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A bstract

In this project design and build up an ice maker which is expected to produce
plated 1ce. Thus unitis to he build up according to the calculations that wall be
shown m the calenlation chapter.,

This unit may be used in the university laborites to show the process of forming ice

The most important part 1o be designed m this project 1s the evaporator as the ice

will have its shape.
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Introduction

1.1 Introduction

This project aims 10 design and build up ice maker which is expected to produce an
1ce plate which can be then divided into cubic ice by using a special procedure.
However we expected lo face many problems such as providing the suitable
component for our cyele In the other hand the most important component in our
cvcle is the evaporator as the evaporator will decide the shape of the ice that will be
produced, so we will show in details the calculation and selection of the evaporator
and many shapes of evaporator that can be designed. This chapter talks about some

types of ice and ice makers and why plate ice is to be produced.

1.2 Project objectives

There are some objectives that can be mentioned as [ollow

1) Design and build up ice maker to produce plated ice, aceording to
calculations and selection of every single component of the cyele (or unit),
The project will be used as a laboratory device to demonstrate the ice making
process and its relation with the process occurring in the refrigeration cycle.

2) Inthe project an important theoretical studies will be done. such as choosing
the reéfrigerant, cycle components, condenser and evaporator. .. ... &

1) Study different types of ice and the physical and thermal properties of each
one

4) Study different types of ice makers especially plate ice maker

51 Magke the electrical comtrol of this unit




1.3 Choosing type of ice maker (or type of ice)
From previous studies ice can be classified to
1) Flake ice (chip ice)
2) Crushed ice, consists small pieces made from crushing larger chunks of ice
3) Fluid ice (or liquid ice), it is agueous ice mixture that contains >20% of
liquid, so it may handled as fluid (pipes, pumps.....ete.)
4) Dry ice, its also called carbon dioxide snow . it is the solid phase of CO2.

5) Ice cubes (cubic ice)

[ce makers can be clasgified to

1) Block ice maker that shown in fig (1.1) can produce ice with 150-170 mm thick.
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Fig (1.1) Block ice maker
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2) Flake ice maker forms ice 2 to 3 mum thick (fig 1.2)

[ ]

ﬁ — Water supply pipe
L L.—— [ALE ) :
Subcooli /
ubcooling zone - Ice freezing drum
Rotation ot
i
lee fo store -._él_‘\lq""‘-- Ice breaking device

o |

by

Fig (1.2) Nake ice maker

3) Tube ice maker. shown n fig (1 3), ice in this ice maker is produce in the form of

small hollow cylinders of about 30%50 mm thick with a wall thickness of 1010 12

T,
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Fig (1.3) Tube ice maker

4) Plate ice maker, shown in fig (1.4), can produce plate of

10 12 mm
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5) Cubic ice maker. Fig (1.5).
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Fig (1.5) cubic ice maker

The following points shows why choosing plated ice maker

1) The components of the cyele s available
2} Tt is easy to connect these components with each other.
3) It is possible to design the evaporator with desired shape

4) Some advantages of cubic ice over other types of ice:

&) 11 15 clear with a standard shape and size




b) It is used in many applications including hospitality (hotels, cafés.  and
restaurants), fresh food industry and fast food industry.
¢) Cubic ice is considered to be high guality ice because it containg few
impurities and minimal trapped air which makes it harder

d) Slower in melting than other types of'ice

L.4 How the system will be built?

The svstem (project) must be buill and designed according to the following steps

|) Choosing the compressor with known power

2) From the compressor selection calculation at different types of refiigerant had
been done (by using T-8, P-V charts and using the cool pack program) o
decide the most suirable refrigerant to be used a cording to its propertics,
COP... etc

3) Caleulating the load of the cvcle.

4) By Lhe cycle analysis a suitable condenser had been chosen

3} Making calculation for the most important component of the ¢yele which is the
evaporator. and choosing the best shape for it as the shape of evaporator will

decide finally the shape of the ice that will form into it

6) Choosing the water pump that will cireulate the water in the cycle and
spraying water in the evaporator, so a suitable nozzle must be chosen

71 Choosing the actuators, monitoring component and protection of the cycle,
such as solenoid valve, accumulator, overload, receiver. and high and low
pressure switches.

