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Abstract: A new cooling system has been designed to reduce the adverse effects of the cooling system used in internal
combustion engines and to create a more efficient system. R134a gas was used as the refrigerant in the engine cooling system
in the experimental setup set up for the preliminary study. The cooling effect of gas masses of different weights (400, 450, 500,
550, 600 g) filled into the cooling system for cooling the simulated cylinder fixed at different temperatures (50, 60, 70, 80, 90,
100, 110, 120 °C) was determined. By measuring the temperature and pressure values in the system, comparisons were made
by calculating the heat transfer coefficient, fluid flow rate and heat transfer rates of the system. The most efficient fluid weight
used in the study was determined as 550 g. In the system without a circulation pump, the pressure difference between the heat
receiving and heat giving sections allows the refrigerant gas to circulate. It has been observed that this situation is made possible
by the increase in the heat transfer coefficient depending on the temperature increase. The absence of a pump in the system
will contribute to engine performance. Having the refrigerant in gaseous form will enable smaller engine structures, lower
vehicle weight, less fuel consumption and less exhaust emissions.
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I¢ten Yanmah Motorun Sogutma Sisteminde Sogutucu Akiskan Kullaniminin Deneysel
Incelenmesi: On Calisma

Oz: igten yanmali motorlarda kullanilan sogutma sisteminin olumsuz etkilerini azaltmak ve daha verimli bir sistem olugturmak
amaciyla yeni bir sogutma sistemi tasarlanmistir. On caligma icin kurulan deney diizeneginde, motor sogutma sisteminde
sogutucu akigkan olarak R134a gazi kullanilmistir. Farkli sicakliklarda (50, 60, 70, 80, 90, 100, 110, 120 °C) sabitlenmis simiile
edilmis silindiri sogutmak i¢in sogutma sistemine doldurulan farkli agirliklardaki (400, 450, 500, 550, 600 g) gaz kiitlelerinin
sogutma etkisi belirlenmistir. Sistemdeki sicaklik ve basing degerleri dlgiilerek sistemin 1s1 transfer katsayisi, akiskan debisi ve
1s1 transfer hizlar1 hesaplanarak karsilagtirmalar yapilmistir. Calismada kullanilan en verimli akiskan agirlign 550 g olarak
belirlenmistir. Sirkiilasyon pompas1 olmayan sistemde, 1s1 alan ve 1s1 veren boliimler arasindaki basing farki, sogutucu gazin
dolagimina olanak saglamaktadir. Bu durumun, sicaklik artisina bagl olarak 1s1 transfer katsayisinin artmastyla miimkiin
oldugu gozlemlenmistir. Sistemde pompa bulunmamasi, motor performansina katk: saglayacaktir. Sogutucu akiskanin gaz
halinde olmasi, daha kii¢iik motor yapilari, daha diisiik ara¢ agirlifi, daha az yakit tiiketimi ve daha az egzoz emisyonu
saglayacaktir.

Anahtar kelimeler: i¢ten yanmali motorlar, sogutma sistemi, R134a, sogutucu akigkanlar, 1s1 transfer orani.
1. Introduction

Transportation has become an indispensable element of daily life. It is a connecting bridge between
production and consumption. At the same time, besides being an indicator of development, it has also undertaken
an essential economic and social development task. Vehicles, which are means of transportation, are in constant
motion to realize this critical mission. Internal combustion engines provide an essential part of the energy needed
for the movement of vehicles. While using this important vehicle is aimed to achieve the highest performance with
the least fuel consumption and to give the least damage to the environment for humanity. In order to achieve the
highest engine performance, the engine cooling system has important duties to provide fuel economy and to keep
harmful emission values at low levels. Therefore, the differences in the studies in this direction of the researchers
are high and varied. Recently, they have focused on using nano-refrigerants in the cooling system [1-6]. As a
result of the studies, it has also been seen that lower-volume engines can be produced with the same power. In
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addition, Itis possible to diversify research on cooling systems with the cylinder and piston surface coating method
[7], with the technique of using different radiator materials [8], with the use of various additives included in the
fuel [9], with the addition of additives to the engine oil [ 10], with the anti-wear studies [11], by making new engine
part designs [12, 13] etc. with different studies.

The cooling system’s responsibility is to keep the vehicle engine’s temperature within the desired limit. This
responsibility is to remove excess heat generated by the internal combustion engine to prevent overheating engine
parts and engine oil [14]. In the cooling systems of internal combustion engines, either air or liquid refrigerant
coolers are used. While air or liquid coolants prevent the engine from overheating, at the same time also undertake
the task of enabling the highest engine performance to be obtained. However, to avoid damaging the engine parts
of the heat energy obtained in the engine cylinders, it is a must that some of it is discharged to the outside through
the cooling system without being used. However, in order not to damage the engine parts of the heat energy
obtained in the engine cylinders, it is a necessity that some of it are discharged to the outside through the cooling
system without being used. The instantaneously occurring temperature of approximately 2000 °C in the cylinder
decreases to an average value with the cold mixture entering the combustion chamber. The temperature at which
the engines are theoretically most efficient is considered to be between 500 - 900 °C, depending on the structure
of the engines and the work they will do.

