Palestine Polytechnic University

College of Engineering & Technology

M echanical Engineering Department

Design Building And Operating Of Simple Vapor Compression Refrigeration
System For Laboratory Demonstration

Produced by

Mohammad Taha Abu Srour

Supervisor:

Dr. IshagSider

Hebron — Palestine

Dec, 2015



Project Name

Design Building And Operating Of Simple Vapor Compression
Refrigeration System For Laboratory Demonstration

Produced by

Mohammad Taha Abu Srour

1sas g sl Jo il Cajplall Aaliay il dl 5 L ol 53S0l 5 duigll 4IS Gl
0o 50 IS Aa o iy el Glly g ¢ 4SSl dunig) 3 300 ) g 5 il 13 o




Dedication

To our Families .................... For their support
To our Teachers ................. For help us until the end
Toourfriends ................... Who give us Positive sentiment

To oppressed people throughout the world and their struggle for social justice and
egalitarianism

To our great Palestine

To our supervisor Dr. Ishaq Sider

To all who made this work possible

Mohammad Taha Abu Srour



ACKNOWLEDGEMENT

We would like to express our gratitude for everyone who helps us during the
graduation project , starting with endless thanks for our supervisor Dr.Ishaq Sider who
didn’'t keep any effort in encouraging us to do a great job , providing our team with
valuable information and advices to be better each time . Thanks for the continuous
support and kind communication which great effect regarding to feel interesting about

what we are working on .

Thanks are extended to the " Air conditioning and Refrigeration society " for the
beneficial lecture provided , many thanks for Eng.KazemOsaily , Eng. Mohammad
Awad , and Eng.Rafat Nasser Al-DeenWho helped us in useful lectures, which
support our work . Also our thanks are extended to all instructors and engineers who

helped us during the first stages of our graduation project .

Finally , our ultimate thanks go to great edifice of science ( Palestine Polytechnic
University ) for their endless support and their huge effort in providing us with all

what we need to build this project .



ABSTRACT

Design building and operating of simple vapor compression refrigeration
system for laboratory demonstration .

In this project we will design and build an educational device which works on
the principles of the simple refrigeration cycle so as simplified the understanding

through learning the refrigeration subject .

This device will check refrigerant case, itstemperature , pressure in each stage
in the cycle ,and sense the factor affecting the behavior of refrigerant ,the device
which we are looking to build is related the theoretical learning and experimentally on
the refrigeration cycle .
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1.1

CHAPTER ONE

INTRODUCTION

I ntroduction

This kit is specifically designed for educational aims and it includes all the components

of the hydraulic of a beverage cooler . it enables students to deal with the issues concerning the

assembling of the hydraulic circuit , the connection of electric components , besides the

calibration of the controller for an optimum operation of the system . the kit also includes the

pipes that can be used together with the standard tools for refrigerator technicians to assemble

the hydraulic circuit . this kit can easily be disassembled for a repeateduse.

1.2

Objectives

The project objective are:

1.3.

1)
2)
3)
4)
5)

The building and designs of educational models help students to understand the basic of
simple refrigeration cycle .

Applied the theoretical education for design and building device .

Enrich the refrigeration lab by the devices to interest education .

simplify the student’s learning process by integrating concrete elements into the theory
learned in the classroom and textbooks.

simplify the teacher’s work by demonstrating how the theory of the topic studied is

applied in practice.

Scope

Select one of the devices that are present in the catalogue .

Select and design the appropriate loading to achieve the objective of the work device .
Calculate the cooling loading .

Select the components of project.

Search for the components .



6) Make complete drawing design .

7) Buy the components and begin building thedevice.

8) Make tests one the device and read the measurement .

9) Attach instruction sheet on the device to illustrate how to use.

14. TimePlan

Table 1.1: Timetable for the second semester time (week)

Task\week

Project
selection
And
proposal

Information
Gathering

10

11

12

13

14

15

16

Writing
introduction

Cooling load
Calculation

Selection
the cycle
components

Table 1.2: Timetable for the first semester time (week)

Activity 1123

[N

-

-

[N

[N

Drawing

Search for the
components

Build The Project

The Results of
Project




1.5. The Budget Of The Project

Table (1.3):The budget of the project:

Component name Price (NIS)
1 Compr essor 300
2 Condenser 200
3 Evaporator 250
4 Connecting pipes 250
5 2-Pressure Gauges 100
6 Frame 700
7 Refrigerant 200
8 Control Equipment's 800

(Thermostat

Filter

Sight glass

Capillary tube

Switches

Wires

Valves)

Total price 2800 (NIS)




CHAPTER 2

Cycle components and mar ket review

2.1. Name of companies

2.2.Simplerefrigeration cycle

2.3.Components of assembly kit of beverage cooler



CHAPTER TWO

Cycle components and mar ket review

In this chapter we will review the name of some companies which designs and
manufactures the educationaldevice in the field of technical refrigeration also we will review
some models that we make and design , we chose one of these of these models and we will make

design and implementation in practice.

2.1 Name of companies:

2.1.1Elettronica venta:
Itis an Italian company recognised as a world leader in technical training equipment.

These are some of the technical equipment produced by this company[Referencell] .

Figure 2.1:Assembly kit of beverage cooler



Figure 2.2:Preassembled kit for refrigeration and air conditioning

2.1.2Edibonfor technical teaching equipment :

The American company experienced provider of design to manufacturing solutions and

teaching labs to educators and students for over 25 years based in concord.[Referencel0]



These are some of the technical equipment produced by this company.
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Figure 2.4:Refrigeration unit with refrigeration and freezing chamber



Figure 2.6:0One condenser (water)and one evaporator



Figure 2.7:0ne condenser (water)and one evaporator(water)

The device will design and build like to the device in Figure 2.1(assembly kit of beverage cooler)

that we will design and build .

10



2.2.Simplerefrigeration cycle

Simple refrigeration cycle is a simple vapor compression refrigeration system , in which
suitable working substance termed as refrigerant . It condenses and evaporates at a temperature
and pressure close to atmospheric condition . It can be used ordinary application of refrigeration
and it gives a high coefficient of performance , but the single stage refrigeration cycle is limited
in the lower evaporation temperature and the lower vapor pressure in the evaporator , and the
compressor sucks less refrigerant per stroke so it has a lower volumetric efficiency . This
problem caused reducing capacity to the point where load and capacity are in balance
[Referencel] .

