Office de la Proprieté Canadian

Intellectuelle Intellectual Property
du Canada Office

Un organisme An agency of
d'Industrie Canada Industry Canada

CA 2720241 C 2016/06/07

(11)(21) 2 720 241

(12 BREVET CANADIEN
CANADIAN PATENT

13) C

(86) Date de déepot PCT/PCT Filing Date: 2009/03/13

(87) Date publication PCT/PCT Publication Date: 2009/12/10
(45) Date de délivrance/lssue Date: 2016/06/07

(85) Entree phase nationale/National Entry: 2010/09/30

(86) N° demande PCT/PCT Application No.: US 2009/037101
(87) N° publication PCT/PCT Publication No.: 2009/148680

(30) Priorntes/Priorities: 2008/04/11 (US61/044,116);
2008/0/7/30 (US12/182,469), 2008/07/30 (US12/182,485)

(51) Cl.Int./Int.Cl. F23R 3/28(2006.01),

F23R 3/34 (2006.01)

(72) Inventeurs/Inventors:
MCMASTERS, MARIE ANN,
BENJAMIN, MICHAELA U
MANCINI, ALFR_Z) US

(73) Proprietaire/Owner:

UsS;
S

GENERAL ELECTRIC COMPANY, US

(74) Agent: CRAIG WILSON AN

D COMPANY

(54) Titre : CONDUIT UNITAIRE POUR LE TRANSPORT DE FLUIDES ET PROCEDE DE FABRICATION
(54) Title: UNITARY CONDUIT FOR TRANSPORTING FLUIDS AND METHOD OF MANUFACTURING

{

103

(N R 7 W

\\\&;3551\\\“\:\\\: :
\ o

(57) Abréegée/Abstract:

SN
-

A method for fabricating a unitary conduit (105) Is disclosed, the method comprising the steps of determining three-dimensional
Information of the unitary conduit (105) having at least one flow passage (108), converting the three-dimen-sional information into a
plurality of slices that each define a cross-sectional layer of the unitary conduit (105), and successively forming each layer of the
unitary conduit (105) by fusing a metallic powder using laser energy. A unitary conduit (105) Is disclosed, comprising a body (106)
and a flow passage (108), wherein the flow passage (108) and the body (106) have a unitary construction, and made by using a
rapid manufacturing process. In another embodiment, a unitary conduit (105) has a flow passage wherein the cross sectional
shape of the flow passage changes from a first cross sectional shape to a second cross sectional shape. In another embodiment,
the exterior contour (140) of the body (106) generally conforms to the interior contour (141) of the flow passage (108). In another
embodiment, the flow passage (108) branches to a plurality of sub-passages (109).

C an a d a http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPI

OPIC - CIPO 191

g
ey . RN

S '\'l'.'.

AU

: "..
KT
e
A

C




WO 2009/148680 A2 |[HI| 11 /Y HI) AAORON A0 O 00 R

CA 02720241 2010-09-30

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization l{,f:”_ﬂ""’%\
International Bureau wjf J

(43) International Publication Date
10 December 2009 (10.12.2009)

(10) International Publication Number

WO 2009/148680 A2

(51)

(21)

(22)

(25)

(26)
(30)

(71)

(72)
(75)

(74)

International Patent Classification:
F23R 3/28 (2006.01) F23R 3/34 (2006.01)

International Application Number:
PCT/US2009/037101

International Filing Date:
13 March 2009 (13.03.2009)

Filing Language: English
Publication Language: English
Priority Data:

61/044,116 11 April 2008 (11.04.2008) US
12/182,485 30 July 2008 (30.07.2008) US
12/182,469 30 July 2008 (30.07.2008) Uus

Applicant (for all designated States except US). GEN-
ERAL ELECTRIC COMPANY [US/US]; 1 Ruver
Road, Schenectady, NY 12345 (US).

Inventors; and

Inventors/Applicants (for US only): MCMASTERS,
Marie, Ann [US/US]|; 6954 Wolwood Drive, Mason, OH
45040 (US). BENJAMIN, Michael, A. [US/US]; 9960
Walnut Ridge Court, Cincinnati, OH 45242 (US).

MANCINI, Alfred [US/US]; 10210 Giverney Boulevard,
Cincinnati, OH 45241 (US).

Agents: CONKLIN, Mark, A. et al.; General Electric
Company, Global Patent Operation, PO Box 861, 2 Cor-
porate Drive, Suite 648, Shelton, CT 06484 (US).

