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1

This invention relates to combustion devices,
partlcularly to a combustor for burning fuid fuels
in a gas turbine powerplant. . This application is
a.continuation-in-part of the application of Alan
Howard, Chester 8. Ri‘e, and Bruce C. Buckland,
Serial No. 754,002, filed June 11, 1947, and as-
signed to the same assighee as the present appli-
cation.

Ths object of the present invention is to pro-
vide an improved combustor for a. powerplant of
thie type described having both the outer housing
and the inner liner fabricated in sepatrate sec-
tionis sc that a portion of the outer housing may
be readily removed for free access to the inner
liner sections for Inspection, servicing, or replace-
ment,

Cther cbjects and advantages will be apparent
from the following description taken in connec-
tion with the accompanying drawing in which
Fig. 1 is a longitudinal view in secticn of a gas
turbine combustor incorporating the invention;
Fig. 2 is a transverse sectional view of the com-
bustor taken on the irregular plane 3—2 in Fig. 1;
Pig. ¥ is a perspective view of one of the con-
necting devices used to hold the liner szctions in
proper relation; while Fig, 4 is a detail view in
section of another connecting device used between
certain of the liner sections. .

‘Referring now more particularly to Fig. 1, ths
mzin fragme of the powerplant includes a cylin-
drical frame member § secured by a bolted flange
at one end toa mid-frame casing 2. Casing 2
is provided with a plurality of radially extending
lugs 3 which are welded to, or may ke cast inte-
gral with, a casing & defining transition passages
 connecting the annular discharge of an axial fow
compressor (not shown) with the circumferen-
tially spaced circular ccmbustor inlet openings.
The inlet end portion of the transition passage
is indicated at £a¢ while the cylindrical housing
&b defines one supporting wall for the outer com-
bustor casing. To the other end of fthe main
frame cylinder { is welded a transverse annular
plate. member & having a plurality of circum-
ferentially' spaced circular cpenings Fag, there
being: one of these openings for each combustor
of course. Each opening is surrounded by an
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axially extending cylinder 6 welded to the plate § -

and forming the other combustor support wall.
Thus, it will be seen that the combustor is sup-
ported between two fixed eylindrieal wall portions
formed integsral with, or welded to, the main
frame structure.

- Bince in a deviee of this type the inner liner de-
fining the combustion space is subject to cora-
paratively rapid deterioration, it is essential that
ready access be provided to the liner for inspec-
tion and servieing. A prinecipal probiem which
the Present. invention is intended to solve is to
provide an limiproved combustor arrangément per-
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mitting ready access to and quick removal of the
inner liner where the end sections which sup-
rort the combustor are fixed rigidly to the main
frame. :
The cuter combustor casing consists of a first
cylindrical section T and a second section 8. In

_order to provide a gas-tight seal between the

end of section 7 and the adjacent end of the cy-
lindrical casing 4, a packing arrangement is pro-
vided including a stufing box ring member &c
welded to the end of casing 4). as shown in Fig. 1,
a gland nut 9 threadedly received in the bere
of the stuffing box 4c¢, and one or more resilient
packing rings {8 contained within the stuffing
box 4c surrounding the end portion of liner sec-
tion 7 and of course arrangeéd to be compressed
by the gland nut 9.

The other outfer casing section 8 is likewise
sealed in a stuffing box ring ¢ by a gland nub 4
compressing packing rings {2 into tight contact

with the outer surface of the adjacent portion
of casing section 8. The adjacent ends of outer
casing sections 7, 8 are connected by means of a
pipé coupling including pair of flanges 13, {4
welded to the respective ends of sections 1, 8,
the flanges keing clamped tightly together by
means of a suitable “clamp band” md*cated gein-
erally at 15, This may consist of a eircumfer~

ntial band split at least at one loeation with
radially projecting “ears” adjacent the split, with

& Welt or other suitable clamping device cooper-
aung with the ears to draw the band circumfer-
entially into tight engagement with the flanges
£3, 14. 'This clomping device is indicated dia-
grammatically at §8. The details of the clamp
band are not material to an understanding of
the present invention, but it may be noted that
a suitable type of clamp band structure is shown
in the patent to W. D. Crater, 2,424,436, issued
July 22, 1947, and assigned to the same ass1gnee
as the present application.

