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Stock ond performance fuel pusips: What do they really flow?

uel

Flow

FORENSICS

Pumps x Pressure = Performance.

he advent of the fuel-injected, 50
Mustang back in 1988 ushered in &
whola new ern of Ford perfarmance.

Tha 50 HO, created an emire industry, one
of

fuek-injection system (used on the 50 and
soane early 45 motors) featured an in-the-
tank fuel pump—a foed line (and fuel fiter)
nmnlnu {rw!hc!ull pump:n the Iunl rail. The

continued to ths day since
the Modulor-pewered tast Fords.
Though the current overhead cam
engines differ from their tradional pushrod
counterparts, the two do share a number of
things in comman, In additicn to sharing the
V-8 configuratian and even the firing order,
the injected 508 and 465 share tha high-
prassure el system common to moss fuel-
injectnd moaoes. Unlike traditional carbureted
engines, fuel-inpected versians raly on much
higher fuel pressure. Tha elevated funl
pressure halps stomize the fuel as it fows
through the fuel injector,
While cary d motors.

Fued rail to
the sight injectors and incarporated a fuel-
pressure regulator desigred w control the
system pressure.

Mast factory luel-pressure regulators
ware not adjustable, bet many enthusiasts
so0n replaced the stock nan-adjustable unit
with one of the many atustable regulators
availablo fram the attermasket. Using 8 spring
and diaphragm, the regulator controlled fuel
prassife in ‘the system and allowed excess
fusl flow to retumn back to the Fuel tank.
Re-circulating the fusl helped keop the
weenpersture down, as the alevated prassure

Hued pressura near 7 psi, (port] fuel-injected
comhinations run best around &0 psi We
specify port fuel injection hese as throsle-
body injection systems amploy fued pressure
ranging from §-15 psi, but our belaved SEFI
Mustangs are not 5o eguipped.

While both EFI engines emplay high-
pressure fuel injection, the msmmsu 'fu

in & fuel-injaction system has the undesied
eflect af heating the fusl. Re-circulating it
back to the fued tank eliminates the pressure
and aflows the heated fuel to join the
relatively cooler fuel in the tank, Obvicusty,
constant circulation can  elevale the
temparatura of the fual tank as wall.

A better understanding of the role of the
funl pamp is pecessary bafore going an to the

intheir approach. Ty st

an yie fuel system. In a ¥

fuel syswem, the fual pump is constanty
flowing the maximim amourt possible. The
fhow rate of & fual pump is determined by the
size and design of the pump self bt also by
two vary important external factors, namely
supphy valtage and system pressure. We will
take a closer loak at these two vasiables later,
but for now, know that in & retum-style fuel
system, the fuel pump is flowing at the
maximam flow dictated by the pressure and
voitage supply.

Whils the fued supply [pump) ks flowing at
& constant rate, the fuel demand obviously
varies with the engine speed and load. At
idle, the fuel demand is much lower than
when running at 5,000 rpm at wide-open
theottle. The fuel pump must bo sized to
support the greatest fusl demand. The job of
tha fuel-pressure regulator is to bypass tha
differance between the fuel supply and the
fuel domand whila mainaining the prase
funl-system pressure.

The non-return-style fuel system diffors
from the conventional retum-style fuel
system by way of tha fuel-pressure rogulator
or, more specifically, the fack theroal. In o
nan-return-style funl system, the fugl
pressura is controlled by the supply voltage 1
1he fusel puemp. Like ary elaciric luel pump, the
output of these pulse-width modulated fuel
pumps ace dictated by the supply valtage. The
fuel pumos used i a roturn-style fuel systam
are supplied a constant voltage, usually near
13 volts—depending on the effectvensss of
the charging system and accessories
currenthy drawing from that system.

Tha fuel pumps in & non-retem-style
system arg not supplied & constant voltage
and instead receve pulses much Bke a fusl
injectar. The pulses do not actually start and
stop the fued pemp, but act much like imiting
full system vokage to control the fuel
pressure. The pulse width is determined by
the computer and is based on fusl-pressure
information  supplied by a pressure
transducer in the fuel rail It makes things
wasior il you think of the system as an electric
wersion of the machanical fuel-pressure
requistor, The beaury of the system is that the
pump iz not constantly supphing masimum
fuel flow, only that which is needed to
produce the desired pressure specified by
the computer.