Considered the thermal and mechanical strengths of the engine parts, the high temperatures occurring in the
cylinder must be removed from the engine [15]. The cooling system used to fulfill this task removes 33-39% of
the heat energy released by the combustion of fuel in gasoline engines and 28-35% in diesel engines [16]. Along
with that, even this average temperature reduces the mechanical strength of the engine parts [17].

Air-cooled systems cause significant reductions in engine performance in hot climate conditions. The air-
refrigerant cooling system is simple and is generally preferred for cold climate conditions. On the other hand, a
liquid refrigerant cooling system is preferred for all-season conditions. The pump that circulates refrigerants in
both air-refrigerant and liquid-refrigerant cooling systems causes the engine power to decrease [18]. On the other
hand, ethylene glycol, which is used to improve the boiling and freezing points of the refrigerant in liquid
refrigerant cooling systems, adversely affects thermal conduction. Many studies have been carried out in the
literature on cooling liquids and cooling systems in internal combustion piston engines. These studies show that it
is possible to use refrigerants in different systems in the future, as well as that the cooling system in engines is
open to development and change. The availability of gaseous refrigerants in engine cooling systems, which has
yet to find a place in the literature, can be seen as one of these developments and change methods.

The preliminary study system installed can be thought of as the application of heat pipe design to the engine
cooling system. Many studies on heat pipe systems have been carried out in the past. Domestic water heating [19]
and automotive headlight cooling [20] are some of these works. In addition, many studies are being carried out
today, such as cooling electronic systems such as mobile phones [21], air conditioning systems [22], and heating
by utilizing geothermal resources [23]. The system, which is established with a heat pipe working logic in engine
cooling systems, is thought to be an important preliminary study that needs to be worked on in this field. As stated
above, it will be possible to eliminate the deficiencies in classical systems by using heat pipe design. The
transportation of heat from a hot environment to a cold environment and the fact that no pumping mechanism is
needed and at the same time refrigerant gases can be used in these systems is seen as a unique subject of study.

It is seen that R134a refrigerant, which is planned to be used as a refrigerant in the engine, has the possibility
of being used in different current studies both experimentally and theoretically. For example, while evaluating the
effect of R134a gas charge amounts on cooling in a system with variable compressor strokes [24], in the study
conducted by Zhai et al. (2024) the flame retardancy properties of R134a gas was examined [25]. In addition, the
comparison of the effect of using different amounts of R134a and R1234yf refrigerants in different amounts [26],
as well as studies comparing these gases in terms of cooling are seen in the literature. In the studies that have been
conducted, the statements that R134a is a better option [26—28] are included in these studies. At the same time, it
is thought that the use of R134a refrigerant gas in the heat pipe, which can be preferred for space constraints in
small-sized devices such as mobile phones and computers, will make significant contributions to engine cooling.

In the study a new cooling system using gaseous refrigerant as a coolant was studied to eliminate the existing
deficiencies in the existing cooling systems and minimize the existing problems. Here, the possible contribution
of the latent heat of evaporation of the refrigerant to the engine cooling performance is investigated. Gas
refrigerants are an ideal option to solve the problems encountered in all climate conditions in cooling systems
using air or liquid refrigerants. In other words, the problem of freezing in the refrigerant in winter conditions and
the problems of boiling and overheating by insufficient cooling in summer season conditions will be eliminated.
Since there will be no temperature difference around the cylinder when the engine is not running, there will be no
refrigerant movement in engine cooling. However, the heat energy generated by the combustion effect that will
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occur in the cylinder as a result of the engine’s operation will lead to the realization of a forward and upward
movement of the refrigerant by heating. In the cooling system, there will be no need to use a pump with the
principle that the refrigerant will naturally circulate with the pressure change difference caused by the temperature
effect. Therefore, it is seen as more advantageous than the classical systems used.

It is helpful to pay attention to the global warming potential (GWP) and ozone layer depletion potential (ODP)
values in terms of the damages caused to the environment by the gases used as the refrigerant in the system, which
is considered a new design. Hydrofluorocarbon (HFC) refrigerants used in cooling systems should have no or low
global warming values within the framework of legal norms. Due to this situation, the EURO-F gas regulations,
the Montreal Protocol, and the Kyoto protocol have placed significant restrictions on refrigerants with high global
warming potential [29,30]. In addition to these values, it is important to determine whether the gases used as
refrigerants are toxic and flammable. In this regard, gases have been determined by classifying them as seen in
Table 1 below by ASHRAE (American Society of Heating, Refrigerating and Air-Conditioning Engineers).
Thanks to this classification, the effects of gas refrigerants on health can be understood [31,32]. At the point of
determining the refrigerants to be used, as it can be understood when Table 1 is examined, the importance of
refrigerants with low toxicity levels and A1 level, which is the lowest level of toxicity, should be addressed. With
a new cooling system design that is planned to be used, it is aimed at creating a more environmentally friendly
product.

