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(54) Turbine blade

(567) For cooling in turbine gas
temperatures in excess of 1260
degrees C a gas turbine blade has
an internal coolant passage 28 of
width D and a plurality of
longitudinally spaced substantially
straight turbulator ribs 52 having a
height E disposed substantially
perpendicularly to the longitudinal
axis of the coolant passage. The
ratio E/D is within the range of
about 0.07 and about 0.33 and the
height E of the ribs lies in the range
of about 0.010 inches and about
0.025 inches. These features may
be utilized in a relatively small
blade, e.g.. 1.0 inch without the
need for conventional, relatively
complex cooling structures required
for larger blades.
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SPECIFICATION
Turbine blade

Background of the Invention

The present invention relates generally to
gas turbine engines and, more particularly, to
coolable hollow turbine blades thereof.

The efficiency of a gas turbine engine is
directly proportional to the temperature of
turbine gases channeled through a high-pres-
sure turbine nozzle from a combustor of the
engine and flowable over turbine blades
thereof. For example, for gas turbine engines
having relatively large turbine blades, e.g.,
root-to-tip dimensions greater than about 1.5
inches, turbine gas temperatures approaching
2,700 degrees F are typical. To withstand this
relatively high gas temperature, these large
blades are manufactured from known ad-
vanced materials and typically include known
state-of-the-art type cooling features.

A turbine blade is typically cooled using a
coolant such as compressor discharge air
which is utilized in various structural elements
for obtaining film, impingement, and/or con-
vection cooling of the turbine blade. The
blade typically includes a serpentine coolant
passage and various cooling features such as
turbulence promoting ribs, i.e. turbulators, ex-
tending from sidewalls of the blade into the
serpentine passage to about 0.010 inches.
Generally cylindrical pins may also be utilized
and may extend partly or completely between
opposing sidewalls of the blade in the serpen-
tine passage.

The leading edge of a biade is typically the
most critical portion thereof and special, rela-
tively complex cooling features are used. For
example, the leading edge typically includes
leading edge cooling apertures which are ef-
fective for generating film cooling, or the
serpentine passage at the leading edge may
include impingement inserts for providing en-
hanced cooling, or the serpentine pasage at
the leading edge may include turbulators and
pins for improving heat transfer.

Gas turbine engines which include relatively
small turbine blades, e.g., less than about 1.5
inches from root to tip, have been unable to
utilize many of the above described large
blade cooling features because of their rela-
tively small size and, therefore, these engines
have been limited to about 2,300 degrees F
turbine gas temperature. It follows, therefore,
that the small gas turbine engines have been
unable to achieve the higher efficiency of
operation associated with the higher turbine
gas temperatures in the range of about 2,300
degrees F to about 2,700 degrees F.

Accordingly, it is one object of the present
invention to provide a turbine blade having
new and improved cooling features.

it is another object of the present invention
to provide small turbine blades with new and
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improved cooling features effective for with-
standing turbine gas temperatures greater
than about 2,300 degrees F.

Another object of the present invention is to
provide a small turbine blade with cooling
features having improved heat transfer coeffi-
cients.

Another object of the present invention is to
provide a new and improved small turbine
blade utilizing relatively simple and easily
manufacturable cooling features.

Summary of the Invention

An exemplary preferred embodiment of the
present invention includes a gas turbine blade
having an internal coolant passage therein of
width D and a plurality of longitudinally
spaced substantially straight turbulator ribs
having a height E disposed substantially per-
pendicularly to a longitudinal axis of the cool-
ant passage. The ratio E/D is preferably
within the range of about 0.07 and about
0.33 and the height E of the ribs being in the
range of about 0.010 inches and about
0.025 inches.

Brief Description of the Drawings

The novel features believed characteristic of
the invention are set forth in the appended
claims. The invention, itself, together with
further objects and advantages thereof is more
particularly described in the following detailed
description taken in conjunction with the ac-
companying drawings in which:

Figure 1 is a sectional isometric view of a
gas turbine blade according to one embodi-
ment of the present invention.

Figure 2 is a transverse sectional view of
the turbine blade of Fig. 1 taken along line
2-2.

Figure 3 is a longitudinal sectional view of
the turbine blade of Fig. 1 taken along line
3-3.

Figure 4 is a graph indicating convection
heat transfer coefficient of the turbulator ribs
ilustrated in Fig. 1 with respect to the heat
transfer coefficient of a smooth wall plotted
against the ratio E/D.

