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ABSTRACT

With anincreasen greenhouse gas emissions #mekeverimminentconcern of depleting fuel
sources around the world, the need for a renewable source of fuel has become a highly
warranted interestWith Australiacurrently importingapproximately 91% of its fuel source, it

is estimated by 2030 Australia will have no indigenous fuel refinery capacity. To prevent the
need to i mport 100% of Aust remnded fagisshavd heenl S
considered as an alternativEthanol is a renewable source of fuel, as it can be made from
agricultural crops within the country. The Australfamel Standards Quality & of 2000has

limited the commercial production of gase and ethanol blended fuglalso known as
gasoho), to 10% ethanol and 90% gasoline blend or better known as E10. This is because
gasohol has the capability corrode an internal combustion engiiE) internally. However

since the Australian Gvernment produces and commercialglls E10 at fuel stations
throughout the country there must be beneficial effects of gasohol.

The benefits of gsohol have been stateditwolve amajor reductn in exhaust emissions
such asiitrogen oxide 0 0 , hydro carbon"0d6 , andcarbonmonoxide ¢ 0. However, it

has not been stated whether gasohol presents any performance benefitediecasmteract
possiblecorrosion in carent ICEs, especially at higher ethanol blends. For the ability to use

higher ethanol blended fuelmodifications to the current ICE required.

This thesis looks to investigate the performance aspects of using gasohol in relation to torque
and fuel consumption and whether the performance aspects and emission reduction are worth
the need to modify current ICfilar future vehicle developmentsiterature regarding this topic
was analysed and discussdedictions on physical testing based upon literature were made
for a 6 cylinder Barra engine usiig, E10, E15andE20 to obtaimesults relating to the torque
and fuel consumption wh in a real world operating ICHhe data is to be compared to a

benchmarlkbase result using unleadedi@dl.
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RON - Research Octane Number
RPM - Revolutions per Minute
RULP - Regular Unleaded Petrol
Sl - Spark Ignition
TDC - Top Dead Centre
ULP - Unleaded Petol
VVT - Variable Valve Timing
WOT - Wide Open Throttle

Effect of Gasohol blended fuels in a Sl engine
Page [/




— CHARLES

Thesis Part B Rahul Sud DARWIN
~ UNIVERSITY

LIST OFFIGURES

Figure 1: Inline 4cylinder engine (UNKNOWN)............cooviiiiiiiiiiimmmeeeeeeeeeeeinnaene e smmmeeees 11
Figure 2: V shaped-6ylinder (V6) engine (UNKNOWL).............ccvvvvuurmmmimmmreeeeenninnnnnnnnns 12
Figure 3: Example of phase separation layers, (Ethanobrstaten.d.)................ccovvvnnnnnne 18
Figure 4: Diagram of ignition advance (racing stude bakers 2Q010Q)...........ccccceevieemneee 19
Figure 5: Distributor system set up, (Nice 2001).........ccccoviriiiiiimmere e 20
Figure 6: Cenifugal advance setup, (UNKNOWN)...........ccooviiiiiiiiimmmee e e 21
Figure 7: Vacuum advance setup, (Stern N.d.)........cooooooiiiiiimmmniiiieeeee e eeeeaees 22
Figure 8: Diagram comparing normal ignition and-fyation in a combustion chamber of an

S1engiNe, (UNKNONW)......uueeiiiies e e e e e e ceeeices e e s e e e e e e e e e e e e e e eeeseeneeeeeeeeeeeeesesssssasnn s mmmreeeesnnnns 23

Figure 9: Valve timing showing precise opening and closing of exhaust and inlet valves with

valve overlap, (UNKNOWN)..........uuiiiiiiiiiiieieieeeiiii et eeee e e e e e e e e e e e e e e e e ammme s 23
Figure10: Ethanol conversion Kit (flex fuel KitS 2014)..........covvviiiiiiiiiieemiiiiiiiiieeeeeeeen 25
Figure 11: Diagram of Flex Fuel Sensor setup, (Haltech.n.d.)............cccccoiiirnniinnnnnne 26
Figure 12: Haltech aftermarket FFS, (Haltech n.d.)...........ooooiiiiiiieee s 27
Figure 13: Monthly fuel sales in NSW over 202611 period, (IPART 2012)................. 29

Figure 14: Potential ethanol supply and demand from 2012 to 2016 period, (IPART.2912)

Figure 15: Enthalpy of vaporisation of ethanghsoline mixture versus ethanol concentration

(Balabin. et @l 2006)...........ccoeieiiiiiiiimce e e e e e e e e e r——— e aaaaas 32
Figure 16: The effect of 10% ethanol addition on an engine's power output.g®étal 2003)
.................................................................................................................................... 35
Figure 17: Effect of 10% ethanol addition on fuel consunmpfRikunas et al 2003)........ 36
Figure 18: CO emissions when using E10 compared to gasoline. (Pikunas et al.20038)
Figure 19: CO2 emissions when using e10 compared to gasoline (Pikun28@)al.....37
Figure 20: HC emissions when using E10 compared to conventional gasoline. (Pikunas et al
122010 1C 3 TR EPPR SR 38
Figure 21: Torque output at 3000 RPM and WOT for various AFR, (Wu et al.2004).39
Figure 22: Torque output for 4000 RPM and WOT at various AFR, (Wu et al.2004).40
Figure 23: CO emissions at 3000 RPM with WOT, (Wu et al 2004).........ccoevvviiiiieennn 42
Figure 24: CO emissions at 4000 RPM with WOT, (Wu et al 2004)............covviiiiieeen 42
Figure 25: CO2 emissions at 4000 RPM with WOT, (Wu et al 2004)..............cceevveenn. 44
Figure 26: CO2 emissions at 3000 RPM with WOT, (Wal &004).............ccceeevevvvvevnenn. 44
Figure 27: HC emissions at 3000 RPM with WOT, (Wu et al 2004).........ccccoeeeeeerieennns 45