2 phase @, Evaporator

T Y

Fig.2.8:Simple vapor compression refrigeration system .
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Sometimes the vapor refrigerant is required to be delivered at a very high pressure as in the
case of low temperature refrigeration systems , in such cases the vapor refrigerant must be
compressed by employing two or more compressors placed in series . The compression carried

Fig.2.9: T-S diagram .

by this case is called multistage compression .

2.3.Components of ssimplerefrigeration cycle

There are several mechanical components required in simple refrigeration cycle system . This

part of project discuss the four major components of the system and some auxiliary equipment’s

working with these major components [reference 5].

The major components of the simple refrigeration cycle are as follows :

= Compressor .
= Condenser .

= Evaporator .

= Thermostatic expansion valve.

12




2.3.1. Compressor

In refrigeration cycle , the compressor has two main functions within the refrigeration cycle. One
of this function is to pump the refrigerant vapor from the evaporator so that the desired
temperature and pressure can be maintained in the evaporator . The second function is to
increase the pressure of refrigerant vapor through the process of compression, and
simultaneously increase the temperature of the refrigerant vapor . By this change in pressure the
superheated refrigerant flows through the system. Refrigerant compressors, which are knows as
the heart of the refrigeration system, can be divided into three main categories : [reference 5]

= Hermetic compressor

= Simihermetic compressor

= Open compressor

In this project we will use hermetic compressor .

Her metic Compr essor

These compressors, are available for small capacities, motor and drive are sealed in compact
welded housing. The refrigerant and lubricating oil are contained in this housing. Almost all
small motor-compressor pairs used in domestic refrigerator, freezers, and air conditioners are of
the hermetic type . Their revolutions per minute are either 1450 or 2800 rpm . Hermetic
compressors can work for a long time in small capacity refrigeration system without any
maintenance requirement and without any gas leakage , but they are sensitive to electric voltage
fluctuations, which may make the copper coils of the motor burn . The cost of these compressors

is very low [reference 5].

connecirsg rod
r crankshai

Figure 2.10: Hermetic Compressor
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Expectations From The refrigerant compressors are expected to meet the following requirements

high reliability, long service life, easy maintenance, quiet operation, compactness, and low cost .

2.3.2 Condensers

A condenser is a major system component of refrigeration system. It also an indirect contact
heat exchanger in which the total heat rejected from the refrigerant is removed by cooling
medium, usually air or water. As a result, the gaseous refrigerant is cooled and condensed to
liquid at the condensing pressure [reference 2].

Air cooled condensers

The air cooled condensers find application in domestic, commercial, and industrial refrigerating,
chilling, freezing, and air conditioning systems, the centrifugal fan are used in the condenser
particularly for heat recovery and auxiliary ventilation applications. In fact, they employ outside
air as cooling medium [reference 6].

Fans draw air past the refrigerant coil and the latent heat of the refrigerant is removed as

sensible heat by the air stream[reference 6].

1M

High Pressure |
Baffles Yapour From
‘ Compressor

[ QUT

| High Pressure
| Llguid to Fileer
| Drier

Figure 2.11: Air Cooled Condenser

2.3.3 Evaporator
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Evaporator is an important device used in the low pressure side of a refrigeration system . The
liquid refrigerant from the expansion valve enters into the evaporator where it boils and changes
into vapor . The function of an evaporator is to absorb heat from the surrounding location or
medium which is to be cooled, by means of refrigerant . The temperature of the boiling
refrigerant in the evaporator must always be less than the temperature of the surrounding

medium so that the heat flows to the refrigerant [reference 6] .

Warm Air

aluminum

St
Cog o o, fin

in the coil, heat is transferred
through aluminum fins

LSS

f

attachod o coppar Wuking
that carries the refrigerant

the fins are close logether for
‘”racuﬂ mesimum afficiency butthis
n also mekes it easy o clog the
cofl with dust and dirt

Figure 2.12: Evaporator

Bare Tube Coil Evaporator

The simplest type of evaporator is the bare tube coil evaporator, as shown in figure 3.3.
The bare tube coil evaporator are also known as prime surface evaporators. Because of its simple
construction, the bare tube coil is easy to clean and defrost. A little consideration will show that
this type of evaporator, offers relatively little surface contact area as compared to other types of

coils. The amount of surface area may be increased by simply extending the length of the tube,

15



but there are disadvantages of excessive tube length. The effective length of the tube is limited
by the capacity of expansion valve. If the tube is too long for the valve’s capacity, the liquid
refrigerant will tend to completely vaporize early in its progress through the tube, thus leading to
excessive superheating at the outlet. The long tubes will also cause considerably greater pressure

drop between the inlet and outlet of the evaporator . This results in reduced suction line pressure.

The diameter of the tube in relation to tube length may also be critical. If the tube
diameter is too large, the refrigerant velocity will be too low and the volume of refrigerant will
be too great in relation to the surface area of the tube to allow complete vaporization. This, in
turn, may allow liquid refrigerant to enter the suction line with possible damage to the
compressor (slugging). One the other hand, if the diameter is too small, the pressure drop due to
friction may be too high and will reduce the system efficiency. The bare tube coil evaporators

may be used for any type refrigeration requirement [reference 6].

DIKECT EXPANSION EVAPORATOR
| SINGLE CIRCLUT
.u‘:.:ﬁl
F::FII:IFH: ’I-:.:-'.nl:: K

| C— SUPERHEATED VAR

COMPREEEON
eyl PLRE LIOUD

Figure 2.13: Bare Tube Coil Evaporator

2.3.4 Throttling Devices

In practice, throttling devices, called either expansion valves or throttling valves, are used to
reduce the refrigerant condensing pressure (high pressure) to the evaporating pressure (low
pressure) by a throttling operation and regulate the liquid refrigerant flow to the evaporator to

match the equipment and load characteristics. These devices are designed to proportion the rate

16



at which the refrigerant enters the cooling coil to the rate of evaporation of the liquid refrigerant
in the coil , the amount depends — of course — on the amount of heat being removed from the

refrigerated space [reference 6] .

