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Abstract

The research subject is (Reduction of the waste from domestic production of 

orange) we find there is a lot of wastage after harvest, because the process of packaging, 

loading, transportation, and store is not adequate. The purpose of this research is to solve 

this problem of wastage by following a number of steps after harvesting and pre-harvest 

process. This process is called COLD CHAIN. Cold chain is:-

- Cold store in production place.

Cold vehicles for transportation.

- Cold room in the market.

Cold car for distribution.

Cold and freezer refrigerator home.

After adopting the cold chain we achieved the following results:-

1- Orange wastage is reduced.

2- The orange quality improved.
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ص خ مل ال

ع و ض و ث م ل هو ائبح ن الفاقد تقلي ل م رتقا ج الب منت ة محلميا ال شكل م ك أن فال ر فاقد هنال  كبي

ن ل م رتقا عد الب د ب صا ح ك ،ال ن وذل ت ال ف عمليا غلي ن الت ح ش ل وال ن والنق خزي متبعة والت  أل

ه غير حاليا ء ه ح حي ض ص ر ن فالغ ث هذا م ل هو البح ك ح ة تل شكل م ك ال ع وذل  عدة بإتبا

ت طوا د خ ع ل و ب د قي صا ح ي ال سم ة ت سل د سل ري د فسلسلمة التب ري إ التب ي  -ه

ن ز خا م ردة ال ي البا ق ف ط ج منا إلنتا  .ا

ت ركبا م ردة ال مب ت ال فا سا م ة ل ويل  ط

ف ردة الغر مب ي ال ق ف سوا أل .ا

ت - ا ركب ع م زي و ردة الت مب  .ال

ت جا ال ي ث ر قب د و ا جمي ة الت زلي من  ال

عد ع فب ك إتبا ة تل سل سل ا ال ن صل ح ي ت ج ط ة النتائ تالي ل -ا ; 

ض -آ خفا ن ن الفاقد ا ل البر م قا رة ت و ص رة ب  كبي

ن -2 ل ضما و ص ل و رتقا ى للصستهلك الب ة عل عي و ة ن د .جي
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CHAPTER ONE 

INTRDUCTION



1- INTRODUTION

Agriculture plays a vital role in the economy of developing countries. It represents 

the main source of food, income and employment to the rural population. Good 

management and services of orange gardens would help the local market and makes a 

great potential for export. A Report from the African union concluded that Agriculture 

is important for Africa’s Development and is the basis o f the economy in the continent. 

Ref [3]

The orange may be obtained from the plant kingdom. The orange is a kind of a 

citrus fruit and the Scientifics name is citrus singingsis. Orange contains protein, 

carbohydrates vitamins and minerals. The proteins and minerals like iron, calcium and 

phosphorus are needed fortissue building and growth of the body. The carbohydrates 

provide energy to the body. The vitamins and minerals are essential to safeguard the 

body against diseases.

The orange is not produced during the whole year. It is produced at different 

places and in a particular season. Since it is required all round the year in various parts 

of the country. Therefore it is very much essential to preserve them during 

transportation and subsequent storage until they are finally consumed. The optimal 

conditions of orange preservation may be defined as the state in which the orange will 

retain over a period of time without being contaminated by pathogenic organisms or 

chemical and without losing its colour, texture or nutrition value. Another advantage of 

orange preservation is decrease of orange wastage.Ref [3],

It is essential that the fruit and vegetables are harvested at the correct stage of 

maturity.

The wastage of orange is mostly due to spoilage. It is known that the orange contain 

proteins, carbohydrates vitamins and minerals. The destruction of any one of the above 

mentioned components causes the spoilage of orange. The spoilage period depend upon 

the type o f product. The perishable orange begin to deteriorate immediately, unless 

properly preserved. The orange can be stored for long periods of time. The spoilage of 

orange is marked by the form of a bad odour, uncommon colour, bad taste or physical 

appearance. Ref [8]
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The wastage of the orange after harvesting is between the period o f the production 

and the consumption. In Sudan, it is found that wastage is caused b y -

! - The orange is loaded immediately after harvest before sorting and cleaning

non-refrigerated.

2- The orange is transported by Lorries.

3- The process o f the cleaning and grading takes place under the sun and it takes

long time.

4- The transportation between the cold storage and supermarket is done by

Un-insulated trucks.

* In addition to the above, all the processes o f cold storage chain are not

available.

The purpose of this research is to reduce the orange wastage in the Sudan, and 

shift from the traditional preservation and transportation to the modem means. As a 

solution of this problem we may select and design those modern means following the 

steps below:-

- The processes o f  cleaning and grading are to take place immediately after 

harvesting.

- Packing o f orange by suitable material

- pre-cooling of the orange

- The transportation by refrigerated vehicles.

- The preservation o f the orange at the optimum condition.

- Using small cars for the distribution to the supermarkets.

The first and the last beneficiary is the citizen and the basic problem o f feeding the 

growing number o f population, thus can help the solution by allowing the increase o f 

production and decreasing wastage. It will also reflect in the economy o f production and 

hence reduce the price for the citizen. Ref [3]
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LITERATURE REVIEW



2- Literature Review

2.1-Definition of cold store:-
Cold store operates at various temperatures below freezing. Cold storage reduces the 

rate o f biochemical changes in fresh food and also slows down the growth of 

contaminating micro-organisms. The reason for storing fruits in a cold store is therefore 

to extend their life beyond the harvest season. This may be because they can achieve a 

higher sale price out o f season or for food security reasons.

However cold storage is expensive, both in terms of buying the store equipment and the 

operating costs. So it is essential that this is only considered where the price for the 

stored crop is high enough to cover these costs.

Ref [8]

2.2- The following points should be kept in mind while storing 
the orange in cold storage:

- The type o f orange and variety or cultivar.

The part o f  the crop selected (the fastest growing part have the highest 

respiration rates and the shortest storage lives)

- The temperature during harvest.

- The relative humidity o f the storage atmosphere, which also influences weight . . 

losses due to drying out.

- The condition o f the orange harvested (e-g-the presence of damage or microbial . 

Contamination and the degree of maturity).

- The composition o f the storage atmosphere Ref. [8]

2.3- The reasons of storage are:-

1- No immediate buyer.

2- Transportation or some other essential facility is not available.

3- To extend the marketing period and increase the volume of sales.

4- To wait for a price increase .



2.4- Basic pre-treatments before storage;-

The basic pre-treatments which must be performed before storage of any fresh product. 

Cleaning - all stones, soil clods and plant debris must be removed before storage, 

particularly if the crop is to be stored in bulk. Stones damage the product and soil and 

plant debris compacts and restricts ventilation, leading to localized build-up of heat, but 

may also carry spoilage pathogens. Ref [8]

Grading and selecting small, damaged, infected and over-mature product must be 

removed. Very small product loses water more rapidly leading to wilting in storage. 

Product which has been bruised or cut loses water and is easily invaded by spoilage 

pathogens during storage. Infected product deteriorates rapidly, heats up, and provides a 

source of infection inoculums for healthy product. Over-mature product has less 

resistance to disease and reduced -storage potential. Ref [8]

2.5-Factors necessary to the proper storage -
The factors necessary to the proper storage is storage condition, pre-cooling, packaging 

system handling and transportation.

2.5.1- Storage conditions:-
The optimum storage condition are different according to the products. The period 

storage is different from one to another; depending upon region, climate, soil, category, 

harvest time, and irrigation. The optimum factore of orange is temperature, design 

temperature, humidity, ventilation, storage period and air change.

2.5.1.1-Temperature:-
All fruits and vegetables have a 'critical temperature' below which undesirable and 

irreversible reactions or 'chill damage' takes place. Carrots for example blacken and 

become soft, and the cell structure of potatoes is destroyed. The storage temperature 

always has to be above this critical temperature. One has to be careful that even though 

the thermostat is set at a temperature above the critical temperature, the thermostatic 

oscillation in temperature does not result in storage temperature falling below the 

critical temperature. Even 0.5°C below the critical temperature can result in chill 

damage. See Table (2.1) gives the storage temperatures for various fruits and 

vegetables.
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Table (2.1) Storage condition
Maximum
storage time

; l emperature Relative recommended
C 'humidity % (ASHRAE

handbook
4982)

Apple 0-4 90-95 2-6m

Beetroot 0 95-99 ;-

Cabbage 0 95-99 5-6m

Carrots 98-99 5-9m

Cauliflower ;0 :95 2-4 \\

Cucumber 40-13 90-95

Eggplant 8-10 90-95

Lettuce i 95-99

Leeks 0 95 l-3m

Oranges ;0— 4 85— 90 ;3-4months

Pears :0 90-95 2-5m

Pumpkin 10-13 70-75

Spinach ;0 95 l-2w

Tomatoes 113-21 85-90

It can be seen from the table that there are basically three groups o f fruit and vegetables, 

those stored at 0 - 4°C; those stored at 4 - 8°C; and those that require a storage 

temperature above 8°C. It is often more convenient to concentrate on one o f these 

groups.