The aim of this study was to determine whether a gas phase refrigerant could be used in an internal combustion
engine cooling system installed as a prototype. In the study, surface temperature values were determined by using
different amounts of refrigerants, and heat transfer rates were calculated.

Table 1. ASHRAE classification.

Toxicity

Low High
& High A3 B3
-% Mid A2 B2
£ | Low A2L B2L
E None Al B1

As far as the authors know, it will contribute to the literature since there is no experimental and theoretical
study in this area. In addition, the structures of the cooling systems will undoubtedly be reduced thanks to the
gaseous refrigerants planned to be used. The shrinkage that will occur in the cooling system will also allow the
engine structure to shrink; therefore, the fact that it will affect the weight of the vehicle will also allow the fuel
consumption to decrease. This will allow for the reduction of harmful emissions caused by internal combustion
engines. It should not be ignored that it will positively affect both economic and environmental health by producing
less harmful emissions with less fuel consumption.

2. Material and Method
2.1. Test refrigerant

R134a gas, whose properties are given in Table 2, is preferred as the refrigerant used in the internal
combustion engine cooling system. The following features were taken into consideration in the selection of the
gas:

- High latent heat of evaporation to benefit from phase change,

- Low boiling point in atmospheric conditions,

- To be harmless to the environment and human health,

- High critical temperature and pressure,

- No risk of chemical reaction depending on the system to be used,
- Not to cause corrosion,

- Easy supply and low cost.
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Chlorofluorocarbon (CFC) dichlorodifluoromethane (CCl2F2), known as R12 from the ASHRAE
classification, is a refrigerant widely used in refrigeration systems and air-conditioning after its discovery in the
1930s [33]. In addition, the fact that it is the gas closest to the properties of the R12 gas, which has been banned
today, has also been influential in the choice made. Because R12 gas, due to its properties, has been used as a very
effective gas in the field of cooling. As a result of the research made by the General Motors company, it was
decided that the most useful one among the refrigerants developed was R12, which was named Freon. Mass
production was started for R12 gas in 1931 [34]. In the Montreal Protocol, R134a gas has been proposed as an
alternative refrigerant to R12 [35].

Table 2. Properties of R134a and R12 refrigerants [31,32,36,37].

Refrigerant Refrigerant Chemical Security GWP ODP Critical Critical Boiling
Group Formula Class temperature (°C) Pressure (Bar) Point (°C)

R134a HFC CH,FCF; Al 1300 0 101.1 40.59 -26.07

R12 CFC CCLF, Al 10200 1 111.97 414 -29.75

2.2. Installation of the experimental mechanism

It aimed to calculate the convection heat transfer coefficient of the R134a refrigerant in the establishment of
the experimental setup. The schematic view of the experimental setup is given in Fig. 1 and its installed state is
given in Fig. 2. This setup aims to create a simulator of the cylinder structure in an internal combustion engine.
While creating this structure, the copper cylinder represents the cylinder in the internal combustion engine. The
engine oil filled into the cylinder was increased to different temperature values and used to reach the desired
temperature values of the cylinder wall. With the spiral structure formed by wrapping a copper pipe around the
cylinder, the heat taken from the cylinder is transferred to the radiator with the help of the same copper pipe. The
refrigerant cooled in the radiator is provided to reach the entrance of the spiral structure around the cylinder with
the copper return pipe. In this way, it has been aimed that the refrigerant heated around the cylinder will circulate
and heat transfer within the copper pipe. Temperature values were recorded with the Graphtec GL240 data logger
device with the help of T-type thermocouples placed in certain parts of the established experimental system. In
addition, the pressure and temperature values of the gas circulating in the system during the operation were
determined with the help of the Testo 550 digital manifold measuring device.

digital manifold }4—' expansion tank)ﬁ
digital thermostat ( El P

A
— top pipe

( oil H cylinder H spiral j ( radiator )—»(envir‘oyment]
A

transformer Y — I
bottom pipe } -t -

A

dimmer
A
Y

electrical grid — Electricity

Heat

Temperature

Figure 1. Experimental setup schematic.

After the system installation shown in Fig. 2, the air in the system was discharged with the help of a vacuum
device to ensure the circulation of the gas refrigerant in the experimental setup. After this process, five different
amounts of refrigerant (400, 450, 500, 550, and 600 g) were filled into the experiment system with the help of a
digital scale.
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Figure 2. The experimental setup.

Thermocouple connections were made to the positions shown in Fig. 3 to see the temperature changes during
the system’s operation. The recorded temperature values were used in coordination with Excel and Refprop
programs. Thermocouple positions and liquid-gas distribution in the system are visualized with solid models
created using the Catia program.

