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ABSTRACT

This paper was a case study during the sabatical program at Kingston University
London in February 2007. It has been studied by team of motorsport automotive
department Kingston University London and it has been elaborated as a final project
on Master Program. This study takes into account some of the issues surrounding
the debate about alcohol fuels in Motorsport and the wider automotive sector and
Is primarily concerned to add data where there seems to be little existing research
since Motorsport is a secretive business. Motorsport plays an important part in the
automotive industry and is a sport enjoyed worldwide. Racing practice is regarded
as using the best available resources and technology as it requires optimal
performance. The racing arena gives engineers the opportunity to test valuable
technological solutions to prove their merits. Therefore, racing is the natural starting
point for introducing new technological solutions to the public and could lead to the
wholesale conversion to renewable fuels to meet our automotive energy needs.
Alcohol has unique properties that make superior in many ways to ordinary gasoline.
The higher knock resistance allows for higher compression ratios to be utilized
resulting in higher power outputs and thermal efficiency.

The efficient use of energy is of growing concern in all spheres of life and the
automotive sector needs to be front runner in these efforts.

Key words: Alcohol renewable fuels, thermal efficiency, Engine compression
ratio

INTRODUCTION

Problemwith Themost petrochemicd ail:
Themost recent and sustained high priceof oil is
largely dueto thefact that emerging economies
arenow gartingto consumetheoil inever grester
guantities. Thisisasimilar scenarioto theprice
of steel rising 60% in 9 monthsto furnish the
buildingboomin Chineseditiesduring 2004. Now
with ever increasing numbersof carsontheroads

of theworld, the supply of oil isnot ableto keep
up with demand. Here in the UK, new car
registrations per annum haverisen steadily from
1.5 million in 1980 to 2.5 million in 2005
(www.autoindustry.co.uk).

When compared to the emerging econo-
miesof India, Brazil or Chinawherefor example,
itisreported that 100,000 new registrationsare
made per month. Worl dwide production for new

MEDIA MESIN, Vol. 8, No. 2, Juli 2007, 65 - 72
ISSN 1411-4348

65
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=1
=1

[T R ]
= = T = T = T =]

Rl barrels ol [ day
- L
® "
- L

1820 1066 1600 2005 2010 2015 2020

=C0=Total Road —@=Gasoline —#Dissel * Jet

Figure 1: Historic & Projected World Fuel
Consumption Source EEMS website

carstotaled 44 millionsfor 2004, ascompared
with 39.7 millionjust 5 yearsbefore.

Primary production oil wells are more
difficult tofind, havelessoil and tend to bein
remoteareaswithout good infrastructuremaking
thelogiticsof trangporting oil tothemarket more
difficult. Existing wellsare being phased into
secondary production. Primary productionis
categorized by the oil coming up to the surface
under its own pressure, whereas secondary
productionismadepossibleby injecting heavier
water into the well to raise the level of the
product. Thissituationisunlikely to get easier.

Inaddition, levelsof reservesreported by
thelargemultinationa companiesareto bejudged
with some skepticisminview of the detrimental
effect that reportsof rgpidly diminishing reserves
would have on maintaining stock sharevauein
an already volatilefinancial market. The best
methodfor findingail istophyscaly drill insearch
of it. Thisprocessisexpensiveand uncertain. A
most notablefailureisthe Muluk projectinthe
Alaskan Beaufort Sea which cost USD$1.5
billion of capita and found no oil reservesworth
exploiting. Thiscapital could have been spent
deve oping Bio Ethanal infrastructurewithout the
rsk.

Furthermore, the general public is
becoming increasingly aware and concerned
about climate change. The causesfor thishave
been placed squarely on the plate of fossil fuel
consumption. Responsblegovernmentshavethe
obligation of reducing theeffectsof pollutionand

some have been bringing ever more stringent
emission | egidation to make vehiclescleaner.
However, foss| fuelsintheir present form have
limitsontheir thermd efficiency, especidly since
lead was phased out asan additivethat increased
res stanceto knock alowing higher compression
ratiosto berun.

