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Introduction 

The current dependence of refrigerated vessels is indisputable. Ships 

are becoming increasingly present in our society so that without them 

could not carry goods all over the world. Currently require large fleets 

and large investments to maintain current production levels for the 
sector does not decline. These are the reasons that led me to choice this 

topic. 

The main objective of this project is to make the whole process of 

calculation and design of the refrigeration system of a reefer. The 

refrigeration system must be designed and calculated to cool, store the 

products of each chamber at determinate temperatures.  It will contain 

two parts. The theoretical part will provide the knowledge needed to 

develop calculation section. It requires the demonstration of each 

component calculated and the selection. We should make an economic 

study of the selected components. 
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Chapter 1 

1. What is cooling? 
 

Cooling can be defined quite simply as the process of removing heat 
under controlled conditions. Cold or cooling is simply a relative term 

that refers to the absence of heat. So to produce “cold or cooling” heat 

must be removed. This can be accomplished through the use of ice or 

any mechanical means. Although refrigeration has been described in 

terms of preserving food, this is just one of many major applications. It 

also applies to provide comfort conditions and the production of raw 

materials and finished products. 

1.1. What is a reefer? 
 

A reefer is a type of merchant vessel that originates from the World war, 
when it’s able to solve the problems of thermal insulation of the holds 

and installation of cooling equipment. 

A refrigerator ship is equipped with refrigeration equipment that makes 

it possible adjust the temperature in the holds. 

High-temperature refrigerator ships are suited primarily for 

transporting cooled products, such as: fruits, vegetables, eggs, and 

lightly salted and cooled fish. 

These types of ships have many things that you can recognize them. 
They have part of the deck stands, many cranes on the deck… One 

thing that seems not to be essential and it’s really important is the color 
of the ship. Mostly of them are white, the reason is because the white 

color reflects the sun’s ray, don’t absorb. 

Main characteristics to consider in our refrigeration system: 

1. Capital cost: As everybody expects the expensive products 
normally are better than the others but most of times is 

necessary, so in this project we will decide our best components 

but taking care of costs. 
2. Running cost: The cost of electricity usually represents the major 

cost, but there many costs as fuel, water… that we should 

include. 
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3. Environmental impact: As a refrigeration system this one will 

have an environmental damage which should be checked. 

4. Installation time and space: We must remember that we are in 

a vessel and this, have many requirements. 

5. Operational requirements: How many people and systems we 

should include for the correct operation. 

6. Maintenance: Most modern operation is almost maintenance fee 
but the user must be are of the maintenance functions required 

in the system. 

7. Life expectancy:  Years are going to be refrigerating the system 

in the vessel. 

2. Foods 
 

The main foods subject to cooling processes include meat, fish, fruits 
and vegetables in general. These foods consist of organic matter, which 

should know its structure, its composition and its evolution when 

subjected to different temperatures. 

Cells, such as elemental beings, cells can be killed or can be alive; 

during the conservation process by the application of cold can continue 

to perform its vital functions, even at low temperatures, cellular activity 

is much lower than at temperature environment. 

We need to know the main components of food, highlighting the 

importance of their behavior when subjected to a cold treatment or 

refrigeration. Of all food components, we can say that the water and its 
potential state change by the effect of temperatures at which the 

products undergo is the most important. Besides its components, in 

foods other factors that have significant influence on the evaluation of 

the refrigeration requirements for designing an installation, as well as in 
the determination of the conditions for their preservation. Factors such 

as the size, composition, thickness, the coefficients refrigerators, type 

and characteristics of the packaging, etc… play an important role to be 

considered. 

Foods are made up of fabrics of different nature. The cold has a specific 
on them, resulting in a number of changes and behavior of which some 

can be invisible or imperceptible and others show a much clearer, in 

any case, the changes produced by temperature changes may become 
altered, resulting in positive or negative depending on the control that is 

made of the same. Importantly facing the study of refrigerating 
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applications, as steady compound present in all of them is water, with a 

very significant proportion, between 60 and 90% approximately, in most 

foods. The temperature is checked, slows the development of microbes, 

fungi, yeasts or molds, but there are microbes that are able to 

reproduce even in temperatures of  0 ºC and lower , although the rate of 

reproduction is very slowed and it’s less dangerous for food. The fruits 

once separated from the plant or tree, still performing their vital 
functions of breathing, color change, loosening of aromas, etc…, and it 

takes this point into consideration when making conservation facilities. 

There are four principles in food processing cooling or refrigeration 

techniques that prove to be essential for life and their conservation. 

1. The products to be preserved by refrigeration should initially 

found in a healthy state. 

2. It is necessary to apply a suitable coolant rapidly, and keep the 

temperature constant. 
3. It is imperative to continuously maintain the so-called “cold 

chain” from the origin to the end of storage. 
4. Maintaining recommended temperature and relative humidity for 

the preservation of each food. 

To fulfill the first rule should be monitored extremely hygienic 

conditions of the entire process of storage, handling. Special care 
should be temperature variations during storage, since the bacterial 

growth increases substantially when there are small increases in 

temperature (above 4 ºC), resulting in overall surface rots that waste the 

product. Another parameter that we consider is the relative humidity at 
which it will retain as an important factor to keep the products is the 

percentage of water containing, in a case is vital for its proper 

maintenance and in the flowers, and decomposes more quickly in other 

the product such as meat and seafood. 

2.1. Quick freezing idea 
 

The diameter of the ice crystals formed according to the intensity of 
freezing (in degrees/ time) is inversely related, in example the lower the 

intensity of cooling, the higher the formation of large ice crystals. To 
obtain acceptable results in the maintenance of structures for food, it is 

necessary to achieve a given temperature with a suitable cooling 

intensity, so that the material passes the freezing pint to another to 
produce lower the freezing of a high proportion of water between-4 ºC 

and – 7ºC approximately. 
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2.2. Thickness of products 
 

There are parameters that influence the freezing of food, a coefficient of 

heat transfer from inside to outside the body, in example, comprising 

the various stages that it passes through the heat leaving the element 

we want to be cooled. 

Generally, many systems are convection freezing, in example, cold air, 

which has the disadvantages of higher energy consumption and losses 

of product weight. 

As already shown, the intensity of cooling is attached to the forward 

speed both cold, and determine the temperature difference between the 

outer surface and the interior points of the product being frozen. 

It is important to note that the thickness of the products to be frozen 
determine the time of freezing. If we freeze a product by the square of its 

thickness, the freezing time is four times higher. 

The different kinds of goods are transported at different temperatures. 

Therefore needs to have different space. Goods may be incompatible 

with each other if they can absorb odors from neighboring products. 

The existence of the effect of relative humidity has to be no difference 
between the temperature of handling and coolant temperature, thereby 

assure proper occurs heat transfer. If food is not well handled, there will 

be transfer form water to air causing a surface dehydration of food.  

Such if the relative humidity is high, this will cause deterioration in the 

food.  

2.3. Food components and their behavior 
 

The main components of food are: 

• Carbohydrates 

• Lipids 

• Proteins 

• Water 

Carbohydrates are elements whose main components are carbon, 

hydrogen and oxygen are also known as carbohydrates and simple 

elements include sugars. 

Lipids also contain three main components that have carbohydrates. 
But the most characteristic components and best known are the so-
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called fat. They are insoluble in water, have low density, and within 

their groups, in addition to carbon, hydrogen and oxygen, other 

elements may enter, with different specific functions, among the groups 

that can be highlighted vitamins, hormones, cholesterol, etc… 

Proteins have at least four components, oxygen, carbon, hydrogen and 

nitrogen. Proteins with sugars are very important for nutrition and 
growth of bacteria, when bacteria act on proteins, because degradation 

as a result gives rise to hydrogenated derivatives of organic nature, 

such as purine and ammonia, and other toxic elements 

unpleasantness. 

Water is of fundamental importance in the field of refrigeration, is the 

component that exists in greater proportion in living matter. 

Food, precisely because of its high water content, suffers alteration 

processes. 

Meat, fish, vegetables, fresh fruits, etc… with high contents of water, at 

room temperature have major conservation issues are resolved through 

the application of cold.   

2.4. Conservation fresh fruits and vegetables 
 

Due to the characteristics of fruit and vegetables ideally need to 

adequate facilities. In general; we can say that there is a unique 

conservation or cold treatment of these foods. Fruits and vegetables 

during storage phenomena continue to make breathing and metabolic 
rate, so there must be a good renewal of the cold air. Often the renewal 

air is enough when the doors are open for entry and exit. 

The temperature and humidity retained are not valid for all cases, due 

to existing variety and possibilities. 

The temperature of conservation most used so far is near freezing, but it 

will happen, but on this issue there are different points of view. 

This is why the various theories regarding them, leading to alternative 
criteria of choice of cooling and freezing of plant, whether fruits or 

vegetables. 

In Spain, for example, is more widespread use of refrigeration at 

temperature higher than freezing.  

Bringing fruits and vegetables at temperatures from 10 to 12 degrees 

Celsius what is ideal for handling, cleaning and packaging. 



