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(54) SEGMENTED FUEL DELIVERY SYSTEM

(57) A fuel manifold (10) for use in a turbine engine
includes four discrete segments including a first segment
(14), a second segment (16), a third segment (18), and
a fourth segment (20). The fuel manifold also includes a
first line (26) coupled to the first segment and the second
segment and a second line (28) coupled to the third seg-

ment and the fourth segment. The first line is configured
to supply a first portion of fuel to the first segment and a
second portion of fuel to the second segment. The sec-
ond line is configured to supply a third portion of fuel to
the third line and a fourth portion of fuel to the fourth
segment.
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Description

TECHNICAL FIELD

[0001] This disclosure relates to fuel manifolds for use
in turbine engines and, in particular, to airfoils that deliver
fuel through multiple segments.

BACKGROUND

[0002] The statements in this section merely provide
background information related to the present disclosure
and may not constitute prior art.
[0003] Fuel manifolds may be used within a turbine
engine to deliver fuel to a combustor. In some embodi-
ments, the fuel manifolds may be annular or bifurcated.

SUMMARY

[0004] Further areas of applicability will become ap-
parent from the description provided herein. It should be
understood that the description and specific examples
are intended for purposes of illustration only and are not
intended to limit the scope of the present disclosure.
[0005] In one embodiment, a fuel manifold for use in a
turbine engine comprises four discrete segments includ-
ing a first segment, a second segment, a third segment,
and a fourth segment, wherein each of the four discrete
segments are configured to supply fuel to a combustor,
a first line coupled to the first segment and the second
segment, wherein the first line is configured to supply a
first portion of the fuel to the first segment and a second
portion of the fuel to the second segment and a second
line coupled to the third segment and the fourth segment,
wherein the second line is configured to supply a third
portion of the fuel to the third segment and a fourth portion
of the fuel to the fourth segment.
[0006] The first line may be coupled to the first segment
and the second segment via a first T-valve, wherein a
first outlet of the first T-valve is configured to supply the
first portion of the fuel to the first segment and a second
outlet of the first T-valve is configured to supply the sec-
ond portion of the fuel to the second segment, and where-
in the second line is coupled to the third segment and
the fourth segment via a second T-valve, wherein a first
outlet of the second T-valve is configured to supply the
third portion of the fuel to the third segment and a second
outlet of the second T-valve is configured to supply the
fourth portion of the fuel to the fourth segment.
[0007] Each of the four discrete segments may com-
prise a respective nozzle having an orifice configured to
supply fuel to the combustor.
[0008] A cross-sectional area of a fluid path through a
respective one of the four discrete segments may be
greater than a combined cross-sectional area of orifices
of all nozzles configured to receive fuel from the respec-
tive one of the four discrete segments.
[0009] Each nozzle may form a T-joint with the respec-