&) Deciding the best way Lo install the project (or the svstem) in rable,

9} Build up the electrical wiring diagram tor the system

S|




I'he project or the system 18 expected o work as follow:

I} Refrigeration cycle is on (compresser and the fan of condenser are on)
2) Water from the water tank is circulated by pump over the evaporator and
sprayed by the nozzl
3) The water is cooled down and gradually freezes on the evaporator plate.
4) Ice builds up fill reaching required thickness.
3) Up on reaching the required thickness the water recirculating pump and
condenser fan are turned off and the harvest of ice starts.
6) Toe harvest takes place by hot gas entening the evaporator directly without heen
condensed and this step can be done by the selenoid valve

7) As the evaporator plate is slopped the ice plate formed on the evaporator will
fall into the special box by means of aravity

8) Then a new cvcle will begin

LS Time Table

I'hie time of project is scheduled over |6 week: table (1.1) shows how the wark

scheduled over these weeks:




Tuble (1.1) Time Plun

5 ['7 o 11 13 15

6 b 10 12 14 16

Selection of
Lthe

COMPressor

| Caleulations

' Buying basic
|

component of

the project

| Writing the

chapters

Design of the

SYaporamT

| Connecting
| components

| Building and

testing the

project.




1.6 Budget

Table (1.2) Budger
Equipment Cast(NIS)
Uéjtlg the interner 200
e Renting room 500
Transportation 500
i Printing papers 200
COMPIessor 300
1 condenscr 200
a Con Fan 30
bEvaporator 400
aceumulator 30
Stand table 00
Water pump 50
" Water tank 150
Other component 200
Cyele protections 100
Tce box 150
Total 3510

L




L7 Project Contents (outline)

Ihe project is divided up in 4 chapters; the chapters follow cach othe; logically to get

| the complete idea about the project

Chapter 1; Inroduction to the project with pre studies and why choosing this project

and how do this project warks,

Chapter 2: Components of the system.

Chapter 3: Calculation and cycle analysis.

Chapter 4: Power and electrical circujt




CHAPTER TWO
COMPONENTS OF THE SYSTEM




Components of the system

2.1 Introduction

Ihis chapter talks abour the component to be used, and about the criteria fos

selecting each of them.
2.2 lee muker cycle

The system Lo be build is shown in fig (2.1)
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2,3 Components of the cycle
2.3.1 Compressor

Fig (2.2) shows some types of compressors

Refrigerant compressors are known as the heart of the vapor-compression
refrigeration systems.

In & refrigeration cycle, the compressor has two main functions within it One
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 the 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

Lhe system

Fig (2.2): compressor shupes




Compressors can be divided in two main types:

*Positive displacement compressors, and

* Dynamic compressors.

Both displacement and dynamic compressors can be hermetic, semi hermetic, or open
types. The compressor both pumps refrigerant round the circuit and produces the
required substantial increase in the pressure of the refrigerant. The refrigerant chosen
and the operating temperature range needed for heat pumping generally lead to a need
for a compressor to provide a high pressure difference for moderate flow rates. and
this is most oflen met by a positive displacement compressor using a reciprocating
piston, Other tvpes of positive displacement compressor use rotafing vanes or
cylinders or intermeshing screws (o move the refrigerant. In some larger applications,
centrifugal or turbine compressors are used, which are not positive displacement
machines but accelerate the refrigerant vapor as it passes through the compressor

housing These various compressor types are illustrated in Figure (2.3)

WY o

Reciprocsting Rctary vans Wairka

—

Scrow Turbine Caniritugel

Fig 2.3: some type of compressor




In this project the compresser that will be used is hermetic (fig 2 4)

Compressors are preferable on reliability grounds (o units primarily designed for the
smaller range of temperatures required in air conditioning or coolimg applications. In
small equipment where cost is a major factor and on-site installation is preferably kept
to a minimum, such as hermetically sealed motor/compressor combinations there are
no rotating seals separating motor and compressor. and the internal components are
not accessible for maintenance, the casing being factory welded

In these compressors, which are available for small eapacities, 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 refrigeralors,
freezers, and air conditioners are of the hermetic type. An internal view of a hermetic
| type refrigeration compressor is shown in Figure (2 4), The capacitics of these
compressors are identilied with their motor capacities. For example, the compressor
capacily ranges from 1/12 HP to 30 HP in househald refrigerators, Their revolutions
per minute are either 1450 or 2800 rpm. Hermetic compressors can work for a long
lime in small-capacity refrigeration systems without any maintenance requirement

and withoul any gas leakage, but they are sensitive 1o electric voliage fluctuations,

which may make the copper coils of the motor burn. The cost of these COMPressors is

very low.
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Fig (2.4) A typical hermetic reciprocating compressor.