Temperature is the single most important factor in maintaining quality after harvest. 

Refrigerated storage retards the following element o f deterioration in perishable crops.

- Aging due to ripening, softening, textural and color changes.

- Undesirable metabolic changes and respiratory heat production.

- Moisture loss and the wetting that results.

- Spoilage due to invasion by bacteria, fungi and yeast.

One of the most important functions o f refrigeration is to control the crop 's respiration 

rate. Respiration generates heat as sugars, fats, and proteins in the cells o f  the crop are 

oxidized. The loss o f  these stored food reserves through respiration means decreased



food value, loss of flavor, loss of salable weight, and more rapid deterioration. The 

respiration rate o f the product strongly determines its transit and post harvest life 

Ref [8],

2.5.1.2- Relative humidity:-

For most products, a high but not saturated, relative humidity is required, e.g. 85-95% 

table (2.1) shows specific relative humidity’s for fruits. There is always some moisture 

loss during cold storage but excessive moisture loss is a problem. It is essential that the 

relative humidity is kept above 85% this can be done by:-

• Allowing the product to reach storage temperature and then covering in plastic.

• Sprinkling the product with water, this should be done before storage, because 

sprinkled during storage condensation occurs on the evaporator 

Ref. [8],

2.5.1.3- Handling:-
It is important that the orange does not get dirty or damaged during handling. Careful 

handling should be the rule. The best option is for the product to be prepared for storage 

in the field and placed carefully in the storage containers used in the cold store.

This will considerable reduce the amount of handling and will keep damage to 

minimum. It is essential that the product is handled and placed in the store as quickly as 

possible as delays between harvesting and cooling can substantially reduce storage life.

2.5.1.4- Length of storage -
Table (2.1) gives the maximum storage time recommended by various organizations, 

these recommendation are based on figures from Europe and America and are often for 

too long for small- scale stores in tropical countries for the following reasons:

•  It is often difficult to prevent delays between harvest and storage.

• The product is often bruised during harvest and loading of the store.

• Transport can be bumpy and result in damage.

•  The out side temperature of the retail outlets is far higher than for the retail

outlets in Europe and American.
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2.5.1.5- Incompatibility:-

If different product is being stored in the same room there is a risk of transfer o f odours 
or ethylene. Table (2.2) shows the more important incompatibilities.

Table (2.2) Incompatibility
Apples Bananas Cabbage Grapes Oranges Potatoes Vegetables

Apples - N SR Y Y SR Y

Bananas N - N Y IN :N Y2

Cabbage SR Y i - SR N SR SR

Grapes Y Y SR Y Y Y

Oranges Y N IN Y Y Y

Potatoes SR N SR Y Y Y

Vegetables Y Y SR jY Y Y -

Ref [8]

Y = No cross action SR = Slight danger N = Cross action will take place

2.5.1.6-Transpo rtation:-
A refrigerator car is a refrigerated box car, a piece of railroad rolling stock designed to 

carry perishable freight at specific temperatures. Refrigerator cars differ from simple 

insulated boxcars and ventilated boxcars (commonly used for transporting fruit), neither 

of which are fitted with cooling apparatus. Reefers can be ice-cooled, come equipped 

with any one of a variety of mechanical refrigeration systems, or utilize carbon dioxide 

(either as dry ice, or in liquid form) as a cooling agent. Miik cars (and other types of 

"express" reefers) may or may not include a cooling system, but are equipped with high

speed trucks and other modifications that allow them to travel with passenger trains.

a- Application of transportation
Reefer applications can be divided into five broad groups listed below: - 

Dairy and poultry products require refrigeration and special interior racks;

Fruit and vegetable reefers tend to see seasonal use, and are generally used for long

distance shipping (for some shipments, only ventilation is necessary to remove the heat 

created by the ripening process);

Manufactured foods (such as canned goods and candy) as well do not require 

refrigeration, but need the protection o f an insulated car;

7



Meat reefers come equipped with specialized beef rails for handling sides of meat, and 

brine-tank refrigeration to provide lower temperatures (most of these units are either 

owned or leased by meat packing firms).

Fish and seafood are transported, packed in wooden or foam polystyrene box with 

crushed ice, and ice bunkers are not used generally.

Care needs to be taken during the unloading o f the cold store and during transport. If the 

product can be transported in the same crates they were stored in, handling and 

concomitant damage will be reduced.

b- Factors necessary for transport vehicle -

-Packing the product inside the car with suitable spaces.

-Provides doors with curtains.

-Insulation inside the car.

-Equip the car by suitable refrigeration system. R e f  [8]

2.5.2- Pre-cooling:-
To preserve quality and prolong the storage life of fruits and vegetables, it is essential to 

rapidly cool Product to optimum storage temperature. Without pre-cooling; many 

common fruits and vegetables would not be a violable in quantity and quality.

Cold storage slows product respiration and breakdown by enzymes, slows water loss 

and wilting, slows or stops growth of decay-producing microorganisms, slows the 

production of ethylene, the natural ripening agent, and “buys time” for proper 

marketing. Metabolic activity of fruits and vegetables produces heat. Product also stores 

and absorbs heat. The objective of optimum storage conditions is to limit the 

production, storage and absorption of heat by product.

The temperature difference between newly harvested product and its optimum storage 

temperature is an indicator o f field-heat. Rapidly lowering the temperature o f harvested 

product to near storage temperature is known as pre-cooling, or removal of field-heat. 

Product is usually pre-cooled to 88 percent o f the temperature difference. Additional 

cooling is limited by the time and energy required to reduce the product temperature to 

the optimum storage temperature.

8



Many methods are available to pre-cool product. When the one you chosen depend on 

several factors

1- What method can the product tolerate?

2- How quickly must the product be cooled?

3- To ensure a high-quality

4- Is the method energy4-

product?

efficient?

required?5- Is skilled labor

6- How expensive is the

7- What utilities are available on the site? Ref [8]

equipment?

2.5.2.1- The types of pre-cooling svstem -

2,5.2.1.1- Batch hydro coolers:-
Have bins o f product loaded into an enclosure and chilled water is sprayed over the 

product, collected, re-cooled and recycle: They are relatively inexpensive and are 

suitable for growers that have a limited amount of product or a short harvest season.

2.5.2.1.2- Conveyor hydro coolers:-
Pass container o f product under a shower of chilled water on a conveyor belt. However, 

because of the higher cost, this equipment must operate for long periods in a year to be 

economically justified.

It can be designed a plastic tank to using it in the pre-cooling and cleaning the orange 

and then after that we put the orange over the moving flat belt or rollers to pass orange 

through a laboratory for classified and investigated to affect the consumer health and 

then packing in plastic boxes. Ref [8]

2.5.2.1.3- In immersion hydro coolers:-
Crates o f product are moved by a submerged conveyor through a large, shallow tank of 

recirculated chilled water. This system produces more rapid cooling than other types 

because the water has greater contact with product surface.Ref [8]

2.5.2.1.4- Truck hydrocoolers:-
Involves leading product on to enclosed trailer and inserting perforated pipe above the 

load. These product a shower of chilled water, which is collected, re-cooled, and

9



recycled, After cooling, the pipe are removed and the product is transported. Truck 

hydrocoolers can be constructed at a lower cost than a commercial hydrocoler, but the 

cooling times are longer that other designs.

. There is a wide range of hydrocooling equipment available commercially. However, it 

is designed for high production rates and is generally very expensive. To be cost- 

effective, a hydrocooler must be used for as long as possible during the harvest season 

and is only affordable by growers or co-operatives with large acreages. A cheaper 

thermal storage immersion hydrocooler is described by Boyette, which is more suitable 

for growers that have smaller volumes and cannot invest in commercial hydrocooling 

equipment.

2.5.2.1.5- Cold Rooms:-
Cold rooms cool the fruits with cold air rather than cold water. Cold rooms are widely 

used for vegetables and fruits in Asia. The air is cooled by a refrigeration unit. Optimum 

conditions are a wind speed of 1 - 2 meters per second. Storage boxes should be well 

ventilated, so all the contents of the box are in contact with the cold air.

2.5.2.1.6- Forced Air Cooling
Forced air cooling is very similar to room cooling, except that the cold air is pulled by 

an electric fan through the stacked boxes of fruits. Because of the increased air flow, the 

cooling rate is much faster than with room cooling, so that heat is taken from the fruits 

in a very short time. Cooling with forced-air is also more uniform, so that fruits in 

different boxes cool at much the same rate.

Two types of forced air cooling have been developed, the channel type and the cold- 

wall type. In the channel type, the boxes are stacked in rows on pallets, to leave spaces 

between each box and each row. There should be an even number of pallets on either 

side for efficient channel cooling. The cold-wall type uses a permanent wall-mounted

cooling system.

