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Why?

Lotus believes it is best to introduce E85 as a new fuel in its own
right
— This will allow engines which can make use of the properties of the
fuel to generate higher performance and hence a halo effect

— Inturn, a ‘trickle down’ effect can be expected, accelerating the
uptake of biofuels in the transport sector

Alcohols are better fuels for spark-ignition ICEs, due to their
high octane rating (particularly in pressure-charged ICES)
— However, historically most development was on gasolines for aero
usage, because of energy density

CO,-offset factors need to be considered for vehicles biased
towards bio-alcohols as their primary fuel
— Biobutanol is perhaps best as a blending agent in gasolines — its

long carbon ‘tail’ means its characteristics are moving towards
those of a normal paraffin from a low-carbon-number alcohol
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Description of Base Engine

The base engine used for these
tests is the supercharged Toyota
2ZZ-GE unit used in the Exige S

— 11.5:1 compression ratio

— Eaton supercharger with ram-air-
cooled air-to-air chargecooler
fed from a dedicated roof scoop

The engine uses intake and
exhaust cam profile switching (at
4500 rpm)

— Inlet CVCP is also used

Despite high chargecooler
effectiveness, this engine is
heavily knock-limited at full load

— On 95 RON ULG

162.5 kW (218 bhp)
at 7800 rpm
215 Nm at 5500 rpm

4
20/09/2006



Performance of Test Engine on Gasoline

« On 95 RON gasoline, the test engine gave 172.4 kW (231 bhp)
at 7800 rpm and 223 Nm at 6000 rpm

— A brake mean effective pressure (BMEP) of 15.6 bar
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Modifications to Base Engine

The pulley ratio of the supercharger drive was not changed
— Despite an anticipated improvement of the knock limit

— This provides some consistency in the results and is a major
difference to what can be done in a turbocharged engine

The port injectors were upgraded in flow from 300 to 425 cc/min

However, these upgraded injectors
still could not provide sufficient flow
for the increased performance
possible

Hence the fuel system was modified
to incorporate two extra injectors
upstream of the supercharger

— It was now possible to investigate

using the advantage of the high
latent heat of vaporisation of ethanol

‘PCI’ injectors in

supercharger
‘swan-neck’
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Extra Injector Requirement
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PCI Fuelling Loops (1)

* The first tests conducted were to look at the rate of fuel delivery

required pre-supercharger
 Two speeds were heavily investigated — 2000 and 5500 rpm
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PCI Fuelling Loops (2)

* In both cases, fuelling beyond 40% resulted in saturation

* It was decided to use 30% as a constant across the range to

ensure that retaining the chargecooler did not heat the charge (!)
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WOT Performance through Speed Range on E85

 On E85, with 30% PCI fuelling, the test engine gave 197.1 kW
(264 bhp) at 8000 rpm (+14%) and 246 Nm at 5500 rpm (+10%)

— A specific output of 147 bhp/litre and maximum BMEP of 17.2 bar
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Comparison of Performance: E85 v 95 RON ULG (1)
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Difference in Spark Advance: E85 v 95 RON ULG
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Comparison of Performance: E85 v 95 RON ULG (2)

In terms of BSFC, the ratio between 95 RON and E85 was less

than the ratio in gravimetric energy content (1.47)

440
400 }

N W W
N O
o O O
T T

N

)

o
T

160 [
120

BSFC / [g/kWh]
N
N
o

H 00
o O
| p— |

0

=

gm0 Saf-abs

DDDI:I o

M

1000

2000 3000 4000 5000 6000 7000

Engine Speed / [rpm]
@ E85 - 95 RON -O- Ratio of BSFCs

8000

2.1
2.0
1.9
1.8
1.7
1.6
1.5
1.4
1.3
1.2
1.1
1.0

Ratio of BSFCs / [-]

13
20/09/2006



Thermal Efficiency Effect
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 The conclusion from this testing is that for maximum thermal
efficiency in a flex-fuel engine, VCR is a key technology
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Thermal Efficiency with PCI

 PCI also has an effect on thermal efficiency (+ 0.5-1%)
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The Car — Lotus Exige 265E

« Very favourable press

« Performance considerably higher than stock
— 0-60 mph calculated to be in 3.88 s

« CO,-offset debate successfully opened

« East Anglian common interest group
founded

 Flex-fuel calibration to be conducted
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Conclusions from Engine Testing

The use of a high alcohol-blend fuel in an engine which is
heavily knock-limited when operated on pump gasoline allows a
significant improvement in performance

— The test engine was not knock limited on E85

The thermal efficiency of the engine when operating on the
alcohol blend was significantly higher than when operating on
95 RON ULG

— Gasoline degraded the thermal efficiency by up to 16%

The high latent heat of vaporisation of alcohol fuels can
simultaneously improve performance and thermal efficiency

Low-carbon-number alcohols are an ideal fuel for SI engines
— Particularly pressure-charged ones

Variable Compression Ratio would allow further efficiency
Improvements to be made
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The Future Transport Scenario

 The ‘Hydrogen Economy’ is unlikely in the near- to mid-term

— Any gaseous fuel is difficult to store - any automotive engineer
would rather store ethanol or methanol on a vehicle than hydrogen

— In particular, hydrogen is dangerous to handle with a low stored
energy density

* Instead, Lotus believe that the best strategy for a sustainable
long-term transport energy supply is the synthesis of methanol
from CO, already released into the atmosphere

— A transition to this situation could be afforded by manufacture of
methanol from natural gas, then from capturing CO,, at source from
power stations, factories, etc.

 This approach is seen as preferable to direct use of CNG
because methanol is a better fuel for IC engines and can be
distributed and stored in vehicles simply and safely

— It can also be used in direct methanol fuel cells
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Lotus OMNIVORE Engine Concept

The ideal type of engine for
‘omnivorous’ fuelling at best
efficiency would have
variable compression, direct
Injection and a minimum of
throttling loss

— Best realised by a loop-

scavenged 2-stroke engine
operating in HCCI

— 8:1t0 40:1 is possible

We are progressing the
formation of a partnership to
Investigate this concept for
an ultra-high efficiency
engine and to develop IPR

Variable Charge
Trapping Valve

Simple
Variable
Compression
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Thank You for Listening

Papers submitted to the SAE Fuels and Emissions
Conference, Cape Town, January 2007:

Paper Offer 07SFL-105: “Alcohol-Based Fuels in
High Performance Engines”

Paper Offer 07SFL-51: “Exploitation of Energy
Resources and Future Automotive Fuels”




