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Abstract. The results of searching for ways to reduce fuel consumption record car HADI-34 when  
using a power plant subcompact four-stroke engine are given. Concluded the feasibility of changing 
the external high-speed performance at throttle-free regulation.The preliminary calculations, showing 
the effectiveness of increasing modernization of the engine compression ratio and stroke were per-
formed. 
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Introduction 

 

Every year the international competition for fuel 

economy Shell Eco-marathon [1] attracts more 

than 200 teams and 3,000 students-participants. 

In 2010, a team from Ukraine participated in this 

competition for the first time. The students of 

KhNAHU made HADI-34 racing car in the  
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Laboratory of Racing Cars (LRC) [2], which is 

worthy to compete with European teams, 

demonstrating the potential of the national 

school of motoring. 

 

Participation of the Ukrainian team in the Shell 

Eco-marathon competition during a three year 

period using HADI-34 car allows setting fuel 

economy records of Ukraine. Unfortunately, the 

progress remains local, allowing excelling only 

on the territory of CIS. Therefore, the moderni-

zation of HADI-34 car remains actual. Analysis 

shows that the reserves for improving the  

performance of HADI-34 lie in reducing the 

vehicle weight, improving its aerodynamic 

properties, and using of advanced telemetry 

technologies. However, the most important con-

dition to ensure the competitiveness of the car is 

to improve the technical and economic perfor-

mance of the engine. 

 

Analysis of publications 

 

The participants' experience shows that the car 

should move in the modes of dispersal and reel 

under race conditions. At the same time it is 

possible to comply with the competition rules 

[3] in case of possible passage of the racing 

track with an average speed of 30 km/h. In order 

to reach the specified speed of the vehicle, 

weighing up to 100 kg including the pilot, does 

not require a powerful power train. The main 

task is to ensure the engine acceleration to the 

set speed within a minimum period of time that 

is about 10 seconds. For further analysis of en-

gine operating conditions there should be speci-

fied two stages of successful racing track pas-

sage: the start and acceleration of the vehicle on 

the track in case of its maximum allowable 

speed decrease as a result of friction, changes of 

track profile, etc.  

 

The leaders of competitions start the engine only 

twice per lap with the length of 1626 m. Since 

the purpose of the competition is to achieve 

maximum fuel economy, the competitors use the 

power units in their racing cars with maximum 

efficiency. The participants acting in the classi-

fication «Internal Combustion Engines with Pos-

itive Ignition» in the vast majority use four-

stroke mini art engines.   

 

The most popular among the participants  

(90–95 % ) is a four-stroke 1CH3, 5/2, 6 engine 

(HONDA GX- 25) (fig. 1) [4]. 

 

 
Fig. 1 HONDA GX-25 (35) Engine 

 

The results obtained in the races revealed the 

maximum possible value when using such a  

serial engine (800 km per 1 liter of gasoline). 

Therefore, the teams are trying to make the  

engine as efficient as possible by its moderniza-

tion. As indicators obtained by KhNAHU team 

do not reach the specified maximum possible 

value, then at the first stage of improving the 

power plant it is useful to consider the possible 

ways of improving the parameters of the 

HONDA GX-25 engine using at maximum the 

element base of the prototype engine. 

 

Objective and Problem Statement 

 

Based on the above stated, the purpose of this 

study is to identify the ways to reduce the fuel 

consumption of a four-stroke ignition engine 

HONDA GX-25 (35). 

 

To achieve this goal it is necessary to solve the 

following problems: 

1. Conduct the analysis of ways to improve the 

engine performance. 

2. To offer the technique of engine moderniza-

tion. 

 

Analysis of ways to improve the engine  

performance 

 

The conducted analysis shows that the partici-

pants which obtained record results use piston 

engines of self-developed design. The main dif-

ference between these engines is extremely high 

compression ratio ( ) and the ratio of the piston 

stroke/ bore diameter (S/D) which exceeds 2.  