The most common throttling devices are as follows :
= Thermostatic expansion valves .
= Constant pressure expansion valves .
= Float valves .

= Capillary tubes .

Note that a practical refrigeration system may consist of large range of mechanical and
electronic expansion valves and other flow control devices for small and large scale refrigeration
system, comprising thermostatic expansion valves, solenoid valves and thermostats, modulating
pressure regulators, filter driers, liquid indicators, non-return valves and water valves, and

furthermore, decentralized electronic systems for full regulation and control.

Capillary Tubes

The capillary tube is the simplest type of refrigerant flow control device and its shown is figure
2.14 and may be used in place of an expansion valve. The capillary tubes are small diameter
tubes through which the refrigerant flows into the evaporator. These devices, reduce the
condensing pressure to the evaporating pressure in a copper tube of small internal diameter (0.4
— 3 mm diameter and 1.5 — 5 m length ), maintaining a constant evaporating pressure
independently of the refrigeration load change. A capillary tube may also be constructed as a part

of a heat exchanger, particularly in household refrigerators .

With capillary tubes, the length of the tube is adjusted to match the compressor capacity.
Other consideration in determining capillary tube size include condenser efficiency and

evaporator size. Capillary tubes are most effective when used in small capacity systems .

17



Figure 2.14:Capillary Tube

2.3.5. Auxiliary Component

The auxiliary components are very important in the refrigeration system, their working
together with main components allowing system works very well, and we will discuss some

auxiliaries in the following sections.

2.35.aFilterDrier

Filter-driers are used to protect the compressor from contamination, particularly
moistureleft in the system at the time of installation and keeps the system free of impurities

duringoperation, such as motor burn byproducts[reference 6].

Figure 2.15:FilterDrier

18



2.3.5.b Sight Glass

The Sight Glass was designed to provide an accurate method of determining the moisture
content of a system’s refrigerant , Unique 3% high accuracy moisture indicator , Refrigerant

level indicator[reference 6].

Figure 2.16:Sight Glass

2.3.5.cThermostat
+

A thermostat is a component of a control system which senses the temperature of a system so
that the system’s temperature is maintained near a desired set point. The thermostat does this by
switching heating or cooling devices on or off, or regulating the flow of a heat transfer fluid as
needed, to maintain the correct temperature. The name is derived from the Greek words thermos

"hot™ and status "a standing".
Thermostat used in refrigeration system to senses the evaporating temperature. If this

temperature reach the required temperature, the thermostat shut off the compressor, and when

this temperature increase again it turn on the compressor [reference 1].

19



Figure 2.17: Thermostat
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CHAPTER 3

COOLING LOAD

3.1 Introduction

3.2 load sources

3.3 Total cooling load
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CHAPTER THREE

COOLING LOAD

3.1 Introduction

The total heat required to be removed from refrigerated space in order to bring it at the
desired temperature and maintain it by the refrigeration equipment is known as cooling load .
The purpose of a 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 satisfactory inside conditions . [ reference 2 ].

3.2 load sour ces

The cooling load seldom results from any one single source of heat .Rather , it is the
summation of the heat which usually evolves from several different sources . some of the more

common sources of heat that impose the load on refrigerating equipment are : [ Reference 3 ].
1) The wall heat gain .
2) Defrosts heater heat gain.
3) Fan motor heat gain.

Overview about the Chamber :

Storage temperature is =5 °C .

Surrounding Temperature is 35 “C .

Chamber Dimensions (0.6, 0.5, 0.3) meter .

Length = 0.6 mWidth = 0.5 mHigh=0.3m

Chamber size = 0.6 * 0.5* 0.3 = 0.09m?= 90 liter .

22



3.2.1 Thewall heat gain

The wall heat gain load , sometimes called the leakage load , is a measure of the heat flow

rate by conduction through the walls of the 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 to the inside whenever the inside temperature is below than the outside . the wall gain

load is common to all refrigeration application and is ordinary a considerable part of the total

cooling load , commercial storage coolers and residential air conditioning applications are both

examples of applications where in the wall gain load often accounts for the greater portion of the

total load . [ reference 3 ].

Qwu!! = U*A*AT
Where :-

A : Outside Surface Area of The Wall [ m?] .
U : the overall heat transfer coefficient [ W 5C = mg] :

AT: the temperature differences across the walls [ "C ] .

AT = Tr.lt.:t = Tr'rz
Where :

Tin:-5°C
Tout: 35 UC

Overall heat transfer coefficient is computed by the following :

— 1

EE'l"EI'l"EE'l" : “l'EE

Where :

Ax : the thickness of the layer of the wall [m] .

k : the thermal conductivity of the material [W m.°c 1-

23
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h,: the convection heat transfer coefficient of inside air [ W aC sz] :

Forced convection by using fan (30 -100), taken 50[ w °C m?2 ].
h,, : the convection heat transfer coefficient of outside air [ W aC sz] .

Free convection inside the room ( 5- 20 ) , taken 10 [ W o sz] .

All walls are constructed of three layers as shown in Figure 3.1 .

—

————

-+

-
-

|- —

-

. = )

}— — 4

-

S

-

-

-

S—

-

\\\\}

Figure 3.1: Chamber wall layer

1) Galvanizedsteel 0.1[cm] ,k = 15.60[W m.ec 1 - From Table A-1.
2) polyethylene 5[ cm ] k= O.OSG[W m.ec 1 - From Table A-1.
3) Galvanizedsteel 0.1[cm],k = 15.60[W m.ec 1 - From Table A-1.

— 1
UwuH_ EI{]Z 51 - 0.662 [

ncl?ﬂE ] .
ED 5.6 USﬁ '.lﬂ



- - - g -
k

Figure 3.2: Chamber door layer

1) Glasssinglelayer 1[cm] ,k = 6.42[W m.°c ] - FromTable A-1.

Uc oor — - T = 8.226 W 0 '
foor = UL L e me]

Qrioor & ooy = 0.662 * (0.6 *05 ) *(35--5)=7944 W .
iwe siges =0.662 * (0.5 *0.3 )* (35--5)=3.972W.