2.5.2.1.7- Vacuum Cooling
Vacuum cooling uses an air-tight chamber. After the fruits and vegetables have been 

placed in the chamber, the air is removed so that the remaining air pressure is only 4.6 

mm Hg. This lowers the boiling point of water, so that water on the surface of the 

vegetables evaporates into the air in only 1 0 - 3 0  minutes. The weight loss is about 1% 

for every 5 minutes. The average total weight loss is about 1.5 to 5%. Vacuum cooling
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is now a very popular technique in Taiwan and Japan, for specific kind of fruit and 

vegetable.

2.5.3-Packing systems
A packing system is required in the store so that product can be loaded and unloaded 

easily and safely. This system can involve stacked crates or a more complicated system 

using racks and trays. For small-scale cold storage, stackable crates are the most 

appropriate packing system. The layout o f crates in the store needs to be simple and 

clearly understood by operators so that product can be loaded or removed easily and 

quickly. It is important that the crates are small enough to be moved easily when full of 

crop; that the crop cannot be crushed by stacking crates; and that the crates are strong 

enough to support the weight of other crates above them without collapsing. To 

maintain the airflow around crates, a 60 cm gap should be left between the storeroom 

walls and the crates, and a 90 cm gap between the crates, the ceiling and the 

refrigeration unit. Fig. (2.1) shows a design of crate that is suitable for cold stores. These 

can be made locally from wood, or plastic ‘(polypropylene) crates may be available from 

import agents. If the product can be transported to market in the same crates that they 

are stored in, this reduces handling and possible damage to the corp. 

Ref [8]

Fig (2.1) Packing box
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2.5.3.1- Packing materials:- R ef [8]

The packaging materials used for food is glass, metal, plastic, wood, fiber-based and 

bio-based materials, mainly with plastic materials.

A-Glass
Glass is used to some extent as packaging for certain food products. Advantages of 

glass include its good protection of the product, its integrity (good barrier), its lack of 

smell and taste, its safety from a health point of view and its recyclability. 

Disadvantages are that glass is heavy, fragile and requires long production runs 

Ref [8]

B-Metal
Metal packaging consists mainly of steel, aluminum and tin and is mainly used for 

preserved and semi preserved food, beer, soft drinks and certain dry products. 

Advantages of metal include that it is environmentally friendly and recyclable, is 

impermeable to gas and light, can be subjected to a wide range of temperatures, is 

ductile and gives good mechanical protection. Disadvantages are that it is dependent on 

impermeable soldering and/or folding and is liable to corrosion and also that one cannot 

see the contents.Ref [8]

C-Fiber
Fiber packaging is a generic term for materials made from cellulose fiber, including 

paper, cardboard, corrugated board and solid board. Fibre packaging is sometimes used 

in combination with plastic materials. In addition to the strength of the fibre packaging, 

this will also be more resistant to humidity. An important advantage of fibre based 

packaging is that it is made from renewable raw materials and can be recycled.

E-Plastic
Plastic materials are the fastest growing group and already represent the majority of 

packaging (plastic packages 50% of all goods).

Advantages of plastic include the wide variety of possibilities and properties it offers, 

that it is possible to tailor its properties to suit different purposes, it has low weight, 

relatively cheap, easy to product and shape, non toxic, easy to print o f it, chemically
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inactive and good resistance to shocks. Then a plastic packing and 

20x 12) cm is chosen.

F- Paper (carton)
At present time in SUDAN using carton had become invalid for the following fy

1. In the carton the ventilation is not sufficient because it is not possible to k  

several holes in carton.

2. The carton is wet by condensation vapour and lead to damage it, which makes 

the orange open to the atmosphere and contamination the carton is wet at dew 

point.

2.5.3.2- Dew point:
The ability of air to "hold" moisture changes according to temperature, with warmer air 

able to hold more water than cooler air, (% Relative Humidity). The temperature at 

which the air becomes saturated and no longer able to hold any more water is known as 

dew point. The dew point temperature relates to the air temperature and the absolute 

moisture content. Air with a high temperature and high moisture content will have 

higher dew point temperatures than air at low temperature and low moisture content. 

When moving a film from a low temperature controlled environment to a warmer 

uncontrolled environment there is a risk of condensation on the films surface. 

Condensation will form on any surface that is colder than the dew point. A few common 

temperature and relative humidity conditions and the approximate dew point for each is 

given in Table (2.3). For deterring exact values the Dew Point Calculator can be used 

Equilibrium will take place between the films' internal moisture content with the water 

in the atmosphere. This will take quite a long time depending on the initial water 

content of the film, temperature and the percentage Relative Humidity (RH%). 

However thermal equilibrium is quite rapid and may only take an hour or two to be 

substantially achieved. Ref [3]
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Table (2. 3) Dew point calculation chart

ill.M IDTY SURFACE TEMPERATURE AT WHICH CONDENSATION! 
OCCURS

Ref [3]

In table (2.3) the air temperature is 70 F and relative humidity is 65% the dew point is 
57F

2.5.3.3-Water vapor condensation on the carton:-

When products leave the cold room there is a risk o f condensation o f atmospheric 

humidity on the cold surfaces, making them wet and liable to microbial development. 

This can damage the packaging materials or spoil their appearance, which can 

sometimes be irreversible if carton or cardboard packaging is used.

Condensation occurs when the dew point o f the ambient air is higher than the surface 

temperature of the product or its packaging. At this point it is necessary to take some 

precautions, such as proceeding on a progressive rewarming pattern, or promoting quick 

evaporation of the moisture formed by introducing slightly warmed dry air, or covering 

the product with awning or, finally, using packaging materials that resist the adverse 

effect of the moisture. R ef [3]

14



The graph in Figure (2.2) shows how to calculate if there is any risk o f condensation 

when moving a product from storage to a different ambient temperature. We found that 

in Fig (2.2) orange takes out from the cold storage at 4c°, while the outdoor temperature 

is 42c°, the condensation will occurs on the out surface of carton if the relative humidity 

of the out door is more than 12%,

Fig(2.2) Psychometric chart

2.6- Temperature design^
Ambient temperature according to the time of day, time of years and the 

refrigeration equipment were chosen to meet an average outside condition. On the other 

hand. It is considered economical to design equipment to meet the highest temperature
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expected. Highest recorded temperature may occurs only once in several years. A 

design temperature is chosen which will be exceeded by a small percentage during 

summer months usually between (2.5-5) percent. Ref [1]

In Khartoum state select design temperature into tw'o years 2008-2009,

In Khartoum, the summer season covers Mar, Apr, May, Jun, Jul, Aug and Sep. The 

winter covers Oct, Nov, Dec, Jan and Feb.

Mean daily temperature in Khartoum, at period of the last two years are shown in the 

following table (2,4) R ef [5],

Table (2.4) Max temperature

Month Max C 2008 Max C 2009 Mean
Jan 39.7 33.1 36.4
Feb 38.5 35,8 37.15

Mar 44.5 37.3 40.9
Apr 45.4 43.1 44.25
May 45.4 41.7 43.55
Jun 45.5 42.5 44
Jul 43.5 38.5 41
Aug 42 38.7 40.35
Sep 43 40.7 41.85
Oct 42.5 39.8 41.15
Nov 39 35.1 37.05
Dec 37.5 31.3 34.4

The ambient design temperature is taken as average o f the mean summer 

month’s temperature increased by 5% Ref. [2],

From table (2.4) the average means summer temperatures:- 

= (40.9 + 44.25 +43.55 + 44 + 41 + 40.35 + 41.85)77 = 42,27 C = 108 F

2.6.1- Optimum Temperature
Orange should be kept at 3-8°C (38-46°F) for up to 3 months, depending on cultivar, 

maturity-ripeness stage at harvest and production area. Some Florida-grown cultivars 

can be kept at 0-1 °C (32-34°F). We use (32-34).

Ref [8]
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2.6.2- Ground temperature design
A refrigerated box or wharehouse resting on a concrete slab on the ground, have less 

leakage through the floor than through the walls. There are different methods of 

estimating ground temperature have been considered. We shall use in our calculation 

the rule which states that:-

Ground temperature = the average of summer and winter. Ref.[l],

A verage sum m er tem peratu re  =

= (40.9 + 44.25 + 43.55 + 44 + 41+ 40.35 + 41.85)/7 = 42.27 C = 108 F 

Average winter temperature =

(41.15 + 37.05 +34.4 + 36.4 + 37.15)/5 =37.23 C 

Ground temperature = (42.27 + 37.23)/2 = 39.7 C = 103 F

2.7- Humidity design:
The design humidity in Khartoum state which is selected into two years last (2008 -  

2009)are shown in the following table (2.5) , Ref. [5]

Table (2.5) average humidity %
Month Mean2008 Mean2009 MEAN
Jan 35 27 31
Feb 30 27 28.5
Mar 18 33 25.5
Apr 33 21 27
May 49 18 33.5
Jun 61 24 42.5
Jul 57 47 52
Aug 38 52 45
Sep 57 42 49.5
Oct 38 27 32.5
Nov 29 27 28
Dec 26 27 26.5
Average
humidity _ 35.125

From table (2.5) the average humidity of Khartoum = 35%

Optimum Relative Humidity of orange store is (90 to 95%) from table (2 .1).
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2.8- Select amount and type of orangei
The quantity of orange is estimate 50 ton which comes from North.(region of 

Shamalia).