(81)

(84)

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ,
EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO,
NZ, OM, PG, PH, PL, PT, RO, RS, RU, SC, SD, SE, SG,
SK, SL, SM, ST, SV, SY, TJ, TM, TN, TR, TT, TZ, UA,
UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available). ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
/W), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, TR),
OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML,
MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant's entitlement to apply for and be granted
a patent (Rule 4.17(ii))

as to the applicant’s entitlement to claim the priority of
the earlier application (Rule 4.17(iii))

[Continued on next page]

(34) Title: UNITARY CONDUIT FOR TRANSPORTING FLUIDS AND METHOD OF MANUFACTURING

(57) Abstract: A method for fabricating a unitary conduit (105) 1s disclosed, the method comprising the steps of determining
three-dimensional mformation of the unitary conduit (105) having at least one tlow passage (108), converting the three-dimen-
sional information mto a plurality of slices that each detine a cross-sectional layer of the unitary conduit (105), and successively
forming each layer of the unitary conduit (105) by fusing a metallic powder using laser energy. A unitary conduit (105) is dis-
closed, comprising a body (106) and a tflow passage (108), wherein the flow passage (108) and the body (106) have a unitary con-
struction, and made by using a rapid manufacturing process. In another embodiment, a unitary conduit (105) has a flow passage
wherein the cross sectional shape of the flow passage changes from a first cross sectional shape to a second cross sectional shape.
In another embodiment, the exterior contour (140) of the body (106) generally conforms to the mterior contour (141) of the tlow
passage (108). In another embodiment, the flow passage (108) branches to a plurality of sub-passages (109).



CA 02720241 2010-09-30

WO 2009/148680 A 2 MMM} N0 D0 T 0O Y 6L

Published:

—  without international search report and to be republished
upon receipt of that report (Rule 48.2(g))



CA 02720241 2010-09-30
WO 2009/148680 PCT/US2009/037101

UNITARY CONDUIT FOR TRANSPORTING
FLUIDS AND METHOD OF MANUFACTURING

BACKGROUND OF THE INVENTION

[0001] This invention relates generally to conduits for transporting fluids,
and more specifically to unitary conduits for transporting fuel into fuel nozzles used

in gas turbine engines.

[0002] Turbine engines typically include a plurality of fuel nozzles for
supplying fuel to the combustor in the engine. The fuel 1s introduced at the front end
of a burner in a highly atomized spray from a fuel nozzle. Compressed air flows
around the fuel nozzle and mixes with the fuel to form a fuel-air mixture, which 1s
ignited by the burner. Because of limited fuel pressure availability and a wide range
of required fuel flow, many fuel injectors include pilot and main nozzles, with only
the pilot nozzles being used during start-up, and both nozzles being used during
higher power operation. The flow to the main nozzles is reduced or stopped during
start-up and lower power operation. Such injectors can be more efficient and cleaner-
burning than single nozzle fuel injectors, as the fuel flow can be more accurately
controlled and the fuel spray more accurately directed for the particular combustor
requirement. The pilot and main nozzles can be contained within the same nozzle
assembly or can be supported 1n separate nozzle assemblies. These dual nozzle fuel
injectors can also be constructed to allow further control of the fuel for dual
combustors, providing even greater fuel efficiency and reduction of harmful
emissions. The temperature of the 1gnited fuel-air mixture can reach an excess of
3500°F (1920°C). It 1s therefore important that the fuel supply conduits, flow
passages and distribution systems are substantially leak free and are protected from

the flames and heat.

[0003] Over time, continued exposure to high temperatures during turbine
engine operations may induce thermal stresses 1n the conduits and fuel nozzles which
may damage the conduits or fuel nozzle and may adversely affect their operation. For
example, thermal stresses may cause fuel flow reductions 1n the conduits and may

lead to excessive fuel maldistribution within the turbine engine. Furthermore, over
_1-
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time, continued operation with damaged fuel nozzles may result 1n decreased turbine
ctficiency, turbine component distress, and/or reduced engine exhaust gas temperature

margin.

[0004] Improving the life cycle of fuel nozzles installed within the turbine
engine may extend the longevity of the turbine engine. Known fuel nozzles include a
delivery system and a support system. The delivery system comprising conduits for
transporting fluids delivers fuel to the turbine engine and 1s supported, and 1s shielded
within the turbine engine, by the support system. More specifically, known support
systems surround the delivery system, and as such are subjected to higher
temperatures and have higher operating temperatures than delivery systems which are
cooled by fluid flowing through the fuel nozzle. It may be possible to reduce the
thermal stresses 1n the conduits and fuel nozzles by configuring their external and

internal contours and thicknesses.

[0005] Conventional gas turbine engine components such as, for example,
fuel nozzles and their associated conduits, are generally expensive to fabricate and/or
repair because the conventional fuel nozzle designs having complex conduits for
transporting fuel include a complex assembly and joining of more than thirty
components. More specifically, the use of braze joints can increase the time needed to
fabricate such components and can also complicate the fabrication process for any of
several reasons, including: the need for an adequate region to allow for braze alloy
placement; the need for minimizing unwanted braze alloy flow; the need for an
acceptable 1nspection technique to verify braze quality; and, the necessity of having
several braze alloys available in order to prevent the re-melting of previous braze
joints. Moreover, numerous braze joints may result in several braze runs, which may
weaken the parent material of the component. The presence of numerous braze joints

can undesirably increase the weight and manufacturing cost of the component.