We mentioned proviowsty that the fugl
flow rate of an electric fuel pump is
determined by the size [and design) of the
pump, as well a5 the supply voltage and
system {fuel) pressure. Physical size
obvioasly helps datarmine the flow rate ol a
fual pump. Spin & larger set of gears the
same speed a3 you do a smaller st and the



Al of our production in-the-tank pumps were
pump fest bench, mebmmkm,;m

@ pump at any system pressure or supply
woltage—just the thing for aur needs.

the 10-gallon firel cell for testing.

targer set will flow more. Picture the
difference betwean a standard and high-
wolume oll pump i you have a hard time
coming to grps with the gear size. The sizs
of the fuel pump is somewhat determinad by
the available space in the pump assembly;
this is espacinlly trua of in-tho-tank pumas.

For mast Mustang applications, the physical
size 15 pradetermined, but not so for the
woltage supply and system pressura, Lof's
take a look first at how the system pressure
sffects the fual flow and whore elovated
pressures may bacome nocessary.

As a rule of thumb, the flow rate of a pump
decreases with system pressure. Simply
stated, it is harder for the pump to flow
aqainst higher pressure than lower pressure,
Nead varification? Check out the changes in
flow rate as we increased the fuel pressure
from 40 to B0 psi and Fnally 1o 80 psi Like
everything else in nature, fuel pumps like to
take the easy route.

helps increasa the Row potential of the feed
pump, thus improving the averall system. it is
important to nate that the limiting factor of the
infine system will sl be the pump with the
Iewiest flow rate, If the stack 8 Iph fued pump
ingreases 1 150 Iph ot 0 psi and your inkne
pump Bows 200 Iph, the maximum system
Plow will stil be limited o 150 lph.

Angther popular method made popelar by
Kenne Bell is 10 increase the supply volage
to the fuel pump The K-B Boost-a-Pump
improves the flow rate of an electric fuel
pump by increasing the supply voltage. Most
Fued pumps are (flow) rated at 1213 volts. |
yeu have a fuel pump rated at 265 Iph at 13

As mentioned previously, fuel-injected
motors  typically sun  fuel pressure
somewhere near 40 pei. This il changed
once we discovered how easy it was to
install forced induction onto the new fuel-
imjecsed S-ohs. Using the eardy retumn-style
fued systems, sddtional fuel was supalied to
the boosted mators by simply increasing the
fuel pressure. Thic was accompished by
shutsing off the retum fine to tempararily
override the fuel pressure reguiater, thus
Iisometimas) dramatically increasing the fuel
prassure suppled to the mjectors. Greater
fuet 1o the mjectors ncreased fuol o the
motor, hopafully in proer proportion to the
airflow supglied under boost

Tha problam with this fype of rising-rate
fugt management system (FMUJ is that i
miade life much hardor on the fuel purep, Not
only wiere wit asiing this faul pump to support
the additional power potontial of the force-
fed Ford, but aiso 1o do so &t a greatly
incroased fuol pressure. Not surprisingly,
many early atempts met with less-than-
stellar results as the stock fuel pumps simply
rifused 1o eooperate under such adverss
conditipas. The cure 1o tha problem was to
Inerease the fow potential of the fusl pump.

Marry approaches were taken o mprove
fuel M. Maturslly it was possible to simply
inszall @ better-flowing fuel pump in place of
the stock B8 It-hr pump. The afiermarket
supplied fuol pump upgrades ranging from
110 Igh all the way to o whapping 258 iph. It
was also possible to install an infine fual
pump 1o woek in conjunction with the steck
for upgradod] in-the-tank pump, The boneft
of the inline pump i that it can be installed
without dropping the gas tank.

Additionally, the high-flow inkne fuel
puamp helps improve the fusl flow of the feed
pump [stock or atharwiss] by reducing the
system pressure between the tw pumps.
Sinca the inline pump outfows the in-the-
tank pumg, the pressure between the two
pumps decreases. The reduced prassure

volts, will
increase if the voltage supply & increased
From 13 to 17 or aven 20 volts.

Check out the sepplied charts to ilustrate
the increase m flow rate offered by the Kenne
Bell Boost-a-Pump. All of our fuel pumps
wara flow tested at 13 valts and then again at
17 volts. The increase in flow rate was
impressive, especially when you consider
that the insiallation of o Beost-a-Pump is
much easier than oven an inline pump,
Mooking wp the Boost-a-Pump is a simple
matter of connecting two pawer wires and &
single ground. The Kenne Bell unit can even
b dealod in to produce the desired voltage
ond activated under boost or Dvacuum fwide-
cpen thrattle).

Internat rumors that the ncreased
voltage will somehow dimanich the life of the
fuel pump are unfounded. Ease of installation,
the abity to control onsst and supplied
voltage, &nd to increase tha flow rate of
nearly any electric fuel pump by 30-50
parcent makes the Boost-a-Pump an
atiractive option.

