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Abstract

A propulsion system for a supersonic aircraft includes an engine, a compression surface upstream of the
engine, a shroud surrounding the engine configured to direct airflow passing over the compression surface
towards the engine, and a plurality of vortex generators positioned upstream of the engine. The vortex
generators have a height such that when the supersonic aircraft is flown at a predetermined speed, the
plurality of vortex generators create a plurality of vortices that propagate partially outside of a boundary layer
formed proximate a surface of a supersonic inlet. The vortices cause a high-velocity portion of the airflow to
move towards a portion of the engine having a higher sensitivity to changes in stagnation pressure and a low-
velocity portion of the airflow to move away from the portion of the engine having the higher sensitivity to
changes in stagnation pressure prior to the airflow reaching a face of the engine.
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Claims

1. A propulsion system for a supersonic aircraft, the propulsion system comprising: an engine; a compression
surface disposed upstream of the engine; a shroud partially surrounding the engine and configured to direct
an airflow passing over the compression surface towards the engine; and a plurality of vortex generators
positioned upstream of the engine, the plurality of vortex generators having a height such that when the
supersonic aircraft is flown at a predetermined speed, the plurality of vortex generators create a plurality of
vortices that propagate at least partially outside of a boundary layer formed proximate a surface of a
supersonic inlet, the plurality of vortices causing a high-velocity portion of the airflow to move towards a
portion of the engine having a higher sensitivity to changes in stagnation pressure and a low-velocity portion
of the airflow to move away from the portion of the engine having the higher sensitivity to changes in
stagnation pressure prior to the airflow reaching a face of the engine. 

2. The propulsion system of claim 1, wherein the height of the plurality of vortex generators cause the
plurality of vortex generators to engage with the high-velocity portion of the airflow when the supersonic
aircraft is flown at a predetermined speed. 

3. The propulsion system of claim 2, wherein the height of the plurality of vortex generators is between
seventy five percent and one hundred and twenty five percent of a thickness of the boundary layer formed
proximate the surface of the supersonic inlet. 

4. The propulsion system of claim 2, wherein the height of the vortex generators cause the plurality of vortex
generators to protrude beyond the boundary layer of the airflow. 

5. The propulsion system of claim 1, wherein the plurality of vortex generators are arranged circumferentially
about the surface of the supersonic inlet. 

6. The propulsion system of claim 1, wherein the plurality of vortex generators are arranged circumferentially
about an inner surface of the shroud. 

7. The propulsion system of claim 1, wherein the plurality of vortex generators are arranged circumferentially
about both the surface of the supersonic inlet and an inner surface of the shroud. 



8/14/14 4:58 PMUnited States Patent Application: 0140224940

Page 3 of 13http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOF…OS=AN/Gulfstream+AND+supersonic&RS=AN/Gulfstream+AND+supersonic

8. The propulsion system of claim 1, wherein the plurality of vortex generators are disposed aft of a leading
edge of the shroud. 

9. The propulsion system of claim 1, wherein the plurality of vortex generators are disposed aft of a terminal
shock formed when the supersonic aircraft is flown at the predetermined speed. 

10. The propulsion system of claim 1, wherein the engine includes an engine core and an engine bypass, and
wherein the engine core has a higher sensitivity than the engine bypass to a change in a stagnation pressure of
the airflow. 

11. The propulsion system of claim 1, wherein the shroud comprises a splitter configured to divide air
entering an inlet of the propulsion system into the airflow and a secondary airflow, the secondary airflow
being routed by the splitter around the engine. 

12. The propulsion system of claim 1, wherein each vortex generator of the plurality of vortex generators has
a rectangular configuration. 

13. The propulsion system of claim 12, wherein each vortex generator has an aspect ratio of two. 

14. The propulsion system of claim 1, wherein the plurality of vortex generators are arranged in pairs of
vortex generators. 

15. The propulsion system of claim 14, wherein each vortex generator of each pair of vortex generators is
oriented with respect to the airflow so as to have an angle of attack. 

16. The propulsion system of claim 15, wherein the angle of attack is between sixteen degrees and twenty
four degrees. 

17. The propulsion system of claim 15, wherein each vortex generator of each pair of vortex generators is
oriented at opposite angles of attack. 

18. The propulsion system of claim 1, wherein the plurality of vortex generators are arranged such that the
vortices generate both an up-wash and a downwash. 

