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1 Claim.
1

This invention relates to prime movers of the
gas reaction type, and relates more particularly
to gas turbines useful in internal combustion
reaction type engines or power plants. This ap-

plication is a division of copending application,
Serial No. 488,029, filed May 22, 1943, Patent No.
2,468,461, and said application Serial No. 488,029
is a contmuatxon in part of copending applica-
tion, Serial No. 433,599, filed March 6, 1942, now
Patent No. 2,540,991,

My copending applications above 1dentiﬁed
disclose gas reaction propulsive gpparatus em-
bodying, briefly, multi-stage air compressors,
high temperature gas turbine means, and a com-
bustion chamber between the compressor and
turbine means whereby the gases of combustion
from the combustion zone drive the turbine,

10

which in turn, drives the compressors, there being .

nozzle and augmenter means for discharging the
eflux gases to produce an efficient, high velocity,
expansive propulsive reaction jet. - The present
invention is concerned, primarily, with the cool-
ing of the blading in the high temperature gas
turbine and it is a general object of the inven-
tion to provide novel and particularly effective
cooling means for the turbine blading, whereby
the turbine is capable of efficient and sustained
operation at higher gas temperature ranges than
conventional gas turbine mechanisms.

It is another object of the invention to provide
a high temperature gas turbine in which coolant
fluid, preferably air, is continuously -circulated

through the blading, or at:least certain blading .

of the turbine, to maintain the individual blades
at low or relatively low, temperatures: " In ac-
cordance with the invention the blades are hol-
low and provision is made for flowing or forcing
the coolant through the blades from the interior

of the turbine wheel, thus preventing overheat- -

ing of the blades even where exceedingly high
temperature gases are utilized for turbme opera-
tion.

It is another object of the invention to provide
a gas turbine of the character referred to in
which the cooling means for the turbine buckets
or blades materially increases the efficiency of
the turbine. The hollow internally cooled buck-
ets or blades have orifices or slots for discharging
streams of the cooling air to flow along the trail-
ing convex surfaces of the buckets, to cool the
same, and prevent or inhibit turbulent flow at
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. 2 . :
the coolant is continuously bled from the free -
ends of the buckets or blades into the small
clearance space between the blade ends and the

_internal surface of the turbine housing lining,

thus assuring maintained ccolant flow through
the. hollow or passaged blades and assisting in
cooling the blade ends.

A still further object of the 1nvent1on is to pro-
vide a gas .turbine construction in which the
cooling air is caused to flow through the interior
of the turbine wheel in heat exchange relation to
the inner surface of the whee] shell and the root
ends of the blades, and a portion of this air is
deflected into the hollow blades for passage
therethrough and for return to the interior of
the turbine wheel with the exception of that
portion of the air which is bled from the slots
and blade orifices. Thus a single main airstream
is utilized to cool the rotor wheel, blade roots,
and bodies of the blades, as well as to reduce
turbulence at the blades, and thereby increase
blade efficiency as above mentioned.

Other objects and features of the invention
will become apparent from the following detailed
description throughout which reference is made
to the accompanying drawing in which:

Figure 1 is a fragmentary cross sectional de-
tail of a portion of a gas turbine embodying the
present invention;

Figure 2 is a fragmentary cross sectional view
showing the developed general arrangement of
the turbine blades and counter-vanes as viewed
from line 2—2 on Figure 1;

Figure 3 is an enlarged, perspective view of an

" impulse type turbine blade; and

Pigure 4 is a cross section taken on line 4—4
of Figure 3.
. I-have herein-disclosed the invention embodied

. in a turbine-means suitahle for use in a turbo-
‘compressor type power plant of the class adapted

for the propulsion of aircraft and other high
Such power plants include com-
pressor means driven by the turbine and com-’
bustion chamber means receiving air under
pressure from the compressors and supplying
gases of combustion and heated air to the tur-
bine as a propellant or driving medium. Where
the power plant is of the reaction type it further
includes nozzle means for discharging the gases
in the form of a reactive jet. As the present

“. invention is primarily concerned with the tur-

these areas and thus increase the. efficiency of .

the blading and the turbine as a whole. -

A further object of the invention is to provide a -

turbine blading cooling arrangement in which
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bine, the other units or means just mentioned
are omitted from this description as being unes-
sential to a full understanding of the invention.
The gas turbine of the power plant is contained
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within a cylindrical housing 180 and comprises a .

hollow rotor 161 having the general shape of a
truncated cone which is coaxially positioned
within the said power plant with the end of
minimum diameter facing rearwardly in the di-
rection of flow of the propellant gases to form an
expansion zone of increasing cross sectional area
between said rotor and the inside surface of said
housing. The turbine rotor 161 is splined at 162
to the rear end of a hollow shaft 164, which is in
turn, rotatably supported concentrically within
the power unit upon a rear main bearing i65 and
a Tforwardly located auxiliary bearing (not
shown). The rotor shaft main bearing {65 is
supported by means of a hollow, conically shaped
cantilever housing member 167 which extends
forwardly toward the compressor portion of the
power plant. The shaft 164 extends forwardly to
drive the compressor.