The agricultural and cultivation corporation of the Sudan has recommended that 

the best types under Sudan condition are:-Ref [6]

1 - Neville frost

2- Burnet

3- Gelet

4- Sucree

5- Abossra

2.9- Maturity Indices:-
Soluble solids/acid ratio of 8 or higher and-yellow-orange color at least on 25% of the 
fruit surface or soluble solids/acid ratio of 10 or higher and green-yellow color on 25% 
or greater of the fruit surface. Fig. No. (2.3).

Fig (2.3) the Orange

In accordance to recommendation of the technical committee. Abossra is the 

best one.

The production quantity of orange, area, and states in the Sudan, are shown in the 

following table (2.6) Ref. [6]
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Table (2.6) Product quantity
Product by ton Area by fdan States

32.400 5400 West darfoor

6.825 1377 Gazira

17000 3000 Nile river

22.276 3706 North

8000 3000 South darfoor

4056 1063 Khartoum

2.10- Refrigeration system:-
System classification

1- Vapor compression refrigeration

2- Absorption refrigeration

2.11- Vapor-compression cycle.
The vapor-compression cycle is used in most household refrigerators as well as in many 

large commercial and industrial refrigeration systems. Figure (2.4) provides a schematic 

diagram of the components o f a typical vapour-compression refrigeration system. Ref 

[1]

Condenser may be 
water-cooled or 
air-cooled. ^ p o r

Cold
air

Compressor
£̂por

Evaporator Condenser

Warm
air

v Fan

Liquid + 'v&po

Expansion 

Valve
Liquid

TYPICAL SINGLE-STAGE 
VAPOR COMPRESSION REFRIGERATION

Figure (2.4): Vapor compression refrigeration
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The thermodynamics of the cycle can be analyzed on diagrams shown in Figure (2.5). In 

this cycle, a circulating refrigerant such as Freon enters the compressor as a vapor. The 

vapor is compressed at constant entropy and exits the compressor superheated. The 

superheated vapor travels through the condenser which first cools and removes the 

superheat and then condenses the vapor into a liquid by removing additional heat at 

constant pressure and temperature. The liquid refrigerant goes through the expansion 

valve (also called a throttle valve) where its pressure abruptly decreases, causing flash 

evaporation and auto-refrigeration of, typically, less than half of the liquid.

1 to 2 = Compression o f vapor
2 to 3 = Vapor superheat removed in condenser
3 to 4 = Vapor converted to liquid in condenser
4 to 5 = Liquid flashes into liquid + vapor across expansion valve
5 to 1 = Liquid + vapor converted to all vapor in evaporator

S u p e rh e a te d

Specific Entropy (s)

Liquid Vapor Liquid + vapor

Figure (2.5):Temperature-Entrop v diagram
That results in a mixture of liquid and vapor at a lower temperature and pressure. The

cold liquid-vapor mixture then travels through the evaporator coil or tubes and is 

completely vaporized by cooling the warm air (from the space being refrigerated) being 

blown by a fan across the evaporator coil or tubes. The resulting refrigerant vapor 

returns to the compressor inlet to complete the thermodynamic cycle.

The above discussion is based on the ideal vapor-compression refrigeration cycle, and 

does not take into account real-world effects like frictional pressure drop in the system, 

slight thermodynamic irreversibility during the compression of the refrigerant vapor, or 

non-ideal gas behavior (if any).Ref [8]
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2.11.1- Advantages of vapor compression cycle:-

1- Very mature technology.

2- Relatively inexpensive.

3- Can be driven directly using mechanical energy (car/truck motor) or with electrical . 

energy.

4- The coefficient of performance is quite high. Ref [4]

2.11.2- Disadvantages of vapor compression cycle:-

Many systems still use HCFC refrigerants, which contribute to depletion of the Earth’s 

ozone layer. In countries adhering to the Montreal Protocol, HCFCs are due to be 

phased out and are largely being replaced by ozone-friendly HFCs. However, systems 

using HFC refrigerants tend to be slightly less efficient than systems using HCFCs. 

HFCs also have an extremely large global warming potential (GWP) because they 

remain in the atmosphere for many years and trap heat more effectively than carbon 

dioxide.

With disruption of the status quo already a certainty, alternative non-haloalkane 

refrigerants are gaining popularity. In particular, once-abandoned refrigerants such as 

hydrocarbons (HCs, such as butane) and CO2 are coming back into broader use. For 

example, Coca-Cola’s vending machines at the 2006 FIFA World Cup in Germany used 

refrigeration utilizing CO2

2.12- The absorption system:-
In the early years of the twentieth century, the vapor absorption cycle using water- 

ammonia systems was popular and widely used but, after the development of the vapor 

compression cycle, it lost much of its importance because o f its low coefficient of 

performance (about one fifth of that of the vapor compression cycle). Nowadays, the 

vapor absorption cycle is used only where waste heat is available or where heat is 

derived from solar collectors.

The absorption cycle is similar to the compression cycle, except for the method of 

raising the pressure of the refrigerant vapor. In the absorption system, the compressor is 

replaced by an absorber which dissolves the refrigerant in a suitable liquid, a liquid 

pump which raises the pressure and a generator which, on heat addition, drives off the 

refrigerant vapor from the high-pressure liquid. Some work is required by the liquid
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pump but, for a given quantity of refrigerant, it is much smaller than needed by the 

compressor in the vapor compression cycle. In an absorption refrigerator, a suitable 

combination of refrigerant and absorbent is used. The most common combinations are 

ammonia (refrigerant) and water (absorbent), and water (refrigerant) and lithium 

bromide (absorbent).Ref [4]

2.13- The advantage of the vapour compression refrigeration 
system over absorption system.
1- It has smaller size for the given capacity of refrigeration.

2- It can be employed over a large range temperature.

3- The coefficient of performance is quite high.

4- Refrigerant is available.

5- The price o f electricity is less than the diesel.

6- The electricity is available.

7- Not any environmental requirements prevent the use of vapour compressor cycle.

2.14- Refrigerants:
Refrigeration is the cooling of a substance below ambient, or room temperature by 

removing heat from the substance. The material that removes the heat is called a 

refrigerant. The refrigerants are classified into two groups: 

l) Primary refrigerants (Freon) 2) secondary refrigerant (Brines)

The properties of ideal is low boiling point, low freezing point, low specific volume, 

high thermal conductivity, non flammable, non explosive, non toxic, high COP and does 

not affect the Ozone layer:-

The Earth's ozone layer protects all life from the sun's harmful radiation, but human 

activities have damaged this shield. Less protection from ultraviolet light will, over 

time, lead to higher skin cancer and cataract rates and crop damage. The U.S., in 

cooperation with 190 other countries, is phasing out the production of ozone-depleting 

substances in an effort to safeguard the ozone layer.

Then when we choose a refrigerant we must keep in mind that it does not affect the 

Ozone layer.
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2.15- Some ideas to reduce the energy consumption during 
operation.
^Thermal equilibrium can be reduced during operating: -

1- Strictly, limit the period o f the door opening.

2- Keep the door seals at good condition.

3- Avoid the product temperature rise during handing.

*Cold rooms operation always depends on knowing the following:- 

I - Product storage condition.

2- Keep rule o f loading, unloading, maintaining and clean the cold room.

3- Operation and maintenance o f refrigeration equipment.

2.16- Cold room management: Ref. [3\

The operation o f cold rooms must take into account the storage requirements o f the 

product, rules for loading, maintenance and hygiene, and the running and maintenance 

of the refrigeration equipment.

Good management of cold stores needs knowledge and experience of:

- Storage conditions o f the commodities;

- Directions for loading of the rooms and maintaining a clean and hygienic State,

- Management, control and maintenance of refrigeration equipment;

- Staff training in store operation.

The loading o f a room should be as rapid as possible if there is no pre-cooling process 

but should be monitored carefully so as not to over-load the refrigeration plant, or 

cooling of the produce will take much longer leading to reduced storage life.

2.17- Loading method:-
The loading methods of cold storage are:-

1-Roadmap method.

2- Keep free spaces for air circulation and product change.

3-Marking the ground for places stacks.

2.18- UNLOADING COLD ROOMS
When products leave the cold room there is a risk of condensation of atmospheric 

humidity on the cold surfaces, making them w7et and liable to microbial development.



This can damage the packaging materials or spoil their appearance, which can 

sometimes be irreversible if carton or cardboard packaging is used.

