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ABSTRACT: 

The effects of varying the ignition timing on the performance and emissions characteristics of a crank-rocker engine 

were experimentally investigated. Experiments were carried out at five different ignition timings of 6.5°, 8.5°, 10.5°, 

12.5°and 14.5° CA BTDC at engine speed of 2000rpm and wide open throttle position. Performance data such as brake 

torque, brake power, brake specific fuel consumption and brake thermal efficiency were calculated. Engine exhaust gas 

emission such as CO, CO2, HC and NOx have also been measured. The results showed that at 10.5° CA (BTDC) 

ignition timing, the crank-rocker engine produce maximum brake torque, brake power, BTE and minimum value for the 
BSFC. In general, CO and HC emissions decreased while CO2 and NOx emissions increased with ignition timing 

advance. The findings in this paper are useful for researchers and engine developers in understanding the trade-offs 

and physical limitations of crank-rocker engine designs. 
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NOMENCLATURE: 

CA Crank angle 

BTDC Before top dead centre  

BSFC Brake specific fuel consumption  
BTE Brake thermal efficiency 
CO Carbon monoxide 

CO2 Carbon dioxide 
HC Hydrocarbon 
NOx Nitrogen oxide  

1. Introduction 

Since the first internal combustion engine (ICE) was 

developed, researchers and engine designers have put a 

lot of efforts at increasing engine performance and 

reliability. In order to maximize performance while 

minimizing fuel consumption and emissions, ignition 
timing in an SI engine has to be optimized. Several 

works have been carried out experimentally in order to 

study the effects of ignition timing on the engine 

performance and emissions [1-4]. The results showed 

that ignition timing had many influences on the engine 

characteristics. The performance of a spark ignition 

engine has been investigated under different values of 

ignition advance using numerical models [5-7]. The 

results obtained from numerical model were analyzed 

and validated with the results obtained from the 

experimental work.  

Many researchers have been conducted to optimize 

ignition timing using Design of Experiment (DoE) 

techniques [8-9]. Basically these techniques were used in 
order to find the optimum timing for the best output 

torque. The results showed that advancing or retarding 

from the optimum point yields significant variation in 

power, fuel consumption and emissions particularly in 

HC and NOx. Many researchers conducted their 

experiments to determine optimum spark timing for 

Maximum Brake Torque (MBT) [10-11]. However, Ma 

at al [12] studied the effect of hydrogen addition on 

thermal efficiency and emissions both at unchanged 

spark timing and MBT in order to compare the results. 

By doing this, they found that optimizing spark timing 
according to hydrogen’s special combustion 

characteristics could yield better engine’s overall 

performance and emissions. 

2. New mechanism for ICE 

Engineers, inventors and automobile manufacturers have 

intensified efforts in developing more powerful and 

efficient reliable engines since the first ICE was 

invented. They were trying to make ICEs much better 

but different from the norms, by looking for alternative 

engine configurations in order to increase engine 

performance, efficiency and power-to-weight ratio. 

Examples of new engine configurations which have been 
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addressed and advanced are radial engine, opposed 

piston engine, duke engine, rotary engine (Wankel), 

toroidal engine (curved cylinder) etc. Farrell, Hoose and 

Morgado [13-15] invented and designed different types 

of curved cylinder toroidal engines. However, the 

proposed designs were very complex. Oscillating curved 

cylinder engine with opposed piston were also patented 

and developed by Hüttlin [16]. Despite the advantages of 

this engine, it has a few drawbacks such as the rotation 
speed was limited to 3000rpm, is very complicated and 

had low power density [17]. Most toroidal curved 

cylinder engines used were for two stroke engines. A 

four-stroke toroidal curved-piston engine was proposed 

and invented by Taurozzi [18]. Although this engine 

could be fully balanced, the engine concept was quite 

complicated and also this engine had low efficiency. 

Many types of different mechanisms with oscillating 

motions have been proposed, but the potential problems 

associated with these mechanisms are that they are very 

complicated. An alternative way of producing a crank 

output motion with oscillating curved-piston is through 
utilizing a four-bar or crank-rocker mechanism.  

