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(54) Supersonic compressor startup support system

(57) A supersonic compressor (10) includes a fluid
inlet (26), a fluid outlet (28), a fluid conduit (32) extending
therebetween, and at least one supersonic compressor
rotor (40) disposed within the fluid conduit and including
a fluid flow channel (80) that includes a throat portion
(124). The supersonic compressor also includes a fluid
control device (308) coupled in fluid communication with
at least one fluid source (302/304/306) and an inlet (76)

of the fluid flow channel. The fluid control device channels
a first fluid to the fluid flow channel inlet. The first fluid
has a first plurality of fluid properties that facilitate attain-
ment of supersonic flow of the first fluid in the throat por-
tion during a first operational mode. The fluid control de-
vice further channels a second fluid to the fluid flow chan-
nel inlet. The second fluid has a second plurality of fluid
properties that permit maintenance of supersonic flow of
the second fluid in the throat portion.
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Description

BACKGROUND

[0001] The subject matter described herein relates
generally to supersonic compressor systems and, more
particularly, to a supersonic compressor rotor for use with
a supersonic compressor system.
[0002] At least some known supersonic compressor
systems include a drive assembly, a drive shaft, and at
least one supersonic compressor rotor for compressing
a fluid. The drive assembly is coupled to the supersonic
compressor rotor with the drive shaft to rotate the drive
shaft and the supersonic compressor rotor.
[0003] Known supersonic compressor rotors include a
plurality of vanes coupled to a rotor disk. Each vane is
oriented circumferentially about the rotor disk and defines
a flow channel between adjacent vanes. At least some
known supersonic compressor rotors include a super-
sonic compression ramp that is coupled to the rotor disk.
Known supersonic compression ramps are positioned
within the flow path to form a throat region and are con-
figured to form a compression wave, i.e., a shock wave
within the flow path.
[0004] During starting operation of known supersonic
compressor systems, the drive assembly rotates the su-
personic compressor rotor at an initially low speed and
accelerates the rotor to a high rotational speed. A fluid
is channeled to the supersonic compressor rotor such
that the fluid is characterized by a speed that is initially
subsonic with respect to the supersonic compressor rotor
at the flow channel throat and then, as the rotor acceler-
ates, the fluid is characterized by a speed that is super-
sonic with respect to the supersonic compressor rotor at
the flow channel throat. In known supersonic compressor
rotors, as fluid is channeled through the flow channel,
the supersonic compressor ramp causes formation of a
system of oblique shock waves within a converging por-
tion of the flow channel and a normal shock wave in a
diverging portion of the flow channel. A throat region is
defined in the narrowest portion of the flow channel be-
tween the converging and diverging portions. Wider
throat regions facilitate establishing supersonic flow in
the throat region during startup, but, decrease perform-
ance at steady-state. Narrower throat regions facilitate
steady-state performance, but, increase a difficulty of es-
tablishing the supersonic flow in the throat region. More-
over, many known supersonic compressors have fixed
throat geometries. Known supersonic compressor sys-
tems are described in, for example, United States Pat-
ents numbers 7,334,990 and 7,293,955 filed March 28,
2005 and March 23, 2005 respectively, and United States
Patent Application 2009/0196731 filed January 16, 2009.

BRIEF DESCRIPTION OF THE INVENTION

[0005] In one aspect, a supersonic compressor is pro-
vided. The supersonic compressor includes a fluid inlet,

a fluid outlet, and a fluid conduit extending between the
fluid inlet and the fluid outlet. The supersonic compressor
also includes at least one supersonic compressor rotor
disposed within the fluid conduit and includes a fluid flow
channel including a throat portion. The supersonic com-
pressor further includes a fluid control device coupled in
fluid communication with at least one fluid source and a
fluid flow channel inlet of the fluid flow channel. The fluid
control device is configured to channel a first fluid to the
fluid flow channel inlet. The first fluid has a first plurality
of fluid properties that facilitate attainment of supersonic
flow of the first fluid in the throat portion of the fluid flow
channel during a first operational mode of the supersonic
compressor. The fluid control device is further configured
to channel a second fluid to the fluid flow channel inlet.
The second fluid has a second plurality of fluid properties
that permit maintenance of supersonic flow of the second
fluid in the throat portion of the fluid flow channel
[0006] In another aspect, a supersonic compressor
startup support system is provided. The supersonic com-
pressor startup support system includes at least one fluid
source and a fluid control device coupled in fluid com-
munication with the at least one fluid source and a fluid
flow channel inlet of a fluid flow channel. The fluid control
device is configured to channel a first fluid to the fluid
flow channel inlet. The first fluid has a first plurality of
fluid properties that facilitate attainment of supersonic
flow of the first fluid in a throat portion of the fluid flow
channel during a first operational mode of the supersonic
compressor and the fluid control device. The fluid control
device is further configured to channel a second fluid to
the fluid flow channel inlet. The second fluid has a second
plurality of fluid properties that permit maintenance of
supersonic flow of the second fluid in the throat portion
of the fluid flow channel during a second operational
mode of the supersonic compressor and the fluid control
device.
[0007] In yet another aspect, a method for starting a
supersonic compressor is provided. The method in-
cludes providing a supersonic compressor that includes
a fluid inlet coupled in fluid communication with at least
one fluid source, a fluid outlet, a fluid conduit extending
between the fluid inlet and the fluid outlet. The supersonic
compressor also includes at least one supersonic com-
pressor rotor disposed within the fluid conduit of the su-
personic compressor and including a fluid flow channel
including a throat portion and a fluid flow channel inlet.
The method also includes channeling a first fluid from
the at least one fluid source to the fluid flow channel inlet
during a first operational mode of the supersonic com-
pressor. The first fluid has a first plurality of fluid proper-
ties that permit attainment of a supersonic flow in the
throat portion of the fluid flow channel during the first
operational mode of the supersonic compressor. The
method also includes accelerating the first fluid from in-
itially subsonic flow to supersonic flow in the throat portion
of the fluid flow channel during the first operational mode
of the supersonic compressor. The method further in-
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cludes channeling a second fluid from the at least one
fluid source to the fluid flow channel inlet at a supersonic
fluid speed during a second operational mode of the su-
personic compressor. The second fluid has a second plu-
rality of fluid properties that permit maintenance of su-
personic flow of the second fluid in the throat portion of
the fluid flow channel during the second operational
mode of the supersonic compressor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] These and other features, aspects, and advan-
tages of the present invention will become better under-
stood when the following detailed description is read with
reference to the accompanying drawings in which like
characters represent like parts throughout the drawings,
wherein:

Fig. 1 is a schematic view of an exemplary super-
sonic compressor system;

Fig. 2 is a perspective view of an exemplary super-
sonic compressor rotor that may be used with the
supersonic compressor system shown in Fig. 1;

Fig. 3 is an exploded perspective view of the super-
sonic compressor rotor shown in

Fig. 2;

Fig. 4 is a cross-sectional view of the supersonic
compressor rotor shown in Fig. 2 and taken along
line 4-4;

Fig. 5 is an enlarged cross-section view of a portion
of the supersonic compressor rotor shown in Fig. 4
and taken along area 5;

Fig. 6 is a graphical view of a relationship between
a throat area and a Mach number for air for various
conditions for the supersonic compressor rotor
shown in Figs. 4 and 5;

Fig. 7 is a schematic cross-sectional view of an ex-
emplary supersonic compressor startup support sys-
tem that may be used with the supersonic compres-
sor system shown in Fig. 1;

Fig. 8 is a tabular view of a plurality of properties for
a plurality of fluids that may be used with the super-
sonic compressor system shown in Fig. 1;

Fig. 9 is a graphical view of a relationship between
a throat area and a Mach number for air and carbon
dioxide for various conditions for the supersonic
compressor rotor shown in Figs. 4 and 5;

Fig. 10 is a graphical view of a relationship between

a throat area and a Mach number for air and sulfur
hexafluoride for various conditions for the superson-
ic compressor rotor shown in Figs. 4 and 5; and

Fig. 11 is a graphical view of a relationship between
a throat area and a Mach number for methane (CH4)
and propane (C3H8) for various conditions for the
supersonic compressor rotor shown in Figs. 4 and 5.

