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Abstract

This project comes as the fruit of five years of hard work in the

lield of refrigeration and air vonditioning engineering.

In this study a general study and redesign will be proposed for
Halhul's refrigeration station to rehabilitate it to work with high
efficiency. enabling supplying the Palestinian market with the products

all around the year.

The redesign includes the redesign of all refrigeration station

svstems.

The refrigeration redesign will take in consideration the variable
cooling capacity for each cold storage, such that the same room can

handle many types ol preducts [rom [ruit and vegetables.

To control the operation of this station will be based on the
required room circumstances necessary for the preservation of the
horticultural commoditics. synchronizing and regulating the systems

operation to achieve these desired conditions.,

"l’
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Chapter One

INTRODUCTION



L.1 Introduction to the Refrigeration

The refrigeration has hecome one of the most important engineering branches
that directly aflect human being life. The applications of this engineering branch
reached every house and orpanization. Refrigeration is uvsed in many wide
applications mainly in the food storage and processing, Chemical industry and other

wide applications.

The refrigeration engineering is a branch of the therme-mechanical engineering
that is specialized in the enginecring methodelogy of nbtaining low temperatures at
dillerent circumstances. And applying this methodology on their designs and

maintenance of the refrigeration systems.

1.2 General Overview of Project

In this project, the mechanical engineering principles and refrigeration
engincering techniques will be applied in redesigning and evaluating the relrigeration

station in Halhul's main market.

The station includes ten refrigeraling rooms for the long term storage for
different kinds of fruit and vegetables. The storage is for all around the vear. Each
room is about 60 m® and with height of 4 m. located in the basement of the central
fruit market, Under the pround level and provided with two service elevators and

maodern lifting vehicle.

This sration was first cstablished in 19805, but some errars have heen occurred
in the refrigeration station operation and bandling caused the rot of the fruil and

vegetables stored in it

The main purposcs of this project are:

* Full study of the relrigeration station, o warrant the fail in this station
performance. Analyzing its design.

* lotal redesign the refrigeration station systems taking in account the
multivariable cooling loads. Enabling it storing various tvpes and

quantitics of fruit and vegetables.

b3



* Full evaluation and analyring for the refrigeration station system and
operation. Comparing it with the performance characteristies of the

existing design of the refrigeration station

Al the end ol the project. new complete designs for the station will be proposed

and evaluated.

1.3 Importance of Project

The Refrigeration is important in the peneral life aspects. The importance of this
project comes from the direct relation between the refrigeration engineering and the

human being lilkc.

A known, the refrigeration is used for the product storage for many wide ranges
of products. In this project. the importance came from cold storape application in fruit
and vegetables starage in order 0 make many types of' them available all around the
vear. This serves the financial situation in the west bank region by providing the

Palestinian market with the desired products in all times with competitive prices.



1.4 Project Outline

Chapter One:

This chapter includes introduction o refrigeration systems, gencral overview
ahout the project. the importance of the project, the time Table of the project. Project
oulline, and general overview for the refrigeration history, refrigeration syslems and
cold storage applications.

Chupter Twn:

This chapler includes the horticultural commodities preservation technigues
and their storage effecting factors, And the cold storage requirements for food
preservation.

Chapter Three:

This chapter ineludes peneral field survey study for the refrigeration station

under study, analyzing its ¢ivil, mechanical, and electrical wiring designs.
Chapier Four:

This chapter includes the main design parameters of the reftrigeration station, the
inside and outside condition estimation, the storapge circumstances for the stored
produets.

Chapter Five:

This chapter includes the multivarizhle cooling load calculations for the

refrigeration station rooms. Considering both storage and chilling variable demands.



{Chapter Six:

This chapter includes the station system design. Including all the relrigeration
station systems; the refrigeration system, humidification system. ventilation system,

and the control requirements of the relrigeration station operation.

Chapter Seven:

This chapter includes the new designed system evalvation. And brief
eomparison between the new system operation characleristics and the existing design

referring lo the required cold storage requirements for food preservation.

1.5 Historical Background

In prchistoric times, man was tryving o keep food for long periods in which
food was not available if stored in the coolness of a cave or packed in snow. In China,

before the first millennium, ice was harvested and stored.

Hebrews, Greeks, and Romans placed large amounts of snow into storage pils
dug into the ground and insulaled with wood and straw. The ancient Epyptians filled
carthen jars with boiled waoter and pur them on their roofs, thus exposing the jars Lo
the night’s cool air. In India, evaporative cooling was employed. When a liguid
vaporizes rapidly, il expands guickly. The rising molecules of vapor abruptly increase
their kinetic energy and this increase is drawn from the immediate surroundings of the

vapor. These surroundings are therefore coaled,

The intermediate stage in the history of conling foods was to add chemicals
like sedium nitrate or potassium nilrate o water causing the temperature to fall.
Cooling wine via this methed wes recorded in 15350, as were the words "o

relriperate”™.

Cooling drinks came into vogue by 1600 in France. Instead of caoling water
at night, people rotated long-necked bottles in waler in which saltpeter had been

dissolved. This solution could be used to produce very low temperatures and to make



ice. By the end of the [7th century, iced liquors and frozen juices were popular in

French society.

The first known artilicial refrigeration was demonstrated by William Cullen at
the University of Glasgow in 1748, Cullen let cthyl ether boil into a partial vacuum;

he did not. however. use the result to any practical purpose.

lee was lirst shipped commercially out ¢l Canal Streel in New York City o
Charleston, South Caroling in 1799, Unfortunatcly, there was not much ice left when
the shipment arrived. New [nglanders Frederick Tudor and Nathaniel Wyeth saw the
potential for the jce business and revolutionized the industry through their efforts in
the first half of the 1800s. Tudor, who became known as the “lce King”. focused on
shipping ice to tropical climates. He experimented with insulating materials and built
ice houses that decreased melting losses from 66 percent 1o less than 8 pércent,
Wyeth devised a method of quickly and cheaply culting umiform blocks of ice that
transformed the ice industry. making it possible to speed handling lechnigues in

storage, transportation and distribution with less waste.

In 1803, an American inventor, Oliver Nvans, designed the first refrigeration
machine that used vapor instead of liquid. Cvans never constructed his machine, but

ane similar to it was built by an American physician, John Gorrie.

In 1842, the American physician John Gorrie, to cool sickrooms in a Florida
hospital. designed and built an air-cooling apparatus for treating yellow-fever patients.
His basic principle that of compressing a gas, cooling it by sending it through
radiating coils, and then expanding it to lower the temperature further--is the one most
aflen vsed in refrigerators today. Giving up his medical practice to engage in time-
consuming experimentation with ice making. he was granted the first 11.S. patent for

mechanical relrigeration in 1851,



Commercial reftigeration is believed to have been initiated by an American
businessman, Alexander C. Twinning, in 1856. Shorlly allerward, an Australian,
James Harrison, examined the refrigerators used by Gorrie and Twinning and
introduced vapor-compression  refrigeration w0 the brewing and meatpacking

industrics.

Ferdinand Carré of France developed a somewhat more complex system in
1859, Unlike earlier compression-compression machines, which used air as a coolant.
Carré's equipment contained rapidly ¢xpanding ammonia, (Ammonia liquefies at a
much lower temperature than water and is thus able to absorb more heal.) Carré's
refrigerators were widely used. and vapor compression refrigeration became, and still
is, the most widely used method of cooling. However, the cost, size, and complexity
of refrigeration systems of the time, coupled with the toxicity of their ammonia
coolants, prevented the pencral use of mechanical refrigerators in the home. Most
hausehalds used icehoxes that were supplied almost daily with blocks of ice fram a

local refrigeration plant.

Beginning in the 18405, refrigerated cars were used to transport milk and butter,
By 1860, refrigerated transport was limited to mostly seafood and dairy products.
The refrigerated railrvad car was patented by 1.B. Sutherland of Detroit, Michigan in
1867. He designed an insulated car with ice bumkers in each end. Air came in oan the
top, passed through the bunkers, and circulated through the ¢ar by gravity, controlled
by the usc of hanging flaps that created differences in air temperature, The first
refrigerated car to carry fresh fruit was built in 1867 by Parker Farle of [linois, who
shipped strawberries on the llinpis Central Railroad. Fach chest contained 100
pounds of icc and 200 quarts of srawberries. It was not until 1949 that a relrigeration
system made its way into the trucking industry by way of @ rool-mounted cooling

device, patented by Fred Jones.

Brewing was the first activity in the mnarthern states to use mechanical
refrigeration  extensively, beginning with an absorption machine used by 8.
Liebmann’s Sons Brewing Company in Brooklyn, New York in 1870. Commercial

refrigeration was primarily directed at breweries in the 18705 and by I891, nearly

every brewery was equipped with refrigerating machines.




Natural ice supply hecame an ndustry unto itself, More companics entered the
husiness, prices deercased, and refrigeration using ice became more accessible, By
1879, there were 35 commercial ice plants in America, more than 200 4 decade later,
and 2.000 by 1909. No pond was safe from scraping for ice production, not even

Thoreau's W alden Pond, where 1,000 tons of ice was extracied each day in 1847,

However, as time went on, ice, as g refrigeration agent, became a health
problem. Says Bem Nagengast, co-author of Heat and Cold: Mastering the Great
Indours (published by the American Societv of Heating, Refrigeration and Air-
conditioning Engineers), “Good sources were harder and harder 10 find. By the
1890°s, natural ice became a preblem because of pollution and sewage dumping.”
Signs of a problem were first evident in the brewing industry, Soon the meatpacking
and duiry industrics followed with their complaints.  Refrigeration technology
provided the solution: jce. mechanically manufactured, and giving birth to mechanical

refrigeration.

Carl (Paul Gottfried) von Linde in |895 et up a larpe-scale plant for the
production of liquid air. Six years later he developed a method for separaling pure
liquid oxygen from liquid air that resulted in widespread industrial conversion to

procasses utilizing oxygen (c.z.. in stecl manufaclure).

Nive 00kn off The goand. Mechanical relripsestion T it oSSt and il has nged

Figure (1-1) Development of Refrigeration in Air Conditioning Applications



I'hough meat-packers were slower Lo adopt refrigeration than the breweries, they
ultimately vsed refrigeration pervasively. By 1914, the machinery installed in almost
all American packing plants was the ammonia compression system, which had a

refrigeration capacity ol well over 90,000 tons/day,

Despite the inherent advantages, refrigeration had ity problems. Refrigerants
like sulfur dioxide and methyl chloride were causing people te dic. Ammonia had an
cqually serious toxic effect if it leaked. Relrigeration engineers searched for
acceptable substitutes until the 1920s, when a number of synthetic refrigerants called
halocarhons ar CFCs (chlorofluarocarbons) were developed by Frigidaire. The hest
known of these substances was patented under the brand name of Freon. Chemically,
Freon was created by the subslitulion ol two chlorine and two fluorine atoms for the
four hydrogen atoms in methane (CLI4); the result, dichlorodiflusromethane

(CCI2F2), is odorless and is toxic anly in extremely Jarge doses.

Though ice, brewing, and meatpacking industrics were refrigeration’s major

beneliciaries, many other industries found refrigeration a boon to their business.

In metalworking, tor instance mechanically produced cold helped temper cutlery
and tools. Irom production got a boast, as refrigeration removed moisture from the air
delivered to blast [umaces. increasing production. Textile mills used refrigeration in
mercerizing, bleaching, and dyeing, Oil refinerics found il essential, us did the
manufacturers of paper, drugs, soap, ghie, shoe polish, perfume, celluloid, and

photographic materinls.

Fur and woolen goods storage could beat the moths by using refrigerated
warchouses, Relrigeration also helped nurseries and florists. especially to meet
seasonal neads since cut flowers could last longer. Moreover, there was the morbid
application of preserving human bhodies. Hospitality businesses including hotels,

restaurants, saloons, and soda [Guntains, proved Lo be big markets for ice.

In WWI, refrigeration in ammunition factorics provided the required strict
contral of temperatures and humidity.  Allied fighting ships held carbon-dioxide



miuchines to keep ammunition well below temperatures at which high explosives
became unstable.

In 1973, Prof, James Lovelock reported finding tmce amounts of refriperant
gises in the atmosphere. In 1974, Sherwood Rowland and Mario Molina predicted
that chlorofluorocarbon refrigerant gases would reach the high stratosphere and there
damage the protective mantle of the oxygen allolrope, ozane. In 1985 the "ozone
hole" aver the Anrarctic had been discovered and by 1990 Rowland and Maolina's

prediclion was proved correct.

The basic components of today's modem vapor-compression refrigeration
system are a compressor: a condenser; an expansivn device, which can be a valve, a
capillary tube, an engine, or a turbine; and an evaporator. The gas coolant is first
compressed, usually hy a piston. and then pushed through a tube into the condenser.
In the condenser, the winding tube containing the vapor is passed through cither
circulating air or a bath of water, which removes some of the heat energy of the
compressed gas. The cooled vapor is passed through an expansion device to an area
of much lower pressure; as the vapor expands, it draws the encrgy of its expansion
from its surroundings or the medium in contact with it. Bvaporators may dircctly cool
a space by letting the vapor come into contact with the area to be chilled. or they may
act indirectly, i.e. by coecling a secondary medium such as water. In most domestic
refrigerators, the coil containing the evaporator directly contacts the air in the food
compartment. At the end of the process, the warmed gas is drawn toward the

COMIPressor.

1.6 Refrigeration Systems Overview

Relrigeration is defined as the transter of heat from a lower wemperature region
to & higher temperature one. Refrigeration devices that produce refrigeration operate
using cycle. and the most frequently used is the vapor-compression cycle. Some
examples of refrigeration devices are heat pumps, refrigerators, automotive air-
conditioners. and residential or commercial air-conditioners. All of these devices have

onc thing in commaon, 1o maintain an enclosed environment at low temperature.
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The ideal vapor-compression cycle uses refrigerant as the working fluid to
absorb and reject heat energy. The energy transfer allows the vapor-compression
eyele to reduce or cool a closed environment. The ideal vapor-compression cyeles
assumes that the system is perfect based on thermodynamic theory, therclfore

neglecting any loses associated to performance.

In the ideal vapor-compression cycle, refrigerant enters the compreéssar as a
salurated vapor (Figure 1) at state 3. As the refrigerant is compressed. it increases in
temperature and pressure in process 1-2. Afier the compressor the relrigerant passes
through the condenser. Heat energy (Qg) is exchanged with the surrcunding
envirenment causing the refrigerant W cool snd become a saturated liguid as shown in
the process from 2-3. Next, the refrigerant passes thoough the expansion valve causing
the temperature and pressure to decreases in process 3-4. Because of the reduction in
temperature and pressure, the refrigerant enters the evaporator as a saturated mixture.
As the refrigerant passes through the evaporalor, it absorbs heat energy ((q) from the
environment that it is trying to cool. The refrigerant exits the evaporulor as a saturated

vapor and retums Lo the compressor to begin the process. All over sgain (points 4-1).

11
2 Condenser | AN

—_ , T

h_wnmi { OHprEssOr

Vahe

| 3 Evaporaiar \
Evaporatir 4 ) ‘ 4
|

5
Figure {1-2) Ideal Vapor Compression Refrigeration Cycle

Duc to fluid friction. heat transfer losses, and componenl inefliciency, lhe
refrigeration cycle is unable to achieve complete thermodynamic saturation. The
result of the inefficiencics and losses prevent the refrigeration eycle from operating at
the optimum performance. This is called the actual vapor-compression refrigeration
eyele. And that is which the nowadays refrigeration eveles are operating; these losses

are compensated by the factor of safety for the system.




When designing a relrigeration system, it is important to understand how the
relrigeration cyecle works and the effects of compunent inefficiency on overall
performance. Another important factor when designing a refrigeration system is the
working fluid. The working fluid is commonly referred as refrigerant. It is the media
used to absorb and reject heat energy. Chlorofluorocarhons (CFCs), ammonin.
propane, ethane. ethylene, carbon dioxide, air and water are jusl some of the
retrigerants used in refrigeration systems. The design of the system should include
refrigerant thal is nontoxic. non-corrosive, nonflammable, chemically stable, amd
inexpensive. In order to achieve sufficient hcal transter, the refrigerant and the
surrounding environment must have a temperature difference at least 5°C to 10°C, As
shown in Figure (1-3).
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Figure (1-2) Actual Refrigeration and [eat Pump

1.7 Cold Storage of Fruit & Vegetables Requirements

Deterioration of fruits and wvegetables during storage depends largely on
temperature of the cold storage. One way to slow down Lhis change and so increase
the leagth of time fruity and vegetables can be stored, is by lowering the temperature
to an appropriate level. It must be remembered that if the temperature is o low the
produce will be damaged and also that as soon as the produce leaves the cold store,

deterioration starts again and ofien at a faster rate,




1.7-1 Products Processing before Storage

A) Harvesting

[t is essential that fruits and vegetables are not damaged during harvest and
that they arc kept clean. Damaged and bruised produce have much shorter storage
lives and very poor appearance after storage. Dirty produce can introduce pests and

moulds intn the stare,

B) Ilandling

It is important thai the produce does not get dirty or damaged during
handling. Carcful handling should be the rule. The best option is for the produce to
be prepared for storage in the field and placed carcfully in the storage containers used
in the cold store. This considerably reduces the amount of handling and will keep
damage 0 a minimum. Il is essential that the produce is handled and placed in the
storc as quickly as possible as delays between harvesting and cooling can

substantially reduce storage life.
() Preparation
If the produce is dirty it should be cleaned before sterage. The sanilized water
used has 10 be kept elean or fungus spores will be spread throughout the produce.
) Preliminary cooling (Chilling)

Dripping the produce in cool water to remove ficld heat can reduce the energy
requirements of the store. However. this can spread fungus spores throughout the
produce. A suitable allemative is (o pick the produce either early in the moming

when it is cool or late in the evening and leave it overnight to cool down.



1.8-2 Storage Conditions

A) Temperature

All fruits and vegetables have a 'critical temperature’ below which undesirable
and irreversible reactions or ‘chill damage' takes place. Carrots [or example blacken
and become soft, and the cell structure of potatoes is destroyed. The storage
temperature always has to be gbove this critical temperaturc. One has to be carclul
that even though the thermostat is set at a temperature ahove the critical temperature,
the thermostatic oscillation in temperature docs notl resull in storage temperature
falling helow the critical temperature. Even 0.5°C below the critical temperature can

result in chill damage.

B) Relative Humidity

For most produce, o high but not saturated, relative humidity is required. eg 85—
95%. There is always some moisture loss during cold storage but excessive moisture
loss is & problem. It is essential that the relative humidity is kept above 85%. This

cin be done by installing proper humidification sysitem o achieve maintenance of

high relative humidity in the refrigeration room.




Chapter Two

STORAGE REQUIRTEMENTS
OF
HORTICULTURAL
COMMODITIES




2.1 Introduction

Many changes have been occurred in packing, handling, transporiation,
marketing and distribution of horicultural crops that dircetly influence cooling
requirements for and resulis. The new preservation precedures made the product
cocling more difficull. The ¢urrent desire is 10 prolong the storage life, and market a
product that better satisfies the consumers. ‘'These objectives require moere uniform and

precise cooling requirement,

2.2 The Need of Cooling

An understanding of the coaling requirements of the horticultural commodities
begins with adeguale knowledge of their biclogical responses. All fresh horticultural
crops arc living organisms; Carrving on the biological processes that are essential to
the maintenance of life. They must remain alive and healthy until being processed or
caonsumed. The energy that is needed for these life processes comes from the food

reserves thal accumulated while the commuodities were still attached to the plant.

I'he process by which these food reserves are converted mw energy is called
respiration. In a complex scrics of steps, the storcd food reserves (starches and sugars)
are converted first to organic acids. then to more simple carbon compounds. Oxygen
from the surrounding aie is utilized in the process, and carbon dioxide is released. As

in the following aquation {(see Figure 2-1}:

CeH 50+ 60 = 6010; +0H:0 + Energy (Respiration Heat)

Figare (2-1) Mormal Respiration of Praducts
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If oxygen severely limited. anacrobic respiration will occur, aldchydes,
alcohols and other undesirable materials will be produced, and the tissue will

ultimately die. As in the following equation (see Figure 2-2);

CeH 20y 2 €Oy~ Alcohol = Aldehvdes + Organic Acids

Figure (2-2) Anaegrobic Respiration of Products

The horticultural commuodilies are not the light, dense. closed tissues that they
appear to be, Rather, they have an amazingly open structure, wilh a complete netwark
ol inlerconnecting air spaces (called intercellular spaces) throughout. This can be
illustrated with many commodities by injecting air while the intact tissue is under
water. Alr bubbles appear almost instantly and simultansously aver the entire surface,
The oxygen concentration in the intercellular spaces in the cenire of many
eommaodities is almost as high as in the surrounding atmosphere as a result of this

SIructire.

some of the energy that is produced through respiratory aclivily is utilized in
maintaining the life process. Excess energy is released in the form of heat, called vital
heat. 'The amount of vital heat varies with the type of product, variety. malurily or
stage of repines. injures, temperature. and other stress related factors. This heat must

be considered in any lemperalure management program.
Produel lemperature is a measure determinant of the rate of respiratory

nctivity. Since the final result of this respiratory activity is product deterioration, it is

normally desirable to achieve as low a respiratary rate as possible without danger of
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tissue injury ar death. And exception would be during controlled ripening of fruit.
Each 10 degree of temperatire reduction reduces the respiratory activity by a factor of
2~ 4. Tor example, the respiratory rate of a product at 5 (* would be anly 1/4 10 1/16
of what it would be at 25 C. good cooling and temperature management practices are

therefore critical 1o lowering the rate of physiological deterioration.
1.2-1 Speed of Couling

Many products benefit from prompt, thorough ceoling. Far example,
strawberrics experiences increasing deterioration lpsses as delays between harvesting
and cooling exceeds one hour, A similar pattern exists for sweets cherrics when
delays exceed about four howrs. These fruits benefits from coaling even when
rewarming will occur during subsequent handling: deterioration is propartional to the
total exposure time to warm temperatare, and not to the patiern ol cooling and

warming.