Effect of Gasohol blended fuels in a Sl engine

Page B



file:///C:/Users/Rahul/Dropbox/thesis/part%20B/Gasohol%20Blended%20fuels%20in%20a%20SI%20Engine%20-%20Thesis%20Part%20B%20-%20Rahul%20Sud%20-%20S253383.docx%23_Toc487232039
file:///C:/Users/Rahul/Dropbox/thesis/part%20B/Gasohol%20Blended%20fuels%20in%20a%20SI%20Engine%20-%20Thesis%20Part%20B%20-%20Rahul%20Sud%20-%20S253383.docx%23_Toc487232040
file:///C:/Users/Rahul/Dropbox/thesis/part%20B/Gasohol%20Blended%20fuels%20in%20a%20SI%20Engine%20-%20Thesis%20Part%20B%20-%20Rahul%20Sud%20-%20S253383.docx%23_Toc487232041
file:///C:/Users/Rahul/Dropbox/thesis/part%20B/Gasohol%20Blended%20fuels%20in%20a%20SI%20Engine%20-%20Thesis%20Part%20B%20-%20Rahul%20Sud%20-%20S253383.docx%23_Toc487232042
file:///C:/Users/Rahul/Dropbox/thesis/part%20B/Gasohol%20Blended%20fuels%20in%20a%20SI%20Engine%20-%20Thesis%20Part%20B%20-%20Rahul%20Sud%20-%20S253383.docx%23_Toc487232043
file:///C:/Users/Rahul/Dropbox/thesis/part%20B/Gasohol%20Blended%20fuels%20in%20a%20SI%20Engine%20-%20Thesis%20Part%20B%20-%20Rahul%20Sud%20-%20S253383.docx%23_Toc487232044
file:///C:/Users/Rahul/Dropbox/thesis/part%20B/Gasohol%20Blended%20fuels%20in%20a%20SI%20Engine%20-%20Thesis%20Part%20B%20-%20Rahul%20Sud%20-%20S253383.docx%23_Toc487232045
file:///C:/Users/Rahul/Dropbox/thesis/part%20B/Gasohol%20Blended%20fuels%20in%20a%20SI%20Engine%20-%20Thesis%20Part%20B%20-%20Rahul%20Sud%20-%20S253383.docx%23_Toc487232046
file:///C:/Users/Rahul/Dropbox/thesis/part%20B/Gasohol%20Blended%20fuels%20in%20a%20SI%20Engine%20-%20Thesis%20Part%20B%20-%20Rahul%20Sud%20-%20S253383.docx%23_Toc487232046
file:///C:/Users/Rahul/Dropbox/thesis/part%20B/Gasohol%20Blended%20fuels%20in%20a%20SI%20Engine%20-%20Thesis%20Part%20B%20-%20Rahul%20Sud%20-%20S253383.docx%23_Toc487232047
file:///C:/Users/Rahul/Dropbox/thesis/part%20B/Gasohol%20Blended%20fuels%20in%20a%20SI%20Engine%20-%20Thesis%20Part%20B%20-%20Rahul%20Sud%20-%20S253383.docx%23_Toc487232047
file:///C:/Users/Rahul/Dropbox/thesis/part%20B/Gasohol%20Blended%20fuels%20in%20a%20SI%20Engine%20-%20Thesis%20Part%20B%20-%20Rahul%20Sud%20-%20S253383.docx%23_Toc487232048
file:///C:/Users/Rahul/Dropbox/thesis/part%20B/Gasohol%20Blended%20fuels%20in%20a%20SI%20Engine%20-%20Thesis%20Part%20B%20-%20Rahul%20Sud%20-%20S253383.docx%23_Toc487232049
file:///C:/Users/Rahul/Dropbox/thesis/part%20B/Gasohol%20Blended%20fuels%20in%20a%20SI%20Engine%20-%20Thesis%20Part%20B%20-%20Rahul%20Sud%20-%20S253383.docx%23_Toc487232050
file:///C:/Users/Rahul/Dropbox/thesis/part%20B/Gasohol%20Blended%20fuels%20in%20a%20SI%20Engine%20-%20Thesis%20Part%20B%20-%20Rahul%20Sud%20-%20S253383.docx%23_Toc487232051
file:///C:/Users/Rahul/Dropbox/thesis/part%20B/Gasohol%20Blended%20fuels%20in%20a%20SI%20Engine%20-%20Thesis%20Part%20B%20-%20Rahul%20Sud%20-%20S253383.docx%23_Toc487232052
file:///C:/Users/Rahul/Dropbox/thesis/part%20B/Gasohol%20Blended%20fuels%20in%20a%20SI%20Engine%20-%20Thesis%20Part%20B%20-%20Rahul%20Sud%20-%20S253383.docx%23_Toc487232053
file:///C:/Users/Rahul/Dropbox/thesis/part%20B/Gasohol%20Blended%20fuels%20in%20a%20SI%20Engine%20-%20Thesis%20Part%20B%20-%20Rahul%20Sud%20-%20S253383.docx%23_Toc487232053
file:///C:/Users/Rahul/Dropbox/thesis/part%20B/Gasohol%20Blended%20fuels%20in%20a%20SI%20Engine%20-%20Thesis%20Part%20B%20-%20Rahul%20Sud%20-%20S253383.docx%23_Toc487232054
file:///C:/Users/Rahul/Dropbox/thesis/part%20B/Gasohol%20Blended%20fuels%20in%20a%20SI%20Engine%20-%20Thesis%20Part%20B%20-%20Rahul%20Sud%20-%20S253383.docx%23_Toc487232054
file:///C:/Users/Rahul/Dropbox/thesis/part%20B/Gasohol%20Blended%20fuels%20in%20a%20SI%20Engine%20-%20Thesis%20Part%20B%20-%20Rahul%20Sud%20-%20S253383.docx%23_Toc487232055
file:///C:/Users/Rahul/Dropbox/thesis/part%20B/Gasohol%20Blended%20fuels%20in%20a%20SI%20Engine%20-%20Thesis%20Part%20B%20-%20Rahul%20Sud%20-%20S253383.docx%23_Toc487232056
file:///C:/Users/Rahul/Dropbox/thesis/part%20B/Gasohol%20Blended%20fuels%20in%20a%20SI%20Engine%20-%20Thesis%20Part%20B%20-%20Rahul%20Sud%20-%20S253383.docx%23_Toc487232057
file:///C:/Users/Rahul/Dropbox/thesis/part%20B/Gasohol%20Blended%20fuels%20in%20a%20SI%20Engine%20-%20Thesis%20Part%20B%20-%20Rahul%20Sud%20-%20S253383.docx%23_Toc487232058
file:///C:/Users/Rahul/Dropbox/thesis/part%20B/Gasohol%20Blended%20fuels%20in%20a%20SI%20Engine%20-%20Thesis%20Part%20B%20-%20Rahul%20Sud%20-%20S253383.docx%23_Toc487232058
file:///C:/Users/Rahul/Dropbox/thesis/part%20B/Gasohol%20Blended%20fuels%20in%20a%20SI%20Engine%20-%20Thesis%20Part%20B%20-%20Rahul%20Sud%20-%20S253383.docx%23_Toc487232059
file:///C:/Users/Rahul/Dropbox/thesis/part%20B/Gasohol%20Blended%20fuels%20in%20a%20SI%20Engine%20-%20Thesis%20Part%20B%20-%20Rahul%20Sud%20-%20S253383.docx%23_Toc487232060
file:///C:/Users/Rahul/Dropbox/thesis/part%20B/Gasohol%20Blended%20fuels%20in%20a%20SI%20Engine%20-%20Thesis%20Part%20B%20-%20Rahul%20Sud%20-%20S253383.docx%23_Toc487232061
file:///C:/Users/Rahul/Dropbox/thesis/part%20B/Gasohol%20Blended%20fuels%20in%20a%20SI%20Engine%20-%20Thesis%20Part%20B%20-%20Rahul%20Sud%20-%20S253383.docx%23_Toc487232062
file:///C:/Users/Rahul/Dropbox/thesis/part%20B/Gasohol%20Blended%20fuels%20in%20a%20SI%20Engine%20-%20Thesis%20Part%20B%20-%20Rahul%20Sud%20-%20S253383.docx%23_Toc487232063
file:///C:/Users/Rahul/Dropbox/thesis/part%20B/Gasohol%20Blended%20fuels%20in%20a%20SI%20Engine%20-%20Thesis%20Part%20B%20-%20Rahul%20Sud%20-%20S253383.docx%23_Toc487232064
file:///C:/Users/Rahul/Dropbox/thesis/part%20B/Gasohol%20Blended%20fuels%20in%20a%20SI%20Engine%20-%20Thesis%20Part%20B%20-%20Rahul%20Sud%20-%20S253383.docx%23_Toc487232065

— CHARLES

Thesis Part B Rahul Sud DARWIN

~ UNIVERSITY
Figure 28: HC emissions at 4000 RPM at WOT, (Wu et al 2004)...........cceeevvrvieeeennnn. 46
Figure 29:Influence of blended fuels on the reduction of NOx emissions, (Hseigh et al 2001)
Figure 30: Diagram of experimental enging SEtUP. ..........uuueriiiiiiieeciiiiiiiiieeeeeee e ee e 51
Figure 31: Real time view of engine teSting SELUR..........vvviriiiii s i e e e e e e 52
Figure 32: Froude Hofmann water dynamometer SetUp..........ccceeeeeeevieeeiciiieee e, 53
Figure 33: Prony brake system diagram (ME mechanical team.2016)....................... 54
Figure 34: Torque/ bhp curve generated by factory data for the Barra 182 engine (Z&6n.d.)
Figure 35: NGA6000 Gas Analyser (Carman international)................ccovvvieeeeeeeeennnn. 58
Figure 36: Australian specifications for EL0 (BAA 2016)...........ccoovvvvviiiieemeeeeeeeeeenninnns 70
Figure 37: Properties of fuels (Wu et al 2004).........cuueeiiiiiiiiiieeeiiiieeeeeeeeeeeeee e 71
Figure 38: Absolute ethanol specificatsofDr. Volkwein 2017)...........ccccccvvvvvvvvvvieeneccenn /2
Figure 39: NGA6000 specifications (NGAO000 user manual)................uvvvveeiiicennnnnns 73
Figure 40: metal concentration limits in ppm for different engine components (Holloway n.d.).
..................................................................................................................................... (4
Figure 41: Compression test on Barra 182 engine (Vinodh 2017)...........evvvveeivieeeennees 75

