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1. 
The present invention relates to fluid pressure 

energy converting devices and more particularly 
to an improved turbine arrangement. 
My improved turbine arrangement is par 

ticularly useful as an energy converting device 
for the propulsion of aircraft or torpedoes, and 
is provided with features that are desirable and 
often necessary in other applications where Self 
oxidizing fuels, high temperature, and high 
degree of energy conversion are of importance. 
Among such uses to which my invention is par 
ticularly suited are special reversing turbines 
for marine applications, generator drives for 
high altitude aircraft, and high capacity fuel 
pump drives for rockets, etc. 
An object of the invention is to provide an 

improved turbine arrangement. 
Another object of the invention is in the pro 

vision of a turbine having Substantially balanced 
torque reaction or in which torque unbalance 
is substantially minimized. 
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Another object is in the provision of an im 
proved turbine arrangement which is capable of 
converting large amounts of energy with turbine 
parts of minimum size and weight. 

Still another object of the invention is in the 
provision of an improved turbine flow path for 
producing greater Output and with improved 
efficiency, 

Still another. object is in the provision of an 
improved flow path arrangement that permits 
the use of higher operating temperatures than 
was previously possible. 
Other objects and advantages will be apparent 

from the following description taken in connec 
tion with the accompanying drawings, in which 
Fig. 1 is a view, partly in section, illustrating one 
embodiment of the invention; Fig. 2 is another 
Sectional view showing a modified embodiment of 
the invention; Fig. 3 is a view showing the com 
bined nozzle ring and casing structure of the ar 
rangement shown in Fig. 1 (looking in the direc 
tion of the arrows 3-3) with the turbine rotor 
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removed; and Fig. 4 is a view looking in the di 
rection of arrows 4-4 in Fig. 1 showing the in 
termediate passage portions. 

Referring to Fig. 1, my improved energy con 
verting apparatus, including a turbine, indicated 
generally at , and gearing, indicated generally 
at 2 and 3, is connected to and arranged to sup 
ply power to contra-rotating shafts 4, 5 which are 
Connected to any desired type of power consum 
ing apparatus (not shown). A feature of the in 
vention is in the provision of turbine apparatus 
having contra-rotating mechanically independ 
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2 
ent rotors 6, 7 each arranged to convert equal 
amounts of energy from motive fluid supplied 
to the turbine and to deliver the energy só con 
verted to contra-rotating shafts 4, 5, respectively, 
So that there is substantially no resultant torque 
reaction therefrom. 
Motive fluid under pressure and at elevated 

temperature is supplied to independent nozzle 
boxes 8, 8a provided with inlet ports 9, 9a, re 
Spectively. The apparatus utilized for produc 
ing the motive fluid forms no part of the present 
invention and is therefore not shown. It will be 
understood by those skilled in the art that the 
motive fluid may be supplied by any well known 
type of gas generating apparatus, combustion 
apparatus, or may be supplied by chemical re 
action. 

Nozzle boxes 8, 8a are identical for all practi 
Cal purposes and, as will be apparent by reference 
to Fig. 1, are angularly displaced from each 
other by approximately 180°. Suitably secured 
to the Walls of each nozzle box are nozzle por 
tions 0, 0a, respectively, for expanding the mo 
tive fluid to a high velocity and for directing the 
motive fluid at a desired angle with respect to the 
turbine rotors 6, 7. 

Referring now to Figs. 1 and 3, the nozzle 
boxes 8, 8a, and the corresponding rings of noz 
2les 0, Od, respectively, extend through an arc 
of approximately 160 or less and are displaced 
from each other by 180°. 

Still referring to Figs. 1 and 3, nozzle box 8, 
inlet connection 9 and nozzles O are carried by 
a casing member which also carries an ex 
haust collector portion 2. Exhaust collector 
portion f2 is provided with an arcuate opening 
3 which is angularly displaced from nozzles O 
by 180°. Arcuate opening 3 admits motive fuid 
discharged from turbine rotor 6 into exhaust 
collector 2, and, as indicated in Fig. 3, opening 
f3 extends through approximately 160 of arc or 
Some Smaller amount. Exhaust collector f2 is 
also provided with a discharge connection 4 
having a suitable opening therein for discharg 
ing motive fluid directly to the atmosphere or, if 
desired, for connection to a suitable exhaust 
conduit (not shown) for conveying exhaust mo 
tive fluid away from the turbine . 
In a similar manner, casing member if a car 

ries nozzle box. 8a, inlet connection 9a, and noz 
zles 0d all disposed in a similar manner with 
respect to an exhaust collector 2a, having a simi 
lar opening 3a and exhaust connection 4a. 
Another important feature of the invention is 