- Secured to the outer wall of the transition or
mid—frame casing 4 is a fuel nozzle indicated
generally at {1. The details of this fuel spray
nozzle are not material to an understanding of
the present invention, being disclosed more fully
in the copending application of Bruce O. Buek-
land and Donald C. Berkey, Serial No. 62,534,
filed November 30, 1948, and ass gned to the same
assignee as the present application. It may be
noted however, that this nozzle is of a type espe-
cially adapted to produce a spray pattern in the
form-of a hollow cone (%a, the vertex angle of
which remains almost exactly constant over the
entire range of operation.

The combustion space proper is defined by an
inner liner consisting of an end dome assemibly
I8, 19, which is supported in telescopic relation
with sticceeding intermediate liner sections 28, 21
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3
and discharge end liner sections 22, 23 and a
hot gas transition section 2§.

The end dome proper, indicated generally at
18, is a substantially hemispherical shell made
of a temperature resisting sheet metal such as
stainless steel and having a central portion de-
fining an opening adapted to ‘snugly recéive the
mnozzle tip 17b. The right-hand end of dome 18
is supported by means of a plurality of radially
‘extending pins 25, which may be secured, as by
‘welding, to the end liner section 19 and project
freely through holes in the dome 18. Thus, the
end dome {8 and the end iiner section 19 are
‘coaxially Tocated but may freely expand and con-
‘tract relative to each other.

The end liner section {9 is in turn supported
by a pair of fiexible brackets 25 located diamet-
rically opposite as shown best in Fig. 2. These
brackets each consist of an elliptical loop of
flexible sheet metal having portions welded at
25a to the outer surface of liner section 19, while
a second portion is secured by means of a suit-
able threaded fastening 27 to the other wall 4b
cf the transition section. This resilient suspen-
sion likewise permits the end liner section 13 to
expand and contract radially relative to the
casing walls 4b. As may be seen in Figs. 1 and 2,
the inlet of liner section 18 forms an air inlet
shroud (9q surrounding the end dome 8 and
having an annular end bafile 19b with perfora-
tions {8¢ for admitting a metered quantity of
air to the space {9d between dome (8 and shroud
18a. A somewhat similar shroud arrangement is
disclosed in the copending application of K. D.
McMahan, Serial No. 705,866, filed October 26,
1946, Patent No. 2,510,645, and assigned to the
same assignee as the present application. Just
outside the bafile 19b, shroud I8¢ is provided
with two or more circumferentially spaced
projections, which may be in the form of short
pins or tubes i(9¢ extending loosely into sockets
in bosses 4¢ formed integral with casing 4. These
projections serve to locate the shroud 19¢ when
the fuel nozzle 17T is removed,

The second liner section 20 is supported in
proper coaxial relation with the end section (9
by a plurality of longitudinal keys, as follows. As
may be more readily seen in Figs. 2 and 3, the
initial liner section 19 has spotwelded thereto
a plurality  of circumferentially spaced prong
members comprising a channel member 38 to
which is welded, in back-to-back relation, an-
other axially extending channel member 31.
The cooperating portions of the second liner
section 20 have welded thereto circumferentially
spaced pairs of brackets 32. It will be apparent
that the brackets 32 comprise a keyway while
the channel member 31 constitutes a longitudinal
key. As may be seen in Fig. 1, there is a sub-
stantial radial clearance between key member
3! and the adjacent outer surface of the liner
section 20. As shown in Fig. 3, the sides of the
channel 31 fit without clearance between the
brackets 32. With this arrangement, the liner
sections are accurately located concentrically,
while being free to expand radially relative to
each other, being also free to move longitudinally

by reason of the key-and-keyway connection.’

This locating means insures that the adjacent
liner sections will be held exactly coaxial while
freely permitting differential thermal expansion
therebetween.

