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technology to reduce the vehicle emissions. One of the technologies that have been
preferred by the carmakers is the applications of forced induction system to the
internal combustion engine. By using the forced induction system where currently
turbocharger system is more often used compared to supercharger, two benefits can
be achieved which are improvements of engine efficiency and engine size reduction.
However, the ability of turbocharger unit to deliver compressed air can be affected by
the amount of heat that travels along the turbocharger unit itself. In this paper, the
effect of heat that originated from the exhaust gas that enters the turbine inlet
towards the turbocharger performance was measured and analysed. An automotive
turbocharger unit manufactured by Garrett Turbocharger model GT2056 was used in
the study. The rotational speed is set between 20 000 rpm to 70 000 rpm and the
temperature at turbine inlet is set between 40°C to 100°C. The parameters that
measured are the temperature difference at internal turbine, internal bearing
temperature difference, internal compressor temperature difference, turbine casing
temperature difference, bearing housing temperature difference and compressor
housing temperature difference. From the results obtained, it can be observed that
the heat travels from turbine towards the compressor side through the conduction

Keywords: between the contacting parts between the turbine casing, bearing housing and lastly
Turbocharger; heat generation; forced at compressor casing. The heat that arrives at the compressor side through the casing
induction system will give small effect to the air mass flow that delivered by the compressor.

1. Introduction

In the modern ages, the numbers of vehicles around the globe that powered by internal
combustion engine is arising. As for example, statistics that created by the Ministry of
Transportations Malaysia (MOT) stated that in 2022, total 720 658 units of new vehicles was
registered in Malaysia [1]. Moreover, the MOT has forecasted that the number of total industry
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volume forecast for 2024 until 2027 will shows increasing trend for at least 0.1% every year. The
statistics indicates that the number of new vehicles that registered is steadily high from year to year.
Furthermore, majority of this registered vehicles is powered by internal combustion engine where
the source of power for this engine is fossil fuel. One of the drawbacks of internal combustion engine
usage is the production of exhaust emission as after-products. This exhaust emission gives bad effect
to the human beings and at the same time harms the environments [2-4]. To overcome the problem,
policy makers have enforced more stringent emission regulations in order to reduce the impact of
emissions [5,6]. Hence, various technology has been implemented in order to increase the engine
efficiency and at the same time decrease the engine emission level such as combustion cylinder
deactivation (CDA), gasoline direct injection (GDI), variable valve timing and lift and many more [7-
14]. Moreover, some manufacturers go for even greener solutions such as electric vehicle
introduction and synthetic fuel [15-17]. Other than that, there are another alternative to cope with
the regulations and at the same time lowers the fuel consumption which is engine downsizing. The
advantages of a small size engine include producing lower emission, less mechanical losses, less
pumping losses and also less weight [18]. However, small displacement engine may produce limited
output due to limited amount of air that can be induced into the combustion chamber during the
intake stroke. Thus, to overcome this problem, a forced induction system is fitted to the engine. A
forced induction system generally is a system consist of an air pump that pumps compressed air into
the intake manifold. This air pump is either driven by exhaust gas or belting that attached to the
crankshaft pulley. A forced induction system that is driven by exhaust gas is known as a turbocharger
and the system driven by belting is known as a supercharger. The advantages of the forced induction
system usage in an internal combustion engine are it will increase the degree of intake air boosting
thus producing higher system efficiency [19]. A forced induction system also forces a higher amount
of airflow that is being channelled into the intake manifold thus increasing the engine output [20].
The turbine of a turbocharger unit is driven by the exhaust gas that has a high temperature. While
contains a high amount of energy, this high exhaust gas temperature can affect turbocharger
performance. The high exhaust gas temperature will cause heat propagation across the parts of the
turbocharger. However, the common practice of turbocharger performance measurements ignores
the heat transfer effect to the turbocharger performances [21-24]. Thus, since the heat transfer gives
a significant effect on the turbocharger performance as stated by Gao et al., [25], multiple researches
have been conducted to evaluate the effect of heat transfer on the turbocharger performance.
Prévost et al., [26] have conducted a study to develop a complete methodology to address
turbocharger modelling based on corrected maps. In the study, the thermal transfer is characterised
on two different turbocharger unit where statistical analysis on multiple regression used to
established the semi-empirical correlation. On experimental part, the authors mounted the
turbocharger on two different engine test benches consist of 1200 cubic centimetre (cc) engine
together with turbocharger waste gate. In the testing, the temperature and pressure at turbine and
compressor inlet and outlet are measured. In the end of the study, the authors successfully
developed a methodology to transform the turbocharger supplied maps. The methodology is based
on the correlations that established on a turbocharger gas stand by comparing a standard
characterisation map with an adiabatic map. The correlations for heat transfer on the turbine side,
compressor side and mechanical friction are obtained through semi-empirical regression.
Additionally, the corrected isentropic efficiency map is determined for turbine and compressor side.
Heat transfer study and mechanical losses inside turbocharger unit also being conducted by
Serrano et al., [27]. In the study, the author conducted an experimental testing on an engine test
bench to compare the output from the testing to a simulation of a turbocharged diesel engine. The
testing is conducted using two different turbocharger (comes with water cooled system and without
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water cooled system) which is coupled to a two-litre engine. The aim of the study is to observe the
influence of turbocharger outlet temperature and predict the engine performance. The output from
the study shows that the manufacturer’s provided maps in hot conditions are adequate to predict all
the variables at engine full loads except for turbine outlet temperature (TOT) and compressor outlet
temperature (COT). This finding shows the importance in heat transfer model utilisation for the
turbocharger performance testing. Moreover, utilisation of heat transfer model enables the
determination of turbine and compressor outlet temperature without disturbance to the predictions
of the other engine parameters.

