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@ Apparatus for controlling the axial component of running clearance in radial gas turhine engines.

@ An apparatus for controlling the axial component of the
running clearance between a radial inflow turbine and a co-
operating turbine shroud. The turbine is fixed to a shaft which
is rotatably supported at one end by a frame assembly (11,
31). The shaft and the turbine change in position in the axial
direction relative to the shroud with changes in turbine op-
erating temperature. The apparatus comprises a shroud
mounting assembly {13), in which the shroud is attached to
the mounting assembly, a turbine nozzie assembly (24),
which is connected to the shroud mounting assembly, a slid-
able connection (29) between the turbine nozzle assembly
and the frame, providing axial sliding movement, and struts
(36) for controlling the axial position of the turbine nozzle
assembly relative to the frame. The struts compensate for
changes in the turbine axial position and control the relative
axial displacement of the shroud. The struts fixedly connect
the turbine nozzle assembly to the frame. The struts are po-
sitioned to be subjected to temperature changes correspond-
ing to the turbine temperature changes and have a
preselected axial length. The struts are also formed from a
material having a preselected thermal expansion coefficient.
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. . . BACKGROUND, OF THE INVENTION 0162340

!
} The present invention relates to an apparatus forrcontrol-
| 1ing the axial component of the running clearance Setween a
:rad}a1~inflow gas turbine and a cooperating turbine shroud.

In most types of turbine machinery, turbine blades are ro-
tated on a shaft and the radially outward edge of the blades is

[
f
|
I
i

: enveloped by a-.casing, referred to hereinafter as a turbine
"shroud. The gap between thé edge of the blades and the inner
. surface of the shroud is known as running clearance. In general,
10 . an increase in the running clearance causes a corresponding de-
crease in turbine efficiency. Increases in running clearance
develop primarily in response to the engine growth resulting from
2:the thermal effects of turbine operation. -
The effect of an increase in running clearance is related to
15 turbine size and design. A small, high performance and high ef-
ficiency turbine is more sensitive to variations in running
clearance than a large, low or medium performance engine. For
.:example, in some high performance, high efficiency engines, a 1%
; increase in turbine running clearance can cause a 0.38% reduction
20 in both power output and thermal efficiency.
Conventional apparatus for mounting the turbine shroud to
f the turbine are shown in Figure lA. Figqure lA, discloses a
shroud which is fixedly attached to a turbine nozzle assembly 3
which, in turn is attached to frame 1 by nozzle assembly exten-
25 | sion 2. For such configurations, the axial movement of the tur-
' bine shroud directly dependent on the thermal-induced displace-
:ment of the turbine frame and nozzle assembly caused by turbine
operation. Expansion vectors 1 through 5 in the turbine growth
" diagram of Figure 1B dfpict the response to turbine operation by
the principal rotating and static barts of turbine machinery.

30

The expansion vectors correspond to materials capable of
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withstanding excessive turbine temperature and commcnly used in
turbine construction at the noted positions. ThE‘thermal expan-
sion-induced growth in actual running clearance of'the turbine
depicted in Figure 1A is about 1.2 mm when measured from about
room temperature to steady state operation with a turbine inlet
temperature of about 1100°C.

SUMMARY OF THE INVENTION

It is an object of the present invention to overcome the
problems and disadvantages of the prior art by controlling the
increase in running clearance during engine operation and, in
particular, by reducing the axial component of thermal expansion-
induced increase in the running clearance. -

It is another object of the present invention to provide a
turbine shroud mounting apparatus capable of minimizing the axial
displacement imparted by the turbine frame and nozzle assembly.

It is also an object of the present invention to reduce sub-
stantially the net growth in actual turbine running clearance
from room temperature to steady state running temperature.

Additional objects aﬁd advantages of the invention will be

set forth in part in the description which follows, and in part

. will be obviocus from the description, or may be learned by prac-

tice of the invention. The objects and advantages of the inven-
tion may be realized and attéined by means of the structure and
methods particularly pointed out in the appended claims.