19. A propulsion system for a supersonic aircraft, the propulsion system comprising: an engine including an
engine core and an engine bypass, the engine core having a higher sensitivity than the engine bypass to a
change in stagnation pressure; a center body disposed upstream of the engine; a shroud partially surrounding
the engine and the center body, the shroud configured to direct an airflow passing over the center body
towards the engine; and a plurality of vortex generators positioned upstream of the engine and arranged
circumferentially about at least one of the center body and an inner surface of the shroud, the plurality of
vortex generators being arranged in pairs, each vortex generator of each pair of vortex generators having an
equal and opposite angle of attack with respect to one another, the vortex generators configured to create a
plurality of vortices that propagate at least partially outside of a boundary layer formed proximate the center
body when the supersonic aircraft is flown at a predetermined speed, the plurality of vortices causing a high-
velocity portion of the airflow to move towards a portion of the engine having a higher sensitivity to changes
in stagnation pressure and a low-velocity portion of the airflow to move away from the portion of the engine
having the higher sensitivity to changes in stagnation pressure prior to the airflow reaching a face of the
engine, each vortex generator of the plurality of vortex generators having a height of between seventy five
percent and one hundred and twenty five percent of a thickness of the boundary layer on the center body,
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each vortex generator of the plurality of vortex generators having a rectangular configuration having an
aspect ratio of between one and four, and the plurality of vortex generators being disposed aft of a terminal
shock formed when the supersonic aircraft is flow at the predetermined speed. 

20. A supersonic aircraft comprising: a fuselage; and a propulsion system for propelling the fuselage at
supersonic speeds, the propulsion system comprising: an engine; a compression surface disposed upstream of
the engine; a shroud partially surrounding the engine and configured to direct an airflow passing over the
compression surface towards the engine; and a plurality of vortex generators positioned upstream of the
engine, the plurality of vortex generators having a height such that when the supersonic aircraft is flown at a
predetermined speed, the plurality of vortex generators create a plurality of vortices that propagate at least
partially outside of a boundary layer formed proximate a surface of a supersonic inlet, the plurality of
vortices causing a high-velocity portion of the airflow to move towards a portion of the engine having a
higher sensitivity to changes in stagnation pressure and a low-velocity portion of the airflow to move away
from the portion of the engine having the higher sensitivity to changes in stagnation pressure prior to the
airflow reaching a face of the engine.

Description

CROSS-REFERENCE TO RELATED APPLICATION 

[0001] This application claims the benefit of co-pending U.S. Provisional Patent Application 61/764,658 filed
14 Feb. 2013 and entitled "Large-Scale Flow Redistribution Using Vortex Generators", which is hereby
incorporated herein by reference in its entirety. 

TECHNICAL FIELD 

[0002] The present invention generally relates to aviation and more particularly relates to a propulsion system
for a supersonic aircraft. 

BACKGROUND 

[0003] The engine of a conventional supersonic aircraft includes a center body having an elongated
compression surface to help improve pressure recovery caused by movement of the engine through the air at
supersonic speeds. The compression surface, together with other features of the aircraft's propulsion system,
slows the supersonic airflow entering the propulsion system to a speed that is compatible with the turbo
machinery of the engine. 

[0004] One undesirable consequence of having an elongated compression surface is the buildup of a
relatively thick boundary layer on internal surfaces of the inlet (e.g., portions of the diffuser). The boundary
layer is a portion of the airflow located proximate a viscous surface (such as the compression surface and the
surface of the diffuser) that, because of its interaction with the viscous body, moves slower than the free
stream velocity. 

[0005] Because the boundary layer air is moving at a slower speed than the remainder of the airflow, the
boundary layer air will have a lower stagnation pressure than the remainder of the airflow. This leads to
distortion in the stagnation pressure of the airflow entering the Aerodynamic Interaction Plane ("AIP") (e.g.,
the fan or the face of the engine). This distortion in stagnation pressure is undesirable, because it may
adversely impact both engine operability and performance. 
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[0006] Several different solutions have been developed to combat the distortion in the stagnation pressure
caused by the elongated compression surface. For example, some propulsion systems bleed the boundary
layer from the airflow by passing the airflow over a porous surface and using low pressure to extract the
boundary layer from the airflow. While this is effective at diminishing the thickness of the boundary layer,
such bleed systems add cost, complexity, and weight to a propulsion system. 

[0007] Another solution has been to position vortex generators of modest height on the center body. These
vortex generators have a height ranging from twenty percent to forty percent of the local boundary layer
thickness and generate vortices that propagate completely within the boundary layer. These vortices increase
the energy level of the boundary layer which, in turn, allows the boundary layer to remain more robustly
attached to the curving surface of the center body or other inlet surface. While this inhibits growth and
separation of the boundary layer, it does not modify its structure or appreciably reduce its thickness and the
stagnation pressure of the air entering the AIP remains distorted. 

[0008] Accordingly, it is desirable to provide a propulsion system that reduces distortion of the stagnation
pressure of the airflow entering the AIP. Additionally, it is desirable to provide a supersonic aircraft
equipped with a propulsion system that reduces the distortion of the stagnation pressure. Furthermore, other
desirable features and characteristics will become apparent from the subsequent summary and detailed
description and the appended claims, taken in conjunction with the accompanying drawings and the
foregoing technical field and background. 