Advantages of Alcohol

Alternativefuel ssuch asBio-Ethanol and
methanol are not new and apart from Brazil,
South Africaand Sweden therest of theworld
has not made much effort to usethemuntil now.
Bio ethanol is made from the fermentation of
sugarsor maize principally using stock feeds of
sugar cane and corn. Being renewable it is
consdered to be carbon neutral sincethecarbon
dioxide consumed by the plant asit growsis
subsequently released when burnt as afuel.
Depending on the type of method used to heat
the fermented liquid for final distillation, no
additional energy input isrequired contrary to
the propaganda put forwardin somecircles. For
instance the husk of the crushed sugarcane,
known as bagass, can used tofirethedistillery.

Conventional enginescanrunonsmall

percentages of alcohol blended with gasoline
without problemsbut minor modificationtothe
fuel systemisneededif percentagesover 20 are
used.
Inthisway alcohol iscompatiblewith existing
automotive power plantsand givesareal and
viableaternativeto ordinary gasoline.

Rationale and Objectives

Theoptimization of compressonratiowas
considered as an aspect to gain high engine
efficiency and engine performance; however,
issuesof climate changeareinfluenced by fossl
fuel through the emmisions. Furthermore,
possibility of dternativefue with no environment
effect should be explorated. Thecritical factor
in thisliterature study isto describe vary the
compressionratiowhiletesting theordinary and
dternativefues. Through computer smulation
the resultant data should give abetter overall
picture of each fuelscapability.
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Topicsto be covered arediscribing of Analyze
data on power, torque, specific energy con-
sumption, specificfue consumption and thermal
efidency fromthesmulaionsoftware, invarying
compressionratio using thethreetest fuels.

Review of other similar work

Shawn Langevin in De Freitas and D.
Marchant. R. [1] noted that methanol had ahigh
latent hest of vaporization, theoretical thermal
efficiency Sgnificantly higher than petroleumand
natural cooling properties which caused less
NO, to be formed. However, NO, increased
when the compression ratio wasincreased and
the best ratio was identified as 6.4:1 air to
methanol to keep NO, emissions lower then
gasoline.

Langevindsofoundthat thermd efficiency
of ethanol was improved with a higher
compressonraioduetoit havingahigher octane
rating than petroleum. Like Matthew Brusstar,
he confirmed that ethanol performed better
under turbocharged conditions provided that
sufficient |load wasal so added.

Tabel 1: Emission Improvements of
Various Mixtures Compared to Gasoline

Bio-Fuel Emissions
Blended with gasoline: Blended with Diesel:
e Less CO;emissions e Less particulates
e NOy variable on comp.f ¢ Less NOx
M ethanol ratio e LessHC
¢ CO varies but nof e CO is variable no significant]
significant change change
e HC lowered
Blended with Gasoline: Blended with Diesel
e LessCO2 e Lower particulates
e LessHC ¢ LowCO;,
Ethanol ¢ CO and NOx arefe CO, NOx and HC do not
variable but no change significantly
significant change
Modified Bio-Diesel: Unmodified Bio-Diesel:
e NOyincreased ¢ HCincreased
in-Di e HC decreased e Particulates increase
Bio-D IESE| e CO decreased e CO have no significant change
¢ NO,decreased

There has also been supported by JW G
Turner, R JPearson, and SA Kenchington paper
iswith aview to finding suitable engines to

reducethe CO, emissions. Areasfor improve-
ment included reducing energy lost via heat
transfer to cylinder walls, exhaust system and
frictionintheform of pumping work.

Among the methods put forward arelean
burn homogenous charge engines operating
without throttles. They concluded that histype
of setup using stratified charge combustion
systemsreduced the pumping and increased the
thermd dynamicefficient by increasngtheration
of specific heats. This reduced the heat
transferred to cylinder walls. However, regions
within the combustion volume of astratified
chargebeing undiluted high flamed temperatures
ledtoincreased NO, emissions.

This set up was found to be superior to
stratified wall air guided engines. However,
emerging technology couldreversethisstuation.
They aso highly rated the benefitsof variable
compression ratio enginesand deduced that in
the range of 9.5:1 and 11.1 fuel economy
improveshby 3% per half ratio at 2000RPM and
2 bar BMEP. Low compression ratioslead to
high exhaust gas temperature and enforced
induction engines; thiscan only be cooled by
using extrafuel. Thegreatest benefit of varying
compression ratio enginescomesfromthosethat
haveforced induction. Thisalowsfor optimi-
sation of fuelling mapsfor low speed low |oad
right through to high speed high load. Another
method of lowering CO pollution suggestedis
the varying compression ratio and hence the
thermd efficiency by employingamechaniamto
vary thetimingof 1V C, Ontheother hand precise
timing of EV O can be used across the speed/
load range to balance the expansion of gases
that producework and therelease of gasesunder
combustion to reduce pumping losses (IMechE
Paper, 2005 JER03504).

