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Abstract
Currently the turbocharging is actively used in piston engines to increase their
technical and economic indicators. The efficiency of piston engines with turbocharging
significantly depends on perfection of processes in the intake and exhaust systems.
Results of experimental researches of unsteady gas dynamics and heat transfer in
the intake system of the piston engine with a turbocharger are presented in the
article. Studies were conducted on full-scale model of the single-cylinder engine with
a turbocharger. It is shown that significant pulsations of pressure and flow occur in
the intake system of the piston engine during the entire working cycle. The method
of stabilization of flows in the intake system due to the controlled discharge of excess
air after the turbocharger is proposed. This method will reduce the difference in the
cylinders of multi-cylinder engine, reduce noise, increase reliability, and increase the
efficiency of the turbocharger.

1. Introduction

Currently, almost all diesel internal combustion engines (ICE) have a supercharging
system of any type. Proceedings of many authors are devoted to the study, evaluation
and optimization of gas dynamics and heat transfer in the intake and exhaust system
of the piston ICE with supercharging [1-4]. It should be noted that most studies of
thermal andmechanic flows characteristics in the intake system of piston engines with
superchargingwas performed in a stationarymode of air flow [5-7]. However, it is clear
that the processes in the intake system of the piston ICE are high frequency and non-
stationary. The time intervals of the intake process in the engines are hundredths of a
second. Characteristics of flows in pipes of piston engines are changed with frequency
up to 100 Hz and more. It is known that the gas-dynamic non-stationary (pulsating
flow) significantly affects the gas dynamics and heat transfer in hydraulic systems
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[8-10]. Therefore, one of the urgent tasks is the study of thermal and mechanic flow
characteristics in the intake system in terms of gas dynamic nonstationarity, as well
as their improvement.

The main objectives of this work were to obtain new data about the unsteady
gas dynamics and local heat transfer in the intake system of the piston engine with
turbocharging, as well as to develop the method of gas-dynamic improvement of the
flows in the intake system.

2. Experimental setups and measurement equipments

Experimental approach was selected as the basis due to the complexity of the study
object. Therefore, the experimental setup was designed and constructed for studies
of gas dynamics and heat transfer in intake system of the piston engines with a tur-
bocharger. The general view of this setup is shown in Figure 1.

Figure 1: The experimental setup for the study of gas dynamics and heat transfer in the intake system of
the piston engine with turbocharging: 1 – oil pump; 2 – turbocharger (TC); 3 – intake pipe; 4 – model of
piston ICE; 5 – compressed air supply system for turbocharger drive.

The experimental setup consisted of three main parts: piston engine model, tur-
bocharger (TC) and autonomous lubrication system. The piston part of the setup was
a full-scale model of a single-cylinder engine of dimension 8.2/7.1. The crankshaft of
the piston engine model was rotated by an electric motor; Its speed was adjusted
by means of a frequency converter in the range from 600 to 3000 rpm. The Russian
turbocharger TKR-6 was used in experiments whose rotor was rotated by compressed
air from an autonomous compressor. The rotor speed of the TC varies from 35 000 to
46 000 rpm.
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The automated system for collecting and processing experimental data was created
on the basis of an analog-to-digital converter for measuring basic physical quantities.
The constant-temperature thermo-anemometer was used to determine the instanta-
neous values of the air flow velocity (w𝑥) and the local heat transfer coefficient (𝛼𝑥).
The sensitive element of the sensors of the thermal anemometer was a nichrome
thread with a diameter of 5 μm and a length of 5 mm. The instantaneous values of the
static pressure in the intake system were measured by means of a pressure sensor
fromWIKA. Rotational speeds of the crankshaft n and the turbocharger rotor n𝑇𝐶 were
measured using tachometers.

3. New design of the intake system of piston engine with
a turbocharging

Preliminary studies of gas dynamics showed that there are significant pulsations of
velocity w𝑥 and pressure p𝑥 of flow in the intake system on virtually all operation
modes of the piston engine and turbocharger [11]. Analysis of the literature and results
of experiments allowed to conclude that the cause of the intensive pulsations of the
flow in the intake system of the piston ICEwith a turbocharger is redundant compressor
capacity relative to the piston engine. The considered pulsations negatively affect the
working process of piston engines and can lead to a decrease in the filling of the
cylinder with air, an increase in the noise level and a decrease in the reliability of the
ICE and TC. Therefore, one of the urgent problems is to develop amethod for stabilizing
the air flow in the intake system of a piston engine with a turbocharger. In this case,
the discharge of excess charge air after the turbocharger was proposed as a method
for gas-dynamic improvement of the flows in the intake system. The scheme of the
intake system with the discharge of charge air is shown in Figure 2.