() pening = 0.662 *( 0.6 *0.3)* ( 35--5)=4766 W..
Qrrome =8.226*( 06 *03)* (35--5)=59.227TW.

Q:.:H walls = 2% (Qf lor & riner [ * Qﬁ'ln‘..[l:’.\' ) + Q.I":"rmt + Qhr*hr.lu! '

Quit watts = 2 * (7.944 + 3.972) + 59.227 + 4.766 =87.825 [ W ].

3.2.2 Defrosts heater heat gain

The process of removing frost from the evaporator and around the door is called defrosting .

3.2.2.a Defrosts heater heat gain of the evaporator

If the surface temperature of the evaporator coil is ( 0 °C ) and lower , frost accumulates on the
coil surface . Because frost impedes air passage and reduces the rate of heat transfer of the coil ,
it must be removed periodically . An electric heating element is used as a simple and effective

way to defrost the coil . [ reference 1] .

25



Queprosts =@ P 00 (3.3)
Where :

P : Power of heater , taken 500 [ W ]
¢  heater usage factor (0.1-0.5), taken 0.2

Qt{u,r'rm‘r.\ =p=* p = 0.2*500 =100 [W]

3.2.3 Fan motor heat gain

The evaporator fan motor release a heat , this heat relatively equal the power of the motor :

(' norar = power of motor =25 [ W ]

3.3 Total cooling load

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

Qr = Quan + Querrost T Qrmator - oeeeeeeeieeieiii (3.4)
) =87.825+100+25

Qr =212.825 [W]

Add 20 % as safety of factor .

Total cooling 10ad = (0 * 1.2 ..o e e (3.5)
Total cooling load = 212.825 * 1.2 = 255.39 [W]

26



CHAPTER 4
CYCLE ANALYSIS

4.1 Refrigerant Selection

4.2 Cycle Analysis

4.4 Calculation for cycleusing R-134a

4.5 Calculation of the coefficient of performance (COP)
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CHAPTER FOUR

CYCLE ANALYSIS

4.1 Refrigerant selection

In the selection of an appropriate refrigerant for use in a refrigeration or heat pump system,
there are many criteria to be considered . Briefly, the refrigerant are expected to meet the

following condition .

Low boiling point .

High critical temperature .

High latent heat of vaporization .

Low specific volume of vapor .

Non corrosive to metal .

Nonflammable and non-explosive .

Nontoxic.

Low cost.

Easy to liquefy at moderate pressure and temperature .
Easy of locating leaks by suitable indicator .

Mixes well with oil .

To select refrigerants successfully we must consider the above properties . We made a
comparison between various refrigerants and found that , the best refrigerants could be used is
R-134a. In addition to above properties in selection process of R-134a we have to determine the
compressor type that works perfectly with R-134a, and it has to be cheap and available . The
pressure inside cycle must be a little greater than atmospheric pressure . If the atmospheric
pressure became greater than inside cycle pressure will destroy the cycle, so we select R-134a .
Refrigerant 134a has low temperature at 0.5 atm. , so R134a is suitable for our system[reference
1].

28



4.2 Cycle Analysis

Ambient
Condes
outsideainyin "

Figure 4.1: Simple Refrigeration Cycle

4.3Calculation For cycle Using R-134a

Figure 4.2 Shows P-h chart for R-134a [reference 7] .

1 = —2¢
- {hli—h.4jllllllIllIlllllIllIlllllIllIlllllIllIlllllIllllllllIllllllllIlllllIllIlllllIIIIIIIIIIIIIIIIIIII

where :

m : mass flow rate [kg/s]

29



Qe : Heat transfer rate in evaporator ( cooling effect ) [W]
e : Refrigeration effect [kJ/kg]

h; : Enthalpy at point before compressor [kJ/kg]

h4 : Enthalpy at point before evaporator [kJ/kg]

_ 0.255
394.284- 256160

= 0.00184 [Kg/s]

Qo= X (M2 =118 ) et (B)

h, : Enthalpy at point after compressor [kJ/kg]
hs : Enthalpy at point after condenser [kJ/kg]

Q. : Heat transfer rate in condenser ( condenser load ) [W]

Q: =0.00184 x (423.835 —256.160 )
Qc = 0.3085 [KW] = 308.82[W]

WL X (N2 = N1 ot e e e (4.5)
W, : Compressor Work [W]

W, = 0.00184 x (423.835-394.284)
W, = 0.05437[KW] = 54.37 [W]

In horse Power = 142.7/746 = 0.0728 HP

30



M & mo o oo B oW & 0 MmN m W o o® 0o & oW W

ﬂ__”ﬂ.n
.m..ﬁ .n—.___ﬂu

Figure 4.2: P-h chart for R-134a
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Figure 4.3:properties of cycle

4.4 Calculation Of Coefficient Of Performance (COP)

W, = 54.37 [W]
Wi
COP = “H“ = 4.69

4.5 Compressor Calculation And Selection

Walues at pointz 1-6.15 for the selected one stage cycle
Foirt T F ) h 3
["C] [bar] [m™3/kg] [k ka] [k Alkg K]

1 5.000 2434 0082302 294 284 1.72419

2 aa802 10164 0.020555 423835  |1.7249

3 44 802 10164 0020555 423835 1.7249

4 40.000 10164 M A2 25E.1E0 M A

5 M 2434 M A2 256160 M

= 5.000 2.434 0032239 394,284 1.7249

15 At 10164 M 256160 M A

To determine the volumetric efficiency for the compressor can be used the equation (4.7) .

01V 1 e 1

where ;

nv : volumetric efficiency .

Nc : volumetric efficiency due to clearance volume in compressor .

Nh : volumetric efficiency due to heating occurs in compressor .



The volumetric efficiency due the clearance volume in compressor calculated by equation (4.8) ,

[ reference 8 ]
Ne=1-C LT 1]t (A8)

where :

c : clearance volume ( ratio between volumetric clearance and volume of cylinder of the

compressor , ¢ = 0.04 for low pressure , ¢ = 0.02 for high pressure, [ reference 9 ]
n : exponential coefficient of expansion for refrigerant , n = 1, [reference 4]
PH : High pressure of the cycle .