1.3.1.1 Expectations from the compressors

The refrigeranl compressors are expected to meel the following requirements
= High rehability,

* Long service life,

+ Easy mamtenance

« Easy capacity conlrol,

* uler operanon,

» Compactness, and

» Low cost

14




2.3.1.2 Compressor selection criteria

In the selection of a proper refrigerant compressor, the following criteria are
considerad:

* Refrigeration capacity,

» Volumetric flow rate,

« Compression ratia, and

* Thermal and physical properties of the refrigerant

For the ive maker cycle a compressor suggested 1o be used i single phase hermitic
COMpPressor.

2.3.2 Refrigerants

In general, refrigerants are well known as the fluids absorbing heat during
evaporation. These refrigerants, which provide a cooling effect during the phase
change from liquid to vapor, are commonly used in refrigeration, air conditioning, and

heat pump systems, as well as process sysiems.

Fig (2.5): some tvpe of refrigerant

19




2.3.2.1 Selection of Refrigerant

In the selection of an appropriate refrigerant for use in 2 refrigeration or heat pump
system, there are many criteria to be considered. Briefly, the refrigerants are cxpected

‘0 meet the following conditions.

* Ozone and environment frisnd] ¥s

* Low boiling lemperature,

* Low volume of flow rate per unit capacity,
* tigh heat of vaporization.

* Non-Hammable and non explosive,

* Non corrosive and nontoxic,

* Nongreative and non depletive with the lubricating oils of the COmpressor

|' * Non acidic in case of 2 mixture with water or air

] * Chemically stable.
* Suitable thermal and physical properties (e.2, thermal conductivipy: VISCOsily),
* Commercially available,
* Easily detectable in cage of leakage. and

* Low cost




The table below shows a comparison among R12, R22 and R134

Table (2.1): comparison between refrigerants operating at the same conditions

R12 R22 R134a
Name Dichloradiflucromethane | Chiorodifluorometha | Tetrafluoroethane
ne

Formula | CCLF; CHCIT, CH,FCF,
Gvaporator | -21 21 2]

temp (°C)

Condenser 35 35 35

tetnp ("C)

v 'm?/s) 0.001 (.00058 0.00109
m (Kg/s) [0.000 0 0061 0.0072
Cop 3.5 3135 347
Qcon (kW) | 1.26 | 1291 | 253
Qev (kW) | 0.981 0.933 0,972
Pecom (kW) | 0280 0,280 0.280

* COP for refrigerant R12 is the highest, but R12 is phase out because its high ozone

depletion potential (QDP)

The table below shows some prosperities of R12, R22 and R134a refrigerants

Table (2.2) Properties of refrigerants

R12
Name Dichlorodifluorome
thana
Formula CCl2F;
-29 ¥

Boiling point(°C)

R22 R134a
Chlorodiflucrometha | Tetrafluoroethane

ne

CHCLF | CH¥CF

407 26 3 |

21




[at 100 kPa

| Freezing 298 -160 — [=1033°C
: Point{"C)at
100kPa
Critical 112 06,2 101.1
| temperature (T.)(
b )
Critical pressure 4,170 4.936 4.060
(p.)MPa
Triple point -157 -157.39 -103 3

temperature (T,)
C

| Specific Volume | 0.15940 0.21496 018817

at Patm. For sat.

vapor
mikp
Specific Volume 06720 0.7079 0, 7264
at Patm For sat.
liguid
m'rfkg
Molecular Mass | 120.91 86 468 102.03 )
/mol |
L.eak detection i * #
Ozone depletion | 0.82 0,05 0 ;
potential
|56t pressie ot | 054 1354 0886
+35 %C MPa
' Lubricants Mineral Mineral Alkyl benzene
i Alkyl benzene "oly ester
2 |




