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67 ABSTRACT

A nozzle body and assembly for delivering atomized fuel to
a combustion chamber. The nozzle body is rotatably
mounted onto a substrate. One or more curvilinear fuel
delivery channels are in flow communication with an inter-
nal fuel distribution cavity formed in the nozzle body.
Passage of pressurized fuel through the nozzle body causes
the nozzle body to rotate. Components of the nozzle assem-
bly are formed of silicon carbide having surfaces etched by
deep reactive ion etching utilizing MEMS technology. A fuel
premix chamber is carried on the substrate in flow commu-
nication with a supply passage in the nozzle body.

5 Claims, 4 Drawing Sheets
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METHOD FOR FORMING MEMS-BASED
SPINNING NOZZLE

This is a divisional of application Ser. No. 09/816,722,
which was filed on Mar. 21, 2001 now U.S. Pat. No.
6,513,730.

ORIGIN OF THE INVENTION

The invention described herein was made by employees
of the United States Government and may be manufactured
and used by or for the Government for governmental pur-
poses without the payment of any royalties thereon or
therefor.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention pertains to the art of fuel injector nozzle
assemblies and more particularly to a rotating micro nozzle
assembly having an integrated premixing chamber.

2. Description of the Related Art

In a combustion apparatus such as an engine, fuel distri-
bution in the combustion chamber is an important factor
relating to optimization of the combustion process.

Fuel injection nozzles used in present day combustion
engines suffer from limited spray angle. For instance, fuel
spray patterns are typically constrained to cone angles of
less than 90 degrees, leading to combustion instabilities
caused by non-uniform temperature distribution within the
engine. This non-uniformity causes inefficient fuel combus-
tion leading to emission of undesired combustion products.
As a result, many nozzles are used to cover a wide area in
an attempt to provide efficient fuel burning.

Some existing fluid delivery systems attempt to provide
more optimal fuel distribution through the generation of
smaller size droplets that provide a larger surface area for
improved combustion. Nozzles with multiple holes and/or
swirlers or air/fuel pre-mix capabilities are known in the art.

However, there is still a need in the art for improvement
in uniform temperature distribution in the combustion cham-
ber as well as reduced system complexity.

Microelectromechanical systems (MEMS) are being used
in a wide variety of applications. The present invention is
directed to a MEMS-based spinning nozzle that addresses
the needs in the art of fuel injectors.

SUMMARY OF THE INVENTION

The present invention provides a spinning micro nozzle
mechanism with an integrated premixing chamber.

It is a primary object of the present invention to provide
a micro nozzle assembly having a rotatable nozzle for
providing atomized fuel to a combustion chamber,

It is a further object of the invention to provide a nozzle
body having components formed by an etching process in
silicon carbide.

It is a further object of the invention to provide a method
of assembling a nozzle assembly having an integrated pre-
mix chamber and a rotatable nozzle member.

In the present invention, there is provided a nozzle
assembly adapted to deliver fuel from an associated supply
source to an associated combustion chamber. The nozzle
assembly comprises a rotatable nozzle body having a first
flange surface and including a supply passage aligned on a
main axis thereof, the rotatable nozzle body being adapted
for rotation about the main axis and defining an internal fuel
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distribution cavity in flow communication with the supply
passage. The rotatable member further defines a curvilinear
fuel delivery channel in flow communication with the inter-
nal fuel distribution cavity disposed in a plane generally
perpendicular to the main axis. The curvilinear fuel delivery
channel has an outlet opening through an exterior surface of
the nozzle body. The nozzle assembly further includes
substrate means having a bore aligned on the main axis for
rotatably supporting the nozzle body. The substrate means
includes a first seating surface for seating the flange surface.

According to one aspect of the invention, the nozzle
assembly further comprises means carried on the substrate
for premixing fuel from the associated supply source,
wherein the premixing means are operative to deliver the
fuel to the supply passage.

According to another aspect of the invention the nozzle
assembly further includes means carried on the substrate for
providing pressurized air to the associated combustion
chamber, wherein the air providing means are operative to
direct a stream of air past the outlet.

According to another aspect of the invention, the nozzle
body comprises a spacer member having a hollow cylindri-
cal body having first and second ends, wherein the supply
passage is defined by an internal surface thereof; an anchor
member fixedly secured to the first end of the spacer
member, wherein the anchor member encompasses the first
flange surface; and, a base member fixedly secured to the
second end of the spacer member, wherein the base member
encompasses the internal fuel distribution cavity and the
curvilinear fuel delivery channel.