Condensation occurs when the dew point of the ambient air is higher than the surface 

temperature of the product or its packaging. At this point it is necessary to take some 

precautions, such as proceeding on a progressive re-warming pattern, or promoting 

quick evaporation of the moisture formed by introducing slightly warmed dry air, or 

covering the product with awning or, finally, using packaging materials that resist the 

adverse effect of the moisture.

The graph in Figure (2.2) shows how to calculate if there is any risk of condensation 

when moving a product from storage to a different ambient temperature.

For efficient management and stock control, any unloading operation must obvious be 

written on the control table for the chamber, including all relevant data. Ref[3]

2,19- HYGIENE AND DISINFECTION
Cold storage room must be kept in a strictly hygienic condition as microbial invasion is 

a grave risk. The following operations are essential:

- immediately eliminate all waste in a cold room;

- each time a room is emptied, or after re-warming rooms at low temperature, wash 

floors and walls with detergent and hot water, rinse them with clean water, and spray 

with a solution containing active chlorine (0.3 percent);

- clean pallets and storage containers every four months;

- mdisinfect chilled storage rooms for 48 hours at least twice a year and product 

rooms when they are emptied;

- before storing products in rooms that have contained strongly odorous fruits and 

vegetables, deodorize by washing, prolonged ventilation and finally spraying with a 

solution containing ammonium salts.

Hygiene must be maintained after storage, during transport and distribution. Transport 

over long distances should be in refrigerated vehicles, which must be cleaned and 

disinfected after every day's duty.
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CHAPTER THREE 

DESIGN OF STORA GE



3- DESIGN AND CONSTRUCTION OF COLD 

STORAGE OF ORANGE

Fig (3.1) COLD STORE DESIGN

In the Fig (3.1) show the site plan of the cold storage

1-Cooling room.

2- Pre-cooling room

3-Equipment room

4-Sidewalk

5-Evapretor
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3.1- Cold room dimension:-
The total volumes of the cold room equals the size needed for product storage 

plus air circulation space, in the initial design the total volume equal double size (net 

volume). The high internal height depends upon the handling method and the types of 

stacks. And the height of stacks does not exceed 3m for manual handling. The internal 

height and width can be almost the same for small room.

3.2- Basic dimensions:-

The identification of the cold room dimensions depend upon how storage 

product on the floor room. And calculate the net size of product by this relationship.

M= Cv Vp --► (1)

Ref. [7] 

M  = room capacity by ton 

Vp = Net volume by m
•>

Cv = Volumetric loading rate by kg/m 

relationship between the volumetric loading rate and surface loading rate

Ca = CvHp---------► (2)

Ca = Surface loading rate 

Hp =  height of the Net product

•  the following table give volumetric rate for some product:-

Table No (3.1) Rate of product
C v  (kg/nr3) Product

400 Fruits

350 Vegetable

400 Meat

350 Poultry

270 Eggs

600 Milk

Where: - 

The

is:-

Where: -
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Calculation

Let room height = H = 4m

Product net height = Hp = 3m

Assume volumetric rate from table (3.4) = Cv = 400 kg/m

Area of Net floor = Ap

M = Vp Cv = Ap Hp

_ A p

tIa

Where r|A = thermal factor of floor net used 

A = V M/ Cv _  50.103/ 400
h 7  h p 3

Wliere Product M= 50 ton 

: A = 4 2  m2

The following table (3.2) gives thermal area of floor

Table No (3.2) Thermal area

Thermal factor (t|A) Area m2 Room type
0.75 - 0.8 Small than 1 0 0 Small

0.8 - 0.85 100 - 400 Middle

0.85 - 0.9 Bigger than 400 Bigger

From table (3.5) let tja = 0-75
Ap _42 
0.7 0.75

Area of the room = A = 56m2

Room dimension = 6x 10 x4 m3 or 20 x 33 x 13ft
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3.3- Building design:-
Room (wharehouse) design is a complex work for engineers from different areas 

(Civil, mechanical and electrical). Each of those engineers should be concerned more 

about the whole project than about his own field. The proposed solution is based on our 

knowledge o f the area and space to be chilled. Types o f products and data about 

surrounding environment. It is from the point of view o f the mechanical engineer 

leaving the details for civil engineer.

The main building of the wharehouse covers the demission ( 6 x 1 0 x 4  m). A 

cold storage wharehouse o f a big cubic feet capacity construction is usually reinforced 

concrete or brick. High quality insulation is chosen for its economy based to on 

estimated life.

We preferred using local material to built walls, ceiling and floor. The most suitable 

materials are concerte block and cement. The building will use the insulating material to 

reduce the amount o f heat that can enter the store through the walls and ceiling. Most 

cold stores in local market are now constructed from local material.

3.4- Insulation:-
The thermal insulation of building is to prevent the heat transmission from the outside 

to the inside or reverse, if the temperature is high or low. The thermal insulation 

material like, fiber glass, cork, and reflective insulation material.

Cork is made from the bark o f  trees, and is used for the walls in a form panels or 

powder and we select the cork because that can be used for thermal insulation.

3.4.1-Calculation insulation thickness: R ef [3]

K  = - P-  
0 0 - 0

Where:- K = heat transfer coefficient o f air(W/ C° m2

P = max heat loss W/m2 

® o = out side temperature 

® = Inside temperature

e

Where ^ = heat transfer coefficient o f insulation W/c°m 

e = thickness

28



^ = (0.022 to 0.05) w/c°m for cork 

Let p =10 w/m2 = wall loss 

0.025 

© = 3 8 c °

X 0.025(38)
Thickness e = — = 77. = 0.095m

k  iu

:. e = ~ 10cm.

3.4.2- The advantage of local insulation over prefabricated 
panels in SUDAN:-
1-The cost: we find a big difference in the cost between the local insulation and brefap 

construction which reached more o f 50 percent.

2- The height: the maximum height of brefap is limited of 2.4m this height not enough 

to enter the forklift.

3- Future extension: brefap vertical expansion is not possible in future.

4- Life time: the life time of the local insulation is more than brefap.

(According to the local experience)

3.5- Building construction:-
A cold storage wharehouse of a big cubic feet capacity construction is usually 

reinforced concrete or brick. High quality insulation is chosen for its economy based on 

an estimated life.

We preferred using local material to build walls, ceiling and floor. The most 

available suitable materials are concrete, block and cement in blasting. For insulation 

material, many different types of insulation select [CORK] as an insulation material for 

its low thermal conductivity and other facilities

Ref [4]

3.5.1- Wall construction^

The wall consists of 8 inch concrete block " 1" inch cement plaster in each side 

and 4 inch insulation as shown in Fig (3.2)
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Fig (3 .2) Wall construction

The wall is painted white from out side to decrease the heat transfer by radiation. 

Properties of construction materials are shown in the following table (3.3) 

Ref. [4]

Table (3.3) properties of construction materials
Item Density K C

Concrete block - - 0.9

Cement plaster 116 5 -

Cork 2.5 0.16 -

Concrete 60 1.7 -

Asphalt 70 - 2.27

Where

K = thermal conductivity of material (Btu/hr- ft2 -  in °F)

C = thermal conductance [Btu/hr- ft2 — in - °F) (test thickness) 

X= the thickness of material in inches.

U= overall heat transfer coefficient.

Rt = overall thermal resistance.

Where
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F, ~ surface conductance of inside walls, floor ceiling 

F„ = surface conductance o f out side walls floor and ceiling 

For non hotnemogenous material use 1/c instead x/k 

F, = 1.56 f Btu/hr. ft2 °F) — ref No (4)

F0 = 6 (Btu/hr. ft2 °F) -> ref No (4)

R, = 1/1.65 + 1/6 + 8/0.9 + 4/0.16 +2/5 = 35.07 ( hr. ft2 °F) / Btu 

U = I/ R, -  1/35.07 = 0.03 Btu / hr ft2 °F.

3.5.2- Roof construction:-
The roof consists o f 6 inch concrete, 6 inch insulation 0.75 asphalts and 0.5 inch 

cement plaster. As shown in Fig (3.3)

ASPHALTE Ai

INSULATION

-------3r

CONCRETE

CEMENT PLASTER

Fig (3.3) Roof construction

Using equation No ( I ) 

R ,=  1/1.65 + 1/6 + 1/2.27 + 4/0.16 + 6/1.7 + 0.5/5 

-  29.84 ( hr. ft2 °F )/ Btu 

U= 1/29 .84 = 0-0335 [Btu/ hr Ft2 °F)]

3.5.3- Floor Construction:-
The floor design o f the cold store is one o f the most important considerations to 

ensure long, the floor will expand under the store as a result o f  press o f  freezes water 

This water immigrates from under ground to the surface as a result o f  potential pressure 

difference related to temperature. The protection from this problem is done into tow 

ways:-

1- By making the structure o f the floor from reinforcement which resists that 

cracks if made by expansion



2- By applying heat under the floor in the form of thermocouples buried under the 

floor, electric heater cables, pipes carrying hot oil or other antifreeze can be 

circulated.

