get the best from a high perfor-
mance or race engme it is very
important to have a working
understanding of the carburetor. With
the exception of its most basic function-
al parts like the throttle, the wventuri,
choke and a couple other minor details,
the actual calibration and fuel circuitry
seems to be a mystery for many engine
builders. A hard look at the most suc-
cessful engine builders often reveals a
high priority on understanding the work-
ing principles of a fixed jet carburetor
such as a Holley. Understanding these
principles has proved to be a tool of
great value for deciphering the fuel cir-
cuits of carburetors regardiess of type—
allowing the knowledgeable engine
builder to swim where others would
sink.

THE VENTURI

There is really no better place to start
toward understanding a carty than the
heart of the carburetor itself, the venturi.
A venturi is no more than a streamlined
orifice which has properties useful to the
carburetor designer. Fig. 3-1, is a
schematic showing what happens in a

venturi as
air  passes
through. At the minor diameter of the
ventur, the air speeds up, and in s0
doing, the pressure at that point drops.
This causes the liquid to be drawn far-
ther up the tube connected to the minor
ventuti diameter than at any other point.
The faster the air flow, the greater the
draw on the connected tube.

Once the consequences of air flow

through a venturi are appreciated, we
can move along to the basic carburetor
main jet function as shown in Fig. 3-2. If
the fue! level in the reservoir is kept at the
same leve! as the discharge nozzle in the
ventur, then any pressure drop occumng
here will cause fuel to flow. This crude
means of mixing air and fuel only needs
the addition of a main jet and a butterfly
valve (Fig. 3-3) controlling air dernand to
produce the basis of a cathuretor.

Fig. 3-1




Most h lume production carbs
such as Holleys, have fixed size ven-
turis. However, where production vol-
umes are lower...

CORRECTION
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tional carburetor. If so, why do real world
cnes seem so complicated by compari-
- son? Although the carb in Fig. 3-3 would
;;:mk. it would only do so atamr:aﬁ m

and if the balance of fuel levels between
the reservoir and nozzle were
not upset by movement. To avoid spillage
of fuel from the main jet into the venturi the
fuel level must be set about a ¥ to % of an
inch lower than the discharge point in the
veniuri. This is called the "spill height”
Because of this and the fact that air is
compressible and fuel is not, we find that
when fuel finally does start to flow from the
discharge point into the ventur, its flow
rate ncreases faster than air flow. The
result is that as demand increases, the
mixture becomes progressively richer.
Some sort of solution 1o this problem is
is to dilute the fuel with air prior to its arrival
at the discharge orffice in the ventur. The
problem is how o do this in such a way
that it controls the airfuel ratio or mixture
so it is always within prescribed limits. This
is done by introducing alr into. the fusl

~ along the fines shown in Fig. 34 (next

page). Infroducing a calibrated air bleed at

this point bleeds off a portion of the venturi

signal to the fuel jet. This has two positive
effects. First, it produces an ainfuel emul-
sion which atomizes far more readily, and
secondly it aliows a measure of control
over high speed main jet enrichment.

TRIMMING THE FUEL CURVE

The form of fuel delivery in relation to the
air is ity known as the “fuel curve,”
and the addition of an air jet has afiowed
us to reduce the mixture strength for any
givent main jet size. In practice, what is
needed is an air bleed system that
becomes more active as air flow through
the wventuri increases. This can be
achieved in a number of ways, the sim-
plest being to position the air bleed at the
venturi entrance where a slight pressure
rise occurs. By picking the right spot and
appropriately sizing the air comector jet,
the amount of air bled into the fuel
becomes progressively larger and coun-
ters the increasing rchness normally seen
In an uncorrected system. On the face of it
this systemn fix looks pretty good, a little
juggling here and there and we appear 10
be in business. Unfortunately, this type of
carburetor assumes steady air flow and
does not take into account that a high per-
formance or race engine can have a
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RPMs, resonant pressure waves will
affect the flow at the main jet to the air cor-
rector jet differently, thus upsetting the mix-
ture calibration. Abnormally strong rever-
sionary pulses can occur when intake,
cam and exhaust in a race engine are
poorly maiched, Air may momentarily



