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GAS TURBINE ROTOR ASSEMBLY

Jehn Alan Ceurmey Hyde, Georgetown, Ontario, Canada,
- assignor. to Orenda Engines Limited, Malton, Ontario,
Canada, a corporation
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 This nwentron relates to gas turbme rotor assemblies

anc, in particular, to a gas turbine rotor assembly in -
which novel means are provided for conveying ceehng;_
air to the interior of a turbine blade pmwded with pas- 15

The use of cooled gas turbme blades in gas turbine

sages for cooling purposes.

United States Patent Off
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engines of the type commonly used to power jet pro-

pelled aircraft is now a well established practice due to

the high temperatures which are encountered in the
engine during operation. |

- The use of such cooled turbme blades hewever cre-
ates a number of problems in the design of the turbine
rotor assembly. One of these problems is the provision
of means to convey the cooling fluid, which is usually
air, to the interior of the turbine blade where it may flow
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through the cooling passages provided within the blade.

One method of solution which has been adopted by a

number of manufacturers is to provlde the blade root it-
self with a - passage for the transmission of cooling air.
Such a passage is difficult to machine and usually re-
quires that the blade root be made somewhat larger than

- . would otherwisz be necessary since the passage in the

- blade root weakens it considerably and more material
must be used to cempensate for this factor.
of more material may increase the over-all weight of
the blade which, in itself, is an undestrable feature.

The use

| Frgure 1.

ing.
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preferred embed_iment of the invention is illustrated in -
the accompanying drawings in which like reference nu-
merals denote like parts in the various views and In
which:

Figure 1 is a partially cut away perspective view of a
portion of a gas turbme retor dlse supporting a gas tur-

‘bine blade, and

Figure 2 is a section taken along line 2——2 of Flgure 1.
~ In Figure 1 a fragment of a gas turbine roto: assembly
is shown. The rim 0 of the rotor disc supports gas
turbine blades shewn generally at 11. The rim 10 of

the rotor disc is, of course, supported by a structure -
- which enables the rim 19 to rotate about an axis.:

Since
this part of the structure forms no part of the present
invention and is common knowledge, it is not described
in detail. It may be noted, however, that -the rotor is of
the “split disc” construction, comprising two mating discs

1@z and 1065 in abutment near their periphery but sep-

arated by a space adjacent their centres. |
~Each gas turbine blade il is provided with a root por-
tion 12 which is a snug sliding fit within a root slot 13
in the rim 10, means being previded to lock the root por-
tion 12 in the slot 13 when it 1s in the position shown in
These means are also common knowledge
in the art and, aceerdrngly, are net shewn in the draw-

The gas turbme blade 1llustrated in the drawings ac-'

~ companying this application is shown as having, in addi-

tion to the root portion 12, a root platform 14 which ex-
tends Iaterally of -the root on either side thereof and a

central forged blade core 15 which is provided with

grooves 16 cut in its external surface 1 in a direction paral-

lel to the lengltudmal axis of the blade core.

35
protrudes and having side walls 19 which depend from

Other methods which have been employed in'an attempt -
~ to overcome the prcblems attendant upon the use of a

passage within the blade root include the use of a root
platform which 1s spaced from the periphery of the rotor
disc upon which the blades are mounted to provide a

plenum chamber between the rotor disc and the blade
itself into which cooling fluid may be conducted and

from which it may be led into the cooling passages with-
in the blade w1theut the necessrty ef weakening the blade
reet itself. L -

This methed 1nvelves the dzsadvar}tage that it is neces-
sary to seal the edges of the annular ring of root plat-
forms to enclose the plenum chamber.
ditional weight is' added to the rotor assembly thch
again, 1S a dlsadvantage Wthh 1t would be desirable to
eliminate. . -

It i1s an ebject ef the present invention to employ a
construction in which the cooling air may be conducted

frcm a gallery within the rotor disc to the interior of a

hollow gas turbine blade without ‘either a passage through
the root of the blade or a fully enclosed, heavy plenum
chamber beneath the root platferm |
According to the invention, the gas turbine rotor as-
-sembly comprises a rotor disc having turbine blades
mounted on and extending radially therefrom, each blade
having a root platform spaced from the rotor disc, the

_As a result, ad-
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TOOt platferm bzing hollow and constituting a plenum

chamber in communication with coellng passages within
the blade, a gallery for cooling fluid in the rotor disc
having an opening beneath the root platferm of each

blade, an aligned opening in the radially inner; surface

of the root platform and means operable under the in-

fluence of centrifugal force to join the two openings

with a substantially air-tight conduit.
Other advantages and objects of the invention will ap-
pear as the fellewmg detailed descnphen preceeds

A sheet metal casing 17 is provided with an upper wall
18 having an aperture through which the blade core i5

the free edges of the upper wall 18 and which are secured

to the edges of the root platform 14 by brazing or other

suitable means. ‘A blade skin 20 is provided around the
forged blade core 15 to enclose the grooves 16 to define
passages for cooling fluid, the lower end of the skin 20

 being brazed, welded or similarly secured to the upper
- wall 18 of the casmg at 21. Brazing, welding or similar

means of securmg are employed to fix the side walls 19
of the casing 17 to the edges of the root platform 14.