BRIEF SUMMARY 

[0009] A propulsion system for a supersonic aircraft and a supersonic aircraft equipped with the propulsion
system are disclosed herein. 

[0010] In a first non-limiting embodiment, the propulsion system includes, but is not limited to, an engine.
The propulsion system further includes, but is not limited to, a compression surface that is disposed upstream
of the engine. The propulsion system further includes, but is not limited to, a shroud that partially surrounds
the engine and that is configured to direct an airflow passing over the center body towards the engine. The
propulsion system still further includes, but is not limited to, a plurality of vortex generators positioned
upstream of the engine. The plurality of vortex generators have a height such that when the supersonic
aircraft is flown at a predetermined speed, the plurality of vortex generators create a plurality of vortices that
propagate at least partially outside of a boundary layer formed proximate a surface of a supersonic inlet. The
plurality of vortices cause a high-velocity portion of the airflow to move towards a portion of the engine
having a higher sensitivity to changes in stagnation pressure and a low-velocity portion of the airflow to
move away from the portion of the engine having the higher sensitivity to changes in stagnation pressure
prior to the airflow reaching a face of the engine. 

[0011] In a second, non-limiting embodiment, the propulsion system includes, but is not limited to an engine
that includes an engine core and an engine bypass. The engine core has a higher sensitivity than the engine
bypass to a change in stagnation pressure. The propulsion system further includes, but is not limited to, a
center body that is disposed upstream of the engine. The propulsion system further includes, but is not limited
to, a shroud that partially surrounds the engine and the center body. The shroud is configured to direct an
airflow passing over the center body towards the engine. The propulsion system still further includes, but is
not limited to, a plurality of vortex generators that are positioned upstream of the engine and that are arranged
circumferentially about at least one of the center body and an inner surface of the shroud. The plurality of
vortex generators is arranged in pairs. Each vortex generator of each pair of vortex generators has an equal
and opposite angle of attack with respect to one another. The vortex generators configured to create a
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plurality of vortices that propagate at least partially outside of a boundary layer formed proximate the center
body when the supersonic aircraft is flown at a predetermined speed. The plurality of vortices cause a high-
velocity portion of the airflow to move radially towards the center body and a low-velocity portion of the
airflow to move radially away from the center body prior to the airflow reaching a face of the engine. Each
vortex generator of the plurality of vortex generators has a height of between seventy five percent and five
hundred percent of a thickness of the boundary layer. Each vortex generator of the plurality of vortex
generators has a rectangular configuration having an aspect ratio of between one and four, and the plurality of
vortex generators being disposed aft of a terminal shock formed when the supersonic aircraft is flown at the
predetermined speed. 

[0012] In a third, non-limiting embodiment, the supersonic aircraft includes, but is not limited to, a fuselage.
The supersonic aircraft still further includes, but is not limited to, a propulsion system for propelling the
fuselage at supersonic speeds. The propulsion system includes, but is not limited to, a center body that is
disposed upstream of the engine. The propulsion system further includes, but is not limited to, a shroud that
partially surrounds the engine and the center body. The shroud is configured to direct an airflow passing over
the center body towards the engine. The propulsion system still further includes, but is not limited to, a
plurality of vortex generators that are positioned upstream of the engine. The plurality of vortex generators
have a height such that when the supersonic aircraft is flown at a predetermined speed, the plurality of vortex
generators create a plurality of vortices that propagate at least partially outside of a boundary layer formed
proximate the center body. The plurality of vortices cause a high-velocity portion of the airflow to move
radially towards the center body and a low-velocity portion of the airflow to move radially away from the
center body prior to the airflow reaching a face of the engine. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] The present invention will hereinafter be described in conjunction with the following drawing figures,
wherein like numerals denote like elements, and 

[0014] FIG. 1 is a schematic cross-sectional view illustrating a prior art propulsion system for use with a
supersonic aircraft; 

[0015] FIG. 2 is a schematic cross-sectional view illustrating a non-limiting embodiment of a propulsion
system made in accordance with the teachings of the present disclosure; 

[0016] FIG. 3 is a cross-sectional view taken across the line 3-3 of FIG. 2; and 

[0017] FIG. 4 is a fragmentary schematic view illustrating a portion of the propulsion system of FIG. 2 from
the perspective of arrow 4 of FIG. 3; 

[0018] FIG. 5 is a fragmentary perspective view illustrating a first non-limiting arrangement of a plurality of
vortex generators included with the propulsion system of FIG. 2; 

[0019] FIG. 6 is a fragmentary perspective view illustrating a second non-limiting arrangement of a plurality
of vortex generators included with the propulsion system of FIG. 2; 

