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1 

This invention relates to improvementsih, gas, 
turbines, and has for its, principal objects; the, 
simpli?cation of structure. and‘ the inerease in, 
efficiency of such turbines. 

In the conventional gas turbine, unit,v air or 
other combustible gas, is compressed; and‘burnedj 
with fuel in a combustion chamber, thecombuse. 
tion gases thus formed being supplied to._a, turb 
bine which in‘turn rotates. an impeller to effect 
initial compression of the, air.v Power may be 
derived from the unit either by direct‘mechanical 
connection with the, turbine; shaft, or from the 
reaction of the gas discharged from. the unit, asv 
in the case of the jet propulsion engine, The in 
stant invention is applicable to either ?eld, since 
it deals with the turbine portion item. which 
power can be derived, either through. the torque 
furnished by the turbine wheel from the exhaust 
gases of combustion or from the. reactiQZl of the 
gas discharged from the turbine. 

It‘ is a feature of the invention that, the. same 
rotating part which constitutes. the impeller or 
compressor, whereby initial compression oi the 
air is effected, also functions as the lllll'bine 
wheel against which the. exhaust gases are di 
rected. In the preferred embodiment of the, in. 
vention, this result isv achieved by ‘means of an 
impeller of the centrifugal type, having hollow 
blades, the incoming air passing; through, the in! 
terior of the blades to the. diffuser section and 
thence to the combustion chamber, and- the. ex-. 
haust combustion gases being directed: against 
the external surfaces of, the blades, to rotate the 
impeller. 

It is a further object of the invention toproe. 
vide in a gas turbine, a generally toroidal cham-. 
her for the collection and combustion, of air or 
other combustible gas, the chamber being pro-. 
vided with annular air inletand exhaust gasout_-.. 
let openings, so that in any plane containing: the 
generating axis of the toroid, the air or gas, par 
takes of generally circular motion, following'the 
chamber wall. In the event the air is forced'into 
the chamber by a centrifugal impeller, from 
which the air is usually discharged in a direction 
not truly radial, the direction of movement of 
air- and gas within the chamber will be helical. 

v Thus in the application of a combined impeller 
and turbine wheel, as hereinabove described, to a 
toroidal combustion chamber, the annular air 
inlet of the chamber will surround the outer 
ends of the. hollow blades of the impeller-turbine 
unit, and the combustion gases issuing from the 
annular outlet of the combustion chamber will be 
directed generally axially so'as. to impinge on the > 
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external surfaces of the blades, the airand gas; 
withinhthe chamber following a generallyhelioal 
path. Itwill- be appreciated‘ thatwith‘ such a 
construction,’ the flow or air or gas need’ not be 
abruptly, 0bang§d1indirectiQm and that a bath 
of" flow of reasonable length may be provided 
within’ the confines. of a relatively- small? unit. 
Not- only is the structureyof the unit} greatly-elm; 
pli?ed by thus combining the impeller andftur 
bine,__ but heat istransferred- from the exhaust; 
gases to the incoming air or gas as‘ it flows" 
through the blades, so astoprevént- overheatingI 
of» the blades and to effect preheating of» the'v‘aijr" 
or gas, thereby increasing the efficiency of the \ 
unit. - 

Further objects and’ features of- the invention 
will be‘appa-rent from the following description 
taken in' “connection with the accompanying 
drawings, in which ' ' " " 

Figure '1 is a longitudinal section: of; one form 
of- gas turbine-embodied in the principles of the 
invention; ' ' ' 

Figure 2' is_ an enlarged- diagrammatie sectional 
View taken substantially on- the‘ line 2_—'2- Oi‘FlfZ 
urel ;_ and " ' ‘ 

Figure 3- is_ an end elevation at; the impeller-. 
turbine shown in Figure 1. 

