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Abstract. Thermomechanical characteristics of the gas flow at the 

turbocharger compressor outlet largely determine the quality of the intake 

process in piston engines with boost. The article presents the results of an 

experimental study of gas-dynamics and heat transfer of gas flows after 

compression in a turbocharger centrifugal compressor. A brief description 

of the experimental setup, the configuration of pipes under investigation, 

the measuring system and the experimental features are given. The studies 

were carried out on a free compressor, i.e. without considering the piston 

part. Different conditions in the compressor outlet channel were created by 

installing special nozzles with different hydraulic resistances. It has been 

established that the local heat transfer increases from 23 to 46 % with an 

increase in the turbocharger rotor speed, depending on the outlet channel 

configuration. It should be noted that an increase in rotor speed is also 

accompanied by an increase in air flow through the channel. The increase 

in flow rate was from 10 to 42 %. 

1 Introduction 

Most modern internal combustion engines (ICE) are equipped with turbochargers (TC), 

i.e. a supercharging system based on a gas connection between the piston part and the 

scapular machine. Therefore, the mutual agreement of the thermomechanical characteristics 

of gas flows between the ICE and TC pipelines is an actual topic in the development of 

engine building. Today, the receipt of new data on the features of gas-dynamics and heat 

transfer in gas-air tracts of turbocharged engines is an important task, since the efficiency of 

power machines based on ICEs depends on the perfection of these processes [1-3]. Modern 

research in this field is devoted to the study of the parameters of gas flows at the inlet and 

outlet of the TC turbine [4-6], heat transfer inside the compressor [7], the thermal effect of 

the turbine on the compressor in the composition of the TC [8] and ways to improve the 

efficiency of the turbocharger [9, 10]. 

This article presents the results of an experimental study of gas-dynamics and heat 

transfer of gas flows in the output channel after compression in a centrifugal compressor of 

a turbocharger.  
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2 Experimental setup and measuring equipment description 

The experimental setup was designed and manufactured to study the gas-dynamics and heat 

exchange of gas flows in the output channel behind the turbocharger compressor without 

taking into account the influence of the piston part (ICE) (Fig.1). The setup contains a test 

turbocharger (this is a Russian TK with the designation TKR6), which consists of a 

centrifugal compressor and a single-stage turbine on one shaft. The TC rotor is rotated by 

compressed air entering the turbine blades. The source of compressed air is an external 

piston compressor. It should be noted that the air temperature for driving the TC rotor is 

approximately equal to the air temperature in the compressor under test. The turbocharger 

rotor speed of the is regulated by changing the flow rate and air pressure in front of the 

turbine and ranges from 30 000 to 60 000 rpm.  

 

Fig. 1. The scheme of the experimental setup and output nozzles: 1 – oil pump; 2 – turbocharger; 3 – 

outlet nozzle; 4 – investigated channel; 5 – control section with the sensors; 6 – oil drain pipe; 7 – 

pipeline for supplying compressed air to drive the turbine; a – experimental setup; b – outlet nozzle 

with diameter of 46 mm; c – outlet nozzle with confuser and diameter of 32 mm; d – outlet nozzle 

with a diaphragm and diameter of 20 mm  

The intake system of a turbocharged engine can be viewed as two elements: a 

turbocharger and a hydraulic network consisting of an intake pipe and a piston engine. 

Thus, the gas-dynamic characteristics of the network can be changed by longitudinal 

profiling of the compressor output channel section. In this study, nozzles with different 

hydraulic resistances were used to simulate a network (ICE), the geometric dimensions of 

which are shown in Fig. 1 b-d. 

The automated system for collecting and processing experimental data was created on 

the basis of an analog-to-digital converter for conducting research. The constant-

temperature thermal anemometer was used to determine the local air flow rate (wх) and the 

heat transfer coefficient (αх). Nichrome filament was the sensitive element of the thermal 

anemometer sensors in both cases. The time constant of both thermal anemometers was 

about 2 ms. The systematic error of the velocity (wх) measurements was 5.4 %, and the 

local coefficient of heat transfer was 10 %. The method of measuring the instantaneous 

values of the local velocity and the heat transfer coefficient is described in [11]. WIKA 

pressure sensor was used to measure instantaneous values of static pressure рх in the flow 

after the compressor; the sensor speed was less than 1 ms. The pressure measurement error 

was ± 0,25 %. The digital non-contact tachometer was used to measure the turbocharger 

rotor speed. The control section with the sensors was located at a distance of 300 mm from 

the flange of the turbocharger compressor outlet channel. 

