- Descripti.on BULKHEAD AND FUEL NOZZLE GUI DE ASSEMBLY FOR AN NN' A
COMBUSTI ON CHAMBER Techni cal Field The present invention rejates to.an
combustion chanber Tor a gas turbine engine and nore partlc Vyuk R
conbust or bul khead and fuel nozzle guide assenbly for rece| in '
nozzl es in the conbustion chanber. Background Art Axi al dgﬁfyurblne
engi nes are used to power nodern aircraft. Thése gas turblne engi nes
typically include a conpression section, a conbustion section, and a
turbi ne section. A flow path for morklng medi um f | ow gases ext ends aX|aIIy
t hrough the sections of the engine.

Description
BULKHEAD AND FUEL NOZZLE GUIDE
ASSEMBLY FOR AN ANNULAR COMBUSTION CHAMBER

5 Technical Field
The present inyéntion relates to a combustion chamlper for a gas
turbine engine and more particularly to a combustor bulkhead and
fuel nozzle guide assembly for receiving fuel nozzles in the combustion
10 chamber.

Background Art

Axial flow gas turbine engines are used to power modern

15 aircraft. These gas turbine engines typically include a compression

section, a combustion section, and a turbine section. A flow path for

working medium flow gases extends axially through the sections of the
engine.

20 As the gases are flowed along the flow path, the working
medium gases are compressed in the compression section. The
working medium gases are flowed to the combustion section where
they are mixed with fuel. The gases and fuel are burned to add energy
to the gases. The gases are expanded through the turbine section to

25 produce useful work to power the compression section and, in the

case of aircraft engines, to power the aircraft.

The working medium gases are burned with the fuel in a
combustion - chamber. The combustion chamber provides a

30 combustion zone for the gases and shields the interior of the engine
from radiation heat transfer from the gases. One typical example of
such a combustion chamber is shown in U.S. Patent No.: 4,870,818
entitled Fuel Nozzle Guide Structure and Retainer for a Gas
Turbine Engine issued to William G. Suliga, and assigned to the

35 assignée of the present invention.
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As the gases are flowed along the flow path, the wor Ki ng diii_H@Sg%%?smag‘rh@é._;g_._.i\i I
conpressed in the conpression section. The working nedi um fjases F?'rﬁl
to the conbustion section where they are mxed with fuel.
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fuel are burned to add energy to the gases. The gases are expanded t hrough

the turbine section to produce useful

and, in the case of aircraft engines, to power the aircraft. The working
medi um gases are burned with the fuel in a conbustion chanber. The
conmbustion chanber provides a conmbustion zone for the gases and shiel ds

radi ati gn heat transfer fromthe gases. One

the interior of the enginge from ] ! .

typi cal exanpl e of s&%‘éﬁmw&ﬁb‘&%ﬂ%&h%@ﬁdﬂﬁm#%a& immer linerol 4
4,870, 818 entit lamdl Emelouler dirrerGl6de ASidomsé-shapedd hBaHahs8sémbyf B @&tends
Turbine Engi ne Iofaiiflrer@ntiblly' iBuE the lipSfeall Inds S Soibuislon chamber.
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The head includes a circumferentially extending dome 20 which is a
major element of the combustion chamber. The dome has a plurality
of openings which adapt the combustion chamber to receive air from
the compressor and to receive a fuel supply means such as a fuel

nozzle. The head includes a generally planar bulkhead 28 which

extends from the inner liner to the outer liner of the combustion
chamber. The bulkhead has a plurality of openings, each associated

with a corresponding opening in the dome, which permit a fuel nozzle |

to extend into the combustion chamber. Each opening in the
bulkhead has a reference axis Ap,.

_ The combustion chamber also includes minor elements such as
a fuel nozzle gﬁide 44. The fuel nozzle guide is disposed in an
associated opening in the bulkhead. The fuel nozzle guide moves with
the nozzle and slides with respect to the bulkhead to accommodate
thermal growth of the components which triight occur at different
rates for the components. A hole through the guide adapts the guide
to receive a fuel nozzle.

The fuel nozzle guide includes a heat shield 46 extending
parallel . to the bulkhead, that shields the bulkhead from the
combustion zone. The fuel nozzle guide also has a member which
extends axially from the heat shield to the upstream side of the
bulkhead. A retainer ring 52 is attached to the upstream end of the
fuel nozzle guide and slideably engages the upstream side of the
bulkhead to axially trap the fuel nozzle guide on the bulkhead. A
clearance gap .is provided between the bulkhead and the fuel nozzle
guide to allow for the slideable movement of the fuel nozzle with
respect to the bulkhead. In particular, this slideable movement
accommodates differences in thermal expansion between the
bulkhead, the fuel nozzle (and of course the fuel nozzle guide), and the

inner and-oufer liner during operative conditions of the engine.
. : ——
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assi gnee of the present invention. -2- In Suliga, the
i ncludes an inner liner 14 and an outer |iner 16. A done- haped head PN
assenbly 18 extends circunferentially about the upstream end of ;thex.

conbusti on chanber. The head includes a circunferentially lextendi- ngr~ete#e— ‘2@—

which is a major elenent of the conmbustion -@anber. The done has a
plurality of openings which adapt the conbustion chanber-to receive air
fromthe conpressor and to receive a fuel supply nmeans such as a fuel

nozzl e. The head includes a generally planar bul khead 28 which extends from

t he i nner

liner to the outer liner of the conbustion
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Another embodiment of a combustion chamber is shown in U.S.
Patent No.: 4,934,145 entitled Combustor Bulkhead Heat Shield
Assembly issued to Melvin H. Zeisser and assigned to the assignee of
the present invention. A similar construction is shown in U.S. Patent
No.: 4,914.918 entitled Combustor Segmented Deflector issued to
Dennis J. Sullivan and assigned to the assignee of the present
invention.

In the Zeisser embodiment, the fuel nozzle guide 86 has a heat
shield portion. The heat shield portion extends radially and parallel to

‘the bulkhead, to form a cooling air plenum between the bulkhead and

the fuel nozzle. A separate heat shield is disposed in the plenum. The
separate heat shield: bounds a first passage having one closed end
which extends between the heat shield and the bulkhead; and,
bounds a second downstream passage having two open ends which
extends between the heat shield and the fuel nozzle guide. These
passages extend radially to duct cooling air through this region of the

combustion chamber. Thus, the innermost end of the heat shield

extends to seal the upstream radlally extendmg passage from the
plenum.

Accordingly, a plurality of cooling air holes 46 through the
bulkhead are required to provide cooling air to the axially upstream
passage. The holes in the bulkhead are sized to provide impingement
cooling to the heat shield. The holes are angled toward the closed end
of the upstream passage to direct the air radially inwardly. The flow of
cooling air is ducted in the radially outward direction past the
impingement jets to the perimeter of the heat shield and thence is
exhausted into the combustion chamber. The axially downstream
passage between the heat shield and the heat shiéld of the fuel nozzle
guide is supplied with cooling air which is ducted through passages
extending through the fuel nozzle guide.
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chanber. The bul khead has a plurality of openings, each asso#lated\mnth
correspondi ng opening in the donme, which permt a fuel nozzle to extend b
into the conbustion chanber. Each opening in the bul khead has & Téfeérence ===
axi s Ab. The conbustion chanber al so includes m nor elenents such as a fuel
nozzl e guide 44. The fuel nozzle guide is dr4posed in an associ ated openi ng

i n the bul khead. The fuel nozzle guide noves wth the nozzle and slides

with respect to the bul khead to accommobdate thernmal growth of the

conponent s whi ch m ght occur at different rates for the conponents. A hole

t hrough t he gui de ad s e gui o receive a fuel nozzle. The fuel
nozzl e guide incl udes: B€ HABRQVE Iﬁoﬁﬁltﬁﬂ"éﬁﬁpgg srientists and engingeshare,

that shields t h&s&nldli_lgenddév&loptﬁnﬂell&mmlahﬂomdmzlé' uitlecdssearBlics SHHidR
al'so has a menbes WuETor flexibility in design and duct cooling air to appropriate
locations in the bulkhead assembly.

5
Disclosure of the Invention

This invention is in part predicated on the recognition that

supplying cooling air to a bulkhead and fuel nozzle guide assembly

10 through impingement holes in the bulkhead has some inherent

limitations. In particular it makes redesign of the cooling scheme

difficult and any such redesign or modification will require

replacement of a large assembly within the combustion chamber. It is

also predicated on recognizing that present designs of fuel nozzle

15 guide retainers block significant portions of the flow of coolmg air into
the vicinity of the fuel nozzle guide.

According to the present invention, a bulkhead and fuel nozzle
guide assembly includes a fuel nozzle guide which is both spaced
20 axially from the bulkhead to form a radially oriented plenum and is
spaced radially inwardly from the bulkhead to provide a first annular
supply gap for the plenum, the assembly further including a heat
shield disposed in the plenum and in the supply gap to form a pair of
axially spaced cooling air passages therebetween which extend
25 radially outwardly from the gap and which each receive cooling air
directly from annular orifices in the supply gap that are bounded by

the heat shield.

In accordance with one detailed embodiment of the present

30 invention, the bulkhead and fuel nozzle guide assembly includes a

nozzle guide retainer which has a ring that slideably engages the
surface of the bulkhead and which is spaced radially from the fuel

% TN




extends axially fromthe heat shield to the upstream side
A retainer ring 52 is attached to the upstreamend of the

o s Bl Khe&gaN |
fuel mozzPhetguide i

and slideably engages the upstream side of the bul khead to axratty trap tie -
fuel nozzle guide on the bul khead. A clearance gap is provided between the
bul khead and the fuel nozzle guide to allowbfor the slideable novenent of

the fuel nozzle wth respect tq the bul khead. In particular, this
sl i deabl e novenent acconmobdates differences in thernal expansion between

t he bul khead,

the fuel nozzle (and of course the fuel nozzle guide), and

the inner and outer, liner during operat]jve conditions of the engine. - 3-
} }ngq a gecon& annuciar ﬁc n gllhrJ
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nozzle guide leav _ gap therebetwee ich is in
direct flow communication with the first annular gap, the second
annular gap being substantially free of blockage by structure which

~ extends inwardly from the ring to support the fuel nozzle guide.

A primary feature of the present invention is a bulkhead and
fuel nozzle guide assembly having a fuel nozzle guide which is adapted
to receive the fuel nozzle. The fuel nozzle guide has a first member
spaced axially from the bulkhead to leave a cooling air plenum
therebetween. Another primary feature is a heat shield which is
disposed in the cooling air plenum, dividing the cooling air plenum
into a first passage and a second passage which extend radially away
from the fuel nozzle guidc. Another feature is a second member on
the fuel nozzle guide which is spaced radially from the bulkhead. The
heat shield extends into the radial gap between the bulkhead and the
fuel nozzle guide to divide the gap into a first annular orifice and a
second annular orifice. In one detailed embodiment, the radial width
of the first annular orifice is varied to distribute the flow of cooling air
to the passage between-the heat shield and the bulkhead. A plurality
of rails on the heat shield cooperate with the annular orifice to
channel the cooling air to pre-selected locations between the heat
shield and the bulkhead.

In one particular embodiment, a fuel nozzle guide retainer is
disposed on the upstream side of the bulkhead. The retainer has a
transversely extending outer ring. The retainer has an inner ring
which is attached to the fuel nozzle guide. The inner ring is attached
by struts to the outer ring. The outer ring is spaced radially from the

- fuel nozzle guide to provide a second annular gap. The second

annular gap is in direct flow communication with the first annular
gap. The second annular gap is substantially unobstructed by the
support struts which extend from the outer ring.
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Anot her enbodi nent of a conbustion chanber is shown in U S ﬁat:-eg—et Ne:74.
4,934,145 entitled Conbustor Bul khead Heat Shield Assenbly igsued o Nelvi
H. Zeisser and assigned to the assignee of the present inventFor=A-stm-tar ...
construction is shown in U S. Patent No.: 4,914.918 entitled Conbustor

Segnment ed Defl ector issued to Dennis J. Sul l-evan and assigned to the

assi gnee of the present invention. In the Zeisser enbodi nent, the fuel

nozzl e gui de 86 has a heat shield portion. The heat shield portion extends
radially and parallel to the bul khead, to forma cooling air plenum between

t he bul khead and the fuel, nozzle. A separate heat shield is, disposed in the

pl enum The separate AdRAmaiy-advaniagaef ther pregent invegtionais the eperationald

end whi ch ext endliféef thercdmbubtioh camdibdraii tthe disebfadsenibly droHs@
second downstream,pA389% e BrhBAstNR IRGAbEF Thith' reluilts from the ability of the
slideable fuel nozzle guide structure to accommodate differences in
5 thermal growth between the bulkhead and the fuel nozzle guide.
Another advantage is the service life of the bulkhead and-fuel nozzle
guide assembly which results from providing cooling air to the
innermost locations of the heat shield, the fuel nozzle guide, and the
bulkhead without employing impingement cooling for cooling passages
10 extending through these components. An advantage is the level of
flow of cooling air through a nozzle guide retainer which minimally
blocks flow while providing adequaté support to the fuel nozzle guide
from the bulkhead. Another advantage is the ability to easily modify
the cooling scheme by replacing minor elements of the combustion
15 chamber, such as the heat shield, in comparison to configurations
which use impingement cooling through the bulkhead and which
require redesign or replacement of the bulkhead of the combustion
chamber to change the cooling scheme.

20 The foregoing features and advantages of the present invention
will become more apparent in the light of the following detailed
description of the best mode for carrying out the invention and the
accompanying drawing.

25 Brief Description of the Drawing

Figure 1 is a side elevation, schematic view of a power plant for
an aircraft and shows a portion of the wing of the aircraft, a pylon
extending from the wing, a nacelle and a gas turbine engine disposed

30 in the nacelle. ‘

Figure 2 is an exploded view of a portion of the combustion
chamber of the engine shown in Figure 1 and shows the relationship
of a fuel ‘nozzle guide, a fuel nozzle guide retainer, and a heat shield to

35 a bulkhead in the combustion chamber.
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extends between the heat shield and the fuel nozzle guide. T —pas S“ge
extend radially to duct cooling air through this region of t é‘"‘t’:?)liﬁu"tib
. chanber. Thus, the innernost end of the heat shield extends
upstream radi aIIy ext endi ng passage fromthe plenum Accordi g y,'“a
plurality of cooling air holes 46 through t+& bul khead are required to
provide cooling air to the axially upstream passage. The holes in the

bul khead are sized to provide inpingenment cooling to the heat shield. The
hol es are angled toward the closed end of the upstream passage to direct
the air radially inwardly. The flow, of coolipg air is ducted_in the
radially outward di reﬁ'}gpg‘h Jis @ Paiglhy m viesy sorresponding; teethe vigw
the heat shi el dtakéntlhem@argsz,exhausted |nto t he conbustion chamber. The
axi al 'y downstream passage between the heat shield and the heat shield of
the fuel nozzle

Figure 4 is a side-elevation view of a portion of the combustion

5 chamber shown in Figure 2 and Figure 3 which is partly in section,

partly in full, and broken away for clarity to show a fuel nozzle and a
portion of the combustion chamber assembly.

Figure 4A is an enlarged portion of the view shown in Figure 4

10 showing in more detail the relationship of the fuel nozzle guide, the

fuel nozzle guide retainer, the bulkhead, and the heat shield which is
disposed between the bulkhead and fuel nozzle guide.

Figure 5 is a view taken along the lines 5-5 of Figure 4, with
15 portions of the bulkhead and the fuel nozzle gulde retainer broken
away for clarity.

Best Mode for Carrying Out the Invention

20 Figure 1 is a schematic representation of an axial flow, rotary
machine, such as a gas turbine engine 10. The engine includes a
compression section 12 a combustion section 14, and a turbine
section 16. The sections are disposed about are axis A of the engine.
A flow path for working medium gases 18 extends axially through

25 these sections of the engine.

