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Lambda sensors are
used to monitor AFRs

The air/fuel ratio can also
)be sampled at the tailpipe i
if a tuner only requires
short monitoring periods during
mapping. However, bear in mind
that if there are leaks in the
exhaust system, the readings
can be compromised.

fractions at a refinery and then
blended with additives to prepare

{ it for use in the automotive

i industry. These additives are
i used to increase the octane

: rating, reduce emissions and
i clean the fuel system. TV ads
i show how much cleaner the

i inside of an engine that has run

PETROL AND POWER

We all moan about paying

i on more expensive fuel is, and
! thereis a lot truth to that...

“THE MORE ADVANCE WE NEED OR

ARE REQUIRED TO RUN, THE MORE

CYLINDER PRESSURE WE CREATE.”

so much for it but let’s have

a look at what fuel is to help
understand how it impacts on
air/fuel ratios.

We are concentrating on
petrol-powered vehicles for
the purpose of this feature so
let's try and understand what
petrol actually is.

Petrol comes from crude
oil. Crude oil is distilled into

Higher spec fuels are more
resistant to detonation
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Fuel contains energy, in

i the case of petrol around

i 32 mega joules per litre (MJ/L)

i on average. Itis this energy

i that we are releasing to power

! the rotation of our engines. When
i we burn petrol in an engine

i the energy from the hydrogen

i and carbon contents of the fuel

i is released. We need to run

: richer than stoichometric to

The Brettschneider equation is
the most popular method used :
to calculate the air/fuel balance !
(Lambda) for most diagnostic
analysis systems used today.
Itis taken from a paper written :
by Dr Johannes Brettschneider,
at Robert Bosch in 1979.

Dr Brettschneider
established a way to calculate
Lambda by comparing the ratio
of oxygen molecules to carbon
and hydrogen molecules in the
exhaust gas. The equation is
complex and beyond the scope
of this article, but it's sufficient
to say that using it allows a
result to be relatively easily
calculated from the measured
values of CO, CO2, unburned
HC, and unconsumed 02 in
the exhaust.

The result of the
Brettschneider equation is the

term Lambda, a dimensionless

term that relates nicely to the
stoichometric value of air to

fuel. At the stoichometric point

Lambda = 1.000. A Lambda
value of 1.050 is 5% lean,

and a Lambda value of 0.950
is 5% rich. Once Lambda is
calculated, air/fuel ratio can
be determined by multiplying
Lambda by the stoichometric
air/fuel ratio for the fuel

selected, ie 14.71 for unleaded

petrol and 15.87 for LPG. So,

if we have a Lambda reading
of 0.85 with unleaded fuel and
want to equate that to AFR we
use this calculation: 14.71 x
0.85=12.50:1 AFR.

It is important to understand
the effect that sampling air
leaks will have on Lambda
calculation. The percentage
of extra air in the exhaust
gases will result in the same
percentage error in the
Lambda calculation. For

example, a 5% air leak present

in the exhaust will result in
the calculated Lambda being
5% leaner than it should. That
means that a perfect Lambda
of 1.000 will be reported as
1.050 if there is 5% air leak.

This is a significant error,
and can occur relatively easily
so beware of using these
methods with leaking exhaust
gaskets/joints.

One of the main advantages

i Lambda has over most other

reading methods is that due to
the calculation determining the

! balance between oxygen and
i combustible gases it is relatively
i insensitive to the degree to which

the combustibles have been

i oxidized. So an engine misfire
i has absolutely no effect on the
i balance calculation.

It doesn’t matter where the

i gases are measured, or how

! efficient the combustion process
i is operating provided that the

i sample is true and not diluted or
i contaminated in any way.

i This table gives an

i approximate idea of how

i air/fuel ratios and Lambda
i numbers compare:

release more power because
hydrocarbons (the hydrogen
and carbon mentioned)
release most of their energy
upon combustion to carbon
monoxide (CO).

To safely release the most
energy and power from the
fuel, we need to ensure the
combustion makes peak force
at the right time in order to
transmit the most power to
rotation of the crankshaft, and
not waste it heating our cylinder
water jackets or fighting other
cylinders power strokes. This is
achieved via ignition timing. In
general, the more advance we
need or are required to run, the
more cylinder pressure we will
create and therefore the more
resistant to detonation our fuel
must be.

To understand more about
advance and detonation see
earlier tech articles, available
to download from www.fast
fordmag.co.uk.

RON AND
MON RATINGS
Manufacturers subject their
fuel to a series of tests to
produce a RON (Research Octane
Number) and a MON (Motor
Octane Number).

The RON number is achieved
by running a test engine with

i avariable compression ratio

i at 600rpm and examining the

i iso-octane and n-heptane

i content. The MON number is

i achieved under slightly more

¢ strenuous conditions, using a

i 900rpm engine speed, preheated
i fuel and variable ignition timing.

i Itis normal to find a MON number :
i around 8 to 10 points lower than
¢ the RON value.

Leaking/blowing exhaust systems
will dilute the AFR reading

In the UK, fuel is advertised

i by its RON value on the

i forecourt. America uses

i the AKI (Anti Knock Index),
i which is the average of the
i Research Octane Number

d the Motor Octane

: Number. In summary, the

higher the number at the

i pump, the more resistant
: to detonation the fuel is.
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Alternative fuels such as LPG have different

RON and MON ratings to normal fuels
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