












1

HEAT RELEASE ABILITY IN RADIATORS STRAIGHT FIN
CIRCULAR CYLINDER TUBE TYPE AND FLAT TUBE TYPE

*Nuzul Hidayat1, Ahmad Arif2 and M. Yasep Setiawan3

1, 2, 3 Faculty of Engineering, Universitas Negeri Padang, Padang

*Corresponding Author, nuzulhidayat@ft.unp.ac.idReceived: 00 Oct. 2018,   Revised: 00 Nov. 2018, Accepted:
00 Dec. 2018

ABSTRACT: The engine on the car must produce heat due to burning fuel. On one side this heat is
advantageous if it can be controlled properly which is between 700C-900C but on the other hand if this heat is not
controlled it will cause serious problems. If this temperature is left it will cause the engine to overheat so that it
can cause damage to the engine components. In this case, a solution is needed to keep the engine in the working
temperature by completing the engine with a cooling system. Besides that, the developments in radiator design
technology that have created radiators now have many variants and shapes, and the most common is the straight
fin model with a flat tube and circular cylinder tube. This condition makes researchers interested in which
designs are best in releasing heat to cool cooling water. The method used in this study is to use experimental
methods that vary the type of radiator and engine speed and give the same treatment to the test object. The
results showed that of all variations of speed and rotation that the type of radiator that has good heat release
capability is the flat tube type with the effectiveness of 0.605.It can be concluded from the study that flat tube
type radiators have better heat release than circular cylinder tube types.
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1. INTRODUCTION
Radiator is a heat exchanger that is used to

move heat energy from one medium to another
which aims to cool or heat. At present the research
on the development of radiators is very rapid. Many
studies are directed at optimizing and increasing the
effectiveness of a radiator. Development starts from
the size, dimensions, design and construction as a
whole.

In its development the radiator experienced
many changes, both in terms of material,
construction and basic design as a heat exchanger. In
its use in the field the most visible is from cooling
water pass pipe construction which is much different
especially on the 5K series Toyota Kijang engine.
The most common model is that there are 2 models
of cooling water through the type of flat tube and
circular cylinder tube. In addition to engineering
from the position side and cooling air lately also
developed for the straight radiator type car radiator
but has a circular cylinder tube type. This type
includes new products, some ordinary people do not
understand and knowing the difference in models
will affect the cooling ability of cooling water in the
car. Changes that occur will be able to have a good
impact or vice versa because there is an
inappropriate model towards the cooling needs.

The most commonly found radiator model in
the field of radiator construction is the most
distinguishing form of the pipe where cooling water
flows. In general, there are two types: Flat tube and
circular cylinder tube. This certainly gives choices to
radiator users, especially in cars. Conditions like this

make the radiator users curious and want to know
what is the fundamental difference between the two
types of radiators, especially from the performance
or effectiveness in releasing heat.

Research conducted by [1] about the
comparison of experimental studies of the effect of
radiator type changes on the performance of the
sinjai engine, this study compared straight fin type
radiators with louver types showing that the bhp
from the radiator with Straight fin was higher than
the radiator with fin louver, this is due to the ability
of the fin louver radiator to transfer heat better so
that the cooling is better, with better cooling then the
water temperature that enters the engine is lower so
that the temperature difference between the water
and cylinder is higher so that more heat is wasted
into the cooling water causing a decrease in the
power produced.

Then [2] conducted a research on performance
analysis and redesigning the radiator as an
optimization of cooling systems on the sinjai engine,
in which the study re-modified the radiator,
especially in the cooling water pipe arrangement in
this study using a circular cylinder tube. By
redesigning the radiator, and selecting 8.0-3 / 8T
surface designation with the same frontal area the
new radiator dimensions are obtained, namely; fin
width 86 mm, tube diameter 10.6 mm, number of
tube 66, number of fin 81 and obtained a greater
NTU value of 0.46 and the value of effectiveness
also increased by 0.37 where the value is calculated
when the engine is at maximum torque.

On the other hand there are also those who
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conduct research in 2D computation [3] heat transfer
analysis in circular and elliptic tube heat exchangers.
The finite element method was used to discretize the
fluid flow and heat transfer governing equations and
a 2D isoperimetric. Demonstrating that geometric
arrangement of staggered circular or elliptic tubes
can be optimized for maximum heat conductance,
when the optimization is subjected to the overall
volume constraint. From the heat transfer point of
view, it was shown that the elliptic configuration
performed better than the circular one.

