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1

Thig invention relates to a system of gas tur-
bine power plants of the continuous combustion
type.

Tt is an object of this invention to provide a
gas turbine power plant having a dynamic air
compressor mounted on one end of a hollow shaft,
and a gas turbine at the other end of the same
shaft, and a combustion heat generator located
at the turbine’s end of said shaft, the turbine
driving the compressor through said hellow shaft.

Tt is also an object of this invention to provide
a gas turbine power plant having two hollow
shafts, a contra-rotatable centripetal compressor
mounted at the inner ends of said shafts, a radial
turbine at the outer end of each shaft for rotat-
ing the two sides of said compressor in opposite
directions, and a combustion heat generator at
the outer end of each shaft.

Still another object of this invention is to
provide a gas turbine power plant having two
hollow shafts, a contra-rotatable centripetal com-
pressor mounted at the inner ends of said shaft,
s radial turbine at the outer end of each shaft
for rotating the two sides of said compressor in
opposite directions, a heat exchanger aerodynam-
ically connected to the outer ends of both shafts
for receiving air from said compressor and sup-
plying it, after preheating, to a combustion heat
generator, and two ducts connecting the output
of said generator to the input sides of the tur-
bine.

Tt is an additional object of this invention to
provide a gas turbine power plant having a con-
tra-rotatable centripetal compressor mounted ab
the inner ends of first and second shafts, at least
the first shaft being a hollow shaft, a turbine
connected to the outer end of the first shaft, a
combustion heat generator aerodynamically cou-
pled to the outer end of the first shaft on the in-

put side and to the input side of said turbine on

the output side, and a gear train interconnecting
the two shafts for rotating the two sides of the
compressor in the opposite directions with the
aid of such turbine and said two shafts.

Tt is also an object of this invention to pro-
vide an axial compressor discharging into one
end of a hollow shaft, a combustion heat gen-
erator acrodynamically coupled to the other end
of the hollow shaft, and a turbine mounted at

the opposite end of the shaft, said turbine driv- ¢

ing said compressor with the aid of gases leav-
ing said heat generator.

Another object of this invention is to provide
a gas turbine power plant having a contra-rotat-
able compressor, one side of said compressor be-
ing driven by a turbine supplying the exfernal as
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well as the internal load, and the other side
of the compressor being driven by a turbine sup-
plying only the internal load.

A further chject of this invention is to pro-
vide a gas turbine power plant system which is
advantageously adaptable, without change of the
basic principles of the novel method of arrange-
ment, to a plurality of power generating units
and combinations thereof.

Another object of this invention is to previde a
gas turbine power plant system in a self-con-
tained, monobloc unit machine of light weight,
high thermal efliciency, durability, compactness,
simplicity and low cost.

Another object of this invention is to provide a
gas turbine power plant system distinguished by
proad operational characteristics and control-
ability of speed, output, thermal efficiency and
by the ease of starting.

The gas turbine system features a combination
of double rotation centripetal compressor which
delivers compressed air into two hollow, oppo-
sitely rotating shafts, each shaft mounting one
rotor of the centripetal compressor at one end
and each shaft having a single rotation centrifu-
gal turbine mounted on the opposite end from the
compressor, whereby each turbine drives one ro-
tor of the double rotation compressor and each
turbine receives as the working fluid, hot gases
from its own combustion heat generator which
is Iocated at the turbine end of the hollow shaft
duct and which forms a part of the turbine
stator housing. In this preferred embodiment
of the system therefore, one compressor sub-
plies two combustion heat generators operating
in parallel and these in turn are ducted to two
turbines, likewise operating in parallel. In ma-
chines incorporating the centripetal compressor
and the centrifugal turbine, one gains & distinct
structural advantage in not needing any external
cylinder casings for the compressor and for the
turbines, exposed to high pressures at elevated
temperatures. )

Another advantageous method can be prac-
ticed with the disclosed power plants in which
one turbine is larger than the other turbine, the
larger turbine producing all the external power
at constant speed of rotation and driving one
rotor of the centripetal, double rotation air com-
pressor, while the smaller turbine drives only the
other rotor of the centripetal, double rotation
compressor at variable speed in a direct func-
tional relation to the external load demand, as
disclosed more fully later in this application.

The novel features which are believed to be
characteristic of the invention, both as to its
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organization and method of cperation, together
with further objects and advantages thereof, will
be better understood from the following descrip-
tion considered in connection with the accom-
panying drawings in which several embodiments
of the invention are illustrated by way of ex-
amples. It is to be expressly understocd, how-
ever, that the drawings are for the purpose of
llustration and description only, and are not in-
tended as a definition of the limits of the inven-
tion.

Fig. 1 shows an elevational cross section view
of a double rotation continuous combustion gas
turbine featuring a centripetal, double rotation
compressor, two tubular duct shafts leading to
two heat generators and two centrifugal turbines,
rotating oppositely, the tubular shafts being
adapted for mechanical drive by gears:;

Fig. 2 shows a fragmentary cross section of an
alternative arrangement of a gear train of Fig. 1;

Fig. 3 shows an elevational fragmentary cross
section of a portion of a centrifugal, single rota-
tion turbine;

Fig. 4 shows an elevational fragmentary cross

section of a detail of a centripetal, double rota- o5

tion air compressor;

Fig. 5 shows a schematic elevational cross sec-
tion of the power plant illustrated in Fig. 1, and
including two oppositely rotating electric gen-
erators, and a simplified method of governing;

Fig. 6 shows a schematic elevational cross sec-
tion of a double rotation, continuous combustion
gas turbine power plant for generation of alter-
nating current in two oppositely rotating alter-
nators;

Fig. 7 shows a schematic plan view of a double
rotation power plant, including two oppositely
rotating alternators, a simplified method of gov-
erning and connections for driving an excitation
generator;

Fig. 8 shows a schematic cross section of the
centripetal air compressor and oppositely rotat-
ing turbines delivering mechanical energy by
planetary reduction gear trains to two oppositely
rotating direct current generators;

Fig. 9 shows schematic fragmentary detail
axial view of the planetary gear train, the view
being faken at approximately line IX—IX of
Fig. 8;

Fig. 10 shows a schematic elevational cross sec-
tion of a gas turbine power plant similar to that
disclosed in Figs. 6 and 7 but including a com-
pressor discharging intoe externally located
counter-flow heat recuperator;

Fig. 11 shows a schematic elevational cross sec-
tion view cf a power plant, featuring a centrip-
etal, double rotation compressor driven by a
single radial turbine;

Fig. 12 shows a schematic elevational cross sec-
tion view of a gas turbine power plant using a
single rotation centripetal compressor and =
centrifugal turbine driving directly the com-
pressor and an alternator;

Fig. 13 shows a schematic elevational cross sec-
tion view of a gas turbine power plant using an
axial flow compressor, a tubular duct shaft, a heat
generator and an axial flow turbine driving di-
rectly the compressor and an alternator;

Fig. 14 shows a schemaitic elevational cross sec-
tion view of a gas turbine power plant featuring
an axial flow compressor and a centrifugal tur-
bine in combination with an integrally built cross
flow heat recuperator, the turbine driving directly
an alternator;

Fig. 15 is a vertical cross-sectional view of a
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power plant with one turbine being an external
power output turbine, while the other turbine
being a prime mover for driving power plant
auxiliaries, and a regulating turbine;

Fig. 16 is a vertical cross-sectional view of a
power plant of the type illustrated in Fig. 15, in
which the load is an electric generator whose
rotor is mounted directly on one of the shafts of
the power plant.

Referring now to the drawings, the items shown
on each drawing are numbered in such a way
that identical parts are designated only by one
identifying number, even if used on hoth, the
left side and the right side of the double rotation
machines, while the left-hand and the right-hand
parts are designated by different numbers; this
method of identification eliminates confusion and
also indicates that a large proportion of parts,
composing the power plant is mutually inter-
changeable. Complete assembly groups of the
machines, constituting the principal elements of
the gas turbine aggregate, are designated by
capital letters of the alphabet, regardless of type
of construction they may represent, i. e., either
radial or axial flow turbo machines. In the in-
terest of numerical simplicity, parts of the same
species, although of different form, are designated
by the same numbers on different drawings, e. g.,
part 70 in Fig. 1 designates a gear species of
spiral spur type, while part 79 in Fig. 11 desig-
nates a gear species of spiral bevel type.

Turning now to Fig. 1, the illustrated gas tur-
bine power plant i3 of the high pressure cycle,
double rotation system, consisting of a multista e,
double rotation, centripetal compressor A, driven
by two identical multistage, singie rotation, cen-
trifugal turbines B, each turbine driving one rotor
of compressor A in opposite sense of rotation.

