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(57) La presente mvention concerne un dispositif de
refroidissement pour un rotor a pales dans une turbine a
gaz, dans lequel chacune des pales comporte des
passages d’air de refroidissement et un couvercle ayant
des ailettes courbes est mont¢ contigués mais relices au
rotor and légerement a distance du disque de rotor
permettant le passage du fluide de refroidissement. Le
dispositif de refroidissement comporte une entree effilee
a configuration conique formee dans le passage de
refroidissement qui ensuite bifurque afin de prendre la
forme d’un diffuseur a proximit¢ de 1'extrémite
exterieure du passage. La couvercle comprend un partie
intérieure clargie et une partie mince de la parol
exteérieure au dela du diametre de 1’anneau libre. Une téte
de marteau se forme a la penpherie exteérieure du
couvercle permettant ains1 a la t€te de marteau de se
rapproche du disque sous 1’effet des forces centrifuges,
obturant ainsi le passage.
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(57) A cooling arrangement for a bladed rotor 1n a gas
turbine engine, wherein each of the blades includes
cooling air passages and a cover with curved fins 1s
mounted adjacent to but connected to the rotor and
spaced apart slightly from the rotor disc to form a
passageway for the cooling fluid. The cooling
arrangement includes a tapered, conically shaped inlet
formed 1n the cooling passage which then diverges to
form a diffuser near the outer end of the passageway. The
cover includes an enlarged mner portion and a thin outer
wall portion beyond the {free ring diameter. A
hammerhead 1s formed at the outer periphery of the
cover whereby the hammerhead will move closer to the
disc 1 response to centrifugal forces, thus sealing the
passage.
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(54) Title: COOLING ARRANGEMENT FOR TURBINE ROTOR
(§7) Abstract

A cooling arrangement for a bladed rotor in a gas
turbine engine, wherein each of the blades includes cooling //
air passages and a cover with curved fins is mounted adjacent
to but connected to the rotor and spaced apart slightly from
the rotor disc to form a passageway for the cooling fluid. The
cooling arrangement includes a tapered, conically shaped
inlet formed in the cooling passage which then diverges to
form a diffuser near the outer end of the passageway. The

cover includes an enlarged inner portion and a thin outer a4 ' ;?Ir 7, ’74"

wall portion beyond the free ring diameter. A hammerhead <3 4 { éld 7 <
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COOLING ARRANGEMENT FOR TURBINE ROTOR

BACKGROUND OF THE INVENTION

1. Field of the Invention

5 This invention is directed toward an improved
rotor assembly for a gas turbine. The invention is more
particularly directed toward an improved cooling
arrangement for the rotor assembly in a gas turbine.

2. Description of the Prior Art

10 Cooling arrangements for the rotor assemblies
in gas turbines engines are known. However, there is
always room to improve the cooling arrangements in order
for the gas turbines to operate more efficiently at high
temperatures. The known cooliﬁg arrangements include .

15 providing a rotor cover for the rotor of the rotor
assembly, the cover spaced slightly from the upstream
side of the rotor to form a disk-shaped cooling passage
that directs cooling air from an annular area close to
the axis of rotation of the rotor and cover to the

20 peripheral edge of the rotor cover from where it is
directed to the roots of the blades on the rotor.
Examples of such cooling arrangements are shown in U. S.
Patents 4,674,955, issued June 23, 1987 to Howe et al and
4,820,116, issued April 11, 1989 to Hovan et al, by way

25 of example. The cooling passage, however, 1is not well

designed for directing the cooling air at maximum

pressure to the blades.

SUMMARY OF THE INVENTION

30 It is an aim of the present invention to

provide an improved cooling arrangement for the rotor in

a gas turbine.

It is a further aim of the present invention to

provide an optimized disc and cover plate combination
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wherein the cover plate has a shape and curved fins are
provided on the cover plate to allow the turbine to
operate more efficiently at higher temperatures.

The cooling arrangement comprises new design
principles to maximize the pressure rise of the cooling
air as it is delivered to the blade cooling passages.
Air is thus efficiently fed to the blades. The air
remains cooler and effectively reduces blade metal
temperature. This allows the engine to operate at higher
temperatures.