The combustion section includes a plenum 22 for working
medium gases which are received from the compression section. The
plenum extends circumferentially about the axis Ae of the engine. An

30 annular combustion chamber 24 is disposed in the plenum. The
combustion chamber has an upstream end 26 and a downstream end
28. '
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guide is supplied with cooling air which is ducted through passages
extendi ng through the fuel nozzle guide. -4- The above '“Tfl“if'”_';\l.
not wi t hst andi ng, scientists and engi neers are seeking to eVéE@g“ Khead™
and fuel nozzle guide assemblies which provide for flexibillity rir déSIQn

and duct cooling air to appropriate locatiomg in the bulkhead““ssenbly

Di scl osure of the Invention This invention is in part predicated on the
recogni tion that supplying cooling air to a bulkhead and fuel nozzle guide
assenbly through inpingenent holes in the bul khead has sone inherent

-y

The combustion chamber 24 includes an inner liner 32 which
extends circumferentially about the axis Ae of the engine. An outer
liner 34 is spaced radially from the inner liner leaving a combustion
zone 36 therebetween. The combustion zone is disposed between the

5 upstream end and the downstream end. '

The annular combustion chamber 24 includes an annular
combustor head 38 at the upstream end of the combustion chamber.
The combustor head includes a circumferentially extending dome 42
10 and a radially extending bulkhead (not shown) which is spaced axially
from the dome, leaving a supply region 44 for supplying air to the
combustion zone. A plurality of fuel nozzles 46 are spaced
circumferentially about the interior of the engine. Each fuel nozzle
extends into the combustor head and through the bulkhead to deliver
15 fuel to the combustion zone on the interior of the combustion
chamber.

Figure 2 is an exploded view of the combustor head 38 shown in
_Figure 1. The combustor head is partially broken away to show the
20 relationship of several components which are disposed adjacent to
each fuel nozzle 46 and which supply cooling air to the region
adjacent the bulkhead 48. After cooling, the air is supplied to the
combustion zone 36. The combustor head has a plurality of
circumferentially spaced openings 52 in the dome and openings 54 in
25 the bulkhead. The openings in the bulkhead are axially aligned with
the openings in the dome for permitting insertion of the fuel nozzles
into the combustion chamber. Each opening in the bulkhead has an
axis Ap and the bulkhead has an upstream surface 56 and a
downstream surface 58.

30 _ _

A plurality of fuel nozzle guides, as represented by the fuel
nozzle guide 62, are each disposed in an associated opening in the
bulkhead 48 about an axis Af. Each guide has an axially extending
heﬂe 64 t‘“hro‘ugh the sguide -which adapts the guide to receive an

36 associated fuel fiozzle " The gulde includes a first member 66 which
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[imtations. In

difficult and any such redesign or nodification wll requi
-a large assenmbly within the conbustion chanber. It is als

particular it makes redesi gn of the cooli n

di At e on'” o

recogni zi ng that present designs of fuel nozzle guide retainers block™
significant portions of the flow of cooling%ir into the vicinity of the
fuel nozzle guide. According to the present invention, a bul khead and fuel
nozzl e gui de assenbly includes a fuel nozzle guide which is both spaced
axially fromthe bul khead to forma radially oriented pl enum and is spaced

radially inwardly fr ul khea rovid aflrst annul ar .supply ga
for the plenum KM @-afﬁlg' fromy, el cﬁ-‘?é 3 secondsmen eHl@ﬁ) BO$
the pl enum and icircurferentiallycgaboli® thermﬂ% fraitheoguide. a|'l‘h/e seeofid aaghbes

ai r passages th

whi ch each recei
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- bulkhead to provide an attachment point upstream of the bulkhead.

A plurality of heat shields 72 are disposed about the interior of
the combustion chamber. Each heat shield abuts circumferentially

' the adjacent heat shields to form a heat shield assembly. The heat

10

shield assembly extends about the interior of the combustion chamber
downstream of the bulkhead. Each heat shield is disposed between

- fuel nozzle guide 62 and the bulkhead 48. The heat shield includes a

first, generally planar element 74 which extends transversely with
respect to the bulkhead.. The planar element has four bolt-like

members 76 extending axially from the planar element. The members

. 15

20

adapt the heat shield to engage corresponding holes in the bulkhead
as represented By the hole shown 78. The planar element includes a
plurality of pin-like pedestals of varying height as represented by the
short pedestals 82 and the long pedestals 84.

The planar element 74 has a hole 86 for receiving the second
member of the fuel nozzle guide. A lip 88 extends axially from the first
element and circumferentially about the hole in the first element. The

‘lip has a plurality of projections 90 which extend from the lip and

25

30

have a varying radial width. A plurality of ribs 92 extend outwardly
from the lip in the central region of the planar element.

A retainer 94 for the nozzle guide, or nozzle guide retainer, is
disposed on the upstream side of the bulkhead 48. The retainer has
an-axis Ar. The nozzle guide retainer includes an outer transverse
ring 96 which extends axially and an inner cylindrical ring 98 which
extends radially. A plurality of struts 102 extend from the axial ring

.to the cylindrical ring to support the cylindrical ring from the axial
-.ring. A plurality of tabs, as represented by the tab 104, extend from
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directly fromannular orifices in the supply gap that are bo
heat shield. In accordance with one detail ed enbodi nent o
i nvention, the bul khead and fuel nozzle guide assenbly in Hes a nozzle
gui de retainer which has a ring that slideably engages the\surface of the
bul khead and whi.ch is spaced radially fromype fuel -5- nozzl e guide

| eavi ng a second ‘annul ar gap therebetween which is in direct flow

communi cation with the first annul ar gap, the second annul ar gap being
substantially free of blockage by structure which extends inwardly fromthe

ring to support the fuel nozzle guide.
the cylindrical member and adapt the cylindrical member to guide the

fuel nozzle during insertion of the nozzle. The bulkhead includes a
local circumferential stop 106 for orienting the fuel nozzle retainer and
for preventing circumferential movement of the fuel nozzle retainer.

@ FHE wsent.

Figure 3 shows a partially assembled view of the assembly of the
bulkhead 48 and fuel nozzle guide 62 shown in Figure 2. The second
member 68 of the fuel nozzle guide is spaced radially by a distance Gy
from the bulkhead. The lip 88 of the heat shield extends into the

10 annular gap G between the bulkhead and the fuel nozzle guide. This -
leaves a first orifice 108 and a second orifice 112 for cooling air
disposed in this region. The heat shield is fixed to the bulkhead to fix
the size of the first orifice 108. The bolt-like members, as represented
by the member sho{avn, extend through the bulkhead and are attached

15 to the bulkhead by a suitable fastener such as a bolt to prov1de one
example of means for attachmg the heat shield.

The nozzle guide retainer 94 faces the upstream surface of the

bulkhead 56. The axis Ay of the retainer is coincident with the axis Ap,

20 of the hole in the bulkhead. The inner ring 98 of the retainer has an

axial length Rjj and a radial width Rjy. The axial length R;j is at least

three times greater than the radial width Rjy. The outer ring 96 is

spaced axially from the inner ring in the downstream direction. It is

also spaced radially outwardly from the inner ring. The outer ring

25 adapts the fuel nozzle guide retainer to slideably engage the upstream

surface of the bulkhead. The outer ring has an radial width Ry and

an ‘axial length Rgy). The radial width Ry is at least three times
greater than the axially length R).

30 A ‘plurality of strut assemblies 114 extend between the inner
ring 98 and the outer ring 96. The strut assemblies are each integral
with the inner ring and the outer ring. The strut assemblies are
spaced circumferentially about the nozzle retainer ring. Each strut
assembly-has at least one strut 102 and in the embodiment shown,

35 three of the strut assemblies have two struts which are spaced
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A primary feature of the present invention is a bul khead and~fwuel..nozzl| e
gui de assenbly having a fuel nozzle guide which is adapted. WO’WEQELVG the”
fuel nozzle. The fuel nozzle guide has a first nenber spaceﬂ _axi atdy, Iron1-
the bul khead to | eave a cooling air plenumtherebetween. AnotHer prtnary
feature is a heat shield which is disposed ijqthe cooling air plenum
dividing the cooling air plenum.into a first passage and a second passage
which extend radially away fromthe fuel nozzle guide. Another feature is a
second menber on the fuel nozzle guide which is spaced radially fromthe
bul khead. The heat shield extends into the radial gap between the bulkhead
and the fuel nozeireutnfeventiallylity ce distanyep Scot oAapiurr of mnnstmtsohafri

e e it g f i o B Al

of the first ann

air to the passaﬁ’é‘il lycengagsethee ston; 106 whichy lst?ét%hqdwé@dhemmtucm fgce
of the bulkhead. This permits relative radial movement of the

5 bulkhead 48 with respect to the nozzle guide retainer 94 but restrains

. the nozzle guide retainer from circumferential movemeént with respect

to the bulkhead. The inner ring 98 and the strut assemblies 114 are

designed to present a very low frontal profile in the upstream direction

to oncoming flow. As measured at the mid-point of the strut assembly

10 Dbetween the inner ring and the outer ring, each strut has an axial

length Sj and a circumferential width Syy. The axial length Sj is at
least three times greater than the circumferential width Sy.

Figure 4 is an assembled view of the fuel nozzle guide 62, heat
15 shield 72, and nozzle guide retainer 94 shown in Figure 2 and
Figure 3. Figure 4 shows the relationship of these components to the
fuel nozzle 46 and the circumferential stop 106. As can be seen, the
tabs 104 of the retainer provide a guide for the nozzle as the nozzle
enters the hole 64 in the fuel nozzle gulde
20
Figure 4A is an enlarged view of a portion of Figure 4 taken
along the lines 4A-4A of Figure 4. The first member 66 of the fuel
nozzle guide 62 extends radially from the guide to shield the bulkhead
48 from the combustion zone 36. The first member is spaced axially
25 downstream from the bulkhead leaving a radially oriented plenum 116
for cooling air therebetween. A plurality of radially extending
lands 118 extend axially into the plenum in the upstream direction
leaving a groove 122 between each 'pair of lands. A plurality of axially
oriented holes extend through the first member at a location radially
30 inwardly of the lands. |

The second member 68 of the fuel nozzle guide extends radially

upstream from the first member 66 past the bulkhead 48 to adapt the
guide to eéngage the fuel nozzle guide retainer 94. The second member

i
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of rails on the heat shield cooperate with the annular ori o, chann
the cooling air to pre-selected | ocations between the heat shﬁ@#@f“ﬁ
bul khead. In one particul ar enbodiment, a fuel nozzle guida| retaine
di sposed on the upstream side of the bul khead. The retai nert#fas~a
transversely extending outer ring. The retail@er has an inner ring which is
attached to.the fuel nozzle guide. The inner ring is attached by struts to
the outer ring. The outer ring is spaced radially fromthe fuel nozzle

gui de to provide a second annul ar gap. The second annular gap is in direct

fl ow communi catioon with the first annul ar gap, The sefpond an mtﬁ% gap is

substantial l'y uidspaced radialy ingardly feem the bulkhead leaving fhedirstannalar
outer ring. - gap G therebetween. The first annular gap Gj is immediately
adjacent to the plenum 116 for supplying cooling air directly to the
plenum.
s

The heat shield 72 is disposed in the radially oriented cooling
air plenum 116 and extends into the first annular gap Gj.between the
bulkhead 48 and the fuel nozzle guide 62. The heat shield includes
the first, generally planar element 74. The planar element is disposed

10 in the plenum and is spaced axially from the downstream surface 58
of the bulkhead to form a first radially extending passage 126 for
cooling air therebetween. The planar element is spaced axially from
the first member 66 of the fuel nozzle guide 62 and slideably engages
the lands 118 to form a second radially extending passage 128 for

15 - cooling air therebetween. The second passage 128 is downstream of
the first passagé 126 for cooling air. The second annular passage is
divided by the lands and extends through the grooves 122 between
the lands. '

20 " The lip 88 on the heat shield 72 extends axially from the first
planar element 74 . The lip is disposed in the first annular gap Gj.
The lip divides the first annular gap G into the first annular supply
orifice 108 for directly supplying cooling air to the first passage 126
and the second annular supply- orifice 112 for directly supplying
25 cooling air to the second passage 128. The second plurality of
pedestals 84 of the planar element are illustrated. These pedestals
have an axial height which is greater than the axial height of the first
plurality of pedestals 82. The second plurality of pedestals extend
from the planar element to slideably engage the downstream surface
30 58 of the bulkhead. The edge 132 of the heat shield is shown in the
background. '

In Figure 4, a portion of the first plurality of pedestals and the
edge are broken away to show one of the plurality of ribs 92 which
35 extends from a region adjacent to the first orifice 108 into the
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-6- A primary advantage of the present invention is the operati . =
t he conbusti on chanber and the ease of assenbly of the fue 27, e-ctiQANBEEN |
conbustion chamber which results fromthe ability of the sl eab‘};g;:ﬁi,,L};eif_;:::-w_‘__ﬂ_j
nozzl e guide structure to accommodate differences in ther mil—geewth-betrieen
the bul khead and the fuel nozzle guide. Anot{wr advantage i's the service

life of the bul khead and- fuel nozzle guide assenbly which results from
providing cooling air to the innernost |ocations of the heat shield, the

fuel nozzle guide, and the bul khead wi t hout enpl oyi ng | mpi ngenment cool i ng

for cooling passages extending through these conponents. An advantage is

the | evel of floRedes@ds Thg rbrdads nofgtxtendobeyand) thel eadizl aixtent vhtled first

m ni mal [y bl ocks niémbeM6 6f e Yhéll ATzAE §hidé.S AVBAYUshIL Gk Yael 1z 3E
gui de shields the location of the ribs from hot combustion gases which are
axially downstream of the fuel nozzle guide.

The nozzle guide retainer 94 faces the upstream surface 56 of
the bulkhead 48. The retainer axis Ar is coincident with the axis Ap of
the hole in the bulkhead. The inner ring 98 of the retainer is
integrally attached to the fuel nozzle guide 62. The outer ring 96 of

10 the nozzle guide retainer slideably engages the upstream surface 56 of
the bulkhead.

The outer ring 96 is spaced radially outwardly from the inner
ring 98 and from the second member 68 of the fuel nozzle guide,

15 leaving a second annular gap Go therebetween. The second annular
gap G2 is in direct flow communication with the first orifice 108 and
second orifice 112. The flow communication is direct because the
second annular gap Go is immediately adjacent the entrance to the
first and second orifices. |

20 _ - .
The plurality of strut assemblies 114 extend between the inner

ring 98 and the outer ring 96 and are represented by the single strut

102 that is shown. As mentioned above, each strut has an axial

length S; and a circumferential width Sy, as measured at the radial

25 mid-point between the inner ring and the outer ring. Each strut is
disposed with respect to the second annular gap Go such that the
strut extends radially into the second annular gap Go a distance Sg
which is less than twice the axial height R, of the outer ring.
Accordingly, the second annular gap is nearly unobstructed with

30 respect to flow entering the second annular gap.

Figure 5 is a view taken generally along the lines 5-5 of

Figure 4. -'_'I_‘.héikfu'gal nozzle 4_6 and a portion of the fuel guide retainer

94 are broken aWay_ to show the relationship of the lip 88 on the heat
35  shield 72 to the first annular gap G1 and the relationship of the fue

—_—
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fromthe bul khead. Another advantage is the ability to easily mpgicfy= the
cooling schene by replacing mnor elenments of the conbustion chanben such
as the heat shieid, in conparison to configurations which use=inpi-pgements=:wmm:
cooling through the bul khead and which require redesign or replacenent of

the bul khead of the combustion chanber to chgoge the cooling scheme. The
foregoing features and advantages of the present invention will become nore
apparent in the light of the follow ng detailed description of the best

node for carrying out the invention and the acconpanying draw ng. Bri ef
Description of the Drawing Figure 1 is a side elevation, schematic vi ew of

a power plant f@uide eetainer Odartd thewseconub ranmuolas gapeGg ngAsf méetioned

aircraft, a pyl earfh,eRet Bely 68"t §trit8 302 pPa&&lt § ARAnTRP profifd f the
engine dl sposed axial direction to oncoming flow, but also extend only to a minimal
extent Sg into the second annular gap Go. This is important because
5 the second annular gap G is directly in flow communication with the

first orifice 108 and the second orifice 112. -

Figure 5 also shows in greater detail the lip 88 on the heat
shield 72 which divides the first annular gap G into the first annular
10 orifice 108 and the second annular orifice 112. The lip has the
plurality of radially extending projections 90 or spacer elements which
are disposed about the circumference of the lip. The spacer elements
positively locate the heat shield in the radial direction with respect to
the bulkhead 48 and space the remainder of the lip from the bulkhead
15 - to create the annular orifice 108. The lip is contoured radially to
' selectively vary the radial width of the first annular orifice. This
contour is specially selected to distribute the flow of cooling air to
necded areas of the heat shield. The ribs 92 on the heat shield extend
to the lip to provide channels for ducting the metered cooling air to

20 appropriate locations within the first annular passage.