[0006] Accordingly, 1t would be desirable to have conduits for transporting
fluids such as, for example, fuel supply conduits for fuel nozzles, that have unitary
construction for reducing potential leakage and other undesirable effects described
carlier. It 1s desirable to have fluid supply conduits with complex geometries having a

unitary construction to reduce the cost and for case of assembly. It 1s desirable to have

-
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a method of manufacturing unitary conduits having complex three-dimensional

gecometries for transporting fluids, such as fuel supply conduits for fuel nozzles.
BRIEF DESCRIPTION OF THE INVENTION

[0007] The above-mentioned need or needs may be met by exemplary
embodiments which provide a method for fabricating a unitary conduit, the method
comprising the steps of determining three-dimensional information of the unitary
conduit having at Iecast one flow passage, converting the three-dimensional
information into a plurality of slices that each define a cross-sectional layer of the
unitary conduit, and successively forming cach layer of the unitary conduit by fusing
a metallic powder using laser energy. In another aspect of the present invention, a
unitary conduit 1s disclosed, comprising a body and a flow passage, wherein the flow
passage and the body have a unitary construction, and made by using a rapid
manufacturing process. In another embodiment, a unitary conduit 105 has a flow
passage wherein the cross sectional shape of the flow passage changes from a first
cross sectional shape to a second cross sectional shape. In another embodiment, the
exterior contour 140 of the body 106 generally conforms to the interior contour 141 of
the flow passage 108. In another embodiment, the flow passage 108 branches to a

plurality of sub-passages 109.
BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The subject matter which 1s regarded as the invention 1s particularly
pointed out and distinctly claimed 1n the concluding part of the specification. The
invention, however, may be best understood by reference to the following description

taken 1n conjunction with the accompanying drawing figures 1n which:

[0009] FIG. 1 1s a diagrammatic view of a high bypass turbofan gas turbine

engine.

[0010] FIG. 2 1s an 1sometric view of a fuel distributor having a unitary

conduit according to an exemplary embodiment of the present invention.
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[0011] FIG. 3 1s a transverse cross-sectional view of the unitary conduit

shown 1n FIG. 2.

[0012] FIG. 4 1s an 1sometric view of a fuel distributor having a unitary

conduit according to an alternative exemplary embodiment of the present invention.

[0013] FIG. 5 1s a transverse cross-sectional view of the unitary conduit

shown 1n FIG. 4.

[0014] FIG. 6 1s an 1sometric view of a fuel distributor having a unitary
conduit according to another alternative exemplary embodiment of the present

1nvention.

[0015] FIG. 7 18 a transverse cross-sectional view near an inlet end of the

unitary conduit shown in FIG. 6.

[0016] FIG. 8 1s a transverse cross-sectional view at an intermediate location

of the unitary conduit shown in FIG. 6.

[0017] FIG. 9 1s a transverse cross-sectional view near an exit end of the

unitary conduit shown in FIG. 6.

[0018] FIG. 10 1s an 1sometric longitudinal cross sectional view of a unitary

conduit according to another exemplary embodiment of the present invention.

[0019] FIG. 11 1s an 1sometric view of an exemplary fuel nozzle having a

unitary conduit according to an exemplary embodiment of the present invention.

[0020] FIG. 12 1s a partial 1sometric cross-sectional view of the exemplary

fuel nozzle shown 1n FIG. 11.

[0021] FIG. 13 1s a partial 1sometric cross-sectional view of the exemplary

fuel nozzle shown 1in FIG. 11.

[0022] FIG. 14 1s a flow chart showing an exemplary embodiment of a

method for fabricating a unitary conduit.
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DETAILED DESCRIPTION OF THE INVENTION

[0023] Retferring now to the drawings in detail, wherein 1dentical numerals
indicate the same clements throughout the figures, FIG. 1 shows in diagrammatic
form an exemplary gas turbine engine 10 (high bypass type) incorporating an
exemplary embodiment of a unitary conduit for transporting liquid fuel to fuel
injectors. The exemplary gas turbine engine 10 has an axial centerline axis 12
therethrough for reference purposes. Engine 10 preferably includes a core gas turbine
engine generally identified by numeral 14 and a fan section 16 positioned upstream
thercof. Core engine 14 typically includes a generally tubular outer casing 18 that
defines an annular 1nlet 20. Outer casing 18 further encloses and supports a booster 22
for raising the pressure of the air that enters core engine 14 to a first pressure level. A
high pressure, multi-stage, axial-flow compressor 24 receives pressurized air from
booster 22 and further increases the pressure of the air. The pressurized air flows to a
combustor 26, where fuel 18 1njected into the pressurized air stream and 1gnited to
raise the temperature and energy level of the pressurized air. The high energy
combustion products flow from combustor 26 to a first (high pressure) turbine 28 for
driving the high pressure compressor 24 through a first (high pressure) drive shaft 30,
and then to a second (low pressure) turbine 32 for driving booster 22 and fan section
16 through a second (low pressure) drive shaft 34 that 1s coaxial with first drive shaft
30. After driving cach of turbines 28 and 32, the combustion products leave core
engine 14 through an exhaust nozzle 36 to provide at least a portion of the jet

propulsive thrust of the engine 10.

[0024] Fan section 16 includes a rotatable, axial-flow fan rotor 38 that 1s
surrounded by an annular fan casing 40. It will be appreciated that fan casing 40 1s
supported from core engine 14 by a plurality of substantially radially-extending,
circumferentially-spaced outlet guide vanes 42. In this way, fan casing 40 encloses
fan rotor 38 and fan rotor blades 44. Downstream section 46 of fan casing 40 extends
over an outer portion of core engine 14 to define a secondary, or bypass, airflow

conduit 48 that provides additional jet propulsive thrust.