tive segment of the four discrete segments.
[0010] Each of the four discrete segments may com-
prise a nozzle portion that is coupled to a nozzle, and a
flexible portion, wherein the flexible portion is less rigid
than the nozzle portion.
[0011] Each of the four discrete segments may have
a length that is substantially the same as the other of the
four discrete segments or alternatively at least one of the
four discrete segments may have a length that is longer
than another of the four discrete segments.
[0012] The fuel manifold may further comprise a fifth
segment configured to supply fuel to the combustor,
wherein the fifth segment is coupled to a third line.
[0013] In another embodiment, a turbine engine com-
prises the fuel manifold and a combustor each of the four
discrete segments of the fuel manifold being configured
to supply a respective portion of fuel to the combustor.
[0014] The four discrete segments may extend circum-
ferentially around the combustor and may be arranged
within a plane, optionally or preferably each of the four
discrete segments comprising a nozzle extending away
from the respective segment orthogonally to the plane.
[0015] The four discrete segments may be circumfer-
entially spaced around the combustor such that each
segment is aligned with a circumferential quadrant of the
combustor.
[0016] The first segment may be aligned with a first
circumferential quadrant, the second segment being
aligned with a second circumferential quadrant that is
adjacent to the first circumferential quadrant; alternative-
ly the first segment may be aligned with a first circumfer-
ential quadrant, the second segment being aligned with
a second circumferential quadrant that is opposed to the
first circumferential quadrant.
[0017] The first segment and second segment may be
aligned with circumferential quadrants on a top side of
the combustor, the third segment and fourth segment
being aligned with circumferential quadrants on a bottom
side of the combustor; alternatively the first segment and
second segment may be aligned with circumferential
quadrants on a left side of the combustor, the third seg-
ment and fourth segment being aligned with circumfer-
ential quadrants on a right side of the combustor.
[0018] In another embodiment, a method of supplying
fuel to a combustor comprises supplying fuel from a fuel
source to a first line and a second line, supplying fuel
from the first line and the second line to four discrete
segments, including a first segment, a second segment,
a third segment, and a fourth segment, wherein the first
line is coupled to the first segment and the second seg-
ment and the second line is coupled to the third segment
and the fourth segment, and supplying fuel from the four
discrete segments to the combustor, optionally or pref-
erably wherein the fuel source maintains a pressure of
at least as high as a critical pressure, pc, of the fuel.
[0019] The step of supplying fuel from the four discrete
segments to the combustor may comprise passing the
fuel through orifices in nozzles coupled to each of the
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four discrete segments, wherein a cross-sectional area
of a fluid path within each of the four discrete segments
is greater than a combined cross-sectional area of orific-
es of all nozzles configured to receive fuel from the re-
spective one of the four discrete segments.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The embodiments may be better understood
with reference to the following drawings and description.
The components in the figures are not necessarily to
scale. Moreover, in the figures, like-referenced numerals
designate corresponding parts throughout the different
views.

FIG. 1 illustrates a plan front view of a first example
of a fuel manifold;
FIG. 2 illustrates a plan side view of a first example
of a fuel manifold;
FIG. 3 illustrates a perspective view of a first portion
of a first example of a fuel manifold;
FIG. 4 illustrates a perspective view of a second por-
tion of a first example of the fuel manifold;
FIG. 5 illustrates a cross-sectional view of an exam-
ple of a segment of a fuel manifold including a nozzle;
FIG. 6 illustrates a front cross-sectional view of a first
example of a turbine engine including a combustor
and a fuel manifold;
FIG. 7 illustrates a front cross-sectional view of a
second example of a turbine engine including a com-
bustor and a fuel manifold;
FIG. 8 illustrates a front cross-sectional view of a
third example of a turbine engine including a com-
bustor and a fuel manifold; and
FIG. 9 illustrates a flow diagram of operations to sup-
ply fuel to a combustor.

[0021] The drawings described herein are for illustra-
tion purposes only and are not intended to limit the scope
of the present disclosure in any way.

DETAILED DESCRIPTION

[0022] The following description is merely exemplary
in nature and is not intended to limit the present disclo-
sure, application, or uses.
[0023] Where a combustor includes multiple injectors,
such as in an annular or can-annular combustor, injectors
arranged on the fuel manifold furthest from the source of
the fuel may supply less fuel than injectors arranged on
the fuel manifold closer to the source of the fuel. Addi-
tionally, gravitational effects may cause injectors ar-
ranged closer to the top of the combustor to supply less
fuel than injectors on the same segment that are arranged
closer to the bottom of the combustor. Therefore, a fuel
manifold that minimizes the loss in fuel supply across the
fuel manifold is desirable.
[0024] In one example, a fuel manifold is provided for