Some Bartlell pears should be cosled o — 0.5 € within 24 hours of harvest to
reduce losses from an enzymalic breakdown problem called {watery breakdown). This
problem s especially serious among fruits harvested in mid- and late season, The
rapid cooling 10 low temperature also limits decay and ensures max storage life, and

thus is generally recommended for all Bartlett pears that arc to be stored.

There are exceptions lo the need for prompt cooling after harvesting. For
many ycars freshly-harvested freesione peaches in South Africa have been held at
ambient temperature about 36 hours prior to cooling. This fruit is subject to chilling
injury (dry and / or brown tissue), and the delayed cooling treatment was found to
delay onsct of the problem. A recent report suggests similar treatment may be useful
tor Honevdew melons if they are gassed with C-Hy to initiate repining prior to
shipment at chilling temperature.

While mast fruits would not he expect to be harm by moisture condensation

during warming, some grapes have repartedly developed berry cracking (and

subsequent rot) where condensation meisture remained in the undesirable unless low
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temperatures could be maintained. Thus, it is important to know the product and its

temperature and marketing requirements, before selecting a coaling program.

The amount of heat in produect is governed hy rthe temperature around it. The
temperature difference between newly harvested product and its optimum storage
lemperature is an indicator of [icld-h¢at. Rapidly lowering the temperature of
harvested produce to near storage temperature is known as precooling, or removal of
field-heal. Product is usually precocled o 78 or 88 % of the temperature dillerence.
Additional cooling is limited by the time and energy required to reduce the produce

lemperature to the optimum slorage tempetrature.

Many methods are available Lo precovl produce. The one you chuose depends

on several laclors:

I. What methad can the produce tolerate?

b=

. How quickly must the produce be cooled?
3. T'o ensure 4 high-guality product?

4. Is the method energy efficient?

A

. Is skilled labor required?

=

. llow expensive is the equipment?

What utilitics arc available on the site? Precoaling is highly recommended and
often required by processors. When marketing produce in wholesale or processing
outlets, a grower has minimal or no control aver produce storage and handling after it
is $0ld. 1f the produce does not hold up in the distribution chain, then the grower is
usually blamed for having poor handling practices. Precooling “buys™ the grower
shelf-lifc time that the wholesaler and retailer may reduce with poor handling

procedures,

The most efficicnt way o precool and store the horticultural commuodities is to
use [vrced air cooling, Forced-air cooling is similar to room coaling in that produce is

placed in & cold slorage room. Forced-air cooling is designed 1o force cold air through



produce containers instead of around them. Converting existing cooling facilities to
[orced-air cooling is practical and leasible. There are variations of forced-air cooling
that fit specific container needs. The key to forced-air cooling Is moving the cold air
through the container and its contents. Impartant factors in container ventilation are
location of container vents. stacking ol conlainers, and size of the vents. Container
vents should be alipned whether the containers are straighi-stacked or cross stacked,
to maximize air flow through the containers, If vents are too small or too few, air flow
is slowed. If there are too many. the container may callapse. In this mcthod,
containers are stacked close together (tight). Five percent vent-hole space per side
and/or end is best. Liners, bags, wrappers, or dividers can slow the Mow ol air through
the container, so precooling produce is usually recommended prior 10 additionad

pucking, The following are foreced-air cooling altematives, (S¢e Figure 2-3)

Cold Wall

Figure (2-3) Forced Air Cooling

2.2-1 Ethylene Effect

Temperature affects both the rate of ethylene production sensitivity of

products to ethylene, Ethylene gas is naturally produced material in most if not all




plant tissue, This simple chemical compound is generally recognized aos a fruit
ripening hormone. It can have imporiant beneticial or determinal eftects on tresh

commuditics depending on the management needs.

For these ethylene effects to occur, a minimum concentration must accumulate
within the internal atmosphere of the product, and the lemperature must be above a
minimum level. These threshold concentration and temperature levels are not well
defined. However, since the rate of both production and action of ethylene are
lemperature~-dependent, rapid cooling and good temperature mansgement are vital il

[ruil ripening and are delermination processes are (e be delayed,

In terms of respiratory activity, fruits-including fruit-type. vegetables-have
been grouped into two  classifications. "climacteric” and "non-climacteric'.
Climaclerie fruits are those which normally ripen after harvesting, during which time
sugars normally increase and volatile constituents (flavor and odors) develop. Flesh
softening accompanics ripening. but if such fruit are picked while immature they may
soften without development of sweemess and flavors. Frhylene gas will initiate
ripening, which is dccompanied by a rapid rise in the respiratory activily in the fruit
{called the climacteric rise). Included arc apples, pcaches, papayas. cantaloupes,

tomatoes, and many other fruit.

The non-climacteric fruits, including cilrus, grapes, strawberrics, and clhers,
don’t ripen afler harvest and exhibit no rise in respiratory activity., Even under
aplimum ripening conditions, dessert quality doesn’t improve noticeably. Ethylene
¢as may effect color changes among theses fruits: for example the breakdown of the
green chlorophyll 11 pigments causes orange tw "color". However, the sugar, acid,

and flavor of the truit are not influenced by the treatment,

Ethylene gas is also implicated in a number of product injury and deterioration
problems. Among these are russet spotling of lettuce, "sleepiness” in camation, leal’
ahscissions. rind pitting in citrus, bitter flavor in carrots, yellowing of cueumbers,

softening of kiwilruits, and others,



2.2-3 Moisture Loss

Eresh commoditics constantly lose water to the surrounding environment A fler
harvest this lost water cannot be replaced by the plant (with the exception of flowers),
and weight loss will oceur [sce figure 2-4), Many products show visual shriveling or
wilting after tosing 3 to 5 % of their initial weight. | hey lose water gs 2 result of &
Waler vapor gradient berween their essentially saturated internal atinasphere (within
the intercetlular spaces) and the less-saturated external atmosphere., Water vapor
migrates in the direction of lower concentration. primarily through natural upenings
on the fruir surface, but also through surlace injuries, The rate of migration is
controlled by the vapor-pressure differcnce between the product and its environment.
which is soverned by temperature and relative humidity. Warm air can hold much
fore waler-vapor than cold ajr. Relative humidity is 8 measure af the amount of
Water vapor in the air as a percent of the amount of air can hold a that lemperature,
A5 C and 30 % relative humidity, the product will lose water 36 times faster than it
would at 0 C and 9y o relative humidity, Thus, maintenance of low product
emperature is essential jn reducing water loss and subsequent product shriveling and

wilting.
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2.2-4 Rot Organisms

Past harvest management of fresh horticultural commoedities actually involves
two living systems- the product and the microarganisms thal atlack it. OF thousands of
potential microbial pathogens, only & few cause problems. These few organisms,
however, cause extensive dircct loss of fresh fruits, vegetables, flowers and

arnamentals.

Temperature affects the rute of growth and spread of these microorganisms in
the same way that it affects the commodity- the lower the temperature the slower their
life processes progress. Certain organisms that can cause severe losses will not grow
at low storage temperatures. For example, Ruinous rot ceases growth at about 5 ¢
and germinating spores have been found to be chilling — sensitive. and o he killed
about 10 day's exposure at 0 C. Other organisms will continue growth, bul at a very
slow rale al safe storage temperatures near 0 C, In studies with Botrtis rat of
strawberries during a seven-day marketing period, 4t 2 C or below .germinating
spores wauld not penetrate into the fruit ;and at 0 C myeelium (the vegetative fungal
growth) would not penetrate a healthy fruil from an adjacent invaded lruil. Good

lemperalure management, thus, plays a vital role in reducing microbial luss problems.

2.2-5 Injurics

Physical injuries can result from abuses to Iresh commodities at any
temperature. but temperalure affects the severity of the product response to those
injuries Bruises and other wounds because increased ethylene production, which may
aceelerate respiration, cause deterioration problems, or imitate fruit ripening. Bruising
usually damages the natural barriers on the product surface, thus increasing the
opportunity for water loss and for entry for rot organisms .Prompt cooling and
maintenance of low temperature reduces the results of injuries by affecting all of these

processes.



2.2-6 Low Temperature

Good lemperature management is the single most impertant factor in delaying
product deteriaration .Prompt ¢ooling and mainlenance of proper temperatures are
both essential parts of the temperature management system. For many products, this
means maintaining as low a lemperature as possible without danger of freezing. The
freezing point will vary with soluble solids content; and for some products freezing
point guides are available. How closely the freezing peoint can be approached will

depend on the accuracy and sensitivity of the temperature controls.

Many horlicullural ¢rops are subject to "chilling” injury at tcmperatures
considerably above their freczing point .Often these crops must be held at maodified
temperatres. Chilling injury symptoms include surface or inlernal browning. surface
pilting, tailure to degree, failure to ripen, increasad susceptibility t© micro-organisms,
texture changes (mealy or woolly texture) and loss of flavor. Moest crops of trapical
and subtropical origin and even some deciducus [ruits are subject to chilling injury.

Ciuides to the lowest safe temperature for various commoditics arc available.

2.3 Changes Affecting Cooling

Cooling is affected bv many different tactors throughout the handling system
from the field to the consumer. Some handling changes have increased the nead for
maore rapid, through cooling. Included here are the desires to market more mature (or
even ripe) products, o extent Lthe storuge period, Lo supply more distant markets, and
o meet new consumer guality standards. Some other changes have made fast
thorough cooling more difficult to attain, and have caused the development of new
cooling procedures. Included here are the changes from ficld lugs to large bins, new
package designs, unitized handling, and changing transport equipment. The cffeets of
these changes must be understood il improved prodocts performance is to be

achieved.



2.3-1 Extended Market life

Handlers wunt o extend the post harvest life of fresh  horticultural
cammoditics for a varicty of reasons. Processors may store W sccumulate product for
processing. to protect quality when deliveries exceed processing capacity, to hold the
product over weekend periods in order Lo avoid labor complication, or simply to

extend the processing scason. Storage may be for a few days to several manths,

Packers may want to store the product in order o extend their marketing
scason, lo accumulate a supply for holiday perind, 1o facilitate orderly marketing,
attenpt avoiding price declines during period of over-supply, or to develop export
markets. Thus, longer shelf life may be required.  Since deterioration is a function of

time and temperature, faster cooling can significantly extend shell life.

2.3-2 Copsumer Demunds

There is inereasing evidence that consumer salislaction with fresh
commadities is related to cermin "guality” aspects. cspecially appearance, flavor,
maturily or ripeness. or ability to quickly ripen after purchase. With consumer
purchasing larger quantities of fresh commoditics, handlers are anxious to make the
changes needed to sustain consumer demand. To meet these requirements fresh
produce shippers are shipping slightly more mature products that have developed
more of the characteristic aromas and Navors. Fast cooling and good temperature

management are vilal W protecting such commaoditics.

2.3-3 Transportation

Refrigerated transporl equipment has changed during the past generation from
the usc of ice in bunkers to mechanical refrigeration svstem. The correct use of ice
bunkers equipment, which included proper loading patterns. frequent re-ieing and
adequate air circulation capacity, penerally allowed reasonable of most proaducts
during transporl. Most mechanical refrigeration equipment in currenl use is designed
o0 maintain femperature, bul lacks the air flow and relrigeration capacily needed for

rapid cooling. Further, packages and loading patterns have chanped. High-density
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loads are used 10 minimize transportation costs. These factors all inhibit cooling
during transit. Thergfore, through produce cooling before loading and protection

against warming are very important.

2.3-4 Packaging

In harvest operations. small filed lugs have penerally been replaced by large
pallet bins, often holding about onc-half ton of proeduct. Those liled lugs where
separated by cleats, which facilitated air flow when cooling was needed. In eontrast.
the larger dimensions pallet bins resulls in much of the product being remaote from the
top ar side air fow surfaces. This allows little oppartunity for cold air lo pencirate

into the bin in normal reom cooling operations.

2.3-5 Shipping Containers

Corrugated fiherboard has cssentially replaced wood in the construction of
shipping containers. Corrugated containers normally stack more lightly than wooden
containers and lack clents which on wooden containers focilitated air circulation
during storage and transport. Further, they generally have much less ventilution than
the wood cantainers they replaced. Tnternal packaging materials, such as warps, (rays,
liners, pads, and plastic bags further restrict heal removal. Despite these adverse
propertics, proper stacking and adequate spacing of corrugated shipping containers in
storage pallets, together with provision for high velocity air flow, can provide

reasonable cooling speed.

2.3-6 Unitization

Many horticultural products are now handled and shipped unitized on pallets.
When corrugated containers are tightly stacked on a pallet for unilized handling,
cooling problems hecome more servers. Containers vents, even if adequate sized. are
Lo otten blocked when containers are cross-stacked on pallets, and much of product
has littlc access to eold air. Cooling of such units in conventional cold rooms is slow
and irregular, and oflen inadequate without some modification in containers design

and venting pallet stacking patterns, fan operation and/or cooling systems.
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2.4 Meeting These Changing Needs

The conflict between the need tw achieve more rapid cooling and the
increasing difficultly of cooling appears almost impossible o resolve through the use
of conventional room cooling procedure. lowever, rapid cooling systems are

available which can achieve good results if properly used.

2.4-1 Cooling as Part of Handling System

The enlire product handling system must be considered when cooling
facilitates are planned becapse any change in the svstem mav effect eooling rate,
uniformity and requirements. ‘The packing method will dictate how, and sometimes
when, the product is presented for cooling. Packaging materials and design will atfect
aciess of the coolant to the product, and pallet stacking parterns will influence coolant
flow through and around containers. Louding pulterns, transport equipments, and
marketing procedures all greatly affect cooling requirements. The maximum market
life of many commaodities may be approached when they arc shipped for long

distances by refrigerated ocean transport for export marketing.

2.4-2 Cooling and Storage are Two Separate Operations

The refrigeration capacity for fast cooling and for cold stornge is guite
different. For example, it tukes aboul 100 limes more refrigeration to cool pears in 24
hours than to cold store them for 24 hours. Even when the fruit is cooled over a six-
day period. the daily refrigeration capacity during cooling is almost 25 times for cold
storage. This ignores the refrigeration required to remave the heat entering the facility
through walls, deors, fans, forklilts, ete,

There arc other differences between cooling and cold storage that must be
cansidered. During fast cooling, high air velocity will not increase the total water loss
trom the product if it occurs only while the product is being cooled. However, during
subsequent cold storage high air velocity will desiccate horticultural commodities

because ol the lony period ol exposuars o rapidly moviag air. High relative humidity




is cssential to prevent excessive water loss during cold storage, but is not as important

during the short cooling perind.

Thus, cooling and storage wre lwo separate operations that have wvastly
different requirements. The specilic requirements for achieving fast uniform cooling

must be considered independently of the cold storage requirements.

1.5 Preparation before Cooling Process

The preservation of the horticullural products requires product processing
before cooling it, since the cooling effect doesn't gives it desired objective of food

preservation if the post-cooling of the products hasn't been performed.

There are many sleps and processes Lthal should be performed before initiating
Lhe cooling process ol the products starts from Lhe harvesting of the product, and ends

with the cold storage preparation for preserving.

2.5-1 Product Cooling Delay Time

Cooling delays cause reduced product quality for three main reascns;

1- Allowing respiration and associated normal metabolism to continue at high rates,

consuming sugars, acids, vitamins, and other constituents.

2- Fostering water loss.

3- Increasing decay.

Telays may also allow increased suseeptibility to ethylene damage, but
ethylene concentrations are usually low near cooling facilities and ethylene does not
usually cause as much damage as the other three factors. Delays can also causc
undesirable product curvature and growth, but this is a problem with only a fow

commodities such as asparagus and green onions.
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1.5-2 Respiration

Fresh produce consumes photosynthetic that were stored in the producl belore
harvest. Consumption rate depends on the respiratory activity of a particular
commndity and its temperature. Commoditics such as apples. cabbage, citrus.
potatnes and Table grapes have low respiration rates compared with avocados,
mushrooms, asparagus and sweel com. Al temperatures ahove T0° to 75°F (21 -
24°C}, respiration is especially high. For example at 90°F (32°C), asparagus respires
three times faster than at 60°F (16°C). Temperatures above 90°T (32°C) may cause
ripening disorders in commodities such as tomatoes and most tree fruits. Exposure to
high temperatures and W direct sunlight can couse sunburn and sun scald injury.
Cooling products from high summer field temperatures o room temperature, 70° to

75°F (21 - 24°C), significantly slows respiration.

Increased respiration caused by a few hours of cooling delay rarely causes a
noliceable effect on external product quality. The consumer may detect slightly poorer
eating quality and appearance and the product may have lost some nutritional value.
but it is often very salable. Several tests with cantaloupe mclons have shown that
cooling delays up to 12 hours, even with afternoon harvested product, cause no
consistent loss of visual appearance or soluble solids. However delays do cause
measurable effects on quality and many produce ilems may nol be suitable for long-
distance transport or long-term storage if exposed to significant cooling delays. For
example. sweel corn begins losing sweelness immediately after harvest and the rate of
loss increases with increasing temperature. Il covling is delayed sweet eom should be
sold quickly, A few commodities such as peaches, neclarines, plums, Bartlell pears.
and tomatocs arc intentionally held at 60° to 75°F (167- 24°C) after packing to
promote ripening. [T kept ar a relative humidity above R5%. these commoditics will
actually improve in quality in a cantrolled ripening process. Hut they must be cooled
after ripening has been started to slow further ripening during wansport and handling.
Lats prone to decay may expericnce increased decay losses because of ripening
conditions. Although this can be considered an advantage in some situations because

decayed product can be removed before shipping.



2.5-3 Water loss

Shriveling and the loss of fresh, glossy dppedrance are two of the most
noticeahle effects of cooling delays, particularly for commodities that lose water
quickly and show visible symptoms al low levels of water lnss, like most leafy
vegetables, Air temperatures TU™-73°F (21- 24°C) have a particularly great ¢lfect on
rate of water loss, For example, Thompson seedless grapes show visible symploms of
water loss (stem shriveling) at 3% or less. To prevent the consumer from seeing
shrivel, moisture loss in the field should be kept less than %, At 30°F, a 1% loss can
ocour in-about 2 hours, but at 7T0°T cooling can be delaved up 10 12 hours. Moisture
loss is slowed by holding produce in plastic liners, Liners should be vented 1o prevent
temperaiure rise caused by product respiration and damaging levels of carbon dioxide.
Solid bin covers also act as a moisture barrier. Some produce items can tolerate water
contact. and spraying them with water slows produet moisture loss and can even
rehydrate slightly wilted prodoce. However water temaining on the surface tends 1o
increase decay development and water should be clean and sanitized. Many leafy
vegetables can completely recover from less than a few percent water loss by contact
with hydrocooler water. It hydrocooling is not available, many vegetables can be
sprayed wilh waler belore loreed air or vacuwm cooling W regain some waler and

reduce loss during subsequent cooling.

1.5-4 Decay

Cooling delays lend o increase decay losses. although decay becomes
apparent many days aficr the cooling delay. Damage can he minimized by applying
decay control treatments within a reasonable time after harvest. For example Table
grapes should fumigate with sulfur dioxide within 12 hours after harvest. The process
can be done with warm fruit and cooling delays may cause cold storage operators 1o
set up facilitics for fumigation separate from their forced air cooler. Another option
far dealing with cooling delays in grapes to field-pack they in plastic liners and a
sulfur dioxide generator pad. The liner will slow water loss and the pad will control
Botrviis decay. Free walter together with high humidity speeds decay development in
tree [ruits and berrics. For example at room temperatures, only four hours of contact

with free water allows brown rot to penetrate fruit tissuss. Decay-prone fruits and
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vegetables should be protected from prolonged water contact and very high humidity
during cooling delays.

2.5-5 Recommendations for minimizing damage caused by cooling delays

. FProteet produce from temperatures sbove 21 - 24°C. Start harvest as early as
possihle in the moming. On days that are predicted to be especially warm,
harvesting may need to be halled when sir temperatures excead ahout 85°F
(29°C).

1. Get as much produet as possible to the ¢ooler betore the period of expecled
electrical interruptions. Trucks should make trips back to the cooler on a
scheduled basis not just when they are full. If outages typically begin at 2 PM.
all trucks should leave the feld by 11 AM 1o noon so that the maximum
amount of product can be in the cooler for at least some time before the cooler

shuts down.

fid

Protect produet from moisture loss by using vented plastic liners. bin covers,
or plastic containers. Some products like carrats can be sprinkled with water to

reduce moisture lnss during iemporary holding at warm temperatures.