Enric Subirats Pages                                                                                           20/06/2012 

 

 

 6 

For subsequent storage chambers are used for forced ventilation direct 

expansion systems, with values of humidity between 85 and 90% and a 

chamber filled with about 70% and temperature from -10 to +5 degrees 

Celsius approximately.  

3. Design requirements 
 

This section describes the different design requirements of the project. 

These are divided into three sections: description of ship dimensions of 

the dependencies, requirements relating to the refrigeration system. 

It is necessary to design the refrigeration system to achieve optimum 

temperature and humidity conditions. 

3.1. Vessel characteristics 

 

The vessel proposed is the Green Reefer “Glacier” the vessel is fully 
gratings fitted and is built for a high flexibility for shipment of 
chilled/frozen cargo of both palletized and loose configuration.  
 

The vessel’s high square meter space allows for maximum utilization of 
vessels cubic capacity. The derricks and the hatch design allow for fast 
and efficient cargo operations including transshipment operations.  
 
The ship was built in Japan in 1991, it has a length overall of 115 

meters, it has a length between perpendiculars of 105.50 meters and 

the beam is 17.80. It has a draft of 7.765 meters. The ship is impulsed 
by the main engine that has 6.800 bhp and the maximum speed is 17.5 

knots.  
 

Shipping register:  DET NORSKE VERITAS. 

Build year: 1991 
Shipyard: Kitanihon Shipbuilding Hachinohe, Japan. 

Owner: Green reefers – Bergen, Norway. 

3.2. Dimensions of the dependencies 
 

This section describes the use to which they are intended for different 

holds of the ship. 

The table below describes the features dimensional ship's holds. 



Enric Subirats Pages                                                                                           20/06/2012 

 

 

 7 

CARGO CAPACITY 
Comp. Cubic ft sqm Min.height 
HC 1 3.706 47 2.20 
HC 2 3.711 47 2.20 
HC 3 3.716 47 2.20 
HC 4 3.711 47 2.20 
1A 20.342 222 2.20 
2A 23.501 268 2.20 
3A 24.066 281 2.20 
4A 23.986 279 2.20 
1B 16.717 176 2.20 
2B 22.540 285 2.20 
3B 24.366 285 2.20 
4B 23.553 267 2.20 
1C 13.412 148 2.20 
2C 19.368 208 2.20 
3C 23.298 262 2.20 
4C 20.265 209 2.20 

TOTAL 270.258 3.077  
Figure 1. Cargo capacity of the Glacier’s ship 

4. Refrigeration system 
 

The refrigeration system will be made to put all cameras and 

refrigeration cabinets for proper food preservation. 

The main measures to consider in the design of the refrigeration system 

are: 

• Design and location of the different elements in the plant. 

• Design and sizing of the refrigeration plant.  
This includes: 

• Sizing of the cameras on the ship. 

• Calculation and choice of insulation from the cameras. 

• Calculation of refrigerant needs of cameras. 

• Election of the refrigeration cycle for the cameras. 

• Choice of refrigerant for the cameras. 

• Calculation and estimation commercial evaporators installing. 

• Calculation and estimation commercial compressors installing. 

• Calculation and estimation commercial capacitors installing. 

• Design and appreciation of all the various elements and valves of 
the facilities. 

• Calculation of head losses in pipes and estimation of the 

diameter. 
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5. Rules and regulation 
 

International Standard ISO 5149:1993(E). Mechanical refrigerating 

systems used for cooling and heating – Safety requirements. 

This Standard 5149:1993 (E), was published in 1993 and includes all 
type of refrigerating systems including heat pumps and absorption 

systems except system which its refrigerant is water or air. 

It’s used in all the new, old and refit systems which their refrigerant 

should be taken to minimize the discharge of refrigerant to the 

atmosphere. 

Conditions: 

1. Every system must have many refrigerant detectors to monitor 

the refrigerant concentration in many points. 
2. The detector has to initialize an alarm if there’s something going 

wrong, consequently a plan would be initialized. 
3.  The refrigerant leak alarm has to be powered by an external 

system. 

4. Be careful and trying to avoid stagnant pockets of heavier than 

air refrigerant at low levels. 
5. All electrical equipment shall comply with requirements for 

hazardous areas.  

6. Calculation of heat transfer 
 

Heat transfer elements: 

The objective of the calculation of heat transfer is to determine the 
amount of heat which has to be removed out from the holds in a period 

of time. We will calculate all the system during a day. 

In every refrigeration system we can conclude that, the repartition of the 

frigorific production can be establish under this equality: 

�� = �� + ��																																																																																																																														�1
 
 

Qt= Represents the frigorific production under the used conditions. 

Qu= Amount of the quantity of refrigeration for the foods. 
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Qp= Amount of calorific contributions that the machine needs to 

overcome.  

We can include in Qu:  

1. Heat of respiration. 

2. Packaging refrigeration. 

What we can include in Qp: 

1. Transmission heat. 

2. Air renewal. 

3. Heat contribution from the machinery 

4. Heat given by operators. 

5. Heat by illumination. 

All the calculation is referred to HC1 

6.1. Heat respiration of certain products 
 

In consequence of this respiration produces heat and this has to be 

reduced in order to keep the correct temperature, in this example we 

use apples to see how temperature changes. 

��: 0.84 kJ/ (Kg · K) 

�: 500000 Kg 

� − �: 288.15 – 278.15 K 

�� = �� · � · �� − ��																																																																																																�2
 
     

 

�� = 0.84	 ��
���·�
 · 500000	 ! · �10	 
 : 4.200.000 kJ 

 

Apples 

1kJ/sec = 1 kW 

The time duration is 24x3600 sec =86400 sec. 

Required capacity is 
"#$$$$$	��
%&"$$  = 48.61 kW 

Assuming our ship will be full of apples in every compartment we can 

say our amount of energy will be 5683440 kJ consequently 65.781 kW. 
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6.2. Packaging refrigeration 
 

All foods need to be refrigerated even though are in package. The foods 

produce a respiration.  

We suppose that our foods are at the same temperature in our holds 
than another way of carriage. So, in conclusion we can affirm that  

� − � will be 0. 

At least we assume that our energy consumption will be around 10%. 

10% more of packaging = 65.781 + 6.5781= 72.3591 kW. 

6.3. Contributions of heat by surfaces 
 

There is a difference between temperatures in the hold and outside that 
causes a heat transfer, which has to be calculated in order to be well 

engineered.  

For m2 

': )∆+ 																																																																																																																																																								�3

            

According to polyurethane 0.0232 W/m·ºC 

So for insulation thickness would be: 
 

': -.�	.	/01
&2  = 0.1430 W/m2·K 

': -.�	.	/01
22  = 0.1691 W/m2·K 

': -.�	.	/01
"2  = 0.2066 W/m2·K 

 
e=0.1525 m; U= 0.1430 W/m2·K 
e=0.10265 m; U= 0.1691 W/m2·K 
e=0.1276 m; U= 0.2066 W/m2·K 
 

': -.�	.	/01
&2  = 0.1430 W/m2·K 

S: 47 m2 

Te – Tf = 35 – (-30) 

� = 	' · 3 · ∆�																																																																																																																															�4
 



Enric Subirats Pages                                                                                           20/06/2012 

 

 

 11 

� = 	0.1430	 .
�·01 · 47�# · 65 	= 437.15 W 

Holds Contributions of heat by surfaces 
 

 Insulator U Tº Out Tº in Area Energy 
HC1 0.1525 0.1430 35 -30 47 437.15 
1A 0.1276 0.2066 25 -30 222 2064.7 
1B 0.10265 0.1691 25 -30 176 2363.5 
1C 0.1525 0.1430 35 -30 148 1375.6 

HC2 0.1525 0.1430 35 -30 47 437.15 
2A 0.1276 0.2066 25 -30 268 2492.5 
2B 0.10265 0.1691 25 -30 285 3827.3 
2C 0.1525 0.1430 35 -30 208 1933.4 

HC3 0.1525 0.1430 35 -30 47 437.15 
3A 0.1276 0.2066 25 -30 281 2613.4 
3B 0.10265 0.1691 25 -30 285 3827.3 
3C 0.1525 0.1430 35 -30 262 2435.3 

HC4 0.1525 0.1430 35 -30 47 437.15 
4A 0.1276 0.2066 25 -30 279 2594.8 
4B 0.10265 0.1691 25 -30 267 3585.6 
4C 0.1525 0.1430 35 -30 209 1942.7 

Total      32804.7 
Figure 2. Contributions of heat by superficies 

Where: 

Insulator: in m. 

U: in W/m2·K. 

Tº out: in ºC. 

Tº in: in ºC. 

Area: in m2. 

Energy: in W. 

6.4. Cooling due to air renewal 
 

� = 	678 · 9: · ;� · <																																																																																																																	�5
 
	Where: 

678: Volume of the hold in m3. 

9:: Difference enthalpy of the air by Mollier Diagram in kJ/Kg. 

;� : Density of air in Kg/m3 
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� =  105�� · �18 − �−2.7)) ��

�� · 1.247 ��
0= · 7 =  18972.5 kJ/day  

Q= 18972.5/86400= 219.5 W 

Holds Cooling due to air renewal 
 Volume Dif. 

