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el tulblnes, such as ga§ tufbineés, operating
with hof drivifig media, it is difficult snd eslls
for miichH eheérgy efféctively to cool the rotating
blades proper, inasmiich as their total stirface
is large and the coefficietits of heéat transfer be-
fween the ﬂowmg' gaséous working riedium and
the blade surfaces a7é very high, It is therefore
kriéwn iristéad to cool the roter of the tiirbine,
ail’ comipresSéd By & compressor cdontsined in a
gas tuibine plaiit haviig Geen used as the ¢ool-
ing medium for coolitig theé tirbine rotor. This
fnvention hds féf ifs object t6 provide a cooling
devicée, more pafticulaily for tiibines of the
mulfi-stage typé, with 4 high cooling efféct and
with a small conisutiption of énergy. THIS is ac-
coliplished substantially by the fa6t that the in-
terior of the roter communicates through chan-
nels with the passagé ¢oiitaihing tlie blades, pref-
erably with the space behind the fiFst giiide blade,
so that tHe gaseous of vaporous t66liflg médium
after having passed the rotor escapes to said pas-
sage. Accordihg o a further féature of the in-~
vention, the coolihg agent has, immediately be-
fore enterlng the rotor, & préssuré which is some-
what higher than the pressure of the diiving
medium in that portion of the passage wherein
said chaiinels open. In the application of the
invention in gas turbine pIants; the interior of
the rotor communicates with a compféssor or
somié other part of thié gis tiirbirie plant through
conduits adapted to take off & poitich of the
working medium and to iftrodiice the sameé jrto
the rotot.

For example, if 3% of the aii' quantity deliveréd
by the compréssor is iised for the cooling of the
fotor afid guch air is initroduced behind the first
guide blade in a turbitié comprising ten rotating
blade rims, the loss in work foit thé gas tutbine
plant will only be about 0.39%. A reduction of
the tempera,ture by 100° C., permitting an in-
crease of the témiperature of the driving o work-
ing medium By 4 correspondihg amount, Yesiilts
in an increase of the quantity of heat utilized in
the turbine of the magnitude of 109%. By the
fact that the cooling medium is subjécted t6 pres-
sure, the coefficient of heat transter Hetwesn the
same and thé surfaces of the rotor will be high.

If the rotor is comiposed of dises carrying the
various rotatihg blade rims, which dre provided
with mufual radial spaces, and which are con-
nected with each other tadially ihside and out-
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side these spdces, the latter may communicate
witfi one another through openings in the discs,
said openings being loeated alternately on differ-
ént radii. 'The gir will thus Bave imparted there-
to, simulténeously with the axial moverdent, a
rotary movement relative to the rotor dises, which
further increases thie eoefficient of heat transfer
between the cooling zir and the walls of the rotor
diges. It is important, morever, that the outer
portions of the rotor be cooled as effectively as
possible, and that the path of heat conduction
betweet the root of the blade and consequently
the ¢ooled rotor surface be short. Thereby the
blade root and the portion of the blade adjacent
to the root and subjected to the hishest stresses
will also be effectively cooled.

If there are nio radial spaces as stated above
in the rotor, which-is the case, for instance, where
the rotor has an integral blade-carrying part, the
cooling chanriels are arranged outside the aver-
age diameter of the rotor and preferably near
the peripheral portion.of the rotor, to insure ef-
fective coadlirig of the blade attachments, besides
which the twhole rotor is kept at @ low tempera-
ture inside the channels.

Further objects and advantages of the inven-
tion will be apparent trom the following descrip-~
tioni cotisidered in connection with the acecom-
panying drawings which form a part of this spec-
fication, and of which:

Fig. 1 1§ 5 Horizontal view, partly in section,
of a gag turbitie constructed in aecordance with
the inverition;

Fig. 2 shiows the portion of the turbine framed
by the liries 2 in Fig. 1, on an enlarged scale;

Fig. 3 shows a gas turbine according to an-
other embodiment and in the same projection as
in Fig, 1; and

Pigs. 4 and 5 show two embodiments of gas
tutbine plants, partly in section, said plants be-
itig provided with a cooling devme in aceordance
with the invention.