‘ In order to facilitate an understanding. of‘ the 
invention, reference is madevtoithe embodiment 
selected, for’ the purpose of illustration, andspey 
cific language is used.- to describe the same.‘ 'It 
will, nevertheless, be appreciated that no ‘limita 
tion'of» the scope» of the invention is thereby in 
tended, and that such further modificationsand 
alterations of the structure and function of‘ the_ 
parts herein'described are contemplated as ‘would 
be effected by those skilled in the without the 
exercise of invention. > ~ 3 

Referring now to Figure i, it will;v observed; 
that the illustrated unit consists essentially- of‘ a 
stationary structure ' comprising’ a generally 
toroidal compression and combustion chamber 
id», and a rotatable structure comprising '_a com 
bined impeller and turbine indicated generally at 
H, the latter being keyed'at' l3 to a shait- I42 
which ‘is- journalled for rotation on the generate 
ing axis of the toroid within the stationary- struc 
ture. In the illustrated embodiment of- the in; 
vent-ion, the, torque applied; to shaft l2 by the 
gas turbine, is employed for the operation'of a 
driven element (not shown’), for example; an 
airplane ‘propeller or ‘accessories. Shaft" i2 is, 
therefore, referred to [for convenience as" the 
drivenshait of the unit. The right-handendof 
the unit,v ‘as viewed in Figure arbitrarily 
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scribed as the rear end, and the left-hand end 
as the forward end. 
The rear bearing l5 for the shaft I2 is pro 

vided in a boss l6 formed integrally with a cir 
cular web [8, which is in turn integral with a 
cylindrical element l9 forming the inner wall of 
an annular exhaust passage 20. The outer wall 
of the exhaust passage is constituted by a second‘ ' 
cylindrical element 22, the latter being secured 
rigidly on the rear wall of the toroidal chamber 
It; the inner wall l9 may be mounted on the 
outer wall by a plurality of circumferentially 
spaced struts 23. At its forward end the shaft I2 
is supported in a bearing 25 formed in a boss 25 
which is integral with spaced struts 28, they 
latter being mounted rigidly in an axially di 
rected generally cylindrical air inlet duct 35. 
The duct 30 is mounted within the toroidal cham 
ber 10 by radial webs 3| which may be formed 
integrally with or rigidly secured to the duct and 
the chamber. 
The structure of the impeller or compressor 1 I 

may vary widely, but as illustrated is of the cen 
trifugal type, and consists essentially of a hollow 
hub portion 35 having a plurality of blades 36 
radiating, therefrom, the blades also being hollow 
and communicating directly with the interior of 
the hub portion. At its forward end the hub por 
tion is open to afford direct communication with 
the rearward end of the duct 30, so that air -" 
entering the forward end of the duct 30 may move 
rearwardly therein, through the hub portion 35 
of the impeller, and outwardly through the blades 
36, being discharged from the open ends 31 of the 
latter. 
ranged in two series, one series of blades being 
disposed rearwardly of the other. Each series of 
blades includes a substantial number, arranged 
symmetrically about the axis of the impeller, the 
adjacent blades in each series being spaced to the 
extent required for the flow of exhaust gases 
therebetween, as shown more particularly in Fig 
ure 3 of the drawings and as hereinafter more 
fully described. It will be appreciated, therefore, 
that exhaust gas is discharged transversely of the 
annular inlet for air, defined by the hub 35 of 
the impeller, moving across the air intake, the 
blades 36 of the impeller thus constituting means 
for separating the air and exhaust gas. Adjacent 
their inner ends, proximate blades in the two 
series are united by a hollow ring 38 integral with 
hollow hub 35, to strengthen the blade structure; 
adjacent blades in the same series may be 
similarly strengthened. 
In describing and illustrating the blades 36 as 

radiating, it is not intended to imply that the;r 
are truly radial with respect to the impeller axis. 
On the contrary, as is conventional in centrifugal 
impellers, it is contemplated that the blades will 
be so curved in their planes of rotation as to pro 
vide the maximum aerodynamic e?iciency. It 
will also be appreciated that the air discharging 
outwardly from the ends 31 of the blades will not 
necessarily be directed radially of the impeller, 
but may be given a component of movement in 
the direction of rotation of the impeller by 
diffuser vanes 45. 
Thus the discharging heated air moves through 

the dual annular inlet opening 40 past the diffuser 
vanes in the chamber 10 and within the chamber 
in the general direction indicated by the arrows in 
Figure 1, but will also partake of circumferential 
movement about the axis of the unit, with the 
result that the actual movement of the air par 
ticles in the chamber In is in a helical path. 

It will be observed that the blades are ar- " 

' jacent portion of the wall of chamber l0. 

