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This invention relates to gas turbines such as
employed for jet-propelled aircraft and like pur-
poses.”

The 1nvent1on relates more particularly to gas
turbines as described in-my pending patent ap-
plication Serial No. 730,446, filed February 24,

" turbine.

1947, Patent No. 2,600,235, issued June 10, 1952, .

The main objects of the present invention are
to provide means for obtaining higher:power out-
put from- the turbine and to reduce the we1gh of
the rotating parts.

More specifically, the invention has for ob;ect

to lighten the turbine rotor by making it of a
light alloy having a specific weight or density of
- about 4 or less, the use of such material being
made possible by intensive cooling- of the tur-
bine blades and connected parts.’ =

Another object is to provide for higher com- .

pression of the air delivered to the combustion
chambers, by arranging for multi- stage com-
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pression preferably with inter-stage cooling and

with final heating of the compressed air sapphed
to the combustion chambers. .
Other objects and advantages of the mventmn

will hereinafter appear from the following de=-

scription, given with" reference to-the accom-
panying drawings, in which:

Fig. 1is & diagrammatic view of the turbme )

one half being in longitudinal sectlon and the
~other half in elevation.

Fig. 2 is an enlarged end view from the left

of Fig. 1, with parts broken away on.the right
to show the interior of one compressor and ‘its
outlet connections, and on the left to show the

interior of the other compressor and 1t< connec- a5

tions.

Fig. 3is a szmllarly enlarged view qhowmg 9

half-section of the centrifugal compreseors at
one end of the turbine.

‘Fig. 4 is a_ perspective view of one of t‘le tur-
bine blades with the ‘associated vane elemeﬂt of
a prlmary compressor.

Pig.5 is a sectional detall of the turbine blade
and wheel spoke.

Referring to Fig. 1, the turbine shaft 1€ is
fitted at one end with a dr1vmg wheel {{ having
external blades {2 against which hot gases are
directed by guide vanes I3, the gases being de-
jivered from combustion. chambers 4 spaced
around the shaft and ‘extending approximately

“parallel to its axis. The central portion of the
turbine wheel {{ is apertured by providing it with
_spokes or webs which are shaped as helicoidal
vanes 15 to constitute a primary’ element of an
ax1a1 flow - compressor; afr is adml’cted ‘to. the

: 2 o
turbine ‘wheel from’the interior of an outer cas-
ing 16, the open end 17 of which faces the di-
rection of fiight of ‘the aircraft driven by the
Within the casing, the cold incoming
air passes between and along the outside of the
combustion chambers 44 to the rear end: of the
casing, where it is deflected inwardly to pass be-

tween a plurality of .ducts {8 conveying the ex-

haust gases from the turbine to the jet outlet
{9. The air passages are’ preferably-of oval or
streamhned section - to allow -the deﬂected air
to flow freely ‘between ‘the ducts {8 and sub-
stantially in‘a radial direction, after which the
air travels forwards through a fixed grid 26 in-
cluding annular guide vanes to the rotating vanes
{5. - After passing through' the latter, the air
encounters another set of guide:vanes 21 formed

- by radial arms supporting the turbine: stator 22,

these vanes or-arms and the fixed grld 20 carry-
ing bearings 23 for the shaft 10.- :

“"Beyond the: guide vanes-21 there is arranged
a multi-stage axial-flow compressor composed of
alternate rotor blades 24 secured to rings 2% fixed

- on.the shaft 0 and stationary blades 2§ fixed

- inside - an-induction tube 27, the outer wall- of

which is insulated against the heat of the com-

" bustion chambers 14 by inserts 28 of suitable

il

matérial.  The tube 27 tapers in diameter, the .
compressor blades 24, 26 being of gradually de-
creasing height until near the forward end of
thé tube, where the last set of stationary blades
26 are shaped to give a sharper taper whereby
the partly compressed air is led into the eye or
intake 29 of @ centrifugal compressor 38 secured |
upon-the shaft; this ecompressor 38 has its run-

_ner made integral with that of another centrif-

~-ugal compressor 31, the two runners being placed

44
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baek to-back, as shown.

From- tHe compressor 30, the air is delivered
at- 32 into a suitably designed manifold - or
branched connection ‘leading to the eye or in-
take 23 of the other compressor 31, which finally
delivers the compressed air to’ the combustion
chambers i4 through another manifold 38, the
several branches of these two manifolds being
designed to avoid interference.