Enthalpy 
Density 

air 
Number 

renovations 
Q 

HC1 105 20.7 1.247 7 219.5 
1A 576 21.7 1.247 3.5 631.4 
1B 474 21.7 1.247 3.5 519.6 
1C 380 20.7 1.247 4 454.2 

HC2 105 20.7 1.247 7 219.5 
2A 666 21.7 1.247 3 625.7 
2B 639 21.7 1.247 3 600.4 
2C 549 20.7 1.247 3.5 574.1 

HC3 105 20.7 1.247 7 219.5 
3A 682 21.7 1.247 3 640.8 
3B 690 21.7 1.247 3 648.4 
3C 660 20.7 1.247 3 591.6 

HC4 105 20.7 1.247 7 219.5 
4A 680 21.7 1.247 3 639 
4B 666 21.7 1.247 3 625.8 
4C 573 20.7 1.247 3.5 599.2 

Total 7655    8028.2 
Figure 3. Heat due to air renewal 

We assume 35ºC and 70% of humidity and -30 and 70% of humidity. 

6.5. Heat because of fans 
 

� = 678 · �D6                                                                                                                              �6) 
Where: 

678: Volume of the hold in m3. 

�D6: Established head for fans by Hawkins: 41.868 
��

EFG·0=    = 10
�HFI

EFG·0= 

 

� = 105�� · 41.868 ��
EFG·0== 4396.14 

��
EFG 

� = 4396.14
86400 = 50.88 J 
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Holds Heat because of fans 
 Volume CDV Q(W) 

HC1 105 41.868 50.88 
1A 576 41.868 279.2 
1B 474 41.868 229.7 
1C 380 41.868 184.2 

HC2 105 41.868 50.88 
2A 666 41.868 322.8 
2B 639 41.868 309.7 
2C 549 41.868 266.1 

HC3 105 41.868 50.88 
3A 682 41.868 330.5 
3B 690 41.868 334.4 
3C 660 41.868 319.9 

HC4 105 41.868 50.88 
4A 680 41.868 329.6 
4B 666 41.868 322.7 
4C 573 41.868 277.7 

Total 7655  3710.1 
Figure 4. Heat due to fans 

 

6.6. Contributed heat of person in the hold 
 

� = <� · �� · 9�																																																																																																																									�7
 
Where: 

<� : Number of people working  

��: Specific heat of people at - 25ºC = 1616 
��
K  

9� : Number of hours they are in the holds. 

� = 7 · 1616	 ��K · 6 K
EFG =67872 

��
EFG 

� = 67872
86400L = 785.5	J 

 

The amount of heat contributed of persons would be 785.5 W * 16 holds 

= 12568.9 W 

6.7. Illumination heat 

� = 3600.648 MNℎ · � · ℎ																																																																																																														�8
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Then we have: 

1KW= 860
�HFI	
K  = 860	�HFI	K  ·4.1868 

��
�HFI = 3600.648 

��
K  

� : Power of lamps. 

ℎ: Number of hours working. 

According to Cámaras frigoríficas the power of lamps will be between 

1	.01 and 10	.01. 

We accept 5 
.
01 as a power of lamps and then we multiply per 

47�#because it’s our surface. 

� = 3600.648 ��K · 0.235 J	 · 8 K
EFG= 6769.22 

��
EFG 

� = 6769.2
28800L = 235.1	J 

 

Holds Illumination heat 
 Value � ℎ Area Q 

HC1 3600.648 0.235 8 47 235.1 
1A 3600.648 1.1 8 222 1100.2 
1B 3600.648 0.880 8 176 880.2 
1C 3600.648 0.740 8 148 740.2 

HC2 3600.648 0.235 8 47 235.1 
2A 3600.648 1.340 8 268 1340.2 
2B 3600.648 1.425 8 285 1425.25 
2C 3600.648 1.4 8 208 1400.2 

HC3 3600.648 0.235 8 47 235.1 
3A 3600.648 1.405 8 281 1405.3 
3B 3600.648 1.425 8 285 1425.25 
3C 3600.648 1.310 8 262 1310.3 

HC4 3600.648 0.235 8 47 235.1 
4A 3600.648 1.395 8 279 1395.3 
4B 3600.648 1.335 8 267 1335.3 
4C 3600.648 1.045 8 209 1045.3 

Total 3600.648     
Figure 5. Heat due to illumination 

 

�� = �� + �� 

�� = 72.3591	 + �32.804 + 8.028 + 3.710 + 0.8 + 1.5
 = 119.2011	MJ 
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Once we have all the numbers we can calculate: the compressor, the 

evaporator, the condenser… So guiding, with the cycle of R-404 A we 

obtain: 

Figure 6. Diagram pressure – enthalpy of R-404 A. 

So:  

Point of circuit Enthalpy Pressure Temperature 
H1 258 17 35 
H2 258 2.1 -30 
H3 350 2.1 -30 
H4 393 17 35 

 
Figure 7. Results from diagram R-404 A 

 

Where: 

Enthalpy: in kJ/Kg 

Pressure: Bar. 

Temperature: ºC. 

6.8. Results  
 

Mass Flow: 
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� = ���ℎ� − ℎ#) = 119.2011
350 − 258 = 1.29  !

L  

Power of the compressor: 

J = �ℎ" − ℎ�) · � = �393 − 350) · 1.29 = 55.71	MJ. 
Bitzer compressor OSN 7441 – K 6899.96 € 

Power of the evaporator: 

J = �ℎ� − ℎ#
 · � = �350 − 258
 · 1.29 = 118.68MJ. 
Power of the condenser: 

J = �ℎ� − ℎ"
 · � = �258 − 393
 · 1.29 = −174.15MJ. 
Our condenser will be an ONDA M-210 and costs 10.526 € 
 

COP: (coefficient of performance): 

P = ��J = 119.201155.71 = 2.14 
 We assume this and we can see that works. Energy doesn’t create nor 

destroys, only transforms. 

�H =	�� +J																																																																																																																													�10
  
−174.15MJ = 118.68MJ + 55.71MJ 

So we are going to administrate one evaporator for each hold: 

Holds Model Power 
(W) 

Price (€) 

HC1 CTE 34 LB 942.63 783 
1A CTE 501 E8 4075.5 2094 
1B CTE 501 E8 3993 2094 
1C CTE 353 E8 2754.3 1703 

HC2 CTE 34 LB 942.63 783 
2A CTE 353 E8 4781.2 2264 
2B CTE 501 A8 6162.65 2471 
2C CTE 501 E8 4173.6 2094 

HC3 CTE 34 LB 942.63 783 
3A CTE 353 E8 4990 2264 
3B CTE 501 A8 6135.3 2471 
3C CTE 353 E8 4656.8 2264 

HC4 CTE 34 LB 942.63 783 
4A CTE 353 E8 4958.8 2264 
4B CTE 354 E8 7264.3 2994 
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4C CTE 501 E8 3864.85 2094 
Figure 8. Model of evaporators 

 

All of these evaporators are from the brand ECO and all of them include 

electric defrosting. 

7. Insulation 
 

To get a good conservation for the foods, it’s indispensable to get a 

chilling system. The cost of production of freezing will be higher if the 

temperature is higher. It’s important in the installation to be really well 

insulated, that means that we need some materials to keep all the cold. 

In order to a material become a good insulator and consequently a bad 
heat conductor must be fabricated with a lot of closed cells. In that 

closed cells has to be doss dry air. Those materials have to be really bad 
conducting heat, so, as a result we have a really good temperature in 

the holds. 

The main characteristics of a good insulation are: 

• Fire resistant and non-flammable. 

• Low thermal conductivity. 

• Lightweight and non-hygroscopic, to preserve all the insulation 

qualities. 

• Odorless. An insulating peel odor may pass on perishable 
products. 

• Neutral. It must be compatible with other products of the 
refrigeration. 

• Plastic. To avoid deformations of the work. 

• Resistant to deformation. 

• Resistant rodents to avoid them, and consequentially loss of 

insulating material. 

• Must allow the minimum passage of water vapor through its 

surface to prevent condensation. 

7.1. Main Insulators: 
 



Enric Subirats Pages                                                                                           20/06/2012 

 

 

 18 

The main problem is that most of the insulators are hygroscopic, and 

therefore cannot be used for insulating cameras. The main quality that 

is required of an insulator is the lack of absorbing moisture. 

The alternatives studied are presented below: 

 

Expanded Polystyrene: 

The expanded polystyrene is a cell-structure insulator, it’s very rigid 

and presents a really closed structure and full of air, that means that 

become a really good insulator. Presents low thermal conduction and a 

big resistance absorbing water. It’s really strong against acids but in the 

other hand against solvents is really weak. His trade name is Styropor. 

