1)
* Qe 600
* Qe pic— 5.33[W]

1

Applying cquation (2 8), 1o find Qpfur the second chamber (cucumber):

0.5210%1 6%(24—5)
- * [P
Qi 103600

* Quicanor422{W]

Applying equation (2.8), to find Qpfer the third chamber (leman}:

. Q g L R L 108
¥ 10=3500

= Qpi: caron— 2.2 W |




2.1.5 Miscellaneous gain

The miscellaneous Inad consists primary of the heat given by light and electrical
maotor aperation in space. [Referencel]. The [ollowing cquation can be used W
cialoulate the heat gain due to light

Qligm=PL: [F:Fn} (CLF)y4 {1-9]

Where:- Quione the light heat load, Py, is the lamp rated power | W] F, is the
fraction of lamps that arc in use |Fy, is the ballast faclor thal equal 1.2 for Nuorescent
lamp,(CL.F)g, is the light cooling factor 121, =30] W |, (CLK)=0.76 From (TABLE
A-13). Applying equation (2.9), o find Qygu:-

Quigne = 30%(0.31 *0.2)%(1.76) = 8.2 [W]

Flectrical maotor heal guin arc estimated according to their rated output power for
motor rated power =25[W] the heat gain equal (0 60[W] From (TABLE A-16]

2.2.6 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 carbondrates in the
plant tissue and resalts in the release of carbon dioxide and heat . The heat released is
called respiration heat which is found by the following equation: - [Referencel |

16




Op=m*respiration rate {2.10)

Where:- Qg the respiration heat load .m is the mass of
product[ke].respiration rate[ W/Kg] which equal 0.02] W/Kg [for lemon at 8°C and
0.026[ W/ K glfor cucumber at 3°C From (TABLE A-17).

Applying equation (2.10). to find O for the second chamber (cucumber):
Op=30"0.026 — 0.88 [W]
Applying equation (2. 10), to find Qg for the third chamber (lemon):

Qp = 30%0.02 = 0.6 [W]

2.3 Total cooling load

The total eooling load is the summation of the heat gains:

Qr = Qe 0HY Qo+ Crigh e~ Ok

Table 2.1 Chambers load

0w | 0] [ 0wl [ouw melﬁmm Q5IW] | OrW]

Chamber #1 24 R A4 513 22 0 T 13 |
Chamber 72 | 75 4057 038 432 %2 | &0 0.8 1383
Chamber 3 | 236 | 3704 | 034 3.53 g2 | & (.6 1333

+ y for the three champers=413.93[W]

) )




It is common practice 1 add $%-10%as factor of safety as general rule 10%is

used:[Referencel]

* Qg —141.3+(141.370.1)= 155.5]W]
¢ O m130.3% 130,540, 1=153.23[W]
+ O 133.34(133.340.1) 14663 W]

2.4 Required equipment capacily

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 s¢lection:|reference! |

TCLx24 (2.11)

aperatingtime

Q.=
Operating time = 16 hour From (TABLE A-14)

Qi) — 233.5[W]
.« 0,0 -229.8(W]
o (-?i 12 =2 lﬂ!ﬁﬁ'ﬂ

The calculated value is Qa1 - 233.3[ W 1LQ4 2y =229 8] W].Q4 3y ~219.95] W] but

1o be able 1o store any other kind of product we will use the following valueQ,

= 645 W, Qu 2, ~626{ W], Qy 5 =310[W] .
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REFRIGERANT SELECTION AND
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CHAPTER THREE

3.1 Refrigerant Selection

A refrigerant is & primary fluid It absorbs and transports heat from a cooling

Space,

There arc many refrigerants, they classified into five groups, one of these
groups named HFC. onc of its refriperant R 134a (CHZCFC3), table (3.1) shows
R134a properties and compare them with other refrigerants (R12, R22).

Chapter one presents some papers about R-134a, within the PApEr comparison

between the refrigerant and other refrigerants.

3.1.1 Refrigerant properiies

Refrigerants arc used for the same purpose, but some give better results than
others, so what is required of a good refrigerant? A pood relrigerant should have the
lollowing propertics;

- Economical properties

"1 High operating efficiency,
losw cost

O Availability.

- Thermodynamic properties




4 Low boiling point,

| Hiph eritical point temperatare.
1 High latent heat of vaporization,
0 Low specific heat of liquid,

1 Mixes wisll with oil.

Environment friendly

[l Having zero ozone depletion potential{ ODP),

L' Having low global warming potentizl(GWF).
£ Non corrosive to metal,

L Easilv delectable in case of leakage.

Ll Non flammable and non explosive, and

M Non toxic.

Tzhle (3.1): physical properiies of relrigerants(the properties (@ aum)

Propertics R 12 R 134u RrR22
Molecular formulz B ELilgi-'g CaHqE, f e W
boiling point(°C) 29.8 -26.3 -40.8
Melting point (°C) — -101 -157
critical point (°C) 112 101.1 96.2
toxic MNon MNon Non
flammable Nun Mon MNon
ODP 1.0 0o 0.05
GWP gl00 | 1300 1700

From table (3.1}, builing and melting temperature for R-134a is higher than R-

12 and R-22 All refrigerants are pontoxic. non flammable and low ODP “ozone

21




So Ri134a 15 best suited for rcfrigerarion system because R-134a 15
morefriendly than R-12 and R-22.

1.1 2Relationship between Refrigerant and compressor

R-134a is selected for refrigeration system. We have Lo remember that the
compression ratio of the R-134a systemn 1s higher than that of the R12 system even
though both have the same condensing and evaporating temperature, because either
an increase in head pressure or decrease In suclion pressure will cause higher
compression ratios. Fig(3.1) shows the properties of the R-134a and R-12 on P-h
diggrams.
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Figure (3.1): () P-h diapram for the R-134a (b) P-h diagram for the R-12
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3.2Cycle calculation

3.2.1 General information

The schematic of such a system and corresponding operating cyele on P-h
diagram are shown in Fig (3.1) and Fig (3.2) .As shown in the figure the sysrem
consists of a single compressor and & single condenser but three evaporalors.

Evaporators -1, 11 TIL. [Reference 2]

Fig (3.2) and (3.3) shows how the refrigerant moves in refrigeration cyele:

1. Reirigerant enters the compressor at poimnt lal the super heated state, It
15 compressed to the high pressure at point 2,

2. Hot gas enters the condenser, in which it 15 de-superheated and sub
cooled at point 3.

3. After the condensing process, the hquid 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. 5. 6) The liguid
refrigerant is vaporized at points{ 7, 8, 9) in the evaporator, The vapor
then flows to the inlet of the compressor al paint 1 and completes the

cycle.
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From figure (3.3),data of system are collected on Tabic (3.3).These data are
used Lo eyvele caleulation.