Accordingly, it will be seen that the casing 17 defines, in
conjunction with the root platform 14, a pienum chamber

PC which is in communication with the grooves 16 in
the blade core 15 so that cooling air 1n the chamber PC

‘has free access to the eeelmg passages 16 wrthln the blade :
skin 20. .

A plurallty of first passages are provided in the rim 16}
of the rotor disc, one on either side of each root slot 13
as may-be seen In Figure 2, the passages being cylindrical

and each havmg its axis lying along a radius of the rim 16,

Since each passage 22 is similar to each other such passage

“and since all the structure associated -with each passage
is similar to the structure associated with each other pas-

sage, the deserlptxon will proceed with reference to only
one such passage and associated structure. The end of

the passage 22-adjacent the periphery 23 of the rim 1¢

is enlarged at-24 to provide an enlarged diameéter, the
shoulder: 25 separating the portion 24 from the passage

22 constituting a stop for a purpose which will be later

S
Gt

:desenbed The other end of passage 22 is in communica-
tion with a gallery 224 which lies within the rotor rim 10
and which is eenstituted by the space separating the two -

sections of the “split disc” rotor. This gallery Oor space

isin communication with a source of cooling air.

o
A

Coaxial w1t‘1 the first passages 22 are a plurality of sec-
ond passages 26 in the radially inner surface 31 of the
root platform 14, the end of the passage 26 adjacent the
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passage 22 being similarly enlarged at 28 to prewde a .

larger diameter portion, the shoulder 29 separating the

passage 26 from the enlarged portion 28 constituting a

second stop for a purpose whlch will subseouently be
described.

A tube 30 wl'uch 1is freely slidable in the enlarged por-
tion 24 of passage 22 is positioned therein, the tube 30

being of a length which is greater than the-separatien be- -

tween the radially inner surface 31 of the root platform
14 and the periphery 23 of the rotor rim 10.. The tube 39
has an external dimension which, as mentwned above, is
a sliding fit within the enlarged portions 24 and 28 of pas-

10

sages 2% and 26 which are of equal diameter and has an

internal dimension equal to the diameter of :the passages:
22 and 26 which are also of equal diameter. ‘Hence, when

~ the tube 39 is in the position shown in Figures 1 and 2 it

constitutes a substantially air-tight conduit between the |

plenum chamber 27 and the passage 22 which is in com-
munication with a gallery 22a w1th1n the rim 10 of the
- rotor disc.

The distance between the periphery 23 of the rim 10

and the shoulder 29 separating the pertlons 26 and 28 of

- 4
without the necessity of providing a passage through the
root of the blade and without the provision of enclosing

~members to enable the space between the lower surface 31

of the root platform and the periphery of the rim 23 to

define a plenum chamber in this location. As a preferred
‘construction the plenum chamber is integral with and

carried by the blade in a manner which can be done with

~ a considerable saving in weight.

In addition, a positive sealing arrangement has been
provided to conduct the cooling air from the gallery 22a
within the rim 10 to the passages-in the turbine blade
which means will still permit individual blade removal
without disassembling any.of the cooling conduits.

While the invention .has been disclosed and described

.in detail in the form of a single preferred embodiment
it is to be understood that this embodiment is considered

to be illustrative of the invention rather than limiting and
- minor modiiications may be made in the construction
- and arrangement of parts without departing from the spirit

20

the passage 26 in the root platform 14 is less than the

length of the tube 30 but the distance between the radially
inner surface 31 of the root platform 14 and the shoulder

25 separating portions 24 and 22 of the passage 22 in
the rotor rim 19 is greater than the length of the tube 390.