PL : Low pressure of the cycle .

10,1 64,

Ne=1-0.02 ( m)l’1 -1]1=93%

The volumetric efficiency due to the heating in compressor is get from equation (4.9),

[reference 3]

_ Tevap.
T,

Nh
where :
Tevap. - €vVaporator temperature [°K ]

Teond. : condenser temperature [°K]

_258_8560/
Mh=373 = 207

nv=93% * 85.6% = 79.6%

The theoretical volume flow rate (V) of the compressor can be calculated in equation(4.10),
[reference 8]
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Where :

Vineo - theoretical volume flow rate of the compressor [m*/s]
ri . mass flow rate of refrigerant [Kg/s]

v : specific volume at the inlet of compressor [m*/s].

Vinen = 0.00184* 0.082302 = 1.514 * 10™* [m¥/s]

To determine the actual volume flow rate , using equation (4.),[reference 3]

: v
W iie S e e e e ee et att e e et e e aeteeae e araan (4.11)

nwv

Where :

V..., : actual volumetric flow rate [m®/s]

0.0001514

— - * -4 3
Vi = 0552 =1.9*10" [m°/s]

The main consider to select the compressor is the actual volumetric flow rate , so we will chose a

compressor that satisfy it in the next semester .
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CHAPTER 5

Drawing
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Appendix A

TABLE A-1 Thermal Conductivity Of Materials

TABLE A-2  Maximum And Minimum Temperature For Hebron City
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TABLE A-1 Thermal Conductivity Of Materials

Thermal Thermal

Material Dieseription
Conductivity ~Conductance
(k) (C)
WimK Wim' K
Masonry Brick, common 0,72
Brick, face 1.30
Concrete, mortar or plaster 0.72
Concrete, sand aggregate .73
Concrete block
Sand agpregzte 100 mm 1.95
sand agpregate 200 mm 311
Sand aggregete 300 mm 443
Woods
Maple, oak, similar hurdwuods (VT
Fir, pine, similar softwoods 12
Plywood 13 mm .09
Plywood 1.9mm 6.08
Roofing Asphalt roll roofing 3691
Built-up roofing 9 mm 17.03
Insulating Blanket or batt, mineral or Polythane 0039
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 D.0635
Mineral wool (rock, glass, slag) 0.039
Redwood bark 0,037
Wood fiber (soft woods) 0.043
Cilasa Single pane .42
Two pane 2.61
Three panc 1.65
Four pane 1.19
Meal Galvanized steel 15.6
Alurinum 202
cooper 386
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TABLE A-2 Maximum And Minimum Temperature For Hebron City

Month Max, Temp. Min. Temp.
e c®
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 0.9
Dec 12 5.6
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CAr TueNG/DRIERS 5—;

BC Series BulLeT* ResTrICTO CAPTUBING

Fis ANY domesliz and commersial refrigerstor or room ar condiboner fom 1/8
HF b HF

FeaTures

= Precisior Bore, Plus o Minus .00

= The B llied Restrictn Cap s consnlidatent inde 2 ve-rek replasemeant kis s
gueranteed 10 provice vou wilth unfformity on all zpalications.

= The fve “Restrizts Cap® sizes cover hundreds of applications (see chart belaw).

BART MO, SITFE LENGTH
BCI 610D x 031 LC. 10 FT. COil_
, e 383 0.0 » 040 LE. 12 TT. CCIL
Ovr 3ol Copaen Capilay Tubing is B3 E300 % 08210, 12 FT. CCIL
precison slug drawr wilh the BCa A25 00 ¥ DE4 LD 12 FT. GOl
inter-al clamete held to & tlsence BCE 71 0Dex.0281.0. 10 FT. CEIL
ol +1- .01 It has bean troqoLghly BCA-103 081 0Dy x.;31 1.0 100 FT. COIL
; BCE-100 9d D Dux.Lan D 100 FT. GOIL
Ay ek ekl AL BCE-100 093 0.0.x.3521.D. 100 FT. GOIL
pashaged aca101 |VEWS 120 x tes 1D 100 7. GOIL
ROS-107 DTNy CARID AN ET Gl
b A Five pack reolacemant kit

Rererence chart For Buller® "Restricte” Carilary Tusing For ALL RerriceranTs M Low,
Menium aun HizH AppLicanons

MOTE: Thiz chart is averace measursments lor avarage sonditions. and may hove ta be “ire tuned” for cxact ~eclsce
mem - Thesa chads are for Fan Dooled urits anly. Adid 105 e the langth ot e cap hihing Far Static Conlad Lnits

SINGLE FEED
REF 1 LOW MEE IEH Fer He W MED fel
CRELL LAY 148 48 Mirss E&s i Es B4DZEEADIE 16 WP M Es e Bras
1 Mt aeEl rEt FADMM/RADTC  LEHE #2300 #3 s Ed
15 4 oAl S 2 E FADBARSDZ 1.5 HP LT S S T
14 L M S 154 HE S By TR
1A F WS el el 1% HP ¥ W O S
12 % LA o SR U SO T 3 1% Hp Mo#h Bl #1 pS
34 50 #3 Gpsd Trwd 1 HF T S VTR R
1He W oS3 BHEA B4 #d 1 HP ol llre: T
ABE w #4 frEd 4T Ed AR MR T =4 B
2HP 5 #4 srEd irEd zHP MOEd ST oEd el
F1343 7 AADIA 1 IMTEE 0N BES BANZREANTE 18 HP W L T S T
BAOIBF40GA 100 F M3 WEeT I #1 FAOTERSDT O HF M5  1F=1 10FE
BAOGAMSOD 15 E o2l a0 Al terEd L HE a0 R R TR VTR
14 §-#1 W w2 th 2 WHE a7 # 1 M # b #l
1A (T S TR S T 1.8 Hp ¥Ogl (ier  Lhoga
R IWsd R Ed s 15 HP BHOO#3 OG0 21 350 A1
3 P W o#3 1Ee T¥#Y 34 HF BOES AT #1 Ied
1 HE WAl oAt BEd 1 He L T T TR R TR
IZF B HR #3 LT#EY AP X EN OB #4 6T #4
& e T S T T R E S Hp R G T R T
Hzi 17 4 \EES T0ES W ES Faine 11 HF W Es N #s
ey TR T 148 HP I8  (HPES T84S
145 € TR TS T S T I (A S (N 1\ S | L
e TR T e B DR 14 HE o R =z
e NFFE g2 A D 15HP HO#1 O St b s
12 4 NEF#1 5 #£3 109°F4 1z HE IOET R #1047 #)
i P e T T I 34 HE I #1423 3 23
1 Hp 1 #1 NS4 B E 1K 221 1 or e
LI e G oee b s - e o
2 HP S owd A wr p we * 45 w4

