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Abstract

This project aims for desion and building ol a Cascade Relrigeralion Syslem

which works between (33 10 -65 "C)

It uses twao different refrigerants. Based on & thorough study and analvsis of
e chargeteristics of some dillerent refrigerants, we selecled refriverant R-23 and R-

22 for this cysle.

This system consists of two separate cyeles connceled with cach other
S=ough a heat exchanger, where the higher cycle using refrigerant R-22 operares
Setween (35 1o -25 "C). and the low ¢ycle using refrigerant R-23 operates between
20t =65 ). This cxcle finds applications in different scientific areas. One of these
= 15 Beld of conservation biclogy of endangered plant Lissues in order to reproduce
= peotect and preserve it.

A%is 35 the application that we have chosen for its impuortance in preserving

e genetic onipins of plants.
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INDRODUCTION

History Of Refrigeration
Importance of projeet
Refriperants
Refrigaration cycle




1.1 History Of Refrigeration

In the past time man faced many problems o keep his food from spoiling, and
ihe food can't be found at every season, so he invented primeval ways o solve these

*wo main problems.

Hebrews., Greeks. and Romans placed large amounts ol snow inlo storage
sis. dug imta the ground and insulaied with wood and straw. In India. evaporative
conling was emploved when a liquid vaparizes rapidlv. it expands quickly. The
sising molecules of vapar abruptly increase their Kinetic energy and this increase is
deawn from the immediate swrroundings of the vapar. These surroundings are
Serefore cooled.

The imtermediate stage in the history of cooling foods was to add chemicals
Sz sodivm nitrare or porassium nitrite 10 weler causing the temperature to fall.
L ooling drinks came into vogue by 1606 in France. Instead of cooling water at night,
people rotated long-necked bettles in warer in which salpeter had been dissolved,
This wolution could be used o produce very low lemperatures and to make ice. By
#e ond of the 17th century, iced liguots and frozen juicss were popuiat in French

sochety.

Refrigeration is the process of removing heat from an enclosed space, or from
2 substance, to lower its samperature. A refrigerator usss the evaporation of a liquid

B absorh heat.

The first known artiticial refrigeration was demonstrated by William Cullen
= e University of Glasgow in 1748, However, he did not use his discovery for uny
pesctical purpose. In 18035, an American mventor, Oliver Bvans, designed the first
mesntion machine. The first practical refrigerating machine was built by Tacal

Seims in [834; it used ether in 2 vapor compression cycle. An American physician,

Wb Gorrie. built & refrigerstor based on Oliver Evans' design in 1844 1o make ice lo

2




cool the air for Ris vellow faver patients. German engineer Carl von Linden. patented
nat-a refrigerator bur the process of liquefving gas m 1875 that is part of basic

refrigeration lechnology,
1.2 Importance of project

Attention began this type of eooling systems when neaded rights of aceess o
the very low remperatures, Whers lies the mportance of access to these scores
Leep up with technologica! development and scientific massive oocured in the last
guarter of the twenticth century, The process of testing the mechanical parts of the
aircrait hefore rakeoff o make sure that the prohability of these parts of the
circumstances which mav bz natural 1o thase parts sxample, the procss: is no less
mmportant than industy. Using this session also in the process of testing ¢lothes men
space to see how their ability to maintain their lives, 'The use of these svstems in the

fizlds of medicineg, biolopy and many other felds.
1.2 Refrigerants

The refriperant is a heat carrying medium which during its cycle in the
relnpgeration system absorh heal [rom 8 low lemperiture system and discard the heat

=0 absorbed W & higher lemperature system,

The natural ice:and a miature of ice and salt were the first refrigerants. In
1534 ammonia, sulpher, methyl chloride and carbon dioxide came into use as
mfrigerants in compression cycle refriperation machines. Mast of the early
selmigerant materials have been disvarded for safery reasons or for lack of chemical or
Sermal stability. In the present days many new refrigerants including halo-carbon

sesmpounds, Fvdro-carbon compounds are used for 2ir conditioning and refrigsration

melcalivns.




The stability ol a refrigerant for a centain application is detenmingd by is phyvsical,
thermodynantic, chemical properties and by various practical factors. There is oo
one relngerant which can be used for all tyvpes ol applications. there s no ideal
refrigerant. If one refrigerant has a certain good advantape, it will have some
disadvantage also. A refrigerant is chosen which has greater advantage and less

disadvantage.

1.4 Refrigeration cycle

As we mentioned above people used primeval methods for storing lood,
then they created the refrigerator which is a mechanical system that uses many
clements warking logether 1o got  the reguired cooling, this system 13 known as

simple refriperation system.

The first refrigeration cyele is simple wapour compression refrigeration
svslem. it is an improved type of air relrigerabion system in which a suitshle working
substance, terined as refrigerant is vsed. It condenses and cvaporates at lemperaturcs
=nd pressures close to the atmospherie conditions. The refrigerants nsually used for
s purpose are ammnonta, carbon dioxide and sulphur dioxide. The refrigerant uscd
does not leave the svstem, bur is cireulated throughour the system alternarely
condensing und evaporating. ln evaporating, the refrigerant absorbs its latent heat
Som the brine which is used for circulating it around the cold chamber. While
condensing, il gives oul 118 latent heat 10 the circulating water of the cooler. The
vapour compression refrigeration system is, therefore, a laten! heal pump as il pumps
2s latent heat from the brine and delivers il Lo the coeler. Vapour compression
seinecration sysiems is now used for all purposes of refrigeration. Tt is zenerally
wsad for various purposes from a small domeslic refrigerator 1o a big air condibioning

- g4

Bul some omes. the vapowr refrigeram is required to be delivered at a very

Beh pressure as in the easa of low t1emperarure refrigeration svstem. In such cases we
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swuld compress the vapour refnigeranl by employing (wo or MoRe COMpPressors
et in series, The compression carried out in two or more conipressors is called

SRIStAge COMPression.

Ihe cascade cyvele is one of multistage applications, this system consisls of
WO or more compression refrigeration systems in series which vse two ditferent

refrizerants, one ol these refrigerants has low boiling temperature.

The principal advantage of the cascade system is that it permits the use of Two
differem refrigerants. The high lemperature sysem uses @ relngerant with bigh
boiling temperature as R-12 or R-22, The low lemperature cascade system uses a
refriperant with low hoiling temperature such as R-13 or R-23 or R-170. These low
hoiling lemperalure refrigerants have extremely high pressure which insures a
smaller compressor displacement in the low temperature caseade system and a higher
coefficient of performance, The caseade system was first used in 1877 fer
iguelaction of oxygen, employing sulpher doxide (SO2) and carbon dionide (COZ)
45 inrermediate rafrigerants. The additional advantage of a cascade system over the

multistage system is that the lubricating oil from one compressor can’t wander to

other compressor.

Cur project is abour cascade re[rigeration system (design and building) which is two
stage cycle, works between (-65 w 35 )°CL
1.5 Projeet Outline

Chapter One:
This chapter is an infroduction 1o a refrigeration sysiem. il includes the

history of refrigeration, refrigerants and refrigeration cycle, what is it 7 advimtages




and disadvantages. what 5 cascade cyele 7 and what are it's advantages and

disadvantages 7 and il contains time wble.
Chapter Two:

lhis chapier explains why we use cascode refriperation ¢yele? And it
contzing some comparisons between refriperation eyeles. snd between ecascade

svstem and liguid Nitrogen, and it has cascade applications.
Chapter Three:
It presents the ditferent rypes of components of the refripcration svsiem.

Chapter Four:
It describes the cooling loads and shows the sources of it and explains how to
calculate it.

Chapter Five:

I'his chapter shaws how 1o select a refrigerants and specifications must be

availoble .and includes cyvele analvsis manually and through the use of (cool back).

Chapter Six:

This chapter shows the design for pipes. condenser, evaporator and heat exchanger.

and it shows the selection of capillary tube and oil separator.

Chapter Seven:

This chapter contains the elecirical construction of the project.
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The time table tor our projeet in the present semesler is shown as in Table 1.2
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Budget table for our project is shown as intable 1.2

Lable 1.2 Budgel table

Serviee Costs($)
| Trangportgtions |00
Inter el service 200
_ Printing 25
Total price 3253




CHAPTER TWO

CASCADE REFRIGERATION SYSTEM DESCRIPTION AND

APPLICATIONS

Why We Use Cascade Refrigeration Caele?

Coemparison between relnigeralion cvcles

Comparison Between Cascade Refriveration System And Liquid Nitrogen
Cascade Refrigeration System Applications




2.1 Why We Use Cascade Refrigeration Cyele?

Overeoming the shortages which are present in the simple relrigeration cucle
became hysteries of the refrigeration engineers and thev eretrying o soiva there

prohlams,

Classic single stage refrigeration systems are limited in the lowest lemper-
alure they can mainzain. The lower the evaporation remperature, the lower the vapour
pressure in the evaporator, And with dropping vapour pressure, the compressor sucks
in less refrigerant per stroke (at a low pressure, less refrigerant muolecules per volume
unit are gvailable), reducing capacily o the point where load and capacity are in

balance.

To solve this, we could use o refriperant with lower boiling point, and thusa
migher vapaur pressirs 4% desirsed evaporation temperatures. since higher pressures in

the cvaporalor al a certain temperature ulso means a higher condensing pressure.

And even if a compressor could be found which can handle extremely high
condensing pressures, there is 4 problem with the compression ratio (high side
pressure divided by low side pressure). The efficiency of a reciprocating (piston)

compressor drops fast when compression ralio increases,

Tn reach lower temperatures. one could be tempted 0 pot two compressors in
series (or usc @ 2-ovlinder one), with the first having an enormous pumping capacity,
The first compressor pumps up o an intermediate pressure. The second compressor
then compreszes up o eondensing pressures. Comprassion ratio for each compressor

= onlyvthe square oot ol the Wial compression ratio.

