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Figure 1- The benefits (solid circles) and drawbacks (dashed circles) of using ethanol in internal combustion engines
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1Low temperature combustion (LTC)
2Homogenous charge compression ignition (HCCI)
3Premixed charge compression ignition (PCCI)
4Reactivity-controlled compression ignition (RCCI)
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Table 1- Literature of using ethanol in homogenous charge compression ignition engines

Topics of importance Reference
1 First use of ethanol fuel in HCCI engine Christensen et al. (1997)
2 Supercharging effect Christensen et al. (1999)
3 Trapping of internal residual gas Yap et al. (2004)
4 Ethanol fuel flexibility Mack et al. (2005)
5 Varying valve timing approach Zhang et al. (2006)
6 Combustion chamber geometry of HCCI engine Vressner et al. (2008)
7 Exhaust heat recovery Saxena etal. (2012)
8 Investigation of misfiring combustion in HCCI engine Bahri etal. (2013)
9 Developing model for detecting ringing combustion Bahri etal. (2017)
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Figure 2- The schemaic of experimental equipment for gathering data in engine
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Table 2- Engine specifications for experiments

Parameter (units) Value
Bore (mm) 78
Stroke (mm) 62
Compression ratio 19.5
Displacement (I) 0.296
Number of valves 2
Intake valve opening (CAD, aBDC) 155
Intake valve closing (CAD, aBDC) 59
Exhaust valve opening (CAD, aBDC) -59
Exhaust valve closing (CAD, aBDC) -155
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1Equivalence ratio
2Ringing intensity
3Covariance of indicated mean effective pressure (COVIMEP)
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Figure 4- The schematic for calculating adiabatic flame temperature
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Figure 5- Hydrocarbon (uHC) versus adiabatic flame temperature for 30 engine operating points
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Figure 6- Carbon monoxide (CO) versus adiabatic flame temperature for 30 engine operating points

WO+ 19790 190 30 (60, 5kos akali Ve gl SIbLoT adais Slod blio 10 (3 35 SS9 g0 duwo Lo —F ISl

Slyeass Jloged Cewl j5ige YL sla)lh yo Gl il shao adgs (Son bsliee (o515 Jltl sl 9590 SASA 51 (SO

B YY G Gl sl prdaw &l i lme a5 amo o Lis V S 50 Ssbbol alass los plp 10" Gl slowo plaw

el L@l 3l il sogame au yonSoo 5 SSLbol alad ol sles jo e oo ala>de JSb 40 a5 jsbyles .ol 4+dB

(edle gz Bilhe) 53555 low sles SRl L wslee S ghaw oz 2 50 wsdiee 3l Sl g 1S

S9bse Su33 A+ dB Jolas (3l esgazme 4 lho mhaw (635,5 loa sled (RIPBIL g Wb oo 181 Gl oo o
Dy on i @il e adg el

1400

1350+ ,
1300+ 1

1250+ 1

L °C]

L5 12008 o e . e e ]
1150} .

1100F === > 1

1 ; r r r
050, 75 80 85 90 95
CNL [dB]

Figure 7- Combustion noise level (CNL) versus adiabatic flame temperature for 30 engine operating points
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Figure 8- Exhaust gas temperature (Texn) versus adiabatic flame temperature for 30 engine operating points
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Figure 9- Start of combustion (SOC) versus adiabatic flame temperature for 30 engine operating points
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low temperature combustion engine
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Low temperature combustion (LTC) engines such as homogeneous charge compression ignition engine (HCCI)
have lower nitrogen oxide (NOx) and particle matter (PM) with higher efficiency. In this paper, one single
cylinder, air cooled, direct injection Yanmar diesel engine is converted to HCCI engine fuelled with ethanol.
Variation of combustion parameters, emissions and combustion noise level were studied by using 30 steady
state HCCI operating points at 1350 RPM for four levels of equivalence ration at different intake air temperature
(Tin). The results indicate that due to with lower amount of adiabatic flame temperature for HCCI engine,
exhaust temperature (Texn) is lower than typical catalyst light-off temperatures (260°C) so, with using catalyst
converter for this kind of engine the efficiency of catalyst converter may decrease. With increasing the Tin for
all equivalence ratios the combustion noise level (CNL) increase and reach to the higher amounts near 90 dB
(ringing region). With retarding the combustion timing, the adiabatic flame temperature decreases so higher
amount of air pollution (unburned hydrocarbon (uUHC)) is produced and engine operates near misfire region.

Keywords: LTC, Ethanol, Combustion parameters, Combustion noise levels
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