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ABSTRACT 

The use of turbocharging in diesel engines to increase performance and reduce emissions is growing 

in popularity. Turbocharged diesel engines sometimes behave badly when speed and load vary, 

increasing exhaust emissions and reducing driver comfort. This issue is brought on by features of the 

turbocharger, such as high inertia and low compressor flow. This work aims to enhance engine 

dynamics via the investigation of different turbocharging configurations. These include of variable-

geometry turbines, coupled supercharging and electrically assisted turbocharging, and two-stage 

turbocharging. Reducing turbocharger size, using several units, and increasing turbine torque are 

some strategies to improve transient responsiveness. Moreover, methods to reduce emissions and 

minimise turbo lag include raising the turbine back pressure and using external energy support. A lot 

of factors, such as cost, kind of engine, and vehicle use, influence the ideal arrangement. The 

operational efficiency of a compression-ignition (CI) single cylinder four stroke diesel engine with 

and without a turbocharger is compared in this research article. The purpose of the research was to 

determine how turbocharging affected the engine's braking power output when diesel was the only 

fuel source. Brake power values were recorded for both setups and experimental data was gathered 

under a range of load circumstances, from 4 to 16 kg. 

 

Keywords: Turbocharger, Diesel Power Unit, Renewable energy, Compression Ignition Engine, 

Diesel. 

 

I. Introduction 

Reducing emissions while maximizing power output is a main challenge in the dynamic field of 

automotive engineering. The use of turbocharging technology to diesel single-cylinder engines is at 

the forefront of this endeavor. Numerous studies indicate that employing mechanical supercharging 

can augment the power and torque output of internal combustion (IC) engines across various 

operational scenarios. However, the enhancement in thermal efficiency of IC engines remains 

somewhat restricted due to a portion of the engine actual work being utilized to operate the 

compressor. In this setup, a transmission shaft links the turbine and compressor. The high 

temperature and pressure of the IC engine exhaust gas retain substantial energy, which can be 

harnessed through an exhaust turbine. In an exhaust turbocharging system, the exhaust gas serves as 

the turbine's employed medium, with the turbine functioning as the power source for boosting 

pressure within the system. During the expansion process of the exhaust gas, a portion of its energy 

is recuperated and converted into useful work, subsequently employed to drive the compressor. 

Another conventional method for pressure boosting is exhaust turbocharging, wherein the energy of 

IC engine exhaust gas propels the compressor through an exhaust turbocharger. This innovative 

endeavor holds significant promise and could potentially deliver unparalleled performance and 

sustainability. Improvements in internal combustion engines (ICEs) will likely be overshadowed by 

fuel alternatives, advanced fuel technology, improved combustion, and pollution control measures. 

By increasing the charge air pressure, diesel engine performance and emissions may be enhanced. 

Today, turbocharging is used to accomplish this. Without expanding the engine's cubic capacity, it 

increases power production (Sims et al. 1990). Chemical energy is transformed into mechanical 

energy by diesel engines. Diesel engines release waste products including unburned carbon particles 

and hazardous gases in addition to mechanical power. Every researcher's main goal is to reduce 

exhaust emissions that are bad for the environment and increase energy conversion efficiency. 

Utilizing waste products' energy as much as possible is another crucial goal, and turbocharging helps 
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with this. By using the waste kinetic energy of exhaust gases to increase charge air pressure, 

turbocharging enhances both the diesel engine's performance and emissions. Unfortunately, the 

charge air's temperature increases as it is compressed, which is not what is wanted. Air pressure is 

boosted to make it denser in order to guarantee that there is enough oxygen in the combustion 

chamber for the fuel to burn properly. However, the temperature rise mostly eliminates the density 

advantage and may also cause issues with the fuel's ignition timing. The maximum prominent off-

design characteristic of diesel engine transient operation that most noticeably separates the torque 

pattern from the corresponding steady-state circumstances is turbocharger lag, as it has long been 

known. Because there is no automated connection between the engine crankshaft and the 