THE mm TUBE
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named section of the carbu-
retor, and under static condi-
tions it sees the same fuel

discharge nozzle in the ven-
. In essence, the well is

tial expansion of the tube that -
joins the main jet to the dis-
charge nozzle. With that

reverse direction through the ventur, A
pressure drop occurs at the wentun
regardiess of the flow direction. This
means when the air reverses fiow, it picks
up fuel in addition to that picked up in the

forward direction. When the comect flow

direction is resumed, yet more fuel is
picked up. While all this is going on, the air
cormector will inevitably have added less
air than needed =o the mixture will go rich.
The bottom line is that a far more sophis-
ticated aif comection system is needed.
Now it is time fo infroduce a calibration
temn, the design and selection of which is
ofien viewed as a black art. This is the
emulsion tube, but to cover its function we
also need to consider the main jet well and
associated air corrector. We will need fo
- ook at these parts as a single working
- component. Fig. 3-5 is a schemalic of a
simple system. Because it is important 1o
understand exactly what's going on here,
we will take things one step at a time.
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. this point, you may begin to discem howthe -

- emulsion fube functions, By varying the pat-
~ tem of the holes in the emulsion tube it wil
~ be possible to vary the fuel curve delivered

mﬂsdﬂzhadwﬁar it produces air dilu-

tion of the fuel to compensate for the RPM-
induced ovemichness of an uncomected
main jet. From Fig. 3-5 you can see that the

alr comector is now connected directly o

the bore of the emulsion tube. if the emul-
sion fube were to have no holes in its walls,

the air o s !

the main jet and so have no effect on the
mindure. Now et us add some holesto the
ermulsion fube as per the drawing. What
happens now is that at static condiions,
fuel fills up the ernulsion tube until it gets o
the same level as the fuel in the well in the
fioat chamber. When the engine is ninning
at low RPM, fuel in the main jetlemulsion
well is drawn off by the suction produced by
the venturi at the discharge nozzie. This
causes the fuel in the well to drop slightly
and the fuel in the emulsion tube to drop a
greater amount. However, so long as no
holes in the tube are uncovered the fuel
being discharged at the nozzle will not be
diluted by any air.

Lets now increase the RPM and conse-
quently the engine's air demand. The situ-

ation is now similar to that being shown in -
~ the drawing.
- emulsion tube has caused the fuel level in
| tmmmmﬁmmm
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by the carburetor to suit the engine's char-

acteristics. If we're dealing with a typical V8,

it will, in most cases, use one four-barrel
mﬁmmmﬁdﬂdﬁq&mcﬂm

level as exists in the float - |

the main jet and exiS Via 1%, weber air correction s

main_jet circuit is like oth
..thiu i! huund Inihatnpﬂﬂﬁmnmg;

nothing more than a substan- >

mind, let us add anemuision | -
wbe and air comector. The
function of the air comeclor is

. application far more critical. #ymmmu@é?
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has fo work with. k‘lﬂﬂﬁ.ﬁ"ﬁ'ﬁ.ﬁ mmﬁ
carb sees aimost a constant flow, the need.
for much in the way of emulsion tube fudg-
ing to get the mixture right is minimal. This:
is fortunate because it means that as long
as a unit based on the carburetor manufac-
turer's recommendations is selected, itis
uniikely to be far off what is needed.
However, what may need to be done to get -
mmmmufﬂﬁnﬁmmetﬁmﬁ

alr comectors. g
If the arm#smhbadasg‘l h‘afcuhar—
rel can be considered simple, the same
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run a carburetor set-up, such as.
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Refer back 1o the drawing of Fig. 35
showing the function of the emulsion tube. .
and well assembly. Here you can see that -




. Emulsion tubes for IR type induction
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here Is in effect an emulsion tube,
_although some have a more conven-
tional one in the main jet well,