The double rotation, centripetal compressor
discs 7 and & are connected to their respective
driving centrifuzal turbines B by tubular shafis
4. Each shaft 4 is supported rotatably in a plain
radial bearing 5 and in a combination radial-
axial thrust bearing 6, all bearings beinz held
by stator structures of air intake rood {7 ani
of gas exhaust hood {8, respectively. The inward
end of shafts 4 are rigidly coupled to compressor
discs 7 and 8, respectively, by detachable me-
chanical means. Each compressor dise, 7 and 8,
contains a funnel-like, axially disposed and cen-
trally located duct 21. The contour of exch duct
21 is preferably of a rectangular hypzarooloid form,
merging fluently and smcothly inte g cylindrical
quct 22 of each shaft 4. Fig. 4 illustrates o por-
tion of the compressor in greater detail; the com-
pressor disc 7 is provided on its inward vith
concentric, peripherally integral and clagtically
fiexible cylindrical rings 23, extending axially
from disc 7 toward and fused by welding Wit
circumferential blade-retaining hcop-rings 24
one side of compressor blades 23 is walded 4o the
hoop-rings 24,

While one end of the blades 25 is thus held
and supported hy the inner hoop-rings 23, the
other end of the same biades is held &0 Sup-
ported by the circumferential outer hwop-rinzs
28, thereby imparting a high order of stabi i
and rigidity to the compressor blades, Similariy,
compressor disc € is provided on kg ¢ ]
with congentric, peripherally intesral and clas-
tically flexible cylindrical rings 2%, exztending
axially from disc 8 toward, and fused by welding
with, eircumferential blade-retaining hoon-rings
28. Compressor blades 29 are held by the hoop-
rings 39 and 28,

Lann
lall
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The compressor cascade system 24, 28, 26
mounted on the inward face of dise 1, interleaves
in the radial direction with the compressor cas-
cade system 28, 29, 38 mounted on disc 8, in such
o manner that the radial spaces or gaps 31 and
22, between the alternately positioned counter-
rotating radial cascades or stages, are predeter-
mined by their diametral dimensions and also
are so positioned axially by the thrust and locat-
ing bearings 8, that the inward walls of the cas-
cade retaining rings 26 and 28, together, and the
inward walls of the cascade retaining rings 24
and 38 together, form smoothly curved and sub-
stantially radial channel walls for ducting radially
inward the air which is being compressed by the
plading cascades 25 and 28, The air to be used
in the combustion turbine cycle enters either in
its atmospheric state or already precompressed,
by duct 86 into a compressor intake hood {7,
surrounding peripherally
assembly. The air in the intake hood {7 is mov-
ing at relatively low velocities toward a station-
ary prerotation stage 18, peripherally surrounding
the first stage of the rotating cascade 25; this
prerotation stage cascade 19 is held in
by two circumferential shrouding rings 2§, secured
by o number of radial prackets 87 to the walls
of the air intake hcod {1, the shrouding rings
28 at the same time forming a gradually acceler-
ating, radial channel entry approach for air flow-
ing to the radial cascades of the compressor A.
Entering air is progressively compressed as ib
passes alternately through the oppositely rofating
cascade systems 24, 25, 26 and 28, 29, 53, radially
inward from the entry cascade 18 and emerges,
in compressed state from the innermost radial
plades 29 and is hence forth ducted in opposite
directions by hyperboloid walls of the shaft duct
entry holes 21 into two ducts 22, each contained
in the respective shaft 4.

The walls of ducts 2¢ serve a3 highly efficient
nozzles to direct the compressed air in axially
opposite directions into shaft ducts 22; the com-
pressed air is forced through ducts 22 with a
sufficiently high average velocity in crder to keep
the diametral dimensions of shafts 4, particularly
with respeet to the bearing diameters, within the
usual practical limits of such shafts. Because of

high compression ratic and utilization of two |

shaft ducts and high flow velocities in these ducts,
it is possible to have shafts of small diameter.
74 is well known that in the flow of compressible
Auids at subacoustic velocities, the pressure drop
in a tube of circular cross ssction increases with
increasing Mach number. Therefore, in order
to keep the pressure drop across the tubular shait
ducts 21 and 22 toa minimum, the Mach number
should be kepb to a2 low value. Sincs the tem-
perature of the air is increased by the work of
compression, the acoustic velocity in the air flow-
ing in ducts 22 is correspondingly also increased.
rvhis fact permits high velocities to be reached in
the shaft ducts 22 without increasing the Mach
numper to the high value which would result in
execessive losses. Thus the losses due to the flow
shrough the shafts, in ducts 22, are kept low
while at the same time the diametral dimensions
of the shafts # are kept small.

Each shaft duct 22 terminates in a cirvcular
edge 29 in the proximity of the turbine disc 8
ab the outward end of shaft &, and the air enters
o stationary diffuser duct 4% at circular edge 41,
centrally located in each heat generator C, the
velocity of the compressed air being slowed down

the compressor rofor =

position :
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by diffusers 40 before entering the combustion
chamber 24 of heat generator C.

In the embodiment shown in Fig. 1, the flow
of compressed air, indicated by the arrows in the
referenced drawing, from the compressor A is di-
vided into two, volumetrically approximately
equal, streams by the nature of the size of ducts
29 in tubular shafts 4, each duct 22 therefore,
passing equal amounts of air per unit of time to
each combustion heat generator C. The air flow,
arriving from tubular shaft ducts 22 into diffuser
ducts 40, is divided into two streams within each
diffuser 40 by the presence of internal concentric
diffusing duct 45 in each diffuser, originating at
circular edze 43 and so proportioned in its cross
sectional aresa with respect to the cross sectional
area of diffuser 46, that a predetermined amount
of air enters each toroidal combustion chamber
44 and the remainder of the air flow is directed
by intermural duct 43 disposed externally to and
separated only by a thin wall 82 from. toroidal
combustion space &4, contained in each heat gen-
erator C.

Fuel is injected through a plurality of fuel dis-
persing nozzles 48 into combustion chamber 44,
wherein the combustible mixture of dispersed fuel
and compressed air, is burned and the products
of combustion are thoroughly mixed by the turbu-
lent motion of the hot gases within the combus-
tion chamber. The mixture of fuel and air in

" chamber 44 is ignited by means of jgnition plugs

60

70

75

{, suitably positioned with respect to the fuel dis- -
persing nozzles 4§. Due to the motion of the
gases within the combustion space 44, a circular
vortex is formed within the toroidal combustion
chamber 44. The core of the vortex fills the
central portion of the toroidal chamber 44, while
gases flowing in the space between the outside
surface of the vortex core and the walls 42 of the
heat generator C, peel off the surface of the vortex
core and discharge through the circumferential
opening 33. The compressed air, which enters
an outer duct 45 at a circular edge opening 43,
leaves duct 45 and jecing the hot gases leaving
combustion chamber £4. The cooler -air in ducts
&5 absorbs the heat radiated from and con-
ducted through walls 42, thereby serving the dual
purpbose of keeping the walls 42 and 47 of heat
generator C and a wall {8 of the turbine stator
housing at low temperatures.

The cooler compressed air, discharging from
ducts 45 through circular opening 33, mixes with
the hotter gases emerging from the combustion
chamber 48, thereby equalizing the temperature
of the gases before they enter into the prerota-
tion stage 50 of the turbine. Mixing is promoted
by the vortices formed by the turbulent viscous
motion of the two .masses of gases merging to-
gether beyond the opening 33 and also by the
formation of s circular vortex ring within 2
toroidal mixing chamber {2, adjacent to the walls
10 of the turbine stator housing. The vortex ring,
formed in chamber 12, rotates in opposite sense
to the vortex ring formed in chamber 44, and is
at o much lower temperature than the vortex
ring formed in chamber 44. The toroidal mixing
chamber 12 and the inner wall of the heat re-
flector 11, form a channel wherein the hot gases
are brought to a uniform velocity, pressure and
temperature before they enter a stationary pre-
rotation stage 58, The contour of the wall of
the reflector {1, adjacent to the flowing mass of
gases, is therefore determined by the shape of
the wall 18, adjacent to the surface of chamber
{2, in the heat generator C, and by the shape
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of the walls of the diffuser 40 and thus is related
directly thereto, -~ - -

Referring now to Fig. 3, in conjunction with
Fig. 1, in order to protect the hub of turbine discs
9, and the demountable mechanical means se-
curing them to ‘the outer ends of shafts 4, from
elevated temperatures in chambers 34, an anti-
radiant heat protective shield I1 is provided, con-
taining a proper number of highly polished, heat
resistant, thin metallic sheets §5 shaped to a com-
pound curvature to minimize buckling from heat
and to serve as radiant energy reflectors and in-
sulators. Furthermore, peripheral air metering
edges 86 are provided on each shield casing 11,
edges 66 being spaced from ridges 57 on the cas-
cade side of disc 9. '

The spacing between the air metering edges
5§ and the circumferential ridees 57 is so ad-
justed that a predetermined amount of cooling
air, through the intervening space between the
rotating duct circular edge 29 and the stationary
duct circular edge 41, is allowed to flow past the
circumferentia] metering edges 56, while expand-
ing radially outward. The cooling air expands
approximately to a pressure of gases prevailing
in exit gap 63 at the exit edge of the first noz-
zle cascade 59 of centrifugs] turbine B. The tem-
perature of air flowing past the metering edges
56 into each chamber 53, demarcated by the ro-
tating disc 9 and the stationary shield casing [{,
is slightly lowered by the expansion of air in said
circumferential orifices between edges 56 and disc
hub.ridges 81, and this factor, and also the pres-
ence of & continuous flow of fresh air throuegh
chamber §8, provide means for absorbing and
carrying away through gap 63, the residual heat
that tends to penetrate toward disc 8 from gas
distributing chamber 34 at each turbine B.