Having now set forth the structure which embodies the -

~present invention, the mode of operation will be described.
Assuming the rotor rim 10 and the associated structure

to be stationary and not reve]wng, and the axis of the
rotor to be herlzental the tubes 30.near the top of the
rotor will occupy a position in ‘which the end 30a of the
tube will be -in abutment ‘with the shoulder 25 due to
gravitational forces. .Since the distance between the shoul-
der 25 and the radially inner surface 31 of the root plat-

form 14 is greater than the length of the tube,-the end 3056

of the tube will be completely free and clear of the root

moved from the rotor rim by sliding it in a direction

axially relative to the rotor rim 10 and in the sense of

the leading edge ot the blade to remove the root 12 from

the slot 13. As the rotor is moved to position successive
blades above the axis of rotation, the tubes 36 -associated
with such blades will drop into the drillings 24 and thereby |,

free these blades for removal. The presence of portion
- 19%b of side wall 194 of the casing prevents the removal
“of the blade in a direction axially of the rotor and in the
sense of the trailing edge. This pertlen 19H 1s necessary
to form a barrier for the motive fluid in the turbine which
could otherwise bypass the blades by flowing: between the
rim 10 and the root platform 14 of the blades.

When the rotor rim 10 is rotating, however, centrlfu-'
gal forces will be set up within the rotating mass and,
-as a result, tube 36 will move in a direction radially out-

wardly of the rotor rim 19 and the end 305 of the tube 30
will enter the bore 28 in the root platform until the end

3065 of the tube 30 is in abutment with the shoulder 29

separating portions 26 and 28 of passage 26. In view
of the fact that the lengt‘1 of the tube 30 1s greater than

the distance between shoulder-29 and the penphery 23 of

the rim 10, the end 38a of the tube 30 will remain within
‘the enlarged portlon 24 of the passage 22 -even though
~ the end 305 is in abutment with shoulder 29.
the rotor rim 10 is reévolving as is the case when the -en-
gine is in operation the tube 30 will constitute -a- substan-
tially air-tight conduit between the gallery 224 in the rim

‘Thus, when

of the invention or-the scope of the appended claims.
What I claim as my invention is:

1. A gas turbine rotor assembly comprlsmg a rotor dis¢
1in which there is provided an annular cawty in communi-
cation with a source of cooling fluid, a rim on the rotor

disc, the rim having a plurality of - circumferentially

| apaced axially aligned slots cut thereln a blade mounted

in- each slot by means of a root pertlon adapted to be
inserted in the slots in an axial direction, cooperating
abutments on the sides of the slots -and the roots to
maintain the blades and the rim against relative radial
movement, a root platform on each blade extending later-
ally from each side. thereof and spaced from the rotor

- disc rim in a radial direction, a sheet metal casing sur-
- rounding the root platform on the side thereof remote

from the rim of the rotor disc and having a radially outer

wall spaced from the root platform and havmg side walls, "

the radially outer wall and the side walls, in conjunction

~ with the root platform, defining a plenum chamber, cool-
platform and, hence, the blades 11 can be readily re-

40

ing passages within the blade and in fluid communication
Y with the plenum chamber, first passages in the root plat-

form radially aligned of the rotor disc, one on each side

of the blade, each first passage communicating between

o0
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10 and the plenum chamber 27 defined by the root plat- -

form 14 and the sheet metal casing 17 surrounding it.
~ As a result, cooling air may follow the flow paths-indi-

cated by the arrows in Figures 1 and 2 to prowde coohng'

means for the blade.

The structure which has been dISCIOSEd n the spemﬁca-' |

tion and illustrated in the drawings provides means for

,supplymg coelzng air to the 1ntener of a gas turblne blade 75 2 779 565

the plenum chamber and the space between a root plat-

form and the rim of the rotor disc, second passages in the
rim of the rotor disc radially aligned of the rotor disc
~and aligned with the first passages, each second passage
“communicating between the space between the rim of the

rotor and a root platform at one end and, at the other end,
with the annular cavity in the rotor disc, one second pas-

sage on each side of each slot and conduit means slidably
associated with each pair of first and second passages, the
conduit means being movable under -the influence of
‘gravity when the rotor is stationary to a first position

within the second passages--and out.of engagement with
the first passages to permit withdrawal of the blades from
their slots and movable to a second position under the

_IIlﬂllBIICE’: of centrifugal force when the rotor is rotating
- to extend from the second passages into and in engage-
‘ment with the first passages to join the two passages with
a substantlally air-tight conduit thereby establishing fluid
~communication between the annular cavity in the rotor
‘disc, the plenum charnber and the coellng passages within

the blade. .
2. A gas turblne rete-r assembly as clalmed in claim 1

in which the conduit means includes a tube of.a length
- greater than the distance from the rim of the rotor disc -
“to the adjacent, radially inner surface of the root platform

and In which stop means are provided in the first and

~ .second passages to limit the movement of the tube under
70

the influence cf gravity and centrlfugal force.
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