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1
FUEL DELIVERY NOZZLE

CROSS REFERENCE

This application claims the benefit of U.S. provisional
application Ser. No. 60/023,549 filed Aug. 7, 1996.

FIELD OF THE INVENTION

This invention relates generally to a fuel and nitrous oxide
supply nozzle for a high performance internal combustion
engine.

BACKGROUND OF THE INVENTION

In order to provide more power with an internal combus-
tion engine, without changing any of its integral
components, such as cam shafts, cylinder heads, pistons,
etc., it is possible to supply a larger volume of oxygen-
bearing air and fuel at the proper ratio to the cylinders. The
induction of this larger volume of oxygen/fuel mixture
produces more power because on each cycle of the engine,
more oxygen and fuel is available to be burned, which is a
direct relationship to the power output generated by the
engine.

This can be done in several ways, such as by using
turbo-chargers and blowers to increase the inlet pressure of
the fuel/air mixture delivered to the combustion cylinders, or
by injecting nitrous oxide into the inlet manifold so as to
increase the amount of oxygen delivered to the combustion
cylinders. Both turbos and blowers induce a mixture of fuel
and atmospheric air to move at higher pressure to the
cylinders. The least costly of these three procedures is the
use of nitrous oxide injection.

A typical nitrous oxide system induces both fuel and
oxygen-rich nitrous oxide into the engine at a desired ratio
to produce increased power without damage to any of the
components of the engine. The nitrous oxide is injected with
the fuel into the inlet manifold in order to supply the oxygen
that is required to complete the combustion of the fuel in the
combustion cylinders. However, if this ratio is not balanced
correctly, two things can result. First, if the mixture of
nitrous oxide and fuel is too rich (too much fuel compared
to the nitrous oxide), complete combustion will not occur of
the fuel and optimal power of the engine will not be
produced. Second, if the mixture is too lean (too little fuel
compared to the nitrous oxide), the combustion will produce
too much heat and there is a likelihood of damage to the
engine.

The ratio of the fuel to the nitrous oxide is controlled by
limiting the size of the orifice in the supply lines of both the
fuel and the nitrous oxide leading to the injection nozzle, and
by controlling the pressure of both the fuel and the nitrous
oxide delivered to the injection nozzle.

The practice of using nozzles in various configurations in
fuel supply systems for engines as generally described above
is well known in the art. However, there are problems
associated with the prior art nozzle configurations. First,
nitrous oxide usually is supplied at a high pressure, up to
1,000 psig in a liquid state. When the nitrous oxide is moved
through its nozzle, the pressure of the nitrous oxide reduces
radically from very high pressure to below atmospheric
pressure, and the nitrous oxide changes state from liquid to
gas. This results in a radical absorption of heat, and the
nozzle structure tends to assume a temperature lower than
the level of freezing for water, and the moisture carried in
the stream of air past the nozzle tends to condense and freeze
on the nozzle. This results in an accumulation of frost and

25

40

45

2

ice on and about the nozzle which has the potential of
blocking the outlet ports of both the fuel and the nitrous
oxide, together with changing the pattern of flow of the fuel
and nitrous oxide through the nozzle ports. Obviously, this
has the potential of changing the degree of atomization of
the fuel, and of changing the volume, direction and velocity
of flow of both the nitrous oxide and fuel into the manifold,
all of which can change the performance of the internal
combustion engine.

Thus, it would be desirable to maintain the nitrous oxide
in its liquid state, preferably at a substantially constant
temperature, as the nitrous oxide flows through the nozzle
and into the air inlet manifold, with the nitrous oxide being
permitted to change from its liquid state to its gaseous state
as it emerges from the nozzle opening and moves into the
stream of air flowing through the manifold. This tends to
cause the nitrous oxide to change state as and after it
emerges from the nozzle and as it enters the air stream.
Further, it is desirable to inject the fuel, such as gasoline,
directly into the stream of nitrous oxide as it changes state
so that the natural turbulence and temperature change caused
by the change of state of the nitrous oxide functions to assist
in the atomization of the fuel, resulting in increased fuel
mixing in the air stream as well as resulting in better ignition
of the fuel in the combustion chambers.

Further, it is desirable to form a zone of low pressure
about the nozzle tip, where the nitrous oxide emerges from
the nozzle, so as to tend to draw the nitrous oxide into the
zone of low pressure and away from the nozzle as the nitrous
oxide emerges from the nozzle and changes from liquid to
gas. This tends to displace the effects of the radical change
of temperature of the nitrous oxide, so that it is displaced
from the nozzle and has less tendency to reduce the tem-
perature of the nozzle itself, resulting in less likelihood of
frost accumulating on the nozzle and of the flow from the
nozzle becoming blocked. Further, the low pressure at the
nozzle tip tends to help atomize the fuel injected into the
zone of low pressure.