‘thus giving the full
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-~ holes getting : more ‘plentiful toward - the-

* lower end. What this does; in esserce, is
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Fig. 3-5
mﬂrmmammmn - Fuel shouid be delivered to an engine in
will be pretty obvious that putling ina big-  fine enough droplets 1o produce complete
ger main jet will make the mixture richer  vaporization of the charge toward the end
everywhere in the rev range and a small-  of the compression stroke. Any vaporiza-
er main jet will lean it out. The eflfect of the  tion taking place in the manifold takes up

emuision tube will depend on the hole pat-
tem. The more holes there are at the lower
end of the emulsion tube, the more it wil
lean out top end mixture. The higher up
the emulsion tube the holes occur, the
soonet the effect of the air comector
comes in. The effect of the air comector
iiself is to lean out the mixture the more it
is increased and to richen the mixture
when reduced in size. fts effect being
greater as APM increases, but the mea-
sure -of control is also influenced by the
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¢+ Although it was mentioned earlier, one
' mmynummmmma
~ the emulsion tube serves ancther: useful
‘purpose apart from its metering function. it
i5: 50 named because it tums the fuetinthe -
well into an emulsion of air and fuel. An
-.mmwmmmr-

mare room and cuts the volumetric effi-
ciency of the engine. It's a good idea to
keep in mind the atomization aspect of an
emulsion tubefair corrector assembiy,
because it can prove significant in the per-
formance of your engine.

THE POWER VALVE
& MUHEEFFEAD

For a tjrplcai aingb& faur-ha:ml'
equipped V8 engine to produce maxi-
murmn horsepower, the gasofine airfuel
ratio, by - weight, needs to be around -
1251&:1231%&125&5 -of air
to 1.1b. of fuel. If perfect fuel distribution

is- achieved, the optimum ratio tends to -
be a lttle. leaner: at around 13.041 to

13.1:1. ﬂmﬁammﬂ&mnﬂmmhmf

varies: slightly dependent on the fuel -
- blend, but, is typically around 14.7.1.to -

15:1. From this you can see that fo



The booster or auxiliary venturi ampli-

fies the signal produced at the main
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deliver maximuim power the aitffuel rﬂm

must be on the rich side, i.e. only 13 |bs.

of air 1o 1 Ib. of fuel means there is now
excess fuel in relation to the air. The

major reason an engine makes maxi-

mum power with a rich mixture is that

the excess fuel cools the air, allowing a
denser charge to enter the cylinders.
Second, and to lesser extent, it also
makes up for manifold distribution and
fuel droplet size problems.

LEAN CRUISE MIXTURE

A full-power rich mixture at cruise
would produce very poor fuel consump-
tion. With a fixed jet carb, such as the
Holley, the main jets are used not to cal-
ibrate for maximum power, but to set the
airffuel ratio for good part throttie fuel
economy. For this, a lean mixture, typi-
cally around 16-17:1 airffuel ratio is
required. However, using a mixture ratio
this lean can cost a considerable
amount of horsepower at full throttle.
Fig. 3-6 shows how the horsepower
changes as the air/fuel ratio is varied. To
get the best results at both part and full
throttie, the carburetor must be capable
of varying the mixture ratio between
lean for and rich for full power.
To satisfy these demands the carb must
be able to deliver leaner ratio's for
cruise, idle and any circumstances
which don't require a maximum: power
rich mixture ratio. This can be done in a
number of ways, but the method typi-
cally employed is to have what is known
as a pawer valve enrichment circuit.
This device is essentially nothing more
than an- addiﬂunai ‘main- jet that is
brought into operation by a vacuum
sensitive switch. When an engine is
opemﬂng ﬁpaftlhmlﬁa am:dambf&

..such as Webers, Deliortos and a
few others, the trpa of booster ven-
‘turi can be selected by the end user,
With variations in gain and atomiza-
tion -characteristics, this allows a

higher degree of tuning to an

: angina‘s individual requirements.