Figure 5 is a sectional view illustrating a
leading edge region of the turbine blade of
Fig. 1 taken along line 5-5.

Figure 6 is a sectional view of an alternate
leading edge region of the turbine blade of
Fig. 1 taken along line 5-5.

DETAILED DESCRIPTION

lllustrated in Figs. 1 and 2 is an exemplary
turbine blade 10 for use in a gas turbine
engine. The blade 10 includes a leading edge
12, and a trailing edge 14 and first and
second sidewalls 16 and 18, respectively,
extending therebetween. The first sidewall 16
is generally convex in profile and defines a
suction side of the blade 10. The second
sidewall 18 is generally concave in profile and
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defines a pressure side of the blade 10.

The blade 10 further includes a platform 20
disposed at a root 22 of the blade 10. The
blade 10 also includes a tip 24. Relatively hot
turbine gases received from a combustor of
the gas turbine engine are channeled through
a high-pressure turbine nozzle (all not shown)
and flow over the blade 10 from the tip 24 to
the root 22, the platform 20 being incorpor-
ated for defining a radially inner boundary of
the turbine gas flow. The blade 10 also in-
cludes a dovetail 26 for mounting the blade
10 to a rotor disk of the gas turbine engine
(not shown) in a conventional manner.

According to one embodiment of the pre-
sent invention, the blade 10 further includes a
preferably serpentine coolant passage 28 dis-
posed between the first and second sidewalls
16 and 18 which is effective for channeling a
coolant through the blade 10 for the cooling
thereof. The coolant passage 28 includes a
single inlet 30 disposed in the dovetail 26
through which a coolant 32, such as air
received from a compressor of the gas turbine
engine (not shown), is received.

The blade 10 further includes a first parti-
tion 34 extending radially outwardly from the
root 22 toward the tip 24. The first partition
34 extends between the first and second
sidewalls 16 and 18, is spaced from the
leading edge 12 and the tip 24. The first
partition 34 and the first and second sidewalls
16 and 18, between the first partition 34 and
the leading edge 12, define a first portion,
i.e., leading edge passage 36, of the serpen-
tine coolant passage 28.

The blade 10 also includes a second parti-
tion 38 which extends radially inwardly from
the tip 24 toward the root 22. The second
partition 38 extends between the first and
second sidewalls 16 and 18 and is spaced
from the trailing 14, the first partition 34, and
the root 22. The first partition 34, the second
partition 38, and the first and second side-
walls 16 and 18 define therebetween a sec-
ond portion of the coolant passage 28, i.e.,
midcord passage 40. The second partition 38,
the trailing edge 14, and the first and second
sidewalls 16 and 18 define therebetwen a
third portion of the coolant passage 28, i.e.,
trailing edge passage 42.

The first passage 36 and the second pas-
sage 40 are in flow communication with each
other through a first bend channel 44 defined
between the tip 24 and a radially outer end
34a of the first partition 34, and between the
second partition 38, the leading edge 12, and
the sidewalls 16 and 18. The second passage
40 and the third passage 42 are in flow
communication with each through a second
bend channel 46 defined between a radially
inner end 38a of the second partition 38 and
between the trailing edge 14, the first parti-
tion 34 at the root 22, and between the first
and second sidewalis 16 and 18.
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The blade 10 also includes a plurality of
trailing edge apertures 48 disposed in the
trailing edge 14 and being in flow communi-
cation with the trailing edge passage 42. A
plurality of tip cooling apertures 50 are dis-
posed in the tip 24 and are in flow communi-
cation with the first bend channel 44 and the
third passage 42.

In operation, coolant 32 enters the serpen-
tine coolant passage 28 through the inlet 30
and flows in turn through the first passage
36, the first bend channel 44, the second
passage 40, the second bend channel 46, the
third passage 42, and out through the trailing
edge apertures 48. More specifically, 100
percent of the coolant which enters the inlet
30 flows through the lading edge passage 36.
Substantially 100 percent of the coolant 32
then continues to flow through the second
passage 40 to the third passage 42 and out
the trailing edge apertures 48. A relatively
small portion of the coolant 32, e.g.
15--20%, is discharged from the first bend
channel 44 and the third passage 42 through
the tip apertures 50 to provide enhanced
cooling of the tip 24.

