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ABSTRACT 0F THE DISCLÜSURE 

A gas prime mover consisting of a compressor, a com 
bustor and a turbine in which the combustor is arranged 
and disposed between the rotary members including the 
compressor and the turbine and the combustor rotates on 
the sarne axis with the compressor and the turbine. 

The present invention relates to a gas prime mover 
such as a gas turbine, turbojet engine or the like compris 
ing a compressor, combustor, and turbine. 

Generally in the prime mover of the type described, 
atmospheric air is compressed to a much higher pressure 
by the compressor, and then such highly compressed air 
is mixed with fuel to be burnt to raise the temperature 
of the combustion product to a high temperature. The 
highly heated and high pressure gases produced by the 
combustion of fuel, drive the turbine to furnish the power, 
one part of which is used for driving the compressor and 
the remaining part of which is furnished as the effective 
output. That is, in the engine of the type there is only a 
less difference between the Work done when compressed 
and expanded as the gas is used. Therefore one of the 
most important conditions for obtaining the higher effec 
tive output is that the efficiencies of the compressor and 
the turbine are higher. In order to improve the efficiencies, 
there have been tried to combine with the major element 
consisting of a compressor, a combustor and a turbine, 
the regenerator, the inter-cooler, the reheater, and other 
devices so that the engine system may have the higher 
over-al1 efîiciency. 
The conventional compressor used with the gas turbine 

has been designed so as to provide a higher efficiency and 
to meet the demands for higher compression ratio, higher 
blade tip speed, and higher Mach number. Thus for in 
stance, the centrifugal type compressor is conventionally 
so designed that the compressed air leading to the com 
bustor is to be introduced by the fixed diffuser and the 
combustor exhaust nozzle diaphragm is provided in order 
to give to the gases the circumferential component of the 
speed equal to the blade tip speed of the turbine when 
the gas is introduced into the turbine from the combustor 
in the fixed coordinate. Thus a part of the pressure of the 
gases are transferred to the velocity. Especially in case 
of a centrifugal compressor type gas turbine, the air flow 
at the outlet of the impeller of the centrifugal compressor 
has the resultant of the speed consisting of the blade tip 
speed of the impeller and the relative flowing speed in 
the radial direction. The major part of the resultant of 
the speed is the component of the blade tip speed of the 
impeller. Thus in order to improve the compression 
pressure ratio the blade tip speed must be increased. At 
present this speed generally exceeds the speed of sound. 
Therefore the fixed diffuser is playing a major roll, and 
the dimension of the fixed diffuser must be large enough 
for reducing the speed of the supersonic or transonic 
flow. This leads to the increase of the frontal area of the 
engine. Further in order to increase the quantity of air 
flow per unit area of the front, the air flow must have a 
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higher velocity. By these reasons the adiabatic efficiency 
is decreased. 
The conventional engine of the type described herein 

before has the disadvantages or defects in that; when par 
tially loaded, even a slight `change of the attach angle 
of the flow relative to the fixed diffuser will cause to lower 
the eliiciency and also leads to surging due to the flow 
separation so that the steady state operation cannot be 
continued any longer; the combustor is fixed in the fixed 
coordinate so that the pressure must be converted into 
the velocity by means of the nozzle diaphragm in order 
to ñow the gases; thus the engine system is complicated 
that vthe air flow must be once converted almost to the 
static pressure by means of the iixed diffuser and then 
reconverted into the velocity from the static pressure by 
means of the nozzle diaphragm after leaving the com 
bustor so as to have the turbine speed so that the pres 
sure loss will be great, thus preventing the gas temper 
ature at the inlet of the turbine form being elevated and 
decreasing the turbine output; and in order to eliminate 
such defects described above accessory devices must be 
provided so that the engine system becomes more com 
plicated, larger in size, and higher in cost. 

Bearing in mind the above, the principal object of the 
present invention is to eliminate such defects encountered 
in the conventional engine and described hereinbefore by 
a simple construction and to provide a gas prime mover 
which is of practical use and economical. 

Another object of the present invention is to eliminate 
the fixed diffuser and the turbine nozzle diaphragm which 
are required in the conventional engine of the type and 
to simplify the structure of the engine and to make the 
engine compact in size and light in weight. 

Still another object of the present invention is to pro 
vide a combustor within the rotary member including the 
compressor and the turbine in order to arrange and dis 
pose the combustor as the reaction turbine so that the 
gas prime mover whose fuel consumption is economical 
and which has a high capacity as Well as high acceleration 
may be produced at a lower cost. 
Yet another object of the present invention is to main 

tain the blade tip speed obtained in the compressor, in 
the combustor and then directly utilize in the power ab 
sorbing turbine by integrally constructing the combustor 
with the compressor and the turbine into a single assembly 
so that the pressure loss may be minimized, the turbine 
may drive effectively without being provided with the 
guide vanes or the like and the cooling operation may be 
easily effected without incurring the thermal loss, thus 
improving the efiiciency. 