4. Begin decay control procedurcs within 8 to 12 hours atier harvest. Field and
packinghouse decay contral procedures must he carcfully applicd with praduct
exposed to cooling delays because ol 1ts mcreased potential for decay

developmenl.

3. Product destined for long-term storage or long distance transport should not be

subjectad to cooling delays,

6i. Product subjected to long cooling delays should be marketed guickly,

7. Use the following Tahle (2-1) as a guide for acceptahle time between harvest
and the start of cooling. It is based on Lypical ambient conditions during

normal harvest periods. Colder than normal air temperatures may allow longer
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delays in cooling. If the delay time added to the typical time betwoen harvest
and the beginning of cooling is greater than the allowable delay. then backup

gencration or relrigeralion may be needed.

Table (2-1) Allowable maximum coocling delay betweaen harvest and the start of initial

codling for vegetables

Product Allowable | Disadvantags of Advantage of Comments
delay (hours) | cooling dalay cooling delay
Vegetables
~ Archoks L Viater 1053 Nome
Asparague 1 Incraasedfoudhnass| Wone
Reduced shellife
T Bracn 7 | ViETer R Timnness Wane
loss, reduced
shell-hfe
{aulfiower [ | Water loss Mone
Camol [ | Water Toss, Reduced cracking B | Carrcls reabsul
hoss of cispness canclsane coldand | walar during
: | hurgid fmgdrocoging
Chcmbar d | Witer & Chlosoping® | None
boss
Dy Garic ] LS Canng ¥ aryng
Liry amon 15 | None Cunng & drying
~ Lrean Deans B | VVaEy T05s MO
Green Cnion i | Toxture Joss VWaler oss during
cooling detay may
! reduce curnvairs
Mushrnom | | Waer loss, decay Mane
| Fotato T VeSS oW | TS Tarvest Wounis
| relaive imidity w! high RH
Pappars I | Water loss: ioss of | Haduce machanical
| frmnese incrensed | injury If peppers
decay cold and turgid
Sweslpoteio 16 Weight loes i low Cure harvest wounds
refare humidity | w! high RH
Spinach 4 | Water loss None (-an be rehydrated
Summer squash | § Warer Toss Nane
Siweal Gamm 7 SUga 1055 ~Wane
i ) & | Tncreased decay. Calar Gevelopment | poly angiciae veuin 3 e, |
| rohor develaprment higher pulp kemp con Gatse
docay Tom dump tank water
| Absomon
Ledfy Gresn 1-8 'Lossof enspness, | Procuctis subjectto | Greens reabsorh
wasaEhles wates loas mechanical injury f | waler daring
| cold & turaid fydrocoting




2.6 Product Preparation

The product preparation is very important stage before the cooling process.

The preparation process consists of three main steps:

#  Classification of Product
»  Washing, Sanitizing.

» Packaping.

2.6-1 Classification of Product

The product shouald be classified afier the harvesting process. The harvested
product includes injured fruit, immature fruits, and fanged fruits. These fruit causes
the spraying of discascs among the product. So, before any step of preservation; the

product classification must be accomplished. (See Figure 2-3)

Figure (2-5) Classifieation of Product

2.6-2 Washing and Sanitizing

Alter the product classification is performed. the washing and sanitizing is

performed lor the healthy product. The produets is washed in hot water (about 40 ©)
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mixed with special sanitizing materials. This provess is done on an automatic

conveyer for this process. As shown in Figure (2-6).

S Water Nozzles
r trance /

Fram Soaking

Tank HK\\H\‘J ff’ L

wwwwwww

Dirty Water Drain

Figure (2-6) Washing and Sanitizing Unit

2.6-3 Packaging

After the processes mentioned ahove, the packaging process for each type of

product iz done depending on the product type. {See figure 2-7)

Figure (2-7) Packaging of Classified Product
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Before the product is covled in the refrigeration room. the room should he

well-ventilated, cleaned, and sanitized. Then the product is conled and stored,

2.7 Cold Storage Requirements

I'he cold storage desizgn must satisty all of the produet cooling and storing
requirements nceded Lo keep the product with acceptable quality and marketable

characteristics. The cald storage requircments arc:

Civil design.

* &

Reffigeration system.

lHumidification system.

*

Air Handling system.

¢ Conlrol and monitoring system.

2,7-1 Civil Design

The cold storage civil design must satisfying many aims. the main aim is to
cnable the cold storage to handle the desired a mount of product that satisfies the
aimed markets, also the cooling rooms should be squared and wide to facilitate the

product distribution and the unitormity of cooling process.

Alsp the insulation of the construction should be enough to lower the
conlinuows heat wall gain, which forms a part of the cooling load of the refrigeration
rooms. And the arrangement of rooms should facilitate the installation of the other
systems and their maintenance, and should facilitate the transportation process of Lhe

product. And it's recommended to be under grounded.
2.7-2 Refrigeration Svstem
The refrigeration system of the cold storage must be able to handle the cooling

requirements for the harvested product. Based on the collected design parameters; the

refrigeration system designed.

=}
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I'hc refrigeration system must perform two main proccsscs: chilling of the
product, and the storing of the product. In the first process, the refrigeration system
removes the field heat of the product raprlly in 2 limited time to prolong its lite ime
and prevents moisture loss. And in the storing of product the refrigeration removes the

wall pain. respiration, and other miscellaneous heat gains from the refrigeraicd space.

The refrigeration system recommended 0 be based on variable loading
depending on lype and amount of product to be cooled. Such that the system will
operates under specific working circumstances depending on the loading level. And
the system should ensure the uniformity of cooling of the product; Such that the

product temperature of all the quantity varies unilormly with time.

2.7-3 Humidification System

The humidification system of the cold storage should be designed to
compensate the loss of the moisture content in the refrigerated rooms, to ensure the

keeping of relative humidity from 85-100% depending on the product Lype.

The relative humidity in the cold storage rooms decreases as a result ta the
frasting that is formed on the indoor cooling unit and the ventilation of the cold
storape air. This affects badly on the product health; the decrement of the relative
humidity in the cold storage air under the design relative humidity leads to the loss of

water from the product and color changing and shriveling.
2.7-4 Air Handling System

Fach room in the cold storage facility need to be ventilated, the ventilation
main chjective is to pget rid of the alecholic gases, ethylene, and the high
concentrations of CQ; from the refricerated space, and inject a fresh nir in place. This
process depends on the volume of the refrigerated room.

The suction of these gases is perlormed [rom the boltom of the relrigerated

space; because these gases distinet by their high molar mass, so they sinks to the
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hottom when the air circulation is stopped. The injected air should be well-filtered and

distributed in the room.

2.7-8 Control and monitoring system

This system is required to monitor the previous systems and their
performance. The control system performance considers cach system s¢t point, and
l¢ads the performance of cach system to accomplish this sct point characreristic within

ncceptable range.

For example, the set point for the inside relative humidity for grapes storing is
(3%, the control system enables the working of the humiditication system and control

its related variahles to accomplish this value £ 3%,. And so on.

This system is considered lo be the most impourlanl syslem, because il
synchronizes the cold storage performance and provides signilicant monitoring for all

cold storage systems and requirements.



Chapter Three

PRACTICAL SURVEY STUDY
FOR

HALHUL'S REFRIGERATION
STATION

38



3.1 Introduction

Every structure consists of basic layers that combined together torming the
whaole foundation. These layers are the architectural design, the civil desipn, the
mechanical design. and the electrical design, including the accessories of each design

and its components.

Halhul's refrigeration station has all the previous componcnts; The station
system design will be studied and analyzed carefully, to get an overview for proposed
designs of the refrigeration station system, and find outl the problems associated with

these systems and there performance in food preservation.

In this chapter we will consider the civil, refrigeration, and the electrical design
for the refrigeration station by study, o oblain a complete overview about the designs

of the refrigeration station.

3.2 Civil Design of the Refrigeration Station

The civil design consists of many branches that [orming tegether the whole
design, starting from the top plan of the refmgeration Station and ending with the

structure of the walls of the refrigeration station.

The relrigeration slation is located under Halhul's fruits and vegetables central

markel 41 the basement of the main building of the central market.

I'he civil construction includes walls, ceiling. floor, and partitions (All shown in
the construction diagram). Starting rom the walls in the refrigeration system is

divided into tlwo main parls:

- The outside walls.

- Partitions.



A} The Outside Walls

The outside walls form the ontside perimeter for the refrigerarion station. The
major height of these walls Is under the ground level (2.8), and the rest is over the

ground level (1.2m).

A-1) Higher Part

The construction of the higher part of walls is as follows:

# Building stone 5 cm thickness.

e Concrete. 10 cm thickness.

¢ Asphalt. 5 mm thickness.

s Insulator "Seloncis”, 2 ¢m Lhickness,

e Asphalt roles, 5 mm thickness.

» Reinforced comerete. 25 em, [rom prid w grid 20 em.
e Asphalt. 5 mm thickness.

»  Polystyrene boards. 10 ¢m.

& Srteel sheat, 2 mm thickness.

A-2) Lower Part

The canstruction of the lower part of walls is as follows:

= Asphalt, § mm thickness,

a [Insulator "Seloneis”, 2 em thickness,

« Asphalt roles, 3 mm thickness.

» Reintorced concrete 200 kg."cm?'. 25 em thickngss, from grid to grid 20 cm.
e Agphalt, 3 mm thickness.

o Polystyrene boards, 10 cm.

& Steel sheet, 2 mm Lhickness.

B) Partitions

The Partitions construction is as follows:

» Steel sheet, 2 mm thickness.

» Polystyrene boards, 10 em.
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= Drick, 10 cm.
s  Polystvrene boards. 10 em.

« Steel sheet, 2 mm thickness.

C) Floor Construetion
The floor of the station is all composed of the same construction malterials,

which arg:

s Reinforced concrete 200 kg."::mz. 10 ¢m thickness.
» Baose course, thickness |0 cm.

»  Grade, S0 om thickness,

s Basc stone, 3 m thickness Tor caleulations.

The pround is loaded by conerete bridges 60XS50 cm.
1¥) The Ceiling of the Station
The ceiling of the station is also the same for all station. Same construction

materials:

o Brick, 20 cm thickness

Reinforced concrete, 10 om thickness.

« Asphalt. 5 mm thickness.

s Polystyrene boards. 10 cm.

+ Steel shest, 2 mm thickness.
E) The Columns

All are composed from the reinforced concrete 300 kg/em®. Dimensions are
30X50 em, covered by polystyrens boards, 10 ¢m thickness. And steel sheels of 2 mm
thickness.
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F} General Civil Plan Declaration:

As shown in the civil top plan, the refrigeration station has two entrances:
from the south and the other from the north, with two elevators beside cach entrance
for the product lilling. And the doors width is 1.55 m and constructed of galvanized

steel.

Figure (3-1).Photos Taken imside the Refrigeration Station

The refriperation station is consisted of 10 refrigeration rooms. designed for
variable cooling loads differs according to the type of fruil or vegetable thar will he
saved in. and one for the freezing low temperatures. Each room is 58.5 m*, 83 m
length and 5.85 m width. and with & 4 m height. The door of cach room is 10 em
thickness, 2.2X1.9 m, composed ol two reinforced galvanized steel sheets with
internal polyurethane isolation foam. The corridor length is 45 m and width of 3 m.

(See Figures 3-1, 3-2)

Figure (3-2) Photos Taken inside a Refrigeration Room
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3.3 The Mechanical Design of the Station

3.3-1 The Refrigeration System

The refrigeration station is composed of the familiar refrigerating system. Where
as each raom is refrigerated by single unit. This unil components and accessories are
declared in Figure 3-3 below:

HEAL

TEMPERATURE PRESSURE  piguip LiNe jﬂ.&'uma
ConTRnl,  CONTHOL  FUTeR-DRIER IVALVE
ﬂ r- 1] o
MO TURE LIQUID TR
Q INDICATER MERM:
\ i

AN g ]
CY ELIHGQ —_
= FEARERAT LFEE

CONTRDL

E ".J_ L3 i
- v L
mghu"rxuu_;un 220 - | i
I._:-D uim u i
o

MW AT ! A
mli“l"

:IITFR THA'mL

_— SUCTION LINE ~ EVARORATOR
|"" sy ¥ILTCR-DRIER AE Uik R
- . SUCTION

" CCUMULATOR
--—“J bmw PRESSUIRE
SAFETY CONTROL & CONTROL

DL PRESSLINE

Figure (3-3) Total Refrigeration Circuil with Its Accessories




A) Compressor

There are two types of compressors used in the refrigerntion svstem of the

station. The first Lvpe of compressors used in the refrigeration units is reciprocating

type compressors with the following name plate:

DWM COPELAND
TYPDMRH 750 EWI - 68XL
Falor. Nr 457434 Bajushr 1988 R

Zul Berr. — Druck HB/MND 20.5-25 Bar

3~ n=1455 rpm  ; =26.8 m'/hr.

Schaltlk 164, Cosd = (1L.&7

Hz Blackierter Rotor Storm
50 220/40 A 123/134

S50.... 380420 W 7178

Figure (3-4) Compressor Used in the Station
And 50 the output power of this compressor is:
W=I*sV*COSO*¥n=311*220* 087 * 0.9 =54TKW
And the second type is:

DMRH - 750 -EWL — 000

| 3=

313A
18.1 A

With same characteristics mentioned above, Except their power is less because

of the less efficiency and size. The Figure 3-4 shows the compressor used in the

station.
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B) Evaporator

Figure (3-5). Indoor Evaporator

The evaporator unit in the station is composed of a fan-coil unit. Two lfuns of
mechanical power of 0.37 KW, 4500 rpm. And coil units of dimensions 1.30X65 cm
and 45 cm depth. And the height of the evaporator from the ground is 2.8 m. and from
the entrance of the room 50 em. The evaporator output power is not available. The

cvaporator is shown in Figure (3-5).

) Condenser

The condensed unit that used in the station is composed of also fan-coil unit.
With two fans of mechanical power of 0.37 KW, the condenser dimensions are
110X75 em and 20 ¢m depth. And output power of the condenser is not available.
(See Igure 3-6)




D} Expansion Valve

Ordinary thermostatic expansion valve with sensing bulh installed at the
evaporator inlet. (See Figure 3-7).

Figure (3-7) Thermostatic Expansion Valve

E) The Accessuries of the Refrigeration System
The Accessories of the refrigeration svstem is as [ollows:
E-1) Filter Dryer

Ceramic Filter core Model is CD— 164 —B
Design Pressure i5 500 Psi. B12, R22, (Figure 3-8).
E-2) Sulenaid Yalve
The solenoid valve is sighted as shown in Figure (3-8). The model is:
SCEM

Coil ZB09
220V/~50 Hz, 9 W +10%.

Figure {H} Filter Dryer and Solenaid Valve
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F-3) Pressure and Temperaturc Controls for Compressor

The pressure contral is adjusted on 21 bar discharge pressure. and 63 C cut off

temperature limit. Figure (3-9).

Figure (3-9) Pressure and lemperature Controls and Refrigerant Accumulator

E-4) Refrigerant Accumulators

Refrigerant accumulator max capacity is 0.4 L. horizontal (ypes. For providing purc

pas suction. (See Figure 3-%).

E-5) Ol Separators

Qil separator capacity is 3 L. with [eedback line to the bottom of the compressor. (See
Figure 3-10)

Figure (3-10) Oil Separalor
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E-6) Thermuostats

The thermaostat is located up the door of the refrigerating roum. And this is wrong
since it should he placed at the inlet of the evaporator’s fans to measure the room
temperature precisely. (See Figure 3-11),

Figure (3-11) Thermostars

F) Refrigerant Piping:
All relfrigerant piping is composed of copper. With the following diameters:

e The suction line of the compressor is 1.25 inch.,
» 'I'he discharge line of the compressor is | inch.
=  Condenser discharge line 0.5 inch.

*  Pipe From receiver tank (o [ilter drier 0.5 inch.

All refrigerant piping is not insulated absolutcly. This causes heat leakage from

the evele.
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3.3-2 The Huomidifying svstem

The station is provided with humidifying system used to maintain the desired

relative humidity for the storage circumstances. The system is composed ol

®» The steam generafor.
&  The steam piping nelwork.

*  The solenvid vulves used for steam injection control.

Mow wea will declare the characteristics of each component:
A) Steam Generator

The steam is generated using 3~ elecirical heaters. The heating capacity is not
available. Rated power is 10 kW, cylindrical shape. With total insider volume of 250
liter, and provided with level sensor that prevents stcam generation if the reservoir is
not tull. And the steam generator is provided with contrel box and 3 fuses to control

its working. (See Figure 3-12).

Figure (3-12) Steam CGenéraior

B) Steam Piping

The piping of the steam is constructed of copper pipes. Diameter is 1/4". And
the hranches to the rooms are of 10 mm diameter. And the steam injection is coming
from the up comer of the room. And a humidistal is put at the upper part of the room.

Linked to a solenoid of the humidilying wnnel to the room. == st
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C) Solenvid Valves and Pressure Relief Valve

These solennids are used to control the steam flow to the toom, Affecied by the
bumidistat in the refrigerated room space, (Sce Figure 3-13)

Figure (3-15) Solenoid and Pressure Relief Valves

D) Water Nozzle Sprayers

There are double sprays installed bevond the fans of the evaporator to humidify
the rooms, But all were clogged and offline. (Sec Figure 3-14)

Figure (3-14) Steam Injection Tunncl
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3.5-3 The General Mechanical Plan Declaration

The mechanical relrigeration system is composed of 11 main refrigerating units,
cach unit refrigerate two split rooms. These units are put outside the building in the
shadow. No ventilation system is installed for the station. And drainage piping is

installed for the water produced from defrosting. (See Figure 3-15)

Figure (3-15) Outside View of Ouldoor Refrigeration Units
3.4 Electrical System Design Station

The last layer of the station design is the electrical system design of the
refigeraling station. Tn this parl we will declare the electrical wiring design for the

station.

General wiring nefwork of system:

The wiring system is hased on 3 ~ph wiring, because manv components operates

an 3- power sources such as steam generator healers, compressors. .,

The net starts from the main network for Halhul's power network. Then the lines
arc connected to 12 group of fuses; 3 lines for each application, 10 groups is for the
refrigeration unit compressors, 2 for the elevators. And the heaters fuses arc placed in

their own control bex. Then from these fuses 1o the electrical power consumption




counters, Then to the system circuil breakers, and then from them to the control hoxes

of the refrigerating units and elevator. (Sce Figure 3-16)

Figure (3-16) Elcetrical Cabinet of Station

These eontrol boxes contains many clectronic and clectrical components such

as timers, latches.... to maintain some control for these units.(See Figure 3-17)

Figure (3-17) Control Cabinet for each Room

Each refrigeration rooms are lighted by 4 bulb lights. With rated power of 100
W. and the corridor is lighted by 12 florescent tubes. Rated power is 40 W.
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Chapter Four

GENERAL DESIGN PRAMETERS



4.1 Introduction

In the previous chapter, we declared all the designs of the refrigeration room;
the civil construction design, techanical relrigeration design and stcam injection
system, and the electrical wiring design. All operativn characteristics have been

analyzed part by parl.

In this chapter we will determine the general design parameicrs necessary for
the design process, these paramelers are divided into two categories: the peneral
outside condition, Such as the wind velocity, the average relative humidity, the

autside temperaturc. And the ground's mean temperaturc.

And the other catcpory is the slorage conditions in each refrigeration room.
‘This depends on the product type that will be stored and refrigerated. ic. every
product has its specific storage conditions, Such as the storing temperature. relative

humidity, chilling time...

4.2 The General Qutside Design Parameters

Halhul's Refrigeration station is lovated in Hebron, at longitude 35.1 degree cast,

latitude of 11.5 degree north, And the elevation is 1010 m from the sca level. (See

Figure 4.1)
: Sl A A B e gl
k! e | et
u_,.ES m J;I;F_bi.
B Yl il L T
N 7= 1005 I Y T

SRl Dnal o pals J gl
Figure (4.1) Hebron Position
4.2-1 Temperature

The first outside design parameler is the temperature. For Halhul, its lactation is
in the 3™ climate area of the West Bank. And the temperature records for the region at

which the refrigeration station located is in Figure (4-2) below.
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Figure (4-2) Temperature Records for Hebron

As shown in this record. ‘The maximum temperature is about 28 C. and the
minimum temperature 3 C. the maximum temperature thal is pained last for about 4
moenths. By taking n consideration the high temperature waves that happens in this
region which may reach 33 C, we will consider 35 C as an outside design

lem peraiure.

4.2-2 Relative Humidity

Second parameter is the outside relative humidity. The relative humidity records

in Hebron are shown in Figure (4-3):
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Fipure (4-3) Humidity Records [or Hebron




The maximum relative humidity is in Tebruary, and the minimum is about
May. The relative humidity affects on two components: the ventilation svstem, and

the condensation unit, So the design relative humidity is S0%.