The strut assemblies 114 are spaced circumferentially about the
circumference of the nozzle guide retainer 94 at four nearly equally
Spaced locations; three of the strut assemblies are formed of pairs of

25 struts 102. The strut assembly slideably engages the circumferential
stop on the bulkhead in the radial direction and in the axial direction.
The outer ring 96 is interrupted at that location to accommodate this
ehgagement. The other two pairs of strut assemblies face each other
along the cut line C. Cutting the retainer at this location divides the

30 ring into two halves for easy insertion into the openings 52 in the
bulkhead. Upon insertion, the two halves are joined together either
d'irectly or by being joined to the fuel nozzle guide. -
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in the nacelle.

Figure 2 is an exploded view of a portion

Tglheg;eaﬁbuswﬂm
chanber of the engine shown in Figure 1 and shows the rel a ions Apmofoas
fuel nozzle guide, a fuel nozzle guide retainer, and a hea

bul khead in the conbustion chanber. -7- Figure 3 is a partially expl oded
view corresponding to the view taken in Figgse 2. Figure 4 is a
side-elevation view of a portion of the conbustion chanber shown in Figure
2 and Figure 3 which is partly in section, partly in full, and broken away
for clarity to show a fuel nozzle and a

10

15

20

25

30

During assembly, the heat shield 72 is inserted into the
bulkhead 48 with the four post-like bolt members 76 extending
through corresponding holes 78 in the bulkhead. Fasteners, such as
the nuts 138, are attached to the bolts to securely attach the heat
shield to the bulkhead with the first plurality of pedestals and ribs
being urged against the bulkhead by the fasteners. - In other
embodiments, these ribs or pedestals might be spaced slightly from
the bulkhead as are the first plurality of pedestals 82. The spacer
elements 90 on the lip of the heat shield precisely locate the lip with

respect to the bulkhead to establish the first orifice 108 and second
corifice 112. The fuel nozzle guide 62 is then inserted though the

bulkhead to the upstream side 56 of the bulkhead. The nozzle guide
retainer 94 is integrally attached to the fuel nozzle guide by welding,
bonding, or mechanical means. '

The slideable engagement between the fuel nozzle retainer 94
and the bulkhead 48 and the fuel nozzle guide and the heat shield 72
enables the fuel nozzle guide assembly to slideably accommodate
differences”in thermal growth between the ‘bulkhead structure and
adjacent structure during operative conditions. It also allows the

structure to accommodate any slight alignment adjustments of the

fuel nozzle 46 during the installation process.

Slideable movement of the guide with respect to the heat shield
does not disrupt cooling flow to the second radial passage 128. The
size of the second annular orifice 112 is much greater than. the first
annular orifice. This enables the fuel nozzle guide to move within the

diameter of the lip 88 on the heat shield and not change the effective .

flow area of the second annular orifice. This occurs even though the
radial width of the orifice will change locally -- for example, growing
smaller as the fuel nozzle guide moves to one side -- because a
corresponding gap opens on the other side. The size of the second
annular orifice avoids any maldistribution of flow which might occur
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portion of the
portion of the
rel ati onshi p of
bul khead, and t
- fuel nozzle gui
4, with portion
away for clarit
schematic repre
t ur bi ne engi ne

conbustion chanber assenbly. Figure 4A is an-enl arged .

view shown in Figure 4 showing in nore detail the;» &.:--

ey
P

the fuel nozzle ‘guide, the fuel nozzle guide:tetarner, thé’

he heat shield which is disposed between the bul khead and
de. Figure 5 is-a view takenjg.ong the lines 5-5 of Figure

s of the bul khead and the fuel nozzle gui de retai.ner broken

y. Best Mode for Carrying Qut the Invention Figure 1 is a
sentation of an axial flow, rotary machine, such as a gas
10. The engine includes a conpression section 12 a  °

conbusti on section lfTheditst anmlarcorsificei bO8 1i§. piduisclyccontouradeadds fineg@d

about are axis
extends axially

10

15

20

. 25

30

35

Gadl thilf cBBHhB%ir s diStiBad 16'tHeChEE AT ILEEAS tnd T

amoun%s that are appropriate. Over-cooling one location may cause
thermal stresses to arise in the planar element which shields the
bulkhead from the hot working medium gases in the combustion zone.
The -pre-detérmined distribution of flow in the present construction is
aided by the use of pedestals and ribs in connection with the metering
orifice and by fixing the radial position of the heat shield with spacers
90, bolt-like members 76 or both spacers and bolt-like members as
shown in Figure 2.

A particular advantage of the present invention is the location of
the annular gap Gj at the inner most portion of the first and second
cooling air passages. The cooling air flow is distributed to the inner

most portion of the first passage and the second passage and flows

radially outwardly, in pre-determined flow patterns. This positively
provides cooling flow to the inner most locations without impingement
jets disrupting the flow patterns which extend radially outward. And,
the absence of impingement cooling through the bulkhead allows
more precise calculation of the flow patterns leading to a better.
cooling scheme than constructions having impingement jets which
extend into the flow patterns.

This construction has a plentiful supply of cooling air to this
critical location of the fuel nozzle guide assembly. The plentiful
supply is made possible, in part, by the nearly unobstructed second
annular gap Gg which extends between the fuel nozzle guide retainer
94 and the fuel nozzle guide 62. The obstruction of the struts 102
extending into the second annular gap Go results in an obstruction
which is less than ten percent (10%) and in one embodiment is five
percent (5%) of flow area of the second annular gap. Over ninety
percent [and in one embodiment, over ninety-five percent (95%]] of the
flow area of the second annular gap is available to duct cooling air
mto the first annular orifice 108. - Accordingly, the presence of the

retainer has a minimal impact on flow in the gap Gy and the gap is
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t hese sections of the engine. The conbustion section inclfudes
for working nedi um gases which are received fromthe conﬁr"“% S h
The pl enum extends circunferentially about the axis [err] _of. the enane.nAh
annul ar conbustion chamber 24 is disposed in the pl enum The combustion
chanmber has an upstream end 26 and a downsiyeam end 28. -8- The
conbusti on chanber 24 includes an inner liner 32 whi.ch extends
circunferentially about the axis [err] of the engine. An outer liner 34 is
spaced radially fromthe inner liner |eaving a conbustion '

substantially unobstructed to the flow of cooling air. In addition, the
strut assemblies are narrow in the circumferential direction and long
in the axial direction presenting a low profile obstruction to flow
passing from the supply region into the second annular gap.

The design of the nozzle guide retainer has a lower surface area
to volume than do earlier designed retainers; this makes the device a
readily castable article, and a material, such as Hastaloy X (Aerospace
Material Specification 5646) may be used. This enables a lightweight,
10 open construction for the fuel nozzle guide retainer while providing
sufficient strength to the construction.

A significant advantage of the present construction is the ease

with which modifications may be made to the cooling flow pattern by

15 merely changing the contour of the lip or the size or the

circumferential extent of the spacers. This enables retrofitting

impfoved designs which may solve problems experienced during the

long operative life of the engine. In the past, this was difficult to

accomplish without changing a major assembly such as the bulkhead

20 Dbecause it required redistribution of the impingement cooling holes in
the bulkhead. |

Another advantage of the present construction is shielding
provided to the heat shield 72 by the fuel nozzle guide 62. The radial
25 extent of the first member 66 of a fuel nozzle guide extends a distance
which is at least equal to or greater than the extent of the ribs 92 on
the heat shield. This reduces the possibility of cracking the heat
shield at these locations and provides for increased durability in
comparison to constructions where the ribs extend beyond the

30 protected portion of the heat shield. ' '
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T
zone 36 therebetween. The conbustion zone is di sposed betweefl tH& upsty ean |
end and the downstream end. The annul ar conbusti on chanber 24._.in¢clude ‘

1

m
annul ar conbustor head 38 at the upstreamend of the conbustion chanber.

The conbustor head includes a circunferentially extending dome 42 and a
radi al | y extendi ng bul khead (not shown) whi-Qi8-is spaced axially fromthe

donme, leaving a supply region 44 for supplying air to the conbustion zone.

A plurality of fuel nozzles 46 are spaced circunferentially about the

interior of the engine. Each fuel nozzle extends into the conbustor head

and through the bul khead to deliver fuel to the conbustion zone on the
interior of the combAltheughnhthisecinventinn &as jbeem, showmant \deseritied vith

combust or head 3@spbetvtol detaitsd emboditfefthetads, Teawill Shdaihlietdthod" Blen
away to show t het.hose skilled in the art that various changes, omissions and additions
' in form and detail thereof may be made without departing from the
5 spirit and scope of the claimed invention. I claim:
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rel ationship of several conponents which are di sposed adjacent to each.fuéT
nozzl e 46 and which supply cooling air to the region adjacent the bulk_;”’-“
48. After cooling, the air is supplied to the conmbustion zore“36:===Fhe. .. i
combustor head has a plurality of circunferentially spaced openings 52 in
the done and openings 54 in the bul khead. Thg.openings: in the bul khead are:

axially aligned with -the openings in the done for perm t“lllllrmmlﬂ"mm)mu[a
the fuel nozzles into the conbustion chanber. Each openi d
has an axis Ab and the bul khead has an upstream surface 56 &nd‘a ovvnstream
surface 58. A plurali égof fuel nozzle guides, as represented by the f uel

nozzl e gui de 62 Ingthe #IIGFsposed I n an associ ated opening in the bul khead
48 about an axis [err] Each guide has an axially extending hole 64 through

th de whi ch ad de t
e guide which pdapts Gl and fadf Siomié guide assembly for an annular

combustion chamber having an upstream end, a downstream

5 end, an inner liner , an outer liner spaced radially from the
inner liner leaving an annular combustion zone therebetween
which is disposed between the ends, and having.an annular
combustor head at the upstream end which has a supply
region for supplying air to the combustion zone, the head

10 including a radially extending bulkhead which bounds the
supply region on the downstream end, the bulkhead having an
upstream surface, a downstream surface and a plurality of
openings spaced circumferentially about the bulkhead which
extend through the ubstream surface and the downstream

15  surface, each opening having an axis Ap and adapting the
bulkhead to receive a fuel nozzle, which comprises:

a plurality of fuel nozzle guideé, each guide being
disposed in an associated opening in the bulkhead, the
20 guide having an axially extending hole through the guide
which is disposed about an axis Af and which adapts the
guide to receive an associated fuel nozzle, the guide being
spaced axially downstream from the bulkhead leaving a
radially oriented plenum for cooling air therebetween and
25 extending radially upstream from the first member past
the bulkhead to adapt the guide to engage a fuel nozzle
guide retainer and being spaced radially inwardly from
the bulkhead leaving a first annular supply gap
therebetween for supplying coohng air to the cooling air
30 plenum;
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associ ated fuel nozzle. The guide includes a first nenber
extends radially fromthe guide and a second nenber 68 di sposed :

circunferentially about the hole in the guide. The second mber rext ends __::-__ﬂ__a":
radially upstreamfromthe first nmenber and through the bulkheaé—%%-'pravr‘ff
an attachment point upstream of the bul khea n%A plural ity of heat—shietds

72 are disposed about the interior of the conbustion chanb i
shiel d abuts circunferentially the adjacent heat shields t || I |IJ“!!I
shiel d assenbly. The heat shield assenbly extends about the +nteri.orno

conbusti on chanber downstream of the bul khead. Each hgat shiel d is disposed
bet ween fuel nozzle guide 82 keat tslhietd| ldteazholB. opbnirgawkhibhel dbufs! udes

a circumferentially with the circumferentially adjacent heat
shields to form a heat shield assembly, each heat shield
being disposed in the radially oriented cooling air plenum

5 and the first annular supply gap between the bulkhead
and the fuel nozzle guide, the heat shield being disposed
in the plenum and spaced axially from the downstream
surface of the bulkhead to form a first radially extending
passage for cooling air therebetween, and being spaced

10 axially from the first member of the nozzle guide to form a
second radially extending passage for cooling air
therebetween downstream of the first passage for cooling

~ air, and, having a lip extending axially which is disposed

in the annular gap to divide the annular gap into a first

15 annular supply orifice for directly supplying cooling air to
. the first passage and a second annular supply orifice for

. directly supplying cooling air to the second passage; and;

a nozzle guide retainer facing the .upstream surface
20 of the bulkhead, the retainer having an axis A, which is
coincident with the axis Ag of the hole in the fuel nozzle

guide;

wherein the fuel nozzle retainer is integrally joined to the fuel

25 nozzle guide and traps the assembly in the axial direction to the
bulkhead, and wherein the supply 'region is ‘in flow
communication with the second annular gap and flow through
the gap is metered through the orifices to the cooling passages
without the use of impingement holes in the bulkhead to cool

30 ‘the heat shield assembly under operative conditions of the
combustion chamber.

2.  The bulkhead and guide assembly as claimed in claim 1 wherein
the lip is contoured radially to selectively vary the radial width
35 of the first annular orifice. |
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first, generally planar element 74 which extends transversgly*with respectii! |
to the bul khead. The pl anar .el ement has four
axially fromthe planar el enent. The nenbers adapt the heaft Shierd to — >
engage correspondi ng holes in the bul khead as represented by the hol e shown

78. The planar element includes a plurality2pf pin-like: gmmnmﬂmgllll "IIII

varyi ng hei ght as represented by the short pedestals 82

pedestal s 84. The planar elenent 74 has a hole 86 for recelvingtth® skcond
nozzle guide. Alip 88 extends axially fromthe first
el ement and circunferentially about the hole jn the first elenent. The lip

menber of the fuel

has a plurali ty3of

varying radi al w dt hthé\1ij} efahiet eaf shiéld Basextplodality WEreidially @xtéhgig P

bulkhsed apdignide asseanbly 23 elained in clym Rawhegein

in the central region_of the planar. elenment. A retainer .94 for e nozzle
gui de, or nozzle gui ggapﬁaeﬂ&nisiésposég abou' the'drditnféréncd oft the lip, the

5

4.
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6.
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spacer elements positively locating the heat shield in the radial
direction with respect to the bulkhead, and spacing a portion of
the lip from the bulkhead.

The bulkhead and guide assembly as claimed in claim 3 wherein

the heat shield further has a first planar element disposed in
the plenum and spaced axially from the bulkhead and the fuel
nozzle guide, the planar element having a first plurality of
pedestals and 'a' second plurality of pedestals which each have
an axial height and extend radially from the planar element
toward the bulkhead into the first radial passage, the second
plurality of pedestals having an axial height which is greater
than the axial height of the first plurality of pedestals, and
having a plurality of ribs extending from the first orifice into the
pluralities of pins to guide the flow into the arrays of pins.

The bulkhead and guide assembly as claimed in claim 4 wherein

the fuel nozzle guide has a first member spaced axially from the
heat shield and bounding the second passage for cooling air,
and wherein the ribs have a radial extent which is less than or
equal to the radial extent of the first member of the fuel nozzle
guide such that the first member shields the location of the ribs
in the axial downstream direction from hot gases in the
combustion zone.

The bulkhead and guide assembly as claimed in claim 1 wherein

the nozzle guide retainer has an inner ring which is cylindrical
in shape and which extends circumferentially about the axis Ar
leaving an opening therein which adapts the retainer to receive

and a radial width Rjy, the axial length Rj being at least three
times greater than the radial width Rjy and the nozzle guide

- the fuel nozzle guide, the inner ring having an axial length Rj) -

AR
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di sposed on the upstream side of the bul khead 48. The reﬁ'&ngr“
Ar. The nozzl e guide retainer includes an outer transverge
extends axially and an inner cylindrical ring 98 which e j1var |
plurality of struts 102 extend fromthe axial'ring to the cyllndrlcdr“ﬁm-él
to support the cylindrical ring fromthe axical ring. A plurality of tabs,

as represented by the tab 104, .extend from -10- the ¢
and adapt the cylindrical nmenber to guide the fuel nozzlé“‘l “m I“m ‘“L
of the nozzle. The bul khead includes a |ocal circunferentifal cstop 106s f

orienting the fuel nozzle retainer and for preventing circunferential
novenent of the fuel retaindrehasaniowter ring which is spaced axially from the inner

ring in the downstream direction which is spaced radially
outwardly from the inner ring and from the second member
leaving a second annular gap therebetween which is in direct
5- flow communication with the first and second orifices, the outer
ring slidably engaging the upstream surface of the bulkhead
and having an a radial width Ry and an axial length Rgj, the
radial width Ry being at least three times greater than the
axial length Ry], and, the nozzle guide retainer has a plurality of
10 strut assemblies extending between the inner ring and the outer
ring, and integral with the inner ring and the outer ring, and
being spaced circumferentially about the nozzle retainer ring,
each strut assembly having at least one strut, each strut having
an axial length S1 and a circumferential width Sy, as measured
15 at the radial midpoint between the inner ring and the outer ring,
- the axial length S being at least three times greater than the
_circumferential width Sy such that the nozzle guide retainer
presents a narrow profile to the oncoming flow.