The blade 10 is effective, for example, for
use in a small gas turbine engine having
turbine gas temperatures greater than about
2,300 degrees F and up to about 2,700
degrees F. The length of the blade 10 from
the root 22 to the tip 24 is less than about
1.5 inches and in this embodiment is about
1.0 inch. The blade 10 is manufactured from
conventional high-temperature materials or su-
peralloys.

In order to provide effective cooling of the
blade 10 within this high-temperature envi-
ronment, a plurality of turbulator ribs 52 in
accordance with the present invention are
provided in the coolant passage 28. The tur-
bulator ribs 562 as illustrated in Figs. 1, 2 and
3 are preferably substantially straight and
longitudinally spaced. They extend substan-
tially perpendicularly outwardly from both
sidewalls 16 and 18 and are disposed sub-
stantially perpendicularly to the direction of
flow of the coolant 32 as represented by a
longitudinal axis 54 of the coolant passage
28.

As illustrated. more particularly in Fig. 3,
each of the ribs 52 has a height E, and with
respect to a width D defined between the
sidewalls 16 and 18 of the coolant passage
28 define a ratio E/D having a value greater
than about 0.07. The ribs 52 of the sidewall
16 are preferably staggered and equidistantly
spaced between the ribs 52 of the sidewall
18.

Turbulator ribs are conventionally known in
the art, however, they typically have an E/D
ratio of less than about 0.07. This is due to
several reasons. For example, it is known that
turbulator ribs are effective for enhancing con-
ventionally known convection heat transfer
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coefficients. However, the height E of a turbu-
lator rib is directly proportional to the pressure
drop experienced through a flow channel hav-
ing such ribs. Furthermore, although a turbu-
lator rib provides turbulence for enhancing
heat transfer, too large a turbulator results in
flow separation on the downstream side of the
rib which substantially reduces or eliminates
the convection heat transfer. Accordingly, to
avoid substantial pressure drops due to turbu-
lator ribs and to reduce the possibility of flow
separation, conventional turbulator ribs typi-
cally have an E/D ratio of less than about
0.07 and also utilize ribs having a height E of
about 0.010 inch.

According to the present invention, test
results have indicated that the use of the
turbulator rib 52 having a height E from
about 0.010 inches to about 0.025 inches
and an E/D ratio of about 0.07 to about
0.333 results in a substantial increase in the
convection heat transfer coefficient. Although
the preferred ribs 52 provide a substantial
partial blockage of the coolant 32 (for
example, in the view as illustrated in Fig. 3,
up to about 67 percent of the flow area in the
coolant passage 28 may be blocked, and,
therefore, results in increased pressure drop
through the coolant passage 28), this undesir-
able feature is more than offset by the im-
proved heat transfer capability of the ribs 52.

More specifically, illustrated in Fig. 4 is a
graph indicating the increased amount of con-
vection heat transfer realizable from the turbu-
lator ribs 52 according to the present inven-
tion. The abscissa of the graph indicates the
E/D ratios and the ordinate indicates the
convection heat transfer coefficient of the tur-
bulator ribs 62, i.e., h—Ribs, divided by the
convection heat transfer coefficient of a
smooth wall, i.e., h—Smooth Wall. The rela-
tive convection heat transfer curve 56 is
based on tests conducted on an arrangement
similar to that shown in Fig. 3. The curve 56
includes data points for E/D ratios of 0.15
and 0.333. Adjacent ribs 52 are spaced at a
distance S, and the curve 56 includes data
points for S/E values of 5.0 and 10.0. The
curve 56 indicates that for an E/D ratio of
0.333 a relative convection heat transfer ratio
of about 7.5 results.

Accordingly, it will be appreciated that the
turbine blade 10 constructed in accordance
with the present invention results in a rela-
tively simple and manufacturable blade. The
blade 10 does not require the relatively com-
plex arrangements known in the prior art, and
including, for example, leading edge film cool-
ing apertures. The blade 10 has a substantial
convection heat transfer capability effective for
allowing the blade 10 to be operated subject
to turbine gas temperatures greater than
about 2,300 degrees F, and for a blade
having a root to tip length of about only 1.0
inch.
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Referring again to Figs. 1 and 2, it will be
appreciated that the ribs 52 extend along
substantially the entire length of the sidewalls
16 and 18 between the leading edge 12, the
first partition 34, the second partition 38, and
the trailing edge 14 in the coolant passage
28. Of course, it should be appreciated that
the ribs 52 are tailored to individual design
requirements and vary in height E from about
0.010 inches to about 0.025 inches, and the
E/D ratio also varies from about 0.07 to
about 0.333. A nominal height E of 0.020
inches is preferred, which, although about
twice as large as conventional turbulator ribs,
provides improved heat transfer without unde-
sirable flow separation.