The nature of the functioning of this turbine
cooling arrangement is not affected noticeably by
heat dilation of shaft § and of disc 8, since the
metering edges 58 are axial in their configrration
and the thrust and locating bearing 6, determin-
ing running clearance of these edges, is located
only a short distance away on shaft 4, although
sufficiently distant from sources of heat and on
the cooler side of disc 9. toward the bearing 6.
Each heat protective shield casing {1 also acts
as a support for the first stator nozzle cascade 50,
forming thereby a very rigid structure with the
rest of each heat generator C and each turbine
stator 10. Each turbine dise 9 is provided, on
its outward face, with concentric, peripherally
integral and elastically flexible, rings 48 extend-
ing axially from disc 8 toward circumferential
inner hoop-rings §I. One end of the turbine
blades 52 is welded to the hoop-rings, while the
other. end is welded to circumferential outer
hoop-rings 53, imparting a high degree of rigidity
to the rotating turbine blades. Alternately inter-
leaving with turbine rotor blades 52, in the radial
direction, are turbine stator blades 68. The
stator blades are mounted between two circum-
ferential blade-retaining hoop-rings 59 and 61,
the rings 61 being in turn fastened by thin, cir-
cumferential rings 62 to the turbine stator (0.
The turbine rotor cascade system, comprising
blades 52 and blade-retaining hoop-rings 51 and
53, and the turbine stator cascade system, com-
prising blades 60 and blade-retaining hoop-rings
59 and 61, are assembled in such a manner that
the radial spaces or gaps 63 and 64, between the
stationary and the rotating hoop-rings permit
iree rotation of the turbine rotor with respect
to the stator. Moreover, the inward walls of the
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hoop-rings form smoothly curved and substan-
tially radial channel walls for ducting the ex-
panding gases.

The disclosed gas turbine power plant is not
limited to the use of a particular method of ex-
pansion of gases in the centrifugal turbines; any
desired degree of reaction or impulse may be
used. This is a very desirable and advantageous
characteristic of the centrifugal turbine in con-
Jjunction with the principles of the disclosed sys-
tem, because it allows a broad flexibility of de-
sign not possible with the double rotation tur-
bines.

Returning to Fig. 1, the expanded gases ex-
haust into an exhaust hood | 8, and are ducted
away by duct 43. Analytical study of the axial
thrust forces existing in the disclosed power
plant, shows that each turbine dise 9, being gen-
erally larger in diameter than either one of the
compressor discs T or 8, exerts an unbalanced
axial thrust force, directed from both turbine
ends of the power plant toward the compressor,
tending to bring compressor discs T and 8 closer
together. These forces are resisted by the thrust
bearings 6 and can be completely sustained by
them. However, in order to provide as small a
thrust bearing as possible, and to diminish bear-
ing losses, the two total disc bressures are made
to equalize each other, for an automatic and in-
herent reduction of the axial thrust by proper
and selective positioning of the gas seals or
labyrinths in the compressor and turbine. Turn-
ing to Fig. 3 first, representing a section of the
left side centrifugal turbine B, the stage laby-
rinth sealing glands are provided only on the
outer hoop-rings 59, i. e. those next to the tur-
bine disc 9. In case of a 50% reaction turbine,
both rotor and stator stage seals would have the
same number of labyrinth cells; however. in the
case shown in Fig. 3, the turbine being a 309 re-
action turbine, it is sufficient, by way of illustra-
tion, to provide only one labyrinth cell on rotor
rings §3, because the pressure drop across the
rotor blades §2 is smaller than across the stator
blades 69.

As shown in Fig. 3, circumferential interstage
chambers 65, adjacent to each turbine disc 3, are
deliberately exposed to the lowest available stage
gap pressure in their vicinity by omitting the
stage labyrinth seals on the inner hoop-rings 51.
It will be apparent that gap pressures in the
intrastage gaps 83 are lower than the pressures
in the interstage gaps 64, the latter being sealed
from direct entry into the chambers §5 by the
stage labyrinth seals 68. The elastic fluid pres-
sure, acting on radial wall 66 of each turbine disc
9, is, therefore, lower than if the labyrinth cells
were provided also in intrastage gaps €3, which
would have raised the pressure in chambers 65 to
a higher mean value.

The stage labyrinth seals €9 on the inward
hoop-rings 53 seal off the higher pressure in the
intrastage gaps 63 from entering into the cir-
cumferential interstage chambers 67, thereby al-
lowing lower pressure of the interstags gaps 64
to enter into said chambers and exert less pres-
sure on the vertical faces of the stage rings §3.
This principle of reducing normal pressures on
turbine discs 9 for reducing an axial thrust on
shaft bearings 6, is practiced at all stages of the
centrifugal turbine.

It is obvious that the above equalization tech-
nique can be reversed when the direction of
thrust is reversed. )

Fig. 4 is an enlarged, fragmentary section of
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an exit portion of the centripetal compressor A,
wherein 7 and 8 are left side and right side com-
pressor dises, respectively, supporting compressor
stages 24, 25, 26 and 28, 28, 30 respectively. In
order to diminish the axial thrust on bearings §
from turbine discs 8, it is possible to provide
stage labyrinth sealing glands only at the inner
hoop-rings, since in this instance, it is desired
to obtain as high a normal pressure on discs 1
and 8 as possible to counteract the turbine thrust.
Thus, the alr from an interstage gap 32, being
at higher pressure than in an interstage gap 3!,
. is allowed to enter a circumferential interstage

chamber 35, exerting the highest inherently ob-
tainable pressure on the vertical walls of the dises
7 and 8. On the other hand, interstage gaps 3,
containing air at lower pressure than gaps 32, are
sealed off by stage labyrinth seals 38, thereby in-
ducing a greater axial thrust force in opposition
to the thrust forces from turbine discs 9. The
above technigue may be reversed when the direc-
sion of thrust is reversed.

Referring again to Fig. 1, each shait 4 is

equipped with a spiral spur gear pinion 18, either
demountably attached to or cut from the solid
body of said shafts. The pinions 79 engage
spiral spur testh of bull gears 1§ mounted torqdue~
resistantly on shafts 72, each shaft being sup-
rorted by bearings 72 and 14. These bearings,
in turn, are held by a frame structure 71. The
attitude of the helix angle of each spiral spur
gear 7§ may be s0 selected with respect to pinions
78 as to produce an axial thrust opposite to the
prevailing gas or alr pressure thrust on bearing
g, originating either in the turbine or in the
compressor respectively. This method of re-
Gucing the axial thrust can be practiced with
the spiral bevel gears as well as with the spiral
spur gears.

Since the compressed air, flowing in shaft ducts
29 is abt a considerable temperature acguired
during its compression, the gear pinions 78 on
shafts & are at a higher temperature than at-
mospherie, although considerably below that of
compressed air ducted by them. Bearings 5 and
g, supporting each shaft 4, are cooled by lubri-
cating oil and gear pinions 18 are cooled by con-
tach with large bull gears Ti, engaging them.
Therefore, the hot compressed air, flowing in
ducts 22 of shafts 4, present no difficulties what-
ever to the mechanical embodiment illustrated
in Fig. 1.

The machine as a whole is assembled in a
metal monobloc housing fabricated by welding of
sheet metal forms. It includes a base 71 which
supports gear trains, accessory mechanisms, oil
pumps, oil collecting sumps, and compressor and
turbine hoods {7 and 8. The compressor hood
{7 serves a multiple purpose of a structural body
supporting bearings for rotors of compressor A,
and may have 2 cylindrical form in its lower por-
tion, and a rectangular shape in its upper por-
tion, the stiffness in this section being augmented
by several transverse bars 80, near the inleb
duct 35. Another purpose of this hood assembly
is to duct air to a compressor intake stage {8 and
to provide a sound deadening effect with respect
to acoustic disturbances originating in the com-
pressor cascades. The hood structure may have
“dual sheet metal walls §7 and {7’ with an inter-

_vening space 15, this space being filled with a
;gound absorbing material, preferably of a metal-
iic or of a mineral nature.

Similarly, and for the same reason, a dual wall
exhaust hood shell 18 may be used for each tur-
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bine B, reinforced with bars 19, principally for
transferring pressure thrust, acting on each tur-
bine stator 10, to thrust bearings 6. Turbine
hoods 8 and compressor hood |7 are held to-
gether by shell-like structures 18 extending pe-
ripherally around pinions 18, making the whole
power plant, together with the rest of the stator
structure, an integral monoblog unit. The dou-
ble rotational nature of the gas turbine system
sllows a broad choice of operational modes of the
power plants. In the preferred embodiment of
the power plant, featuring centripetal compres-
sor A of the double rotation type, it is possible,
according to one mode of operation, to run the
power plant with both tubular duct shafts 4
turning at equal but opposite speeds of rotation
of turbines B and with either equal or different
torques produced on said shafts. Another mode
of operation may be based on equal torques on
shafts 4 and different and opposite speeds of
rotation. It is also possible to operate the double
rotation power plant in any combination of
these two modes described hereinabove, e. g.,
each shaft 4 running at different speed and de-
livering a different torque, with the two turbines
operating at different maximum gas tempera-
tures and constructed of unequal size. Out of
this number of possible operational combinations
however, only a few are desirable and useful
with any given embodiment of the gas turbine
system.