* Leak Detection for refrigerant:
*Bubble Test (Soap Solution)
*Water Immersion Method

*DUye Inlerception Method
*Electranic Leak Detectors

*Ultrasonic Leak Datastors

Leaks in refrigeration units can be detocted by a number of methods The electronic
detector is widely used in the manufacture and assembly of refrigeration equipment,
Che instrument is used 1o detect leaks in refrigerants excepl refigerant 14 (R14) It is

not recommended for use in atmospheres containing explosive or flammable vapors

According 1o the above data the chosen refii gerant is R1343

2.3.3 Condenser

Uhere are several condensers to be considerad when making 4 selection for
instaliation. They are air-cooled, water-cooled, shell and lube, shell and coil, rube
within a tube, and evaporative condensers. Euch type of condenser has its OWI unique
application. Some determining factors include the size and the weight of the unit.
weather conditions. location (city or rural), availability of clectricity, and availability

of water A wide vay iety of condenser configurations are employed in the PTOCESS

industry,




Fig (2.6) Compressor with air cooled condenser

Selection of condenser type is not easy and depends on the following criteria:

= Condenser heat capacity,

* Condensing temperature and pressure.
* The flow rates of reftigerant.

* Design temperature for air,

* Operation period, and

» Climatic conditions,

Condenser is of two types Air cooled condenser and water cold condenser, but here

the concern 15 on air cooled one

The fig below shows Air-cooled condensers
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Fig (2.7): air cooled condensers

The air-cooled condensers find applications in domestic, commercial, and industrial
refrigerating, chilling, freezing and air conditioning systems with a commaon capacity
of 20— 120 tons. The centrifugal fan air-cooled condensers (with a capacity of 3-100
tons) are particularly used for heat recovery and auxiliary 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 is removed as sensible heat by the air stream

I'he advantages of air-cooled condensers arc:

 No water requirement,

+ Standard outdoor installation,

= Elimination of freezing, sealing, and corrosion problems,

» Elimination of water piping, circulation pumps, and water treatment,
= Low installabion cost, and

» Low maintenance and service requirement -

On the other hand, they have some disadvantages. as given below:
» High condensing temperatures,
» [Tigh refrigerant cost because of long piping runs,

« High power requirements per kW of cooling,

25




* High noise intensity. and

* Multiple units required for large-capacity systems.

The candenser used in this project is air cooled condenser,

2.3.4 Condenser fan

In this project fan selected with 1300 rpm and it work at 230V AC | the current
needed is 0354

Fig (2.8): condenser fan
1.3.5 Throttling Devices

Throttling device is important 1o increase the veloeity of refrigerant and decreasing its

pressure. Fig (2.9) shows the pri nciple of this device
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Fig (2.9} : throttling device

In practice, throttling devices, called either expansion valves or thrattling valves, are
used to reduce the refrigerant condensing pressure (high pressurc) 1o the evaporating
pressure (low pressure} by a throttling operation and regulate the liquid-refrigerant
flow to the evaporator to march the equipment and load characteristics. These devices
are designed to proportion the rate at which the refrigerant enters the cooling coil to
the rate of evaporation of the liquid refrigerant in the coil; the amount depends. of
caurse, on the amount of heat being removed from the refrigerared space. The most

common throttling devices are as [ollows

* Thermostatic expansicn valves,
= Constant pressure expansion valves,

= [loat valves, and

= Capillary tubes.