use in a turbine engine. The fuel manifold comprises four
discrete segments including a first segment, a second
segment, a third segment, and a fourth segment. The
fuel manifold further comprises a first line coupled to the
first segment and the second segment and a second line
coupled to the third segment and the fourth segment.
The first line is configured to supply a first portion of the
fuel to the first segment and a second portion of the fuel
to the second segment. The second line is configured to
supply a third portion of fuel to the third line and a fourth
portion of fuel to the fourth segment.
[0025] One technical advantage of the systems and
methods described below may be that a fuel manifold
having four discrete segments may supply fuel to the
injectors of the combustor more evenly than other fuel
manifolds. Another technical advantage of the systems
and methods described below may be that a fuel manifold
having four discrete segments may minimize the uneven
supply of fuel caused by gravitational effects. Yet another
technical advantage of the systems and methods de-
scribed below may be that a fuel manifold having four
discrete segments may be that a more even supply of
fuel to the injectors may cause a more even wear on a
combustor section, increasing the life of the combustor.
[0026] FIGS. 1 and 2 illustrate a plan front view and a
plan side view of a first example of a fuel manifold 10,
respectively. FIGS. 3 and 4 illustrate perspective views
of a first portion and a second portion of the first example
of the fuel manifold 10.
[0027] The fuel manifold 10 may include four discrete
segments 14, 16, 18, 20. The fuel manifold 10 may be
any object that is configured to supply fuel to a combustor
(such as a combustor 12 in FIG. 6) from a fuel source
(such as a fuel source 58 in FIG. 6). Examples of the fuel
manifold 10 may include any collection of pipes, tubes,
and conduits that extend from the fuel source 58 to the
combustor 12. As illustrated in FIG. 1, the fuel manifold
10 may include a first segment 14, a second segment
16, a third segment 18, and a fourth segment 20.
[0028] The segment 14, 16, 18, 20 may be any object
that extends about a portion of the circumference of the
combustor 12 and is configured to supply fuel to the com-
bustor 12. Examples of the segment 14, 16, 18, 20 may
include pipes, tubes, and conduits. The segments 14,
16, 18, 20 may be discrete from one another, separated
and non-overlapping. The segments 14, 16, 18, 20 may
also be discrete from one another, unconnected to one
another except at a common line 26, 28 that is configured
to supply fuel to the segments 14, 16, 18, 20.
[0029] The fuel manifold 10 may also include a first line
26 and a second line 28. A line 26, 28 may be any device
configured to supply fuel from a fuel source 58 to the
segments 14, 16, 18, 20. Examples of the lines 26, 28
may include pipes, tubes, and conduits. The lines 26, 28
may have a fluid path (not shown) that has a larger cross-
sectional area than a cross-sectional area of a fluid path
(60 in FIG. 5) of the segments 14, 16, 18, 20. The first
line 26 may be coupled to the first segment 14 and the
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second segment 16 by a T-valve 56 that may divide the
fuel from the first line 26 evenly between the first segment
14 and the second segment 16. The first line 26 may also
be configured to supply a first portion of the fuel to the
first segment 14 and a second portion of the fuel to the
second segment 16. The second line 28 may be coupled
to the third segment 18 and the fourth segment 20 by a
T-valve 56 that may divide the fuel from the second line
28 evenly between the third segment 18 and the fourth
segment 20. The second line 28 may also be configured
to supply a third portion of the fuel to the third segment
18 and a fourth portion of the fuel to the fourth segment
20. Each segment 14, 16, 18, 20 may have a first end 66
through which fuel is supplied and a second end 68 that
is opposite from the first end 66.
[0030] Each of the T-valves 56 coupled to the first line
26 and the second line 28 may have a first outlet and a
second outlet. The first outlet of the T-valve 56 associated
with the first line 26 may be configured to supply the first
portion of the fuel to the first segment 14. The second
outlet of the T-valve 56 associated with the first line 26
may be configured to supply the second portion of the
fuel to the second segment 16. The first outlet of the T-
valve 56 associated with the second line 28 may be con-
figured to supply the third portion of the fuel to the third
segment 18. The second outlet of the T-valve 56 asso-
ciated with the second line 28 may be configured to sup-
ply the fourth portion of the fuel to the fourth segment 20.
[0031] Each of the four discrete segments 14, 16, 18,
20 includes a nozzle (44 in FIG. 5) that is coupled to an
injector 46 and the respective segment 14, 16, 18, 20
and that allows fuel to flow from the respective segment
14, 16, 18, 20 to the injector 46. The nozzle 44 may be
any object that allows fuel to pass from the segments 14,
16, 18, 20 to the injectors 46. Examples of the nozzles
44 may include a jet nozzle, a flow control valve, or any
other suitable conduit. The injector 46 may be any object
that extends into the combustor 12 and is configured to
supply fuel to the combustor 12. As illustrated in FIGS.
1-4, each segment 14, 16, 18, 20 may have a similar
number of injectors 46 to evenly supply fuel about the
circumference of the combustor 12. Each of the four dis-
crete segments 14, 16, 18, 20 may be coupled to between
1 and 5 injectors 46.
[0032] In some embodiments, each of the four discrete
segments 14, 16, 18, 20 may have a substantially similar
length, where none of the four discrete segments 14, 16,
18, 20 has a length that varies from more than 5% of the
length of the longest of the four discrete segments 14,
16, 18, 20. In some embodiments, one of the four discrete
segments 14, 16, 18, 20 may have a length that is longer
than another of the four discrete segments 14, 16, 18, 20.
[0033] As illustrated in FIGS. 1-4, the fuel manifold 10
may be arranged such that the first line 26 is configured
to supply fuel to the first segment 14 and the second
segment 16 located at the top side 62 of the fuel manifold
10. The second line 28 may be configured to supply fuel
to the third segment 18 and the fourth segment 20 located