Table (3.2)Properties of each point on the cyele

R | 2928 4003 0.07
Shig 11.597 428 .87 0.018
11.597 260) 7.0
3.876 260 0.013
3.496 260 0.017
2,928 260 0.02
1.876 401,77 0.0524
3.496 400.7 0.058
2.928 397.2 0.0865
2028 404 0.07
2.928 4015 | 0.07

et
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3.2.2 Mass Tow rate

Tn this ¢ycle we have theee evaporators; cach one has amass of refrigerant that
Mows through it .To find the mass flow rale we use the following eguation:

[Reference 3]

=28 (3.1)

Where: mis the mass flow rate in the evaporator, [ke/s] Q. : refrigeration

capucily, [kW] , g.= refrigeration effect[reference 3]
qe =Ah (3.2)
WhereAh is the difference between the enthalpy of saturated vapor leaving

evaporator and the enthalpy of refrigerant entering evaporaror: [k Jkg] .. Applying
equation (3.2), the g for first chamber 15:

¢ Ge=hs hs=397.2 - 260 =137.2[kJ /kg]

Applying equation (3.1) the mass flow rale 18

s
T 1372

oy

o my =0.0047 ks

Applying equarions (3.1) and (3.2). the ¢- and m for sceond chamber are :

& (.= hg- hs =400.7- 260= 140.7[k] fkg]
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L D626
Ny =—=

1581

' =0.00396 [kgfs]

Applying equations (3.1) and (3.2}, the q. and m' for third chamber are :

® Ge=hyhy=401.77-260 = 141.77(kJ fkg]

. 031

L] Tl AT

AETTT

= ms=0.00195ke/s],

Finally, the total mass flow rate is:

¢ mT=m +mad my=N.0106 [kels)

3.2.2 Condenser load

After calcularing thetoral mass flow

» condenser load is found by the fallowing
cquation: [ Reference 3]

Qc=m'y(h:-hy) (3.3)
Where:Q.is the condenser [oad [EW], h:

is lhe enthalpy of the hot gas
discharged from the compressor [kT /g

| ha is the enthalpy of the liquid discharged

from the condenser [kJ fkg]. applying equation (3.3) amd table (3.1) the condenser
load is :

. Q. =0.0111 f423.37‘2[’3ﬂ}




* Q=179 [kW]

3.24 Power ol compressors

To find the compressor power ,we use the following equation:[Reference 3|
=1y *(he=hy) (3.4)
Where P: is the compresser power [kW),hs: is the enthalpy of the hot gas
discharged from the compressor [kJ /kglh;: is the enthulpy of the gas discharged

from the evaporator [kJ /kg|.

Enthalpy at point 1(inlet 1o compressor) is obtained by applying equation

(3.3) massand energy balance to the mixing of three refrigerant streams. | referencel 5]

(m1=h3)+(m2=h11)+ (M. 3+ h10) {3.5)
hl =
mil+m2+m3
. Hile Ceafis 70,5 14 (A0S S 401} 1 { 00010=404] = 392,09k fkl_-*.

ILNGAEDLRTER S4-RLA0T0

Applied equation (3.4) the power of compressor is

o P =0.0106(428.87 - 392.09)

s« P=0389kW]|

3,25 Coellicient of performance

29



_ Qetotal (3.6)

cop
P

Where COP is the Coefficient of performance of the cycle, P ois the
compressor pawer [kW],Q, weal is the total cooling capacily [kW].[Reference] ]

1581.59
aman

* Epe=

+ COP =d

To ensure the accuracy of the calculation a soliwere programme (Cool Pack) was
used .a single slage compression cycle at the lowast evaporating temperature and at
the same condensing temperature give a coaling capacity( 1.6 [k'W]} .compressor
power ( 0L.4[kWT), condensalion capacily (2 |KW|) , refrigerant mass flow
(0.012[kg/s]) ,COP( 3.9) (TABLE A-6) and the Camot efficicncy(0.65) (TABLE A-
7 ) cluse to the caleulated valus .
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CHAPTER FOUR

COMODI'NENTS DESIGN AND SELECTION

4.1 Introduction

Mechanical components are required to wark a multiple evaporatorsrefrigeration
systermn. In this part, we discuss the main and auxiliary components of a system and make

s caleulation and selection of these compoenents.

4.2 Cycle Components

The main components of the multiple evaporators refrigeration system are

e  Compressor.

+ Dvaporator.

+ Condenser.

» Connecting pipes,

e  Throttling device.




4.2.1 Compressar

The refrigeration compressor (vapor pump) is the heart of the refrigeration
system. It moves the vapor to high pressure side of the system, Tt maintains the low side
pressure at which the refrigerant evaporales, and the high side pressure at which it
condenses. it supplics the pressurc difference necessary 1o keep the system refrigerant
flowing through the system. [Reference 4]

There ore many types of compressars; one of them 1s called hermetic
compressor.In this compressor, 8 motor and n compressor are connecled together. The
reason for choosing this compressor is that:

e Tt has u long life, so the life of the equipment should be even longer.

4.2.2 Evaporator

An ¢vaporator isa heat exchanger, in which 4 volatile liquid is vaporized [or the
purpase ol removing heat from a relrigerated space , ¢vaporators are manufactured m
wide variely of types, shapes, sizes. designs and may be classified in different ways
sccording to the contraction liguid feed. operating condition, method of air (or Tiquid)

circulation, control, and application . [Reference3]

There arc many Lypes of evaporators:a finned evaporator is used in this project,
because of:
o Finned evaporator has fins, and fins increase the efficicnicy of evaporator,

s Finned evaporator will occupy less space than other Lypes of evaporalor.
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* Air cooling application is used in Usis project. finned evaporator is the

best performance at (0, 5, 8) €,

4.2.3Comdenser

The condenser is heat exchanger. Heal [rom the hot refrigerant passes through
the walls of the condenser to the condensing medium, The action in the condenser is just
the opposite of the action in the evaporator, an air cooled condenser "forced convection
" Which employs air as the condensing medivm by action of a fan is used because of,

[References)

« Alr guantity circulation ovet the condenser is higher than the free
convention condenser
»  Hax fins. that are widely spaced so that little or no resistance is offered Lo

the free cirenlation of air,

4.24Connecting pipes

I'he piping svstemn provides pastage for the refriparant to the evaporator, the
compressor, the condenser and the other parts (It also provides the way for oil to drain
back to the comprassor. Tubing. piping, and fiting are psed in numerous applications.
Copper mibing is suitable with R-134a; copper tubing is used with domestic and small
systems. [Referencet]
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4.2.5 Throttling devices

The basic functions of an expansion device used in refrigeration systems areto
reduce pressure from condenser pressure to evaporator pressure, and regulate the
refrigerant flow from the high-pressure liquid line into theevaporator al a rate equal to

the evaporation rate in the evaporator, [Reference7)

There are basically seven types of refrigerant expansion devices. "Thermostatic

Expansion Valve (TEV) ", used before the evaporator.
4.3 Components calenlation
4.3.1 Compressor
The actual volumetric flow rate for the compressor must be calculared fo

determine the type of compressar. To find this value:volumetric efficiency and the

theoretical volume tlow rate of the compressor must be caleulate.

