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In automobile engines, it is commonly known that the proper removal of 
the excess heat, resulting from internal combustion, is of high significance 
in the prevention of numerous negative consequences. In this regard, the 
radiator has a pivotal role as the main component of the engine’s cooling 
system. Hence, its design and analysis are highly important, requiring 
more comprehensive failure and flow investigations. In this work, a Scania 
radiator is examined under the thermal and mechanical loads, followed by 
its analysis under the combined thermomechanical loading. Then, the flow 
characteristics, including the velocity, pressure, and enthalpy, are studied. 
In this regard, PTC-Creo software is utilized. The results demonstrate that 
thermal stress causes seven times more displacement than a mechanical 
one. When they are combined, this value reaches 1.5 mm. Also, the max-
imum failure index value of the Tresca theory is around 4.58, observed at 
the inlet side of the radiator. Besides, this paper indicates that the PTC-
Creo can be considered a reliable and economical tool for the simulation 
of industrial applications, such as the considered radiator of a heavy-duty 
cooling system.
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1. Introduction

The demand for more efficient and powerful engines in 
smaller hood spaces has caused a problem in the proper 
heat loss of automotive heat exchangers. As we know, in 
cars, the fuel and air produce power through the combus-
tion inside the engine. Only a fraction of the total gener-
ated power is supplied to the car as power, and the rest is 
wasted. It is known that 33% of the energy generated by 

the engine is lost in heat form. If this excess heat is not 
removed, the engine temperature will become too high, 
leading to the engine overheating, which in turn causes 
the breakdown of the lubricating oil, weakening of the 
metal in engine parts, and considerable wear between the 
parts [1]. To minimize the pressure and stress on the engine 
due to heat generation, car heat exchangers must be rede-
signed to be more compact while maintaining a high level 
of heat transfer performance. A well-known type of heat 
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exchanger is a radiator. 
A radiator is a heat exchanger used in heating and cool-

ing systems to transfer heat energy from one medium to 
another. Most radiators are designed and built to be used 
in cars and buildings and usually function as a water tem-
perature carriers. Figure 1 shows a typical truck radiator.

Figure 1. Typical Truck Radiator

Their structure is such that the liquid circulates in their 
pipes and causes the environment to heat or cool [2,3]. They 
are made of different materials, including aluminum, steel, 
copper, and cast iron. In terms of heat transfer, copper can 
be said to have the best transfer, but due to its very high 
cost, it is not economical to use. After copper, aluminum 
has the best heat transfer that does not rust. Most modern 
cars use aluminum radiators. These radiators are made by 
soldering thin aluminum fins to the flattened aluminum 
tubes [4]. The coolant passes through many tubes mounted 
parallel from the inlet to the outlet. The fins conduct the 
heat of the tubes and transfer it to the air passing through 
the radiator. Therefore, proper analysis of the radiator is 
vital in order to accomplish high-performance designs. 

Numerous research works have been done on the ra-
diator of automobile engines in various aspects. Aravin-
dkumar et al. [5] examined a radiator tube with varying 
geometries using different nanofluids. The geometries 
were the straight and spiral tubes, designed with Catia, 
and the nanofluids included, for example, beryllium, ox-
ide, copper oxide, silicon carbide, and tin oxide. They de-
picted the contours of static pressure and velocity vectors 
and then concluded that the spiral flow and the copper 
oxide are the best choice for the radiator’s geometry and 
nanofluid, respectively. Sheikhzadeh et al. [6] investigated 
the thermal performance of a car radiator using Ethylene 
Glycol/copper nanofluid in various environmental con-
ditions. They showed that increasing the volume fraction 
values of nanoparticles and Reynolds number of the inlet 
air leads to a increase of the heat transfer rate. Besides, 

adding nano-sized particles to the radiator coolant fluid 
can significantly reduce its output temperature. Moreover, 
a review work is presented on the application of nonfluids 
in the automotive radiator by Maysam Molana [7]. Another 
similar work has been recently done [8], addressing the hy-
brid nanofluids. 