in the provision of two independent and concen 
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discharged from turbine buckets a then flows 
through intermediate portion and into turbine 
buckets f6b causing rotor to turn in a direction 
opposite to that of rotor 6. Rotor thereby con 
verts an additional portion of the energy con 
tained in the motive fluid into mechanical power 
which is supplied to shaft 5 through rotor shaft 
23a and connecting gearing 2. In a like manner 
motive fluid is supplied to inlet connection 9a, 
nozzle box. 8a, nozzles Oa, from which it flows 
through bucket portions 6a, intermediate pas 
sageway 8 and bucket passages 5b with a por 
tion of the energy contained in the motive fluid 
being converted by each of rotors 6 and and 
ultimately delivered as useful power to shafts 4 
and 5, respectively. 
As already indicated, inlet connections 9, 9a 

are connected to the same source of motive fluid 
and since the flow path through each rotor is 
substantially identical, each rotor will produce 
equal power output at all operating conditions 
thus insuring a substantially balanced torque re 
action on the turbine casing. Fluid discharged 
from turbine buckets 5b, 6b is received in ex 
haust collector passages 2, 2a, respectively, and 
is ultimately discharged through exhaust connec 
tions 4 and 4a, respectively. 
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Both rotors 6, 7 receive motive fluid from noz 
zles O, Oa into the passages defined between ad 
jacent bucket portions 5a, 6a, respectively. The 
motive fluid as it leaves the nozzles is at its maxi 
mum temperature as far as the turbine rotor is 
concerned, and thus it will be seen that this high 
temperature portion of the motive fluid is handled 
entirely by bucket portions f Sa and 6a. After 
the motive fluid has passed through the passages 
defined by these bucket portions, the pressure and 
temperature of the motive fluid is considerably 
reduced. Bucket portions Sb and 6b handle 
motive fluid only at reduced temperatures. Thus 
it will be seen that operating temperature of the 
outer bucket flow path, that is, bucket passages 
5a, 6a is highest where the stresses due to rota 

tion of the rotor are considerably lower than the 
stresses that exist in bucket portions 5b, 6b 
which handle only fluid at a lower temperature, 

Fig. 2 shows a modified embodiment of the 
invention permitting the use of higher tempera 
tures or higher pressures of the motive fluid at 
the turbine inlets. Such an arrangement pro 
vides improvedeficiency and, fora given physical 
size, increased output. Like elements employ the 
same notations as used in Fig. 1. 
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The arrangement shown in Fig. 2 differs from . 
that of Fig. 1 in two major respects. First, after 
passing through the inner and outer bucket pas 
sage portions 5a, 6a, 15b, 6b, the motive fluid 
is subsequently expanded through additional sets 
of nozzles and buckets. In addition, the various 
turbine rotors rotate in a common direction and 
are secured to a single common shaft. 

Nozzle box 8, inlet connection 9 and nozzles ?o 
are as described in connection with Fig. 1 and in 
addition a second and independent chamber 40 
having a second set of nozzles 4 and an inlet 
opening 42 is carried by nozzle box 8. For rea 
sons previously discussed in connection with 
opening 3 in Fig. 1, opening 42 is arcuate in 
shape, extends through approximately 160 of arc 
or less and is displaced from nozzles O by 180°. 
A similar chamber 40a, comprising nozzles 4 fa 
and opening 42a is carried by and is similarly dis 
posed with respect to nozzle box 8a. As is clearly 
indicated, nozzles O and Oa are disposed ad 
jacent to bucket portions Sa and 6a respective 
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6 
ly, Openings 42 and 42a are disposed adjacent 
to bucket portions 5b, 6b, respectively, for re 
ceiving motive fluid discharged therefrom. As 
indicated in the drawing, nozzles 4 and 4a ex 
tend through 360°, or full are admission is em 
ployed. If desired, nozzles 4 and 4 a can be ar 
ranged for partial arc admission. It will be un 
derstood by those skilled in the art that partial 
arc admission means that nozzles 4 and 4a ex 
tend through an arcuate, opening of something 
less than 360°. If partial arc admission is em 
ployed, the disposition of arcuate nozzle portions 
4f and 4a with respect to arcuate openings 42, 
42a, respectively, is mot critical. 