[0020] FIG. 7 is an expanded schematic side view illustrating a portion of the propulsion system of FIG. 2; 

[0021] FIG. 8 is a schematic cross-sectional view illustrating another non-limiting embodiment of a
propulsion system made in accordance with the teachings of the present disclosure; 
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[0022] FIG. 9 is a cross-sectional view taken across the line 9-9 of FIG. 8; 

[0023] FIG. 10 is a schematic cross-sectional view illustrating yet another non-limiting embodiment of a
propulsion system made in accordance with the teachings of the present disclosure; and 

[0024] FIG. 11 is a perspective view illustrating a non-limiting embodiment of a supersonic aircraft equipped
with a propulsion system made in accordance with the teachings of the present disclosure. 

DETAILED DESCRIPTION 

[0025] The following detailed description is merely exemplary in nature and is not intended to limit the
invention or the application and uses of the invention. Furthermore, there is no intention to be bound by any
theory presented in the preceding background or the following detailed description. 

[0026] An improved propulsion system for a supersonic aircraft and a supersonic aircraft equipped with the
propulsion system are disclosed herein. In an exemplary embodiment, the propulsion system of the present
disclosure includes an engine, an inlet center body having an elongated compression surface, a shroud that
partially surrounds both the engine and the center body and a plurality of vortex generators. The shroud is
configured to guide an airflow passing over the center body towards the engine where it is then ingested by
the engine and may comprise a nacelle, a bypass splitter, or any other suitable structure. 

[0027] The vortex generators of the present disclosure are relatively tall as compared with conventional
vortex generators. While conventional vortex generators have a height that is only a small fraction of the
thickness of the boundary layer that forms on the center body during supersonic flight at a predetermined
speed (e.g., supersonic cruise), the vortex generators of the present disclosure have a height that approaches
or exceeds the thickness of the boundary layer at the location where the boundary layer encounters the vortex
generators. In an example, the vortex generators of the present disclosure have a height of at least seventy
five percent of the thickness of the boundary layer that forms on the center body when the aircraft is flown at
the predetermined speed. This extended height will allow the vortex generators to reach a region of the
boundary layer where the air has a relatively high velocity as compared with lower regions of the boundary
layer where the air's velocity can be quite low. In other examples, the vortex generators will have an even
taller profile (e.g., having a height that is equal to, or greater than the thickness of the boundary layer at the
location where the boundary layer encounters the vortex generator) and will therefore encounter portions of
the airflow having even higher velocities. 

[0028] By extending into a region of the airflow where the air is moving at a relatively high velocity, the
vortex generators of the present disclosure are able to generate vortices that propagate outside of the
boundary layer. This is a significant departure from conventional vortex generators which, because of their
lower profiles, generate vortices that propagate entirely within the boundary layer. Conventionally, vortices
that propagate solely within the boundary layer are desirable because they enable the boundary layer to
remain more robustly attached to the center body and thereby counter the natural tendency of the boundary
layer to thicken as it passes over curved surfaces. 

[0029] In the present disclosure, however, the relatively tall vortex generators give rise to vortices that
propagate outside of the boundary layer when the supersonic aircraft is flown at the predetermined speed.
When arranged in pairs having opposite angles of incidence, the vortex generators are capable of producing
local up-wash and downwash as a result of the interaction of adjacent counter-rotating vortices. The height of
the vortex generators in the present invention increases the strength of this effect, due to the higher flow
velocities encountered by the taller vortex generators. The vortex generators of the present disclosure are
therefore able to move the higher speed air of the non-boundary layer portion of the airflow radially inward
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towards the center body and also move the lower speed air of the boundary layer radially outward and away
from the center body. Whereas the goal of conventional vortex generators has been to keep the boundary
layer attached to the center body, one of the goals of the vortex generators of the present disclosure is to
cause the boundary layer to detach from the center body and to have that slower moving air move up into the
remainder of the airflow where it can mix with the higher speed air. This mixing reduces the variation in
stagnation pressure of the airflow in the radial direction and thereby presents the AIP (e.g., the engine face)
with an airflow having less radial distortion than would otherwise result from the use of conventional vortex
generators (or from the use of no vortex generators). By arranging the vortex generators circumferentially
around the center body, or around the inner surface of the shroud, or both, the circumferential distortion of
the stagnation pressure can also be reduced. 