The gas turbine rotor is provided with a plu-
rality of rows of hollow impeller blades or buck-
ets as best shown at 169—172 in Figure 1 and
which may be constructed of heat resistant, high

strength metal such as a nickel-chromium-iron -

alloy. As clearly illustrated in Figure 3, the
walls of the hollow buckets are of outwardly
diminishing thickness to reduce the weight,
raise the natural frequency of the buckets and
lower the stresses in the buckets. The turbine
rotor blades are adapted to be inserted from the
inside of the rotor cavity to make light press fits
through suitably shaped openings broached in
the rotor shell, and during rotation they are held
firmly in place against shoulders §15 by the re-
sulting centrifugal forces.

The blades 169, comprising the first row of
impeller blading, are preferably of the impulse
bucket type as illustrated in Figures 2, 3 and 4,
while the blades in the other rows are of the re-
action type and have cambered airfoil sections
as illustrated in Figure 2.

Each of the hollow buckets 169 is provided with
a pair of openings 176 and {11. The openings
extend through the root shanks of the blades and
serve to connect the interiors of the blades with
the cavity of the rotor shell. As clearly shown in
Figure 3, the adjacent ports 16 and {77 are sep-
arated by ribs or webs 9 projecting some distance
into the blades to assure air circulation through-
out the lengths of the blades, and to extend the
cooling surfaces within the blades. The outer
end of each bucket has a pair of relatively small
transversely spaced apertures {78 and 119 so that
cooling air may flow from the interiors of the
buckets to bleed into the clearance space between
the ends of the buckets and the inner surface of
the turbine housing. The apertures 178 and 179
insure the continuous flow of the cooling air
throughout the full length of the buckets. The
cooling air flowing outwardly through the
buckets becomes warmer as it approaches the
bucket tips. The wall thickness of the buckets
diminishes in proportion to this increase in tem-
perature so that the increase in heat transfer-
ence through the bucket walls compensates for
the rise in temperature of the outwardly moving
air. Furthermore, the diminishing wall thick-
ness of the buckets increases the cooling surface
areas of the buckets and reduces the thermal dif-
ferential in the outer portions of the buckets.

The impulse buckets 169 are further provided
with apertures or slots {80 in the downstream
"~ walls of their convex sides as shown in Figures 3
and 4. There is preferably a single continuous
slot 180 extending throughout the major portion

4
of the length of each impulse bucket. Each slot
180 serves to discharge a stream of air from the

' interior of its respective bucket so that the air
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flows along or over the trailing surface of the
bucket. This air flowing over the trailing por-
tions of the buckets assists in cooling the buckets
and reduces turbulence at the rear of the blades
or buckets. As illustrated in Figures 3 and 4, lips
8 are provided on the interiors of the buckets
and are shaped to give the .slots (80 a nozzle
shape. The slots 180 are pitched in the same
general direction as the gas flow past the buckets
to recover the kinetic energy of the ejected cool-
ing air and to increase the efficiency of the
buckets by preventing a separation of the gas
flow from the buckets. The air is discharged
from the pitched slots 180 into low pressure re-
gions at the downstream sides of the buckets,
which augments the airflow, and the discharged
air forms boundary layers along the surfaces of
the buckets.

In accordance with the invention, means are
also provided for circulating coolant through the
impeller blades 170, iTi1 and 172. Each of these
blades has a pair of ducts I16’ and 11T’ similar
to the ducts 176 and {77 of Figures 3 and 4. The
ducts 1716’ and 117’ provide for the circulation of

-coolant or air from the interior of the rotor

wheel through the hollow or ported blades.

A plurality of rows of intermediate or stator
blades 181, 182, 183 and 184 is provided interme-
diate the above described rows of turbine impel-
ler blades. The stator blades are supported from
the inner surface or lining (86 of the turbine
housing. :

An intermediate row of specifically con-
structed stationary vanes is shown at 182 through
which intermediate fuel injection into the tur-
bine expansion zone may be effected. Each of
such vanes is formed with a cambered airfoil
shaped trailing body portion and a detachable
tubular leading edge element 20f{. The tubular
element 201 is provided with a row of a plurality
of apertures 202 opening out onto the convex side
of the vane adjacent its closed inner end and
makes connection at its outer end with a com-
pression union 203 located on the outside of the
housing. The tubes 201 are adapted.to be in-
serted and withdrawn from the turbine through
special fittings 204 attached to or forming a part
of the turbine housing.

Liquid fuel or a mixture of liquid fuel and air
under suitable pressure is supplied from a ring
manifold 207 to the intermediate injection tubes
201 by way of a plurality of lateral tubes 208,
nipples 208, and ducts 210 in the compression
union 203. The intermediate fuel injection means
is more fully described and claimed in my co-
pending application, Serial No. 578,302, filed Feb-
ruary 16, 1945, Patént No. 2,479,777.