Section 20 is of sufficiently larger diameter
than section {9 that a narrow radial clearance
space is formed between the telescoping end
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portions, which clearance space serves as an an=-
nular nozzle to direct a film of cooling and in-
sulating air along the inner surface of liner sec-
tion 20 in the manner of the arrow 33. The sup-

port for the liner section 20 is previded by a pair

of diametrically opposite flexible brackets 34,
which are similar to the members 25 described
above. It will be observed that the supporting
brackets 34 are spaced 90° angularly from the
brackets 28 of the first liner section {9, while
the similar brackets 35 supporting section 21
are again spaced 90° from the brackeis 34.
Similarly, brackets 36 support the liner section
22 and are located in the same axial plane with
the brackets 34.

As will be readily apparent from PFig. 1, the
righthand end of liner section 28 forms a key-
and-keyway connection with the telescoping end
portion of section 2(, in the manner described
in connection with sections 19, 20. Here again
there is sufficient clearance between the tele-
scoping end portions that a thin annular film
of cooling and insulating air is formed on the
inner surface of the next section 21, as indicated

by arrow 31. A similar key-and-keyway con-
nection serves to support section 2{ in tele-
scopic relation with liner section 22. On the

other hand, section 22 is located relative to sec-
tion 23 by means of a pin-and-slot connection,
comprising bracket members 38 spot-welded at
38a (Fig. 4) to the outer surface of section 23
and projecting freely inwardly through slots 39
in section 22. This permits the section 22 to
slide telescopically into the end section 23, for
a purpose which will appear hereinafter.

Discharge end liner section 23 is supported on
flexible brackets 40 and forms at its right-hand
end a pin-and-slot connection with the inlet
end of the transition section 24, by means of
radially extending brackets 41 similar to the
brackets 38. The transition section 24 projects
freely through the opening 5a provided in plate
B, and changes from the circular section of the
combustor exit to an arcuate discharge section
indicated at 24a. These arcuate discharge por-
tions 24a are of such circumferential extent that
the several transition sections associated with
the respective combustors together form a con-
tinuous 360° discharge annulus emptying into the
nozzle ring assembly, a portion of which is illus-
trated diagrammatically at 42.

As will be understood to those familiar with
the so-called “Nerad type combustor,” the com-
bustor end dome 18 and the respective liner sec-
tions 19, 20, 21, 22, 23, are provided with com-
bustion air inlet holes arranged in a particular
way to obtain a peculiarly characteristic air flow
pattern within the combustion space, as more
particularly described in the copending applica-
tion of Anthony J. Nerad, Serial No. 750,015,
filed May 23, 1947, and assigned to the same as-
signee as the present application. As described
fully in that application, the combustion air flows
radially inward through the combustion air ports
45, some of this air meeting at the axis of the
liner and flowing to the left as indicated by the
arrows 45q, while other portions flow to the right
as indicated by the arrows 45b. The portion in-
dicated by arrows 485a flows back towards the
nozzle 171, where it entrains and vaporizes the
fuel droplets in the spray cone ITa. The burn-
ing fuel-air mixture then flows axially down the
combustion space between the longitudinal rows
of combustion air jets entering through the ports
45. It may also be noted that the end dome {8
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has cireumferential rows of cooling and insulating
air inlet ports formed by U-shaped cutouts 18a
having cooperating therewith inwardly projecting
tongues 18b, which may either be “struck out”
from. the metal forming the end dome (8, or may
be separately formed and spot-welded to the end
dome. hy means of the tabs. I8¢, as seen in Fig. 2.
This. type of end dome is described more com-
pleteély in the copending application of Walter
L. Blatz, Serial No. 644,888, filed February 1, 1946,
and assigned to the same assignee as the present
applieation. :

Tt will be observed that a certain amount of
air under pressure finds its, way from the cylin-
drical air supply passage around the liner through
the. clearance spaces defined hetween the exte-
rior surface of transition section 24 and the
periphery of the opening 5a in the transverse
support plate 5, as indicated by arrow 44 in Fig, 1.
The air leaking through thig clearance space may
he metered by perforations in an annular baffle 43
welded: to outer support wall §-and slidably en-
gaging the liner section 28. This air circulates
in the champer defined between the transition
section 24 and the enclosing casing walls 5, B¢
thus serving to cool the outer surfaces of transi-
tion: section 24. This cooling air may eventually
find. its way into the main motive fluid flow path
through, clearances defined between the transi-
tion section discharge nozzle 28a and the ad-
jacent cooperating surfaces 42¢.of the nozzle ring
assembly, which clearances. are maintained by
reason of the bracket 24b welded to the discharge
portion 24¢ and pivoted to a bracket 42b welded
to nozzle ring 42.