[0009] Unless otherwise indicated, the drawings pro-
vided herein are meant to illustrate key inventive features
of the invention. These key inventive features are be-
lieved to be applicable in a wide variety of systems com-
prising one or more embodiments of the invention. As
such, the drawings are not meant to include all conven-
tional features known by those of ordinary skill in the art
to be required for the practice of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0010] In the following specification and the claims,
which follow, reference will be made to a number of terms,
which shall be defined to have the following meanings.
[0011] The singular forms "a", "an", and "the" include
plural references unless the context clearly dictates oth-
erwise.
[0012] "Optional" or "optionally" means that the sub-
sequently described event or circumstance may or may
not occur, and that the description includes instances
where the event occurs and instances where it does not.
[0013] Approximating language, as used herein
throughout the specification and claims, may be applied
to modify any quantitative representation that could per-
missibly vary without resulting in a change in the basic
function to which it is related. Accordingly, a value mod-
ified by a term or terms, such as "about" and "substan-
tially", are not to be limited to the precise value specified.
In at least some instances, the approximating language
may correspond to the precision of an instrument for
measuring the value. Here and throughout the specifica-
tion and claims, range limitations may be combined
and/or interchanged, such ranges are identified and in-
clude all the sub-ranges contained therein unless context
or language indicates otherwise.
[0014] As used herein, the term "supersonic compres-
sor rotor" refers to a compressor rotor comprising a su-
personic compression ramp disposed within a fluid flow
channel of the supersonic compressor rotor. Moreover,
supersonic compressor rotors are "supersonic" because
they are designed to rotate about an axis of rotation at
high speeds such that a moving fluid, for example a mov-
ing gas, encountering the rotating supersonic compres-
sor rotor at a supersonic compression ramp disposed
within a flow channel of the rotor, is said to have a relative
fluid velocity which is supersonic. The relative fluid ve-
locity can be defined in terms of the vector difference of
the fluid velocity just prior to encountering the supersonic
compression ramp and the rotor velocity at the super-
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sonic compression ramp. This relative fluid velocity is at
times referred to as the "local supersonic inlet velocity",
which in certain embodiments is a combination of an inlet
gas velocity and a tangential speed of a supersonic com-
pression ramp disposed within a flow channel of the su-
personic compressor rotor. The supersonic compressor
rotors are engineered for service at very high tangential
speeds, for example tangential speeds in a range of 300
meters/second to 800 meters/second.
[0015] The exemplary systems and methods de-
scribed herein overcome disadvantages of known super-
sonic compressors by providing a supersonic compres-
sor startup support system that channels fluids to the
supersonic compressors during startup and steady state
operation that facilitate attaining and maintenance of su-
personic flow in the channel throat. Specifically, the star-
tup support system includes at least one fluid source and
a fluid control device coupled in fluid communication with
the at least one fluid source and a fluid flow channel inlet
of a fluid flow channel. More specifically, the fluid control
device channels a first fluid through the supersonic com-
pressor that has fluid properties that facilitate attainment
of supersonic flow of the first fluid in a throat portion of
the fluid flow channel during a first operational mode of
the supersonic compressor, that is, startup operations.
Also, more specifically, the fluid control device channels
a second fluid through the supersonic compressor that
has fluid properties that permit maintenance of super-
sonic flow of the second fluid in the throat portion of the
fluid flow channel during a second operational mode of
the supersonic compressor, that is, steady-state opera-
tions.
[0016] FIG. 1 is a schematic view of an exemplary su-
personic compressor system 10 (also at times herein re-
ferred to as a supersonic compressor). In the exemplary
embodiment, supersonic compressor system 10 in-
cludes an intake section 12, a compressor section 14
coupled downstream from intake section 12, a discharge
section 16 coupled downstream from compressor sec-
tion 14, and a drive assembly 18. Compressor section
14 is coupled to drive assembly 18 by a rotor assembly
20 that includes a drive shaft 22. In the exemplary em-
bodiment, each of intake section 12, compressor section
14, and discharge section 16 are positioned within a com-
pressor housing 24. More specifically, compressor hous-
ing 24 includes a fluid inlet 26, a fluid outlet 28, and an
inner surface 30 that defines a cavity 32. Cavity 32 ex-
tends between fluid inlet 26 and fluid outlet 28 and is
configured to channel a fluid from fluid inlet 26 to fluid
outlet 28. Each of intake section 12, compressor section
14, and discharge section 16 are positioned within cavity
32. Alternatively, intake section 12 and/or discharge sec-
tion 16 may not be positioned within compressor housing
24.
[0017] In the exemplary embodiment, fluid inlet 26 is
configured to channel a flow of fluid from a fluid source
34 to intake section 12. The fluid may be any fluid such
as, for example a gas, a gas mixture, and/or a liquid-gas

mixture. Intake section 12 is coupled in flow communi-
cation with compressor section 14 for channeling fluid
from fluid inlet 26 to compressor section 14. Intake sec-
tion 12 is configured to condition a fluid flow having one
or more predetermined parameters, such as a velocity,
a mass flow rate, a pressure, a temperature, and/or any
suitable flow parameter. In the exemplary embodiment,
intake section 12 includes an inlet guide vane assembly
36 that is coupled between fluid inlet 26 and compressor
section 14 for channeling fluid from fluid inlet 26 to com-
pressor section 14. Inlet guide vane assembly 36 in-
cludes one or more inlet guide vanes 38 that are coupled
to compressor housing 24 and are stationary with respect
to compressor section 14.
[0018] Compressor section 14 is coupled between in-
take section 12 and discharge section 16 for channeling
at least a portion of fluid from intake section 12 to dis-
charge section 16. Compressor section 14 includes at
least one supersonic compressor rotor 40 that is rotatably
coupled to drive shaft 22. Supersonic compressor rotor
40 is configured to increase a pressure of fluid, reduce
a volume of fluid, and/or increase a temperature of fluid
being channeled to discharge section 16. Discharge sec-
tion 16 includes an outlet guide vane assembly 42 that
is coupled between supersonic compressor rotor 40 and
fluid outlet 28 for channeling fluid from supersonic com-
pressor rotor 40 to fluid outlet 28. Outlet guide vane as-
sembly 42 includes one or more outlet guide vanes 43
that are coupled to compressor housing 24 and are sta-
tionary with respect to compressor section 14. Fluid outlet
28 is configured to channel fluid from outlet guide vane
assembly 42 and/or supersonic compressor rotor 40 to
an output system 44 such as, for example, a turbine en-
gine system, a fluid treatment system, and/or a fluid stor-
age system. In one embodiment, drive assembly 18 may
be configured to rotate drive shaft 22 to cause a rotation
of inlet guide vane assembly 36, supersonic compressor
rotor 40, and/or outlet guide vane assembly 42.
[0019] During operation, intake section 12 channels
fluid from fluid source 34 towards compressor section
14. Compressor section 14 compresses the fluid and dis-
charges the compressed fluid towards discharge section
16. Discharge section 16 channels the compressed fluid
from compressor section 14 to output system 44 through
fluid outlet 28.
[0020] Fig. 2 is a perspective view of an exemplary
supersonic compressor rotor 40. Fig. 3 is an exploded
perspective view of supersonic compressor rotor 40. Fig.
4 is a cross-sectional view of supersonic compressor ro-
tor 40 taken along sectional line 4-4 shown in Fig. 2.
Identical components shown in Fig. 3 and Fig. 4 are la-
beled with the same reference numbers used in Fig. 2.
For purposes of clarity, Fig. 4 shows an x-axis to illustrate
a first radial dimension, a y-axis to illustrate a second
radial dimension that is perpendicular to the x-axis, and
a z-axis to illustrate an axial dimension that is perpendic-
ular to the x-axis and the y-axis. These reference axes
will be used hereon. In Fig. 4, the z-axis is directed out
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of the page. In the exemplary embodiment, supersonic
compressor rotor 40 includes a plurality of vanes 46 that
are coupled to a rotor disk 48. Rotor disk 48 includes an
annular disk body 50 that defines an inner cavity 52 ex-
tending generally axially through disk body 50 along a
centerline axis 54. Disk body 50 includes a radially inner
surface 56, a radially outer surface 58, and an endwall
60. Radially inner surface 56 defines inner cavity 52. In-
ner cavity 52 has a substantially cylindrical shape and is
oriented about centerline axis 54. Drive shaft 22 is rotat-
ably coupled to rotor disk 48 via a plurality of rotor support
struts 51 that define an aperture 53 through which drive
shaft 22 is inserted. Endwall 60 extends radially outward-
ly from inner cavity 52 and between radially inner surface
56 and radially outer surface 58. Endwall 60 includes a
width 62 defined in a radial direction 64 that is oriented
perpendicular to centerline axis 54.
[0021] In the exemplary embodiment, each vane 46 is
coupled to endwall 60 and extends outwardly from end-
wall 60 in an axial direction 66 that is generally parallel
to centerline axis 54. Each vane 46 includes an inlet edge
68 and an outlet edge 70. Inlet edge 68 is positioned
adjacent radially inner surface 56. Outlet edge 70 is po-
sitioned adjacent radially outer surface 58. In the exem-
plary embodiment, supersonic compressor rotor 40 in-
cludes a pair 74 of vanes 46. Each vane 46 is oriented
to define an inlet opening 76, an outlet opening 78, and
a flow channel 80 between each pair 74 of adjacent vanes
46. Flow channel 80 extends between inlet opening 76
and outlet opening 78 and defines a flow path, represent-
ed by arrow 82, (shown in Fig. 4) from inlet opening 76
to outlet opening 78. Flow path 82 is oriented generally
parallel to vane 46. Flow channel 80 is sized, shaped,
and oriented to channel fluid along flow path 82 from inlet
opening 76 to outlet opening 78 in radial direction 64.
Inlet opening 76 is defined between adjacent inlet edges
68 of adjacent vanes 46. Outlet opening 78 is defined
between adjacent outlet edges 70 of adjacent vanes 46.
Each vane 46 extends radially between inlet edge 68 and
outlet edge 70 such that each vane 46 extends between
radially inner surface 56 and radially outer surface 58.
Also, each vane 46 includes an outer surface 84 and an
opposite inner surface 86. Vane 46 extends between out-
er surface outer surface 84 and inner surface 86 to define
an axial height 88 of flow channel 80.
[0022] Referring to Fig. 2 and Fig. 3, in the exemplary
embodiment, a shroud assembly 90 is coupled to outer
surface 84 of each vane 46 such that flow channel 80
(shown in Fig. 4) is defined between shroud assembly
90 and endwall 60. Shroud assembly 90 includes an inner
edge 92 and an outer edge 94. Inner edge 92 defines a
substantially cylindrical opening 96. Shroud assembly 90
is oriented coaxially with rotor disk 48, such that inner
cylindrical cavity 52 is concentric with opening 96. Shroud
assembly 90 is coupled to each vane 46 such that inlet
edge 68 of vane 46 is positioned adjacent inner edge 92
of shroud assembly 90, and outlet edge 70 of vane 46 is
positioned adjacent outer edge 94 of shroud assembly