4 
In order to facilitate ?ow of air in this curved 

path within the chamber, an annular vane 43, 
supported by a plurality of circumferentially 
spaced struts 44 from the wall of chamber [0, is 
disposed in the path of air flow, the vane having 
a curved con?guration in transverse section cor 
responding generally to the curvature of the ad 

A 
Fsirnilal‘ly curved diffuser vane 45 is disposed ad 
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jacent the inlet opening 40 of the chamber so as 
to direct the helical ?ow of entering air, vane 45 
being supported on the chamber wall by struts 46. 
To further guide and direct the flow of air, and 

for the additional purpose of separating the 
chamber I0 into two portions, a collecting portion 
and a combustion portion, an annular ba?le 50 
may be provided. This baffle 50 is preferably hol 
low, and the interior of the baffle is divided into 
two parts by an annular partition 5!. The space 
lying outside of the partition 5| is provided with 
insulating material 52, while the chamber 54 
within partition 5| is used as a cooling chamber, 
through which a suitable coolant, such as air or 
water, may be circulated. Fins 55 extend into 
the cooling chamber, being formed on the inner 
wall of the baffle, whereby excessive heating of 
that wall by the products of combustion is 
avoided. 
The inner wall of toroidal chamber In may be 

similarly treated to prevent overheating thereof, 
an annular chamber 60, through which acoolant 
may be circulated, being suitably supported on 
the wall. Fins 6|, forming integrally with the 
wall to be cooled, extend into the cooling medium 
in the chamber 60. ‘ . , V 

The cooling chambers 54 and 69 are connected 
in order that the coolant may be forced through 
both chambers from a single'source, and to this 
end I provide hollow nozzle blades 65 extending 
between the chambers. These blades are disposed 
radially and are shaped in transverse section as 
shown more particularly in Figure 2 of the draw 
ing, for the purpose of directing the exhaust gases 
as hereinafter more fully described. By thus 
passing coolant through the nozzle blades 65 the 
latter are "protected from overheating, which 
allows use of less expensive material. If air is 
used as coolant, chamber, 54 may communicate 
with the collecting portion of chamber l0, re 
ceiving air through a number of holes for coolant. 
This coolant air may also ?ow from'chambers 54 
and 60 through additional holes into combustion 
portion of chamber In to aid combustion. 
Extending into the combustion portion of the 

toroidal chamber [0 are a plurality of circum 
ferentially spaced fuel nozzles ‘68, supplied with 
fuel from delivery lines 69, and one or more spark 
plugs ‘H also extend within this portion of the 
chamber for the purpose of igniting the fuel 
initially. The fuel nozzle and spark plug designs 
as Well as their location may be of great variety 
and are only shown as necessary units within the 
invention. 7 ‘ 

It may be polntedout that while the use of a 
single chamber for the collection and burning of 
the gases greatly simpli?es the construction and 
facilitates gas flow, the practice of the invention 
is not necessarily limited to such an arrange 
ment. In any gas turbine, the collecting chamber 
and the combustion ‘chamber are necessarily in 
open communication, and may be considered, for 
some purposes, as a single chamber having dif 
ferent portions in which different functions are 
carried out, the air or other combustible gas being 
collected in one portion and being burned in an 
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other portion... For. convenience, sucha chamber 
isv sometimes herein designated- a combustion 
chamber. ‘ . < . ' v1 . 

rrheanozzle blades 55 are located thev an-> 
nular outlet of. the; chamber; 1:0; through, which 
thev combustion gases are‘ rearwardly- discharged; 
it being. observedthatwhereas the air inlet: open 
ing: of the chamber in: overlies the outer ends of 
the impeller blades 3'6, and; defines: a cylindrical 
plane concentric with. the: axis‘ or the unit, the 
outlet opening ‘of the chamber lies adjacent, the, 
sidesv of the impeller blades and de?nesna substane 
tially radial plane normal-to: theunitaxist The‘ 
discharging gases are caused to: impinge on re 
active surfaces formed; on they impeller blades to 
provide the torque. for’ rotating the impeller and‘ 
supplying additional output ‘energy, In- the- illus 
trated form ‘of the invention these reactive sur 
faces- are constituted by the: outer surfaces-of the 
blades 36?; the action 01"._ the exhaust gases on 
the impeller is shown diagrammatically in Figure 
2. ‘The design of the turbine blades may be re 
action, impact or some other design. , 
Thus the exhaust gases, on leaving the toroidal 