In addition to the research on construction
there is also research conducted [4] about changing
the cooling air angle of attack on the car radiator to
get the best effectiveness value, the variation that is
done is changing the angle of attack from the normal
position to the 50-200 position with a range of 50
and obtaining the angle best attack at position 50
with an effectiveness value of 0.36

From some of the above studies, the
researchers are interested in testing the heat release
capability of radiators on the market that are used in
the Toyota Kijang 5K series engine with straight fin
radiator flat tube model with a circular cylinder tube.
In this study researchers did not do any engineering
just to test the existing products in the field to
provide further information to the public as users of
the radiator type products which are the most
appropriate to use.

2. LITERATURE STUDY
Heat transfer is the energy transition in the

form of heat because of the temperature gradient.
Naturally the heat transfer occurs in the direction of
a low temperature and if the greater the temperature
gradient, the greater the heat transferred. Heat
transfer takes place in several ways. Conduction heat
transfer is the process of heat transfer in which heat
flows from high temperature regions to low
temperature regions in a medium (solid, liquid or
gas) or between different mediums which are
directly in contact so that energy and momentum
exchange occurs. The heat transfer rate that occurs
in conduction heat transfer is proportional to the
normal temperature gradient according to the
following equation

The basic equation of conduction is= − (2.1)

Where
= heat transfer rate (kj/s or watt)
= material heat conductivity(W/mK)
= area of heat transfer(m2)
= Temperature difference(K)
= Distance difference(m)

DT/dx = temperature gradient in the
direction of heat transfer

The positive constant "k" is called the
conductivity or thermal neglect of the object, while

the minus sign is inserted to meet the second law of
thermodynamics, namely that heat flows to a place
that is lower on the temperature scale [5].

Convection heat transfer is heat transfer because
of the movement / flow / mixing from the hot part to
the cold part. Examples are heat loss from car
radiators, cooling of a cup of coffee etc. According
to the way of moving the flow, convection heat
transfer is classified into two, namely free
convection and forced convection. When fluid
movements are caused by differences in density due
to temperature differences, the heat transfer is called
free / natural convection. If the fluid movement is
caused by the force of force / excitation from the
outside, for example with a pump or fan that moves
the fluid so that the fluid flows over the surface, then
the heat transfer is called forced convection.

The heat transfer rate at a certain temperature
difference can be calculated by the equation= − ( − ) (2.2)

where
= Heat transfer rate( kj/s or W )ℎ= Convection heat transfer coefficient( W

/ m2 K )
= Area of heat transfer surface area(m2 )
= Wall temperature(k)

= ambient temperature(K)

The minus sign (-) is used to fulfill the
thermodynamic II law, while the heat transferred
always has a positive sign (+). Equation (2.2)
defines heat resistance to convection. The coefficient
of moving surface heat h, is not a substance, but it
states the magnitude of the rate of heat transfer in
the area close to that surface.

Force convection is the heat transfer where
the flow originates from outside, such as from a
blower or faucet and pump. Forced convection in a
pipe is the condition of convection displacement for
internal flow or what is called internal flow. The
flow that occurs in the pipe is a fluid that is limited
by a surface. So that the boundary layer cannot
develop freely as it does in the external flow. As an
illustration is the phenomenon of heat transfer flow
in a pipe which is stated as:= ̇ ∆ (2.3)

Figure 1. Forcible convection heat transfer

Radiation heat transfer is the process by which heat
flows from a high-temperature object to a low-
temperature object if the objects are separated in
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space, even if there is vacuum between the objects.
Radiation energy is released by objects due to
temperature, which is transferred through the
intermediate space, in the form of electromagnetic
waves when the radiation energy overrides a
material, then some of the radiation is reflected,
some is absorbed and some is continued. To
determine the amount of energy is" = ) (2.4)

Where"= heat transfer rate(W)
= boltzman constant(5,669.10-8 W/m2.K4)
= emissivity (0 < ˂ 1)

= absolute temperature of an object(0C )

Heat Exchanger

A heat exchanger is a device used to move heat
between two or more fluids which has a temperature
difference that is a high temperature fluid to a low
temperature fluid. Heat transfer is either directly or
indirectly. In most second systems this fluid does not
experience direct contact. Direct contact of the heat
exchanger occurs as an example of heat gas
fluidized in cold liquid to increase the temperature
of the liquid or cool the gas.

The heat exchanger used in vehicles can be
found on radiators whose function is basically as a
heat exchanger. Radiator is a heat exchanger that is
used to move heat energy from one medium to
another which aims to cool or heat. Radiators that
we know are generally used in motorized vehicles
(two wheels or four wheels), but not infrequently the
radiators are also used on engines that require extra
cooling. As in the production machine or other
machine that works in heavy or long working
conditions. In a vehicle, either a motorbike or a car
radiator is generally located in front of and located
near the engine or at a certain position that is
favorable for the cooling system. This is so that the
engine gets maximum cooling as needed by the
engine. Radiator consists of the upper water tank,
lower tank and radiator core in the middle.