90. Alternatively, supersonic compressor rotor 40 does
not include shroud assembly 90. In such an embodiment,
a diaphragm assembly (not shown) is positioned adja-
cent each outer surface 84 of vanes 46 such that the
diaphragm at least partially defines flow channel 80.
[0023] Referring to Fig. 4, in the exemplary embodi-
ment, at least one supersonic compression ramp 98 is
positioned within flow channel 80. Supersonic compres-
sion ramp 98 is positioned between inlet opening 76 and
outlet opening 78, and is sized, shaped, and oriented to
enable one or more shock waves 100 to form within flow
channel 80.
[0024] During operation of supersonic compressor ro-
tor 40, intake section 12 (shown in Fig. 1) channels a
fluid 102 towards inlet opening 76 of flow channel 80.
Fluid 102 has a first velocity, i.e., an approach velocity,
just prior to entering inlet opening 76. Supersonic com-
pressor rotor 40 is rotated about centerline axis 54 at a
second velocity, i.e., a rotational velocity, represented by
directional arrow 104, such that fluid 102 entering flow
channel 80 has a third velocity, i.e., an inlet velocity at
inlet opening 76 that is supersonic relative to vanes 46.
As fluid 102 is channeled through flow channel 80 at a
supersonic velocity, supersonic compression ramp 98
enables shock waves 100 to form within flow channel 80
to facilitate compressing fluid 102, such that fluid 102
includes an increased pressure and temperature, and/or
includes a reduced volume at outlet opening 78.
[0025] Fig. 5 is an enlarged cross-sectional view of a
portion of supersonic compressor rotor 40 taken along
area 5 shown in Fig. 4. Identical components shown in
Fig. 5 are labeled with the same reference numbers used
in Fig. 2 and Fig. 4. For purposes of clarity, Fig. 5 shows
an x-axis to illustrate a first radial dimension, a y-axis to
illustrate a second radial dimension that is perpendicular
to the x-axis, and a z-axis to illustrate an axial dimension
that is perpendicular to the x-axis and the y-axis. In Fig.
5, the z-axis is directed out of the page. In the exemplary
embodiment, each vane 46 includes a first, or pressure
side 106 and an opposing second, or suction side 108.
Each pressure side 106 and suction side 108 extends
between inlet edge 68 and outlet edge 70.
[0026] In the exemplary embodiment, each vane 46 is
spaced circumferentially about inner cylindrical cavity 52
such that flow channel 80 is oriented generally radially
between inlet opening 76 and outlet opening 78. Each
inlet opening 76 extends between a pressure side 106
and an adjacent suction side 108 of vane 46 at inlet edge
68. Each outlet opening 78 extends between pressure
side 106 and an adjacent suction side 108 at outlet edge
70, such that flow path 82 is defined radially outwardly
from radially inner surface 56 to radially outer surface 58
in radial direction 64. Alternatively, adjacent vanes 46
may be oriented such that inlet opening 76 is defined at
radially outer surface 58 and outlet opening 78 is defined
at radially inner surface 56 such that flow path 82 is de-
fined radially inwardly from radially outer surface 58 to
radially inner surface 56. In the exemplary embodiment,
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flow channel 80 includes a circumferential width 110 that
is defined between pressure side 106 and adjacent suc-
tion side 108 and is perpendicular to flow path 82. Inlet
opening 76 has a first circumferential width 112 that is
larger than a second circumferential width 114 of outlet
opening 78. Alternatively, first circumferential width 112
of inlet opening 76 may be less than, or equal to, second
circumferential width 114 of outlet opening 78. In the ex-
emplary embodiment, each vane 46 is formed with an
arcuate shape and is oriented such that flow channel 80
is defined with a spiral shape and generally converges
inwardly between inlet opening 76 to outlet opening 78.
[0027] In the exemplary embodiment, flow channel 80
defines a cross-sectional area 116 that varies along flow
path 82. Cross-sectional area 116 of flow channel 80 is
defined perpendicularly to flow path 82 and is equal to
circumferential width 110 of flow channel multiplied by
axial height 88 (shown in Fig. 3) of flow channel 80. Flow
channel 80 includes a first area, i.e., an inlet cross-sec-
tional area 118 at inlet opening 76, a second area, i.e.,
an outlet cross-sectional area 120 at outlet opening 78,
and a third area, i.e., a minimum cross-sectional area
122 that is defined between inlet opening 76 and outlet
opening 78. In the exemplary embodiment, minimum
cross-sectional area 122 is less than inlet cross-sectional
area 118 and outlet cross-sectional area 120. In one em-
bodiment, minimum cross-sectional area 122 is equal to
outlet cross-sectional area 120, wherein each of outlet
cross-sectional area 120 and minimum cross-sectional
area 122 is less than inlet cross-sectional area 118.
[0028] In the exemplary embodiment, supersonic com-
pression ramp 98 is coupled to pressure side 106 of vane
46 and defines a throat region 124 of flow channel 80.
Throat region 124 defines minimum cross-sectional area
122 of flow channel 80. In an alternative embodiment,
supersonic compression ramp 98 may be coupled to suc-
tion side 108 of vane 46, endwall 60, and/or shroud as-
sembly 90. In a further alternative embodiment, super-
sonic compressor rotor 40 includes a plurality of super-
sonic compression ramps 98 that are each coupled to
pressure side 106, suction side 108, endwall 60, and/or
shroud assembly 90. In such an embodiment, each su-
personic compression ramp 98 collectively defines throat
region 124.
[0029] In the exemplary embodiment, throat region
124 defines minimum cross-sectional area 122 that is
less than inlet cross-sectional area 118 such that flow
channel 80 has an area ratio defined as a ratio of inlet
cross-sectional area 118 divided by minimum cross-sec-
tional area 122 of between about 1.01 and 1.10. In one
embodiment, the area ratio is between about 1.07 and
1.08.
[0030] In the exemplary embodiment, supersonic com-
pression ramp 98 includes a compression surface 126
and a diverging surface 128. Compression surface 126
includes a first, or leading edge 130 and a second, or
trailing edge 132. Leading edge 130 is positioned closer
to inlet opening 76 than trailing edge 132. Compression

surface 126 extends between leading edge 130 and trail-
ing edge 132 and is oriented at an oblique angle 134 from
vane 46 into flow path 82. Compression surface 126 con-
verges towards an adjacent suction side 108 such that
a compression region 136 is defined between leading
edge 130 and trailing edge 132. Compression region 136
includes a cross-sectional area 138 of flow channel 80
that is reduced along flow path 82 from leading edge 130
to trailing edge 132. Trailing edge 132 of compression
surface 126 defines throat region 124.
[0031] Diverging surface 128 is coupled to compres-
sion surface 126 and extends downstream from com-
pression surface 126 towards outlet opening 78. Diverg-
ing surface 128 includes a first end 140 and a second
end 142 that is closer to outlet opening 78 than first end
140. First end 140 of diverging surface 128 is coupled to
trailing edge 132 of compression surface 126. Diverging
surface 128 extends between first end 140 and second
end 142. Diverging surface 128 defines a diffusion region
146 that includes a diverging cross-sectional area 148
that increases from second end 132 of compression sur-
face 126 to outlet opening 78. Diffusion region 146 ex-
tends from throat region 124 to outlet opening 78. In an
alternative embodiment, supersonic compression ramp
does not include diverging surface 128. In this alternative
embodiment, trailing edge 132 of compression surface
126 is positioned adjacent outlet edge 70 of vane 46 such
that throat region 124 is defined adjacent outlet opening
78.
[0032] During operation of supersonic compressor ro-
tor 40, fluid 102 is channeled from inner cylindrical cavity
52 into inlet opening 76 at a supersonic velocity with re-
spect to rotor disk 48. Fluid 102 entering flow channel 80
from inner cylindrical cavity 52 contacts leading edge 130
of supersonic compression ramp 98 to form a first oblique
shock wave 152. Compression region 136 of supersonic
compression ramp 98 is configured to cause first oblique
shock wave 152 to be oriented at an oblique angle with
respect to flow path 82 from leading edge 130 towards
adjacent vane 46, and into flow channel 80. As first ob-
lique shock wave 152 contacts adjacent vane 46, a sec-
ond oblique shock wave 154 is reflected from adjacent
vane 46 at an oblique angle with respect to flow path 82,
and towards throat region 124 of supersonic compres-
sion ramp 98. In one embodiment, compression surface
126 is oriented to cause second oblique shock wave 154
to extend from first oblique shock wave 152 at adjacent
vane 46 to trailing edge 132 that defines throat region
124. Supersonic compression ramp 98 is configured to
cause each first oblique shock wave 152 and second
oblique shock wave 154 to form within compression re-
gion 136.
[0033] As fluid 102 passes through compression re-
gion 136, a speed of fluid 102 is reduced as fluid 102
passes through each first oblique shock wave 152 and
second oblique shock wave 154. In addition, a pressure
of fluid 102 is increased, and a volume of fluid 102 is
decreased. In the exemplary embodiment, as fluid 102
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passes through throat region 124, supersonic compres-
sion ramp 98 is configured to condition fluid 102 to have
an outlet velocity at outlet opening 78 that is supersonic
with respect to rotor disk 48. Supersonic compression
ramp 98 is further configured to cause a normal shock
wave 156 to form downstream of throat region 124 and
within flow channel 80. Normal shock wave 156 is a shock
wave oriented perpendicular to flow path 82 that reduces
a speed of fluid 102 to a subsonic speed with respect to
rotor disk 48 as fluid passes through normal shock wave
156.
[0034] Fig. 6 is a graphical view 200 of a relationship
between a throat area and a relative Mach number at the
throat area for air for various conditions for supersonic
compressor rotor 40 (shown in Figs. 4 and 5). Relative
Mach number is defined as a ratio of the speed of a fluid
medium in the coordinate system of the rotor to the speed
of sound in such fluid medium, therefore, the speed of
sound in the fluid medium is the reference. In general,
supersonic compressors have two high level operating
modes, that is, a starting, or startup mode, and a steady-
state operating mode. In the startup mode, a supersonic
compressor rotor is accelerated from a stationary condi-
tion to a relatively high rotational speed. The speed of
fluid introduced to the supersonic compressor with re-
spect to the rotor is initially subsonic and it increases
during the startup mode as the rotational speed of the
rotor increases. In steady-state operating mode, the su-
personic compressor rotor is rotating at a substantially
constant rotational speed and it is compressing the as-
sociated fluids, which have supersonic speeds in the co-
ordinate system of the rotor.
[0035] Therefore, in general, startup modes and
steady-state modes of operation of supersonic compres-
sors typically require different fluid flow channel ge-
ometries. Specifically, to facilitate attainment of super-
sonic speed in the throat and forming a normal shock
wave downstream of the throat region in the fluid flow
channel during startup, a larger, or wider throat area is
required in contrast to a smaller, or narrower throat area
required for maintenance of the normal shock wave
downstream of the throat region during steady-state op-
erations. Wider throat regions facilitate establishing su-
personic flow in the throat region during startup, however,
decrease performance at steady-state. Narrower throat
regions facilitate steady-state performance, but, increase
a difficulty of establishing the supersonic flow in the throat
region during startup.
[0036] Graph 200 includes an ordinate, that is, a y-axis
202 that represents numerical values for a ratio of throat
area (A*) to an inlet area (Ainlet) in unitless increments of
0.1 from 0.6 to 1.0. Graph 200 is plotted with an adoption
of a perfect inviscid gas assumption to illustrate the mech-
anisms described herein, wherein it is understood that
plots for real gases may differ to some extent, however,
substantially similar behaviors are expected to be ob-
served with substantially similar benefits attained. Graph
200 also includes an abscissa, that is, an x-axis 204 that