For the ventilation system. the outside relative humidity, when the relative
humidity ol the entering air increases. this will cause an increase in the relative
humidity in the storage room, which will affect on the product and its quality. In
addition. the heat rejection from the ventilation air increases, this causes an increase

in the cooling load. This vecurs in February, This has the maximum relative humidity,

And [or the condenser, the most eritical relative humidity is the minimum
relative humidity. Which occurs in May, i.e. specilic volume increase, and so the
enthalpy will increase, because the heat capacity of an air stream at these
clrcumstances will have less heat capacity, Recarding to the psvehometric chart of air

at the atmospheric pressure at Lhat heighl.

4.2-3 Wind Velocity

The third outside parameter is the outside wind velocity. That's as shown in the

figure below, Shows the wind velocity all around the year for Hebron arca. (Sce

Figure (4-5})
e ghaol taym
6.0 1 . =
f | 1_ I
- i . ! !
,-'j__li_ *"-\. I |
4.0 efjf | "] Sippoendrua ;-l'il.l—id-h
| s i
2 - e et T N S
£ s e = Lo [
| i o |
2.0 I T 1
|
1.0 :
|
0,0 1
o e Lo A c e 4 —
¢t F R § 2 BEE * E & F £
B ! ¥ P Ok ®

Figure (4-4) Wind Velocities for Hebron

Ihe wind velocity ranges from 2.5 m/'s 10 4.8 m/sec. Lthe wind velocity effects by
two ways, incrcasing the value of the outsider convection heat transfer coeflicient,

which in tum increases the heat gain to the refrigemation room.
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The design wind velocity will be taken at the mid-summer, That means to have
wind veloeity of 3.3 m/s. and lor the safety of design we will consider 4 m/s as a

design wind veloeity.

4.3 The General Inside Design Parameters

The inside design parameters are sel depending on the type of product that will
be stored in the refrigeration room. Since each type of stored product require specific

storage conditions,

I'he products that are stored in the refrigeration room are:

I- Lemuons.
2- UOranges,
3- Polatoes.
4- Carrot,

5- Grapes.

6- Apples,
7- Apricot.

&= Cucumber.

0= Avocadoes.

The storage characteristics includes the storage temperature, relative humidity,
chilling time, delay tinie, type of storage, maximum storage period. All declared in
Table (4-1).
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Table (4-1) Indoor Storage Reguirements for Various Products




Chapter Five

COOLING LOAD CALCULATION
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5.1 Introduction

A detailed study and analysis ol he existing refrigeration station in Halhul's
center market was performed previously. Also, all the required and necessary data and
parameters regarding the design process of the refrigeration station was searched for

and gathered for the redesign of the station.

As notliced, the existing station has no chilling room to handle the products
before sending them to the storing rooms. In the redesign of this station, we will
assign one of the rooms as a chilling room. For convenience, the ropm that is assigned
to be designed as a chilling room is the room with star sign as shown un the station
plan. And the room which was designed for cooling pouliry will be redesigned to be

used as a storing room for products.

The structural design parameters [or walls. ceiling. floors. insulation
thicknesses...ete, available Torm the civil project plans provided hy 1lalhul’s
Municipality will be the base for our calculations,

The redesign of the station will proceed in two stages, the first stage will be
the redesign of the chilling room, and the second stape will be the redesign of the

starage rooms.

5.2 Product Distribution

The arrangement of products in the refrigeration rooms is very important 10
achieve uniform air distribution throughout the room and make it possible to reach all
the stored products. So laking inte account the product storing rules and
recommendations, the products should be stored as specified in the product

arrangement plan.

The recommended rules lor the distribution of the products can be specilied as
follows:

2 Put all packages of all Kinds of products onto wooad or plastic or metal cages

allow  the passage ol air provided W rise above the surface ol the earth by

(10 ¢m) at least.




% Packages should be away from the walls by (15 em) and from the ceiling a

distance oF40-50 eim.

% Leaving corridors inside cooling rooms Lo allow inspection and sam pling, that
al least the main corridor width is 60-70 cm, leaving a distance of not less than

10 em between Packages to facilitare the movement of air.

% MNever store under refrigeration evaporator,

% Never stop operation coolers for any reason as long as rooms containing

vegetables or [resh fruit.

% Non-perishable crops stored near the main door.

And s, as in the project plans; the distribution of the product obevs the product

saving recommendations.

The rest of packaging information is:
2 Box sice is 50 X 35 X 18 cm. and each pack contains 9 layers each cuntaining 6
boxes cartoon of product. Each box weight depends on its content. And so the

dimension of the packageis 1 X 1.15X 1.72 m,

2 Sieel stands are reguired to carry the couple of packages vertically, and these

steel stands weigh 70 kg for each one.

# The wooden boards used for carrying the product is waiting about 15 kg

@ The carloon box used weighs about 200 g,

= The weights of the product boxes are as shawn in Table (5-1),

Gl
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| Product | Weight of Box

15

15

Potatoes 20
Carrot I | e

Grapes 10

I Apple 12

Apricot 10

Cucumber 15

Avocadoes 10

Tahie (3-1) Product Box Average Weight
Vs yalazs ware obtainied sk chlby

According to this information, (reler to the product distribution plan}):

# The rooms assigned "A" can handle 32 package of product,
* The rooms assigned "B" can handle 26 package of producL

# The rooms assigned "C" can handle 18 package of product.

5.3 Cooling Load Calculations

In the cooling load calculations for the station rooms. we will consider the
critical load (the maximum caoling loads) that may occur in the roams of the station.
Those rooms are divided into two calegories: the chilling unit that will be designed at
room with star sign (refer to the station plan). and the rest of the rooms as storing
rooms of the refrigeration station. As the structural design parameters for all rooms
arc mostly identical, the predominant factor fur the maximum covling load comes
from the type of the product to be stored. i.e. the cooling load will be calculated with

respect to the product that needs much cooling for storage.
5.3-1 Cooling Load Componcnts

The total wooling load for refrigeration rooms will consist of the following

companents;

B Ileat gain through room surfaces,

bl



B Product load.
E Respiration load.
Alr change and humidification load.

E Miscellaneauvs load, which consists of:

=» The lighting lnad.

=» Electric molor.

=» The people occupicd the room.
=* Defrost Heat source.

= |'he Packaging heat removal.

5.3-2 Cooling Load Demand
A) Storage Rooms

The cooling units for the storape rooms should be designed to handle the
maximum cooling load demand. As all rooms are identical in size and construection.
the product type; maore precisely the respiration load, will play the main rule in the
calculation of the conling load demand for the storing room.

I'able (5-2) shows the respiration rate for the various products, the storage
mass, and the total heal gencrated by respiration. I1's obvious that apricot has the

highest respiration load,

25920

0.040
D016

Lemons
Cranpes 25820
0.027
Carrot 17280 K12
{irapes 17280 E6d
250
A pricot 17280 2592
Cucumber 25920 1815
Avocados 1383

Table (5-2) Respiration Load for Various Tvpes
OF Products in Full Leading of Room
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from this Table, we conclude that apricot is the critical product that will be
chosen for the calculation of the eritical cooling load: hecause it causes the maximum

refrigeration storing demand under the same circumstances.
A-1) Wall gains:

This load is caused by the heat gain through the walls. ceiling, and floor when this
wall at hoth sides has a dillerent temperature.

Wall gain load sometimes called the wall gain load, which is a measure of heat
flow rate by conduction through the walls of the refrigerated space from the outside Lo

the inside.

The parameters that determine the gain heat are:

= The marcrials which the wall consists of,

o The temperature difference between twao sides of the walls

The heat gain through walls cquation is:
Q=UTA%TAT) (3-1)

Where:

Q' the rate of heat gain. [W]

A: the surface arca which gain the heat. {m”]

A'l: the temperature difference across the walls. [C]

17: the overall heat transfer coefFicient. | W/im® C]

Where U is identified in the following equation:

U= 1 (5-2)

T AKX
] e
o e

A v |

i
Where:
= h wu: Convection coelTicient (surface Conductance) of
inside wall, Moor, or ceiling.
=2 h . : Convection coefficient (surface conductance) of
gulside wall. floor, or roof.

=» AX : Thickness of constructing material.

= K : Thermal conductivily.
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Design Data;

< Temperature:
Value |
Temperature
“E"

=

T wriitle 0

—

T ou s e 33

—

T R i 43

T anfridor I s

Table (5-3) Design lemperatures

=» Overall Heat Transfer Coefficient (OHTC): the overall heat transfer coefficient U

was caleulated by equation (3-2) for each wall and listed in Table (5-4) below:

OHTC Value “W/m’ K"
U ceiing 0.2770

| 0.4600
) wikdl wpper part | 03022
T] wll lower pert _I:.I ..:H}E”

U inlesmal walls b rooms J.1730

U b room and commidor

0.3200

= A
Table (5-4) OHTC Values

= Humidity:

P insnde

Table (3-5) Relative Humidity




= Wind Velocity:

Table (5-6) Wind Valocity

Assuming nothing stored next to room from both sides. Firstly, we will take the

roems Assigned "A", the result of all wall-gain loads.

Q walls = Q sumiderwall 0 corridar T Q o T Q coiling H Z.Q adjzcant o A= Qdu:rr fj":'f]

2 Q ourvider wall = £ upper + Q) 1ower (5-4)
= U wpper™A ugper TAT)+ (U o ® A towee * AT)
= (0.3022%10.8*35) + (0,308%22.4%43)

-411 W.
And by the same way we can obtain the wall gain for all sides. And sa the wall

gains are:

2 Q eorridar = 17TTW
=2 Qs -2 W

2 Qe =91 W
2 Qomee =471W
2 Q btn sy = 146 W

And So, The total heal gain (Q g) for the room will be 2190 W.
0 falm — 11 l;{l “lr.

A2 Product Load

The product enters the storing room at its storing temperature. And so there is no

ficld heat to remove from the product; which means a product load goes to zero.

me:'_u:L_ 0w
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A-3) Respiration Load

When a product experiences a rospiralion activity (metabolic activity): this
produces heat as an output of this process, This heat forms a cooling load in the

relrigeration room.

Respiration load is characterized by the respiration rate of the product, and

calculated by this equation:

Q mespinuion = Mass of Product * Respiration Rate (5-3)
Where:

Q Raspirarion: RCSpiration load [W].

Respiration Rate: factor [W/Kg). (Refer to Table 4-2)

And for the apricot:
Q Respinnes = 1 T2B0* 0.15 =2592 W

A-4) Air Change and Humidification Load:

Mast fruit and vegelubles produce CO-and Aldehydes and other aleohols. These
Organic gases cause the fast repining of the products and it distinet with its high
density and molar mass. And so the room air needs to be refreshed either by the

natural opening of doors or by forced ventilation system for the refrigeration room.

For the storage rovms in the station, each room needs to be ventilated since the
room may subjecicd (o the long term storage for long times without door opening.
And it is depending on the volume of the refrigeration room. On the other hand the
chilling rooms may have a little ventilation because it is opened after the end of the
chilling process if it will not continue storing, In addition to the humidification

pracess needed [or maintaining the recommended storage humidity.
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A-4.1) Ventilation Air Change:

The ventilation rates required for the refrigeration room applications are
shown below in Table (5-7) helow:

No of Air Change per 24 h
‘“n L1}

3000
—
44300 : _|
e T T e —

o
Table (5-7) Required No, of Air Change tor Room Ventilation
* Hedrigeraied space staiids lor tha volume of fhe space thal surmunds the preatuct in b redn peration room
= ASHREL REFRICESEON HANIREGE 2001

And the ventilation air change load is calculatad hy the tollowing equation:

Q =n*V*(hs-hi)*p *(1000/24*3600) (5-6)
Where:
0 =number of air change for refrigeration room.
Vs = volume of air surrounding the refrigerated praduct. [m’]
h ip = the outside and inside enthalpies. [KJikg|

p = the oulside air density. [Kg/m3)

And so, the refrigeration rooms Assigned "A* the desired air roam change
At 100 m” -9,
Now by applving the eqguation above:

Q Ventilotion — 33‘3 “r

6




A-4.2) Humidification

The humidification rate needed can be calculated with respeet o the
ventilation air change In the refrigeration room, Such that the amount of water
removed by air change must be compensated by the humidification system. hy the
mass balance:

m" i m” i * (80 oy — ||r-}I [5'?)
Then, m" 50, = 0.00018 kg/see

And so the humidification load = m® o * h 25 12,0 = 487 W

=

A-4.3) Door Opening Infiltration:

The air infiltration due to door opening should be taken into consideration.

Table (5-8) bellow shows the infiltration rates due to the door opening:

Relrigerated Spoce Infiltration Rawe V°
Volume

ey

m

100
150
200 134
250 11.9 53
00 12.0 6.7
00 I 10.0
214
3.6
" 243
75.9
S
13.9_1

T

-h'-.-dl

Table (5-8) Infiltration Rates Due 0 Door Opening

6%




Where T ris: Refrigerated Space Temperature.

This load is caleulated by:

[:J ied ibirmosm = Vﬂ *Ah* |ﬂ]

(5-8)

Where Ah is the enthalpy difference between infiltrated pir and relrigeration

roam.

Now, the infiltration load is calculaled depending on the volume of the
refrigeration rogm:

> Q ititrssen = 1083 'W

Where the value of the heat gain due 1o air infiltration is obtained from Table (5-9)

helaw:
Enrering Air leat comtent to the refngerated space
(kI Tpig = 0C
Futermg Awr temperature °C
40 35 a0 25

| | = [ Trig

HRelaove Homidiey =, 9%

&0 50 ’ 60 a0 0 &0 50 l 0 60 sp
0.0795 | 00663 | 0.0563 [ 0.0500 | 00341 | 0.0357 | 0.0281 | 0.0736 | 00186 | 00128 | 13
0.0992 | 00792 | 0.0694 | 00591 | 0.0574 | D.0491 | 0.0319 | 0.0382 | c.0323 | 00266 | 10
0.1036 | 0.0906 | 0.0810 | 0.070¢ | 00693 | 0.0610 | 0.0536 | 60502 | 00445 | no3ee|
01141 | 01005 [ 00510 | 0.0808 | 0.0794 | 0.0713 | 00639 | 0.0s06 | 00550 |noass | o
Entering Aw heat content to the refrigerared space
(Ji7) R =0C
Enferme Aw remperatme o
35 30 | 12 [ 10 s

Relntive Humidity % Tpis

e | =0 60 50 é@ | 30 20 0 s0 | 0 | °C
0.0921 | 0:0820 | 0.0724 | 0.0650 | 0.0562 | 00505 | 0.0154 | 0.0142 | 00111 | 0vsz | o
0.100+ | 0.0903 | 0.0809 | 0.0736 | 0.0649 | 0.0592 | 0.0247 | 0.0235 | 0.0210 | 0.0193 | _5
0.1071 | 0.0970 | 0.0877 | 0.0805 | 0.0719 | 0.0862 | 0.0321 | 0.0305 | 0.0288 | 0.0271 | g
0.1137 | 01037 | 0.0945 | 0.0873 | 0.0788 | 0.0732 | 0.0355 | 0.0383 | 0,0367 [ 0.0350 | 45
01203 | 01102 | 0.1013 | 00941 | 0:0857 | D.0801 | 0.0458 | 00436 | 0.0444 | 0.0427 | g
01265 | 0.1165 | 0.1077 | 0.0998 | 00922 | 0.0866 | 0.0537 | 0.0525 | 0.0523 | 0.0501 | 3«
01325 | 01225 | 0.1138 | 0.1067 | 0.0985 | 0.0929 | 0.0604 | 0.0591 | 0.0588 | 0.0571 | 3¢
0.1382 | 0.1283 | 0.1297 | 0.1126 | 0.1043 | 0.0959 | 00668 | 0.0636 | 0.0657 | 0.0630 | _3<
01440 | 01341 | 01256 | 0.1183 | 0.1106 | 0.1050 | 0.0732 | 0.0720 | 0.0725 | 0.0708 | 30

Table (5-9) Encrgy loss Due to Door Opening




A=5) Miscellanenus load

This load represents the heat given ofl by the service offered in the refrigerated

space, this service such as:

* Lighting,
* Electric motor and equipments which operate inside the refrigerated space.
* The people occupying the refrigeration room.

* Defrosling heat sources,
A-5.1) Lighting Load
‘The refrigeration room contains 4 lambs. Each one of 100 W rated.
Then 2 Q jghim: = (No of light * Power of light)/24 * time of use (5-9)
= (4% 100)24 * 2
=307W
A-5.2) Electric Motor
We have two electric motors with total power of 0.74 KW. The cooling load

required for these motors is by the equation:

E*H'F*T
24 A

Q moters = (5-10)

Where:
Z 1 The correction fuctor (0.9)
: The number of motars (same power)
: Rated motor power, [ W]
T et Time of use. [h]
And so = Q= 1000 W

And for the dicsel medium forklift ... the cutput heat gencration = 5 kWh:

Then 9 O Fork— Q:I'hll\h:] * 172 hour (5"1 i}
=2500 W
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A-5.3) People Occupying the Room

For heavy working conditions, 4 workers are needed. Each produces 250 W. as in
lable (5-10) below:

Human Heat Geuneration

Qu Tpg
350 30
410 25
a8 «20
00 10
215 =5
250 [h]
-y b
300 10

‘l'abli (5-10) 1fuman Heat Generation Rate

2 Q poaple = (250*N,)/24 * Time of uso (5-12)
= (28074)124 % 2
=85 W

N;,: referred to number of persons.
A-35.4) Defrost Heat source

The defrost heat load is valued as 10% to 50% of the total capacity of the
heating coil. ..

When the defrost heater is 3 KW capacity.
Then: Q gegree — 25% * Heater Capacity {5-13)
=025 * 3000
=750 W

And s, the total Miscellaneous cooling loads of this room:

Q misedllanean = Q lisiting 0Q peapie + QM & Rork 0 et
=15+ B3 + 3500 + 750
= 4350 W
And then the toial cooling load demand:
Qi =0 niscilancons T Q Rezipmutisn + ':l' g =+ Q prod et L U air ehangs
=11.5kW

And with taking 16 h operation and factor of safety of 10%:

) Any = 19.0 kW,



And for rooms assigned "B"; they have other genmetric shape and capacity of
praduct, by repeating the same above calculations: similarly for rooms B we get:
Q final = 16.8 KW,

And for rooms assigned "C"; they have other geometric shape and capacity of
product. by repeating the same abave calenlations: similarly for rooms C we gel:
D final & ]"I‘I‘.E L“r.

These coeling lvad demand forms the maximum cooling lvads that the
refrigeration system should be designed to handle.
B) Chilling Roum

Firstly, we will consider the stared room as a chilling room for the
refrigeration station; after that, we will find out which product gives the maximum
product relrigeration demand. The Table (3-11) belaw shows the product load for the

various products in the refrigeration station.

— r——
P ThE-I"I"BdH::]: ;:::HngImnd

e e il
Lemans 28.80
Oranges 27.43
Potatocs
Carrot 20,16
Lirapes 23.92

Apple

Apricot
Cucumber 36.00
e I T T —
Avocados 21.95

E
1]
-

Table (5-11) Product Couling Load Values under Full Loading

I's noticed clearty that the maximum cooling load is referred to the cucumber,

Such that it gives the maximum available product load in the chilling room.




Now, the load calculations will be done hased on the chilling requirements of

the cucumber.

B-1) Wall Gain

Assuming nothing stored next to room [rom both sides.
Q vautts = Q gitsicer watl * Q comidgor + Q oo = Q coiting + 2*Q stjpcent wen T O door
2 Q v watt = Q upper + Q fower
= (U uprae ™A vpper PAT) = (L gwer * A fpuer ® AT)
= (N3022%10.8%25) + (0.308%22 4%33)
=303 W,
And by the same way we can obtain the wall gain for all sides. And so the wall

gains are;

2 Q oy = 13T W
2 Qaer =I17TW

2 Qe =ER2W
2 Qi =433 W
2 Q borooms= 129 W

Q giin = 1831 W from wall gain.

B-2) Produet Load

From Tahle (5-11) the produet load for cucumber —which is referred (o be the
max—, is 36 kW,

0 rnudn:T_'E!ﬁ kW,

B-3) Respiration Load

In a same manner, using cquation (5-5). the respiration load far the chilling

room and for cucumber as the critical product will be:
(Q Respiration = 23920 * 0.07 = 1815 W.




B-4) Air Chanye Load

For the chilling rooms in the station, cach room needs w be ventilated for
removing the alcohols from refrigerated space. In addition 1o the humidification
process needed for maintaining the storage recommended humidity.

B-4.1) Ventilation Air Change:

As calvulated before: the ventilation load is calculated. Such thar:

Q vauituon = 833 W

B-4.2) Humidification
Same way of calculations. we ger:

Q humidisiestion = 487 W

B-5) Miscellancous loads:
I'his load represents the heat given off by the serviee offered in the refrigerated

spoce, this service such as;

o Lighting

e [Clectric motor and equipments which operate inside the refrigerated space.

* The people occupying the refrigeration reom.

s Dielrosting heat sources,

e The Packaging heat removal

B-5.1) Lighting Load

The refrigeration room contains 4 lambs, cach ane of 100 W capacities.

