
Direct Petrol Injection -  A little History

DI, or Direct Injection on petrol engines is now available in many automotive and marine applications although
to most people it’s long way from being commonly available just yet.  Surprisingly, it is not a new idea; the first
attempts go back more than 100 years.  The German engine builder Deutz produced some beginning in 1898!
Why?  Because at that time the venturi-effect carburettor had not yet been discovered, so DI looked like a good
way to get fuel into the cylinders.  Before the venturi effect carburettor engines relied on the “surface effect”
carburettor where the engine’s intake air travelled across the fuel in a float chamber.  The rate at which the fuel
evaporated into the air set the engine’s speed.   Engines tended to run properly at only one speed, not very user
friendly, so many engine companies were searching for a better solution .  Before long the simple advantages of
the venturi-effect carburettor were apparent and it became the dominant fuel supply device for the next 60 years.
In the 1890’s the technology of the time could not produce a competitive DI system.  Like many of man’s
inventions it had to wait for other technologies to catch up.

Daimler Benz DB601

The very first production DI engines were built by
Daimler Benz for military aircraft in the 1930’s.
The benefits?  It allowed highly manoeuvrable
fighter aircraft to fly upside down, or at any angle,
without the affects of gravity altering the fuel
mixing.  It also removed the fire risk from having a
highly supercharged inlet manifold full of very
flammable fuel vapour (a problem that caused
several plane crashes in the early 1930’s) .   The
system was completely mechanical, complex and
expensive, but that was not so important with
military aircraft when a war was approaching.

A 12 cylinder in-line plunger pump inside the V of
the engine provided fuel at high pressure through
small diamater pipes to an injection nozzle
alongside the spark plug in each combustion
chamber.



Boeing B-29

By the mid 1940’s, DI was common on
high-powered aircraft, like this 18
cylinder 2200 HP air-cooled radial
Wright Cyclone R3350, that powered
the famous Boeing B29 bombers.  Two
high pressure 9 cylinder fuel injection
pumps allowed the front and rear rows
of cylinders to have different fuel
mixtures; thereby allowing better control
of head temperatures on these very
highly stressed engines. It also allowed
slightly better range, a critical
requirement for the long over water
missions of the war in the Pacific.

Mercedes 300 SL

The first cars to use DI were in the 1950’s.
Several manufacturers tried it, using lessons
learned from the war, the most famous being
the Mercedes 300 SL Gull-Wing door coupe
of 1955, a very rare collector’s item today.
The reason? – it allowed a high power output
for this top of the range vehicle.  240 HP from
3 litres was very good going for the 1950’s.
You can see the injection pump on the side of
the engines with 6 pipes leading to the
injectors.  Like the aircraft engines it was all
mechanical, using plunger pumps, like diesel
engines.



Ferrari 168 F1

In the 1964  Ferrari won the F1 world championship with
DI.  They built 6, 8 and 12 cylinder versions, all of 1.5L
capacity.  The 8 cylinder version had the best combination
of power to weight and was the most successful.  The
advantage?  It allowed an unrestricted air inlet path and the
use of very radical camshaft timing for maximum airflow
and power.  On the V8 photo you can see the injection
pump between the two rows of air horns (with ignition
coils mounted on its side), it was nearly as big as the
engine!

Electronic Fuel Injection

By the 1970’s it seemed almost everyone had a transistor
radio, a transistor television set and a pocket calculator. The
age of PCB (printed circuit board) and miniature electronics
was upon us.  Emission regulations started to appear and
closer control of engine fuel/air mixtures was required.
Electronic Fuel Injection (EFI) allowed this, replacing the
carburettor with a minimum of changes to existing engines.
The level of control provided with EFI was easily sufficient
for the rules of the day and less complicated or expensive
than DI at that time.



Australia’s Orbital Engine Company

In the 1980’s, the Perth based Orbital Engine Company had the motoring world buzzing with a low pressure, air-
assisted DI system applied to two-stroke engines for cars.  Originally conceived as a manifold injection system
for Raplh Sarich’s Orbital Engine, the Orbital engineers soon realised their air assisted fuel injection system
would make a good DI system on a lightweight 2-stroke engine.  The resulting engine would be smaller, lighter,
easier to make and have better emissions than existing car engines.   The Orbital system uses compressed air to
force the fuel into the combustion chamber and help mix it with the combustion air.  A 3 cylinder 1.2 litre
Orbital DI 2-stroke had similar power to a 1.6 litre 4 cylinder 4-stroke, but was much smaller and lighter, used
less fuel and had lower emissions. The first production applications were 2-stroke marine engines in the late
1990’s.

Mitsubishi

Most car manufacturers stayed with EFI 4-strokes, until the
mid 1990’s.  By then increasingly stringent emission rules
caused motor manufacturers to again look at DI, with
Mitsubishi beginning production of DI cars in 1996. Firstly
with the 1.8L Galant and later with the 3.5L V6
Pajero/Montero/Shogun wagon.  The benefit? – up to 20%
lower emissions, and a similar boost to economy, while
maintaining the power output.  DI allowed the engine
management system to more closely control exactly how
much fuel entered the cylinder and exactly when in the
cycle.

By 2002 BMW, AUDI, Alfa-Romeo, and
Toyota, were all making DI cars for some
world markets.



Audi R8

And it was not just for road cars. In 2001 AUDI
won the LeMans 24 hours race with a DI twin
turbocharged V8 powered race car.  620 HP from
3.6L and breathing through just two 34 mm
diameter restricted air inlets! Why did the Audi
engineers go this way?  To give them a very rapid
development and education on DI.  They could see
that a thorough knowledge of DI would be required
for future road vehicles and racing provides the
very short deadlines and accelerated development
from which you learn very quickly.