In addition, the improved cooling arrangement
results in a lighter and stronger rotor assembly making
the turbine more efficient.

In accordance with the present invention, an
improved cooling arrangement for a bladed rotor in a gas
turbine wherein the blades include cooling air passages,
comprises a cover mounted for rotation with the rotor
adjacent but spaced from the rotor to form a cooling air
inlet. The design includes providing a tapered inlet to
the cooling passage formed between the cover and the
rotor, which passage leads to the blades. The design
includes radial fins on the cover, curved
circumferentially to match the relative velocity of the
air at the entry and provide efficient pressure increase
of the cooling flow. The tapered inlet increases the
velocity of the cooling air through the passage to
minimize incidence loss at the fin leading edge.

The design also includes providing an outer
radial portion of the cover which is shaped to tend to
straighten due to centrifugal force as the cover rotates.
The straightening effect causes the outer edge of the
cover to bear tightly against the rotor, thus minimizing

cooling air leakage from the cooling passage and ensuring
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maximum cooling air flow to the blades which further

enhances cooling of the blades.

The invention in one embodiment 1is particularly
directed toward a rotor assembly for a gas turbine
comprising a rotor, a set of turbine blades mounted by
their roots on the rim of the rotor, and rotor cooling
passages leading from the bore of the rotor to the roots
of the blades. A rotor cover 1is mounted adjacent the

rotor on its upstream side for rotation with the rotor,

the cover spaced from the rotor to define a main cooling

passage for.directing cooling air outwardly radially to
the rotor cooling passages. The inner radial portion of
the main cooling passage tapers in width from its inlet.

The invention in another embodiment is
particularly directed toward a rotor assembly for a gas
turbine comprising a rotor, a set of turbine blades
mounted by their roots on the rim of the rotor, and rotor
cooling passages leading from the bore of the rotor to
the roots of the blades. A rotor cover is mounted
adjacent the rotor on its upstream side for rotation with
the rotor, the cover spaced from the rotor to define a
main cooling passage for directing cooling air outwardly
radially to the rotor cooling passages. The outer radial
section of the cover is curved slightly and includes a
hammerhead upstream to have i1ts center of gravity
upstream from its point of attachment to thé remalinder ot
the cover. The outermost portion of the outer radial
section has a lip that i1s turned downstream to lie
adjacent the rotor whereby, when the cover rotates with
the rotor, centrifugal force will tend to straighten the
outer section of the cover causing the lip to abut

tightly against the rotor to seal the main cooling

passage.
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BRIEF DESCRIPTION OF THE DRAWINGS

Having thus generally described the nature of
the invention, reference will now be made to the
accompanying drawings, showing by way of illustration a
preferred embodiment thereof, and in which:

Fig. 1 is a partial, axial cross-section of a
gas turbine rotor with an attached cover showing an air
cooling channel;

Fig. 2 1s a perspective detail view of the
downstream side of the rotor cover;

Fig. 3 1s an enlarged fragmentary cross-
sectional radial view of a detail of the blade assembly;:

Fig. 4 1s a diagram on which the cross-
sectional area of the passage is plotted against the
radial extent thereof; and |

Fig. 5 i1s a cross-sectional view, similar to

Fig. 1, showing the cover plate in relation to the disc.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

As shown 1n Figs. 1 and 3, the rotor assembly 1
has a rotor 3 with a main body portion 5 defined between
radially extending upstream and downstream faces 7, 9. A
set of turbine blades 11 (one only shown) are mounted on
the periphery of rim 13 of the rotor 3 to extend radially
outwardly therefrom. The root 15 of each blade 11 1is
mounted in a slot 17 in the rim of the rotor 3 as 1is well
known. The root 15 terminates at the blade platform 16.

A rotor cooling passage 21 in the rotor 3,
adjacent its rim 13, directs cooling air to each turbine
blade 11. There is one rotor cooling passage 21 for each
blade, the passage 21 located at the bottom of the
slot 17. The passage 21 in rotor 3 extends 1n a
direction normal to a line of radius taken from the

rotational axis of the rotor 3, between the upstream and

PCT/CA98/01183
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downstream faces 7, 9 of the rotor 3. Blade cooling
passages 23 extend radially into the blade from the
root end 25 of the blade root 15 to direct cooling air
from rotor cooling passage 21 into the blade to cool
it. Flange 26 extends from blade root 15 to seal
rotor cooling passage 21 near the downstream face 9 of
rotor 3.