20-1
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Reach-In Unit Coolers

Thin Profile Air Defrost Unit Coalers
MI-'IIIHI T.H reach-1mweva porators-ere thir undis thel mounskn tRee0n cf e 'e.‘r:qerer.cur TaEinc the ercie Vi ehell area l-r .

viable. The attractive low cilhoustte makas thiz onit particolary desirak la lor displaw-iype refrigeraicre W can zlko ba
uied In back bals under cRInEr (ebineEws or ARerever space I ara premium,

Drair fittirg at 45° anglz =0 drain can be run throuzh the back cr bottar of refrigerator. Boom far expans on wvalia
praide swr Beal it oual ol sivkl Model TA & avalalle with optiows] cost=d ool for cosesion prode Bom mwse pnoded
deilgnation TAKL A sc features rwaat et conmaction fo reduce kaaks.

Coame Lo (i}

T K s
Model 107 ; Uguid [Swolon| Drain e
an n an

Talx 1 (s] I

I I N T I T T i E]

Tt | pge [ 20| 210 T 03 B | alE 1kgz| s | i Iz i

TAZ | 3o |3 |33 2 e e T ) - T [ =

TAsG | 3000 EREL 24 11 £ | 12 12 LB 12 12 X

TRdET [ aFt0 | 4 [ 348 33 1 [EE s el va| s | 3n

TREEL | GACG | B | ha1 &n 70 [5ak| AAM 1P| 9 | ER 172 A

These modet s 2otemal ecvafized expansior arke

Thin Profile Electric Defrost Unit Coclers

Model TL Iz tevperature reac 1-in evaparaicrs have an subcmatic de’rost sysmem Mednted it the top of 2 refriceratar

B exbien ely comipecl caliiv et noabey it pussibde ooz the e wpeshell sre i s oregeWith 2 noone © peiating
ianga of 13'F to -X0°F, This Lnit i idaally suited for wueh appEcatiang a5 commarcial freemars, ica c1eam boxes, Jakery
irzezars ard d-ill|-lt"‘IT'F- reach-Ir boxes. Mechanizal corec |5 Prl}\'lﬂEC berween-he Fedrer Slements and the crain 'E
Py crauring @ warm pat during the defrast eycle Saficiort spazz is provided to mount the cepansian valve within : L E% ]
the cakinet. Sestems for both 1°5 wolt and 208-230 walr ceemt on arz availabe. & so features sweat inlet connection o s E

Soluticns

10 reduce eaks, Some rode 2 availaoie with TC mobors, contact your sel=a represemtstive for sva lasdlity,

Capaciy )
3 [ETLIH Miotor [Total FLA
z et Wi

Madel : Liguid | Buctien Dram Thel
TLOG k) 1L 03 naA a7: 4, 1. 1642 &3 [ 13011 el Bl 1,2 1
1012 1,280 4 alH 15 uH R 52 ih RV 3T =308 172 1 13
TL1G 1,000 2 i [ 1.3 og #0 4’ i F] 2 14112 3 12 12 19
TL31 2100 toLad 13 [E] Ling Q6 4.4 3| B [ 1872 3R 112 ! L]
TLIg ;300 i 23 = 12 450 37 FE-3% | B304 | 1002|506 1" 1id 12
il 33060 2| 230 - 1A 1400 - o AT B4 [ 18] 1 E 13 ]
11337 300 1 ok 5 15 LsE E3 AFLH | B-ded [ 18-072 Ir2 il 1id 3

"Thase medals s setormal scvatacd cpansior aakes

High Profile Air Defrost Unit Coolers

Model € uqitcenieis aiz deal for refrigerated reach-ins. it Moums 10 tha top of the refrigeratar ard discharges coid
air sgainst tha back wa | &ith thiz air ‘low pattarn, the @i is not blasied on the preduct, bas o diffused slong the bacc
wall ard thi §2ntly orasn 20ross ™he EraducT as ir 1200 s 1o the URiD 1. uriferm Jemperatures s malma hed
thraughout the refrigerator In addition, daar cweating and refrigzratian loss duc.to coor spering ¢ greatly scduced
bazausz the aris not dischaoed agzing: the daass, Mounting i eaty with zluminum hanoers that autamatically spaza
he urit tve camect distence from the back wall, The expansion walve fits inaide; eut af sight. Mods! © s avelable with
an aptinral roaced call [deggnatad ac morel T8 for corennn pearectinn Ll featoras cweak inlst cornaclinn bo
leduce leaki. Fome models evalebbe with EC maD i, ComECt vou© sales rerreientatve 1oF evel by,

Tk}
Meodal | 10°ETD

: CFM - 208- ; ! — wrmas Snlubicns
+29 55T 11541750 33001 e F #\ T
13 | 1306 | 1 | 233 T B2 130
Ci? 1,700 1 357 Ll 05 1104 | B-7f8 13-379
(k] T i W5 i ag v B TR0 O PR B
LA EXIL FRIETY 20 i) -3 | d-mE 1330
C43° 4,000 F 20 1.9 ¥ | o-wn 1304 2 172 12 1

" REm 4z wses enterrol eoueaived expansion vilse
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Qulck Select Guide