20 7. The bulkhead and guide assembly as claimed in claim 6 wherein
each strut is disposed with respect to the second annular gap
such that the strut extends radially into the second radial gap a
distance Sg which is less than twice the axial length Ry of the
outer ring and wherein the blockage of the second annular gap

25 by the struts extending into the second annular gap is less than
ten percent of the cross sectional flow area.

8. A bulkhead and fuel nozzle guide assembly for an annular
combustion chamber having an upstream end, a downstream

30 end, an inner liner, an outer liner spaced radially from the inner
liner leaving an annular combustion zone therebetween which is

disposed between the ends, and having an annular combustor

head at the upstream tend which has a supply region for

_ supplying air to the combustlon zone, the head including a

35 radially extending bulkhead which bounds the supply region on
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Figure 3 shows a partially assenbled view of the assenbly=ef=tfe-bHul khead
48 and fuel nozzle guide 62 shown in Figure 2. The secon\d frgnbér - 68 of the'
fuel nozzle guide is spaced radially by a distance G 1 ﬁiromthe bl khead... )
The |ip 88 of the heat shield extends into the annular gap G 1 béetween t he
bul khead and the fuel nozzle guide. This |eaggs a first orifice 108 and a

second orifice 112 for cooling air di sposed in this rne

is fixed to the bulkhead to fix the size of the first
bol t-1ike nenbers, as represented by the nember shown
bul khead and are attached to the bul khead by a suitable fastener such'as a
bolt to provide one ethfdlownstreamnend otheybulishead) having ezt upstreath stinface,

e

s 16, i, e
extend through the
upstream surface and the downstream surface, each opening
5 having an axis Ap and adapting the bulkhead to receive a fuel

nozzl e gui-de retainer g941dwhSGehftt HRFhECANGUS
axis Ar of the retainet is 0| nmﬁgent W t

t
bul khead. The inner H%“QE esentigly ahoyt, Eb&k

q:pd whch
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nozzle, which comprises:

a plurality of fuel nozzle guides, each guidé being
disposed in an associated opening in the bulkhead, the
guide having an axially extending hole through the guide
which is disposed about an axis Af and which adapts the
guide to receive an associated fuel nozzle, the guide
further including; | |

a first member which extends radially from the
guide to shield the bulkhead from the combustion zone,
which is spaced axially downstream from the bulkhead
leaving a radially oriented plenum for cooling air

therebétween and a plurality of radially extending lands

which extend axially into the plénum leaving a groove
between each pair of lands, the first member further
including a plurality of axially oriented holes which
extend through the first member at a location radially
inwardly of the lands, and;

a second member disposed circumferentially about
the hole in the guide and extending radially upstream
from the first member past the bulkhead to adapt the
guide to engage a fuel nozzle guide retainer, the second

- member being spaced radially inwardly from the bulkhead

leaving a first annular supply gap therebetween for
supplying cooling air to the cooling air plenum;

a heat shield .at each opening which abuts
circumferentially with the circumferentially adjacent heat
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three tines greater than the radial width [err]. The ou‘e"etlr.‘,,i;_g‘.-

spaced axially fromthe inner ring in the downstream di
spaced radially outwardly fromthe inner ring. The oute ]
fuel nozzle guide retainer to slideably eng2ge the upstream surface of the

bul khead. The out er

ect | onzEml

The radial wdth [erH nigshgtS fig.a;?dj[ ﬁlr e\g 1(:1;[ PTESRO\S/I’ Zgge?ntmmmmuﬁ“RI‘WI!"

length [err]. A plurality of strut assenblies 114 extend Bet eeh the § nrer

ring 98 and the outer ring 96. The strut assenblies are each integral

the inner ring and tshiejdseto formy a heatsshigld assembly.csagh hagiashigld
circunferential ly abqi¢ingliispesed t thé anaedlly bfigntéd Coolingldirgsleatphy has

assenbl i es have two Sitte, istauplig, gl BB Beckbed ¥ blifndhd
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and the fuel nozzle guide, the heat shield including;

a first, generally planar element disposed in the
plenum and spaced axially from the downstream surface
of the bulkhead to form a first radially extending péssage
for cooling air therebetween, and spaced axially from the
first member of the nozzle guide and slidably engaging the
lands to form a second radially extending passage for
cooling air therebetween downstream of the first passage
for cooling air,the second annular passage being divided
by the land and extending through the grooves between
the lands, and; - -

a lip extending axially from the first element which
is disposed in the annular gap to divide the annular gap
into a first annular supply orifice for directly supplying
cooling air to the first passage and a second annular
supply orifice for directly supplying cooling air to the

second passage, the lip having a plurality of radially

extending spacer elements disposed about the
circumference of the lip, the spacer elements positively
locating the heat shield in the radial direction with
respect to the bulkhead, and spacing a portion of the lip
from the bulkhead, the lip being contoured radially to
selectively vary the radial width of the first annular orifice;

a first plurality of pedestals and a second plurality
of pedestals which each have an axial height and extend
radially from the planar element toward the bulkhead into
the first radial passage, the second plurality of pedestals

- . having an axial height which is greater than the axial

35

‘height of the first plurality of pedestals, and a plurality of

with -
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circunferentially by a distance [err]. A pair of the struts[ﬁa’vkng .
circular width [err] adapt the nozzle guide retainer to rad aIIy”sL-J:..de and
slideably engage the stop 106 which is attached to the upst r;e__am:f,ace gf=thRe—
bul khead. This permits relative radial novenent of the bulkhead 48 with
‘respect to the nozzle guide retainer 94 butpgestrains the nozzle guide

retainer fromcircunferential novenent with respect to thtll mmlﬁmmlm Il
inner ring 98 and the strut assenmblies 114 are- desi gned t
low frontal profile in the upstreamdirection to onconing flofn As "edsufed

at the nid-point of the strut assenbly between the inner ring and the outer
ring, each strut hasribs exiealdihgfgoin fle firstodificecintouttie pluxalitiesvofit h Sw.

The axial length [erhingod radial extent which is less than or equal to the
radial extent of the first member of the fuel nozzle guide
such that the first member shields the location of the rib

-5 in the axial downstream direction;

a nozzle guide retainer facing the upstream surface
of the bulkhead, the retainer having an axis Ay which is
coincident with the axis Af of the fuel nozzle guide, the

10 nozzle guide retainer having;

an inner ring which is cylindrical in shape and
which extends circumferentially about the axis Ap leaving
an opening therein which adapts the retainer to receive
15 . the second member of the fuel nozzle guide, the inner ring
- having an axial length Rjj and a radial width Rjy, the
axial length Rjj being at least three times greater than the
radial width Rjy;

20 an outer ring which is spaced axially from the inner
ring in the downstream direction and which is spaced
radially outwardly from the inner ring and from the
second member leaving a second annular gap
therebetween which is in direct flow communication with

25 the first and second orifices, the outer ring slidably
engaging the upstream surface of the bulkhead and
having an a radial width Rgyw and an axial length Rg, the
radial width Rqy, being at least three times greater than
the axial length Ry}, and;

30
a plurality of strut assemblies extending between
the inner ring and the outer ring, and integral with the
inner ring and the outer ring, and being spaced
.circumfegcnt_ialljr about the nozzle retainer ring, each
.35 - - strut '-eisé'e'mbly;;'_ha'ving "at least one strut, each strut
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least three tines greater than the circunferential width [erif] ~Figure-4-is._
an assenbl ed view of the fuel nozzle guide 62, heat shield 72, ‘and nozzle:. ..
gui de retainer 94 shown in Figure 2 and Figure 3. Figure 4 Lhé
rel ati onship of these conmponents to the fuel nozzle 46 and the R
circunferential stop 106. As can be seen, th26+abs 104 ofthe retarner
provide a guide for the nozzle as the nozzle enters the “I“KTH el
nozzl e guide. Figure 4A is an enlarged view of . a portion n ﬂl n
-along the lines 4A-4A of Figure 4. The first Epn’f)gr ﬁG g I*khe dmig P@zz teh
uide 62 extends radially fromt.h uide to shield the bu ead romt he
gonbust i on zone 36. Tﬁ@vﬁggp %ﬁgé&’g’g‘ SpRRY %Q‘rﬁ}lp}fem@(?"é@m Bwom t he

bul khead | eaving a radsahtgsurdccat tie padiaimidpbiht between thedhkher ring
therebetween. A plur ght thebutfinl! he ¥khdbagul 8]Beiht afitasitnidl o' 1Y

into the plenumin the upstreamd . oo
P timtleos greater than the circumferential width Sy, each

5 strut being disposed with respect to the second annular
gap such that the strut extends radially into the second
radial gap a distance Sg which is less than twice th; axial
length Ry} of the outer ring; -

10 wherein the outer ring of the fuel nozzle retainer is integi'ally
joined to the fuel nozzle guide and traps the assembly in the
axial direction to the bulkhead, and wherein the blockage of the

“second annular gap by the struts extending into the second
annular gap is less than five percent of the cross sectional flow

15 area, and wherein the sui)ply region is in flow communication
with the second annular .gap and flow through the gap is
metered through the orifices to the cooling passages without the
use of impingement holes to cool the bulkhead and heat shield
under operative conditions of the combustion chamber.

20

9. A nozzle guide retainer for a bulkhead and fuel nozzle guide
assembly for an annular combustion chamber having an
upstream end, a downstream end, an inner liner , an outer liner
spaced radially from the inner liner leaving an annular

- 25 combustion zone therebetween which is disposed between the
ends, and having an annular combustor head. at the upstream
end which has a supply region for suppljring air to the
combustion zone, the head including a radially extending
bulkhead which bounds the supply region on the downstream

30 end, the bulkhead having an upstream surface, a downstream
surface and a plurality of openings spacéd circumferentially
about the bulkhead which extend through the upstream surface
and the‘,downstream surface, each opening having an axis Ab
and adapting the bulkhead to receive a fuel nozzle facing the

35 upstream surface of the bulkhead, the retainer having an axis
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oriented holes extend through the first nenber at a |ocatilon “r’a;g;-& ,Ly
i nwardly of the |lands. The second nenber 68 of the fuel n
extends radially upstreamfromthe first member 66 past
adapt the guide to engage the fuel nozzle glVee retainer 94. The
nmenber -12- is spaced radially inwardly fromthe bul khﬁﬂ'l lﬂm,“mg H“I
first annular gap [err] therebetween. The first annular g

i medi atel y adj acent to the plenum 116 for supplying cooling air di rect I y
to the plenum

| eaving a groove 122 between each pair of |ands. A plural ythT_!,___@;yg-a?_[.-J._r_

Ar which is coincident with the axis Af of the fuel nozzle guide,
the nozzle guide retainer comprising:

an inner ring which is cylindrical in shape and which
extends circumferentially about the axis Ay leaving an opening
5 therein which adapts the retainer to be attached to a fuel nozzle
guide, the inner ring having an axial length Rj; and a radial
width Rjw, the axial length Rjj being at least three times greater
than the radial width Rjy; and; '

10 | an outer ring which is spaced axially from the inner ring

' in the downstream direction and which is spaced radially

outwardly from the inner ring and has a cylindrical opening, the

outer ring beihg adapted to slidably engage the upstream

surface of a bulkhead and having a radial width Row and an

15 axial length R}, the radial width Rqy being at least three times
greater than the axial length Rol, and;

a plurality of strut assemblies exténding between the

inner'ring and the outer ring, and integral with ‘the inner ring

20 and the outer ring, and being spaced circumferentially about
the nozzle retainer ring, each strut assembly having at least one

strut, each strut having an axial length S; and a
circumferential width Sy as measured at the radial midpoint

between the inner ring and the outer ring, the axial length S;

25 being at least three times'greater than the circumferential width

Sws

wherein the outer ring of the fuel nozzle retainer is adapted to be
_ integrally joined to a fuel nozzle guide through the struts and
30 trap the assembly in the axial direction to the bulkhead,
wherein the supply region is adapted to be in flow
communication with the cylindrical opening, and wherein the

struts present a reduced axial profile to the oncoming flow.
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The heat shield 72 is disposed in the radially oriented coollng air plenum
116 and extends into the first annular gap [err] betweenjt Kiyead 487"
and the fuel nozzle guide 62. The heat shield includes t% Flr_ " generally
pl anar el enent 74. The planar elenent is disposed in thelplenum and.is.

spaced axially fromthe downstream surface-28-of the

first radially extending passage 126 for cooling air th
pl anar elenment is spaced axially fromthe first nmenber “l “mmi“ ﬂlll
nozzl e gui de 62 and indeany engages the | ands 118 to @rnta ISemon
radi al | y extendi for cooli air r.ebet we he s cond
passage 128 is ﬂ¥%ﬁi% dﬁ ‘Haggﬁbé H& §| fﬁ@de
second annul ar passagfssemblwadﬁdahy_ahmwﬁndenﬂmkthm ecldanﬂjelrooghcldiﬁx 9
grooves 122 bet veen \pfietdth%ack! Mirdt Bs HisBOsdd withfesHike'd dfe SitibiRal
openmg such that the strut extends radially into the cylidrical
5 opening a distance Sg which is less than twice the axial length
Ro] of the outer ring to avoid blockage of the opening.
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pl anar element 74 . The lip is disposed in the first ann %Er gap'—'-[ erT'}';---‘-Fh.g
lip divides the first annular gap [err] into the first F
orifice 108 for directly supplyi ng cooling air to the fllle_pa%saQeviJZG anﬁl
t he second annul ar supply orifice 112 for directly supplying cooling art to
the second passage 128. The second pl ural it3P-of pedestats—84—of—t-he-—planar
element are illustrated. These pedestal s have an axi gl hei ght which;is:
greater than the axial height of the first pl urallty of pedestals 82.. The
second plurality of pedestals extend fromthe planar ‘el enent to slideably
engage the downstream surface 58 ge 132 of the heat
shield is shown in the background%ﬂsw{cpngﬂﬁaﬂisc-{ ?’F%n of the first
plurality of pedestals and the edge are broken away to show one of the
plurality of ribs 92 which extends froma region adjacent to the first
orifice 108 into the

5 An assembly of a bulkhead 48 and fuel nozzle guide 62 for a
fuel nozzle 46 disposed in a combustion chamber 24 is disclosed.
Various construction details which provide for positively cooling
components of the assembly are developed. In one detailed
embodiment, the nozzle fuel guide is spaced from the bulkhead to

10 form an annular gap G which is divided by a heat shield 72 into
annular orifices 108, 112 for supplyirig to cooling air passages 126
128 bounded by the heat shield 72. '
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gui de shields the location of the ribs fromhot conbustion gases which are
axi ally downstream of the fuel nozzle guide. The nozzle guide retainer 94
faces the upstream surface 56 of the bul khead 48. The retainer axis Ar is
coincident with the axis Ab of the hole in the bul khead. The inner ring 98
of the retainer is ingegrally attached to the fuel nozzle guide 62. The
outer ring 96 of the pNozzle guide retainer dlideably engages the upstream
.surface 56 of the bul '
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The outer ring 96 is spaced radially outwardly fromthe i nper—ting=88=afi
fromthe second nenber 68 of the fuel nozzle guide, Ieavinﬁ'auSéEﬁﬁa? & |
annul ar gap & therebetween. The second annular gap [err] |{s in ﬂ&ﬁ%@i;iLgﬁgé;
conmmuni cation with the first orifice 108 and second orifice : “fTow
comuni cation is direct because the second annular gap &2 _is imediately ——
adj acent the entrance to the first and second orifices. The plurality of
strut assenblies 114 extend between the inner ring 98 and ThaShetHasBeen Regla®d
and are represented by the single strut 102 that is shown. -
above, each strut has R axial length [err] and a circunfer
[err] as neasured akot radi al mid-point between the inner ring and the
sposed with respect to the second annul ar gap

outer ring. Each stfr '
s radi@ly into the second annul ar gap & a

G2 such that the
di stance [err]




which is less than twice the axial height [err] of the outefr.riBge———rree
Accordingly, the second annular gap is nearly unobstructed wchsirespect &0y |
flow entering the second annular gap. Figure 5 is a view tjaken genenakly ﬁ
along the lines 5-5 of Figure 4. The fuel nozzle 46 and a HF—ttre——-

fuel- guide [err] 94 are broken away to show the relationship of the lip 88
on the heat shield 72 to the first annular gap [err] and the relationship
. of the fuel -14- guide retainer 94 to the second annular gap &. As
mentioned earlier, not only do the struts 102 present a dinmnished profile
in the axial direction to oncom ng flom[/gut al so extend only to a m ni nmal

o /
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extent Sg into the second annular gap G2. This is inportagw-~bevause-the
second annul ar- gap [err] is directly in flow communi catijpAt £h-the first: ;
orifice 108 and the second orifice 112. Figure 5 al so shbws i irédréater I
detail the lip 88 on the heat shield 72 which divides the fiTst anndal ar gap
GlL into the first annular orifice 108 and the second annul ar orifice 112.
The lip has the plurality of radially extending projections 90 or spacer

el enents which are di sposed about the circunference of the |lip. The spacer
el enents positively |l ocate the heat shield in the radial direction with
respect to the bul khead 48 and space the renmainder of the lip fromthe

bul khead to create the annular orifice 108. The lip is contoured radially
to selectively vary the radial width of the first annular.orifice. This
contour is specially selected to distribute the flow of cooling air to
needed areas of the heat shield. The ribs 92 on the heat shield extend

\
||I|'

fig.4

-
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tothe lip to provide channels for ducting the netered cooling air to. . ...
appropriate locations wwthin the first annul ar passage. f{ STt -
assenblies 114 are spaced circunferentially about the ci £ ey
nozzl e guide retainer 94 at four nearly equally spaced

the strut assenblies are forned of pairs of struts 102.