2,3.5.1 Thermostatic expansion valves

The fig below shows expansion valve fig (2.10)

1. Temperature sensor
2. External equalizer
3. From condenser

4. To coil

Fig (2.10) : expansion valve

The thermostatic expansion valves are essentially reducing valves between the high
pressure side and the low-pressure side of the system. These valves, which are the
most widely used devices, automatically control the liquid-refrigerant flow Lo the
evaporator at a rate thal matches the system capacity to the actual load, They apcrate
by sensing the temperature of the superheated refrigerant vapor leaving the
evaporator. For a given valve type and refrigerant, the associated orifice assembly is
suitable for all versions of the valve body and in all evaporating temperature ranges.
When the thermostatic expansion valve is operating properly. the temperature at the
outlet side of the valve is much lower than that at the inler side If this temperature
difference does not exist when the system is in operation, the valve seat is probably
dirty and clogged with foreign matter. Once a valve is properly adjusted, further
adjustment should not be necessary. The major problem can usually be traced to

maisture or dirt collecting at the valve seat and orifice. Figure (2.10) shows a common

type of electrically driven expansion valve
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Fig (2.11) : thermostatic expansion valve

2.3.5.2 Capillary tubes

Fig (2.12): capillary tube




The capillary tube is the simplest tvpe of refrigerant flow control device and may be
used in place of an expansion valve. The capillary tubes are small-diameter tubes
through which the refrigerant Hows into the evaporator. These devices. which are
widely used in small hermetic-lype refrigeration systems (up to 30 kW capacity),
reduce the condensing pressure to the ¢vaporating pressure in a copper tube of small
internal diameter (0.4—3 mm diameter and 1.5-5 m long), maintaining a constant
evaporating pressure independently of the refrigeration load change These tubes are
used to transmit pressure from the sensing bulb of some temperature control device to
the operating element 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 10 match the compressor capacity. Other considerations in
determining capillary tube size include condenser cfficiency and evaporator size

Capillary tubes are most effective when used in small capacity systems,

The capillary tube is not suitable for the system because harvesting the ice in the
system will be by defrosring and capillary wbe is not suitable for this Process, so

thermo static expansion valve (TEV) will be used

2.3.6 Receiver tank

The receiver (fig 2.13) acts as a temporary storage space and surge tank for the Liquid
refnigerant. The receiver also serves as a vapor seal to keep vapor out of the liquid line
to the expansion valve A pressure drop in the liquid line of a refrigeration svstem
may cause the liguid refrigerant to flash to gas Receivers are constructed for either

horizontal or vertical installation

-




CHARGING TO EXPANSION
CONNECTION VALVE

Fig (2.13) Receiver

.37 Accomulidors

Fig (2.14): Accumulators




It is well known that compressors are designed to compress vapors, not liquids, Many
refrigeration systems are subject to the return of excessive quantities of liquid
reftigerant to the compressor. Liquid refrigerant returning to the compressor dilutes
the oil, washes out the bearings, and in some cases causes complete loss of oil in the
compressor crankease. This condition is known as oil pumping or slugging and results
n broken valve reeds, pistons, rods, crankshafts, and the like The purpose uf the
accumulator is to act as a reservoir to temporaril y hold the excess vil-refrigerant

mixture and to return it al a rate that the compressor can sately handle

Aocumulator

Compressor

Fig (2.15): accumulator

2.3.8 Solenaid valves

Fig (2.16) : type of Solennid valves

19




Fig (2.16) : type of Solénoid valves

Solenoid valves are extensively used in all types of refrigeration applications. These
valves are employed as electrically operated line stop valves and perform in the same
manner as hand shut-off valves. These valves are convenient for remate applications

due to the fact that these are electrically operated and controlled easily

MAGNETIC GOIL- I __sreaxaway pin

0

VALVE STEM~_ | _——PLUNGER

VALVE SEAT—, PISTON
.-"'f/.j

o QUTLET

Fig (2.17): part of Solenoid valves
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2.3.9 Water pump

Pumps arc used throughout society for a varicty of purposes. Early applications
includes the use of the windmill or watermill to pump water. Today, the pump is used
for irrigation, waler supply, gasoline supply, air conditioning systems, refrigeration
{usually called a compressor), chemical movement, sewage movement. flood control,
marine services, etc Because of the wide variety of applications. pumps have a
plethora of shapes and sizes: from very large to very small, from handling gas o
handling hiquid, from high pressure to low pressure, and from high volume to low

volume.

Fig 2.18: water pump

The pump selected in this system gives discharge of 201./min at | m head.