4.3.1.1The volnmetric elTiciency

First, the volumetric efficiency must be determined using equation (4.1) is
ireference 8 -

=N .1

_ad
LS




Where: 1y is the volumelric efficiency 1. 15 the volumetric efficiency due to
clearance volume in compressor,T)y 15 the volumetric efficiency due to heating acenrring

in compressor. Bur the volumetric efficiency due (o the clearance volume in compressor

is caleulated by equation (4.2), [Reference R]:
fe=l=of GV -1] @.2)

Where ¢ is the clearance volume (ralio helween 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 cxpansion for
refrigerant, n= 1. [Relerenee8], PH is the high presswe of the cyele; PL is the low
pressure of the eyele. Applied equation (4.2} the volumetic cificicncy is:

o 1.=1-0.02] (2211 =944

Z.59E8

Equation (4.3} is used to find the volumetric efficiency due to the heating in

compressar [Reference 97

- Tevap H_’s"l

Where T ..o, ¢ 15 the evaparator temperature ["K | | Toong 38 the condenser

emperature [ °K]

o My=T=858%
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Applying equation (4.1), the volumertric efficiency is ©

* 1]y =945%* 85.8% = 80.69%

4.3.1.2 The theoretical volome flow rate

Second, The theoretical volume flow rale (V) of the compressor can be
caleulated byusing equation (4.47,| Reference 10:

Vfteo= M0 (4.4)
Where: - Vi i5 the theoretical volume tlow rate of the compressor [::uafs]. m is
the mass flow rate of refrigerant [kgfs], v is the specific volume al the inlet of
COIpIessor [m/s] which =0.07 from the P11 diagram. Applied equation (4.4}
o Ve 0.0106%0.07 =7.42%107 m's)

T determine the actual volume flow rate by the equation (4.5), [Reference 97:

V= V.theo (4.5

Wheze V' ¢ is the actual volumetric flow ratelm™/s]. applied equation (4.5) the
actual yolumelric flow rate is :

TAZe10—4

o= —0.019= 107 (m’ /s
= Yeemm ntly)




4.3.1.3 The compressor selection

I'he main consideration 1o seleet the compressor is the actual valumeiric flow
rate. so we chose a comprassor that satisfies it, Danfoss compressor is selected for this
project from Danfoss calalog, we select a compressor typeSC12/12G with code
Surnber] 04G82R0. Which has displacement of 26.3 em3 per ey olution and 2900 RPM .

‘Ihe actual flow rate for the compressor can be calculated as the lollowing
| Reference 9

\:.r.“‘ =Vlth:{:* L (4.6}

Where: -V = is the actual volumetric flow rate for the compressor |m’/s). Ve 15
the theoretical volumetric flow raic for the compressor [mfs)ne: is the volumetric

cfficiency.

*+ Vipen = 26.3* 10 #(2900/60) = | 274107 [m3."51
e V= 127%107% 0.8069 = 1.026410° [m'/s]
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4.3.2 Evaporator

An evaporator design was manufactured. The cvaporator was made from a

Aluminum tube: the dimension ol evaporator is shown in chapler (6), page (24-34),50:

+ & : Transverse tube spacing |[m]

__ evaporator height  0.05

* 7 pqumber of rows 3 0.025 [m]
* S, Longitudinal tube spacing [m]
_ evaporator width  0Z 0.0286
P~ pumberofcolumn 7 m]

« finlength(Ly) = (5. — Dq)
I, = (0.025 —0.01) = 0.015[m]

+  Finewidth = W, = (5, — Do)
W: = (0.0286 — 0.01) = 0.0186[m]
¢ number of fins in row =70 lins

40
+ fin pitch =Pr_";ﬂ—' 0.571 |em]

+ Finethickness = t; = 0.03[cm]
+ hare tube thickness =1, = B —Ir

ty, = 0.571 - 0.03 = 0.54[cm]



Design the evaporator required many caleulations such as fluid mechanieal

caleulation. thermal calculation and area caleulation. The sequence of desipn starts with
Muid mechanical caleulation.In thermal calenlation will he used the convection heat
transler equations for outer surface neglocted the small thermal radiation from the wall

until reaching area calculation [ ReferanceT].
Q= h, *A*(T.-T.) (4.7)

Where Q: heat transfer through the cvaporatar [W], h,: external convection heat
transfer cocflicient Imez*‘C], A surface area of heat transfer sz], T'w: vuter evaporator

wall temperature ["C], T..: free air temperature.

Te determine the external convection heat transfer coefficient can be expressed
via the following cquations,In order to calculate the total The heat that transferred
through the evaporator was determined in chapter three  and its value was Q= 643
[W], so:

[Reference7)
_ Nusk (4.8)
h= —

Where Nu: Nusselts number k: thermal conductivity of air at entrance of
cvaporator [W/m "C]. D: outer diameter of evaporator [m], The Nusselts number can he

caleulated by the equation [RefbrenceT]:

Nu=C(Re)" Pr'? (4.9)
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Where Re: Reynolds number. Pri Prandd  number of air  at

filmiemperoture (C.N):vonstants can be obtained from Lable (A-11) according the
following considerations.

s S.d=28.6/10 =2.80.

o 5.d=2510=25.

From In line mrangement tube banks table(C =0.366, N=0.595),
[ReferenceT)

Re uRimecd (.10)

i

Where p: density of air i lm tlemperahue I'l{ymai, W s, mazimum velocity of air
between the evaporator tubes [ms], D :ouler diameter of the evaporator tubes [m], p

-dynamic viscosity of air at film temperature [Pas].