 

The best results obtained in terms of the compe-

tition are presented in table 1. 
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 Table 1 Indicators of the teams-participants of the competition in the class «Piston ICE  

with Positive Ignition» 

 

The increase of engine efficiency can be ex-

pected when the basic conditions are fulfilled:  increase of compression rate;  reduction of mechanical losses ;  increasing of stroke for more complete com-

bustion of the working fluid;  increase of the filling ratio;  improvement of ignition and fuel supply sys-

tems. 

 

From the theory of engines it is well known [10] 

that the increase in efficiency of the Otto cycle 

is associated with an increase in the degree of 

compression and piston stroke. 

 

Evaluation of the effectiveness of S and  in-

crease in the HONDA GX- 25 engine was car-

ried out in the AVL BOOST environment  

(fig. 2 and 3). Selection of simulation environ-

ment is due to the further possibility of carrying 

out a computational study of the processes im-

mediately occurring in the engine in AVL 

Cruise environment under competition condi-

tions. For this purpose there was created a spe-

cial model. 

 

The measures involving the redesign of the en-

gine is the increase of the piston stroke. Experi-

ence shows that the sufficient energy capacity 

for the car participating in the competition does 

not exceed 0,8 kW. Increase of S from 29 mm to 

35 mm, while maintaining regular compression 

ratio, made possible the reduction of the crank-

shaft rotation rate for achieving the specified 

power from7000 min – 1 to 4650 min-1  

(table 2), which also had a positive effect on the 

torque that increased by 22 %. 

 

 
 

Fig. 2. Engine Design Circuit 

 

Workflow calculations showed that an addi-

tional increase in the geometric compression 

ratio from the operational 8 to 11 units will  

reduce the fuel consumption by 11,5 % and  

increase the effective engine performance (power, 

torque). A further increase of  to 17 units will 

further reduce the fuel consumption by 5 %. But 

at such a high degree of compression there oc-

curs the problem of detonation. To combat this 

phenomenon, the teams, leaders of competitions, 

Team,  country 
Place, 

car 
Year 

Result, 

km/l 
Engine 

Basic parameters 

S/D, mm  

, France [5] 1-st, Micro-joule 2013 2980 
Original   

4-stroke  30 3 n.i. n.i. 

GAMF, Hungary  

[6, 7] 

2-nd, Megametre 2013 2696 

Original   

4-stroke   

58/31,5 14/22 

2-nd 2012 2661 60/27 17 

8-th 2010 1588 45/31,5 n.i. 

– – 600–800 
HONDA GX-25 

4-stroke 
29/35 8 

Remmi team, Finland 

[8] 

3-rd, Remmi-7 2013 2694 4-stroke 70/27,7 16,8 

Remmi-6B 2002 2485 4-stroke 55/39 17,3 

Remmi-5E 1998 1689 4-stroke 43/35 15 

PennStateUniversity, 

USA [9] 
1- st,  2.0 2013 1529 

Bridge&Stratton 

4-stroke 
47,7/65,1 n.i. 

LRC, Ukraine [2] 23-rd, HADI-34 2011 575 
HONDA GX-25 

4-stroke 
29/35 8 
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use increased energy ignition systems with the 

installation of two plugs at one cylinder. They 

also use detonation resistant fuels, such as  

ethanol. 