A rotor cover 31 1s mounted upstream of the
rotor 3 to rotate with it. The cover 31 is mounted on
an upstream extending, cylindrical portion 33 of the
rotor 3, the cylindrical portion 33 having a small
radius compared to the radius of the main body portion
5 of the rotor. The cover 31 has a relatively thin,
inner, wall section 35 spaced upstream from the
upstream face 7 of the rotor and extending radially
from the cylindrical portion 33.

The diameter at which the radial growth of
the component is equal to the natural growth of a thin
free ring with the same material properties,
temperature and rotational speed, is called the free
ring diameter. The cover 31 is divided radially by
the free ring diameter i1n two regions A and B. The
lowexr region A is designed as large as permitted by
surrounding hardware to provide the maximum radial
strength. The upper region B is made as thin as
possible to minimize centrifugal and thermal locading.

The first region A of the cover comprises
the inner and intermediate wall sections 35, 37 of the
cover. The intermediate wall section 37 of first
region A is designed to be as thick as possible and
limited only by the surrounding hardware in the gas
turbine to reduce bore stress, to minimize bending of
the inner portion of the cover due to centrifugal
stress, and to provide the maximum radial strength.

The second region B of the cover comprises
the outer wall section 39, and this section 1is

designed to be as thin as possible over a major

AMENDED SHEET
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portion of its length, allowing it to bend under
centrifugal force to seal the passage and to minimize
centrifugal and thermal loading. The reduction in
weight of the outer wall section 39 is significantly
5 greater than the increase in weight in the

intermediate wall section 37 thereby reducing the
overall weight of the cover. The bending of the outer
wall section 39 also ensures that curved fins 61
(detailed below) fit tightly within the passage, thus

10 maximizing delivery pressure of the cooling air to the
blades.

In order to determine the self-sustaining

radius corresponding to the free ring diameter 58a, b,
c, one must first obtain a plot of radial growth vs.

15 radius for a free ring using the following equation:

8raq = Pr3wé/(Eg) + roAT

= radial growth (in.)

o
H
Q)
)

where

= density (lbs/in3)
= radius (in.)

20 = rotational speed (rad/s)

= modulus of elasticity (lbs/in<2)

= gravitational constant (in/s<)

coefficient of thermal expansion (OF‘l)

H Q Q ™ g R O

= temp (°F).

25 The radial thermal growth corresponding to
the temperature at each radius must be added to the
free ring growth equation. It 1s also noted that the
presence of externally applied loads or loads due to a
radial thermal gradient do not affect the free ring

30 growth egquation.
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The plot of radial growth vs. radius for a free ring must
then be compared to a plot of radial growth vs. radius
for the disk being analyzed. The radius at which these
two curves 1intersect (i1.e., the radius at which the
radial growths are equivalent) is the self-sustaining
radius or free ring diameter 58a, b, c¢. The self-
sustaining radius is not constant along the axis of
rotation of the part. First and second portions A and B
are separated by a curve which i1s the sum of all the
local self-sustaining radii.

As previously mentioned, the cover 31 includes
a relatively thick, intermediate, wall section 37 which
extends axially toward the main body of the rotor and
radially outwardly from the outer end of the inner wall
section 35 and within the free ring diameter. The cover
further includes a relatively thin, outer, wall
section 39 that extends radially from the top, downstream
side of the intermediate wall section 37. The thin
portion 39 is outboard of the free ring diameter 58c. A
hammerhead 40 having a lip 41 is provided on the outer
peripheral edge of the outer wall section 39. The
hammerhead 40 is enlarged in the upstream direction, as
shown at 43. The lip 41 extends generally in an axial,
downstream, direction to lie closely adjacent to the
upstream face 7 of the rotor 3 just above the rotor
cooling passage 21.