Also there are a few practical problems. Both compressors spit out oil. Oil

Tom the first compressor will move 1o the seeond compressor. oil from the sseond




sompressor moves 1 the first compressor I this 15 not mn balance, which s very
hikely, the system will break sooner or later. Also, in this sample the first compressor
necds a 10 times larger cylinder than the second onc. making 1t cxpensive, bulky and
nosy. Since the 2-stage mcthod is obviously limited. one could pipe the two
compressors in another way and build a cascade system as shown in figure 2.1
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Figure 2 1 cascade svsiem

Here. we still nse two compressars, bul both in a separate circuit, and with
SSenl refngerants. We have a ‘high stage’ and a 'low stage’ The high stage
Smdences gl normal emperatures, and svaparates at an arbitranh low lemperature
St miead of cooling a load directly with it, we cool the condenser of the low stage.
W= Jow stage condensing temperature is very low now. we can use a high prossure
Wneeraal without dealing with insane pressures or compression ratios, Each sub-
s can be desipned (o work oplimal

OF course, thers are disedvantages also. We stll need two expensive
. and we need w add a lot of complexity in the form of proper startup
(the low stage can run only if the high stage 18 down 1o lemperaure) and

% #lso mcreases the size of the svstem
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To get rid of the expensive and bulky multiple compressor sctups md starup
sequencing, ong could choose an aulocascade fgure 2.2, The autocascade also uses
remgerants with o different boiling pomis. but 1 uscs only a single compressor and &
Sevice called ‘phase separator’. Let's oxplain it using a picture,
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Figure 2.2 aulosaseude systam
4 works aimost equally to a normal cascade, exeept thal we now only have a
compressor compressing both sefngorants. At a certain pressure, the highor
pout refrigerant (Refrigerant A) will start condensing to liquid For

mmt B prescure is not mearly high enough, @ il will remain gassous in the

The outlet of the condenser is coupled fo a 'phuse scparsior’. This deovice
= e liquid refrigerant A from the gaseous refngerant B. coupling them oul
separate hines, Thon, rofrigorant A is evaporated o 8 ssmular kind of heat
= wted i o 'classic’ cascade, This drops the emperaure of refrigerant B,
# ¥ condense. Refrigerant B s further procussed as normal: it 1s throttled

prator 1o do work.




The big advantage of the avtocascade is the use ol 4 single compressor. This
reduess cost and size. The big disadventape 15 the special relrigerant mixture needed.

Also fine tuning such 2 svetem is hard since only coupling o meter set ta the sysiem

can destroy the délicate balance.




1.2 Comparison Between Refriceration Cycles

Fable 2.1 Comparison Between Refrigeration Cycles

Cule Advantaves [Nsadvantazes
Simple 1.1t has smaller sice for s given | 1. Theinitial cost is hizh.
refrigeration capacity ol refrizeration 2. The prevention of
cycle 2. It has less nmning cost. lzakage of relrigerant iz a

3. It can be empleved over a large | major prahlem.

range af temperatiures,

4.COP is guite high.

Multi stage Lt imnroves the volumetric 1. Its initial cost is higher

refrigaration efficiency. thun simple cvele.

evele 2.1t reduces the leak loss. 2. It takes more size than
3.1t reaches very low simple cycla
temperatures 3, It reguires more

4.1t provides clicctive lubrication | protection devices than

because of lower temperatures simple ¢ycle.

range.
| 3. COP migher than simple cvele.

| Caseade ref. cvele | 1. DilTerent refrigerants are used. | 1. More complizated than

' 2. Different nils can ke usad in multi stage cyole,

| COMPressnrs. L. Tt eosts imarg Than multi
3. reaches lemperature less than siage cycle.

' i 3. overlap of the

vondensing temperature of
the lower eyele with
. evaporating tempersture

of the higher cyvele,

Autocascade el “hcaper than cascade cvele Need special refrigerant

owle mixture.




Carsfully weighited the advantages and disadvantages of cach of the
previously described systems (2-stage, cascade and autocascade). Finally we choose
the cascade due 1 the ability o optimize exch stage sepzrately. This svstem use one

staze Lo work from (32 to-25) 7C and the s=cond stage works from (- | 510 -65)°C,

23 Comparison Between Cascade Relrineration System And Liguid Nitrogen

Liguid nitrogen may be used for the same applications like cascade system
tul it has tow major problems, the first being comtaminated by submersed samples so
lquml niroezen-not only serves as a relriverant, but [ike water can alse ast as a
vehicle for the transmission of viruses, bacteria, fingi. so it will spoil specimen, and
second, the chservation that vapor phase storage systems may have remperature
gradients which risc above the =lass transition femperature of water, s relrigeration

engineering experts find cascade system more effective than liguid nitrogen.

2.4 Caseade Refrigeration system Applications

Cascade relrigeration system is used in the following felds:
= Industrial fields
* Bivlopical helds

s Wiadical ficlds

2.4.1 Industrial fields

many cryogenic ests can be used in Industrial fields, such as tests used w
determing the performunce of mechanical and clectrical eyuipment, or it could be
usad o rest space men clothes to ensure it will stand in very low temperatures in

space which may be less than <100 °C. And it could be used to condense volatile

organic compounds, Other low-tempsraturs applications may be used, in a chemical




industry 10 provide a low- temperature environments for chemical reactions that

} wou ld race out of control af room temperatoras.

l 2.4.2 Bwlogical Gelds

) Most applieations in this felds are related 1w the process of plan tissues
storgge of endangercd species for future reproduction process. Ihese tissues are
preserved hy cooling to low sub zero femperatures, al these low temperatre any
biological activity including chemical reactions that would lzad to tissues death are

effectively stopped. thess tissues are preserved below <60 2C.

2.4.3 Medical fields

We ran also use cascade syslems 10 proserve sperms. and mory recenty skin

emproys, heart valves, etc.,...

In our project we will nse our system for preservinp plant tissues,




CHAPTER THREE

COMPONENTS OF CASCADE REFRIGERATION SYSTEM

Intreduction
Compressors
Condensers

Evapnramrs
Throtling Devices
Hesl exchanger
Auxiliary com ponents




A1 Introduction

There are several mechanical compoenents required in a cascade refripsration
svstermn, In this part, we discuss the five major components of a system and some
auxiliary equipment working with these major componenls.

Muajor compenents of a cascade refriveration system dre as [Dllows:
= COMpPressorn
= condenser,
= cyaporator,
= throttling device, and

= heal exchunger.

3.2 Compressors

In a refrigeration evele, the compressor has two main functions within the
refrigeration cyele, One function is 1o pump the refrigerant vapor from the cvaporator
s that the desired temperature and pressure can be maintained in the evaparator. The
second funetion 8 1o increase the pressurs of the refriperant vapor through the
process of compression, and simultaneously inerpsse the wmpersture of the
refrigerant vapor, By this charige in pressure the superheated refrigerant flows
through the system. Reffigerant compressors, which are known as the heart of the
refrigeration systems, can be divided into three main catzgaries:

» Hermetic compressor,
» Semheometic compressor, and
*  (pen compressor.

W will use hermelic compressor.
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3.2. 1 Hermetic compressors

These compressors, arc 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
refiigerators. freezers, and air conditioners arc of the hermetic type. Their revolutions
per minute are either 1450 or 2800 rpm. Hermetic compressors can wark for a long
time in small-capacity refrigeration systems withoul any mamlenance requirement
and withoul 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 1s
very low. (Figure 3.1 shows hermetic compressor),

FFigure 3.1 hermetic comprassors

3.2.2 Expectations From The Compressors

The refrigerant compressors are expected to meet the following requirements;
= high rcliability,
* long service life,
®  gasy mamtenance,
* quiet operation,
®  gompactness, and

= |ow cost




3.3 Condensers

A condenser is a major system component of a refrigeration system. Tt is also
an indirect-contact heat exchanger in which the total heat rejected from the
reirigerant is removed by a cooling medium, usually air or water. As a result, the
gascous refrigerant is cooled and condensed to liquid at the condensing pressure.
There are many types and we will use air-cooled condenser type.

33.1 Air-cooled condensers

I'he air-cooled condensers find applications in domestic, commercial. and
mdustrial refrigerating, chilling, freezing, and air conditioning systems, The
centrifugal fan air-cooled condensers are particularly used for heat recovery and
suxiliary ventilation applications, In fact, they employ outside air as the cooling
medium. Fans draw air past the refrigerant coil and the latent heat of the refrigerant
s removed as sensible heal by the air stream. Figure 3.2 shows air-cooled condenser,

Figure 3.2 air-cooled condenser

3.4 Evaporators

The evaporator is an important device used in the low pressure side of a
sefngeration system. The liquid refrigerant from the expansion valve enters into the
evaporator where it boils and changes into vapour, The function of an evaporator is
% absorb heat from the surrounding location or medium which is to be cooled, by




means of a refiigerant. The remperature of the bailing refrigerant in the evaporator
must always be iess than that of the surrounding medium so that the hear flows ta the

refrigbrunt,

2.4.1 Bare Tube Coil Evaiporator

The simplesr npe of evanorator is the bare tnbe coil evaparator. 25 shown in
Figure 3.3. The bare lube cuil evaporators are also Known as prime-surface
evaporators. Because of its simple construction, the hare tube coil 15 easy to ¢lean
and defrost. A little consideration will show that this type of evaporator. offers
relntively littie surfece contact area o5 compared 1o other tvpes-of coils. The amount
of surface arez mav be incrzased by simply extending the length of the tube, bt
there are disadvantages of excessive ube léngth, The cffective length of the tube is
fimited by the capacity of expansion valve, If the tube is too long for the valve's
canaoily. the liguid refricerant will lend Lo completely vaporize early in its progress
shrough the tube, thus leading ro excassive superheating a1 the outlet. Lhe long tubes
will also caunse considerably greuter pressure drop belween the inlel and outler of the

evaporator, This results in a reduced suction line pressure.

The diameter of the tube in relation o wbe length may also be ertical, 1f the
fube diameter is too large, the refrigerant velociny will be tog low and the volume of
refrigerant will he tno great in relation to the surface area of the twbe to allaw
complete vaporization. This in turn, may allow liguic refiigerant 1o enter the suchion
Imz with poassible damage to the compressor (Glugging). On the other hand, if the
diameter is tog small, the pressure drop due to friction imay be we high and will

reduce the svstem efficiency, The bare twhe coil evaporatars may be used for anv

Tvpe of refrigeration requirement.