Effect of Gasohol blended fuels in a Sl engine

Page P



file:///C:/Users/Rahul/Dropbox/thesis/part%20B/Gasohol%20Blended%20fuels%20in%20a%20SI%20Engine%20-%20Thesis%20Part%20B%20-%20Rahul%20Sud%20-%20S253383.docx%23_Toc487232066
file:///C:/Users/Rahul/Dropbox/thesis/part%20B/Gasohol%20Blended%20fuels%20in%20a%20SI%20Engine%20-%20Thesis%20Part%20B%20-%20Rahul%20Sud%20-%20S253383.docx%23_Toc487232067
file:///C:/Users/Rahul/Dropbox/thesis/part%20B/Gasohol%20Blended%20fuels%20in%20a%20SI%20Engine%20-%20Thesis%20Part%20B%20-%20Rahul%20Sud%20-%20S253383.docx%23_Toc487232067
file:///C:/Users/Rahul/Dropbox/thesis/part%20B/Gasohol%20Blended%20fuels%20in%20a%20SI%20Engine%20-%20Thesis%20Part%20B%20-%20Rahul%20Sud%20-%20S253383.docx%23_Toc487232068
file:///C:/Users/Rahul/Dropbox/thesis/part%20B/Gasohol%20Blended%20fuels%20in%20a%20SI%20Engine%20-%20Thesis%20Part%20B%20-%20Rahul%20Sud%20-%20S253383.docx%23_Toc487232069
file:///C:/Users/Rahul/Dropbox/thesis/part%20B/Gasohol%20Blended%20fuels%20in%20a%20SI%20Engine%20-%20Thesis%20Part%20B%20-%20Rahul%20Sud%20-%20S253383.docx%23_Toc487232070
file:///C:/Users/Rahul/Dropbox/thesis/part%20B/Gasohol%20Blended%20fuels%20in%20a%20SI%20Engine%20-%20Thesis%20Part%20B%20-%20Rahul%20Sud%20-%20S253383.docx%23_Toc487232071
file:///C:/Users/Rahul/Dropbox/thesis/part%20B/Gasohol%20Blended%20fuels%20in%20a%20SI%20Engine%20-%20Thesis%20Part%20B%20-%20Rahul%20Sud%20-%20S253383.docx%23_Toc487232072
file:///C:/Users/Rahul/Dropbox/thesis/part%20B/Gasohol%20Blended%20fuels%20in%20a%20SI%20Engine%20-%20Thesis%20Part%20B%20-%20Rahul%20Sud%20-%20S253383.docx%23_Toc487232073
file:///C:/Users/Rahul/Dropbox/thesis/part%20B/Gasohol%20Blended%20fuels%20in%20a%20SI%20Engine%20-%20Thesis%20Part%20B%20-%20Rahul%20Sud%20-%20S253383.docx%23_Toc487232074
file:///C:/Users/Rahul/Dropbox/thesis/part%20B/Gasohol%20Blended%20fuels%20in%20a%20SI%20Engine%20-%20Thesis%20Part%20B%20-%20Rahul%20Sud%20-%20S253383.docx%23_Toc487232075
file:///C:/Users/Rahul/Dropbox/thesis/part%20B/Gasohol%20Blended%20fuels%20in%20a%20SI%20Engine%20-%20Thesis%20Part%20B%20-%20Rahul%20Sud%20-%20S253383.docx%23_Toc487232076
file:///C:/Users/Rahul/Dropbox/thesis/part%20B/Gasohol%20Blended%20fuels%20in%20a%20SI%20Engine%20-%20Thesis%20Part%20B%20-%20Rahul%20Sud%20-%20S253383.docx%23_Toc487232077
file:///C:/Users/Rahul/Dropbox/thesis/part%20B/Gasohol%20Blended%20fuels%20in%20a%20SI%20Engine%20-%20Thesis%20Part%20B%20-%20Rahul%20Sud%20-%20S253383.docx%23_Toc487232078
file:///C:/Users/Rahul/Dropbox/thesis/part%20B/Gasohol%20Blended%20fuels%20in%20a%20SI%20Engine%20-%20Thesis%20Part%20B%20-%20Rahul%20Sud%20-%20S253383.docx%23_Toc487232078
file:///C:/Users/Rahul/Dropbox/thesis/part%20B/Gasohol%20Blended%20fuels%20in%20a%20SI%20Engine%20-%20Thesis%20Part%20B%20-%20Rahul%20Sud%20-%20S253383.docx%23_Toc487232079

i = CHARLES
Thesis Part B Rahul Sud DARWIN

~ UNIVERSITY
LIST OF TABLES
Table 1: Road transport fuel consumption by fuel type and state/territory (tonnes/year), (Smit
120 T RO ERPR R 30
Table 2: Properties of the unleaded gasoline used ohetredopment of gasohol in the research
paper conducted by Roman M. Balabin et al. (Balabin et al 2006)...............cccvveeennn. 32
Table 3: Technical characteristics of the Toyota corolla engine used for testing. (Pikunas et al
12010 1 TR ERPR R 34
Table 4: Properties of fuels used in testing (Pikunas et al 2003)...........cccevvvvieecvnnnne. 34
Table 5: Steady state operatingighles for Barra 182...............uvvvvuniiiiiccmeerneniininnnnnns 49
Table 6: Ford Barra 182 engine characteristics. (Lithgow n.d.).........ccccoeeiiiiieecnnnnnnnnn 55
Table 7: Compression test values for Barra.182...............ooovvveeeeeeeiiiieeeeee e 59

Effect of Gasohol blended fuels in a Sl engine
Page [LO



file:///C:/Users/Rahul/Dropbox/thesis/part%20B/Gasohol%20Blended%20fuels%20in%20a%20SI%20Engine%20-%20Thesis%20Part%20B%20-%20Rahul%20Sud%20-%20S253383.docx%23_Toc487232080
file:///C:/Users/Rahul/Dropbox/thesis/part%20B/Gasohol%20Blended%20fuels%20in%20a%20SI%20Engine%20-%20Thesis%20Part%20B%20-%20Rahul%20Sud%20-%20S253383.docx%23_Toc487232080
file:///C:/Users/Rahul/Dropbox/thesis/part%20B/Gasohol%20Blended%20fuels%20in%20a%20SI%20Engine%20-%20Thesis%20Part%20B%20-%20Rahul%20Sud%20-%20S253383.docx%23_Toc487232081
file:///C:/Users/Rahul/Dropbox/thesis/part%20B/Gasohol%20Blended%20fuels%20in%20a%20SI%20Engine%20-%20Thesis%20Part%20B%20-%20Rahul%20Sud%20-%20S253383.docx%23_Toc487232081
file:///C:/Users/Rahul/Dropbox/thesis/part%20B/Gasohol%20Blended%20fuels%20in%20a%20SI%20Engine%20-%20Thesis%20Part%20B%20-%20Rahul%20Sud%20-%20S253383.docx%23_Toc487232082
file:///C:/Users/Rahul/Dropbox/thesis/part%20B/Gasohol%20Blended%20fuels%20in%20a%20SI%20Engine%20-%20Thesis%20Part%20B%20-%20Rahul%20Sud%20-%20S253383.docx%23_Toc487232082
file:///C:/Users/Rahul/Dropbox/thesis/part%20B/Gasohol%20Blended%20fuels%20in%20a%20SI%20Engine%20-%20Thesis%20Part%20B%20-%20Rahul%20Sud%20-%20S253383.docx%23_Toc487232083

) = CHARLES
Thesis Part B Rahul Sud DARWIN

7 UNIVERSITY
1.0 INTRODUCTION

The internal combustion engine (ICE), has grown in populaiitge the introduction of the
Ford Model T in 1908 Over a period of 100 yearthe ICE has evolved atlintroducing 6
stroke, and varying engine shapes other tham-$ine engine. Anin-line engine constitutes
the number of cylinders in the car is@aightline fitment, as shown ifrigure 1 below of a 4
cylinder in line enge. Other shapes include thestiape, with a common engine known as a

V6, meaning it constities 6 cylindersn a \-shaped format ashown inFigure 2.