Additionally, Serrano et al., [6] also presented a methodology to obtain the heat transfer
correlations through heat flux measurement between the different turbocharger parts. The author
runs three different turbocharger unit on a continuous air flow test bench. The turbocharger unit is
externally insulated to obtain the internal heat convective coefficient and correlations. The results
obtained from the experiment is compared to the simplified lumped model to validate the
methodology. At the end of the study, it is concluded that heat losses at turbine side build up while
turbine enthalpy drop. However, the heat losses give significant impact only at low loads. Similar
phenomenon also happens at compressor side where the adiabatic conditions can be treated at
medium level. The heat transfer at compressor side will be intensify at compressor outlet since no
heat will reach the compressor inlet.

Salameh et al., [28] carried a study where the aim of the study is to generate the lump mass heat
transfer model where every element of the turbocharger is treated as thermal mass. In the study,
the author carried an experimental testing is to validate the generated model and also to indicate
the effect of liquid cooling on the thermal transfer between the turbocharger parts. The experimental
setup utilises is done on water cooled turbocharger which is mounted to a turbocharger test bench
that utilises the air compressor as a gas source. The output from the study shows that the heat
transfer model that generated can produce a new map at adiabatic conditions. The heat transfer
model on the compressor side produces an efficiency map in adiabatic condition where this map can
correct the efficiency that already mentioned by the supplier of the turbocharger. It is also stated
that the heat transfer on the compressor efficiency gives higher impact on low turbocharger speed.
However, while the turbocharger speed enters high speed region, heat transfer gives lower effect on
the compressor efficiency even the amount of heat flux increases. This is because the mechanical
power exchange is rising even more and make the heat transfer insignificant.

In this study, an automotive turbocharger is mounted on the gas stand test rig and operated by
compressed air as energy source. In the study, heat source is supplied to the turbocharger unit by an
electrical heater that heats up the air that enters the turbine. The aim of the study is to observe the
heat propagation that started from turbine side and then later propagates to the other part of
turbocharger unit. The temperature of the turbine inlet and the turbocharger speed will be varied
and the temperature difference at significant point will be recorded.

2. Methodology

The experiment was conducted using a turbocharger gas stand test rig. The complete schematic
diagram of the turbocharger gas stand test rig was shown in Figure 1. The turbocharger gas stand
test rig used in the experiment consists of a compressed air stored inside a pressurised tank. The
pressurised air is channelled to the turbocharger unit through a piping. The flow rate was controlled
using an air valve that was mounted just after the compressed air tank. A heater was mounted at the
pipeline just before the compressed air enters the turbocharger unit. The temperature of this heater
is controlled by a control unit.
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Fig. 1. Turbocharger test rig schematic diagram

The turbocharger that was used in the experiment is from Garrett Turbocharger and the model
used was GT2056. This turbocharger was mounted to the compressed air piping using a custom
mounting. A speed sensor was mounted to the turbocharger compressor side to measure the
turbocharger speed. The speed was determined by measuring the speed of the compressor wheel
tip. The speed of the turbocharger was varied by controlling the flow rate of the air that enters the
turbine casing.