The floor o f wharehouse consists of 8 inch concrete and 4 inch insulation, 1 inch 

cement plaster and place for heating pipes system when needed. Show fig (3.4)

CEMENT PLASTER AV

V

CONCRETE

A

INSULATION
V

CONCRETE i i

--------- ar

Fig (3.4) Floor construction

F0 = 0 there is no air layers under ground Ref [2]
Using equation (1) and table (3)

Rt = 1/1 .65 + 3/5 + 8/1.7 + 4/0.16 = 30.4 (hr ft2 °F) / Btu

U -  1/ R.T = 0.0328 [Btu/ hr ft2 °F)

3.6- Door Selection:
We used the insulated door horizontally sliding, this type o f door may roll on a track in 

the floor and have only guides at the top, and advantages are:-

1. Easy to open and close.

2. Do not use side area like swinging door.

3. Do not effect by the different pressure inside and outside.

4. Is not moved by the wind.

And precautions concerning safety should be taken for the risk o f  closing somebody in 

side the wharehouse, the possibility o f  opening the doors from inside and manually in a 

simple way. Air curtain plastic sheets are also used.
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3.7- Determination of evaporating temp:-
There is a temperature difference between air entering the evaporator and the air leaving

evaporator 5 v= (9— 18) °F Ref [2],

And there is a temperature difference between air leaving the evaporator and evaporator 

temperature 8 m= (4— 9) °F Ref. [9],

As shown in figure (3.5).

5 v =(9—  18) °F 

5 m = (4— -9) °F 

From Fig (3.5) take:

5 m = 9 °F 

8 v = 18 °F

T2 = Storage temperature = 34 °F

V

T,

S m 
Te

Te = evaporator temp = T2 - 5 m = 34- 9 = 25 °F 

T, = T2 + 5 v  = 34+ 18 = 52 °F

Where :-

Te = evaporative temperature.

T 1 = temperature of air entering evaporator.

T2= temperature of air leaving the evaporator

3.8- Determination of condensing temp:-
Let (7) °F the temperature difference between air entering and leaving the condenser 

and let (8) °F between temperature leaving condenser and condenser temperature. 

Ref [2]

From fig (3.6)

5 v = 7 

8 m = 8

Ti = inlet condenser temperature = 108 F

T2 = outlet condenser temperature = 108 + 7 = 115 °F

Tc = condenser temperature = 115 + 8 = 123 °F
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3.9 - Stages Select:-

At Te = 25 F Pe= saturated pressure

At Tc =123 F Pc=saturated pressure

Po/Pe = 336.94/ 76.94 =4.37

:. 4.37 < 8

We used single stage cycle Ref. [2].

= 76.94 psia 

=336.94 psia
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CHAPTER FOUR 

COOLING LOAD CALCULATION



4-COOLING LOAD CACULATION

4.1- The cooling load:-

The cooling on refrigerating equipment seldom result from any one single source of 

heat. Rather, it is the summation of the heat which usually evolves from several 

different sources. Some of the more common sources of heat which supply the load on 

refrigerating equipment are;

1- Heat that leaks into the refrigeration space from outside by conduction through 

the insulated walls.

2- Heat that is brought into the space by warm outside air entering the space 

through open doors or through cracks around windows and doors.

3- Heat given off by a warm product as its temperature is lowered to the desired 

level.

4- Heat given off by peoples occupying the refrigerated space.

5- Heat given off by any heat producing equipment located- inside the space. Such 

as electric motors, lights and electronic equipment.

The importance of any one of these heat sources with relation to the total cooling 

load on the equipment varies with the individual application. Not all of them will be 

factors in every application, nor will the cooling load in any one application 

ordinarily include heat from all these sources. However, in any given application, it 

is essential that consideration be given to all heat sources present and that all the 

heat evolving from them be taken into account in the over-all calculation. 

Ref [2]

4.2- Equipment running time:-
Although refrigerating equipment capacities are normally given in Btu per hour, in 

refrigeration application the total cooling load is usually calculate for a 24-hr period, 

that is, in Btu per 24 hr. Then, to determine the required Btu per hour capacity of the 

equipment, the total load for the 24-hr is divided by the desired running time for the 

equipment:
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Required Btu/hr 

Equipment 

C apacity

Total cooling load, Btu/24hr 

Desired running time

Because of the necessity for defrosting the evaporator at frequent intervals, it is not 

practical to design the refrigerating system in such a way that the equipment must 

operate continuously in order to handle the load. In most cases, the air passing over the 

cooling coil is chilled to a temperature below its dew point and moisture is condensed 

out of the air onto the surface of the cooling coil. When the temperature of the coil 

surface is above the freezing temperature of water, the moisture condensed out of the air 

drain off the coil into the condensate pan and leaves the space through the condensate 

drain. However, when the temperature of the cooling coil is below the freezing 

temperature of water, the moisture condensed out o f  the freezes into ice and adheres to 

the surface o f the coil, thereby causing "'frost" to accumulate on the coil surface.

No matter how the defrosting is accomplished, the defrosting requires a certain amount 

of time, during which the refrigerating effect of the system must be stopped. Method of 

defrosting the coil is to stop the compressor and allow the evaporator to warm up to the 

space temperature and remain at this temperature for a sufficient length of time to allow 

the frost accumulation to melt off the coil. This method of defrosting is called “off- 

cycle” defrosting. Since the heat required to melt the frost in off-cycle defrosting must 

come from the air in the refrigerated space, defrosting occurs rather slowly and a 

considerable length of time is required to complete the process. Experience has shown 

that when off-cycle defrosting is used, the maximum allowable running time for the 

equipment is 16hr out o f  each 24-hr period, the other 8 hr being allowed for defrosting 

This means, of course, that the refrigerating equipment must have sufficient capacity to 

accomplish the equivalent of 24 hr o f  cooling in 16 hr of actual running time. 

R e f \2]
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4.3- Total cooling load calculation:-
To simplify cooling load calculations, the total cooling load is divided into a 

number of individual loads according to the sources of heat supplying the load. The 

summation of these individual loads is the total cooling load on the equipment.

In commercial refrigeration, the total cooling load is  divided in to  fou r separate Joads - 

The wall gain load,

The air change load,

The product load,

The miscellaneous or supplementary load. Ref [2]

4.3.1- The wall gain load:-
The wall gain load, sometimes called the wall leakage load, is a measure of the heat 

which leaks through the walls o f the refrigerated space from the outside to inside. Since 

there is no perfect insulation there is always a certain amount of heat passing from the 

outside to the inside whenever the inside temperature is below that of outside. The wall 

gain load is common to all refrigeration applications and is ordinarily a considerable 

part of the total cooling load. Ref [2]

4.3.2-The air change load:-
When the door of refrigerated space is opened, warm outside air enters the space to 

replace the more dense cold which is lost from the refrigerated space through the open 

door. The heat which must be removed from this warm outside air to reduce its 

temperature to the space temperature becomes a part of the total cooling load on the 

equipment. This part of the total load is called the air change load.

The relationship of the air change load to the total cooling load varies with application. 

Whereas in some application the air change load is not a factor at all, in other it 

represents a considerable portion of the total load. For example, with liquid chillers, 

there are no doors or other openings through which air can pass and therefore the air 

change load is nonexistent. On the other hand, the reverse is true for air condition 

application.

Since the doors on commercial refrigerators are equipped with well-fitted gaskets, the 

cracks around the doors are tightly sealed and there is little, if any, leakage of air around 

the doors o f a commercial fixture in good condition. Hence, in commercial 

refrigeration, the air changes are usually limited to those which are brought about by 

actual opening and closing of the door or doors. Ref [2]
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4.3.3- The product load:-
The product load is made up of the heat which must be removed from the refrigerated 

product in order to reduce the temperature of the product to the desired level. The term 

product as used here is taken to mean any material whose temperature is reduced by the 

refrigerating equipment and includes not only perishable commodities, such as 

foodstuff, but also such items as welding electrodes, masses of concrete, plastic, rubber, 

and liquids of all kinds.

The importance of the product load in relation to the total cooling load, like all others, 

varies with application. In other it represent practically the entire cooling load. Where 

the refrigerated cooler is designed for product storage, the orange is chilled to the 

storage temperature before being placed in the cooler and no product load need be 

considered since the orange is already at the storage temperature. However, in any 

instance where the product enters a storage cooler at a temperature above the storage 

temperature, the quantity of heat which must be removed from the product in order to 

reduce its temperature of the storage temperature must be considered as a part of the 

total load on the cooling equipment. Ref [2]

4.3.4- The miscellaneous load:-
The miscellaneous load, sometime referred to as the supplementary load, takes into 

account all miscellaneous sources of heat. Chief among these are people working in or 

otherwise occupying the refrigerated space along with lights or other electrical 

equipment operating inside the space.

In most commercial refrigeration application the miscellaneous load is relatively small, 

usually consisting only of the heat given off by lights and fan motors used inside the 

space.