The main characteristics of expanded polystyrene are: 

o Conductivity: between 0.0465 – 0.0325 W(m· ºC) 

o Efforts: 0.27 – 2.5 kg/cm2 
o Deformation: 9 % 
o Permeability: 9 – 1.5 (g·cm)/(m2 · day ·mmHg) 

o Density: between 10 - 40 kg/m3 

Extruded Polystyrene: 

The extruded polystyrene is plastic foam produced from the extrusion 

from the polystyrene and foamy gas. It’s a really good insulator, it’s very 

similar to expanded polystyrene but there’s one difference in the 

forming process. The difference is the extruded bubble produces a 
closed structure, making the polystyrene the only one able to wet 

thermal insulator without closing its properties. 

The main properties are: 

 
o Density: between 25 - 50 kg/m3 

o Conductivity: between 0.0337 – 0.0267 W(m· ºC) 
o Efforts: 1.8 – 3.7 kg/cm2 

o Deformation: 7 % 

o Permeability: 2.25 – 1 (g·cm)/(m2 · day ·mmHg) 

Polyurethane: 

The polyurethane foam is a synthetic material. High reticulated. This 

substance is categorized as a polymer. It’s manufactured by combining 

two types of compounds trough a chemical reaction. Depending on 
proportions polyurethane might be in the form of a liquid, foam or solid. 
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It’s a good insulator; it’s really easy to apply and to delete the thermal 

bridges. The main purpose is resist to the elements. It’s resilient, 

flexible and durable manufactured material. 

o Density: between 28 - 80 kg/m3 

o Conductivity: between 0.0232 – 0.0197 W(m· ºC) 
o Efforts: 1.1 – 5 kg/cm2 
o Deformation: 6.5 % 

o Permeability: 8 – 1.8 (g·cm)/(m2 · day ·mmHg) 

Glass fiber: 

Is a fiber reinforced polymer made of a plastic matrix reinforced by fine 

fibers of glass. In this kind of material, air is not enclosed in the cells, 

instead is imprisoned into the fibers. 

It’s really light, not hygroscopic, good resistance for rodents, odorless, 

but the rupture strength is bad, cannot be used as ground. 

The main properties of the Glass fiber are: 

o Density ρ: between 13 - 100 kg/m3 

o Conductivity: between 0.0476 – 0.0360 W(m· ºC) 
o Efforts: 0.05 – 0.15 kg/cm2 

o Permeability: 125 – 95 (g·cm)/(m2 · day ·mmHg) 

Expanded polyvinyl chloride: 

These rigid foams, are known by the trade name Klégécell, the specific 

weight can change between 30 and 500 kilograms. 

The properties from klégécell are: the compressive strength is 2 N/mm2. 

It’s non-flammable and really resistive to acids and rodents. 

Depends on the quality of Klégécell the qualities change. 

o Q1: λ: 0.032 W/(m· ºC) 

  ρ : 28 kg/m3 

o Q2: λ : 0.034 W/(m· ºC) 

  ρ : 36 kg/m3 

Polyethylene: 

The polyethylene is a cheap plastic that you can shape as you want. 

The products made from polyethylene are: from pipes for construction 

until electric insulators. 
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It’s a really lighted, solid, colorless and flexible polymer. Cannot resist 

acids but in the other hand can resist water boiling. Depends on which 

technology you employ, you can get the low density or the high density 

polyethylene. 

The main properties from the polyethylene are: 

θav [ºC] -10 ± 0 +10 +20 +30 
λ [W/(m·K)] 0.034 0.035 0.036 0.037 0.039 

 

o Good resistance to inflammation. 
o Odorless and unaggressive with the environment. 

o In case of combustion, don’t produce any gas. 

o Good resistance in outdoor. 

o Really good with absorption of water and vapor diffusion high. 

 

7.2. Conclusion Insulators 
 

So, in conclusion the best option is Polyurethane. You can have it as a 

liquid, foam or solid. It’s a good insulator; it’s really easy to apply. It’s 

resilient, flexible and durable manufactured material. 

7.2.1. Insulator calculation 

This is a really main point. The insulator is really important in the 
installation because is the one that keeps temperature. If there is a 

good thickness of insulator the energy consumption will descend but we 

will pay a lot for it. That means that we have to “play” between efficiency 

and costs. We have many holds in our vessel but we suppose that each 

of them must keep the temperature even if we are in the worst 

moments. 

So, we have to calculate the insulator with these parameters: 

Our maximum flow heat is 9.3 W/m2, we depreciate the other internal 

thermal resistances from the other materials and we assume that our 

wind velocity is 0 m/s. (Book of cámaras frigoríficas) 

First of all, we have to calculate the value of the internal thermal 

resistances in the surface. We will do that through the Jurgens Method. 

So, according Jurgens we have many values depending on the surface. 
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Surface a B n 
polished 4.83 3.3 1 
rough 5.32 3.7 1 

Figure 9. Values from Jurgens Method 

 

According to this we can calculate our insulator: 

hi= a + b · vn 

hi= 4.83 + 3.3 · 01= 4.83 kcal/ h·m2·ºC 

he= 4.83 + 3.3 · 01= 4.83 kcal/ h·m2·ºC 

If we multiply this by 1.16 we can transform kcal/ h·m2·ºC into W/ m2 

·K 

4.83 kcal/ h·m2·ºC ·1.16 = 5.6028 W/m2·K 

Once we have this we assume that our range of temperatures will go 

from         -30ºC to 35ºC. 

Q = RS∆�
� T − US 1

ℎ:T + 	 S 1ℎQTV +WSQXYXTZ · 	Y																																																																					�11
 
So; 

 Q = [\�2º^_�_�$º^
-.�`a1
b − c\ �

".%� defg
h·i1·ºj

b +	\ �
".%� defg

h·i1·ºj
bkl 	0.0232.0 · º� = 0.1525 m  

 

Encore, we have our insulator we can conclude that the roof of each 

camera will have 15.25 cm of insulator. 

Now we will calculate the other parts of the camera. 

Starboard, larboard: 

The thickness of the insulator will be the same as the roof because they 

are exposed to the solar radiation. 

Stern and bow: 

Our range of temperatures now will be from -30ºC inside the hold and 

25ºC in the vessel. 

Q = [\#2º^_�_�$º^
-.�`a1
b − c\ �

".%� defg
h·i1·ºj

b +	\ �
".%� defg

h·i1·ºj
bkl 	0.0232.0 · º� = 0.1276 m 
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So our thickness of stern and bow will be: 0.1276 m or 12.76 cm. 

Our last calculation will be the ground which we supposed that is at 

15ºC which is the maximum temperature that a hold could be.  

Q = [\�2º^_�_�$º^)
-.� `

a1
b − c\ �

".%� defg
h·i1·ºj

b + 	\ �
".%� defg

h·i1·ºj
bkl 	0.0232.0 · º� = 0.10625 m 

The result is 0.10265 m or what is the same 10.625 cm. 

7.2.2. Conclusion 

We calculate all the insulators accepting our  

HC1 0.1525 0.10265 0.1525 0.1276 0.1525 0.1525 
1A 0.10265 0.10265 0.1525 0.1276 0.1525 0.1525 
1B 0.10265 0.1276 0.1525 0.1276 0.1525 0.1525 
1C 0.1276 0.1276 0.1525 0.1276 0.1525 0.1525 

HC2 0.1525 0.10265 0.1276 0.1276 0.1525 0.1525 
2A 0.10265 0.10265 0.1276 0.1276 0.1525 0.1525 
2B 0.1276 0.10265 0.1276 0.1276 0.1525 0.1525 
2C 0.1276 0.1525 0.1276 0.1276 0.1525 0.1525 

HC3 0.1525 0.10265 0.1276 0.1276 0.1525 0.1525 
3A 0.10265 0.1276 0.1276 0.1276 0.1525 0.1525 
3B 0.1276 0.10265 0.1276 0.1276 0.1525 0.1525 
3C 0.1276 0.1525 0.1276 0.1525 0.1525 0.1525 

HC4 0.1525 0.10265 0.1276 0.1525 0.1525 0.1525 
4A 0.10265 0.1276 0.1276 0.1525 0.1525 0.1525 
4B 0.1276 0.10265 0.1276 0.1525 0.1525 0.1525 
4C 0.1276 0.1525 0.1276 0.1525 0.1525 0.1525 

Figure 10. Thickness of insulators 

worst environmental and transporting cases. So we can say that we will 

need insulator of 11cm, 13cm and 16cm of thickness, to preserve all the 

foods we can carry inside our vessel. 

Holds Insulator thickness (m) 
 Roof Ground Bow Stern Starboard Larboard 
The economic study of the insulator is: 

• For insulator of polyurethane of 0.12 m of thickness with a steel 
sheet of 0.5 of thickness the price will be:  32.16 €/m2. 

• For insulator of polyurethane of 0.15 m of thickness with a steel 
sheet of 0.5 of thickness the price will be:  36.65 €/m2. 

• For insulator of polyurethane of 0.18 m of thickness with a steel 
sheet of 0.5 of thickness the price will be:  41.14 €/m2. 
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8. Refrigerants 
 

As a refrigerant means any fluid that we use to transmit heat in a 

chilling system and absorb heat in a low temperatures and pressure, 

and give it to the high temperatures and pressure, generally with state 

changes. 