[0025] From a flow standpoint, it will be appreciated that an 1nitial air flow,

represented by arrow 50, enters gas turbine engine 10 through an inlet 52 to fan

5.
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casing 40. Air flow 50 passes through fan blades 44 and splits into a first compressed
air flow (represented by arrow 54) that moves through conduit 48 and a second

compressed air flow (represented by arrow 56) which enters booster 22.

[0026] The pressure of second compressed air flow 56 is increased and
enters high pressure compressor 24, as represented by arrow 38. After mixing with
fuel and being combusted 1n combustor 26, combustion products 60 exit combustor
26 and flow through first turbine 28. Combustion products 60 then flow through
second turbine 32 and exit exhaust nozzle 36 to provide at least a portion of the thrust

for gas turbine engine 10.

[0027] The combustor 26 includes an annular combustion chamber 62 that 1s
coaxial with longitudinal axis 12, as well as an inlet 64 and an outlet 66. As noted
above, combustor 26 receives an annular stream of pressurized air from a high
pressure compressor discharge outlet 69. A portion of this compressor discharge air
flows 1into a mixer (not shown). Fuel 1s 1njected from a fuel nozzle tip assembly to
mix with the air and form a fuel-air mixture that 1s provided to combustion chamber
62 for combustion. Ignition of the fuel-air mixture 1s accomplished by a suitable
igniter, and the resulting combustion gases 60 flow 1n an axial direction toward and
into an annular, first stage turbine nozzle 72. Nozzle 72 1s defined by an annular flow
channel that includes a plurality of radially-extending, circumferentially-spaced
nozzle vanes 74 that turn the gases so that they flow angularly and impinge upon the
first stage turbine blades of first turbine 28. As shown in FIG. 1, first turbine 28
preferably rotates high pressure compressor 24 via first drive shaft 30. Low pressure

turbine 32 preferably drives booster 24 and fan rotor 38 via second drive shaft 34.

[0028] Combustion chamber 62 1s housed within engine outer casing 18.
Fuel 1s supplied into the combustion chamber by fuel nozzles, such as for example
shown m FIGS. 11, 12 and 13. Liquid fuel 1s transported through unitary conduits 105
(1.c., conduits having a unitary construction), such as shown for example, in FIGS. 2,
4, 6 and 10. The unitary conduits 105 may be located within a stem 102 and coupled
to a fuel distributor tip 190. Pilot fuel and main fuel 1s sprayed into the combustor 26
by fuel nozzle tip assemblies, using conventional means. During operation of the

turbine engine, 1nitially, pilot fuel 1s supplied through the pilot fuel passageway 153
_6-
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(see, for example, FIG. 10) during pre-determined engine operation conditions, such
as during startup and 1dle operations. The pilot fuel 1s discharged from fuel distributor
tip 190 through the pilot fuel outlet 162. When additional power 1s demanded, main
fuel 1s supplied through main fuel passageways 151, 152 (see, for example, FIG. 10)

and the main fuel 1s sprayed using the main fuel outlets 161.

[0029] FIGS. 2-10 show exemplary embodiments of the present invention of
a unitary conduit 105 for transporting fluids. The term “‘unitary” 1s used 1n this
application to denote that the associated component, such as the conduit 105
described herein, 1s made as a smgle piece during manufacturing. Thus, a unitary
component has a monolithic construction for the entire component, and 1s different
from a component that has been made from a plurality of component pieces that have

been joined together to form a single component.

[0030] FIG. 2 shows an 1sometric view of a fuel distributor 100 having a
unitary conduit 105 according to an exemplary embodiment of the present invention.
The exemplary fuel distributor 100 shown 1n FIG. 2 comprises a unitary conduit 105
and a distributor tip 190. The unitary conduit 105 and the distributor tip 190 may have
a unitary construction as shown in FIG. 2 made using methods described subsequently
herein. Alternatively, the fuel distributor 100 may be fabricated by making the
distributor tip 190 and the unitary conduit 105 separately and coupling them together
using suitable conventional attachment means such that the distributor tip 190 1s 1n

flow communication with the unitary conduit 105.

[0031] As shown in FIGS 2-10, the unitary conduit 105 comprises one or
more flow passages 108 located within a body 106. The unitary conduit 105 has an
inlet end 111 and an exit end 112. Fluid enters the conduit 105 at the inlet end 111
and flows 1n a longitudinal direction 101 towards the exit end 112, and exits from the
conduit 105 at the exit end 112. FIG. 3 shows a transverse cross-sectional view of the
exemplary unitary conduit shown in FIG. 2. As shown 1n FIG. 2, the unitary conduit
105 comprises a body 106 having an exterior contour 140 and multiple flow passages
108 located within the body 106. The flow passages have a cross sectional shape 120
and an interior contour 141. In the exemplary embodiment shown in FIG. 3, there are

four passages, cach having a circular cross-sectional shape. As shown 1n FIG. 2, the

7.
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flow passages may have different sizes. For example, 1n the exemplary embodiment
shown 1n FIG. 2, the two outwardly located passages 155, 157 are pilot fuel flow
passages and the two interior passages 151, 152 are main fuel flow passages used 1 a
fuel distributor 100. Each flow passage 108 has a wall, such as, for example, shown as
item 114, that separates the interior contour 141 of the flow passage 108 from the
exterior contour 140 of the body 106. Adjacently located flow passages 108 within
the body 106 are separated from each other by a separation wall, such as, for example,
shown as 1item 116. In the exemplary embodiment shown 1n FIGS. 2 and 3, the main
flow passages 151, 152 each have a diameter between about 0.060 inches and 0.150
inches, and the pilot flow passages 155, 157 each have a diameter between about
0.040 inches and 0.150 inches. The wall 114 has a thickness between about 0.020
inches and 0.060 inches. The separation wall 116 has a thickness between about 0.020

inches and 0.060 inches.