Thus, for instance, as shown in Fig. 15, it may
be advantageous, particularly for aireraft, loco-
motive and ship propulsion (the latter in com-
bination with controllable pitch propellers) to
dimension one turbine B for driving only one
yotor disc 1584 of compressor A, and accessory
machines by gear train 1508 while the other tur-
bine B’, of larger size may be designed to deliver
a1l the useful or external power by means of gear
train 1505 and shaft 1506, and also driving the
other rotor disc (502 of compressor A having
radial stages I1515. In general, the shaft ducts
are not of equal size, one, 1583 being diametrical-
1y smaller and the other, 1584, larger, leading to
the smaller and to the larger heat generators
1589, 1510 and turbines 15{1 and i5{2 respective-
ly. The power plant of this configuration can be
operated at a variable speed ratio of shaft (586
to fulfill many loading conditions at high thermal
efficiencies, such as arise in all transportation
propulsion problems, particularly in aircraft ap-
plication.

These variations in the modes of operation are
indicative of the versatility of its operational
freedom, particularly when it is realized that still
another means, preferred for stationary power
plants operating nearly always at constant out-
put, is available to completely eliminate any need
for either torque or speed balancing by external
means, as revealed in Fig. 2. This figure shows
a gear train scheme for automatic speed equaliza-
tion of both shafts 18 by means of an internal
torque transfer from the less loaded turbine to
the more loaded turbine. Again, as before, the
inward ends of shafts 12 are equipped with spiral
bevel gears 8 engaging jointly a mating spiral
bevel gear 82 mounted on a vertical shaft 83 run-
ning in bearings 84 and 85, the latter assembled
to the structure of compressor intake hood §8.
Shaft 83 is provided for the purpose of driving all
necessary accessories. It can be seen that with
this gear arrangement, both slow speed shafts 72
ag well as the high speed shafts 4, must rotate
at their respective equivalent speeds and, there-
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fore, gear 82 serves the desirable purpose of a
torque transmitter from one side of rower plant
to the other side and not only equalizes the speeds
of both sides of the power plant, but also dis-
tributes the load uniformly to each turbine, even
if the external torques on shaft 72 may not be
equal.

Fig. 5 shows schematically a complete gas tur-
bine power plant utilizing the contra-rotating
principle, the radial flow turbo machines, and
the centripefal compressor, all of which have
been described in greater detail in connection
with Figs. 1, 2, 3, and 4. In this figure, shafts 73
are connected to eleciric generators D with their
individual exciters 98, although it should e
understood that any relatively slow running pow-
€r consumer could be driven in lieu of these gen-
erators. The generators D may be also used for
setting the power plant into motion during start-
ing, when they operate as motors obtaining power
from an external source of electric energy.

Shafts 72 are mutually synchronized, substan-
tially as revealed in Fig, 2, by a train of spiral
bevel gears 81 and 82, of which gear £2 drives

shaft 83 In hearing 84, delivering power to the 2;

auxiliaries. Only a fuel pump 87 and 2 speed
governing regulator §8 illustrate the auxiliary
equipment. The fuel pump 97, preferably of a
gear type, delivers fuel to a governing system
shown in a highly simplified manner. Pressure
conduit 101 leads to a throttling valve $3 con-
tained in an orifice chamber 182; fuel throttling
valve 99, tending always to open becauss of the
force exerted by a compressed spring {83, which
operates against a balancing force of a speed reg-
ulating governor 93 driven from shaft 83, ad-
mits a desired amount of fuel to maintain a con-
stant speed of rotation of turbines B. The fusl
follows two pressure conduits 124, leading to the
fuel dispersing nozzles 46 mounted on each com-
bustion heat generator C. It is apparent that in
this arrangement, the power plant, although of
the contra-rotating type, operates as a single ro-
tation unit, responding only to one governor and
transmitting the differential torques through
gear 82, in order to maintain constant and equiva-
lent speed of rotation on hoth output shafts 72.
The fact that it drives two generators instead of
only one, is an advantage when the generators
are direct current generators because of the rela-

tively low power limits of the single unit direct :

current dynamos.

In Fig. 5, in order to reduce heat transfer from
compressed air flowing in tubular ducts 22 of
shafts 4 to gear pinions 70, and thereby still fur-
ther reduce the heat transfer through the gear
pinions 70, they are made to engage shafts 4
only by their outer ends.

Fig. 6 shows an elevational cross section view
of the contra-rotating turbine power plant driv-
ing two electric alternators D, mechaniecally in-
dependent of one another. A contra-rotating
centripetal compressor A is again centrally lo-
cated with respect to all other components of the
power plant. The air, either in its atmospheric
condition or pre-compressed, arrives through
duct 38 to a compressor intake hood 7 and from
it enters, through a prerotation stage 19 held
by brackets 37, attached to walls of intake hood
{7, compressor A.

The compresSsor is similar to the centripetal
compressor shown in greater detail in Fig. 1,
having two oppositely turning rotors 7 and 8.
The compressed air enters two tubular ducts 22
in shafts 4, and flows in them in an axially op-
posite direction to two heat generators C, located
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at the ends of the power plant. From the heat
generators C, the hot gases enter into turbines B,
following paths indicated by arrows on drawing
of Fig. 6, and after expanding in the turbines are
collected in exhaust hoods 18. Beside driving
the compressor rotors T and 8, the turbines B
drive also alternator rotors 110, located on shafts
4 between bearings 5 and 6, said rotors turning
in stators {1 of alternators D. In order to
eliminate heat transfer from hot compressed air
flowing in tubular shaft ducts 22 into the metal-
lic masses of rotors 119, circumferentially hollow
cylinder-like chambers 126 are provided between
the rotors 110 and the outer wall of each shaft 8.
Rotors 110 are supported and secured on shafts 4
by two inwardly projecting circumferential abut-
ments 127, one at each end of the rotor (10, the
intervening hollow cylinder-like cavities 126 be-
ing ventilated by air or hydrogen, entering
through suitable ducts at each end of the rotors
and leaving through the radial holes provided
in the rotors {10,

Fig. 7 shows a plan view, partially cross sec-
tional, of a machine pictured in Fig. 6, to reveal
features not indicated in the latter drawing.
Each shaft 4 is shown with a spiral spur gear
pinion 70 secured to if, engaging larger gear 99
which in turn rotates a spiral bevel gear train 91
and §2 delivering power to a shaft 93, each shaft
£3 connected to direct current exciter 86. These
ezciters are intended also for setting the gas
turbine power plant into motion during starting,
their size being sufficient due to at least three
inherently superior features of the disclosed
power plant. Foremost among them is the im-
proved starting characteristic of the contra-
rotating centripetal compressor as disclosed in
the copending application, Serial No. 179,028,
filed August 12, 1950. Second reason is the small
pressure drop in ducts 22 and particularly in the
heat generators C. Third reason is the small
volumetric content of ducts 22 and of heat gen-
erators C, which allows a rapid rise of pressure
during starting periods, thereby materially
shortening them. It will be appreciated by those
skilled in this art that all these advantages are
absent in the present day gas turbine power
plants.

Each shaft 83 drives a spiral bevel gear train
¢4 and 95 and thereby a shaft 108, to which is
connected a fuel gear pump 97, each pump 97
delivering fuel to an individual governing sys-
tem, shown in a simplified manner in Fig. 7.
Pressure conduits (81 lead from pumps 97 to in-
dividual fuel throttling valves 99, contained in
orifice chambers 182; throttling valves 89 tend
always to open by the force of compressed springs
183, operating against the balancing forces of
speed regulating individual governors 98, driven
also from shafts 100, each governor admitting
a desired amount of fuel to the corresponding
heat generator C, supplied by it. The fuel gov-
erning or metering combination 98 and {93 may
be so preset as to maintain independently a con-
stant speed of rotation of both turbines B at all
loads on alternators D, by admitting fuel into
fuel conduits 184 and nozzles 46 at the rates pro-
portional to the external load demand on the
respective alternator. Although several nozzles,
48 are used in each heat generator C, only one’
is indicated for simplifying the drawing. It will
be appreciated that governors $8 can be adjusted
so accurately as to maintain both alternators D
in perfect electrical synchronism at all loads,
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within the limits of the maximum output of the
power plant.

Although the alternators D in Fig. 6 are me-
chanically independent of one another and are
electrically synchronized by their governing sys-
tems, they can be synchronized mechanically as
well, by incorporating the principles of the gear
torque transfer mechanism illustrated in Fig, 5
in combination with the embodiment shown in
Fig, 6, thereby making possible a differential
torque transfer from one alternator to the other
by relatively light gear trains; the resultant ad~
vantage of this arrangement is that only one
electric machine 96, for excitation and starting
purposes, is required, and glso only one gov-
erning system is necessary.