For flows normal W in -ling tube banks the maximum [low veloeity can be

calculated as follows. [Refersnce? |

o (4.11)
Sa—-Db

V s =Vo0

Where V.. i the free air velocity entering the evaporator |m/s|, can be caleulared

by the following equalion:

Vet (4.12)
A

4]



Where v, @ flow rate of air through the evaporator [m3/s],V. =30[cfm|= 0.02359

[m3/s] from fan manulaclurer company, A: cross sectional area of evaporator [m*].

o A=04%0.05 =0.02 [m]

002359

o Vo= = 1.18 mfs
0.02
o 0.025 ..
o Vi =1.048 g =1 .966[m/s]
4.3.2.1 First evaporator

T'he properlics of air are evaluated at the film temperature, which at entrance Lo the
tube bank is |Reference? |:

Tw+ Tx 413
R il

Where T ¢ : film temperature["C], T ,, : wall surface temperature[°C], assume thar

it equals the refrigerant temperature, T.-:free air temperature[°CJ.

o Ti=2220_ 5 mep)=168 [°K]

2

Then from (table A-12) :



o p=1292 |ke/m’|

o u=1.725 *107 |ke/m.s]
o K =00243 IW /im'C]

e Pr=0.715

129519587 +0.01

s Re -
1.72510°

=]476.7

o Nu=0366%1476. 7" =0 715" =252

252+0.0243

s —o124 W™

=

Heat transfer from ome element (one fin and ane bare tbe) the following equation

is used [Reference 11];

0 wial = {;} fin met ¥ Q nragimal {"LI"E}
Where Q e ;- the total beal transler from the element| W], Q fin e ; actual heat

transfer rate per [in| W, Q anging: Beat ransfer rale [rom Lube without fin] W1, Q oz can

be caleulaled by the equation:

Q ariginat = o *A grigina* (Te-T ) (4.15)
Whereh.: exrernal convection heat transfer coefficient [W/m2Cl, Ay the ouler

surface wrea of hore tube [ﬂlz].r Tt outer evaporator wall temperature [°Cl, T.: foee air

temperature;

o Agigp= DL =5 ¥10F107#5 410 °=1.696 *10™ [m"|
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* Qg =01.24%1,696* 10 *(0- - 10) =0.104 [W]

(Q an can he caleulated by the equation:

Qu=h AL, - T2 (4.16)

Where(Q . theoretical heal transfer rate pec fin [W], Agyisurface area for fin [m2];

* Am =205 "8 App) = 2/0.025%0,0286-7 (0.01)] =12.73%10" [m)

*  Quu=06124%12.73%10°7(1) - - 10) = 0.778 [W]

Now, Fin efficiency iscaloulated by the following cquations| Reference 2];

B tanh[mf._,rj (4.17)
=
By Ly (4.18)
e
ip= (%)[1 +[I.35]u{2—,,'%j
2

kL | GALE

. L=(25) [1+'{}.35Tnf—1-ﬁ__-.v.—i— 2| = 0.01[m]

(419)




Where h:exlernal convection heat transfer coeflicient [W/m®.°C], k:thermal
conductivity of aluminum fin [W/m. °C]. P :perimeter ot the fin[m], A :suwrface area for

convection of ﬁﬂ.[mE]T

o P=2%(+2%L ={2¥0.3% 10 )+ 2¥0.02) =0.0406 [m]

o A=rL =03%10"740.02 = 67 10" [m2].

Applving equations (4.17) and (4.19), m.neqgual:

r 61.24 + 0.04006

= ,jzuz X 6x 1045 s
tanh(45.25 #0.01)
= =094
s 4525 = 0.01
S0, The heat transfer flow from the fin is;
Q pnn = Qe ¥ e (4.20)

o Qe = 0776 *0.94=0.729 [W]

MNow Lhe total heat ransfer from the element is:

) =0729+0104 =0.833 |W|




Now the number of elements needed to perform the evaporator load can be

determined by dividing the total heat transfer through the evaporator by the element total

heal transfer, by using the following equation:

Qe
i ~ g total

BE5.2
n= =T774.5 glements
833

Number of clements in available evaporator = (N*R), where N: number of
elements in rows, R: number of rows, number ol elements in available evaporatar =70+

14=980elements .

4.3.2.28econdEvaporator

Applying equation (4.13) the t film is

o Tf=—=2=0]C]=273 K]

2

Then [rom table A-4 .

o p=1.24 lke/m’]
o =17 *10° [kym.s]
s K =0.024 [W /(] J

s Pr=0.7I15 |
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1.28-1967+0.01

=1475

L . =
S 1.7=10°

o Nu=0366%1475%7% *0,715)"% =25.17

251 7=0.024
L] T ——
S 1o T

= 60.4 [W/m™C]
Applyingequation (4.15)

o Agignu=17DPL =1 *10%107%5,4#10°=1.696 *10° [m’]

¢ Q i =00.4%1.696%107 *#(5- -5)=0.1024 [W]

Applying equation (4. 16) :

* A =20 Sy *Sp— A ) = 2(0.025%0.0286-Z (0.01)°] =12.73*10* "]

¢ Q= 606%12.73%107%(5 - - 5) = 0L769 | W]

Applying equation (4.18) :
: 0.015 (L R
o L=(25) [1 + 035 In— | = 0.01m)|
Applying equations (4.17) and (4.19), mnsequal :
o P= 2241 =(2%0.3%1077)+( 2%0.02) =0.0406 [m]

s A=t"L=03%10"*0.02 = 6*10" “[m2].
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[(Gn.ss00808

PVEET-SES Tt 5.1

fEnh{45.1-0.0
8 7y = GEnin(A5.1+0H ) = (.14

45.1=0.01
Applying equation (4.20) :
o Qpnaa=0.772 #0.94=10.723 [W|
Applyving cquation (5.8)
o 0 u =0.723 4 0.102 =0.825 [W]
Applying equation (4.21) :

B2h.3Y
s = =759 ¢le
YT elements

Number of elements in available evaporatar =70* 14= 980 clements,

4.2.23ThirdEvaporator

Applying equation (4.13) the { [ilm is

o TI=22=355[C]=278.5K]

Then from table A-9:




e p=122 [kg/m’]

»  p=1.85 *107 [ke/m.s|
o K=0D0261 [W/m. U]

* Pr=0715

12321967 +0.01
* Re= ——=1303.
18510

v Nu=0366%(1303.1)" #(0.715)"" =23.35

23.3540.0281

¢ he=——er— = 6095 [W/m"C]

Applyingequation (4.15) ;

®  Accipini= TFDFL = #LO*107°#5 4% 107°=1,696 *107 [m]

* 0 orpna =60.95%1.696%10* (8- 3) =0.052 [W]

Applying equation (4.16) :

* An=2(8 Sy Apy) = 20.025*0.0286- (0.01)°] =12.734107 [m']

*  Qpy=6095%12.73*%107#8 - 3) = 0388 | W]

Applying cquation (4,18) :
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001 @018

L= (%) [1 +0.35In g 2| = 0.01[m)

Fi
a

Applying equations (4.11) and (4.13), ny,n syl

P=2%t+2%L =(240.3%10™" 1+( 2*0,02) =0.0406 [m]

A =L =0.3%10" 40,02 = 610" *[m2).

o= |S08500408 )
T B
bl s T e wek

- [anhid52.001)
Caarerrrramtal
Applying equation (4.20) :

Q finaze = 0,388 *0.94= 0,365 | W]

Applying equation (4.14) ;

Q et = 0.365 + 0,052 =0.417 [W]

Applying equation (4.21) :

