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The Fuel Injection
Phenomenon

What Normally (Naturally) Aspirated
Engine Builders Need to Know

By Bob Szabo and Jennifer Szabo, Technical Contributors
bszabo@enginebuildermag.com | jszabo@enginebuildermag.com

n & basic level, fuel injection just looks really cool. The intake on a or rebuilds, and many crate
Ofuel injected power plant is the most visible part of the engine while  engine modifications or rebuilds.

the ram tubes, injectors and fuel lines make it look intricately sleek. Additionally, engine builders
With recent developments, simple mechanical fuel injection (MFI} is also can use aftermarket EFI kits for
useful for a level of complex control in performance applications approaching  transportation as well as racing
that of electronic fuel injection (EFI). applications.

EFI is expanding into alcohol
For spark ignition engine builds, except for compression braking, if so  fuel applications, These require

both a throttle bedy and a fuel equipped. corrosion-inhibitive materials
control circuit are needed. Fuel throughout and larger components
injection controls the air and fue! Electronic Fuel for increased fuel volumes. Ethanol
amounts as well as the air to fuel lﬂjGCﬂOﬂ (EFI) volume is approximately 1.5 times
ratio. EFI setups for spark ignition engines  that of gasoline for a given power
Fuel injection in normally control air and fuel amounts. Fuel level, and methanol volume is
(naturally) aspirated compression control is by throttle body, port, approximately twice that of gasoline.
ignition diesel engines is used to or direct cylinder injection. EFI EFI can be operated in open loop
control the fuel amount only. The is comman from engine builders or closed loop. In open loop, EFI
air is commanly not modulated on OEM engine madifications does not compensate for changes

in air density. Reprogramming the
controller is needed to tune for
weather or altitude. In closed loop,
EFI automatically regulates the air to
fuel ratio with a specialty controller
for air density changes. Initial setup
requires a special programmer.

EFI can be more complex with
several companents: throttle
control, multiple sensors, fuel
pump, regulated fuel return circuit,
electronic injectors, controller, and
programmer. Electronic injectors
in higher power applications
require special high current power
supplies over the more common

Simple throttle body MFI setup
from Rons Fuel Injection — popular in

custom engine builds, especially for
drag racing.
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(Left) - Using the ProCalc app, engine bullders can determine MFI jetting for many different applications. With this app, the
customer can determine proper [etting changes to tune for air density, altitude or weather changes. ProCaic Is available
through a special dealer program for engine builders.
(Right) - This Is a popular 360 Sprint Car racing engine with Kinsler fuel Injection, bullt by Glen and Rex Hutchison of
Hutchison Racing Engines in Sacramento, CA. Sprint car racing is done all over the world. New 470 Sprint Car engines with
fuel injection can sell for more than $50,000. Rebullding after a certain number of laps is a large part of the revenue stream
for this market.

low current OEM power supplies. In
some high horsepower applications,
fuel pressures need to be regulated
from low volume, idle mode to high
volume, full power mode.

Timed Mechanical Fuel
Injection (MFI)
Mechanical fuel injection controls both
air and fuel. Timed MFI from Bosch
is common in older OEM gasoline
engines from Eurepe such as Porsche
and Mercedes. Recently, road-racing
applications used timed MFI from
Lucas / Kinsler with both air control
with a throttle, and fuel control with a
unique hydraulic system. Fuel flow is
timed to the inlet cycle of each cylinder.
Timed MFI is engineered for specific
highway and racing applications, and
special fuel curve tailoring is needed.
Timed MFI is also comman from
various manufacturers for older
compression ignition diesel engine
builds. Newer diesels for the highway
use EFl and are quite complex
with government restrictions to
modifications and usage as well.

Constant Flow Mechanical
Fuel Injection (MFI)

In older OEM engine setups — from
GM Rochester and from Bosch -

special MFI systems with load sensing
fuel conirol features were used to
provide good idle, mid and full throtile
fuel regulation as well as good cold
starting provisions,

Constant flow MFI systems
common in racing are not used in very
many highway applications due to

and Algon occasionally appear on
nostalgia engine builds, For racing,
constant flow MFI is used most often
from ‘off-throttle’ idle to “full-throttle’
full power with little ‘mid-throttle’
moderate power demands.

In Sprint Car racing on short
courses, however, limited mid-throtile

“Recently, in the development of a high output 4-cylinder
midget racecar engine, MFI made more power than
racing carburetors or EFI. In another application, in the
development of a 6-cylinder 2-cycle marine engine, MFI
made more power than racing carburetors. MFl is not
limited by an inlet restriction from the venturi's needed in

carburetors.”

part throttle fuel control limitations.
These systems use simple fuel circuits
without load sensing for part throttle
operating modes.

Simple constant flow MFI for auto
and boat racing is common in engine
builds all over the world: drag, sprint,
top speed, and fractor pulling. Popular
manufacturers are Kinsler, Hilborn,
Enderle, Engler, Rons and Belmit. Used
systems from Crower, Pete Jackson,

fuel control is necessary where the
driver modulates the throttle around
tight turns and through traffic. This
is done with a simple secondary fuel
bypass circuit. Engler fuel injection
developed an added stumble valve
circuit as well. These mid-throttle
circuits are only approximate fuel
modulation devices. They work
primarily with alcohol fuels that do
not foul spark plugs from enrichment

EngineBuilderMag.com 37




Fuel Injection

surges that occur with these simple
systems.