Rinu Sathyan [9] compared the ordinary straight tube of 
the radiator with the helical type. The author used Solid-
Works for modeling and ANSYS for fluid flow analysis. 
He provided the temperature distribution for different 
mass flow rates and concluded that the proposed design 
is preferable to the straight type due to the better perfor-
mance and size. Chidley et al. [10] carried out the thermo-
mechanical analysis of automotive heat exchangers using 
Comsol. They used InfraRed thermography to record the 
thermal history of the radiator, along with the adoption 
of an energetic fatigue criterion. Similar work is done by 
Roger and Chidley [11] as well. Gu et al. [12] addressed the 
tank leakage of aluminum alloy radiator due to corrosion. 
Baou et al. [13] tried to enhance the radiator performance 
using different porous fin configurations and materials. 
They resulted that the corrugated pattern provides the best 
thermal performance among the considered geometries, 
and the horizontal configuration leads to the lowest pres-
sure loss. Also, it was demonstrated that using porous me-
dia in the radiator channels improves its overall thermal 
performance factor by up to 237%. The resulting technical 
drawing is shown in Figure 2.

Figure 2. Technical drawing geometry [22]
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Kim et al. [14] proposed a numerical method for the 
determination of temperature distribution in automobile 
radiators without requiring a prototype model. Amrutkar 
et al. [15] performed the theoretical, numerical, and exper-
imental heat transfer analyses of a radiator. They used 
ε-NTU method to describe the heat transfer calculations 
and to determine the radiator size. Sahriff et al. [16] studied 
the fins’ effects on the car radiator performance under the 
atmospheric temperature of Kano State of Nigeria. Honda 
Civic 2000 car radiator was modeled in SolidWorks and 
simulated in ANSYS with water as the cooling fluid. Their 
results showed a 25% decrease in the outlet temperature 
in the case of attaching fins to the radiator. Regarding en-
ergy dissipation, the finned radiator dissipates 74% of the 
cooling energy, while the radiator without a fin dissipates 
only 40.8%. Mia and Hossen [17] provided the CFD analy-
sis of a radiator tube with fin using ANSYS FLUENT. The 
authors represented the variations of pressure drop, tem-
perature difference, and velocity contours. They observed 
the great effect of the volume fraction of nano particles 
and Reynold number on the preferred temperature and 
pressure. 

Patel et al. [18] carried out the heat transfer analysis of a 
car radiator with different mass flow rates of the coolant 
using an ANSYS workbench. Kasu et al. [19] designed a 
radiator using SolidWorks, performed CFD analysis and 
compared it with experimental results. In addition to the 
above research works, there are two studies examining 
the radiator in a different way. Marc Bonato [20] studied a 
brazed aluminum alloy car radiator undergoing thermo-
mechanical loadings. He intended to determine the effect 
of the manufacturing process on the durability of the com-
ponent in the field. The author concluded that the brazing 
process is well-controlled in all production units and for 
different radiator technologies. Goyal et al. [21] researched 
the reliability measures such as the availability, reliabil-
ity, and MTTF of the automotive water cooling system 
considering the time and its failure rate parameters using 
Markov process and supplementary variable technique. 
Also, they investigated the sensitivity of these reliability 
characteristics to enhance the functioning of the water 
cooling system.

While the above-mentioned references have made valu-
able contributions, the present work aims to provide three 
main contributions: (1) simultaneous analyses of thermal, 
mechanical, and thermomechanical with the determination 
of the failure index based on the Tresca theory, (2) pres-
entation of the flow characteristics including the velocity, 
temperature, and enthalpy, (3) using PTC-Creo as both 

CAD and CAE software. To the knowledge of the author, 
the utilized software has not been used for the analysis of 
car radiators, and there are limited papers examining the 
capability of this software in industrial applications. For 
this purpose, initially, the modeling procedure, including 
the thermal, mechanical, and thermomechanical analyses, 
is explained in Section 2. Then, the related results and dis-
cussions are provided in Section 3.

An internal combustion engine (piston engine) is a type 
of heat engine whose task is to convert supplied heat into 
mechanical energy [22]. When the fuel is burned, heat is de-
veloped which is absorbed by gas enclosed in a cylinder. 
When the gas is heated, the pressure rises, which in turn 
pushes the piston outwards and thus mechanical work is 
performed.

Very high temperatures occur in the combustion cham-
ber, between 1800 °C to 2200 °C [22]. Therefore, cooling 
of the cylinder walls, cylinder head, piston top, etc. is re-
quired. The gas temperature is higher in otto engines (gas-
oline engines) than in diesel engines. About 20%~30% 
of the amount of heat supplied by the fuel is removed by 
cooling.