Figure 3.3 Bare Tube Cail Evaporator
3.5 Throttling Devices

in practice, throtline devices, called cither expension valves or thrattling

valves, are used to reduce the refrigerant condensing pressure (high préssurs) to the
svaporating pressure (low pressure) by & Grroltling operation and regulate the liquid-
refrigerant flow 1o the evaporator to match the squipmen: and load characieristics.
| hese devices are designed 1o proportion the rate at which the refrigerant enters the
cooling coil t the rate of evaporation of the liguid refrigerant in the coil: the amount
depends. of course, an the amount of heat heing removed from the refrigerated space.
the mos! common throttling devices are as follows ;

= thermostatic expansion valves

= gonstant pressure expansion valves,

= {loal valves, and

= capillary tubes,

XNote that a practical refrigeration system may consist of a large renoe: of
mechanical and electronie expansion valves and other fow contre] deviees for small
and larpe-scale refrigeration syotems, comprising thermostatic expansion vaives,
sofenoid valves and thermostats, modulating pressure megulators, Slier driers, liguid

mdicators. non-retim valves and weter velves, and furthermore, decentralized

clectromic systems for full rezulation and control.




3.5.1 Capillary tubes

The camllary lube i the simplest Byvpe of refrigerant fow control devies and
its shown in Figure 3.4 and mav he used in place of an expamsion vaibve The
cupillary iobes are small-diameter tobes through which the refrigerant flows into the
cvaporator, These devices, reduce the comdensing pressure o the svaporatmng
pressure ina copper lube ol small intermd dismeter (6.4-3 mm diameterand 1.5-5 m
long), maimaining a constant evaporating prassure independently of the refrigeration
lvad change. A capillary tube mav also be constructed ac a part of a heat exchanger,

particularly in houschold refrigorators.

With capillary tubes, the length of the tubc s adjusted 0 match the
compressor capacity. Other considerations in determining capillary tube size nclode
condenser slliciency and svapurater size, Capillary {obes are most effective when

used in small capacity systems.

Frgure 3 4 Capillary tubses

3.6 Heal exchanper

A heal exchanger ix a deviee buill Tor cfficient heat transfer from one fluid to
ancther, whether the fluids are separated by o solid wall so that they never mix, or
the flaids are directly contacted. They are widely used m petroleum refineries,
chemical plants, petrochemical plants. natural gas proccssmg, refrigeration, power
plants, air conditionmg md space heating. Wo will uso double pipe heat exchanger m
this project Figure 3.5 shows dounble pipe heat cxchanger.




Figure 3.5 Double pipe heat exchanger

3.7 Auxilisry component

The auxiliary components are very important in the refriperation system, their
workimg together with main components allowing system works very well. and we
will discuss some auxihiaries in the following sections.

3.7.1 Oil Separator

Ol separators provide oil separation and limit oil carry-over 1o approximately
0003-0.001% of the total amount of refrigeramt, depending on various system
“haracteristics, note that all the separators require the mounting of an external float
sssembly Lo control return from the separator to the compressor

472 Low-Pressure and High-Pressure Controls

The purpose of low-pressure control is Lo stop the compressor when Lhe
pressure drops below a presel value or when the refrigerant fow rate is too
%0 cool the compressor mator. Figure 3 6a shows a typical low-pressure control
ism When the suction pressure [alls below a certain limit, the spring pushes
Sade downward, opens the motor circuit, and stops the compressor. When the
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suction pressure increases the bellows expand, thus closing the contact of the motor
circuit and restarting the compressor, The two adjusting screws ars used 10 set the
cut-put and cut-in pressures, Cut-out pressure is the pressure at which the eompressar

siops. and cut-in pressute is the pressure ot which the compreszor starts again.

The purpose of high-pressure canrol is to step the compressor when the
discharge preszure of the hot gas approaches a dangerous level. Figure 3.6k shows a
tyvpical high-pressure control mechanism. If the discharge pressure reaches a certain
limit. the bellows expand so that the blade opens the motor circuit contact and the
compressor stops. When the discharge pressure drops to a safe level, the bellows
canteact and close the comtact, and the compressor starts avain, A% in 4 low pressure
control twa adjusting screws are used to set the cus-out and ¢ut-in pressures.tn small
refrizeration systoms, low=pressure and high-pressure controls gre oflen combined o

form a dual-pressurs zontrol.
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CIIAPTER FOUR

COOLING LOAD

Intreduction

Load sourscs

I.rad Caleulation

Toual enoaling load

Reguired Equipment Capacity




4.1 Introduction

The total heat required to be removed from refrigerated space in order to bring
it 8t the desired lemperature by the refrigeration squipment is known 25 couling load.
The purpose of a load estimation is to determine the size of the refriceration
equipment that is reguired 1o maintain inside design conditions during pericds of
maximum oulside lemperalures, The design Joad is basid on nside and cutside
desizn conditions and it's refrigeration equipment capacity to produce and maintain

satistaciory mside conditions.

4.2 T.oad Sources

The eoaling load an refrigerating equipment seldom results from any ong single
source of heat. Rather, it i< the summation of the heat which vsuallv evalves from
sgveral different sources, Some of the more common sources of heat thal unpose the
lvad an refrigerating equipment are:

*  The wall heat gain.

»  The produet heat gain,

*  Infiltration hear gain.

*  Packing hcal gain .

«  TDloors® heater gain.

4.2.1 The wall heat gain load

The wall heat gain lvad, sometimes called the wall leakage load, is 2 measurs
of the hest Mow rate by conduetion through the walls of refrigerated space from the
outside to the nside. Since there is no perfect insulation, there is always a cermain

amount of heal passing fom the outside o the inside whenever the inside

tempefanire is below that of the outside. The wall gain load is common 10 all




refrigeration application and is ordinarily a considerable part of the total cooling
load.
OWall SHATNAY L s e B T e e RS
Where:-
A- oul side surface area of the wall [m®]
L the overall heat transfer coefficient [W/m®. €]
AT: the temperature difference across the walls[C].
AT =1, -T.
Where:
T refrigerant space temperature.
T outside temperature,

Overall heat transfer coefficient:

]

e ——— o s s i 2}
O S SN
| A SR S h,

Where:

L: the overall heat transfor coefficient [W/m® €]
dx: the thickness of the layer of the wall [m]
k. the thermal conductivity of the material [W/m. C].
hi- the convection heat transter coefficient of inside air [W/m®. C],
ho: the convection heat transfer coefficient of outside aitf| Wim®. ]

4.1.2 The product heat gain

The heat emitted from the product to be stored is very important in case of cold
storages. The loads to be considered in the cold storages are divided into the
following groups

L. Chilling load above freezing: The product chilling load above freezing

depends upon the mass product, mean specific heat of the products abave
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freezine, entering product temperature. final product temperature desired.
and the chilling time.
IR e M S S R R SR SRR (4.3)
where:
Q! chilling product lead in [KJ]
mi mass of the product i [kg]
€7 _: the specilic heal above freczing in [k)kg. 'C]
A= =L}
1,,: enterimgz product temperatuze ["C]

1, chilling product temperature [*C]

!*.'r

Cooling load below freczing: the cooling load below freczing depends upon
the mass of product. mean specific heat of the products below reesing,
actual storage temperature of the product, desired freczing temperature of
the product(refrigerated space temperature ), and the cooling time.

Op, =M AT s e {44
where:

3+ cooling product load below freezing in k1]

m; mass of the produet in [kg]

[ the specific heat below freczing in [klke. C]

AT =TT )

I, + below fresang product femperature [7C]

|y, Tefrigerated space temperature [*C]

3. Freeeing load: the freczing load depends upon the mass of the product, its

latent heat of freezing. and the freezing time.




where
Q ecere - Tre2zing load[kI]

H, : latent heat tor the product| k.l kp]

1

£ = Ot Q:_ i 24 Q.

where 1 cooling lead time in seconds

4.2.3 Infiltration heat gain

The infiltration air is the air that enters a refrigerated space through cracks
and opening of doors. This is caused by pressure dillerence between the two sides of
the doors and it depends upon the temperature dilference between the inside and
outside air.

1250 ¢

3600
wher:

I ¢ the volumetric flow rate of infiloated air ' /7]
T : outside temperature [*C]

7, 1inside iemperature [7C]

4.2.4 Packaging Heat 1.oad

Many products refrigerared in packages, it could be more than 1094 of
product's weight. Packages could be plastic. mewl, wood and glass. We usad plastie

tubes for packaging the product. Tubes are arranged in holes existed in a plastic

frame as shown in gure 4.1




I
Figure 4.1 tubes plat
. R N £ O ..
g, =Tn s ST T2 T SRRITR o I B L |
T
whers

&, :Packaging Teat Lond[H |

m , :mass of products|kg]

L, :packaging malerial specific heat[JVhg."C]
' ctemperarure of the outside] (]
o temperature ol the refrigerant space| ' C)

= iruning tune|he]

4.2.5 Doors® Heatler Gain

eater used 1o prevent frest from forming arcund the door. making it difficult
0 open . and the heater is located naar the door,
where:

¥ power of heater: heater
power taken as 60[W]

1. . heater usage factor (0.1 - 0.3)




4.3 Load Calculations

General overview and information

Storage temperature is 05 C

Surrounding temperature is 35 C

Mass of product is 2[kg]

Running time is 16[hr]

We take highest product properties values Lo be in safe side

Figure 4.2 shows our refrigerator frame which is equal to 0 608[m’ ]

Figure 4 2 reliigerator frame

4.3.1 Walls heat gain
All walls are constructed of three layers as shown in Figure 4.3.

pinys Ly rere

storlesstes!
edcrsch Tttt ]
“"'\-\.'-‘

e

Figure 4.3 walls construction
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Stamless steel 0.3 [em]: k=13.6]W/m. 'C]. From Tabic Al
Polystyvrene 15 [em]: k={L029[W/m. C]. From l'able A1
Stainless stee] 0.1 [em]; k=15.6[W/m, C]. From Table Al
hi: refrigerated space =5[W/m™. 'C].
he: inside room =107W /. "C],

|

0.005 015 0,001 1

- + -
156 0029 136 10

1

U7 =0.1830F {m°.C]

for one wall

=01 B3*(0.608*0.608)¥(35——63) =677 W]
for all walls

Q. iu =0 Py Taumber of walls

Qi =077 6 =40.63 It |

4.3.1 'roduct heat gain

4.3.2.1 Chilling Load Above Freczing

C, =4.06/kJkg C] table AZ and we talke it the highest value ta be in safe side
T,, =35["C] Surrounding temperalure

1, =13 |"C] table AZ and we take it the highest value to be in safe side

0, =mL AT

O, =2%4.06%(35—--0.9)