In its development, radiator manufacturing
technology continues to run well in terms of
material, construction and design of the radiator.
Naum the most significant change in the Toyota
Kijang 5K series car radiator is a tube or radiator
water pipe the most common flat tube model is now
there is also a type of circular cylinder tube. This
condition makes significant changes both in terms of
construction and the ability to release heat from the
radiator. Changes from the tube will affect the area
of heat and will automatically affect the
effectiveness of the radiator.

Figure 2. Straight fin radiator type flat tube and
circular cylinder tube

Radiator heat transfer
The function of the radiator is to release heat, so in
the manufacture of radiators that have a high thermal
conductivity, which is capable of delivering good
heat such as copper and brass. The heat discharged
by coolant can be calculated using the equation= ̇ ∆ (2.5)= ̇ − (2.6)

Where
= heat transfer rate( kJ/det atau W )

= mass coolant flow rate(kg/s )
= incoming heat capacity(J/kgK)

= temperature in(K)
= Temperature out(K)

From this equation, we can analyze heat
transfer in a radiator as follows [5]:
2.1 Amount of heat released by water= ̇ − (2.7)
Where

= the rate of heat transfer released by water(
kJ/det atau W )

= mass rate of flowing water(kg/s )
= incoming heat capacity(J/kgK)
= Inlet water temperature(K)
= outlet water temperature(K)

Whereas to calculate the flowing water mass can use
the equatioṅ = (2.8)
Where

= density of water(kg/m3 )
= speed of incoming water(m/s)
= cross section area of the inlet(m2)

2.2 Amount of heat by cooling air= ̇ − (2.9)
Where

= The heat transfer rate received by air
cooler (Watt )̇ = mass flow rate of air flowing (kg/s )

= incoming heat capacityk (J/kgK)
= temperature of the air out(K)
= temperature of the air out (K)

Whereas to calculate the air mass that flows can use
the equation iṡ = (2.10)
Where

= air density (kg/m3 )
= incoming air speed (m/s)
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= cross section of air inlet
Effectiveness (heat transfer ability)

The effectiveness of a heat exchanger is defined as
the ratio between the actual heat transfer rate and the
maximum possible heat transfer rate. Where the
equation can be shown as follows [5]:= (2.11)

Where=Real heat transfer(W)
= maximum heat transfer which is

allow(W)
For actual heat transfer, it can be calculated

from the energy released by the hot fluid or energy
received by the cold fluid for the opposite heat flow
exchanger.= ̇ ( , − , ) = ̇ ( , − , )

(2.12)
Wherė = hot fluid flow rate (kg/s)̇ = cold fluid flow rate(kg/s)

= heat fluid heat capacity(Kj/kg K)
= cold fluid heat capacity(Kj/kgK), = Temperature of entering hot fluid (K), = Temperature out of hot fluid(K), = Temperature out of hot fluid(K), = Cold fluid exit temperature (K)

The heat capacity of each fluid can be
searched through equations:= ̇ (2.13)
Wherė = fluid flow rate(kg/s)

= specific fluid heat(Kj/kg K)
To determine the maximum heat transfer

for the heat exchanger it must be understood that the
maximum value will be obtained if one of the fluids
changes in temperature by the maximum
temperature difference found in the heat exchanger,
namely the difference in temperature of the hot fluid
and cold fluid. The fluid that may experience this
maximum temperature difference is the minimum
cold fluid flow rate, the energy balance requirement
that the energy received by one fluid must equal the
energy released by the other fluid. If the fluid that
experiences a higher fluid flow rate value is made,
then the temperature difference is greater than the
maximum, and this is not possible. So the maximum
possible heat transfer is stated as follows.= ̇ ( , − , ) (2.14)where,

is the smallest heat capacity between cold fluid
and hot fluid. If = the effectiveness value
can be searched with the following equation:= ̇ ( , , )̇ ( , , ) (2.15)= ( , , )( , , ) (2.16)

Whereas for = , the effectiveness
value can be found with the following equation

= ̇ ( , , )̇ ( , , ) (2.16)= ( , , )( , , ) (2.17)