A lubricating system was equipped to the turbocharger system to provide the lubrication
purpose. It consists of a positive displacement gear pump that provides the pressurised lubricating
oil. The gear pump was driven by a three-phase electric motor that act as an actual engine drives the
pump. The motor rotates at a constant speed of 1492 rpm. The electric motor is connected to the
pump by a flexible coupling. The pressurised oil was pumped into the bearing housing to lubricate
the turbocharger bearing. The pressure generated by the gear pump was controlled by a valve
mounted at the gear pump outlet. The heated lubricating oil that comes out from the bearing housing
was cooled using a cooling radiator and fan.

A number of thermocouples, pressure transducer and mass flow-rate sensors were mounted to
a specific point at the test rig. The listing of the sensors that used in the test rig was listed in Table 1.
The numbers shown in the figure denotes the thermocouple, mass flow sensor and pressure
transducer that are mounted to measure the required data. Several data collected during the
experiment need to be processed by the data processing unit. The measured data signal will be
processed by the data acquisition unit (DAQ) and the results will be shown on the computer screen.
The DAQ system consists of one unit of power supply cable, signal-processing unit and USB cable that
is connected to the computer.

105



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences
Volume 122, Issue 2 (2024) 102-117

Table 1

List of mounted sensors

Number Parameters

1 Turbine inlet temperature

2 Turbine outlet temperature

3 Lubricating oil inlet temperature

4 Lubricating oil outlet temperature
5 Compressor inlet pressure

6 Compressor inlet temperature

7 Compressor outlet temperature

8 Compressor outlet pressure

9 Turbocharger speed

10 Turbine outer casing temperature
11 Bearing housing outer temperature
12 Compressor outer casing temperature
13 Turbine inlet mass flow

14 Lubricating oil flow meter

15 Compressor outlet mass flow

The experiment was conducted referring to SAE J1826-Turbocharger Gas Stand Test Code and
SAE J922-Turbocharger Nomenclature and Terminology as reference. The environment for testing is
in the lab environment. The gas that used in the experiment is compressed air. Since the wastegate
of this turbocharger is internally built, the wastegate valve is closed during the experiment testing.
The oil pressure that used for lubrication is set at constant pressure at 3.5 bar. The turbocharger is
tested with variable heat temperature applied to the air that enters the turbocharger. The data that
was manipulated during the experiment is turbocharger speed and the turbine inlet temperature.
The compressor inlet temperature remains at room temperature. The speed range of the
turbocharger was between 20 000 rpm to 70 000 rpm with 10 000 rpm increment and the
temperature of the turbine inlet is varied between 40°C to 100°C. The measurement data is taken
after the temperature and mass flow of the compressor outlet is stabilised after one minute. The
testing is repeated for each turbine inlet temperature and turbocharger speed ten times for data
consistency. The data is determined by measuring the temperature difference between turbine inlet
and outlet, the temperature difference between bearing housing inlet and outlet, and also the
temperature difference between compressor housing inlet and outlet.

3. Results

Figure 2 shows the turbine side internal temperature difference. This temperature is measured
by determining the difference between inlet and outlet temperature of the turbine side. The purpose
of measuring the temperature is to investigate the amount of air temperature drop inside the turbine
housing. This temperature difference value will be used to measure the amount of heat loss inside
the turbine housing. The negative sign shows the temperature drop between the turbine outlet and
inlet, where the temperature at turbine outlet is lower compared to the turbine inlet. From the graph,
it can be calculated that the temperature difference when the air inlet temperature is set at 40°C is
higher compared to conditions where no heat is exerted to the turbine inlet by 14%. When the
temperature at turbine inlet is increased to 50°C, temperature difference is 76% higher compared to
40°C. Later, when the temperature at the turbine inlet temperature is increased to 60°C, the
temperature difference is 44% higher compared to the difference when the turbine inlet is at 50°C.
Next, as the turbine inlet temperature increase to 70°C, the temperature is 32% higher compared to
the 60°C. When the turbine inlet temperature reaches 80°C, the temperature difference is 27%
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higher for 80°C compared to the 70°C. While the turbine inlet temperature keeps rising until it
reaches 90°C, the temperature difference is 22% higher compared to the previous temperature and
lastly when the temperature is at 100°C, the temperature difference is 16% higher.
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Fig. 2. Graph of turbine internal temperature difference versus turbocharger speed at
different turbine inlet temperature