To achieve the objects and in accordance with the purpose of
the invention as embodied and broadly described herein, the appa-
ratus for controlling the axial component of the running clear-
ance between a radial-inflow turbine and the corresponding tur-

bine shroud, the turbine of the type being fixed to a shaft and
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the shaft being rotatabi}::zsﬁafted at one end by a fr
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assembly, the :haft.and the turbine changing in position in the
axial direction relative to the frame with changes in turbine
operating temperature, the apparatus comprising a shroud mounting
assembly including the shroud, a turbine nozzle assembly, the

nozzle assembly being connected to the shroud mounting assembly,

{ means for slidabiy cénnecting the turbine nozzle assembly to the

i frame for axial sliding movement therewith, and means for adjust-
;ing the axial position of the shroud relative to the frame to
y compensate for changes in the turbine axial position and for con-

‘trolling the relative axial displacement of the shroud, the
1
iadjusting means including axial spacer means fixedly connecting

i
‘the turbine nozzle assembly to the frame, the spacer means being
i

i

positioned to be subjected to temperature changes corresponding

"to the turbine temperature changes and having a preselected axial

length and being formed from a material having a preselected

thermal expansion coefficient.

The accompanying drawings, which are incorporated in and

:constitute part of this specification, illustrate one embodiment
of the invention and, together with the description, serve to

explain the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1A is a cross-section of a partial elevational view
depicting a prior art turbine blade and shroud assembly;

Figure 1B is a schematic vector diagram of the thermal
‘expansion-induced increase in the running clearance of the
apparatus in Figure 1lA;

Figure 2A is cross-section of a partial elevational view

depicting a turbine apparatus constructed in accordance with the

| present invention; and
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Figure 2B is a schematic vector diagram of the thermal

expénsion—induced increase in the running clearance of the

apparatus in Figure 2A.

DESCRIPTION OF THE PREFERRED EMBODIMENT

Reference will now be made in detail to the presently pre-

ferred embodiment of the invention, an example of which is illus-

| trated in Figure 2A.

A portion of a gas turbine generally designated 10 is shown

' including frame 11, turbine inlet nozzle assembly 24, and a

shroud mounting assembly generally designated by the numeral 13

and which will be discussed in more detail hereinafter. Gas tur-

" bine 10 also comprises rotor hub 16 and turbine blades 18 mounted

on hub 16 for rotation about turbine axis 19. A tie bolt 20 is
connected to hub 16 and is enveloped by a rotor coupling 21.

As depicted, gas turbine 10 is of the radial-inflow, axial-

{ outflow type. That is, hot combustion gases are fed through tur-

"bine inlet nozzle 12 of nozzle assembly 24 essentially in a radi-

al direction. Thereafter, the hot gases flow into a region 22
swept by rotating blades 18 and are expanded to produce power.

The expanded gases leave turbine 10 in an axial direction as in-

- dicated by an arrow designated "A". This flow of hot combustion

gases creates a substantial rise in temperature throughout tur-
bine 10 and corresponding axial and radial expansion of the com-~
ponents therein.

Further, turbine nozzle assembly 24 is positioned axially
between frame 11 and shroud 14. The forward portion of nozzle
assembly 24 is connected to frame 11. The nozzle assembly

includes inlet 12, and nozzle wall members 26 and 28. Walls 26

and 28-form the outer surface of turbine nozzle assembly 24.
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In accordance with the present invention, the gas turbine
also includes means for slidably connecting the turbine nozzle
assembly to the turbine frame to allow axial sliding movement
therewith. As embodied herein, slidably connecting means 29
includes an individual cylindrically-shaped axial extension 30 at
the base of the wall"member 26 that is directed away from inlet |
nozzle 12. Slidably connecting means 29 further includes a frame
support member 31 having flange 32, which is rigidly affixed to
frame 11. BAxial extension 30 engages flange 32 to allow contin-
uous sliding contact therebetween at a point B, in response to
changes in turbine operating temperature. 1In Figure 2A, axial
extension 30 is shown to be positioned radially inward of flange
32 of frame support member 31 at point B. The relative positions
of flange 32 and axial extension 30 may be reversed while not
departing from the scope of the invention.