Filter Drlers, Types DCL/DCE/DAS

Introduction and Overview

Dantoss DCL/DCE fler driers offz: indusiry
leadirg system pratection. Thesedrersuse e
mixture of moveculas sieve énd actnated aluming
to botk adrorh systerm moictuce and capturs acid
anc prevent solid contaminants fram EntEring
tho gystem. Meisture Zan clog an expansion
device wizh ice, raduang sysiem efcendy, or
can torm acios which damage te comprassor
anc other compenents. Solid contzminants can
dog expansion devices and wear compsesso’s
premaiuray, For afrermarket sere ce, mas!
comtractors cooase this slend of molecular sieve
anc activaied alumina For both hig ymoiswure
capadty and acid adsorption cepacicy. Type CAS
arpised inthe augtina Lne toclear 1in
refrigeraton and AC systens with fluorinated
rafrigararts af-er a rampressar humenar. Thie
solid core adsorks hamful ocids as weell as

minist et prakect the ~ampressar fiom
pramature (4 lue,

Dzrifass filter criers furct on as s mple drop-in replacements far most driers salc In the aftermarket or
Installed on eguiomen: oy mawfacirers, &1l Danfoss fier crers ar2 constucied wiih a soiid core
dasign te maximze moiiture rermoval while minimizing pressure drop Other prod act feate res and

berefit ara ceplcied Int2 plotue b ow

Rlark, higneg a8y ann One pieco
durnble coating offz:2 a 7 shel minimg
CIAENA AppRALENCR AR — - efrigerant o5

Lirasiry

1cap
tat-ofi cap for

kigh dirt retent on
L0253 YT panhcees - with

mirimal

g

cuie frap

D C L 03 2 s W

Nomenclature T
Filter diicr areess dalves
=t Dalkst
todid Cors i ank} béant noeg
Aoz wil 0% ol lan deve? Y icwader val
3% s linated ahanind (lurieeul Gy
C: Cose with i Moleiul - siave o Wi fcwader vabve | Schader valen
s acivated alunina
M: Corewith 120% malecular sieve
Lonmecton typa
Applicatiza {htank|s Flais nnn =rh_n.n
B Ei-Thow 5 Solder ponnzction
Lelirpdd lines
S15ucionlinz Size (wowme, ——————— Cannection
o3t e conmection in 198 of an inch iraremants
o5 Sir” 2 lAam
08 i ire - 3 & SR =
L I 2 < ol
30050 1"
ansy o o
o B0t 1 il .
7SNt B in
LR L] r
M VECCFSCO0 A2 FSTIH0209
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Dol

Quick Select Guide Filtar Diriers, Typas DCL/DCE/DAS
Type Connection solder (ir.) | Welgatlbs) | CoceMa. Type Connection fare find Weight | bsi Code k.

0L m I 03g D1ITEE oL 14 044 Qz3ITH000°
ML S LH-] uad U2ILy¥n: ALl 1 (KL PEILILTS
pe_m R o 20 =4 Qe QEILFWE 2L 033 A aat Lkl ras=li ] by
pe i W % E LE DE4 02ATIMND L0033 a aat #EIZECET
LS [FL DE4 DEREFIAL DCL 052 14 LR [ 5 Ttk
1 AL TR MER MEFATEATR W1 ARy A [ LK A¥RIERENT
L6 2 DER DRIZSONE oL 082 14 .88 12IZE004
oL 162 I 169 DRITSOTE oCLI8 i 0.97 W1IZ5005
i | Jald 14d HESLHIY LHLL M4 [ LU [P EF AR
KL ks [EF3 .9 QESLHREL Y [ Bl WIJLIEUY
jacim My | ] 133 QEILFTEL L3y 2l B0 #LITICO8
D 187 L 1.EE DEITEAI4 CCL 154 L2 ] BEEIECOT
DL 30T I Tad DEIZOIIO IO R85 1] 1.00 BEITEC1D
1 A 1 FFA APATONT] W am A 1483 BEITONER
3L 305 S 2E8 DZIZ00IZ oCLIM 12 30 02IZ0013
0L 307 hl P DZIZO034 CLIT ] 1 VIZ00M
201 303 1 250 DZIZ0OIS oCL 3% i 3.8 023Z0156
COLTiqs 12 S4T QEIE0] e b B E1e 4.09 0z3Tatan
[ B i} ] il ] CEL QZITHIAs 2L 404 Iz 4.20 QEIZO10Z
CL 4172 T8 4B QRITOTAE o = 4,20 PERIZ0I0E
aia B0 1Y LR AED DAFTVLAT E CED 14 11 BEITTAD
T AT TR 53R MEFIFONLA NEInRL 110} 11 nFYTiAM
WLE0H 118 536 DRIZ00IT DC3ces 12 13 02IZIA00
DL "B 744 0mEINS DOE1E 1 14 02IZ1408
D3 CHR: I 11 023TI434 2C3 163 i@ 14 02IZIA05
ABLRSY i8] [N ] [UFETAL KR Li.E 181 W& a4 PIZiL1A08
CCI0ads [Er3 1.3 O2ITI433 OCO 13 2 24 AEIZTAEE
IR Hads LB La 023 T1437 JREQIZVY k=] 112 #EIZITOM
2B 168 a2 1.4 ORAT 1434 DAL DFEVY 112 J7 SRITI0O2
2E 165 LB i 023TI43S 105 154V 12 YT vz
2CH 304 Iz il O2IZIHAD MG 155V 5@ 209 02321008
ES e B ) 023LI43E R NS
BN (- | D2IL143E 2udcl

oS RSN h11-] 1.0 QEILI0®Y

DA DB iz 1.1 OZITI084

DS DESAY B 11 O2ITI0EE

DS DEBY 1.4 1 [sFk gl LAY

M5 TR 1aF Iri OFRT 106D

DS 16501 LB 19 023ZI0°C Tine Materlal Code o,

DS 155047 1 19 0Bz AT i —— .