SUMMARY OF THE INVENTION

Briefly described, the present invention comprises an
injection nozzle for mounting to a manifold of an internal
combustion engine, for supplying fuel and nitrous oxide to
the combustion chamber of the internal combustion engine.
The nozzle includes a nozzle tip that protrudes into the air
stream of the manifold, and the nozzle tip is shaped in the
form of a substantially symmetrical double-sided wing hav-
ing a leading edge for facing the air stream in the manifold,
and arcuate walls diverging rearwardly or down stream from
the leading edge, and forming behind the leading edge of the
wing a low pressure fuel delivery zone. The nitrous oxide
and fuel are delivered to the fuel delivery zone behind the
wing shaped tip of the nozzle. The dimensions of the
conduits leading to the nozzle tip for both the nitrous oxide
and the fuel are dimensioned so that the nitrous oxide and
fuel will be delivered to the nozzle tip in liquid state.

When the nitrous oxide and fuel are delivered through the
nozzle to the fuel delivery zone, the stream of air flowing
about the wing-shaped nozzle tip tends to form a zone of low
pressure in the fuel delivery zone which is behind the
leading edge of the nozzle tip. It is believed that the zone of
low pressure tends to draw the nitrous oxide and gasoline out
of the nozzle as the nitrous oxide changes state from liquid
to gas, tending to displace the location where the nitrous
oxide changes state and experiences a radical drop in
temperature. It is believed that this displacement tends to
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minimnize the cooling effect of the low temperature gaseous
nitrous oxide on the material of the nozzle itself, so that the
tendency of the nozzle body becoming frozen and covered
with frost is reduced, which means that there is less tendency
of obstruction by frost and ice of the flow pattern of the
nitrous oxide and fuel.

The internal conduit of the nozzle through which the
nitrous oxide flows is rectilinear and of constant cross
sectional area. This configuration of the nitrous oxide con-
duit assures that there will be no significant pressure drop in
the nitrous oxide as it flows through the conduit, assuring
that the nitrous oxide remains in its liquid state until it
reaches the end of the constant dimension conduit. At its
delivery end the nitrous oxide conduit is enlarged and turned
toward the direction of flow of the air moving through the
manifold and about the nozzle tip. The conduit that delivers
the gasoline through the nozzle opens directly toward the
path of the nitrous oxide as the nitrous oxide emerges from
the delivery end of its conduit, so that the fluids moving
together from the separate conduits become mixed and
turbulent in a low pressure zone and the atomization of the
fuel is enhanced by the low pressure and the turbulence and
by the changing of the nitrous oxide from a liquid to a gas.

Also, the injection of the gasoline into the low pressure of
the fuel delivery zone and the changing of the phase of the
nitrous oxide in the same zone tends to atomize the gasoline
into smaller particles, which later enhances the combustion
of the fuel in the combustion chambers of the engine.

Therefore, it is an object of this invention to provide an
improved injection nozzle for delivering nitrous oxide and
gasoline to a high performance internal combustion engine,
with the nozzle having a reduced tendency to become
frosted over or frozen as it delivers nitrous oxide to a moving
air stream.

Another object of this invention is to provide an injection
nozzle for the manifold of an internal combustion engine
which includes a nozzle tip for projecting into the air stream
of the manifold, with the nozzle tip being shaped in the form
of a substantially synunetrical double-sided wing having a
leading edge for facing the air stream and which forms a fuel
delivery zone down stream of the leading edge which is
maintained in a state of low pressure as the nitrous oxide and
fuel are delivered to the fuel delivery zone, so as to draw the
nitrous oxide from the nozzle and to displace the zone where
the nitrous oxide changes state from liquid to gas and
experiences a radical temperature drop.

Another object of this invention is to provide an improved
injection nozzle for a high performance internal combustion
engine which delivers and mixes nitrous oxide and gasoline
in a zone of low pressure formed by the nozzle in the air
stream of the manifold, for enhancing the mixing of the
gases.

Another object of the invention is to provide a zone of low
pressure adjacent a fuel injection nozzle where the fuel is
delivered by the nozzle so that fuel moves into the low
pressure zone and its atomization is enhanced by the low
pressure.

Another object of the invention is to provide an improved
injection nozzle for a high performance internal combustion
engine for injecting fuel and nitrous oxide to the air stream
moving to the engine, which forms a zone outside the nozzle
and in the air stream in which the nitrous oxide changes from
liquid to gas and the fuel is directed to the same zone so that
the change of state of the nitrous oxide enhances the
atomization of the fuel.