Number of elements in available evaporator =70%14= 980 elements,

a0




4.3.3Condenser

A condenser design was manulactured. The condenser was made from 2 (10mm)

diameler. coppertube, the following is geometrical data, condenser:

¢ condenser length L. =40 [¢m]
+ condenser height H, =40 [cm]

» condenser width W, =10{cm]

o+ Transverse tube spacing [m)

BVaporatorieighl 04
§p = TR = 2 _0.04[m)

] ==
nimberafraws 10

Sp* Longitudinal tube spacing [m]

; cvaporator width 1 i
™ —_— == m
SI:' numberafcoluimn 3 jj[ ]

finlength =1; = (S, — D,)
+ L= (0.04-0.01) = 0.03[m]

Finwidth = Wy = (5, — D)
e Wy=(0.033 -0.01) = 0.023[m]

* pumber of fins in arow =190 fins

&
& Bnphich =bis ;T 0.316 {cm]

» [inthickness = t; = 0.02[cm]



baretubethickness =t, = Fp—1t;

o 1, = 0315 - (.02 = 0.295[cm]

Condenser has twa regions: [irst region is (desuperheating) region then is

(mixture) region, now desuperbeating must be caleulued:

4,3.3.1 Desuperheating region

Applying cquation (4.22) the [ gesype-is | ReferenceT |:

Q desnper = $fh-1.' hmt_ r“} {4-22‘

Where 0 ecuper = condenser load from desuperheating region [W],  : mass flow
rate in the condenser and calculaled in chapter three | [ke/s]. by, centhalpy of refrigerant
entering the condenser, [kJ /kg], hey vap: enthalpy of saturated vapor leaving the

desuperheating region in condenser [kJ /kglso:

* 0 gosuper == D.0106(428.87- 417.7) = 1184[W]

From (table A-11) value of C, N are determined by S¢/D and 5./D, so the value
Sp/D=19/10=3.3, §/D =26/10 =2.6.;

o C=0.446
s N=03530




For flows normnal o stagpered arrangement the maximum flow velocity can be

calculated as the follows[Relerence 7]

Vin [5—“} (4.23)

Applying equation (4.12}). the free air velocity 1s determined by a known value, :
V=700 [m'/h]=0.19444 [m’/s]from fan manufacturer company.

o A=04%04=0.16 [m’]

0.19444 :
V= =7 =1.215m/s

Applving equation (4.23) the max velocity is :

1.215(%)

Viuz = 7= =().85 [m/s)

d[[%jiw.uas!]—n.m

The properties of air are evaluared at the film temperature, which can

calculatedby equation (4. 13), applying this equation:

4+0+52
z

__ 485438
S

= 48.5 [°C]

o Tav.w=

s TF =453.325 |°C7] =316:25 [Pk ]
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Using table A-12, different properties can be determined:

o p=1.1176 [kg/m’]

o = 1.85 *107 [kg/m.s]
o K=0.0275[W/m."C]
o Pr=0704

Applyving equation (4.10), Renaldo number is :

11176085001
s Re = =
18510

=513.49

Applying eguation (4.9), Nusselts numberis ;
o Nu=0.458(513.49 + (0.704)7 =16.7
Applving equation (4.8), external convection heat transfer coefficient]s :

16.7+0.0275
- R
T q0e107

—45.9 [Wim™C]

The heat transfer coefficient that would be obrained if there are 10 rows of tubes
in the direction of the flow,because there are anly Srows this value must be multiplied

by the factor 083 as determined from (table A-10) | Relerence 7 |

o h,=423%0.83=35.11[W/m*C]
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In order to calculate the total heat trnsfer from one element (one fin and one
bare tube) the equation {4.15) is used |Reference 11]:

o Agign= DAL = =105 10784%1 072125710 [m?]
o Quigina=45.95%125.7%10° #(48.5-38) =0.0607 [W]

Q) fn can be calculated by the equation (4.16):

o Am=2(5.*Sr Age) = 20.04%0,033- T (0.01)'} =2.483%10° [m’]

Qan = 45.99%2.483%107 (48.5-38)=1.19 [W]
Tin efficiencycan be caleulated by cquation (4.18):

':G-':I‘.L L‘.I:F:.I.E}

o fe= (T) [1 +0.35 ]nJ_iﬂz_-‘ = 0.01[m]

» perimeter of the fin = 271+ 2L =2%0.2%107 420,033 =0.0664{m]
»  Areaof fin=t*L =0.27107%0,033 =6.6%10"m" |

Applying equations (4.17) und (4.19):

29 17T=0.0864 -
SRS | 202xEERIDF 3412
tanh({38.12:001)

8 el = ) B

ARIZ=0.01
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Su lhe acrual heat wansfer low through the fin is
. Q=119 %0,95= 1,130[W]
Mow the total heat transfer from the ¢lement is:

* Q= 1139+ 0.0607 =1.199 | W]

Now the number of elements nceded to perform the condenser load 1o

desuperheating process can be determined by the following equation:
Jdesuper

(4.24}
Qtotal

T1EA4

" = E:E}E.?S elements

4.3,.3.2 Mixture region

After finishing the desuperheating region, and finding the clement number, the
mixture region will be caleulated and find the number of element, so applving equation
(425}, Q i 15 determined ;

Q mix =M (Mot yap- Baar 1) (4.25)

Wheie Qmu : condenser load from mixture region [W], - mass flow rate in the

condenser, | Kg/s e : enthalpy of suurated vapor entering the (mixlure region in




condenser, [KJ fkgl. hiayiy: enthalpy of saturated liquid leaving the mixture region
incondenser [kJ /kg).

o Quu =0.0106( 417.7-260) = 1671.6| W]

The properties of air are evaluated at the film temperature Tt can caleulated by
equation (4.13), applied this equation :

o TE=E )5 1003145 K

Then from table A-9
o p=113 [kefm’]
o u=1.848 107 [kg/m.s]
« K =0.0275 [W /m.°C]
s Pr=0.704

Applying eguation {4, 10). Renaldo number is :

_ 1.13=085=0.01
» Be= e =519.75

Applyingequation (4.9), Nusselts numberis :

o Nu=0.438(519.75)""" # (0.704)'" =16.9
Applying cqualion (4.8), external convection hear transfer coelficientis

1694000275

oo =165 [WimC]

B=
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This is the heat wansler coctficient that would be obtained if there are 10 rows of
tubes in the direction of the flow .Because there are onlv Jrows (this value must be
multiplied by the fuctor 0.83 ,as detenmined from table A-13]reference 8].50:

e ho=46.5 *0.83=38.6]W/m"C]

In order to calculare the total hear transfer from one element (one fin and one
bare tube) the equation (4.15) is used [Refercnce 11]:

*  Aurigna=TFDAL =1 *107107#4*10 °=125.48*10° [m"]
¢ Quigiou= 38.6*125.48%10° %(45-38) =0.0339 [W]

