Journal of Advanced Research in Experimental Fluid Mechanics and Heat Transfer 21, Issue 1 (2025) 126-135

IOURNAL OF ADVANCED RESEARCH 1N

EXPERIMENTAL FLUID
: MECHANICS AND HEAT

Journal of Advanced Research in TRANSFER
P

” Experimental Fluid Mechanics
and Heat Transfer

Journal homepage:
http://www.akademiabaru.com/submit/index.php/arefmht
ISSN: 2756-8202 e s

Study on Capillary Pipe Length Variation on Fishing Refrigeration Box
Performance

Haryanti Rivai?, Faisal Mahmuddin®*, Andi Firmansyah?, Syerly Klara!, Ahmad Fitriadhy?, Soegeng
Riyadi3

1 Department of Marine Engineering, Faculty of Engineering, Hasanuddin University, Gowa, Indonesia

Program of Naval Architecture, Faculty of Ocean Engineering Technology, Universiti Malaysia Terengganu, Terengganu, Malaysia
PT. Orela Shipyard, Jalan Raya Ngemboh, Ujung Pangkah, Gresik, East Java, Indonesia

2
3

ARTICLE INFO ABSTRACT
Article history: One of the components that significantly influences the performance of a cooling
Received 23 April 2025 (refrigerator) box onboard a fishing ship is its capillary pipes. To achieve high system

Received in revised form 15 May 2025
Accepted 11 June 2025
Available online 10 July 2025

efficiency, the size of the capillary pipes must be adjusted to the compressor's capacity.
This is because the size of the capillary pipe significantly affects the frictional resistance,
which could lead to reduced system efficiency. To find out the length of the capillary
pipe that is best at reducing the temperature of the fishing refrigeration box,
experiments were carried out in this study with 3 (three) variations of capillary pipe
lengths with the same diameter. It was found that the best temperature drop occurred
at a capillary pipe length of 2.5 m with the lowest temperature of 3.4 °C. In comparison,
the less-than-maximum temperature drop occurred in the 2 m capillary pipe length

Keywords: with a final temperature of 13.4 °C. Changes in capillary pipe length also impact the
Capillary pipes; refrigeration system; coefficient of performance (COP) of the fishing refrigeration system. The highest COP
cop was obtained for the case with the longest capillary pipe length.

1. Introduction

Most traditional fishermen have only utilized traditional methods to freeze their catches. The
traditional method of using ice blocks is regarded as a simple and economical method. The primary
purpose of freezing fish using ice blocks is to reduce the growth of bacteria. By preventing bacterial
growth, the decay of the fish can be delayed. The captured fish are frequently stored in the ship's
loading room (hatch). This conventional storage of the fish using the traditional freezing method
could extend the fish's freshness to only one or two days [1]. Consequently, an efficient and eco-
friendly cooling system is essential. A solar energy-based fish cooling system is a viable choice for this
purpose. Moreover, its utilization and implementation are often more straightforward than other
renewable energy sources, and it may also be effectively applied to fishing vessels [2].
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Generally, the application of cooling systems is notably varied, one example being the steam
compression refrigeration system. Steam compression systems are the most commonly used
refrigeration systems. In steam compression refrigeration systems with small capacity, the expansion
tool that is often used is capillary pipes. A study was conducted by Homzah et al., [3] on the effect of
variations in capillary pipe length and diameter on COP in basic cooling system trainers. The capillary
pipes used were 0.026 inches and 0.042 inches in length of 200 cm, 150 cm, 100 cm, and 50 cm,
respectively. The purpose of this study was to analyze the COP in the basic trainer of the cooling
(refrigeration) system and provide recommendations on the diameter of the capillary pipe and the
length of the efficient capillary pipe. To achieve high system efficiency, the capillary pipe size must
be adjusted to the compressor capacity because if the capillary pipe size is not suitable, the frictional
resistance in the capillary pipe is not suitable, which results in reduced efficiency of the system [4].