Refrigerants can be identified by the chemical formula or even for a 

symbolic numeric nomination. 

We can separate refrigerants in three big groups: 

The first one includes all the refrigerants which are not inflammable 

and his toxic actuation is nearly zero. 

The second one is all that refrigerants which are toxic and corrosives, or 

in contact with air can create an explosive mix. 

The third one is that all that refrigerants combined with air in a 

proportion less than 3.5% can create an explosive composition. 

Toxic and inflammable classification:  

R-717 (Ammonia)   NH3      B2 

R-170 (Ethane)   CH3 CH3    A3 

R-290 (Propane)    CH3 CH2 CH3    A3 

R-11      CCl3 F     A1 

R-22      CHClF2     A1 

R-123     CHCl2 CF3     B1 

R-143a     CH3 CF3     A2 

R-134a     CH2 FCF3     A1 

R-507A    R-125(50%) R-143a (50%)   A1 

R-404A   R-125(44%) R-143a (52%) R-134a (4%)  A1 

R-407C   R-32(23%) R-125(25%) R-134a (52%)  A1 

R-410A   R-32(50%) R-125(50%)     A1 
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Type of refrigerants: 

• Organic: chemical composition made from Carbon: Methane, 
ethane, butane… 

Examples: CFC, HCFC, HFC and HC. 

 

• Inorganic: Chemical composition not from Carbon: 
Examples: Ammonia, Carbon dioxide, Water, Nitrogen… 

Mixtures of refrigerants: 

Azeotropic mixtures: Is that mixture between two refrigerants with the 

same chemical properties that together presents a stable behavior and 

do not react among themselves. 

Non- Azeotropic mixtures: When refrigerants are mixed in the bottle and 

exists two phases: liquid and gas, but in different proportions with the 

components of the mixture. 

Some refrigerants are used nowadays: 

HFC: HFC refers to the chemical composition of refrigerant made from 

hydrogen, fluorine and carbon.  

These ones don’t destroy the ozone layer but they contribute to the 

global warming. 

 

Figure 11. Some HFC refrigerants. 
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CFC: Chemical structure made from: Chlorine, Fluorine, and Carbon. 

The main problem is the contribution of the global warming. 

Figure 12. Some CFC refrigerants. 

HCFC: refers to the chemical composition of refrigerant made from 

hydrogen, chlorine, fluorine and carbon.  

The main problem is they are ozone- depleting. 

 

Figure 13. Some HCFC refrigerants. 
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HC: They are made from Hydrogen and carbon. They are hydrocarbons 

and the problem is that are really inflammable and they cooperate with 

the global warming. 

8.1. Refrigerants have some characteristics 
 

1. Color, odor, inflammability and explosion possibilities. 

 

Every refrigerant has some characteristics which are named 

by letters from A to G.  

 

A) In high concentrations produce soporific effects. 

B) In high concentrations produce a diminution of oxygen 

capacity. 

C) It’s odorless but there is a little gap between no toxic and 
fatal effects. 

D) Characteristic odor even in low concentrations. 

E) Irritating  
F) Very soporific. 

G) Do not produce toxic atmospheres and don’t produce 

negative effects on human beings. 

In the other hand we have advertencies which are named by 

numbers from 2 to 6. 

2) Produce decomposition toxic gas with flame. 

3) May produce decomposition toxic gas with flame but 

there is an intense odor that prevent you. 

4) Decomposition toxic gas and inflammable. 

5) Corrosive. 

6) Highly inflammable. 

      2. Stability between heat and temperature:  

Every refrigerant is stable at certain temperature, but if we exceed 

this temperature the refrigerant will be decomposed. 

3. Compression overheating: 

Any refrigerant, presents a final compression temperature, in 

some refrigerants this temperature can be high, producing 
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changes and alterations in the oil properties and compressors 

properties. 

It’s important to check at which temperature the compressor is 

working, because if the compressor works in a high range of 

temperatures, this will be damaged. Because of this there is a 

thermostat. This thermostat checks the temperature and if this 

temperature is high will stop the compressor. 

4.  Corrosive with metals, lubricants, joints. 

We cannot talk about a standard type for each refrigerant. In 

example    R-22 is practically neutral with metals and their alloys, 

but in contact with water become corrosive. 

Ammonia attack copper and their alloys, but don’t attack iron, 

aluminum and steel. 

5. Miscibility, solubility, leak detection. 

Some refrigerants are really stable with water, in example 
ammonia is 1000 times his volume at 0ºC but in a normal circuit 

oil is not miscible with it, for this reason we have to drain the 

circuit and check it often.  

The refrigerant leak detection is done by a classic system. Sulfur 
sheet for ammonia and detector lamp that changes color if there 

is a leak of chlorofluorinated refrigerant. 

8.2. Properties of refrigerants 

1. The refrigerant should have low boiling point and low freezing 

point. 

2. It must have low specific heat and high latent heat. Because high 

specific heat decreases the refrigerating effect per Kg of refrigerant 
and high latent heat at low temperature increases the 
refrigerating effect per kg of refrigerant. 

3. The pressures required to be maintained in the evaporator and 

condenser should be low enough to reduce the material cost must 
be positive to avoid leakage of air into the system. 

4. It must have high critical pressure and temperature to avoid large 
power requirements. 

5. It should have low specific volume to reduce the size of the 
compressor- 

6. It must have high thermal conductivity to reduce the area of heat 

transfer in evaporator and condenser. 



Enric Subirats Pages                                                                                           20/06/2012 

 

 

 28 

7. It should be non-flammable, non-explosive, non-toxic and non-

corrosive. 

8. It should not have any bad effects on the stored material or food, 

when any leak develops in the system. 

9. It must have highly miscibility with lubricating oil and it should 

not have reacting properly with lubricating oil in the temperature 

range of the system. 
10. It should give high COP in the working temperature range. 

This is necessary to reduce the running cost of the system. 

11. It must be readily available and it must be cheap also. 

8.3. Dangerous effects of refrigerants 

The development of the industry produce many dangerous effects on 

earth, one of this effects is the Ozone Depletion Potential, ODP.  

Refrigeration systems use refrigerants to carry heat from the indoor to 

outdoor. Conventional refrigerants like CFC’s and HCFC’s deplete the 

ozone layer. 

Some chemical can damage the earth’s protective ozone layer. This layer 

is composed of ozone molecules in the stratosphere, which extends from 

15 to 50 km above the earth’s surface. Consequently, any thinning of 

the ozone layer allows more radiation to reach the Earth’s surface. In 
terms of human health, overexposure to UV rays can lead to skin 

cancer, cataracts, and weakened immune systems. 

The chemical process of the ODP is: 

Cl + O3 → ClO + O2 

ClO + O → Cl+O2 

Ozone Depleting Substances and Their Ozone-Depletion Potential 

 
Substance Ozone- depletion -

potential 

chlorofluorocarbon-11 (CFC–11)  1.0  
chlorofluorocarbon-12 (CFC–12)  1.0  
chlorofluorocarbon-13 (CFC–13)  1.0  
chlorofluorocarbon-111 (CFC–111)  1.0  
chlorofluorocarbon-112 (CFC–112)  1.0  
chlorofluorocarbon-113 (CFC–113)  0.8  
chlorofluorocarbon-114 (CFC–114)  1.0  
chlorofluorocarbon-115 (CFC–115)  0.6  
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chlorofluorocarbon-211 (CFC–211)  1.0  
chlorofluorocarbon-212 (CFC–212)  1.0  
chlorofluorocarbon-213 (CFC–213)  1.0  
chlorofluorocarbon-214 (CFC–214)  1.0  
chlorofluorocarbon-215 (CFC–215)  1.0  
chlorofluorocarbon-216 (CFC–216)  1.0  
chlorofluorocarbon-217 (CFC–217)  1.0  
halon-1211  3.0  
halon-1301 10.0  
halon-2402  6.0  
carbon tetrachloride  1.1  
methyl chloroform  0.1  
hydrochlorofluorocarbon-22 (HCFC–22)  0.05 
hydrochlorofluorocarbon-123 (HCFC–123)  0.02 
hydrochlorofluorocarbon-124 (HCFC–124)  0.02 
hydrochlorofluorocarbon-141(b) (HCFC–
141(b)) 

 0.1  

hydrochlorofluorocarbon-142(b) (HCFC–
142(b)) 

 0.06 

Figure 14. Some ODP of refrigerants. 

 

8.4. GWP: Global warning potential 
 

The concept of a global warming potential is a relative measure of each 

greenhouse gas to trap heat in the atmosphere relative to another gas. 

The definition of a GWP for a particular greenhouse gas compare the 

heat trapped by one unit mass of the greenhouse gas to that of one unit 

mass of CO2 over a specified time period. 

The GWP depends on the following factors: 

• The absorption of infrared radiation by a given species. 

• The spectral location of its absorbing wavelengths. 

• The atmospheric lifetime of the species. 

High GWP gases are emitted from a broad range of industrial sources 
and for more of these gases there are few (if any) natural sources of 

emissions. 