at the bottom side 64 of the fuel manifold 10. Having the
first line 26 providing fuel to the top side 62 of the fuel
manifold 10 and the second line providing fuel to the bot-
tom side 64 of the fuel manifold 10 may result in more
even distribution of fuel to the top side 62 and bottom
side 64 of the fuel manifold 10.
[0034] As illustrated in FIGS. 1-4, the segments 14,
16, 18, 20 may each extend the same distance around
the circumference of the combustor 12 as the other of
the segments 14, 16, 18, 20. For example, each segment
may extend around no greater than 25% of the circum-
ference of the combustor 12. In some embodiments, the
injectors 46 located near the first end 66 of the segment
14, 16, 18, 20 may have a higher fuel flow rate than in-
jectors located near the second end 68 of the segment
14, 16, 18, 20.
[0035] Each segment 14, 16, 18, 20 may include flex-
ible portions 34 and nozzle portions 36. The flexible por-
tions 34 may be spaced between the injectors 46 about
the circumference of the combustor 12. The flexible por-
tions 34 may be less rigid than the nozzle portion 36 to
allow the fuel manifold 10 adapt to vibration and thermal
growth of the turbine engine (such as a turbine engine
80 in FIG. 6). The flexible portions 34 may comprise any
conduit that is capable of expanding in response to vi-
bration and thermal growth of a turbine engine 80. Ex-
amples of the flexible portions 34 may be a tube, a con-
duit, and a braided line. In some embodiments, the flex-
ible portions 34 may include an inner silicone layer, a
steel braid, and an outer silicone layer. The nozzle por-
tions 36 may be spaced to circumferentially overlap with
the injectors 46. The nozzle portions 36 may be any por-
tion of the segment 14, 16, 18, 20 that is configured to
overlap with an injector 46 and to supply fuel to an injector
46 through a nozzle 44. The nozzle portions 36 may be
made of stainless steel, tungsten, titanium, or another
suitable metal.
[0036] As illustrated in FIG. 2, the four discrete seg-
ments 14, 16, 18, 20 may be arranged in a plane 42 such
that the injectors 46 are arranged to supply fuel to the
same location along the length of the combustor 12. Noz-
zles 44 coupled to the nozzle portions 36 of the segments
14, 16, 18, 20 may extend away from the respective seg-
ment 14, 16, 18, 20 orthogonally to the plane 42.
[0037] As illustrated in FIGS. 1, 2, and 4, the first line
26 may include bypass lines 32 that extend between the
T-valve 56 of the first line 26 and the first segment 14
and the second segment 16. Bypass lines 32 may be
utilized where the T-valve 56 of the first line 26 is sepa-
rated from the circumferential locations of the first seg-
ment 14 and the second segment 16 with respect to the
combustor 12. In some embodiments, bypass lines 32
may extend about the circumference of the combustor
12 parallel to the plane 42, but offset from the plane 42.
In some embodiments, the bypass lines 32 may be
aligned with but offset from the third segment 18 and the
fourth segment 20. Where the bypass line 32 nears the
first end 66 of the first segment 14 or second segment
