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Abstract. The paper presents design and experimental investigation of an 
electronic system for control of the temperature of exhaust gases and the 
turbocharging air pressure in turbochargers of diesel automobile engines. 
The existing problems are faults in the fuel system of an engine. The 
indicators are changes in the values of the temperature and pressure in 
exact areas of the turbocharger. The presented device is a controller that 
monitors precisely the temperature and pressure, which are so vital for the 
long operation of the automobile. The control system is based on Arduino 
microcontroller. OLED Display has been added to visualize the obtained 
results. A schematic diagram of an electronic module for control of the 
temperature of exhaust gases and turbocharging air pressure in 
turbochargers of diesel automobile engines has been synthesized. The 
system has been investigated in laboratory conditions and practically 
implemented in a real automobile. As a result of laboratory experimental 
investigation, results were obtained for the time-monitored parameters 
temperature of the exhaust gases and turbocharging air pressure in the 
turbocharger system of a diesel automobile engine. 

1 Introduction 
There are various studies on the turbocharged diesel internal combustion engines. In [1] 

a procedure for selection and matching of turbochargers for diesel engines has been 
developed. Paper [2] presents investigation on the energy distribution in turbocharger 
system of a diesel engine. Different techniques used in turbocharging processes of diesel 
engines, in order to improve the engine efficiency and exhaust emissions, have been 
considered in paper [3]. In study [4] an evaluation method for the transient response 
performance of turbocharged diesel internal combustion engines has been proposed and 
analysed. Investigation [5] presents a method for evaluation of the adaptability to different 
altitudes of turbocharging diesel engine systems. In [6] an experimental study on the 
performance and economy parameters of a diesel internal combustion engine with variable 
nozzle turbocharger is accomplished. Paper [7] presents an investigation of the exhaust 

                                                 
* Corresponding author: zkolev@uni-ruse.bg 

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons 
Attribution License 4.0 (http://creativecommons.org/licenses/by/4.0/).

E3S Web of Conferences 286, 04011 (2021) https://doi.org/10.1051/e3sconf/202128604011
TE-RE-RD 2021



gases’ pressure on the turbocharger performance. Mathematical model for evaluation the 
coupling of an inverted Brayton cycle – based recovery unit with a turbocharged diesel 
engine, has been considered in [8]. In [9] a performance analysis of a turbocharged two-
stroke diesel engine, operating at various ambient conditions has been presented. The 
research [10] is focuses on determination of some heat transfer parameters of processes in 
the intake system of a piston engine with a turbocharger system. Numerical investigation of 
combustion processes in a turbocharged diesel engine has been considered in [11].  

Paper [12] presents a nonlinear controller for the air-path system of a turbocharged 
diesel engine. One of the controlled parameters is the air pressure in the turbocharger outlet. 
Measure of pressures and temperatures in selected sections of intake and exhaust circuits of 
turbocharged diesel engine has been considered in [13]. The pressures have been measured 
by strain gauge transducers. For measure of the temperatures platinum resistance 
thermometers and K-type thermocouples have been used. In [14] the heat transfer process 
in the air duct between turbocharger and intercooler has been studied. One of the measured 
parameters used for determination of the heat flux, is the pressure of the hot air after the 
turbocharger. Study [15] presents a procedure of exhaust gas temperature measurements by 
thermocouples in turbocharged marine internal combustion engines. A linear parameter 
varying polytopic observer of the exhaust gases’ pressure in turbocharged automotive diesel 
engine has been considered in [16]. In [17] the influence of the air pressure and air 
temperature after the turbocharger on the pressure in the cylinders of turbocharged a four-
stroke diesel engine has been discussed. Investigation of the influence of some operation 
parameters of a diesel engine on the exhaust gas temperature has been considered in [18]. 
In [19] an experimental study for calculation the heat quantity by electronic system has 
been presented. The system reliability also has to be considered. In [20] a case study and 
some prescriptions have been suggested to increase the operational reliability. The relation 
between the system of transformation of matter, energy and information, the technical 
system and the executing bodies of the technical system also has to be considered [21] for 
having a steady model development. 

