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PROPERLY SELECTING ELECTRONIC FUEL INJECTION GOMPONENTS
(continued...l
makes 300 brake horsepower, its total maximum fuel requirement in lb./hr. can be calculated as follows:

fuel flow requirement = brake horsepower x BSFC

Example: A 300 hp naturally aspirated VB requires what size fuel injector?

First, assume a BSFC of 0.50 lb./hr. and injection pressure of 39.15 psi across the injector.

300 hp x 0.50 lb/hp-hr = 150 lb./hr. maximum total fuel flow requirement

Since this is the total fuel flow requirement to the engine, we must now divide this by the number of injectors being used to determine

the flow rate necessary for each injector so that you can select the correct size injector from this catalog. In this example, we have an B

cylinder engine using 1 injector per cylinder, which gives: 150 lb./hr./8 injectors = 18.8 lb./hr. per cylinder

So, technically, the engine only needs a 19 lb./hr. fuel injector to supporl 300 HP, but this will require that the injector is at nearly a 100%

duty cycle in order to achieve this horsepower level. Duty cycle refers to how long the injector needs to be open (flowing fuel) in order

to supply the required amount of fuel. lf the injector needs a 100% duty cycle at a pafiicular engine speed and load to inject enough

fuel, that means it is open all the time. Under most conditions, fuel is injected when the intake valves are closed, which helps with fuel

atomization and efficiency. lf the injectors need to be on 100% of the time to supply enough fuel, this means that some fuel is being

injected while the intake valves are open. Depending on the overlap of the cam in the engine, some of this unburned fuel can be blown

right past the exhaust valve, 0r be poorly atomized, which makes for a less efficient combustion process. Although running an injector at

100% duty cycle will not harm the injector itself in any way, it does not allow an adequate "cushion" for issues such as when the weather

gets cooler, or the barometric pressure increases. This is because the inlet air will be denser which means the engine will receive more

the 19

Since the next popular injector size available is 24lb.lhr., this is the correct size injector that you should choose for this pafiicular

application. Keep in mind that this discussion assumes your fuel pump, lines, regulator, etc. are sufficient to be able to maintain at least

39.15 psi across the injector at all engine speeds and loads (even under boost, if applicable). Now that you have selected an iniector, the

calibration (or "tune") in the PCM must either be changed or a different MAF must be used 6ee "Mass Aitilow Sensors" below for more

details).

This calculation can also be reversed to give the maximum safe hp a set of injectors can support. The following guide is a general rule

of thumb for sizing fuel injectors on an B cylinder engine using a BSFC of 0.50. Forced induction engines typically range from a BSFC of

0.55 to 0.65, with the latter value arising from the fuel enrichment necessary to keep exhaust temperatures below 
.1650 

deg F

Examole: max safe hp = [ (injector size) x (total # of injectors) x (max du$ cycle) ]/BSFC 1

NaturallyAspirated: (19 lbxBx.9)/ .50 =273.60rapprox 275hp@90Yodutycycle
Forced lnduction @ 0.55: (19|b x B x.9)/ .55 =248.7 orapprox 250 hp @90Y0 duty cycle

Forced lnduction @ 0.65: (19 lb x B x 9) / .65 = 210.5 or approx 210-

Note: A BSFC of 0.65 may result from a richer air fuel ratio than is actually required by the engine for optimal horsepower, but this is

sometimes necessary in order to maintain a safe exhaust gas temperature which, if too high, could potentially damage the exhaust valves

or catalytic converters.

FUEL PUMPS

Most EFI fuel pumps are rated for flow at 12 volts @ 40 psi, Most vehicles' charging systems operate anywhere from 13.2 V to 14.4V.

lniector Flow Rate
19 lb./hr.
24tb./hr.
30Ib,/hr.
39|b./hr.
42tb.lhr.
47lb.lhr.

- 60|b./hr.

Naturallv Asoirated hp
275 hp @ 90o/o Duty Cycle

345 hp @ 90To Duty Cycle

430 hp @ 900/o Duty Cycle

560 hp @ 90To Duty Cycle

605 hp @ 900/o Duty Cycle

675 hp @ 90Yo Duty Cycle

860 hp @ 90Yo Duty Cycle

Forced lnduction hp (@ 0.65)
210 hp @ 90To Duty Cycle

265 hp @ 90o/o Duty Cycle

330 hp @ 900/" Duty Cycle

430 hp @ 90o/o Duty Cycle

465 hp @ 90To Duty Cycle

520 hp @ 900/o Duty Cycle

665 hp @ 90o/o Duty Cycle
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PROPERLY SELECTING ELECTRONIC FUEL INJECTION COMPONENTS
(continued...)
the car, you still need to verify that adequate fuel pressure (at least 39.1 5 psi across the injector) is maintained at all engine speeds

and loads. Do not skip this fuel pressure verification step, as failure to maintain adequate fuel pressure can cause issues ranging from

calibration difficulty to engine failure due to running lean.