The gases which trigger GWP are: 

• Hydrofluorocarbons ( HFCs) 

• Perfluorocarbons (PFCs) 

• Sulfur hexafluoride (SF6) 
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This process is being augmented for the permanency of the gases in the 

atmosphere. CO2 remains in 500 years and his GWP is 1, R-123 

remains in 2 years. As more life time refrigerant more GWP. 

8.5. Total equivalent warming impact: (TEWI) 
 

TEWI is a measure of the global warming impact of the equipment 

based on the total amount of gases of the installation. 

It’s defined as sum of the direct and indirect emissions of greenhouse. 

Direct emissions: chemical process 

Indirect emissions: energy uses. 

There is a formula to calculate TEWI: 

mJn = oJp · q · r + oJp · � · �1−∝) + 	 PG�Ft · u																																																			�11
 
Where: 

GWP: Global warming Potential 

N: Number of years of the installation. 

L: Amount of refrigerant leakage (Kg/year) 

M: amount of refrigerant in circuits (Kg) 

α : % of refrigerant saved in the installation before dismantling. 

εyear: Amount of energy from installation per year. 

β : CO2 /Kw · h 
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Figure 15. How TEWI effects on the environment. 

 

8.6. Election of the refrigerant: 
 

R 404- A is a really stable refrigerant with a low glide of temperature, 
0.7ºC. Classification is: A1, L1. Is a mixed of refrigerants based on 

HFC’s, it’s non-toxic and their allowable exposure limit is 1000 ppm. 

The containers of R – 404 A should be store in dry and ventilated place, 

in case of leak the vapors will be in the ground. It works only with POE 

and PAG lubricants not with mineral oil. 

Physic properties R - 404 A 
Molecular weight (g/mol) 97.61 
Boiling temperature at 
1,013 bar 

(ºC) -46.45 

Glide of boiling 
temperature 

(K) 0.7 

Critical temperature (ºC) 72.07 
Critical pressure (bar abs) 37.31 
Critical density (Kg/m3) 484 
Density at 25ºC (Kg/m3) 1048 
Density at -25ºC (Kg/m3) 1236 
Saturated steam 
density 

(Kg/m3) 5.41 

Steam pressure at 
25ºC 

(bar abs) 12.42 

Steam pressure at - (bar abs) 2.49 
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25ºC 
Latent heat of 
vaporization 

(kJ/Kg) 200 

Specific heat of liquid (kJ/Kg·K) 1.64 
Specific heat of steam (kJ/Kg·K) 0.88 
Thermal conductivity 
of liquid 

(W/m·K) 0.064 

Thermal conductivity 
of steam 

(W/m·K) 0.0143 

Solubility at 25ºC (ppm) Depreciable 
Inflammability at 25ºC  (% vol) Any 
Toxicity (ppm) 1000 
ODP - 0 
GWP - 3780 

Figure 16. Some properties of R 404 – A. 

9. Lubricants 
 

In every reefer installation must be a lubricant system because the 

compressor has mobile parts and these parts produce friction 

producing elevation of the temperature, attrition…the lubricant is 

underneath the compressor in the crankcase and develops many 

functions as: 

1. Reducing attrition in compressor. 

2. Absorb heat produced by attrition. 

3. Get tightness in the compressor between the high zone and the 

low zone. 
4. Prevent corrosion. 

5. Reduce the noise of compressor 

6. Evacuate the metal particles. 

The lubricant is in contact with the refrigerant and part of them goes 
with him in the installation. There is a lubricant separator but always is 

a little part of lubricant that passes through.  

That could be a breakdown because if the lubricant is not compatible 
with the refrigerant we will have problems as a low efficiency or even a 

mess. 

The main problem is when lubricants pass through lubricant separator 

and goes directly to the condenser. That means two things: 

The first one is that we will not have lubricant returning back to the 

compressor causing the drop in oil level. 
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The other one is with that lubricants that are not well mixed with 

refrigerant and they are in the condenser. The problems are that when 

the refrigerant yield heat to condenser, the lubricant is not well mixed 

with the refrigerant and this one is stuck on the condenser causing loss 

of heat transfer.  

Types of lubricants: 

There are two types: Minerals and synthetic. 

Mineral Oils: It’s a product from petroleum and their characteristics 

are: 

• Colorless. 

• Water insoluble 

• Oily liquids. 

• High viscosity 

• Good miscibility only with CFC’s and HC’s. 

 Synthetic oils: Made from chemical synthesis because they don’t exist 
on nature. One of the biggest differences between mineral oils is their 

chemical structure is known, that means that you will know how they 

will react. 

Exist many lubricants but the best in refrigeration are PAG 

(Polyalkylene) and POE (polyol ester). 

PAG: They are not compatible with CFC’s, because their high contingent 

of chlorine can cause degradation. 

POE: Polyol ester is made by mixing alcohol and an organic acid ester, 
and the product of this reaction is a POE lubricant and water. Is ten 

times more hygroscopic than mineral oils for this reason POE lubricants 
are packaged in metal containers, under a sophisticated method using 

vacuum and nitrogen. If we use plastic the moisture can come in and 

consequently combined with the lubricant. 

Good oil for cooling must have the qualities which are listed below. 

1. Maintain their viscosity at high temperatures. 

2. Maintain good fluidity at low temperatures. 

3. Be miscible with the refrigerant at working temperatures. 
4. Have a good (high) dielectric strength. 

5. Not having suspended matter. 

6. Must not contain corrosive acids. 
7. Not form deposits of wax at low temperatures. 
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8. Not leave carbon deposits on contact with heated surfaces. 

9. Do not hold moisture. 

10. Do not form foam. 

11. Be chemically and thermally stable in the presence of                  

refrigerants, metals, insulation, oxygen… 

12. Not expensive. 

Such cooling oil would be perfect for every system but unfortunately 

doesn’t exist. Thus we will select the oil which fits with our installation 

and covering the specific needs of the system. 

9.1. Election of Lubricant 
 

Our election for lubricant is POE, because it’s the best one fitting with 

the R-404 A. 

10. Frigorific cycle 
 

Election of frigorific cycle: 

To satisfy the frigorific needs of the ship, the reefer installation will work 

at the temperatures from – 30 ºC to 15 ºC and that means a big 
difference of temperatures. At the beginning we thought that the best 

idea would be a one frigorific installation for each hold, but the main 

problem is that we are in a ship, that means we would not have enough 

space for every installation. So, in conclusion we thought that the best 

option will be a general system for the whole ship and talking in terms 

of money; much more cheap. 

First of all, we will talk about our system. Our condensing temperature 

will be 35ºC and the evaporating one will be – 30ºC cause is the one 

that we have to get in our ship preserving foods in a good way. We will 
use just one simple mechanical cycle of compression. That’s because 

our refrigerant, which is R-404A, has a critical temperature of 72.07ºC 
and as we can see in the P-h diagram the temperature at the end of 

compressor will be around 40ºC. 

So, in conclusion we can say: 

Variables Values 
Condensing temperature ºC 35ºC 
Evaporating temperature ºC -30ºC 
Enthalpy 1 KJ/Kg 258 kJ/Kg 
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Enthalpy 2 KJ/Kg 258 kJ/Kg 
Enthalpy 3 KJ/Kg 350 kJ/kg 
Enthalpy 4 KJ/Kg 389 kJ/Kg 
Pressure in h1 16.5 Bar 
Pressure in h2 2.2Bar 
Pressure in h3 2.1 Bar 
Pressure in h4 16 Bar 

11. Compressors 
 

The compressor is one of the essential parts of the compression 

refrigeration system. 

The compressor circulates refrigerant through the system in a 

continuous cycle. 

There are three more types of compressors: 

- Hermetic 
- Semi-hermetic 

- Opened 

The hermetic compressors are characterized by the engine and the 

housing are together, that are used for home appliances, and their cost 

is really low. 

The semi-hermetic compressors are together as well, in spite of are 

reachable from the outside, this one is more powerful but in contrast, 

because it’s reachable, you can get a leak. 

The opened compressors have two housings. In the first one you can see 

the engine and in the other one the compressor. You can get a lot of 
power from this one but nevertheless you can have a bigger leak than 

with the others one. 

There are two basic types of compressor positive displacement and 

dynamic. Positive displacement compressors increase the pressure of 

refrigerant vapor by reducing the volume of the compressor chamber 
trough work applied to the compressor’s mechanism: Reciprocating, 

rotary, scroll and trochoidal. 

Dynamic compressors increase the pressure of refrigerant vapor by a 

continuous transfer of angular momentum from the rotating member to 

the vapor followed by the conversion of this momentum into a pressure 

rise. 
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Figure 17. Types of compressors. 

 

11.1. Compressor efficiency 

The amount of gas expulsed by the compressor will always be less than 

the physical displacement of the pistons in the cylinders. The reference 

point is the condition of the gas, pressure and temperature at the 

suction. 