Further object of the present invention is to provide a 
gas prime mover compact in size and at a lower cost, 
which can be operated in a stable state in the steady state 
operation with no surging phenomenon due to ñow sepa 
ration at the diffuser when partially loaded, and whose 
output may be arbitrarily varied. 
The present invention resides in a gas prime mover 

mainly consisting of a compressor, a combustor and a 
turbine characterized in that the combustor is arranged 
and disposed within the rotary member including the 
compressor and the turbine; and said combustor is fur 
ther so arranged and disposed that said combustor may 
rotate around the same axis with those of the compressor 
and the turbine, whereby the effective output of the prime 
mover can be obtained. 
Now the invention will be described in detail herein 

after with reference to the accompanying drawing illus 
trating one embodiment of the present invention wherein: 
FIGURE 1 is a sectional view thereof; 
FIGURE 2 is a partial side view; 
FIGURE 3 is an expanded view of the section at the 

mean diameter of the turbine blades; and 
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FIGURE 4 is a sectional view taken along line A-A 
of FIGURE 1. 
Now referring to FIGURE 1, a compresser 1, a com 

bustor 2 and a turbine 3 are provided Within a casing 
6 having an entrance 4 and an exit 5. The combuster 2 
is integrally provided with the rotary member including 
the compressor 1 and the turbine 3 so that said combustor 
2 may rotate around the same axis with that of the com 
pressor 1 and the turbine 3. 

In the ligure, the compressor 1 is of a centrifugal com 
pressor comprising an impeller 1’ of the centrifugal com 
pressor secured to a rotary shaft 7 and an outer casing 
6’ surrounding or enclosing the impeller 1'. The air is 
forced to enter the engine from the entrance 4 by the 
centrifugal compressor impeller 1’ and then is compressed 
to a higher pressure through discharge ports 1” and a 
bending or sloping portion 8 by the centrifugal force of 
the impeller 1’. The high pressure air thus compressed is 
then introduced into the rotary combuster 2. (In the ñow 
path from the impeller 1’ to the bending or sloping por 
tion 8 the relative speed of air flow is decreased while 
the pressure thereof is increased.) 
An inner combuster 10 provided with suitable holes 

or openings 9 are provided in the combustor 2. Fuel in 
jection nozzles 12 are arranged and disposed in such a 
manner that the fuel passing through a fuel supply path 
11 within the rotary shaft 7 may be injected into the pri 
mary combustion zone 2'. The jet nozzles 12 are so ar 
ranged that fuel may be injected perpendicularly to the 
rotary shaft, and the nozzles are spaced part from one 
another in the circumferential direction of the shaft. The 
fuel which is forcibly injected into the fuel supply path 
11 located at the center of the rotary shaft 7 may have a 
suñicient pressure to atomize at the injection nozzles 12 
by centrifugal force. The fuel injected into the primary 
combustion zone 2’ is sparked to burn by means of spark 
plugs 13 when the engine is started, and is kept burning 
continuously by itself without the aid of plugs when 
once burnt. 
As shown in FIGURE 4, the inner tube 10 of the com 

bustor is partitioned for each of jet nozzles 12, and sec 
ondary air is supplied to the shaft side 20’ located at 
the center of the inner combustor 10, and then mixed 
into the inner combustor 10, to be utilized as a cooling air 
at the same time. The primary combustion chamber 2' 
is divided into plural rooms by partition Walls 27. Each 
roorn faces to fuel injection nozzle 12. Partition walls 27 
are provided with holes 28, and adjacent rooms are opened 
to each other by holes 28. The combustor 2 comprising 
of the inner combustor 10 is integrally secured to the 
turbine 3 which is secured to the rotary hollow shaft 7’ 
which is coupled to the impeller 1’ of the centrifugal com 
pressor and the turbine disk 3' of the turbine 3. The 
rotary member consisting integrally of the compressor 1, 
the combustor 2 and the turbine 3 are mounted in the 
stationary supporting casing 6 by means of bearings 24 
and 24. 
The electricity to be supplied to the spark plugs 13 is 

supplied from the terminal 15 securely fixed to the sta 
tionary member of the engine through the conductive wire 
14 located within the shaft. The conductive wire 14 is 
insulated (and secured) rigidly at the center of the rotal 
hollow shaft 7’ and the portion of the conductive wire 
14 connected to the terminal 15 is made of a material 
which has a resistivity against wear and abrasion and also 
has a better conductivity. The terminal 15 is pushed for 
ward only when the electricity is supplied in order to 
spark the plugs to start the engine (by means of, for ex 
ample, an electromagnetic solenoid 16) and is returned 
to its initial position when the ignition has been com 
pleted. 
The turbine 3 is comprising of the turbine disk 3’ and 