Electro-pneumatic valve was used for controlled discharge of a certain part of the
charge air. It allowed to redirect from 5 to 50 % of the total volume of air produced by
the turbocharger. It should be noted that the valve discharged only excess air, which is
the source of negative pulsations. Therefore, the air flow through the cylinders of the
piston engine was maintained.
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Figure 2: The schema of the intake system of the piston engine with the vent system of charge air after
turbocharger: 1 – intake manifold; 2 – connecting pipe; 3 – turbocharger; 4 – electro-pneumatic valve.

4. The main results of experimental studies

It is established that the decrease of velocity and pressure fluctuations flow occurs
due to the discharge of certain parts of charge air from intake system (Figure 3). This
reduction is up to 2.5 times in some operation modes of the engine and turbocharger.

The discharge of a certain portion of the charge air leads to a decrease in the pul-
sation phenomena in the intake system during the entire working cycle of the piston
engine with a turbocharger (Figure 3 a). The enlarged section of the dependence p𝑥 = f

(φ) after closing the intake valve is shown in Figure 3 b. It more clearly shows the stabi-
lization of the flow (reduction of pulsations of the flow pressure) in the intake system.
For example, the discharge of a certain portion of the charge air causes a reduction in
the flow pressure pulses in the intake system by about 40 % at a crankshaft speed n

= 1500 rpm and a turbocharger rotor n𝑇𝐶 = 42 000 rpm (Figure 3 b).

Figure 3: The dependences of the pressure p𝑥 of the air flow in the intake system of the piston engine with
a supercharger without air vent (1) and with air vent (2) from the crankshaft angle φ for the rotational
speed of crankshaft n = 1500 rpm and the rotor of turbocharger n𝑇𝐶 = 42 000 rpm: (a) for the entire
working cycle of a piston ICE; (b) plot after the closing valve.
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The intensity of local heat transfer significantly changes with a controlled discharge
of a certain part of the charge air from the intake system (Figure 4).

It was found that the decrease in the heat transfer rate reaches 38% during the open
intake valve period at speeds of n = 3000 rpm and n𝑇𝐶 = 35 000 rpm. Probably, this is
due to a sharp decrease in the intensity of turbulent pulsations in the intake system of
the piston engine.

Figure 4: The dependence of the local heat transfer coefficient α𝑥 in the intake system of the piston
engine with a supercharger without air vent (1) and with air vent (2) from the crankshaft angle φ for the
rotational speed of crankshaft n = 3000 rpm and the rotor of turbocharger n𝑇𝐶 = 35 000 rpm.

5. The practical application of research results

The achieved effects of stabilizing flows in the intake system will reduce the differ-
ences in the operation of the cylinders of the multi-cylinder engine, reduce the noise
level, increase the reliability of the piston engine, and also increase the efficiency of
the compressor. The optimal values of the air discharge, depending on the rotational
speeds of n and n𝑇𝐶 , were determined to achieve the maximum effect of reducing
pulsations. The algorithm for automatic control of the electro-pneumatic valve was
developed. The root-mean-square value of the flow pressure pulsations in the intake
system of a piston engine with a turbocharger was used as a control parameter in this
algorithm.

The design of the intake system with an electro-pneumatic valve for the controlled
discharge of a part of the charge air for the diesel engine 8DM-21 produced by the Ural
diesel-motor plant is shown in Figure 5.

Russian Federation patent was received on the intake system with the vent system
of charge air of the piston engine with turbocharging [12].
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Figure 5: The intake system of the diesel engine DM-21 (Ural diesel-motor plant) with the vent system
of charge air: 1 – turbocharger; 2 – connecting pipe; 3 – electro-pneumatic valve; 4 – cover of an exhaust
manifold.

6. Conclusions

The following main conclusions can be drawn based on the results of research of
thermal and mechanic flow characteristics in the intake system of the piston engine
with turbocharging:

• the basic laws of change of the instantaneous local values of velocity and pres-
sure of air flow and local heat transfer coefficient in the intake system of the
piston internal combustion engine with a turbocharger for different engine and
turbocharger operation mode were established;

• method of reducing (up to 2.5 times) the pressure and flow rate pulsations of
air in the intake system of the piston engine with a turbocharger and method of
reducing the local heat transfer coefficient on average by 25%were developed;
This will reduce the differences in the cylinders operation of the multi-cylinder
engine, reduce the noise level and increase the reliability of the piston ICEs;

• design of the intake system with an electro-pneumatic valve for the diesel
engine 8DM-21 (Ural diesel-engine plant) was developed.
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