€Q i can be caleulated by the equation (4.16):
o Ap=2( 8§, *Sp- Ay, ) =2[0.05%0.033- E (0.01)% =3.143*107 [m”]

o Q= 38.6%3.143%107(45-38) =0.849 [W]
Fin efficiencycan he culculaled by equation (4.18):

'::i.m. 1'.".=:'1.S)

M [.1- = [%] Il + ﬂ.HE]n—HEL = (.01]m]

e perimeter of the fin = 2FH42%L =2%0.2%| 0742#0.033 =0.0664[m]
o Arca of fin =1*L =0.2*10 *0,033 =6.6%10"[m" ]

Applying equations (4.17) and (4.19);
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= ‘J 2‘”?#1’] fifa+ 38.12

lanh(3812:001) _ o o

8 M=
It 3612001

So the actual heat transfer flow through the fin is

e Qb ser = 0.84970.95= 0.806[ W]

MNow the total heat transfer from the element is;

¢ Quom = 0806400339 =0.84 | W]

Now the number of elements needed to perform the condenser load from

mixmire region can be determined by the following equation

167140
0.04

—1988.3 elements

In=

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

o Nigm =98.75+1988.3 = 2087 clements, Number of elements in available condenser=
190*30=5700 elements.

4.3.4 Pipe Desipn and Selection

To calculate the inner diameter for the pipe the following stepscan be used:

{Reference? |



Q=m*v (4.26)

Where Q: is the flow rule [m?/s], m is the mass flow rate of refrigerant [kg/s]v
is the specific volume [mfkg] ,[table 3.1] [reference 8]:

Q=¥*A (4.27)

Where V: is the velocity of refrigerant[m/s]. [TABLE A-10] \A is the cross

sectional area [m’]
A= I'ldiz 4 (4.28)
Whera: d, is the inner diameter [m]:

e [ 42

To calculate the outer diameter for the pipe cun be as follows[Reference 10]

ﬁrﬁ—"li,;:"_' = (4.30)
Where 6y is the tangential strass [Mpa), 1% is the inner pressure |[Mpal. 1, is the

outer radius [m], r: is the inner radius [m]. G can be calculated from the lollowing

cquation:|reference 10]:

5Y =
Tn—r-'\l'ﬁt2+ Pinéit + Pin?




Where Syis the yield strength [MPal,[70 MPa for copper |, [reference 110], n is
the factor of safety, laken 8 [recommended from cooper hand bhook]. Now by using
equation (4.11) the outer radius of the pipa can be calculated:

t=rT; 4.13)

Wihere: - Lis the thickness of the pips [mm]

4.3.4.1 Suction line pipe

Inlet pipe for compressor named suction line. Last equation is used to derermine
the suction lite diameler:

Q=0.0134+0.07=938*10" |m’/s]

.5[—-—-.?. - 0.00Nag3s
S 10

.00 SHwd ' e
d= l% = 10.92%10° [m]

6 =5.46%107 [m] = 5.46 [mm]

=038% 10 [m’]

e _ . E
— = /6t" + 29286t +(2.928)

6, = 84.57 | bur|

2928 (ro* +0.00546%)

i) (ro’ —0.00546%)

Iy =5.52 [mim]
L=5.32 - 346=0.064|mm]




The inmer and ouwter dismeler in inch is :

*  tiowen = O /254 =10.92 /25,4 = 0.423 linch]
» dmmn=lhmfﬁ4=11.mmj.¢ = D435 [l.ﬂﬂil]

By referring to copper hand hook (TABLE A-11), the suitable type selected is ACR type
(Airconditioning and Refrigeration Field Servies), and according Lo pervious
calculations, the nominal or standard size (inches) for this secrion is 1/2 D which has
onter diameter 0.5 inch, and inside diameter 0.43 inch .

4.3.4.2 Discharge line pipe

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

. Q=00134*0.018 =2.45107" [m/g]
i 0.00024

* _— =

v 14

200001725 .
« &= J——E— =4.65%107 [m]

» 1 =234%107 [m] = 2.34 [mm]

=1,72*10" [

o 2 =6 + 115976t + (11.697)

L] 5; == _l"j-..g I_ bﬁf]
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The inner and outer diameter in inch is
* oo =4.68/25.4=0.184 [inch]
*  doyiren = 4.8/25.4=0.189 [inch]

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

4.3.5 Caupillary tube Design and Selection

By using the software Danfoss capillary tube selector under the [bllowing conditions the
condenser temperature 45C, the evaporator’s iemperature (0, 5, 8C°), the cooling load
(645, 626,310 W), and R143a is the refrigerant used we found that the length and the
diameter of the tube us in the weble:-

Table 4.1 Capillary tube Selection

Lm] ®[m|
Chamber #1 | 1.94 | 0.042
Chamber #2 194 | 0.042 |

21 0042

Chamber #3
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CHAPTER FIVE

ELECTRICAL DESIGN AND SELECTION

5.1 Introduction

This chapter presents the protection of refrigeration cycle. The refrigeration cvcle
is keeping food at a suitable remperature If @ motar stops ar several times due o power
failure or a single breakdown, food will be destroyed. So the electric mator must he
protected.

5.2 Types of Electrival Circuits

There are two types of electrical circuits in general. There arepower circuits and
control cirenits. Capacities for small units are usually the control and power of one:
cither for units with high capacities contralling eircuil is controlled separately from the

power circuit.| Reference7|




5.2.1 Control Cirenit

This circuit is working to influence the controls to follow up the implementation
of required control program as defined by intreducing elements operating acconding to
the requirements of control thermastal and unequivocal pressure and break convection.
Alsa working to introduce clements of the capacity as the exact timing advance . Often
control circuit is working with single phase. And potential volrages in control circnit
are less or equal in power cireuit, The energy consumed to control much less af the

energy power circuit. [Reference 7|

5.2.2 Power Circuit

Power circuit is working to opérate or slop power clements such as malors
depending on the signal of the control circuit. The potential voltage and the electric
power consurmed in the power circuil equal to or greater than what 15 used in the control

circit. The power circuit is working in one or three phases. [Reference?|

5.3 Compunents of Eleetrical 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 ¢ost is an
impolent part of total cost; repair and mainienance 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 companents which

ave used in this project to protect a refrigeration cycle. The components are:
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5.3.1 Highpressare and low pressure control

Figure (5.1)shows the a schematic diagram of a high and low pressure contral
.the devise purts located on discharge line and suction line of compressor , high
pressure shut off compressor when the pressure rises on high pressure region and

same on the low pressure region |

Figure (5.13a schematic diagram high and Low pressure control

5.3.2 Solenoid valve

Figure (5.2)shows the a schematic diagram of a solenoid valve , solenoid
valve is switch . may he narmally closes or normally opens and is selected depending

on desire funection .