Other objects, features and advantages of the present
invention will become apparent upon reading the following
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specifications, when taken in conjunction with the accom-
panying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a bottom view of the fuel injection nozzle.
FIG. 2 is a side view thereof.

FIG. 3 is a side cross-sectional view thereof, showing the
jet fittings displaced from the nozzle body.

FIG. 4 is a front view thereof.

FIG. 5 is a cross-sectional view taken along lines 5—5 of
FIG. 3.

FIG. 6 is a schematic illustration of the fuel supply
arrangement for supplying both gasoline and nitrous oxide
to the nozzle of FIGS. 1-5.

DETAILED DESCRIPTION

Referring now in more detail to the drawings, in which
like numerals indicate like parts throughout the several
views, FIG. 1 illustrates the fuel injection nozzle 10 which
is an elongated nozzle body 12 sized and shaped for mount-
ing to the side wall 14 of an air intake manifold of an internal
combustion engine. The nozzle body 12 includes a nozzle tip
16 which protrudes into the manifold 14, a nozzle base 15
which extends outwardly from the manifold, and an exter-
nally threaded intermediate body portion 20 that is sized and
shaped to be threaded into the internally threaded bore 22 of
the manifold 14, and supporting the nozzle body in its
operative position.

As shown in FIG. 3, a pair of substantially parallel
internal conduits 22 and 24 extend from the nozzle base 18
to the nozzle tip 16. The first conduit 22 is to be used for the
supply of liquid nitrous oxide, and the second conduit 24 is
to be used for the supply of gasoline or other combustible
fuel.

The conduits 22 and 24 are each of substantially constant
cross-sectional area from base to tip, so as to reduce the
tendency of the fluids to change pressure as the fluids flow
through the conduits. In this embodiment, the conduit 22
which delivers the nitrous oxide is 0.053 inches diameter.

Threaded counterbores 26 and 28 are formed in the nozzle
base 18, and intersect the internal conduits 22 and 24,
respectively. Jet fittings 30 and 32 are rotatably threaded into
the counterbores 26 and 28. Each jet fitting includes an
internal passage 34 and an exit port 36 which is of a
predetermined cross-sectional area so as to permit a prede-
termined flow of fluid. The fittings 30 and 32 can be
exchanged with other fittings having different sized jet ports
36 as might be desired.

The externally threaded intermediate body portion 20 of
the nozzle body 12 is substantially cylindrical. The nozzle
base 18 is flared outwardly so as to provide an enlarged area
for accommodating the internal counterbores 26 and 28. The
nozzle tip 16 is formed in the shape of a substantially
symmetrical double-sided wing. As shown in FIG. §, the
nozzle tip includes a leading edge 40 that is arranged to face
the oncoming air stream 42 that moves through the manifold
14. A cord line 44 intersects the leading edge 40 of the
nozzle tip, and arcuate walls 46 and 48 diverge symmetri-
cally from the leading edge 40 away from the cord line 44,
on opposite sides of the cord line.

As illustrated in FIG. 3, the nozzle tip 16 is undercut to
form an overhang or nose 50. The first internal conduit 22
which delivers the nitrous oxide extends into the nose 50 of
the nozzle tip, and the conduit turns in the direction of air
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flow 42, so as to form an enlarged exit port 52 that faces in
the direction of air flow 42, at an approximate right angle
with respect to the length of the internal conduit 22. In the
meantime, internal conduit 24 which transports the gasoline
through the nozzle emerges from the conduit 24 to a
U-shaped recess 54. The recess is open on two sides, one
side facing the exit port 52 of first conduit 22, and the other
side facing away from the leading edge 40 of the tip.

As illustrated in FIG. 6, nitrous oxide is present under
pressure, typically at 1,000 psig, in a cylinder 58. The
nitrous oxide is supplied through supply line 59 to solenoid
60, through delivery line 62 to the jet fitting 30 of the nozzle
body 12. In the meantime, gasoline is delivered from a fuel
cell 64 through fuel supply line 66, through filter 68 to fuel
pump 70. The fuel pump then moves the fuel through line
72, through pressure regulator 74, through line 76, to sole-
noid 78. The fuel then passes through delivery line 80 to the
jet fitting 32, to the nozzle body 12.

As illustrated in FIGS. 3 and 5, when the high pressure
nitrous oxide passes into the jet fitting 30, the passage is
constricted by the smaller exit port 36 which is selected so
as to provide the proper flow through the nozzle body 12.
The nitrous oxide, in a liquid state, moves through the port
36, through the substantially rectilinear internal conduit 22
until it reaches the nozzle tip 16, where the internal conduit
22 turns so as to form the larger exit port 52 in the nose 50
of the nozzle tip, so as to expel the nitrous oxide in a
direction as generally indicated by arrow 84. As the nitrous
oxide passes through the enlarged exit port 52, it beings its
change of phase from liquid to gas. In the meantime, the fuel
passes through its constriction of jet fitting 32 and moves
through the second internal conduit 24 until it emerges from
the conduit into the U-shaped open recess 54. The fuel is
thus propelled in the direction as generally indicated by
arrow 86, so that the streams of fuel and nitrous oxide
impinge one another.