amuunt of vacuum exists in the intake

manifold. This vacuum is used to keep

- the power vaive closed so fuel flow to
‘this extra main jet is shut off. Opening

the throttle causes the vacuum in the
intake manifold to Iarg&ly disappear.
When this happens, it is obvious that
the driver is demanding power. Under
these conditions, the vacuum supplied
to the power valve disappears, allowing
this additional main jet to open. This jet,
known on Holley carbs as a Power
Valve Restriction Channel {PVRC),
allows more fuel to be fed into the
metenng well, supplying fuel in addition
to that passing through the main jet. Net
result: an instant enrichment of the mix-
ture. The drawing, Fig. 3-7, shows the
power vaive system built into our basic
carburetor.

BACK TO
VENTURIS

To get an adequate signal from the
venturi at low RPM, it is necessary to
make the venturi relatively small, This
means at high engine RPM, it is virtual-
ly strangling the er@ne and ;:-ravemng
anything like the engine's true maxi-
mum power from being developed.
Fortunately, there is at least a partial
solution to this problem and it takes the
form of a booster venturi. The solution
employs a second venturi located with
its end at about the same position as
the point maximum depression occurs
in the main venturi. This causes the air
to go through the booster venturi faster
than through the main venturi, provide-
ing an increased signal. A good booster
design can increase the signal devel-
oped at the main ventud by 50 to 100%.

By employing a booster venturi, the car-

: _bursmrdﬁigwcammmﬂmslm

pmrmaa' in “low speed. partunnama
Some carburetors, such as cerain
models of Q-Jet, employ a triple venturi,
in-as-much as the booster venturi has
an addﬁmwibmst&rmﬂunﬂ. -
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From the foregoing, it wum mr‘ﬁe as
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going to meter the fuel accurately
enough for an engine at idie where the
air demand is minimal. Because of the
minimal air flow rates at idle, a carbu-
retor circuit. speciﬁml?y tailored for the
needs of low RPM/high vacuum is nec-
essary. Hence, the idle circuit of a car-
buretor. Fig. 3-8 shows the breakdown
of ‘a typical idle circuit. The signal
required to draw the fuel from the fioat
bowl is supplied by the engine. With
the throttle plate closed, there is a con-
siderable amount of vacuum existing in
the intake manifold. This vacuum 'is
used 1o draw fuel from the float bowl,
or the main jet well, via an idle jet. This
same passage Is also joined by an air
bleed, so an emulsion is formed. This
emuision is then routed down to an ori-
fice below the butterfly, which is con-

troﬂedhaizabyatapamdnaedl&*

the nﬂedla in will mdune the amaun]: nfﬁ
fuel passing out through the orifice and’
backing it out will increase it. (Although
there are some Holley carburetors.
which control the air to operate in the
reverse mode}. From this diagram you
can see that maost of the air required for
the engine to idle is going past the but-
terfly an:dﬂnh.r a small amount of air is_
passing via the air bleed into the fuel to
form an emulsion. This system works
just fine until the throttle is opened
slightly. When an increase in air flow
lakes place, the vacuum in the mani-
fold drops. Net result: the engine stalls.
So the idle circuit tends to be self-can-
celing, and is only any good when the
engine is truly idling and doing nothing
else. ltis, in essence, a totally steady -
state circuit and, unless it can be mod-
ified in some way, will not cope with
anything other  than idle cimﬂ m-
stances.