In this study, Crank-Rocker (CR) engine is 

proposed. The most unique feature of this engine is that 

it is very simple in design and is easy to manufacture. In 

addition to that, a special feature of this engine is that it 

is the combination of both the conventional and toroidal 

engines. The engine can be modified easily to work on 

alternative fuels such as compressed natural gas (CNG), 

hydrogen, ethanol and biodiesel. The proposed design 

for the new engine is shown in Fig. 1. A single-curved 

piston assembly travels within a curved engine cylinder. 
In this work, the effect of ignition timing on the crank-

rocker engine performance and exhaust emissions was 

experimentally investigated. Experiments were 

performed at a constant engine speed of 2000rpm and 

Wide Open Throttle (WOT). 
 

 

Fig. 1: Proposed design for the crank-rocker engine geometry [19] 

3. Experimental setup and details 

The engine used in the present work was a crank-rocker, 

single curved-cylinder, four-stroke spark-ignition with a 

swept volume of 120cc and a compression ratio of 8:1. 

The engine specifications are given in Table 1. The 
schematic diagram of the experimental setup is shown in 

Fig. 2. All experimental studies were conducted at the 

Centre for Automotive Research and Electric Mobility 

(CAREM) located at the Department of Mechanical 

Engineering, Universiti Teknologi PETRONAS (UTP), 

Malaysia. The crank-rocker engine was originally 

designed for gasoline fuel but with a little modification, 

it could be used for any type of fuels. The engine was 

coupled to an eddy current dynamometer that allowed 

engine braking while the performance parameters were 

measured. A BEA 460® Bosch analyzer is used to 

measure the exhaust gases in the engine. The gas 

analyzer is capable of measuring about 5 gas species in 

the exhaust provide the reading in percentage and parts 
per million (ppm). The gas analyzer measures the CO, 

CO2, O2, HC and NOx exhaust gas components for 

gasoline engines with high measuring accuracy for each 

gas. The analyzer is able to calculate the lambda values 

based on the oxygen concentration. By using lambda and 

stoichiometric air to fuel ratio, it is provides the actual 

air to fuel ratio. The BEA 460® can be connected to 

standard laptops via cable or bluetooth in order to run the 

test sequence and display measurement values. The 

engine test bed unit for testing of the new engine has 

also been designed and installed to fit the engine 

requirements. The crank-rocker engine which is 
completely assembled with all components and 

accessories on the test bed is shown in Fig. 3. 

Table 1: Single cylinder crank-rocker engine specifications 

Property Value 

Cylinder displacement 120cc 

Cylinder diameter 55mm 

No. of strokes 4 

Stroke 50.6 

Compression ratio 8:1 

Connecting rod 100mm 

Rocker and extended-rocker Length 138.9 and 139.9mm 

Throw angle 21° 

Fuel gasoline 
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Fig. 2: The schematic diagram of the experimental setup [19] 

 

Fig. 3: Crank-rocker engine and the accessories on the test bed [19] 
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4. Result and discussion 

The effects of varying the ignition timing on the 

performance and emissions characteristics have been 

experimentally investigated. The experiment tests were 

carried out at five different ignition timings of 6.5°, 8.5°, 

10.5°, 12.5° and 14.5° CA BTDC, wide open throttle and 

engine speed of 2000 rpm. This engine speed is chosen 

because it is associated with the maximum power. The 

variation of brake torque and brake power versus 

ignition timing at WOT and 2000 rpm are shown in Figs. 
4 and 5 respectively. The brake torque and power 

increase with the advance of spark ignition until 10.5° 

CA BTDC and then decrease slightly when the ignition 

timing advances further. The best torque and power are 

achieved at the optimum timing of 10.5 CA BTDC, 
while the maximum values for the brake torque and 

power are 5.01 Nm and 1.1 kW respectively. The torque 

and power increase when the ignition timing increases 

due to the increase in cylinder pressure and thus more 

work is produced by the piston. If the ignition timing is 

further advanced, the spark ignites very early before the 

piston reaches the maximum point (TDC). In this case, 

the peak pressure occurred while the piston was still 
moving up. As a result, the work produced by the gas to 

push the piston down would decrease and thus 

decreasing the performance. 
 