the blades 3" and is arranged and disposed as the reac~ 
tion turbine, which is securely ñxed to one end of the 
combustion chamber 2" of the combustor 2 and is rotated 
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4 
therewith at the same speed. Since this turbine 3 is directly 
iìxed to the combustion chamber (shaft side 20'), the 
turbine disk 3’ is cooled by means of the secondary air 
which is existing in the combusition chamber 2" and is 
still cool. The secondary air accumulates the heat and is 
cycled and regenerated partially so that no loss may be 
produced. At the opposite side of the turbine disk 3’ are 
provided with small diameter holes or openings 17 so 
as to cool the back face of the disk 3' and so as to per~ 
mit the air to flow toward the outer periphery of the disk 
3’ and to be discharged outwardly from the root portion 
of the turbine blade 3". The turbine blade 3” is cooled, as 
indicated in FIGURE 2, by the secondary air introduced 
directly from the air hole 18 provided adjacent to the root 
portion of the turbine blade 3". The turbine blade 3" is 
formed as the cooling blade having a plurality of ñne 
tubes 19 arranged and disposed within the blade. Thus the 
turbine blade 3” is utilized to elevate the temperature at 
the entrance of the turbine. 

In the figure, the reference numeral 20 designates a 
guide wall surrounding or enclosing the combustion 
chamber 2'; 21 designates holes through which the com 
pressed air flow; 22 designates stays in the shape of an air 
foil which are adapted to produce the laminar flow, or to 
streamline the iiow; 23 designates a cover body; 25 de 
signates fitting members; and 26 designates the extended 
outer casing of the casing 6. 

In FIGURE 3, illustrating the expanded view of the 
section of the blade at the mean diameter of the turbine 
blade, V0 is the circumferential speed vector of the tur 
bine blade, V1 is the relative entering velocity vector; and 
V2 is the relative leaving velocity vector. 
Now the starter (not shown) located outside of the 

engine drives the compressor 1, and at an appropriate 
time fuel is injected into the combustor 2 and is burnt 
by the ignition devices (spark plugs 13). Then the engine 
is accelerated by increasing the output of the starter and 
the quantity of fuel to be injected, so as to increase the 
output of the turbine 3. When the compressor 1 comes 
to be driven only by the output of the turbine 3, the 
starter is cut off, but the compressor is kept running. When 
the engine is started as described above, the fuel to be 
injected is increased so that the engine may be further 
accelerated and the load is applied to the engine in or 
der to accomplish the effective work. Since the engine 
of the present invention is provided with the combustion 
chamber 2’ adapted to rotate with the impeller 1’ of the 
centrifugal compressor, the air ñow discharged out of 
the impeller 1' is directly introduced into the combustion 
chambers 2’ and 2" of the combustor 2. As the combustor 
2 is rotated at the same r.p.m. with that of the impeller 
1', the relative ñow is only the one leaving radially of 
the impeller 1' and the relative velocity thereof is suf 
ficiently decreased to a subsonic regime. Furthermore, the 
air is not positively compressed in excess of a certain 
pressure obtained by decelerating the air flow in the ilow 
path of the impeller. The substantial part of the iiow 
velocity is preserved and is introduced into the rotary 
combustor 2. The relative velocity is slow though its ab 
solute velocity is higher so that the highly compressed 
air is effectively utilized. At the same time fuel is ad 
mixed into the compressed air and burnt in the combus 
tor 2 and the high temperature gases produced by the 
combustion is diluted by the introduction of the second 
ary air so that the gas temperature gradient may be ap 
propriately adjusted (both in the radial and circumferen 
tial directions) and the gases are introduced into the tur 
bine 3. Since the combustor 2 and the turbine 3 are ro 
tating at the same speed, it is not necessary to convert 
the pressure of the gases into the velocity by the nozzle 
diaphragm, and now it is possible to maintain the blade 
tip speed obtained when entering from the compressor 
and to be introduced into the power absorbing turbine 
3 from the combustor 2 at the same speed. Since the tur 
bine 3 is a reaction turbine which is ñxedly secured to 
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the combustion chamber 2” and has the same r.p.m. 
with that of the combustion chamber 2”, the direction 
of the gases leaving the turbine is opposite relatively to 
the direction of rotation so that the driving force may be 
given by its reaction and the efficiency is better. The 
relative leaving velocity may be used in a wide range up 
to the supersonic regime. 