turbocharger, the system's inertia prevents the turbocharger (T/C) compressor air supply from 

matching the higher fuel flow instantly, even though the fuel pump responds quickly to the increased 

fueling demand after a load or speed increase. By applying turbocharger in single cylinder diesel 

engine brake power and efficiency of the engine rises. This phenomenon is further compounded by 

the T/C compressor's unfavorable characteristics at low loads and speeds. This delayed reaction 

causes the relative air-fuel ratio to assume extremely low values in the early cycles of a transient 

event—even lower than stoichiometric—which deteriorates combustion and causes the engine to 

respond slowly (in terms of torque and speed), take a long time to recover from, and emit excessive 

amounts of noise, particles, and gases into the atmosphere. Turbocharger uses thermal power wasted 

could be recovered by expanding the exhaust gas by passing it inside an additional turbine instead of 

a throttling valve. However, after a speed or load increase transient event, high fuel–air equivalency 

ratios result in high combustion temperatures, which promote the creation of soot (black smoke 

emanating from the exhaust pipe) and nitric oxide (NO). 

  

II. Literature review 

Internal combustion engines may generate extra power without adding more cylinders by using 

turbochargers. This mechanical approach enables automakers to lower the displacement of their 

engines to smaller sizes, a process known as engine downsizing [1, 33]. Turbochargers are broadly 

used, especially in racing applications, to increase the power of internal combustion engines that are 

already quite powerful. But these days, the emphasis is on creating solutions for road cars that are 

both ecologically sound and commercially feasible. As a outcome, the automobile industry has seen 

a significant rise in the use of turbochargers. The purpose of this research is to deliver an indication 

of the most current turbocharging technologies used to reduce exhaust emissions and maximize 

engine efficiency. In order to evaluate their present usefulness, several kinds of turbochargers and 

superchargers are analyses in the perspective of current developments. New technologies are 

constantly emerging in response to the growing need for contemporary, environmentally friendly 

engines. Increased power output and lower emissions are possible with a turbocharged engine 

because it promotes combustion with a richer air-fuel combination [27, 32]. The research explores 

how adding a turbocharger or supercharger affects an internal combustion engine's performance, 

taking into account the fact that air density decreases with altitude. Nevertheless, power recovery in 

diesel engines may not be guaranteed by the pumping process or overall system performance, even 

with the best of intentions. Engine downsizing is a common approach in contemporary cars due to 

increased customer demand for fuel-efficient vehicles and tougher pollution restrictions. 

Simultaneously, turbocharging is becoming more and more common as a way to increase the power 

output of smaller engines so they can function on par with bigger displacement engines. Three main 

areas of modern turbocharger research are covered in this paper heat transfer, flow dynamics, and 

mechanical analysis. While flow studies are grouped according to different turbocharger components 

and study strategies, heat transfer studies include results from both modelling and experimental 

approaches. Medium-speed diesel engines are used in a diversity of power industries, including as 

maritime propulsion and the production of electricity. The goal of the research is to model and 

simulate a medium-speed M.A.N. production engine that has a turbocharger and an intercooler. The 
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inquiry looks at the potential effects of the air temperature in the intercooler on engine cylinder 

volumetric efficiency using the Fortran programming language and applied thermodynamics 

concepts for internal combustion engines. The findings highlight the important impact of intercooler 

air temperature on engine performance, showing a noteworthy 98% increase in volumetric efficiency 

while running with lower intercooler exit air temperatures [28, 29]. 