Constant flow MFI systems include
a throttle body for air control and a
simple fuel control setup with a fuel
pump, barrel valve, nozzles, and fuel
bypass circuit. Mest components are
low cost and can be installed and
rebuilt by an engine builder with
limited knowledge or tools. However,
setup and tuning experience is
important fo dial in a new MFI engine
build.

A competition looking EF] setup works well for highway use
on this street rod. Inlet tracts are often reduced in dlameter
to improve throttle response at the expense of some power.
EFl provides mid throttle fuel control for highway or crulsing
needs - an advantage over common racing MFI setups that
are usually not recommended for highway or cruising use.
Kinsler & Hilborn are popular manufacturers for both racing
MFi and highway or racing EFI.

313 Weest Alfith Lvenue Demrmt €0 00274
303.935-7565
grpconrods.com
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Hidden Advantages
With MFI
Recently, in the development of a
high output 4-cylinder midget racecar
engine, MFI made more power than
racing carburetors or EFL In another
application, in the development of
a b-cylinder 2-cycle marine engine,
MFI made more power than racing
carburetors. MFI is not limited by an
inlet restriction from the venturi’s
needed in carburetors.

MEFI engine builds can be set
up with higher fuel pressures than
those in common port injection EFL
Higher fuel pressure can increase
power and throttle response from
grod fuel atomization. Higher fuel
nozzle velocity occurs from higher fuel
pressure, Higher nozzle fuel velocity
can also be used to steer the air intake

Y

{

NRTON
SLEEVES &
WWWN SARTONSLILYES Cow

___RaBe W Nl G e

Fuel Injection

“EFl can be operated in open loop or closed loop. In

open loop, EFI does not compensate for changes in air
density. Reprogramming the controller is needed to tune
for weather or altitude. In closed loop, EFI automatically
regulates the air to fuel ratio with a specialty controller for

air density changes.”

in the ports for a betier CFM #ll It can
accelerate the air in the intake tract and
increase power.

MFI has an advantage in power
over direct injection EFI gasoline
applications in some cases, In direct
injection, the air intake is limited to
the dry airflow characteristics of the
inlet with no vaporization cooling or

condensation fo increase power such
as in wet intake systems. Engine builds
using alcohol fuels especially benefit
fram inlet vaporization cooling and
condensation.

Advantages of
Direct Injection
Direct injection applications used for

-
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Sharp MF1 setup on a street rod show car. Fuel injection
is great on an engline built for the show market where
outside appearance stimulates emotion.

spark ignition engines can inject the fuel directly into the
cylinder. With no boundary layer of fue! on a cold inlet port
surface, the inlet is dry. This is an advantage in applications
with emission and economy needs.

AIR DENSITY INFORMATION
AT YOUR FINGERTIPS

Two great resources are now avaiiable 1o monitor alr density
and tune any engine!

airdensityoniine.com, is accessible through a smart phone or
web devics, providing current air dansity information for engine
bulidera. The site includes air density, grains of water, and alr
density forecasts for hundreds of racing facliities around the
world where luel injection is used

ProCalo is a subscription MF]
jetting calculator app for & amart
phone or web devica. This is

a powertul tool for funing for

the engine bullder or customer
to further relieve the engine
bulider's customer service burdsa.

With ProCale, the engine bulider can

determine MF| jetting for many different

applications. and can determine proper jetting changes o
tune for alr density, altlude, or weather changes. ProCalo Is
avallable through a special dealer program Jor engine buliders.

To leam more visit airdensityonline.com
or email info@airdensityonline.com
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“Constant flow MF| systems common in
racing are not used in very many highway
applications due to part throttle fuel
control limitations. These systems use
simple fuel circuits without load sensing for
part throttle operating modes.

Simple constant flow MFI for auto and

boat racing is common in engine builds all
over the world: drag, sprint, top speed, and
tractor pulling.”

Problems from Direct Injection

Direct injection setups use complex components to
regulate very high fuel pressures, often in excess of 2,000
psi. In setups with exhaust gas recirculation (EGR), inlet
valve contamination can be a consequence from the absence
of inlet fuel to wash the intake valves clean. In some direct
injection highway OEM engines with ECR, warrantee
problems are reported from dirty valves in 30,000 miles,

Some direct injection setups may have reduced power
over port injection from the lack of dwell time between the
air and fuel, Air to fuel dwell time in port injection setups
increases fuel vaporization and power.

Is your MFl-related business suffering from too much
customer service demand?

Customer support for MFI engine tuning is often a
needed service provided by MFI engine builders. However,
frequent customer inquiries are reported by many
mechanical fuel injection manufacturers and engine builders
to be very time consuming. B
Bok Szakn s a welding engineer as well a5 owner, writer and
publishwr for Racecarbook.com. His website publishes wrious
racing engine fechmical manuals useful for the engine builder, as
well as the customer to help relieve the engine builder's customer
serpice burden, Subjects include mechanical fuel injection for
racing, alcohol & nitro racing fuels, and tuning drag, sprint, &
other macing engines,

Jennifer Szabo is the owner and developer of airdensiiyonline.com.
This web site, accessible through a smart phone or web device,
provides current air density information including air demsity,
grains of usaler, and air density forecasts for hundreds of racing
facilities around the world where fuel injection is nsed.