Figure 1: Inline 4-cylinder engine (unknown
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Figure 2: V shaped &ylinder (V6) engine (unknown)

Despite the constant evolution of the ICE througtibatyears, one thing which is critical for
the operation of an ICE has not changed much over the years. Every ICE requires an energy
source to allow operation in the form of fuel. The most abundant smfrfieel availablel00
years ago andurrerily arepetroleum(a.k.a. g@soline)and diesel oil. Howeveass this thesis
only considersspark ignition(Sl) enginesand petroleum is the primary fuel source for such an
engine, only petroleum will benalysedand talked about. SI engines invothe use of amark
pluginside the cylinders within an engiréhe spark plug emits a spark@n the cylinder (also
knownasthe combustion chamber) is filled with a mixture of air and fuel. This spark ignites
the ar fuel mixture to cause a combustion reactiotrangorm chemical energy within the air
fuel mixture into mechanical energghich canbe used by the engine for operati®n.ensure
that the ICE operates to its maximum efficiency capability, specific air fuel ratios ofL14.7
mustbe present in the combustichamber during ignition to completely w#i the fuel being
injected. Airfuel ratio(AFR) is a @atio regarding the volume of air per volume of fuel injected

per cycle of engine operation, this value is generally appropriated to be Hr.7fag).

Prior to use of petroleum, the use of batteries was growipgpularity as an energy source.

This prospect would have resulted in a very high efficiency engine. Batteries are estimated to
be 99%efficient, whereas in comparispthhe ICE only has an energgnversion efficiency of
25-30% (Battery Lhiversity 2016) Majority of the energy convertad an engine is lost as

heat, this explainthe high temperatures experienced at the engine bay after the engine has

been in operationDespite the greater energpnversion efficiency, and no emissions, the
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ability to easily access liquid hydrocarbon fuel (petroleum) with the desired traits required to
be used as an energy source for an éliBinated the use of batterigSasoline is a blend of
organic compoundscluding heptane and octane, plus additional additives to improve cold
start capabilities and knock resistance. For a period extending 50 years, tetraethyl lead was
added to gasoline to provide more resistance teigr@tion (Abrams 2013)Althoughoctane
presents this characteristitis only prominentaterin thecrude oil distillation processhich
directly results in a more expensive process whickthattime was not ideal or desired
However the lead component of tetraethyl leddas the capality of damaging catalytic
converters and in 1970 it was removed from gasoline to produce what is now sold as unleaded

gasoline at valing octane ratings to improwaock resistance and preventing sgtiition.

With increasing industrial and technologli@dvancements in motorization capabilities, the
demand for fossil fuel based petroleum fuels are ever rigiggrwal 2007, p. 233)he world

is slowly moving towards arisis of petroleum depletion and environmental degradation
(Agarwal 2007, p. 233)Petroleum based fuels are obtained from finite reserves found in
specific regions around the world. Due to over use and the increasing demand for fuel sources
the finite reverses are gieig ever closer to complete consumptiSimceonly specific regions
around the world have petroleum reserves, there are many countries which are close to running
out of having available petroleum for commeraiak. One of these countrieappens to be
Australia.Australia is leaning closer to running out of energy resei the form of petroleum
(BAA 2016)and due to foreign exchange difficulties involving the import of crude petroleum,
the anxiety of completely running out of fuel is growing lard@dris has resulted in a crisis
which demands the need to obtaimenevable source of fughat can be produced within the
country. A renewable source of fuel wallow for the continual use of and developrnef

new industrial and motomsion technological advancemeras well as having local energy

reservesand prevent enronmental degradation

The shift to alternative fuels which provilesustainable development, efficiency,
environmental conservation and energy conservd#i@arwal 2007, p. 233have become

even more prominent. Fuels @iod origin can provide the befits of the alternative fuels
required Mostgreenhouse gas (GHG) release is through gasoline and diesel éAgaegal
2007,p.233) with the continual i ,here ie aagsowingirate ot h e
vehicle need and usemmercially, ndustrially and privatelyHaving more gasoline powered
engines runningontheroadi t h t he same wor k st aimhdrenttyd o f
directly correlates to increase in GHG emissions.
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Bio-fuels are looked as a feasible solution to theesu worldwide petroleum shortagend
environmental sustainability issue. Alcohols such as methanol and ethanol can be used as fue
sources and are often used as additives in fuel. Ethanol based petroleum fuel has already bee
established as a commercial protdand is sold in two variations of E10 (90% gasoline and
10% ethanol) and E85 (15% gasoline and 85% ethanol). The @uahds use of ethanol (or
ethylalcohol) as opposed to thanol (or methyklcohol) as a fuel additive is because ethanol
can be érmerted and distilled from bionass of crops and feedstock (REB16), thus making
it a renewable source of fullended gasoline and ethanol fuels amergy resources which
are largelyenvironmentally friendly in terms of lowered emissions primarily dueléaner
and more complete burn while in the engmneombustion chamber. This benefit alone of
reduced emissions with a possibility of increased torque output has resultedaithease
eventuallydevelopinto using 100% ethanol as a fuel source in irteoombustion engines.
Further development of internal combustion engisesquired to accommodate 100% ethanol
fuel; this is due to issues involving corrosion within the chamber during fuel ioneatter

evel cycle.

1.1Project $ope
The aim of this thas is to investigate the effect of gas@iand ethanol blended fuels5o,
10%,15% and 20% concentratimalues on the torque outptiiel consumptionandexhaust
gastemperaturdEGT)in a spark ignitn (Sl) ICE Thetesting of these parameters weré¢o
done on a For IBY F-n&cylinderdiBnaturallyaaspirategngineprovided
by Charles Darwin UniversityA baseline set of data waksoto be obtaiedusing 91 unleaded

fuel for comparison.

1.2 Objectives

The thesis will be able to achieve its aim by completing the following objectives:

Obtairing base data on torque output and fuel consumption using 91 unleaded fuel.
Investigating the effect of gasoline ethanol blend fuels of 5%, 10%, 15%, and 20% on
thetorque output in aaturally aspirated S| ICE

1 Determiningthe fuel consumption of each blended fuel during testingiraedtigating
whether there is higher fuel consumption for blended fuels when compared to 91

unleaded.
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Additional information that aabe obtained from testing that could present relevaricether

expanding and achieving the thesis aim would be to:

1 ObtainEG T @as an additional data set to determine whether there is a change in flame
propagation for burning of fuel when using blendigels as compared to 91 unleaded.

1 Investigate the likeliness and the ability of higher ethanol blended fuels greater than
10%, to be able to be utilised in a naturally aspirated engine without any significant

changes to the IC engine design.
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2.0LITERAT URE REVIEW

To determine the effects of gasoline and ethanol blended(alstsknown as gasobhah an

ICE, there have been many practical experiments conducted and analysed. The analysis ha
detailed many variables which can be modified eswbnfiguredto obtain varying results,
thesevariablesinclude variable valve timing (VVT), ignition timing, andompression ratio

(CR). The literature review covers a wide variety of scenarios that can be tested for within an
ICE using gasohablended fuelsThis rewvew will focus on threanajor components that will

be examinedin depth throughout the literature review. These components include the
experimental setup and procedures, the effect of varying ethanol content fuels on torque, fuel
consumption and a genemierview into the impact of emissions and the comparison of these
components to the standard of 91 unleaded flie¢ literature review will als@onsider
regulations and standards related to use and manufaciasaifbin Australia anccountries

that tse gasohol frequentlyrhe literature analysebese components in a variety of engine
contexts The literature review for this thesis will focus only on the impact and application of

gasoline ethanol blended fuels in a SI enginereahworld setting.

2.1Use of Ethanol as andélitive

Ethanol 6 'O0 "O is asourceof energy produced from starshfar based feedstocks of
agricultural cropgRFA 2016) The ability to produce ethanol from agricultural crops makes it

a renewable source of energy éantinualfuture use. This limits the need for excavation and
drilling at bothonshore and offshore locations around the wdfttianol has both positives

and negatives when being considered as a fuel source in aikt@Hol is a pure substance
containirg an oxygen atom, therefore it can be stated that ethanol can be observed as a partially
oxidised hydrocarbo(Pikunas et aR003) This is important as it presents an additional source

of oxygen in the combustion chamber, therefore allowing for a muoch coonplete burn when
combustion occurs and makes the ethanol blended fuel a leaner sourcelokéusthanol, a
substance called methidrtiary-butyl-ether (MTBE) is a chemical compound obtained
through the reaction of methanol and isobutyl@eA 20L6). MTBE was used as a gasoline
additive to oxygenate the fuel. It was used as a replacement for lead to improve the octane
rating of fuelsMTBE is a volatile, flammiale and colourless liquiable to dissolve very easily

in water(EPA 2016) This can ma& its way into ground water, which is a primary source of
drinking water ér many people around the worl@ihe inhalation of MTBE can result in
cancerous or other adverse health effd€B®A 2016) The presence of MTBE in ground water
makes it undrinkabland thus severely affects potable water sources.
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The ethanol used in gasohol is of the same composition as the ethanol used to make alcoholi
drinks The percentage used is the only difference as very rarely you see an alcoholic drink
with 85% ethanol coent. Many mistake ethanol with methanol, stating that they are both
alcohols and hence must have similar characteristics and uses. Methi@o!Q is also
known as methyhklcohol or wood alcoho{fMcGuigan 2016) It obtained thenamefiwood
alcohob, asit was produced primarily as a4pyoduct ofthe destructive distillation of wood.
Although it has a very similar distinctive odour to ethanol, it is highly toxic and cannot be

consumed unlike ethanol (drinking alcohol).