Huetd [1] investigated Cl enginesrunning
on dimethyl ether using homogenouschargeCl
ignition. Thevarying compressonrationfrom8:1,
10.7:1 to 14:1 by enlarging the combustion
chamber on the piston head. They found that
the best thermal efficiencieswereachieved at a
compressionratio of 10.7:1. At thiscondition
also the engine gavethewidest stableworking
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performance. It was also found that the
increasing the combustion ratio produced
advanced ignition and energy relatesrates.
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Figures 2: Brake Thermal Efficiency of the
DME HCCI Engine under Different CR

They wereableto control NO, emissions
duetothelow temperature combustion resulting
from HCCI strategieswith lean mixtures(SAE
Paper 990619).

Michael D. Gerty of MIT had John
Hayward as project supervisor for thisreason
this author wants to have confidence in the
findingsmadein thispaper concerning the point
at whichmaximumefficency occurs. Gerty found
that in four types of SI engines maximum
efficiency occursaround themiddle of the RPM
range. The conclusions of this paper also find
thisto bethecase. Reducing efficienciesat lower
speeds than this range is attributed to the
increased timefor heat transfer into thecylinder
head and walls. At speeds above this range
reduced efficiency can beatributed tothefriction
BMEPrisngexperientidly.
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Figure 3: Change of Gross Efficiency with
Lambda, 4.0barNIMEP

Among the many graphsisthisonethat
would be of some use should the further work
recommended inthispaper becarried out. This
paper also concluded that combustion ratiosin
naturally aspirated enginesmostly benefitslow
speed torque. At higher speedsignition retard
necessary to avoid knock prevent increased
gains in torgque to be realised. A trade off is
therefore necessary between low speed and high
speed performance (MIT B.A.Cc Mechanical
Engineering Paper inDeFreitasand DenisR.M.,
2006).

IMechE Paper 2005 D09604 by Qi et al
[1] based on their experimentsaround aspark
ignitionenginewithacompressonratioof 7.4:1.
Their experiments|ooked at blending alcohols
with fuel in order to access the critical phase
separation temperature. They discovered a
tendency for high unburnt fractions of a cohol
fuel at low loads. Taljaard et a concluded that
acohol produced lessHC, CO, NO, emissions
and gasoline at Stoichiometric air fuel ratios.
Other research they looked at showed a
tendency for a cohol fuelsto produceemissions
highinformaldehyde, acetal dehydeand acetone.
However, acetaldehydeislessof aproblemfor
air quality when compared to polynuclear aro-
maticsthat gasoline enginesemit in abundance.
They confirmed that HC emissionsdecrease as
acohol content inthe blend increased, thiswas
alsothecasefor NO, They alsolooked at the
effect of a coholson rubber intheenginefueling
system and found that it would increase rubber
components massthus constricting inner dia-
meterseventually rendering it uselessasased
and leading to constriction of flow within fuel
hoses. They found fluorocarbon carbon rubber
to have good resistanceto a cohols.

Matthew Brusstar et al [2-3] tested an
engine similar in specification to the one
presented inthis paper usngacombustionratio
of 19.5:1, whileusing EGR to suppressknock,
they burnt ethanol at Stoichiometric valuesto
achievegood emissions. They demongtratethat
this configuration can give brake thermal
efficiency of over 40% over awide operating
speed range. Methanol isshown to bethe most
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efficient with ethanol and theturbocharged diesd
enginegivingsmilar performance.
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Figures 4: Break Mean Effective
Pressure/RPM testing of Ethanol,
Methanol and Diesel with Brake thermal
efficiency contours.