Then =2 Q jiguing = (No of light * Power of lizghi)/24 * time of use
=(4*100)/24 * 2
=35 W

B-5.2) Electric motor

In a similar manner, the heal gain [rom the clectric motors for chilling room will be

obtained from equation (5-10) as follows:

2 Q moton = 1000 W
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H-5.3) People occupying the room

As for storing rooms, the heat gain from people oceupying the chilling room will be
oblained [rom equation (5-12):

P Q ppe =83 W
B-5.4) Defrost Heat source
The defrost heat load is valued as 10% of the total capacity of the heating coil...
When the delrost heater is 3 KW capacity.
Then: Q gpmi = 25% * Heater Capacity

=({),25* 3040
=7l

B-5.5) Packaging lnad

The heat removal stands is caleulated as done with the product load. Each couple
of packages is carricd by one stand weighs 70 kg, And so. we need 16 stands. And the

specific heat corresponding to the packaging materials arc shown in Fable (5-12).

M stangs — 16 * 70 = 1120 kg, And when C, for steel = 0.5 klke.C

2 Qunas =M * C * (AT) /(16 * 2600) (3-14)
=75 W
I Pm:ka'ﬁa element Cp "-"ir]ﬂ:g.!("
Sleel 0.5
Wood 1.26
Cartoon .1

Table (5-12) Specific Heat Lor Packaging Materials
And by the same way for cartoon and wooden boards:

= Q Cartaan =120 W,
= Q woedes boart = 190 W = 0O puc.kan-mp;z 485 W

And so. the total Miscellaneous cooling loads of this room:

Q mitcalléndnus 2350W



B-6) Chilling Rate Factor:

Aller all these caloulations, the total chilling load demand should he divided
by the chilling rale factor, which will make the chilling process more uniform along
the chilling process. When the total chilling demand is divided by this faclor the
chilling load will increase to compensate the decay ol the haat transfer at the last
stages of chilling process. This factor depends on the type of chilled product. As

shown in Table (5-13).

Lemons

Cranges
Potatoes

Carrol
{irapes
Apnles
Apricots (.67
Cucumber 0.71
——
Avocadaes 0.67

Tﬂh[:fﬁ- [3) Chilling Rate Factor

Then the cooling load = 61 kW

And with taking factor of safety by 10% and 16 h aperation time:

Q o = 100 KW.

5.4 Variable Cooling Load Consideration

After finishing the cooling load calculation required for the chilling and
storage rooms of the station. Now we will consider the variable loading that the
refrigeration system of the station should be designed to handle. The previous
ealeulation determined the maximum cooling load demands reguired for bath chilling
and storing ropms. And the yariable refrigeration demand required for both chilling

and storing rooms now will be determined and vaplained.

There are some main factors to be taken into consideration while running or

operating Lhe refrigeration station, those factors are as followed:

17



#  The refrigeration room cither chilling or storing will run under 100%. 75%. or
30% of its total capacity. And it's forbidden o refrigerate a product quantity
less than ils 3U% capacity.

® The chilling room runs in either chilling process or storing process, following

the control signal given tw its refrigeration system.

And now we will discuss and determine the variable cooling loads subjected to

both storing and chilling rooms.

=» Storing Roaoms

The storing roum variable loads depend on the type and gquantity of the

product under chilling process. And so. the covling load for the storing room decrease

from the maximum value obtained to some minimum value for this load. Table (5-

14).

| i [4
14.9 4.2
14.3 13.6

5. 14.4 14.0
14.4 14.0

13.6

2.0
1.0 14.5

14.8 § 11.0 | 143

Table {5-14) General Cooling Load Demand fur Storing Rooms
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= Chilling Room

Also the chilling room variable loads depend on the type and quantity of the
product under chilling process. And so, the cooling load for the chilling room
decrease from the maximum value obtained to some minimum value for this load. the
l'able [5-15).

Table (5-15) General Cooling Load Demand for Chilling Room

These are the relrigeration laads that farm the base for the redesien of the

refrigeralion station system.

7



Chapter Six

STATION SYSTEM DESIGN




6.1 Introduction

The design of the refrigeration station should satisfy the cooling requirements
of the products that the refrigeration station handle. in addition lo keeping the
marketing quality of these products such that it can be marketed at any time along the

starage period.

In this chapter; the new designs of the refrigeration stalions will be done.
according 1o the product refrigeration characteristics. This design will include the towal
refrigeration system design, the humidification system design, the ventilation system
design, and the control system design of the station.

6.2 Overview of Station Design

The design process will be performed according to the information and results
gathercd and calculated through the previous chaprers. First, we will start with Lhe
refrigeration system design. Then, humidification system design, ventilation system

design, control system, and finally the accessories of the refrigeration station designs.

6.3 Refrigeration System Design

As a useful approach, we will design the refrigeration system depending on

using VSD (variable speed drive) compressors,

Traditionally, cooling capacity is matched to the load on a system by on-off
control, pressure-regulation unloading valves, or hot gas bypass. In contrast, VSD
compressor driven by variable frequency drive will constantly match the load,
adjusting capacity ot the source by varying the compressor speed in a speed ranpe.
Because of the speed increase a smaller compressor can be used than would be
selected for fixed speed operation in the same system, resulting in a saving that ollsels

the cost of the varable frequency drive.




Encrgy savings occur after installation because varving the speed of a
compressor on demand means that relrigeration capacity is closely matched o actual
heat load whenever the system is in operation, In g carefully controlled laboratory
setting, savings of up to 26% have been observed when cooling a cold storage toom
system with 68% average svstem load. Savings up to 62% were recorded in a process

cooling application with 30% averape system load.

The principle is that an AC Motor rotation speed is always proportional to
power supply frequency. At 60 Hz, hermetic compressors typically run at 3500 RPM.
An AKD frequency converter can deliver frequencies ranging from 30 ta 90 Hz,
resulting in a compressor speed from 1750 to 5250 RPM, with a corresponding
variation in cooling capacitv. Campressor oyeling is also much reduced in a variable

speed system.

With a compressor several sizés smaller than a [ixed speed system would
require, and speed reduction, costs are reduced. But during periods ol partial load., the
system also operates with an oversized condenser, which allows decreasing the
condensing pressure, and conscquently the power inpul. Thus there are three enerpy
efficiency benefits derived from a variable speed system. This efficiency continues for

the lile of the installation.

6.3-1 Refrigerant Selection

When designing a refrigeration system, there are seversl refrigerants (o choose

Irom, such as CFCs, Ammonia, and other refrigerants.

Many important characteristics should be econsidered when refrigerant is
selected. The most two important characteristics are the temperature of the
refrigerated space, and the ambient lemperature of the environment surrounding the
refrigerated space. These two characteristic affects on the saturalion pressures of the
refrigeration cycle will differ from refrigerant to other, and in wm aflcets on the
pressure ratio and the required sizes of equipments and irs energy requirements for

some relrigerant selection.
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Figure (6-1). Thermodynamic Simulation of Refrigeration Effect Using R404A

The Figure (6-1) ahove shows the thermodynamic simulation for relrigeration
cycle working depending on the refrigerant R404A. This refrigerant is the
recommended refrigerant for the refrigeration room applications {ASHRTA
Relrigeration Handbook. Chapter 5, Refrigeranis). The required pressure ralio is
acecptable. And oblained COP af this temperature range is suitahle and good. And
this refriperant is available at good price and environmentally less harmful or toxic,

50. the most appropriate refrigerant is R404A.
6.3-2 Chilling Room

The chilling room must be designed to handle variable loads depending on the
amount and type of product thal needs to be chilled. In our design. the chilling room
will be designed to handle 100%. 75%. and 50% of its total capacity ol product.
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The refrigeration system of the chilling room has specific refrigeration syslem
used o handle the large cooling capacilies. The refrigeration sysiem of the chilling

room consists of 4 main components:

|- The Compressor.

2- The Condensation Unil
3- The Room Coaler,

4- Expansion Valve.

3- The Piping of Svstem.

1 & Compressor

The Chilling room works in two phases: the chilling phase, und the storing
phase. And this will causes two main cooling demands; the chilling load demand, and
the storing load demand. And so, two compressors will be attached o lhe
condensation unit in paraliel. Such that one of the two compressors will run

depending on the input signal Irom the control system,

Each compressor will be selected alone, depending on the covling capacity
that it should handie. All compressors of the refriperation station will be selected from
DORIN Ca. this company is specialized in the VSD refrigeration compressors. And
all compressors of the refrigeration station are selected depending on the catalog of

the company.

The compressor that works i the chilling phasc is HEO00CC VSD model. The
working charagteristics were taken from the VSD compressor catalog of the company

and translated into English and listed below and in ‘Table (6-1). (See Appendix 1)

Madel H3OOOCC 3B0/420 V-AC
jas  R404A

Evaporuting Temperature -10 C

Condensation Temperature 45 C

Superheat T

Subcooling 3C

34



HEOQOOCC COMPRESSDR
Cooling Capacity "KW 93.60
Absorbed Power "RW" 4147
Mass Flow iﬂ)h"
Absorbed Current AT
COP

Tahble {6-1) Operation Characteristics of Compressor Model

‘The other compressor is selected in the same way. and the compressor

characteristic are listed below and shown in Table (6-2). (Sz2e Appendix 1)

Madel CoR15CC 380/420 V-AC
Gas  R404A
Evaporating Temperature -10C
Condensation Temperature 45
Superheat TE
r Subcoeling ac
Ca015CC COMPRESSOR

Couling Capacily "KW 18.70
Absorbed Power kW' 530
Mass I'low "k;a‘h” 0.327
Absurbed Currenl "A" 5.2

cor 238

‘Table (6-2) Operation Characteristics of Compressar Maodel

2 = Condensation L nit

The condensation unit in the refrigeration system of the chilling room will he
selected from DWM Copland selection software., After taking manufacturer
instruction, compressor can replace with other one with having same cooling capacity
or £ 10%. The selection is taken at the desired couoling load at an ambient temperature
of 35 C. and the model adopted was OLQ-48V-NLO-TWD. The parts and

specification of this condensation unit is mentioned in appendix 1.




3 < Evaporator Unit

The evaporator unit of the chilling room will be selected from the cooling
units manufaclured by FRIGA-BOIIN Refrigeration Co, from the catalog of cooling
units and following the manufacturer instructions. the model NKT 2X6D B4 L
cooling unit will be selected. And the specifications ol this cooling unit are shown in

Table (6-3). Dauble conling units are mounted in the room. (Sec Appendix 1)

NKT..L T= lorge heat exchonge surlace

e A4 M B a8 B N M 2 B S B Om M
Sy-TER T MR-k L Wy 180 TF WX W BW omn g NS kN MY M sb
. ded- TN X: OBL Be W 4 T ] T "
= m g : 3 - - 2% Tas 2as
= L= 15 155 3 | 4]
- m b -
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i W L d o I il L
i - e :
: i, . > 3 ¢ E
& W a1 & o ar P
£ I & nF g &4
™. W,
- - 1' 2 -
= AR A
'K (L7518 =
— 2 - = = =
i b e F VR W CLAE 1M 185 1 144 -
y G = = T3 =

Table (6-3) Indeor Cooling Unit Calalog
4 =¥ Expansion Valve

The expansion valve selection of eefrigeration system in the chilling room will
be based on multi evaporator refrigeration. As mentioned, the chilling room contains
two indoor cooling units. This affects on the way of installing a proper expansion

valve,

As a useful approach, the most suitable type w use is Thermostatic Expansion
Valve with external equalizer: because of its high sensitivity o the lemperature
variations in the suction lime. and their insensilivity for the pressure drop in the

eviaporator operation.
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Hefore the expansion valve selection, the way of mstallation of the expansion
valve within double evaporalor system. As shown in Figure (6-2) below; the
expansion valves arc externally equalized from the main suction line. which starts
after the rwo evaporator discharge lines are connected. The sensing bulb of the
expansion valve should be followed by U configuration, this conliguration enables the
refrigerant gas to accumulate instantancously just before it; this in tum encouraging
more effective heat transfer between the evaporator discharge line and the sensing

bulh af the expansion valve, and implies maore accurale and sullicient perfirmance.

Solenoid
Valve

I.

|

|

J
—

TEV and Distributor E |

Solenoid
Valve

E
|

TEV and Distributor

Figure ($-2) Thermostatic Expansion Yalve Installation

The expansion valve is vblained from Parker Co. Referring to the company
catalog the suilable cxpansion valve selected is the model (RE E |2 §), as shown in
Table (6-4). the expansion valve nominal capacity is 12 tons (42 kW) for refrigerant

R404 A, For further information refer wo the manufacturer catalog in Appendix |,
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Table (6-4) Expansion Selcction Table

5 < Refrigerant Piping

The Refrigerant piping ol the refrigeration system is one of the most important
designs of the refrigeration system, ie. the relrigerant piping should assure many
purposes such as:

I+ Ensure adequare velocity to return oil to compressor at all steps of
uninading.

2- Avoid excessive noise.
3- Minimize system capacity and ¢iliciency loss and pipe crosion.
4- Minimizing the refrigerant charge. As shown in Figure (6-3)

Minimize Refrigerant Charge

Figure (6-3).Refrigerant Charge Distribution in Refrigeration Circuit
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The refrigeration design of the refrigeration rooms requires designing the
liquid line that supplies the indoor cooling unil (evaporator & TEV) wilh liguid
refrigerant, and the refrigerant suction line; which relums refrigerant from the

Cvapurator to the compressor.

A) Liguid Line

This section of pipe conducts warm, high-pressure liguid refrigerant from the

condenser to the expansion device and evaporator.

Routing Requirements und Sizing

The liguid line must be designed and installed to ensure that only liquid
refrigerant (no vapor) enters the expansion device. The presence ol relrigerant vapor
upsircam of a TXV ecan result in erratic valve operation and reduced system capacily.
In order to meet this requirement, the condenser must provide adequate subcooling,
and the pressure drop through the liguid line and accessories must not be high enough
to cause [lushing upstream of the cxpansion device. Subcooling allows the liquid
refrigerant 1o experience some pressure deop as it flows through the liquid line,

without the risk of flashing.

Oil and liguid refrigerant mix readily, so oil movement within the liquid fine is
not a concern. However, the design of the liquid line is the most critical when it
comes o minimizing the system refrigerant chargs. This is because. of the three lines.
it has the greatest impact on the quantity of refrigerant required 1o charge the system.
The diameter of the liguid line must be as small as possible to minimize the
refrigerant charge, therefore improving relisbility and minimizing installed cost
However, if the pipe is ton small, the increased pressure drop may cause flashing

upsiream ol the expansion device.

The refrigerant velocity in the liguid line shouldn't cxceed 3 m/s to prevent
noise and large pressure drops. And no under limit since the refrigerant will solute the
0il and carry it by the way. As shown in Figure (6-4); the refrigerant velocity is about
2.8 mfs at the recommended liquid line diameter from the condensation unit

manufaciurer.

89




liguid line
Determine Refrigerant Velocity

pget drameer, T (MM

valnoly Ipm (el

1 2 ) 1 EIE i 10 i
a5 ] ILLE & il 1 =N o

eyaperar capacity, foms (kW)
Figure {6-4) Evaporator Capacity and Veloeity Diagram for Liguid Lme

As mentioned, the refrigerant liquid line is recommended fram DWM Copland
for the liquid line to be 5/8 inch, This line will supply both evaporators with liquid
refrigerant, (Sce appendix). And this diameier is around the recommended diameter
for the liguid line obtained from the piping design process given in the TRANE piping
design book. From Figure (6-3) below, the pressure drop carresponding to this
diameter is 25 kPa/l0 m. that means that there is a pressure drop in the liguid line
about 8 kPa. And additional 1.8 kPa for the clbows and accessories. 1 otally 10 kPa
pressure drop prevents the liquid refrigerant from flashing in the liquid line; because
Hashing happens at & pressure of about |8 Bar, And the saturation pressure in the
condenser is about 20,5 Bar.

liquid line
Determine Pressure Drop
pipe dimrmeelor, i (irm)
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£
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Figure (6-5) Lvaparator Capacity and Pressure Drop Diagram for Liguid Line
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B) Suction Line:

This pipe conducts low pressure relrigerant vapor [rom the evaporator to the
COMPressor.

Routing Requirements and Sizing

The diameter of the suction line must be small enough that the resulting
refrigerant velocity is sufficiently high o carry oil droplets, at all steps of compressor
unloading. The refrigerant velocity inside a pipe depends on the mass flow rate and
densily of the refrigerant if the velocity in the pipe is too high, however, objectionable
noise may result. Also, the pipe diameter should be as large as possible to minimize

pressure drop and thereby maximize system capacity and efficiency.

The refrigerant velacity through the suction line has max limit of 20 m/s. more
velocity causing vacuum and objectionable noise. And min limit depends weather the
pipe is horizontal or upward or downward (see Table 6-5). Less velocity will cause

the accumulation of lubricant oil resulting overheating of the COMPIESSOL.

suction line
Minimum Allowable Velocities
pipe diamater, mirimum velocity, Iom (mis)
in. (mm) fiser harzfing
38 (10) 370 11 &) 275 {1 4)
122 480 (23§ B0 18
55 (15) 520 [26) 180 2.0)
34 (18} 580 28 420 o 1)
78 (22) 80 31) 480 2.3
1 VB [28) 700 A& 85 2T
138 35 T80 (&0} 585 A
158 4 B40 [4.3) €30 (3.2
218 54 BRD (5.0) 735 A7)
258 T) 1,080 {5:5) B0 4.1
318 (79 1,180 §5.0) £85 [4.5)
158 (105) 1270 (8.5) S50 14 B
418 (130) 1,380 (6.9 1.020 {5.3)

Table (6-5) Min Allowable Velocities in Suction Line

The recommended suction line diameter is | 3/8 inch from condensation unil
tnanufacturer. From TRANL refrigerant piping bouk, the velocity of relrigerant in the
suction line is more than 20 m/s (see Figure 6-6). So the refrigerant suction line will

be designed as a double riscr system.
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suction line
Determine Refrigerant Velocity

i
1 2 b 10 23 50 e pal t]
L) o e ¥t el ARLH (] 3

evapomtor capadty, tons (kW)

Figure (6-6) Evaporator Capacity and Velocity Diagram for Suction Line

The double riser system will be considered as in Figure (6-7); the main
two pipes (1o (he condensation unit and from evaparator) will be selected as
1 5/8 inch. And the when the minimum load which is 32 kW: the first riser
will be selected to he | 1/8 inch, and the rest 68 kW load will be compensated

Irom the second riser which its diameter is to be salected as | 3/8 inch.

syuction line

Double Suction Riser

1 68"

trap 158"

Figure (6-7) Double Riser System




At minimum capacity, the refrigerant velocity in the two risers becomes too
low to carry the oil droplets. The oil from hoth risers therefore drains down, filling the
trap at the base of the larger riser. When this trap becomes completely filled with oil.
it prevents refrigerant vapor from flowing up the larger riser, and diverts the entire
relrigerant up the smaller riser. This smaller riser is constructed of a pipe with a
diameter that is small cnough to maintain adequate velncity at minimum capacity.
When system capacity is increased again, the higher relrigerant velocity clears the
trap af oil, and relrigerant vapor again flows up both risers,

Notice the inverted trap at the top of the larger riser. When the trap at the base
of the larger riser is filied with oil, and refrigerant Hows up only the smaller riser, this
mverted trap prevents oil from draining back into the larger riser. This conllguration
minimizes the amount of vil trapped in the double riser under this condition, therefore

maximizing the amount of nil that is returned to the cOompressor,
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6.3-3 Storing Rooms

The storing room must be degigned to handle variable loads depending on the
amount and type of product that needs o be stored. In our design for rooms assigned
A, the sloring rooms will also be designed 1o handle 100%, 75%, and 50% of its (oial

capacity of product.

| < Compressor

Ihe compressor will be selected depending on the cooling capacity that il
should handle. Compressory of the refrigeration station are selectad depending an the
eatalog of the DORIN Co.

The selected compressor is the same type that sclected for the chilling room
when working in the storing phase. The compressor characteristic declared below in
Fable (6-6).

Madel C6O153CC 380420 V--AC
Cias  R404A

Evaporating Temperature -10C
Condensarion T'emperature 45C
Superheat 7C
Subcooling 3C

Ce015CC
Cooling Capavily _“ic‘w 5
Absorbed Power "KW
Mass Flow _"'IILth"
Absorbed Current "A"
':UE

Table (6-6) Operatian Characteristics of Compressor Model
2 % Condensation Unit

The ¢ondensation unil in the refrigeration system ol the storing rooms also
will be selected [rom NWM Copland selection software, A fier lalking instruction
form the manufacturer compressor can replace with compressors with same coaling

capacity 110%. The sclection is taken at the desired covling load at an ambient

a4



temperature of 35 C. and the model adopted was OLQ-33VNLO-TWD, The parts

and specification of this condensation unil is mentioned in Appendix 1.

