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Abstract: This study aims to determine the effect of using PCM in reducing
the temperature of the water entering the radiator from the engine. Two types
of PCM used are made of aluminum and ST 37 steel. They are made like a box
measuring 8§ cm x 8 cm with a thickness of 2 mm, the center hole is 3.5 cm in
diameter, totaling eight pieces. The Machine used is L 300 Colt engine. The
results of the study explained that the decrease in engine temperature after
using PCM reached 17.5°C. While the use of PCM is very effective where the
water coming out of the machine can be reduced by 17,83°C. Engine speed at

E-mail: suhartoyo@sttw.ac.id stationary conditions (800 rpm — 1100 rpm) aluminum PCM is more effective,

but at engine speed starting (1250 rpm — 2000 rpm), the effective PCM is ST
37 steel.
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1. Introduction

Advances in technology, especially automotive, are extraordinarily advanced, technology
developed is very indulgent for motorists. The technology developed in the automotive
world is in line with the development of the trend in people's lives.

The advancement of the automotive sector is a growing demand and trend for automotive
users themselves. The development of the automotive, of coutse, must pay attention to and
prioritize quantity and quality. One of the qualities that must be developed is that it is safe
for drivers and passengers, environmentally friendly, and has high efficiency. Another major
thing is toughness in a wide range of mileage and the long life of engine parts. The
development that has been carried out is in the electrical system section, which now uses
the Electronic Control Unit (ECU) system, with the ECU which is an electronic circuit so
that it is easy to control and linkage between parts in the unit. Fuel has also begun to be
developed for the use of renewable fuels, the use of ethanol and methanol is an effort to
improve engine performance (Nugroho, 2015) (Nugroho, 2021). It can improve the
performance of the combustion engine and of course, the hope is that it is more
environmentally friendly. A good lubrication system of course also affects the life of the
engine part of the combustion engine. The lubrication and cooling system in the combustion
engine is an important part, considering that its main function is to absorb heat as well as to
perform coating and lubrication. Both systems are the basis of the machine's work to do
work and effort, to protect the machine so that it does not wear out quickly, does not
interfere with engine performance, and the life of engine parts is longer so lubrication is
needed (Dalimunthe, 2019).

The engine cooling system on the combustion engine uses a system such as a heat exchanger
which functions as a heat exchanger. The heat from the combustion engine will be absorbed
by water and then removed by the radiator fins (Saputra; et al., 2018), but if the work of the
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radiator is not good it can cause overheating. The cause of this condition includes a
problematic cooling system.

The component of the cooling system that often has problems is the radiator, Performance
of the radiator is often problematic due to the occurrence of crust. The technology
developed is to use coolant fluid, the liquid is safe to use so far, does not cause rust and
blockage. To reduce the fluid entering the radiator, the temperature is too high, a tool called
Phase Change Material (PCM) is installed as a tool to absorb heat from the liquid and then
release it into the air (Amin; & Putra, 2016). PCM is in the form of fins made of materials
that have good thermal conductivity values. Because of the importance of cooling for the
engine and reducing the causes of damage due to overheating, it is necessary to research the
use of PCM. For the PCM to work optimally, it must have a contact area with hot fluid to
be absorbed and have partts that quickly release heat (Abuska; et al., 2019).

To prevent excessive heat, motor vehicle owners/users usually do this by adding other
substances/coolants, using mineral-free fluids. Apart from the above methods, there is still
no other effective way. Meanwhile, in terms of research, many studies have been catried out,
one study that has been carried out to help this problem is the modification of adding a
device to the radiator inlet with a finned channel that is able to keep the engine temperature
at normal temperature, by installing a finned duct or PCM it can save energy. and the
machine work is not heavy (Mourid et al., 2018). The inclination angle of the fin plate and
the number of fins affect the temperature drop (Wei; et al., 2021).

Based on the reasons mentioned above, the researchers felt the need to conduct research,
assessing the effectiveness of the presence of PCM when installed in the radiator inlet, its
relationship to engine temperature. The PCM materials that will be used for research are
aluminum and ST 37 steel.

2. Research Method and Materials

In the test using a car stand 1300, for temperature measurement using a thermoreader and
a thermocouple. Two types of PCM were used, made of aluminum and ST 37 steel. It was
made like a box measuring 8 cm x 8 cm with a thickness of 1.3 mm in the middle hole with
a diameter of 3.5 cm totaling 8 pieces covered with paraffin. Radiator hose, hose clamp, a
quades water, and gasolin fuel.

Tl

Figure 1. Planned form of PCM

Figure 1 is a plan of the PCM form used in this study, with ST 37 aluminum and iron.
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Figure 2. Research flow chart

Figure 2 describes the research flow, taking the cooling water temperature data measured
from the cooling water coming out of the engine and after leaving the PCM to the radiator.

3. Results and Discussion

PCM is installed between the outlet engine and radiator inlet, the pipe is fitted with a water
coolant temperature check before and after the PCM.

Figure 3. PCM Installation in unit

Figure 3 is a picture of the PCM installation in the engine cooling water inlet and the radiator
inlet. The fin-shaped PCM is put in a closed box and filled with paraffin to the brim, then
installed as a heat sink which is carried by the cooling water out of the engine.
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Figure 4. Comparison temperature engine and coolant entering radiator

Figure 4 is a graphic image engine temperature and the temperature of the fill water entering
the radiator without passing through the PCM. even though the cooling water temperature
is still within the allowable limits, if there is an overheating problem, the radiator work will
be heavy and the radiator may be damaged.
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Figure 5. Graph of the relationship between N (Rpm) and engine temperature

The decrease in engine temperature after using PCM, the maximum temperature decrease is
17.5°C, the number of PCM fins affects the temperature decrease. Engine speed at stationary
conditions (800 — 1100) PCM from aluminum is more effective, but when the engine speed
starts (1250 — 2000) the PCM is made of metal is effective. The difference occurs at rpm
starting at 1250, PCM aluminum higher engine temperature occurs because the material
properties are very good for the cooling process, with easy heat transfer and heat stored in
paraffin. PCM using aluminum allows it to absorb or dissipate heat In terms of materials,
aluminum has the property of releasing heat more quickly and is lighter than steel (Kovacik;
et al., 2017). Decrease in temperature after using PCM in the radiator inlet is 18,7%. in the
study, the heat reduction of the liquid entering the radiator was 16%-53% (Tian Yan, 2021)
Another advantage of using PCM is that the temperature of the liquid entering the radiator
becomes more stable (Sardari; et al., 2020) (Moldgy, 2016).
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4. Conclusion

From the results of the study, it can be concluded as follows, the decrease in engine
temperature after using PCM reaches 17.50C. While the use of PCM is effective where the
water coming out of the machine can be reduced by 17.830C.

When viewed from the type of PCM material, it can be concluded that if the engine speed
is stationary (800 — 1100) the aluminum PCM is more effective, but if the engine speed starts
(1250 — 2000), the effective PCM is metal. The level of difference, especially Rpm from
1250, PCM aluminum, higher engine temperature, occurs because of the excellent
properties of the material for the cooling process, with easy heat transfer and heat stored in
paraffin.
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