represents numerical values for fluid velocities as a Mach
number in increments of 0.2 from 1.0 to 2.0. Graph 200
further includes a starting curve 206 for air that represents
a minimum throat area-to-inlet area ratio for starting op-
eration of supersonic compressor rotor 40. This means
that for a constant Ainlet, starting curve 206 is proportional
to the minimum throat area required to facilitate super-
sonic fluid flow during starting conditions with formation/
maintenance of the oblique and normal shock waves as
the rotor increases its rotational speed and a relative
Mach number of the fluid increases correspondingly
therewith. For example, a minimum value of an A*-to-
Ainlet ratio for relative fluid speed with a Mach number of
1.8 during startup is approximately 0.85, that is, given a
constant Ainlet, a value for A* is approximately 85% of
the value for Ainlet. Therefore, to establish and maintain
a proper normal shock wave for these circumstances, a
minimum value for the throat area is 85% of the value of
the inlet area.
[0037] Starting curve 206 is contrasted to a steady-
state operating curve 208 for air that represents a mini-
mum A*-to-Ainlet ratio for steady-state operation of su-
personic compressor rotor 40. This means that for a con-
stant Ainlet, curve 208 is proportional to the minimum
throat area required to facilitate supersonic fluid flow dur-
ing steady-state conditions with maintenance of the ob-
lique and normal shock waves as the rotor maintains its
rotational speed and a relative Mach number of the fluid
is maintained correspondingly therewith. For example, a
minimum value of an A*-to-Ainlet ratio for a Mach number
of 1.8 during steady-state operation is approximately
0.70, that is, given a constant Ainlet, a value for A* is
approximately 70% of the value for Ainlet. Therefore, giv-
en a constant Ainlet, steady-state operation can have
smaller A* than does startup operation.
[0038] Fig. 7 is a schematic cross-sectional view of an
exemplary supersonic compressor startup support sys-
tem 300 that may be used with supersonic compressor
system 10. Fig. 7 shows a portion of supersonic com-
pressor rotor 40. In the exemplary embodiment, and as
discussed further below, startup support system 300 fa-
cilitates a transition from startup mode to steady-state
operating mode by modulating an effective throat area
by using a first, or starting fluid during startup and shifting
to a second, or steady-state fluid as the supersonic com-
pressor rotor accelerates to steady-state operations.
[0039] In the exemplary embodiment, startup support
system 300 includes a plurality of fluid sources 302. Also,
in the exemplary embodiment, there are two fluid sourc-
es, that is, a first, or startup fluid source 304 and a second,
or steady-state fluid source 306, wherein use of a plurality
of fluids is discussed further below. Startup support sys-
tem 300 also includes a fluid control device 308 that in-
cludes sufficient fluid flow control devices (not shown) to
enable operation of startup support system 300 as de-
scribed herein including, without limitation, valving, pip-
ing, flow restrictors, pumps, motors, and electric, pneu-
matic, and/or hydraulic power supplies. Fluid control de-
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vice 308 is coupled in fluid communication with inlet open-
ing 76 of flow channel 80.
[0040] Startup support system 300 further includes a
control system 310 that is operatively coupled to fluid
control device 308, wherein control system 310 is pro-
grammed with sufficient analog and discrete logic, includ-
ing algorithms, and implemented in a manner that ena-
bles operation of supersonic compressor startup support
system 300, including fluid control device 308, as de-
scribed herein. In the exemplary embodiment, control
system 300 includes at least one processor including,
without limitation, those processors resident within per-
sonal computers, remote servers, programmable logic
controllers (PLCs), and distributed control system (DCS)
cabinets.
[0041] In operation, and as described in more detail
below, supersonic compressor startup support system
300 channels a startup fluid (not shown) from startup fluid
source 304 to inlet opening 76. Control system 310 mod-
ulates fluid control device 308 to channel the starting fluid
through supersonic compressor rotor 40 until predeter-
mined conditions including, without limitation, rotational
speed of rotor and startup fluid speed, are attained. Once
the predetermined startup fluid speed is attained, control
system 310 will facilitate maintenance of supersonic fluid
flow within fluid flow channel 80 as a steady-state fluid
(not shown) is channeled from steady-state fluid source
306 in parallel with the startup fluid from startup fluid
source 304. Control system 310 and fluid control device
308 modulate steady-state fluid flow in an increasing
manner while modulating starting fluid flow in a decreas-
ing manner, thereby gradually substituting the steady-
state fluid for the startup fluid while maintaining proper
shock wave formation within fluid flow channel 80. As the
fluid substitution approaches completion, starting fluid
flow is substantially stopped and fluid flow through fluid
flow channel 80 is substantially steady-state fluid flow,
and control system 310 and fluid control device 308
resume acceleration or deceleration of supersonic com-
pressor rotor 40 until predetermined parameters are at-
tained including, without limitation, fluid speeds, rotation-
al speeds of rotor 40, and compression ratios. Alterna-
tively, rather than holding supersonic compressor rotor
40 at a substantially static condition, rotor 40 is acceler-
ated throughout the starting fluid-to-steady-state fluid
substitution.
[0042] Fig. 8 is a tabular view, or table 320, of a plurality
of properties for a plurality of fluids that may be used with
supersonic compressor system 10 and supersonic com-
pressor startup support system 300 (both shown in Fig.
7). Table 320 shows three property values for each of a
plurality of fluids listed therein at a pressure of one at-
mosphere (101.3 kilopascal (kPa), 14.7 pounds per
square inch (psi)) and a temperature of 25 degrees Cel-
sius (°C) (77 degrees Fahrenheit (°F), 298 degrees Kel-
vin (°K)). The fluids listed in table 320 are air, carbon
dioxide (CO2), sulfur hexafluoride (SF6), methane (CH4),
nitrogen (N2), propane (C3H8), and butane (C4H10). A

first property of such fluids is the gamma (γ) value. γ is a
unitless value that represents an isentropic exponent co-
efficient determined by a ratio of a specific heat coefficient
at constant pressure, that is, Cp, to a specific heat coef-
ficient at constant volume, that is, Cv. Supersonic com-
pressor minimum throat area values are determined as
a function of γ and relative Mach number, that is, a ratio
of a relative speed of a fluid medium to the speed of
sound in the selected fluid medium. A second property
of the fluids listed in table 320 is molar mass in units of
grams per more (g/mol). A third property of the fluids
listed in table 320 is the speed of sound in units of meters
per second (m/s) in the fluid. In general, the speed of
sound in a fluid is a function of properties that include,
without limitation, fluid composition and temperature. For
example, the speed of sound of 346 m/s in air at one
atmosphere and 298°K is greater than the speed of sound
of 269 m/s in CO2 at one atmosphere and 298°K.
[0043] Fig. 9 is a graphical view 340 of a relationship
between a throat area and a relative flow speed for air
and CO2 for various conditions for supersonic compres-
sor rotor 40 (shown in Figs. 4 and 5). Graph 340 is plotted
with an adoption of a perfect inviscid gas assumption to
illustrate the mechanisms described herein, wherein it is
understood that plots for real gases may differ to some
extent, however, substantially similar behaviors are ex-
pected to be observed with substantially similar benefits
attained. Graph 340 includes an ordinate, that is, a y-axis
342 that represents numerical values for a ratio of throat
area (A*) to an inlet area (Ainlet) in unitless increments of
0.1 from 0.3 to 1.0. Graph 340 also includes an abscissa,
that is, an x-axis 344 that represents numerical values
for fluid speed normalized by speed of sound in air in
increments of 0.2 from 1.0 to 2.0 such that X-axis 344
represents a relative Mach number for air, but not for
CO2. Graph 340 further includes starting curve 206 for
air and steady-state operating curve 208 for air, both as
described above in Fig. 6.
[0044] Graph 340 also includes a starting curve 346
for CO2 that represents a minimum throat area-to-inlet
area ratio for starting operation of supersonic compressor
rotor 40. For a constant Ainlet, starting curve 346 is pro-
portional to the minimum throat area required to facilitate
supersonic CO2 flow during starting conditions, and also
to facilitate formation/maintenance of oblique and normal
shock waves as the rotor increases its rotational speed
and a relative Mach number of CO2 flow (not shown in
Fig. 9) increases correspondingly therewith. For purpos-
es of illustration, a minimum value of an A*-to-Ainlet ratio
for a relative fluid speed corresponding to a Mach number
(based on a relative speed of sound in air) of 1.8 during
startup with CO2 is approximately 0.76, that is, given a
constant Ainlet, a value for A* is approximately 76% of
the value for Ainlet.
[0045] Therefore, startup with CO2 as a starting gas
facilitates initiation of supersonic flow within a throat area
smaller than what would be required to start with air. Giv-
en a constant throat area, once startup is completed, that
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is, the supersonic compressor rotor is at a maintenance
rotational speed, air may be gradually substituted for CO2
until steady-state operation is exclusively being conduct-
ed with air. More specifically, as indicated by the inter-
section of curves 208 and 346, once the fluid at the throat
attains a supersonic speed corresponding to a Mach
number of 1.6 in air, a value for a minimum A*-to-Ainlet
ratio of approximately 0.8 is the same for startup with
CO2 and for steady-state operation with air. Therefore
supersonic compressor rotor 40 with an A*-to-Ainlet ratio
of approximately 0.8 can be started with CO2 fluid, then
the rotor rotational speed can be increased so that the
relative speed of the CO2 fluid at the throat attains a
speed corresponding to approximately Mach 1.6 in air,
and then the fluid may be gradually changed from CO2
to air.
[0046] For example, without limitation, supersonic
compressor rotor 40 may be sized and configured to at-
tain steady-state operation at a value of relative Mach
number in air of approximately 1.6. In such configuration,
startup with CO2 requires a minimum throat area that is
approximately 80% of the area of the inlet, steady-state
operation with air requires a minimum throat area that is
approximately 80% of the area of the inlet, and startup
with air requires a minimum throat area that is approxi-
mately 90% of the area of the inlet. Therefore, for super-
sonic compressor rotor 40 designed to operate with a
relative Mach number in air of approximately 1.6, a throat
area of approximately 80% of the area of the inlet will
suffice to facilitate startup with CO2 and steady-state op-
eration with air. Moreover, a benefit of a throat size re-
duction of approximately 10% may be facilitated, wherein
such 10% is representative of a difference between ap-
proximately 90% of the area of the inlet (associated with
startup with air) to approximately 80% of the area of the
inlet (associated with startup with CO2). This 10% size
reduction of the throat area facilitates an increase in ef-
ficiency of supersonic compressor rotor 40.
[0047] Alternatively, the air-for-CO2 substitution may
be started and/or performed at a different supersonic
speed than the speed where curves 208 and 346 inter-
sect. Supersonic compressor rotor 40 may be sized and
configured for any given relative Mach number for air
wherein starting curve 346 for CO2 is below starting curve
206 for air such that a minimum throat area value for
startup with CO2 is less than a minimum throat area value
for startup with air. Therefore, the throat area of super-
sonic compressor rotor 40 is determined as the greater
of the values of starting curve 346 for CO2 and steady-
state operating curve 208 for air at a given speed. As
such, the determined throat area is below that associated
with starting curve 206 for air for the same relative Mach
number for air, thereby facilitating higher efficiency op-
eration than a rotor similar to rotor 40 using substantially
identical fluids for both startup and steady-state opera-
tion.
[0048] For example, without limitation, supersonic
compressor rotor 40 may be sized and configured to at-