Strut assenbly

slideably engages the circunferential stop on the bul khead in the radial
direction and in the axial direction. The outer ring 96 is interrupted at
that | ocation to acconmmpdate this engagenent. The other two pairs of strut
assenblies face each other along the cut line C. Cutting the retainer at
this location divides the ring into two halves for easy insertion into the
openings 52 in the bul khead. Upon insertion, the two hal ves are joi ned
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-15- During assenbly, the heat shield 72 is inserted into the bul khead 48

with the four post-like bolt nmenbers 76 extendi ng through=eerrespendi-ng-—=
holes 78 in the bul khead. Fasteners, such as the nuts 1B8jHiar ”ﬁftaﬁh@ﬁmﬁci
the bolts to securely attach the heat shield to the bul Khead ffitirthie fi[§t
plurality of pedestals and ribs being urged against the byt he
fasteners. |In other enbodi nents, these ribs or pedestals m ght be spaced
slightly fromthe bul khead as are .the first plurality of pedestals 82. The
spacer elements 90 on the lip of the heat shield precisely locate the lip

with respect to the bul khead to establish the first orifice 108 and second

orifice 112. The fuel nozzle guide 62 is then inserted though the

fig.5

102

48
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- bul khead to the upstream side 56 of the bul khead. The nozzle guide ret al-
94 is integrally attached to the fuel nozzle guide by weldi-ng,.bonding, .or *
nechani cal neans. The slideabl e engagenment between the fuel: nozzle retal.er
94:and t he bul khead 48 and the fuel nozzle guide and the heat stﬂig M
enabl es the fuel nozzle guide assenbly- to slideably acconmmdat e HiPf efﬁgﬁss
in thermal growth between the bul khead structure and adjiacent=structure -
during operative conditions. It also allows the structure to accommdate
any slight alignment adjustnents of the fuel nozzle 46 during the

instal lation process. Slideable noverment of the guide with respect to the
heat shield does not disrupt cooPesgripdami o the second radi al passage 128.
The size of the second WMlWﬁ&zmwbEgreater than the first

annul ar orifice. This enables th ueI 0zzl e . to nove within the
EMBLY FOR AN OMBU. on_ HAMBER
Technical Field

The present invention relates to a combustion chamber for a gas
turbine engine and more particularly to a combustor bulkhead and
‘fuel nozzle guide assembly for receiving fuel nozzles in the combustion
chamber.

Background Art

Axial flow gés turbine engines are used to power modern
aircraft. These gas turbirie engines typically include a compression
section, a combustion section, and a turbine section. A flow path for
working medium flow gases extends axially through the sectxons of the

engine.

As the gases are flowed along the flow path, the working
medium gases are compressed in the compression section. The
working medium gases are flowed to the combustion section where
they are mixed with fuel. The gases and fuel are burned to add energy
to the gases. The gases are expanded through the turbine section to

. . produce useful work to power the compression section and, in the
case of aircraft engines, to power the aircraft. .
The working medium gases are burned with the fuel in a
combustion chamber. The combustion chamber provides a
combustion zone for the gases and shields the interior of the engine
from radiation heat transfer from the gases. One typical example of
such a combustion chamber is shown in U.S. Patent No.: 4,870,818
entitled Fuel Nozzle Guide Structure and Retainer for a Gas
Turbine Engine issued to William G. Suliga, and assigned to the
assignee of the present invention.
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di ameter of the Iip 88 on the heat shield and not change tH& effective flow’
area of the second annular orifice. This occurs even though'the radial " =
‘width of the orifice will change locally -- for exanple, growsng;j makdggr.- as

the fuel nozzle guide noves to one side -- because a copr '"i)}o,\"#dgr%‘"gapj;__j_-__'_-__‘;_% i
opens on the other side. The size of the-%econd annular orifice avoids any §
mal di stribution of flow which m ght occur even though a locally small gap i

is adjacent to the lip. -16- The first annular orifice 108 is precisely
contoured and fixed such that cooling air is distributed to the necessary

ocat i ons and I n HPUNZa! Wb Hifio8REAPLAGber HtiaGeS A ho0E s 4
and an outer liner 16. A dome-shaped head assembly 18 extends
circumferentially about the upstream end of the combustion chamber.
The head includes a circumferentially extending dome 20 which is a
major element of the combustion chamber. The dome has a plurality
of openings which adapt the combustion chamber to receive air from
the compressor and to receive a fuel supply means such as a fuel
nozzle. The head includes a generally planar bulkhead 28 which
extends from the inner liner to the outer liner of the combustion
chamber. The bulkhead has a plurality of openings, each associated
with a corresponding opening in the dome, which permit a fuel nozzle
to extend into the combustion chamber. Each opening in the

bulkhead has a reference axis Ap,

The combustion chamber also includes minor elements such as
a fuel nozzle gﬁidc 44. The fuel nozzle guide is disposed in an
associated opening in the bulkhead. The fuel nozzle guide moves with
the nozzle and slides with respect to the bulkhead to accommodate
thermal growth of the components which might occur at different
rates for the components. A hole through the guide adapts the guide
to receive a fuel nozzle. '

The fuel nozzle guide includes a heat shield 46 extending
parallel to the bulkhead, that shields the bulkhead from the
.combustion zone. The fuel nozzle guide also has a member which
extends axially from the heat shield to the upstream side of the
bulkhead. A retainer ring 52 is attached to the upstream end of the
fuel nozzle guide and slideably engages the upstream side of the
bulkhead to axially trap the fuel nozzle guide on the bulkhead. A
clearance gap is provided between the bulkhead and the fuel nozzle
guide to allow for the slideable movement of the fuel nozzle with
respect to the bulkhead. I[n particular, this slideable movement
accommodates differences in thermal expansion between the
bulkhead, the fuel nozzle (and of course the fuel nozzle guide}, and the
inner and outer liner during operative conditions of the engine.




s 573
thermal stresses to arise in the planar elenent which shiel ds:.—f:hﬁ—ﬂba#—khe"' A
fromthe hot working nedium gases in the conbustion zone. sThgpLAGEMENT TrmZs
pre-deternmined distribution of flowin the present construction %ﬁg % gy i
the use of pedestals and ribs in connection with the neterj ngorhf n’é]
by fixing the radial position of the heat shield with spa :
meénbers 76 or both spacers and bolt-|ike-nmenbers as shown in Fi gure 2. A
particul ar advantage of the present invention is the |ocation of the

annul ar gap [err] at the inner nost portion of the first and second cooling
air passages. The cooling air flowis distributed to the inner nost portion
of the first padsegtherreinbodimenvofiapasshystiondamber isdhawryirmu.gardly,

the t nmer reAeRf gy 483, 48 bntfied Ok Jetysﬁ?’s‘?ﬁ%s HER el )" ' ©
pat t er ns whassembily issueditaMsivinHaZeissemand assigned to the assxgnee of
the present invention. A similar construction is shown in U.S. Patent
No.: 4,914.918 entitled Combustor Segmented Deflector issued to
Dennis J. Sullivan and assigned to the assignee of the present
invention.

I
|
)
l

In the Zeisser embodiment, the fuel nozzle guide 86 has a heat
shield portion. The heat shield portion extends radially and paraliel to
the bulkhead, to form a cooling air plenum between the bulkhead and
the fuel nozzle. A separate heat shield is disposed in the plenum. The
separate heat shield: bounds a first passage having one closed end
which extends between the heat shield and the bulkhead; and,
bounds a second downstream passage having two open ends which
extends between the heat shield and the fuel nozzle guide. These
passages extend radially to duct cooling air through this region of the
combustion chamber. Thus, the innermost end of the heat shield
extends to seal the upstream radially extendmg passage from the
plenum.

Accordingly, a plurality of cooling air holes 46 through the
‘bulkhead are required to provide cooling air to the axially upstream
passage. The holes in the bulkhead are sized to provide impingement
cooling to the heat shield. The holes are angled toward the closed end
of the upstream passage to direct the air radially inwardly. The flow of
cooling air is ducted in the radially outward direction past the
impingement jets to the perimeter of the heat shield and thence is
exhausted into the combustion chamber. The axially downstream
passage between the heat shield and the heat shield of the fuel nozzle
guide is supplied with cooling air which is ducted through passages
extending through the fuel nozzle guide.




Bt N
t he absence of inpingenent cooling through the bul khead alhoms-nnteuprecisé"?§%
cal cul ation of the flow patterns |eading to a better cooling-schene than
constructions having inpingenent jets which extend into the flom/pat%eégﬁ.ﬁﬁﬁ
This construction has a plentiful supply of cooling air to.this:cri§icaF L&?
| ocation of the fuel nozzle guide asseddly. The plentiful Supply-is -made. - .-
possible, in part, by the nearly unobstructed second annul ar gap [err]
whi ch ext ends between the fuel nozzle guide retainer 94 and the fuel nozzle.
gui de 62. The obstruction of the struts 102 extending into the second

annular gap [err) results in _an obstrucfiion which is |ess than ten percent
(10% and in on gVeeRtt iné’t’fvﬁ?’é%a%t SEICHIIStD ?‘P&\/\F%‘@&e& atee second

annul ar gaseeking toidestlopbutlehead andi fuebnezelebgaidecasserabRés Rimehy - fi ve
e et o\ bibkid b ekt 1 °aedigh"inaoGRRY ASBIAE w098 ASpbitiact” © 1°
locations in the bulkhead assembly.

Disclosure of the Invention

This invention is in part predicated on the recognition that
supplying cooling air to a bulkhead and fuel nozzle guide assembly
through impingement holes in the bulkhead has some inherent
limitations. In particular it makes redesign of the cooling scheme
difficult and any such redesign or modification will require
replacement of a large assembly within the combustion chamber. It is
also predicated on recognizing that present designs of fuel nozzle
guide retainers block significant portions of the flow of cooling air into
the vicinity of the fuel nozzle guide.

According to the present invention, a bulkhead and fuel nozzle
guide asscmbly includes a fuel nozzle guide which is both spaced
axially from the bulkhead to form a radially oriented plenum and is
spaced radially inwardly from the bulkhead to provide a first annular
supply gap for the plenum, the assembly further including a heat
shield disposed in the plenum and in the supply gap to form a pair of
axially spaced cooling air passages therebetween which extend
radially outwardly from the gap and which each receive cooling air
directly from annular orifices in the supply gap that are bounded by
the heat shield.

In accordance with one detailed embodiment of the present
invention, the bulkhead and fuel nozzle guide assembly includes a
nozzle guide retainer which has a ring that slideably engages the
surface of the bulkhead and which is spaced radially from the fuel



into the first annular orifice 108. Accordingly, the preseficg of the . i |

r et ai ner

has a mnimal inmpact on flowin the gap [err] and%’xtﬁé” gapis
17- substantially unobstructed to the flow of cooling air.l Jn addjt

the-strut assenblies are narrow in the circunferential direéction.as d@g&gf‘ﬁd

i n the axial

nozzl e gui de retai ner
desi gned retainers;

mat eri al |

direction presenting a 6w profile obstruction to flow passing
fromthe supply region into the second annul ar gap. The design of the

has a | ower surface area to volune than do earlier
this makes the device a readily castable article,

and a

such as, Hastal oy X (Aerospace Materi al ecification 5646) may be
used. Thi fo8akengeide leaving \ges%ﬁqrgd annular gap therebetween which is in

direct flow communication with the first annular gap, the second
annular gap being substantially free of blockage by structure which
extends inwardly from the ring to support the fuel nozzle guide.

A primary feature of the present invention is a buikhead and
fuel nozzle guide assembly having a fuel nozzle guide whigh is adapted
to receive the fuel nozzle. The fuel nozzle guide has a first member
spaced axially from the bulkhead to leave a cooling air plenum
therebetween. Another primary feature is a heat shield which is
disposed in the cooling air plenum, dividing the cooling air plenum
into a first passage and a second passage which extend radially away
from the fuel nozzle guide. Another feature is a second member on
the fuel nozzle guide which is spaced radially from the bulkhead. The
heat shield extends into the radial gap between the bulkhead and the
fuel nozzle guide to divide the gap into a first annular orifice and a
second annular orifice. In one detailed embodiment, the radial width
of the first annular orifice is varied to distribute the flow of cooling air
to the passage between the heat shield and the bulkhead. A plurality
of rails on the heat shield cooperate with the annular orifice to
channel the cooling air to pre-selected locations between the heat
shield and the bulkhead. '

In one particular embodiment, a fuel nozzle guide retainer is
disposed on the upstream side of the bulkhead. The retainer has a
transversely extending outer ring. The retainer has an inner ring
which is attached to the fuel nozzle guide. The inner ring is attached
by struts to the outer ring. The outer ring is spaced radially from the
fuel nozzle guide to provide a second annular gap. The second
annular gap is in direct flow communication with the first annular
gap. The second annular gap is substantially unobstructed by the
support struts which extend from the outer ring. ' '
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open construction for the fuel nozzle guide retainer while providing
sufficient strength to the construction. A significant adv ﬁ?@%;?ﬁ riheciny o
priesent construction is the ease with which nodifications y be gf‘ﬁﬁ; @95
the cooling flow pattern by nmerely changi ng the contour of |}

si.ze or the circunferential extent of -ghe spacers. This e £
retrofitting inproved designs which nay sol ve probl ens experlenced durlng
the long operative |life of the engine. In the past, this was difficult to -
acconplish w thout changing a major assenbly such as the bul khead because
it required redistribution of the inpingement cooling holes in the

bul khead. Anot hér pritnanyt adeantagetnf queepecsem;amnmm nthe opbratich 10

110, L ot syl e il o U .

extent of the {I r st % nozz
nozzie to the com ustion chamber which res ts from the ability of the

slideable fuel nozzle guide structure to accommodate differences in
thermal growth between the bulkhead and the fuel nozzle guide.
Another advantage is the service life of the bulkhead and- fuel nozzle
guide assembly which results from providing cooling air to the
innermost locations of the heat shield, the fuel nozzie gﬁide, and the
bulkhead without employing impingement cooling for cooling passages
extending through these components. An advantage is the level of
flow of cooling air through a nozzle gmde retainer which minimally
blocks flow while providing adequate support to the fuel nozzle guide
from the bulkhead. Another advantage is the ability to easily modify
the cooling scheme by replacing minor elements of the combustion
chamber, such as the heat shield, in comparison to configurations
which use impingement cooling through the bulkhead and which
require redesign or replacement of the bulkhead of the combustlon
chamber to change the cooling scheme.

.................

The foregoing features and advantages of the present invention
will become more apparent in the light of the following detailed
desg:ription of the best mode for carrying out the invention and the
accompanying drawing.

Brief Description of the Drawing

Figure 1 is a side elevation, schematic view of a power plant for
an aircraft and shows a portion of the wing of the aircraft, a pylon
extending from the wing, a nacelle and a gas turbine engine disposed
in the nacelle.

