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лодоагентів, а також безпечне їх використання – немаловажні питання. Проведення оптимі-
зації теплонасосної системи та її елементів для холодоагентів з низьким ПГП та аналіз 
впливу ліцензійних умов та норм (Licence conditions and codes of practice)  на поточну конс-
трукцію та оптимізовану конструкцію з холодоагентами з низьким ПГП можуть запропону-
вати нові можливості з вирішення завдань з енергоефективності та екологічної безпеки по-
ряд застосування сценарію сталого розвитку. 
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Abstract 

The generally accepted criterion for the quality of design solutions for the energy systems of 

modern marine vessels is their energy efficiency. From the scientific and educational literature 

specialists get extensive information which is provided on various aspects of design problems. It 

pays great attention to the mathematical model’s development. However, none of the sources pro-

vide recommendations for practitioners taking into account real cases which occurred and intend-

ed for application on marine vessels. 

In this work the efficiency of using the heat recovery from operating equipment is investi-

gated. Defrosting system are modified for the marine vessels cooling equipment by irrigation with 

warm water. Today, an important question face both marine vessels owner and crew is the marine 

environmental protection, reducing marine refrigeration systems environmental impact is the key 

http://mpe.kmu.gov.ua/minugol/
http://ozone.unep.org/Assessment_Panels


70 

 

problem. The global community is undertaking action to prevent ocean pollution as well as to re-

duce harmful emissions from engineering systems performance. 

The efficiency analysis for the defrosting system performance at the maximum thermal load 

on the cooling system in comparison with the common application system is carried out.  

Proposed defrosting system is designed to improve the energy efficiency and to reduce envi-

ronmental impact from the marine refrigeration unit, which can contribute to the sustainable de-

velopment scenario. 

Keywords: Defrosting System, Energy Saving, Energy Efficiency, Thermal Energy Recu-

peration. 

 

Since humankind met with the problem of global warming caused by industrial activities, 

the problem of energy consumption reduction is going hand in hand with the problem of 

CO2 emission decreasing. Nowadays, this problem is the most vital and fundamental technical 

problem almost in all branches of engineering and technology withing industry. One of the few 

machinery systems which need to run continuously on marine vessels is its refrigeration system. 

As a lifeline for all perishable food items and temperature-sensitive cargo, refrigeration system is 

one of the most important systems on marine vessel which requires extreme attention of engineers 

at all times.  

The object of study is one-stage vapor compression marine refrigeration system with hot va-

pors defrosting of air coolers has been studied. An automated hot steam defrosting system which 

is marine vessel is equipped has several disadvantages. Consider the example of loading Tuna on 

board. The temperature in the fish pulp (-8
0С). It is required for the process of fishery transporta-

tion to the port of unloading to cool it up to (-18
0С). The performance of the refrigerating machine 

allows to reduce the temperature of the cargo by an average temperature (-0.8
0С) per day. During 

this process the volume of moisture released accumulates very quickly on the batteries, preventing 

air circulation and heat exchange. 

Stopping refrigeration machine (60 minutes) from defrosting the batteries up to returning to 

the required storage temperature level and moisture. Warming of the cargo is observed. According 

to the temperature sensors installed in the fish pulp of each room. In fish pulp temperature read-

ings taken by an average of (+0.2
0С) per thawing cycle. 

It is possible to increase the coefficient of performance by reducing the natural loss of cold 

when the refrigeration machine is stopped during defrosting of the evaporators. Reducing the time 

to stop cooling process in the room can be achieved by recuperating the heat released from the 

operating system elements (Nj) into the environment. The condenser heat load is the sum of the 

evaporator heat load (Q0) and the work expended (Nj ): 

 

     (Eq.1) 

 

These losses (Nj ) can be (15 ~ 20 %) of the refrigeration capacity (Q0) from system perfor-

mance. 

Pilot plant of the modified defrosting system for the marine vessels cooling equipment by ir-

rigation with warm water was designed and assembled. 

Operating principle. Outboard water pumps into the condensers, where heat is taken away, 

heated water sent to defrost the evaporators. The red line indicates the hot water supply pipeline 

for defrosting the batteries. The pipeline is installed on the main deck and is connected through the 
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maintenance rooms to the sprinklers above the air coolers. The blue lines indicate the drainage 

system, through which the condensate flows by gravity into the ballast tanks. (See Fig. 1, 2.). 

The study was carried out within one month from the moment of loading up to the complete 

unloading of the cargo compartment at temperature levels: seawater (from + 19
0
C to + 24

0
C); air 

(from + 14
0
C to + 28

0
C). 

 

 
 

Figure 1. Layout of the thawing system pipelines. 

 

 
 

Figure 2. Schematic diagram of defrosting system by irrigation of water. 

 

Results and Discussion 

The data in the graphs Fig.3 were taken from the logbooks (with similar environmental and 

cargo parameters) for comparison with the results obtained. 
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Figure 3. Cargo temperature reduction schedule. 

 

The data in (Fig. 3) was recorded from one cold storage room. There were no critic differ-

ences in temperatures between rooms for fisheries cold storage during transportation in the marine 

vessel. 

The cost of cold for cooling the cargo is determined by the following: 

 

      (Eq.2) 

 

 weight of cargo, kg;  - heat capacity of cargo, kJ/(kg*К); – initial and fi-

nal cargo temperature;  – cooling time, h. 

 

 Conclusions. 

Proposed modification for defrosting system makes it possible to recover heat energy from 

the operating equipment. According to numerical analysis, for the selected case it can be possible 

to get savings achieved more than 25%. 

Improving environmental safety by reducing the refrigerant leaks impact on hot vapor lines 

which can lead to low corrosion resistance. Reducing the refrigerant capacity load in the refrigera-

tion system by 200 kg was obtained. The accumulation of thermal energy by the load is improved 

by reducing the time spent on the defrosting process, zero energy consumption for freezing cargo 

that has been defrosted during the thawing period. The disadvantage of the system is that efficien-

cy decreases with fewer battery defrosts. 
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