2. Literature Review
2.1 Fishing Boats

According to the Indonesian Government regulation No. 11 of 2023, fishing vessels refer to ships,
boats, or other buoyancy devices used in various fishery-related activities, such as catching fish,
supporting fishing operations, fish farming, transporting fish, processing fish, fisheries training, and
fisheries research/exploration. A fishing vessel is described as a vessel used to catch fish, including
activities such as storing, cooling, and/or preserving fish. A fish transport ship, on the other hand,
refers to a vessel specifically designed to transport, load, store, collect, store, cool, and/or preserve
fish [5].

2.2 Fishing Storage

Fish is categorized as one of the most rapidly decomposing foods. Damage or degradation of fish
quality could occur shortly following the fish's death. The deterioration of fish quality can be delayed
with low-temperature treatment. Utilizing low temperatures through coolers and freezers can inhibit
metabolic activities or bacterial activity within the fish's body. Table 1 shows the relationship
between temperature, bacterial activity, and fish quality.

Table 1
Relationship between temperature, bacterial activity, and fish quality
No. Temperature (°C) Bacterial activity Fish quality
1 High temperature:
25-10 Very fast. Fast deterioration, very short service life (3-10 hours).
10-2 Slower growth. Slow quality degradation, short shelf life (2-5 days).
2 Low temperature:
2-1 Bacterial growth is The deterioration of quality is somewhat inhibited,
much reduced. the durability is reasonable (3-10 days).
-1 Activities can be As a minimum drop wet fish, the durability of wet fish
suppressed. (5-20 days).
3 Ultra-low temperatures:
(-2) - (-10) Pressed, inactive. Minimum deterioration of the quality of frozen fish,
long shelf life (7-30 days).
—18 and lower Pressed to a minimum, Better quality of frozen fish, durability up to a year.
bacteria are left
inactive.
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From Table 1, it can be noted that the temperature required to cool fish has its temperature
recommendation, starting from 5 °C, which is only enough to preserve the fish for 4 days, and if it is
up to -1 °C, then the freshness of fish can be extended to 15 or even 20 days [6].

2.3 Refrigeration Systems

A refrigeration machine, better known as a refrigerator, is a device that functions to take heat
from inside the room and release it to the outside of the room with the aim of lowering the
temperature of the object or room below the ambient temperature, creating a lower temperature.
Therefore, the operation of a refrigeration engine always involves the process of heat flow and heat
transfer [7]. In daily life, refrigeration technology is better known in the form of products such as ice,
refrigerators (household refrigerators), ice factories, and others. In the fisheries sector, an example
of use is cold storage, which functions as a storage place for fish. Fish is a perishable food, and
refrigeration techniques have proven to be effective in keeping it fresh so that it still looks like it was
freshly caught out of the water. Therefore, the fishery sector can widely apply cooling techniques [8].

2.4 Components of the Refrigeration System

The components that make up the refrigeration system so that it can maintain the desired
temperature and ensure that the product remains in optimal condition are as follows.

2.4.1 Compressor

The compressor is one of the most important components in a refrigeration system, and it
functions to compress refrigerant or freon in a reversible (reversible) and isentropic (constant
entropy) manner. The work or effort given to the refrigerant will cause an increase in pressure so
that the refrigerant temperature will be greater than the ambient temperature, or the refrigerant
will undergo a superheat phase. The compressor pumps refrigerant to all components through the
piping system.

2.4.2 Condenser

The condenser will convert high-pressure refrigerant vapor into high-pressure liquid with the help
of the cooling medium present in the condenser, be it air or liquid. This process involves the transfer
of heat from the refrigerant to the refrigerant medium so that the refrigerant can change phase from
gas to liquid. In this process, the heat coming from the room, as well as the heat generated by the
compressor, will be absorbed by the cooling medium, which is then released into the surrounding
environment [9].