Inasmuch as the leading edge 12 of the
blade 10 is a known critical region subject to
some of the hottest temperatures of the blade
10, alternative preferred arrangements of the
ribs 52 which provide improved heat transfer
capability in the leading edge passage 36 are
illustrated in Figs. 5 and 6. Fig. 5 illustrates
an embodiment of the leading edge passage
36 wherein the ribs 52 comprise leading edge
first ribs 52a which extend from the first
partition 34 along the second sidewall 18 to
generally the leading edge 12. Leading edge
second ribs 52b extend from the first partition
34 along the first sidewall 16 to meet an end
of the first rib 52a. The first rib 52a and the
second rib 52b are staggered or equidistantly
spaced with respect to each other.

lilustrated in Fig. 6 is an alternative em-
bodiment of the leading edge passage 36.
Similarly, the first ribs 52a extend to generally
the leading edge 12, and the second ribs 52b
also extend generally to the leading edge 12.
Leading edge third ribs 52c are also provided
and extend between the first and second ribs
52a and 52b along both the first and second
sidewalls 16 and 18 at the leading edge 12.
The first and second ribs 52a and 52b are
preferably aligned with each other at a com-
mon radius, and the third ribs 52c are stag-
gered and equidistantly spaced between the
first and second ribs 52a and 52b.

While there have been described herein
what are considered to be preferred embodi-
ments of the invention, other modifications
will occur to those skilled in the art from the
teachings herein. For example, although a
biade 10 including a serpentine coolant pas-
sage 28 comprising first, second and third
passages 36, 40 and 42, respectfully, is
disclosed, a blade 10 including only two
passages may also be used. The second pas-
sage 40 would merely be in direct flow com-
munication with the trailing edge apertures 48
without the use of the second partition 38.
Furthermore, although the use of staggered
ribs 52 as shown in Fig. 3 are disclosed, ribs
52 on sidewalls 16 and 18 being radially
aligned with each other, might also be used.
Although ribs 52 disposed on both sidewalls



4 GB2 159 585A 4
16 and 18 are disclosed, improved heat trans- therefrom and wherein said coolant passage
fer capability may also result from the use of comprises a serpentine passage defined by
turbulator ribs 52 on only one sidewall. Of said first partition and said sidewalls and
course, the invention is not limited to use in includes a first passage extending along said

5 small turbine blades, but may be used in 70 leading edge and a second passage disposed
larger blades as well. It was conceived for substantially parallel to and in flow communi-
small blades for providing improved cooling cation with said first passage, said ribs ex-
capability with relatively simple and easily tending from said first partition along both
manufacturable features. said first and second sidewalls to said leading

10 75 edge.

CLAIMS 13. A blade according to Claim 12

1. A blade for use in a gas turbine engine wherein said ribs in said first passage com-
comprising leading and trailing edges and first prise leading edge first ribs extending from
and second sidewalls extending therebetween, said first partition along said first sidewall to

15 said sidewalls defining a coolant passage hav- 80 generally said leading edge, and leading edge
ing a width D for channeling coolant there- second ribs extending from said first partition
through in a direction substantially parallel to along said second sidewall to said first ribs,

a longitudinal axis thereof, one of said side- said first and second ribs being staggered
walls including a plurality of longitudinally with respect to each other.

20 spaced substantially straight turbulator ribs 85 14. A blade according to Claim 12
disposed substantially perpendicularly to said wherein said ribs in said first passage com-
longitudinal axis in said coolant passage, each prise leading edge first ribs extending from
of said ribs having a height E and the ratio said first partition along said first sidewall to
E/D being greater than about 0.07. generally said leading edge, and leading edge

25 2. A blade according to Claim 1 wherein 90 second ribs extending from said first partition
said ratio E/D is within a range of about 0.07 along said second sidewall to generaily said
and about 0.333. leading edge, and leading edge third ribs

3. A blade according to Claim 1 wherein extend between said first and second ribs
said height E is greater than about 0.010 along both said first and second sidewalls at