[0030] It is desirable to present an engine face with an airflow having a homogenous stagnation pressure
rather than an airflow having radial distortion in stagnation pressure. Engines have sensitivities to distortion
in the flow and by making the stagnation pressure across the entire flow more homogenous, the engine's
overall performance may be improved. In addition, depending on the engine that is utilized in the propulsion
system, there can also be an increase in engine thrust. For example, if the engine has an engine cycle wherein
the core is more sensitive to changes in stagnation pressure than is the engine's fan and bypass, then by
moving the slower moving air of the boundary layer away from the center body and by moving the faster
moving air of the remainder of the airflow towards the center body, the core will be presented with an airflow
having a higher velocity and hence a higher stagnation pressure. This, in turn, can enhance the amount of
thrust the engine generates. 

[0031] A greater understanding of the propulsion system described above and of the supersonic aircraft
employing the propulsion system may be obtained through a review of the illustrations accompanying this
application together with a review of the detailed description that follows. 

[0032] FIG. 1 is a schematic cross-sectional view illustrating a prior art propulsion system 20. Prior art
propulsion system 20 includes a center body 22 having an elongated compression surface 24, a nacelle 26
including a cowl 27, an inlet 28 formed by the separation between center body 22 and cowl 27, a splitter 30
and an engine 32 having an engine core 34 and an engine bypass 36. 

[0033] A supersonic free stream of air 39 approaching propulsion system 20 will initially encounter
elongated compression surface 24. Elongated compression surface 24 will cause supersonic free stream of air
39 to change direction and follow the contours of the compression surface. This interaction decelerates
supersonic free stream air 39 and causes a boundary layer 38 to form on center body 22. Boundary layer 38
is a region of stagnant and slower moving air whose thickness increases the further it travels along center
body 22. 

[0034] As supersonic free stream of air 39 reaches inlet 28, it passes through a terminal shock 40 extending
from cowl 27 to center body 22. Passage through terminal shock 40 decelerates the airflow to subsonic
speeds which are more compatible with engine 32. Further slowing may be required and if so, will occur
downstream of terminal shock 40. 

[0035] As the airflow continues aft of inlet 28, a leading edge 44 of splitter 30 divides the airflow into a
primary airflow 45 and a secondary airflow 47. Primary airflow 45 is guided or routed by splitter 30 towards
engine 32 while secondary airflow 47 moves through a bypass channel 42 that avoids engine 32 altogether. 

[0036] As primary airflow 45 moves downstream past a leading edge 44 of splitter 30, it enters a diffuser
region 46. In diffuser region 46, center body 22 narrows, creating a larger volume of space for primary
airflow 45 to move through. This narrowing of center body 22 causes boundary layer 38 to thicken as it
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attempts to remain entrained to the surface of center body 22. 

[0037] When primary airflow 45 arrives at face 48 of engine 32, boundary layer 38 is at its thickest condition.
The portion of primary airflow 45 that is outside of boundary layer 38 is moving at a high velocity and
therefore has a high stagnation pressure. The portion of primary airflow 45 within boundary layer 38 has a
lower velocity and a correspondingly lower stagnation pressure. Accordingly, prior art propulsion system 20
yields substantial radial distortion of the airflow reaching face 48. 

[0038] Engine core 34 includes the primary powered components of engine 32. For example, engine core 34
may comprise a turbine, a combustor, and a compressor, among other components. For ease of illustrations,
these engine components are not illustrated. Engine fan bypass 36 is a region that is largely devoid of any
powered components. Rather, this is a region where the engine's fan pushes air around the outside of engine
core 34. As illustrated in FIG. 1, boundary layer 38 comprises a substantial portion of the airflow that enters
engine core 34. Accordingly, a substantial portion of the air that enters engine core 34 has a stagnation
pressure that is lower than the remainder of primary airflow 45. In the illustrated embodiment, engine core 34
has a higher sensitivity to changes in stagnation pressure than engine fan bypass 36. In other words, an
increase in the stagnation pressure of the airflow entering engine core 34 would yield a relatively large
increase in thrust whereas a corresponding increase in the stagnation pressure of the airflow entering engine
fan bypass 36 would yield a smaller increase in thrust and, conversely a reduction in the stagnation pressure
entering engine fan bypass 36 would result in a correspondingly small decrease in net thrust. 

[0039] Accordingly, it would be desirable to direct the higher velocity air of primary airflow 45 towards the
engine core and to direct the lower velocity air of primary flow 45 (i.e., the air in boundary layer 38) away
from the engine core. 

[0040] FIG. 2 is a schematic cross sectional view of a propulsion system 50 made in accordance with the
teachings of the present disclosure. With continuing reference to FIG. 1, propulsion system 50 is substantially
identical to prior art propulsion system 20 with the primary exception being that propulsion system 50
includes a plurality of vortex generators 52 disposed circumferentially about center body 22. It should be
understood that FIG. 2 presents a schematic representation and, accordingly, the depiction of each vortex
generator has been simplified for ease of illustration. 