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16, the bypass line 32 is coupled to the respective seg-
ment 14, 16 by an angled portion 54. The bypass lines
32 may be made of any material suitable to supply fuel
to the four discrete segments 14, 16, 18, 20. In some
embodiments, the bypass lines 32 may be made of the
same material as the flexible portions 34.
[0038] The fuel supplied to the combustor 12 may be
any suitable combustible fluid. Examples of the fuel may
include Kerosene or an aviation turbine fuel such as Jet
A or Jet A-1. When the turbine engine 80 is operating,
the pressure of the fuel may be at least as high as a
critical pressure, pc, of the fuel. The critical pressure is
the pressure required to liquefy a gas phase of the fuel
at its critical temperature. If the gas turbine 80 is shut
down, any fuel in the four discrete segments 14, 16, 18,
20 that has not entered a nozzle 44 may flow back through
the first end 66 of the segment 14, 16, 18, 20, through
the respective line 26, 28 and return to the fuel source
58. The injector 46 may include a valve (not shown) con-
figured to prevent any fuel within the injector 46 from
flowing back into the four discrete segments 14, 16, 18,
20 when the gas turbine 80 is shut down.
[0039] FIG. 5 illustrates a cross-sectional view of a seg-
ment 14, 16, 18, 20 including a nozzle portion 36 and
flexible portions 34. The nozzle 44 may form a T-joint
with the segment 14, 16, 18, 20, extending away from
the segment 14, 16, 18, 20 at a perpendicular angle. The
nozzle 44 may comprise an orifice 48 that allows fuel to
flow to the injector 46. Examples of the orifice 48 may
include a hole, a slot, or any other opening that allows
fuel to pass through. Downstream from the orifice 48, the
diameter of the fluid path 74 of the nozzle 44 may in-
crease.
[0040] Fuel may travel through the fluid path 60 of the
segment 14, 16, 18, 20 from the first end 66 of the seg-
ment 14, 16, 18, 20 to the second end 68 of the segment
14, 16, 18, 20. The fuel may flow over one or more orifices
48, evenly supplying the fuel across the nozzles 44. The
cross-sectional area 50 of the orifices 48 limits the
amount of fuel that may pass into the nozzles 44. To
maintain constant pressure in the segment 14, 16, 18,
20 and to allow for even distribution into a plurality of
nozzles 44, the fluid path 60 of a respective one of the
four discrete segments 14, 16, 18, 20 may have a cross-
sectional area 40 that is greater than a combined cross-
sectional area that comprises a sum of cross-sectional
areas 50 of the orifices 48 of all of the nozzles 44 con-
figured to receive fuel from the respective one of the four
discrete segments 14, 16, 18, 20. Where the cross-sec-
tional area 40 of the segment 14, 16, 18, 20 is less than
or equal to the combined cross-sectional area 50 of the
orifices 48 configured to receive fuel from the segment
14, 16, 18, 20, an amount of fuel supplied to the injectors
46 further from the first end 66 of the segment 14, 16,
18, 20 may be lower than an amount of fuel supplied to
the injectors 46 closer to the first end 66 of the segment
14, 16, 18, 20.
[0041] FIG. 6 illustrates a front cross-sectional view of