The energy efficiency of compression is defined with the reference to the 
ideal adiabatic compression process. The isentropic power input is the 

minimum amount of power required to compress the gas. The actual 
power will always exceed the isentropic power because the magnitude of 
losses which will depend on the compressor type. Approximately an 

order of magnitude is 10% motor loss, 10% friction losses and 10% heat 

transmission, so, to sum up our compressor cannot be better than 70 % 

of performance, including these ones as a very good compressor.  
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11.2. Positive displacement 

 

Reciprocating: 

 

The compression is produced inside the cylinder by a piston. It’s 

based on rotated movement; get it by the crankshaft, and 

transformed in an alternative movement. AS the piston descends 
on the suction stroke, the suction valve opens to admit gas, when 

it’s at the bottom of the stroke, this valve will close against as the 

compression stroke begins. 

                                         

  

 

 

     

Figure 18. How works a compressor with positive displacement.  

Suction valve 

Piston 

Trapped high 

pressure gas. 
Trapped gas re-

expands piston 

Discharge 

valve 
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Rotary: 

 

In this type of compressors the rotated movement is directly 

transmitted by the propeller shaft to the engine and the 

compressor. These compressors can get more speed than the 

other ones and they can use it by all the refrigerants. 

 

11.3. Screw 

For gas pumping the rotor profiles are designed to give maximum swept 

volume and no clearance volume where the rotors mesh together. The 

solid portions of the screws slide over the gas ports to separate one 

stroke from the next so that no inlet or outlet valves are needed. 

The more usual form has twin meshing rotors on parallel shafts. As 

these turn inside the closely fitting casing, he space between two 
grooves comes opposite the inlet port, and gas enters. In lately rotation, 

this pocket of gas becomes sealed from the inlet port and moved down 

the barrels. 

Maintenance of adequate lubrication is essential. Lubrication, cooling 

and sealing between the working parts is usually assisted by the 

injection of oil along the length of the barrels. 

 

Figure 19. Screw compressor. 

 

11.4. Scroll 

Scroll compressors are positive displacement machines that compress 

refrigerants with two inter-fitting spiral-shaped scroll members. 



Enric Subirats Pages                                                                                           20/06/2012 

 

 

 39 

One scroll remains fixed whilst the second scroll moves in orbit inside 

it. Normally two or three orbits are required to complete the 

compression cycle. 

It’s really similar with the screw compressor, there is no clearance 

volume and hence no re-expansion loss.  But, there is an important 

difference in the sealing of the compression pockets. The scroll touch 
each other at the pocket boundaries, this is possible because the orbing 

motion gives rise to much lower velocities than rotation movement.  

How it works: 

        

 

 

 

 

 

 

 

Figure 20. How works a scroll compressor. 

 

 

 

Interaction of an orbiting 
spiral and a stationary 

spiral generates 

The pocket is sealed off, 

compression starts. 

 

The pocket is reduced in 

size. 

As the pocket reaches the 

center, the discharge port 

is under covered. 

During the process all six 
pockets are in various 

stages compression. 
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11.5. Rolling piston 

Also called sliding vane, have one or two blades, which do not rotate, 

but are held by springs against an eccentric, rotating roller. These 

compressors require discharge vales. They are used for domestic 

appliances and they are used for 15 kW maximum duties. 

 

Figure 21. How works a rolling piston compressor. 

 

11.6. Dynamic compressors 

These ones impart energy to the gas by velocity or centrifugal force and 

then convert this to pressure energy. 

The most common type of compressor is the centrifugal compressor. 

Centrifugal machines can be built for industrial use with ammonia and 

other refrigerants. It’s not practical to build a small machine, because 

they are engineered for big requirements. There are no components 
which require lubrication, with the exception of the main bearings so for 

this reason the machine can work almost with no oil. 

 

 

Figure 22. Dynamic compressor. 
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12. Condensers 

 

The condenser of a refrigerator is essentially a heat exchanger, in this 

aspect is similar to the evaporator. It’s essential purpose is the transfer 

of heat flow of refrigerant to the external environment (condenser) or 

from the external environment, which must be cooled, made the 
refrigerant (evaporator). In the particular case of the condenser, the flow 

heat carried by the refrigerant is transferred through the condenser 

water or air which constitutes the external environment. 

 

Figure 23. Diagram pressure – enthalpy of R- 404 A. 

12.1. Capacitors with natural air circulation 
 

They are only used for very small power plants (apparatus Domestic or 

similar). Built at first with snorkel and fins, we performed now in such 
form, as the finned tubes are filled very quickly powder according to 

where they are placed. Currently, these capacitors are made up a tube-
shaped coil applied to a plate-shaped fin only, perforated to avoid 

resonances, or soldier on a lattice of wires metal. 

12.2. Capacitors with forced air circulation 
 

For cooling capacities greater than those installed in household 
appliances is essential to use air condensers with forced air circulation, 

so that the devices used have a volume consistent with the heating 

values that have to be evacuated. These capacitors are used for 
refrigeration units called trade groups. The heating power evacuated by 
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these capacitors, as to heat flow exchanged, generally corresponds to 

cooling capacities of order of 40 kW. 

For reasons of economy operation, or total lack of condensation, can 

come to develop air condensers to a 2,000-unit capacity kW. 

 

Figure 24. Capacitors with forced ventilation. 

 

12.3. Water condensers 
 

The higher heat capacity and density of water make it an ideal medium 

for condenser cooling. 

 

Immersion condensers 

It is the oldest type of condenser water. Was used to top meat industry 
for machines of ammonia, sulfur dioxide or chloride methyl and 

currently used in a form that combines the function of condenser and 

the liquid container. 

They consist of a bottle made of sheet steel, folded and welded, or of a 
drawn steel tube, seamless, closed at its ends by two caps recessed or 

welded. The fluid condenses on the outside of the water circulation coil, 

This formed a smooth copper tube, or finned rolled, coiled in the form of 

spiral on the central axis direction (vertical or horizontal). 

Small water-cooled condenser may comprise two concentric pipes, the 

refrigerant being in either the inner tube or the annulus. Configurations 

may be straight, with return bends or header, or coiled. 
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Larger sizes of water-cooled condenser require closer packing of the 

tubes to minimize the overall size, and the general form is shell-and-

tube, having he water in tubes. Water velocity within the tubes is of 

order of 1m/s, depending on the bore size. Materials can be selected for 

the application and refrigerant, but all mild steel is common for fresh 

water, with cupronickel or aluminum brass tubes for salt water. 

 

Figure 25. Water condenser. 

 

12.4. Double bundle shell and tube condenser: 
 

Some condensers have two separate water circuits, using the warmed 

water from one circuit as reclaimed heat in another part of the system. 

The main bundle rejects the unwanted heat. Where the mass flow of 

water is unlimited, (sea, lake...) the temperature rise through the 
condenser may be kept as low as 5K, since this will reduce the head 

pressure at the cost only of larger water pumps and pipes. 

 

Figure 26. Double- bundle shell and tube condenser. 
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Braze plate heat exchangers are used as condenser and can be a lower 

cost alternative to shell and tube, because the refrigerant volume is 

small, they can work with a lower charge. 

Water, like air, absorbs the heat flow of the refrigerant, resulting in 

water heating also serves condensation. This heating water flow 
conditions to be provided to the condenser and as the cost per cubic 

meter is relatively high, it may seem interesting decrease the water flow 

required for the condensation, provided there is a higher heating to 

reduce the cost of water consumption. The counterpart 

This economy is the elevation of the fluid condensing temperature 

refrigerant and, correspondingly, a decrease in the overall performance 

of the installation. 

It is therefore necessary to adopt a compromise, and in accordance with 

the cost per cubic meter of water, heating must be maintained between 

7 and 12 ° C. This problem of flow limitation does not occur in the case 

of air condenser, where we can have this for free. 

13. Evaporators 
 

The purpose of the evaporator is to receive low-pressure, low 

temperature fluid from the expansion valve and to bring it in close 

thermal contact with the load. 

The refrigerant takes up its latent heat from the load and leaves the 

evaporator flow pattern and their function. 

 

 

13.1. Air cooling evaporator 
 

In almost all air cooling evaporators have finned pipe coils. The other 
ones are small coolers such as domestic and small retail units there will 

be fans to blow the air over the coil. 

Construction materials are the same as for air-cooled condensers. 

Aluminum fins on copper tube for halocarbons and steel or aluminum 

tube for ammonia. Frost or condensed water will form on the fin surface 
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and must be drained away. To permit his, fins are vertical and the air 

flow horizontal with a drain tray provided under. 

 

 

Figure 27. Air evaporator. 

 

13.2. Liquid cooling evaporators 
 

Liquid cooling evaporators may be direct expansion or flooded type. 

Flooded evaporators have a body of fluid boiling in a random manner, 

the vapor leaving at the top. The liquid is usually in the pipes and the 

shell is some three- quarters full of the liquid, boiling refrigerant. A 
number of tubes is omitted at the top of the shell to give space for the 

suction gas to escape clearly without entraining liquid. Gas velocities 

should not exceed of 3 m/s. 

 

Figure 28. Liquid evaporator. 
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13.3. Direct expansion coils: 
 

Direct expansion coils for immersion in an open tank will be in a 

continuous circuit or a number of parallel circuits. Liquid velocity over 

such coils can be increased by tank baffles and there may be special 

purpose agitators. 