The cooling can be done by either water or air cooling. 
As air has a significantly lower cooling capacity than wa-
ter, air cooling only occurs in small engines and aircraft 
and motorcycle engines. With water cooling, water cir-
culates in a closed system through the engine’s cooling 
channels. Cooling water absorbs heat that is emitted to the 
surroundings via the radiator itself.

2. Modeling Procedure
In this section, the procedure to analyze the chosen 

radiator, as shown in Figure 3, is explained. The First step 
is to make an accurate CAD file for the FEA simulation, 
which is carried out in the PTC-Creo Part environment. 

The second step is the material assignment. Aluminum 
alloys are utilized widely for radiators [24]. While Alumi-
num 1050 has a higher thermal conductivity value (229 
W/m*K), it has weak mechanical properties [25]. To get 
better mechanical feedback, the 6xxx series of aluminum 
alloys are commonly used, and their thermal conductivity 
values depend on the temperature of the alloy. Also, in 
general, accurate material behavior is dependent on the 
strain rate, temperature, material texture, and so on. In 
this work, some assumptions are applied to simplify this 
behavior. The material is supposed to be isotropic with a 
linear stress-strain response to the forces. Two different 
failure formulations are selected to discuss as well. Table 
1 shows the specifications of the considered material.
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Figure 3. Simulation Domain Radiator [23]

Table 1. Material properties of the wrought aluminum [25] 

Specification Value Unit

Poisson’s ratio 0.33 -

Young’s Modulus 7.05e+07 KPa

Thermal expansion coefficient 2.35e-05 1/°C

Specific heat capacity 8.98e+08 mm2/(s2 °C)

Thermal conductivity 229000 mm kg/(s2 °C)

Density 2.71e-06 Kg/mm3

Tensile ultimate strength 290 MPa 

Tensile yield strength 185 MPa

The third step is to define the type of analysis. In the 
current study, three simulations, including thermal, me-
chanical, and thermomechanical analysis of the radiator, 
are discussed.

General assumptions are [26]:
(1) The mass flow rate, material properties, and surface 

temperature are constant.
(2) The contact air has constant behavior. 
(3) The flow is assumed to have a uniform inlet veloci-

ty of 1 m/s and an outlet one of about 0.83m/s. 
(4) All the mechanical and thermal loads are uniformly 

applied to the model. 
(5) Fixture locations are supposed rigid, and it may 

cause some concentration of stress there. 
For the thermal stress analysis, at first, the thermal load 

of the radiator and its effect is intended. The inlet and out-
let temperatures are 100 °C and 40 °C, respectively. This 
temperature causes displacement, and when the radiator 

is assumed fixed from the inlet and outlet locations, stress 
appears. The heat transfer coefficient for the radiator com-
bined with a fan is supposed as 70 w/m2*K [27]. Bounded 
interfaces and rigid body assumptions are considered for 
the radiator model. The summary of boundary conditions 
applied to the model is shown in Table 2.

Table 2. Boundary conditions of the thermal simulation [25]

Specification Value Unit

Inlet temperature 100 °C

Outlet temperature 40 °C

Heat transfer coefficient 70 W/m2K

Reference temperature 25 °C

The second FEA simulation is the investigation of 
mechanical loads on the radiator. The gravity and static 
loads are applied, resulting from the weight of parts con-
nected to the radiator. The radiator is assumed fixed from 
the inlet and outlet locations in the static analysis. The 
body is assumed rigid and has bounded interfaces, and 
the three-dimensional triangular mesh was employed. The 
summary of boundary conditions is shown in Table 3. 

Table 3. Boundary conditions of the mechanical simula-
tion [25]

Specification Value Unit

Gravity acceleration 9.80 m/s2

Load 10 kg-f

Reference temperature 25 °C

The next simulation is the thermo-mechanical analysis. 
In this analysis, in addition to the mechanical and thermal 
loads, the internal pressure is applied to all internal faces 
of the radiator, aiming to provide a closer situation to the 
working of the car engine. The radiator is assumed fixed 
from the inlet and outlet locations in the simulation. The 
body is assumed rigid with bounded interfaces, and the 
three-dimensional triangular mesh is employed. Table 4 
gives the values of boundary conditions. 