2.3. Experiment process

Different amounts of refrigerant were filled into the system, and the oil temperature was fixed at the
predetermined temperature value (50, 60, 70, 80, 90, 100, 110, and 120 °C) at each filling. The aim here is to
compare the test results obtained according to different refrigerant amounts and cylinder temperatures to determine
the most efficient state of the system and to see its operability. Table 3 shows the experimentally studied refrigerant
quantities and the studies carried out depending on the fixed cylinder temperatures.

Figure 3. Thermocouple locations. (1. Radiator inlet, 2. Radiator fins, 3. Radiator outlet, 4. Spiral top end,
5. Oil, 6. Spiral bottom end).

Table 3. The number of experiments and variables.

Number of Experiments Refrigerant Amount (g) Oil Temperature (°C)
8 400 50, 60, 70, 80, 90, 100, 110, 120
8 450 50, 60, 70, 80, 90, 100, 110, 120
8 500 50, 60, 70, 80, 90, 100, 110, 120
8 550 50, 60, 70, 80, 90, 100, 110, 120
8 600 50, 60, 70, 80, 90, 100, 110, 120
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Experiments were repeated three times for each refrigerant amount seen in Table 3. During the experiments,
the ambient temperature was set at an average of 20 °C. For each experiment, besides the temperature and pressure
values of the gas, the temperature values obtained from the thermocouples placed at eight different points were
recorded. Two thermocouples for oil temperature adjustment in the cylinder and one thermocouple for measuring
the ambient temperature were positioned in the experimental environment. The remaining 5 thermocouples were
connected to the radiator inlet, radiator outlet, radiator fins, and spiral top and bottom parts.

2.4. Calculation method

The temperature values obtained with the help of the thermocouples shown in Fig. 3 and the pressure values
measured through the digital manifold have been used for the calculations. The calculation method is based on the
principle that the total heat loss from the system to the experimental environment and the heat stored in the system
is equal to the heat drawn from the spiral part. The convection heat transfer coefficient of the refrigerant was
calculated based on the heat drawn from the system. The following equations were used to calculate the liquid-gas
ratios of the liquid and gas phase refrigerant in the system [38]:

Sln% =-7.6865560+2.3117916"* -2.039554 6" —3.583758 " (D

cr

Where Pg,; (MPa) is the pressure of the saturated vapor (Eq. 1), P.,. (MPa) is the critical point pressure of the
refrigerant (Eq. 1), 9 = Ty, /T, is the ratio of the gas saturation temperature to the critical point temperature, 8 =
1 — 9 is the ratio of the difference between the critical and gas P,,, = —7.6 saturation temperatures to the critical
point temperature. The value of saturated liquid density (p")is calculated from Eq. 2 [38]:

p'=518.2+884.136"° +485.8407" +193.299"" )

The density value of the saturated steam can be calculated with the help of Eq. 3 [38]:

n

P =2.83729460" ~7.8759880%° +4.478586 0" —14.1401256"* —52,361297 0" 3)
Po

Where p’ (kg/m?) is the density of saturated steam, and p, is the reference density determined for this equation as
516.86 kg/m®. The liquid-gas volumes of the refrigerant can be calculated [34] with the help of Eq.4:

VT - vsat,l mv

x=—1 sl T 4
v v, (4)

sat,g - sat,l

Where x degree of dryness, v, (total specific volume) is the ratio of the total volume of the refrigerant in the
system to the total mass, v, is the specific volume of the saturated liquid, v, ¢ is the specific volume of the

saturated steam, m,, is the vapor mass and my is the total mass. Eq. 5 is used to calculate the convection heat
transfer coefficient:

hR — QT — Qrad + Qp,t + Qp,h + Qs + Qet + QR (5)
o AiS (T Ais (];ar,avg - T;at )

sat,avg sat)

Where hgi34, (W/m?K) is the heat transfer coefficient of the R134a refrigerant, Or (W) is the total amount of heat
drawn from the system, A;; (m?) is the area from which the heat is drawn, that is, the inner surface area of the
spiral, Tgqr qvg (K) is the average cylinder wall temperature obtained by averaging the temperature values measured
from the thermocouple connections at the top and bottom of the spiral. Qrad, Op.r, Op.b, Os, and Qe (W) are the heat
transferred to the surrounding environment from the radiator, top pipe, bottom pipe, spiral, and expansion tank
regions shown in Fig. 3, respectively, and Or (W) is the heat stored in the refrigerant. For the regions shown in
Fig. 3 was taken an average surface temperature value. Table 4 shows that the surface temperatures of these regions
are calculated by averaging the temperatures of which thermocouple locations.
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Table 4. Surface temperatures of the regions.