[0041] In the illustrated embodiment, each vortex generator of the plurality of vortex generators has a height
that exceeds the thickness of boundary layer 38 at the locations where plurality of vortex generators 52
encounter boundary layer 38. Consequently, each vortex generator of plurality of vortex generators 52 will
encounter the high velocity air of primary airflow 45 and will generate a plurality of vortices 54, with
alternating sense of direction, that will propagate downstream in diffuser region 46. Depending on the height
of plurality of vortex generators 54, plurality of vortices 54 may propagate through both the high velocity air
and the slower moving air of boundary layer 38, or they may propagate only through the high velocity air. If
the VGs are of sub-boundary layer height or are equal to boundary layer height, then plurality of vortices 54
will propagate through both boundary layer 38 and through the high velocity air outside of boundary layer 38.
If the vortices are created outside of boundary layer 38, then they will remain there. 

[0042] As plurality of counter-rotating vortices 54 propagate, they will generate up-wash 56 and downwash
58 that will move the high velocity air of primary airflow 45 radially towards center body 22 and that will
also move the low velocity air of primary airflow 45 (i.e., the air in boundary layer 38) radially away from
center body 22. This radial movement of the high and low velocity air of primary airflow 45 will cause the
high velocity air and the low velocity air to mix and intermingle. This causes an exchange of energy between
the different portions of primary airflow 45 (higher velocity portion and lower velocity portion) that yields an
airflow having a more homogenous velocity throughout primary airflow 45. This, in turn, reduces the
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disparity of the stagnation pressure at different radial locations throughout primary airflow 45 and therefore
lowers the overall radial distortion of primary airflow 45 before it reaches face 48 of engine 32. Thus, as a
result of the agitation of primary airflow 45 by plurality of vortex generators 52, the stagnation pressure of
the portion of primary airflow 45 entering engine core 34 will be higher than it would have been had plurality
of vortex generators 52 not been present. 

[0043] FIG. 3 is a cross-sectional view taken along the line 3-3 of FIG. 2. Plurality of vortex generators 52
are arranged circumferentially about center body 22 in pairs. With continuing reference to FIGS. 1-2, and as
discussed in greater detail below, each pair of vortex generators is oriented at a predetermined angle of attack
with respect to primary airflow 45. In some embodiments, each pair of vortex generators may be positioned
and aligned at substantially the same axial location along center body 22. In other embodiments, the axial
position of each pair of vortex generators along center body 22 may be varied. In the illustrated embodiment,
each vortex generator 52 of each pair of vortex generators has a rectangular configuration. Further, as
illustrated by vortex generator 52a, each vortex generator 52 has an aspect ratio of 2. It should be understood
that this is merely exemplary in nature, in other embodiments, plurality of vortex generators 52 may have any
suitable shape, contour, aspect ratio, or configuration without departing from the teachings of the present
disclosure. 

[0044] With continuing reference to FIGS. 1-3, FIG. 4 is a fragmentary schematic view illustrating a section
of center body 22 viewed from the perspective of arrow 4 of FIG. 3. In this illustration, two pairs of vortex
generators 52 are depicted. Each vortex generator 52 is oriented at an angle of attack .alpha.. In various
embodiments, angle of attack .alpha. may vary from sixteen degrees to twenty four degrees. In other
embodiments, angle of attack .alpha. may have any suitable magnitude. In the illustrated embodiment, each
vortex generator 52 of each pair of vortex generators is canted at an equal and opposite angle. For example,
vortex generator 52a is canted at an angle of attack .alpha. of positive 16 degrees and vortex generator 52b is
canted at an angle of attack .alpha. of negative 16 degrees. In other embodiments, the angles of attack .alpha.
of each vortex generator 52 of each pair may not be equal. In still other embodiments, the angles of attack
.alpha. of each vortex generator 52 of each pair may not be opposite (i.e., they may both be negative or they
may both be positive). 

[0045] In the illustrated embodiment, each vortex generator 52 of each pair of vortex generators is arranged
such that their respective downstream sides (from the perspective of primary airflow 45) are closer together
than their respective upstream sides. Thus, as air from primary airflow 45 passes between the two vortex
generators 52 of each pair of vortex generators, the vortices generated by each pair of vortex generators
create an up-wash that will move slower moving air from boundary layer 38 into the faster moving air of
primary airflow 45. Similarly, as air from primary airflow 45 passes between each pair of vortex generators,
vortices are generated that create a downwash that will move the faster moving air from primary airflow 45
down towards center body 22. The combination of the up-wash and the downwash cooperate to break up the
boundary layer, and mix, redistribute, and generally homogenize the flow. This creates a more consistent
stagnation pressure throughout primary airflow 45. 