S. Scott Goldshorough and Peter Van
Blarigan [4] Noted inMulti-dimensiond, 0D and
1D modding, andsnglestep parametricvariaions

have been used to analyze and optimize the
scavenging system for a free piston engine-
generator, in order to ensure high efficiency
operationwithlow output emissions. KIVA-3V
was employed, along with models for the
compressor and friction processes. A range of
desgnoptionswasinvestigatedincludingtheuse
of loop, hybrid-loop and uniflow scavenging
methods, different charge ddlivery options, and
variousoperating schemes. The postprocessing
software, Endght, dlowed thein-cylinder and port
dynamicsto bevisuaized and morethoroughly
understood. Using thesetools, theoverall array
of design possibilitieswass gnificantly narrowed,
while some interesting configurations were
explored. Theresultsof theandysesindicated thet
theloop and hybrid-loop methodsasinvestigeted
here cannot achieve sufficient scavenging
performance, whiletheuniflow method, athough
it increases the mechanical complexity of the
engine, yields the most desirable scavenging
characteristics. As calculated, an optimal The
resultsof theanaysesindi cated that theloop and
hybrid-loop methodsasinvestigated here, cannot
achievesufficient scavenging performance, while
the uniflow method, although it increases the
mechanica complexity of theengine, yieldsthe
most desirable scavenging characteristics. As
calculated, an optimal arrangement employsa
dratified scavenging schemesupplied by asteady,
low temperature/pressure (~300K/1.2bar)
charge. Thehighest possibletherma efficiency
should result; however, control of fuel short-
circuiting emissions, especially over small
variationsintheengine soperating frequency, may
prove challenging. In addition, the means of
supplying thefud (carburetor or port injection)
has not been addressed, and this will require
additional study. Onthe other hand, thisconfi-
guration seemsto be capable of providing ade-
guate mixing during scavenging and compression
to enablerapid, TDC HCCI combustion, while
maintaining efficient performanceastheoperating
conditionsvary dightly. It wasseen that thein-
cylinder flow characteristics, resulting fromthe
scavenging processcan significantly affect the

operating performance.
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TheKIVA-3V cdculationssuggested that
inthe pre-mixed HCCI operating mode, withlow
0 and moderate ¢sc, the production of NOx is
more dependent on hot residud initiated pre-
ignition and subsequent over-compression, than
onthecombustion of fud-richregionswithinthe
cylinder. Inaddition, changesintheflow patterns
with frequency variation can lead to large |
ncreasesintheshort-circuiting emissons. Without
adequate control, these losses may become
unacceptable. Oneoptiontolimit thismay beto
utilize low pressure, port injection, latein the
scavenging cycle, incombinationwithauniform
intakemanifold geometry. Theinjectiontimingand
duration could bedynamicaly adjusted depending
on the operating conditions, and as a result
shortcircuiting emissonsmay bebetter managed.

METHODOLOGY

Themethodology wasgartingfromengine
selection to race fundamental, cal culation of
frictioninengineandindicatesof boreand stroke
relationship, connecting road, combustion cham-
ber, compression ratio and val ve configuration
as well asfueling system. Further work was
engineblueprinting and preparation. Principally,
theauthor’saffiliation to Generd Motors(GM)
narrowed down the choicesto one manufacturer.
Thenasurvey was conducted of all theengines
they produced intherecent past. A fairly modern
engine that could be sourced fairly cheaply,
second hand, was decided appropriatefor the
budget. The dynamometer to be used is only
rated to 260 BHP so the engine size needed to
bekept onthesmaller size.

After in depth discussions with cham-
pionship winning enginetuner, Martin Bowyer,
the X18XE1 Ecotec engine from GM was
sdlected. The XE1 wasin productionfrom 1999
t0 2003 and proved itself to be an enginewith
excellent emissions characteristics, good low

gpeed torque capability and good fuel efficiency.

RESULTS, DISCUSSION AND CON-
CLUSION

Thereislittle doubt that power increases
with compression ratio but thermal efficiency