 

Fig. 4: Brake torque vs. ignition timing at WOT and 2000 rpm 

 

Fig. 5: Brake power vs. ignition timing at WOT and 2000 rpm 

Fig. 6 shows the BSFC as a function of ignition 

timing at WOT and 2000 rpm. The BSFC decreases as 

the spark timing increases up to 10.5° CA BTDC and 

then starts to increase when the ignition timing exceeds 

10.5°. Higher BSFC is found at 6.5°, 8.5°, 12.5° and 

14.5° CA BTDC due to incomplete combustion, heat and 

friction loss. The minimum brake specific fuel 
consumption is 345.65 g/kWh which occurs at 10.5° CA 

ignition timing. Fig. 7 illustrates BTE versus ignition 

timing at WOT and 2000 rpm. The BTE increases with 

the advance in spark timing up to 10.5° CA BTDC and 

then slightly decreases.  This is due to the increase in 

friction loss when the ignition timing is advanced 

further. The maximum value of BTE is about 21% at the 

ignition timing of 10.5°. 
 

 

Fig. 6: BSFC vs. ignition timing at WOT and 2000 rpm 

 

Fig. 7: BTE vs. ignition timing at WOT and 2000 rpm 

The HC emission at different ignition timings is 

shown in Fig. 8. The HC emission decreases with the 

increase in ignition timing. It can also be observed that 

when the ignition timing advances from 10.5° to 14.5° 

CA BTDC, HC concentrations increase. Fig. 9 shows the 

variation of CO emission versus ignition timings at 

WOT and 2000 rpm. CO emission decreases when the 

spark timings advance up to 10.5° CA BTDC. The trend 

starts to increase with further advance in ignition 
timings. The decrease in CO concentration means that 

the combustion process is very good, due to proper air-

fuel mixing. 
 

 

Fig. 8: HC vs. ignition timing at WOT and 2000 rpm 

 

Fig. 9: CO vs. ignition timing at WOT and 2000 rpm 
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The concentrations of CO2 and NOx versus ignition 

timing at WOT and 2000 rpm are shown in Figs. 10 and 

11 respectively. Both CO2 and NOx emissions increase 

with the increase in ignition timing. This can be 

explained by the fact that if the ignition timing is 

advanced, the in-cylinder pressure and temperature 

would increase and thus increasing the NOx emission. 
 

 

Fig. 10: CO2 vs. ignition timing at WOT and 2000 rpm 

 

Fig. 11: NOx vs. ignition timing at WOT and 2000 rpm 

5. Conclusion 

In this paper the effects of varying the ignition timing on 

the performance and emission characteristics of a crank-

rocker engine was investigated through experiments. 

Based on the investigation, it was found that the 

maximum values for the brake torque, power and brake 

thermal efficiency were 5.01 Nm, 1.1 kW and 21% 

respectively, when ignition timing was adjusted to 10.5° 

CA BTDC. From the experimental results it is found that 

the BSFC decreases as the spark timing increases up to 

10.5° CA BTDC and starts to increase when the ignition 

timing exceeds 10.5°. In general, CO and HC emissions 
decreased while CO2 and NOx emissions increased with 

ignition timing advancing. 
 

REFERENCES: 

[1] J. Zareei and A. Kakaee. 2013. Study and the effects of 
ignition timing on gasoline engine performance and 
emissions, European Transport Research Review, 5(2), 
109-116. https://doi.org/10.1007/s12544-013-0099-8. 

[2] S. Yousufuddin and S. N. Mehdi. 2008. Effect of ignition 
timing, equivalence ratio and compression ratio on the 
performance and emission characteristics of a variable 
compression ratio SI engine using ethanol unleaded 

gasoline blends, Int. J. Engg. Transactions B: 
Applications, 21(1), 97-106. 

[3] R. Daniel, C. Wang, H. Xu and G. Tian. 2012. Effects of 
combustion phasing, injection timing, relative air-fuel 
ratio and variable valve timing on SI engine performance 

and emissions using 2, 5-dimethylfuran, SAE Int. J. Fuels 
and Lubricants, 5(2), 855-866. https://doi.org/10.4271/
2012-01-1285. 

[4] R. Daniel, G. Tian, H. Xu, M.L. Wyszynski, X. Wu and 
Z. Huang. 2011. Effect of spark timing and load on a 
DISI engine fuelled with 2, 5-dimethylfuran. Fuel, 90(2), 
449-458. https://doi.org/10.1016/j.fuel.2010.10.008. 