As mentioned earlier, all injector flow rates published in this catalog have been determined at a pressure of 39.15 psi (270 kPa) across

the injector, but what does the phrase "across the injector" mean? To understand this fully, we first need to discuss three different

methods of measuring pressure.

The first is called absolute pressure. This is defined as the pressure relative to a complete vacuum, such as would be found in outer

space. Forinstance,atmosphericpressure(theairwebreathe)istypicallyaroundl4.T psiabsoluteatsealevel,dependingon

temperature and weather conditions. To help further understand absolute pressure, an example can be derived from considering the

following:14.7psiisequivalentlo29.92inHg. Anenginethathasavacuumsignalof l2"inches"simplymeansthattheabsolute
pressure in the intake manifold is 12 inHg less than the atmospheric pressure. When you subtract the 12 inHg from the atmospheric

pressure of 29.92 inHg, we still have a positive pressure of 17.92 inHg, or roughly 9 psi absolute as compared to a complete vacuum.

Sometimes you will see absolute pressure in psi written as "psia".

The second is called gage pressure, which is pressure relative to atmospheric pressure. Gage pressure is what everyone is most

familiar with, because it is what you measure when you check the air in your tires or when you connect a fuel pressure gage to the fuel

rail. An engine which makes 6 lbs of boost at sea level is actually equivalent Io 20.7 psi absolute (14.7 + 6 = 20.7). Sometimes you

will see gage pressure in psi written as "psig".

The third is called delfa pressure and is very much like gage pressure, but instead of being relative to atmospheric, it can be relative to

any other pressure. Sometimes you willsee delta pressure in psiwritten as "psid".

When we quote pressure "across the injector", what we really mean is the delta pressure (or difference) between the fuel rail and

the intake manifold, 0n most EFI systems (non-MRFS), this is the pressure that the system controls, either by use of a mechanical

regulator referenced to the intake manifold (in a traditional or "return" system), or by the use of the FRPT and the PCM (in ERFS). This

means that if you connect a fuel rail pressure gage to the fuel rail on one of these systems, you will see fuel pressure vary depending

on intake manifold pressure. This is because the gage is measuring gage pressure, which is relative to atmospheric, but the EFI system

is controlling the fuel rail pressure relative to intake manifold pressure which is changing depending on engine load (your right foot).

0n a naturally aspirated engine, the manifold pressure at idle is typically around 10 psia, and the manifold pressure atWide Open

Throttle (W0T) will be atmospheric, so typically at the fuel rail you will see approximately 30 psig at idle and at least 39.15 psig at

WOT, depending on whether or not you have ERFS and whether or not it is boosting pressure for one of the reasons mentioned in the

previous section. 0n a forced induction engine, the highest manifold pressure that the engine can reach will be atmospheric plus the

maximum boost your configuration can obtain. This means that to keep 39.15 psid across the injector, the gage pressure will have to

increase by the same amount as the maximum boost. A couple of examples should make these concepts more clear. First, consider a

naturally aspirated conventional (non-ERFS, non-MRFS) EFI system with a mechanical regulator set at the stock pressure setting. The

system will try to keep the pressure across the injector at 39.1 5 psid regardless of engine load, so if you have a fuel pressure gage

attachedtothefuelrail,youwillseeamaximumpressureof 39.'l5psigatWOTifthesystemisdoingitsjobproperly. Nowconsidera

forced induction engine making a maximum of 10 psig boost, also with a conventional EFI system and mechanical regulator set to the

stockpressuresetting. Thesystemwillstilltrytokeepthepressureacrosstheinjectorat39.l5psi,sothistimeyourfuelpressure
gageattachedtotherailshouldreadamaximumof 39.15+10=49.15psig. lf itnevergetsto49.l5psigatWOT,yourfuelsystem
is inadequate for your engine. You will need to either increase the capacity of the pump, minimize the voltage loss between the pump

and the battery, or decrease the pressure loss between the pump and the engine through the use of larger lines, etc., and re{est. Do

not try to tune "around" this type of fuel delivery problem. lt will bite you in the long run, and can result in engine failure. Note that

at W0T, the f uel pump in the forced induction engine must supply f uel at a higher pressure than in the naturally aspirated engine. As

mentioned in the previous section,this means that the fuel pump supplying the forced induction engine will have a lower maximum flow

rate capability than the fuel pump supplying the naturally aspirated engine. This is a critical concept to grasp because it means that in

general, for engines with equal brake horsepower, the fuel pump supplying the forced induction engine will need to have

more capacity than the fuel pump supplying the naturally aspirated engine!

MASS AIRFLOW SENSORS

0n EFI systems that use a MAF sensor, this is the single most important sensor 0n the engine for determining a proper airlfuel (A/F)

ratio, Unfortunately, it is also one of the most misunderstood sensors on the engine as well. The engine's airlfuel ratio and spark
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