According to another aspect of the invention, the base
member comprises a first body portion affixed to the spacer
member; and, a second body portion affixed to said first
body portion; wherein said first body portion and said
second body portion cooperate to form said internal fuel
distribution cavity and said curvilinear fuel delivery chan-
nel.

According to another aspect of the invention, the first
body portion comprises a planar surface having an open
cavity formed therein and an open curvilinear channel
communicating with the cavity and extending through an
exterior surface of the first body portion; and the second
body portion has a planar surface abutting the planar surface
of the first body portion to cap the open cavity and the open
curvilinear channel.

According to another aspect of the invention, there is
provided a method for forming a nozzle assembly compris-
ing the steps of providing a substrate having first and second
surfaces and a bore extending therebetween; providing a
spacer member having a hollow cylindrical body, first and
second ends, and an internal surface defining a supply
passage aligned on an axis thereof; providing an anchor
member having a flange surface adapted to seat on the first
surface of the substrate; providing a base member defining
an internal fuel distribution cavity and at least one curvilin-
ear fuel delivery channel in flow communication with the
internal distribution cavity, the curvilinear fuel delivery
channel extending through an exterior surface of the base
member to define an outlet; inserting the spacer member
through the substrate bore; affixing the anchor member to the
first end of the spacer member; seating the flange surface on
the first surface of the substrate; and affixing the base
member to the second end of the spacer member.

According to another aspect of the invention, the step of
providing a base member further includes the steps of
providing a first body portion comprising silicon carbide
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having a planar surface; etching first body portion to form an
open cavity in the planar surface and an open curvilinear
passage communicating with the cavity, wherein the curvi-
linear passage extends through an exterior surface of the first
body portion; and providing a second body portion having a
planar surface; and bonding said planar surface of said
second body portion to said planar surface of said first body
portion to form said base member.

One advantage of the present invention is the improved
spray angle achieved by the rotating nozzle member.

Another advantage of the present invention is the
increased atomization of the fuel.

Another advantage of the present invention is the inte-
grated premixing chamber allows further miniaturization of
the nozzle assembly.

Another advantage of the present invention is that batch
fabrication and batch assembly of the nozzle components
reduces the cost.

Another advantage of the present invention is the reduc-
tion in number of components compared with other prior art
nozzle assemblies.

Another advantage of the present invention is the use of
silicon carbide allows the nozzle assembly to operate at
higher temperatures than conventional systems.

Another advantage of the present invention is that the
increase atomization of the fuel, due to the nozzle design and
operation, provides for a reduction in the necessary pressure
as compared to conventional systems.

Still other benefits and advantages of the invention will
become apparent to those skilled in the art to which it
pertains upon a reading and understanding of the following
detailed specification.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention may take physical form in certain parts and
arrangement of parts, a preferred embodiment of which will
be described in detail in this specification and illustrated in
the accompanying drawings which form a part hereof and
wherein:

FIG. 1 is a side view, partly in section of a nozzle
assembly according to the present invention;

FIG. 2 is a side sectional view of a nozzle body according
to the invention;

FIG. 3 is view taken along 3—3 of FIG. 2; and

FIGS. 4A-4D are views similar to FIG. 3 of various
embodiments of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring to FIG. 1, there is shown a preferred nozzle
assembly 10 for injecting fuel into a combustion chamber of
an internal combustion engine according to the invention.

The nozzle assembly 10 includes a rotatable nozzle body
12 carried on substrate 16 for rotation about main axis 20.
Substrate 16 may be of any configuration that will accom-
modate rotatable nozzle body 12. In the preferred
embodiment, substrate 16 includes a generally cylindrical
bore 22 aligned on axis 20. Bore 22 extends completely
through first and second surfaces 24, 28, respectively, of
substrate 16.

As a general characterization, rotatable nozzle body 12
includes a fuel supply passage 30 in flow communication
with an internal fuel distribution cavity 34. At least one
curvilinear fuel delivery channel 38 is formed in the rotat-
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able nozzle body 12 for directing fuel from the internal fuel
distribution cavity 34 to the combustion chamber 39. In the
preferred embodiment, curvilinear fuel delivery channel 38
is generally disposed in a plane perpendicular to axis 20.

Rotatable nozzle body 12 includes a flange 43 having a
surface 44 adapted to seat on surface 24. When pressurized
fuel contacts the nozzie body 12, the pressure seals the
surfaces against undesirable fuel flow between surfaces 24
and 44.