does not seem to. Power increase come into
effect later intherev band and would beagreat
additional boost any raceteam would be glad
for. Whether themid range band (4000 to 5000
RPM) of higher thermdlly efficiency canbetuned
to come onlinelater on, say between 6000 and
7000 this would make a good case for race
engines nearly always operating at maximum
efficiency. Sinceraceengine spend most of their
working cycleat thetop of therev rangeit would
only be necessary to have the best efficiency
there. Further smulationsand abetter dissection
of themathematica formulascould producethis
result.
Two other deficienciesof thisversion of
the softwareexit.
1. Theinability tomodd and movetheignition
point to better tunethe enginemodel
2. Thereisnoway of tellingif indeed theengine
is experiencing knock. For instance,
simulations were run with gasoline fuel
running at compressionration of 14:1 butit
isan established fact that gasolinecannot do
this without sever knock or massively
advancedignition. Thereforethereisnoway
of ascertaining theoptima compressonratio
with this software. This is a shame and
physical testing isnecessary. However, the
software can hel p with engine devel opment
in conjunction with physical testing. Its
superb ability to workout air flow fromthe
careful moddl ling of theintakeand exhaust
systemsallowsfor optima manifoldlengths
to beworked out thusreducing the need to
make many manifolds. On this front the
changein position of theinjector and the
shapeoriginaly cast |leaveslittle doubt that
this camel’s hump half way between the
position of theracing injector and thevalve
needsto befilled in. At least the drawing
madein Solid Works should be processed
inafluid dynamicspackageto verify thebest
model to takeforward to theflow bench.

These additional tweaks are what race
engine development isall about. Further work
with the heat transfer coefficientswouldyield
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more accurate results and maybe simple
laboratory experimentsto find out how much
methanol can cool theinlet tract and incoming
ar would beof somehe p. Thechangeindensty
of theair will Sgnificantly changeboth the power
and Thermal efficiency (TE) asacooler charge
could lead to cooler combustion. Having said
that, itissurprisingthat the‘finger’ of TEinall
the simulated modelsis not higher up therev
band. As an engine runs higher up toward its
maximum power point thetemperature of the
coolant increasesand a some point thereshould
be saturation and adecreased amount of time
the heat cantransfer intothecylinder wallsand
head. With thisin mind, pursuing thetuning of
the TE band toward the full power range may
be possible but redlly dependson getting al the
fuel to burninthat short space of time. Perhaps
thisiswhy the TE decreases high up.

Most encouraging is the flow bench
verification of thesmul ated power figuresaswell
asthoseusing Heywood' sdata. FlowCom being
an American company have experience with
methanol asafud. Theresultswereamost exactly
the same asthose given by thesmulation.

Withincreased power potential al cohol
fuelswill naturally moveinto Motorsport. Any
fuel with enhance anti-knock capability would.
But Bio ethanol and natural methanol have other
benefits Bendfitsthat thedidtillersand digtributors
of the ‘new fuel’ want to get into the public
domain. Motor racingisanatura placeto start.
Many inthe publicenjoy racingand regardracing
technology asbeing the ultimatein performance.

Both thealcohol fuel stested give better
energy efficiency after theair fue ratiospossble
arefactoredin. Thewholeworld needsto ook
carefully at their energy consumption and that
goes hand in hand with energy efficiency.
Refrigeratorsand light bulbs often comewith
stickersshowing their energy efficiency and car
and fuel should bethesame.

Alcohol fuelsneedto beshowntobemore
efficient with added environmenta benefitsand

the terms like miles per gallon, specific fuel
consumption need to bereplaced with * Mj per
mile’ and ‘ specific energy consumption’.

Inthisway thefuelscan be compared on
atruly leve playingfidd.

However, currently car manufacturesare
making acompromise and are only making so
called Flex fuel cars. Thisisacompromise so
that they can till runonordinary petrol. Theredl
benefit of alcohol isit ability to run at higher
compression ratios and produce more power
with the ssmeamount of fuel. In Brazil, where
they havebeen running ‘acool’ sincethe 1960's
thereisgtill thiscompromise. Not until engines
aremanufactured or inthecaseof racing alowed
torun higher CR canthetruebenefitsberealised.
Oncethat stepismadetherewill benolooking
back. With only 11 petrol stations presently
unlessthebig oil companiesgointo apricewar
to suppressit thereislittle doubt that thesefuels
will eventually takeagood share of the market.

Thepublicisconsciousof environmental
issuesand many would liketo know thet they are
using afud that iscarbon neutral, coming from
totally renewable sources. Theeconomic benefits
for rurd and Third World economiesto generate
incomewill hdpdleviatepoverty andgiveacertain
degreeof sdf sufficiency toindividua countries.
Why transport oil thousands of mileswhenyou
cangrow itinyou back garden?

Hopefully racing will promote E-85 and
show it to be an excellent product. Hopefully
the oil companieswill not smother it renewed
resurgence. Thisfuel isnot thecureall to the
energy woeswe currently face but thisauthor
feelsand good stepping stoneto carry usuntil
thereal dreamisrealised.
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