Engine running while the exhaust gas turbo charger is operating. The automobile industry uses 

turbochargers because they may boost an internal combustion engine's (IC) output without increasing 

the engine's cylinder capacity. Vehicles undergo minor adjustments to increase economy and 

regulate the amount of exhaust gas emissions. The project's objectives are to decrease two-wheeler 

emissions and boost volumetric efficiency. Since diesel engines are still used in truck applications, 

dropping fuel consumption and CO2 emissions is essential. Under constant load and at moderate 

speeds, single-stage turbocharged diesel engines are recognized for their fuel efficiency. This work 

presents a two-stage, in series, air-path system that modifies the turbine expansion ratios to enhance 

the usual part-load performance at low engine speeds. As long as the engine transient response is 

preserved, lower engine speeds may provide better EGR rates (for NOx reduction). The performance 

and pollution results of the IDI CI engine operating on diesel fuel with and without a turbocharger 

were compared in this experiment [30]. An engine's horsepower may be greatly increased using a 

turbocharger without causing the engine to become much heavier. A loading panel was used to add 

load while the engine was operating at its constant rated speed of 1000 rpm. Varied performance, 

combustion, and emission parameters were assessed under varied engine loads, ranging from 25% to 

100%. A thorough testing setup was devised, linking the engine to a smoke meter and five gas 

analyzers. The engine's performance and emissions were documented across different load 

conditions. This study delves into the significance of boost pressure recovery in enhancing the 

operational effectiveness of diesel engines at elevated heights. They suggested that a controlled, two-

stage turbocharging system is a workable way to recover power from diesel engines. Their research 

examines how boost pressure and engine power change at varying altitudes and presents a controlled 

two-stage turbocharging system made up of a matching low-pressure turbocharger and an original 

turbocharger [31]. The research showed that even with difficulties brought on by variances in overall 

turbocharger performance, boost pressure recovery by itself was unable to reliably guarantee power 

recovery across the engine's working range. Nonetheless, the power recovery goal may be reached 

by putting fuel injection compensation techniques and valve control schemes for boost pressure 

recovery into practice. Performance and emission results of an IDI CI engine running on diesel fuel 

with and without a turbocharger are compared in this single-cylinder diesel engine study. The key to 

greatly increasing engine horsepower without appreciably adding weight is turbocharging. In the 

experiment, the engine's rated speed was maintained at 1000 rpm while the engine load was varied 

between 25% and 100%. Using a loading panel to apply load, performance, combustion, and 

emission characteristics were carefully measured. By combining the engine with a smoke meter and 

five gas analyzers, a thorough test setup was created. Mathematical computations were used to 

determine performance metrics like thermal efficiency and fuel consumption unique to brakes [32]. 

An efficient waste heat recovery technique called turbo-compounding enhances a single-cylinder 

naturally aspirated engine's performance and lowers its exhaust emissions [4]. The engine was fitted 

with a turbocharger system, and both fuel cases underwent the same testing procedures. The analysis 

of test results revealed that biodiesel produced somewhat lower braking power and torque as well as 

higher fuel consumption figures, but its brake thermal efficiency was marginally greater than diesel 

fuel's in both normally aspirated and turbocharged scenarios [5]. In the near future, jatropha 

combined with ethanol mix will be a promising biofuel replacement for diesel engines [6]. Because it 

takes a relatively long time to analyze each transient cycle, the significant problem The control of 

exhaust emissions while diesel engines undergo transient operation is crucial mostly been researched 

experimentally rather than via modelling. Manufacturers, however, find that the research of transient 

emissions is crucial since freshly manufactured engines have to adhere to strict standards for exhaust 
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emissions levels. The parameters are categorized into three groups based on the particular subsystem 

that is being studied: the engine, the load, and the turbocharger. The evolution of the soot and NO 

emissions during the transient event is shown in demonstrative figures that show the impact of each 

parameter taken into consideration. Transient NO and soot emissions are also significantly 

influenced by load parameters and the mass moment of inertia of the turbocharger (T/C) [7]. Since 

the performance of the diesel engine with jatropha biodiesel blends is comparable to that of diesel, 

internal combustion engines may utilize them. Because diesel has a higher calorific value (45 MJ/kg) 

than jatropha biodiesel (38.00 MJ/kg), the latter has a little poorer brake thermal efficiency [8]. 

 

III. Experimental setup 

In For the current experimental inquiry, a four stroke, vertical, single cylinder, air-cooled, cold 

starting, compression ignition, high speed diesel engine is employed. Both Table 1 and Figure 1 

provide the engine specifications. 