The use of a-
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engine's fuel and air requirements just
oft idle, Hisimrpmatedinmmaﬁ&ek-
. tinue to open the butterfly so the amount
of fuel drawn in from the transition slot

hmﬂhﬂﬂammm’mm'
modifies the idle circuit by drilling into
the idle circuit fuel supply hole just

abwaﬁmposiﬁmﬁath&hmte!ﬂywiﬂ

be at idle. In reality, some carburetors
employ drilled holes at this point and

others, such as Holley, utilize a slot as

per Fig. 3-9. When the throttle is closed
at the idle position, vacuum from under-
neath the butterfly not only. draws fuel
through the: idle circuit but also pulls in
air through the transition siot to better
emulsify the fuel being discharged from
the idle orifice. As the butterfly opens, it
begins to m ﬂm transiﬁm slot,
&awmhmt mismangewfrmn
aktuﬁ.ﬁlmhmmaﬂwiangmnf

screw to setthe |

on as it is
from the idle circuit
to the main circuit is accomplished bg
means of a transition slot on most U.
-.whduigrmunda.

Tﬂﬁlﬁ'ﬂﬂllﬁﬁl or
termed in

' Hﬁslntabwemhuttemyism&m:mn
less air-is drawn through it. However, a

great deal more air is passing around
the now more open butterfly. As we con-

increases, and to a certain extent, so

“does the fuel being discharged by the

idie orifice. By the time the butterfly has

reached the end of the transition siot,

sufficient air is being drawn into the sys-
tem to bring the main jet inlo action.
Although the transition circuit on most
carburetors is simple in function, it is
very important because most street dri-

ving, especially in Wraffic, is done from . "
the middle to the end of the transition =
circuit. If this circuit isn't comectly cali-

brated it will bring about poor drivability
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this respect the idle jet is probably mis-
named since mast of the

mixture at idle is controlled

3 :f mamﬁ:uid This vacuum
- reduces the boiling point of

-

| the fuel, causing the fuel to

vaporize much easier under
- high-vacuum  conditions

-Thig'is a very useful aspeci
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| asithelps fuel distribution at
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 situation applies at cruise. -

When running down ma

by the idle rnl;mua a:l]ust—_

- idle considerably. The same .

..series of holes on most European
carbs, Whichever way it is done, the
npurﬂhauiprhmh[nsmﬂmm _
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inches of vacuum, aiﬂtuﬂhefuslbeuu
drawn into the engine is vaporized
before it reaches the cylinders.
However, when you stand on the throt-
tle suddeniy, the fuel that is held in sus-
pension in the air in vapor form sudden-
ly condenses on the walls of the intake
manifold. Atthough a fresh charge of air
i5 entering the engine and carrying its
associate fuel, for a moment the engine
goes very lean because the fuel that
was in the manifold air is now on the

"manﬁuﬁvmﬂsanﬁtnrammﬂat

3aﬂmm:5ﬂatapo!whlﬂh unless coun-
~ tered, cannot be driven through. To off-

set fuel condensing on the walls of the
intake manifold, an accelerator pump
system is added. What this does is
physically sguirt in additional fuel to
cover the would-be hole in the carbure-

- fion.. Fig. 3-10 is a basic schematic of a
* typical pump jet system. Here a piston is

shown injecting the fuel, but most often
a diaphragm, such as on Holleys is
used. Calibration of the accelerator
pump fuel system is not-only by means
ﬂmmmﬁwﬁaﬁ%ﬂm
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be:: sul’ﬁmanlly vapoﬂ:ed fur ‘more
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'3-11) 80 ‘called because it literally
clmkes lha air supply to the angim



This causes the engine to draw hard-
er on the transition and main jet cir-
guit, resulting in fess air flow and
more fuel flow for a richer mixture.
Any complexity we may see in the
choke system siems from making it
automatic in operation. When self-
operated, the choke may be applied
and shut off by either an exhaust
heat activated bi-metal strip system

The use of a-aﬁh’nm-n-ﬂm means
of inje into the engine to
cover the acceleration lean out is about
the most common way of doing the job.
Fuel from here...

or, as many of the newer carbs are,
by an electrically heated system.
Since none of these choke systems
contribute to performance, no great
defail will be gone Intc concerning
their function. Suffice to say that sev-
aral other SA books cover in detail
the overhaul of these systems on
popular carbs such as the Holley.

Unlike many other §
desi such as the |°
uses a piston as a
pump s  for accel-
ara enrichment.
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