chamber iiLpa-ss between and are deflected by 
the nozzle blades 65, so as to impinge on the 
outer surfaces of the blades 360i the ?rst‘or for 
ward series. Gn leaving the blades of this series, 
the exhaust gases pass over a second series of 
nozzle blades 10, which may be formed integrally 
with the annular vane 45, the direction of ‘flow 
of the gases beingthereby again changed, so as 
to impinge properly against the external sur 
faces of the blades 36 of the second series. It 
will be appreciated that whenever desirable, ad 
ditional turbine stages may be provided, only two 
stages being illustrated for the purpose of sim 
plifying the disclosure. ' 
As hereinbefore pointed out‘, the air ?owing 

through the passages within the blades 36 de 
rives heat from the blades over which the exhaust 
gases ?ow. Thus as the air enters the toroidal 
chamber Hi, it is not only, compressed by the ac 
tion of the impeller, but_it is preheated by the 
exhaust gases, thermal efiiciency being. thereby 
improved. In order that this vheat may not be 
lost, it is preferred to cover the entire outer sur 
face of the toroidal chamber ID with an insulat 
ing sheath 18; loss of heat to the coolant in the 
chamber 54 is prevented by the insulation 52 in 
the ba?ie 5t. , 
Having thus described the invention, what is 

claimed as new and desired to be secured by Let 
ters Patent is: 

'1. In a gas turbine, the combination with a 
generally toroidal chamber having an annular air 
inlet, of an impeller supported for rotation on 
the generating axis of the toroid, said impeller 
comprising hollow, radiating blades having air 
inlet openings adjacent the inner ends thereof, 
means directing air toward the inlet openings of 
said blades, the outer ends of said blades com 
municating with said chamber inlet, whereby air 
passing through said hollow blades is discharged 
into said chamber inlet and caused to flow within 
said chamber in a generally helical path follow 
ing the chamber wall, an annular ba?le within 
said chamber, said ba?le being concentric with 
the generating axis of the toroid and dividing 
said chamber into a collecting portion, communi 
cating directly with said chamber inlet, and a 
combustion portion remote from said chamber 
inlet, and fuel combustion means in the combus 
tion portion of said chamber, the combustion 
portion of said chamber being provided with an 
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annularou-tlet directing thejgasss formed by fuel. 
combustion toward said impeller and against the‘ 
external surfaces of ,said' blades, whereby» said 
impeller lei-rotated; by the discharging, gases.» 

2‘. In a gas-._turbine, the- combination with a 
generally toroidal’ chamber having. an annuiar 
air inlet, of an impeller supported for‘ rotation 
on- thegenerati-ng axis ofthetoroid, said impeller 
comprising hollow, radiating; blades having air 
inlet openings adjacent the inner; endsv thereof, 
means directing air toward the inlet openings of 
said blades, the outer ends of said blades com-_ 
municating withsaid chamber inlet, whereby air 
passing through said hollow bladesis discharged 
into said chamber inlet and caused tdflow with 
in said chamber in agenerally helical path about 
the chamber wall, an annularbaiile within said 
chamber, said baffle. being ‘concentric, with the 
generating axis of' the. toroid and dividing, said 
chamber "into a collecting, portion, communicat 
ing-directly with said’ chamber ‘inlet, and a com 
bustion portion remote ‘from said chamber ‘imet, 
means for circulating a coolant.v within said-baffle 
to cool that surface "of the ba?i'e adjacent the 
combustion portion of said ‘chamber,- and fuel 
combustion means‘ in the combustion portion of 
said chamber, the 'combusi‘on portion of said 
chamber being provided with an annular outlet 
directing the gases formed byfuel "combustion. 
toward said. impeller and against the external 

‘surfaces of said blades, whereby said‘ impeller 
is rotated‘ by the‘ discharging ‘gases. 

3'. In a Igas'turbine, the combination With' ‘a 
generally toroidal chamber having an annular‘air 

, inlet, an impeller for supplying vair underpres 
sure to said inlet in directions generally radial, 
to the axis 'ofthe toroid, an annular ‘ba?ie; with 
in said chamber, said bai?e‘bein'g'concentric withv 
the generating axis of the "toroid. and dividing‘said 
chamber into an outer collecting. portion, com 
municating directly‘ with said inlet, and an inner 
combustion portion remote from‘ said inlet ‘and 
surrounded by said outer collecting. portion, fuel 
combustion, means in the combustion portion of 
said chamber, said chamber being provided with 
an'annular outlet from which the burned gases 
are discharged in a direction generally parallel 
to the axis of the toroid 'andtransverse to said 
inlet, and means isolating the discharging burned 
gases from the air supplied to said inlet. 