3 METHOD

This research was conducted using an
experimental method. Tests were carried out on the
Toyota Kijang engine 5K engine stand with a
straight fin radiator and flat tube and circular
cylinder tube models. To obtain the radiator
effectiveness, optimizing radiator variations, engine
rotation speed is 1000, 1500, 2000, 2500 and 3000
rpm, then the data obtained will be analyzed using
the equation of effectiveness (ε) on heat exchangers
by measuring the temperature of cooling and air
water cooler.
The radiator installation process and the whole series
of tests were carried out at the Fuel Motor
Laboratory and vehicle testing of the Automotive
Engineering Department, Faculty of
Engineering,Universitas Negeri Padang. This study
was divided into two groups, namely, the control
group is a flat tube type radiator and the test group is
a circular cylinder tube radiator.
The test equipment to be used in this study include
the following:
Straight fin radiator, with specifications:
Engine : Toyota Kijang 5K series
Fin model : straight fin
Model Tube: flat tube and circular cylindertube
Coolant type: water coolant
Flow type : down flow
In figure 3 below is a flat tube radiator type.

Figure 3. Straight fin radiator type flat tube
on top view

the picture 4 is a straight fin radiator type circular
cylinder tube.

Figure 4. Straight fin radiator scheme with a
circular cylinder tube model on top view



5

As for the experimental apparatus scheme the
research can be seen as shown in Figure 5 below:

Figure 5. Scheme of experimental research apparatus

4 RESULTS
After conducting experimental research, the

data obtained as follows:
4.1. On the Flate Tube Radiator

In this variation there are 3, namely at
1000, 2000 and 3000 rpm, with changes in engine
speed the cooling air flow rate also increases.
4.1.1. Test results on flat tube flat fin radiators
Intesting the data obtained for cooling water
temperature in and out and cooling air temperature
data in and out.

Table 1. Effectiveness of straight fin type flat tube
radiator test results

Rpm
T

water
in

(0C)

T
water
out
(0C)

T
air
in

(0C)

T
air
out
(0C)

Efek
tivitas

1000 59,30 57,50 31,30 47,90 0,593

1500 64,70 62,40 31,30 51,50 0,605

2000 59,60 57,90 33,00 47,40 0,541

2500 64,90 62,60 32,10 49,60 0,534

3000 62,70 60,70 31,30 46,60 0,487

From table 1 above, it can be seen the tendency to
cooling radiators at each level of speed is quite
good. The higher the engine speed, the lower the
cooling ability of the radiator, this is influenced by
the cooling water flow rate which also increases
because the cooling water supply pump also
increases its flow. This cannot be controlled because
it uses an intact car engine. If we look in more detail
the best decrease in temperature is at 1500 rpm
engine speed and the heat release is not good when
3000 rpm engine speed, which affects is the flow
flow which automatically increases the ability to
release heat will also decrease.
4.1.2. Test results on the straight fin radiator type

circular cylinder tube
Table 2. Effectiveness of the test results of the
circular cylinder tube straight fin radiator

Rpm
T

water
in

0C)

T
water
out
0C)

T
air
in

(0C)

T
air
out
(0C)

Efek
tivitas

1000 53,80 51,00 30,10 31,60 0,063

1500 60,70 58,80 30,60 32,10 0,050

2000 63,70 61,60 30,90 32,70 0,055

2500 65,80 63,40 30,80 32,80 0,057

3000 67,60 65,80 30,90 32,40 0,041

In table 2 shows that the ability of a circular
cylinder tube radiator straight fin is almost the same
for every variation in engine speed. If we consider in
more detail the best cooling ability at a variation of
1000 rpm engine speed with an effectiveness value
of 0.063. The lowest effectiveness is in the variation
of 3000 rpm engine speed with an effectiveness
value of 0.041.

4.2. Comparison of the Effectiveness of Flat Tube
with Circular Cylinder Tube
Next the researchers will see a comparison of

the ability to release heat on each type of radiator.
To be clearer we can see in Figure 5, which is a
graph of the comparison of the ability to release heat
at each variation of speed.

Figure 5. Comparison of heat release on
straight fin radiators with flat tube (FT) type

circular cylinder tube (CCT)
From Figure 5 above, it can be noted that

the effectiveness of the two types of radiators is very
different. In flat tube type radiators having better
effectiveness, this condition is supported by
construction of a flat tube shape and has a wider heat
release surface. Then the type of flat tube that
benefits from a flat shape has a relatively small
bland style when compared to a circular cylinder
tube type radiator. Then on a circular cylinder tube
radiator the value of effectiveness is quite low when
compared to the type of flat tube, this is influenced
by the shape of the tube which tends to touch less
the area passed by the cooling air because the shape
of the cylinder and also has a relatively greater drag
flat tube type. The drag will slow down the cooling
air flow through the tube so that the cooling ability
will also decrease.
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value of 0.041.