Region Temperature Averaging Locations

Radiator (T;ag,avg) Radiator inlet (Ty4q i ), outlet (Taq oyt) and fin (Tyoq ¢) temperatures
Expansion Tank (Tegavg) Spiral top (T up) and radiator inlet temperatures

Top Pipe (Tip avg) Spiral top and radiator inlet temperatures

Bottom Pipe (Typ avg) Spiral bottom (T ) and radiator outlet temperatures

Spiral (T avg) Spiral top and spiral bottom temperatures

The following equations (Eq. 6 and 7) are used to calculate the heat transfer from the system to the
environment.

Oon =hA(T, = T}) (6)

Where Qcon (W) is the amount of heat transferred by convection, A (W/m?K) is the convection heat transfer
coefficient, A, (m?) is the area of the surface where the heat convection takes place, Ty and Ty (K) are the
temperatures of the surface and the refrigerant providing the convection, respectively [39]:

_ kNu
L

h ()

Where h (W/m?K) is the convection heat transfer coefficient, kK (W/mK) is the thermal conductivity, L (m) is the
vertical length for the plates, while the diameter for the horizontal pipes is, and Nu is the Nusselt number. The k
and Nu values vary depending on the properties of the refrigerant where natural convection takes place and the

surface temperature [40]. The thermal conductivity for the heat transferred to the surrounding air is calculated
from Eq. 8 [41]:

0.8646
k, =0.02624 [ﬁj (®)

Where kj, (W/mK) is the thermal conductivity for air, and T (K) is the film temperature calculated by averaging
the ambient temperature and surface temperature [41]. Two different equations are used to calculate the Nusselt
number, Eq. 9 for vertical plates and Eq. 10 for horizontal pipes [40]:

2

1/6
Nu=| 0825+ 0387Ra 9)

[1 +(o.49%r)"““}“7

3
Niu=| 0,600+ 387Ra (10)

[1 +(0.55%r)9“1w

Where Pr is the Prandtl number, and Ra is the Rayleigh number. The Rayleigh number can be multiplied by the
Prandtl and Grashof numbers [40]. Eq. 11 can be used to calculate the Prandtl number for air [41]:

Pr

air

:0.68+4.69><10‘7(Tf —540)° (11)
Eq. 12 is used to calculate the Grashof number [40]:
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T -T)L
GrL:gﬂ( < L, (12)
14

Where g gravitational acceleration (m/s?), 8 =1/ T; volumetric expansion coefficient (1/K), Ty surface
temperature (K), Ty refrigerant temperature (K), v kinematic viscosity of the refrigerant (m?%/s) [40]. The equation
used in the calculation of the kinematic viscosity for air (v, ) is as shown in Eq. 13 [41]:

1.458x10°T,”

vV, =— 13
" p (T, +110.4) (13
Where p;, (kg/m?) is the density of air and is calculated as shown in Eq. 14 [41]:
=t (14)
=
RAT/'

Where P (Pa) is the air pressure, R, = 287.05 J/kgK is the gas constant for air [41]. After all these calculations,
the amount of heat transferred to the surrounding environment by convection has been calculated. The following
equations are used to calculate the heat stored in the system (Qsys):

0,,=m,C, (AT) (15)

Where i, (kg/s) is the mass flow rate of the gas, C,, (J/kgK) is the specific heat of the gas, and AT is the

temperature difference between the two points of the gas [18]. The mass flow rate can be calculated using Eq. 16
[34]:

= pvA, (16)

Where p (kg/m?) is the density, A, (m?) is the cross-sectional area where the flow occurs, v (m/s) is the flow
velocity [34]. The following Eq. 17 is used to determine the flow rate [42]:

V=20, —h,) (17)

Where hg ¢ (J/kgK) and hy; (J/kgK) are the enthalpy values of the gas in the final and initial states [42]. It is known
that (Cp_g (AT)g) value in Eq. 15 is also equal to (hg, F hg'i) value [34]. This enthalpy difference has been used
while making the calculations. The first value, the saturated vapor enthalpy, is the value when the liquid evaporates,
and the last situation value, the enthalpy of the gas at temperature and pressure conditions read from the digital
manifold during the experiment, has been taken as the basis.

The Eq. 18 used in the calculation of the enthalpy value of the R134a refrigerant is as follows [38]:

h, =R,T,[1+7(®] + D))+ D] (18)

Where h, (J/kgK) is the enthalpy of the gas, R, = 81,488856 J/kgK is the gas constant for R134a, T, (K) is the
temperature of the gas, T = T,/ Ty is the ratio of the critical point temperature to the gas temperature, § = pg/pe
is the ratio of gas density to critical point density, and ¢2, ¢f, and ¢ are derivatives of general free energy
equations [38].