The percentage of difference between area under the curve for every turbine inlet temperature
shows significant pattern where the figure shows decreasing pattern. This condition shows that for
every turbine inlet temperature increment, the temperature difference between turbine outlet and
turbine inlet is decreasing. This condition indicates that when the turbine inlet temperature is
increased, the amount of energy that exit through the turbine outlet is decreased for every
turbocharger speed. This means that, instead of the energy exits the turbine outlet, it is used as a
work to rotates the turbine wheel. Some of the energy also lost to the environment from the turbine
casing and some of the heat is transferred to the bearing housing and turbine wheel.

Figure 3 shows the temperature difference at turbine outer casing at different turbine inlet
temperature while the turbocharger speed increased. The turbine outer casing temperature is
measured by determining the temperature difference before and after the heat applied to the
turbine inlet. From the graph, it can be determined that when the heat is applied to the turbine inlet
at 40°C, the turbine outer casing temperature difference is 5693% higher compared to the
temperature difference at the conditions where no heat is applied to the turbine inlet. When the
temperature at turbine inlet is increased to 50°C, the temperature difference is 25.47% higher
compared to the temperature at 40°C. Next, when the turbine inlet temperature is increased to 60°C,
the turbine outer casing temperature difference is 28.72% higher compared to the temperature
difference at 50°C. While the turbine inlet temperature is increased to 70°C, the temperature
difference at outer turbine casing is 12.16% higher compared to the temperature difference at 60°C.
Moreover, when the turbine inlet temperature is increased to 80°C, the temperature difference at
turbine outer casing is 12.24% higher compared to the temperature difference at 70°C. Additionally,
when the turbine inlet temperature is at 90°C, the turbine outer casing temperature is 8.96% higher
compared to the temperature difference at 80°C. Finally, when the turbine inlet temperature is at
100°C, the turbine outer casing temperature is 8.58°C higher compared to the temperature
difference at 90°C. From Figure 3, it can be observed that the temperature difference at the turbine
outer casing shows increasing trends when the temperature at turbine inlet is increased. It indicates

107



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences
Volume 122, Issue 2 (2024) 102-117

that the amount of heat that travels to the casing of the turbine and next to the environment is
increased when the temperature at turbine inlet is increased. Other than that, referring to the
amount of temperature difference inside the turbine casing as shown in Figure 2, while the
temperature of the gas that exits the turbine outlet is decrease, some of the heat is being transferred
to the casing of the turbine due to the temperature difference. These conditions cause the
temperature increment at the turbine casing as the temperature of the turbine inlet is increased.
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Fig. 3. Graph of turbine outer casing temperature difference versus turbocharger
speed at different turbine inlet temperature

Figure 4 shows the compressor temperature difference when the turbine inlet temperature is
varied and the turbocharger speed is increased. The temperature difference at compressor side is
determined by measuring the difference between the compressor outlet and inlet. From the graph,
it can be calculated that when heat is exerted to the turbine inlet at 40°C, the compressor
temperature difference is 1% higher compared to no heat is exerted. While turbine inlet temperature
isincreased to 50°C, the compressor temperature difference is 3% higher from the difference at 40°C.
Continuously, as the turbine inlet temperature is increased to 60°C, the temperature difference at
compressor side is 2% higher compared to the difference at 50°C. When the turbine inlet
temperature reaches 70°C, the temperature difference at compressor side is 1% higher compared to
the difference at 60°C. Next, when the temperature at turbine inlet is raised to 80°C, the temperature
difference is 2% higher compared to the difference at 70%. However, when the temperature at
turbine inlet is 90°C, the temperature difference is slightly drop compared to the difference at 80°C
by 0.2%. Finally, when the temperature at the turbine inlet is 100°C, the temperature difference at
compressor side is 0.8% higher compared to the difference at 90°C. From Figure 4, it can be observed
that when the for each different temperature that applied to the turbine inlet, a significant variations
of internal temperature difference can be observed inside the compressor housing. The trend that
shown from the graph shows that when the temperature of the turbine inlet is increased, the
temperature difference inside the compressor housing is increased together with the turbocharger
speed increment. This trend also shows that some of the heat from the turbine will travel across the
bearing housing before reach the compressor side during turbocharger operations.
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Fig. 4. Graph of compressor internal temperature difference versus turbocharger
speed at different turbine inlet temperature