30 inches and said blade is less than about 1.5 95 said leading edge, said first and second ribs
inches long. : being aligned with each other and said third

4. A blade according to Claim 1 wherein E ribs being staggered with respect to said first
is about 0.020 inches. and second ribs.
5. A blade according to Claim 1 wherein 15. A blade according to Claim 12

35 said ribs are longitudinally spaced a distance 100 wherein said first passage is effective for
S from each other and the ratio S/E is in the channeling substantially 100 percent of cool-
range of about 5.0 and about 10.0. ant flowable therethrough to said second pas-

6. A blade acording to Claim 1 wherein sage.
said ribs extend along substantially the entire 16. A blade according to Claim 12 further

40 length of said sidewall in said coolant pas- 105 including a tip and a second partition extend-

sage. ing therefrom, said serpentine passage further
7. A blade according to Claim 1 wherein including a third passage defined by said

each of said first and second sidewalls in- second partition and said sidewalls and dis-

cludes a plurality of said turbulator ribs. posed substantially parallel to said trailing

45 8. A blade according to Claim 7 wherein 110 edge and in flow communication with said
said ribs on said first sidewall are staggered second passage, said second passage being
with respect to said ribs on said second si- defined by said first and second partitions and
dewall. said sidewalls.

9. A blade according to Claim 2 wherein 17. A blade according to Claim 16 further

50 each of said first and second sidewalls in- 115 including trailing edge apertures and wherein
cludes a plurality of said turbutator ribs and said first and second passages are effective for
said ribs on said first sidewall are staggered channeling substantially 100 percent of cool-
with respect to said ribs on said second si- ant flowable therethrough to said third pas-
dewall. : sage and out said trailing edge apertures.

55 10. A blade according to Claim 1 further 120 18. A blade according to Claim 17
including a root and a tip, and said blade wherein said tip includes tip apertures in flow
being less than about 1.0 inches long from communication with said second and third
said root to said tip. passages.

11. A blade according to Claim 1 wherein 19. A blade for use in a gas turbine

60 said coolant passage and said ribs are effec- 125 engine comprising leading and trailing edges
tive for allowing said blade to withstand tur- and spaced first and second sidewalls extend-
bine gas temperatures of greater than about ing therebetween, a root, a tip, a first partition
2,300 F. extending from said root between said side-

12. A blade according to Claim 2 further walls toward said tip, and a second partition

65 including a root and a’first partition extending 130 extending from said tip between said sidewalls
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toware said root, said first and second parti-
tions being spaced from each other and from
said leading and trailing edges for defining a
serpentine coolant passage including a first
passage extending along said leading edge, a
second passage extending between said first
and second partitions and being in flow com-
munication with said first passage and a third
passage disposed between said second parti-
tion and said trailing edge and being in flow
communication with said second passage,
said serpentine passage having a width D and
a longitudinal axis and being effective for
channeling coolant therethrough in a direction
substantially parallel to said longitudinal axis
thereof, said first and second sidewalls each
including a plurality of longitudinally spaced
substantially straight turbulator ribs disposed
substantially perpendicularly to said longitudi-
nal axis in said serpentine passage, each of
said ribs having a height E and the ratio E/D
being within a range of about 0.07 and about
0.333.

20. A blade according to Claim 19
wherein said first, second and third passages
each includes said ribs extending therein from
said sidewalls.

21. A blade according to Claim 20
wherein said ribs disposed in said first pas-
sage extend from said first partition along
both said first and second sidewalls to said
leading edge.

22. A blade according to Claim 19
wherein said ribs of said first sidewall are
staggered with respect to said ribs of said
second sidewall.

23. A blade according to Claim 19
wherein said ribs disposed in said first pas-
sage comprise leading edge first ribs extend-
ing from said first partition along said first
sidewall to generally said leading edge, and
leading edge second ribs extending from said
first partition along said second sidewall to
said first ribs, said first and second ribs being
staggered with respect to each other.

24. A blade according to Claim 19
wherein the distance of said blade from said
root to said tip is about one inch.

25. A blade according to Claim 19
wherein said height E is about 0.020 inches
and said ribs are longitudinally spaced a dis-
tance S from each other, the ratio S/E being
in the range of about 5.0 and about 10.0.

26. A blade, or a gas turbine engine in-
corporating blades, substantially as hereinbe-
fore described with reference to and as illus-
trated in the drawings.
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