Lad
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2.3.10 Water tank

[
supply| frem
| | leveporator

Y e
= __:’{ EILaTTED

|
|
|
N ,1' sraln

Fig 2.19 :water tank

The water tank shown in the above figure (fig 2.19) is made of thick steel. Two layers
of steel and between these two lavers an isolated material will be install to save the

cooled water from outside temperatures

As shown from the figure the tank most have two inputs: one for the water inlet from
the supply and one for the water return from the evaporator which is usually cold

However 1t has two outputs: one for the pump that will circulate water to the cycle.

and ene for the drain to empty the water from the 1ank




2.3.11 Ice box

The ice box must me insolated by some material to prevent ice from melting, so as the
water tank it must contain of two layers and isolating material between them The ice
box must be opened from upside to allow for the plated ice 1o be in.

Fig (2.20) shows ice box

Fig (2.20) Tee box
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CHAPTER THREE

CALCULATION AND CYCLE ANALYSIS




Calculations and cycle analysis

The cycle that must be done in this project it is shown in {ig (3.1).

Fuupﬂ*uijr
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fowy
woter [ ,f - S’__E}m |
supgly iJ Li : '
return  § i | |
water A
— ek !
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Vv A tlter
l'-/_ Arign
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¥ T~ s7Expansion
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P Hp-'
\ .’_’,‘J:" ,:'—‘-I
[l u_}']—-" | ]
= condesor :|_." -
| emp -.'.-‘-';‘:
sensor ,‘-‘_-:_{jx
Keclver

Ice oox Lerpressor

Fig (3.1) Ice maker cycle




3.1 Calculations criteria

I'here are two ways to do caleulation of the cycle

3.L.1 Calculation by duration of ice forming

I is to decide the amaunt of ice to be produce and build the calculation (Qice, Qe and
QC) according to il and the following equations is suggested 1o be used:

First calculation for time required for the ice 1o be furmed

ro S 5
- T { ( ice ) * [ :L'-;- 3: wall ]
cemreereans EQUL (A1) (QU _f-_,) .!{L

where ;

ike

T: time required for ice to be formed in a plan wall

[ :the latent heat for freczing per unit volume( Kg /m )

el

e - thickness of ice

& =0

IE Fssa.pa‘a‘.:r

A = S N
K. =222 [«

.l

tﬁwm, = l‘rjm S = U UK O
A

Tify, =1000w /¢

— T =

Calculation of ) (load) for a plan wall

Qc =4 QJL‘E +Qw HEr +Q suhconing +Q i2v 1 A R A R S Equ (3.2)
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temp of freszing

11
convection © M4
hf2
|
wal  cethidness
thickness

Fig (3.2) plan wall

- o r ik e A Equ {3-3]

where :
r the latent heat for freezing per unit volumel{ Kg /m )

T: time required for ice to be formed in a plan wall

- L B
= 2
i iog Fice r ice

Where: m,_ = mass of ice

p.. =9162(Kg/m’)

V: volume of ice (m” )

— m = p*V(Kg)

B
AT Hegn K T

l‘:'J'll-':ﬁa' = " L Wt fos )
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* Then we choose the suitable compressor, condenser, evaporator and pipes according

to these calculations

In this project these equation will not be used, it may use as teshing for the second

methid

3.1.2 Calculation by selection of compressor

In this method single phase hermitic compressor with power of 3/8 HP (220V, 50 Hz)

15 selected and calculation is done aceording to it

As it mentioned in the previous chapter the refrigerant that will be used 18 R134a

calculation wall be made for R134a R12 and R22




*By using R134a
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Fig (3.3) P-h Diagram for R134a

Wecomo = 3/8 * 748—0.280 kW

W comp = 0.280 kW
Te=-21°C
Te=35°C

W comp = m *( h2-h1)

0280 = m*(424-385)

mr =0.0072 ke/s

Qev=m- * (hi-h4)

= 0.0072%(385-250)

= D972 KW

Qcond = m- *(h2-h3)

= 0.0072*(424-250) = 1 253 KW

Q con - Qev =W comp
COP=Qev/P=0972/0280= 347
W eycle = h2 —hl = 424-385 = 30 K)/Ke
Pressure ratio = P cond / Pey