For the 5.0 and eary 48 applications that
feature the return-style funl system, the
installation of a 255-Iph fuet pump will provide
sufficient fuel flow for noarly 800 hp—
assuming o 5 brake spocific  fuel
consumption (BSFC). Actually, testing has
shown that most normally aspirated fuel-
injectod 5.0 and 485 applications éxceed &
& BSFE rumbar and aften dip down into the
mid s, This means that the motor will requine
less fuel to produee a given amount of power.

While your first thought might be that
thig entails & lean mixture, it s possible to
intrease the power output without affecting
the airflued  ratio, thus  improving
|decreasing) the BSFC number. Producing
B00-phus hp with & 255-Iph fuel pump also
assumes & fuel pressure of 40 psi While
mast noemally aspirated motors can get by
with 40 psi , the sama doesn’t hald true for
farced-induction applications unless averly



REMNSICS

mmymmhﬂ.mmmsm—
pump, checked in at 91 [ph on our test bench
ol 13 voits and 40 psi.

The supercharged 5. MMM
fust 149 fph, surprising given the.
rating of _tam{zemmva

large injectors are employed. Combining a
F55.1ph in-tank pump with a Kenne Bell
Boost-a-Pump sheuld handbe just about any
normally aspirated combination you are
IEkaly to throw at it This of co

wou have farge enough injectors,

The stack 2V 4.6 pump flowed much better
than the 5.0 pump, registering 158 loh at 40

We even took the iberty of flowing the stock
Zetee Focus pump, which responded with
143 iph at 40 psi.
size wiring to the fual pump, and a good fue!
aystem including fuel fster and rails.

While a8 simple 255Mph fuel pump
combined with o Kenne Bell Boost-a-Pump
might tal

{ramum-style) cambinations, o sama does rot

The SVT Focus erbe

pumped
quﬂs(emznbh The SVT focus
of prod: fuvel,

runming the production pumps, we
swilched over o the commen pump
upgrades. The Holley 155-lph, in-the-tonk
pumg ([#12-912) registered 121 iph on our
test bench at 13 volts.




The 190 lph pump (#12-901) flowed 176 lph,
but wowld pat run abave 65 psl without
popping off externally.

hold tue for tbo or supercharged
combirations. For all but low-bocst, bolt-on
applications, the rising-rate fuel-management
s that increase fuel pressure in (somewhat
relation io boost should b avoided. The key to
a successfl supercharged or turbochorged
mator i in the tuning. A major portion of the
tuning is the fual system, namaly the injectors
and fusl pump {combined with the proper
dyne-tuned computer chipl.

The reason that the fuel pumps will not
suppoet as much power on forced-induction
applications is that the fuel pressure will
always increase a1 a (minimum] 1 rate with

The high-pressure 255 pump {12-915)
Mowed siightly move than the low-pressure
wersion, registering 264 [ph.

boost prassure. This mesns that if you run 10
psi of boost, the fusl pressure that stared out
8% 40 pai will now be 50 psi, as tha fuel-
pressure regulator on il retum-stye fuel
systems are vacuumyboost refarenced, Thisis
dane to decrease fusl pressure under vacimim
Il tued demand] conditions o help lean the
mixtura. As mentioned narlier, the flow rate of
the fuel pump will docrease with tha increase
in pressure, thus the pemp will be sble to
support less absolute power at 50 psi than it
could at 40 psi. It should also be poinsed out
that though the mjoctors sea 5 psi of fual
pressure, it must flow against 10 psi of hoast

The 255-lpat, irrthve-tamak pesnpes e o booth
high-pressure and low-pressure versions, The
low-pressure 255 purp (12-502) flowed 233
lph at 40 psi.

pressure, thus giving the injector the delia
Hlow of cnly 80 pai

This sama scenario occurs on the later
roturnless fusl systems duo to the pressum
transducer in the fuel ral. Whan running a
blowes or turbo on o 45 equipped with a
returnless fusel system, boost pressure will be
apelied to the diaphragm of the pressue
traasducer, thus making the computer
incraase fusl pressura to compensate io
produce the orignal desired prassure




foel pumps. This
Vortech flawesd 162 lph ot 40 psi.

Holley offers this inline pomp (#12-920)
that flowed 276 iph af 40 psi.