[0032] Circular cross sections usually have been selected in flow passages
based on manufacturing considerations However, 1t 18 advantageous 1n certain cases,
such as for example 1n fuel circuits that are subjected to thermal stresses, to have flow
passages 118 that have a non-circular cross section. It 1s possible to reduce stress
concentrations 1n flow passages 108 by suitably contouring the interior portions of the
flow passage 108 and the exterior contour 140 of the body 106. The flow passages
108 can be round (see FIG. 3) or ovalized (FIG. 5). The round passages would
provide a smaller length, but a larger width. The ovalized passages would provide a
smaller width, but a larger length. The smaller width provides more flexibility 1n the
supply portion of the unitary conduit 105 and facilitates reduction of the thermal
stresses 1n the body 106. FIG. 4 shows an 1sometric view of a fuel distributor having a
unitary conduit 105 according to an alternative exemplary embodiment of the present
invention, wherein a flow passage 118 has a non-circular cross sectional shape 121.
FIG. 5 shows a transverse cross-sectional view of the unitary conduit 105 shown 1n
FIG. 4. The interior contour 141 of cach flow passage 118 can be selected to be
circular, non-circular or any suitable combination of circular and non-circular shapes.
FIG. 5 shows an exemplary embodiment of a unitary conduit 105 having one flow
passage with a circular contour and three flow passages 118 with non-circular

contours 141. Each flow passage 118 has a wall 114 that separates 1ts interior contour

_8_
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141 from the exterior contour 140 of the body 106. Adjacently located flow passages
118 within the body 106 are separated from cach other by a separation wall 116. In
the exemplary embodiment shown 1n FIGS. 5, the non-circular flow passages 118
have cross-sectional arcas between about 0.004 square-inches and 0.018 square-
inches, and the circular pilot flow passage has a cross-sectional area of about 0.005
square-inches. The wall 114 has a thickness between about 0.020 inches and 0.060
inches. The separation wall 116 has a thickness between about 0.020 inches and 0.060

inches.

[0033] In the exemplary embodiments of the unitary conduit 105 shown in
FIGS. 2-5, the cross-sectional shapes 120, 121 of the flow passages 108 remains
substantially constant from the inlet end 111 to the exit end 112 of the unitary conduit
105. Similarly, the cross-sectional arcas of cach flow passage 108 may be
substantially constant from the inlet end 111 to the exit end 112 of the unitary conduait
105. Alternately, the cross-sectional arca of a flow passage 108 may be varied,
preferably substantially uniformly, from the inlet end 111 to the exit end 112 of the
unitary conduit 105, mn order to achieve suitable flow characteristics within the
distributor tip 190 of the fuel nozzle. For example, 1t 1s possible to accelerate the fluid
in some flow passages 108 within the unitary conduit 105 by reducing the flow area,

preferably substantially uniformly, between the inlet end 111 and the exit end 112.

[0034] In some applications, 1t 18 advantageous to vary the interior contour
141 and cross-sectional arca of the flow passage 108 1n the unitary conduit 105
between the inlet end 111 and the exit end 112. FIGS. 6-9 show an exemplary
embodiment of a unitary conduit 105 having four flow passages 108 that having a
first cross sectional shape 131 near the inlet end 111 and a second cross sectional
shape 132 near the exit end 112. The cross sectional shape 141 changes substantially
uniformly between the first cross sectional shape 131 near the nlet end 111 and the
second cross sectional shape 132 near the exit end 112. FIG. 7-9 show transverse
cross sections of the unitary conduit 105 near the mlet end 111, at the exit end 112
and at an intermediate location between the inlet end 111 and the exit end 112. As
shown 1n FIGS. 7-9, the first cross-sectional shape 131 1s circular for each of the four

passages 108. The second cross-sectional shape 132 near the exit end 112 1S non-
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circular for three of the passages and remains circular for the fourth passage (pilot
passage 153). FIG. 8 shows cross section at an intermediate location, showing the
transition from a circular cross-section to a non-circular cross section for the three

flow passages 118.