Ethanol is completely miscible water, while gasoline is an immiscible substance. This can
lead to the blended fuel to possilmontain wate(Pikunas et al. 2003Currently | CE&6 s ar
manufactured using aluminium allofldguyen 2005)This is because in the pasihgines were
manufactured using cast iron alloy, however due to the increase in engine parts and additiona
changes to the modern IG& reduce weight whilskeepingthe characteristics of cast iron
alloy, the change to aluminium alloy was mateC E 6 smaramfactured to contain high
strength,high elastic modulysabrasion resistance, and corrosion resistance, however high
strength is generally concerned with diesel engines which involve high compression ratios of
approximately 17:1 when compared to @as engines which onlyaccommodate a
compression ratio yielding a value of 1@Engine block n.d.)As mentioned before, ethanol

is miscible and therefore contains watiérleft in placewhere there is a chance of a major
temperature change, it is podsifor phase separation of the gasohol to occur.

2.1.1 GasohdPhase 8parationOccurrence andnpact

Phase separation is a process that occurs when gasoline blended withestbhanoterany
volume of water. As ethanol is a miscible substance, wheontact with water it is likely to
absorb some aill the water, whethet be in the form of liquid or vapour in air (hudity)
(Phase separation 2009Yhen the saturation poif gasoholis reached, the water will no
longer be able to be absorbed by #tleanol and a phase separation is likely to odeuase
separation is the process by which the contents of the gasohol aratedpnto two distinct
layers. ®metimes a third layer can forfirom humidity (Phase separation 200Bhe saturation
point of gasohol is dependent on the percentage blendsthated. E10 ap vdJhas an
approximate saturation point of 0.5% water to fuel voldaen n.d.)During phas separation,
the denser liquidgenerally the ethanol water misettes at the bottom and the remaining
gasolineis left at the topas shown ifFigure 3below. A secondary case can also occuhaff
water seeps into the fuel tank, it will be denser thagaésehomixture and sink to the bottam
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As it passethrough, a factionof ethanol will be picked up and settle at the bottom of the tank

Overtime this will result in more ethanol to be suckatb the ethanol water mixturét this
stagethe layer is referred to as partial phase separd®@anial phase separatioocurs before
the saturation point of the gasohol is reacfdesh n.d.).

Example of Phase Separation

I R’
€ CONDENSATION mefgﬂxﬂgﬂf;‘x@iﬁmﬂwﬁl
& UPPER PHASE
(WATER+FUEL+ETHANOL) [ i . §

& LOWER PHASE o y oy v @
(WATER+ETHANOL) :

@ FUELINLET

W r

Figure 3: Example of phase separation lay€disthanol statement n.d.)

Phase separation can occur in the fuel tahk, transport tank in which the gasohol is
transported from factory to fuel stations, @hd storage tani which the gasohol is stored
once at the fuel statiomhe transport tank regularly is mixed during the transport process as
the truck moves thrah traffic and around turns and corne€fbe storage tank at the fuel
station is kept stationary underground and as such the gasoimadt be migdsimply bythe
movement of the liquid during transpofo remove the water layer formed from phase
separatin inside the storage tank, the fuel nozzle has a filtration system inbuilt to remove the
waterfrom the remaining fuellhese filters are disposable. The filter removes water by quickly
constricting once water is detected, this directly results in afkbonof fuel out of the nozzle.
Generally,when therds slow flow of fuel detected it is a sign ofater filtration (Jain n.d.)
However, filters do not work instantaneously and take one to two minutes to completely close.
Within this closing time framet iis possible for contaminated (i.e. phase separation) to pass
through. Although fuel filters reduce the damage potential, they do not completely eliminate

the chance of phase separation occurréiai@ n.d.)

2.2 Modifications Needed touR Gasohol
Since 2001 all manufactured cansusinganegi ne control unit (ECU

software and mapping tmwonduct fourtasks. Firstly, the ECU controls the air fuel mixture in
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the combustion chambgFracy 2013)It does this by adjusting thenaunt of fuel injected into

the chamber to reach the standardised value ofllds@éd in all commercial vehicles. Secondly
the ECU ontrols the idle speed of the engine (Tracy 20E8r examplewhen it is waiting in
traffic. Thirdly, the ECU is resporde for the ignition timing of the engir{@racy 2013) The
ignition timing is a critical operation of ensuring that the engine is running to its best possible
efficiency. Ignition timing is a method used specifically for spark ignition engines to prevent
pre ignition of the aifuel mixture in the combustion chamber. Ignition timing has two methods
thatcanbe utilised to set up the time when the spark plug in the engine will fire ectatthe
movement of the pistohe primarily used method is to adwez the timing, also known as

ignition advance.

Ignition advance ithe process ddetting the required degree of rotation at which the piston is

at during its cycl€Scot n.d.), shown in kgure 4 below

CENTRIFGAL 10 BTDC
i BIDC ADVANCE INITIAL TIMING POINT
MAXIMULM — Y
CENTRIFUGAL
ADVANCE

DEGREES

ATC /
30 ATDC
CONBUSTION
ENDS
WVACUU

ADVANCE
RANGE /

45 BTDC
VLA TIVIUT
TOTAL
ADVANCE

/ BTC-BEFORE
#® TOP DEAD CEMTER

» ATC-AETER

TOP DEAD CENTER.

Figure 4: Diagram ofignition advance (racing stude bakers 2010)

The timing is set to a specific number of degrees before top dead centre (bTDC) of the piston
movement to allow the spark to initiate an ignition process of the air fuel m{8aoét n.d.)
Ignition advance is generally used to ensure that at the time the piston reaches top dead centr

(TDC) all of the A/F mixture has combusted and there is the maximum possible amount of
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pressure from the exhaust gas left due to the combustion of the Af&renio push down
against the piston to help it reach bottom dead centre (BDC), thus creating power. Ignition
advancecan be setup witlvarious methodssuch as mechanically (also called centrifugal
advance), vacuum advan@nd computer generated advar@@entrifugaladvance uses spring
loaded weights, centrifugal force, and lever actions to rotateigiibutor cam against the
distributor shaft rotatiorfintegrated publishing n.d.A distributor is a device found in an
ignition system of an ICE. Thestributor system has several jobwever the main job is to
distribute high voltagéom the ignition coils to the spark plsgn the correct firing order. This
phenomenon occurssinga cap and a rotor. The igniti@moil is connected to the rotor, with
the rotordesigned to spin inside the cap. As the rotor spinwites past a series of contacts.
Each contact is connected to a ogler as per the car (i.e. four cylinders means ¢oatact
points). Now as the tip of the rotor passes each contacttpaihigh voltage arc is created
across the small gap between the rotor and the contact point. This spark then continues down
the spark plug wire to the spark plug in the appropriate cylinder. A spark can then be formed

in the cylinder to initiate combust. Figure 5 shows the distributor system setup, (Nice 2001)

B HomeSiaiorks, g,

() High voltage lead from coil
(© Cap/rotor contact button

(® Distributor cap

(® High voltage to sparkplug

Figure 5: Distributor system set up, (Nice 2001)

Centrifugal advance adjusts the ignition timing of the car in relation to engine sypeiethge
of the centrifugal advancetupis shown below in igure 6
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WEIGHTS IN WEIGHTS OUT Advance

Advance C?"‘

Ca

Advance

mAdvance
Spring

Adyance Adyancé :
Weight NO ADVANCE Weight FULL ADVANCE

Figure 6: Centrifugal advance setup, (unknown)

Vacuum advance is an ignition advance method which only works when engine load is low at
partopenthrottle. At part openthrottle, the vacuum port from the carburettor (fuel injection
system), or throttle body is uncovered and the port is exposed to an engine vacuum. The
vacuum pulls the diaphragm outward against spring force, this results in the distriatgor p
which is linked to the diaphragm to rotate against the distributor shaft and spark timing is
advancedIntegrated publishing n.d.petup of vacuum advancining is shown below in

Figure 7
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CARBURETOR VACUUM ADVANCE 10C
3 CONTROL VALVE

INTAKE A s DISTRIBUTOR
MANIFOLD at allpar.com via Daniel J. Stern

Figure 7: Vacuum advance &, (Stern n.d.)