4. In a gas turbine, the combination with a 
generally toroidal chamber having an annular 
air inlet, an impeller for supplying air under pres 
sure to said inlet in directions generally radial to 
the axis of the toroid, an annular baffle within 
said chamber, said ba?le being concentric with 
the generating axis of the toroid and dividing 
said chamber into an outer collecting portion, 
communicating directly with said inlet, and an 
inner combustion portion remote from said in 
let, fuel combustion means in the combustion por 
tion of said chamber, said chamber being pro 
vided with an annular outlet at the remote end 
of the combustion portion of said chamber from 
which the burned gases are discharged, and 

- means for causing a coolant to circulate within 
the ba?le and across that wall of the ba?le adja 
cent the combustion portion of the chamber. 

5. In a gas turbine, the combination with a 
generally toroidal chamber having an annular 
air inlet, an impeller for supplying air under 
pressure to said inlet in directions generally 
radial to the axis of the toroid, an annular ba?le 
within said chamber, said baffle being concentric 
with the generating axis of the toroid and divid 
ing said chamber into an outer collecting portion, 
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communicating directly'with said inlet, and an 
inner combustion portion remote from said inlet 
and surrounded by said outer collecting portion, 
fuel combustion means in the combustion portion 
of said chamber, said chamber being provided 
with an annular outlet at the remote end of the 
combustion portion of said chamber from which 
the burned gases are discharged, and means insu 
lating that wall of the ba?le adjacent the collect 
ing portion of the chamber. 

6. In a gas turbine, the combination with a 
generally toroidal combustion chamber having an 
annular air inlet, of an impeller supported for 
rotation on the generating axis of the toroid, said 
impeller comprising hollow, radiating blades hav 
ing air inlet openings adjacent the inner ends 
thereof, the outer ends of said blades communi 
cating with said chamber inlet, whereby air pass 
ing through said hollow blades is discharged into 
said chamber inlet and caused to ?ow within said 
chamber in a generally helical path about the 
chamber wall, and fuel combustion means in said 
chamber, said chamber being provided with an 
annular outlet for directing the combustion gases 
toward said impeller and against the external 
surfaces of said blades, whereby said impeller is 
rotated by the discharging gases. 

7. In a gas turbine, the combination with a tur 
bine wheel having hollow, radiating blades, the 
interiors of said blades communicating at their 
inner ends with av common air inlet, a toroidal 
combustion chamber having an annular air inlet 
surrounding the outer ends of said blades and 
receiving compressed air from the interiors of 
said blades, said annular air inlet being formed 
to direct theair in a predetermined path follow 
ing ?rst the outer portion and thereafter the 
inner portion of the chamber wall, and fuel com 
bustion means in the inner portion of said cham 
ber, said chamber having an annular outlet so 
located as to discharge combustion gases formed 
within said chamber in a generally axial direc 
tion against the external surfaces of said blades. 

8. In a gas turbine, the combination with a 
rotating turbine wheel having a plurality of series 
of radiating blades forming a multi-stage turbine 
unit, said blades being formed with passages ex 
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8 
tending therethrough, means admitting air to the 
inner ends of said passages, a collecting chamber 
encircling the outer ends of said blades to receive 
compressed airfrom said passages, means for 
burning fuel in said compressed air, and means 
directing the combustion gases so formed against 
said blades in a generally axial direction to rotate 
said wheel, said last named means including sta 
tionary nozzle blades positioned in advance of 
each series of turbine blades and radiating from 
the axis of the turbine unit, said nozzle blades 
being formed with passages extending there 
through, and means causing a ?ow of coolant 
through said last named passages. 

9. In a gas turbine, the combination with a 
turbine wheel having hollow, radiating blades, the 
interiors of said blades communicating at their 
inner ends with a common air inlet, a toroidal 
combustion chamber having an annular air inlet 
surrounding the outer ends of said blades and 
receiving compressed air from the interiors of 
said blades, fuel combustion means in said cham 
ber, said chamber having an annular outlet so 
located as to discharge combustion gases formed 
within said chamber in a generally axial direction 
against the external surfaces of said blades, and 
stationary annular vanes within said chamber, 
said vanes being curved in the direction of and 
in conformity with the curvature of the cham 
ber wall, and being spaced therefrom, to cause 
the ?ow of air to follow the chamber wall. 
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