[0035] In addition to varying the cross-sectional shapes 131, 132, 1t may be
advantageous to vary the thicknesses for the walls 114 and the separation walls 116 1n
the unitary conduit 105 in order to reduce thermal stresses and weight. For example,
the unitary conduit 105 may be transitioned from a thicker section from a valve braze
arca near the inlet end 111 to a thinner section near the exit end 112 located near the
distributor tip 190, to reduce thermal stresses in the unitary conduit 105. The wall
thickness 114 for the fuel passages 108 may be maintained substantially constant at a
particular cross section, as shown 1n FIG. 7 to reduce the weight. Alternatively, at a
particular cross section, body 106 exterior contour 140 and the wall thickness 114 for
the fuel passages 108 may be contoured to obtain a flat outer surface between the
right-most and left-most fuel passages, as shown in FIG. 5. It may be advantageous to
have a combination of the approaches described above at different cross sectional
locations on the unitary conduit 105, based on the thermal stresses profiles at those
locations. The unitary conduit 105 cross sections and exterior contour 140 may be
shaped to generally conform to the shape of the passages 1n the body 106 (see FIGS.
7-9), or they can be shaped to have a smoother external surface (see FIGS. 3, 5). In
fuel nozzle applications of the unitary conduit 103, 1t 1s possible to locate one or more
pilot supply conduits, such as described below, such that the fuel flowing through the
pilot supply conduits cools the body 106 and the fluid passages located within, and

facilitates the reduction of thermal stresses.

[0036] FIG. 10 1s a partial cross-sectional 1sometric view of an exemplary
unitary conduit 105 used for transporting liquid fuel in a fuel nozzle. In the exemplary
embodiment, the unitary conduit 105 includes a flow passage 108 located within the
body 106 which serves as the main fuel passageway into the fuel nozzle, and a pilot
fuel passage 153 extending within the body 106. Fuel from the pilot fuel passage 153
1s directed 1nto the fuel nozzle by a pilot supply tube 154 and exits through a pilot fuel

outlet 162. In some unitary conduits 103, 1t 1s advantageous to have a flow passage

_10-
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108 that branches into two or more sub-passages 109, 110, such as, shown for
example, in FIG. 10. As shown 1n FIG. 10 for a fuel nozzle application of the unitary
conduit 105, the flow passage 108 branches into a first main passage 151 and a
second main passage 152. Liquid fuel 1s supplied into the nozzle through a main
passage 1nlet 126 and enters the flow passage 108. The fuel flow then branches 1nto
the two streams, one through the first main passage 151 and the other through the
second main passage 152, before entering the distributor tip 190. As shown 1n FIG.
10, the main fuel passageway 108, the sub-passages 151, 152, and the pilot fuel
passageway 153 extend generally axially in a longitudinal direction 101 in the body

106, between the inlet end 111 and the exit end 112.

[0037] An exemplary fuel distributor 100 having a unitary conduit 105 as
described herem and used 1n a gas turbine engine fuel nozzle 1s shown 1n FIGS. 11-
13. In the exemplary embodiment, the unitary conduit 105 1s located within a stem
102 which has a flange 160 for mounting in a gas turbine engine 10. The unitary
conduit 105 1s located within the stem 102 such that there 1s a gap 107 between the
interior of the stem and the body 106 of the unitary conduit 105. The gap 107
insulates the unitary conduit 105 from heat and other adverse environmental
conditions surrounding the fuel nozzle in gas turbine engines. Additional cooling of
the unitary conduit 105 may be accomplished by circulating air in the gap 107. The
unitary conduit 105 1s attached to the stem 102 using conventional attachment means
such as brazing. Alternatively, the unitary conduit 105 and the stem 102 may be made
by rapid manufacturing methods such as for example, direct laser metal sintering,
described herein. In the exemplary embodiment, fuel distributor tip 190 extends from
the unitary conduit 105 and stem 102 such that main fuel passageways (first main
passage 151 and the second main passage 152) and the pilot fuel passageway 153 are
coupled 1n flow communication with fuel distributor tip 190, such as, for example,
shown 1n FIG. 13. Specifically, main fuel passageways 151, 152 are coupled in tlow
communication to main fuel circuits defined within fuel distributor tip 190. Likewise,
primary pilot passage 155 and secondary pilot passage 157 are coupled in flow
communication with corresponding pilot injectors (not shown) positioned radially

inward within fuel nozzle.
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[0038] The exemplary embodiment of the unitary conduit 105 the shown 1n
FIGS. 2-3, and the alternative embodiments of the unitary conduit 105 shown 1n
FIGS. 4-13, can be made using rapid manufacturing processes such as Direct Metal
Laser Sintering (DMLS), Laser Net Shape Manufacturing (LNSM), electron beam
sintering and other known processes in the manufacturing. DMLS 1s a preferred

method of manufacturing unitary fuel nozzle components such as the fuel distributors

60, 160 and swirler 50 described herein.

[0039] FIG. 14 1s a flow chart illustrating an exemplary embodiment of a
method 200 for fabricating unitary conduits 105 described herein. Method 200
includes fabricating unitary conduit 105 (shown in FIGS. 2-13) using Direct Metal
Laser Sintering (DMLS). DMLS 1s a known manufacturing process that fabricates
metal components using three-dimensional information, for example a three-
dimensional computer model, of the component. The three-dimensional information 1s
converted mto a plurality of slices, cach slice defining a cross section of the
component for a predetermined height of the slice. The component 1s then "built-up”
slice by slice, or layer by layer, until finished. Each layer of the component 1s formed

by fusing a metallic powder using a laser.