In accordance with the invention, the turbine further
includes means for controlling ﬁhe axial position of the turbine
nozzle assembly relative to the frame to compensate for changes

in the turbine axial position and for controlling the relative

axial displacement of the shroud. As embodied herein, control-~
ling means 33 include axial spacer means 34 fixedly connecting
turbine nozzle assembly 24, and specifically nozzle wall member
26, to frame 11. Axial spacer means 34 preferably include a plu-
rality of individual struts 36 positioned radially outward of
slidably connecting means 29 and spaced discontinuously in the

circumferential direction around turbine 10. As embodied herein,

ferentially around turbine 10. Struts 36 take the shape of a

longitudinal bar having L-shaped facing edges 37 and 38 at
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opposite ends. Bolts 40, 41 or equivalent means, are used to
connect edge 37 with frame ll, and edge 38 with wall member 26,
respectively. The radial inward surface of strut 36 is supported
at the forward end by frame support member 31 and at the rear engd
by portion of axial extension 30. {
Importantly, struts 36 are continuously subjected to various
temperature changes during turbine operation and should be formed
from a material having an extremely low coefficient of thermal
expansion relative to the coefficient correponding the other tur-
bine components, such as shroud 14 and turbine nozzle assembly
22. Preferably, struts 36 are composed of a material having a

-

- -1
coefficient of thermal expansion of about 5x10 6‘C or less, which

is, characteristic of a material such as NILO 42.
In accordance with the present invention, the controlling

means further includes means for attaching the shroud mounting

i

!
assembly to the turbine nozzle assembly. As embodied herein, the!
attaching means includes second axial spacer means 48 positioned :
radially outward of shroud mounting assembly 13. Second spacer 3
means are intended to be sensitive to temperature changes within !
turbine 10, and provide relative axial movement between shroud l4é
and turbine nozzle assembly 24. As further embodied herein, V
second spacer means 48 generally consist of an axially extending
cone-shaped member 50 surrounding turbine 10 having an axial
length of about 10.4cm are used. Cone 50 is typically formed of
a material having a low level of thermal expansion with respect
to other turbine components such as shroud 14. Preferably, cone

-1
50 has a coefficient of thermal expansion of about 8x10 6'C or

less, as can be obtained with material such as IRCO 907.
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As embodied hereiﬁ, shroud assembly 13 includes shroud 14 in
the form of a flared annular member, which is positioned adj#cent
turbine nozzle assembly 24 and substantially corresponds to an
axially outer surface of revolution traced by blades 18. The
shroud extends from 2 point adjacent turbine nozzle assembly 24,
to a point beyond turbine blades 18 and esseﬁtially parallel to

turbine axis 19. As embodied herein, shroud assembly 13 includes

{shroud suport member 15 having a form which substantially corre-
|
fsponds to the radially outer surface of shroud 14 and also having

‘a space therebetween to provide a passage for coolant gas flow.
!
!

EA conduit 51 admits coolant gas which flows between shroud 14 and
!shroud support member 15. Shroud 14 is formed of a material

!
fhaving a high coefficient of thermal expansion relative to other

;turbine components such as struts 36 and cone 50. A material,

l'such as IN 718, having a coefficient of thermal expansion of

|
labout 15x107°°C, is preferably used.

!
; Cone 50 is rigidly attached between turbine nozzle assembly .
i24 and a rear portion of support member 15. Mounting pad 52 with
;integral flow passages and a clamping ring 54 rigidly attaches
ithe forward enéd of cone-shaped member 50 to turbine nozzle assem-
bly 24. Upwardly extending flange 56 on shroud support member 15
radially distant from turbine nozzle assembly 24 is rigidly atta-
ched to the rear end of cone-shaped member 50 by bolts 58.

As further embodied herein, shroud mountiné assembly 13
includes ring 60, which clamps shroud 14 to shroud support 15.
Ring 60 seals the forward ends of shroud 14 and shroud support
;member 15 against the escape of cooling ai£ admitted through con-
| duit 51. Ring 60 further provided sealing contact with the radi-

ally inner edge of nozzle assembly 24 to prevent ingestion of
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combustion gases into the flow of coolant gas while allowing
relative axial movement. Flexible seal 64 is posiiioned between

shroud support 15 and inward base projection 62 of nozzle wall 28

and also facilitates relative axial movement of shroud mounting

assembly 13. ' i

The operation of a radial gas turbine according to the

§present invention will now be described in detail with reference
!
|to Figures 2A and 2B. Gases of combustion are transferred

