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ABSTRACT

The technical requirements for Formula 1 fuels and
combustion systems are outlined and the process by
which they were developed during the 1991 Formula 1
season is described. The effects of fuel and combustion
system parameters on performance are discussed and
data are presented to compare measurements with
computer predictions.

In conclusion, the benefits of fuel and combustion
system developments, both to the Honda/McLaren
Formula 1 team in 1991 and to Shell and Honda in terms
of longer term product development, are discussed.
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Tablet 1991 Engine Regulations

Spark ignited,
reciprocating piston ,

Engine Type
4-stroke engine (1).

Haximum Swept Volume 3.5 litres
Supercharging Forbidden
Number of Cylinders Maximum 12

(1):HWankel,Diesel, 2-strokes and turbine engines
are forbidden. Section of Cylinders must
be circular

Table2 1991 Fuel Regulations
R O N (max) 102
MO N (max) 92
Oxygen (max) (1) 2 9% by weight

Nitrogen (max) (n 0.2% by weight

5 9% by volume
700 hPa

Benzene (max)

Reid Vaper Pressure(max)

(1):Alcohols,nitrocompounds prohibited,
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Fig. 2 Power Unit Effects on Car Performance
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Fig. 3 Combustion Effects on Engine Performance
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Fig. 4 Effect of Fuel Change on Combustion System and Engine Performance
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Table3 Testbend and Track Testing Objectives

Phase I I g
Location Langley Hako Track Hako
Type Testbed | Testbed Car Testbed
Fuel Quantity
(2) 25 400 400 400
Performance * * k%
Evaluation

Durability Test

ECU Calibration * ¥ %

Understanding *

#% Primary Objective % % Secondary Objective
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Fig. 7 Typical Fuelling Map
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Fig. 8 Test Bed Instrumentation for Combustion Analysis
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Table4 Links between Component Properities and Engine Performance

BASIC COMPONENT PROPERTIES
CxHyOz * * *
LCV * *
Density . *
B.P. ®
Component performance Density AFRst Power RVP Flame RON
factors: Index Speed MON
Index
Linear blending weighting volume mass stoich mole stoich volume
factor (1
Blend Density AFRst Power RVP Flame RON
performance factors: Index Speed MON
Index
Power * * ™ )
Vol fuel cons. *
Grav fuel cons. * *
Burn rate *
Knock Margin *
ENGINE PERFORMANCE

Table 4, Links between component properties and engine performance

* Indicates relevant factors

(1): Blend properties calculated as linear sum of component properties weighted with stoichiometric

fraction (proportion of air taken by each component).
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Table5 Predicated Effect of Power
and Weight on Lap Time

Circuit Average Speed| Power Factor | Weight Factor
(sec/kW) (sec/kg)
Low Speed -0.012 +0.025
Medium speed -0.022 +0.032
High Speed -0.034 +0.025

Table6 Power and Start Line Weight Difference
for Typical Fuel from Early Late 1991

Fuel Typical of: | Power |Start Line Fuel Requirement
Volume Weight

Barly '91 Ref. 200 litres Ref.

Late 91 +28.5 kW | 180 litres +20 kg

Table7 Predicated Effect of Fuel on Lap Time

Circuit Average Speed| Effect on Lap Time (seconds)

Start Mid Race End

Low Speed +0.16 -0.09 -0.34

Medium Speed +0.01 -0.31 -0.63

High Speed -0.47 -0.72 -0.97
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