Table 4. Boundary conditions of thermo-mechanical sim-
ulation [25]

Specification Value Unit 

Gravity  acceleration 9.80 m/s2

Internal pressure load 1.7 MPa

Thermal load From the previous study -

Weigh load 10 kg-f

Reference temperature 25 °C

Then, it is intended to study the flow analysis. The re-
lated boundary conditions are according to Table 5. It is 
supposed that the internal liquid is water and has perma-
nent features.
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Table 5. Boundary conditions of CFD analysis [25] 

# Specification Value Unit

Inlet

Heat 400 k

specified velocity (boundary normal) 1 m/s

Particle release (Forward) Yes -

Outlet
Heat 300 k

specified velocity (boundary normal) 0.83 m/s

Finally, geometrical optimization is addressed. We aim 
to minimize the volume of the radiator as a target, and two 
dimensions of the tube (10×36) are employed to find the 
best solution. In the next section, the results are presented. 

The radiator’s primary task is to lower the working 
temperature in the engine so that it works as well as pos-
sible. The cooler acts here as a heat exchanger when you 
fill the cooler with coolant. This liquid circulates around 
the engine with the help of an impeller that sits in the wa-
ter pump and is driven by a drive belt on the engine. This 
causes the liquid to be heated up by the temperature in the 
engine and then transported to the cooler that is normal-
ly located in the front of the car. In the cooler, the liquid 
flows through small channels, these channels have flanges 
between them and it is the flanges that help with the heat 
exchange. With the help of either a fan, speed wind or 
both, the air cools down the ducts and flanges with the hot 
coolant and in this way the heat is led away. The cooling 
fan and the cooling water pump have a power consump-
tion that is usually around 5% of the engine power [22].

Heat transfer can take place in three different ways, 
two of which are convection and conduction.

Convection works so that the hot and cold particles of 
the liquid mix and in this case the cold particles will seek 
out warm and cool them down and vice versa where hot 
particles seek out cold particles and heat them.

The cooler’s primary method of heat transfer is con-
vection, which involves heat transfer from a solid wall to 
a moving fluid, which in our case is the cooling fluid that 
is drawn around the system with the help of a pump. In 
the same way, we also use convection with the help of the 
air that flows through the cooler and cools down the outer 
material of the cooler, which in turn can cool the liquid 
on the inside. So, while the air cools the material, it also 
transports away heat from the liquid, which heats the ma-
terial from the inside.

In this case, the convection is said to be forced because 
the liquid is made to flow with the help of the pump.

Water as a coolant is not optimal as there is a risk of 
corrosion and deposits in the engine. Therefore, desalinat-
ed water is sometimes used. However, it is most common 
in engines that so-called coolant is used.

The most common type of coolant is what is common-

ly called glycol (ethylene glycol), but which is actually 
called ethanediol. Ethanediol has two tasks in the car’s 
cooling system. The main task is to prevent frost forma-
tion in the radiator and cooling system and the secondary 
task is to prevent corrosion in the cooling system. Usually, 
the glycol is dissolved in water. The mixture consists of 
about 50% water and 50% glycol. This results in a freez-
ing point of around –40 °C and a boiling point of around 
108 °C. The pressure in the cooling system then raises the 
boiling point further, to around 120 °C.

In addition to ethylene glycol, propylene glycol is also 
common in cooling systems. Both are colloquially known 
as glycol, which makes them difficult to distinguish. It is 
important not to mix ethylene glycol with propylene gly-
col as this entails a high risk of lump formation and thus a 
stoppage in the cooling system. Many manufacturers color 
their glycols, usually red, blue or green. However, there 
is no industry standard for which type should have which 
color, which means that, for example, a blue glycol can be 
both ethylene glycol and propylene glycol.

Ethylene glycol is more common than propylene gly-
col today, as propylene glycol has somewhat poorer heat 
conduction and rust protection capabilities. However, eth-
ylene glycol is very toxic. Propylene glycol is also toxic, 
but to a lesser extent. Drinking a small amount of ethylene 
glycol can be enough to cause symptoms such as uncon-
sciousness, convulsions and severe kidney damage.