The Aeromotive 11101 pump flowed

nwngﬂjmﬂdﬂwﬂﬂ
wvolts, Upping the voltoge to 17 volls

inereased the flow rate to 536 Iph,

mmnmumqm(m
pump was guile fmpressive ot 512
Mﬂwwmum

mmmmmdhw

M the computer called out for 30 psi of fue! pressure
under & given situation, but the suparcharger {or turbo]
was producing 10 psi of boost, the computer wauld
continug to provide pulse width madulation ivaltage] 1o
the fusl pump until a defta pressure of 40 psi was
‘achieved. Thés would requira the computar ta raise the
actual fuel pressure 1o 50 psi 1o compensate for the
additional 10 psi of hoost.

This same scenario takes place on the
supercharged '03-up Cobra, especially as owners
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HIGH IMPEDANCE INJECTOR FLOW
RATINGS

Injoctor  Max Powar {st.5 BSFC)
18z Mkhp
Mibs.  Bhhp
Nis. 4By
Fha  SEhp
Wis.  S0hp
&is  E2hp
Sbs  EOhp
Sibs  BIhD

The injector flow rating cam be mcressed {or cecresses)
with 8 change i the fusl pressure. Most injetors are rated
At 43 pri. The macimum powar lrval is obtained by deiding
the fiow ratieg by the BSFC number them multipiing by the
number of cybedars. in the case of the 12 Ivhr injectors, the
foemula locks fike this:

Max powars19/5 x B, 19 5<38 x § cylisdars =304 hp.

belonged to Barry Graat, The King It s possibln te incranse the paver asput of & ghean Bow
flowed 608 lpty at 40 s | g &y ot

and 13 volts and an amazing 759 dph | injecter and run & {mon afficient] metar with a 4 BSEE we

at a0 psi and 17 volts. Figure on @ gt the llaerlog:

dedicated wiring homess for the King | o, poeige. 184 x 8475 1 8380 hp.

Surmo, @5 the amp drow wes prefty

significant o the bad boy.

Howe use the 19 e




increase the boost pressure by installing
targer crank or smaller blowar pulleys. Wo
have seen fual pressure a3 high as 80 psi on
modified (304 Cobras equipped with twin-
screw blower upgrades. The fuel pumpls)
on these Cobras Aow wall, but the fuel flow
decreases dramatically when jumping from
40 psi to 80 psi

Many of you may new be asking why not
simply install the 255-iph fuel pump used on
the sarly refum-style fuel system into the
Iate-model, non-retum fued systems and be
dona with 87 Would i it wore that easy.
Unfortunately, the eady and late fuel pumps
diffar in their construction. The early pumps
are positive displacement while tha later
pumps are turbine. Tha later turbing pumps
will stand up to pulse-width modulatian, but
apparertly the aarly positive displacement
pumps will nov According to Jim Bell of
[Kenne Belll, the later pumps can be used in
early applications, but the reverse is not true.

To find aut what can be done to mprove
the flow rates of bath the early- and late-
model fuel pumps, we gathered togethar as
many as we could get our hands an and
headed aver ta Kenne Bell for flow bench
testing. We fiowed all of the available
factory pemps at 40, B0, and B0 psi at 13
wvolts, then reflowed the three pressures at
17 wvolts using the Boost-a-Pump. We
chose the three ditforant pressures to
deronstrate the drog-in fuel flow generated
by the pressure incraase. The Boost-a-
Pump was employed to demonstrate the
improvements  offered by incressed
waltago. The data shoubd allow the resders
1o finalize & system that will work with thelr
currant combination. Aftar running the
factory inthe-tank pumps, we grabbod a
number of after market in-the-tank and
infine pumps and subjected them to the
same procedure. The largest of the
sftarmarket pumps were flowed &t
Westech using the fuel turbines on theit
SuperFlow engine dyno. The turbine Aow
nismbers supplead by the Super Flew enging
dyno ware verified physically by taking
randam measurgments using & graduated
canainer over time.

The first thing that should be evident
from the flow nambers is that increasing the
pressure from 40 to 60 psi and then again to
BO psi hias & dramatic effect on piemp flow. In
the case of the 2V 45 GT fusd pump, the flow
rate dropped from 158 inh at 40 psi to 115 1ph
ot 50 psi and then down to just 55 Iph at B0
psi. To put this into perspective, the pump
would support over 500 hp at 40 psi 5
BSFCI, but only 215 hp st 80 psi. That is a
peetty dramatic drop in fusel How my frionds.
The ironic thing ks that increased huel
pressure usually coincides with forced
induction, so added fuel flow is needad with



the increased pressure, not the ather way

around. Unforiunately, mode pressure
means kass fuel flow fram the pump, so you'd
better make sure the pump is able to support
the desirad power leved st your intended fusl
pressure. >

Check cut what happened when we
ncreased the supply voltage to tha same 46
BT pump fram 1310 17 vohts. Running at40 ps:,
the increased voltage upped the fiow rate
from 158 to 264 Iph. Note atso that the flow
rate of the GT pump at 8 psi and 17 valts
naarly equaled the flow rate at 40 psi with 13
voits. In most cases, the pump fow a1 17 volis
at 80 psi actually exceeded the flow wih 13
wvolts at 40 psi.