Although the gas turbine power plant disclosed
in Fig. 6 may use only one alternator, the illus-
trated arrangement constitutes the most direct
solution of power generation, particularly meri-
torious for use with variable density or closed
thermodynamic cycles. The gas turbine embodi-
ment shown in Fig. 6 has unique quality accord-
ing to which the power generation at constant
speed and variable power demand is accomplished
by maintaining one alternator fully loaded, by the
pasic line load, with the turbine, driving it, op-
erating at constant temperature while the other
alternator is operated at fluctuating load demand
but at constant speed by varying the maximum
temperature in the heat generator supplying it
with gases.

Another mode of operation consists oi an ar-
rangement shown in Fig. 16 wherein the turbines
1680 and 1653 are not constructed of equal size as
in Fig. 6, but instead, preferably the left side tur-
bine 1686 is made just large enough to drive only
one compressor rotor disc 1601 (the larger of the
two compressor rotors and therefore, the one re-
quiring more power) at either constant or varia-
ble. speed, and to produce no external useful
power; the left side shaft is free, without an al-
ternator or any other external power consumer
mounted on it, except a gear drive 1682 for auxil-
iaries. The other turbine, turbine 1603, is con-
structed large enough to drive the other compres-
sor rotor disc 1694 (the smaller of the two com-
pressor rotors and therefore, the one requiring
less power) and in addition, an alternator (605,
at constant speed, the alternator delivering all
the useful power produced by the power plant.
The two air ducts 1606 and 1607 in shafts 1608
and 1809 are not of equal area size, the duct
1698, leading to the smaller heat generator (618
and %o the smaller turbine 1600, being in general
smaller and the duct i609, leading to the larger
heat generator and to the larger turbine 1883,
being in general larger. This, and the previously
described modes of operation, are preferred for
operation with open cycles operating at fluctuat-
ing load demands and at constant speed of the
power consumer, €. g., alternator 1605, in the in-
terest of maintaining a nearly constant thermal
efficiency over large load variations. The con-
tra-rotating, continuous combustion gas turbine
power plant can be practiced also in combination
with axial flow turbines as illustrated in Fig. 8
instead of the centrifugal turbines, although the
axial turbines are generally less efficient, less
practical and more expensive than the centrifugal
turbines.

Fig. § shows the double rotation, centripetal
compressor A and two oppositely rotating axial
flow turbines B, mounted overhung in centilever
faghion on outward ends of shafts 4 with respect
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‘to bearings 6. The centripetal compressor A is

mounted on oppositely rotating discs 7 and 8, both
assembled to the inward ends of shafts 4 which
are equipped with circular, internal ducts 22 and
each shaft is rotatably supported in bearings
5 and 6. The shafts 4 are equipped with spiral
spur pinion gears 18 for the propulsion of neces-
sary auxiliaries and speed governors, similar to
those described in connection with Fig. 7 and
therefore not illustrated in this figure.

The air, either atmospheric or pre-compressed,
arrives from underside duct 36 into compressor
intake hood §7, whenece it is drawn through pre-
rotation cascade 18, held by structural members
37 secured to hood casing 17, into centripetal
compressor A. The compressed air is delivered by
two ducts 22 into two combustion heat generators
C past circular edges 39 and 41, wherein its tem-
perature is increased by burning of fuel arriving
through dispersing nozzles 46. It may be desired
at times to use a portion of compressed air as
pneumatic energy for other purposes, external to
gas turbine operation, in which case ducts 120
and {21 may be attached to heat generator C.
Similar air withdrawing ducts may be provided
at each heat generator C, depending upon the
desired amount, of compressed air demand. The
hot gases from each heat generator C enter an
axial flow turbine B, attached to the outward
end of each shaft &, consisting of cylindrical
stator 18 and drum rotor 9, expanding in axial
fAow blading cascades 52 until they reach ex-
haust hoods {8 in which they are collected and
ducted out by preferably underside ducts 49.
Surrounding each tubular duct high speed shaft
4 and externally concentric to it, is a slow speed
tubular shaft 185, rotatably supported in bearings
196 and 107. On shafts 185 may be mounted
any relatively slowly rotating power consumers,
such as, by way of example, non-elastic fluid
centrifugal pumps, of a single or multistage type,
gas compressor of the centrifugal type, vacuum
pumps, mechanical or hydraulic transmission
drives of all kinds, or as embodied in Fig. 8,
direct current generators D, having armatures
{10 mounted on shafts 105 and running within
stators 11f, together with their separate excita-
tion machines 96.

The shafts 105 are driven from shafts 4 either
at one end or preferably at both ends, as shown
in Fig. 8, by epicyclic gear trains 124, 123, 122. It
is well known that such shaft drives, wherein
torque is transmitted from both ends of a shaft,
which is driven only at one end, to both ends
of another, driven shaft, concentrically located
with respect to the first, driving shaft, propelling
a power consumer attached to it between its ends,
can be so proportioned elastically that the gear
trains at each end of both shafts are equally
loaded. To make the functioning of these gear
trains more clear, Fig. 9 shows a schematic,
transversely sectional, fractional view of one of
the epicyclic gear trains {24, 123, 122. Herein
4 denotes a tubular duct shaft connecting com-~
pressor A with heat generator C, having secure~
1y attached to it a sun gear 124 engaging a neces-
sary number of planet gears 123, which are ro-
tatably mounted on planet ring 125, Planet ring
125 is torque resistantly attached to an exfer-
nal shaft 185 driving a power consumer, in this
case the armature 1{8 of generator D. The
outer ring gear (22 is secured, in all gear trains,
to machine stators 11 and 18 by bulkheads 113
and 14 respectively, This well known gear ar-
rangement delivers increased torque to shafts 108
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at reduced speed from shafts 4 and makes it
readily feasible to attain relatively low rotation-
al speeds of shafts {85 from relatively high ro-
tational speeds of shafts 4, in an extremely small
and compact space and with great reliability.
The deseribed arrangement has an additional
advantage in combination with our invention, in
that ventilatible spaces {25 are automatically
pbrovided in the intervening radial distance be-
tween the outer surface of shafts 4 and the inner
surface of shafts 185, thereby substantially de-
creasing heat transfer from the hot shafts 4 to
the cuter shafts {05 and thence to the armatures
18 of electric machines D. In case of use of
non-elastic fluid pumps as power consumers, this
arrangement of dual shafts eliminates also
setting up of dangerous temperature gradients
and therefore, stresses within shafts 2, which
otherwise may appear due to the usual presence
of cool fiuids handled by such pumps.
be apparent that the described arrangement of
dual shafts and drives can be equally well prac-
ticed also in combination with our radial out-
flow turbines instead of axial flow machines and

is shown in Fig. 8 with axial flow turbines only 9:

by way of example.

The versatility of the disclosed power plants
allows various combinations of the continuous
combustion gas turbines with the exhaust heat

recuperators located either externally or inter- )

nally with respect to the power plant. For exam-
ple, Fig. 10 illustrates a power plant using an ex-
ternally located exhaust heat recuperator. Since
the compressor-turbine combination illustrated

in Fig. 10 is substantially identical to that illus- s

trated in Fig. 6, only description of the heat ex-
change system is necessary. The difference be-
gins at centrifugal turbines B, attached to out-
ward ends of shafts 4, each shaft 4§ heing

equipped with a compressed air duct 22; from 1

these ducts the compressed air flows into sta-
tionary ducts 138, serving as extensions of ro-
tating ducts 22, the transition being effected at
each outward end of shaft 4 between a rotat-
ing duct circular edge 39 and a stationary duct
circular edge 4i. The staticnary air ducts {32
discharge air flow at circular duct edges 133 into
external ducts {24 equipped with dilatation com-
pensators {35; two ducts i24 bring the air into

a common air pressure manifold 158, forming ,

the hottom of a heat recuperator B, From com-
pressed air manifold (35, the compressed air
flows upward through smsll dismeter heat ex-
change tubes 87, placed in a casing (51, and
is brought into a common collecting manifold
138 located at the top of heat recuperator E.
The upwardly flowing compressed air is heated,
while flowing through tubes {37, by hot gases
arriving from the turbine exhaust hoods {8 over
ducts £5. Hot gases are turned by elbow cascades
{49 into a peripheral distributing hood (%0, at
the top of heat recuperator E, then enter the
heat recuperator, and are conducted away from
heat recuperator E into a collecting hood (52,
and thence, by duct 132, may be discharged into
atmosphere.

The heated air enters a collecting manifold {38,
and is then ducted by a diverging duct 139 into
a compustion heat generator C. Fuel, arriving
through nozzles £5, is mixed in atomized state
with air and burned; the ncn-homogeneous mix-
ture of hot air and burned gases arrives, by
means not essential to this specification, into a
gas mixing space [2 where the temperature of
the mass of gases is equalized by turbulent
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motions and is subsequently ducted by peripheral
duct 141 into collecting manifolds 143 and then
through ducts 144 and 146 into axial ducts 132,
Ducts 132 are disposed circumferentially around
and concentrically with axial air duets 130, and
are separated from the outer walls of ducts 130
either by an air gap or an insulating layer 142
and by a pressure resistant wall 131, thereby
limiting to the minimum the transfer of heat
between the two ducts. From duct 132 the hot
gases enter a distributing chamber 34, located
circumferentially between compressed air duct
130 and the first radial stage of each centrifugal
turbine B, in which the gases expand radially
outward into hoods 8.