3 <» Evaporator Unit

The evaporator unit of the storing room will be selected from the cooling units
manufactured by FRIGA-BOHN Refrigeration Co. from the catalog of cooling units
and following the manufacturer instructions, the model NKT 2X4D A3 ] coaling unit
will be selected. And the specifications of this conling unit are shown in ‘Table (6-7).
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Table (6-7) Indoor Cooling Unit Catalog

4 < Expansion Valve

The expansion valve selection of refrigeration system in the storing rooms will
be hased on multi evaporator refrigeration. As mentioned, the storing rooms contain

twa indoor cooling units,

By the same way of selection and sclection catalog, the selected expansion valve

i5 (SE 4 S). as shown in ‘Lable (6-8). For further information refer (o Appendix 1.
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Specifications
I Tnbernally | Extemally Ontisl Eywalier |
Relrigarant Equaliced | Equalimd | Rainbow | loleiConsettion | Commactism | Commection
Relngomal | Decigration Caposity Range Toos | Models | Madels | Charges™ | BOF jOpimeai) OOF (Ogicnal)|  (Optioaal)
R-1p 1817 TN £ T4 1768
B34 141 3T S Y14 121578) T
RElA J {-9 53 i3] W, XE 11 LTI et
CETS 112-3 g3 £ n TR iz
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ANB {m-fi SIS | SIS 1408 120N T
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R402M 5 12 §it %5 el 12 5B ITTE) ol
R-302 112-4 848 48 12 1R8]
f-51i 4172- 565 i 58 i
1534 BN | SaW 14 (B 128
12-112 SIR | SEN 33114 12 44
Redz z 112-3 ¥ | EW | WExm 12 54874 14 I0F
407G - T1S L5y g i 12 T T
§10-712 STIR | SET 58 i)
8-1) 540 5 10 B 78
12-112 SIVK | SETI 1 in
112-3 & & 1 1 o
RL108 K 3125 53K S5 K20 12 i e
512712 37k 57 12 g ybkin g
T412-0 S | MW 53 L

Table (6-8) Expansion Selection Table

4=» Refrigerant Piping

By the same previous steps in the chilling room section:-
A) Liquid Line

The retrigerant velocity in the liquid line shouldn't exceed 3 m/s 1o prevent
noise and large pressure drops, And no under limit since the refrigerant will solute the
oil and carry it by the way. As shown in Figure (6-8); the refrigerant velocity is about

08 m's at the recommended liquid line diameter from (he condensation unit

manufaciurer.
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liquid line
Determine Refrigerant Velocity
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Figure (6-8) Evaporator Capacity and Velocity Diagram for Liquid Line
As mentioned, the refrigerant liguid line is recommended from DWM Capland
for the liquid line to be 5/8 inch. This line will supply both evaporators with liguid
relrigerant. (See appendix). And this diameter is around the recommended diameter
for the liguid line obtained from the piping design process given in the TRANE piping
design book. From figure (5-8) below, the pressure drop corresponding to this
diameter is 4.6 kPa/10 m. that means that there is o pressure drop in the liguid line
about 1.5 kPa. And additional 1.8 kPa for the clbows and accessorics, Totally 3.3 kPa
pressure drop prevents the liquid refrigerant from flashing in the liquid line: because
flashing huppens at a pressure of about |8 Bar. And the saturation pressure in the
condenser is abour 20.5 Bar.

ligquid line
Determine Pressure Drop
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Figure (6-9) Evaporator Cupacity and Pressure Drop Diagram for Liquid Line
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B) Saction Line:

The refrigerant velocity through the suction line has max limit ol 20 m/s, more
velovity causing vacuum and objectionable noise. And min limit depends weather the
pipe is hurizontal or upward or downward (see Table 6-9). Less velocity will cause

the accumulation of lubricant oil resulting overheating of the COMPressor.

suetion line
Minimum Allowable Velocities

pipe diamener rminirmen wedooly, m (i)
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Table (6-9). Min Allowable Velocities in Suction Line

The recommended suction line diameter is 1 3/8 inch from candensation unit
manufacturer. From TRANE refrigerunt piping book. the velocity of refrigerant in the
suction line is more than 9.2 m/s (see Tigure 5-9)for the vertical riser minimum
allowable velocity is 4 m/s. So the refrigerant suction line will be designed 1o be | 3/8
inch,

suction ling

Determine Refrigerant Velocity

]
i
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Figure (6-10), Evaporator Capicity and Velocity Diagram for Liguid Line
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The amount of refrigerant charge depends on the instruction of the
manufacturer. The total system design is clarified in the reftigeration civil plan. And

same designs are for storing rooms B and C

6.4 Humidification System Design

The humidification system desiyn will be designed to compensate the maisture
Ioss caused by the cooling unit frosting, and the air change of the relrigeration room.
This process needs calculation to determine the mass flow rate for the stecam needed to

cempensate the moistire losg,
The moisture loss due to the air change by ventilation is caloulated as follows:
Moisture Demand Rate = V° (0, — m dut) (5-1)
From psychometric chart and ehtaining needed values:
= 0.63 kg steam/ h for rooms assigned A, and stared room.
= 1L.60 kg steam/ h for rooms assigned B.
= 0.56 kg steam/ h for rooms assigned A.
By accumulating results;
Q" sam = 6.2 kg steamth, < So the required humidifier capacity = 6.2 kg steam/h.
The selection of the humidifier system will be done depending on the
recommendations and products of NCPTRONIC Co. which is g company specialized

in the steam and water spraying systems.

I'he selected steam generator (s NEPTRONIC SKE-05 M... (Ses Figure 6-11).
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Figure (6-11) Humidifier Construction

Which its data as followed:

400V 3~
h
Movweer
Curremn 2 5.5

1 X 35 mm
_ e

lable (6-10) Some Performance Characteristics
awe Apresimlin for foiere infommarian

This humidilier also has the follow ing characleristics:

1- Steam with pressure of 2.2 Bar.
2- Outlet stcam temperature |20 C.

The steam pipes pressure should be from |5 — 3 Bars (o enable high Spraying

performante, and the steam water hardness from | — 750 P.P.M. pressure relief valve
is et al 3.5 bar, And water should he supplied at 1 —4.1% bar,

Lao




The steam is gjected by steam pipe ejector (Sce Figure 6-12), The steam
cieetor for NEPIRONIC gjector must be at 8 mm. and operates in the pressure rang
from 1 — 3 bar gauge.

Figure (6-12) Steam Ejector

The steam ¢jectors arc installed in front of the indoor Evaporators. i.e. the cold
air is mixed with the superhcated vapor and absorbs its moisture content.

The humidification system piping is shown in the Humidification plan. The
corresponding diameters are:

I- The main steam supply 35 mm.
2- Each branch at |1 6 mm.

3- The gjector pipe is 8 mm.

The humidification stops when the reftigeration process stops or by ¢ontrol

signal tor saturation.

System Accessories

The system accessories are:

=¥ Solenoid Valves: For humidification control.
2 Strainer: Far collecting dirt and copper corrosion dust protecling

the steam nozzles,

=2 Pressure Relief Valve: For protection from high pressures.
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6.5 Air Handling System Design

The Air Handling system of the refrigeration station is divided into two main
parts: the ventilation sysiem, and air curtains. Each system will be designed referring

to the required characteristic of air handling.

6.5-1 Ventilation System

The ventilation system for the reltigeration station rooms is designed 1o get rid

of the harmtul gases generated by the products in the refrigeration room; which are:

I- €0, which causes the high reduction of the metabolic activity of product:

which in tum causes the product dieing and changing of its color.

2- The aleoholic arganic gases; such as ethylene and Aldehydes. which causing

the high repining rate of the product and consumes its nutritional cantent.

3- Oz, which accelerates the metabolic activity of the products, which in wm

consumes ils nutritional content,

The ventilation process is designed and controlled such that when the
refrigeration system starts the defrosting process, during defrosting; the gases
mentioned above will go down under the effcel of its high density and molar mass:
and then, they will be drawn out by the ventilation svstem of the room from ground

yerls.
The ventilation system of the relrigeration station rooms consists of:
A) Drawing [an.

B) Drawing ducts.

C) Louvers to supply make up air, electrically controlied.



A) Fan Sclection:

Two main parameters arc necessary fo sclect suitable fan:

a- The required cfim.

b- The Static pressure.

There are two main types of fans: centrifugal and propeller (ans. Propeller funs
provide an economical method 1o move large air volumes {5,000+ ¢fim) at low static
pressures (0.50 in. or less). Motors are typically mounted in the air stream which

limits applications o relatively clean air al maximum temperatures of 110°F

Cenfrifugal fans are more efficient at higher static pressures and are quicter
than propeller fans. Many centrifugal fan models are designed with motors mounted
out of the air stream to ventilate contaminated and high temperature air. And for our
application; a centrifugal fan is suitable.

=2 CFM Caleulation:

The required number of air change for rooms assigned A js 9/ 24 h,

‘I" tamr — “'ridfh*Ll‘:ngU‘l*height
=8.3%5.85%4
= |94 m-

By subtracting the product volume «» V,_ =~ 112 m’
This volume should be changed 9 times during the day (refer to chapter 3,

ventilation load), but because the system Just ventilates the room during defrosling
process; the total ventilation time is 4 h.

So:
- i Jl"I'I- a Fr k|
Required V * = ‘—4@1 =350 m'/h =% 321 ¢lm.

The pressures penerated by fans in ductwork are very small. Yet, accurately
estimating the siatic pressure is critical to proper fan selection. Fan static pressure is
measured in inches of water gauge. One pound per square inch is equivalent to 27,7

in. of water gauge. Static pressures in fan systems are typically less than 2 in, of water



gauge, or 0.072 psi. The drawing below illustrates how static pressures are measured

in ductwork with a manometer (see Figure 6-13),

% o P
“_’}m

Figure (6-13) Pressure Measuring in Ducts

A pressure differential between the duct and rthe atmosphere will cause the
waler level in the manometer legs to rest at different levels. This difference is the
static pressure measured in inches of water gauge. In the case of the exhaust fan at
right, the wir is being drawn upward through the ductwork because the fan is
producing a low pressure region at the top of the duct. This is the same principle that
enables beverages to be sipped through a straw. 'he amount of static pressure that the
fan must overcome depends on the air velocity in the ductwork. the number of duct
turns (and other resistive clements), and the duct length. For properly designed
systems with sufficient make-up air. the guide lines in the ‘lable (6-11) below can be

used for estimating static pressure:

STATIC PRESSURE GUIDELINES
Mon-Ducted 0.05 I 10 0.20 In.
Ducted 0.2 in, 1o 0,40 in, per

100 et of cuct fassuming duct
sit valacity falls within 1000-1800
leel per minute}

Fittings .08 in par Tilting
{albow, regisler, gnil, damper, etc)
Kithen Hood Exhaust | 0.625in. 1o 1.50 In.

bmiportant: Stalic pressune requiraments am significanily aflocted
by the ameolint of inake-up air suppfiod o an area, Irraficion
miake-up oir will inorass stabo pressors and reduce tha amaurl of
air that will be exhausied. Remerber, for sach cubic foal of air At ot of
eshalistod. one oubic foot of air mupt be supplicd i

Tahle (6-11) Static Pressure Due to Fittings
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Depending on Table (6-12) above, the duct static pressure 0,035 in. atlding
three elbows equals to 0.24 in, tolally about 0.28 — 0.30 mm water.

The fan sclection will be obtained from GREENHECK Ventilation Co. from
the catalog of the centrifugal fans (see Table 6-13) the suitable fan is mode! SFD 6-6B
at 0.25 in. direct drive. (See Figure 6-14).
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Table (6-12) Fan Selection Chart Depending on Statie Pressure and cfm

Figure (6-14) Selected Fan




B) Duet Sizing:

The duct sizing depends an the air How and the recommended velocity, For
the duct work in the industrial applications: the sound is not an important parameter
for the design process. And suitable duct sizes are selected for application. The main
parameters in our sysiem design arc the velovity of air and restricted space for the
duct work.

For industrial ventilalion systems; recommended velocities are about 10-15
m/s in open arcas (non-ducted) and in ducted ventilation the veloeity is recommended
abour 6-8 m/sec. 7 m/see duet velocity will be considered e a design value, and when
duct lengths are short; the effect of pressure drop on duct sizing diminishes,

Two air risers from both sides of the central column will be placed, Each riser
draws air from its side of the room. And then draw all oul, See the station air handling
design plan.

I- Main Duct:
V=583 m’/sec

By Continuity Equation V' = v*4 +* AL, =063m?
And when A =TT/4 D 2D =07m

And the Fquivalent Revtangular duct is 60X35 cm

2+ Risers

V*'=2.915 m'/see
By Continuity Equation V2 = v* A s, P A wein = 032 m>
And when A wain = 114 D™ 9 D 0= 0.35 m

And the Equivalent Rectangular duct is 42X35 ¢cm

All is shown clearly on the air handling svstem plan.




6.5-1 Air Curtain System

Air Curtains are used for a wide variety of applications from thermal barriers
al shopping mall entrances, to fly and insact preveation at restaurant service dvors, 0
factory freight doors for wind resistance and temperature separation. The air curtain
enables traffic to flow wnobstructed through openings while maintaining distinct

environments, thus resulting in energy savings.

Air curtains provide cnvironmental separation for open doorwavs. This is
achicved withoul the drawbacks of visibility-limiting solid barriers such as strip and
impact doors. Air curtains reduce the risk of accidents by allowing vehicles and
people to move through withvut obstructions to visibility or movement. While
allowing this freedom of movement through doorways, air curtains minimize the
natural convection flow of air, provide excellent resistance lo the penetration of

outside winds, and prevent the intrusion of Hlics and insects. fumics and dust.

Air curtains also reduce mechanical door maintenance costs, and are more

acsthetically appealing than plastic strip doors or high- speed doors.

6.5-2.1 Importance of Air Cortains

When dividing spaces with temperature differences. the air curtain prevents
the natural flow of air caused by dilfering temperatures. The difference berween
indoor and outdoor lemperature creates an imbalance in density, and therefore a

pressure variation which causes the infiltration of outside air.

Figure (6-15) illustrates the loss of conditioned air before and afier the
installation of an air curtain at the doorwav. As an example, during the winter heating
scasen, the vutside colder denser air flows through the bottom half of the doarway
into the nlerior of the building; The warmer, lighter air flows to the outside through
the top half of the open doorway. For large openings. this results in excessive energy

losses.

107




BEFDRE AFTER

—'_:_._.

"
— N 4
COLD SIDE ﬁ/ COLO ®iDE '\ 1 1 /" warm sine

— N
= AN
WITHOUT AR CURTAIN WITH AIR CURTAIN

Figure (6-15) Air Curtain Working Principle

6.5-2.2 Air Curtain Selection

The air curtain is selected depending on type of application. and door
dimension. The application here is to obtain a thermal barrier for (he refrigeration
rooms when opened. And the door dimensions are 190 ¢m height X 220 em width (6’
height X 86" width).

The air cortains are selected depending on Leading Edge Co catalog. From
Table (6-13). the fan power ¢an be selected, and the selected model is E9600-2125.

For turther information refer to the product catalog in appendix |,

NOTE: Guide selection i= bused on refrigemared arcas withm facalines. Air curtains nimst be movted en
wanm side. For exterior loading dock applieations consull fnctory
Selection guide does nol include neganive pressire or wind mnnel conditions.

AR CURTAIN SELECTION GUIDE

Mig, TIt Thermal Barrvier Applications
ﬂ:-l-] 1 Ypeo of Door 'S HP** 14 HP L2 np 34 HP
i WALK-[N COOLER B
g COOLER ¥
10° COULER [
13 COOLER 4
B’ FRECZER [
Lo’ FRLLZER
12 FRLLZER L8

Table {(6-13) Motor Rating Selection for Air Curiain
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6.6 Control System Design

The control system main function is o synchronize and regulate the
performance of the other systems of the refrigeration station. Such that it works on
accomplish specific conditions and the way to accomplish these conditions. However.

any control system what ever its type consists of three main units:

I- Inputs,
2- Dwata Processing.

3= Dulputs.

I'he control systems in the refrigeration station are classified inlo two main
calegories: built-in control, this type of cantrol is cmbedded in the systems itsell. And
the PLC control system. That implies the control requirements of the refrigeration

station.

In this section of the system desien of the refrigeration station: the control
principles and parameters will be discussed and based on the PLC, and Linally

describes the control svstem of the refrigeration station,

b.6-1 Refrigeration System Control

The refrigeration system of the refrigeration station must work in specific way
to achieve ils best performance and obtaining the desired results of temperstures. The

control system musl achieve the following working chamcteristics:

*  All system is working for 50 min in the cooling phase, and the following 10
min are for the ice defrosting. And this is aceomplished by the built-in control

of the refrigeration unil.
¢ The syslem stops working on high or low pressures at the COMPressor
discharge and suction line. This is accamplished also by the built-in control of

the condensation unil.

* Oil level and temperuture are automatically causing the shut off the cycle.
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The system lakes its temperature reading from the thermometer that is
instulled at the inlet of the indoor cooling unit, And depending on this
temperature, the system conlinues refrigeration process  until reaching

temperature set point. The temperature range in 4 2 C.

Also the V5D compressors should be contralled and wired accuratcly, the

working specification ol the VSD compressors as [ollows:

Firstly. when the product is placed in the chilling room, three Buttons should
be pushed on, one for the product tvpe, one for the quantity 50, 735, or 100%.
And the last une for initiating the chilling room performance. Then the PI.C
sends the compressor aperating frequency signal. Then the compressor will
start at the suitable discharge rate, and then its velocity decreases lingarly with
the retaining Temperature-PID signal until the stop of the relrigeration system.
The last frequency of the compressor then saved to be initiated from next

cycle of operation.

After the chilling process is accomplished, the chilling compressor valves are
shut off and the storing compressor starts working,

Any failure of any compressor starts the standby one automatically.
All compressor works with the same working principle.

This control satisfies the safetv of performance and reducing the costs of

operation. The Lotal system can be cfficiently designed by automation engineers; who

are specialized in control engineering,

6.6-2 Humidification System Control

The humidification system also should be controlled to obtain the set point of

humidity required, by same way: the required specification of working is:

The pressure in the steam pipes must be maintained at 2.8 bar {operating
pressure from manufacturer), such that the humidity is modificd by opening
the room solenoid valve. Enubling the stcam flow to the room increasing its

relative humidity.
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= The humidification runs only during the relrigeration process in the
relrigeration station room. To prevent the condensation of the steam before be

absorbed by the room envelope air.

¢ The humidity range of performance is +- 5%. the humidistat position is at the
inlet of the indoor cooling unit. When the system reaches the desired set point.
Automatically the humidilication valve of the room is shut off. And the
humidifier when reaching the operational pipe pressure: it stop working and

stands by.

6.6-3 Air Handling System Control

This system consists of the air curtains, and the ventilation system of the

rooms, The performance specifications are:

» The air curtains are only operating when the door of the room is opened. Such
that when the door is opened, a limit switch runs the air curtain to prevent air

leakape from refrigerated space.

* ‘The ventilation process is initiated with the initiating of the defrosting process.
And cnds with its end, to pump oul the aleoholic gases and CO- from

refrigerated space.

The total system design should be designed and implemented by an automatian

engineer. With accompany with refrigeration engincer.
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Chapter Seven
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7.1 Overview

All refrigeration systems work depending on specific characteristics; such that
the evaluation process is based on these aperation characteristics. After finishing the
redesign process of the refrigeration station; these new designs should be evaluated
and comparcd with the existing designs of the refiigeration station, showing the new

operation chiacacleristics that the new designs distinet [rum the existing designs.

7.2 System Evaluation

The most suitable way to perform this evaluation, o take the station systems —
the existing and new systems— and comparing them with the right enginecring
approach to design desired system, and showing the new accessorics and systems
installed in the new design and showing its necessity. Firstly, we will start with the

refrigeration system cvaluation, and continue the evaluation of the other systems.,

7.2-1 Refrigeration Svsfem Evaluation

The refrigeration system design of the refrigeration station will be taken firstly
with consideration. The new design of this system distinct with the following

characleristics:

I- Multiple Cooling Capacitics: The refrigeration design can handle a wide range
of the cooling load demands, such that the system is designed o start its
working al a starting cooling load taken from control signal to the VSD
compressor. And then the system cooling capacity decrcases along with the
deereasing of the cooling load demand. In case of the chilling room. the end of
chilling process shuts of the chilling compressor and starls the storing

compressor to eomplete refrigeration in the storage phase,

This principle has concurrent with the system requircments. For example, energy

savings since the system will absorb less energy. also the incréase in compressor



reliability: thanks to the significant decreass of compressors startups; infect a standard
system slops when it has reached the desired temperature and then suddenly re-start
when this temperature has increascd. On the contrary VSD sy<tems reduce their
refrigeration duty while approaching the desired temperature; thearetically the
COMPressor can even never slop working, continuing to give the minimum duty that is
enough to keep the ambicnt constantly cold. All of these characteristics are missing in
the existing refrigeration design, which only operates as on/off operation and one

rated cooling capacily.

Also. this enables the product handling at various quantities and types. In this
system the cooling capacity that the systems serve is around the cooling capacily for
the desired product quantity with small diffcrence. This in turn also serves more

energy than the normal system installed in the existing design.

-

- Uniformity of Cooling Process: The new sysiem distinet with its unilorm
cooling performance of the cooled products. This is referred to the way of
installation of the indver cooling units. Their positioning in vne direction
along the wall ncar the door facilitates their refrigerant piping and ¢cnables the
uniform cireulation of the cold air inside the refrigeration oom, That in turn.
implies the uniform temperature distribution in the refrigeration room and

ensures the cooling of all product quantily uniformly.

This was a problem in the existing design. The evaporator was installed in the
corner of the room. This docsn't imply the uniform cooling process of the product.

