
Abstract
Over the past few years, many researchers have conducted experimental and simulation studies using alternative fuels for 
Internal Combustion Engine (ICE). There are many types of existing alternative fuels can be used in Internal Combustion 
Engine, but the fundamental information about their combustion process is still limited due to difficulties in developing 
the experimental work. This study focus on the performance of methane fuelled engine and optimize it by varying the 
cam timing angle for both intake and exhaust valves. The engine performance was measured on the brake torque, brake 
power, Brake Mean Effective Pressure (BMEP) and in-cylinder peak pressure. The engine model was developed based on 
Modenas Kriss 110cc 4-stroke single cylinder gasoline engine. CATIA software was used in developing the 3D engine model 
and followed by utilization of GT-Suite software in analyzing the engine performance. The engine performance results for 
methane fuelled engine were found to be lower at about 20.1 % for engine torque, brake power and BMEP and 12.0 % 
for in-cylinder peak pressure when compared to gasoline engine. In the case of different valve timing, it was found that 
retarding the exhaust valve open timing at about 10° would produce the highest brake power in the range 5–10 %. From 
these results it can be concluded that the methane fuel produced lower engine performance compared to gasoline and 
different cam timing angle is required for methane fueled engine.
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1. Introduction
Nowadays, the needs in finding renewable energy 
resources are growing to fulfill the energy demand that 
keeps increasing years after years. Fluctuating of oil price 
and environmental issue have increased the activities 
in finding alternatives fuel resources that will provide a 
sustainable energy and achieve greener environment. 
There are many previous researches have studied the 
performance of alternative fuels1–3. However, the detail 
information and finding about pure methane fuelled 
engine is still limited. This study focused on the potential 

of methane fuel usage in a small spark ignition engine. 
Methane is one of the largest components in natural gas. 
Additionally, Compressed Natural Gas (CNG) that avail-
able in market contains of about 75 – 98 % methane with 
small percentages of ethane, propane, butane4. 

Previous research has shown that the usage of CNG as 
alternative fuel will degrade the power, torque and Bmep 
compared to gasoline engine5. However, the brake specific 
fuel consumption of natural gas is lower compared to gas-
oline6 The Carbon Monoxide (CO) and Carbon Dioxide 
(CO2) are also lower than gasoline engine7. Other research 
work also found that the natural gas lack in term of power 
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and torque compared to gasoline engine8. To increase the 
performance of natural gas fuelled engine, few investiga-
tions were carried by optimizing the engine parameters. 
There are several ways in optimizing the engine perfor-
mance such as using various injection timing, fuel delivery 
pressure and flow rate9. Another method is by varying the 
inlet throat diameter10. The simplest method is by varying 
the cam angle timing for intake and exhaust valves11.

The opening of the intake valve allows air-fuel mix-
ture to enter the cylinder from the intake manifold. 
Opening the intake valve too early can result in exhaust 
gasses flowing into the intake manifold instead of leaving 
the cylinder through the exhaust valve. Retard the Intake 
Valve Openings (IVO) can restrict the entry of air-fuel 
from the manifold. The typical IVO timing for produc-
tion engine is around 10 - 20° before Top Dead Centre 
(TDC). Meanwhile the function of Exhaust Valve Opens 
(EVO) will allow pressure inside the cylinder to escape 
into the exhaust system. A typical EVO timing is in the 
range of 50–60° before Bottom Dead Centre (BDC) for 
a production engine. By varying these parameters, it will 
affect the valve overlap. Therefore, the intake gas flow and 
the exhaust gas flow influence each other.

The purpose of this study is to understand the per-
formance of methane fuelled engine such as brake 
torque, brake power, BMEP and in-cylinder peak pres-
sure and compared it performance to gasoline engine. 
Furthermore, the effect of various valve timing for intake 
and exhaust are also been studied.

2.  Methodology
The primary objectives of this paper are to evaluate the 
performance of methane fuel engine and to study the 
effect of various valves cam timing angle. The first step 
taken is determining the performance of gasoline engine 
by using experimental setup. Engine dynamometer was 
used simultaneously with gas analyzer to determine 
the gasoline engine performance and air-fuel ratio. The 
engine performance test is performed at Wide Open 
Throttle (WOT) condition. The experimental results are 
used for validation of the developed engine model. Table 1 
indicates the technical specifications of the engine.