 

 

Figure 29. Direct expansion coil. 

 

13.4. Defrosting 
 

Air cooling evaporators working at temperatures below 0ºC will 

accumulate frost which must be removed periodically if not will obstruct 

heat transfer. 

Where the surrounding air is always at 4ºC or higher, it will be enough 

to stop the refrigerant for a period and allow the frost to melt off as a 

domestic refrigerator. For lower temperature, heat must be applied to 

melt the frost within a reasonable time and ensure that it drains away. 

 

The methods used nowadays are: 

1. Electric resistance heaters. Elements are within the coil or 
directly under it. 

2. Hot gas. A branch pipe from the compressor discharge feeds 
superheated gas to the coil. The compressor must still be working 

on another evaporator to make hot gas available. 
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3. Reverse cycle. The direction of flow the refrigerant is reversed to 

make the evaporator act as a condenser. 

In each of these cases, arrangements must be made to remove cold 

refrigerant from the coil while defrosting is in progress. 

Condensate pumps: 

Condensed water will run down the evaporator fins to a collection tray 

below the coil. From there, drain pipes will take this water to a drain. If 

plastic pipe is used, it should be black to exclude daylight, or slime will 

grow inside the tube. 

Where the outlet drain is higher than the coil, the water needs to be 

pumped away for disposal. 

14. Accessories 
 

The circuit has many elements of management and security in the 

circuit for the correct function of the system, and even the system is not 

working fine we can detect errors really fast and don’t cause damage to 

the installation. To control and regulate the refrigerant in the circuit we 

need many valves. They maintain the difference between the high 
pressure and the low pressure to make sure that refrigerant becomes 

gas to warranty a good performance of the system. 

14.1. Expansive devices 

14.1.1. Thermostatic valves 

 The thermostatic valve has the capacity to develop a pressure fall just 
begin the refrigerant gets in the evaporator. Summing up this valve 
maintain the evaporator full of refrigerant. This valve has a phial, which 

is situated just after the evaporator which controls the steam produced 

in the evaporator.  

When this steam has a reasonably pressure, this, will send an order to 

the valve to open it, to refill refrigerant inside the system because the 
load it’s too much. The valve is connected with the bulb by a capillary 

tube. 

14.1.2. Solenoid valves 

These valves control the flow of liquid or gas media in all types of 

systems and product. These electromechanically operated valves are 
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available in a wide range of configurations and materials. Solenoid 

valves are used to shut off, release or mix fluids. The way it’s driven is 

because there is a copper coil inside the valve with an iron core, which 

is moved to the center of the magnetic field when is activated, allowing 

the refrigerant passing through. 

14.1.3. Evaporator pressure regulation valves 

They can be used in the suction line, and their function is to prevent 

pressure falling below a predetermined or controlled value. They use to 

prevent damage to a liquid chilling evaporator which is might result 

from freezing of the liquid, prevent frost forming in the evaporator, 

permit to use two or more evaporators working at different 

temperatures, modulate the evaporator according to a varying load and 

finally act as a solenoid valve. 

14.1.4. Condenser pressure regulation 

In colder weather, the condensing temperature and pressure will fall 
and the resulting lower pressure difference across a thermostatic 

expansion valve may lead to malfunction. A drop of pressure difference 

to half the normal figure may reduce mass flow below that required and 

it will be necessary to prevent the condenser pressure from falling too 

low. 

14.1.5. Relief valves  

Under several possible conditions of malfunction, high pressure can 
occur in parts of the system and mechanical relief devices are advised 

or mandatory. 

14.1.6. Aspiration valve 

This valve can control the pressure of the system to prevent damage to 
the compressor; the objective is to protect the compressor against the 

high temperatures. 

14.2. Security devices 

14.2.1. Thermostats 

Thermostats are a part of the refrigeration system and their function is 

to stop the equipment or reduce its capacity when the required 
condition is reached. There are many kinds of thermostats: activated by 
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bimetallic elements, expansion of fluid, vapor pressure, electric 

resistance and electronic. 

14.2.2. Humidistats 

When the equipment is required to maintain a predetermined level of 

humidity, the humidistat can be used instead or in addition a 

thermostat. 

14.2.3. Pressure switches 

The pressure in the condenser side of the system must always be 

limited to a maximum allowable value, and a pressure control is used to 

stop the compressor if it’s necessary. There are two pressure switches 

the high-pressure cut outs and the low pressure cut-out. 

Where a compressor is fitted with a shut off valve, the pressure 
connection should be upstream of the valve. This pressure switch is 

balanced by an adjustable spring. A scale on the control indicates the 
pressure setting to commercial accuracy and is checked in the system 

when there is a really high pressure. 

The low pressure cut out is usually fitted to stop the compressor when 

there are high temperatures to prevent the damage of the compressor. 

14.2.4. Oil pressure switches 

All compressors except the smallest, have mechanical lubrication and 

will fail if the oil pressure falls because a pump fault or not enough oil. 

This takes the form of a differential pressure with a starting time delay, 

because if not will be a misunderstood taking wrongs values. 

14.2.5. Pressure gauges 

Our project needs many of these; they are in charge of indication 

pressures at suction, discharge and oil delivery. 

14.2.6. Filter driers 

In the system is essential to reduce the water content of the refrigerant 

to a minimum. The common form of a drier is a capsule charged with a 

solid desiccant such as activated alumina or zeolite. 
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14.2.7. Sight glasses 

They can be used to indicate whether gas is present in a pipe which 

should be carrying only liquid. Close to the expansion valve is the best 

place because observation here can determine liquid presence at the 

valve. One of the important points is do not add refrigerant if we do not 

know why we need it. 

14.2.8. Suction to liquid heat exchangers 

Cold gas returning from the evaporator to the compressor can be used 

to precool the warm liquid passing from the condenser to the expansion 

valve, using suction to liquid heat exchanger. 

14.2.9. Oil separators 

During the compression stroke of a reciprocating machine, the gas 
becomes hotter and some of the oil on the cylinder wall will pass out 

with the discharge gas. With this separator 95% - 98% the oil is going 

back to the crankcase. The oil return line is controlled by a float valve.  

14.2.10. Circulation pumps 

It’s necessary to use them when the components of the system are 

really separated. The pumps increase the efficiency from the system 

because they can do better the heat exchange. 

15. Pipes 
 

In any system or circuit of industrial refrigeration, is necessary the 
correct dimension for pipes for all the parts that are in the system. For 

a smooth and efficient installation of all parts must go correctly, not 

only the compressor, evaporator and valves… everything in whole. Each 
part of the system requires particular premises, in example, if the 

suction line sizing is insufficient we will provoke a loss of pressure that 

would have to compensate with a bigger evaporator, if we overdesign the 
suction line the cost of the pipe will be more expensive, and most 

importantly does not ensure the return of oil, consequently breaking the 

compressor and many parts of the system. 

We will calculate the diameter of the pipes through abacus. 
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We suppose that our liquid line will have 60 meters length, our suction 

line will have 90 meters length and the discharge line will have 15 

meters length. 

We know that our pressure drop in R - 404 A refrigerants will be: 

Liquid line: 0.25 bars 

Discharge line: 0.14 bars 

Suction line: 0.16 bars 

So; 

Liquid line: 

∆p1	 < 0.25	wxyL	z7y	30	�Q�QyL 
∆pI,�$	 ≤	 �0.25
 · 3060 = 0.125	wxyL 

Discharge line: 

 

∆p1	 < 0.14	wxyL	z7y	30	�Q�QyL 
∆pI,�$	 ≤	�0.14
 · 3015 = 0.28	wxyL 

Suction line: 

∆p1	 < 0.16	wxyL	z7y	30	�Q�QyL 
∆py = 0.16	wxyL 

In conclusion we can say: 

• Our liquid line will have 1" �% of section. 

• Our Discharge line will have 2"	 2% of section 

• Our Suction line will have 4" 2% of section. 
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Conclusion 

This project has been done, following the criteria we expose at the 

beginning of it. We conclude that the best option in this vessel is having 

just one installation. We chose a single chilling installation with one 

evaporator in each hold. . The principal reason is saving money. 
Another important reason was the breakdowns, as fewer components 

less damages.  

All the components had been elected from companies, fabrics, using 

their specific catalogues and their prices. The economic study of this 

project is not complete; having a lack of experience in how labor can 

increase the price. 

In this project we also consider the utilization of the R-404 a, there are 

many refrigerants which are better in cooling than this one but we 
consider that first it’s our environment instead of having a good 

performance of cooling. 
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• Notes of Instalaciones Frigoríficas. 

Webs: 

• http://www.aireacondicionadoyrefrigeracion.es 

• http://www.danfoss.com 

• http://www.greenrefeer.com 

• http://www.refrigerants.com 

• http://www.meteo.lv/ 

• http://www.pecomark.com 

• http://www.frigopack.com 
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Annexes: 

Glacier: 

 

Annex of Evaporator: 
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Annex Compresor: 
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Annex condenser: 
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Annex Insulators: 
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Annex Pipes: 
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Annex of Refrigerant: 
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Rules: 
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Foods: 
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