tain steady-state operation at a value of relative Mach
number in air of approximately 1.4. In such configuration,
startup with CO2 requires a minimum throat area that is
approximately 85% of the area of the inlet, steady-state
operation with air requires a minimum throat area that is
approximately 90% of the area of the inlet, and startup
with air requires a minimum throat area that is approxi-
mately 95% of the area of the inlet. Therefore, for super-
sonic compressor rotor 40 designed to operate with a
relative Mach number in air of approximately 1.4, a throat
area of approximately 90% of the area of the inlet will
suffice to facilitate startup with CO2 and steady-state op-
eration with air. Moreover, a benefit of a throat size re-
duction of approximately 5% may be facilitated, wherein
such 5% is representative of a difference between ap-
proximately 95% of the area of the inlet (associated with
startup with air) to approximately 90% of the area of the
inlet (associated with steady-state with air). This 5% size
reduction of the throat area facilitates an increase in ef-
ficiency of supersonic compressor rotor 40.
[0049] Also, for example, again without limitation, su-
personic compressor rotor 40 may be sized and config-
ured to attain steady-state operation at a value of relative
Mach number in air of approximately 1.8. In such config-
uration, startup with CO2 requires a minimum throat area
that is approximately 76% of the area of the inlet, steady-
state operation with air requires a minimum throat area
that is approximately 70% of the area of the inlet, and
startup with air requires a minimum throat area that is
approximately 85% of the area of the inlet. Therefore, for
supersonic compressor rotor 40 designed to operate with
a relative Mach number in air of approximately 1.8, a
throat area of approximately 76% of the area of the inlet
will suffice to facilitate startup with CO2 and steady-state
operation with air. Moreover, a benefit of a throat size
reduction of approximately 9% may be facilitated, where-
in such 9% is representative of a difference between ap-
proximately 85% of the area of the inlet (associated with
startup with air) to approximately 76% of the area of the
inlet (associated with startup with CO2). Such approxi-
mately 9% size reduction of the throat area facilitates an
increase in efficiency of supersonic compressor rotor 40.
[0050] Fig. 10 is a graphical view 350 of a relationship
between a throat area and a relative flow speed for air
and SF6 for various conditions for supersonic compres-
sor rotor 40 (shown in Figs. 4 and 5). Graph 350 includes
an ordinate, that is, a y-axis 352 that represents numer-
ical values for a ratio of throat area (A*) to an inlet area
(Ainlet) in unitless increments of 0.2 from 0.0 to 1.0. Graph
350 also includes an abscissa, that is, an x-axis 354 that
represents numerical values for fluid speed normalized
by the speed of sound in air as a relative Mach number
in increments of 0.2 from 1.0 to 2.4 such that X-axis 354
represents a relative Mach number for air, but not for
SF6. Graph 350 further includes starting curve 206 for
air and steady-state operating curve 208 for air, both as
described above in Fig. 6.
[0051] Graph 350 also includes a starting curve 356
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for SF6 that represents a minimum throat area-to-inlet
area ratio for starting operation of supersonic compressor
rotor 40. For a constant Ainlet, curve 356 is proportional
to the minimum throat area required to facilitate super-
sonic SF6 flow during starting conditions, and also to fa-
cilitate formation/maintenance of the oblique and normal
shock waves as the rotor increases its rotational speed
and a relative Mach number of SF6 flow (not shown in
Fig. 10) increases correspondingly therewith. For pur-
poses of illustration, a minimum value of an A*-to-Ainlet
ratio for a relative fluid speed corresponding to a Mach
number (based on a relative speed of sound in air) of 1.8
during startup with SF6 is approximately 0.48, that is,
given a constant Ainlet, a value for A* is approximately
48% of the value for Ainlet.
[0052] Therefore, startup with SF6 as a starting gas
facilitates initiation of supersonic flow within a throat area
smaller than what would be required to start with air. Giv-
en a constant throat area, once startup is completed, that
is, the supersonic compressor rotor is at a maintenance
rotational speed, air may be gradually substituted for SF6
until steady-state operation is exclusively being conduct-
ed with air. More specifically, as indicated by the inter-
section of curves 208 and 356 at a Mach number of ap-
proximately 2.4 in air, a value for a minimum A*-to-Ainlet
ratio of approximately 0.42 is the same for startup with
SF6 and steady-state operation with air. Therefore su-
personic compressor rotor 40 with an A*-to-Ainlet ratio of
approximately 0.42 can be started with SF6 fluid, then
the rotor rotational speed can be increased so that the
relative speed of the SF6 fluid at the throat attains a speed
corresponding to approximately Mach 2.4 in air, and then
the fluid may be gradually changed from SF6 to air.
[0053] For example, without limitation, supersonic
compressor rotor 40 may be sized and configured to at-
tain steady-state operation at a value of relative Mach
number in air of approximately 2.4. In such configuration,
startup with SF6 requires a minimum throat area that is
approximately 42% of the area of the inlet, steady-state
operation with air requires a minimum throat area that is
approximately 42% of the area of the inlet, and startup
with air requires a minimum throat area that is approxi-
mately 78% of the area of the inlet. Therefore, for super-
sonic compressor rotor 40 designed to operate with a
relative Mach number in air of approximately 2.4, a throat
area of approximately 42% of the area of the inlet will
suffice to facilitate startup with SF6 and steady-state op-
eration with air. Moreover, a benefit of a throat size re-
duction of approximately 36% may be facilitated, wherein
such 36% is representative of a difference between ap-
proximately 78% of the area of the inlet (associated with
startup with air) to approximately 42% of the area of the
inlet (associated with startup with SF6). This 36% size
reduction of the throat area facilitates an increase in ef-
ficiency of supersonic compressor rotor 40.
[0054] Alternatively, the air-for-SF6 substitution may
be started and/or performed at a different supersonic
speed than the speed where curves 208 and 356 inter-

