
p. E. & P. R. LONG. 
ELASTIC FLUID TURBINE. 

APPLICATION FILED JUNE 23, 1911. 

‘1,068,596. Patented July 29, 1913. 
2 SHEETS-SHEET 1. 

Q v N 
m , 1 

w 
W 

ammo/W5 
(0 01175130773 

“WW ‘\1 ‘a FEZOT/j 

W ‘v ‘v , Q 
n 0 

f4” ' 



G. E. 6; P. R. LONG. 
ELASTIC FLUID TURBINE. 

uruoumn 211.21) mm: 23, 1911. 

2 SHEETS-SHEET 2. 

Patented July 29, 1913. 

Sum/MM 
05'. L0 

1,068,596. 

719 
JZRMZZOWy 



10 

15 

20 

25 

30 

85 

40 

45 

55 

UNITED STATES ‘PATENT OFFICE. 
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ELASTIG-FL‘UID' TURBINE. 

£068,596. Speci?cation of‘ Letters Patent. Patented July 29, 1913. 
Application ?led June as, 1911. Serial at. 634,962. 

To all whom it may concern: 
Be it known that we, CLINTON E. LONG 

and FREDERICK R. LONG, citizens of the 
United States, residing at Berwick, in the 
county of Columbia a'nd State of Pennsyll 
Vania, have invented certain new and useful 
Improvements in Elastic-Fluid-Turbines, of 
which the followingis a1 specification. 

_ Our invention relates to turbines driven 
by elastic ?uid, and the main ‘object of the 
invention is to. rovide a very simple and 
efficient: turbine m which the rotor is actu 
ated by the impact of-a jetof elastic ?uid, 
and'b , the reaction of the ?uid. ' 
A urther object is to provide a- ‘turbine 

of this character in which no valves or com‘ 
plicated- valve gear are necessary. 
A further object is to eliminate the neces 

sity of using. a close ?ttingv casing. for the 
rotor, thus eliminating-a very large amount 
of friction,-and further in this connection 
to provide‘means for’ securing a steam tight 
engagement between the face of‘ the rotor 
and the abutment or. abutments which con- ’ 
stituteor form part of the stator. 
A further object is to provide means 

whereby. the several abutments may. be so 
constructed that they will each belinde 
,pendentl ‘forced into engagement‘ with the 
rotor an will'wear so that the face of’each 
abutment will correspond exactly with the 
face ofthe rotor without ‘the necessity of 
providing ‘packing strips. between the abut 
ment and‘rotor face. 
A still further object is to provide a rotor 

so balanced as to eliminate side movement 
and thus eliminate unnecessary wear. 
Other objects of the invention will appear 

in‘the course of the following description. 
Two forms of our invention are illustrated 

in the accompanying drawings, both of 
which forms, however, operate on precisely. 
the same principle. 
In these drawings: Figure 1' is a ver 

tical section on the line 1—1' of‘ Fig. 2 
of a turbine constructed in accordance with 
our invention. Fig. 2 is a section on the 
line 2'—2~of Fig. 1. Fig. 3 is a side eleva 
tion of another form of turbine, operat 
ing however in precisely the same man 
her as the form shown in Fig. 1. ‘Fig. 4 
is a diagrammatic face- view of the rotor 
showing the arrangement of pockets therein. 
Fig. 5 is an inside face view of one of the 
abutments. Fig. 6 is an enlarged longitudi 
nal diagrammatic section of a portion of the 

rotor rim and of an abutment, the parts 
being shown in the position taken by a 
pocket of, the rotor rim as‘it moves into reg 
istry with an expansion pocket in the face of 
the abutment. Fig. 7 is a like viewto Fig. 6 
but‘ showin the position of the parts at the 
moment w on ,m‘otive ?uid is being dis 
charged into the pocket and against the for 
ward end=wall thereof. Fig. 8 is a like view 
to-Fig. 7 but showingthe position taken by 
the parts after the motive ?uid has been cut 
off and‘ While it is-expanding. Fig. 9 is a 
like view to Figs. 6,'7 and 8 but showing the 
position of’ the parts when the rotor pocket 
has‘ cleared the end of the abutment to'per 
mit the discharge of the exhausted, motive 
?uid from the pocket: 10 is a diagram 
matic section on the plane of the inlet nozzle 
and inlet .ort and showing the parts in the 
osition i ustrated in Fig. 8, that-'is, show 

ing'the inlet‘ nozzle closed, the pockets in 
the abutment and rotor being shown in» sec 
tion. Fig. 11 is a transverse section on the 
line l11—-11 of Fig. 4. 
_ Correspondin'g‘ and like parts are referred 
to in the following description and indicated 
in‘ allthe views of! the accompanying draw 
ings by the same‘reference characters. 
In the drawings, and referring particu 

larly tovFigs. land 2, 2 designates a rotor 
and 3 the ‘shaft. The rotor is formed prefer 
ably ‘with a relatively light web 4 and a rela 
tively heavy. rim 5, though we do not wish 
to be limited to any particular construction 
or form'for the rotor. ' 
The face of the rotor rim is provided with 