Direct Injection, why is it better?

And this is the one major reason why DI is becoming popular – it allows you to mix the fuel and air , where you
want, and exactly when you want, giving complete control of combustion and emissions.   For example, a
typical marine or car engine has cylinders capable of about 30 HP each.  At speeds between peak torque and
peak power, the engine will be quite efficient with relatively low emissions, and the power output will be in the
20 to 30 HP per cylinder range.  But when we want to run at low speeds things change. We can’t run at high
speed for long and in fact our engines spend the vast majority of their time in the lower half of the rpm range.
The traditional method of making engines run slow is to close the throttle, or strangle the air supply.  This
prevents the entry of sufficient fresh air to scavenge the cylinders properly, or completely burn all the fuel, so
some of the fresh charge does not get burnt each cycle and the emissions go up.

By injecting the fuel directly into the combustion chamber we no longer need to closely control the air intake.
The cylinder can be full of fresh air, or even some exhaust gas from the previous cycle, it’s not so important
because at low speeds we only want to use one small corner of the combustion chamber.  To make the 5 or 10
HP per cylinder it requires for low speed running we don’t try to strangle the cylinder but instead, only use just
one small portion of the combustion chamber.  In this way the large (30 HP) cylinder runs efficiently at low
power settings, just like it was a much smaller cylinder.

2-Stroke Engines

Most of the engines mentioned so far were 4-stroke engines, for two main reasons. Firstly, wheeled or road
vehicles have very little resistance to movement (compared to boats) so power to weight ratio is not so
important. Also as most people will notice with their modern family cars, highway speeds only require about



1600-2000 rpm with part throttle, something modern 4-stroke engines are very suited to.  Secondly, most auto
manufacturers have huge investments in factories dedicated to building 4-stroke engines and the cost of changing
is very high.

However, when it comes to recreational marine engines we are already quite familiar with 2-stroke engines
primarily because the power to weigh ratio is much more important for good boat performance. Over the 90 year
history of the outboard motor many alternative technologies have been tried, but nearly all manufacturers ending
up building two stroke engines because their performance (due largely to superior power to weight ratio) was
always much better.   Now we can see if the low emissions and economy advantanges of DI were combined with
those of the 2-stroke, then we would really have the best of both worlds for marine engines.  With twice as many
power strokes, the 2-stroke engine is relatively easy to get the power needed. The lower parts count
automatically makes for simpler and lighter engines. The lower compression ratios automatically provide lower
NOx (oxides of nitrogen emissions), as those are a function of peak combustion temperature.

The two stroke engine also has it’s ports open for about ½ of the cycle, making it relatively easy to get plenty if
fresh air into the cylinders.  Before DI, this was the main cause of the 2-stroke’s high emissions, but with DI this
now provides an advantage.  4-strokes only have the inlet valve open for 1 out of 4 strokes, so the pumping
losses (the effort required to get air into and out of the engine) are higher and their low speed economy and
emissions suffer.

Stratified Combustion
Let’s review just what happens with
Stratified Combustion. The cylinder is
scavenged with just fresh air. Then
when the piston is nearly at TDC, a
small cone of fuel is injected at high
pressure, breaking up into very small
droplets and mixing with the air, close
to the spark plug. We then wait a
fraction of a second before firing the
spark plug several times. This is to
ensure that as the fuel air mix moves
past the spark plug, a spark is always
present to ignite the mixture.
Variations in temperature and
turbulence might mean the fuel/air
mix is early or late, so it might not
always be in the gap when a single
spark occurred. The boat driver would probably not notice a single misfire occasionally, but the emissions would
immediately go up and that is not allowed with modern low emission engines.

Homogeneous Combustion
The other end of the scale is
Homogeneous Combustion. This is
when we use all of the cylinder for
maximum power. Fuel is injected
earlier in order to use up all of the
available air.  If you look at this
graphic you’ll see the fuel injection
actually starts when the piston is near
BDC and the ports are fully open.  In
the larger engines sizes the fuel
injection actually begins while the
piston is still descending, however, the
fuel does spread across the piston and
cylinder until the ports are closed. In
this way the whole cylinder is used for



maximum power, but maintaining low emissions.

Bowl Piston Animation
Current Evinrude DI engines are
state of the art, but here in this
graphic is how the new Evinrude
E-TEC improves on this. The
injection plume on the left is
what happens in stratified mode
as the speed is raised. The plume
starts to spread out away from
the “splash port” in the piston
crown and some of the fuel air
mix gets isolated from
combustion.  The injection
plume on the right shows how E-
TEC concentrates the stratified
charge into a central area.
Higher power and lower
emissions in stratified combustion mode result, allowing all E-TEC models to be 3 star rated. 3 stars is the
California Air Resources Board requirement for 2008, the toughest marine engine emission rules currently
anywhere around the world, and represent a reduction in exhaust emissions over 90% compared with
conventional carburettor engines.

E-TEC
These are the three main areas that provide these benefits with E-TEC. High injection pressures provide very
small droplets and fast injection for maximum time to mix the fuel with the air. The patented swirl nozzle
imparts a rotating motion to the injection plume that ensures good mixing and helps to retain it near the spark
plug. The re-entrant piston bowl further deflects the injection plume back up towards the injector to retain the
stratification close to the spark plug.  The end result…a DI engine with all the advantages of 2-stroke power
AND the lowest emissions.