(), = 28826k |

4.3.2.2 Cooling Load BI.‘]!I'_W Freezing
C’' =2.05[W/ C] From table A2

I

T, =-0.5["C] From table A2

T, =65[C]




Oy, —mC)AT
0, =2%2.05%(-0.5 ——65)
Oy, =264 45(kS]

4.2.2.3 Freezing Load

H. =321 [k)/kg] From table A2
¢ =m.lT,

0. =321%2

0, =642[%J]

QL'“ +l-l_r—}" : Q".‘

g =
0 = 28826420445 +642
=~ 16%3600

Q, =18.4p# |

4233 Infiliration Heat (zain

e (L5[m*/h] From Tuble A3

e
D =0 e ey

300 ' -

1250 2 2 : %
- w3 (35==05) =175 ]

3600

4.3.4 Packing Heut Load
L —1.6[klke C] Iirom tahle A4

_m g w O R, )

0, 107 |
0. _ 0.1%2x16%(35--65) .
) | 63600

O, =0.5W |

35




4.3.5 Dwors Heater Toad
Q.‘- _?Tu XP
@, = 0.53x6l) =340 ]

4.4 Total cooling load .

B =0 AE. 0 =0 Wi
— G037 T

Factor of safty we take 10%
ICL=Q, +{, % F§
TCL=D03+90 3% 0.1 =100 |

4.5 Required Fquipment Capacity
“E=u ....................................................................................... (<.107
Runime Time
106024
V=

0, =133.30 |




CHAPTER FIVE

CYCLE ANALYSIS

= Refrigerants Selection
= (Cyvcle Analysis




5.1 Refrigerants Sclection

In the sclection of an appropriate refrigerant for use in & relfvigeration or heat
pump system. there ave many criteria to be considered. Briefly, the refrigerants arc
supected W meel the ollowing conditions;

*  low boiling point,

* hizh eritical temperature.

* high latent heat of vaporization,

* low specific hear of liquic.

*  |ow speeific velume of vapar,

*  on corrnsive to metal.

*  pon {lammable and non cxplosive,

" [on toxic,

* Jow cosL

= casvto liquefv at moderate pressures and temperatzres.

® zusy of locating leaks by suitable mdicator and

= mixes well with ail,

To scleet refrigerants sucecssfully we must consider the above properties. We
made a comparison between various refrigerants and found rhat, the best refrigerants
could be used are R-22 for high stage eyele and R-23 for low stage cycle. [n addition
10 above properties in selection process of K-22 we have to determine the compressor
nope that works perfeetly with B-22, and it has to be cheap and available. And to
select the low stage cyele refrigerant we have to consider important (actor which s,
svoiding vacuum oceurrences, in other words (pressure inside cvele must be a little
creater than atmospheric pressure), I the ammospheric pressure became greater than
mande evele pressure will destrov the eyvele, so we seleet R-23. R-23 has very low

temperature at 1 atna, so R-23 is suitable for our system.

3.2 Cycle Analysis

Slgure 5.1 describes [deal cascade refrigeration evele
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Figure 5.1 [deal cascade reftigeration cycle

5.2.1 Caleulations For Low Stage Using R22

Figure 5.2 shows P<h chart for R23

el e s g WU PR (5.2}
m’, = —Q* .
(Fi, = i)
Where:

mt) o mass Now rate]kg's)
o). ¢ Heat transfer rate In ¢vaporator{cvaporator load)[W]
g, Refrigerating effect[klks]
4 ¢ Erithalpy at point hefore compressor[klfke]
4, Enthalpy at point before evaparator{klkg]
‘ 0.133

', =— =0.000768[ ke /
' (A3B-165) r ke is]

tal




o

b ol

i P T e s e e e e = e e 5.3)
i.: Cnthalpy ar point before compressar[kl/kg |

i,: Enthalpy at point afier condenserikd/kg)

S

=

U
W

W

: Heal transler rate in condenser{ condenser load )W
=00U0TEE < (370 =163)
= 1576 ]
e e o S W S ML SR S e S T SRt (24
W, 1 Compressor work|[ W]
W, = 0.000768 % (370=338)
w =24.57W |
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5.2.2 Calculations For High Stage Using R22

We made energy balance in the hear exchanger inlet and outlet w caleulate m°, as
shown in Figure 3.3

Hent exchengs
Evatiaistor 5

Figure 5.3 heat exchanger balance

Figure 3.4 shows P-h chart for R22
The amount of heat inlel = the amount of heat cutlet

e R R T R e i Ve SR T I T S R e B

o
. mlxitho—k)
SRR
S 0O0GT68 % (370 -165)
’ (395243
m", = 00104 ke /8T
O =m*, =k, =h)
) =0.00104% (444 16-24337)
U, =208 ]
W, =m' =ik -h)
A =0.001040 (444 16 - 265 45)
W, =506/ |
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Figure 5,4 P-h chart for R22
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5.2.3 Caleulation Of Coefficient Of Performance
Q. =m %l - h)

Qe = 000104 x (44416 — 243.57)

Qi teine: = 208 ]

1‘1."“:. =-H;:.q _H__..ﬁ

W =436 50,6=75.160]

- g

B e e e s R b S R RS R R S e (3.6)
15 +Hf'ﬁ i

133

e
75.1

We changed the design to suit the refrigerator which we brought from Reit-Jalla drogs
factory compressor power is given —34HP-S60[ W], we made new caleulation
according & given posver.

5.3 New Calculations For Low Stage Using K23

Figure 5.5 shows P-h chart for R23

. W,
m'= -
["!'r‘ _‘Il?l :I
e DO

' (388-339)
O =m' x(h-h)
) =0.0114%(388-168.15)
0 =2.520[kI ]

O =m' g,
=m" %{h - k)
=0.0114= (339 -168.15) = LO5[FIF ]
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5.4 New Calculations for High Stage Using R307
Figure 5.6 shows P-h chart tar RS07

wr' = -

th,—h)

4o 0.360

e
(399.8-330.52)

g :m-I }<'|:.I'IT] —.'ti'-_._:l

@ =0.0114x(399.8-244.55)

G =273k ]

= (101402 ke /5]

E}l' :H?.'qr
=T %k~ k)
=0.0114= (3595224501 = 1.6l 6{&c } ]
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5.5 Calculation OF Coellicient Of Performance
W, =H, 4,

W, =0.56+U56=1.12[k% |

Le

CRP =
i




CHAPTER SIX

MECHANICAL DESIGN FOR CYCLE

*  Pipe Desipn

. Condenser Desion

*  Evaporator Design

* Heut Exchanger Design
*  Capillary Tube design
» ()il Separator Sclection
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6.1 lntroduction:

Design is an innovative and highly iterative process. It is also decision making
privcess. Decisions sometimes have 10 be made with oo little information. Dacisions are
sometimes made tentarively. reserving the right to adjust as more becomes known. The
point is that the engineering designer has o he personally comfortable with a deeision
making. Tt should be a satisfying and weleomed activity. In this chupter we designed the

mechanical cyele components, and we satisty our results.

Pipe design

* Condenser desipn

*  Evaporator design

*  Heat exchanger design
= (apillary tube

= (3l separator sclection
0.2 Pipe Design:
Pipe design 1s very impertant to avoid explosion in pipe because of pressure and
to avoid a noising sound produced from refrigerant flow,
We designed the pipes based on volume [ow rate, refrigerant velocity and inside
pressure.

6.2.1 Pipe Design For R23

*  Suction pipe design

~ Inner diameter caleulations




m =0.0014kg /v |
B, =25:10°[Fa)
I=10[m /5]

where
V Valume flow rite|m” /5]

m : Mass flow rareke /8]

e Speettic volumelm™ ke
V' =0.01145%0,092 = 0,001122[m° /]

From continuity equation the inner diameter caleulated is

A : Inner area for the pipe[m”® |
I Velacity of the refrigerant in the pipe[m/s]

0001122
i ll,:l

Ther -

bl = ||-1.a=1I ir
: i

=1.12x107"[m"]

107
D = [#x1.12x107 _ 1. 2em]




»  Duter diamerer calculations

P, r, +r:)
e S o S 6.3
: g (6.3}
; s
T T e OO (6.4)
-

where
v, : Tangential siress[Pa]

£ Inside pressure[Pal

5, rYield strength[Pa)

#1: Factor of safty(we take it 8 From Mechanical Tngineerig Nesign Book)
#y 2 Outer radius[m]

. inner radius[m]

. F
o +2.5x210%0 +(25%10%) = &er}i
o, = &.87I[MPa)
2.5= 107 (7 +0.006%)

§E71=10" = — -
0,006

iy — .61 72em |
D, =123[cm]




* Discharpe pipe desizn

# [nner dismeter calenularions

P =1414bar]
F'=13[m /s
_0.001122

15

4 S
2 =4 xIL‘fh][. =0.97car ]

> Duler diameter caleulsiions

=T748=10[m ]

Lin)

_ (010"
e

g +14. 1410 g +(14.14=10°)

& = T.96[MFa)

796510 = 13141070y + 0.4857)
| 0.485°

o
1, = 0.58[em ]
B, =1.16[cm]

1 =1.16-0.97 =0.19[cm ]

6.2.2 Pipe Design For RS07

= Suction pipe design
= Inner diameter calculations

F

i}

V' =0.01402%0.077 = 1081 %107 [m" /5]
F =10{mis]

= 2.60har |

23




_ 1.081x107

A - =1.081x107[m*]

LAl

D =

4=, e
\/ D OBIXIO™ 4 s

» Outer dimeter calealations

o s padind
g +26x10%s J—f_l.ﬁxlDF".I:M]—
g, = T447[MPa]

26107 (17 + 1L.5857)

# —(.585°

T447%10" =

ry =0.61[cm |
ty=1220em )
i =1.22-1.17=0.08cm |

*  Discharge pipe design

» lnner dizmeter caleulations
P, =16.0{har]
P o=1.081:10%m" 5]
V =15mis]

_ L.bRIx10°

3

H 721107
D, =\ xﬂfﬂ.?ﬁ[ﬂn]

o

=720%107Tm "]

|
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# Quter diameter calculations
o = T 4¢7IM.PH]
16.6x10' (] 1 0.487%)
rtop4g’

i

78x10° =

ty = 0.6[em |
Dy =120em |
£ =1.2-0.96=024[cm |

6.3 Condenser Design

Figure 6.1a shows the condenser in 3D and 6. 1h shows the side view of condenser

Width
o O O 5—_1’-;-
O O O o4
5 O 6 T i T
Heh | O O O O
85 O 5@
50 & G R
Ak
5
{a (b)