Still referring to Fig. 2, intermediate section 9 
carrying passage portions 7, 8 is similar to the 
arrangement described in connection with Fig. 1 
and differs therefrom only in that the intermedi 
ate flow path portions f, 8 of Fig. 2 reverse the 
direction of flow therethrough because all rotor 
portions in Fig. 2 rotate in the same direction. 
Rotor 43, rotor 44 carrying buckets 45, and rotor 
46 carrying buckets 47 are carried by a common 
Shaft, and therefore all rotate in the same direc 
tion. Rotor 43 has separate rotor portions 6a and 
Ta carrying buckets 5, 6, respectively. 
In Operation, motive fluid under pressure is 

supplied from a suitable source (not shown) to 
inlet connections 9, 9a, respectively. From inlet 
Connection 9 the motive fluid flows into nozzle 
box 8 and is expanded by nozzles 0, thereby re 
ducing its pressure and temperature and at the 
Same time increasing the velocity thereof. The 
motive fluid at high velocity is then directed into 
bucket portions 5a, which convert a portion of 
the fluid energy into mechanical energy for caus 
ing rotation of rotor 43 and shaft 48. The mo 
tive fluid is discharged from bucket portions 5a 
into intermediate passage portion 7 which, as 
previously indicated, reverses the direction of 
flow thereof and discharges the fluid into bucket 
portions 6b thus converting an additional por 
tion of fluid energy under mechanical energy. 
As the fluid is discharged from bucket portion 
6b, it is received into the nozzle box 4.0a through 
arcuate opening 42a. The fluid is then expand 
ed through nozzles 4 a thereby reducing its pres 
Sure and temperature still further. It is then dis 
charged into buckets 47 for the additional conver 
sion of fluid energy into mechanical energy for 
driving rotor 46 and shaft 48. The motive fluid 
is then discharged from buckets 47 through open 
ing 3a into exhaust collector 2a from which 
it is discharged through opening 4a in the man 
mer described in connection with Fig. 1 above. 
The motive fluid delivered to inlet connection 9a 
passes in a similar manner through nozzle box 
Ba, nozzles Oa, bucket passages f 6a, intermediate 
paSSage portion 8, buckets 5b, arcuate open 
ing 42, nozzle box 40, nozzles 4, buckets 45. 
throught pening 3 into exhaust collector 2 and 
discharge opening 4 to convert additional por 
tions of fluid energy into mechanical energy for 
driving rotor 43, rotor 44 and shaft 48. 
Thus it will be seen that the temperature of 

the motive fluid flowing through the innermost 
bucket flow passages, that is, bucket portions 15b, 
6b is considerably reduced in value as compared 

to the temperature of the motive fluid at the in 
let or in nozzle box 8 and because of the energy 
converted by bucket portions f 5a, 6a. Since 
the outer portions 5a, 6a of buckets 5, 6 re 
Spectively, are the lowest stressed portions of the 
bucket, my improved turbine arrangement will 
permit the use of higher temperature motive 
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fluid than was heretofore possible. It will also 
be appreciated by those skilled in the art that 
the use of an increased temperature at the inlet 
to an energy converting device results in im 
proved thermal efficiency. In addition, my in 
proved turbine arrangement provides a rotor 
structure wherein the innermost portion of the 
bucket flow path, that is, bucket portions 5b, 
6b will operate at a lower temperature than 

conventional turbine arrangements employing 
motive fluid at the same inlet temperatures, thus 
permitting higher allowable stresses in the inner 
most bucket portions. An additional and im 
portant advantage of the lower temperature of 
the motive fluid in the innermost. portion of the 
bucket flow path is that my improvedi arrange 
ment reduces the thermal strain or temperature 
gradient which may be imposed upon a turbine 
rotor under emergency operating conditions. 

It will also be recognized that the two row ror 
tor arrangement can be used as the first stage of 
a double flow turbine, as illustrated in Fig. 2, or 
the motive fluid discharged from the respective 
sides of the two row wheel can be conveyed into 
a single receiver and then either exhausted or 
fed into other turbine stages for further expan 
sion. 
While particular embodiments of the inven 

tiom have been illustrated and described, it willº 
be obvious to those skilled in the art that var 
ious changes and modifications may be made 
without departing from the invention and it is 
intended to cover in the appended claims all 
such changes and modifications as come within 
the true spirit and scope of the invention. 
What I claim as new and desire to secure by 

Letters Patent of the United States is: 
1. A fluid pressure energy converting device 

comprising walls defining a pair of independent 
inlet fluid passageways having axially Spaced end 
portions, first and second rows of moving blades 
disposed between said end portions and each of 
said rows forming separate inner and Outer con 
centric fluid passageways, Said Outer passage 
ways being disposed adjacent to said end por 
tions for receiving fluid discharged therefrom, 
and walls defining two independent arcuate fluid 
passageways between said rows of moving blades 
establishing a connecting flow patih between the 
outer concentric passageway of said first row of 
blades and the inner concentric passageway of 
said second row and between said outer passage 
way of said second row and Said inner passage 
way of the first row of moving blades. 