P cond =9 bar

Pev =14 bar

Pressure ratio = 9/1 4 = 6. 478




*By using R22

W comp = 0.280 KW

Te=-21°C

Te=35%C

m- = 0.280 / (h2-h1) = {.280 / (442-396)
mr=0.0061 ka's

Qev = m- *{h1-hd) = 0.0061*(396-243)
=10.933 KW

Qcon = nr *{(h2-h3) = 0.0061%(442-243)
= 1.2313 KW

Q con - Qev=w comp

COP = Qev/ P=0933/0280 =335
Weyele =h2 -hl = 442.396 = 46 KI/Kg
Pressure ratio = P cond / Pev

P cond =15 bar

Pev =23 bar

Pressure ratio — 15/23 =65

. SR L S i

Ll =
e

>0 o = an am a L1 ot =l

St rv ey

Fig (3.4) P-h diagram for R22

14




*By using R12

W comp = 0280 KW

Te=-21C

Te=35%C

me = (280 / (h2-h1) = 0.280 / (373-342)
me = 0009 kg/s

Qev=m *( hi-h4) = 0.009%( 342-233)

s

=098 KW
Qcon=m- *(h2-h3) = 0.009%(373-233)
=126 KW

Q con - Qev = w comp

COP =Qcv/P=00981/0280=3. 5

T 2 by .nl:--cn.'lmr-. TH

bl P ——— f : .'.'

@ | )
o J||..-|1'||-*rr.|.'f.l'“c.|¢ | i =
2w = { e

L 1) - g

i

AT

MU
Ll
id ]
L
Ll

LS

g

[ig (3.5) P-h diagram of R12
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“By using R134a with superheating 10 “C + sup coaling 5 °C
hb =394 KJ/Kg

he — 436 KJIKg

hf =193 KJ'Kg

hg =193 KJ/Kg

Weomp =0 280 K'W

Te==21%

e =500

my = 0.280 / (ho-hb) = 0.280 / (436-394)
m —0.0067 ke's

Qev = m* *{ hb-hg) = 0.0067%( 194-193)
=1.3467 KW

| Qcon = mr *(he-hf) = 0.0067%(436-193)
= 16281 KW

Q con - Qev = w comp
COP=Qev/P=1131467/0.280 = 481

a-b  super heating
1 b-c work compressor
d-e¢ () condenser
et sub cooling

g-a () evaporator

Fig (3.6) P-h diagram for R134 (super heating 10, sub cooling 5
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* By using R 134a

Tev=15°C

I'con=3%°C

W comp = (280 KW

mr = 0280/ (h2-h1}) =0 280/ (423-396)
me = 0.008 ka/s

Qev = m- *( hi-hd) =0 008%( 188-249)
=1112KW -
Qcon = me *(h2-13) = 0,008*(4 23-249)
= 1392 KW

(2 con - Qev = w comp
COP=Qev/P=1.112/0280=139

W eyele = h2 —h1 = 423-388 — 35 KJ/Ke
Pressure ratio = P cond / Pev

P cond =2 bar

Pev=18 bar

Pregsure rutin=0/] B =5

iy LS o b s M D e o
T D — | r r -
=RICEY TR
nm | TR

I

il

i o f

T A ]
f]: g : IF!J |II|I g =
B 7 i i H
:E- u = { :
X oam ."ll' i I‘F i

! f
et ‘l‘-{ [ J [ g

Py ke
Fig (3.7) P-h diagram for R134a (at Tev=15,
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By using R134a

Tev=21°C , Teon=35°C  with superheating 20°C.. sub conling 5°C

hl =402 K)Ku

h2 - 445 KIl/Ke

h3 =241 K)/Kg

hd =241 KJ'Kg ‘
W comp =0 280 KW

me = (0280 / (h2-h1) =0 280 / (445402 |

m- = 0.0065 kg/'s

Qev=m *(h1-h4) = 0.0065%(402-241) '
= 1.046 KW

Qcon = m- *(h2-h3) = 0.0065%(445-241 ) |
=1.326 KW |

(3 con - Qev — w comp

COP = Qev/P=1046/0280=2373

W eyele = h2 ~hl = 445-402 = 43 KI/Kg
Pressure ratio = P cond / Pev

P cond =9 bar

Pev = 1.3 bar

Pressure ratio =913 =692
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Fig (3.8) P-h diagram for R134a (20 superheating, 5 sub cooling)

From this calculations the note is refrigerant R12 have the highest COP but this
refrigerant is harmfinl effects to the atmosphere

S0 the used refrigerant is R134a in the cycle with superheating 10C and sup cooling -
5 and the result is.

