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[57] ABSTRACT

The combustion chamber for a gas turbine engine is
constructed of a plurality of spaced telescoping sec-
tions, the gap between the sections providing an inlet
for the introduction of cooling air. A flexible joint is
provided between the overlapping portions of the tele-
scoped sections permitting each section to expand and

. contract with low constraint. This results in a change in

the size of the air inlet gap, and thus controls the
amount of air introduced to the combustor under vary-
Ing operating conditions. In one embodiment the joint
comprises a plurality of circumferentially disposed flex-
ible wiggle strips welded at one end to one section and
at the other end to the other section. In another em-
bodiment the joint takes the form of a plurality of cir-
cumferentially disposed flexible Z-section spacers.

9 Claims, S Drawing Figures
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VARIABLE GEOMETRY COMBUSTCRS

BACKGROUND OF THE INVENTION

Until recently most combustor designs have been
based on good cold starting performance without con-
sideration of exhaust emissions at maximum power
condition. However, recent changes in the law regard-

‘ing pollution of the environment require that combus- |

- tors be designed so that minimum exhaust €missions re-
sult.

From a technical point of view the requirement for
good cold starts and low exhaust emissions are diamet-
rically opposite. A good cold start requires a fuel rich
primary combustion zone whereas minimum exhaust
emissions at maximum power require a fuel lean pri-
mary combustion zone. These opposing requlrements
~suggest the need for variable geometry. The present in-
vention provides a variable geometry combustor which
~ changes the cooling air inlet area as a function of tem-
 perature, thereby varying the percentage of air that en-

ters the primary combustion zone as a function of tem-
perature.

In addition to the problems concerning pollution, the
gas turbine combustor must be meehameally con-
structed so as to accommodate the various forces re-
sulting from large temperature differences. Prior art
‘combustors which are constructed of telescoping sec-
tions are provided with rigid joints between the sec-
tions. Generally the rigid joints provide a spacing so
that cooling air can be admitted to the combustion
chamber. A large percentage of combustor failures
occur within these joints because of the very large
- forces resulting from the temperature differences be-
tween the inner and outer combustor sections. The
variable geometry, as provided in accordance with this
invention, eliminates the rigid joint between the tele-
scoping sections and thereby eliminates the strains due
to temperature differences between the sections. Thus,
the flexible joint provided by this invention automati-
cally controls the spacing between the two sections as

a function of temperature and thereby controls the

amount of air admitted to the various combustion

zones; and in addition the flexible joint reduces the

strains on the combustor due to temperature differ--

Cnces,

THE DRAWINGS

FIG. 1 is a longitudinal section of a combustor con-
structed in accordance with this invention;

'FIG. 2 is a section taken through the line 2—2 in FIG.
1.
FIG. 3 1s an end view of a portion of the combustor;

FIG. 4 1s a cross-sectional view of another embodi-
ment of this mventlon and

FIG. 5 is an end view of the portion of the combustor
shown In FIG 4.

THE FIRST EMBODIMENT

In the embodiment of this invention illustrated in
FIGS. 1-3 we show an annular reverse flow combustor
10 positioned within a casing 12 of a gas turbine en-
gine. The space 14 between the combustor 10 and the
casing 12 provides a path for compressed air exiting
from the compressor and diffuser (not illustrated) and
supplied to the primary combustion zone through con-

ventional swirlers 16. Fuel is supplied in a.conventional
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manner through a plurallty of annularly spaced nozzles
18 (only one is shown)

The combustor 10 is comprised of at least two tele-
scoping sections 20 and 22 with a radial gap 24 be-
tween the sections providing a cooling air inlet at an in-
termediate or dilution zone of the combustor. The two
sections 20 and 22 are interconnected and spaced by
means of a flexible joint 26. As better seen in FIGS. 2
and 3, the joint 26 comprises a Z-section spacer having
an end 28 spotwelded to the combustor section 20 and
an end 30 spotwelded to the combustor section 22 and
a central section 32. The Z-section spacer is prowded
with a rigid radial lip 34. The section 32 extends cir-
cumferentially and axially so that a wide degree of flex-
ibility between the sections is permitted. An annular air
scoop 33 is welded to the periphery of section 20 to di-

rect cooling air into the gap 24.

Generally speaking, the illustrated variable geometry
technique consists in the introduction of a degree of
flexibility between the sections 20 and 22 of the com-
bustor walls which are at different temperatures due to
the Introduction of cooling air into an intermediate
combustion or dilution zone. The introduction of such
cooling air causes a temperature discontinuity between
the sections 20 and 22 so that the inner section 20 be-
comes hotter than the outer section 22. This causes
inner section 20 to expand more than outer section 22
and results in the flexing of the Z-section spacer so that

the gap 24 between the sections 22 and 20 decreases

as the combustor heats up.