In the various figures, corresponding parts
have beén desigrnated by the same reference
niitmerals. )

In Fig. 1, (0 desighates the rotor generally
which is composed of & number of turbine discs
12, the inner diameter of which is spaced apart
from the axis of rotation, so that an inner axial
bassage 14 is produced. 'The discs 12 are pref-
érably connected with each other through weld-
ing both at the inier-and at the outer peripheral
portion thereof, 4s itidicated at 16, 18 (Fig. 2).
The spaces 20-provided between the turbine discs
and -extending nearly out to the blade -attach-
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ments will thus become sealed against the sur-
roundings. The turbine dises {2 are provided
with axial channels 22 which are disposed alter-
nately on different radii and connect the various
spaces 288 with each other.

The discs 12 of the rotor carry blades 24 which
are arranged, together with stationary guide
blades 28 secured in the turbine housing, in a
passage 38 having the gaseous working medium
flowing therethrough. The outermost turbine
disc {2 on the left hand side in Fig. 1 (the high
pressure side of the turbine) may, over a prefer-
ably conical portion 32, be made integral with a
shaft 38 cooperating in known manner with ra-
dial and axial thrust bearings &5 secured in the
turbine housing. Arranged between the portion
22 and the shaft 34 are packing members 36, 38
on both sides of the bearing 35. The outermost

disc 12 on the opposite side of the rotor is con-

nected to a shaft 44 mounted in bearing 42. A
-small portion of a constituent of the working
medium of the gas turbine plant, such as the air
which is compressed by a compressor contained
in the gas turbine plant, may be conveyed
through s socket 45 to an annular chamber 48 in
the housing 28 and thence through channels 58
as well as through channels 5§ in the first guide
blade rim 28 at the high pressure end of the
turbine to channels 52 opening into a chamber
54 at the left hand of the disc 2 in the drawings.
From the chamber B4, the cooling air flows
through the channels 22 to the spaces 20 in the
rotor, a relative rotary movement being set up
between the cooling air and the walls of the tur-

bine dise, so that high coefficients of heat transfer :

are obtained. The cooling air then enters the
channel 14, which is closed on both sides, and
continues through a radial channel 58 in the first
turbine disc 12 at the high pressure end of the
rotor, whereupon the cooling air is introduced
into the svace 58 behind the first guide blade 26
and is carried along with the current of driving
medium flowing through the passage 38. The
space 58 is separated from the chamber 54 by
means of packings 80.

The cooling air is taken off at such a point on
or behind the compressor that when entering
somewhat higher than the pressure in the
space 58.

The rotor 10 may be made from steel of the
martensitic or some equivalent type. On the
other hand, the blades 24 are made from austen-
itic or some equivalent steel having a high heat
resistivity, ‘The latter steel at the same time has
a coefficient of heat expansion about 50%
greater and a less heat conductivity than mar-
tensitic steels. Thus, the rotor proper as well as
the turbine housing may be constructed from a
cheaper steel having a good heat conductivity
and a small coefficient of expanasion, which re-
sults in the disadvantages of different expansions
of the rotor and the housing upon changes in
temperature being reduced to a great extent.
The blades occupy a comparatively small portion
of the radial extension of the turbine, by reason
of which a greater heat expansion on the part of
the blades is of little import. The turbine hous-
ing 28 is preferably made from a material having
a coefficient of heat expansion of the same magni-
tude as that of the rotor material. Furthermore,
the housing 28 may be protected against the hot
working medium by means of rings 21 from aus-
tentitic or some equivalent steel, in which the
guide blades 26 are secured. Provided in the
inlet passage of the turbine is a partition or
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jacket 31 having a cooling agent flowing there-
about on the outside.