2.4.3 Filters

The filter on the refrigeration machine is made of copper and functions as a filter to remove dirt
particles carried by the refrigerant. This filtration process aims to prevent blockages in the capillary
pipe, especially since the capillary pipe has a smaller diameter than other pipes. This filtered dirt can
be in the form of dust residues that may be carried during the welding process, or water vapor that
is still left in the system [10].
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2.4.4 Capillary pipes

The simplest refrigerant rate control system is the capillary pipe. If the frictional resistance of the
capillary pipe is too large because the capillary pipe is too long or too small, then the capacity of the
pipe to deliver the liquid refrigerant from the condenser to the evaporator becomes smaller
compared to the compression capacity. As a result, the evaporator lacks liquid refrigerant, which
causes the impact to go down [11,12]. On the other hand, the liquid refrigerant in the condenser
rises, so the condensing pressure rises. The effect of the evacuation is lacking [13,14]. On the other
hand, if the frictional resistance of the capillary pipe is too small because the capillary pipe is too
short or too large, then the capacity of the pipe to deliver the liquid refrigerant from the condenser
to the evaporator becomes greater compared to the compression capacity [15]. As a result of the
evaporator's excess liquid refrigerant, the pressure rises. Not all liquid refrigerants can evaporate in
an evaporator. The compressor sucks the refrigerant liquid [16]. Therefore, appropriate capillary pipe
sizes are essential to obtain optimal efficiency.

2.4.5 Evaporator

An evaporator is one of the main components of a cooling system through which a refrigerant
liquid flows to absorb heat from the cooled product while changing phases. The temperature of the
refrigerant inside the evaporator is always lower than the ambient temperature, so heat can flow
into the refrigerant. Heat from the cooling room flows in through the insulation layer. In addition,
there are various other heat sources in the cooling room, such as heat from the product [17].

2.4.6 Refrigerant

Refrigerant, often called Freon, is a liquid that absorbs heat at low temperatures and repels heat
at higher temperatures. Due to the temperature pressure relationship, the principle of refrigerant
makes it possible to use outdoor and indoor units directly to run them well. This temperature-
pressure relationship makes it possible to transfer heat. Refrigerant is very important in a
refrigeration system because the refrigerant functions as a fluid that can absorb heat in the
evaporator and then release the heat after entering the condenser. Refrigerant will act as a heat-
absorbing and transferring medium by changing its phase. Refrigerant is a substance that easily
changes its phase from liquid to vapor and vice versa when the pressure and temperature conditions
are changed.

2.5 Working Principle of the Refrigeration System

The working principle of the refrigeration engine, as shown in Figure 1, starts from a compressor
that functions to suck and press the refrigerant with high pressure in the form of gas flowing towards
the condenser. There is a condensation process from gas to liquid. Before entering the condenser,
there is a strainer that functions as a filter for dirt so that it does not enter the capillary pipe. From
the condenser, the refrigerant flows into the capillary pipe/expansion valve, and then there is a
decrease in temperature and pressure [18].
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Valve Compressor
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Fig. 1. Refrigeration system working cycle
The working processes follow the following order.

i Process 1-2 (compression) is the process of compression of refrigerant vapor from the
initial state of low pressure and temperature, which is compressed reversibly and
isotopically so that the pressure and temperature become higher than the ambient
temperature.

ii. Process 2-3 (condensation) occurs in the condenser where the refrigerant vapor with high
pressure and temperature then enters the condenser to release heat into the
environment until it changes phase into high-pressure liquid refrigerant.

iii. Process 3-4 (expansion) is when the liquid refrigerant that is still at high pressure then
enters the expansion device to lower the pressure so that the temperature drops (lower
than the ambient temperature), and part of the liquid refrigerant changes phase to steam.

iv. Process 4-1 (evaporation) occurs in the evaporator, which is the process of evaporation
of liquid refrigerant into saturated steam again due to the addition of heat from the load
in the evaporator, to then re-compressed in the compressor.