For wehicles ontaining an ECU, ignition advance éemputer generated. Use of an ECU
allows the ignition timing of the engine to be changed during operation of the vesiicte
various sensors to check operating conditions in the engine and adjust the timing as per the
operation of the enginés the RPM of the engine increases the advance timing also increases,
if the ergine experiencesf@eavy load then the advance tigpidecreases.

As mentioned beforeadvance timing is gemally conducted to prevent pignition of the
combustion process in the cylindard minimise thechances of pinging and spark knocking
from occurring Preignition occurs due to high spark advamcdow octane gas, and result in
fiknockingd which is a pinging sound heard coming from the engine during acceleration or
increasedoads (Scott n.d.)A diagram ofpre-ignition inside of a combugtn chamber is shown

in Figure 8
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Intake ; Exhaust
valve =

Combustion |
chamber

Piston

Cylinder

(b) Premature combustion

(a) Normal combustion

Figure 8: Diagram comparing normal ignition and pignition in a combustion chamber af SI engin
(unknonw)

Fourthly the ECU in some applications controls valve timing. Valve timing is the precise
opening and closing of thelet and &haust valves to improve cdmastion efficiencyDiagram

of valve tming is shown below inigure 9

Laad

Exhaust period
[ iIndyction period

ELC = axhaust valve closes f

10 = inlet valve ppens
IC = inket valva choees

Lag

Fig. 1.1-4 Valve timing diagram.

Figure 9: Valve timing showing precise opening and closing of exhaust and inlet valv
valve overlap, (unknown)
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Gasohol is ahigh-octanefuel, with an octane rating of 95 and greater. Octane rating is the
measureofafuéls abi | i t y t olharear twe typesopoatank ratkhgsaeasdarch
octane rating (RON) and motor octane rating (MARDN is the most common type of octane
rating used worldwide. RON is determined by using the fuel in a test engine with a variable
compression ratioinder controlled conditions at 600 RRMabelstein et al 2007MON is
determined using the fuel in a sinmitast engine to that used in RON testing, instead the engine
speed is set at 900 RPM. Unlike RON testing MON testing usesteepted fuel mixture with
variable ignition timing. This i s(Dabelsten t o
et al2007) The higher the octanéhe greater the resistance and less likely thaigmiéon
and knocking will occur(Stolark 2015) Having a higheroctanerating means that the
combustion efficiencyfahe engine will also increasss it is less kely for the A/F mixture to
pre-ignite andthereforea more complete burn can occAs gasohol has an oxygen atom in
the ethanol, the AFR of the gasohol mixture is a lot higher than the conventiondl 14.7
obtained from the mixture of gasoline and &w.ensurehat the engine runs efficiently to the
conventiol AFR, the ECU needs to adjust the fuel injection and possibly valve timing to
adjust the fuel injection and air intake to reach an AFR of.14.7

2.2.1 Ethanol Conversion Kit

To ensure that the ECU cadjust the air intake and fuel injection to efficiently operate on
gasohol, the use of an ethanol conversion unit is necessary. An ethanol conversion kit is a bi
fuel manager which uses mieppocessors to adapt the ECU to the fuel system requirements
for the gasoho{Flex fuel kits 2014) The ethanol conversion ki a programmable electronic
management system which conmseit the ECU to receive information regarding the fuel
system and generates an adjustment to the system {flput$uel kits 2014) The ethanol
conversion kitcanbe installed in all cars containing an ECU to allow the car to use gasohol
without being designed for iAn image of the ethanol coarsion kit is shown inigure 10

below (flex fuel kits 2014)
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Figure 10: Ethanol conversion kit (flex fuel kits 2014)

2.2.2 Flex Fuel ¥hicles

A flex fuel vehicle (FFV) is an ordinary ICE vehicle with the ability to operate on anyreixt

of fuel from 91 unleadetb commercially availabl&85blends with the possibility to be able

to operate on 100% pure ethafGhstro 2014)The flex fuel vehicle does this liging a flex

fuel sensor (FFSA prime example is the dtechFlex Fuel &nsor. A FFS is a device that
measures t he et hsduelesystergby deteeimgtthe bxggenacontemt in dhe
exhaust gasThe monitor is generally installed between the fuel pressure regulator and the fuel
tankshown in kgure 11below (Haltech n.d,where it can monitor ethanol content of the fuel
returningto the tankHaltech n.d.) The information regarding the ethanol content can then be
directed to the carbés ECU. The ECU then ap
the best possible power that can be produced form the ethanol conteaiblavaihis system
allows the use of any gasohol mixture (from 0 to 100% ethanol content) without the need to

retune or use a laptop.
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Figure 11: Diagram of Flex Fuel Sensor setup, (Haltech n.d.)

FFVO6s despi tahamimarpatilye fuelgsysem such as the FFS and powertrain
caliborgionar e i denti cal i n composi ti omMeaangdhato p e 1
mai nt enance, operation, and purchase consi
process of aa currently availableHowever, it has been stated that the fuel economy of an
FFV car is lower when running on gasohol with an ethanol content higher than that of E10
(AFDC 2016) FFVé have been produced since the 1980s, and are distinguishable bg eithe
tag stating that they are a FFV or by a yellow fuel tankarapehicles made from 2008 and
above As mentioned beforen aftermarket FF®an be used to convert a conventional ICE
vehicle into an FFVFigure 12below (Haltech n.d.details the haltech aftermarket FFS that

can be attached to a car to convert it into a FFV.
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Figure 12: Haltech aftermarket FFS, (Haltech n.d.)

2.2.3 Revention of @rrosion

By Australian law all gasohol manufacturers @gsuppliers are required to include corrosion
inhibitors as an additive in ethanol blended fuels. Corrosion inhibitors supress the corrosive
properties of fuelthus preventing the corrosionsting of fuel tanks and other fuel components
within the engindBAA 2016). Materials such as copper, brass, and aluminium are especially
subjeced to corrosion. The use of fluorocarbon rubber as a replacement fabthe
mentionedmaterials is advised to reduce the chances of corrosion within the emgirfael
system(Wu et al 2004)

2.2 Commercial use of&ohol
The commercial use and production of gasohol has increased immensely over the past few
years Sowly many countries are heading towards complete dependence on ethanol blended
fuels as theiprimary fuelsource. This demanfdr reduction in pure 100% gasoline use and
shift towards a mixture is leading many experimentations and develapofgaisohol blends

with an ethanol content higher than the globally recognised safe values of 10%. Countries such
as tle Unites States of America, Thailand, and Brazil are all slowly shifting towards and in
somecaseshave already adapted the use of ethanol blends of 20% and Wghkealia is still
hesitant on the use of gasohol blends with an ethanol cdmtgrer ttan 10% due to the
previously mentionedangers that can occur with the use of alcohol as a fuel. Pripthgly
inability for cars older than 2001 and lack of an ECU to be able to use gasohol is a major
component for the hesitancy, as well as the lackofidence in poduction of flex fuels having
financial benefs. In an interviewwith the Royal Automobile Gub of Queensland (RACQ)

thet echni cal services manager stated that f

experience immediate and seve r eacti ons é from wusing et
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standardised E10, the lower pricing will appear attractive and they will take the risk and keep
using ito (Hinchliffe 2010) arenothulisfortheausesof n g
highe blends of ethanol could ithe long run face severe damatyee to continual usé his
raises the issue of aware individuals using higher blend gasohol fuels in cars not correctly

modified for gasohol higher than E10, and their lack of knowledge ofedsungolved.