The rotor cover 31 has circumferentially
spaced-apart, circular, cooling air inlet openings 45 in
the inner wall section 35. The inlet openings 45 direct
cooling ailr into an annular bore or chamber 47 defined
by: a portion of the cylindrical portion of the rotor 3;
the downstream surface of the inner wall section 35; the
inner surface of the intermediate wall section 37; and

the upstream face 7 of the rotor 3. The chamber 47 leads
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to a main cooling passage 55 defined between the
intermediate and outer wall sections 37, 39 of the

cover 31 and a major portion of the upstream face of the
rotor 3. This main cooling passage 55 has an inner
portion 57 that extends slightly downstream and radially
outwardly, the inner portion 57 being roughly half the
length of the passage, and an outer portion 59 that
curves slightly upstream and then back downstream to the
rotor cooling passage 21.

Curved fins 61 are provided on the downstream
face of the rotor cover 31 extending over part of the
intermediate and outer wall sections 37, 39, the curved
fins positioned mainly in the outer portion 59 of the
cooling passage 55. The curved fins 61 are
circumferentially spaced apart, and smaller ribs 63 can
be provided between each adjacent pair of curved fins 61.
The curved fins 61 and ribs 63 provide a pumping action
to the air flowing through the main cooling passage 55.

In accordance with the present invention, the
inner portion 57 of the cooling passage 55 tapers
gradually inwardly from the annular chamber 47 to the
outer portion 59. This construction reduces the area
through the passage for the cooling air thereby
increasing its wvelocity and thus eventually ensuring
better cooling of the blades 5.

Fig. 4 i1s a graph on which the cross-sectional
area normal to the cone-shaped passageway 55 is plotted
against the radial distance from the chamber 47. As can
be seen, the passageway becomes more constricted as the
radius increases but then forms a diffuser towards the
ends of the curved fins 61.

Also in accordance with the present invention,
the outer wall section 39 of the cover 31 curves in an

upstream direction from the free ring diameter 58c, thus
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locating its center of gravity slightly downstream from

its point of attachment to the intermediate wall

section 37.

This construction allows centrifugal force

to tend to straighten the outer wall section 39 causing

it to bend toward the rotor and thus causing the free end

of the lip to tightly abut against the rotor above the

rotor cooling passage to seal the upper end of the main

cooling passage 55. This is shown more clearly, but

in Fig. 5. The hammerhead 40 and lip 41 are

lines, bent towards the rotor. Thus,

leakage of the. cooling air is minimized and pressure is

In operation, cooling air is directed toward

the rotor 3 through the inlet openings 45 into the

annular chamber or bore 47 and then into the inner

portion 57 of the main cooling passage 55 where it is

compressed 1ncreasing 1ts pressure. The cooling air

flows through the main cooling passage 55 to the rotor

cooling passages 21, the curved fins 61 and ribs 63

helping the air move through the passage. As the rotor

and attached cover rotate, centrifugal force causes the

outer wall section 39 of the cover 31 to straighten

slightly forcing the lip 41 of the hammerhead 40 into

contact with the rotor 3 above the rotor cooling

passages 21 so as to seal the upper end of the main

cooling passage 55 and minimize leakage of the cooling

The pressure of the cooling air is maintained

passing into the rotor cooling passages 21 and into the |

cooling passages 23 in the blades 11 to provide more

5

exaggerated,

10 shown, in dotted
maintained.

15

20

25
air.

30 efficient cooling.
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The construction of the cover provides high

pumping efficiency with low stress and reduced weight.

This is achieved by dividing the cover 31 radially into a

first portion which is within the free ring natural
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CLATIMS:

1. A rotor assembly (1) for a gas turbine that

includes an annular rotor having a rotor disc (3) with .