(

‘through turbine inlet 12 impinging against turbine blades 18,

i

thus rotating hub 16 about turbine axis 19. Operation of turbine
ilO results in a substantial increase in temperature within the
;turbine and a corresponding axial expansion of frame 11 and “tur-
;bine nozzle assembly 24. The net effect is to tend to cause the
| turbine running clearance at point C to grow. However; the ex-
tremely low thermal expansion characteristic of struts 36 limits
the axial displacement transferred to turbine nozzle assembly 24

:from frame l1. 1In addition, ccne 50, which is attached to the

rear of shroud support member 15 and have 2 low thermal expansion

I"coefficient, and thereby grow slightly, force shroud 14 to expand

iin the forward direction. Conseguently, shroud 14 and support

i member 15 having 2 high coefficient of expansion, expand axially
,to reduce the gap at point C.

| Figure 2B displays a net growth of .2mm in actual turbine
‘clearance at point C for the depicted turbine, measured from room
%temperature assembly to steady state running temperature. The
;line of reference, characterized by the phantom line between
gFigures 22 and 2B is estabiished at the only ?oint of zero rela-
tive axial movement between the rotating and static turbine ele-

!

{

i

fments. The expansion vectors correspond to materials capable of
|

i
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in turbine construction at the noted positions. For example, the
noted turbine elements may be formed from materials, such as
frame support member 31 - AISI 410, nozzle wall members 26 and 28
- IN 718, and inlet nozzle 12 - X 40. In this respect, rotor

5 coupling 21 should be formed of material other than stainless

steel, Buch as SS 2240.

l It will be apparent to those skilled in the art that various
imodifications and variations can be made in the apparatus for
controlling turbine running clearance of the present invention.
10 As an example, there can be different types of clamps 58 for con-
necting the forward end of shroud mounting assembly 13 to turbine
nozzle assembly 1l1. Thus, it is intended that the present inven-

tion cover the modifications and variations of this invention

provided they come within the scope of the appended claims and

15 their equivalents.
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WHAT IS CLAIMED IS: ~Af) - , 0162340

1. Apparatus for controlling the axial component of the
running clearance between a radial-inflow turbine and a cooperat-
ing turbine shroud, the turbine of the type being fixed to a
shaft and the shaft being rotatably supported at one end by a
frame assembly, the shaft and the turbine changing in position in
the axial direction relative to the shroud Qith changes in tur-
bine operating temperature, the apparatus comprising:

a) a shroud mounting assembly, said shroud being attached
to said mounting assembly:

b} a turbine nozzle assembly, the nozzle assembly being

>

c) means for slidably connecting said turbine nozzle assem-

" bly to the frame for axial sliding movement therewith:; and

d) means for controlling the axial position of said turbine
nozzle assembly relative to the frame to compensate for changes

in the turbine axial position and for controlling the relative

axial displacement of said shroud, said controlling means includ-

ing axial spacer means fixedly connecting said turbine nozzle

' assembly to the frame, said spacer means being positioned to be

- subjected to temperature changes corresponding to the turbine

temperature changes and havibg a preselected axial length and

being formed from a material having a preselected thermal expan-

sion coefficient.

2. Apparatus as recited in claim 1, wherein said turbine
nozzle assembly is positioned axially between said spacer means

and said shroud mounting assembly.

~11-
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3. Apparatus as recited in claim 1, wherein said slidably
connecting means comprises a cylindrically-shaped axial extension
on said turbine nozzle assembly and a cylindrical support member
rigidly affixed to said frame, said axial extension cooperatively
engaging said frame support member to allow continuous sliding
contact between said extension and said frame support ﬁember in
response to changes in turbine operating temperature.

4. Apparatus as recited in claim 1, wherein said axial

. .
spacer means is formed of a material having an extremely low co- |

said shroud.

5. Apparatus as recited in claim 4, wherein said axial

spacer means has a coefficient of thermal expansion of about

15.0x10" %c.

6. Apparatus as recited in claim 4 wherein said axial
spacer means comprises a plurality of individual axial-extending
struts distributed around said turbine in the circumferential di-

rection and positioned radially outward of said slidably connect-

ing means.