As seen more clearly in Figs. 2 and 3, the
branches 385 of the first. manifold or connection
extend more or less tangentlally from the cas-
ing of the main compressor 38 and are then

curved over forwardly and inwardly towards the .-

1ntake 33 of the other compressor, where the
gases enter with a tangen‘m Ny veloeity compo= -
nent; these ‘relatively long branches 35 may be.
made in two lerigths connected by flanged Jomts
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26 to facilitate manufacture and erection, and
the exposed lengths leading to the intake 33 are
preferably ribbed externally or provided with gills
37 or the like (as shown in Fig. 2, in one instance)
for cooling purposes.

The final compressor 3i, being supplied with
air already compressed in the previous stages
and preferably cooled: as stated before transfer
to this final stage, can be made of smaller ca-
pacity and of a diameter considerably less than
the main compressor; the manifold 34, into
which the finally compressed air is. delivered,
can therefore be of smaller diameter at the joint-
ing surfaces 38 than the first manifold 32: see
Fig. 3. This second manifold intake. 34 is con-
veniently made of toroidal annular shape, as
seen more clearly in Fig. 2 with alternate inlets
39 and delivery branches 40 respectively, ar-

ranged obliquely to its cross-section, as seen in.

Fig. 3; thus the compressed air passing through
it travels for a short distance circumferentially
from. each inlet 38 to- the next. delivery branch
49, and with a helicaidal swirling motion inside
the manifold. The delivery branches: or connec-
‘tors 49 of this second manifold will extend more
or less tangentially and in the same direction
around the axis of the shaft 10 as the branches
35 from the main compressor 398, but in o differ-
ent plane, so that as they curve over rearwardly
of the aircraft to connect with: the respective
combustion chambers {4, they can be located al-
ternately between the-respective forwardly curv-
ing branches 35 of the first manifeld, the two
sets of branches 35, 4% thus crossing without
interference. The  air may be: caused: to slow
down inside the second: manifold by inecreasing
the cross-sectional area of the:latter relative to
the area of the inlets: 39; thereby converting part
of its kinetic- energy into pressure.

Within the second manifold: 34, and: extend-
ing either continuously or:at intervals around its
circumference, suitable: heating means are pro-
vided, for example in: the form of an electrical

10
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and is also heated by the electrical resistor coil
41 before delivery from the branches 48 leading
into the respective combustion chambers, these
branches 40 being heat insulated to retain the
heat of the air; as the heating is applied to pure
air, there is no danger of ignition within the
manifcld 34 or its branches 40.

The increase of pressure of the compressed air
reduces the overall size or bulk of the combus-
tion chambers and turbine, and also leads to fuel
economy sufficient to offset the small amount of
energy consumed in heating the air within the
second manifold 34, which is kept as hot as possi-
ble by external lagging (not shown). Fuel is
supplied to the combustion chambers {4 through
injectors of known kind (not shown), the supply
of fuel being effected by the auxiliary mechanism
50 indicated in Fig. 1.

The number of branches of hoth manifolds
32, 34 will be made equal to the number of com-
bustion chambers {4 to be supplied, for example
nine, so that the branches of each manifold can
be inter-spaced between those of the other, the
delivery  branches 40 of the second manifold
crossing the first manifold at the points between
its branches 35. The air from the main com-
pressor .30 has its temperature lowered by the
inter-stage cooling effected by the ribbed or
gilled branches 35 of the first manifold which
is kept as cool as possible; these branches are
preferably cooled by the air entering the casing
16, this air being thus slightly pre-heated so
as to reduce the risk of icing up the primary
COmpressor.

It will be understood that the above-men-
tioned values of the compression in. the various
stages are given merely by way of example and

 that the proportional values of the three stages

40

resistor such as a coiled wire 4, as shown on the -

left of Fig. 2; this resistor coil may be raised to .

red. heat by passage of a current supplied by a
generator (not shown) driven by the-turbkine.
Assuming that the atmosplheric air entering
by ranr effect into: the open end: £1 of the casing,
and preheatd slightly by the combustion cham-
bers {4 along which it flows and. by the exhaust
ducts. 18 between. which it passes. inwardly to
the open center of the turbine wheel I, is com-
pressed by the primary element. or vanes 8 and
the axial-flow compressor 24, 26, to a pressure-of
1% atmospheres before: entry to- the main. com-

30

pressor 38, the latter can be: designed to raise

the compression to about 314 atmespheres; in~
stead of the more usual pressure of about 4
atmospheres required for feeding the combus-
tion chambers 14; the main compressor can thus
be made of smaller size than if it had to produce
the final pressure. The air delivered by this
main compressor 39 is then conveyed through the
connected manifold 32 and its branches 35 to
the eye or intake of the other compressor 3i
mounted in front of the former; this other comn-
pressor 3{, being supplied with air at a pressure
of 31 atmospheres, can be made of still smaller
diameter, while serving to compress the air to a
final pressure of about 5 atmospheres for feed-
ing the combustion chambers (4. This air is
- conveyed through the second manifold 34, where-
in it is allowed to slow down: slightly so as to
‘eonvert part. of, its kingtic. energy into. pressure,

60
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of compression may alsoe he varied.