Figure 5 shows the temperature difference at the compressor outer casing when the turbine inlet
temperature is varied and the turbocharger speed is increased. This temperature difference is
determined by measuring the temperature difference at the surface of the compressor casing before
the heat applied to the turbine inlet and the turbocharger running, compared to the temperature at
measurement point during the experiment is conducted. From the graph, it can be calculated that
when the turbine inlet temperature is set to 40°C, the temperature difference is higher compared to
the temperature when no heat is applied to the turbine inlet by 2.14%. When the turbine inlet
temperature is raised to 50°C, the temperature difference at compressor outer casing is 16.06%
higher compared to the temperature difference at 40°C. Next, when the temperature at turbine inlet
is at 60°C, the temperature difference at the outer compressor casing is 14.76% higher compared to
the temperature difference when the turbine inlet temperature is at 50°C. Moreover, when the
turbine inlet temperature reaches 70°C, the temperature difference at compressor outer casing is
9.65% higher compared to the temperature difference at 60°C. While the temperature continuously
increases until 80°C, the temperature difference at the compressor casing is 3.82% higher compared
to the temperature difference at 70°C. Other than that, when the temperature of the turbine inlet is
set at 90°C, the temperature difference at compressor outer casing is 4.12% higher compared to the
difference at 80°C. Finally, when the turbine inlet temperature is at 100°C, the temperature
difference at the compressor outer casing is 5.86% higher compared to the temperature difference
at 90°C. From Figure 5, it can be observed that for every turbine inlet temperature increment, there
is significant increase of the compressor outer casing temperature difference together with
turbocharger speed increment. This can be related to the amount of heat that being released to the
environment due to the temperature increase inside the compressor casing. Similar to that, this
figure also can be related to the Figure 4 where the temperature inside the compressor casing is
increased when the temperature at the turbine inlet is increased. However, the temperature
difference at the outer compressor casing is less than the temperature difference inside the
turbocharger casing.
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Figure 6 shows the lubricating oil temperature difference at different turbine inlet temperature
while the turbocharger speed is increased. The temperature is determined by measuring the
difference between the oil outlet temperature and oil inlet temperature. From the graph, it can be
seen that when the heat is applied at turbine inlet at 40°C temperatures, the temperature difference
at bearing housing is 0.47% higher compared to condition where no heat applied. When the
temperature at turbine inlet is increased to 50°C, the temperature difference is only 0.01% higher
compared to the difference at 40°C. However, when the temperature at turbine inlet is increased to
60°C, the temperature difference is 0.08% higher compared to the temperature difference at 50°C.
While the temperature at turbine inlet reaches 70 °C, the temperature difference at bearing housing
is 0.69% higher compared to temperature difference at 60°C. Moreover, as the temperature at
turbine inlet is raised to 80°C, the temperature difference is 1.97% higher compared to the difference
at 70°C. When the temperature then is raised to 90°C, the temperature difference is 2.60% higher
compared to the difference at 80°C. Finally, when the temperature at turbine inlet reaches 100°C,
the temperature difference is 1.52% higher compared to the difference at 90°C. From the trends that
shown in the Figure 6, it can be observed that the temperature difference for the lubricating oil when
the turbine inlet temperature is varied shows only small differences where the highest difference is
only 2.6%. Based on the results that shown in Figure 6, the variations of temperature at the turbine
inlet only have small impact on the lubricating oil change. Moreover, most of the temperature
difference is caused by the frictional force that occurs between the rotating shaft and the bearings
inside the bearing housing.