2.6 Coefficient of Performance (COP)

Coefficient of Performance (COP) is a comparison between the beneficial refrigeration produced
by the refrigeration system to remove heat from the environment and the energy expended by the
compressor. The COP is a dimensionless quantity. The COP is the amount of energy that is useful, i.e.,
the refrigeration effect, which is divided by the work required by the system (compression work). The
greater the COP value, the more efficient a refrigeration machine is. To measure the COP of the
refrigeration system, the impact of refrigeration is divided by the compression work, as follows [19].

cop = v (1)

Wcomp
where Q.,, is refrigeration capacity (kW) and W, is compressor working (kW).

3. Methods
3.1 Research Location

This research was conducted at the Fluid Dynamics and Energy Systems Laboratory, Department
of Marine Engineering, Faculty of Engineering, Hasanuddin University.
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3.2 Refrigeration Dimension dan Materials

The dimensional data of the refrigeration system can be seen in Table 2, which was taken by
direct measurements. The materials used in the refrigeration system were from the outermost layer,

first aluminum composite, then polyurethane, and the innermost layer, namely fiberglass. The
material illustration and its thickness are illustrated in Figure 2.

Table 2
Refrigeration box dimension
Dimension Value (m)
Length 0.79
Breadth 0.40
Height 0.49
(0 ] Fiberglass 1

0,005 Meter

Ducting Polyurethan

0,04 Meter O N a
049 m

Alumunium Composite
0,003 Meter

Jlrmgm

7 0.40 m 7/ -

079 m >

Fig. 2. Refrigeration system dimensions and materials

3.3 Capillary Pipe Variations

Proper capillary pipe length adjustment is essential to balance refrigerant flow control and energy
efficiency. In this study, 3 (three) variations of capillary pipes with different lengths and the same
diameter of 1.77 mm were used, as shown in Table 3. The location and installation of the capillary
pipes used in the present study for the 3 (three) cases are shown in Figure 3.

Table 3

Capillary pipe length variations
Variations Size (m)

A 2

B 2.5

C 3
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(A) (B) Q)
Fig. 3. Capillary pipe’s location and installation

4. Results and Discussion
4.1 Refrigeration System Experiment Results

Data collection was carried out by measuring the temperature of the refrigeration system hatch.
Temperature measurement was carried out using a digital thermometer placed inside the
refrigeration box. Data collection was repeated 3 (three) for each case investigated in the present
study. Each data collection was conducted for 180 minutes. Figure 4 shows the results of experiments
for the case of capillary pipe lengths of 3 m. This figure shows a significant temperature drop in the
first 60 minutes of start-up in each experiment, but the temperature stabilizes in the last 60 minutes.
In the first experiment, the lowest temperature obtained was up to 5.3 °C, while in the second
experiment, the lowest temperature obtained was 5.6 °C, and in the third experiment, the lowest
temperature obtained was 5.2 °C.

Subsequently, Figure 5 shows the temperature obtained for the second case, where the
capillary pipe length was 2.5m. In this figure, the same tendency as the first case, where a very
significant temperature drop occurred in the first 60 minutes, and then remained relatively
stable in the last 60 minutes, can be observed. In this second case, all 3 (three) experiments
obtained the lowest temperature up to 3.4 °C.

st Exp. e=——3nd Exp. e=3rd Exp.