4.4 - Respiration heat:-
Fruits and vegetables are still after harvesting and continue to undergo changes while in 

storage. The more important of these changes are produced by respiration, a process 

during which oxygen from the air combines with carbohydrates in the plant tissue and 

results in the release o f carbon dioxide and heat. The heat released is called respiration 

heat and must be considered as a part of the product load where considerable quantities 

of fruit or vegetable are held in storage. Ref [2]
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4.5- Factors determining the wall gain load:-
The quantity o f heat transmitted through the walls o f a refrigeration space per unit of 

time is the function of three factors whose relationship is expressed in the following 

equation 

Q = AUT

Where Q = quantity o f heat transferred in (Btu/hr)

A = the outside surface area of wall (ft )

T = the temperature different a cross the wall [°F]

U = the over-all heat transfer coefficient o f heat transmission (Btu/ hr ft2 °F)

To take into account the sun effect on the wall and roof surfaces some degrees of 

temperature must be added to the normal temperature difference for heat leakage 

calculation in the previous formula to compensate for the sun effect are shown in the 

following table (4.1). Ref.[l],

Table (4.1) degrees of temperature

Type of 

Surface

East

Wall

South

Wall

West

Wall

Flat

Roof

Dark color 

Surface

8 5 8 2 0

Whit pain 4 2 4 9

4.6- Storage room:-
Qi
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4.6.1- Calculation of the walls gain load:-

Design temperature 

Design humidity (R h )

Storage temperature 

Ground temperature 

From equation Q =Area * U * TD * 24 

Qi + Q3 = 2(33x 13) 0.03 (108 -34)

Q2 + Q4 = 2 (20 x 13) 0.03 (108-34) 

Qroof = 33 x 20 X 0.0335 [108-34+20]

Q groun

Total Q,

:. Q = 7345.016 x 24

= 108 F from chapter (3)

= 35 %

= 34 °F 

=103 F

-  33 x 20 x 0.0328 [103-34]

= 1904.76 Btu/hr 

= 1154.4 Btu/ hr

= 2078.34 Btu/ hr. 

= 1493.712Btu/ hr.

= 6631.21 Btu/hr 

=159149.04 Btu/24hr

4.6.2- Calculation of the Air change load:-
Inside volume = 33x20x  13 = 8580 ft3

Average air change =5.2 Ref. [3]

Heat gain cubic foot =1.87  Btu/ cu ft

Air change load = 8580x 5.2x 1.87 = 83431.92 Btu/hr

4.6.3- Calculation of the Respiration load:-

= M * reaction heat

M=The weight of product = 50 ton = 50 x lOOOx 21b

Reaction heat = 0.0285 Btu/Ib/hr Ref. [3]

Q(Btu/24hr)=Weight of product(Ib)*respiration heat(Btu/lb/hr)*24hr 

:. Q = 5Ox lOOOx 2 x 0.0285 x 24 = 68400 Btu/24hr
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4-6.4- Heat given by light: -
The heat given off by lights = 3.414 Btu per watt per hour.

The flux needed per squire is 1/4 watt

Area of storage = 33 x 20 = 660 ft2

1/4 storage= 660/4 = 165 watts

Lighting load = 3.41 x 165 x 24 = 13503.6Btu/ 24 hr

4.6.5- Heat given by electric motors
We used one forklift = 5 HP

For electric motor of power between [5— 20]

Hours power is 2995 (Btu/ hr hp) Ref [3]

Q = 1 x 5 x 2995 x 24 = 359400 Btu/24 hr

4.6.6- Heat given by the worker:-
We used one person because the wharehouse needs for service only one person.

The heat carried out by each person depends on room temperature for 34 F = 897 Btu/hr 

:.Q  = 897x 24 = 21528 B tu /24 hr

4.6.7 - Heat given by the product:-
Q = zero [the product enter the store with the storage temperature]

4.6.8 - Heat given by the defrost:-
We used Non- frosting evaporators which is operate at temperature above 0 °C at all 

times. Therefore the frosts does not form on the evaporator occasionally, the evaporator 

may build up a light coat of frost just before the compressors shuts off.

This frost immediately melts on the off cycle: Q = 0

4.7- Total load summation:-
The total cooling load is the summation of the heat gain as calculation from the several 

sources of heat in every storage are shown in table (4.5).

It is common practice to add 5% to 10% this value as safety factor. The percentage used 

depends upon the reliability o f the information used in calculating the load, but as 

general rule 10% is used. Ref. [2],
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Table (4.2) total load for storage

| No
t

i

Item Load 

Btu/24 hr

1 Heat gain by wall 159149.04

2 Air change load 83431.92

Respiration load 68400

4 Lighting load 13503.6

5 Electric motors load 359400

6 Heat from workers working in the room 21528

Total load 705412.56

Using 16 hr/by as running time 

Actual load = 705412.56 /16 

Using 10% as safety factor 

Total load = 1 1x44088.285

= 48497.1135 /3.41x 1000

4.8- MACHINE SELECTIONS

After the calculation of total load for room provided that we have storage conditions for 

product that will be stored we can select on technical and economical basis suitable 

equipments using of the common available systems of refrigeration.-

= 44088.285 Btu/24 hr

= 48497.1135 Btu/ 24hr

= 14.22 kw
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4.9- CHOICE OF THE COMPRESSOR, CONDENSER AND 

EVAPORATOR

Ref. [2]
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4.9.1- Compressor capacity

The capacity o f the compressor is equivalent to the amount of the heat, which must be 

taken from a cold storage. If  a compressor is used in the cooling storage, the compressor 

capacity is determined according to the duration of repairing, maintenance and stopping 

and daily working time of the compressor. The daily working period depends on 

temperature of the storage, temperature of the evaporator and the daily defrost duration. 

The daily working hours generally change between 14 and 20 h

Ref. [2]

Compressor capacity is considered equal to removing total heat load. Work of the 

compressor, theoretical compression heat and theoretical compression work can be 

calculated by the following equations;
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4.9.2- Amount of cooling gas:
Amount o f cooling gas is calculated by using the Eq. (4.1)

Where:

G= Amount of cooling gas (lb h-1)

Q=Cooling load of the system (14.22kJ/ h) 

hl=Enthalpy at point 1 Fig (5.5) = hg = 94.9 Btu/Ib 

h3=Enthalpy at point 3 = hf = 59.7 Btu/Ib Ref [ 1 ]

G = (48497.1135)/ (94.9 -  59.7) = 1377.76 Ib/24h

L = :h;-h ) ........................................(4.2)

Where:

L=Compressor work (kJ h-1) 

hl=Enthalpy at point 1 (Fig.5.5) (94.9Btu/Ib) 

h2=Enthalpy at point 2 (Fig5.5) (106Btu/Ib)

L =h2 hi = 1 0 6 - 9 4 . 9  =11.1 Btu/lb

q,= G.L .........................(4.3)

Where:

sky=Theoretical compression heat (kJ h-1)

G=Amount of the cooling gas (kg h-1 ) 

qi=G.L — ( 1 3 7 7  76) * ( 1 1 . 1 ) =  15293.136 Btu/24h 

qk = Wt/3410

Where:

Wt=Theoretical compression work (kW)

= (3 5293.136)/(3410)=  4.48 kw 

After calculating the theoretical power of the compressor, the effective compression 

power which is also called consumption power can be determined by the use of Eq (4.4) 

....................................................................... (4-4)

w=wi —
V: V:

impression power (kW) 

r]i=Indicator efficiency (85%) 

r)m=Mechanical efficiency (85%)
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Wp = (4.48)(l/0.85)(l/0.85) 6.2 kw

According to the effective compressor power, power o f the driver engine is calculated 

from Eq (4.5)

W^= 1 ,3 5 . W~ .................................................... (4-5) Ref [2 ]

Where:

Wm = Driver engine power for compressor (kW)

= 1.35(6.358) = 8.4 kw

• R-404A

HFC refrigerant R-404A has been chosen by equipment manufacturers as the long-term 

replacement for R-502. R-404A is an excellent low- and medium-temperature

refrigerant, due to high energy efficiency and zero-ozone-depletion potential. R-404A is 

a near-isentropic blend of HFC refrigerants R-125, R-143a, and R-134a. It is 

commercially available from numerous sources and is becoming the most popular 

refrigerant of its class.

4.9.3- Capacity of evaporator:
The specific heat load of the evaporator is calculated by using following equation after

determining enthalpies for accepted evaporation and condensation temperatures from

Mollier Diagram (Ersoydan, 1967; Dagsoz, 1981).