This valve is operating by a thermostat caontrol, sa open and close valve
depends on room temperature, when the room temperatue reaches a set point the

valve closes.
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Figure (5.2)a schematic diagram of a solenoid valve

5.3.3 Thermostat

A thermostal is a device for regulating the temperature of a systern so that the
svstem's temperature is maintained near a desired set point temperature. The thermostat

does this by controlling the flow of heal energy inlo or oul of the system. That is, the

thermostat switches heating or cooling devices on or off as needed to maintain the
correct temperature, Figure 3.3 shows thermostat. | Reference 7]

Figure (5.5) Thermostat




5.3.4Potential relay

Paotential relay, also known as voltage relay, is vsed on single phase motors
that require large starting torque. During the olf cycle, the contacts are closed to the

start winding. This prevenls arcing and possible burning of the contacts. When the
thermostal 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 @ small amount of current w 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 ind the mator continues 1o run. [Reference 4]

5.3.5 Contactor

Figure (5.4)shows the schemaric diagram of contwctor and contactor
device,contactor is electric switch.It is similar (o relay but it used ar higher amperage.
One of the contactor components is magnet, which is used to move switch open and

close.

Motar starters are basically contactors with overload protection built in. This
overlead protection supplements the protection offered by breakers. Breakers prolect
the entire circwil, while the protection built into the stator prolecls a specific.
|Reference 4
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Figure {5.4) (a) a schematic diagram of contactor and (h) contactor device

5.3.6 Overlvad:

The most comunon cause of motor failure is overheating. The condition j& created
when a motor exceeds its normal operaling current flow. ©The result can be cither a
breakdown of the motor winding insulation and a short circnit, or a winding bum-out.
Lor this reason overload proteetion is provided in the form ol a current and temperature

sensitive control which will open the circuil before any damage can occur. [Reference 7]

5.4 Control circuit design

5.4.1 Primeiple Control eircuit

Tn page (32/34). chapter six there is control circuit plane. There arc nolcs to

explamn the control circuit work:

o A manusl switches S1. 52, and 83 must'be pressed dt the beginning Sicontrol
the miotor evaporator fan K0, S2control the motor evaporator fan K1, S3control




the motor evaporator fan K2,and S1.82 and S3  conwol the running
compressorKd,

The thermostat in the +3°C room conlrols solenoid valve SV1 in the liquid line
while the two other lhermostats in the +5°C and 0°C rooms respectively
contzolSV2 andSV3.When KOKI and K2 is closed, the evaporator fans motor
work, then solenoid valves of SV1, SV2 andSV3,

Combined high and low pressure startthe compressor moror K3,

The compressar motor is thus only indirectly controlied by the room thermostats
and is able; for example, 1o num for some time alter all the thermostats have cut
oL

If high pressure or low pressure or over load has happened the cycle will be shut
down immediatelv.

As mounitoring system for the cycle there are a lamps for the compressor lights

when it shuts down and offwhen it runs,and there are also lamps for evaporator
[anlights ifthey'rerunning |

5.4.2Principle of work

¢ Pressing the start button .the compressor works if there is no low or high
Pressire
Thermostal measures the temperature if it is higherthan 8 degrees
Celsius, und Switch S1 on, thermostat gives signal o the motor fan
(KU}o run then the fan contactor close pives signal 1o the solenoid valve
(SV1) which will open and pass the [low of the refrigerant to the first
chamber .




* The other thermostat measures the temperature if it js higherthan 5
degrees Celsius,and Switch §2 on, thermostat gives signal to the motor
fan (K1)to mn then the Lun contactor closes and the solenoid valve (8V2)
opens and passes the refrigerant 1o the second chamber |

¢ The third thermostal measurcs the temperatare i it is higher than 0
degrees Celsiusand Switch $3 om, thermostat gives signal Lo rthe
fansmotor (K2)to run then the i contactar closes and the solenoid valve
(SV2) opens and passes the relrigerant to the thirdchamber.

» I thermostatl of the thres evaporators reach the lemperature or one of the
switchestmakesoff,the solenvid valvewill close and prevent the pass of the

flow the pressure decreases and the low pressure stops the compressar,

5.5 Power Circuit

Power circuit hasfive motors thal work aceardin £ to the instructions
receivedirom the control eircuit, In page (2/34), chapter six depicts powercircuit.For
power cyele The evaporater fan runs immediately with the eom pressor.and also the

comdenser fan runs immediately with the compressor.
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CHAPTER SEVEN

RECOMMENDATIONS
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CHAPTER SEVEN

7.1 Recommendations

I'he working team has the following recommenditions:

[

For such practical preject the required equipment must be available at the first

guarler of the semester.,

Tt is an important issue 1o use more program and sofiware during the courses

and to pay attention to use them in caleulation and design.

The device has been tested and it can be used as an educational ol for the
laboratory and perfiurms many experiments,

The device can be improved in the future by other students specially in the
centrol of refrigeration system side.

It is an important issue to pey attention o the refrigerant development.

The sugpested project has uselul applications and the procedures will be

uselul for students.
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APPENDEX A

TARBLE A-1  Maximum and minimum temperature for Hehron City
I'ABLE A-2  ‘Thermal Conductivity of Materials
TABLE A-3 Propertics of common foads
TABLE a4 Air change per hour
TJABLE A-5 Specific heat of packaging material
TABLE A-6 Cyele specification (Cool pack)
TABLE A-7 Cycle apalysis (Cool pack)
TABLE A-8 RS 3 Selection Repord
TABLE A-9 Recommended Refriperant Velocities
TABLE A-10 Dimensions and Physieal Characleristics of Copper Tube ACR
{Air-Conditioning and Refrigeration Ficlds Service).
TABLE A-11 Modified comelation of grimson for heat transfer in tube banke
TABLE A-12 Properties of air at atmespheric pressure
FABLE A-13 Ratio of N rows deep to that for 10rows deen
TABLE A-14 Desired cooling time
TABLE A-13 The light cooling factor (CLF)y,

TABLE A-16 Electrical mutor heat gain according to their rated vulput power
FABLE A-17 Respiration rate




TABLE A-1 Maximum and minimum temperature for Hebron city ™

Month Max. Temp. Min. Temp.