In this study, a single cylinder engine model is built 
using commercial software called GT-Suite. The technique 
in modelling the engine can be referred in GT-Suite man-
ual12. GT-Power, which is one of the modules under the 
GT-Suite, is a powerful tool that has been used by many 

researchers in internal combustion engine modeling13,14. 
Some of the inputs in 1D engine modeling require detail 
geometry of engine components. Components like airbox, 
intake runner and exhaust system have been developed 
in 3D CAD model. The 3D model development process 
involve in taking the dimension of the engine such as 
runner length, diameter of pipe throat and radius of pipe 
bends. Here, the 3D model is performed using CATIA 
software. The 3D CAD model is then imported into one of 
the GT-Suite module called GEM-3D in order to convert 
it into 1-dimensional engine diagram. Then, GT-Power is 
used to run the simulation and obtained the performance 
of the engine. The validation of the engine model is per-
formed by comparing the engine performance results 
between simulations of the gasoline engine with the experi-
ment results13. After the engine model fuelled with gasoline 
has been validated, then the gasoline fuel is changed to 
methane fuel. The stoichiometry of air-fuel ratio between 
gasoline and methane are different. Therefore, the usage 
of equivalence ratio is applied to finds the new air-fuel 
ratio for methane fuel. In achieving the optimum meth-
ane fuel engine performance, it is very much depends on 
the configuration of the engine. Finally, both of intake and 
exhaust valves cam timing angle are simulated to identify 
which of the angle gives the optimum performance.

3.  Experimental Setup
The experimental setup used in this work is shown in 
Figure 1, consist of engine dynamometer (Focus Applied 
Model G7.5LC) coupled with Modenas Kriss 110 cc 
engine. Wide open throttle mode experiment is per-
formed to obtain the engine performance. Gas analyzer 
(SPTC 085241) is used in finding the air-fuel ratio at vari-
ous engine speeds. This setup provides useful information 
such as Torque, Rpm and in-cylinder pressure trace. The 
in-cylinder trace is acquired using PCB Piezotronics 
(Model 112A05) pressure transducer and Dewetron 

Table 1.  Engine technical specifications

Type 4-stroke SOHC, single cylinder
Bore × Stroke 53 × 50.6 mm
Displacement 110cc

Maximum torque 9.3 N.m @ 4000 rpm
Intake Valve Open (IVO) 20°BTDC

Exhaust Valve Open (EVO) 55°BBDC
Duration time intake/exhaust 260°
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(Model DEWE-30-8) data acquisition (DAQ). For other 
parameters, they are calculated using formula such as for 
brake power (Equation 1) and BMEP (Equation 2).

	 bp NT= 2p � (1)

	
bmep

bp
ALnN

=
2

� (2)

Where N is engine speed in rpm, T is torque in Nm, A is area 
in m2, L is length of stroke and n is number of cylinder.

4.  Engine Modeling
The model development process starts with 3D engine part 
modeling using CATIA. It starts from building the inter-
nal volume of air box, intakes runner, inlet port, exhaust 
port, exhaust runner and tail pipe. The parts are created 
individually for easier discretized process in GEM-3D. By 
discretizing the part in GEM 3D, the 3D model is con-
verted into 1D diagram that is used in GT-Power. The 
created 1D diagram for each part (Figure 2) is connected 
by string called junction in GT-Power. It simulates the 
flow path starting from air enters the air box until com-
bustion process completed and exhaust gas leaving the 
tail pipe. The cylinder geometry is created in GT-Power 
and should be defined accordingly to engine technical 
specifications. 

The intake and exhaust valve geometries are also 
defined in GT-Power. The intake and exhaust valve opening 
and closing timing are very crucial and should be defined 
according to real engine. The valve lift array is obtained by 

setting the valve diameter, valve lift and flow coefficient 
inside the given table in GT-Power file so that it can be 
auto calculated12. As for the simulation setup, the solver 
needs the information on the speed of the engine, as well 
as the air-fuel ratio. The same procedure is repeated for the 
next cases with different value of speed and air-fuel ratio. 
By doing this, the air-fuel ratio can be used at a different 
speeds according to experimental results. Finally the model 
is simulated and the results of the performance are plotted.