Calculation of ¢2, d%, and ¢ values is as seen in equations 19, 20, and 21, respectively [38]:

o

N°
o_ o a3 0,0 t9-1
CDT =a, +7+Zajtjr’ (19)
=
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Ny Ny
Q. =>ats " +Z4:(exp(—5k) > al.ti5d"r""J (20)
i=1 k=1

i=N;_;+1
N, 4 Ny
O =>ads" " +Z(exp(—5k) > a(d,—ks )" j 1)
Jj=1 k=1 i=N;_+1

The equation constants used here are shown in Table 5 [38]:

Table 5. Equation constants for equations 19, 20, and 21.

i a; t; d N; & t i a; t; d;
0 - - - 8 - - 11 -0.0074859070 5 2
1 0.0558681700 -0.5 2 11 -1.019535 - 12 0.0001017263 1 4
2 0.4982230000 0.0 1 17 9.047135 - 13 -0.5184567000 5 1
3 0.0245869800 0.0 3 20  -1.629789 - 14 -0.0869228800 5 4
4 0.0008570145 0.0 6 21 -9.723916 -0.50 15 0.2057144000 6 1
5 0.0004788584 1.5 6 - -3.927170 -0.75 16  -0.0050004570 10 2
6 -1.8008080000 1.5 1 - - - 17 0.0004603262 10 4
7 0.2671641000 2.0 1 - - - 18  -0.0034978360 10 1
8 -0.0478165200 2.0 2 - - - 19  0.0069950380 18 5
9 0.0142398700 1.0 5 - - - 20 -0.0145218400 22 3
10 0.3324062000 3.0 2 - - - 21 -0.0001285458 50 10

3. Findings and Discussion

The pressure of the refrigerant in the gas phase in the system has increased depending on the amount of
refrigerant filled into the system. Fig. 4 shows the gas pressures available in the system:

According to the experimentally obtained information, the pressure (Fig. 4) and temperature (Fig. 5) graphs
of the gas in the system are quite similar to each other. The temperature values obtained here are very close to the
saturation temperature of the refrigerant. In a way, this means that the gas absorbs a small amount of heat after
evaporation. This may be due to the fact that the evaporated liquid moves very quickly after passing into the gas
phase, so it does not have time to absorb more heat and the heat conduction is low in gases. The purpose of the
installed system is also to benefit from the high heat transfer that occurs during evaporation. The variation of gas
temperatures in the system is shown in the graphs in Fig. 5.

T T T T T T T T
24 i
——400g
——450g
21 ——500g ]
—550¢g
600 g
= 18- E
©
o
z 15
D_U)
12 4 §
9_ -

T T T T T T
50 60 70 80 90 100 110 120
Temperature (°C)

Figure 4. Comparison of the gas pressures in the system according to gas weights.
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Figure 5. Comparison of the gas temperatures in the system according to gas weights.

As it is known, the temperature values in the graph seen in Fig. 6 were measured from the outer surfaces of
the pipe through which the refrigerant flows. These surface temperatures provide input on heat transfer to the
environment and approximate information about the refrigerant in the system. The temperature values of the
radiator inlet and outlet regions are close to each other. The change in radiator inlet and outlet temperatures is as
seen in the graph in Fig. 6.
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Figure 6. Comparison of radiator inlet and outlet temperatures according to gas weights.
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Figure 7. Comparison of cylinder top side outlet and bottom side inlet temperatures according to gas weights.

The oil in the cylinder has been heated continuously to a constant temperature to generate cylinder outer
surface temperatures at the desired temperature value. For comparisons in different refrigerant masses, it has been
seen in all experimental studies that oil temperatures and cylinder outer surface temperatures are heated almost
equally. The effect of oil temperature on the temperature change in the cylinder can be seen in Fig. 7. Cylinder top
temperatures have the highest temperature values after oil temperatures as a result of the system’s operating
principle. In the meantime, since the average of the cylinder top and bottom temperatures will be accepted as the
cylinder surface temperature, it has an essential effect on the calculation of the heat transfer coefficient of the
refrigerant, even if it is near to each other in many experiments.

Depending on the system’s working principle, the liquid-gas ratios can give us information about heat
transfer. Liquid-gas ratios create differences too small to be seen visually for experiments containing the same
amount of refrigerant. For this reason, in Fig. 8, solid models created in the CAD environment and the change of
liquid-gas ratios depending on the amount of refrigerant are shown.

Figure 8. Liquid-gas ratios in the system.

Since no part in the system can cause forced convection, the velocity of the gas in the system calculated based
on the test inputs is also of great importance. The refrigerant, which reaches these speeds by only taking the heat,
reveals one of the system’s advantages. The gas velocities in the system can be examined with the help of the
graph shown in Fig. 9.
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Figure 9. Comparison of the gas velocities according to gas weights.

The total amount of heat withdrawn from the system also has an important place in calculating the convection
heat transfer coefficient. Since the surface area where the heat is drawn in the system is the inner surface area of
the spiral region, this value will not change according to the experiments. For this reason, the most important
parameters affecting the calculation result will be the total heat withdrawn from the system and the top and bottom
cylinder temperatures. The total amount of heat drawn from the system obtained after the necessary calculations
are made seen in the graph in Fig. 10.
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Figure 10. Total amount of heat withdrawn from the system.