Figure 2 is an exploded view of a portion of the combustion
chamber of the engine shown in Figure 1 and shows the relationship
of a fuel nozzle guide, a fuel nozzle guide retainer, and a heat shield to
a bulkhead in the combustion chamber. |
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which is at |east equal to or greater than the extent of tihe- ribs-92 on: the

|I

heat shield. This reduces the possibility of cracking the heat’shi el'd at

t hese | ocations and provides for increased durability in conpari sdh
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constructions where the ribs extend beyond the protected portion.of the-
d. Al t hough. this inventiDn has been shown and described with
respect to detailed enbodi nents thereof, it will be understood by t

heat shi el

skilled in the art that various changes,

and det ai l

) *

hose

om ssions and additions in form

t hereof nmay be nade wi thout departing fromthe spirit and scope
of the clained |nvent|on | claim

Figure 3 is a partially exploded view corresponding to the view
taken in Figure 2.

Figure 4 is a side-elevation view of a portion of the combustion
chamber shown in Figure 2 and Figure 3 which is partly in section,
partly in full, and broken away for clarity to show a fuel nozzle and a
portion of the combustion chamber assembly.

Figure 4A is an enlarged portion of the view shown in Figure 4
showing in more detail the relationship of the fuel nozzle guide, the
fuel nozzle guide retainer, the bulkhead, and the heat shield which is
disposed between the _bulkhead and fuel nozzle guide.

Figure 5 is a view taken along the lines 5-5 of Figure 4, with
portions of the bulkhead and the fuel nozzle guide retainer broken
away for clarity. '

Best Mode for Carrying Out the Invention

Figure 1 is a schematic representation of an axial flow, rotary
machine, such as a gas turbine engine 10. The engine includes a
compression section 12 a combustion section 14, and a turbine
section 16. The sections are disposed about are axis A, of the engine.
A flow path for working medium gases 18 extends axially through
these sections of the engine.

The combustion section includes a plenum 22 for working
medium gases which are received from the compression section. The
plenum extends circumferentially about the axis Ae of the engine. An

- annular combustion chamber 24 is disposed in the plenum. The

combustion chamber has an upstream end 26 and a downstream end
28. '
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annul ar conbusti on chanber having an upstream end, a domnsbreanlqu 1
inner liner, an outer liner spaced radially fromthe inner:ldner gv@ﬁa
annul ar conbustlon zone therebetween which is di sposed bet ween-t-he-—ends; i
and having an annul ar conbustor head g the upstreamend which has a :
supply region for supplying air tot onbusti on zone, -the head |nclud|ng
a radially extendi ng bul khead whi ch bounds the supply region on the
downstream end, the bul-khead havi ng an upstream surface, a downstream
surface and a pIuraIity of

The combustion chamber 24 includes an inner liner 32 which
extends circumferentially about the axis Ae of the engine. An outer
liner 34 is spaced radially from the inner liner leaving a combustion
zone 36 therebetween. The combustion zone is disposed between the
upstream end and the downstream end. '

-19- In the Claims: 1. A bul khead and fuel nozzle gui de alis

The annular combustion chamber 24 includes an annular
combustor head 38 at the upstream end of the combustion chamber.
The combustor head includes a circumferentially extending dome 42
and a radially extending bulkhead (not shown) which is spaced axially
from the dome, leaving a supply region 44 for supplying air to the
combustion zone. A plurality of fuel nozzles 46 are spaced
circumferentially about the interior of the engine. Each fuel nozzle
extends into the combuistor head and through the bulkhead to deliver
fuel to the combustion zone on the interior of the combustion
chamber. -

Figure 2 is an exploded view of the combustor head 38 shown in
Figure 1. The combustor head is partially broken away to show the
. relationship of several components which are disposed adjacent to
each fuel nozzle 46 and which supply cooling air to the region
adjacent the bulkhead 48. After cooling, the air is supplied to the
combustion zone 36. The combustor head has a plurality of
circumferentially spaced openings 52 in the dome and openings 54 in
the bulkhead. The openings in the bulkhead are axially aligned with
the openings in the dome for permitting insertion of the fuel nozzles
into the combustion chamber. Each opening in the bulkhead has an
axis Ap and the bulkhead has an upstream surface 56 and a
downstream surface S8. '

A plurality of fuel nozzle guides, as represented by the fuel
nozzle guide 62, are each disposed in an associated opening in the
‘bulkhead 48 about an axis Aj. Each guide has an axially extending
.hole 64 through the guide which adapts the guide to receive an
associated fuel nozzle. The guide includes a first member 66 which



openi ngs spaced circunferentially about the bul khead which extent=t-ht. ngh-
t he- upstream surface and the downstream surface, each openi ngjHaving:am:,
axis Ab and adapting the bulkhead to receive a fuel nozzle, Whl ch C

corrprl ses: a plurality of fuel nozzle gy des, each guide bei ng fbbrrspos@ds |Bt}1:‘ ‘395
an “associ at ed opening in the bul khead, e gui de havi ng an ax‘r‘&rﬂr"yr"—':f
extendi ng hole through the guide whi ch I s di sposed about an axis Af and
whi ch adapts the guide to receive an associ ated fuel nozzle, the guide
bei ng spaced axially downstream fromthe bul khead | eaving a radi aI |y

oriented pl eAHBhAS" rek e &Q% '

upstreamfrgcn’*ﬁ ﬁrs?ﬁ%}%er pa??g %Fﬁ head to a aBt@gtéﬁdcbg é“%o

engage a fue‘Flr‘HHi‘f‘F@ cabeutther haledin dheggYifite e dTheSegsond membety from
extends radially upstream from the first member and through the

bulkhead to provide an attachment point upstream of the bulkhead.

A plurality of heat shields 72 are disposed about the interior of
the combustion chamber. Each heat shield abuts circumferentially
the adjacent heat shields to form a heat shield assembly. The heat
shield assembly extends about the interior of the combustion chamber
downstream of the bulkhead. Each heat shield is disposed between
fuel nozzle guide 62 and the bulkhead 48. The heat shield includes a
first, generally planar element 74 which extends transversely with

“respect to the bulkhead. The planar element has four bolt-like
members 76 extending axially from the planar element. The members
adapt the heat shield to engage corresponding holes in the bulkhead
as represented By the hole shown 78. The planar element includes a
plurality of pin-like pedestals of varying height as represented by the
short pedestals 82 and the long pedestals 84.

The planar element 74 has a hole 86 for receiving the second
member of the fuel nozzle guide. A lip 88 extends axially from the first
element and circumferentially about the hole in the first element. The
lip has a plurality of projections 90 which extend from the lip and
have a varying radial width. A plurality of ribs 92 extend outwardly
from the lip in the central region of the planar element.

A retainer 94 for the nozzle guide, or nozzle guide retainer, is
disposed on the upstream side of the bulkhead 48. The retainer has
an axis Ar. The nozzle guide retainer includes an outer transverse

»¢  ring 96 which extends axially and an inner cylindrical ring 98 which
extends radially. A plurality of struts 102 extend from the axial ring
to the cylindrical ring to support the cylindrical ring from the axial
ring. A plurality of tabs, as represented by the tab 104, extend from

LY i e g
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t he bul khead | eaving a first annul ar supply gap therebetmeen for supplylng
cooling air to the cooling air plenum -20- a heat shield at each no( s 5
openi ng which abuts circunferentially with the C|rcunferent|ally aﬂpa%%nt
heat shields to forma heat shield assenbly, each heat shield -being "~
disposed in the radially oriented coQhigng air plenumand the first annular
supply gap between the bul khead and tHe—fuel ‘nozzle guide, the heat shield
bei ng di sposed in the plenum and spaced axially fromthe downstream

the cylindrical member and adapt the cylindrical member to guide the
fuel nozzle during insertion of the nozzle. The bulkhead includes a
local circumferential stop 106 for orienting the fuel nozzle retainer and
for preventing circumferential movement of the fuel nozzle retainer.

Figure 3 shows a partially assembled view of the assembly of the
bulkhead 48 and fuel nozzle guide 62 shown in Figure 2. The second
member 68 of the fuel nozzle guide is spaced radially by a distance G
from the bulkhead. The lip 88 of the heat shield extends into the
annular gap G between the bulkhead and the fuel nozzle guide. This
leaves a first orifice 108 and a second orifice 112 for cooling air
disposed in this region. The heat shield is fixed to the bulkhead to fix
the size of the first orifice 108. The bolt-like members, as represented
by the member shm.rm, extend through the bulkhead and are attached
to the bulkhead by a suitable fastener such as a bolt to provide one
example of means for attaching the heat shield.

The nozzle guide retainer 94 faces the upstream surface of the
bulkhead 56. The axis Ap of the retainer is coincident with the axis Ap
of the hole in the bulkhead. The inner ring 98 of the retainer has an
axial length Rjj and a radial width Rjy. The axial length Rjj is at least
three times greater than the radial width Rjw. The outer ring 96 is
spaced axially from the inner ring in the downstream direction. It is
also spaced radially outwardly from the inner ring. The outer ring
adapts the fuel nozzle guide retainer to slideably engage the upstream
surface of the bulkhead. The outer ring has an radial width Ry and
an axial length Ry The radial width Ryw is at least three times
greater than the axially length Rg).

A plurality of strut assemblies 114 extend between the inner
ring 98 and the outer ring 96. The strut assemblies are each integral
with the inner ring and the outer ring. The strut assemblies are
spaced circumferentially about the nozzle retainer ring. Each strut
assembly has at least one strut 102 and in the embodiment shown,
three of the strut assemblies have two struts which are spaced




surface of the bulkhead to forma first radially extending p&s:sage fbr |
cooling air therebetween, and being spaced axially fromthejfirst mﬁ MQS
thé nozzte guide to form a second radial | y extendi ng passagxe Sh@r..¢ 8

------------

air therebetween downstream of the first passage for cooling=aFrs=ant;... ..
having a I'ip extending axially which igdisposed in the annular gap to
divide the annular gap into a first a- ar supply orifice for directly
supplying cooling air to the first passage and a second annul ar supply
orifice for directly supplying cooling air to the second passage; and; a
nozzl e guide retainer facing the upstream surface of the bul khead, the

retainer ha&i’raanﬁermwy\rbvaa distanceoSpci derpaini 6fh theesteuts tﬁ{nﬁg 4he hole

'n the fuel nozfarew%'th & adapt the nozzle guide retainer to radially slide and
slideably engage the stop 106 which is attached to the upstream face
of the bulkhead. This permits relative radial movement of the
bulkhead 48 with respect to the nozzle guide retainer 94 but restrains
the nozzle guide retainer from circumferential movement with respect
to the bulkhead. The inner ring 98 and the strut assemblies 114 are
designed to present a very low frontal profile in the upstream direction
to oncoming flow. As measured at the mid-point of the strut assembly
between the inner ring and the outer ring, each strut has an axial
length S; and a circumferential width Sy. The axial length S is at
least three times greater than the circumferential width S,.

Figure 4 is an assembled view of the fuel nozzle guide 62, heat
shield 72, and nozzle guide retainer 94 shown in Figure 2 .and
Figure 3. Figure 4 shows the relationship of these components to the
fuel nozzle 46 and the circumferential stop 106. As can be seen, the
tabs 104 of the retainer provide a guide for the nozzle as the nozzle
enters the hole 64 in the fuel nozzle guide.

Figure 4A is an enlarged view of a portion of Figure 4 taken
~ along the lines 4A-4A of Figure 4. The first member 66 of the fuel
nozzle guide 62 extends radially from the guide to shield the bulkhead
48 from the:combustion zone 36. The first member is spaced axially
downstream from the bulkhead leaving a radially oriented plenum 116
for cooling air therebetween. A plurality of radially extending
lands 118 extend axially into the plenum in the upstream direction
leaving a groove 122 between each pair of lands. A plurality of axially
oriented holes extend through the first member at a location radially
inwardly of the lands.

The second member 68 of the fuel nozzle guide extends radiélly.
upstream from the first member 66 past the bulkhead 48 to adapt the
guide to engage the fuel nozzle guide retainer 94. The second member




wherein the fuel nozzle retainer is integrally joined to tpeﬂ-f“"beﬁ 67
guide and traps the assenbly in the axial direction to thejbul khegﬁl

wherei'n the supply region is in flow comunication with theDs&cond*an
gap and flow through the gap is matered1 hrough the orificeésto the ¢
passages w thout the use of inpingenen |l es in the bul khead to cool
heat shield assenbly under ‘operative conditions of the conbustion chanber.
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is contoured radially to selectively.vary the radial width of the fir
annul ar ori fis@paced radially inwardly from the bulkhead leaving the first annular

)

b G

gap G) therebetween. The first annular gap G is immediately
adjacent to the plenum 116 for supplying cooling air directly to the
plenum.

The heat shield 72 is disposed in the radially oriented cooling
air plenum 116 and extends into the first annular gap G} between the
bulkhead 48 and the fuel nozzle guide 62. The heat shield includes
the first, generally planar element 74. The planar element is disposed
in the plenum and is spaced axially from the downstream surface 58
of the bulkhead to form a first radially extending passage 126 for
cooling air therebetween. The planar element is spaced axially from
the first member 66 of the fuel nozzle guide 62 and slideably engages
the lands 118 to form a second radially extending passage 128 for
cooling air therebetween. The second passage 128 is downstream of

‘the first passagé 126 for cooling air. The second annular passage is

divided bj the lands and extends through the grooves 122 between
the lands.

The lip 88 on the heat shield 72 extends axially from the first
planar element 74 . The lip is disposed in the first annular gap Gj.
The lip divides the first annular gap Gj into the first annular supply
orifice 108 for directly supplying cooling air to the first passage 126
and the second annular supply orifice 112 for directly supplying
cooling air to the second passage 128. The second plurality of
pedestals 84 of the planar element are illustrated. These pedestals
have an axial height which is greater than the axial height of the first
plurality of pedestals 82. The second plurality of pedestals extend
from the planar element to slideably engage the downstream surface
58 of the bulkhead. The edge 132 of the heat shield is shown in the
background. '

In Figure 4, a portion of the first plurality of pedestals and the
edge are broken away to show one of the plurality of ribs 92 which
extends from a region adjacent to the first orifice 108 into the

ool Tng”
t he

The bul khead and gui de assenbly as clained in claim1l wherein.the lip

st




-21- 3. The bul khead and guide assenbly as clainmed in claimZ V\:hEI‘EI n the !
I|p of the heat shield has a plurality of radially extendi ng -Sgpacer
el’'ement s di sposed about the circunference of the lip, the spacer el ?
positively locating the heat shield in the radial direction \Mth £m 395
the bul khead, and spacing a portion of the3lip fromthe bul’ ‘khead. 4. The
bul khead and gui de assenbly as clainmed imclaim3 wherein the heat shield
further has a first planar el enent disposed in the plenum and spaced
axially fromthe bul khead and the fuel nozzle guide, the planar el enent
having a first plurality of pedestals and a second plurality of pedestals
whi ch each havpedestalsi &Fhéeibgdvesindt extemdibeyniidiithg radiahextenpbfithae fiekenment

toward the bul CRedt | &6 3¢ tHE thel fibz218thile P3RS A%esulf) th%iRl hozzle guide
shields the location of the ribs from hot combustion gases which are
axially downstream of the fuel nozzle guide.

The nozzle guide retainer 94 faces the upstream surface 56 of
the bulkhead 48. The retainer axis Ay is coincident with the axis Ay of
the hole in the bulkhead. The inner ring 98 of the retainer is
integrally attached to the fuel nozzle guide 62. The outer ring 96 of
the nozzle guide retainer slideably engages the upstream surface 56 of
the bulkhead.

The outer ring 96 is spaced radially outwardly from the inner
ring 98 and from the second member 68 of the fuel nozzle guide,
leaving a second annular gap Go therebetween. The second annular
gap Go is in direct flow communication with the first orifice 108 and
second orifice 112. The flow communication is direct because the
second annular gap G is immediately adjacent the entrance to the
first and second orifices.

The plurality of strut assemblies 114 extend between the inner
ring 98 and the outer ring 96 and are represented by the single strut
102 that is shown. As mentioned above, each strut has an axial
length S; and a circumferential width Sy as measured at the radial
mid-point between the inner ring and the outer ring. Each strut is
disposed with respect to the second annular gap Gg such that the
strut extends radially into the second annular gap G a distance Sg
which is less than twice the axial height Ry of the outer ring.
Accordingly, the second annular gap is nearly unobstructed with
respect to flow entering the second annular gap.