Figure 6,1 condenser
Condenser length L. =20 [cm]
Condenser height H. =18 [em]
Condenser width W.=15[cm]
51 Transverse tube spacing |m)]
5. Longitudinal tube spacing [m]
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: _ condenser height .18 0.024
T numberof rows 7 (]

& = condenser width 0.15 0037E
5T number of column ~ 1 =

Figure 6.2 shows the fins

finlength =1, = (5 — D)

Thichaemy—

Ly = (0.024 — 0.008) = 0.018[m]

Fin width = Wy = (5, — D,) | | 4
Las
Wr = (0.0375 — 0.006) = 0.0315(m] ]

Fin thickness = t; = 0.2|mm]

Fin pitch = 2[mm]
hare tube lengih Ly, .. e = Fr =1t

Ll}dpc Lihe = E = n-.z. = I'E[mn[] I‘igLII'E ﬁ.z Tin:‘-"

» Condenser diameler caleulation

mo=pxF xd,
'n".‘“’"t" i :332L'!'-Fg ' a"-'i'=:|
071402 ;
A, = =281 107 ™|
S =7 & e
Then :
f i
“Iu = ||4,'|4I1
¥V =
4281107
D, = L =6 mu |
¥ =

From copper tube handbook we caleulated outer diameter D.—8.3[mm]




= Ajr side heat transfer coefficient

j Gy X Gy

hy = Prafs

Where:

hg o air beal transfer coefTicrent [k kg

|+ Calburn factor

C, - air specific heat=1.0076 [kI/ ke K](@41. 3 °C and | bar, from peace software)
{,  air ass flux [kg ,f'sm'i]

B :Prantdl number =071 1{7@41.3 °C and | bar, from péace soflware)

G, = st o e e R AT R R At S b e ey T

Agpyy » Adr Mux aren [m?),
We take control volume to caleulate air mass flow rate.

g My Ly g — f!-‘-.';,,_._f )

e o it BB)

Where:

1, ALr mass flow rate [kg' s)

. Refrigerant mass Tow rate [ky/ 5]

By e+ Relrigerant enthalpy at the outlet of the condenser [kIV kg]
Ity i, : Refrigerant enthalpy at the inlet of the condenser [k)/ ke
fig s Alr enthalpy ut the inlet of the fins [k)/kg]

flu e - Al enthalpy at the cutlet of the fns [kiky)

We used Psycluometric chart sollware W caleulite air enthalpy
Ay = 128.5[k[ fkg] (at 35 *Cdbt & 30°Cwbt)
Ry aur = 165.5]k1 fleg] (at 48°C dbt & 43°Cwht)




= 2172
T 1655—1285

Aaue = Le X He = 0.20 % 0.18 = 0.036[m*]
Then:

_ 0.0587
“7 0,036

m, = 0.0587|kg/s]

= 1.63[kg/m?s]

. 0423 w035
j = 0.24Re™04% (ST;_&) ("‘bﬂfﬂ mbe fry

0
Re: Beynolds number
Hy
Where:

D: bydraulic diameterfm]

s D)

R (R 1))

Mzt Dynamic viscosity of air =19.33% 107%[kg /ms] (@<1.3 *C and 1 bar. [rom peace

soflware )

- z{me't tizke ™ "!‘l':l

Dy,

B 2(1.8% 107 % 0.018)
" T (18 %107 +0.018)

=33 x1073[m]
v .
Where:

My ¢ Air muss Mow rate [m/s]

P Adr density [Ke/m?®|

0.=1.1032[Kg/m*)(i@41.5°C and 1 kar from peace sofrware)

V: Air velocity[m/s]

Then:

ot e 7500 L L L S

. p}iﬂnm

ROV, <. 3 3

e Sy



S 11023 x.2.% .18
. 0.0587

= 0.644]m/s]

Then:;

L1032 %33 % 1074 % 0.644
= 193368 x 10-f
Then the Colburn factor is egual

= 2766

003%

: ) iy G000 0425
J=024 2766700900280 o) (M8 )T =028
Then air convection heat transfer coefficient equal

e 0.028 % 1.0076 % 1.63 x 1000

= | ‘)“ P
D.711B68 /3
We Lake 2 part from & condenser and we made our calculations for this part to speeily

= 58|W /m*C]

number of parts. The part consist of vne plate fin und one hare tube, So the caleulations

as follows

*  Caleulations for plate fin

s s Sy D T S R HA) e R I VRS MO ¢ Y, 5 1
Where:

Asiy : Plats fin area[m’]

Tiyo Pipe wall temiperature al inlet of condenser 38{ *C]

12 Surreunding surfacs lemperature 48[ (7]

TR R R B A | e S S e 5 £
Where:

Ap aye LNIEr CTOSS section area condenser pipe [m]

Ny number of pip
Ape = 20(0.18  0.15) — (16 X 10 33 % 26)] = 0.0532[n’]
Grin = 58 % 0.0532 x 10 = 30.85[W]




*  Calculations for bere Wwhe

ot e = e A T T Y s o i e S e e (BUR)
Where:
Apare puse - Bare tube heat wansfor arua[ml]
Apureture = Naig % Dy 200 2 Ligrs sihe v <iaimmsss ssivar won snsin ssaont i it et iz (6.16)
Apare pare = 28 %83 %1079 x % 1.8 % 1079 = 1.314 x 10~ [m?]
Qun fin = 58 x 1314 % 107 » 10 = 0.762[W]

Fotal = Quw i T G wotie wvd i G e UL e i et e e ek b e e s (1 T )
Growr = 0.762 + 30.85 = 31.6[W)

Qe

et
i 2173
PSR

. (6.18)

T i
""'.‘-‘ﬂrr o

= 72 Part

= [in efficiency calculation:
tanh{rmnd.)
r;f e e N . R EL S EE | e v ey
ml
_ tanh(mL)

it f-'i

. (6.19)

n I,

: _(L’r. 1+0351 Z+9)

u‘F"“. 2’) ] : HT
7

0.0083  0.018
PN

e (6.20)

0018y | .

= 0.0126]m]

0.0083




6
m = s

i o e i e e e s s (6.21)

5 | 2% 58
o ,J}_'(IE % 0.2 %102

= 53.38

tanh(53.58 x 0.0126)
M= 3 sBx 00126

=0.74

*  Overall efficiency calenlation:

-4F['E ]‘r’
tora!
Ah:rtu! = H,"m,‘!""‘q:m‘"iﬁ _'.|'+"'(1-F£'I!TII.' LU DR D T R i T T T i e e e P e (6-2 3‘)

Apry v = Apie % N

Ajra 7 = 0.0532 % 72 = 4.83[m?]

"innﬂ?i 7= Aunrin X Ny

At v = 1.314 x 107 x 72 = 0.0946][m"]

Ly + 57 :
= ( 2 ) + .'DE x T[UEI x5 N.rﬁ: Sme basimas dEm amd R G R BRE TEe 480 EET ses mamomem s {5.24}

A File T

Apiie 7

(3.3 % 107F+0.024
=T
2

) + 02 xwx 83 x 1073 x 27 = 0.065[m?]

Atgrr = 4.83 + 0.0946 + (.06 = §[m?]
3.83

Mg = l—T('l —0.74) = 0.80

We take condenser as two regions, one for one phase (superheat region) and the other

lortwo phase (mixture region)




~ One phase calculation

VA Uy

75 = m ehmimen wwe mmr vmE AW wEE mUT mEE REE SELEAN N6 wan maninne sm amm maE e e e ams an ey |:52.'_1}

By using LMTD [lor une phise
= Tr n-ar:l =5 Tﬂ-:f"mr s Tu.r'*:)

{:Triﬂ f ir
LMTD,, =+t

{626
I:Trrf m = Tn r.:-l:r:l { J
I:Tr-‘ o~ d |:1}I
_ (58—48) - (35 - 32)
LMTD I (58— 8) 5.514[ €]
i
'?s;:- = .?‘H,r- “lg = h.?-} e R e e e e o S B s e e e [ﬁ.z?;l

R:p = 0.01402(399.35 — 374)=0.335 kW]

Q.
=Tl ( B s i e e M s L e s
i I|Q'-rm:n’ ) r J

Where:

Agp: Single phase heat transfer surface area[m?]
Atarar - Total heat transfer surface area|m* |

Qi Single phase heal transfer rate[kW]

Qieat - Total heat ransfer rale (condenser load ) [kW)

=5 (ﬂ 3'55) = 0.8168[m2]

2.173
So
UgAm =2 = 0.061[kW /°C)
U, A
ng -d;;spsﬁ
Uy = e = 74[W/m?"C)




L. Air side resistance calculations:
1

hn X T |: ]

e — &
= oy R ]

2. Air side fbuling resistance
i
Whisre:

R3=

v e o voe (6,30)

hy o+ Fouling favtor for air [W /m?*C] =6300 (From Chemical Fngineering Book)

= = 4—4 pd 4
Ry = oo = 1923 X 107 [m**C/W]

3, Wall resistimes

IE]
Asp.ﬂ('”ﬁ)

lr'f3 =

Agp ot Outside Single phase heat tramsler surface area[m?]
Dy Outside diameter of condenser pipe[nim]

D;: Inside diameter of condenser pipe[mim]

Kyt Thermal conductivity of pipe material| Wim®C]

L Single phase pipe length[m)

8.3
_ UEle8(n—=7) 20823 x 107
a 2w % 202 % i'.p_,,-p = L.a.'p

R, [m2er/ W]

<. Fin wbhe contact resistance




1

h_(-'dnpﬁm Tl-'!lE'::I :
Ay
Where:

h.: Fin-lube contact conductance [W /m "C]=4 x 107 (From Heat Transfer Book)

Ay pare vupe s Single phase bare tube surface arca[m®*]

¢,
R vive = -AHM]( e S e i s e e e R B2

'::J.:J_;Lfci
0.355
A:‘p,.’mr& tube = (0 _4-83]{31?3} = ﬂl{lﬂ[mzl
3
Ry = = 9.81 x 107°[m?*°C/W|

F
431 115(WD'"1D£8 )

5. Refrigerant side fouling resistance

1
e e OSSR ¢ i '

5 Azp!
hf g ( _.1@ )
Where:
fig af ¢+ Alt-side fouling conductance | W /m™ *C]=5000 (From Chemical Engineering
Baok)
1 8.66 x 107
e = [méc/W)

MG R0+ L
SH00 ( 08168 Sp) -

6. Internal resistance

i
b

oo o (6.35)




Where:

Ryor: One phase convection heat transfer coellicient[W /m**C)

#  One phase comviction heat transtvr coellicient caleulation:
= Pipe wall Temperature T, = 42.9[%]

*  The reference temperarure of the refrigerant is calculated by the llewing correlation

== Ty + aveErE

T..‘Ejrt".":l'l.r.'!r — _—2—' R Bl ke e | B S e e S R 0 R [EI.BEIJ
1 wd T Tr.':md,n i

Tf:.rm:ge' = ( — 5 j R S R
58 4+ 35

Tavorcge = T} = 46.5°C

Then.
4294+ 465

rofiorie = —"i__ = 447

Reynolds number caleulation inside condenser pipe at reference temperuture.

oK Vo),
Ruy = #:f W R
) i f

e+ Reynolds number at reference temperature lor the refrigerant in pipe.