3 Thermomechanics in the output channel of the turbocharger 
compressor 

The dependences of local pressure рх, velocity wх and local heat transfer coefficient αх on 

the time in the compressor output channel with a confuser (diameter 32 mm) are shown in 
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Fig. 2 as an example. Similar data were obtained for all configurations of the compressor 

outlet channel in the TC rotor speed range from 30 000 to 60 000 rpm. 

 

Fig. 2. The dependences of the pressure px, the flow velocity wx and the local heat transfer coefficient 

αх on the time τ in the output channel (confuser with 32 mm) of the centrifugal compressor for the TC 

rotor speed equal to 42 000 rpm 

It has been established that the air flow velocity has maximum values at the level of 

130-140 m/s with free outlet from the compressor (channel with a diameter of 46 mm). In 

this case, the pressure in the channel has approximately the same value of about 100 kPa at 

all rotational speeds nтс. This is explained by the insignificant value of the channel 

resistance with free outlet of an air. The maximum values of the static pressure of the air 

flow increase to 110 kPa in the case of an outlet channel with a confuser (diameter 32 mm). 

At the same time, air flow velocity values are reduced to 105-120 m/s with an increase in 

the turbocharger rotor speed compared to free outlet. The static pressure of the air flow 

increases to 130 kPa, and the flow velocity decreases substantially and ranges from 55-85 

m/s when the diaphragm (diameter 20 mm) is installed in the compressor outlet channel. 

The trend is maintained: instantaneous values of a pressure and flow velocity in the 

compressor output channel increase with the TC rotor speed. 

The analysis of the compressor consumption characteristics with different output 

channel configurations was carried out. It is established that the air flow is reduced by an 

average of 15% when installing a confuser (32 mm) in the compressor outlet channel, 

compared to a free outlet (46 mm); and the average air flow rate is decreased up to 50% 

when setting the diaphragm (20mm) in the output channel. At the same time, the increase in 

air flow through the compressor output channel is observed with the increase in the TC 

rotor speed, which is typical for all the studied configurations. Thus, an increase in air flow 

is about 10% with a free outlet, with an outlet channel with a confuser – 27%, with a 

channel with a diaphragm – 40%. 

The change in gas-dynamic conditions in the compressor output channel affects the heat 

exchange intensity (Fig. 3). It has been established that the value of the heat transfer 

coefficient increases with the growth of the TC rotor speed, which is typical for all 

configurations of the compressor output channel. It should be noted that the increase in the 

αх exceeds the increase in air consumption. For example, the increase in air flow through 

the output channel was approximately 10% with a free outlet from the compressor, while 

the heat transfer coefficient increased by 23.4%. A similar trend is typical for other channel 

configurations. As expected, the decrease in the heat transfer intensity occurs on average by 

26% with the installation of a confuser (32 mm) in the compressor outlet channel as 

compared to the free outlet, and the heat transfer intensity decreases to 70% when the 

diaphragm (20 mm) is installed in the channel. 

The above-considered thermal and mechanical characteristics of the air flow in the 

compressor outlet channel have a significant effect on the processes in the intake system of 

the supercharged engines [12]. 
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Fig. 3. Dependence of the local heat transfer coefficient αх on turbocharger rotor speed nтс in the 

outlet channel of a free compressor for nozzles different configurations: 1 – free outlet (46 mm); 2 – 

confuser (32 mm); 3 – diaphragm (20 mm) 

Summary 

The following main conclusions can be drawn from the research: 

- experimental setup for the investigation of gas-dynamics and heat transfer in the 

output channel of a turbocharger compressor was developed; influence of different 

configurations of the compressor output channel on the thermomechanical characteristics of 

gas flows is investigated;  

- it has been established that an increase in air flow rate can be from 10 to 42% with an 

increase in the TC rotor speed under different configurations of the compressor channels; 

- it has been shown that an increase in local heat transfer can be from 23 to 46% with 

increasing turbocharger rotor speed under different configurations of the compressor outlet 

channel; 

- the obtained data can be used to increase the efficiency of thermal and mechanical 

processes in the intake systems of turbocharged engines. 

 

The work has been supported by the Russian Science Foundation (grant No. 18-79-10003). 
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