sect. Supersonic compressor rotor 40 may be sized and
configured for any given relative Mach number for air
wherein starting curve 356 for SF6 is below starting curve
206 for air such that a minimum throat area value for
startup with SF6 is less than a minimum throat area value
for startup with air. Therefore, the throat area of super-
sonic compressor rotor 40 is determined as the greater
of the values of starting curve 356 for SF6 and steady-
state operating curve 208 for air at a given speed. As
such, the determined throat area is below that associated
with starting curve 206 for air for the same relative Mach
number for air, thereby facilitating higher efficiency op-
eration than a rotor similar to rotor 40 using substantially
identical fluids for both startup and steady-state opera-
tion.
[0055] For example, without limitation, supersonic
compressor rotor 40 may be sized and configured to at-
tain steady-state operation at a value of relative Mach
number in air of approximately 2.0. In such configuration,
startup with SF6 requires a minimum throat area that is
approximately 45% of the area of the inlet, steady-state
operation with air requires a minimum throat area that is
approximately 60% of the area of the inlet, and startup
with air requires a minimum throat area that is approxi-
mately 83% of the area of the inlet. Therefore, for super-
sonic compressor rotor 40 designed to operate with a
relative Mach number in air of approximately 2.0, a throat
area of approximately 60% of the area of the inlet will
suffice to facilitate startup with SF6 and steady-state op-
eration with air. Moreover, a benefit of a throat size re-
duction of approximately 23% may be facilitated, wherein
such 23% is representative of a difference between ap-
proximately 83% of the area of the inlet (associated with
startup with air) to approximately 60% of the area of the
inlet (associated with steady-state with air). This 23%
size reduction of the throat area facilitates an increase
in efficiency of supersonic compressor rotor 40.
[0056] Also, for example, again without limitation, su-
personic compressor rotor 40 may be sized and config-
ured to attain steady-state operation at a value of relative
Mach number in air of approximately 2.5. In such config-
uration, startup with SF6 requires a minimum throat area
that is approximately 41% of the area of the inlet, steady-
state operation with air requires a minimum throat area
that is approximately 38% of the area of the inlet, and
startup with air requires a minimum throat area that is
approximately 77% of the area of the inlet. Therefore, for
supersonic compressor rotor 40 designed to operate with
a relative Mach number in air of approximately 2.5, a
throat area of approximately 42% of the area of the inlet
will suffice to facilitate startup with SF6 and steady-state
operation with air. Moreover, a benefit of a throat size
reduction of approximately 35% may be facilitated,
wherein such 35% is representative of a difference be-
tween approximately 77% of the area of the inlet (asso-
ciated with startup with air) to approximately 42% of the
area of the inlet (associated with startup with SF6). Such
approximately 35% size reduction of the throat area fa-
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cilitates an increase in efficiency of supersonic compres-
sor rotor 40.
[0057] Fig. 11 is a graphical view of a relationship be-
tween a throat area and a relative flow speed for methane
(CH4) and propane (C3H8) for various conditions for the
supersonic compressor rotor shown in Figs. 4 and 5.
Graph 370 is plotted with an adoption of a perfect inviscid
gas assumption to illustrate the mechanisms described
herein, wherein it is understood that plots for real gases
may differ to some extent, however, substantially similar
behaviors are expected to be observed with substantially
similar benefits attained. Graph 370 includes an ordinate,
that is, a y-axis 372 that represents numerical values for
a ratio of throat area (A*) to an inlet area (Ainlet) in unitless
increments of 0.2 from 0.0 to 1.0. Graph 370 also includes
an abscissa, that is, an x-axis 374 that represents nu-
merical values for fluid speed normalized by speed of
sound in CH4 in increments of 0.2 from 1.0 to 2.4 such
that X-axis 374 represents a relative Mach number for
CH4, but not for C3H8.
[0058] Graph 370 also includes a starting curve 376
for CH4 that represents a minimum throat area-to-inlet
area ratio for starting operation of supersonic compressor
rotor 40. For a constant Ainlet, curve 376 is proportional
to the minimum throat area required to facilitate super-
sonic CH4 flow during starting conditions, and to facilitate
formation/maintenance of the oblique and normal shock
waves as the rotor increases its rotational speed and a
relative Mach number of CH4 flow (not shown in Fig. 11)
increases correspondingly therewith. For purposes of il-
lustration, a minimum value of an A*-to-Ainlet ratio for a
relative fluid speed corresponding to a Mach number of
1.8 (based on a relative speed of sound in CH4) during
startup with CH4 is approximately 0.85, that is, given a
constant Ainlet, a value for A* is approximately 85% of
the value for Ainlet.
[0059] Starting curve 376 is contrasted to a steady-
state operating curve 378 for CH4 that represents an A*-
to-Ainlet ratio for steady-state operation of supersonic
compressor rotor 40. This means that for a constant Ainlet,
curve 378 is proportional to the minimum throat area re-
quired to facilitate supersonic CH4 flow during steady-
state conditions with maintenance of the oblique and nor-
mal shock waves as the rotor maintains its rotational
speed and a relative Mach number of CH4 flow is main-
tained correspondingly therewith. For example, a mini-
mum value of an A*-to-Ainlet ratio for a relative fluid speed
corresponding to a Mach number of 1.8 (based on a rel-
ative speed of sound in CH4) during steady-state oper-
ation is approximately 0.68, that is, given a constant Ainlet,
a value for A* is approximately 68% of the value for Ainlet.
[0060] Graph 370 further includes a starting curve 380
for C3H8 that represents a minimum throat area-to-inlet
area ratio for starting operation of supersonic compressor
rotor 40. For a constant Ainlet, curve 380 is proportional
to the minimum throat area required to facilitate super-
sonic C3H8 flow during starting conditions, and also to
facilitate formation/maintenance of the oblique and nor-

mal shock waves as the rotor increases its rotational
speed and a relative Mach number of C3H8 flow (not
shown in Fig. 11) increases correspondingly therewith.
For illustrative purposes, a minimum value of an A*-to-
Ainlet ratio for a relative fluid speed corresponding to a
Mach number of 1.8 (based on a relative speed of sound
in CH4) during startup with C3H8 is approximately 0.59,
that is, given a constant Ainlet, a value for A* is approxi-
mately 59% of the value for Ainlet.
[0061] Therefore, startup with C3H8 as a starting gas
facilitates initiation of supersonic flow within a throat area
smaller than what would be required to start with CH4.
Given a constant throat area, once startup is completed,
that is, the supersonic compressor rotor is at a mainte-
nance rotational speed, CH4 may be gradually substitut-
ed for C3H8 until steady-state operation is exclusively
being conducted with CH4. More specifically, as indicated
by the intersection of curves 378 and 380, when the fluid
at the throat attains a supersonic speed corresponding
to a Mach number of approximately 2.0 in CH4, a value
for a minimum A*-to-Ainlet ratio of approximately 0.57 is
the same for startup with C3H8 and steady-state opera-
tion with CH4. Therefore supersonic compressor rotor 40
with an A*-to-Ainlet ratio of approximately 0.57 can be
started with C3H8 fluid, then the rotor rotational speed
can be increased so that the relative speed of the C3H8
fluid at the throat attains a speed corresponding to ap-
proximately Mach 2.0 in CH4, and then the fluid may be
gradually changed from C3H8 to CH4.
[0062] For example, without limitation, supersonic
compressor rotor 40 may be sized and configured to at-
tain steady-state operation at a value of relative Mach
number in air of approximately 2.0. In such configuration,
startup with C3H8 requires a minimum throat area that is
approximately 57% of the area of the inlet, steady-state
operation with CH4 requires a minimum throat area that
is approximately 57% of the area of the inlet, and startup
with CH4 requires a minimum throat area that is approx-
imately 81% of the area of the inlet. Therefore, for super-
sonic compressor rotor 40 designed to operate with a
relative Mach number in CH4 of approximately 2.0, a
throat area of approximately 57% of the area of the inlet
will suffice to facilitate startup with C3H8 and steady-state
operation with CH4. Moreover, a benefit of a throat size
reduction of approximately 24% may be facilitated,
wherein such 24% is representative of a difference be-
tween approximately 81% of the area of the inlet (asso-
ciated with startup with CH4) to approximately 57% of
the area of the inlet (associated with startup with C3H8).
This 24% size reduction of the throat area facilitates an
increase in efficiency of supersonic compressor rotor 40.
[0063] Alternatively, the CH4-for-C3H8 substitution
may be started and/or performed at a different supersonic
speed than the speed where curves 378 and 380 inter-
sect. Supersonic compressor rotor 40 may be sized and
configured for any given relative Mach number for air
wherein starting curve 380 for C3H8 is below starting
curve 376 for CH4 such that a minimum throat area value
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for startup with C3H8 is less than a minimum throat area
value for startup with CH4. Therefore, the throat area of
supersonic compressor rotor 40 is determined as the
greater of the values of starting curve 380 for C3H8 and
steady-state operating curve 378 for CH4 at a given
speed. As such, the determined throat area is below that
associated with starting curve 376 for CH4 for the same
relative Mach number for CH4, thereby facilitating higher
efficiency operation than a rotor similar to rotor 40 using
substantially identical fluids for both startup and steady-
state operation.
[0064] For example, without limitation, supersonic
compressor rotor 40 may be sized and configured to at-
tain steady-state operation at a value of relative Mach
number in CH4 of approximately 1.8. In such configura-
tion, startup with C3H8 requires a minimum throat area
that is approximately 58% of the area of the inlet, steady-
state operation with CH4 requires a minimum throat area
that is approximately 68% of the area of the inlet, and
startup with CH4 requires a minimum throat area that is
approximately 86% of the area of the inlet. Therefore, for
supersonic compressor rotor 40 designed to operate with
a relative Mach number in CH4 of approximately 1.8, a
throat area of approximately 68% of the area of the inlet
will suffice to facilitate startup with C3H8 and steady-state
operation with CH4. Moreover, a benefit of a throat size
reduction of approximately 18% may be facilitated,
wherein such 18% is representative of a difference be-
tween approximately 86% of the area of the inlet (asso-
ciated with startup with CH4) to approximately 68% of
the area of the inlet (associated with steady-state with
CH4). This 18% size reduction of the throat area facili-
tates an increase in efficiency of supersonic compressor
rotor 40.
[0065] Also, for example, again without limitation, su-
personic compressor rotor 40 may be sized and config-
ured to attain steady-state operation at a value of relative
Mach number in CH4 of approximately 2.2. In such con-
figuration, startup with C3H8 requires a minimum throat
area that is approximately 53% of the area of the inlet,
steady-state operation with CH4 requires a minimum
throat area that is approximately 47% of the area of the
inlet, and startup with CH4 requires a minimum throat
area that is approximately 78% of the area of the inlet.
Therefore, for supersonic compressor rotor 40 designed
to operate with a relative Mach number in air of approx-
imately 2.2, a throat area of approximately 53% of the
area of the inlet will suffice to facilitate startup with C3H8
and steady-state operation with CH4. Moreover, a benefit
of a throat size reduction of approximately 25% may be
facilitated, wherein such 25% is representative of a dif-
ference between approximately 78% of the area of the
inlet (associated with startup with CH4) to approximately
53% of the area of the inlet (associated with startup with
C3H8). Such approximately 25% size reduction of the
throat area facilitates an increase in efficiency of super-
sonic compressor rotor 40.
[0066] Referring to Fig. 7, in operation, startup fluid