Temperature (oC)

0 30 60 90 120 150 180

Duration (minutes)
Fig. 4. Temperature obtained for capillary pipe length 3 m
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Temperature (oC)

0 30 60 90 120 150 180
Duration (minutes)

Fig. 5. Temperature for a capillary pipe length of 2.5 m

Figure 6 shows the experiment results for the 3" case, where the capillary pipe length was 2 m.
This figure showed no difference in the tendency of temperature drop, especially in the first and last
60 minutes of the experiment, as compared to the first and second cases. Moreover, in the first
experiment, the lowest temperature obtained was 12.8 °C, while in the second experiment was
13.4-C. In comparison, the lowest obtained temperature in the last experiment was also 13.4 °C.
Figure 7 shows the comparison of the average temperature obtained in each case. Based on Figure
7, itis clear that the best temperature drop occurs at the length of the capillary pipe of 2.5 m, where
for 180 minutes the test obtained a final temperature of 3.4 °C, while the temperature drop that is
less than optimal occurs in the variation in the length of the capillary pipe of 2 m with a final
temperature of 13.4 °C.

35

30 — ] st EXp. 2 nd Exp. = 3rd Exp:
o 25
2
= 20
fc
g 15
E
2 10
5
0
0 30 60 90 120 150 180
Duration (minutes)
Fig. 6. Temperature for capillary pipe length 2 m
35.00
—f (2m) —f (2.5m) e U (31
30.00
25.00
o 2000
=2
@
5 1500
m
g
E  10.00
=
5.00
0.00
0 20 60 90 120 150 180

Duration (minutes)

Fig. 7. The rate of temperature decreases at different capillary pipe
lengths
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Figure 8 shows the COP value calculated from the experimental data. It can be seen that even
though the second case obtained the lowest temperature compared to the first and third cases, the
COP calculation shows that the longer the capillary pipe, the lower the COP value. This happens
because longer capillary pipes increase refrigerant flow resistance, causing the compressor to work
harder and require greater power consumption, thus lowering the COP value.

Coefficient of performance

8
5.72
6 5.15
4,32
4
N
0
2 meter 2.5 meter 3 meter

capillary tube variations
Fig. 8. The COP results comparison

4.2 Discussion

The capillary pipes in the refrigeration system affect the temperature in the evaporator because
they affect the refrigerant's pressure and flow rate. In a 2 m capillary pipe, the refrigerant pressure
remains high, resulting in a higher temperature (12.8 °C) because heat absorption is less effective. In
a 2.5 m capillary pipe, the pressure drop occurs optimally, resulting in the lowest temperature (3.4
°C) due to the good balance between pressure and flow rate so that the refrigerant absorbs heat
more effectively. However, in a 3 m capillary pipe, even though the pressure is lower, the flow rate
becomes too slow, causing a slightly higher temperature (5 °C) than in a 2.5 m pipe. It can be seen
that the lowest temperature obtained was 3.4, and the length of the capillary pipe was 2.5 m. Thus,
at a temperature of 3.4 °C, the fish will have a slow deterioration for about 2 to 5 days.

From the experimental results, it can be observed that the longer the capillary pipe, the smaller
the COP value because the greater pressure drop along the pipe reduces the flow rate of the
refrigerant to the evaporator. With slower flow rates and lower pressures, the compressor has to
work harder to maintain the cooling cycle. This increased compressor workload results in greater
energy consumption while reducing the resulting cooling effect. As a result, the COP becomes smaller
as the energy used increases. The greater the COP value, the more efficient a refrigeration system is.

4. Conclusions

The variation in the length of the capillary pipes significantly influences the decrease in
temperature of the fishing cooling box. Based on the results of experiments that have been carried
out with the use of different capillary pipe lengths, the lowest cooling system hatch temperature of
3.4 °C at the length of a capillary pipe length of 2.5 m, and the highest temperature is 13.4 °C at the
length of a capillary pipe length of 2 m. Changes in the length of capillary pipes also have an impact
on the coefficient of performance (COP) of the fish cooling system. In a capillary pipe with a length
of 2 m, the resulting COP was 5.72. When the length of the capillary pipe was increased to 2.5 m, the
COP decreased to 5.15. Furthermore, with a capillary pipe length of 3 m, the COP again decreased to
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4.32. It can be concluded that the longer the capillary pipe is, the greater the pressure drop, which
can increase the workload on the compressor, thus lowering the overall system efficiency (COP).
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