To. prevent, the outer casing sections 7, 8 from
accidentally sliding, as a unit, to the right in the
end packings. 10, 12, a plurality of circumfer-
entially spaced, retainer fingers 7@ are bolted to
blocks 1b secured to the section 7, and have end
portions engaging an annular groove in the gland
nut 9, as clearly shown in Fig. 1. Thus, any un-
balaniced. pressure forces which may be imposed.
on the casing sections 7, 8 cannot cause them to.
slide to. the right and produce an ajr leak at the
packing 10.

The method of disassembly of the outer easing:
and inner liner of the combustor is as follows.
First. the clamping band 15 is removed and the:
packing gland nut 11 loosened. Outer casing sec-
tion. 8 ‘with. liner section 22 attached may now bhe
slid telescopically into the cylindrical support wall
6, during which movement the. pins 38 slide in the:
elongated, slots 39. Also the key-ways 32 at the
left-hand side. of liner segment 22 become dis-
engaged from the cooperating keys at the right-
hand.side of section 2f. Sliding the outer sec-
tion: 8. into. the fixed cylinder: carries the liner
section. 22 to a. limiting position denoted by the:
dotted. line: 22a. Gland nut; 8 may now be loos-
ened and the left-hand casing section. 7, with in-
termediate liner sections 28, 24, attached, may
be. moved. axially- to the right, so that the left-
hand edge of section 20 is disengaged from the
keys 31 of section {9 The dimensions of the.
cooperating parts are so related that: the outer
casing section T and liner sections 28, 2t may be
removed as a unit through the space between the
fixed flanges 4c; 6a.

With casing section T and, liner sections. 20, 21
removed, ample space is provided for access: to
the. initial liner section (8 carrying the end dome
{8, and at, the other-end to the two discharge end
liner_ sections; 22, 23, and the transition: section
24, With, spark: plug 29 removed, the: dome: as~
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sembly 8, 19 may be removed by disassembling
the bolts 27 holding the brackets 26 to the outer
housing walls 4b. The manner in which the dome
assembly may be moved to the right and re-
moved through the access opening provided be-
tween flanges 4c, 6a will be apparent from Fig. 1.
The discharge liner end sections 22, 23, may be
removed by removing the bolts associated with
brackets 36, 40 and sliding the two sections to the
left. and removing them through the access open-
ing. It will be apparent that during this motion,
the slots 23¢. at the right-hand end of section 23
disengage from ‘the brackets &1 of transition sec-
tion 24,

From the above description of the strueture and
method of disassembly, it will be apparent that
my invention provides a comparatively simple
means for rendering readily accessible the critical
combustion chamber liner parts of a gas turbine
combustor. By making the inner liner in sec-
tions, one section at a time can be replaced as it
hecomes necessary, thus reducing the cost of
maintenance. 'Tests of a gas turbine locomotive
powerplant incorporating eombustors substantial-
1y as shown in the drawing and described above,
which tests extended over a period in excess of
700 hours of operation with hot gas, have shown
that the arrangement is thoroughly practicable
for use in exacting applications such as locomo-
tive service, where reduction to a minimum of the
time required for maintenance, inspection, and
overhaul is a most. important factor in the overall
economy of the machine. -

Tt will be apparent to those skilled in. the art
that many changes may be made in the mechani-
cal details of combustors incorporating the inven- .
tion, and the appended claims are intended to
cover all such modifications as fall within the
true spirit and scope of the invention.