a first example of the turbine engine 80 including the fuel
manifold 10 and the combustor 12. As illustrated in FIG.
6, the fuel manifold 10 may include a fifth segment 22
and a sixth segment 24 that are arranged around a por-
tion of the circumference of the combustor. A third line
30 may be coupled to the fifth segment 22 and the sixth
segment 24. The third line 30 may be configured to supply
of fifth portion of the fuel to the fifth segment 22 and a
sixth portion of the fuel to the sixth segment 24. The fifth
segment 22 and the sixth segment 24 may be configured
to supply fuel to injectors 46.
[0042] As illustrated in FIG. 6, in some embodiments,
the fifth segment 22 and the sixth segment 24 may be
coupled to fewer injectors 46 than the four discrete seg-
ments 14, 16, 18, 20. In such a configuration, a circum-
ferential length of the fifth segment 22 and the sixth seg-
ment 24 may be less than the circumferential length of
the four discrete segments 14, 16, 18, 20. For example,
in some embodiments the first segment 14, second seg-
ment 16, third segment, 18, and fourth segment 20 may
be circumferentially arranged near the bottom side 64 of
the combustor 12 and each extend around 16.7% to 20%
of the circumference of the combustor 12, where the fifth
segment 22 and the sixth segment 24 may be circumfer-
entially arranged near the top side 62 of the combustor
12 and each extend around 10% to 16.7% of the circum-
ference of the circumference of the combustor 12. Having
a shorter fifth segment 22 and sixth segment 24 arranged
near the top side 62 of the combustor 12 may mitigate
the loss of fuel supplied to the injectors near the top side
62 of the combustor 12 caused by gravitational effects.
[0043] FIG. 7 illustrates a front cross-sectional view of
a second example of the turbine engine 80 including the
fuel manifold 10 and the combustor 12. In some embod-
iments, the four discrete segments 14, 16, 18, 20 may
be arranged to supply fuel to four circumferential quad-
rants 52 of the combustor 12. The quadrants 52 may be
any division of the circumference of the combustor 12
into four portions. The quadrants 52 may be equally sized
or some quadrants 52 may be larger than others. The
quadrants may be arranged to correspond with the top
side 62, bottom side 64, left side 70, and right side 72 of
the combustor 12. Alternatively, as illustrated in FIGS. 7
and 8, the quadrants 52 may be arranged such that there
is the quadrant 52 corresponding with the top side 62
and left side 70 of the combustor 12, the quadrant 52
corresponding with the top side 62 and right side 72 of
the combustor 12, the quadrant 52 corresponding with
the bottom side 64 and left side 70 of the combustor 12,
and the quadrant 52 corresponding with the bottom side
64 and the right side 72 of the combustor 12.
[0044] In the embodiment of the fuel manifold 10
shown in FIGS. 1-4, the four discrete segments 14, 16,
18, 20 may be configured such that the first segment 14
is aligned with the quadrant 52 corresponding with the
top side 62 and left side 70 of the combustor 12, the
second segment 16 is aligned with the quadrant 52 cor-
responding with the top side 62 and right side 72 of the
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combustor 12, the third segment 18 is aligned in the quad-
rant 52 corresponding with the bottom side 64 and left
side 70 of the combustor 12, and the fourth segment 20
is aligned in the quadrant 52 corresponding with the bot-
tom side 64 and right side 72 of the combustor 12.
[0045] In the embodiment of the fuel manifold 10
shown in FIGS. 1-4, the four discrete segments 14, 16,
18, 20 may be configured such that the first segment 14
is aligned with the quadrant 52 corresponding with the
top side 62 and left side 70 of the combustor 12, the
second segment 16 is aligned with the quadrant 52 cor-
responding with the top side 62 and right side 72 of the
combustor 12, the third segment 18 is aligned with the
quadrant 52 corresponding with the bottom side 64 and
left side 70 of the combustor 12, and the fourth segment
20 is aligned with the quadrant 52 corresponding with
the bottom side 64 and right side 72 of the combustor
12. In this configuration, where the first line 26 supplies
fuel to the top side 62 of the combustor and the second
line 28 supplies fuel to the bottom side 64 of the com-
bustor 12, bypass lines 32 may be utilized on the first line
26 to allow the first segment 14 and the second segment
to be arranged with their respective quadrants 52.
[0046] In the embodiment of the fuel manifold 10
shown in FIG. 7, the four discrete segments 14, 16, 18,
20 may be configured such that the first segment 14 is
aligned with the quadrant 52 corresponding with the top
side 62 and left side 70 of the combustor 12, the second
segment 16 is aligned with the quadrant 52 correspond-
ing with the bottom side 64 and left side 70 of the com-
bustor 12, the third segment 18 is aligned with the quad-
rant 52 corresponding with the top side 62 and right side
72 of the combustor 12, and the fourth segment 20 is
aligned with the quadrant 52 corresponding with the bot-
tom side 64 and right side 72 of the combustor 12. In
such a configuration, where the first line 26 supplies fuel
to the left side 70 of the combustor 12 and the second
line 28 supplies fuel to the right side 72 of the combustor
12, the first line 26 and second line 28 may not need
bypass lines 32 to allow the four discrete segments 14,
16, 18, 20 to be arranged with their respective quadrants
52.
[0047] FIG. 8 illustrates a front cross-sectional view of
a third example of the turbine engine 80 including the
fuel manifold 10 and the combustor 12. As illustrated in
FIG. 8, the four discrete segments 14, 16, 18, 20 may be
configured such that the first segment 14 is aligned with
the quadrant 52 corresponding with the top side 62 and
left side 70 of the combustor 12, the second segment 16
is aligned with the quadrant 52 corresponding with the
bottom side 64 and right side 72 of the combustor 12,
the third segment 18 is aligned with the quadrant 52 cor-
responding with the bottom side 64 and left side 70 of
the combustor 12, and the fourth segment 20 is aligned
with the quadrant 52 aligned with the top side 62 and
right side 72 of the combustor 12. In such a configuration,
the first line 26 may utilize a bypass line 32 to allow the
first segment 14 to reach its quadrant 52 and the second