Weomp=0280 KW
o = 0.0067 kg's
Qev — 1.3467 KW
Qcon = 1.6281 KW
COP=48§|
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3.1.2.1 Condenser selection

As 1t was mentioned in the previous chapter the condenser type that will be used is air
cooled condenser

The condenser that used must be able to gject the heat that been calculated,
Qcond=1.253 kW (without superheating and sub cooling)

So the selected condenser must eject this heat. Selection will be from L'-:m-:]en..r.r:r

charts

I
APy
.

R

Fig (3.9) air cooled condenser

However the condenser have a fan with it, to make forced convection the fan usually

single phase with power 10-15 W, some times this fan has multi speeds

S0
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3.1.2.2 Evaporator design

The evaporator will decide the shape of ice that will he produced, and this project is

plate, however there are sore
suggestions for these shapes as shown in the fig (3.10)

concerned with plated ice so the ice must be

|
Fig (3.10)B plate evaporator with tubes into it

Fig (3.10) suggested shapes for the evaporator
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In fig (3. 10)A the refngerant will boil inside the plate

In fig(3.10)B the refrigerant will boil inside the tubes that installed under the plate

Plate ice with tubes is selected. so we will try to make calculation to it to find the
needed area for such compressor and condenser But many problems are expected to
be facead.

Q = 1I=A¥AT) sapien v i DR 3G
Where

Q = the load in evaporator, Q=13467 KW

A =area of evaporator A =777

AT = the change in temperature and the lemperature i evaporalor is -2 and
temperature in the ice that form on cvaparator is -10 so AT =10 - 21=11C

U = over all heat transfer coefficient.

The calculations of 17 (roughly)

)

C

Fig (3.11) section of plate evaporator (with tubes) wall

& o
(%]




Fig (3.12) section of the evaporator

Ta find U value the following equation is applied;

- Equ.(3.7) [ ['fr:t?ﬁ._. 3 O, 1 ]*(‘y; b ﬂﬂ :
'_"x. "H.:r-" II'q'...r.'.':t.'u' hﬂ"l".'-' A | i J

where

= temp of freezing = 0 Cg,

=0.02ma_

=222 Wini*C Ko
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000l mag_

20W/ m™C K.,

Iy
= 10000 W/ m*C 4.
e s

we find U from equation and the value is 1043 Wi C

50 we can find the area

Q- U*ANAT) so A= 11734 m?

* Our evaporator in this project with the plat and pipe is be as the fig

Fig (3.13) the evaporatoer that will be designed
Data discuss:
From the previous calculations it must be reahized that the arca of the cvaporator is
toe big and illogicallv this is because the thickness of the ice is not constant as the
value of the U is not correct. So in the project a testing evaporator will be build and 1o

sec weather it gives good results or not




The ice plat will be formed in the plat above the pipe and when to harvest the ice a
defrosting process starts till sides of’ ice which have contact with the plat melt and ice

fall into ice box by means of gravity
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CHAPTER FOUR

ELECTRICAL CONTROL




This chapter show the electrical and power eycle of the ice maker

4.1 power circuit of ice maker

‘\___,.-"J LS
comp. fan pump

Fig (4.1) Power circuit of the ice maker




4.2 Electrical control circuit

fo

-PH

k1 - kiy K3

kl kzt:% ko K 3|::J__1
Ha H: H;

N comressor Fan  pymp

Fig (4.2) electrical contral circuit of the cycle
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Table of symbols

Table (4.1) symbols of the electrical and power corcuits

| symbols | _I
h[—'.-, Fuse _|
|' Fy. g | Over loads 1
KI-K3 Relays |
| Hi.Hy Ii lamps |
| So | Stop Switch for the cycle
Sy | Start switch for the ¢yele !
Soi | Stop switch for fan and pump |
| LS, Limit switch [
Recommendation

* Build PLC control for the ice maker
¥ Improve equations to calculare the required time for the ice to be formed

* Improve equations to design the evaporator
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