[0046] FIG. 5 is a perspective view illustrating a portion of propulsion system 50, viewed while looking in a
downstream direction. In the illustrated embodiment, the vortex generators of each pair of vortex generators,
and each pair of vortex generators themselves are spaced apart at a relatively wide gap. FIG. 6 is a
perspective view illustrating a portion of a propulsion system 50', viewed while looking in a downstream
direction. Propulsion system 50' is substantially identical to propulsion system 50, the only difference being
that the vortex generators of each pair of vortex generators and each pair of vortex generators themselves are
spaced apart at a relatively narrow gap. The spacing between vortex generators and the spacing between each
pair of vortex generators can be varied as needed for each application. 
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[0047] With continuing reference to FIGS. 1-6, FIG. 7 is an expanded schematic side view illustrating a
portion of center body 22 with boundary layer 38 flowing over the surface of center body 22. Also illustrated
are two vortex generators, a vortex generator 52x and a vortex generator 52y, which may be utilized with
propulsion system 50. Vortex generator 52x and 52y each have different heights. Vortex generator 52x has a
height that is approximately seventy five percent of the local thickness of boundary layer 38 while vortex
generator 52y has a height that is approximately one hundred and twenty five percent of the local thickness of
boundary layer 38. Vortex generators having a height of seventy five percent of the local thickness of the
boundary layer will reach into the upper reaches of the boundary layer where the air is flowing at a relatively
fast rate as compared with the remainder of the boundary layer. Vortex generators having a height of
anything over one hundred percent of the local boundary layer thickness will protrude beyond the boundary
layer and will encounter the fast moving portions of primary airflow 45. Accordingly, FIG. 7 illustrates the
lower and upper limits a preferred range of vortex generator heights, although it should be understood that the
use of vortex generators having greater or lesser heights may also be employed without departing from the
teachings of the present disclosure, so long as the vortex generators cause the generation of vortices that
propagate at least partially outside of the boundary layer and cause the mixing and intermingling of high and
low velocity air, as discussed above. 

[0048] FIG. 8 is a schematic cross sectional view of a propulsion system 60 made in accordance with the
teachings of the present disclosure. With continuing reference to FIGS. 1-7, propulsion system 60 is
substantially identical to prior art propulsion system 20 with the primary exception being that propulsion
system 60 includes a plurality of vortex generators 62 disposed circumferentially about an inner surface of
splitter 30. It should be understood that FIG. 8 presents a schematic representation and, accordingly, the
depiction of each vortex generator has been simplified for ease of illustration. By positioning plurality of
vortex generators 62 on the internal surface of splitter 30, each vortex generator 62 has greater access to the
high velocity air of primary airflow 45 than do plurality of vortex generators 52 because the thickness of the
boundary layer that forms on the internal surface of splitter 30 is relatively small as compared with boundary
layer 38. Accordingly, if vortex generators are positioned on the internal surface of splitter 30 (or on the
internal surface of nacelle 26 in propulsion systems that do not employ a splitter), such vortex generators may
be smaller than vortex generators positioned on center body 22 while still achieving substantially the same
benefit. 

[0049] With continuing reference to FIGS. 1-7, in the embodiment illustrated in FIG. 8, each vortex generator
of the plurality of vortex generators 62 will encounter the high velocity air of primary airflow 45 and will
generate a plurality of vortices 64 that will propagate through diffuser region 46. As plurality of vortices 64
propagate, they will generate up-wash 56 and downwash 58 that will move the high velocity air of primary
airflow 45 radially towards center body 22 and will also move the low velocity air of primary airflow 45 (i.e.,
the air in boundary layer 38) radially away from center body 22. As discussed above with respect to vortex
generators 52, this movement of the high and low velocity air of primary airflow 45 will cause the high and
low velocity air to mix and intermingle. This, in turn, reduces the disparity of the stagnation pressure at
different radial locations throughout primary airflow 45 and lowers the overall radial distortion of primary
airflow 45 before it reaches face 48 of engine 32. Thus, as a result of the agitation of primary airflow 45 by
plurality of vortex generators 62, the stagnation pressure of the portion of primary airflow 45 entering engine
core 34 will be higher than it would have been had plurality of vortex generators 62 not been present. 

[0050] FIG. 9 is a cross-sectional view taken along the line 9-9 of FIG. 8. Plurality of vortex generators 62
are arranged circumferentially in pairs about an inner surface 66 of splitter 30. With continuing reference to
FIGS. 1-8, each pair of vortex generators is oriented at a predetermined angle of attack .alpha. with respect to
primary airflow 45. In some embodiments, each pair of vortex generators may be positioned and aligned at
substantially the same axial location along inner surface 66. In other embodiments, the axial position of each
pair of vortex generators may be varied. In the illustrated embodiment, each vortex generator 62 of each pair
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of vortex generators has a rectangular configuration. It should be understood that this is merely exemplary in
nature, in other embodiments, plurality of vortex generators 62 may have any suitable shape, contour, aspect
ratio or configuration without departing from the teachings of the present disclosure. 