Materials: We will carry out the analysis with two 
different materials. Copper and an alloy with copper and 
aluminum. The most common material currently used in 
the manufacture of coolers is aluminum. But we want to 
compare the result with the values of a cooler made of 
copper as well as an alloy of these two materials to see 
which of the materials is preferable. Here you also have to 
consider the cost compared to performance in order to find 
out which material is the most affordable for its function. 
After all, the most important aspect is to be able to ensure 
a good function.

Temperature: Ambient temperature is set to 20 °C, 
which is considered the normal summer temperature in 
Sweden.

The temperature of the coolant is set to 120 °C, which 
is the liquid’s boiling point, and the temperature out is set 
to 80 °C, which is considered reasonable.

Pressure: The pressure is set to 2.5 bar, which is over-
pressure for a normal cooler.

Gravity: 9.81 m/s2.
Load from above: 250 N which corresponds to approx. 

25.5 kg.
Max yield stress: 220 MPa for copper and 240 MPa for 

the alloy.
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3. Results 
In this section, based on the above-mentioned pro-

cedure for modeling, the results of FEA simulations are 
presented. For the thermal analysis, the displacement dis-
tribution is illustrated in Figure 4a. It is clear that the inlet 
tank side has more displacement and stress (1.04 mm) due 
to the more gradient of temperature and distance from the 
fixture location. Figure 4b shows the detailed displace-
ment distribution of the upper tube of the radiator along 
the Y-Axis from the inlet to the outlet. It is obvious that 
the minimum displacement occurs when the flow is mov-
ing out of the radiator, which is around 0.15 mm. Figure 
5 shows the Tresca theory’s failure index. The maximum 
value is about 4.62, near the inlet and outlet, as expected. 
It results from the boundary condition simplification as-

sumption.
For the mechanical analysis, the resulting displacement 

distribution is represented in Figure 6a. There is a sym-
metric distribution because of the symmetric geometry 
and loads, although it includes some simplification of the 
load distribution. Obviously, the maximum displacements 
and stresses (0.02 mm) occur far from the fixtures’ loca-
tion. The detailed displacement distribution of the upper 
tube of the radiator along the Y-Axis from the inlet to the 
outlet is shown in Figure 6b. Displacement has risen from 
the inlet to the outlet in the upper face of the tube. Figure 
7 shows the Tresca theory’s failure index. The maximum 
value is around 0.018, near the inlet and outlet as expect-
ed. It ensues from the boundary condition simplification 
assumption.

(a)

(b)

Figure 4. Resulting displacement distribution of the thermal analysis: (a) displacement distribution, (b) displacement 
distribution through the Y-axis1
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Figure 5. Failure index distribution of the Tresca theory for the thermal analysis

(a)

(b)

(c)
Figure 6. Resulting displacement distribution of the mechanical analysis: (a-b) displacement distribution, (c) displace-

ment distribution through the Y-axis
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For the thermo-mechanical analysis, the displacement 
distribution is depicted in Figure 8a. There is a kind of 
symmetric distribution because of the symmetric geometry 
and mechanical loads, although thermal load causes the 
concentration of the stress in the inlet tank side far from the 
fixture location. The maximum displacement is about 1.35 

mm. Figure 8b shows the detailed displacement distribution 
of the upper tube of the radiator along the Y-Axis from the 
inlet to the outlet and again from the inlet to the outlet. The 
displacement has risen through the upper face of the tube. Fig-
ure 9 shows the Tresca theory’s failure index. The maximum 
value is around 4.58 happened near the inlet side as expected. 

Figure7. Failure index distribution of the Tresca theory for the mechanical analysis

（a）

（b）

Figure 8. Resulting displacement distribution of the thermo-mechanical analysis: (a) displacement distribution, (b) 
displacement distribution through the Y-axis
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Figure 9. Failure index distribution of the Tresca theory 
for the thermo-mechanical analysis

Thermal stress causes seven times more displacement 
than a mechanical one. Although when they are com-
bined, the value reaches 1.5 mm. It is seen that the radi-
ator is pretty safe because in most locations, there is not 

any failure index of more than 1. It is clearly indicated in 
Figure 4a and Figure 8a that both the pure thermal and 
thermo-mechanical simulations have similar displacement 
distribution behavior. This indicates the priority of the 
thermal stress against the mechanical loads in the failure 
of the radiator. Hence, the thermal load has an important 
role in the failure, and it must be considered in the radia-
tor designing process.