The embodiment according to Fig. 3 differs
from the preceding one substantially only in that
the rotor 10 is made with an integral blade-carry-
ing part. This part is provided with channels
62 for the cooling air extending axially there-
through, said channels being located outside the
average radius of the rotor as near to the points
of attachment of the blades 24 as possible. The
channels §2 are not through-passages at the
right hand end of the rotor {0 in the drawing,
but communicate through radial channels 64 with
the central channel {4. The coocling air is con-
veyed from the space 48 fo the chamber 54
through passages 66, §8 in reinforcing members
79 located in front of the first guide blade and in
the housing 28.

The gas turbine plant illustrated in Fig. 4
comprises a compressor 12 which is driven by the
gas turbine 74, the blade-carrying rotor {8 of
which may form an integral part as in the em-
bodiment according to Fig. 3. The air com-
pressed in the compressor flows through a con-
duit 78 to a heat exchanger 80 arranged in the
outlet conduit 18 from the turbine, and further
through a conduit 82 to a combustion chamber
@4 into which the fuel is introduced through a
nozzle 88. Disposed in the combustion chamber
84 is a partition or cooling jacket 31 in which
the hot working medium flows. The space
around the cooling jacket 3i is traversed by com-
paratively cold air adapted to cool the wall of
the combustion chamber and the turbine hous-
ing, said air then entering the blade system to-
gether with the hot working medium. Through
a pipe 88, cooling air is supplied to the annular
chamber 48 in the turbine housing. From this
chamber, the cooling air may then be introduced
into the space between the jackets 31 and 84, or
may be conveyed to the blade system. Through
a conduit 89, 81 extending from the conduit
82, cooling air is conveyed to the chamber 54 and
thence through the channels 52, 14, 55 to the
rear side of the first guide blade rim 26 in the
turbine. A conduit 90 extending from the con-
duit 76 may be connected with the conduits 83,
§{, a three-way valve 93 being inserted therebe-
tween so that the cooling air may be taken from
either the conduit 82 alone or from said conduit
and the conduit 76. The air coming from the
conduit 82 is warmer than that from the conduit
16, and by this arrangement the setting up of
stresses in the rotor material by tco great dif-
ferences of temperature in ifs various parts is
avoided. In this guide blade rim, the drop of
heat may be so great, without any detrimental
effect, that a sufficient drop of pressure is ob-
tained to keep a sufficient quantity of air in cir-
culation through the cooling passages of the
rotor in normal operation.

It is advantageous to form the turbkine in such
manner that the rotor may be heated up more
slowly than the housing, so that expansion of
the latter in advance of the former during start-
ing or warm-up periods will enlarge rather than
When the turbine is cui of,
the opposite will then be the case, in that the
rotor will cool down more slowly, whereby the
clearances between the turbine blades and the
housing are reduced and the sealing edges be-
tween the latter may be worn to greater clear-
ances in normal operation of the turbine. To
obviate disadvantages of this kind, there is pro-
vided a valve 92 in the conduit 76 behind the
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outtake for the conduit 96, viewed in the direc-
tion of flow of the air. The valve 82 is closed
more or less, while the fuel supply through the
nozzle 83 is cut off at the same time. Al air
from the compressor 96 now flows through con-
duits 88, 84 to the interior of the rotor. To
this end the valve 83 may be operated auto-
matically to open the passage between the said
conduits when the valve 92 is closed. Through

the kinetic energy of the rotating masses, the ;

rotor is kept running for a while, and the rota-
tion may be maintained for a longer time with
the aid of the starting motor 94, if required. In
this way, an efficient cooling of the rotor may
be had also when the rotation is slow.

In the embodiment according to Fig. 5, 72
designates a low pressure compressor and %6 a
high pressure compressor, the conduit between
them having an air cooler 98 arranged therein.
74 denotes the low pressure turbine driving the
compressor, and {89 designates the high pres-
sure turbine driving the compressor 98. The air
compressed in the compressor 96 to its final pres-
sure flows through the conduit 75, the heat ex-
changer 88 and the combustion chamber 84 to
the gas turbine 198 and from the latter to a
combustion chamber {02, into which the fuel
is introduced through a nozzle {84 to reheat the
working medium, before the same enters the tur-
bine 78. The turbine 74 also drives a generator
(not shown), for example. In both turbines,
the rotor is provided with a system of cooling
passages according to the invention.