line 28 may utilize a bypass line 32 to allow the fourth
segment 20 to reach its quadrant 52.
[0048] Furthermore, although specific components are
described above, methods, systems, and articles of man-
ufacture described herein may include additional, fewer,
or different components. For example, the fuel manifold
10 may include further segments 14, 16, 18, 20, 22, 24
than described herein.
[0049] FIG. 9 illustrates a flow diagram of operations
to supply fuel to the combustor 12 (100). The operations
may include fewer, additional, or different operations than
illustrated in FIG. 6. Alternatively or in addition, the op-
erations may be performed in a different order than illus-
trated.
[0050] To supply fuel to the combustor 12 (100), fuel
is supplied from the fuel source 58 to the first line 26 and
the second line 28 (102). Fuel is also supplied from the
first line 26 and the second line 28 to the four discrete
segments 14, 16, 18, 20 (104). The first line 26 is coupled
to the first segment 14 and the second segment 16 and
the second line 28 is coupled to the third segment 18 and
the fourth segment 20. Fuel is also supplied from the four
discrete segments 14, 16, 18, 20 to the combustor 12
(106).
[0051] The method of supplying fuel to the combustor
12 (100) may also include supplying fuel from the four
discrete segments 14, 16, 18, 20 to the injectors 46 cou-
pled to each of the four discrete segments 14, 16, 18, 20
and also suppling fuel from the injectors 46 to the com-
bustor 12.
[0052] The method of supplying fuel to the combustor
12 (100) may also include the fuel source 58 maintaining
the pressure of the fuel manifold at least as high as a
critical pressure, pc, of the fuel. The critical pressure is
the pressure required to liquefy a gas phase of the fuel
at its critical temperature.
[0053] The method of supplying fuel to the combustor
12 (100) may also include passing fuel through orifices
48 in nozzles 44 coupled to each of the four discrete
segments 14, 16, 18, 20. The cross-sectional area 40 of
the fluid path 60 of the respective segment 14, 16, 18,
20 is greater than the combined cross-sectional area 50
of the orifices 48 of all of the nozzles 44 configured to
receive fuel from the respective segment 14, 16, 18, 20.
[0054] In addition to the advantages that have been
described, it is also possible that there are still other ad-
vantages that are not currently recognized but that may
become apparent at a later time. While various embod-
iments have been described, it will be apparent to those
of ordinary skill in the art that many more embodiments
and implementations are possible. Accordingly, the em-
bodiments described herein are examples, not the only
possible embodiments and implementations.