The results of the flow analysis are shown in Figures 
10-13. Particle release starts from the inlet, and they have 
a forward direction into the radiator. Figure 10 illustrates 
velocity along X-axis. Obviously, some tubes in the mid-
dle of the radiator have lower values than others. Also, the 
inlet and outlet both have a medium value of velocity. In 
Figure 11, the internal pressure of the radiator is shown. 
The pressure is more in the inlet than in the outlet because 
they have different temperatures and conditions. Enthalpy 
represents the pretty harmonic distribution, as shown in 
Figure 12.

Figure 10. X-Velocity 

Figure 11. Pressure
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Figure 12. Total Enthalpy

Figure 13. The flow analysis in connection to the pressure flow

Figure 14. The flow analysis in connection to the turbulent viscosity
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Figure 15. The flow analysis in connection to the cell 
volume

4. Discussion

The results show that thermal stress causes 7 times 
more displacement than a mechanical one. Although when 
they have been mixed together the value grows to 1.5 mm. 
It is shown that the radiator is pretty safe. Because in most 
locations there is not any failure index of more than 1. 
Surprisingly results are about the effect of thermal stress 
and load on radiator mechanical failure.

Both pure thermal and thermo-mechanical simulation 
have similar displacement distribution behavior and it 
shows the priority of the thermal stress against mechanical 
loads in the failure of the radiator. So thermal load has an 
important role in failure and it must consider in the radia-
tor designing process.

After carrying out the mechanical analysis (Figure 
16) with regard to the failure index, it can be seen that 
the cooler will not make it because at certain points you 
see that the index is greater than 1, which corresponds to 
failure. What you can see is that the joints at the inlet and 
outlet will be extremely exposed and this is where the 
cooler will break.

Here we have a picture of the same analysis as the pic-
ture before, but now we have changed the material to pure 
copper. We see no major differences in the analysis apart 
from achieving a higher failure index, but the cooler will 
still break at the inlet and outlet respectively.

Furthermore, we also looked at displacement in mm 
that occurs with various loads that affect the cooler. This 
is by fixing an outlet which will be joined with the rest of 
the system in the car. Of course, the cooler will also have 
support in general, but these points are not included in the 
analysis.

(a)

 (b)
Figure 16. Mechanical analysis
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In this analysis, the heat spread in the cooler is shown 
when the inlet temperature is 100 degrees and the outlet 
temperature is 80 degrees. What we readout is that it is 
the middle part of the cooler that is responsible for the 
cooling and not the edges. According to the results we 
got, the middle part of the radiator is 25 degrees, and this 
is because we could not get any liquid into the radiator. 
With liquid, it would have looked different as the heat in 
the radiator had decreased from 100 degrees down to 80 
degrees instead of going from 100 to 25 and then to 80 
which is not reasonable.

This analysis (Figure 17) shows how the heat affects 
the cooler together with the mechanical aspects. The top 
image shows that the shear appears to decrease when 
pooling the analyses. Now we only see a slightly larger 
impact in the lower right corner mine to displacement. 
Furthermore, we see that the inlet will achieve higher 
stress when it comes to the wrong index and ends up a bit 
above one, which means that the material will not hold 
based on the loads we put on the analysis.

4.1 Optimization of Volume

To see if an improvement to the cooler could be made, 
the volume of the cooler was examined. A larger volume 
means that a larger amount of coolant can flow through the 
cooling system and thus better cooling is achieved. The opti-
mization of the volume was done with PTC Creo’s analysis 

tool. The original volume was measured as:
V 1 = 7747209 mm3 = 7.747 liters = 0.0077 m3

After that, parameters were specified that could not 
be changed. Since the outer dimensions of the cooler are 
critical for the fit in the engine, these were specified as 
locked, that is, the total height and width of the cooler 
could not be changed. Parameters that were allowed to 
change were the height and width of the flanges. In the 
original model, the flanges were 40 mm × 10 mm (Figure 
18). They were allowed to vary between 36 mm and 44 
mm for the width and 9 mm and 11 mm for the height, re-
spectively, to find the optimal volume. 