 

 
 

Fig. 3. Speed characteristics: 1 – operational 

engine S = 26 mm,  = 8; 2 – S = 35 mm,  

 = 8, 3 – S = 35 mm,  = 11 
 

Table 2 Indicators of engine modernization  

effectiveness 

 

D, 

 

S, 

 
S/D  

Frequency at 

Ne=0,8 kW 

ge,  

g/(kW-hour) 

35 26 0,74 8 6700 300 

35 35 1 8 4650 251 

35 35 1 11 4000 222 

 

An important prerequisite, which allows consid-

ering the possibility of increasing the compres-

sion ratio to 17, is the limited time of engine 

operation. Consequently, in the over-piston 

space there are no prerequisites for the occur-

rence of detonation. It is known [11] that the 

temperature rise of surfaces bounding the com-

bustion chamber is a rather inertial process with 

a characteristic time constant k = 0,022 s–1. In 

this case for conditions of starting the engine 

with access to the nominal mode (start of the car 

within τ = 11 s), an increase in temperature of 

the piston bottom is 1 – e –k · τ = 0,221, or 22,1 % 

of the total temperature drop. The time constant 

k was obtained experimentally during the test of 

the SMD-60 engine during the start of the 

warmed-up engine reaching the nominal mode. 

 

The obvious observation is that these changes do 

not limit the possible ways to reduce fuel con-

sumption and create the necessary high-speed 

performance. Thus, the use of the injection sys-

tem with electronic control is a choiceless way 

of providing of fuel supply. Installation of the 

injector is possible before the inlet valve that has 

been currently implemented in the HADI-34 

motor car. In the long term the fuel must be in-

jected directly into the cylinder. 

 

Improving the quality of admission of the in-

coming charge with throttle-free regulation of 

the fuel ratio is associated with the moderniza-

tion of the intake system, the introduction of 

dynamic boost and the reduction of inlet and 

outlet losses.  

 

Automation of the engine start requires the use 

of appropriate launch systems. In this case the 

use of a special electric motor is the most effec-

tive means. 

 

Methodology of Engine Modernization 

 

For the implementation of the specified structur-

al changes leveraging ICE serial parts there was 

created a parametric engine model in CAD/CAE 

environment of the Inventor system. Changing 

the design of the engine is to install a composite 

crankshaft on three supports-roller bearings, 

which are located in the sump, which is con-

nected with the mono-block engine through a 

spacer with 9 mm thickness. It allows increasing 

the crank radius from 13,5 to 17,5 mm. These 

design changes can increase the compression 

ratio from 8 to 11 units. It should be noted that 

the additional support of the crankshaft is a pre-

requisite of equipping the engine with a starting 

system with an electric starter. 

 

As noted above, the application of the HONDA 

GX-25 engine, even an upgraded one, will not 

allow achieving the leading positions in compe-

titions. Therefore, in the future there is supposed 

to be created an original engine, adapted to the 

conditions of the competition. 

 

Findings 

 

Analysis of competitors, the tactics of lapping 

the distance and design parameters of vehicles 

engines of winner teams is carried out. 

 

The conditions of engine operation consisting in 

the start-up in the throttle-free mode that allows 

reaching the power of about 0,8 kW are deter-

mined at stopping off the engine and subsequent 

short-term (5–15 seconds) starts for developing 

the necessary speed of the vehicle and its further 

movement in the coast mode. 

 

There was proposed a method to reduce fuel 

consumption in competition conditions by 
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changing the external speed characteristics of 

the HONDA GX-25 engine with the achieve-

ment of the required power and torque at crank-

shaft rotation with the speed of 4000 min-1. 

Changes in the external speed characteristic are 

achieved by increasing the stroke from 26 to 35 

mm and the compression ratio from 8 to 11. 

 

The conducted computational study shows that 

the proposed changes can reduce fuel consump-

tion to provide the necessary power from 300 to 

222 g/ (kW � h). 

 

In the CAD/CAE environment of the Inventor 

system there was created a parametric engine 

model. Changing the design of the engine con-

sists in installing a composite crankshaft on 

three supports - roller bearings, which are locat-

ed in the sump, which is connected with the 

mono-block engine through a spacer. The addi-

tional support of the crankshaft is the necessary 

condition for equipping the engine with a start-

ing system with an electric starter. 

 

In the future, using the AVL Cruise package 

there will be carried out computational study of 

processes occurring in the engine directly in 

competition conditions. 
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