What I elaim as new and desire to secure by
Letters Patent of the United States is:

1. In. & combustor for a thermal powerplant
having a frame with a first suprport wall with a
circular open end portion and a second substan-
tially eylindrical support. wall fixed to the frame
in coaxial relation with said first wall and having
an open end portion facing and axially spaced: .
from the open end of the first wall, the combina-
tion of an inner liner assembly defining an elon~
gated substantislly cylindrical reaction space and
comprising an end dome assembly located within
and coaxial with the first supporting wall and
defining at one end a central opening adapted
to. receive: fuel injecting means, said dome as-
sembly: having also a . cylindrical portion de-

© fining an open end remote from the fuel in-
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jecting: means, means resiliently supporting
the. end dome assembly from the first. sup-
porting wall whereby differential thermal ex-
pansion; in a radial direction may freely occur
therebetween, an intermediate liner assembly cir-.
cular in: cross section and having at one end &
portion surrounding the adjacent open end por-
tion of the dome assembly in telescopically slid--
ahle relation therewith, and a discharge end liner
assembly of circular cross section and having
one end portion surrounding the adjacent end of’
the: intermediate liner assembly in telescopically
slidable relation and forming at the other end a
discharge opening for hot reaction products, an
outer combustor housing including a first cylin-
drical section surrounding the intermediate liner
assembly in radially spaced relation therefrom
and having: a first end portion adapted to be:

756 secured: to. the open end of the first. supporting
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wall and a second end portion located substantial-
ly in the plane of the intersection of the inter-
mediate assembly with the discharge end liner
assembly, a second cylindrical outer housing sec-
tion surrounding in radially spaced relation the
discharge end liner assembly, said second outer
housing section having s first end portion adapted
to be secured to the adjacent end of the first hous-
ing section and g second end portion adapied to
be secured to the open end of the second sup-
porting wall, said discharge end liner assembly
comprising a cylindrical section arranged within
the second supporting wall and fiexibly supported
therefrom in radially spaced relation and another
cylindrical liner section adapted to slide tele-
scopically info the first-mentioned end liner sec-
tion, means flexibly securing said second-men-
tioned end liner section to the second outer hous-
ing section in radially spaced relation therewith.
means fiexibly securing said intermediate liner
assembly to the first outer housing section in
radially spaced relation, first fastening means
securing the end of the first cuter housing sec~
tion to the adjacent end of the first suprorting
wall, second fastening means securing the end of
the second outer housing section to the adjacent
end of the second supporting wall, and third fas-
tening means securing together the adjacent ends
of said first and second outer housing sections, the
relative dimensions of the inner liner sections and
outer housing sections being so related to the
frame and supporting walls that with said first,
second, and third fastening means removed the
second outer housing section - may slide tele-
scopically into the second support wall where-
upen the first outer housing section with the in-
termediate liner section attached may be removed
85 a unit from the space defined between the
respective cpen ends of said supporting walls.

2. In a combustor for a thermal powerplant
having a frame, a first substantially cylindrical
combustor support wall fixed to the frame and de-
fining a cireular end ‘opening, a second substan-
tially cylindrical combustor support wall fixed to
the frame and substantially coaxial with and
having an open end axially spaced from and fac-
ing the open end of the first wall, an end dome
assembly comprising a wall of substantially cir-
cular cross section having a closed end defining
a central opening adapted to receive fusl injec-
tion means and a second open end located sub-
stantially in the plane of the open end of the
first support wall, means supporting the end dome
assembly within and in radially spaced relation
to the first support wall, a first intermediate as-
sembly comprising a first substantially cylindrical
outer housing section and an intermediate liner
assembly supported within radially spaced rela-
tion thereto, said intermediate liner assembly
having a first end portion adapted to surround
the adjacent end of the end dome assembly in
telescopically slidable relation therewith and a
second open end portion located substantially in
the plane of the adjacent end of the first outer
housing section, a, discharge end liner section lo-
cated within and fixed to the cecond support
wall in radially spaced relation and having g
circular open end portion substantially in the
plane of the open end of the second support wall,
a second intermediate assembly including a sec-
ond cylindrical outer housing section adapted to
slide axially in telescopic relation into the sec-
ond support wall and having an end portion
adapted to be secured to the adjacent end of the