The guys at Kenne Bell came up with
some interesting data reqarding the SVT
Focus fuel pumps during Fow and dyno
testing. The SVT Focus pumps are a common
upgrade cffered for the ‘03-04 Cobras
Chocking out the flow data, it is pretty easy to
sea why you might want to replace the dual
Cobra pumps with the SVT Focus units. The
SNT Focus pumps flow 143 Iph (ot 80 psi)
compared to just 119 (at 83 psi) for the stock
'03-up Cobra pumps.

According to Kenne Ball, the swag is not
fuite a3 easy a5 the flow figures would have
you believe, Physically, the Faces pumps will
boft in place of the stock Cobera pumps, but
the wiring is mot a direct plug and play. This,
ol course, means you have to drog the fuel
tank to perform the intended surgery. In
addition to the tank removal and power- and
ground-plug issues, thore is also the matier
of the increased current deaw from the larger
pumas. Apparertly, the incroasod amp draw
fram the dusl Fecus pumps is too much for
the maximum 30-amp imind) fuse,

For proper operstion, the mini-fuse
assembly must be replaced by a dedicated
40-amp {standard size fuse, 1o say noshing of

the waring from the fuse to the pumps. The
Increase of 48 [ph hardly seams worth all the
trouble compared to just incressing the
supply voltage with a Boost-a-Pump [or
other equally effective voltage amplifier].
Rurning 17 valts incroased the pump flow of
each of the two Cobra pumps from 119 to 189
Iph for & total gain of 180 Iph,

Since we had the fuol flow bench at our
dispasal, we decided to run soma testing on
same of the more popular in-the-tank and
miline buel pump upgradas. Chack out the flow
results, a5 we ran the afiermarket pump
upgrades 2t 20, 60 and 80 psi at both 13 and 17
volts just like the stock pumps. The in-the-
tank on th
wsed to test the stack pumps, whils the inlng
pumps were flow testod using turbing
readings from the Westech Superfiow dyno.

The test procedure was praty straight
forward. All we had 1o do was install the
pumps, provide 13 valts [and 17V with the
BAP), and acjust the pressure. The amaurt of
fuel bypassed equaled the llow rate ot the
given pressure and voltage. Tha Bow rate
was recorded by the Superflow dyno, as well
as physically verified by runming the bypass
imo & gradusted comtainer over a given
perind of tme (60 saconds). The two readings
were within a couple of Iph—cenainly
accurate enough for our needs. As with the
stock in-the-tank pumps, fuel pressura foll off
dramatically with pressure, and incronsed
after upping the supply voltage.

Check out the flow rates of the
Agrometive 11104 snd Barry Grant King Suma
pumps. How doas 708 Iph st 40 psi (at 17 volts
with BAP| sour for the Aeromatwe o 759
Iph for the Barry Grant King Sumo? It should
be noted that the Bamy Grant pump will
require & seripus electical system, as the
amp draw was dramatically higher than any
of the other pumps. Since the King Sumo




pump is capable of supparting 2,500 kp &t 40
psi [t 17 voilts), figure this unnecessary for
amything but an all-gut racecar,

The flew data should help you decide
which pumpiveltage combination would be
right for your application. Remember to
‘accurstely judge te operstng pressure of
wour metes, expecially il you plan oa running
& blower or turbo, While we have provided
the fued pump figures, it is important to

ogri 1he fuel-pumg flow is only part
af the fuel equation. We have included
injector Nlow ratings and maximum power
levels fr many of the common injector sizes.
The horsepawer calculations are based on a
5 BSFC number at 43 psi. 1t is possible to
increase the flow rating of the injector by
increasing the fuel pressure.

It is also important to understand that
incrensing the fuel pressure ot o 1:1 rate
with boast pressure does nat actually
increase the llow rate of the injectos, since
the additional  fuel pressore  only
compensates for the additional booss
pressure. The fuel must spray against the
boost pressua in the iMake tract, so the
dulta prossura romains the same, Your
injectors must ke capable of supposting the
desired power level (ot 2 defta pressure) and
the alfffuel and tming curves must be spol
on far maximum sale performance. S




