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Abstract—In the paper environmental impact analysis the 

optimal Diesel engine for a light helicopter was performed. The paper 
consist an answer to the question of what the optimal Diesel engine 
for a light helicopter is, taking into consideration its expected 
performance and design capacity. The use of turbocharged engine 
with self-ignition and an electronic control system can substantially 
reduce the negative impact on the environment by decreasing toxic 
substance emission, fuel consumption and therefore carbon dioxide 
emission. In order to establish the environmental benefits of the 
diesel engine technologies, mathematical models were created, 
providing additional insight on the environmental impact and 
performance of a classic turboshaft and an advanced diesel engine 
light helicopter, incorporating technology developments. 
 

Keywords—Diesel engine, helicopter, simulation, environmental 
impact. 

I. INTRODUCTION 
HE turboshaft engine provides more power to the 
helicopter with a lower weight penalty than piston 

engines, with their heavy engine blocks and auxiliary 
components. The improvements in fuels and turboshaft 
engines during the first half of the 20th century were a critical 
factor in helicopter development. The availability of 
lightweight turboshaft engines in the second half of the 20th 
century led to the development of higher-performance 
helicopters. Turboshaft engines stayed the preferred 
powerplant for helicopters. In the middle of the 20th century 
turboshaft engines gradually substituted reciprocating engines 
having fundamental advantages in terms of engine weight, 
complexity, reliability, and fuel commonality. 

However, turbine engines used in helicopters lose efficiency 
rapidly as the altitude increases. Because of the power loss at 
altitude, helicopter operators that often fly in the mountains 
use helicopters with more powerful engines to compensate it. 
In most helicopters turboshaft engine incorporates a simple 
gearbox turning an output shaft at about 6000rpm. The main 
rotor gearbox of the helicopter reduces this speed to about 
350-450rpm, so that a massive construction is needed 
downstream. Turboshaft engines tend to be expensive and are 
characterized by both high fuel consumption and carbon 
dioxide emissions [1], [3]. 

Higher engine price and poor fuel efficiency for small 
turbines are considered essential for the light helicopter class. 
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The soaring oil price, high operating costs and growing public 
concern for environment protection are provided to reduce the 
environmental impact of rotorcraft operation. There is a 
substantial potential for pollutant emission and fuel 
consumption to be reduced by powering light single-engine 
helicopters with advanced reciprocating engines instead of 
conventional small turboshaft engines [5], [6]. 

Ecological reasons have forced the automotive engine 
technology to adapt to reduced emissions. Automotive engine 
emissions have become ecology friendly. Automotive industry 
has developed advanced reciprocating engines, in particular 
diesel engines for automobiles and trucks featuring low fuel 
consumption and gas emission. High compression ratio with 
turbocharging and intercooling, high pressure direct injection 
with a common rail, pilot injection with a digital control unit 
are essential to the technologies implemented to obtain such 
excellent performance improvements. For example, an 
electronically controlled, common-rail fuel system is used in 
the GM 4.5L diesel V8′s engine and enables injecting fuel five 
times per combustion, reducing noise and emissions while 
enhancing fuel economy. 

The next positive repercussion of diesel engine installation 
on global helicopter design, in comparison to the turboshaft 
engine, is the interest in lower output speed, which reduces the 
helicopter MGB (Main Gear Box) reduction ratio, enabling a 
simpler design and better reliability. The weight saving 
resulting from the probable elimination of one reduction stage 
in the gear box in an optimized design will partially 
compensate the exceedance of diesel engine weight. 

II. AIRCRAFT DIESEL ENGINE PERFORMANCE REQUIREMENTS 
The indispensable diesel engine performance for an ideal 

helicopter platform has been established to satisfy the 
requirements. The maximum power as a function of height is 
given below (Fig. 1). 
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effect of the engine on operating costs. The results were then 
compared with the corresponding data for current production 
type turboshaft engine powered light rotorcraft. With an 
increasing focus on reducing fossil fuel use to minimize 
climate change authors performed calculations using not only 
usual diesel fuel, but also bio-diesel fuel. The calculation 
results demonstrated a significant reduction in fuel 
consumption and reduction of the carbon compounds 
emission. 

REFERENCES 
[1] A. Cooke, H Fitzpatrick, “Helicopter Test and Evaluation”, Blackwell 

Publishing, Oxford, (2002). 
[2] L. Grabowski, K. Pietrykowski, M. Wendeker, “AVL Simulation tools : 

practical applications”, Lublin University of Technology, 2012, 95 p. 
[3] B. Linares, “Environmental impact assessment of the operation of 

conventional helicopters at mission level”, Cranfield University, October 
2011, 114 p. 

[4] T. Rindlisbacher, “Guidance on the Determination of Helicopter 
Emissions”, the Federal Department of the Environment, Transport, 
Energy and Communications DETEC, Federal Office of Civil Aviation 
FOCA, Division Aviation Policy and Strategy, March 2009. 

[5] L. Piancastelli, D. Francia, “Innovative Methods For Aeronautical Piston 
Engine Design”; UniversitàdegliStudi di Bologna, Italia DIEM, II 
Facoltàdi Ingegneria, 2003. 

[6] A. P. Brouwers, “A 150 and 300 kW lightweight diesel aircraft engine 
design study”, NASA Contractor Report 3260, 1980. 

 
 
 
 
M. Wendeker (M’61) Full Professor at the Lublin University of Technology. 
Research interests: aircraft propulsion, control of the internal combustion 
engines, modelling of the control systems and thermodynamic cycles, 
alternative fuels and powerplants. Member of National Committee of 
Combustion, Polish Scientific Academy and Polish Scientific Society of 
Internal Combustion Engines. An Expert in a expert’s panel for European 
projects in the 7th Framework Programme within the „Clean Sky” aviation 
programme, Brussels. 