an axis of rotation and an outer periphery, a set of
turbine blades (11) each having an airfoil and a blade
root (15), the blades (11l) being mounted by their
roots (15) on the outer periphery (13) of the rotor
disc (3), each blade (1l1l) having blade cooling
passages (23) and a passage inlet (21) at the root
(15), a main cooling passage (55) leading radially
from near the axis of rotation of the rotor disc to
the passage inlets (21) at the roots (15) of the
blades (1l), a rotor cover (31) mounted adjacent the
rotor disc (3) for rotation with the rotor disc (3),
the rotor cover (31) spaced from the rotor disc (3) to
define said main cooling passage (55) for directing
cooling air outwardly radially to the passage inlets
(21), characterized in that the inner radial portion
(57) of the main cooling passage (55) tapers in width
from 1ts i1nlet throughout the inner radial portion of
the main cooling passage (55), the rotor cover (31)
has a free ring diameter (58a, b, c), a relatively
thick intermediate wall section (37) is within the
free ring diameter (58a, b, c¢), and a relatively thin
outer wall section (39) is outboard of the free ring
diameter (58a, b, c¢), the outer wall section (39) is
bent away from the rotor disc (3)and from its point of
attachment to the inner section (37) to locate its
center of gravity away from the rotor disc (3) and
from i1ts point of attachment, radially extending wvanes
(61l) are located on the rotor side of the rotor cover
(31), the vanes (61l) extending over a portion of the
inner wall section (37) and a portion of the outer
wall section (39), whereby centrifugal force will tend
to straighten the outer wall section (39) when the

rotor disc (3) and the cover (31) rotate maximizing
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pumping action of the cooling air through the main
cooling passage (55) by the wvanes (61).

2. | The rotor assembly (1) as claimed in claim
l, wherein the inner radial portion (57) of the main
cooling passage (55) comprises about half the length
of the passage.

3. The rotor assembly as claimed in claim 1,
wherein the outer wall section (39) has a lip (41) at
an outer edge thereof extending toward the rotor disc
(3), the lip (41l) located radially outwardly of the
main cooling passages (55) and contacting the rotor
disc (3) when the rotor (1) and cover (31l) rotate to
seal the main cooling passage (55).

4 . A rotor assembly (1) for a gas turbine
includes a rotor (3) having an annular rim (13), a set
of turbine blades (11l) mounted by their roots (15) on
the rim (13) of the rotor (3), the blades (11) having
blade cooling passages (23) and passage inlets (21) at
the respective roots (15), characterized in that there
1s a rotor cover (31) having a free ring diameter
(58a, b, ¢) and a radially outermost portion (39),
mounted on the rotor (3) adjacent its upstream side
for rotation with the rotor (3), the cover (31) spaced
from the rotor (3) to define a main cooling passage
(55) for directing cooling air outwardly radially to
the passage inlets (21), the cover (31) having an
outer radial section (39) outboard of the free ring
diameter (58a, b, c¢), curved slightly upstream to have
1ts center of gravity upstream from its point of
attachment to the remainder of the cover (31),
radially extending vanes (61l) on the downstream side
of the rotor cover (31), the outermost portion having
a lip (41) that is turned downstream to lie adjacent
the rotor (3) whereby the cover (31l) rotates with the

AMENDED SHEET
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rotor (3) providing centrifugal force to tend to
straighten the outer radial section (39) of the cover
(31) causing the lip (41) to abut tightly against the
rotor (3) to seal the main cooling'passage (55), and
the vanes (61) maximize the pumping action of the

cooling air through the main cooling passage (55).

TRttt e O T T AR SN 8 ¢ il PRI N Lt DD OAMREA M RS AR D KA M (UYL FL e T e - LAl e DU LRI e e e i da A 10 ¢ R T IS ST IR A ST v b 1 a oA (I g 1t vl L e cae L 2 L LT T T L VL P POV Ry PR P T S



CA 02312977 2000-06-05

WO 99/32761 PCT/CA98/01183

1/5

"N\
/N

NN

N\

A\
4NN\

v,

PN
7

227/

7
7

",,«‘;"\\. .

L N = X
\ N RIS O OSISEEEEREEEESSESANNN

f,f/



02312977 2000-06-05

CA

PCT/CA98/01183

WO 99/32761

2/5




PCT/CA98/01183

WO 99/32761

3/5




CA 02312977 2000-06-05

WO 99/32761 PCT/CA98/01183

/n mnches

RADIAL EXTENT

- s un T AL A TRUN S R S 1 - : Tty MEAELL S, (S A A ] A S 30 R e v LA DN SIS RN Ao A e e et . - C b AL NI BB L T s . et



02312977 2000-06-05

CA

PCT/CA98/01183

WO 99/32761

5/5

05 I R AN AL A A U L S AN L L LR sy P = g et






	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - claims
	Page 14 - claims
	Page 15 - claims
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - abstract drawing