110



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences
Volume 122, Issue 2 (2024) 102-117

20 A~
&)
o\/ 18 T
)
o
c
o 16 A
©
=
S
o 14 -
=
<
5 12 \ i
o 7 No heat applied
g . —_—— = 40°C
= 107 50°C
L \  Z o _____. o
> 60°C
£ 8 - 70°C
s 4\ 9z —————— 80°C
= 6 - —— - = 90°C
3 - == —— 100°C
4 T T T T T T 1
10 20 30 40 50 60 70 80

Turbocharger speed (rpm x 1000)
Fig. 6. Graph of oil temperature difference versus turbocharger speed at different
turbine inlet temperature

Figure 7 shows the temperature difference measured at the outer bearing housing casing versus
turbocharger speed at varied turbine inlet temperature. This temperature difference was measured
by determining the temperature at the outer surface of the bearing housing before and after the
turbocharger running at several speed and turbine inlet temperature. From the graph, it can be
determined that when the turbocharger turbine inlet temperature is set at 40°C, the temperature
difference at outer bearing housing is 3.7% higher compared to the temperature difference when no
heat applied to the turbine inlet. While the temperature at the turbine inlet is increased to 50°C, the
temperature difference at outer bearing housing is 4.9% higher compared to the temperature
difference at 40°C. Moreover, when the temperature at the turbine inlet reaches 60°C, the
temperature difference at outer bearing housing is 14.5% higher compared to the temperature
difference at 50°C. Next, when the turbine inlet temperature is at 70°C, the temperature difference
at outer bearing housing is 1% higher compared to the temperature difference when the
temperature at turbine inlet at 60°C. Additionally, when the temperature of turbine inlet is at 80°C,
the temperature difference is 1.5% higher compared to the temperature difference at 70°C. Other
than that, when the temperature at turbine inlet is 90°C, the temperature difference at outer bearing
housing is 1.9% higher compared to the temperature difference. Finally, when the temperature at
turbine inlet reaches 100°C, the temperature difference at outer bearing housing is 1.7% higher
compared to the temperature difference at turbine inlet temperature at 90°C. From the figure, it can
be observed that while the temperature of the turbine inlet is increased, the temperature of the
outer bearing housing is also increase. The temperature differences between each bearing housing
temperature ranges from 14.5% to 1%. From the trends, it can be observed that the temperature
difference of this part yields the second highest temperature difference in the three major parts of
the turbocharger which is turbine and compressor casing. Moreover, this figure also shows that the
bearing housing parts will emits the heat from its outer surface higher compared to the amount of
heat that absorbed by the lubricating oil that exits from the inside of the bearing housing.
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Figure 8 displays the temperature difference across the turbocharger unit starting from turbine
side, bearing housing side and finally at compressor side. Six measurement points was taken which
is turbine internal temperature difference, turbine outer casing temperature difference, lubricating
oil temperature difference, bearing housing outer temperature difference, compressor internal
temperature difference and compressor outer casing temperature difference. Figure 9 and Table 2
describes the turbocharger components that measured for temperature difference. From the figure,
it can be observed that the temperature difference at turbine side will increase with the turbine inlet
temperature increment due to energy conversion. Moreover, the temperature difference at turbine
outer casing temperature will also increase with the turbine inlet temperature increment. However,
observing the temperature difference at lubricating oil temperature difference, the temperature
difference is very small which is unnoticeable where the Figure 6 can be referred. It shows that the
heat will not be able to travel through the internal part between turbine side and internal bearing
housing part of the turbocharger, due to the existence of turbine backplate inside the turbine side,
just behind the turbine wheel. This backplate have a void air-space that prevents the contact between
the turbine wheel and the bearing housing, preventing the heat transfer process happening through
the conduction between the internal turbine to the internal bearing housing. Moreover, observing
the trends of temperature difference at bearing housing outer temperature difference. There is
temperature difference increment corresponds to the variable temperature difference at turbine
inlet. This indicates that the heat will travel through the bearing housing outer casing instead of
travelling through the internal parts of the turbocharger unit. However, some of the heat that
travelling through the casing may escape to the environment through the convection process before
it reaches the compressor casing. Next, the temperature difference at internal compressor shows the
increment corresponds to the turbine inlet temperature increment. At constant speed, the
temperature difference that generated inside the compressor casing should be constant. However,
as shown in Figure 8, there are temperature difference variations corresponds to the turbine inlet
temperature increment. This indicates that the temperature from the bearing housing affects the
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temperature difference at internal compressor where the heat that reach the compressor side will
combine with the heat that generated by the air compression inside the compressor itself. Finally,
the temperature variations at the compressor outer casing will be vary according to the temperature
inside the compressor and also the temperature that reaches the outer casing from the bearing
housing.
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Fig. 9. Turbocharger parts schematic diagram
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Table 2