And then affccts on the product quality,

3- More Precise Monitoring: The temperature sensor in the refrigeration room in
the new design is positioned at the air inlet of the indoor cooling unit, This
gives the right temperature measuring of the refrigeration room lemperamure.
This adjusts the working of the refrigeration unit in the correct way of

working,

In the existing design of the refrigeralion system, the lemperature  sensor is

positioned on the top of reom door, this causes the temperature sensor to read a
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significant raise in the room temperature every time door in opened. And so. elfects

wrongly on the refrigeration system performance.

4- Chilling Availabitity: In the new refrigeration design, the design considered
the building of a refrigeration room with special chilling characteristic. To be
used for chilling the product just it arrives o the refrigeration room. This room

is very important to save the product qualily and prolong the product life.

The existing refrigeration design ignored the design of this room ahsolutely. It just

designed all the rooms as a storing room.

3- The Standbv Units: multiple standby compressors ore included in the new
refrigeration system design. Such that any failure in the COMPTEssHr
pertormance, causes its stop working and closing the solenvids supplying it
and iniliztes the stand hy compressor implemented within the system. This
protects the products from the severe damage referred to the temperature raise

after eooling of the products.

The cxisting refrigeration design docsn't consider the standby compressors in its
design, which may cause high cost losses if compressar performance decays
suddenly,

7.2-2 Humidification System Evaluation

Now the humidification svstem will be taken by evaluation, comparing it with
the existing humidilication svstem of the refrigeration station,

I- Sived Humidification Capacity: The rated humidifier eapacity in the new

system design is 5 kp/h and rated power of 3.7 kW. This capacily is suitable

for the system humidification process.

Where as the rated capacity of the existing design is not known, and the rated
power is 10 kW. This means high ¢nergy consumption without any engineering

objectives,
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1- Piping and Steam Injection: The new humidification design used insulated

piping for the humidification svstem. Provided with solenvid contral valves
and strainers W control and purily for the steam before cnlering the steam
ejcctors. The ejecting process cnables the maximum efficieney of steam

absorption. Such that it prevents the steam condensation of the stear on the
prioduet.

In the existing humidilication the no strainers are implemnented in the steam
piping, and this may causc the piping blockage due to piping corrosion. And the steam
mjoction is done on wrong way that may cause the steam condensation on the
products causing their rol.

3- Process Timing and Set Point: in the niew design of system. the timing of the
humidification process is svnchronized 1o operaic in the refrigeration
operating phase. To ensure the uniform humidification at the desired set point

and prevents the condensation of steam on the product,

In the exisling design, the humidification is petformed any time the humidily
drops down the whole only set point of the system. This means thal systems will

achicve more or less humidity in insufficient and correct way.

1.2-3 Air Handling System Evaluation

Also the air handling system distinet with the following characteristics:

I- Air Leakage Control: the system includes the installation of air curtains, These
opcrate during the door opening. To decrease eold air leakage 10 minimum.
This decreases the air infiltration load. This in turn, reduces the required inital

and running cooling costs.

The existing design of the station doesn't include any air curtains o prevent air
leakage.




2- Venlilation Availability: a ventilation system is installed in order 1o pet rid of

alcoholic gases and reduces the high concentrations of CO-. Which distinet the

system with the ability ol controlling the gasenus content.

The existing station design doesn't include this system absolutely, that means the

deterioration of |he produets because of the repining gases.

3- Process Timing: the process timing is during the defrosting process of the
relrigeration system. To pump high densily alcoholic gases from the bottom of

the refriperated space.

7.3 System Failure Conclusions

After carrying out all the previous search and design process, total point of
view cun be formed describing the causes of the systemy failure in the desired

abjective.

The system failure is relerred W bwo main types of errors: either operational
error. which is referred to the station system design and working ilself. And
preservation rules errors. which referred to the errors happening during the
agricultural preparation of the products to the cooling stage. Each type will be briefly

discussed and analyzed.

7.3-1 Operational Errors

Many operational errars was detected in the refrigeration station design, they

are as following with respect to the system:
A) Kefrigeralion System Design:
|- The evaporator posilioning provides non-uniform cooling process. This allects
on the hiological responsc of the product, this in lurn causing part to be cooled

muore rapid than others.
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The temperature sensor positioning over the door gives erratic temperature
sensing for the refrigerated space, which in lum affected on the refrigeration
performance and caused chilling injury of the products.

The absence of chilling room design, all the rooms are designed 1o handle jusi
in storing phase only. So, the products cooled were chilled at very long time
cxceeds the permitted time limil. And this caused the product damage due o
product deterioration until reaching store temperature.

B) Humidification System Design:

The humidification piping wasn't insulated, this caused power loss. And the

other aperation characteristics are not ¢lear.

C) Air Handling System Design:

No air handling system was implemented in the station design. Which causes

the deterioration ol products due to ethylene and

7.3-2 Product Preparation Errors

The refrigeration rooms were not sanilized and ventilated before the product
coaling

The product wasn't classilied and prepared for the cooling process

The product delay time wasn't taken in consideration while transferring to the
cold storage.

The product was put irrationally and mare than one type in the same room

The refrigeration sysiem wasn't designed depending on specific requircments,
and so not all the products cooled save their quality.
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2- Sloring Roem Compressor
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4~ Stworing Refrigeration system Condensation Unit

Vorson 21 { M8G5 [10L05)

i e T o 11 May 2007

Copeland Selection Software

REFRIGERANT
Operating Conditions:

Evaporating Temperaturs:
Ambient Temporalure;
Suction Retum Tempsrature:

Requirsd Capacity:
Condeneing Unit Selactad:

R4C4A

-10.0°C
s0'C
20.0°C

20.0 kW
OLE-33V-NLO-TWD

Capacity kW
Total Power Input kW
Compressor Cursnt 400V, A
Mase Flow g's
Heat Rej. kW
Condensing Temp, °C

Liquid Temperature *C

Number of Fans 2

Height, mm 350

Recaiver Capacity, | 240

Alr Flow, cum/sec 1.83

M, Btandstil Pressure 21.0
Suction Diameter, inch 1 33
CondenserFan Typs V3 6P/145
Total Fan Power Input. Watts 310

PERFORMANCE AT SPECIFIED OFPERATING POINT
OLQ-22V-NLO-TWD Daia ar 50 Hz

21.69
1120
185

133.0
32.00
542

17 80

Bess mounting (hele dia}, mm 1300 = 820 (12)

CONDENSING UNIT MECHANICAL DATA

Depth/\Width, mm 670/2100
Gross Walght, kg 284.0
Liquid Line, Inch 5/8

Max. High Pressure 282
Suction Typa Cu Tube

Oil reservalr capacity, | 8

CONDENSING UNIT ELECTRICAL DATA (380/420V » 3= - 50Hz)

Condenser Fan Currant for 1fan (single phasa) 0.87
Compreszor Maximum Qperating Cumrent, & 22.30

Compressor Locked Ratar Cumrent, A 127.0
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Crankzcase Heatar
il saparator

Liguid sight glass
Liguid selencid valya
Compressor contactor
Controf circuit fuse
Intemal Suction Line
Liquld Subcoaler
Fan speed control
LF Switch

HP Switch

Elecironic controler
Sound attenuation
Filter Drisr

Vapour Injection

Ol Contral Systam

Liguid sclenoid value
Main lsolator Switch

ACCESSORIES INCLUDED

TOW Exterrel

Al CO OSH-a07

ALCC AMI-1288-5/85

ALCCO ZO00RETS fitted

ABB A16-30-01

ST-804-5355.0

Insulated

Plate Heat Exchanger

ALCO FSP150

ALCO PSAW3A (Automatic resat)
ALCO P53 WDS (Automatic reset)
ALCO EC2 551

Compresaor blanket

ALCO ADK Flus

Expansion Yaolve

ALCC Trax-Cil

ACCESSORIES OPTIONAL
ALCO Z00RETE shipped loosa
204
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4- Chilling Refrigeration system Condensation Unil

Wirnem B2 BESS M5 Wl Gl pan 11 “ll" 2007

Copeland Selection Software

REFRIGERANT R40ah
Operating Conditions;
Evapombiing Temperature’ -10.0°C
Ambien! Temperature; 350°C
Suction Relum Temparaturs: 20.0°C
Reguired Capacity: 1000 W
Concersing Unit Seleciad: OLG4BV-NLO-TWD
' PERFORMANCE AT SPECIFIED OPERATING POINT
OLQ-48V-NLO-TWD Dasa ar 50 Hr
Capacity k\V 28.90
Total Power input kW 1880
Compressor Current 4000, A 32.0
Mass Flow gis 180.0
Heat Rej. kvy 47.00
Condensing Temp, ‘C E7.8
| Liquid Temparatura “C 18,30

CONDENSING UNIT MECHANICAL DATA

Mumber of Fans 2 Dapth/\Vidth, mm E702100
Height, mm 250 Smozs Waight, kg 303.0
Recsiver Capacity, | 24.0 Liguid Line inch 5/8

Ajr Floww, eumisec 218 Mes. High Brassure 28.2
hax. Standsill Fressurs 21.0 Stiction Type Cu Tuba
Suctien Diametar, inch 1 3B 2l reserveir capacity, | B
CondsnsarFan Type VE 52301

Total Fan Power Input, Watts 580
Base mounting (hote dia), mm 1300 % 823 (12}

CONDENSING UNIT ELECTRICAL DATA {38020V - 3- - 50Hz)

Comptessor Maximum Oparating Cumrent, A 30.60
Comprassor Lacked Rotor Cament, & 1880
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Crankcass Healer
Ol separator

Liquid sight glass
Liquid selencid valve

Compressor contaciar

Caontral circuit fusa
Intemal Suction Line
Liquid Subcoolar
Fan speed control
LP Switch

HP Suwritch
Eleciranic conroler
Sound anenuation
Filter Ciflar

Vapour Injection
Ddl Control Systam

Liguid aolancid vaie
Main lsclator Switch

ACCESSORIES INCLUDED

TOW External

ALCO O5H-40T

ALCO AMI-1855-5/B5

ALCO 200R3TE fittad

ABB AZ28-30-01

57-804-6355-0

Insilated

Plate Heat Exchanger

ALCO FSP150

ALCEO PSAWSA |Automatic rasat)
AL CO P53 WDE [Automatic resat)
ALCO EG2 551

Comprassor blankst

ALCO ADK Plus

Expans=ion Valve

ALCO Trax-Oil

ACCESSORIES OFTIONAL

ALCO 200RBTS shipped locka
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3~ Chilling Refrigeration system Expansion Valve

Calahog CIC-20031U Mrrrmmdmmmﬁmnmm: Expansion vilves
Tachnical [nformation RE Serien
BE Series

The Parker AE senes valve uiizes halanced prort sonskiie.
lior o provide optimum cpsrshan of mediunm to large loneage
alr conditioning and refigerstion systerme. Two brass by
atylos with copeet QDF connoctions and a removabie
Fiminbow Chaiged™ thermostaic power elemen provids
th stability and contr required in a variely of spplications,
espacdally where therm are wids changes i fead eondimons.
Body Styke 1 has an B-22 nominal capacity up to 30 tons
whil= Bedy Shie 2 exdands the capucity range 1o 70 fons.
Applications

= Air Conditiondrig

* Process Chillers } B

= [refusirial Fistrigasation

* Trnepart Refngaration

— -
Fealuras amd Beonefits (S oy
*  Belarced porf dosign =
= PRamovable stainless slesl powar alement £\
*  Field adjustabls aiipehest :
* 14" sl external squalizer -
*  Rambaw Charges™ =
* Weight: Body Stfle 1 - 1.7 bu / 7T kg
Body Syle 2-26 s/ 1,13 kg
v Forward o rewnes e
* 60" eapilkary lbe [1207 aptional)
Specifieations
[I—— oo | Hody Exmmaliy Raintee | Eni Conmactior Cirthet
Rtnggunan Owrgnation Samaity A Emualiag Elisijma™ e bsmal Eanreciicn
‘ 1 =] 30 £
7 ' 1 FEL. b L e
ERTH g i SE 3 el 2L EE 154"
R0 " i 3= nin £ R
FotE T | o § T =
¥ 2 Ea L 1547
[ 1 e = g
-LiEH ¥ 1 FE*2 ™" LB o
Fspas . r ' CEENY W T e, TH{1-IA Tar
Retiiih -1l 1 asiy i 50 o LI
LSl » x BESa S Ty VI
it ¥ p AESST AL B
Ir [ AE Sy =5 w
33 1 ALY b e
R » ' ALY Wi K TR ER 22
i 11 . i AEN Y o {2 -1t
£ 2 SE& Y ‘g 3
n 1 2y e e

figten;

1 M g ol pesdstiun 500 peky (93 b high sl and 275 peei 19 Dary bw sick.

2 Hm:nm#w-misu'ci

& Const Parke & PFEREE Bl T3 NSG S LT

4 Co motiuas Wor T liguld changes mepplcetiong whees Bulb lnpcanines con sees 120°F 19500 Fis fieos applenfong uss e 1 MOP pay
uhorge oty

140 Paritar Hisnol&n Corporastion
E— s
. Elaanland,
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Dimensions
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6~ Storing Refrigeration system Fxpansion Valve

Cartaleg CR-2000-1U5 Theamastitc and Consking Pressuns [Agomars Eapansion ey
T hivkcal Indonrmation S Series
S Series '
Parkir's 3 saries (s well suiled for naw or raplacemant Installafions
i m vansty of small 1o mecium tanrroe air-conditioning, bt purmg,
and ralfigamiion cyshorms. & brass Sody with standsrd O0F solder
cennmchons and balanzad part cormtruction lends tself 12 installe bon
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Laring ¢ ordithone.
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7- Indvor Chilling and Storing Cooling Unit

NOMENCLATURE _
NKH 3)‘{64,3‘ Bﬂi"f 3
| |

1
Mo of v :
Y il B =B |

ot iran
Fir o

| ; oo "evr emch oy sty
1 i ey oo

CESCHIPTICN
CASING

# T g B o of st polirssd sheel st ufles ohigh ewircs & comoion
h poiriad ey

* Thoman T N h
® B rfmrd Guew e cemn pon fimsh e s
chongy dir

" |hmmwmwhmmuuﬁwu = ¥ orrarhore

# e N ord i e e Wil (e o e e [ B O T T
firg e

PURPOSE-BLILT HEAT ENCHANGER

= T Enciocy ool OF 1 G et o cxcerocend) of el i frs spreerdol B s L ey
my:qdbmﬂltﬁ

¥ s AL o o ey o e copiodion
Jhwmiwmw-hwwmhmﬂr'dMMHWHp}
ket kot 11 ooy forwhich e okd Somoe om rygearely o of Biednprseee
Nw«imalt!‘uudl?wd};mﬁm

Ehyredraor o grmae hegd Bhonge satace Tarsic e bigh Breomr b hew finime
ergyct Jetyoion ond ) s wieny by 0 Dre e nTEer of st syrisg s sy

* o iy o achupsod wilh RECRS. opirreert N’ dhairics s

& Tt el o ity choe oot s ot o i ciois 2o e e e

VEMTILATION

;'Ea’?'awiﬂim i v e wibh 0 b g eonftieing i g
+ T s i et vy soey cmmei iy g vk ey el

w3 e by e M

20 e 7 Pt S0PV IEDD i

-6 s 0 Pl (100D rpm

VR v 41 e (WO 75 T

o Thee o v oo B e pe AT S0 HE TS e ©

¥ VoECea I e et combnonnd S el i A b ond ke denaen
o o o |1 B et ook o mouemark

R . MEH. 5T G NCT_ oM

* Tree scearmd vl i ni 1infest haokes 0B pozad 1 Lbes looaled i he frned dal Rio
o= i o piowae Ul e Chos

= | rrsiranel il P e et dhenesin e ol ond eficeni dofnd ok
-'whndmuﬁum:ltmh:hﬁwmhuﬂi\fhram

i w1V hok e dobesl & cpsion iy i

et i y

rparied b acly Monenorce
2orersioior undes Fhe o doe i

ks
* | i elec e detes® TIH) = i oeollabe o b8 L
. -dmbrt (TAL) & cclinred, merderie v 0o s ks e woud b o

L el
* Moirria wador e M 1 Y N1 e T mm D b 15

T4

129

OPTIONS ..

Light sleging -
g tierch
fia inCaachc baces

M peimupn forge

fa e il et sl s

LEE

g‘_::ﬂﬂ rl_h .l

Fon i et e
Wt b

fABZES

okt g ool oo s oy
MOTORMANS

[T T ey
Vo ey et

g g

At B ing P
& Em
WOD oo wmsond s
B Shen woks ooyt [ ool
MISCELLANEOLS
B ouimdoonpr
Kl Rulesw
OTHER OFTIONS

Mpcen cormfa

2 DB KT L mad o |

Fof gt ook Fafres dien o o hooken



A wide choice for all powes miings:

* Hype fins for o greater heot
type fins offering on economic

* A 1inspacing ditonces 4-6 -9 of 12 mm,
+ 3 fon clamelers for odepiaon of a¥ throw fo e

* Various height

cold

of the unif cooler best adapted fo spectic fequirements,

=xehangs surfoce or high-etficiency H
olufion,

X Widih combinations for perfect odapation lo fhe
siorage dimansions, snohies sslaction ;

AVERAGE CORRECTION FACTORS

m sy & mm

FOR STANDARD MCHORS CONNECTIONS IN Y INSTEAD OF D

Fopnngimm P ipocing ¥

A A | N A | N 1
e T e | g S | Cope B
R o o o oo 5B a8 G
NKT PRESELECION A TE o4 ws oM e 0% oF oh 0w
= Bl m’ B J0R G0 @@ |oe 0% 28 [ 4% o 1%
okt B a% o& om ) ow oom o | ov e on
g - ’ M 0y & R | uoe Ok oonloe 0 on
i r = ll.i"c -
g "ﬁ';'c "ﬂ il O 8% % o w W o o
4 mm W RT = = Q|| o gnfan @ oz [on as an
#imen : bl 2 NLs " FLrlll 20 04ty 7 e vk she sl ok e e b
13 mm 7.1 M. T it of ol ornrgenan! o ek figy
. =} Hir raie Flbepeomei ieaetnd
s AVERAGE CORRECTION FACTORS
FIR inemm e e e
B e T bt 3 T g £ A PERHHMMWHTWOFD'
NKH PRESEHECTION &
- Tagse il 0,
ITpaETS ] I | as W O 0% | uw B an
= R e 5 >
A lﬂ'ﬁ W%‘E ll%\: H | 4= N I oo oW o
i ; ik u B ab o Gt |th om un[om 0w e
imm M S L O (o B w0 oM gl |om m  gu
:E M. ‘: = ;:‘ = e I T R T ———
- I ip - |
Ded _TVET Taorkd e | e g o e g o
* ki
Eh’un:n g T ST LR ol |
I £ T i et <7 % s
s SCUND POWER LEVEL Lw

CERMACATICNE

T ® VT

by 1

ELBONEN: T poot oo s of gty e i)
i Beoracm ety il wouomon dhndoes B3
50 %08 ; Cur hl"ﬁh‘mt‘mlﬂnuﬂ'
PO B0 A
BOHE - WREEE : T o ch con it wibh o B e
uteiee: YVYURICE ong MUUMITE onnooming secrc e
Sclons componeni.

E:mmmhuﬂmﬁﬂhwgﬂ*m
“'mrmﬁ’l’xﬂ'm

LT
T

T il itm dim
Bz,

2 ! [} T L) L o '
] u ] v 5 . .4 W 1A
W sovmdoe B (o .19

b

134



e ]

i 0 '

e

@450 mm

131




&5 A & AP

s -’m] 8y
TECHNCAL CaFA o oa

NKT ..L T=large heat exchange surfoce & mm
D DD D DD TN NAD BAY DED 280 WAD

i 14 M-le o » & » 4 m &

iR Ol - 5CT A% BH UM wmE i ] 3

el
B4
m

£
ZEE

al:
|E2E

e m B Z F
4 ame . 1 £ { - == - Ly =71 "
me L % akl # 2iag i |
W ik i _
- ne
secs Hoam :
i W ]
Bl x
oy Pm - H! =
& L A it } A
=11} i I ’ = = =
B i |hr.
Furp "] 7 = r it
UiECH L — 1 F <n
i Hae e
— s ‘ : 2
o ] L n = -
# o g — - i

®0 BID M50 A0 WD

Moz -
M 'n' o o 8 N
PP WO M0 HD WE BR Jm

s g
of
28
o8

g
1k
=
=
=

1312l

_ 3 Ll -
b Hom H 7.
F N L A - 2
[m s . I T
__.. LT ., : | i £
oy 4 L] W P : i 4
Bl O - -
Mur.
> ol a <
B i 1 e
= g | E
¢ " i =5l 2 - :
= g i ] [ x =
e P P TP =
Vil : »
= & -
o0
I
: ¥ = = . e e Bty Sy kB2 3 =0 LE
» _r - = B >

BT T W R |



+iR

'M

CATA

-
-ALL

TECHNIG

™
!t

NKT T T=laige heot exchangs sufoce

1250

a
Ak JEI WEE oW AM B0% 3
177 Tidh W0 i W0 0

D
"
W bE um

[P

=D
e v Ba

L e

L]

DR =A-SCh

O =48 500

T

il R1

m¥h

el e

L
IO M RN TR LN LN RA WO

L ®d 68 Se

RE uh e

EE J2U 1M

[Fh1]

m‘ u

IR

¥i-5 6

mdih i

.
e
=
[t
=H
Fy
o=

IS

-~

RN

T ECK %K VGI VA, M50 I HU RVU DAE Hol HGT M0 CMU BAE 3YF WCD EGU EF OB

T ..