first outer housing section, and. z second inter-.
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mediate inner liner section supported from the
second outer housing se:ztion in radially spaced
relation therewith and having a first end por-
tion adapted to surround in telescopically slidable
relation the adjacent end of the first intermedi-
ate liner assembly, said second intermediate liner
section having a second end portion adapted to
enter the adjacent end of the discharge liner sec-
tion in telescopically slidable relation, means fas-
tening the adjacent ends of the first and second
outer housing sections together and other means
for fastening the opposite ends of the outer hous-
ing sections tc said first and second supporting
walls respectively, the dimensions of said support-
ing walls, inner liner sections, and outer hous-
ing sections being so related thai with said fas-
tening means removed the second intermediate
assembly may be moved axially into the second
support wall whereupon the first intermediate as-
sembly may be moved axially toward the see-
ond support wall and then removed transversely
through the space defined between said support
walls thus giving free access to the end dome as-
sembly and the discharge end section.

3. In a combustor for a thermal powerplant
having a frame with a first combustor support
wall defining g circular open end portion and a
second substantially eylindrical support wall fixed
to the frame in coaxial relation with the first wall
and having-an open end portion facing and axially
spaced from the open end of the first wall, the
combination of an inner liner assembly definihg
an elongated substantially eylindrical reaction
space and comprising an end dome assembly lo-
cated within and coaxial with the first support-
ing wall and defining at one end a central open-
ing adapted to receive fuel injecting means, said
dome assembly having at the other end a cylin-
drical open end portion, means resiliently sup-
porting the end dome assembly from the first sup-
porting wall whereby differentia] thermal expan-
sion in a radial direction may freely occur there-
between, an intermediate liner assembly having
at one end a portion surrounding thz adjacent
open end of the dome assembly in telescopically
slidable relation therewith, and g discharge end
liner assembly having one end portion surround-
ing the adjacent end of the intermediate liner
assembly in telescopically slidable relation there-
with and forming at the other end a discharge
opening for hot reaction produets, an outer com-
bustor housing including a first cylindrical sec-
tion surrounding the intermediate liner assembly
in radially spaced relation therewith and having
& first end portion adapted to be secured to the
open end of the first supporting wall and a sec-
ond end portion located substantially in the plane
Of the intersection of the intermediate assembly
with the discharge end liner assembly, said first
end portion of the first outer housing secton
being slidably arranged relative to the first sup-
port wall and having packing means therebe-
tween, the combustor outer housing including also
a second cylindrical outer section surrounding the

5 discharge end liner assembly in radially spaced

relation therewith and having a first end porton
adapted to be secured to the adjacent end of the
first outer housing section and g second end por-
tion slidably received in the second supporting
wall and having packing means therebetween,
said discharge end liner assembly comprising g
cylindrical section arranged within the second
supporting wall and resiliently supported there-
from in radially spaced relation and another cy=
section arranged within and resil-
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iently supported from the second outer housing '

section and adapted to slide telescopically into
the first-mentioned discharge end liher section,
readily removable fastening means securing the
discharge end liner sections to the second outer
housing section and to the second support wall
respectively, readily removable fastening means
securing the intermediate liner assembly to the
first outer housing section, and readily removable
fastening means securing the end dome assembly
in said first support wall, retainer means as-
sociated with the first outer housing section and
the first support wall for preventing accidental
relative axial movement therebetween, readily re-
movable pipe coupling means securing together
the adjacent ends of the outer housing sections,
the relative dimensions of the inner liner sec-
tions and outer housing sections being so related
to each other and to the supporting walls that
with said retainer means and pipe coupling
means removed the second outer housing rec-
tion may slide telescopically into the second sup-
port wall carrying the- dischorge end liner sec-
tions therewith, whereupon the first outer hous-
ing section with the intermediate liner section at-
tached may be removed as a unit from the space
defined between the respective open ends of said
supporting walls.