Power plants of this nature, operating with
exhaust heat recuperators, necessarily have to
be designed for lower cycle pressure ratios than
gas turbines operating without exhaust heat re-
cuperation. However, it is feasible to obtain
higher thermal efficiency from thermodynamic
cycles operating with well designed heat re-
cuperators and ducting than is possible to reach
with high pressure, non-recuperating gas tur-
bines alone, provided thermodynamic efficiencies
of the machines as well as the maximum cycle
temperatures are comparably equal in both cases.
The turbine arrangement with external or in-
ternal heat exchangers, however, is suitable for
stationary power plants, such as central power
stations, where space is available for recuperators
and ducts, for fuel economy is important.

For transportation propulsion purposes, how-
ever, the previously described power plants, with-
out heat recuperation, shown in Figs. 1, 5, 6,
and 8, are eminently suitable due to their light
weight and compact simplicity combined with
relatively high thermal efficiency.

Fig. 11 discloses a power plant especially suit-
able  for generation of pneumatic energy. A
centripetal, double rotation compressor A draws
atmospheric air through intake filters 3§ into
a peripheral hood (1. The compressor is
equipped with a prerotation stage 19, circum-
ferentially surrounding the radial compressor
cascades. Said prerotation stage 19 is supported
by peripheral ducting rings 20, and these in turn
are secured by a radial rod structure 371 to intake
hood 11. Air enters into the prerotation stage
19 and is directed by it into the radial cascades
of compressor A, whereupon, after having been
compressed, it is discharged into a central collect-
ing chamber {3, whence it flows, in a proportional
ratio, into two tubular shaft ducts 22 and 227,
contained within the oppositely rotating shafts
4 and 4’ respectively. The left duct 22’ ends
at a circular edge 170, letting the compressed air
enter a diffusing duct 172 at its circular edge
{il. Upon slowing down in diffuser 112, the
compressed air enfers an equalizing chamber (13
and is ducted away by pressure duct 121 for eX-
ternal useful purposes. The transition from the
leftward rotating duct 22’ to a stationary duet 172
is sealed by a rotating labyrinth sealing gland
160, contained in housing 161. Shaft 4, rotatably
supported in bearings 5 and 6, contains air duct
22 which ends at a rotating circular edge 39,
letting the compressed air enter a combustion
heat generator C at a stationary circular edge
&1. A circular radiant heat shield || surrounds
duct 41.

The two side~disks T and 8 of the contra-rotat-
ing compressor are driven by a radial turbine
B through shaft 4 and a set of gears coupled to
shaft 4. The gear train consists of spiral bevel
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gears 10—T1, spur gears 81—82—¢81, and a sec-
ond set of bevel gears 10—TI, jdentical to the
first set. Shafts 83 and 76 are used for trans-
mitting the torque. Shaft 7% may also be used
for external power and for starting the power
plant.

The disclosed power plants are suitable for the
propulsion of transportation vehicles. In some
instances of transportation propulsion, as well as
in some stationary power plant applications of
lower power outputs, only relatively small power
plants may be required, not warranting the use
of high pressure cycles and of double rotation
compressors. In these cases only a single rota-
tion compressor may be used. By way of an
example, a preferred embodiment of the single
rotation confisuration is shown in Fig. 12. Ais
a single rotation, centripetal compressor, pro-
pelled through a hollow shaft 8, by a centrifugal
turbine B. Turbine B also drives an altérnator
rotor {10 mounted on shaft 4, although any high
speed power consumer or a gear train, similar
to arrangements already previously disclosed, can
be used instead of alternator D. The air enters

the machine through duct 36 into a compressor 2

intake hood 17, from which it is uniformly dis-
tributed into prerotation stage {9, supported by
circumferential rings 26, which in turn are held
by structural brackets 37 to the walls of hood
{7. The centripetal, single rotation compressor
A is similar to the centripetal, double rotation
compressor described before and consists of a
radial stator 17’ held securely by a conical struc-
ture 114 fastened to intake hood {1. The rotat-
ing compressor stages are mounted on a side-
disk 8, which is mounted on shaft 4 rotated by
the turbine. The compressor stages interleave
with the stator stages, which act as a series of
stationary stages which turn the flow of air so
that it enters the compression stages in proper
vectorial relationship. Compressed air is de-
livered to a central collecting chamber {3 at the
center of the compressor A, from which either
all or a portion of it is ducted into duct 22. Ducts
120 and 121 are for external use of pneumatic
energy if so desired. The machine, consisting of
compressor A, turbine B, heat generator C and
alternator D forms a monoblock assembly, being
joined together by peripheral structures 11 and
78, into a self-containing casing.

Fig. 13 shows another version of a single rota-
tion power plant using axial flow machines. It
will be recognized that this power plant is similar
to the power plant shown in Fig. 12, except in
that an axial flow compressor and an axial flow
turbine are used instead of radial flow turbo
machines. The embodiment consists of a cen-
trally located tubular shaft &, rotatably supported
in bearings (65, 5, and 6. At the left end of shaft
4 and torque resistantly to it, is attached a com-
pressor drum 8, located between bearings 183
and 5; a rotor 119, positioned in a stator it of
an alternator D, is located between bearings 5
and § and a drum 2 of an axial flow turbine B
is mounted on the right end of shaft 4. The
stator of the machine is again of a monobloc
layout, consisting of a stationary end duct hous-
ing 115 for ducting compressed air, an axial
compressor stator cylinder 7', a compressor air
intake hood {7, a connecting structure 71, an
outer housing shell of alternator stator 116, a
connecting structure 78, a turbine exhaust hood
18, an axial turbine cylinder 18, and combustion
heat generator C. The air enters duct 36 and
from it flows past a circular edge 169 into the
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cascade system of the axial flow compressor A,
wherein it is compressed and discharged into
duct {18.

The compressed air leaves duct {15 and then
enters the rotating tubular duct 22, the latter
being aerodynamically connected to the combus-
tion heat generator C. Fuel is brought to heat
generator C by fuel dispersing nozzles 46, posi-
tioned peripherally on said heat_generator. Hot
mixture of gases flows to axial flow turbine B,
immediately adjacent to the heat generator C
and expands in it while flowing axially through
turbine cascades 52 to turbine exit, terminated
by circular edge 188 of stator cylinder casing {0.
The exhaust gases are collected in hood {8 and
carried away from it by duct 49. Tt is to be noted
that alternator D may be replaced with any other
power consumers, driven directly or indirectly
from shaft 4. ‘

Another useful embodiment of a single rota-
tion power plant is shown in Fig. 14, character-
ized by similar principles of construction as
deseribed before, except for the use of an axial
flow compressor in combination with a centrifu-
gal turbine, and the incorporation of a recuperat-
ing heat exchanger into the gas collecting hood
of the turbine, the entire power plant being of a
medium or low pressure thermodynamic cycle
and of monobloc construction with no compo-
nents located externally to it.

The axial fiow compressor A and alternator D,
shown in Fig. 14, are identical in their configur-
aiion to similar machines described already in
connection with Figs. 13 and 12 and need no fur-
ther description.

The compressed air arrives from compressor A
by rotating tubular duct 22 in shaft 4 at a rotat-
ing circular edge 39 and upon leaving it, enters
into a stationary duct 130 at stationary circular
edge 41. Duct {30 is an integrally constituent
part of & configuration called summarily a com-
pustion heat generator C, consisting of a combus-
tion chamber 44, a mixing chamber 12, an anti-
radiant heat shield i, a turbine stator 10 and
fuel dispersing nozzles 48, already familiar from
previous drawings. The compressed air duct 130
is mounted concentrically within a substantially
cylindrical shell 131 with circumferential, hollow
cylinder-like space {42 intervening between the
outer wall of duct 138 and the inner wall of shell
131, for separating the airflows and for minimiz-~
ing heat transfer from chamber 12 and 44 into
the air mass flowing in duct- 136. Axial duct 120
conveys the compressed air into the first series of
heat exchanger tubes 137, these tubes being lo-
cated substantially transversely to the direction
of flow of hot gases from furbine B in exhaust
hood 18.

After absorbing heat in the tubes 137 from the
exhaust gases, the compressed air enters a cir-
cumferential manifold chamber 14, where it is
turned into a second series of heatb exchanger
tubes 137’. The heated air then enters a circum-~
ferential collecting manifold chamber 138, this
chamber being connected by a duct 148 to a gas
mixing chamber 12, and by & duct 146 to a com-
bustion chamber 44.

ot gases, leaving combustion chamber 44, are
then mixed with the preheated air entering mix-
ing chamber 12, whereupon they enter the cen-
trifugal turbine B, expanding in its cascades and
finally reaching the exhaust manifold {8 con-
taining heat recuperator E; after releasing a part
of the heat to said recuperator, the exhausted
gas mixture is carried away as & relatively cool
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mass of gases by duct 43. A low potential pneu-
matic energy may be obtained, if desired, from
the power plant by tapping the compressor exit
duct 175 or heat generator C. 'The above is illus-
trated by the outlet ducts 120 and i21.