The heat transfer coefficient, which will reveal the heat transfer performance of the refrigerant in the created
system, is an important feature that gives factual information about whether the system can be used in terms of
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performance. Compared to other experiments at 600 g of refrigerant and 100°C oil temperature, a very high heat
transfer coefficient was obtained. However, considering the engine’s operating conditions, it is inevitable to get a
good result at higher temperature values. For this reason, as seen from the graph in Fig. 11, the test result containing
550 g of refrigerant in a system with these characteristics is more satisfactory.
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Figure 11. The convection heat transfer coefficients for R134a.
4. Conclusions and Recommendations

This study conducted an experimental investigation of using R134a refrigerant in the engine cooling system.
The significant results obtained from the experiments carried out with different refrigerant amounts, and different
temperature values can be listed as follows:

In this system, which includes many parameters, the highest heat transfer coefficient value was obtained in
the experiment at 100°C containing 600 g of refrigerant. The most efficient result was obtained in the experiment
at 120°C containing 550 g of refrigerant.

It is seen that the system is suitable for use in internal combustion engines. The calculated gas velocities show
that the refrigerant is transferred naturally, and the heat transfer coefficients reach very high values. It is seen as a
high-performance system in drawing the heat from the cylinder walls and transferring it to the radiator. Of course,
it will be much more satisfying to set up the system on a real engine and do the necessary experiments.

In addition, experimental studies can be carried out by investigating whether different refrigerants can be
used to cool internal combustion engines.

As a result of the successful use of the system in internal combustion engines, there will be some changes in
the engine cooling system. The pump will be disabled, but copper pipes will replace the plastic pipes. The necessity
of using a fan should be determined by conducting more extensive experiments.

In addition, the availability of gaseous refrigerants as a refrigerant in internal combustion engine cooling
systems will allow the system structures to shrink. This will also allow the size of the engine to be reduced.
Therefore, the decrease in vehicle weight will indirectly contribute to reducing vehicle production costs and also
help to reduce fuel consumption. Reducing fuel consumption will also contribute to the formation of less harmful
emissions in terms of both economic benefits and environmental health.

Funding

This work was supported by the Scientific Research Project Fund of Sivas Cumhuriyet University under
project number TEKNO — 029.

647



Experimental Investigation of the Use of Refrigerant in the Cooling System of the Internal Combustion Engine: Preliminary Study

References

Yuksel T, Kapicioglu A. Experimental Investigation of the Effects on Engine Oil Temperature of Different Nanofluids
Used in Vehicle Engine Cooling System. International Journal of Innovative Engineering Applications 2021;5(1);22-29.
Yuksel T, Kapicioglu A. Experimental Investigation of the Effect of Nanofluid Supported Vehicle Engine Cooling
System on Engine Emission Values. II. International Conference on Innovative Engineering Applications (CIEA’ 2021),
Mus: 2021, p. 405-13.

Elsaid AM. Experimental study on the heat transfer performance and friction factor characteristics of Co3O4 and Al,O3
based H>O/(CH,OH), nanofluids in a vehicle engine radiator. International Communications in Heat and Mass Transfer
2019; 108:104263.

Che Sidik NA, Witri Mohd Yazid MNA, Mamat R. Recent advancement of nanofluids in engine cooling system.
Renewable and Sustainable Energy Reviews 2017;75:137-44.

Hussein AM, Bakar RA, Kadirgama K. Study of forced convection nanofluid heat transfer in the automotive cooling
system. Case Studies in Thermal Engineering 2014;2:50-61.

Karagdz Y, Koten H, Tunger E, Pusat S. Effect of Al,O3 addition to an internal combustion engine coolant on heat transfer
performance. Case Studies in Thermal Engineering 2022;31.

Hazar H, Telceken T, Sevinc H. An experimental study on emission of a diesel engine fuelled with SME (safflower
methyl ester) and diesel fuel. Energy 2022;241.

Jadar R, Shashishekar KS, Manohara SR. Nanotechnology Integrated Automobile Radiator. Mater Today Proc
2017;4:12080-4.

Castillo Marcano SJ, Bensaid S, Deorsola FA, Russo N, Fino D. Nanolubricants for diesel engines: Related emissions
and compatibility with the after-treatment catalysts. Tribol Int 2014;72:198-207.

Ettefaghi E, Ahmadi H, Rashidi A, Nouralishahi A, Mohtasebi SS. Preparation and thermal properties of oil-based
nanofluid from multi-walled carbon nanotubes and engine oil as nano-lubricant. International Communications in Heat
and Mass Transfer 2013;46:142-7.

Macian V, Tormos B, Olmeda P, Montoro L. Analytical approach to wear rate determination for internal combustion
engine condition monitoring based on oil analysis. Tribol Int 2003;36:771-6.

Bagirov H, Can I, Oner C, Sugbzii I, Kapicioglu A. Experimental investigation the effects of mixture impoverished on
the specific fuel consumption, engine performance and exhaust emissions a pre-combustion chamber gasoline engine.
Journal of the Energy Institute 2015;88:205-8.