The paper presents design and experimental investigation of an electronic system for 
monitoring of the temperature of exhaust gases and the turbocharging air pressure in 
turbochargers of diesel automobile engines. The presented device is a controller that 
monitors precisely the temperature and pressure, which are so vital for the long operation of 
the automobile.  

These two factors determine the service life of the turbocharger in every internal 
combustion engine. With the spread of more stringent measures related to internal 
combustion engines, the temperature requirements to the components of each internal 
combustion engine become very high. In this way, when a vehicle is equipped with such a 
monitoring system, unwanted damage will be avoided and timely alert will be given before 
it occurs. The monitoring system is an easy to operate and reliable system because it is not 
equipped with complex components and there is a visual connection with the driver. 

2 Methodology 

Some of the most important parameters that need to be monitored in the operation of 
modern diesel engines are the temperature of the exhaust gases in the inlet and the air 
pressure in the outlet of the turbocharger. The cylinder pressure in the internal combustion 
engines depends on the fuel-burning rate during the premixed burning phase. The 
increasing of the cylinder pressure leads to good combustion and increasing of the rate of 
heat release.  

The exhaust gas temperature in the internal combustion engine, measured in 
characteristic control cross-sections of its thermal and flow system, can be a valuable 
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heat release.  
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source of diagnostic information about technical condition of elements limiting particular 
engine workspaces, including the supercharging system, the fuel supply system, and the 
working medium exchange system. In standard measuring systems installed on vehicle 
engines equipped with pulse turbocharging system, the exhaust gas temperature is 
measured at the outlets of particular cylinders, and at the turbocharger turbine inlet and 
outlet [15].  

The proposed electronic device is implemented on the basis of ATMEGA 2560. It 
contains all the necessary elements for normal operation, expect of the power supply 
module and the interface for communication between the microcontroller and the device, 
through which the program code is set. The easiest implementation of a project containing 
microcontroller control and data visualization is platform such as Arduino. The platform 
was used in this project due to the wide range of peripherals and their low price. The 
problem with this platform is the limited memory of the controller and therefore the optimal 
option is Arduino MEGA 2560.  Blue Oled display SH1106 128X64 - pixels is added as a 
periphery which is operating on the basis of I2C communication and allowing the use of 
only 2 pins. The picture is shown in Fig. 1. 

 

     
Fig. 1. OLED Display - SH1106.                                Fig. 2. Thermocouples MAX6675K.  

The MAX6675K Thermocouples amplifier each having digital serial data output and 
supplied along with K-type thermocouple is connected АТМ2560. It is selected and 
complies with the standard used in most of vehicles using BOSCH systems. The graphic is 
presented in Fig. 2.  

The pressure sensor MPX4250AP (Fig. 3), operates with analog signal, in the range -2.5 
~ 2.5 bar. In this case this is a voltage from 0 to 5 V, which is then converted to pressure, 
by the algorithm in the program. 

 

      
Fig. 3. MPX4250AP Sensor.                                            Fig. 4. Atmosphere pressure sensor BMP085.  

The role of the Adafruit BMP085 Barometric Sensor is to make the necessary correction 
in the MPX4250AP readings, as the atmospheric pressure changes depending on the 
altitude, and the weather conditions. 
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3 Results and discussion 
Fig. 5 presents the diagram of a conventional 
In position 11 is placed the air pressure sensor, and in 13 is the EGT sensor, respectively. 

Fig. 5. Diagram of the system with the additionally placed sensors

Fig. 6. Electrical schematic diagram of the system.

Fig. 6 presents the electrical schematic diagram of the system.
investigated in laboratory conditions and practically implemented in a real automobile.

The button can be optionally selected, depend on the place where it will be installed to 
ensure easy access. Its role is to change the measurement mode. When the button is pressed 

diagram of a conventional system with the additionally placed sensors. 
In position 11 is placed the air pressure sensor, and in 13 is the EGT sensor, respectively.  

 

  
Diagram of the system with the additionally placed sensors and experimental pictures.  
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The button can be optionally selected, depend on the place where it will be installed to 
sure easy access. Its role is to change the measurement mode. When the button is pressed 

once, it changes the mode of the measuring program. The modes in this case are two "EGT 
Temperature measurement", and "TCP Turbocharger pressure leaching". This mode switch 
is circular, by pressing the button again the modes switch between both. 