5.  Results and Discussion
To investigate the performance of methane fuelled engine 
and the effect of various valve timing, three  different 
studies were used;

Case 1: �Verification of model with experimental results 
for gasoline engine.

Case 2: �Modeling of methane fuelled engine. The per-
formance of the methane fuel was analyzed and 
compared to gasoline. 

Case 3: �Investigate on the effect of various valve timing 
for intake and exhaust valve. 

All of these findings will be discussed more in following 
subsection.

6.  Model Verification
To assess the accuracy of the constructed model, 
verification to the experimental data is needed. The accu-
racy of the constructed model was verified by comparing 
the engine performance between model and experiment. 
Both of the results were correlated based on their trends 
and value. At the early stages of the verification, the 
simulation results shows quite significant different when 
compared to experimental results. It shows that the model 
needs to be calibrated so that the results will be close as 
the experimental results. In order to calibrate the model, 
lift angle multiplier was set to 0.83 thus the duration of 

Figure 1.  Experimental setup for gasoline engine 
performance measurement.

Figure 2.  Constructed model for Modenass Kriss 110 
engine.
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the IVO and EVO is the same as the engine specifications. 
The forward coefficient was set to 0.95 and the maxi-
mum lift was changed to 5 mm height which changes the 
flow array. A new setting of flow array was redefined at 5 
mm lift to generate the new flow array and was used in 
the model valves flow array. The validation of model to 
experimental data is shown in Figure 3.

After the tuning and calibration process, the simu-
lation was run with the aim to obtained less than 10 % 
differences which make the model reliable and ready 
to use for the next simulation. From the analysis, it was 
found that the average percentage of different between the 
model and experiment is at about 4.1 % for engine torque, 
brake power and bmep and 5.0 % for in-cylinder pressure. 
The trends also have shown similarity for both model and 
experimental data. It can be concluded that the Modenas 
Kriss 110cc engine model was successfully developed 

into one dimensional model using GT-Suite software. It 
represents the real engine which the output of the model 
gives nearly same results as the experiment results.

6.1  Methane Fuel Engine Performance
In case of methane fuel, methane_vap type of fuel was 
selected from the GT-Suite library. In order to provide 
comparison to gasoline, the air-fuel ratio was setup based 
on the same equivalence ratio with gasoline engine. The 
detail of modelling condition is shown in Table 2. The sto-
ichiometric air-fuel ratio (AFR) for gasoline was referred 
as 14.7:1. The equivalence ratio was found by dividing 
14.7 to the air-fuel ratio obtained from the experiment. 
Hence, the obtained equivalence ratio was used to find 
the actual ratio of methane by dividing the stoichiometric 
ratio of methane which is 17.215 to the equivalence ratio. 
This method was used for all rpm as well.

(a) (b)

(c) (d)

Figure 3.  Validation of gasoline model according to (a) engine torque, (b) brake power, (c) BMEP and (d) in-cylinder peak 
pressure.
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Figure 4 shows the performance of methane compared 
to gasoline. From the figures, it was found that methane 
fuelled engine experienced power degradation at about 20.1 
% for engine torque, brake power and bmep and 12.0 % 
for in-cylinder peak pressure when compared to gasoline. 
At lower speed it can be observed that the methane engine 
performance is close to gasoline for brake power. However, 
when the speed increases to at about 3500 rpm the differ-
ence in engine performance increases mostly due to lower 
energy density for methane. Although there is a large differ-
ent in engine performance, but when it comes to emission 
and brake specific fuel consumption (BSFC) methane 
produced better results compared to gasoline16. Moreover, 
in-cylinder peak pressure trace had exposed gasoline 

Table 2.  Modeling AFR for gasoline and methane

Engine Speed 
(rpm)

Equivalence 
Ratio

AFR 
(Gasoline)

AFR (Methane)

2000 1.1 13.41 15.64

3000 1.13 13.05 15.22

4000 1.32 11.16 13.03

5000 1.38 10.66 12.46

6000 1.39 10.54 12.37

7000 1.3 11.74 13.23

8000 1.38 10.68 12.46

(c) (d)

(a) (b)

Figure 4.  Comparison of (a) engine torque, (b) brake power, (c) BMEP and (d) in-cylinder peak pressure between methane 
and gasoline.
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engine produced higher peak pressure than methane. With 
the high in-cylinder pressure, gasoline engine will produced 
higher torque, power and bmep compared to methane. 