In the meantime, the nitrous oxide, having been at a
pressure of up to 1,000 psig as it moves in a liquid state
through the first internal conduit of the nozzle body expe-
riences a radical reduction in pressure as it emerges from the
internal conduit 22 into the exit port 52 and moves on
beyond the exit port 52. This radical reduction in pressure
results in a change of state of the nitrous oxide from a liquid
to gas, and also results in a radical drop in temperature of the
nitrous oxide.

In the meantime, the flow of air 42 around the nose of the
substantially symmetrical double-sided wing of the nozzle
tip 16 helps to generate a zone of low pressure in the vicinity
of the exit port 52 and beyond the exit port in the direction
of movement of the air flow 42 and in the U-shaped recess
54 which is located at the end of the gasoline internal
conduit 24. This zone of reduced pressure and the change of
phase of the nitrous oxide is believed to induce the mixing
of the nitrous oxide gas and fuel, and enhance the atomiza-
tion of the gasoline in the flow of nitrous oxide and atmo-
spheric air which is moving from the nozzle body 12 toward
the internal combustion engine 88, and it is believed that this
aids in drawing the nitrous oxide away from the nozzle body
so as to reduce the loss of heat from the nozzle body.

The advantages of the nozzle result primarily from the
shape of its tip structure. Since the tip has a “winged” shape,
the nozzle tip provides less obstruction to the flow of air
through the inlet manifold. Therefore, there is less pressure
drop in the inlet manifold due to an obstruction by the nozzle
in the stream air and therefore more air reaches the com-
bustion chambers of the engine and improves the power
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making capabilities of the engine and its components.
Another advantage of using the winged shape structure of
the invention is the condition of the flow of fluids immedi-
ately beyond the nozzle, after the air has passed about the
nozzle and forms a zone of low pressure at and beyond the
tip of the nozzle. The zone of low pressure, the changing of
phase of the nitrous oxide in the zone and the turbulence in
the zone provides improved atomization of the fuel in the
nitrous oxide stream, so that the fuel becomes better atom-
ized and mixed with the oxygen, and the gases moving to the
combustion chambers of the engine have better dispersion of
the fuel.

Another advantage of the improved nozzle is believed to
be the tendency to displace the zone where the temperature
drop occurs as caused by the change of state of the nitrous
oxide further from the source of the nitrous oxide, so that the
tendency of frost and ice forming on the nose of the nozzle
tip is reduced. This tends to avoid a change of the pattern of
gas flow from the nozzle.

It should be understood the foregoing relates only to the
preferred embodiments of the present invention, and that
numerous changes and modifications may be made thereto
without departing from the spirit of the invention as set forth
herein.

I claim:

1. An injection nozzle for mounting to an inlet manifold
and supplying fuel and nitrous oxide to the combustion
chambers of an internal combustion engine, said nozzle
comprising:

an elongated nozzle body including at one of its ends a
nozzle tip for placement in an air stream inside the
manifold, at its other end a base for placement outside
the manifold, and intermediate its ends external threads
for connecting the nozzle body to a threaded bore of the
manifold;

said nozzle tip formed in the shape of a substantially
symmetrical double-sided wing having a leading edge
for facing an air stream, a cord line extending from said
leading edge and arcuate walls diverging on opposite
sides of said cord line, said arcuate walls forming a fuel
delivery zone;

a first conduit extending longitudinally through said
nozzle body through said base to said tip adjacent said
leading edge of said tip and turned at an angle away
from said leading edge and opening toward said fuel
delivery zone for moving nitrous oxide in its liquid
state toward said fuel delivery zone in the direction
extending away from said leading edge of said tip;

a second conduit extending longitudinally through said
nozzle body from said base to said tip, substantially
parallel to said first conduit, and positioned on the
remote side of said first conduit from said leading edge
and opening toward the fuel delivery zone;

said first and second conduits each being of substantially
constant cross-sectional areas along their lengths
extending through said body toward said tip;

a jet fitting releasably mounted to the base of said housing
in fluid communication with each of said first and
second conduits, said jet fittings each including a flow
constriction to control the flow of fluids through said
first and second conduits;

fuel supply means for supplying fuel in a liquid state to
said second conduit at greater than atmospheric pres-
sure; and

nitrous oxide supply means for supplying nitrous oxide in
a liquid state at a pressure sufficient to retard the change