TABLE A-2 Thermal Conductivity of Marerials

Marerial Description Thermal Thermal
Conductivity:  Conductance
(k) ()
WmK WK
Masonry Brick, common QT7Z
Brick, face 1.50
Concrate, mortar or plaster 0.72
Concrete; sand agpregate B73
Concrete block
Sand agpregste 100 mm 785
o Sand eggregate 20U mm F1
i Sand aggregate 300 mm .43
Womls
Maple, cak, similar hard woods i 1
Fr, pine, similar sofwoods D12
Plywaod 13 mm 9.09
Plywnond 1.0mm e
Roofinr Asphalt roll roofing 36.91
Built-up roofing 9 mm 1703
Tosulating Blanket or batt, mineral or glass fiber 0.03%9
materials Board or slab
Celluler glass 0.058
Corkboard 0,043
Glass fGber 0056
Expanded polystyrene (smooth} 0,028
Expanded polystyrene (cut cell) 0.036
Expanded polyurethane o025
Loose fill
Milled paper or wood pulp 0,030
Sawdust or shavings 0.065
Mineral wool (rock, glass, slag) 0.p3e
(Glass Single pane 642
Two pane 261
Three pene 1.65
Tour pane .19
Metal Stainless sieel 18
Alumingnm 0
Ciroiaa slk
Cial yanized steel 20
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TABLE A-3 Properties of common toods and substances

Specific ITeat Capacity above Freezing Specific Heat Capacity below

Food Ireezing
(Bu/b’r)  (KIkg'C)  (Kealkg’C) (Bw/Ib°F) (KIke"C) (Kealkp'C)

Apples 0.87 3.64 087 0.42 1,706 0.42
. Apricots. fresh (.88 1.68 0.88 0.43 1.8 043
Avocados 0.72 101 0.72 0.37 1.55 0.37
Bananas (1 335 8 4 1.67 0.4
Beef. carcass 0.68 2.85 0.68 0.18 2.01 0.48
Beef, flank (.36 234 Q.50 .32 1.34 032
Reef, round 0.74 3.1 0.74 .38 1.59 .38
Meat 0.76 3.14 (.76 (.39 1.6 0.39
Chicken, hens 0.65 272 0.65 (.44 |.B4 44
C”:Eg“nt;i;:m 0.68 2.85 0.68 0.45 .88 (.45
Cucumber 0.98 4.1 0.95 0.45 1.88 0.45
Lemons 0.1 3.81 0.91 .44 1.84 044
Leman juice 0.52 385 0.92 0.44 | .74 .44

ho [W/m™.C] ' 22.7[Wim™. C| ‘ @38C & 1 atm

b, [WinE T 937 Wi, C] ‘ @38C & 1 aum |
|




TABLE A-4 Air change par hour

Kind of room or building : Air Change
| | tumes/lir]
Room with no windows or exterior door 0.5

Room with windows or exterior door on one sideonly | 1.0

Room with windows or exterior door on two sideonly | 1.3

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

- Entrance halls 2.0
Facreries, machine shops 1.0-1.5
Recreation room, assembly rooms, gymnasinm 1.5
Home, apartment, offices 1.0-2.0
Class ronms, dining room, Icunges, toilcls, hospital 1.0-2.0
room, kitchen, laundries, ballrooms, bathrooms
Stores, public buildings 2.0-3.0 B
Toilets, auditorium . 1.0

TABLE A-5 Specific heat of packaging material

Packaging Materizl Specilic Heal [k1/kg."C]
Wood 23

Stainless steel 035

carton 0,34

Plastic 1.6

Aluminum 0.85
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TABLE A-6 Cycle specification (Cool pack)

Tile: Jihcooloacikleesssrledslepani 1. exe (3]
R Yer.

TZABNSTOL0 A0 TALE0 BT Pase 1

LE SPECIFICATION

TURE LEVELS
s

F CVARCRAT O

Te i 00|
Te ["0]:480)

LB
——m

P |

Tieg | DLEED[] Wap: 0.4 fkwg

i ko b 1] {10} fg 100 (%) Tpi 85800

T — -

Sgge + 0 [rw]

A 711 0M T 1070

.:.T_,;“'_w.a L]
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TABLE A-7 Cycle unalysis (Cool pack)

rile: Ji;tﬁﬂlpitkltﬂ:dunjtqg:5Hp$ct'1 mrxw (23

IS8 010 1012751 am

Fage
EES Thr. T.280: F955
1. [CYCLE ANALYSIS - ONE-STAGE GYOLE [
CoolPack :-Funnnec_lElr'.l'l-F'ilRATﬂﬂ-
= 7 1Loc|pmm=ﬁ T3
&
W2
o s .
i T 458 E] B 200EM ; @
Tyt ELETC)
Wien ! Bd i8NG
howst 1281 i
gy + DO [hgia] R
L awvsow seesrg

@x‘onm 3 0.0 [raing @

Taz 0]

{E) Fyeammey

REFRICERANT Rikia COP 1350

:ur-:s;;r|

naapnarl BES
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TABLE A-B R5+3 Selection Report

2@, i

R5+3 Selection Report

Dec 28, 2010 11:09:14 AM

Gieneral data

Type SC12/12G

Code no. HO4GE2E0

Compressor design Universal Twin Compressor
Refrizerant Ri3da//

Nominal voltage (30 Hz) 220 240

Number of phases 1

Maximum refrigerant charge 2.20

Free gas volume 3,020

01l guantity 1,120

Oil type POE

Approvals EN60335-2-34

Operating Conditions

Evaporating temp. (dew) 0.0 °C
Condensing temp. (dew) 45.0°C
Evap superheat: 50K
Total superhear: w1 6 et
Subcooling: 0.0 °C
Refriperant: Rl134a
Maings Vaoltage: 220-240, 1ph.
Cocling Capacity 1,740 W

'I‘h...._l.'...;. 'I'.._..:_.:.. qu “F
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Tahle A-9 Recommended Refrigerant Velocitias

Line Refrigerant Recommended Velocily
(ms)
Suction R12 R22 8-12
RA04A R410A
Discharge Ri12 R22 10-18
RA04A R410A

Table A-10 Dimensiens and Physical Characteristics of Copper Tube ACR (Air -

Conditioning and Refmigeration Fields Service).

Tl Nammal Dmensioiacnehes | |0 o Ceciend Vales [bass
2 _'.jfi RO e i P Lo pre e R WS o o B 5 T
:_Esr.‘ o3 me | o5
250 a0 030 ) ozed
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TABLE A 11 mudlﬂ-:.d c{:rrr-:lntmn of gru'nmn Fnr hcﬂt transf:r IIl tnl:»:: bmﬂ{s

2 '.-:-! wdﬁ%!"}“’ 3:5:-5*:"
e

T L

TABLE A-12 Propertics of air at &tmospﬁmc prﬂmlra
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TABLE A-13 Ratic ot N rows deep o Ihal for 10rows deep

N 0 2 F TS 6 |7 eS| o

" Ratio for staggered | 068 0.75 [ 0,83 [ 0.80 [ 0,921 0.9

Lin

a7 098 10991 1.0
thex

Ralio forin-line 064 08 |0%7] 02 [092|0094 096 0.98[0nga|1.0
tubes

TABLE A-14 Desired cooling time
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