The gas turbine power plants disclosed in this
specification utilize dynamic compressors, i. e.,
compressors in which the air is compressed by
first imparting to the air to be compressed high
kinetic energy and then converting this kinetic
energy to potential energy, or pressure. Com-
pressors of this type are commonly known in the
art as axial and cenftrifugal compressors. This
specification also discloses, in part, a centripetal
dynamic compressor, which is more fully dis-
closed in the said copending application entitled
“Centripetal Subsonic Compressor,” Serial No.
179,028, filed August 12, 1950 in the name of the
inventors in this case. Supersonic versions of the
dynamic compressors are disclosed in the co-
pending applications 228,166, 217,347 and 216,305
in the name of V. H. Pavlecka, a co-inventor in
this case.

‘What is claimed as new is:

1. A gas turbine power plant, comprising a hol-
how unobstructed duct shaft having an intake
and a discharge end both extending axially of
said duct shaft; means for journaling said shaft;
a centripetal air compressor including a rotor
driven by said shaft and having an axial dis-
charge port directed into the intake end of said
shaft; means defining a stationary combustion
chamber having an axial intake port communi-
cating with the discharge end of said shaft and
an annular, discharge port redirected toward said
shaft; means for introducing fuel into said com-
bustion chamber; and a gas turbine including a
rotor for driving said shaft and having an an-
nular intake port surrounding said axial intake
port and positioned to receive products of com-
bustion from said combustion chamber.

2. A gas turbine power plant, comprising a
centripetal flow multiple stage compressor; a
centrifugal flow multiple stage gas turbine ; a hol-
low shaft having an intake end and a discharge
end extending axially of said shaft and connect-
ing the rotating elements of said turbine and
compressor; a reverted stationary combustion
chamber having coaxial intake and discharge
ports, said hollow shaft and combustion chamber
forming fluid passages connecting the said com-
pressor and turbine.

3. A gas turbine power plant, comprising a ro-
tatable hollow shaft, the hollow portion of said
shaft constituting the central duct of said power
plant; a stationary, toroidal combustion heat
generator having an axial intake port register-
ing with said central duct, and an annular dis-
charge port redirected over and around said axial
intake port, a multiple stage gas turbine includ-
ing a stator structure connected to said heat gen-
erator to receive the products of combustion
therefrom, and a turbine rotor structure secured
to said shaft; and a multiple stage dynamic flow
compressor, including a rotor secured to said
shaft, said rotor being fluid-dynamically coupled
to said central duct.

4. A gas turbine power plant as defined in claim
3 in which said toroidal combustion heat gen-
erator comprises said axial intake port constitut-
ing an axial continuation of said central duct, an
inner toroid having fuel nozzles, said inner toroid
constituting a combustion chamber of said heat
generator, an outer toroid surrounding the inner
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toroid, and annular intake and output ports for
said toroids.

5. A gas turbine power plant as defined in
claim 3 in which said combustion heat generator
also includes a third toroid, said third toroid
being positioned between said inner and outer
toroids on one side and the turbine on the other
side, said third toroid constituting a vortex mix-
ing chamber for the gases leaving said inner and
outer toroids.

6. A gas turbine power plant, comprising a pair
of hollow shaits each having fluid intake and dis-
charge ends; means mounting said shafts for ro-
tation in opposite directions; g multiple stage
centripetal compressor including multiple blade
rotor structures mounted on each of said shafts
and terminating in discharge ducts directed
axially into the intake ends of said shafts ;and a
gas turbine for at least one of said shafts, said
turbine including a rotor structure mounted on
the discharge end of said shaft, and a stator be-
yond the discharge end of said shaft; and gz re-
verted torus shape combustion heat generator
having an intake end registering with the dis-
charge end of said shaft, and an annular dis-
charge end directed axially toward said shaft
and into said stator.

7. A gas turbine power plant, comprising first
and second hollow shafts, each having fluid in-
take and discharge ends; means mounting said
shafts for rotation in opposite directions; a mui-
tiple stage centripetal compressor including first
and second multiple blade rotor structures
mounted respectively on said first and second
shafts, each rotor structure terminating in g dis-
charge duct directed axially into the intake end
of the respective shaff; a gas turbine at the dis-
charge end of at least said first shaft, said gas
turbine including a rotor structure secured to
said first shaft, and a stator structure including
an intake port, a combustion heat generator in-
cluding an intake duct registering with the dis-
charge end of said shaft and an annular dis-
charge port registering with the intake rort of
sald turbine, and a combustion chamber between
said intake duct and said discharge port; and
means for introducing fuel into said combustion
chamber.

8. A gas turbine power plant, comprising a
hollow shaft having an intake end and a dis~
charge end; a compressor driven by said shaft
and having a compressed air discharge duct di-
rected axially info the intake end of said shaft; a
combustion heat generator including an inner
toroid chamber and an encompassing outer toroid
chamber, both having intake ports communi-
cating with the discharge end of said shaft, and
both having annular discharge ports redirected
toward said shaft, and meang for introducing and
burning a fuel in said inner toroid chamber; a
gas turbine including a rotor mounted on and
adapted to drive said shaft, and a stator having
an intake port registering with the discharge
ports of said chambers.

9. A gas turbine power plant, comprising a hol-
low shaft having an intake end and a discharge
end; a compressor driven by said shaft and hav-
ing a compressed air discharge duet directed
axially into the intake end of said shaft; a com-
bustion heat generator defining an inner toroid
chamber and an encompassing outer toroid
chamber, both of said chambers having central
intake ports communicating with the discharge
end of said shaft, hoth having annular discharge
ports redirected toward said shaft and both de-
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fined in part by a common heat exchanging wall,
means for introducing and burning fuel in said
inner toroid chamber, said combustion heat gen-
erator also defining a toroid vortex chamber com~
municating with the discharge ends of said inner
and cuter toroid chambers; a turbine including a
turbine rotor structure secured to and driving
said shaft, a turbine stator, and means defining
an intake for said turbine, said means communi-
cating on one side with said toroid vortex cham-
per and on the other side with said turbine.

10. A gas turbine power plant as set forth in
claim 9 wherein the confronting ends of said
shaft and said combustion heat generator define
a, bypass pert, and said stator and rotor define
therebetween a vassage communicating with a
stage of said turbine to assist the cooling of said
rotor and stator in the region of said toroid
vortex chamber.

11. A gas turbine power plant, comprising a
hollow shaft having an intake end and a dis-
charge end; a compressor driven by said shaft
and having a compressed air discharge duct di-
rected axially into the intake end of said shaft;
2 combustion heat generator defining an inner
toroid chamber and an encompassing outer
toroid chamber, both of said chambers having
central intake ports communicating with the
discharge end of said shaft, both of said cham-
bers having annular discharge ports redirected
toward said shaft, said chambers being defined
in part by 2 common heat exchanging wall,
means for introducing and burning a fuel in
said inner toroid chamber, said combustion heat

generator also defining a toroid vortex chamber s

communicating with the discharge ends of said
inner and outer toroid chambers, and a centrif-
ugal turbine structure including a turbine rotor
structure secured to and driving said shaft and
carrying a series of coaxial turbine blade rings,
a turbine stator structure carrying a series of
turbine blade rings interleaved with the rings
of said rotor, said turbine stator including an
annular intake port communicating with said
toroid vortex chamber.

12. A turbine power plant, comprising a mul-
tiple stage centripetal compressor; & multiple
stage centrifugal turbine; a hollow shaft con-
necting the rotating portions of said compressor
and turbine and forming a conduit for com-
pressed air from said compressor; a fixed com-
bustion heat generator covering the discharge
end of said hollow shaft and defining an intake
port registering with said shaft and a discharge
port communicating with said turbine, and
means incorporated in said compressor and tur-
bine to define opposed pressure areas for counter-
acting end thrust on said shaft.

13. A turbine power plant as set forth in claim
12 wherein said pressure counteracting means
in said compressor comprises walls defining a
series of chambers displaced axially from the
stages of said compressor, each chamber embrac-
ing a higher and lower pressure stage and hav-
inz means for sealing each chamber from the
corresponding lower pressure stage, each cham-
bar having an annular duct communicating with
its corresponding higher pressure stage; and
wherein said pressure counteracting means in
gaid turbine comprises walls defining a series of
chambers dispiaced axially from the stages cf
said turbine, each embracing a higher and a
lower pressure stage, and means sealing each
chamber from the corresponding higher pressure
stage, each chamber having an annular duct
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communicating with its corresponding Jower
pressure stage.

14. A turbine power plant, comprising a mul-
tiple stage aerodynamic compressor; & multiple
stage aerodynamic turbine; a hollow shaft con-
necting the rotating portions of said compressor
and turbine forming a conduif for compressed
air from said compressor; 2 fixed combustion
heat generator covering the gischarge end of
said hollow shaft and defining an intake port
registering with said shaft and a discharge port
communicating with said turbine; said combus-
tion heat generator including a toroidal inner
chamber, a toroidal outer chamber sharing a
heat-transferring common wall with said inner
chamber, both of said chambers also sharing the
intake and discharge ports of said generator;
means for introducing fuel into said inner
chamber to establish a primary combustion
region, and a mixing chamber interposed be-
tween said turbine and said toroid chambers for
veceiving the products of combustion from said
inner chamber suppleinented by air from said
outer chamber.