6.2  Effect of Various IVO and EVO Timings
To increase the performance of methane fuelled engine, 
various valve cam angles were investigated to find the 
optimum IVO and EVO timings for methane. This pro-
cess was tested at two different engine speeds which are at 
2000 rpm and 5000 rpm. These can be achieved by using 
optimization tool in GT-power and the configuration and 
output for the optimization is shown in Table 3. 

Referring to Table 3, it was found that the maximum 
brake torque was achieved by using IVO at 10° BTDC that 
produced 6.32 Nm of brake torque. Same optimized IVO 
angle were found for both two different speeds. In the 
case of EVO, the maximum brake torque was obtained 
at 45° BBDC that produced brake torque at about of 
8.02 Nm. The optimum setting for IVO and EVO then 
were used and compared to standard original equipment 
manufacturer (OEM) setting.

Figure 5 shows the optimized IVO and EVO for 
methane fuelled engine. For optimum valve timing, it was 
found that the maximum improvement for engine torque, 

Table 3.  Intake and exhaust valve open timings and 
maximum brake power

Intake Valve Open (IVO) 
Timing (degree BTDC)

Brake Torque (N.m)

0 6.22
10 6.32

20 – OEM Setting 6.23
30 6.02
40 5.75

Exhaust Cam Open (EVO) 
Timing (degree BBDC)

Brake Torque (N.m)

35 7.97
45 8.02

55 – OEM Setting 7.93
65 7.57
75 6.97

Figure 5.  Optimized (a) engine torque, (b) brake power, (c) BMEP and (d) in-cylinder peak pressure for methane fuelled 
engine.

(a) (b)

(c) (d)
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brake power and bmep is at about 10 % and for in-cylinder 
peak pressure is at about 5 %. Referring to intake timing 
angle optimization, the result is almost the same to OEM 
setting in which at initial rpm low torque, power, bmep and 
peak pressure were obtained. But at high engine speed the 
performance is gradually increasing but not as much as 
adjusting the exhaust valve timing angle. EVO produced 
better engine performance compared to optimized IVO 
for this research engine. Delaying the EVO would make 
the cylinder pressure is much closer to exhaust back pres-
sure results in less time for exhaust gas to escape through 
valve. Low speed torque as well as part load efficiency 
also increases since EVO closer to BDC. Due to this set-
ting, valve overlap also increases. If the valve overlap was 
decreases, lower torque value at lean-burn limit achieved. 
This is because the volumetric efficiency of the engine is 
reduced17. As a conclusion methane fuel produced lower 
engine performance compared to gasoline. Studies on the 
effect of different valve timings also had suggested, meth-
ane fueled engine required different cam timing angle to 
increase its performance.

7.  Conclusion
The Modenas 110cc engine model was successfully 
developed into one dimensional model using GT-Suite 
software. It represents the real engine which the output 
of the model gives nearly same results as the experiment 
results. The behavior of the gasoline engine and meth-
ane fuelled engine were found to be same. From the 
experiment it was found that the methane fuelled engine 
experiences some degradation in performance when 
compared to gasoline engine. The optimization is made 
by varying the IVO and EVO timing angle. However, 
minor improvement was found with optimized cam angle 
timing. For optimized exhaust valve timing, as the tim-
ing was retard by 10° this will increase the valve overlap. 
Due to increasing in valve overlap the volumetric effi-
ciency also increases which lead to increasing of torque, 
power, bmep and peak pressure. As a conclusion, meth-
ane fuel produced lower engine performance compared 
to gasoline and different cam timing angle is required for 
methane fueled engine.

8. Acknowledgement
The authors would like to thank Universiti Kuala Lumpur 
Malaysian Spanish Institute for funding this work.