2. Apparatus in accordance with claim 1 
wherein said arcuate passageways are opposite 
ly disposed and each arcuate passageway extends 
through an arc of less than 180. 

3. Apparatus in accordance with claim 1 where 
in Said arcuate passageways are angularly Spaced 
by 180° and each arcuate passageway extends 
through an arc less than 160. 

4. A turbine apparatus comprising a pair of 
casing members each having an inlet Connection 
in communication with nozzle means and having 
an exhaust connection in communication with a 
fluid passageway within said member, a rotor, at 
least two rows of blading carried by said rotor, 
each row of blading having separate inner and 
outer concentric fluid passages, one of Said rows 
of blading being disposed with its Outer fluid 
passage adjacent to the nozzle means associated 
with the first of said pair of casing members and 
with its inner passage adjacent to the fluid pas 
sageway associated with said first casing member, 
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the Second casing member and second row of 
blading being similarly arranged, first walls de 
fining an arcuate flow passage portion and estab 
lishing communication between said outer pas 
Sage of Said first row of blading and the inner 
paSSage of said Second row of blading, and second 
Walls defining an arcuate flow passage portion 
establishing communication between the outer 
paSSage of Said Second row of blading and said 
inner passage of Said first row of blading. 

5. Apparatus in accordance with claim 4 
wherein said nozzle means, said casing passage 
way, and Said arcuate passage portions defined 
by said first and second walls extend through arcs 
less than 160; the nozzle means associated with 
the first casing member, the outer concentric 
paSSage of the first row of blading, the arcuate 
passage portion defined by said first walls, and 
the passageway associated with the second casing 
member are disposed in substantial alignment to 
form a first flow path extending in a generally 
axial direction; the nozzle means associated with 
the second casing member, the outer concentric 
passage of the Second row of blading, said arcuate 

- paSSage portion defined by Said second walls and 
the passageway associated with the first casing 
member being disposed in substantial alignment 
to form a second flow path extending in a gen 
erally axial direction and angularly spaced from 
the first flow path. 

6. A turbine apparatus comprising a pair of 
casing members each having an inlet connection 
in communication with nozzle means within said 
members and having an exhaust passageway 
therein, first and Second rotors carrying a double 
tierrow of blading each forming separate con 
centric inner. and outer fluid passages, each of 
Said rotors being rotatably supported in one of 
Said casing members with its outer concentric 
passage adjacent to the nozzle means associated 
With one of Said casing members for receiving 
motive fluid issuing from said nozzle means and 
With its inner concentric passage adjacent to the 
exhaust paSSageWay aSS0ciated with said one cas 
ing member for discharging motive fluid into 
said passageway, walls defining a first arcuate 
fluid passage portion between the blading carried 
by Said rotors and communicating with the outer 
concentric passage carried by the first rotor and 
with the inner concentric passage carried by the 
Second rotor, and other walls defining a second 
arcuate fluid passage portion between the blading 
carried by said rotors and COmmunicating with 
the outer concentric passage carried by the 
Second rotor and with the inner concentric paS 
Sage carried by the first rotor. 

7. Apparatus in accordance with claim 6 
wherein the nozzles associated with the first cas 
ing member, the outer concentric paSSage Carried 
by the first rotor, said first arcuate passage por 
tion, the inner concentric passage carried by the 
Second rotor, and the exhaust paSSageway asso 
ciated with the second casing member are dis 
posed in Substantial alignment to form a first flow 
path, and the nozzle means associated with the 
Second casing member, the outer concentric pas 
Sage carried by the second rotor, said second 
arcuate passage portion, the inner COincentric 
passage defined by the blading carried by the 
first rotor, and the exhaust paSSageway associat 
ed with the first casing member are disposed in 
Substantial alignment to form a second flow path. 

8. Apparatus in accordance with claim 7 
wherein said rotors rotate in opposite directions. 

9. Apparatus in accordance with claim 8 
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wherein said first and second arcuate passage 
portions extend through an arc less than 160. 

10. Apparatus in accordance with clain 8 
wherein said nozzle means, said exhaust passages 
ways, and said first and second arcuate passage 
portions extend through arcs less than 160 and 
said first and second flow paths are angularly dis 
placed by substantially 180. 

ll. Apparatus in accordance with claim 10 
and including a pair of coaxial output shafts, 
gearing connecting the first rotor to one of said 
shafts, and other gearing connecting the Second 
rotor to the other of said shafts. 

12. Apparatus in accordance with claim 11 
wherein said coaxial shafts rotate in opposite 
directions. 

DAVID J. BLOOMBERG. 
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