15. A turbine power plant, comprising a mul-
tiple stage aerodynamic cOmMpressor; & multiple
stage aerodynamic turbine; a hollow shaft con-
necting the rotating portions of said compressor
and turbine and forming 2 conduit for com-
pressed air from said compressor; a fixed com-
bustion heat generator  covering the discharge
end of said hollow shaft and defining an intake
port registering with said shaft and a discharge
port communicating with said turbine; said com-
bustion heat generator including a toroidal inner
chamber, a torcidal outer chamber sharing a
heat-transferring common wall, both of said
chambers also sharing the intake and discharge
ports of said generator; means for introducing
fuel into said inner chamber to establish a pri-
mary combustion region, and a mixing chamber
interposed between said turbine and said cham-
bers for receiving the products of combustion
from said inner chamber supplemented by air
from said outer chamber; the intake port of
said generator and the confronting end of said
shaft defining a bypass port; and a cooling duct
defined in part by the rotating portion of said
turbine and a wall of said mixing chamber and
communicating between said bypass port and &
stage of said turbine.

16. A turbine power plant as seb forth in claim
15 wherein the wall of said mixing chamber
which defines said cooling duct in part comprises
a plurality of sheets having reflecting surfaces
facing toward said mixing chamber and spaced
apart from each other, the outermost sheet con-
stituting the surface of said cooling duct, said
wall occupying a region subjected to the radiant
heat from said combustion region and said mix-
ing chamber.

17. A gas turbine power plant comprising &
rotatable hollow shaft having first and second
ends, the hollow portion of said shaft constitut-
ing a hollow duct, a dynamic compressor having
a rotor structure mounted at and connected to
said first end of said shaft, an accelerating duct
connecting the output of said compressor to said
shaft duct whereby the output of said compressor
discharges into said shaft duct, a turbine having
a rotor mounted ai and connected to the second
end of said shaft, and a combustion heat gener-
ator having input and output sides, the input side
of said combustion heat generator being aero-
dynamically connected to said shaft duct to re-
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ceive the output of said compressor, and the out-
put side of said combustion heat generator heing
aerodynamically connected to said turbine,
whereby the rotor of said turbine is capable of
rotating the rotor structure of said compressor
through said shaft when said power plant is in
operation.

18. A gas turbine power plant comprising a
centripetal compressor for compressing air used
as a component of kinetic energy of said plant,
said centripetal compressor having a plurality of
compression stages integrated into at least one
rotor, said compressor receivng said air along its
outermost perimeter and compressing said air to-
ward the region located at the center of rotation
of said rotor, a heat generator asrodynamically
connected to the output of said compressor for
receiving on its input side the compressed air
from said region, a source of fuel connected to
and supplying fuel to said heat generator, said
heat generator having means for burning said
fuel in said air to produce heated gases, and a
centrifugal turbine having at least a single rotor
aerodynamically connected to said heat generator
for receiving said gases from said heat generator
for converting the kinetic energy of said heated
gases into mechanical energy.

19. A gas turbine power plant comprising a
centripetal compressor having first and second
rotor structures interleaved with each other, first
and second combustion heat generators aero-
dynamically connected to said compressor for re-
ceiving the output of said centripetal COmpressor,
first and second turbines, said first turbine being
agrodynamically connected to said first combus-
tion heat generator for receiving the output of
said first combustion heat generator, and said
second turbine being aerodynamicaliy connected
to said second combustion heat generator for
receiving the output of said second combustion
heat generator, first means mechanically inter-
connecting said first rotor and said first turbine
for rotating said first rotor structure of said cen-
tripetal compressor in clockwise direction from
said first turbine, and second means mechan-
ically interconnecting said second rotor and said
second turbine for rotating said second rotor
structure of said centripetal compressor in a
counterclockwise direction from said second tur-
bine.

20. A gas turbine power plant as defined in
claim 19 in which said first rotor structure com-
prises a first side disc with a plurality of con-
centric compressor stages mounted on said first
side dise, and said second rotor structure com-
prises a second side disec with a plurality of con-
centric compressor stages mounted on said sec-
ond side dise, the stages on the first disc inter-
leaving with the stages on the second disec.

21. A gas turbine as defined in claim 19, in
which said centripetal compressor comprises a
stationary prerotation stage and at least one
compression stage in each of said first and second
rotor structures.

22. A gas turbine power plant as defined in
claim 19, in which said first and second turbines
are radial turbines having first and second tur-
bine rotors respectively, said first turbine rotor
being connected to said first means, and said
second turbine rotor heing connected to said
second means.

23. A gas turbine power plant as defined in
claim 19, in which said first and second means
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shafts constituting the driving means of said
power plant.

24. A gas turbine power plant as defined in
claim 19, in which said first and second means
are first and second shafts respectively, a load
connected to and driven by said shafts, and
means for proportioning the power delivered to
said load by the respective shafis as an inverse
function of the power delivered by the respective
shafts to said first and second rotor structures
of said compressor.

25. A gas turbine power plant as defined in
claim 19, in which said first and second means
are first and second shafts respectively, said
power plant also including first and second elec-
tric generators, each having a rotor and a stator,
the rotors of said generators being mounted di-
rectly and respectively on said first and second
shafts.

26. A gas turbine system comprising a centrip-
etal compressor having first and second rotor
structures interleaving with each other, first and
second hollow shafts having inner and outer
ends, respectively, said inner ends heing respec-
tively connected to said first and second rotor
structures, said rotor structures and said shafts
having means for discharging compressed air in-
to said hollow shafts, a first turbine having a
rotor connected to the outer end of said first
shaft to drive said first rotor structure in one
direction, a second turbine having a rotor con-
nected to the outer end of said second shaft to
drive said second rotor structure in the opposite
direction, each turbine having low and high pres-
sure sides, a first combustion heat generator in-
terconnecting the outer end of the first shaft
with the high pressure side of said firsg turbine,
and a second combustion heat generator inter-
connecting the outer end of said second shaft
with the high pressure side of said second turbine,
whereby the compressed air from said compressor
is delivered to said turhineg through the respec-
tive shafts and combustion heat generators.

27. A gas turbine system as defined in claim
26 which also includes means for delivering power
to an external load from said first shaft.

28. A gas turbine system as defined in claim 26,
in which said first turbine is an external and
internal power turbine and said second turbine
is an internal power turbine,

29. A gag turbine system as defined in claim 26,
in which the inner diameters of said first and
second hollow shafts have a ratio which is a func-
tion of the ratio of the power ratings of said first
and second turkines.

30. A gas turbine system as defined in claim 26,
which also includes a first source of fuel con-
nected to said first combustion heat generator, a
second source of fuel connected to said second
combustion heat generator, and means for in-
dependently regulating the amount of fuel sup-
plied by said first and second sources of fuel to
said first and second combustion heat generators,
respectively.

31l. A gas turbine system comprising a centri-
petal, contra-rotatable compressor having first
and second contra-rotatable rotor structures, first
and second shafts, said rotor structures being
connected respectively to first and second shafts,
first and second turbines connected, respectively,
to said shafts, said turbines being adapted to
rotate said first and second rotor structures in
opposite directions through said first and second
shafts, first and second sets of gears connected
respectively to said shafts, third and four rotat-
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able shafts connected respectively to first and
second loads driven respectively by said first and
second turbines, and means interconnecting said
third and fourth shafts, said means fixing the
angular velocity of said third shait with respect
to the angular velocity of said fourth shaft.

32. A gas turbine power plant comprising a
centripetal compresor having a first and second
rotary structures, first and second hollow shafts
connected respectively to said first and second
rotary structures, first and second turbines each
having high and low pressure sides and being re-
spectively connected to said first and second
shafts, said first turbine rotating said first rotary
structure in one direction, and said second tur-
bine rotating said second rotary structure in the
opposite direction, and a common combustion
heat generator having an input end and an out-
put end, first means for connecting the input
end of said heat generator to said first and sec-
ond shafts, and second means for connecting the
output end of said heat generator to the high
pressure sides of said turbines.

33. A gas turbine power plant as defined in
claim 32, which also includes a heat exchanger
having a first plurality of ducts constituting a
part of said first means, and a second plurality
of ducts in heat-exchanging relationship with
said first set of ducts, said second set of ducts
receiving the exhaust gases of said first and sec-
ond turbine and discharging them intfo an am-
bient atmosphere.

34. A gas turbine power plant comprising a
cenftripetal contra-rotating air compressor hav-

ing first and second rotary structures, first and 3

second shafts connected to said first and second
rotary structures, respectively, a turbine con-
nected to one of said shafts and having a low
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and high pressure sides, a combustion heat gen-
erator having an input end receiving compressed
air from said compressor, and an output end dis-
charging said compressed air and the products
of combustion into said high pressure side of said
turbine, and means connected to and driven by
said turbine, for rotating said first rotary strue-
ture in one direction and said second rotary struc-
ture in the opposite direction.

VLADIMIR H. PAVLECKA.

FREDERICK DALLENBACH.
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