With particular reference to FIG. 2, the preferred con-
struction of rotatable nozzle body 12 will be described. In
the preferred embodiment, one or more components of the
rotatable nozzle body 12 are batch fabricated using deep
reactive ion etching in silicon carbide using MEMS tech-
nology. The preferred dimensions for the components of the
nozzle body 12 are on the order of 50 microns to several
hundred microns. Spacer member 50 is generally a hollow
cylinder wherein the internal surface 54 defines the fuel
supply passage 30 when the nozzle body 12 is assembled.
The outer diameter of spacer 50 is adapted to be closely
received within bore 22 of substrate 16. Flange 43 of the
fully assembled nozzle body 12 is formed by anchor mem-
ber 56 which has a central bore 58 which receives a first end
60 of spacer member 50. In the preferred embodiment,
spacer member 50 is fixedly secured to anchor member 56
by bonding or other means known in the art. The preferred
bonding method utilizes technology that incorporates dif-
ferences in coefficients of thermal expansion (CTE) as is
known in the art. It is within the scope of the present
invention to provide an integral component encompassing
the cylindrical spacer member 50 and the anchor member
§6. Such a component would essentially be a hollow cylin-
der having a flanged first end.

In the preferred embodiment, the rotatable nozzle body 12
also includes base member 62 that encompasses the internal
distribution cavity 34. Base member 62 is fixedly secured to
the second end 64 of spacer member 50. In the preferred
embodiment, base member 62 includes an axial bore 66 that
is dimensioned to reccive the second end 64 of spacer
member 50.

Base member 62 is preferably formed of first body potion
68 and second body portion 70 which cooperate to form the
internal distribution cavity 34 and the curvilinear flow
channe] 38. First body portion 68 is fixedly secured to
second body portion 70 by bonding or other means. In the
preferred embodiment, the first body portion 68 includes a
planar surface 74 that abuts planar surface 78 of second body
portion 70.

As illustrated in FIG. 3, the curvilinear fuel delivery
channel 38 has an inlet 80 that communicates with internal
fuel distribution cavity 34 and an outlet 82 that extends
through the exterior surface 86. The curvilinear fuel delivery
channel 38 includes a curvilinear longitudinal axis 90
extending through an angle of curvature, ©. As fuel passes
through the curvilinear fuel delivery channel 38 and into the
combustion chamber 39, as indicated by arrow A, the
curvilinear fuel delivery channel 38 imparts a tangential
component to the fuel flow. The tangential component,
represented by arrow B, imparts a reaction force onto the
exterior surface 86 causing the fully assembled nozzle body
12 to rotate about axis 20, as indicated by arrow C. As the
fuel exits the nozzle body 12, the rotation of the nozzle body
12 carries the fuel about axis 20 to define a volume of
revolution within the combustion chamber 29. The angle of
curvature, 6, may have any value greater than 0° that will
produce the desired rotational effect.
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FIGS. 4A-4D, show various embodiments of the inven-
tion wherein the nozzle body 12 may include more than one
curvilinear fuel delivery channel, 38'. Further, it is within the
scope of the present invention to provide a variety of shapes
for curvilinear fuel delivery channels, 38', so long as the
action of the exiting fuel drives the rotation of nozzle body
12.

With reference again to FIGS. 2 and 3, in the preferred
embodiment, the planar surface 74 of the first body portion
68 is etched to form what will become the internal distri-
bution channel 34 and the curvilinear fuel delivery channel
38 in the assembled nozzle body 12. It is within the scope
of the present invention to etch the planar surface 78 of
second body portion 70 to provide what will become the
internal distribution cavity 34 and the curvilinear fuel deliv-
ery channel 38 when the nozzle body 12 is assembled. It is
further within the scope of the invention to form a partial
cavity and/or a partial channel in the planar surface 74 and
planar surface 78 so that a complete internal distribution
cavity 34 and complete curvilinear fuel delivery channel 38
are formed when the nozzle body 12 is assembled.

The etching process allows for very small nozzle bodies
to be formed with precise constructions, as compared to
macro prior art nozzles having machined parts. Further, the
process allows for batch fabrication so that many compo-
nents may be simultaneously formed. This process provides
great advantages over machined parts used in nozzles in the
prior art. The micro dimensions of the nozzle body 12 in
conjunction with the rotation thereof provide enhanced
atomization of the fuel.