Table 1: Engine specification 

MODEL 4325 

Bore 78 MM 

Stroke 68MM 

Displacement 325CM 

Compression Ratio 18:01 

Oil Sump capacity  1.0 litres 

Lub Oil Consumption 0.013 kg/hr 

Dry Weight 38kg 

Maximum Torque 1.48Kgm 

RPM  3600 

SFC 220gm/bhp/hr 

 
Figure 1: Engine specification 

The designs of turbochargers must adapt to changing needs in order to account for variables such as 

use situations, efficiency attributes, rotor inertia, and map size. This propels ongoing innovation in 

compressor and turbine variations suited to particular engine needs. Furthermore, different emissions 

restrictions around the globe encourage the creation of unique technological solutions. A diesel 

engine with just one cylinder with and without a turbocharger made up the experimental 

arrangement. In both designs, the main fuel source was diesel. Brake power readings were taken for 
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every load situation in which the engine was exposed to 4, 8, 12, and 16 kg of variation. To make 

sure the results were reliable, the tests were run many than thrice. This single-cylinder diesel engine 

configuration might have a turbocharger or not. Below is a discussion of all calculations:- 

 

3.1 Calculations 

 Diameter of  Pulley (D)  -    0.2 m 

 Radius of Pulley (R)   -   0.1 m 

Table 2 shows that a single-cylinder diesel engine's torque output fluctuates depending on the load. 

For example, the maximum and lowest torque measured with a weight of 16 kg are 15.69 N-m and 

3.92 N-m in each case. The torque tests were carried out for both diesel-powered engines—those 

with or without turbochargers—and the findings were similar for all loads. 

Table 2: Load and torque comparison. 

Load (Kg) Torque  (N-m) 

4 3.92 

8 7.84 

12 11.76 

16 15.69 

In the diesel engine without a turbocharger, the results from Table 3 and Figure 2 reveal varying 

power and RPM levels at different loads. Notably, at a load of 16kg, the maximum power output is 

recorded at 3.12 kW with an RPM of 1900. This experiment demonstrates that as the load increases, 

the power output also increases, while the RPM decrease. 

Table 3: Load vs brake power vs rpm calculation without turbocharger 

Diesel engine without Turbocharger 

Load (Kg) Power (kw) RPM 

4 1.05 2550 

8 1.91 2320 

12 2.58 2100 

16 3.12 1900 

 
 

Figure 2: Load vs brake power vs rpm calculation without turbocharger 

In the single-cylinder diesel engine equipped with a turbocharger the findings from Table 4 and 

Figure 3 demonstrate varying power and RPM levels across different loads. Notably, at a load of 

16kg, the engine achieves its maximum power output of 3.78 kW at an RPM of 2302. This 

experiment highlights the trend where increasing the load leads to a rise in power output, while 

concurrently causing a decrease in RPM. 
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Table 4: Load vs brake power vs rpm calculation with turbocharger 

Diesel engine with turbocharger 

Load (Kg) Power (kw)  RPM 

4 1.19 2894 

8 2.15 2618 

12 2.95 2400 

16 3.78 2302 

 

Figure 3: Load vs brake power vs rpm calculation with turbocharger 

 

IV. Results 

The research's decision show that fitting a turbocharger significantly rises the amount of brake power 

produced. The turbocharged engine performed the non-turbocharged engine in terms of brake power 

under all load circumstances. At the highest load (16 kg), the brake power specifically rises by about 

21.15%, from 3.12 kW without a turbocharger to 3.78 kW with turbocharger. 

 

V. Conclusion 

In summary, the findings of this research show that single-cylinder diesel engines may run more 

efficiently when turbocharged. The observed increase in braking power demonstrates how 

turbochargers may enhance engine efficiency and power output without compromising fuel 

consumption. These results contribute to the amount of study being done to optimise diesel engine 

performance for various applications. A single-cylinder diesel engine produces greater power as the 

load increases, but the engine speed decreases as well. This demonstrates the inverse relationship 

between load, power, and engine speed in the setup under investigation. 
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