Figure 5 is a view taken generally along the lines 5-5 of
Figure 4. The fuel nozzle 46 and a portion of the fuel guide retainer
94 are broken away to show the relationship of the lip 88 on the heat
shield 72 to the first annular gap G) and the relationship of the fuel




plurality of pedestals having an axial height which is gretlgi_t:e="r=.-:'-'::ét.-h‘aiiﬁ".-’#ﬁe:‘—"’-‘
axial height of the first plurality of pedestals, and havimg a é)l ubgbi £ $of
ri‘lbs extending fromthe first orifice into the pluralities:ofap r$s o -gtde
the flowinto the arrays of pins. 5. The bul khead and gui de-~assénbiy-as 7
claimed in claim4 wherein the fuel nogqgle guide has a first menmber spaced
axially fromthe heat shield and boundrmg the second passage for cooling
~air, and wherein the ribs have a radial extent which is |l ess than or equal
to the radial extent of the first nmenber of the fuel nozzle guide such that
the first nmenber shields the location-of the ribs in the axial downstream
di recti on fguidehrdtairrere 94i itot the secbndt anmuanega®. GoTheAd uneneivthednd gui de
assenbly a .3l ' [ ' 4 r ' S an
oot ngse .i‘g‘hr?‘gt %@*f!&grtﬁgiﬁt\m% §08 pheseR?%F UmhisHied Sidtheqh A3

axial direction to oncoming flow, but also extend only to a minimal

extent Sg into the second annular gap Go. This is important because
the second annular gap G is directly in flow communication with the
first orifice 108 and the second orifice 112.

Figure 5 also shows in greater detail the lip 88 on the heat
shield 72 which divides the first annular gap G into the first annular
orifice 108 and the second annular orifice 112. The lip has the
plurality of radially extending projections 90 or spacer elements which
are disposed about the circumference of the lip. The spacer elements
positively locate the heat shield in the radial direction with respect to
the bulkhead 48 and space the remainder of the lip from the bulkhead
to create the annular orifice 108. The lip is contoured radially to
selectively vary the radial width of the first annular orifice. This
contour is specially selected to distribute the flow of cooling air to
needed areas of the heat shield. The ribs 92 on the heat shield extend
to the lip to provide channels for ducting the metered cooling air to
appropriate locations within the first annular passage. '

The strut assemblies 114 are spaced circumferentially about the
circumference of the nozzle guide retainer 94 at four nearly equally
spaced locations; three of the strut assemblies are formed of pairs of
struts 102. The strut assembly slideably engages the circumferential
stop on the bulkhead in the radial direction and in the axial direction.
The outer ring 96 ‘is interrupted at that location to accommodate this
engagement. The other two pairs of strut assemblies face each other
along the cut line C. Cutting the retainer at this location divides the
ring into two halves for easy insertion into the openings 52 in the
bulkhead. Upon insertion, the two halves are joined together either
directly or by being joined to the fuel nozzle guide.

AR




in shape and which extends circunferentially about the axii $:5RE-Affeavi
openi ng therein which adapts the retainer to receive the fuel nozg
‘the inner ring having an axial length [err] and a radial waHH-{-err]
length [err] being at |least three times greater thasw=re-Tadi al width
and the nozzl e guide -22- retipgner has an outer ring which
spaced axially fromthe inner ring in

axi al
[err]

\-—_::::;_.-

S

downstream direction which is

spaced radially outwardly fromthe inner ring and fromthe second nember
| eavi ng a second annul ar gap therebetween which is in direct flow
comuni cation with the first and second orifices, the outer

During assembly, the heat shield 72 is inserted into the
bulkhead 48 with the four post-like bolt members 76 extending
through corresponding holes 78 in the bulkhead. Fasteners, such as
the nuts 138, are attached to the bolts to securely attach the heat
shield to the bulkhead with the first plurality of pedestals and ribs
being urged against the bulkhead by the fasteners. - In other
embodiments, these ribs or pedestals might be spaced slightly from
the bulkhead as are the first plurality of pedestals 82. The spacer
elements 90 on the lip of the heat shield precisely locate the lip with
respect to the bulkhead to establish the first orifice 108 and second
orifice 112. The fuel nozzle guide 62 is then inserted though the
bulkhead to the upstream side 56 of the bulkhead. The nozzle guide
retainer 94 is integrally attached to the fuel nozzle guide by welding,
bonding, or mechanical means.

The slideable engagement between the fuel nozzle retainer 94
and the bulkhead 48 and the fuel nozzle guide and the heat shield 72
enables the fuel nozzle guide assembly to slideably accommodate
differences in thermal growth between the ‘bulkhead structure and
adjacent structure during operative conditions. It also allows the
structure to accommodate any slight alignment adjustments of the
fuel nozzle 46 during the installation process.

Slideable movement of the guide with respect to the heat shield
doés not disrupt cooling flow to the second radial passage 128. The
size of the second annular orifice 112 is much greater than the first
annular orifice. This enables the fuel nozzle guide to move within the
diameter of the lip 88 on the heat shield and not change the effective
flow area of the second annular orifice. This occurs even though the
radial width of the orifice will change locally -- for example, growing
smaller as the fuel nozzle guide moves to one side -- because a

- corresponding gap opens on the other side. The size of the second

annular orifice avoids any maldistribution of flow which might occur
even though a locally small gap is adjacent to the lip.




ri ng stidably engagi ng the upstream surface of the bul khead, and havi ng an
radial width Row and an axial |ength [err], the radi al V\Adth Row bei fg - at:
| east three tinmes greater than the axial Iength [err], and,‘,\the @zzme 1095
guide retainer has a plurality of strut assenblies extendt'%b ween thé‘ !
imner ring and the outer ring, and intggtal with the inner ring and’ el
outer ring, and being spaced circunferentially about the nozzle retainer
ring, each strut assenbly having at |east one strut, each strut having an
axial length S1 and a circunferential width [err] as nmeasured at the radi al
m dpoi nt between ‘the-inner ring and the outer ring, the axial length [err]
bei ng at | east tThedinst reamnularaonifice OB tikepraciselyf cortouirad andtﬁx¢cbrr]

oncom ng f%@f"*‘%ﬂ%ﬁﬁbgeﬂzﬁ%?*ﬁﬁ*db%ﬁ?té§§a“é@§%§? dpetorts B HE, | o
wher ei n amounts that are appropriate. Over-cooling one location may cause
thermal stresses to arise in the planar element which shields the
bulkhead from the hot working medium gases in the combustion zone.
The -pre-detérmined distribution of flow in the present construction is
aided by the use of pedestals and ribs in connection with the metering
orifice and by fixing the radial position of the heat shield with spacers
90, bolt-like members 76 or both spacers and bolt-like members as

shown in Figure 2.

A particular advantage of the present invention is the location of
the annular gap G at the inner most portion of the first and second
cooling air passagés. The cooling air flow is distributed to the inner
most portion of the first passage and the second passage and flows
radially outwardly, in pre-determined flow patterns. This positively
-provides cooling flow to the inner most locations without impingement
jets disrupting the flow patterns which extend radially outward. And,
the absence of impingement cooling through the bulkhead allows
more precise calculation of the flow patterns leading to a better.
cooling scheme than constructions having impingement jets which
extend into the flow patterns.

This construction has a plentiful supply of cooling air to this

. critical location of the fuel nozzle guide assembly. The plentiful
supply is made possible, in part, by the nearly unobstructed second
‘annular gap Go which extends between the fuel nozzle guide retainer
94 and the fuel nozzle guide 62. The obstruction of the struts 102
extending into the second annular gap Go results in an obstruction
which is less than ten percent (10%) and in one embodiment is five
percent (5%) of flow area of the second annular gap. Over ninety
percent [and in one embodiment, over ninety-five percent {95%]] of the
flow area of the second annular gap is available to duct cooling air
into the first annular orifice 108. Accordingly, the presence of the
retainer has a minimal impact on flow in the gap G and the gap is




each strut is di sposed with respect to the second annul ar gap such that theé i
strut extends radially into the second radial gap a distandge Sg |
less than twice the axial length Rol of the outer ring and i \Nbetce}l\{hl?’nggg 1995
bl ockage of the second annul ar gap by the struts extending lhat:ﬁ-‘:t:m? seé‘ﬁﬁcf:"‘
annul ar gap is | ess than ten percent gfz_the cross sectional flow area. 8.

A’bul khead and fuel nozzle guide assemtty for- an annul ar conbustion chanber
havi ng an upstream end, a downstream end, an inner liner, an outer liner
spaced radially fromt he i nner liner | eavi ng an annul ar conbust i on zone

t her ebet ween which i s di sposed between the ends, and having an annul ar

conbust or sehstamtiallycunpbstruated tol tWaliMwhﬁ'scaDlmg)airy [regidditibR! tige'PP! Vi ng

air to thgzﬁta}%gtﬁm ie&08 nbBow 8 dnenaldhtibrdh U bbilo i g

bul khead the su region
in the axial direction presentmg a low profile obstruction to flow

passing from the supply region into the second annular gap.

The design of the nozzle guide retainer has a lower surface area
to volume than do earlier designed retainers; this makes the device a
readily castable article, and a material, such as Hastaloy X (Aerospace
Material Specification 5646) may be used. This enables a lightweight,
open construction for the fuel nozzle guide retainer while providing
sufficient strength to the construction.

A significant advantage of the present construction is the ease
with which modifications may be made to the cooling flow pattern by
merely changing the contour of the lip or the size or the
circumferential extent of the spacers. This enables retrofitting
improved designs which may solve problems experienced during the
long operative life of the engine. In the past, this was difficult to
accomplish without changing a major assembly such as the bulkhead
because it required redistribution of the impingement cooling holes in
the bulkhead.

Another advantagé of the present construction is shielding
provided to the heat shield 72 by the fuel nozzle guide 62. The radial
extent of the first member 66 of a fuel nozzle guide extends a distance
which is at least equal to or greater than the extent of the ribs 92 on
the heat shield. This reduces the possibility of cracking the heat
shield at these locations and provides for increased durability in
compariscn to constructions where the ribs extend beyond the
protected portion of the heat shield.




-23- the downstream end, the bul khead having an upstream surface, a-
downstream surface and a plurality of openings spaced C|rcunferent|ally ﬁ
‘about the bul khead whi ch extend through the upstrean1surface nglhg? b
downst ream surface, each opening having an axis Ab and adaptf t JQ&

bul khead to receive a fuel nozzle, whBeh conprises: a plurallty of “fuel =
nozzl e gui des, each gui de bei ng dlsposed in an associ ated opening in the

bul khead, the guide having an axially extending hole through the guide

whi ch is disposed about an axis Af and which adapts the

Although. this invention has been shown and described with
respect to detailed embodiments thereof, it will be understood by
those skilled in the art that various changes, omissions and additions
in form and detail thereof may be made without departing from the
spirit and scope of the claimed invention. I claim:




gui de to receive an associ at ed

first nmenber which extends radi

bul khead | eaving a radially oriented plenum¥or cooling ai'therebetuween .
and a plurality of radially extendin d:ands whi ch extend axially into t he
pl enum | eavi ng a groove between eachéﬁalr of lands, the first nenber
including a plurality of axially oriented hol es which extend
through the first nmenber at a location radially inwardly of the |ands,

further

the gw de furt her .I ncl ud| ng,;_._

nozzl e, R
from the conbustion zone, whi chél"jtwﬂﬂﬂmm lg,msedf)amz[“rg‘dmaé;gﬁﬁge 7995 '

L_-..

and;

a second nmenber disposed circunferentially about the hole in the gui de and

ext endi ng1a atierClatnigist r eam

‘.’::2?1&.,"”

A bulkhead and fuel nozzle guide assembly for an annular
combustion chamber having an upstream end, a downstream
end, an inner liner , an outer liner spaced radially from the
inner liner leaving an annular combustion zone therebetween
which is disposed between the ends, and having an annular
combustor head at the upstream end which has a supply
region for supplying air to the combustion zone, the head

“including a radially extending bulkhead which bounds the

supply region on the downstream end, the bulkhead having an
upstream surface, a downstream surface and a plurality of
openings spaced -circumferentially about the bulkhead which
extend throdgh the upstream surface and the downstream
surface, each opening having an axis Ap and adapting the
bulkhead to receive a fuel nozzle, which comprises:

a plurality of fuel nozzle guides, each guide being
disposed in an associated opening in the bulkhead, the
guide having an axially extending hole through the guide
which is disposed about an axis Af and which adapts the
guide to receive an associated fuel nozzle, the guide being
spaced axially downstream from the bulkhead leaving a
radially oriented plenum for cooling air therebetween and
extending radially upstream from the first member past
the bulkhead to adapt the guide to engage a fuel nozzle
guide retainer and being spaced radially inwardly from
the bulkhead leaving a first annular supply gap
therebetween for supplying cooling air to the cooling air
plenum;




frorﬁthe first nenber past the bul khead ti‘!ﬂmrt the guide to. engage a fuel

nozzl e gui de retainer, the seq spaced radi ally |n&@rdl
fromthe bul khead IeaV|ng a fi y gap therehet weentfs
supplying cooling air to the coollng air plenum a heat shlerd at each
openi ng which abuts circunferentially wdh the circunferentially adjacent
heat -24- shields to forma heat shr assenbly, each heat shield being
di sposed in the radially oriented cooling air plenumand the first annul ar
supply gap between the bul khead
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a heat shield at each opening which abuts
circumferentially with the circumferentially adjacent heat
shields to form a heat shield assembly, each heat shield
being disposed in the radially oriented cooling air plenum
and the first annular supply gap between the bulkhead
and the fuel nozzle guide, the heat shield being disposed
in the plenum and spaced axially from the downstream
surface of the bulkhead to form a first radially extending
passage for cooling air therebetween, and being spaced
axially from the first member of the nozzle guide to form a
second radially extending passage for cooling air
therebetween downstream of the first passage for cooling
air, and, having a lip extending axially which is disposed
in the annular gap to divide the annular gap into a first
annular supply orifice for directly supplying cooling air to
the first passage and a second annular supply orifice for
directly supplying cooling air to the second passage; and;

a nozzle guide retainer facing the Iupstream surface
of the bulkhead, the retainer having an axis A; which is
coincident with the axis Ay of the hole in the fuel nozzle

guide;

wherein the fuel nozzle retainer is integrally joined to the fuel '
nozzle guide and traps the assembly in the axial direction to the
bulkhead, and wherein the supply region is in flow
communication with the second annular gap and flow through
the gap is metered through the orifices to the cooling passages
without the use of impingement holes in the bulkhead to cool
the heat shield assembly under operative conditions of the
combustion chamber. '

2. The bulkhead and guide assembly as claimed in claim 1 wherein

the lip is contoured radially to selectively vary the radial width
of the first annular orifice.
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and the fuel nozzle guide, the ' ' udi ng; a first), ‘genefal h¥~ aug:
pl anar el enent disposed in the”mmmmnjﬂmgwd axially fromthe dg {]EC 1995 !
downstream surface of the bulgheadcto farmsa tirst radialIyiéﬁﬂgngLngﬁjg;;%ﬂ.”
passage for cooling air therebetween, and spaced axially fromthe first
menber of the nozzle guide and slidabl-2lengaging the lands to forma second
radi al | y extendi ng passage .for cooling air therebetween downstream of 't he
first passage for cooling air,the second annul ar passage bei ng di vided by
the | and and extendi ng through the grooves between the lands, and; a lip

extending axially fromthe first elenment which is disposed in the annul ar
gap to divide t'ﬁéeamm}hﬁﬁdgﬁtﬂ guide assembly asclained Jprlain2 whereiror

directly supplyith@ lip of the heat shield has a plurality of radially extending
spacer elements disposed about the circumference of the lip, the
spacer elements positively locating the heat shield in the radial
direction with respect to the bulkhead, and spacing a portion of
the lip from the bulkhead.

4. The bulkhead and guide assembly as claimed in claim 3 wherein
the heat shield further has a first planar element disposed in
the plenum and spaced axially from the bulkhead and the fuel
nozzle guide, the planar element having a first plurality of
pedestals and a second plurality of pedestals which each have
an axial height and extend radially from the planar element
toward the bulkhead into the first radial passage, the second
plurality of pedestals having an axial height which is greater
than -the axial height of the first plurality of pedestals, and
having a plurality of ribs extending from the first orifice into the
pluralities of pins to guide the flow into the arrays of pins.

5. The bulkhead and guide assembly as claimed in claim 4 wherein
the fuel nozzle guide has a first member spaced axially from the
heat shield and bounding the second passage for cooling air,

- and wherein the ribs have a radial extent which is less than or
equal to the radial extent of the first member of the fuel nozzle
guide such that the first member shields the location of the ribs
in the axial downstream direction from hot gases in the
combustion zone.