[0040] Accordingly, method 200 includes the step 205 of determining three-
dimensional information of unitary conduit 105 and the step 210 of converting the
three-dimensional information into a plurality of slices that ecach define a cross-
sectional layer of the unitary conduit 105. The unitary conduit 105 1s then fabricated
usmg DMLS, or more specifically each layer 1s successively formed 215 by fusing a
metallic powder using laser energy. Each layer has a size between about 0.0005
inches and about 0.001 inches. Unitary conduits 105 may be fabricated using any

suitable laser sintering machine. Examples of suitable laser sintering machines

include, but are not limited to, an EOSINT.RTM. M 270 DMLS machine, a PHENIX
PM250 machine, and/or an EOSINT.RTM. M 250 Xtended DMLS machine, available
from EOS of North America, Inc. of Novi, Michigan. The metallic powder used to
fabricate unitary fuel nozzle components 50, 60, 160 1s preferably a powder including

cobalt chromium, but may be any other suitable metallic powder, such as, but not

limited to, HS188 and INCO625. The metallic powder can have a particle size of
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between about 10 microns and 74 microns, preferably between about 15 microns and

about 30 microns.

[0041] Although the methods of manufacturing unitary conduits 105 have
been described herein using DMLS as the preferred method, those skilled 1n the art of
manufacturing will recognize that any other suitable rapid manufacturing methods
using layer-by-layer construction or additive fabrication can also be used. These
alternative rapid manufacturing methods include, but not limited to, Selective Laser
Sintering (SLS), 3D printing, such as by inkjets and laserjets, Sterolithography
(SLS), Direct Selective Laser Sintering (DSLS), Electron Beam Sintering (EBS),
Electron Beam Melting (EBM), Laser Engineered Net Shaping (LENS), Laser Net
Shape Manufacturing (LNSM) and Direct Metal Deposition (DMD).

[0042] The unitary conduit 105 for a fuel distributor 100 1n a turbine engine
(see FIGS. 11-13) comprises fewer components and joints than known fuel nozzles.
Specifically, the above described unitary conduit 105 requires fewer components
because of the use of a one-piece body 106 having one or more flow passages such as,
for example, shown as 1tems 108, 118, 155, 157, 151 and 152 in FIGS. 2-13 herein.
As a result, the described fuel distributor 100 provides a lighter, less costly alternative
to known fuel distributors. Morcover, the described unitary conduits 105 provides
fewer opportunities for leakage or failure and 1s more casily repairable compared to

known conduits.

[0043] As used herein, an clement or step recited in the singular and
proceeded with the word "a" or "an" should be understood as not excluding plural
said elements or steps, unless such exclusion 1s explicitly recited. When introducing
clements/components/ctc. of the methods and/or unitary conduits or fuel distributors
100 described and/or illustrated herein, the articles "a", "an", "the" and "said" are
intended to mean that there are one or more of the element(s)/component(s)/etc. The
terms "comprising”, "including" and "having" are intended to be inclusive and mean
that there may be additional element(s)/component(s)/etc. other than the listed
clement(s)/component(s)/ctc. Furthermore, references to "one embodiment” of the

present invention are not intended to be interpreted as excluding the existence of

additional embodiments that also incorporate the recited features.
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[0044] Although the methods and unitary conduits 105 described herein are
described in the context of supplying liquid fuel to a turbine engine, it is understood
that the unitary conduits 105 and methods of their manufacture described herein are
not limited to fuel distributors or turbine engines. The unitary conduits 105 or fuel
distributor 100 components illustrated are not limited to the specific embodiments
described herein, but rather, these can be utilized independently and separately trom

other components described herein.

[0045] This written description uses examples to disclose the invention,
including the best mode, and also to enable any person skilled in the art to make and
use the invention. The patentable scope of the invention is defined by the claims, and
may include other examples that occur to those skilled in the art in view of the

specification.
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WHAT IS CLAIMED IS:

1. A unitary conduit comprising a body and a flow passage located
within the body, said flow passage having an inlet end, an exit end, a first cross scctional
shape near the inlet end and a sccond cross sectional shape near the exit end;

wherein the cross sectional shape of the flow passage changes substantially
untformly tfrom the first cross sectional shape near the inlet end to the second cross
sectional shape near the exit end; and,

wherein the flow passage and the body have a unitary construction, and

wherein the unitary conduit 1s made by using a rapid manufacturing proccess.

2. A unitary conduit according 1o claim 1 wherein the rapid

manufacturing process is a laser sintering process.

3. A unitary conduit according to claim 1 wherein the rapid

manufacturing process is DMLS.

4. A unitary conduit according to claim 1 further comprising a plurality

ol flow passages located within the body.

S. A unitary conduit according to claim 1 wherein the flow passage has
an interior contour and the body has an exterior contour that generally conforms to the

interior contour.

6. A unitary conduit according to claim 1 wherein the flow passage is

converging in a flow direction.

7. A unitary conduit comprising a body and a plurality of flow passages,
the plurality of flow passages located within the body, said flow passages each having

an inlet end, an exit end, a first cross scctional shape ncar the inlet end and a second
cross sectional shape ncar the exit end;

wherein the cross sectional shape of the plurality of flow passages changes
for each flow passage substantially uniformly from the first cross sectional shape near

the 1nlet end to the second cross sectional shape near the exit end; and,
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wherein the plurality of flow passages and the body have a unitary
construction, and wherein the unitary conduit is made by using a rapid manufacturing

process.