[0051] FIG. 10 is a schematic cross sectional view of a propulsion system 70 made in accordance with the
teachings of the present disclosure. With continuing reference to FIGS. 1-9, propulsion system 70 is
substantially identical to prior art propulsion system 20 with the primary exception being that propulsion
system 70 includes a plurality of vortex generators 52 disposed circumferentially about center body 22 and
another plurality of vortex generators 62 disposed circumferentially about an inner surface of splitter 30. It
should be understood that FIG. 10 presents a schematic representation and, accordingly, the depiction of each
vortex generator has been simplified for ease of illustration. By positioning plurality of vortex generators 52
circumferentially about center body 22 and also positioning plurality of vortex generators 62
circumferentially on the internal surface of splitter 30, the two sets of vortex generators can cooperate to
create a flow that is stronger, that has mutually reinforcing up-wash and downwash, and that leads to stronger
radial gradients and more complete flow redistribution and mixing (both radially and circumferentially) than
would be possible using only a single set of vortex generators at only one of the two locations. This enhanced
flow more effectively causes the mixing and intermingling of the fast moving portions and the slow moving
portions of primary airflow 45, and thereby yields a flow that is even more homogenous when it reaches face
48 of engine 32 than would be produced by either set of vortex generators acting alone. 

[0052] Each vortex generator of plurality of vortex generators 52 will encounter the high velocity air of
primary airflow 45 and will generate a plurality of vortices 54 that will propagate downstream through
diffuser region 46. Each vortex generator of the plurality of vortex generators 62 will also encounter the high
velocity air of primary airflow 45 and will generate a plurality of vortices 64 that will propagate downstream
through diffuser region 46. As plurality of vortices 54 and 64 propagate, they will generate up-wash 56 and
downwash 58 that will move the high velocity air of primary airflow 45 radially towards center body 22 and
will also move the low velocity air of primary airflow 45 (i.e., the air in boundary layer 38) radially away
from center body 22. This movement of the high and low velocity air of primary airflow 45 will cause the
high and low velocity air to mix and intermingle. This, in turn, reduces the disparity of the stagnation
pressure at different radial locations throughout primary airflow 45 and lowers the overall radial distortion of
primary airflow 45 before it reaches face 48 of engine 32. Thus, as a result of the agitation of primary airflow
45 by plurality of vortex generators 62, the stagnation pressure of the portion of primary airflow 45 entering
engine core 34 will be higher than it would have been without plurality of vortex generators 62. 

[0053] FIG. 11 is a perspective view illustrating a non-limiting embodiment of a supersonic aircraft 80.
Supersonic aircraft 80 includes a propulsion system 82. Propulsion system 82 includes an engine, a center
body disposed upstream of the engine, a shroud partially surrounding the engine and the center body, the
shroud configured to direct an airflow passing over the center body towards the engine and a plurality of
vortex generators positioned upstream of the engine. The plurality of vortex generators each have a height
such that when supersonic aircraft 80 is flown at a predetermined speed, the plurality of vortex generators
create a plurality of vortices that propagate at least partially outside of a boundary layer that is formed
proximate the center body. The plurality of vortices cause a high-velocity portion of the airflow to move
radially towards the center body and a low-velocity portion of the airflow to move radially away from the
center body prior to the airflow reaching the AIP. 

[0054] With continuing reference to FIGS. 1-10, in some non-limiting embodiments, propulsion system 82
may be substantially identical to propulsion system 50. In other non-limiting embodiments, propulsion
system 82 may be substantially identical to propulsion system 60. In still other non-limiting embodiments,
propulsion system 82 may be substantially identical to propulsion system 70. While supersonic aircraft 80 is
depicted as a fixed wing aircraft, it should be understood that aircraft having any suitable configuration may
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also be employed without departing from the teachings of the present disclosure. Similarly, although
supersonic aircraft 80 has been illustrated with two nacelles 82 attached to a vertical stabilizer, it should be
understood that any suitable number of nacelles 80 may be employed and further, that they may be housed at
any suitable location on the aircraft. 

[0055] While at least one exemplary embodiment has been presented in the foregoing detailed description of
the disclosure, it should be appreciated that a vast number of variations exist. It should also be appreciated
that the exemplary embodiment or exemplary embodiments are only examples, and are not intended to limit
the scope, applicability, or configuration of the invention in any way. Rather, the foregoing detailed
description will provide those skilled in the art with a convenient road map for implementing an exemplary
embodiment of the invention. It should be understood that various changes may be made in the function and
arrangement of elements described in an exemplary embodiment without departing from the scope of the
disclosure as set forth in the appended claims. 

* * * * *
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