The optimization resulted in the dimensions of the 
flanges changing from 40 mm to 44 mm in width and from 
10 mm to 11 mm in height. The outer dimensions were, as 
previously described, locked and thus not changed. The 
optimization is presented in a graph where you can see 
how the volume is increased. The new volume was meas-
ured to:

V 2 = 8292732 mm3 = 8.2927 liters = 0.0083 m3

This means that the volume increased by ΔV = 545523 
mm3 = 0.546 liters.

From the mechanical analysis carried out, we have 
found that the cooler’s weakest link is at the inlet and 
outlet, where you will get high pressure. It is in these two 
points that deformation will mainly take place. Both at the 
pressure that has been applied and also at the displacement 
that may occur from the loads that will load the cooler.

Figure 17. Thermo-mechanical analysis
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Figure 18. Graph for optimization of volume

Based on the heat analysis, the cooler will spread the 
heat over the entire cooler. The absolute largest part of the 
cooling comes from the cooling fins, as they do not have 
direct contact with the liquid but only cool the material 
around the liquid. It also appears that there is a good dis-
tribution of the heat spread in the cooler as no part stands 

out more than another. 
The optimization resulted in the volume increasing by 

ΔV = 545523 mm3 = 0.546 liters.
As the volume increases, it means that we should get 

better cooling as more coolant can flow through the ra-
diator. The theoretical amount of heat (the cooling effect 
in this case) is calculated as Q=m’*c*𝚫T and the rela-
tionship between the mass flow and the volume flow is 
obtained from m’=𝜚 * V’ (Alvarez, 2006). With these two 
equations, we can easily see that a larger volume gives 
a higher volume flow, which in turn gives a larger mass 
flow. The greater mass flow then results in a higher theo-
retical cooling effect. In order to check that this is correct 
and how much better the cooling effect really is, a flow 
analysis is required, but as previously mentioned, we can-
not carry that out with the student version of PTC Creo.

What we see in the heat analysis is that everything 
works as it should, which means that the cooler will work 
as it should from that point of view. We also see that it is 
at the heat sinks that it cools the most. If you want to op-
timize the cooler, you can make more but smaller cooling 
channels through the cooler, which all have cooling fins 
connected. In analysis 3, we get an unreasonable result 
when the heat in the cooler goes from 100 degrees to 25 
and then up to 85. We got this result when the cooler only 
had one heat in the inlet and one heat in the outlet, this 
meant that the middle part of the cooler was not heated 
up as it should have done if you had had coolant in. The 
result we should have gotten would have looked like the 
temperature decreased exponentially as the temperature 
had decreased a lot at the beginning and then less at the 
end, until it reached the temperature.

The radiator will be deformed around the outlet and in-
let because in the analysis we have fixed these points and 
the remaining part of the radiator which will then expose 
these points to the accumulated load on the radiator.

In the thermal analysis, one has gained an idea of how 
the radiator works regarding the cooling of the coolant 
when it is used during the cooling process itself. First, the 
liquid is hot at around 90 degrees Celsius when it flows 
into the inlet and then it is cooled down inside the radiator 
due to the fan and then it is at its coldest. When the pro-
cess is finished, the radiator itself becomes warm again, 
but not the at same temperature as at the start.

When it comes to thermo-mechanical analysis, it’s 
about all the safety errors within the system. Therefore, 
points are shown where the design was unstable and hence 
had more chance of being destroyed. What you see in the 
analysis itself is the point where there is the most chance 
of being destroyed when it comes to the inlet pipe where 
there are the most pressure & temperature increases i.e. 
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thermodynamic loads.
In the displacement analysis, it is the deformations that 

are shown that the thermodynamic loads could subject the 
radiator too. The maximum deformation is found at the 
right-bottom edge of the inlet pipe. This is obvious as it is 
a liquid that comes with strong pressure and high temper-
ature which leads to the radiator’s edge being deformed.

One proposed solution was to produce a gradual 
change when it comes to reducing the thermo-mechanical 
loads when discussing the inlet. This solution proposal has 
been tackled and managed to go through, which has led 
to an increase in security errors at the entrance and that is 
exactly what we wanted to arrive at.