Doy 2 Condenser pipe diamerer —6[nin]

Weep s Viscosily of the refrigerant R507 in the refriperant pipe at T nee [fg/ms]
Preg i Densityf of the refrigerant R507 in the refrigerant pipe at T [M°/kg]

v Al properties we Lake it from cool pack software at ¥ pame and 16,6 bar

S.4x13
Re 9541520008

= 343662

rizdh

147107




Reynolds number at wall temperature for the refrigerant that flonws inside the

refrigerant pipe is calculated by the follawing equation:

Key.r,  Reynolds number caleulation inside condenser pipe at wall temparature

typ ¢ Condenser pipe diameter [m],

Hrepi © Refrigerant RS07 Viscosity at Ty [%].

¥y using Peace Softwarce the viscosity and value of the carbon dioxide relrigerant that

flows inside the refrigerant pipe at T,y and 16.6 bar equal:

g = 1474 107 [Ae/ ms)

Py = W4 K /0]

50 Reynolds nuniber at wall temperature ¢qual:

_ 949513« 0.00033

22 _ 338008
' 1474107

Re

Caleulation of Nusselt number for the refrigerant inside pipe to estimate Nusselt number

for the refriperant.

[.-"'."u”, + N, K

rr

i

Ny ¢ Refriperant Nusselt number for the refhigerant.

N, Refrigerant Nisselt number at bulk temperature.

N » Refrigerant Nusscll number at wall lemperature,




- Refrigerant thermal conductivily at reterence (hulk) temperature [W/m K |.
k., :Remgerant thermal conductivity at wall temperature [WAm.K)].

Ll

n,, Diameter of refrigerant pipe |m].

I. Ta find Nusselt number at wall temperature for the refrigerant that flows inside the

refrigerant pipe. the following equation is to be ussd:

- I-J‘—ru.' ! B}IRe;gﬁr_ lm) Prﬂ'ﬁ!
107 12,701, /8) *(Pr. =1)

g;_'-l.'t i

Nu

e

Where:

St Priction factor at wall temperature for the refrigerant in the refrigerant pipe
dimensionless number.
Prw ¢ Prandile number at wall temperature for the refrigerant in the refigerant pipe

dimensionless nuunber,

» To find Friction factor at wall temperature for the refrigerant that flows inside the

refiigerant pipe, the followiig equation is o be used:
T I e = A e s 0 e A T ey (6.40)

It using the value of Reynolds number at wall lemperature for the refrizerant in the
refrigerant pipe which is caleulated previously, the friction factor will be equal:

7 = (.79 (338008) — 1.64) * =0.0114

Prrerw — 122 This number exists within Gnielinski range of Prandtle number.

Then the nusselt number for the refrigerant ar wall temperture cqual:

vy ADOT14/8)3R8O08 - 1000)1.04

Ch

92

T LTHI2T0.011/8) 1227 1y




2. To find Nussclt number at reference temperature for the refrigerant inside pipe, the

following equation is to be uszd:

7.4/ 8NRe, ,—100) Pr._,

JF'I-'FHF = 7 e
C 07127, /8 2P, =)

W here:
frp: Friction Factor at reference temperature for the relrigerant inside pipe
Prip i Prandlle number af reference temperature for the refrizerant inside pipe.
# Tofind Frietion faetor 2t reference temperature for the relrigerant inside pipe, the

fullowing aquation i 1o be used:

fro = (0.79In Re,, — 1.64)°
Il using the value of Reynolds number at reference lemperature for the refrigerant inside

pipe which is valculated previously. the friction factor will be equal:
f.=(0.79In(343662) —1.64) " =001 14

Pregn = 1.24 This number exists within Griglinski range of Prandtle number.

Then the nusselt number of the refrigerant ar reference temperture equal:

(00117 /8343662 — 100011 .24

W, = =HAY
LT H0.0116/8) (1,247 =1

Ky =0.0126 [W/m."C] .

K, =0.0127[Wim,"C]

Then Nusselt number for the refigerant inside pipe. equal:

Dot Ny K

'

2 &

r

| 592 - 633 0.0126
N, = )_ :
2 00125

2




Caleulation of convection heat transfer coefTicient

g N

!

Where:

e, - Convection heat transter coellicient for the refrigerant [Wigm™.K)).

527 . . ]
o, = 0055 w0.0123 = 22430 (™ )
e 1 _00289 .
A S EXEXI03 R L, L WEC/iy]
224 06168
1
Vs SRS Y

= E TEU G sih mEm dan tma GEd EEE A &

Rp =Ry +Ba+ Ry + Ry +B5 + R

202 x 107" 4 866 % 1072 +.019
2

Ry =0.0168 + 1923 x 107+ 981 x 107 +

50
. 0.0244
Rr =646 x 107" + =
L‘i]"

Then;
oo 00178y

U017 % 0.0270
e 0.017Le,
T 0017 x 0.0278
Ly, = 2.06[m]

o




» Two phase caleulation:

Usp

~LMTD,,

Urs Ay

By using LMTD for two phase

LMTDy, = (Taou — Troy out) = (Zre oue = Tain)

[T::.-nur = Trea’ ot )
In= :
[Trp.f o e Tn.m)
_ (48 -35) — (35 —32)

LMTD,, = CE T 6.514[°C|
(35— 32)

Qep = 11, (hy — hy)
0, = 0.01402(hs — hy)-1.815[kW]
i

Aﬂ'p = ﬂmmi {a;_:_!“}
ata

Where,

Ayt Two phase heat transfer surface areafm?]

@yt Two phase heat trunsfer rate[kW]

Uyore  Total heat transter rate (condenser load)|kW)

1.815
=: ==, 2
4, = 5(552) = 4.176[m?)
S0
Uy Ay = 2 = 0.435[kW /°C]
U, &
b = 20
tp
ﬁ‘—?

. = B 435 = 1000
w 4178

= 63.7|W /m*C]




|, Airside resistance

Alr side resistance in two phase is 2qual to air side resistance in sinzle phase.,

— = a
1= romegs = 00168 [m?°C/W]

2. Air side fouling resistance

Ajrside fouling resistance in twe phase is equal ro air side fouling resistance in single
phasa,

Ry = 1923 x 10 *[m*C /W]

3. Wall resistance
o)
Atp.tl {In ﬁl.:'
R — —l_
T
Ap: Two phase heat transfer surface arcam?)
Lent Two phase pipe lengthfm]

; 41?'5{"1—} _1Los7 %1073
# = 7w % 338 x Lm i

[m*=C/W|

&, Fin ube contac! resistance

i 1
4"_ ——
h (Am,barf fubicy
sl T.-
Wheare:

Aty bare rube: Twa phase hare tube surface arcaim®|

Qe
Arp vare tuve = (Aeorar — ‘Jl'ij‘l?‘l.!‘}{l,l?mt I“'

Aeprarecupe = (5 — (0.0532 x "zi}f = 1.0065|m* |

5"1'?3




1
1.0085.
CF17s)

ok = 7.836 x 107 [m**C/W]

4 % 105

5. Refrigerant side fouling resistance

o
e "q:r_r*'..'
ﬂ‘a o ﬁ;
i 1 J0Bs
= EROT RO R L\ L, (™ /W]
5000 [ e ) ;

8. Inlemnal resizstance

1

- At
o (e
rer e

Hg =

Where:
Avor: Two phase conveetion heat tzanster coefficient [W /mn*4t]

# Two phase convezlion heat rransfer coefficient caleulation:

Caleulation of Reynolds number for the refrigerant inside pipe,

Reynolds number at referenice temperature for the refrigerant inside pipe is caleulated by
the following equation:

iﬂ]"ﬁ‘f s I") ef £ 'D."f.‘f
REJ-(-_;" = s

Reérp ; Revnolds number at reference temperature 1or the refrigerant inside pipe.
D, s+ Refrigerant pipe diameter [m],

Mot Viscosity of the refrigerantinside pipe at T, o |lk2/ms].

¥ All properties we take it from Cool Pack Software at T, and 16.6 bar




foer = 1112[kg/m?]
Mopr = 0.000146[kg /ms|

5o Reynolds number at reference lemperuture equal:

o 1112 % 15 % 0.0083 _ et
Grag= 0000146 =

Caleulation of convection heat transfor coefficient lor the refrigerant in the refii gerant
pipe

The convection heat transfer coefficient for the relrigerant that flows inside the
relrigerant pipe is caleulated by the following equation:

oy, = 7 XX,

Where.

% * Convection heal transfer coefficient for the refrigerant [Wi 1113.KJ].

F: Dittus Boelter factor

Then the convection heat transfer cocfficient for the liquid refrigerant inside pipe equal:

K
oy = D023 H!'.HELH.EP?_LQ_JE

i
Where:

ket Liquid conductivity| Wim *C]

by =0, 0566[W/m=C]

P = 125

Then the convection heat transfer cocfficient for the liquid refriserant in the refiigerant
pipeequal:

66 .8 0.4
By ocdd _ : e
083 1181817125 15767 |kj fka]

F=1+ 192559

-
[}
a

I_,,J




Where:
Xye+ Lockhart Martinelli [actor

11—k il .
X = (— ;I"-'?(%_)" ”*}”1 e e e s 1 s o s e e e (BAD)

Where:

x: Cuality of saturated K507 liquid vapor misture |
i, Vapor density[kp/m”]

oy, Liquid density[ke/m]

up: Vapor dynamie viscosity[kg/ms]
4,2 Liquid dynamic viscosity[kg/ms]
r=104

1y = 94[ka/m’]

pp = 1112[kg /m?]