4. In a combustor for a thermal powerplant
having a frame with a first support wall with a
circular open end poriion and a second substan-
tially cylindrical support wall fixed to the frame
in coaxial relation with said first wall and having
an open end portion facing and axially spaced
from the open end of the first wall, the combina-
tion of an inner liner assembly defining an elon-
gated substantially cylindrical reaction space and
comprising an end dome assembly located within
and coaxial with the first supperting wall and
defining at one end a central opening adapted to
receive fuel injecting means with the other end
open for the discharge of reaction products, read-
ily removable fastening means resiliently support-
ing the end dome assembly within the first sup-
porting wall in radially spaced relation thereto
whereby differential thermal expansion in a
radial direction may freely occur therebetween,
an intermediate liner assembly having at one end
a portion surrounding the adjacent open end
portion of the dome assembly in telescopically
slidable relation therewith, and a discharge end
liner assembly having one end portion surround-
ing the adjacent end of the intermediate liner
assembly in telescopically slidable relation there-
with and forming at the otler end a discharge
opening for hot reaction products, an outer hous~
ing including a first cylindrical section surround-
ing the intermediate liner assembly and having
a first end portion adapted to be secured to the
open end of the first supporting wall and a second
end portion located substantially in the plane of
the intersection of the intermediate liner assem-
pbly with the discharge end liner assembly, a
second ecylindrical outer housing section. sur-
rounding the discharge end liner assembly, said
second outer housing section having a first end
portion adapted to be secured fo the adjacent
end of the first outer housing section and'a sec-
ond end portion adapted to be sealed to the open
end of the second supporting wall, readily remov-
able means flexibly supporting said intermediate
liner assembly in radially spaced relation within
the first outer housing section, readily removable
fastening means resiliently securing the dis-
charge end liner assembly in radially spaced rela-
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tion within the second outer housing section,
first retainer means securing the end of the first
outer housing section to the adjacent end of the
first supporting wall, pipe coupling means con-
necting the adjacent end portions of the first and
second outer housing sections, and releasable
packing means associated with said second sup-
port wall and the adjacent portion of the second
outer housing section, the relative dimensions of
the inner liner sections and outer housing sec-
tions being so related to the frame and support-
ing walls that, with the retainer means and pipe
coupling means removed and the packing means
released, the second outer housing section with
the discharge end liner assembly attached may
slide telescopically into the second support wall
whereupon the first outer housing section with
the intermediate liner section attached may be
removed as g unib from the space defined between
the respective open ends of said supporting walls.

5. Tn a combustion device of the type described,
means for supporting adjacent liner sections in
concentric, radially spaced, telescopic relation in-
cluding a bracket member secured to the outer
surface of the inner liner section a! a location
spaced axially from the forward end of the inner
section and having a radially extending portion
terminating in an axially extending member de-
fining a key arranged longitudinally of the sec-
tion, said axially extending key member being
spaced radially from the outer surface of the
outer liner seciion, and bracket means secured
to the outer surface of the outer liner section
and defining a longitudinally disposed keyway
adapted to receive the key portion of said first-
mentioned bracket with comparatively close cir-
cumferential clearances but appreciable radial
clearance whereby radial expausion of one liner
section relative to the other is freely permitted
while concentricity is maintained accurately, the
liner sections being at the same time free to slide
axially relative to each other for purpose of dis-
assembly.

6. In a combustion device of the type described,
means for supporting the adjacent liner sections
in concentric, radially spaced, telescopic relation
including a bracket member secured to the outer
surface of one liner section at a location spaced
axially from the end of the section and having a
radially extending portion terminating in an
axially extending member defining a key ar-
ranged longitudinally of the sections, said key
member overlying and spaced radially from the
outer surface of the other liner section, and
other bracket means secured to the outer surface
of the other section and defining a longitudinally
disposed keyway adapted to receive the key por-
tion of said first-mentioned bracket with sub-
stantially no circumferential clearance but ap-
preciable radial clearance, whereby radial expan-
sion of one liner section relative to the other is
freely permitted while concentricity is maintained
accurately, the liner sections being at the same
time free to slide axially relative to each other
for assembly and disassembly.

BRUCE O. BUCKLAND.
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