The last proposed solution is the actual optimization of 
the flow in the radiator, where the volume is minimized 
by 3,962.51 square centimeters and 86 centimeters from 
axis to axis, in other words, the width of the radiator was 
shortened by 4 mm, which led to a reduction in volume. 
This leads to, among other things, more space for vehicles 
for other components. A large radiator is not always good 
as it is the effect itself that proves whether it is good or 
not.

4.2 Limitation and Future Work

There are restrictions on how Creo Simulate can es-
tablish its mathematical limit, such as restrictions on how 
to apply loads or constraints on merged surfaces. For in-
stance, if the user specifies the von Mises stress value as 
an optimization limit (for instance, 20,000 si), Creo Simu-
late will seek to discover a more effective model that still 
satisfies both that restriction and any goal you specify by 
moving the model toward 20,000 psi.

The fact that this study focused more on the useful as-
pects of the thermal performance of the car radiator might 
be used to prevent the car radiator from overheating. 
However, due to the limited space in vehicles, relocating 
the heat exchanger or employing new materials may be 
advantageous in the development of improved heat ex-
changers.

4.3 Future Work

The prospective extensions of this work could be as 
follows:

- More simulations with transient driving cycles, im-
proved models, and input information tailored to the 
individual components. This would be an appropri-
ate technique to increase knowledge and confirm the 
chosen arrangement. It is also advised to do practical 
testing to gather pertinent information on radiators, 
fans, and the active cooling system.

- Additional arrangements and options might also be 
looked into. Condenser placement is one example.

- The incorporation of an AC system, which is not de-
tailed in this paper, could result in even more energy 
and weight savings. In this situation, adding a chiller 
loop to enable heat pump mode ought to be looked 
into.

- Additionally, it is advised to use extra heat for cab-
in heating as necessary. Removing the LTC heater 
might be an option since the cabin also requires an 
auxiliary heater. 

5. Conclusions

This study successfully performed a coupling analysis 
between the thermal and mechanical conditions in a typ-
ical Truck radiator. Distribution of the displacement and 
the failure index of Tresca theory was provided for three 
cases. Then, flow analyses of the radiator were investi-
gated, including the variations of velocity, pressure, and 
enthalpy. The results indicate the high importance of the 
thermal loads necessitating their special consideration in 
the radiator designing process. This paper also shows the 
ability of PTC-Creo in the effective simulation of mechan-
ical and thermal conditions in the radiator of a heavy-duty 
cooling system, which can be deemed as a reliable and 
economical tool for industrial applications. 

When it comes to thermal analysis, it has been visual-
ized and understood how a radiator works when it comes 
to cooling down the coolant in the radiator for reuse in the 
cooling process. The hot coolant enters the inlet where it 
is the hottest at 90 degrees Celsius in temperature and is 
slowly passed through the radiator where the heat is re-
moved in the middle with the help of wind and a fan and 
there the radiator should be the coldest as shown in the 
analysis. 

Regarding the thermo-mechanical analysis, it showed 
the failure safety of the whole system. It, therefore, 
showed which points were weakest in the design and 
which had the greatest risk of failure. What can be seen 
from the analysis is the point that has the greatest risk of 
failing the inlet pipe, which is understandable as it is the 
point that is exposed to the most thermodynamic loads 
such as pressure and high temperatures. The next analysis 
was the displacement analysis, it shows the deformation 
the thermodynamic loads could subject the radiator to and 
the maximum deformation is in the lower right corner at 
the inlet pipe. This is also understandable as the liquid 
enters with a high pressure and also a high temperature 
which causes the plate to deform.

In the solution proposals (Figure 19), the first thing 
was to make the entire plate thinner. This was done in 
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the hope that it will be cheaper to manufacture while not 
too much of the strength is lost in the process. What the 
results of the analysis say is that it was the case, in the 
error safety analysis it can be seen that the error safety is 
not compromised too much over the whole system, there 
are also places like at the beginning where the error safety 
benefits from this improvement as it is spread out more 
and got better values. The displacement analysis also indi-
cates that a thinner plate is not a bad idea as the maximum 
deformation of the system with the thin plate was less than 
the one with the thicker plate. The next solution was to 
create a gradual transition to reduce the thermo-mechani-
cal loads on the entrance. The group has succeeded in this, 
this transition has, according to the results of the analysis, 
succeeded in increasing the total failure safety on the inlet 
pipe, which was what was the goal.
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