He = 148 %1075

¢, = 0000146

—04”: o, 0000146
A = { 0.4 ) 1112:J {1 48 x 105 7
F=1+1925x 05267043 = 427
Then:
=427 x 15767 = 64436[kl/kg]
1 3 A3 %10 "
R, = = [m="C /W]

% 6%1078 X L, L
64436(——— 1) B

0.0244

Bil.= 9524

Rr =646 x 107" +
o

1

”r,:- =E

Ry =ity + R; + Ry + Ry + Rs + Ry

74




0.0244
Ly

Rr =6.46% 1074+

Then:
0.0169L,,
~ 0.0169 x 0.0675
0.0169Ls,
0.0169 x 0.0675

Ly = 4.3[m]
Total condenser length =L, + L, = 43 + 2.06 = 6,36[m]

Uip

6.7 =

6.4 Evaporator Design!
In the evaporatar design we determine the heat transfer area and convert it to length

¥ Evaporator diameter calculation

m =pxl x4,

Paeip w =34.7[kg (m*]
001147

ML e S
BT Y e

L)
D-‘x —_—‘Hi.dil;.s_.l.?rl =7, Ilmm]

i From copper tube handbook we caleulaied outer diameter D,=8.1{mm]
We take different temperature between cvaporator pipe wall and air is equal 10 [C]
. 0 = UAAT

0
i A =E




61
A =" = 196.1[W /°C]

10

UA = =
o 1 . In(D, /D) 1

il x D % hy 2l ml x D, % A,
[ = I

= 1 4 In{8.1/7.1) 1

L X T7I1x10 x 64436 " Zn x 338 XL " wh xB81x 10" x 188537

1964 = —
T 0209

I=41.1[m]
6.5 Heat Exchanger design:

The prime uhjective in the design of an exchanger is Lo determing the surface
area required for specified duty (rate of heat trunsler) using the temperature differences
variable. Then we determine the suited heat exchanger length. Tigure 6.3 shows double

pipe hear exchanger




Capillary RS97

| HSOT |
Condeser K23 —=— B

| ==

Campressor B507

== [lpmpressar B33

Figurz 6.3 Double pipe heat exchanger
~ Heat exchanger diameter caleulation
# Inner diameter R23 caloulation:

m=pe wd

p@@mu " -442411:&2 "I'H-J'JJ

0.0114 =
S P e
STl
Then
e
Dh_ﬁ-t.fi‘m

e (4=1.71x107
" _'h‘

— d.5[mm]
7

= Inneediameler RS07 caleulation:

me=pul w4
Papovonisor i~ 1390 ke !'""J]
! ll.ﬂ'l_qﬂz

A== = | 0085 10 [m
i 02135 1008 107" [ ]




Lhen :

44in
i

451008107

I =

(L

. —

thl

— =1146[mm]

= VA(LMTD)
(Twozi — Tesor o) —=(Tiezs TRED.‘F,L)

LMTD =
[szae-Tnsm 0 )
(TM& o = Trsoz, )
28 —15) — (=) — —25)
wmrp =t ](20{— = 1793(C]
B=p=—37
_ @
C(LMTD)
i .
= {708 9? = 146.5|W /m*]
1
4 = ==
1 N Dgsyz 1 /Pnza ) s 1
TL % Doag; % fipgs: ZitkL L% Dyeng X Rpmgra
A= .
- 1 In(11.46/4 6] 1

mLX 46X 100 X 10000 ' 2ikk AL X 1145 % 10755005
- LA l'J
© 0010136

L = 1.5[m]

0.6 Capillary Tube Selection:
We selected capillary mubes by using Danecap software

= Forhigh stape we salected capillary tube witl inner diameter 1. 400mm|




And 0.38[m| length

= For low stape we selected capillary tube with [ymer diamcter 1.50{mm]

And 0.50[m] lengrh

6.7 il Scprator Selection:
We selected type 900 series from temprato products, and has o valume 445[em’)
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7.1 Introduction:

At the beginning of this chaprer we examine the basic equipment for cooling
cvcles as well as orpanizations and aecessories that enable control over the operation and
characteristics ol relrigeration units, In erder 1o obtain the highest efficiency and the safe
operating conditions for the refrigeration unit and persons and Lo achieve the necessary
control requirements,

Require identification requirements for controlling logical sequence for the operation of
varipus organs secording 1o the cooling to be achieved. Fven complete control over the
pracess must be added the electrical componems needed o ensure the functioning of

vrgans and achieving the desired control requirements,

7.2 Types Of Eleetrical Circuits:

There are two types ol eleetrical civenits in general. There are power circuits and
control circuils, capacity For small units are usually the control and power of one, either
for units with high capacitics controlling circuir be controlied separaicly from the power

CifCLiL,

T.2.1 Control Circuit;

This cireuit is working to influence the contrals to follow up the implerientation
of required control program as defined hy introducing elements operating aceording to
the requirements of control thermwstal and unequivocal pressure and break vonvection,
Also working o introduce elements of the capacity as the exact timing advance. Ofien

control eircult is working with single phase. and potential voltage in control cirenit less

&1




or equal in power circuil. The energy consumed to control much less of the ENeroy

power circuit.

7.2.2 Power Circuil:

Power cireuil is working to operate or stop power elements such as mators
depending on the signal of the control circuit . The potential voltage and the eleetric
power consumed m the power circuit equal to or greater than what is used in the contral

cireuil. The power cirenit is working in one or three phase .

1.3 Components Of Electrical Circuits:

7.3.1 Current Relay:

This can best be described 25 a magnetic switeh, 1L comprizes a small soleneid
coil argund a sleeve and an iron core. Inside the sleeve is a plunger 1 which the swirch
contact bridge is attached. The contacts are normally open, When the coil is engrgized, u
strung magnetic field of force is created because the current will be high during the
starting phase. The magnetic force will move the plunger upward and bridge the switch
contacls, completing the circuit to the start winding. The run winding is wired through
the relay so that it is always in circuit. A high starting current is drawn when the
compressor motor stants. [he current reduces as the motor gathers speed, the magnetic
filed through the relay then becomes weaker so that il can no longer hold the contact
bridge on 1o the switch. The plunger then drops down by gravity 1o open the ¢ircuit to
the start winding.

It is not uncommon for & start capaciior to be fitted when a current rzady is employved.

This is wired in series with the start winding. figure 7.1 shows Current relay.,




Figure 7 1Current relay
7.3.2 Potential (Voltage) Relay:

This type of relay is used with high starting torque motors. It ‘operates in a
similur manner to the curreal relay except that the switch contact are normully closed
The solenoid coil. once energized, mamtains a magnetic force strong enough 10 open the
switch contaet and keep them open whilst the compressor is running,

The relav has much higher design voltage rating than the supply volage

As the motor approach its design speed, the voltage across the coil can sometimes be
more than twice that of the supply voltage. When power 1s supplied to then circuil, the
relay contact are closed Both motor windings are energized and slarting is achieved as
the motor incases spead. the voltage in the start winding increases to caussd increased in
both voltage sand current basing through the coil. When the design voltage the coil is
reached. the current creates a strong magnelic force to pull in the plunger and contact
bridge to open the siart cirewt, but allows compressor in the run winding

When the relay contacts open. the vollage and current across the coil will decrease but
will maintain a8 magoetic force strong enough to keep the contacts open undil power is

disconnected. The contacts will then retumn 1o the closed position ready for a restar. .
Figure 7 2 shows voltage refay.




Figure 7.2 Voltage Relay
7.3.3 Capacitor Start And Run Motor:

Construction of the vapacitor start and run motor is wentical to that of the
capacitor start moior with the exception that 8 second capacttar, called a running
capacitor, 15 installed in series with the starting winding but in parallel with the slarting
capacitor and starfing switch. The operation of the capacitor stan and run motor differs
from that of the capacitor start and split-phase motors in thal the starting or auxiliary
winding remains in the circuit al all ume. At the instant of starting, the starting-and-
runnitig capacitors are both in the circuit in senes with the auxiliary winding so that the
vapacity of both capacitors is utilized during the starting period As the rotor approaches
10% of rated speed, the centrifugal mechanism opens the staning switch and removes
the starting capacitor from the circuit, and the motor continues fo operate with bath main
and auxilinry windings in the circuit. The function of the MUNNINg capacitor in series with
the auxiliary windmy is to correct the power factor. As a resull the capacitor run and
siart metor not only has a high starting torque but also an excellent running efficiency.
Figure 7.3 shows run and start Capacitors.




]

Figure 7.3 Run and Stadl Capacitors

7.3.4 Overload:

The most cammon cause of motor failure is overheating. The condition is crested
when 8 molor exceeds it is normal operating current flaw The result can be either a
breakdown of the motor winding nsulation and a short circuit, or a winding hum-aut.
For this reason overload protection is provided in the form of a current and lemperature

sensitive control which will open the circuit before any damage can occur Figure 7.4

shows overload.

Figure 7.4 Overload

85




7.3.5 Thermostat:

A thermostat 15 a device for regulating the temperature of a svstem so that the
svstem's lemperature is maintained near a desired sat point temperature. The thermostat
does this by controlling the ow of heai energy mto or out of the system That is, the
thermostat switches heating or cooling devices an or off as needed to maintain the
correct tamperature. Figure 7.5 shows thermostat.

_1\3

* :

J
Figure 7.5 Thermoslat

7.3.6 Contactors

A contactor is an electrical switch that opens and closes under the control of
another electrical circuit. In the ongmal form, the switch is operaled by an electromagnet
to open or close ona or many sets of contacts.

When a current flows through the coil. the resulting magnetic field attracts an armature
that is mechanically linked {0 a moving contact. The movement cither makes or breaks a
conneclion with a fixed contact. When the curréni to the coil is switched ofl, the
armature 15 returned o a normal posilion.

Contaciors are used to control electric motors, lighting. heating. capacitor banks, and
uther electrical loads. Figure 7.6 shows contactor.