7. Apparatus as recited in claim 6 including 14 of said
struts each about lécm in length.

8. Apparatus as recited in claim 7 wherein each of said
struts comprises a longitudinal bar having an L-shaped facing
edge at each end, said struts being fixedly cqnnected at one end
to said frame and at the opposite end to said tqrbine nozzle

5

assembly.

-192-
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9. Apparatus for controlling the axial component of the

running clearance between a radial-inflow turbine and a cooperat-
ing turbine shroud, the turbine of the type being fixed to a
shaft and the shaft being rotatably supported at one end by a
frame assembly, the shaft and the turbine changing in position in
the axial direction relative to the shroud with changes in tur-
bine operating temperature, the apparatus comprising:

a) a shroud mounting assembly including said shroud:

b) a turbine nozzle assembly, the nozzle assembly being
connected to said shroud mounting assembly:

c) means for slidably connecting said turbine nozzle assem-
bly to the frame for axial sliding movement therewith; and’

d) means for controlling the axial position of said turbine
nozzle assembly relative to the frame to compensate for changes
in the turbine axial position, and for controlling the relative
axial displaceﬁent of said shroud, said controlling means
including first axial spacer means fixedly connecting said tur-
bine nozzle assembly to the frame, said first spacer means being
positioned to be subjected to temperature changes corresponding

to the turbine temperature changes and having a preselected axial

co b

length and being formed from a material having a preselected

thermal expansion coefficient. i
said controlling means further including means for attachingf'
the shroud mounting assembly to said turbine nozzle assembly for
providing relative axial movement between the shroud and said
turbine nozzle assembly, said attaching means being sensitive to

temperature changes corresponding to the tanrbine temperature

changes.
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10. Apparatus as in claim 9 wherein said attaching means
includes second axial spacer means for attaching the shroud
mounting assembly to said turbine nozzle assembly, said second
spacer means being positioned radially outward of said shroud
mounting assembly, said second spacer means also being positioned
to be subject to temperature changes corresponding to the turbine
temperature changes and having a preselected axial length and
being formed from a material having a preselected thermal expan-
sion coefficient.

11. Apparatus as recited in claim 9, wherein said shroud
mounting assembly also includes a shroud support member, said

shroud support member having a form substantially corresponding

to the radially outer surface of said shroud, said shroud being

Eclamped to said support member at both shroud axial ends, said

: shroud and said shroud support member being spaced apart between

said axial ends for providing a passage for coolant gas flow, and
wherein said shroud mounting assembly also includes a flexible
seal providing relative axial movement at one shroud axial end.
12. Apparatus as recited in claim 9 wherein the part of
said shroud mounting assembly axially proximate said turbine noz-
zle assembly is sealingly connected to said turbine nozzle assem-
bly and the part of said shroud mounting assembly axially distant
from said turbine nozzle assembly is rigidly connected to said
attaching means, said sealing connection preventing the escape of
cooling air while allowing relative axial movement between said

shroud and said nozzle assembly.
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13. Apparatus as recited in claim 10 wherein the part of
said shroud mounting assembly axially pioximaté said turbine noz-
zle assembly is sealingly connected to said turbine nozzle assem-
bly and the part of said shroud mounting assembly axially distant
5 from said turbine nozzle assembly is rigidly connécted to said
second spacer means, said sealing connection preventing the
escape of combustion gas while allowing relative axial movement
between said shroud and said shroud support member.

>

: 14, Apparatus as recited in claim 15 wherein said second

i
‘spacer means has a low thermal expansion coefficient relative to

{ the coefficient of thermal expansion of said shroud.

1

15. Apparatus as recited in claim 16 wherein said second

H
H
i, spacer means has a coefficient of thermal expansion of about

i'BxIO_E‘C or less.

l16. Apparatus as recited in claim 13 wherein said second

. spacer means comprise a cone-shaped member positioned around said

{*turbine in the circumferential direction, said cone-shaped member

i

‘being connected at one end to said turbine nozzle assembly and at
5 .the other end to said shroud mounting assembly.

17. BApparatus as recited in claim 14, including cone-shaped

!

;member each of about 10.4cm in length.
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