9.  References
  1.	 Malenshek M, Olsen DB. Methane number testing of 

alternative gaseous fuels. Fuel. 2009 Apr; 88(4):650–6.
  2.	 Ibrahim A, Bari S. A comparison between EGR and lean-

burn strategies employed in a natural gas SI engine using a 
two-zone combustion model. Energ Convers Manage. 2009 
Dec; 50(12):3129–39.

  3.	 Rahman MM, Mohammed MK. Bakar RA. Effects of 
air-fuel ratio and engine speed on performance of hydro-
gen fueled port injection engine. J Appl Sciences. 2009; 
9(6):1128–34.

  4.	 Chandra R, Vijay VK, Subbarao PMV, Khura TK. 
Performance evaluation of a constant speed IC engine on 
CNG, methane enriched biogas and biogas. Appl Energ. 
2011 Nov; 88(11):3969–77.

  5.	 Ajmali S, Wan Mahmood W, Abdullah S, Ali Y. Comparison 
of performance and emission of a gasoline engine fueled by 
gasoline and CNG under various throttle positions. J Appl 
Sciences. 2014 Feb; 14(4):386–90.

  6.	 Mohammad A, Kiaahmadi F, Khanaki M. Comparative 
analysis of the performance of a dual-fuel internal combus-
tion engine for CNG and gasoline fuels. Journal of Power 
Technologies. 2012 Dec; 92(4):214–26.

  7.	 Bordelanne O, Montero M, Bravin F, Prieur-Vernat A, 
Oliveti-Selmi O, Pierre H, et al. Biomethane CNG hybrid: A 
reduction by more than 80% of the greenhouse gases emis-
sions compared to gasoline. Journal of Natural Gas Science 
and Engineering. 2011 Oct; 3(5):617–24.

  8.	 Semin, RAB. A technical review of compressed natural gas as 
an alternative fuel for internal combustion engines. American 
J of Engineering and Applied Sciences. 2008; 1(4):302–11.

  9.	 Ruter MD, Olsen DB, Scotto MV, Perna MA. NOx reduc-
tion from a large bore natural gas engine via reformed 
natural gas prechamber fueling optimization. Fuel. 2012 
Jan; 91(1):298–306.

10.	 Ghazal OH, Najjar YS, AL-Khishali J. Effect of varying inlet 
valve throat diameter at different IVO, IVC, and overlap 
angles on SI engine performance. Lect Notes Eng Comp. 
2011; 3:2599–603.

11.	 Rivola A, Troncossi M. Dynamic analysis of a motorbike 
engine timing system: Experimental and numerical inves-
tigation of the geartrain. Mech Syst Signal Pr. 2014 Oct; 
48(1–2):325–38.

12.	 Technologies G. GT-SUITE - Flow Theory Manual, in 
Gamma Technologies Inc; 2012.

13.	 Bos M. Validation GT-Power model cyclops heavy duty 
diesel engine. Eindhoven University of Technology; 2007.

14.	 Said MFM, Aziz ABA, Latiff ZA, Andwari AM, Soid SNM. 
Investigation of Cylinder Deactivation (CDA) Strategies 
on Part Load Conditions. SAE Technical Paper. 2014 Oct; 
2014-01-2549.



Simulation Studies on the Performance of Small Engine Fuelled by Methane and the Effect of Various Valve Timings

Indian Journal of Science and Technology8 Vol 8 (30) | November 2015 | www.indjst.org

experimental investigation for performance and emission. 
American Journal of Applied Sciences. 2009; 6(5):929–36.

17.	 Park C, Lee S, Lim G, Choi Y, Kim C. Full load performance 
and emission characteristics of hydrogen-compressed natu-
ral gas engines with valve overlap changes. Fuel. 2014 May; 
123:101–6.

15.	 Nandakumar R, Lalmohan KS, Sreejeesh SG. Programmable 
SoC based design of A/F control system for automobile 
ECU. International Journal of Recent Trends in Engineering. 
2009 Nov; 2(6):112–4.

16.	 Kaleemuddin S, Amba Prasad Rao G. Development of 
dual fuel single cylinder natural gas engine an analysis and 