£
=



8- Humidifier

SKE Steam Humidifier

Introduction
Technical Specification
. Hexter plament
A=
_f-‘_--;b--‘;': B =
- _.-:.r-r' = = 1‘—‘-— /
e
Evsporaticn i
| chamber [,
L
[
b
E— Healer glement | —
f Ll Berssor 1§
= chambar . _
=}
o3
=1 —
= . = i
| g S
-"-" ' . Ilr i
ERs Heks o Wiﬁrlum\rﬂ;'i"'ﬁ___ I
merchanical o
SN hp(lihn Control panel ©~ = i r-"l‘-l
Modsl Copacity  Voltage Power Current Staam Weight Duct
(kgh) L] (Amps) Ouitets k) Pressurs
SHE 05(M) i AVXho 23N 3T S5{18} T2 3Em 20
SHE 10{M) 10 sDvipeor LM IS "EFn T ® 3 Erm I
SKE 20{M) e 268V 3un 15 2 i¥ Emm i
EME 30/M) W 26TV A =2 3 1 TEmm 30 -2
SHE 40{M] 40 &R0V 3on a0 <4 2 x.25mm 30
SHE BOiM) 5a 2{ov Zoh i 53 2% Eimm i
SHE B0(V) 43 &gy 3on 44 o4 23 5wmm 53
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SKE Steam Humidifier
Introduction
Dimensions

cotoaal 30U (SRR
[SBam Cisrbtian LT
(Gpemiing at 45 dBA)

BEE Steam
| lﬁm\“‘

Modal Dimanzion 4 Dimen=ion B Dimenzion C Dimension D Dimension E

mm mm mm mm mm
SKE 05({M) sar 470 232 140 737
SKE 10{M) 724 783 318 165 850
SHE 20({M} 724 589 318 165 850
SKE 30{M) 24 533 a8 ax 140
SKE 40(M) ™ 533 T K 1048
SKE B0(M) T #13 318 NAA Nt
SKE 80(M) | 794 13 ag NIA Ty
SKE BO(M) | 724 CAR | A1 MNA MAA

Al Dimansions W mm




Principle of Operation

SKE Steam Humidifier
Introduction
Principle of Operation

Tha Nepironic SKE stmam hemidifler range k= designed o produce dry sterie
sleam: Tr the pumose of numddrication  The ronge concHs of rrodclaling
hunigiiiess aving @ duty of betwsan 5-B0ah smiatis 38 a sndand model or
a0 Ui wersion ol ciose conred apoacateons wih a fead walw supody of 1pom
of |ess tolal dissolved solds (TOS| conceniraton

Cemuinmp the latest micropmeszser based Slactonic design with canehully
fakned melbungical 208 mechanca techndiogy, the desgn has besn
perfaciad deor wa dacades . The SKT ausfam i bassd on parmanenl mathar
than cosfly JEpasats continers.

The SKF sl humadfisrs congist of an awrsmatically wates fad 210 stalnkess
slesl evaporation chamber with an easly removable bd, comlainilyg he

L&l cleaning neating elements and patented AFEC loonmodody watsr levasl
sangor, The shealod mesislive slements are manchcured wih Intaloy 425
30y and Rave-an ctnut Capacky of 123 wisg oo a oW idensmy of haat pat
BEQ &M

The unigoe ptemed AFEC (Anb-Foaming Endgy Comssvalion Systam)
tachnedogy affas @ unigis safety ond snangy congsrvation mtanagemedt of
ExpEngive Dolng water arrd 2mam. Tha pasnes] AFES SyRtam & maa0e of a
FTFE coaled slanipss steel mass measunng water sansor, antl Toar) Sengol.
plecironlc  Righ femperature sensor, mnisrachva LCD: display  and
MlSrEIEa E50F Santraler

The zaterdad ATEC sysiam b inines becsute e water el sonsor cannat
be flsay NgQered Ny Toam famaton on he o of e Doifing watar whth
elimirates e neh of lements Bummng out in frae i due T ow water evel
Ihe Kam sansing probe wil uienalicaily nials a dam gyce § foam s
gensod, unlike some ofnad humidibecs, whers foaming i= cordralied by fhe
erHTHrMER S SErmmEng it drein of srpetehes bellng waler

The SKE Humadifier 5253 unigue v naving @ fBsi-acing elecaome salery
Emperaiung SENE0T Ingide the evaocrabicn chambe i very ckise grossuly o
e healind claments 38 wall a3 @ slardad bmeelic asvismal sece
rcfamcd mmsarature saiich Thereione the palentsd AFCC saber provides
an addiianal layer of profecian

The alphanumenc disalay cominuously dsplers the stlus of Te unit I 15 a0
¥sed W progrem varable parametsrs ihbo the cmmory of Qe ocusbiol
nvE o peisn, Tha irresfligeroe Wl inin. the ooniral ystem enagres vipple
interacton ohwaan e weivices prracmnat and e hurmiSfer

The micopmoCEsSor Coningl INCorpomles fequency Bna durabion parmarsss &f
water dilution cycles for scals management of the S4E steam hemdier This
Aliows for compensabon of all ypes of feed weisr quaiifes

The huridther is atils o medulaia 88 outpet from 0-100de, 210Vec ara &
20mA- Donroi -skonal (S0 avallatie for cniol control to stecial ondar). The
AT ITTRETY QUTZE Can e mminamias Sy using tha Lok On' f=aruse - Modoabon
of i glenants is achieved using stant Sokd mate ralays that havs =mwnlage
ciosang. Thess 2t buachsd up by an eledm-mechanlcal conactor 2nd wiring
ie-to the TEW 106 dag C, 400V 05A thermoplastc winn standaca
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SKE Steam Humidifier
Installation

Stage 5 - Water Drain Connections

Cram Connections The SKF Humidifisr Ras o separats dinins

[Me: main drain outel imtsd nn tha Aght 2ide 15 Me FaR hel water diab rem
he evaporaion chamser. [t disin must be Tapped 25 shown 0 evsuis the
Dt Of Madative tressanes Miodr tha duct do nod sifher drew & hom or blow
i o e maln drain. TR coust ocour durg 2 humidifer drain cvcle 1 this
drain frap I not nstalled. The recommandsd: drain o sie = 250mm This

will aocommodate any. Siar U ressuwre SINDeE WhETs an SKE Rumidifier s
instaled on the limits of itz moeimem opeobing duct pressures spodficanon,

cabing

The sacond drai s for the humicfiar catine! Ths o fSciitate dranage of any
e trapped to Woo steam from e main dmin condssing inside the humidifier

SERA0R oM N8 SVaNOMESan charmbwer during & semnviee Thin draie mue 3iso

T diagran beiow shows e TECommendes
instafston aransement Ior e cran
Plase Nota: L2r3in S e nod inclyded

A pressure balancs kit wiech incudes 1 large drain
b \ 1530, i foqUined ‘aivere pressure excesds 3505
= |

Fior stafie dicl pressires anceeding +1750Ps cleasn
-. Corsiss J3 Hurmadiiers: o) acvice,

Qifftzaq drdin oy

ruirEmunt of SH0mm o

A AV0RG StEam rpm dran
ESNdansng on or

V NSide e huricies

A

A\

ivhere 3 dalr
Tureish is insfalled,

i ufEtand
negnT should b=

200ny ko grevend

SOlEFNnG.
Ensiumw 2k a0 i
malntaneg.
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SKE Steam Humidifier
Installation
Pressure balancing pipework installation

Pressure Balancing VNENE QUCT IeSEANe Bxchedy ' normal ohsrwional imitof 1250 Pastas i
Pipework Installation will b2 negessany 10 NIt 3 pressurs halancing system o campensate, 2500 Fu
(O reguired on figh pagks are agperencsd in ducts on nomal operaling pressursE of 1250 23
ressie instatations) Az shown In e dzgram bicw. a 15mm pipe. s to be installes mm the

unsiream duct JSing T brackel prvvided This 15mm plpewens s then
ernnErted o the op of tha water NERG Ereul insige th hurrdifier

15mm Fips

al
"

4

Y

]

|

|
i
L= ",
|

Drain pipessonc for higher Whermser disct préssures eaceod e nommal apsatonal limie of 1250
duct pressure Pascals it wik @20 De necessary 1 afust the minimum drain tap denth of
e main oran S0 any convgensaie g

When sizng the reduired diam irap ize the nomnal TURRNG duc! DrESSUTES
should be douliled 0 ke into consideration amy plaseum surgs uson san

ue-of tha AHE)
Running Dy Maximum Duct Dymin trap sirs
Pressure {poscal’s|  Pressure (Pascal's) {mmj}
1220 K 50
2000 2000 4G0
2500 B0 Lire
anen A0o0 ECC
[ ATt
ure to ob=erve manutaciurers installation recommendations
will invalidate the manufacturers warranty.
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SKE Steam Humidifier
Instailation
Stage 6 - Electrical Supply and Installation

Elsctrical Connection Al work concemed with siecirical instafiation MUST oaly be perfommed
by skilied and quelified mehnical personnol jeg, slecircian or
lschniciuns with approprime training),  The customer MUST be
tasponsible for soaiming Seir suitability.

Segss soserys the local regulativie concsming e provision of slecircal
InstRisinn

WARNING - Danger of Ekctric Shoch Ensure e siectrics supply =
gl before comImancing any insmilston.
Tree mataiaton enomees mus ensurs e folowing

«The aiz= of e pewer condUCTES are sUlatle Tor D@ Pulemun cursnt
suppd.

*Tha INComing Pows™ catile 372 2caned via o soltsly sireet ceble gland

= Thal each I2Taing comnecTon & sacisd Armiy withh & cabie femyle,

=iRCnzal Power CONNection EleiinH Fowar Cotmmecton
for 0TV 3ph SKE Humidhier for 298% sngle plusss KT
Humigfizr
| 2\ @ |8 @ S N2
&= & e --q.
AR NE AN LR I
: 4 i e
i | T T T -
I | | | |
I 1 i I I
GND L1 L2 L3 | i i
GND L N
400V 3 phase power
supply 230V single phase power
supply
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9- Fan Selection:
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1 0= Air Curtain Selection

RE FRIGERATIO N Apphcations

ENVIRONMENTAL SERIES

For use as a Thamal Bamer o prevent
Uve loss of refrigesated air, controfling
condensation and iong.

APPLICATIONS:

+ For use in freggercs, coolars, cobd storacs Taclmies. prooassng plhnts
and ether refrigerated applications

SPECIAL FEATURES

« Galvanized, cormosion-resiztant cabinet and wtabe grill i
+ Corroson-resisant dunk-intoke scrolls prechsion-atanced man biower whesls
« Hiavy duty tofolly-onicsoscd pommonent olil capacilor typa imctors,
+ Rubiler-soaedd and per mesierth-fulbl itated baings.
« Fer usa with apionas instant automatic door switch,
+ Erargeatiic e 2-apeed mMotes-jFor s phese oyl

FEEEZRE

- : T v
AIR CURTAINS create & Had barver Lasping (ol arass o BMEOWF. = STT=7F mn coomlas /T Erasils foriva) modil - Dy e T —
wlcioscr - . ol (Ton_Proife Serivs modil infermmsdon faend vn pars 13
AlR DELIVERY @ HOZZLE OUTLET RPFRDX
= e mgm R0 AR FLOAY saaTons e I“H%ﬁ
HUMEBER WHIOTH IWEH (PR8I MULCWY =g ] J:Lﬂ'l'l ane =oLTa AN (LBS|
14 HF MODELS
E3M-1125 3 LML) SO 0 Tl T 200 Tl 10 34 63
E4800.1125 4287 250051850 TES0FITO 200001 480 1 120 34 7
£ ke B0 25001550 212541575 2e002135 o 120 84 T
EFAMLTTIS Fi's 205 LT .ﬂm%;guo 2@ 120 a4 1=
E 2125 BE PR TEELA TR 4000 e 120 G4 1
ETZ00-T125 129" 200850 T 440 20430 114 i L1 a7
Elddni17s 1447 FADIESD 185 ITE GOONAID  Feélid 1w wEr M
72 HP MODELS
ES500 1150 - FRLEEI0 SAVEIED LAEVTEED 1173 T30 52 Ta
E4AM- 1150 48" IA0LEI10 L | S Te1n Ta0n 52 L5
ERDMLZT50 B SEMZEID JEF IR0 ALTEA240 FLh ) 140 14 4
ET200-2150 e AONEA1n 2A0ERS0 ABNEIRAD for il 1i0 04 ME
ESBNLET S = SRR ZH A0 B0 2y 10 104 1z
E1200.3150 1207 IHHZET0 2950 8n T OEOWEED0 I 1 120 1hE 234
El4d0 3150 144" e [ 25152080 S N¥ETS0 3o 11 130 156 28
34 P MODELS
E3R00-1173 ko ARE0A350 SESNVEATD S ENES Tedid 120 T8 &
£4800-11F5 48 AGEEESI0 SEMO2AE0 SEROVEHTD 1F3 i i8 &5
[EAD0-2175 &4 ABERICH0 IS5 SE0M R Qe 120 155 164
ET200.2175 r ABSCI R0 2870 L20VESD Jedil 120 158 166
E9e00-2175 0L ABED/RA0 FEEFRGR0 TTEQETAD 2gHd 120 155 1
E1Z00-31T5 1Bl AELOESED 311?3'&% O B0 TRED 3834 JI0 234 1
£1490-3145 144 S0 L, 1TE40EG 10 1@ 1%l Pt =i

* Optional volinges svaiiahle - 208 . %0 460 wolt Jphase and 50 Hz voliages.

¢ Fot scowweon v, e pages 30-21
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LEADING EDISE 1207 AIR CURTAIN BRAND X 120" AIR CURTAIN
__ Example: ) ?}_I_‘I.? HP (Mo 51 200106059 Exampie: 3 @ 1ZHP | Loeguel i nodal by et
Imemin == : S
iJ' il L M |_, iE | | | ;i—i | Jﬁﬂ

L

T T R T

ANATOMY OF LEADING EDGE AIR CURTAINS
Low-Profile Series”
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Appendix
Two

Tables and Charts
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2- Thermodynamic Cycle of R4044

s =8

o .!'g-;—-'—l : .-
g gad =
i ='='-
i
= | B
g g a0
= = = 5S35 3
[reg] aotssard
145

10 4

100 -

090 -

080 -

070 -
14
030

140 <80

O W W I

e= | {0

1R 11

L1

il

10 10

10

OB 3 40 4 M & $£0 X0

Bathalpw (kg



References



Reflerences

[ 1] Principles of Refrigeration. Roy J. Dossar. _. 4" edition 1992,
|21 Refrigeration & Air Conditioning, Trott & Welch... 1986
[3] Refrigeration & Air Conditioning. Stoeker and lones... 1990

[1] ASHRA Refrigeration Handhook. American Society for Heating, Ventilation, and
Air Conditioning. .. 2005 edition.

[51 Refrigeration and Air Conditioning Handbeok. Shan K. Wang... 2001

[6] ASHREA Funamentals Hondbook. American Society for Heating, Ventilation,
and Air Conditioning... 2005 edition.

[7] Fundamentals of 'Thermal Fluid Sciences. Yunus Cengel. Rebert Turner .. 2005
[8] Modern Refrigeration and Air Conditioning. Althouse. Turguist. .. 1989

[9] GreenHeck Fan Selection Manual. GreenHek Co. LTD... March 2005

[10] Department of Food Science. USA ministry of agriculture NSDA

[11] Trane Piping Bulletin, Refrigerant Piping.... 2002

[12] British Mimistry of Food ad Agricullure... Relrigeration Requirements For
Fruits & Vepetables. .. 2006

[13] Palestinian Code for Energy Conservative Buildings. 2002
[14] Dorin Compressors www.dorin.com
[15] Bohn Friga Indoor Coolers Manutacturers, www bohn-friga.com

[16] Parker Co. www parker.com
[17] NepTronic Humidification System Co. www.neptronic.com

[18] FAC cooperate document. .. htip://www fao.org/documents!

147



	1.pdf
	ji.pdf
	ji 001.pdf
	ji 002.pdf
	ji 003.pdf
	ji 004.pdf
	ji 005.pdf
	ji 006.pdf
	ji 007.pdf
	ji 008.pdf
	ji 009.pdf
	ji 010.pdf
	ji 011.pdf
	ji 012.pdf
	ji 013.pdf
	ji 014.pdf
	ji 015.pdf
	ji 016.pdf
	ji 017.pdf
	ji 018.pdf
	ji 019.pdf
	ji 020.pdf
	ji 021.pdf
	ji 022.pdf
	ji 023.pdf

	2.pdf
	ji 024.pdf
	ji 025.pdf
	ji 026.pdf
	ji 027.pdf
	ji 028.pdf
	ji 029.pdf
	ji 030.pdf
	ji 031.pdf
	ji 032.pdf
	ji 033.pdf
	ji 034.pdf
	ji 035.pdf
	ji 036.pdf
	ji 037.pdf
	ji 038.pdf
	ji 039.pdf
	ji 040.pdf
	ji 041.pdf
	ji 042.pdf
	ji 043.pdf
	ji 044.pdf
	ji 045.pdf
	ji 046.pdf
	ji 047.pdf

	3.pdf
	ji 048.pdf
	ji 049.pdf
	ji 050.pdf
	ji 051.pdf
	ji 052.pdf
	ji 053.pdf
	ji 054.pdf
	ji 055.pdf
	ji 056.pdf
	ji 057.pdf
	ji 058.pdf
	ji 059.pdf
	ji 060.pdf
	ji 061.pdf
	ji 062.pdf
	ji 063.pdf
	ji 064.pdf
	ji 065.pdf
	ji 066.pdf
	ji 067.pdf
	ji 068.pdf
	ji 069.pdf
	ji 070.pdf
	ji 071.pdf

	4.pdf
	ji 072.pdf
	ji 073.pdf
	ji 074.pdf
	ji 075.pdf
	ji 076.pdf
	ji 077.pdf
	ji 078.pdf
	ji 079.pdf
	ji 080.pdf
	ji 081.pdf
	ji 082.pdf
	ji 083.pdf
	ji 084.pdf
	ji 085.pdf
	ji 086.pdf
	ji 087.pdf
	ji 088.pdf
	ji 089.pdf
	ji 090.pdf
	ji 091.pdf
	ji 092.pdf
	ji 093.pdf
	ji 094.pdf
	ji 095.pdf

	5.pdf
	ji 096.pdf
	ji 097.pdf
	ji 098.pdf
	ji 099.pdf
	ji 100.pdf
	ji 101.pdf
	ji 102.pdf
	ji 103.pdf
	ji 104.pdf
	ji 105.pdf
	ji 106.pdf
	ji 107.pdf
	ji 108.pdf
	ji 109.pdf
	ji 110.pdf
	ji 111.pdf
	ji 112.pdf
	ji 113.pdf
	ji 114.pdf
	ji 115.pdf
	ji 116.pdf
	ji 117.pdf
	ji 118.pdf
	ji 119.pdf

	6.pdf
	ji 120.pdf
	ji 121.pdf
	ji 122.pdf
	ji 123.pdf
	ji 124.pdf
	ji 125.pdf
	ji 126.pdf
	ji 127.pdf
	ji 128.pdf
	ji 129.pdf
	ji 130.pdf
	ji 131.pdf
	ji 132.pdf
	ji 133.pdf
	ji 134.pdf
	ji 135.pdf
	ji 136.pdf
	ji 137.pdf
	ji 138.pdf
	ji 139.pdf
	ji 140.pdf
	ji 141.pdf
	ji 142.pdf
	ji 143.pdf

	7.pdf
	ji 144.pdf
	ji 145.pdf
	ji 146.pdf
	ji 147.pdf
	ji 148.pdf
	ji 149.pdf
	ji 150.pdf
	ji 151.pdf
	ji 152.pdf
	ji 153.pdf
	ji 154.pdf
	ji 155.pdf
	ji 156.pdf
	ji 157.pdf
	ji 158.pdf
	ji 159.pdf
	ji 160.pdf
	ji 161.pdf
	ji 162.pdf
	ji 163.pdf
	ji 164.pdf
	ji 165.pdf
	ji 166.pdf
	ji 167.pdf

	8.pdf
	ji 168.pdf
	ji 169.pdf
	ji 170.pdf
	ji 171.pdf
	ji 172.pdf
	ji 173.pdf
	ji 174.pdf
	ji 175.pdf
	ji 176.pdf
	ji 177.pdf
	ji 178.pdf
	ji 179.pdf
	ji 180.pdf
	ji 181.pdf
	ji 182.pdf
	ji 183.pdf
	ji 184.pdf
	ji 185.pdf
	ji 186.pdf
	ji 187.pdf
	ji 188.pdf
	ji 189.pdf