Extending from the conduit 82 and preferably

also from the conduit 7% are conduits {63 and .

{05, respectively, which by the three-way valve
83 are connected to a conduit 188, Cooling air
is supplied through said conduits and a branch
conduit 188 to the rotor of the high pressure
turbine 188, The conduit {66 communicates
with a conduit {12 extending from the outlet
101 of the high pressure turbine to the cooling

system of the low pressure turbine, as well as

with a conduit 107 opening info the chamber

54 of the low pressure turbine. The conduit {97

may have a cooler 110 connected into the same.
Provided between the conduits 108, 187 and 112
is a three-way valve (14 adapted to cut off the
conduit {06 in normal operation, when cooling
medium passes through the conduits 112, {87 and
through the cooler 118 to the low pressure tur-
bine. When the gas turbine plant is put out
of operation, the valve 114 is shifted simultane-
ously with the closing of the valve 92, so that
cooling air will now pass through the conduits
106 and 107 to the low pressure turbine. The
valve 983 then also takes a position to allow a
flow of air through the conduits 105 and {06.
Thus, powerful cooling of both rotors will be
obtained.

Novel features of turbine structure per se not
claimed herein form the claimed subject matter
of our aforesaid U. S. Patent No. 2,487,514,

While different modifications of gas turbine
systems have been shown herein by way of illus-
tration, it is to be understood that the scope of
the invention is not to be limited thereby but
is to be determined by the scope of the appended
claims.

What we claim:

1. A gas turbine system comprising an elastic
fluid gas turbine, said turbine comprising stator
and rotor structures providing between thém a
channel for expansion of gaseous motive fluid,
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compressor means for compressing a gaseous
constituent of said motive fluid, said rotor be-
ing provided with interior passages for flow of
a gaseous cooling medium through the rotor,
said passages having outlet means opening into
said channel at a place spaced from the inlet
end of the channel where the pressure of the
motive fluid expanding in the channel is less
than the pressure thereof at the inlet to the
channel, main conduit means having heating
means therein and connecting the discharge side
of said compressor means with said inlet of the
channel, secondary conduit means connecting
the discharge side of said compressor means with
said cooling passages for flow of a portion of
the compressed gaseous medium through the ro-
tor and discharge of substantially all of said
portion through said outlet means to said chan-
nel for expansion therein with the motive fuid
admitted through said inlet, and valve means
for selectively controlling the flow of fluid from
said compressor means through said secondary
conduit.

2. A sysiem as defined in claim 1, in which said
valve means comprises a valve in said main
conduit behind the inlet of said secondary con-
duit considered in the direction of flow of fluid
through the main conduit.

3. A system as defined in claim 1, including
a by-pass conduit and regulating means therein
for by~-passing a selected quantity of fluid heated
by at least a portion of said heating means from
said main conduit to said secondary conduit to
control the temperature of the fluid admitted to
said cooling passages.

4. A system as defined in claim 3, including
valve means for controlling the relative pressures
and amounts of fluid delivered from the main
conduit and the by-pass conduit to said sec-
ondary conduit, whereby to regulate the tem-
perature and amount of fluid delivered to said
cooling passages.

5. In a gas turbine system, a turbine having
a biaded rotor providing cooling passages for
cooling the blade carrying structure of the rotor,
air compressing means for compressing air to
be used as & constituent of the motive fluig for
the turbine, conduit means including a combus-
tion chamber connecting said compressor means
with said turbine for supplying hot products of
combustion as motive fluid thereto and addi-
tional conduit means including an air heater
separate from said turbine and from said com-
bustion chamber and valve means for supply-
ing to sald cooling passages a controlled portion
at regulated temperature of the air delivered
by said compressor means.

GUSTAV KARL WILLIAM BOESTAD,
ERIK OTTO ERIKSSON.
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