[5] A. Kakaee, M. Shojaeefard and J. Zareei. 2011. 
Sensitivity and effect of ignition timing on the 
performance of a spark ignition engine: an experimental 
and modeling study, J. Combustion, 8. 
https://doi.org/10.1155/2011/678719. 

[6] A. Kakaee and J. Zareei. 2013. Influence of varying 
timing angle on performance of an SI engine: An 
experimental and numerical study, J. Computational & 
Applied Research in Mech. Engg., 2(2), 33-43. 

[7] S. Soylu and J. Van Gerpen. 2004. Development of 
empirically based burning rate sub-models for a natural 
gas engine, Energy Conversion and Management, 45(4), 

467-481. https://doi.org/10.1016/S0196-8904(03)00164-
X. 

[8] M. Guerrier and P. Cawsey. 2004. The development of 
model based methodologies for gasoline IC engine 
calibration, SAE Technical Paper, 0148-7191. 

[9] K. Roepke, A. Rosenek and M. Fischer. 2002. Practical 
application of DoE methods in the development of 
production internal combustion engines, Proc. Int. Conf. 

on Statistics and Analytical Methods in Automotive 
Engg., 105. 

[10] R. Ebrahimi. 2011. Effect of specific heat ratio on heat 
release analysis in a spark ignition engine, Scientia 

Iranica, 18(6), 1231-1236. https://doi.org/10.1016/j.
scient.2011.11.002. 

[11] R.H. Ganesh, V. Subramanian, V. Balasubramanian, J. 
Mallikarjuna, A. Ramesh and R. Sharma. 2008. 
Hydrogen fueled spark ignition engine with 

electronically controlled manifold injection: An 
experimental study, Renewable Energy, 33(6), 1324-
1333. https://doi.org/10.1016/j.renene.2007.07.003. 

[12] F. Ma, Y. Wang, H. Liu, Y. Li, J. Wang and S. Zhao. 

2007. Experimental study on thermal efficiency and 
emission characteristics of a lean burn hydrogen enriched 
natural gas engine, Int. J. Hyd. Energy, 32(18), 5067-
5075. https://doi.org/10.1016/j.ijhydene.2007.07.048. 

[13] M. Farrell. 1993. Oscillating piston engine, United State 
Patent, 5,222,463. 

[14] K.V. Hoose. 2005. Toroidal internal combustion engine, 
United State Patent, 20,050,016,493. 

[15] R. Morgado. 2007. Internal combustion engine and 
method. United State Patent, 20,070,199,537. 

[16] H. Hüttlin. 2008. Oscillating Piston Machine. United 
State Patent 743, 5064. 

[17] L. Giurca. 2013. Hybrid Opposite Piston Engine - HOPE 
& Portable Range Extender, Powertrain Tech.  

[18] E. Taurozzi. 2002. Balanced modular pendulum 
mechanism. United State Patent, 638, 2143. 

[19] S.E. Mohammed, M.B. Baharom and A.R.A. Aziz. 2017. 
Performance and combustion characteristics of a novel 
crank-rocker engine, J. Mech. Sci. and Tech., 31(7), 
3563-3571. https://doi.org/10.1007/s12206-017-0643-x. 

 

 

https://doi.org/10.1007/s12544-013-0099-8
https://doi.org/10.4271/2012-01-1285
https://doi.org/10.4271/2012-01-1285
https://doi.org/10.1016/j.fuel.2010.10.008
https://doi.org/10.1155/2011/678719
https://doi.org/10.1016/S0196-8904(03)00164-X
https://doi.org/10.1016/S0196-8904(03)00164-X
https://doi.org/10.1016/j.scient.2011.11.002
https://doi.org/10.1016/j.scient.2011.11.002
https://doi.org/10.1016/j.renene.2007.07.003
https://doi.org/10.1016/j.ijhydene.2007.07.048
https://www.google.com/search?tbo=p&tbm=pts&hl=en&q=ininventor:%22Herbert+H%C3%BCttlin%22
https://link.springer.com/journal/12206
https://doi.org/10.1007/s12206-017-0643-x