A tubular baffle 213 of stepwise diminishing di-
ameter and spaced from but conforming general-
ly with the inside surface contour of the turbine
rotor shell is attached at 214 to the rearward in-
ner wall of the combustion chamber Z and ex-
tends rearwardly to a point 21§ adjacent the rear
end of the rotor cavity. The diverging annular
space 216 thus defined, between the conical bear-
ing support 167 and the said inner wall {16 of the
combustion chamber and the bafie 213, serves o
conduct cooling air under pressure from the com-
pressor means (not shown), rearwardly to the
inner apex of the turbine rotor cavity adjacent
the main bearing (65 and thence forwardly, as
shown by arrows 211.- The air flows along the in-
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ner surface of the turbine rotor cavity in contact
with the inner ends of the impeller blade roots
and finally reaches the openings in the annular
nozzle ring 117 in the outlet from the combustion
chamber Z. :

A number of convex circular barriers 218 at-
tached to the bafile 213 serves to deflect cooling
air into contact with the inner root ends of the
turbine impeller blades and into the hollow
blades.

A small portion of the cooling air thus con-
ducted to the inside surface of the turbine rotor
flows into the impulse buckets 139 through the
ducts 176 and {717 in the bucket shanks and from
there is discharged through the slots 180 into
the turbine expansion zone. The resultant jets
of air from the slots 180 pass along the trailing
portions of the convex surfaces of the buckets
concurrent with the combustion gases and serve

to increase the efficiency of said impellers by pre-

venting or inhibiting the occurrence of turbulent
flow. Another portion of the air entering the
turbine buckets bleeds out of the apertures 178
and 1719 in the bucket ends, and passes into the
expansion zone through the small clearance
space between the bucket ends and the inner sur-
face of the turbine housing lining. The air thus
flowing through the interiors of the impulse
buckets and discharged through the slots 180 and
the apertures 178 and (79 serves also to cool the
buckets which are subjected to the highest tem-
perature gases.

The nozzle ring 141, is constructed of a pair of
concentric rings 220 and 22t with adjacent con-
vex surfaces so shaped and positionad as to form
a smoothly curved diverging nozzle passageway
222, Circumferentially spaced vanes each set at
an angle with respect to the longitudinal axis of
the unit extend radially between the inner curved
surfaces of the nozzle rings 220 and 22{ to im-
part a spiral flow or swirl {o the combustion gases
entering the first row of turbine buckets.

The passage formed between the inner surface
of the nozzle ring 221 and the adjacent rounded
surface 226 of the rotor i61 forms in effect a
second nozzle entrance to the turbine expansion
zone for the introduction of heated cooling air
from the rotor cavity.

In the operation of the turbine a portion of the
compressed air from the compressor means flow
through the tapering, substantially annular pas-
sage 216 formed between the conical shaped main
bearing support 167 and the inner shroud (6 of
the combustion chamber and its baffle extension
213 to the inner apex of the gas turbine rotor
cavity adjacent the main rotor bearing 165. From
there a portion of the cooling air turns, as indi-
cated by arrow 217 in Figure 1, and flows forward-
ly along the inner surface of the turbine rotor
shell in heat exchange contact with the inner
ends of the impeller blade roots, and finally is
exhausted to the gas turbine expansion zone in-
let through the annular cooling air nozzle ring
passageway 226 where it joins the combustion
gases issuing from the combustion zone (3{ in
chamber Z in laminar flow.. The cooling air prior
to being exhausted through the vaned cooling air
nozzle passageway 226, Is deflected by the annu-
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lar baffies 218 to flow through the internal grooves
of the rotor 18! as indicated by the arrows in
Figure 1. The air is thereby caused to circulate
through the hollow buckets 169 to {12 to cool the
same and to discharge from the slots 180 and
apertures 178 and (79 as described above.

From the foregoing it will be evident that the
invention may have a number of equivalent em-
bodiments and arrangements of associated com-
ponents. It is to ke understood, therefore, that
the foregoing is neot to be limiting but may include
any and all forms of apparatus which are in-
cluded within the scope of the claim.

Iclaim:

In a gas turbine, a hollow turbine blade having
a tip portion and a root portion, the internal sur-
faces of the hollow blade being slopzd so that the
walls of the blade diminish in thickness from the
root portion toward the tip portion, a tip wall
extending across the tip end of the blade, an axial
web in the root portion of the blade for increas-
ing the cooling surface area thereof and extend-
ing only a limited distance in the blade, the root
end of the hollow blade being open for the recep-
tion of coolant, said tip wall having at least one
restricted port for the discharge of coolant from
the tip of the blade and to maintain coolant flow
axially through the blade, the rear wall of the
blade relative to the direction of the gas flow hav-
ing a longitudinally extending slot spaced sub~
stantially mid-way between its leading and trail-
ing extremities for discharging a layer of the
coolant over the rearward portion of said surface,
and inwardly projecting lips on the internal sur- -
face of said rear wall extending along the mar-
gins of said slot and shaped to give the slot a noz-
zle-like configuration and increasing the depth
of the slot.

NATHAN C. PRICE.
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