%-=  h A  ..........................
Where:

be =Specific heat load of the evaporator (kJ kg-1)

qb will be positive because of hi > h3. It means that the cooling system takes heat from

Point 1 to Point 3.

qb = 94.9-59.7=  35.2B tu/Ib

The capacity o f evaporator is equal to total removing heat load. This cooling load is 

received by the evaporator then passed to the cooling gas. The cooling gas is 

pressurized by the compressor. The temperature of the evaporation may be 10 and 15°C 

lower than the cold storage temperature. Evaporator capacity can be calculated by the 

use of the Eq (4 .7)
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% = Q=G.% ......................... (4.7)
Where:

Qb = Capacity of the evaporator (kJ h-1)

=35.2 * 1377.76 = 48497.152Btu/24h/3410 = 14.22 kw

4.9.4- Select the evaporator:-

After we find the capacity and temperature of evaporator (14.22kw,-4c) we enter the 

GUNTNER website company to select the best evaporator. Table (4.3)

Guntner Evaporator low temperature 500mm Fan GSF050.1D/27.ES

Guntner Evaporator low temperature 500mm Fan GSF 050.1D/27.ES Dual fan

electric defrost

@-24 sst/6  ktd (-18 degree room/cabinet)

Watts R404A 15300
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Table (4.3) evaporator description

Air Air Qty L / sec 4294- Air Throw (m) Std Unit 22- Defrost heaters

Coil Qty 5 - Watts (ea) 1750 - Amps (ea) 7.61

Pan Qty 2 - Watts (ea) 1250 - Amps (ea) 5.43

Fan

Motor

Diameter 500mm - No of Fans 2 - RPM 1390 - Watts (ea) 780 - Amps (ea)

1.35

Voltage (ea) 400

Sound Data dB(A) @ 1 metre 68 

Surface Area m2 80.6 

Fin Spacing mm 7 

Expansion Valve Type EXT 

Suction Connection mm 42 

Liquid Connection mm 28 

Dry Weight kg 143

Dimensions 

in (mm)

L=2363

D=693

H=747

Ref [8]
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4.9.5- Capacity of condenser:
According to the temperatures o f the evaporation and the condensation, the specific 

heat load and the capacity of condenser can be calculated by the use of enthalpy values 

from Molliere Diagram (Anonymous, 1997).

Q v =  !%-h2 ........................ (4 -8)
Where:

qy = Specific heat of the condenser (kJ kg-1)

qy is negative because o f i2>i3. It means that the system loses heat from point 2 to point

3 (Fig5.5)

qy -  59.7-106 = -46.3Btu/IB

Q, = C.q........................(4.9)

Where:

Qy = Capacity of the condenser (kJ h-1 )'

G  = Amount of the cooling gas (kg h-1)
*

Qy = 1377.76 * 46.3 = 63790.288Btu/24h

In practice, the capacity of the condenser may be accepted 15% bigger than the total 

heat load. It can be calculated by the use of Eq (4.10)

Q, = 1.15 Q ................(4 1 °)
Qy = 63790.288 * 1.15 = 73358.8312/3410= 21.5 kw

4.9.6- Select the condenser unit -
After we find the capacity and temperature of condenser (21.5kw, 51c) we enter the 

GUNTNER website to select the best unit. Table (4.4)
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Table (4.4) condenser description

business area: Refrigeration, air, conditioning

Application area:- Refrigerant condensation with ambient air, for outdoor

installation

power spectrum: 7 - 300 kW

refrigerant: all refrigerants except NH3, C 02

air flow direction: vertical /  horizontal

Quality standard Eurovent

Your a d v a n t a g e s :

- microox® technology

- light-weight due to the material aluminium

- smaller heat exchanger coil for reduced refrigerant charge

- new concept for mounting

- quick and easy to install

- speed controllable fans

- Low-noise design

- simple and quick cleaning

- casing and coil made of corrosion-resistant aluminium alloyed Ref [8 ]

4.1Q- CemWftg (v,V.
Main objective o f cooling systems is removing the heat from cold source at maximum

level out o f the storage. Consuming minimum work for this purpose depends on cooling

efficiency. Cooling efficiency or cooling effect can be calculated by using Eq (4.11)

: = h. - K ............................. (4.11)
k,

i ne ucui case o f pressure at compressor suction, compressor working under lower 

efficiency and more working hours than normal cause increase cost o f management. In 

contrary, the increase of suction pressure of compressor cause to be off the point of 

optimum working conditions and to the decrease life o f the compressor.

Ref [2]

hv - f  := —----—

= (94.9 -5 9 .7 ) /(1 0 6 -94.9) = 3.17
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CHAPTER FIVE 

COLD ROOM OPERATION



5- Cold room Operation

5.1- Packaging:-
The packing is chosen according to the nature condition of product and here will use 

plastic for the following advantage -

1 - Appropriate of orange.

2 - Chemically inactive.

3- Does not absorb or send odor.

4- Suitable for commercial purpose.

5- Valid for text imposed legislation.

6 - Resist of pressure and shock during the handling.

7- Size can be controlled by less cost.

8- Suitable dimension of boxes orange is (40x 20 x 12 cm)

9-Weight of box = 6 kg.Ref [3]

5.2- Setting stacks:
Stacks which is important for all products that are handed in the form packages.

Stacking method, depend to resistance, and it is quite enough to prevention the lower 

layers from compression show fig no (6 . 1  ).

5.3- Advantage of stacks:
1- Relief worker’s handling of the effort.

2- Reduce the risk of accidents

3- Improve the protection of the products during the transportation and storage.

4- We put the product respectively.

5- We change the location of the product easily?

6- Cold store easily to control.

7- Good air circulation.

8- Cold store manager by the rule (the coming first is out first).
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Fig(5. l)stacks

In fig(5.1 )

Amount of product = 50 ton Weight of box = 6kg

No of boxes =50000/6 = 8333 box No of stacks = 50 

No of boxes in stack 8333/50 =166box 166/6 = 27 box 

Height = 27*12 = 324 cm 

Length = (120*7) + (20+20+75+45) = 1000cm 

Width = (40*8) + (15*6) + (150+20+20) = 600cm

5.4- Door open:
Usually let the door open for the full period to loading or unloading of the product The 

heat exchange increase according the door open for, dimensions of the door, size of the 

room and internal or external condition of temperature, and the result of that to in

possibility of thermal balance heat, and leading to uncontrolled rise in temperature of 

storage. The increase of the cooling load due to open doors is the problem of small cold
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store. And can be controlled through development of plastic curtains can be placed in 

the inner part to cover the hole

5.5- Practice must be followed:
1 -Organizarion handling operation so that the entry and exit of large quantities every 

time.

2- To maintain the door seals, and should be changed as soon as the sight of rupture.

3- Prepare the curtains if is rupture.

4- Information workers for important to let the door closed.

5-Strictly limited the period of the door open. Ref [2]

5.6- Logbook store and management:
In the cold storage we must be keeping the logbook to record the following:-

1- Loading, unloading, location and quantity of product.

2 - Temperature at loading.

3- Jobs: of maintenance, failure and their causes.

4- Various incident and observation.

5- Jobs non-periodic such as painting and modified.
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CHAPTER SIX 

COCLUSION



6- CONCLUSION

In this research presented the modern transfer and conservation of orange which is 

called (COLD CHAIN). The cold chain is:- 

Cold store in production place.

- Cold vehicles for transportation.

Cold room in the market.

Cold car for distribution.

Cold and freezer refrigerator home.

The process of orange distribution until reaches the consumer by the following steps:-

1- The pre-harvest factors such as mineral nutrition, irrigation and exposure of the 

Orange to sunlight.

2- The orange harvested at correct stage of maturity.

3- The processes o f cleaning and grading are to take place immediately 

After harvesting.

4- Packing of orange by suitable material

5- Pre-cooling of the orange

6 - The transportation by refrigerated vehicles.

7- The preservation of the orange at the optimum condition.

8- Using small cars for the distribution to the supermarkets.

After adopting the cold chain we achieved the following 
results:-

1 - The orange wastage is reduced

2- The orange quality improved.

3- The product is cheaper for the consumer.

4- The product is available all the year round
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CHAPTER SEVEN 

RECOMMENDATION



7 - RECOMMENDATION:-

1- Cold chain used of orange preservation

2 -  Vehicles used for temperature controlled transport are important to

Safe Orange

3 -  Prepare the studies o f  technical data a bout the local building

Materials

4 -  The use of modern available technology to improve refrigeration

storage
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9 -  APPENDIX: -

METEOROLOGICAL OF SUDAN

Khartoum max temp in C

2008 39.7 38.5 44.5 45.4 45.5 43.5 43.5 42.0 43.0 42.5 39 37.5

2009 33.1 35.8 37.3 43.1 41.7 42.5 38.5 38.7 40.7 39.8 35.1 31.3

Khartoum mini temp, in C

2008 16.6 16.7 22.5 26.4 27.6 27.9 27.0 25.8 27.0 25.6 22.8 19.9

2009 18.7 20.4 20.8 25.8 27.6 29.2 26.0 26.9 28.4 27.5 21.8 17.4

Khartoum R.H%

2008 35 30 18 33 49 61 57 38 57 38 29 26

2009 27 27 33 21 18 24 47 52 42 27 27 27
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