source 304 is coupled to inlet opening 76 via fluid control
device 308 and control system 310. Specifically, control
system 310 modulates components within device 308
including, without limitation, valving, pumps, motors, and
electric, pneumatic, and/or hydraulic power supplies
based on a plurality of variables that include, without lim-
itation, rotor speed, mass fluid flow rates, fluid discharge
pressures, fluid relative velocities, compression ratios,
fluid temperatures, and temporal parameters.
[0067] Initially, supersonic compressor rotor 40 is sub-
stantially stationary and a first, i.e., startup fluid is chan-
neling from startup fluid source 304 to fluid flow channel
inlet 76 during a first operational mode of supersonic
compressor system 10, wherein the first operational
mode of supersonic compressor system 10 is a starting,
or startup mode. In the exemplary embodiment, the star-
tup fluid has a first plurality of fluid properties that permit
attainment of a supersonic flow in throat portion 124 of
fluid flow channel 80 during the startup mode. Also, in
the exemplary embodiment, the startup fluid includes,
without limitation, at least one of CO2, SF6, air, C3H8,
and C4H10, wherein, the startup fluid properties include
a first speed of sound value.
[0068] Also, in operation, supersonic compressor rotor
40, and the startup fluid channeled therethrough, are ac-
celerated from initially subsonic flow to supersonic flow
of the startup fluid in throat portion 124 of the fluid flow
channel 80 during the startup operational mode.
[0069] Further, in operation, upon attainment of a pre-
determined speed of the startup fluid as described above,
fluid control device 308 and control system 310 transition
from channeling the startup fluid during the startup mode
of operation to channeling a second, i.e., a steady-state
fluid during a second mode of operation of supersonic
compressor system 10, wherein the second operational
mode is a steady-state mode. Therefore, channeling a
steady-state fluid from steady-state fluid source 306 to
fluid flow channel inlet 76 at a relative supersonic speed
during the steady-state operational mode facilitates
maintenance of supersonic flow of the steady-state fluid
in throat portion 124 of fluid flow channel 80. In the ex-
emplary embodiment, the steady-state fluid includes,
without limitation, at least one of air, CO2, N2, CH4, and
natural gas with a predetermined weight percent of meth-
ane. The steady-state fluid has a second speed of sound
value that is greater than the first speed of sound value
for the startup fluid. Supersonic compressor rotor 40 may,
or may not, be further accelerated or decelerated during
and after the transition from the startup fluid to the steady-
state fluid.
[0070] In one embodiment, the startup fluid and the
steady-state fluid are different singular gases, for exam-
ple, without limitation, CO2 is the startup fluid and air is
the steady-state fluid, wherein the transition from CO2 to
air is performed at a relative fluid speed of approximately
1.6 times the speed of sound in air (as shown in Fig. 9).
Alternatively, the startup fluid and the steady-state fluid
are different gaseous mixtures, for example, without lim-

21 22 



EP 2 439 414 A2

13

5

10

15

20

25

30

35

40

45

50

55

itation, the startup fluid is a predetermined mixture of gas-
es that include those listed above for the startup fluids,
and the steady-state fluid is a predetermined mixture of
gases that include those listed above for the steady-state
fluids.
[0071] Further, alternatively, the startup fluid and the
steady-state fluid are substantially similar singular gases
and/or substantially similar gaseous mixtures. More spe-
cifically, the startup fluid and the steady-state fluid are
one of substantially similar singular gases and/or sub-
stantially similar gaseous mixtures, wherein the startup
fluid has a first temperature and the steady-state fluid
has a second temperature that is different from the first
temperature. The speed of sound in a fluid is a function
of the temperature of the fluid such that the speed of
sound in the fluid increases with increasing tempera-
tures. Moreover, as described above, fluids with lower
speeds of sound are better startup fluids than fluids with
higher speeds of sound. Therefore, for example, without
limitation, the startup fluid may be air at a first temperature
and the steady-state fluid may be air at a second tem-
perature, wherein the second temperature is greater than
the first temperature.
[0072] Moreover, alternatively, the startup fluid and the
steady-state fluid are one of different singular gases, dif-
ferent gaseous mixtures, substantially similar singular
gases, and substantially similar gaseous mixtures as de-
scribed above, however, in addition, such fluids include
at least one of entrained liquid particles and/or entrained
solid particles.
[0073] The above-described supersonic compressor
startup support system provides a cost effective and re-
liable method for increasing an efficiency in performance
of supersonic compressor systems during starting oper-
ations. Moreover, the supersonic compressor startup
support system facilitates increasing the operating effi-
ciency of the supersonic compressor system by facilitat-
ing use of a constant geometry throat region to form and
maintain a normal shock wave downstream of the throat
region. More specifically, the supersonic compressor
startup support system includes at least one fluid source
that channels at least one fluid with the fluid properties
that facilitates formation and maintenance of normal
shock waves in a proper position during both startup and
steady-state operations.
[0074] Exemplary embodiments of systems and meth-
ods for starting a supersonic compressor rotor are de-
scribed above in detail. The system and methods are not
limited to the specific embodiments described herein, but
rather, components of systems and/or steps of the meth-
od may be utilized independently and separately from
other components and/or steps described herein. For ex-
ample, the systems and methods may also be used in
combination with other rotary engine systems and meth-
ods, and are not limited to practice with only the super-
sonic compressor system as described herein. Rather,
the exemplary embodiment can be implemented and uti-
lized in connection with many other rotary system appli-

cations.
[0075] Although specific features of various embodi-
ments of the invention may be shown in some drawings
and not in others, this is for convenience only. Moreover,
references to "one embodiment" in the above description
are not intended to be interpreted as excluding the ex-
istence of additional embodiments that also incorporate
the recited features. In accordance with the principles of
the invention, any feature of a drawing may be referenced
and/or claimed in combination with any feature of any
other drawing.
[0076] This written description uses examples to dis-
close the invention, including the best mode, and also to
enable any person skilled in the art to practice the inven-
tion, including making and using any devices or systems
and performing any incorporated methods. The patent-
able scope of the invention is defined by the claims, and
may include other examples that occur to those skilled
in the art. Such other examples are intended to be within
the scope of the claims if they have structural elements
that do not differ from the literal language of the claims,
or if they include equivalent structural elements with in-
substantial differences from the literal languages of the
claims.
[0077] Various embodiments of the present invention
are indicated in the following clauses:

1. A supersonic compressor comprising:

a fluid inlet;

a fluid outlet;

a fluid conduit extending between said fluid inlet
and said fluid outlet;

at least one supersonic compressor rotor dis-
posed within said fluid conduit and comprising
a fluid flow channel comprising a throat portion;
and

a fluid control device coupled in fluid communi-
cation with at least one fluid source and a fluid
flow channel inlet of said fluid flow channel, said
fluid control device configured to channel a first
fluid to said fluid flow channel inlet, said first fluid
having a first plurality of fluid properties that fa-
cilitate attainment of supersonic flow of the first
fluid in said throat portion of said fluid flow chan-
nel during a first operational mode of said su-
personic compressor, said fluid control device
further configured to channel a second fluid to
said fluid flow channel inlet, said second fluid
having a second plurality of fluid properties that
permit maintenance of supersonic flow of the
second fluid in said throat portion of said fluid
flow channel
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2. The supersonic compressor according to clause
1, wherein said first fluid and said second fluid are
one of:

different singular gases;

different gaseous mixtures;

substantially similar singular gases;

substantially similar gaseous mixtures;

gases including at least one of liquid particles
and solid particles entrained therein; and

gaseous mixtures including at least one of liquid
particles and solid particles entrained therein.

3. The supersonic compressor according to clause
1, wherein said first fluid and said second fluid are
one of substantially similar singular gases and sub-
stantially similar gaseous mixtures, and wherein said
first fluid has a first temperature and said second
fluid has a second temperature that is different from
the first temperature.

4. The supersonic compressor according to clause
1, wherein:

said first fluid comprises at least one of carbon
dioxide (CO2), sulfur hexafluoride (SF6), air, pro-
pane (C3H8), and butane (C4H10); and

said second fluid comprises at least one of air,
carbon dioxide (CO2), nitrogen (N2), methane
(CH4), and natural gas with a predetermined
weight percent of methane.

5. The supersonic compressor according to any one
of the preceding clauses, wherein said first plurality
of fluid properties comprises a first speed of sound
value, said second plurality of fluid properties com-
prises a second speed of sound value, the second
speed of sound value greater than the first speed of
sound value.

6. The supersonic compressor according to any one
of the preceding clauses, wherein said first opera-
tional mode of said supersonic compressor is a start-
ing mode.

7. The supersonic compressor according to any one
of the preceding clauses, wherein said second op-
erational mode of said supersonic compressor is a
steady-state mode.

8. The supersonic compressor according to any one
of the preceding clauses, wherein said fluid control

device of said supersonic compressor is configured
to transition from channeling said first fluid during
said first mode of operation of said supersonic com-
pressor to channeling said second fluid during said
second mode of operation of said supersonic com-
pressor.

9. A supersonic compressor startup support system
comprising:

at least one fluid source; and

a fluid control device coupled in fluid communi-
cation with said at least one fluid source and a
fluid flow channel inlet of a fluid flow channel,
said fluid control device configured to channel a
first fluid to said fluid flow channel inlet, said first
fluid having a first plurality of fluid properties that
facilitate attainment of supersonic flow of the first
fluid in a throat portion of said fluid flow channel
during a first operational mode of said superson-
ic compressor and said fluid control device, said
fluid control device further configured to channel
a second fluid to said fluid flow channel inlet,
said second fluid having a second plurality of
fluid properties that permit maintenance of su-
personic flow of the second fluid in the throat
portion of the fluid flow channel during a second
operational mode of said supersonic compres-
sor and said fluid control device.

10. The supersonic compressor startup support sys-
tem according to clause 9, wherein said first fluid and
said second fluid are one of:

different singular gases;

different gaseous mixtures;

substantially similar singular gases;

substantially similar gaseous mixtures;

gases including at least one of liquid particles
and solid particles entrained therein; and

gaseous mixtures including at least one of liquid
particles and solid particles entrained therein.

11. The supersonic compressor startup support sys-
tem according to clause 9, wherein said first fluid and
said second fluid are one of substantially similar sin-
gular gases and substantially similar gaseous mix-
tures, and wherein said first fluid has a first temper-
ature and said second fluid has a second tempera-
ture that is different from the first temperature.

12. The supersonic compressor startup support sys-
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tem according to clause 9, wherein:

said first fluid comprises at least one of carbon
dioxide (CO2), sulfur hexafluoride (SF6), air, pro-
pane (C3H8), and butane (C4H10); and

said second fluid comprises at least one of air,
carbon dioxide (CO2), nitrogen (N2), methane
(CH4), and natural gas with a predetermined
weight percent of methane.

13. The supersonic compressor startup support sys-
tem according to any one of clauses 9 to 12, wherein
said first plurality of fluid properties comprises a first
speed of sound value, said second plurality of fluid
properties comprises a second speed of sound val-
ue, the second speed of sound value greater than
the first speed of sound value.