8. A unitary conduit according to claim 7 wherein the plurality of flow

passages arc separated by at least onc separation wall.

9. A unitary conduit according to claim 8 wherein the thickness of the

separation wall varies along a longitudinal direction.

10. A unitary conduit according to claim 7 wherein the rapid

manufacturing process 1s a laser sintering process.

11. A unttary conduit according to claim 7 wherein the rapid

manufacturing process is DMLS.

12. A unitary conduit according to claim 7 wherein each of the plurality
of tlow passages has an intcrior contour and the body has an exterior contour that

generally conforms to the interior contour.

13. A unitary conduit according to claim 7 wherein the flow passage is

converging 1n a {low direction.

14. A unitary conduit for transporting a fluid, the conduit comprising:

a body; and

a plurality of flow passages located within the body, at least one flow passage
having an inlct end and an exit end, wherein the plurality of flow passages and the body
have a unitary construction wherein each flow passage is separated from an adjacent
tflow passage by a separation wall that prevents a flow through the separation wall and
whercin the body is made using a metallic powder and has a contour adapted to facilitate

a reduction 1n stress.

15. A unitary conduit according to claim 14 wherein at least one flow
passage has a cross sectional shape that is substantially constant from the inlet end to

the exit end.
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16. A unttary conduit according to claim 15 wherein the cross sectional

shape is substantially circular.

17. A unitary conduit according to claim 14 wherein at least one flow
passage has a cross sectional area that is substantially constant from the inlet end to the

exit end.

18. A unitary conduit for transporting a fluid, the conduit comprising:

a body; and

a flow passage located within the body, said flow passage having an inlet end
and an exit end, wherein the flow passage and the body have a unitary construction and
wherein the body is made from a metallic material and has a contour adapted to {acilitate
a reduction 1n stress wherein the cross sectional area of the flow passage varies

substantially uniformly from the inlet end to the exit end.

19. A unitary conduit according to claim 18 wherein the flow passage has
a lirst cross sectional shape near the inlet end and a second cross sectional shape near
the exit end wherein the cross sectional shape changes substantially uniformly from the
first cross sectional shape near the inlet end to the second cross sectional shape near the

exit end.

20. A unitary conduit according to claim 19 whercin the first cross
sectional shape is substantially circular and the sccond cross sectional shape is

substantially non-circular.

21. A unitary conduit for transporting a fluid, the conduit comprising:
a body made using a metallic powder, the body having an exterior contour;
a plurality of flow passages located within the body, each flow passage

having an interior contour wherein the exterior contour of the body generally conforms

to the interior contours of the flow passages and is adapted to facilitate a reduction in

stress wherein the flow passages and the body have a unitary construction; and
wherein each tlow passage 1s separated from an adjacent flow passage by a

scparation wall that prevents a flow through the separation wall.
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22. A unitary conduit for transporting a fluid, the conduit comprising:

a body made from a metallic material, the body having an exterior contour;

a plurality of flow passages located within the body, each of the plurality of
flow passages having an intertor contour, an inlet end and an exit end, wherein the
exterior contour of the body generally conforms to the interior contour of the flow
passage and is adapted to tacilitate a reduction 1n stress; and

wherein the plurality of flow passages and the body have a unitary
construction and wherein the plurality of flow passages are separated from one another
by at least one separation wall having a thickness wherein the thickness of the

separation wall varies along a longitudinal direction.

23. A unitary conduit according to claim 21 wherein at least one {low
passage has a first cross sectional shape near the inlet end and a sccond cross sectional

shape near the exit end.

24. A unitary conduit for transporting a fluid, the conduit comprising;

a body made from a metallic material, the body having an exterior contour;

a tlow passage located within the body, said flow passage having an interior
contour, an 1nlet end and an exit erd, wherein the exterior contour of the body gencrally
conforms to the interior contour of the flow passage and is adapted to facilitate a
reduction in stress; and

wherein the flow passage and the body have a unitary construction and
wherein the flow passage has a first cross sectional shape near the inlet end and a second
cross sectional shape near the exit end wherein the cross sectional shape of the flow
passage changes substantially uniformly from the first cross scctional shape near the

inlet end to the second cross sectional shape near the exit end.

25.  Aunitary conduit according to claim 24 whercin the flow passage has
a tirst cross scctional shape near the inlet end and a second cross sectional shape near
the cxit end wherein the first cross sectional shape is substantially circular and the

second cross sectional shape is substantially non-circular.
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26. A unitary conduit for transporting a fluid, the conduit comprising:
a body; and

a flow passage located within the body, said flow passage having an inlet
end, wherein the flow passage branches to a plurality of sub-passages located within
the body and wherein the flow passage and the body have a unitary construction and

wherein the body 1s made using a metallic powder and has a contour adapted to facilitate

a reduction 1n stress.

27. A unitary conduit according to claim 26 whercin the cross scctional

shape of a sub-passage changes 1n a longitudinal direction.
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