Patel H, Subhedar DG, Ramani D. Numerical Investigation of performance for Car Radiator Oval Tube. vol. 4. 2017.
Kula S, Bulut E, Altay E, Siimer O, Oztiirk F. Smart cooling design using dual loop cooling to increase engine efficiency
and decrease fuel emissions with artificial intelligence. Case Studies in Thermal Engineering 2022:102351.

Sabanci A, Isik A. I¢ten Yanmali Motorlar. Ankara: Nobel Akademik; 2012.

Yardim MH. Motor Teknolojisi. Ankara: Nobel Akademik; 2015.

Kuyumcu I. Motor Teknigi. Ankara: Hatiboglu; 1999.

Bagirov H, Ertas HA. Icten Yanmali Pistonlu Motorlar Cilt 1. Sivas: Cumhuriyet Universitesi Yaynlari; 2017.
Mathioulakis E, Belessiotis V. A New Heat-Pipe Type Solar Domestic Hot Water System. vol. 72. 2002.

Singh R, Mochizuki M, Yamada T, Nguyen T. Cooling of LED headlamp in automotive by heat pipes. Appl Therm Eng
2020;166.

Domiciano KG, Krambeck L, Henriques Mantelli MB. Development of thin loop heat pipe for compact electronics. Exp
Therm Fluid Sci 2025;168.

Mayoof OT, Yasin NJ, Abedalh AS. Experimental investigation for utilization of U-shaped heat pipe heat exchanger in
the air-conditioning system. International Communications in Heat and Mass Transfer 2025;163.

Lim H, Lee S, Lee J. Effective snow removal devices for road pavement using geothermal heat pipe. Appl Therm Eng
2025;265.

Li Z, Jiang H, Chen X, Liang K. Optimal refrigerant charge and energy efficiency of an oil-free refrigeration system
using R134a. Appl Therm Eng 2020;164. https://doi.org/10.1016/j.applthermaleng.2019.114473.

Zhai R, Tan S, Zhuang Y, Wang Z, Ye B, Shi Y. Effect of flame retardant R134a on the flammability characteristics of
R1234yf. Energy 2024;313.

Belman-Flores JM, Rangel-Hernandez VH, Usén S, Rubio-Maya C. Energy and exergy analysis of R1234yf as drop-in
replacement for R134a in a domestic refrigeration system. Energy 2017;132:116-25.

Vaghela JK. Comparative Evaluation of an Automobile Air - Conditioning System Using R134a and Its Alternative
Refrigerants. Energy Procedia, vol. 109, Elsevier Ltd; 2017, p. 153-60.

[11an-Gomez F, Garcia-Cascales JR. Experimental comparison of an air-to-water refrigeration system working with
R134a and R1234yf. International Journal of Refrigeration 2019;97:124-31.

European Commission, Fluorinated greenhouse gases, 2021. https://ec.europa.cu/clima/policies /f-gas _en (accessed
Septemper 02, 2022) 2021.

United Nations, Kyoto protocol to the United Nations framework convention on climate change. New York, USA: 1997.
Devotta S, Chelani A, Vonsild A. Prediction of flammability classifications of refrigerants by artificial neural network
and random forest model. International Journal of Refrigeration 2021;131:947-55.

ASHRAE. Designation and safety classification of refrigerants. 2016.

648



Yavuz Selim KAYALI, Tahsin YUKSEL, Abdullah KAPICIOGLU

Padilla M, Revellin R, Bonjour J. Exergy analysis of R413A as replacement of R12 in a domestic refrigeration system.
Energy Convers Manag 2010;51:2195-201.

Cengel Y.A., Boles M.A. Thermodynamics An Engineering Approach. McGraw-Hill; 2013.

Kumar KS, Rajagopal K. Computational and experimental investigation of low ODP and low GWP HCFC-123 and HC-
290 refrigerant mixture alternate to CFC-12. Energy Convers Manag 2007;48:3053—62.

Morrow JA, Huber RA, Nawaz K, Derby MM. Flow condensation heat transfer performance of natural and emerging
synthetic refrigerants. International Journal of Refrigeration 2021;132:293-321.

Danfoss A/S, Danfoss Ref Tools, 2024.

Tillner Roth R, Baechr HD. An International Standard Formulation for the Thermodynamic Properties of 1,1,1,2-
Tetrafluoroethane (HFC-134a) for Temperatures from 170 K to 455 K and Pressures up to 70 MPa. J Phys Chem Ref
Data 1994;23:657-729.

Incropera F.P., Dewitt D.P., Bergman T.L., Lavine AS. Fundamentals of Heat and Mass Transfer. 2007.

Cengel Y.A. Heat Transfer a Practical Approach. 2003.

Dixon J.C. The Shock Absorber Handbook. 2007.

Cengel Y.A., Cimbala J.M. Fluid Mechanics Fundamentals and Applications. 2006.

649