2.2.1 Australia

The Australian government regulates the production and sale of gasohol to certain
specifications defined in tHeuel Quality Information Standard (ethanole2rmination 2003
These specifications are required to be met bgdippliers of ethanol blends and fuel stations
which sell gasohol. Under section 12A of theel Quality Standardsa 200Q it is an offence

to not comply with the standards. As per Australian legisladimanol blended fuels are
defined as any fuel sate containing more than 1% ethanol, however is limited to a maximum
of 10% ethanol in gasolinBAA 2016). The two most common commercial ethanol fuels
availabe in Australia are E10 and E85otever as this thesis does nobnsiderE85 as an
option for testing, only E10 will be discussed. The Australian specifications for E10 can be
found in Appendix 1.The Australian ®vernment capped the maximum ethanol content in
fuel to 10%, as research performed on cars using ethanol bled%oair higher could result

in engine problems in vehicles older than 2(D&E n.d.) This is primarily due to many older
carsnot equipped witHECU for fuel injection, instead majority will utilise a carburettés
ethanol blends need to be monitored #me fuel injection needs to be adjusted to account for
the extra oxygen content, a carburettor which is a mechanical form of fuel injection lbannot
used toadjust the injection to obtain the conventional 14.7 AERrently there are over 600
service fations across Australia which supply HBAA 2016).

Over the past siyears in New South Wales (NSW) alone, E10 sales have increased strongly
while simultaneously the sales of unleaded petrol (ULP) have declined. Ethanol accounted for
3.6% of petrol sakin 2011, of a market share of 36%. However, this was still lower than the
6% mandate set for NSW major fuel sellers byBiafuels Act 2007IPART 2012) Figure 13
below(IPART 2012)details monthly fuel sales from 2006 to 2011. The major fuels compared
are premium unleaded petrol (PULP), regular unleaded petrol (RULP), and ethanol blended
petrol (EBP).
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Figure 13: Monthly fuel sales in NSW over 200611 period, (IPART 2012)

The above graph shows that although there wsske in EBP sales in over the mid 2010 to
2011 period, the purchase of EBP by consunsdyeginning to declinédOnaverageit is shown

that consumers prefer to use PULP over EBP, thus reducing EBP sales to lower than the 6%
mandateset by the government

Currently there is enough supply of ethanol to meet the current deofatanol in NSW if

the demandn other states remains the samep@y demand graph is siva in Hgure 14
below. As the Northern Territory (NT) demand for EBP is very low, where in 2010 the NT
used no EBP for transpation fuel, shown in Table Below (IPART 2012)

700

Potential supply from existing ethanol plants (APAC)

Potential supply from existing ethanol plants (producers' advice to IPART)
== == Ethanol demand - mandate met (6% NSW)

Ethanol demand - mandate met (6% NSW, 5% QLD)

600

Figure 14: Potential ethanol supply and demand from 2012 to 2016 period, (IPART 2012)
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Tablel: Road transport fueconsumption by fuel type and state/territory (tonnes/year), (Smit 2(
Fuel type | NSW VIC QLD SA WA TAS NT ACT AUS
ULP 2,419,103 | 3,153,655 | 1,661,743 | 822,343 1,207,740 | 248,682 | 80,967 129,198 | 9,714,415
PULP 558,837 | 298,202 |[255,145 | 64,594 171,230 | 39,668 15,393 29,846 1,441,931
Diesel 2,326,554 | 2,347,521 | 2,290,490 | 601,348 1,329,340 | 209,675 | 137,547 | 56,193 9,298,667
LPG 284,688 | 472,015 101,474 | 122,340 | 89,360 6,718 3,608 31,707 1,111,910
CNG 17,451 1,163 8,726 12,798 5,817 0 0 0 45,955
Biodiesel 22,157 5,539 7,386 12,002 17,541 0 923 0 65,547
E10 1,231,970 | 98,863 665,122 |13 0 0 0 65,796 2,061,764
Total 6,860,760 | 6,376,959 | 4,990,085 | 1,635,437 | 2,821,028 | 504,743 | 238,438 | 312,740 | 23,740,189
2.2.2 Brazil

Brazil is one of the global leaders in alternative fuel use for cars and other vehicles. More than
60% ofthe 36 million vehicles in Brazil run oethanol or ethanol flex fuel systems (Smith
2015). Since 2002 the commercial ethanol blend sold in Brazil fuel station$6is2%%o
ethanol.Yang and Tindade state that no enginedification is required with 20% mixture
(Ludwig 1983)despite evidenckeading to believe that alcohol and alcehoh gasoline have
corrosive effects on some engine pdetsmarily, the ethanol in Brazil is produced from sugar
cane, with a production value of 18 billion litres in the 262807 season, of which only 3.5
billion litres were exportedL@ Rovere et al. 201hile the remaining were used irrdil

itself. Currently Brazil is undergoing the production of a new form of ethanol called ethanol
2.0. In a statement Antonio Stuchi said that the second generatithraaobeéis looking to bost

the efficiency of the systerwithout the need to expand the current cultivated area. It is
estimated that there is capacity for 11 million galloagpfoximately 41.6 millioritres),

however only 3.6 nflion gallons (13.6 millim litres) were produced in 201&mith 2015)

2.2.3 USA

Ethanol blended gasoline use hasvwgn drastically in the U.S. over a period of 13 years. In
2001 approximately 1.7 billion gallons (6.4 tt litres) of gasohol were use@fter 13years,
this amout increased td3.4 billion gallons (50.7 billiotitres) (DoE n.d.) Majority of U.S.
pumps dispense gasohol widm ethanol content of 10% (E10)oWever since 2011, the
environmental protection agency (EPA) has allowed the sales of E15 in cars dfyeade
2001 and abovéoE n.d.) However, all fuel pumps whom cbsge to sell E15 must have a

clearly labelled sign stating the ethanol content and the requirements to use E15.
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2.2.4 Thailand
Gasohol has been in the Thai market since 2001, and isdigmficantlypromoted to increase
public use and dependence. E10dktively more popular as majority of cars thus far have
only been modified to be able to use E10 safélgwever recently newer cars are in
development to allow the use of ERIbanne2008) There are predominantly two forms of
gasohol for sale in Thailand. These two forms are gasohol 91 and gasohol 95. The only
difference between the two is that gasohol 91 uses 91 octane gasoline, while gasohol 95 use
95 octane gasoline. 95 gasohasignificantly more popular than gasohol @banne 2008)

2.3 Gasoline vs Gasohol

Ethanol has many benefits included when used as a fuel source for cars, with a latent heat valug
3-5 times higher than that of gasoline, the temperature of the imzki¢old is reduced further

and thus volumetric efficiency of the engine is increg§@kiunas, A et al 2003)The latent

heat ofvaporisations the energy that must be added to a substance to transform a quantity of

the substance into a gde latent kat of ethanol gt @dJiso w-4— (w ¢ $-, latent heat of

gasoline ap @dJsp v~ o0 T @ (Walsh carlines.d). The latent heat of ethanol blended

gasoline fuelvill change as pethe ethanol content of the fuel.itWa highe ethanol content

the latent heat of gasohol will be closer to that of ethanol and with a lower comtebe
closer to that of gasolinés the ¢hanol content of gasohol will newbe 0%, the latent heat

of vaporisation of gasohol will always be heghthan gasoline, therefore a colder intake
temperature can laehievedin a research report conducted®yman M. Balabirt alethanol

was blended into two different gasoline fyele difference was related to the octane number,
density, benzeneontent, and water content in the added ethanol. The details of the two

gasoine fuels are shown in Tableb2low (Balabinet al2006.
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Table2: Properties of the unleaded gasoline used in the development of gasohol in thetresger conducted by Roman
Balabin et al. (Balabin et al 2006)

Parameters of gasoline used in this paper

Parameter Unuts Value

Gasoline A  Gasoline B

Motor octane number (MON) - 83.0 76.0
Research octane number (RON) - 92.0 80.0
Density at 20 °C kg;"m3 750 725
Actual gums mg/100 cm® 4.8 4.9
Sulphur content wi'o 0.05 0.05
Benzene content vol% 5.1 2.5
Water content in added ethanol vol% 4.0 <0.5

The research was conducted using the above gasoline fudisgifierent ethanol contents
rangingfrom 0% to 20% ethanol. The results of the research are shown in the gFagiren
15 below (Balabiret al 20®).