The turbine rotor, comprising the driving
wheel [}, the rotating blades 24 of the axial-
flow compressor, and the main and final com-
pressors 38, 31, are made of a light alloy having
a; specific weight preferably lower than 4, as
compared with the specific weight of about 8
in the case of austenitic steel and alloy steels
with a high nickel-content, as hitherto employed,
which steels are comparatively poor conductors
of heat. Among the light alloys to be used, there
may be mentioned “Hiduminium,” of a specific
weight of 2.85, capable of withstanding a tem-
perature cf 400° C., and possessing excellent
thermal conductivity, the particular alloy pre-
ferred being that known as “RR-57,” an alloy
of outstanding merit for use at temperatures
in the. range 275°-400° C., and having the. fol~
lowing chemical composition:

5.75-6.25%

Copper

Silicon ——— 0.2% max.
Iron 0.3% max.
Manganese 0.2-0.3%
Titanivm - __ 0.1-0.15%
Aluminum —.. Remainder

with an- ultimate tension stress of 27 tons per
square inch (see “Hinduminium” bosoklet pub-
lished by High Duty Alloys, Slough, Bucks,
England, 1947, pages 26-27). As the temper-
ature of the turbine blades is currently of the
order of 550° C., it is possible to construct the
bladed rotors from such light alloys provided
they are subjected to a cooling action during
operation, corresponding to that difference. of
150° C.; this may be done by blowing air upon
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the turbine wheel or otherwise forecibly cooling
the rim, blades and central portion or “spokes.

In the present case; the incoming air entering
through the turbine wheel (i, after preliminary
heating inside the casing IE by contact. with
the combustion chambers 14 and exhaust .ducts
18, will have a temperature lower than-200°.C.,
so that it is capable of effectlvely cooling th°
wheel by means of the vane—formmg spokes 01
webs 15. .- Moreover, this air. is. subject. to cen-
trifugal force inside the wheel {1, causing it to
press against the interior of the rim conhecting
the vanes {5 to the external turbine blades 12;
by forming air passages within :these blades to
admit the air from the interior of the wheel,
the air can bé made to flow outwardly through

the blades in sufficient quantity to maintain their’

temperature at or below the safe working figure
of 400° C. :

Fig. 4 illustrates one of the turbine- wheel
spokes comprising the turbine blade 12, the pri-
mary compressor vane {5, a connecting segment
42 of the wheel rim, and a root element 43 of
wedge shape having teeth 44 whereby the several

spokes are rigidly clamped together at the wheel.

hub in the assembled position, as seen in Fig. 1.
The rim segments are formed with alternate
mortises and tenons 45, 46, which interengage

with those of the adJacent segments, and are

grooved ‘at 47 to receive clamping rings 48 or
the like. - A number of holes 49 are drilled lon-

gitudinally through the turbine blade 12, so as’

to pass through the rim segment 42; as shown
more clearly in- Fig. 5, thus allowing the cool
air from the interior to discharge through the
blade 12, after which it mixes with the:turbine
exhaust. gases.

The lowering of the temperature of the rotor
in this way not only makes it feasible to em-

- ploy light alloys which could not otherwise

withstand the heat of the gases from the com-
bustion chambers
accessory advantages.

For example, the construction of the turbme

rotors from light alloys, owing to the reduction

of welght which it involves, allows of -improving ™

greatly the accuracy of aim when firing: guns
mounted tipon single-seater aircraft. Upon the
latter, which are generally unstable at high
speeds, the gyroscopic effect due to the turbine
rotors produces undesired oscillations, a circum-
stance which renders it difficult to maintain
direction of flight within a few seconds of angle

for firing the gun during the fugitive moments

when the target comes into the line of fire. The
gyroscopic effect is in- practice greatly reduced
owing to the reduction of mass of the rotors

.-constructed in conformity with ‘the invention.