14. The supersonic compressor startup support sys-
tem according to any one of clauses 9 to 13, wherein:

said first operational mode of the supersonic
compressor is a starting mode; and

said second operational mode of the supersonic
compressor is a steady-state mode.

15. The supersonic compressor startup support sys-
tem according to any one of clauses 9 to 14, wherein
said fluid control device of the supersonic compres-
sor is configured to transition from channeling said
first fluid during said first mode of operation of the
supersonic compressor and said fluid control device
to channeling said second fluid during said second
mode of operation of the supersonic compressor and
said fluid control device.

16. A method for starting a supersonic compressor,
said method comprising:

providing a supersonic compressor comprising:

a fluid inlet coupled in fluid communication
with at least one fluid source;

a fluid outlet;

a fluid conduit extending between the fluid
inlet and the fluid outlet; and

at least one supersonic compressor rotor
disposed within the fluid conduit of the su-
personic compressor and comprising a fluid
flow channel comprising a throat portion
and a fluid flow channel inlet;

channeling a first fluid from the at least one fluid

source to the fluid flow channel inlet during a
first operational mode of the supersonic com-
pressor, the first fluid having a first plurality of
fluid properties that permit attainment of a su-
personic flow in the throat portion of the fluid flow
channel during the first operational mode of the
supersonic compressor;

accelerating the first fluid from initially subsonic
flow to supersonic flow in the throat portion of
the fluid flow channel during the first operational
mode of the supersonic compressor; and

channeling a second fluid from the at least one
fluid source to the fluid flow channel inlet at a
supersonic fluid velocity during a second oper-
ational mode of the supersonic compressor, the
second fluid having a second plurality of fluid
properties that permit maintenance of superson-
ic flow of the second fluid in the throat portion of
the fluid flow channel during the second opera-
tional mode of the supersonic compressor.

17. The method according to clause 16, wherein the
first fluid and the second fluid are one of:

different singular gases;

different gaseous mixtures;

substantially similar singular gases;

substantially similar gaseous mixtures;

gases including at least one of liquid particles
and solid particles entrained therein; and

gaseous mixtures including at least one of liquid
particles and solid particles entrained therein.

18. The method according to clause 16, wherein the
first fluid and the second fluid are one of substantially
similar singular gases and substantially similar gas-
eous mixtures, and wherein the first fluid has a first
temperature and the second fluid has a second tem-
perature that is different from the first temperature.

19. The method according to clause 16, wherein:

the first fluid comprises at least one of carbon
dioxide (CO2), sulfur hexafluoride (SF6), air, pro-
pane (C3H8), and butane (C4H10), the first fluid
has a first speed of sound value; and

the second fluid comprises at least one of air,
carbon dioxide (CO2), nitrogen (N2), methane
(CH4), and natural gas with a predetermined
weight percent of methane, the second fluid has
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a second speed of sound value, the second
speed of sound value greater than the first speed
of sound value.

20. The method according to any one of the preced-
ing clauses, wherein a fluid control device of the su-
personic compressor transitions from channeling the
first fluid during the first mode of operation of the
supersonic compressor to channeling the second
fluid during the second mode of operation of the su-
personic compressor, wherein the first operational
mode of the supersonic compressor is a starting
mode and the second operational mode of the su-
personic compressor is a steady-state mode.

Claims

1. A supersonic compressor (10) comprising:

a fluid inlet (26);
a fluid outlet (28);
a fluid conduit extending between said fluid inlet
and said fluid outlet (32);
at least one supersonic compressor rotor (40)
disposed within said fluid conduit and compris-
ing a fluid flow channel (80) comprising a throat
portion (124); and
a fluid control device (308) coupled in fluid com-
munication with at least one fluid source
(302/304/306) and a fluid flow channel inlet (76)
of said fluid flow channel, said fluid control de-
vice configured to channel a first fluid to said
fluid flow channel inlet, said first fluid having a
first plurality of fluid properties that facilitate at-
tainment of supersonic flow of the first fluid in
said throat portion of said fluid flow channel dur-
ing a first operational mode of said supersonic
compressor, said fluid control device further
configured to channel a second fluid to said fluid
flow channel inlet, said second fluid having a
second plurality of fluid properties that permit
maintenance of supersonic flow of the second
fluid in said throat portion of said fluid flow chan-
nel

2. The supersonic compressor (10) according to Claim
1, wherein said first fluid and said second fluid are
one of:

different singular gases;
different gaseous mixtures;
substantially similar singular gases;
substantially similar gaseous mixtures;
gases including at least one of liquid particles
and solid particles entrained therein; and
gaseous mixtures including at least one of liquid
particles and solid particles entrained therein.

3. The supersonic compressor (10) according to Claim
1, wherein said first fluid and said second fluid are
one of substantially similar singular gases and sub-
stantially similar gaseous mixtures, and wherein said
first fluid has a first temperature and said second
fluid has a second temperature that is different from
the first temperature.

4. The supersonic compressor (10) according to Claim
1, wherein:

said first fluid comprises at least one of carbon
dioxide (CO2), sulfur hexafluoride (SF6), air, pro-
pane (C3H8), and butane (C4H10); and
said second fluid comprises at least one of air,
carbon dioxide (CO2), nitrogen (N2), methane
(CH4), and natural gas with a predetermined
weight percent of methane.

5. The supersonic compressor (10) according to any
one of the preceding claims, wherein said first plu-
rality of fluid properties comprises a first speed of
sound value, said second plurality of fluid properties
comprises a second speed of sound value, the sec-
ond speed of sound value greater than the first speed
of sound value.

6. The supersonic compressor (10) according to any
one of the preceding claims, wherein said first oper-
ational mode of said supersonic compressor is a
starting mode.

7. The supersonic compressor (10) according to any
one of the preceding claims, wherein said second
operational mode of said supersonic compressor is
a steady-state mode.

8. The supersonic compressor (10) according to any
one of the preceding claims, wherein said fluid con-
trol device (308) of said supersonic compressor is
configured to transition from channeling said first flu-
id during said first mode of operation of said super-
sonic compressor to channeling said second fluid
during said second mode of operation of said super-
sonic compressor.

9. A supersonic compressor startup support system
(300) comprising:

at least one fluid source (302/304/306); and
a fluid control device (308) coupled in fluid com-
munication with said at least one fluid source
and a fluid flow channel inlet (76) of a fluid flow
channel (80), said fluid control device configured
to channel a first fluid to said fluid flow channel
inlet, said first fluid having a first plurality of fluid
properties that facilitate attainment of superson-
ic flow of the first fluid in a throat portion (124)
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of said fluid flow channel during a first operation-
al mode of said supersonic compressor and said
fluid control device, said fluid control device fur-
ther configured to channel a second fluid to said
fluid flow channel inlet, said second fluid having
a second plurality of fluid properties that permit
maintenance of supersonic flow of the second
fluid in the throat portion of the fluid flow channel
during a second operational mode of said su-
personic compressor and said fluid control de-
vice.

10. The supersonic compressor startup support system
(300) according to Claim 9, wherein said first fluid
and said second fluid are one of:

different singular gases;
different gaseous mixtures;
substantially similar singular gases;
substantially similar gaseous mixtures;
gases including at least one of liquid particles
and solid particles entrained therein; and
gaseous mixtures including at least one of liquid
particles and solid particles entrained therein.

11. A method for starting a supersonic compressor, said
method comprising:

providing a supersonic compressor (10) com-
prising:

a fluid inlet (26) coupled in fluid communi-
cation with at least one fluid source (302,
304, 306);
a fluid outlet (28);
a fluid conduit extending between the fluid
inlet and the fluid outlet (32); and
at least one supersonic compressor rotor
(40) disposed within the fluid conduit of the
supersonic compressor and comprising a
fluid flow channel (80) comprising a throat
portion (124) and a fluid flow channel inlet
(76);

channeling a first fluid from the at least one fluid
source to the fluid flow channel inlet during a
first operational mode of the supersonic com-
pressor, the first fluid having a first plurality of
fluid properties that permit attainment of a su-
personic flow in the throat portion of the fluid flow
channel during the first operational mode of the
supersonic compressor;
accelerating the first fluid from initially subsonic
flow to supersonic flow in the throat portion of
the fluid flow channel during the first operational
mode of the supersonic compressor; and
channeling a second fluid from the at least one
fluid source to the fluid flow channel inlet at a

supersonic fluid velocity during a second oper-
ational mode of the supersonic compressor, the
second fluid having a second plurality of fluid
properties that permit maintenance of superson-
ic flow of the second fluid in the throat portion of
the fluid flow channel during the second opera-
tional mode of the supersonic compressor.

12. The method according to Claim 11, wherein the first
fluid and the second fluid are one of:

different singular gases;
different gaseous mixtures;
substantially similar singular gases;
substantially similar gaseous mixtures;
gases including at least one of liquid particles
and solid particles entrained therein; and
gaseous mixtures including at least one of liquid
particles and solid particles entrained therein.

13. The method according to Claim 11, wherein the first
fluid and the second fluid are one of substantially
similar singular gases and substantially similar gas-
eous mixtures, and wherein the first fluid has a first
temperature and the second fluid has a second tem-
perature that is different from the first temperature.

14. The method according to Claim 11, wherein:

the first fluid comprises at least one of carbon
dioxide (CO2), sulfur hexafluoride (SF6), air, pro-
pane (C3H8), and butane (C4H10), the first fluid
has a first speed of sound value; and
the second fluid comprises at least one of air,
carbon dioxide (CO2), nitrogen (N2), methane
(CH4), and natural gas with a predetermined
weight percent of methane, the second fluid has
a second speed of sound value, the second
speed of sound value greater than the first speed
of sound value.

15. The method according to any one of claims 11 to 14,
wherein a fluid control device (308) of the supersonic
compressor (10) transitions from channeling the first
fluid during the first mode of operation of the super-
sonic compressor to channeling the second fluid dur-
ing the second mode of operation of the supersonic
compressor, wherein the first operational mode of
the supersonic compressor is a starting mode and
the second operational mode of the supersonic com-
pressor is a steady-state mode.
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