Air Hows from the compressor to the turbine blades in 
the following manner. The air flow from compressor 1 
passes between casing 6 and inner combustion 10 to tur 
bine blades 3", and is discharged from exit 5 through 
stays 22. A part of the air ñowing is pressed into primary 
combustion zone 2’ through openings 9 in inner combus 
tor 10 and is then discharged through exit 5 through tur 
bine blades 3”. In each chamber 2" or zone 2', air flow 
passing through openings 9 is controlled by the pressure 
difference between the inside and the outside of the cham 
ber and the zone. Air flow entering into combustion 
chamber 2" will further enter into shaft side room 20’ 
through holes 21 provided in the guide wall 20, and is 
thereafter transferred to the side of turbine disc 3. Some 
part of this air flow is pressed into small diameter holes 
17 and air hole 18 and tubes 19 and, in this manner, 
turbine disc 3’ and turbine blades 3” are cooled. 
The air entering small diameter holes 17 and air holes 

18 will be a mixture of air and combustion products en 
tering into shaft side room 20’ through guide wall 20. 
With the arrangement described hereinbefore, the pres 

ent invention permits to eliminate the fixed diffuser and 
the nozzle diaphragm of the engine which are used in 
the conventional engine. Thus the engine can be designed 
compact in size and the construction thereof also can 
be simplified extremely because the compressor has no 
fixed diffuser. Especially the frontal area of the engine 
may be reduced. There will be no surging due to the ñow 
separation when partially loaded. The ñow separation at 
the in‘lpeller is very small so that the continuous opera 
tion of the engine may be made Without any hindrance 
even when the ñow separation should take place and so 
that the acceleration of the engine may be forced in a 
high-handed way. The adiabatic efficiency of the conven 
tional diffuser is generally not so good and is reduced 
remarkably when partially loaded departing from the de 
sign limit. Such defect can be eliminated by the present 
invention with ease and the efficiency may be improved. 
The output may be varied optionally. Further, the noz 
zle diaphragm for the turbine may be eliminated so that 
the turbine may be used as the reaction turbine and the 
eñiciency of the turbine itself may be remarkably im 
proved. Since the turbine is integrated with the com 
bustion chamber, the turbine can contact with the cold 
secondary air and the turbine blade as well as the tur 
bine disk are cooled in an extremely simple manner there~ 
by to elevate the temperature at the entrance of the tur 
bine. Thus the specific output and the work ratio of the 
engine may be improved, and the engine of the present 
invention has the advantage in that the engine can be 
produced compact in size and have a practical flexibil 
ity in its use. Since the compressor, the combustor and 
the turbine are integrally constructed, the loss due to the 
leakage of the gases through the gaps and the friction 
loss of the rotary disk may be minimized. Other advan 
tages and features of the invention are that the engine 
having the greater capacity can be provided simple in 
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construction, compact in size and light in weight; the 
engine can be operated in a simple manner; fuel con 
sumption may be minimized; a high acceleration may be 
obtained; and the engine may be operated in a more 
stable state. 
The embodiment has been described with respect to the 

gas turbine of the type wherein the output is derived 
from the shaft thereof. But the turbine may be designed 
in such a manner that a free turbine is added at the rear 
portion of the turbine so as to obtain the power from 
the free turbine. Also the engine may be so designed that 
the rear jet pipe and the nozzle may be extended so as 
to form a turbojet engine. In any case it should be un 
derstood that the changes in the arrangement, construc 
tion and other related conditions may be made in many 
ways according to the gist and nature of the present in 
vention without departing from the scope and spirit of 
the present invention, and that such changes will not limit 
the scope of the present invention at all. 
What we claim is: 
1. A gas prime mover comprising a housing having 

entrant and exit ends, a shaft rotatably mounted in said 
housing, compressor means carried by said shaft proxi 
mate to said entrant end, turbine means carried by said 
shaft proximate to said exit end, a combustor casing 
carried by said shaft intermediate said compressor means 
and said turbine means, and fuel injection nozzles on 
said shaft for delivering fuel within said combustor cas 
ing, said combustor casing including a plurality of open 
ings for entry of air from said housing to within said 
combustor casing, wherein said combustor casing in 
cludes a plurality of partitions to define a primary com 
bustion zone into which fuel is delivered and multiple 
secondary combustion zones, said partions being provided 
with openings for communication between said primary 
and secondary combustion zones. 

2. A gas prime mover as claimed in claim 1 wherein 
said turbine means includes a turbine disc and a plural 
ity of turbine blades, said combustor casing being pro 
vided with a plurality of partition Walls separating said 
blades from said disc, said walls having holes therethrough. 

3. A gas prime mover as claimed in claim 1 wherein 
said turbine means includes a plurality of turbine blades, 
each said blade having a plurality of tubes therewithin 
communicating with a passage which communicates with 
said secondary combustion zones. 
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