D5 167400 7B i 03I B anit aluming LR

O3S 200N e i3 OIEIP12 PEE erra want

OGN 34 i3 Skt bype 48 Ihamd A Inﬁltuerjut:;xm acT waled e

DG 2T L a3 ORITIHIE ST

THS ALY LR 3l NAATINF

DAS 7MY e 44 0Bz

DS 413060 11 44 023ZI0E “ “ ﬂ

DAG EOPANY i t3 023ITINE H ﬂ

e Y Iy =t | [FETALIALL

UECOCE A3/ E2IUAC R
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Quick Select Guide Sight Glasses, Types SGNI5GRN

Imtroduction and Overview  Donfos: sighl glaeses aie cesigoed Lo autuialely
indicate the prezence cf rokture in refrigetation
and air-condic oning systems. Yhen sysran
moisture contank rises above cemnissible levals,
the “dry/green” Indicator will Cange tovellow
indicating a "wet" cyctem, The indication of
dangarous molsture levels is essental o helging
grevert the formatior of hamnfu acids which are
detnmerital 1o e system,

Ltanfoss offers two Types of sight glassss; niinz
and vessel mount. Ining sight g ass, type SCHs
usec in the system's iguid ine tondicate bath
thz conditian and melsture consent of the
refrigerant. | ey rcorporate an indcat o which
charges calar cependen: on the meisture
cortert. Tvpe 35N is recommeznded for el ~CFC
and HFC refrigerants. viessel sighs glasses, type
SGRN are specially desigred tc be mouated
directly on either a receiveror the compiessor
crankcase o ind cate liquid level. “ype SGRN are
wailable with a refrigerant moisture indicatar
whoech man hewwed with all flinrnated mfriger

s
Product Selection _ . H-:r{i:lﬂ o
Tvne Versian e lnm;lm.re Pm,_‘z I|b:|.| Codelis,
4 psigl
GGM G 1 14 304 02z o14-0137
s Hlie i IMaid 309 D44 i3-0138
(ETRE 8

&2 172% 12 g DER iA-0139
EC &: L ERE] 504 o2 04 0142
S 108 IMx A -Gle 173 S D2z oa-0143
SGM 12 [EEESUERET ) 12a2 i 044 D3-0144
AN TRK LR and ndd ma-n1as
LGH 20 TN VE a4 a4 [SERIE ¥
SlaHH RPT 17} Ul (K FF ME-EUct

' ram b= screwecd dine o iy crio Danfos fler bl

—e
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PRESSURE

DESCRIPTION

Thz Asheroft Modsl 25100 Religerglion Gauges ae
dzal for instakation or refrgeretion menitolos for testng
ait coditiodng unils. The eampound stale ia designed
spealically or R134A relngesant teshing. FlutzrGuard'™, a
gtandard faclure of theze canges, aliminstes pantar fluther

REFRIGERATION GAUGE
2SWTM)

SPECIFICATIONS
Dial Giz= 272" {64 em)
Aocursey 1% 2%5%,

Measurement Range 30" Hgvac bo 120 psi

{retand te £SO osi)

Wetled Parts Bracs sockel, otioaphar arnze ERSOE I NEDEWATIEN
bourdar babe
Process Conneclicn 100" NPT, bawer MODEL DESCRIPTICHN
Enclosure Windmw: Palvearbanale ZSWT00TPHOTL-RI33A  SEfiz2adotgauge i R348
Case A3S olastie
Warranty 1 year
PF!ESSURE GAUGES
DEECRIPTION PG SERIES

The PG Saries Pressure Gauges are durable, coet-sffective,
feetal-pu pose Jauges lonuss na wice varely of HUAD
ontro's apehcatans. A gasges zre compalitiz #otk eir cil,
and watar a~d have a brorze bourdon lubs, acryle lens, and
Jual unit peikPa scake, The PQ Series (eacepl model PG-05]

nas a recallbratar screw. A wide vaziew of models, optiors, =
and aceescores ars ava lable, nclucing paral-moant nedas, e
specialyy gaugss, and daphragm seals. i
=]
=
m
SPECIFICATIONS
Overpressure 123% of Fa& wele Frocess Connecdon 118" NPT ar 144" NFT, dependng
Diperating Tem perature -40° 4o 750°F (-40° to 65°C) on made’ (LM = loweer mount, CBM
Wetled Farls Brass sudsel, Ohoaphon arcnze = ce el Jacs mounl, PM = pengl
bourdon tube mourifh
Window Materal Acryle Warranty 1 year
ORDERING INFORMATION
GAUGE TYFE
ECONDWTY, [ CONTRACTOR
DAL SIZE 1" 12" i1 * > Ll ERL (RS
CONNECTION 18 CoN HL T EEY T CEl T LN ] (R ] 147 LM
BCCURACY  da-dn 3 E-i% ) BEE ik FEE 21 1%
CARE BLACK BLACK BLACK BLACK Rl ACE [ T BlLEK Al ErE STEIMI FER
HATEF [AL RTEFI STFEFI RTFEE &TFF STEEL ETEE- ETEEL ETEEL ETEEL
SOESCURE AAMGE ] |
31* Hg #ACRM MiA PC B (B ESEE PO-20-200-40 (P20 00 B4 PEEDANCAD | PCBS 0D AL [T 2E 004D PGS 800 8
3 Ho WAG-3dpniy H& | M4 hik H'A ) H'A | PO 3030 L | L P-4 5-30-00-40L
8 psbafads WA PCIEO3EL [PCIECISEE [PE OO0 840 | Pa-200-10-0 | FO-20-D.10-4P | PE2S 154l |PO-BREAN-cP  Padbt G-l
i psiady PEOS  (FO-i0-dlEL [P0l E-3EC  |PA-20-0n3-d 2P-:-m-u~n-t_ FE20-0-3-4P | PC25d-3rdl | PO-25L-00-cP Po-L5-0ni0-8
0 psipay WA PO B-D-EFEL [P0 e -F-ES [Fa-z0-0-8a-4C | o Frig-dd -0 -
3100 asciiFn N R e Tl e e L e % Sl P Pes-0- DU-AL
31680 asciePa WA [PE-1TRRTG0HL [ -0 0BG [P E-20-40R1R0-aL | PiG-20- i
300 asediPa WA P DL ‘.:-IHrD.H] BL P20 THAL | PG-34
3200 a5 eliPa WA Pe-1B-0-300-HL (P51 -L-BHI-EC |PE-20-0- 38000 | Pi3. 3003 684
400 25 £iiPa WA P RO-00BL P51 b-100E0 P o-20-0-80-aL | Pa-20-0-408-4L F
3460 aseiiPa A PEAGOHI0BL P515-3006C PG-20-0490.0 | pGa0-06bi-aL| PGS
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