Turbocharger Parts Components

Number Turbocharger parts

Turbine internal temperature difference

Turbine outer casing temperature difference
Lubricating oil temperature difference

Bearing housing outer temperature difference
Compressor internal temperature difference
Compressor outer casing temperature difference

o uhs, WN B

Figure 10 shows the temperature difference across the turbocharger parts at constant turbine
inlet temperature of 100 °C with varied turbocharger speed. From the figure, the variations of the
temperature difference from the lubricating oil, bearing housing outer temperature difference,
internal compressor temperature difference and compressor outer casing temperature difference
can be observed. Observing the trends that shown at lubricating oil temperature difference, the
variations of temperature difference are caused by the frictional force that generated between the
thrust bearing inside the housing. While the turbocharger speed increase, the temperature
difference will also increase due to the frictional force increment at the bearing. This heat will travel
to the bearing housing thus causing the temperature difference occur at the outer bearing housing.
The temperature difference that travels to the bearing housing from the bearings inside the bearing
housing will combine with the temperature difference that travels from the turbine outer casing, thus
causing the temperature difference at outer bearing housing will be higher compared to the
temperature difference that generated by the lubricating oil. Other than that, the compressor side
also generates temperature difference during the air compression process that happens inside the
compressor casing. The temperature difference that produced will travels to the compressor outer
casing.
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Fig. 10. Temperature difference across the turbocharger part at temperature 100°C in
turbine inlet
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Figure 11 shows the compressor mass flow rate on different turbine inlet temperature while the
turbocharger speed is increase. From the figure, it can be seen that while the temperature at turbine
inlet is at 40°C, the mass flow rate inside the compressor is 1.34% higher compared to the condition
where no heat is applied to the turbine inlet. Next, when the turbine inlet temperature is set to 50°C,
the mass flow rate is 0.04% higher compared to the mass flow rate at 40°C. When the turbine inlet
temperature is increase to 60°C, the mass flow rate at compressor is 2.66% higher compared to the
mass low rate at 50°C turbine inlet temperature. Moreover, while the temperature at turbine inlet is
increase to the 70°C, the mass flow rate is 0.85% higher compared to the mass flow rate for turbine
inlet temperature of 60°C. Next, when the temperature at turbine inlet is set to 80°C, the mass flow
rate at compressor is 0.51% higher compared to the mass flow rate at turbine inlet temperature of
70°C. When the temperature at the turbine inlet is 90°C, the mass flow rate at the compressor is
0.61% higher compared to the compressor mass flow rate when the turbine inlet temperature is set
to 80°C. Finally, when the temperature at turbine inlet is set to 100°C, the mass flow rate at
compressor is 0.34% higher compared to the compressor mass flow rate when the turbine inlet
temperature is set to 90°C. From Figure 11, it can be seen that the compressor mass flow is only
affected by the temperature of the turbine inlet in a small percentage. This is shown by the
percentage of difference between each mass flow rate line versus turbine inlet temperature where
the percentage of difference is less than zero.
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Fig. 11. Graph of compressor mass flow rate versus turbocharger speed on different
turbine inlet temperature

4. Conclusions
In this paper, the study about heat propagation that started from turbine side to the bearing
housing side and lastly to the compressor side of a turbocharger was investigated. In the experiment,

six different turbocharger speed ranged from 20 000 rpm until 70 000 rpm and seven different
turbine inlet temperature ranged from 40°C to 100°C was used as manipulated parameters where
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the temperature difference at each measurement point was determined. From the results obtained,
several conclusions were made.

Turbine housing will extract the energy that contained inside the heated compressed air that
enters the turbine housing. These conditions will cause the temperature at turbine outlet will
be lower compared to the turbine inlet temperature.

Based on the temperature difference on each turbocharger components, the heat will
propagate from turbine side to the bearing housing and finally to the compressor side through
the outer casing of the turbocharger.

Heat inside the turbine side can be prevented to travel inside the internal bearing housing
through the usage of turbine backplate at the turbine side.

iv.  The heat that reaches the compressor side gives small effect to the compressor mass flow
where the percentage of difference between each mass flow rate line versus turbine inlet
temperature shows less than zero in percentage of difference.
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