Claims

1. A fuel manifold (10) for use in a turbine engine, the
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fuel manifold comprising:

four discrete segments including a first segment
(14), a second segment (16), a third segment
(18), and a fourth segment (20), wherein each
of the four discrete segments are configured to
supply fuel to a combustor;
a first line (26) coupled to the first segment and
the second segment, wherein the first line is con-
figured to supply a first portion of the fuel to the
first segment and a second portion of the fuel to
the second segment; and
a second line (28) coupled to the third segment
and the fourth segment,

wherein the second line is configured to supply a
third portion of the fuel to the third segment and a
fourth portion of the fuel to the fourth segment.

2. The fuel manifold of claim 1, wherein the first line is
coupled to the first segment and the second segment
via a first T-valve (56), wherein a first outlet of the
first T-valve is configured to supply the first portion
of the fuel to the first segment and a second outlet
of the first T-valve is configured to supply the second
portion of the fuel to the second segment; and
wherein the second line is coupled to the third seg-
ment and the fourth segment via a second T-valve
(56), wherein a first outlet of the second T-valve is
configured to supply the third portion of the fuel to
the third segment and a second outlet of the second
T-valve is configured to supply the fourth portion of
the fuel to the fourth segment.

3. The fuel manifold of claim 1 or claim 2, wherein each
of the four discrete segments comprises a respective
nozzle (44) having an orifice (48) configured to sup-
ply fuel to the combustor.

4. The fuel manifold of claim 3, wherein a cross-sec-
tional area of a fluid path through a respective one
of the four discrete segments is greater than a com-
bined cross-sectional area of orifices of all nozzles
configured to receive fuel from the respective one of
the four discrete segments.

5. The fuel manifold of claim 3 or claim 4, wherein each
nozzle forms a T-joint with the respective segment
of the four discrete segments.

6. The fuel manifold of any preceding claim, wherein
each of the four discrete segments comprises a noz-
zle portion (36) that is coupled to a nozzle, and a
flexible portion (34), wherein the flexible portion is
less rigid than the nozzle portion.

7. The fuel manifold of any preceding claim, wherein
either:

(a) each of the four discrete segments has a
length that is substantially the same as the other
of the four discrete segments; or
(b) at least one of the four discrete segments
has a length that is longer than another of the
four discrete segments.

8. The fuel manifold of any preceding claim, further
comprising a fifth segment (22) configured to supply
fuel to the combustor, wherein the fifth segment is
coupled to a third line (30).

9. A turbine engine (80), comprising a fuel manifold ac-
cording to any preceding claim and a combustor (12),
wherein each of the four discrete segments of the
fuel manifold are configured to supply a respective
portion of fuel to the combustor.

10. The turbine engine of claim 9, wherein the four dis-
crete segments extend circumferentially around the
combustor and are arranged within a plane and op-
tionally or preferably wherein each of the four dis-
crete segments comprise a nozzle extending away
from the respective segment orthogonally to the
plane.

11. The turbine engine of claim 9 or claim 10, wherein
the four discrete segments are circumferentially
spaced around the combustor such that each seg-
ment is aligned with a circumferential quadrant (52)
of the combustor.

12. The turbine engine of claim 11, wherein either:

(a) the first segment is aligned with a first cir-
cumferential quadrant, and the second segment
is aligned with a second circumferential quad-
rant that is adjacent to the first circumferential
quadrant; or
(b) the first segment is aligned with a first cir-
cumferential quadrant, and the second segment
is aligned with a second circumferential quad-
rant that is opposed to the first circumferential
quadrant.

13. The turbine engine of claim 11, wherein either:

(a) the first segment and second segment are
aligned with circumferential quadrants on a top
side (62) of the combustor, and the third seg-
ment and fourth segment are aligned with cir-
cumferential quadrants on a bottom side (64) of
the combustor; or
(b) the first segment and second segment are
aligned with circumferential quadrants on a left
side (70) of the combustor, and the third seg-
ment and fourth segment are aligned with cir-
cumferential quadrants on a right side (72) of
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the combustor.

14. A method (100) of supplying fuel to a combustor,
comprising
supplying (102) fuel from a fuel source to a first line
and a second line;
supplying (104) fuel from the first line and the second
line to four discrete segments, including a first seg-
ment, a second segment, a third segment, and a
fourth segment, wherein the first line is coupled to
the first segment and the second segment, and the
second line is coupled to the third segment and the
fourth segment; and
supplying (106) fuel from the four discrete segments
to the combustor, optionally or preferably wherein
the fuel source maintains a pressure of at least as
high as a critical pressure, pc, of the fuel.

15. The method of claim 14, wherein supplying fuel from
the four discrete segments to the combustor com-
prises passing the fuel through orifices in nozzles
coupled to each of the four discrete segments,
wherein a cross-sectional area of a fluid path within
each of the four discrete segments is greater than a
combined cross-sectional area of orifices of all noz-
zles configured to receive fuel from the respective
one of the four discrete segments.
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