With reference again to FIG. 1, in the preferred
embodiment, there is carried on substrate 16, means defining
an integrated fuel premix chamber 96. The premix chamber
96 is in flow communication with air and fuel supply sources
(not shown). In the preferred embodiment, the premix
chamber 96 has a cylindrical wall 98 intersecting the first
surface 24 of the substrate 16. The entrance 100 of the fuel
supply passage 30 is positioned within the premix chamber
96. In the embodiment shown in FIG. 1, substrate 16
integrates the premix chamber 96. It is within the scope of
the present invention to provide a premix chamber defined
by a separate cylindrical body (not shown) affixed to first
surface 24 of the substrate.

In a preferred embodiment of the invention, there is
provided one or more passages 102 to supply pressurized air
into the combustion chamber 39 above the volume of
revolution of fuel dispersed into the combustion chamber 39
to further disperse the fuel exiting the nozzle body 12. In the
preferred embodiment, the air passages 102 are disposed
generally parallel to main axis 20. Each air passage 102 is
positioned at a distance from axis 20 equal or greater than
the distance between main axis 20 and the outlet 82 of the
fuel delivery channel 38.

The steps of assembling the nozzle assembly 10 include
providing the substrate 16 having first and second surfaces
24, 28, respectively, and bore 22 extending therebetween;
providing the hollow cylindrical spacer member 50 having
an internal surface 54; providing the anchor member 56
having a surface 44 adapted to seat on first surface 24;
providing the base member 62 defining the internal distri-
bution cavity 34 and at least one curvilinear fuel delivery
channel 38 in flow communication with the internal distri-
bution cavity 34 and extending through an exterior surface
86; inserting spacer member 50 through the bore 22; affixing
anchor member 56 to the first end 60 of the spacer member
50; seating surface 44 on the first surface 24 of the substrate
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16; and, affixing the base member 62 to the second end 64
of the spacer member 50, wherein said internal surface 54
provides a fuel supply passage 30 in flow communication
with the internal distribution cavity 34. Either the anchor

5 member 56 or the base member 62, but not both, may be
affixed to the spacer member 50 prior to inserting the spacer
member 50 through bore 22.

In another preferred. method of assembly, the first body
portion 68 of the base member 62 is affixed to the spacer
member 50 prior to affixing the second body portion 70 to
the first body portion 68.

The step of providing the base member 62 with the
internal fuel distribution cavity 34 and the fuel delivery
channel 38 is a crucial part of the present invention. In the
embodiment shown in FIG. 3, the internal fuel distribution
cavity is preferably from 50 microns to 500 microns,
inclusive, in diameter and occupies about % of the surface
area defined by the exterior surface 86 in a plane containing
planar surface 74.

The invention has been described with reference to pre-
ferred embodiment. Obviously, modifications and alter-
ations will occur to others upon a reading and understanding
of this specification. It is intended to include all such
modifications and alternations in so far as they come within
the scope of the appended claims or the equivalence thereof.
What is claimed is:
1. A method for forming a nozzle assembly comprising
the steps of:
providing a substrate having first and second surfaces and
a bore extending therebetween;

providing a spacer member having a hollow cylindrical
body, first and second ends, and an internal surface
defining a supply passage aligned on an axis thereof;

providing an anchor member having a flange surface
adapted to seat on said first surface of said substrate;

providing a base member defining an internal fuel distri-
bution cavity and at least one curvilinear fuel delivery
channel in flow communication with said internal dis-
tribution cavity, said curvilinear fuel delivery channel
extending through an exterior surface of said base
member to define an outlet;

inserting said spacer member through said substrate bore;

affixing said anchor member to said first end of said
spacer member;

seating said flange surface on said first surface of said
substrate; and,

affixing said base member to said second end of said
spacer member.
2. The method of claim 1 wherein said step of providing
a base member further includes the steps of:

providing a first body portion comprising silicon carbide
having a planar surface;

deep reactive ion etching said first body portion to form
an open cavity in said planar surface and an open
curvilinear passage communicating with said cavity,
said curvilinear passage extending through an exterior
surface of said first body portion;

providing a second body portion having a planar surface;
and,

bonding said planar surface of said second body portion
10 said planar surface of said first body portion to form
said base member.

3. The method of claim 1 wherein said step of inserting

said spacer member through said substrate bore occurs prior
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to affixing said anchor member to said first end of said 5. The method of claim 2 wherein said step of providing
spacer member. a base member further includes the step of:
4. The method of claim 1 wherein said step of inserting deep reactive ion etching a plurality of curvilinear pas-
said spacer member through said substrate bore occurs prior sages in said first body portion.
to affixing said base member to said second end of said 5
spacer member. * *x *x *x %