The temperature measured by the sensor, which is in analogic form, is given to the 
inputs of the digital converter MAX6675. The signal is converted into a digital 12bit SPI 
signal and transmitted to the microcontroller, which in our case is mounted on the Arduino 
MEGA2560 platform. The signal is processed by the controller, based on the program 
compiled in it. After processing the information, the controller sends a signal via the I2C 
bus to the display, which displays the read temperature from the thermo-complement pair. 

The program has a function to store the minimum and maximum values read by the 
sensor. 

Fig. 7 presents pictures of the experimental test board and results for the temperature 
and the pressure, achieved during the experiments. 

 

  
 

  
Fig. 7. Test board pictures and results. 

The button can be used to switch to another monitored parameter. In our case, this is the 
pressure of the turbocharger. This pressure is read on the basis of a measured voltage at one 
of the microcontroller's analogic inputs, converted to a constant "0-255" and then sent to а 
subprogram in the main program to be calculated for converting the value in bars. In 
addition to the circuit, the module BMP085 is used, which appears as a correction of the 
value obtained from the pressure sensor. Then the current value is displayed. 

By using an oscilloscope, we examine analogue signals sent to the microprocessor from 
the real pressure sensor. It is given a voltage signal in the range 0 ~ 5 V. The range of the 
sensor is (-0.5 ~ 1.5 bar). This means that it is also possible to measure vacuum. In Fig. 8 a) 
a voltage of 0.6 mV is measures, which after processing by the algorithm in the program, is 
equal to -0.5 bar. In Fig.8 b) the measured voltage is 1.88 V which corresponds to an 
absolute 0 bar. This is because as mentioned above the sensor range is -0.5 ~ 1.5 bar and 
the operating voltage is 0 ~ 5 V. This makes it possible to measure a vacuum. In Fig. 8 c) 
the measured voltage is 2.88 V which according to the algorithm corresponds to 0.5 bar. In 
Fig. 8 d) the measured voltage is 3.88 V, corresponding to 1.0 bar. In Fig. 8 e) a voltage of 
4.88 V corresponding to the maximum pressure that the sensor can measure (1.5 bar is 
monitored). Although the sensor operates in the range of 0 ~ 5 V, the entire range is never 
used to avoid unwanted and unrealistic values, even damage from overloading the 
components. 
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Fig. 8 presents analogic signals 0 ~ 5 V for Pressure sensor, taken by an oscilloscope. 

  
a) Vacuum 0.5 bar b) Pressure 0.0 bar 

  
c) Pressure 0.5 bar d) Pressure 1.0 bar 

 

 

e) Pressure 1.5 bar 

Fig. 8. Pressure sensor signals. 

Fig. 9 presents results of SPI communication. The waveforms are taken using an 
oscilloscope. A series of diagrams below visualizing the digital SPI communication, 
through which the temperature sensor MAX6675 communicates with the microcontroller 
using the built-in analog-to-digital converter, has been presented. Fig. 9 a) presents the 
waveforms of a standard SPI communication, as Fig. 9 b), c) and d) the SPI communication 
signals at 1 V, 5 V and 10 V respectively. 
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a) SPI Communication waveforms b) 1 V 

  
c) 5 V d) 10 V 

Fig. 9. SPI signals waveforms. 

4 Conclusion 

A schematic diagram of an electronic module for temperature of exhaust gases and 
turbocharging air pressure in turbochargers of diesel automobile engines has been 
synthesized. 

As a result of laboratory experimental investigation, results were obtained for the time-
monitored parameters temperature of the exhaust gases and turbocharging air pressure in 
the turbocharger system of a diesel automobile engine. 

Last but not least the developed electronic module, installed in a real automobile 
continuously monitors the temperature and pressure in the specific zone of the 
turbocharger. The driver can be informed in time about the malfunction and prevent a fatal 
result in the turbocharger. 

As a future work the project can be have additional options for monitoring the pressure 
and temperature of the lubricant. It is required due to the imposed environmental 
requirements that reduce the performance of the components used in modern internal 
combustion engines. One of the main causes of engine failure is temperature dependence 
and lack of lubricant or problem with its delivery (the pressure). 
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