The invention can. be applied for example 0

the rotors of gas turbines such"as described .in.
my pending patent application Serial No. 730,448, -

in United States Patent No. 2,600,235, in which

i4, }but also secures .othér

6

“guide vanes co-operating with said spoke-férm-

ing: vanes;’ and-a plurality of ax1a1—compressor
rotors in- series with -said prlmary ‘stage, and
as intermediate and final compression stages
two centrifugal compressors: mounted on said

.~ shaft and operating in series; a tubular casing
“.around said ‘shaft conveying air from said pri-
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inary’” compressmn stage to said intermediate

_compression stage, and’ a plurality of tubular

connectors in parallel conveying air between said -
intermediate and final eompression stages.

2. In.a gas turbine including ‘a rotary shaft
and a bladed Wheel secured thereon, a multi-

,stage air-compressor - comprising. as primary

compression stage da-plurality of helicoidal vanes
forming spokes ‘of ‘said wheel, with stationary
guide: vanes ¢o- Loperating with said spoke-form—
ing vanes, and a plurality’ of axial-compressor
rotors in series with said primary stage, and as
intermediate and ' final compression- stages: two
gentrifugal ‘compressors mounted on said shaft

"~ and°operating in series, a tubtlar casing“around

50

said shaft conveying air from said primary com-
pression stage to sald intermediate compression
stage, and a plurality of tubular connectors in
parallel conveying air between said intermediate
and final compression stages, and means for .
guiding said air into external contact with said
connectors before being admitted to said pri-

‘mary compression stage.

3. In a gas turbine including .a rotary shaft

“and a bladed wheel secured thereon, a multi-.

stage air-compressor comprising as primary
compression stage a plura.hty of helicoidal vanes
forming spokes of said wheel, with stationary
guide vanes co-pending with said spokes-form-
ing vanes, and a plurality of ‘axial-compressor
rotors in series with said primary stage, and

as intermediate and final compression stages two

centrifugal compressors mounted on said shaft
and operating in series, a tubular casing around
said shaft conveying air from sdid primary com-

- pression stage to said intermediate compression

stage, and a plurality of tubular connectors in
parallel conveying air between said intermediate
and final compression stages, external cooling
gills upon said connectors, means for guiding air
into contact with said gills before admission to
said primary. compression stage, a manifold re-
ceiving air from said final ‘compression - stage,
and a plurality of branches being equal in num-

ber to said connectors and also from said mani- .

fold conveymg the finally compressed air, said

- branches being interspaced angularly “between
. said corinectors.

4. In a gas turbine including a rotary shaft
and a bladed wheel secured thereon, a multi-
stage air-compressor comprising as primary

- ~compression stage a plurality of helicoidal vanes

60

-forming- spokes of said wheel, with stationary
guide vanes co-operating with said spoke-form- -

- ing vanes, and as intermediate and -final com-

turbines - the greater part -or the whole of ‘the -

¢old air admitted for compression to feed the’

combustion - chamber '0r chambers is calsed. to
pass through. the rotor with a view to increasing
the cooling: of the latter.

that type of gas-turbme rotor.

What I claim is:

1. In a gas turbine including a rotary shaft
and s bladed wheel secured thereon, a multi-

' stage air-compressor comprising as primary com-

pression stage a plurality of helicoidal vanes
forming spokes of said Wheel with statmnary

) Tt is however. to be
understood that the invention is not limited to

pression - stages two centrifugal compressors
mounted on said shaft and operating in series,
a tubular -casing arocund said shaft conveying
air from said primary compression stage to said
intermediate compression stage, and a plurality
of .tubular connectors in parallel conveying air

- between said intermedisate and final compression

stages, external cooling gills upon said connec-
tors, means for guiding air intoc contact with
said gills before admission to said primary com-

. pression stage, a manifold receiving air from

7A5

-said final pqmpression stage; and a plurality of
‘branches from said - manifold  conveying the
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finally: compressed ‘air, said connectors. being
eurved over the exterior of said manifold, and
said branches being equal in number to said
econnectors and also being interspaced angularly
between said. connectors.
5. In 3 gas turbine including a rotary: shaft,

a; bladed wheel secured thereom, and a multi-.

stage. air-compressor as specified in claim 1, a
turbine wheel made of a light aluminum alley: of
high thermal conduetivity, said wheel having its
blades integral with. its: spoke-forming vanes, and
said. vanes being exposed to the air traversing
said primary compression stage:

6. In. a gas turbine including a retary shaft,
a. bladed: wheel secured thereon, and-a multi-
stage. air-compressor: as specified in elaim 1, a
turbine. wheel made of Hiduminium alloy having
a specific: weight lower than 4 and a safe: work-
ing temperature. limit of about 400° C., said
wheel having its blades integral with its spokes-
forming vanes, and said vanes being exposed to
the air traversing said primary compression
stage. - }

JULES ANDRE NORBERT GALLIOT.
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