Ly
w0
i

= p.999

Enthalpy of vaporization (kJ/mol)

T
+ Line B
u Ling A
35+ T T r 7
0 5 10 15 20

Ethanol content (% maol)

Figure 15: Enthalpy of vaporisation of ethanol gasoline mixture versus etha
concentration (Balabin. et al 2006)
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The above results showed that lindgasoline A)had a higher enthalpy of vaporisation (also
known as the latent heat of vaporisation) than lin@g#&soline B) This could be due to the
presence of 4%vol water content in the added ethanol compared to a vali#oictdor line
B. It is also observedat as the ethanol content of the gasohol mixture increases the enthalpy
of vaporisation also increases, leading back to the previous statement that as the ethanol content
increases the enthalpy of vaporisation of the mixture tends more towards eth&.al$o
proven ly the linear trend that wadbserved from the research data, stating that it is somewhat
a proportional change.

The heating value of ethanol is lower than that of gasoline, it is approximated that 1.6 times
more ethanol is required toqutuce the same amount of energy as gasoline. As the analysis is
only concerned with when the fuel mixture is injected into the combustion chamizgraar

form, generally the lower heating valueused. The laver heating value of gasoline ranges

fromt p@p 1 T p &tand the lower heating value of ethand] ig x +.chike enthalpy of

vaporisation of gasohol, the heating value of gasohol will tend towards ethanol as a higher
ethanol content is present in the mixture. However, unlike enthalpgpoirisation, the lower
heating value of gasohol will decreaf®espite producing lower energthe stoichiometric

AFR of ethaol is also lower than gasoline. Thiglige to ethanol having anygen atom in its
chemical compositiotherefore having a lower AFR there is less air required to for complete

combustion of the gasohol mixture.

2.3.1Experimental Analysis on Effect of Gasohol in Sigihes

A research study carried out by Alvydas Piksiea al, testeda 1994 Toyota arolla, to
determine the power output and gfiecfuel consumption of the enginasing gasohol
compared to gasolindhe specifications of the engine are showl able 3(Pikunas et al
2003).Five measurements were taken and averaged to account for the palsederistics of
the engine, accounting for any outliers in the data set.

Effect of Gasohol blended fuels in a Sl engine
Page B3




) = CHARLES
Thesis Part B Rahul Sud DARWIN

~ UNIVERSITY

Table3: Technical characteristics of the Toyota corolla engine used for testing. (Pikunas et al 2003)

Characteristics Value

Type of engine 4 E-FE DOHC 16V

Volume V, em’ 1332
Compression ratio & 038

Power P,, kW 65 (6000 min™)

Torque M,, Nm 124 (5000 min™)

Fuel system fuel injection, MPI, (D-Jetronic) TCCS
Fuel (Octane rating) 95 RON
[gnition system: distributor TCCS - 11, Toyo Denso

The properties of the fuels usedtesting are shown ifiable 4below (Pikunas, A et al 2003).

Table4. Properties éfuels used in testing (Pikunas et al 2003)

Properties Ethanol Petrol E10
Density (kg/m’ at 20°C) 789 790 790
RON 108 952 98.9
Heating value (MJ/kg) 27.0 44.0 41.8
Carbon (wt %) 5220 86.60 83.16
Hydrogen (wt %) 13.10 13.30 13.28
Oxygen (wt %) 3470 0.03 3.50

The testing was carried out under wide open throttle (W@QT is when the engines throttle
body is conpletely opened at revolutions per minute (RPM@ngine speed values of 1500,
2500, 3500, 4500, 5500, and 65@kunaset al 2003)

The results showed that due to a loweating value and hence a lower intake temperzduick

a lower AFR the combustion in theytinder is more complete and hence there is an increase
in the engine poweFigure 16shows the comparison between E10 and gasoline over the RPM
range stated abovPalmer(1986)conducted an experiment using various blends of ethanol
gasoline fuels in aengine test. His results indicated that 10% ethanol addition increases the
engines power output by 5%, and the octane number is increased by 5% for every 10% addition
of ethanol(Pikunaset al 2003)
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Figure 16: Theeffect of 106 ethanol addition on an gme's power output. (Pikunas al 2003

The graph above detailse difference in engine power when using E10 compared to gasoline.
As there is an increase in the engine speed (increase in RPM), the power outpengirtbe

also increases slightlfpalmer(1986)stated that at its peaksing E10will causean increase

of 5% in powerAs mentioned above having an additional oxygen atom to react with the fuel
in the combustion chamber will present a much cleaner amglete combstion of the aiil

fuel mixture. Thisis enough to produce more power than gasoline which has one less oxygen
atom to react with and therefore a less complete burn can occur. Although this might not be
incomplkete combustion entirely where sa®tproducedpy not completely burningll the air

T fuel mixture in the chamber and leaving a slight bit of excess remaining can result in reduction

of the actual power produced compared to what is theorised.

In the testingPikunaset al (2003)also obtaed information regarding fuel consumption of
the engine when using gasoline and E10. The results indicatedhtatusing E10 there was

a slight increase in fuel consumption by 26 conpared to using gasoline. Now timerease

in fuel consumption is g@ected as the heating value of ethanol is much lower than that of
gasoline, similarly the heating value of an ethdanghsoline blended fuel will also be lower

than that of gasolinéAs mentioned before a larger ethanol content will result in the heating
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value to tend towards that of 100% etharagure 17 below details the difference in fuel

consumptiorwhen using E10 compared to gasoline.
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Figure 17: Effect of 10% ethanol additioon fuel consumption (Pikunas al 2003)

Pikunas et al (2003) found thahen the engir@ power and revolutions are small when using

E10 theamount of carbon monoxide (CO) is only 1%$swhen compared to conventional

gasoling however with increasing RPM the reduction in CO emissions increa36%0. This

is shown in kgure 18below.
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Figure 18: CO emissions when using El@ntpared to gasoline. (Pikunas al 2003)

As the emissions of CO reduce, the emissions of carbon diaxide ill increase. From the
information obtained in Pikunas et al (2003) research there is an estimated increase of 3% al
small engine power and RPM, with an increase of 6% at higher RR&results olatined by
Pikunas et al (2003) astown inFigure 19below.
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Figure 19: CO2 emissions when using e10 compared to gas(Hikenas et al 2003)
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Hydro carbons (HC) unlike CO aidd) increases with higher load on the engine (i.e. at higher
RPM). From the results of Pikunasal (2003) itvas observed that at a RPM spémder than
600Q the HC emissions were less when using E10 compared to conventional gasoline, however
RPM higher than 6000 and the HC emissions were higher when using E10 than gékidine.
is shown in Figre 20below (Pikunaset al 2003)
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Figure 20: HC emissions when using E10 compared to conventional gasoline. (Pikunas et al 2003)

Another experiment on gasohol as a fuel supply was conducted by Wu et al (2004) regarding
6the influence of air fuel rati os on engi
et hanol gas ol i ne pelinhertcahsesttd df four agod systeind) the emgine
system, power measurement system, exhaust system, and the injesten. shhe engine
system was a-gylinder, 8 valve commercial enginmalledNew Sentra GA16DE. The engine

is a 1.6 litre multi pointnjection gasoline engine with dual overhead camshaft and:h 9.5
compression ratio. Aeddy current dynamomet@fE60-100-150 series) was used to measure

the engine output power. A URE30004T gas anaiser was used to measure the, 60

and HC emisions. The gas analyser was -pedibrated for the appropriate use in the
experiment, with the data being measured online, using a software setup made specifically for

the gas analyser.

The experimental conditions of the research involved two engine spieg@30 and 4000, and
six throttle valve openings of 0%, 20%, 40%, 60%, 80%, and 100%. The fuels which were used
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for the analysisvere EO, E5, E10, E20, and E3(pgendix 2 details the properties of each of
the fuels used.
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Wu et al (2004) found tha regards to torque output when comparing the various fuels used,
as the ethnol content of the fuéhcreasd, the torque output would also slightly increase. This
increase in torque output was especially prevalent in the lower throttle opening values of 20%
and 40% at 3000 and 4000 RPM. However, as the throttle openings got wider (increased in
value from 20% to 100%) the trend of torque output variation due to ethanol content is less
clear. As this thesis is only concerned with WOT (throttle at 100% openihg}he data for

100% throttle opening will be analysed. Figu&l and 2 below showthe results of the
experiment at WOT for 3000 and 4000 RPM.

Figure 21: Torque output at 3000 RPM and WOT for various AFR, (Wu et al 2004)
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