4.2. Comparison of the Effectiveness of Flat Tube
with Circular Cylinder Tube
Next the researchers will see a comparison of

the ability to release heat on each type of radiator.
To be clearer we can see in Figure 5, which is a
graph of the comparison of the ability to release heat
at each variation of speed.

Figure 5. Comparison of heat release on
straight fin radiators with flat tube (FT) type

circular cylinder tube (CCT)
From Figure 5 above, it can be noted that

the effectiveness of the two types of radiators is very
different. In flat tube type radiators having better
effectiveness, this condition is supported by
construction of a flat tube shape and has a wider heat
release surface. Then the type of flat tube that
benefits from a flat shape has a relatively small
bland style when compared to a circular cylinder
tube type radiator. Then on a circular cylinder tube
radiator the value of effectiveness is quite low when
compared to the type of flat tube, this is influenced
by the shape of the tube which tends to touch less
the area passed by the cooling air because the shape
of the cylinder and also has a relatively greater drag
flat tube type. The drag will slow down the cooling
air flow through the tube so that the cooling ability
will also decrease.
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As for the experimental apparatus scheme the
research can be seen as shown in Figure 5 below:

Figure 5. Scheme of experimental research apparatus

4 RESULTS
After conducting experimental research, the

data obtained as follows:
4.1. On the Flate Tube Radiator

In this variation there are 3, namely at
1000, 2000 and 3000 rpm, with changes in engine
speed the cooling air flow rate also increases.
4.1.1. Test results on flat tube flat fin radiators
Intesting the data obtained for cooling water
temperature in and out and cooling air temperature
data in and out.

Table 1. Effectiveness of straight fin type flat tube
radiator test results

Rpm
T

water
in

(0C)

T
water
out
(0C)

T
air
in

(0C)

T
air
out
(0C)

Efek
tivitas

1000 59,30 57,50 31,30 47,90 0,593

1500 64,70 62,40 31,30 51,50 0,605

2000 59,60 57,90 33,00 47,40 0,541

2500 64,90 62,60 32,10 49,60 0,534

3000 62,70 60,70 31,30 46,60 0,487

From table 1 above, it can be seen the tendency to
cooling radiators at each level of speed is quite
good. The higher the engine speed, the lower the
cooling ability of the radiator, this is influenced by
the cooling water flow rate which also increases
because the cooling water supply pump also
increases its flow. This cannot be controlled because
it uses an intact car engine. If we look in more detail
the best decrease in temperature is at 1500 rpm
engine speed and the heat release is not good when
3000 rpm engine speed, which affects is the flow
flow which automatically increases the ability to
release heat will also decrease.
4.1.2. Test results on the straight fin radiator type

circular cylinder tube
Table 2. Effectiveness of the test results of the
circular cylinder tube straight fin radiator

Rpm
T

water
in

0C)

T
water
out
0C)

T
air
in

(0C)

T
air
out
(0C)

Efek
tivitas

1000 53,80 51,00 30,10 31,60 0,063

1500 60,70 58,80 30,60 32,10 0,050

2000 63,70 61,60 30,90 32,70 0,055

2500 65,80 63,40 30,80 32,80 0,057

3000 67,60 65,80 30,90 32,40 0,041

In table 2 shows that the ability of a circular
cylinder tube radiator straight fin is almost the same
for every variation in engine speed. If we consider in
more detail the best cooling ability at a variation of
1000 rpm engine speed with an effectiveness value
of 0.063. The lowest effectiveness is in the variation
of 3000 rpm engine speed with an effectiveness
value of 0.041.

4.2. Comparison of the Effectiveness of Flat Tube
with Circular Cylinder Tube
Next the researchers will see a comparison of

the ability to release heat on each type of radiator.
To be clearer we can see in Figure 5, which is a
graph of the comparison of the ability to release heat
at each variation of speed.

Figure 5. Comparison of heat release on
straight fin radiators with flat tube (FT) type

circular cylinder tube (CCT)
From Figure 5 above, it can be noted that

the effectiveness of the two types of radiators is very
different. In flat tube type radiators having better
effectiveness, this condition is supported by
construction of a flat tube shape and has a wider heat
release surface. Then the type of flat tube that
benefits from a flat shape has a relatively small
bland style when compared to a circular cylinder
tube type radiator. Then on a circular cylinder tube
radiator the value of effectiveness is quite low when
compared to the type of flat tube, this is influenced
by the shape of the tube which tends to touch less
the area passed by the cooling air because the shape
of the cylinder and also has a relatively greater drag
flat tube type. The drag will slow down the cooling
air flow through the tube so that the cooling ability
will also decrease.
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