443




Figure 7.6 Contactor

74 Electrical Description For Cascade Cycle:

Cascade refrigeration cycle 15 one of the cooling multistage, and each stage
need a compressor. Controlling the operation of these stazes needs an electrical circuit
integrated with the mechanical cycle. It is known that each stage of this cvele produces
to a cerfain temperature, 1o reach very low temperatures, the first stage Cool until it
reaches the - 25 degrees Celsius, then second stage will assist the first stage to reach -65
degrees Celsius. If we want to design an electrical contral eircunt for this mechanical
cyele we can use more than one way. In this chapter we discussed two methods for
controlling this cycle, which are:-

# Controlling with contactors.
s (Controlling with PLC

Befors explamming control process we shall clanty how the cascade cycle work
electncally. After pressing start pushbution to operate the cycle, the first compressor in
the high cyele will mm. Then second comprassor in the low eycle will run. The cvele
has a fan which operates when the first compressor stan, afier four hours from starting
cycle the clock shut down the cycle and start the heater for ten minutes to defrost, then
the hibemate clock starts the cvele again.



7.4.1 Control of evele Using Contactors:

I. Cycle starts after pressing operating pushbutton, Current (lows across
the emergency switches and through ON/OFF pushbutton.

F-J

Then eleetric current flows thraugh starting contactor coil {IK), and then
to the neutral line.

Lid

- I'his ensure the arrival of current Lo the coil of the hich cyele Contastor
(Kh). The high eyele compressor will run and remain so until reaching
the required remperature in the first stage (-25°C),

4. The Contactors (Kh) will operate the condenser {an and the timer (T,

5. The Timer (T) will operate the auxiliary contactor (K23,

b. The Conmetor (K2) will operate the low eyele contactor (K1), then second
compressor will run and remain s until reaching the required

temperature in the seeend stage (-63°C).
The above procedure is explained in Figurs 7.7,
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74.2 Cycle Control Using PLC:

The following blusprint. Figure 7.8 illustrates the conirol of cyele via PLC
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7.5 Power Circuit:

Power circuit consists of three motors and a defrost heater that work according
to the instruetions receiver  from control cireuit, figure 7.9 bellow depicts power circuit

blucprint for the cyele and the figure 7.10 shows the electrical construction for compres-
20IE.
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Figure 7.9 power cireuit
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Figure 7.10 Eleetrical construction for Compressors
7.6 Alarm And Monitoring Systems:

Alarm and monitoring systems are very important parls in eleetrical cirenit. It
allows to derect any il which may oceur in the two stages, in erder o handle it easily,
In our project we used these two system through vsing lamps working as follows:

1y Monitoring circuit:

a-lamp lights when the high stage runs and off when it shutdown (HS).
b-lamp lights when the low stage runs and off when il shutdown (LS).
c-lamyp lights when the condenser lan runs and ofl when it shutdown (F.
d-larnp lights when the defrost starts and off when it ends (Ke).

2)Alarming circuil:

a-lamp lights when pressure increases above required pressure (each stage needs
vne lamp) (HP1 & TTP2),




b-lamp lights when pressure decreases helow the required pressure (each stage needs
one Jamp) (LP1 & LP2).

¢-lamp lights when compressors ave overloaded (each stage needs a famp) (OL] &
OL2). I'his is explain in Figure 7.1 below.

El R

Figure 7.11 Alarm and Monitoring

Figure 7.12 shows electrical components on mechanical eyele.
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Table 7.1 Cireuit symhals

Symbaol Description
i Phase line
N Neutral line
: PT Earth line
F Fuse
|. aLl ' [L.ow cyele compressor pverload
OLZ High evele compressor overload
I 1pPr Low cvele high pressure
} HP2 High cycle high pressure
| LPI Low cyele low pressure
! Le2 High eycle low pressure
S0 Stop pushhution
S Start pushbulion
Th Low eycle thermostat
| Th High eyele thermostar
| & Start contactor
X2 Apxiliary contactor -
Kh ' High eycle contactor
KL Low evele contactor
[kt Condenser fan contactor
Ke Heater Contactor
T | Timer
H2 Droor heater
k= Hibernate clock
Currend relay




Voltage relay

Run eapacizor

Start capacitor

Muotar




Recommendations:

Through our wark on this project we noliced the following points, and found it uselul o
hring these notes to your attention:

* Refrigeration and air conditioning workshop lacks appropriate means for
refrigerant leak detection.

*  Collage library should he enriched with specialized references in the ficld
of thermal sciencas and HVAC |

v Adarger attention should be aitributed to the electricity side of HVAC
Systems.

" Cryagenies & branch of refrigeration that should be introduced in the

courses taught in the collage.



Conclusion:

After studying this project deeply the importance of this project in human's life
becomes so ¢lear. Such as this project helped and still helping humans to test cquipments
that people need it permanently in life such as testing planes parts and preserving
humans, animals, and planis tissues to rebuilt and reproduce it again thus prevent it from
extinetion. But lakes in references, sources, parts and refrigerant makes building such as
these projects in our country so difficult. Because of that we couldn’t surround this
project perfectly. Determining over all heat transfer coefficient in two phase is the main
problem which we faced in a theory analysis in this project,

So we recommended some advices to consider it, to make studying such these projects
easier.
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TABLE A-1  Thermul Conduciivite of Mat=rials

Niaterial Digsunption Thurmi] Thermal
Conductivity  Conductsnee
k) (5]
Wim K Win® K
Mazonmy Brick, commnon 072
Erick, face |30
Conerete, mortar or plasiz 07z
Clemmesfers, Samid pmere sty 1.73
Conerete block
Sand dggremate [0 mm T.U3
Sand dggregane 200 mm 5

it —

Sand gezregete 200 mm

Cinder arareiale HH mm
Cindér ageregate 200 mm
Cinder guraressie S0 mm

Lo bl Ay
e i
o

Winnds
Maplz, aal, similar hardwaode 0,16
lir, pins, similar saftwonds Q.12
Plywonkd 13 mm G.09
FPlywood | .08
Roufing Acphalt rodl roofing 30,91
Built-up roofing & nim |'7.03
insulating Blanket or batt, mineral or glass fiber 0039
materials Roard wir slab
Cellular plass oSy
Corkboard .03
Crigien fibie 0.G36
Expinded polystyrene (smooth ) 0.029
Fapanded polvsnrens (out cell) [.036
Expanded pelyorcthane G02s
Lease fill
Milled paper or waod puip 0.035
Sawdust or shavings (0G5
dlmeral wool (recl, glass, siag) (.09
Redwoud bark 0.037
Wood fiber (soft wonds) LRES
Cilass Single-pans 642
Two pane 2.5
Three pane .63
Four panz |14
Mot Stambess steel 158




TABLY A-2 Propertics of commor: foods

Food Water Freezing Speeific heat Latent
content point [kl/ke.*C] heat
%o (mass) °C] | kMK
Above Below
freczing | freczing
Vegpetables
Artichokes 84 il 365 1.90 281
Asparagus 3 -0.6 3.86 2.01 311
| Beans, snup 89 0.7 38 1.96 297
Rroceoli 50 (.6 3.86 1.97 a1
Lahhage Vel -39 3.92 2.00 307
Carroly (b -4 3.79 1.95 294
Cauliflower a2 0.8 392 2.00 307
elery i (L5 2494 2.02 314
Com 74 -6 332 L.77 247
Cuecumbers 06 -(.5 4,06 2.05 321
Egeplam 53 -01.8 ' 3.96 1M 311
Horseradish 73 -1.8 3.35 1.78 23]
Lesks g3 _ .7 3.64 1.91 284
Lettuce 95 0.2 4.02 2.0 217
Muslirooms 01 -(0.9 1.89 1.949 304
Okra 60 -1.8 3 86 1.97 301
Onions, 89 0.9 3.82 .96 [ 2907
Gresn _
Omian, dry 88 B 3.79 1.95 264
Parsley 85 -1.1 3.69 1.91 284
Pzas, Green 74 -0.6 3,32 177 247
Pepper 93 0.7 3.92 2.00 307
sweet . _
Patatoes T8 (1.6 J.45 |82 261
Pumpkins 91 -0.8 3.89 .99 304
Spinach | 63 | 63 3.96 2.01 311
Tomato g4 {5 3.99 2.0z 314
L1pe ]
[ Turnins g2 -1.1 3.492 | 2.0 [ 307
Fruits
Apples | 84 e 365 | ten | 3R
Apricats ) =kl 3.69 1.91 284
Avocados (5% 0.3 3.02 1.66 217
| Bananas | 75 | ~(1.8 3353 1.78 | 251

162




Blucherries | 82 1.6 | 359 T 187 | 274
‘Cantaloupes 92 -1.2 | 302 2.00 307
Cherries, | 84 57 365 190 | 281
SoUr ;
Cherrics. 80 -1.8 3.52 L83 267
sl
Figs. dried 23 e .13 77
| Figs. frosh 78 24 345 1.8 261
 Grapefruit 89 -1.1 3.82 _ loe 297
Urapes a2 i -1.1 3.59 1 87 274
| Lemons g8 __-14 3.82 1.96 257
(Mives e -1.4 330 1.78 251
Oranges K7 ' -0.8 3.7 104 291
Peaches 8y 09 | 382 196 | 297
cars 3 -1.6 3,62 1.89 277
Pinzapples B3 -0 1.69 119 284
Plumps 86 -1 3.72 |92 287
Juinces 85 2.0 3.09 1.91 284
_Raising 18 | e memeam 1.07 4
_Strawherries ELL 0.8 ' 3.86 iy S L 5
langerines 87 -1.1 375 |.94 2591
Walermelon a3 -0.4 5.96 [ 201 31l
[
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TABLE A-3 Air change per hour

Kind of room or building Air
Change|m’/hr|

Foom with no windows or extericr door 0.5

Room with windows or exterior door on vne side anly | 1.0

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

Roons with windows or exterior door on three side only 2.0

Entrance halls ' ‘ 2.4

Faciories, machine shops ‘ 1.0-1.35

Recreation room, assembly rooms, gymnasium 5

Home, apartment, olees 10-2.0
' Class rooms, dining room. loumges. toilets, hospital 1.0-2.0

room, kitchen, leundnies, ballrooms, bathrooms

Storcs. public buildings 2.0-3.0
Toilets. auditorium - 3.0

T4




TABLE A4 Specific hieat of packaging material

Specific 1lear [k1/ke.°C) | Packaging Material
3 _ ! Wood
0.5 Stainiess sreel
1.6 Plastic
(.83 Aluminum |
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