6. The bulkhead and guide assembly as claimed in claim 1 wherein
the nozzle guide retainer has an inner ring which is cylindrical
in shape and which extends circumferentially about the axis Ar
leaving an opening therein which adapts the retainer to receive
the fuel nozzle guide, the inner ring having an axial length R;
and a radial width Rjy, the axial length R;jj being at least three
times greater than the radial width Rjy and the nozzle guide

Ay




cooling air to the first passag nul ar suppty “erifice for . ! |
directly supplying cooling air ﬁlﬂﬂB ﬂgﬁ jﬂ%sage t he | Fp~havi r’rg i
prurality of radially extending di spose_d abou Q?‘H ,ggb \
circunference of the lip, the spacer elenents positively |o¢aid ng t'% L
shield in the radial direction with r, gpect to the bul kheakﬂ:**aunu Spaci ng a
portion of the lip fromthe bul khead; e lip being contoured radially to
selectively vary the radial width of the first annular orifice; a first
plurality of pedestals and a second plurality of pedestals which each have

an axial height and extend radially fromthe planar el enent toward the

bul khead into tretainerdias axicaitepaingawhich e spaced axfdlly fbint Yhéfinpegest al s

having an axialpgl gt il ddlwhSerBhftP BrelliS WHICR*1€ spaced radiatly
outwardly from the inner ring and from the second member
leaving a second annular gap therebetween which is in direct
flow communication with the first and second orifices, the outer
ring slidably engaging the upstream surface of the bulkhead -
and having an a radial width Row and an axial length Ry, the
radial width Ry being at least three times greater than the
axial length Ry}, and, the nozzle guide retainer has a plurality of
strut assemblies extending between the inner ring and the outer
ring, and integral with the inner ring and the outer ring, and
being spaced circumferentially about the nozzle retainer r—ihg,
each strut assembly having at least one strut, each strut having
an axial length S and a circumferential width S\, as measured
at the radial midpoint between the inner ring and the outer ring,
the axial length S1 being at least three times greater than the
circumferential width S, such that the nozzle guide retainer
presents a narrow profile to the oncoming flow.

7. The bulkhead and guide assembly as claimed in claim 6 wherein
each strut is disposed with respect to the second annular gap
such that the strut extends radially into the second radial gap a
distance Sg which is less than twice the axial length Ry of the
outer ring and wherein the blockage of the second annular gap
by the struts extending into the second annular gap is less than
ten percent of the cross sectional flow area.

8. A bulkhead and fuel nozzle guide assembly for an annular
combustion chamber having an upstream end, a downstream
end, an inner liner, an outer liner spaced radially from the inner
liner leaving an annular combustion zone therebetween which is
disposed between the ends, and having an annular combustor
head at the upstream end which has a supply region for
supplying air to the combustion zone, the head including a
radially éxtending bulkhead which bounds the supply region on




hei th of the first plurality o a plural | ty"‘"fo*f--' Lol r s
extending fromthe first orific I!.] MLB IItIeS of .pins to[}zi) ng Qgg
‘extent which is less than or eq ext ent of ‘t_"he first ‘menber.
of the fuel nozzle guide such that the first menmber shields the [ocation of
the rib in the axial downstream direct2®+n; a nozzle guide retainer facing
the upstream surface of the bul khead, “TTre retai ner having an axis Ar which
is coincident with the axis Af of the fuel nozzle guide, the nozzle guide
ret ai ner hav[ng;

the downstream end, the bulkhead having an upstream surface,

a downstream surface and a plurality of openings spaced

circumferentially about the bulkhead which extend through the

upstream surface and the downstream surface, each opening

having an axis Ap, and adapting the bulkhead to receive a fuel

nozzle, which comprises:

a plurality of fuel nozzle guides, each guidé being
disposed in an associated opening in the bulkhead, the
guide having an axially extending hole through the guide
which is disposed about an axis Af and which adapts the
guide to receive an associated fuel nozzle, the guide
further including;

a first member which extends radially from the
guide to shield the bulkhead from the combustion zone,
which is spaced axially downstream from the bulkhead
leaving a radially oriented plenum for cooling air
therebetween and a plurality of radially extending lands
which extend axially into the plenum leaving a groove
between each pair of lands, the first member further
including a plurality of axially oriented holes which
extend through the first member at a location radially
inwardly of the lands, and;

a second member disposed circumferentially about
the hole in the guide and extending radially upstream
from the first member past the bulkhead to adapt the
guide to engage a fuel nozzle guide retainer, the second
member being spaced radially inwardly from the bulkhead
leaving a first annular supply gap therebetween for
supplying cooling air to the cooling air plenum;

a heat shield at each opening which abuts
circumferentially with the circumferentially adjacent heat
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an. inner ring which is cyli ndr| i ch extezéigd;
circunferentially about the aX| m“m nlltm peni ng therei nLﬂwg

the retainer to receive the second nbert ofs t e fueI naziéie ..g

direction and which is spaced radially outwardly fromthe inner r
fromthe second nmenber |eaving a second annul ar gap therebetween
in direct flow copmunication with the first and second orifices,

ring slidably enghifldg tontermma: heatrshinld assemblheeash keatshicld
being disposed in the radially oriented cooling air plenum

and the first annular supply gap between the bulkhead
and the fuel nozzle guide, the heat shield including;

a first, generally planar element disposed in the
plenum and spaced axially from the downstream surface
of the bulkhead to form a first radially extending passage
for cooling air therebetween, and spaced axially from the
first member of the nozzle guide and slidably engaging the
lands to form a second radially extending passage for
cooling air therebetween downstream of the first passage
for cooling air,the second annular passage being divided
by the land and extending through the grooves between
the lands, and; '

a lip extending axially from the first element which
is disposed in the annular gap to divide the annular gap
into a first annular supply orifice for directly supplying
cooling air to the first passage and a second annular
supply orifice for directly supplying cooling air to the
second passage, the lip having a plurality of radially

-extending spacer elements disposed about the
circumference of the lip, the spacer elements positively
. locating the heat shield in the radial direction with
respect to the bulkhead, and spacing a portion of the lip
from the bulkhead, the lip being contoured radially to
selectively vary the radial width of the first annular orifice;

a first plurality of pedestals and a second plurality
of pedestals which each have an axial height and extend
radially from the planar element toward the bulkhead into
the first radial passage, the second plurality of pedestals
having an axial height which is greater than the axial
height of the first plurality of pedestals, and a plurality of

ich adapt $,

EDG hebs.
i nner ring having-an axial |ength R|I and a radi al w dt h-ferri-the axial:*
length Ril being at least three tinmes g4ater than the radial width Riw an
outer ring which is spaced axially fromthe inner ring in the downstream

i ng and
which is
t he outer




“having an a radial width [err] ' gth Rol 'i RRELAGEH RN WF dFRh e
[err] being at |east three ti rrtﬁﬂ BRL ‘ he axi ali| l.eng [ hegandi} =
a-plurality of strut assenbliesSs et ween the ii,tnﬂéfr@ 'pﬁuu%c;rdggﬁe' ”
outer ring, and integral with the inner ring and the outer ring, and being
spaced circunferentially about the nezzle retainer ring, each strut
assenbly having at |east one strut, -eaeh strut -26- having an axi al

length S 1 and a circunferential width [err] as neasured at the radi al
m dpoi nt between the inner ring

ribs extending from the first orifice into the pluralities of
pins to a radial extent which is less than or equal to the
radial extent of the first member of the fuel nozzle guide
such that the first member shields the location of the rib
in the axial downstream direction;

a nozzle guide retainer facing the upstream surface
of the bulkhead, the retainer having an axis Ar which is
coincident with the axis Ag of the fuel nozzle guide, the
nozzle guide retainer having;

an inner ring which is cylindrical in shape and
which extends circumferentially about the axis Ay leaving
an opening therein which adapts the retainer to receive
the second member of the fuel nozzle guide, the inner ring
having-an axial length Rj] and a radial width Rjy, the
axial length Rj] being at least three times greater than the
radial width Rjy; '

an outer ring which is spaced axially from the inner
ring in the downstream direction and which is spaced
radially outwardly from the inner ring and from the
second member leaving a second annular gap
therebetween which is in direct flow communication with
the first and second orifices, the outer ring slidably
engaging the upstream surface of the bulkhead and
having an a radial width Row and an axial length Ry, the
radial width Ry being at least three times greater than
the axial length R}, and;

a plurality of strut assemblies extending between
the inner ring and the outer ring, and integral with the
inner ring and the outer ring, and being spaced
circumferentially about the nozzle retainer ring, each
strut assembly having at least one strut, each strut
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and the outer ring, the axial I at | east! ltphﬁee tlf}ES
greater than the circunferenti a m |Ech strut -bei ng di spose
Wth respect to the second annu t he stru o eﬂc& DEéfdn%bl y

into the second radial gap a dlstance [err] mhlch S Iess -k heo— |
axial length Rol of the outer ring; w26-ein the outer ring of the fuel
nozzle retainer is integrally joined To the fuel nozzle guide and traps the
assenbly in the axial direction to the bul khead, and wherein the bl ockage-
of the second annular gap by the struts extending into the second annul ar
gap is less th five erc%ﬁf of the cross sectlonalgilom1area and wherein

the supply regi BRVINE § enghinti and 8 Firgumicnsatial width Swul ar gap and
flow through t hes ateasuredeitethedradiabrtitipbitet betweerethd mridieriago! i ng
passages wi thou &'}ﬁe outer ring, the axial length S being at least three

times greater than the circumferential width Sy, each

strut being disposed with respect to the second annular

gap such that the strut extends radially into the second

radial gap a distance Sg which is less than twice the axial

length R, of the outer ring;

wherein the outer ring of the fuel nozzle retainer is integrally
joined to the fuel nozzle guide and traps the assembly in the
axial direction to the bulkhead, and wherein the blockage of the
second annular gap by the struts extending into the second
annular gap is less than five percent of the cross sectional flow
area, and wherein the sui)ply region is in flow communication
with the second annular gap and flow through the gap is
metered through the orifices to the cooling passages without the
use of impingement holes to cool the bulkhead and heat shield
under operative conditions of the combustion chamber.

9. A nozzle guide retainer for a bulkhead and fuel nozzle guide
assembly for an annular combustion chamber having an
upstream end, a downstream end, an inner liner , an outer liner
spaced radially from the inner liner leaving an annular
combustion zone therebetween which is disposed between the
ends, and having an annular combustor head at the upstream
end which has a supply region for supplying air to the
combustion zone, the head including a radially extending
bulkhead which bounds the supply region on the downstream
end, the bulkhead having an upstream surface, a downstream
surface and a plurality of openings spaced circumferentially
about the bulkhead which extend through the upstream surface
and the downstream surface, each opening having an axis Ab
and adapting the bulkhead to receive a fuel nozzle facing the
upstream surface of the bulkhead, the retainer having an axis




use of inpingenent hol es to’mﬂmm and heat sirmai,,gtﬂmdar pivp Y PR
operative conditions of the 1 , nm . A nfxzzle g Bn, 2
for a bul khead and fuel nozzl’e Jui e #sse y for an anpubas :. G ﬁgﬁ @g l-”-
chanber havi ng an upstream end, a downstream end, an |n#e=r==l=r—neq=a::an @ut—ef-!
| iner spaced radially fromthe i nnerﬂﬂer | eavi.ng an annul ar conbustion. :
zone t herebetween which is disposed between the ends, and having an annul ar
conbustor head at the upstream end which has a supply region for supplying
air to the conbustion zone, the head including a radially extending

bul khead whi ch Jo the supply, reqi on.the d stream end, the bul khead
havi ng an upst a#?‘g‘fh f‘%fgfm'ggﬁ%W§ﬁ? gﬁﬁ]%? c g"fd fuelnerzie ignidef
openi ngs spacedheinazale guidet iethineratomprisiraz:bul khead whi ch ext end t hrough
the upstream surfac@n jnner ring which is cylindrical in shape and which

extends circumferentially about the axis Ay leaving an opening

therein which adapts the retainer to be attached to a fuel nozzle

guide, the inner ring having an axial length Rj) and a radial

width Rjy, the axial length Rjj being at least three times greater

than the radial width Rjw; and;

an outer ring which is spaced axially from the inner ring
in the downstream direction and which is spaced radially
outwardly from the inner ring and has a cylindrical opening, the
outer ring being adapted to slidably engage the upstream
surface of a bulkhead and having a radial width Row and an
axial length Ry}, the radial width Ry being at least three times
greater than the axial length Ry, and;

a plurality of strut assemblies extending between the
inner ring and the outer ring, and integral with ‘the inner ring
and the outer ring, and being spaced circumferentially about
the nozzle retainer ring, each strut assembly having at least one
strut, each strut having an axial length S; and a
circumferential width Sy as measured at the radial midpoint
between the inner ring and the outer ring, the axial length S 1
being at least three times greater than the circumferential width

Swi

wherein the outer ring of the fuel nozzle retainer is adapted to be

integrally joined to a fuel nozzle guide through the struts and
trap the assembly in the axial direction to the bulkhead,
wherein the supply region is adapted to be in flow
communication with the cylindrical opening, and wherein the
struts present a reduced axial profile to the oncoming flow.
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and the downstream surface, eac an axi s Ab :any 1.
bul khead to receive a fuel nozzmﬁﬁ@‘\mﬂ%‘ tream sugface o (ﬁtebg
bul khead, ' A whi ch li% Qi nCé .......... Ci3%
the axis Af of the fuel nozzle guide, the nozzle guide rétatrer-conpri-sin

t he retai ner having.a

an inner ring which is cylindrical in e and whi ch extends

circunferentially about the axis Ar |eadving an openi ng therein which adapts
the retainer to be attached to a fuel nozzle guide, the inner ring havi ng
an axial length Rl and a radial width [err], the axial |ength RiI bei ng at

| east three tines Iglreater
10. The nozzle guide retainer for a bulkhead and fuel nozzle guide

assembly for an annular combustion chamber of claim 9
wherein each strut is disposed with respect to the cylindrical
opening such that the strut extends radially into the cylidrical
opening a distance Sg which is less than twice the axial length
Ry of the outer ring to avoid blockage of the opening.
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“than the radial width [err]; and; an outer ring mhlch S sbace aX|aT]y

H
fromthe inner ring in the downstreamdirection and which q&ﬁggfp@_DEC
radi ally outwardly fromthe inner ring and has a cylindrical—opening.{h YoRh
outer ring being adapted to slidably engage the. upstreamsurface of a
bul khead and having a radial wdth Row and an axi al length [err], the
radial wi dth Row beinglat |east t.hree t S greater than the axial | engt h
[err], and; a pluralitwy of strut assenbi+es ext endi ng bet ween t he inner
ring and the outer ring\ and integral with the inner ring and the outer-
ring, and being spaced circunferentially about the nozzle retainer ring,
each strut assenbly hav at |least one strut, each strut having an

axial length S 1 and {a\circunferenti al wi dt h [err] as measured at the
radi al m dpoi nt
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between the inner ring and the outer ring, the axial |ength,fgf

: e8I L 1-Delng "at””
least three times greater than the circunferential width [err]; &hérei n"the |
otter ring of the fuel nozzle retainer is adapted-:to be irﬂtg ral 35 DECnﬁé}% ;;’
to a fuel nozzle guide.through the struts and trap the asﬁ:&ﬁ / e _‘;
axial direction to the bul khead, wherein the supply region is adapted to be
in flow communication with the cylindrical ®pening, and wherein the struts
present a reduced axial profile to the oncom ng flow 10. The nozzle _
gui de retainer for a bul khead and fuel nozzle guide assenbly for an annul ar
conbusti on chanber of cgl,ﬁi&m 9
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wherein each strut is disposed with respect to the cylindri cafiopeni ng.ste
that the strut extends radially into the cylidrical openifg a diﬁg?zﬁg g@s'ﬂ
which is less than twice the axial length Rol of the outef| Pi'fhg ¥.& ar0i.dr. |

bl ockage of the opening.
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Abstract of the Disclosuie

BULKHEAD AND FUEL ROZZLE GUIDE
ASSEMBLY FOR AN ANNULAR COMBUSTION CHAMBER

An assembly of a bulkhead 48 and fuel nozzle guide 62 for a
fuel nozzle 46 disposed in a combustion chamber 24 is disclosed.
Various construction details which provide for positively cooling
components of the assembly are developed. In one detailed
embodiment, the nozzle fuel guide is spaced from the bulkhead to
form an annular gap Gj which is divided by a heat shield 72 into
annular orifices 108, 112 for supplying to cooling air passages 126
128 bounded by the heat shield 72.