Thus, under cold starting conditions the gap 24 is at
a maximum determined by the dimensions of the tele-
scoping sections 20 and 22 under cold conditions.
Under fully heated conditions the gap 24 is reduced to

the size of the lip 34 which defines the minimum air

gap. This means that under cold starting conditions a
maximum amount of air is bypassed through the gap 24
and away from the main combustion zone, thereby
causing a fuel rich mixture at starting. Under hot oper-
ating conditions, however, a minimum amount of air is
bypassed from the main combustion zone, and there-
fore there is a fuel lean mixture in the primary combus-
tion zone. This condition results in better engine per-
formance both at starting temperatures and at hot op-
erating temperatures.

THE SECOND EMBODIMENT

In a second embodiment of the invention illustrated
in FIGS. 4 and 5, the joint between the two sections 20
and 22 takes the form of a wiggle strip 36. This joint
comprises a short length of corrugated sheet metal with
the corrugations disposed axially for rigidity in that di-
rection but permitting flexibility in a radial direction.
This 1s accomplished by welding a length of corrugation
at one end to the section 20 and at the other end to the
section 22, As in the previous embodiment, the inner
section 20, which is subjected to. more heat than the
outer section 22, expands to a greater degree than the
outer section 22 and reduces the gap between the sec-
tions t0 a minimum determined by the depth d of the

~corrugation.

Various modifications of this invention will become
apparent to persons skilled in the art and are within the
intended scope of the invention. For example, the flexi-
ble joints may take may other forms, the Z-section
spacer 26 and the wiggle strip 36 not being the only

~ possible configurations. A simple straight section ex-
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tending circumferentially may be effective under cer-
tain circumstances. In addition, while the ilustrated
embodiments provide for the introduction of less dilu-
tant air as the liner wall heats up, the reverse can also

4

strip is provided with a rigid radially inwardly extending
projection, saild projection limiting the minimum di-
mension of said gap.

5. The invention as defined in claim 1 wherein said

be accomplished by providing variable geometry at a 5 joint is a corrugated strip, the corrugations extending

primary combustion zone. However, such a modifica-
tion would only be made under special circumstances
where such operation was required.

SUMMARY OF THE INVENTION

In summary, this invention results in a variable geom-
etry air inlet by providing a flexible joint between two
combustor sections, thereby permitting the inner hotter
section to expand more than the outer section and
changing the gap between the sections as a function of
operating temperatures. Minimum air gaps are estab-
lished by providing positive stops or limits for the clos-
ing thereof.

We clamm:

1. A combustor comprising: first and second radially
spaced, longitudinally overlapping telescoping sec-
tions, the space between said sections providing an
inlet for the admission of air to the interior of said sec-
tions; and a plurality of elongated circumferentially ex-
tending joints between said sections, one end of each
of said joints being connected to one of said sections,
the other end of said joints being connected to the
other of said sections, each of said joints being radially
flexible to permit the relative radial expansion of the
inner of said sections with respect to the outer of said
sections.

2. The invention as defined in claim 1 wherein said
joint 1s provided with means for limiting the minimum
size of said air gap.

3. The invention as defined in claim 1 wherein said
joint comprises an elongated sheet metal strip, one end
of which 1s welded to one section, the other end of
which 1s welded to the other of said sections, said strip
extending both axially and circumferentially.

4. The invention as defined in claim 3 wherein said
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axially to provide rigidity in an axial direction and flexi-
bility in a radial direction, the base of the corrugation
at one end of said strip being welded to one of said sec-
tions, the base of the corrugation at the other end of

sald strip being welded to the other of said sections, the
depth of said corrugations providing a minimum gap
between said sections.

6. A combustor comprising: an upstream section and
a downstream section, said upstream section being tele-

scoped into said downstream section and being radially |

spaced therefrom, the overlapping ends of said sections
being interconnected by a plurality of flexible joints,
one end of each of said joints being connected to one
of said sections, the other end of said joints being con-
nected to the other of said sections each of said flexible
joints being constructed and arranged to permit the ra-
dial expansion of said upstream section with respect to
said downstream section when said sections are heated,
whereby the space between said sections is varied as a
function of temperature, and a positive stop for limiting
the minimum space between said sections.

7. The invention as defined in claim 6 wherein each
of said joints comprises an elongated flexible strip, said
strip being circumferentially extended between said
sections, one end being connected to one of said sec-
tions, the other end being connected to the other of
said sections.

8. The invention as defined in claim 7 wherein said
strip 1s corrugated, the depth of said corrugations pro-
viding said positive stop.

9. The invention as defined in claim 6 wherein said

positive stop is a radially extending lip at one end of

said strip.
* % %k * A%
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