one or more circumferential series of pock 
ets 6' having o?'set'inlet ports 7 at one end. 
Preferably there are two series of pockets 
as shown in Fig. 4, disposed in circumfer 
ential i’on'es a and 0 on each side of a middle 
zone 6. The inletport 7 of‘each pocket is lo 
cated at the forward end of'the pocket and 
extends laterally into and across this middle 
zone I). Preferably the pockets 6 of one 
series have a staggered relation to the pock 
ets 6fof. the other series. The pockets are 
preferably all of the same length and the 
distance between each pair of pockets of one 
series is equal to the length of a pocket of 
the other series, as' illustrated in- the dia 
grammatic view, Fig. 4. 
We have illustrated and described a rotor 

having two series of pockets, but it is to be 
understood that we may have a larger num~ 
'ber of series of pockets or only one series, 
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it being only‘necesSary that all the pockets 
of a series’shall be arranged in alinement 
and that each pocket shall have an inlet 
port which extends laterally and all the in 
let ports of a series shall be in line with each 
other. ' ’ 

Each pocket as shown in Fig. 1 and in 
Fins. 6 to 9 has a front wall 8 which pref 
eriilaly extends tangentially to the shaft 3 
and therefore approximately at right angles 
to the axis of the jet of motive ?uid whereby 
the rotor is propelled. The bottom 9 of the 
)ocket extends outward and rearward to the 
face of the wheel and at substantially a 
right angle to the forward wall 8 thereof. 
The side wall of each inlet port 7 is pref 

erably in alinement with the inner wall of 
the next adjacent pocket, or in other words 
extends clear across the zone 6, and this side 
wall is inwardly and laterally inclined as 
shown in F ig. 11 and intersects the main 
body of the pocket at about themiddle of 
the depth ofthe pocket. 

Disposed around the rotor are a plurality 
of abutments', designated 11 in Figs. 1 and 2, 
and 37 in Fig. 3. These abutments form 
part of the stator within which‘v the rotor 
moves. Each abutment preferably consists 
of a block of relatively soft metal such as 
Babbitt metal, or a block faced on its inside 
face with Babbitt or like relatively soft, anti 
frietional metal. ‘We do not, however, wish 
to be limited to the exact shape of the blocks 
or to the material from which the abutments 
are made as they might be made of a large 
number of relatively soft alloys. It is Sll?l 
cient if the abutments are made of material 
softer than the rotor rim so that the abut 
ments will wear into close correspondence 
with the contour of the rotor rim. These 
abutments are preferably rectangular in 
form and the inside face of each abutment 
is concavely curved to accurately ?t the cur 
vature of the rim 5. By making the abut 
ments of relatively soft metal such as Bab 
bitt metal, we obviate the necessity of using 
packing between the abutment and the rotor, 
and we very greatly reduce friction, not only 
because the packing is eliminated, but also 
because the Babbitt metal reduces very 
greatly friction between the abutment and 
the face of the rotor. Furthermore, as the 
abutment wears, it conforms exactly to the 
contour of the face of the rotor rim and 
hence the abutment never requires an ad 
justment. Each abutment is resiliently 
forced inward against the face of the rim as 
will be later described, and hence is held in 
close engagement with the rim face. 
Each abutment is provided with an inlet 

nozzle or passage 12 whose inner end is pref 
erably-tapered and extends inward and to 
ward thev'forward end of the, abutment at an 
angle to‘ the‘ inner ‘face of the abutment. 
rThe axis of ‘the inlet passage is approxi 

, wall 8 of any 
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mately at right angles to the face of the 1’ 
one of the pockets 6 when the 

pocket is in the position shown in F ig. 7. 
The inlet passage is in communication with 
a source of elastic fluid by means of a duct 
13 having the form of a pipe in the embodi 
ments of our invention disclosed in the draw 
ings, and constitutes a discharge duct. 
Formed in the face of each abutment is a 

pocket 
zle or inlet passage 12. If there is only one 
series of pockets 6, there will be only one 
pocket 14: in each abutment, so arranged on 
the abutment that it will register with the 
series of pockets on the rotor. As shown, 
however, there are two series of pockets t} 
arranged on each side of the median zone Z) 
and hence the opening of the nozzle 12 will‘ 
be arranged on a median line, and two 
pockets H are provided corresponding to the 
two series of pockets 6 and arranged one on 
each side of said median line in such posi 
tion as to register respectively with the two 
series of pockets 6. Each pocket 14 has a 
bottom wall 15 which extends rearward and 
away from the concave face of the abutment, 
and a rear wall 16 which extends to the, face 
of the abutment and is approximately at 
right angles to the wall 15. The wall 15 is 
therefore approximately parallel to the bot 
tom of any pocket 6 when the said pocket 6 
is in register with the pocket 14:. In this 
position the walls 8 and 16 are also approxi 
mately parallel. 

Before describing the mounting of the 
abutments it will be well to describe the 
operation of the turbine with special- ref 
erence to Figs. 6 to 10. In these ?gures the 
rotor is rotating in the direction of the ar 
row and the abutment is of course forced 
against the face of the rotor by resilient 
pressure as will be later described. 
The description of the operation with re 

lation to one of the series of pockets will, 
of course, apply to both of the series. In 
Fig. 6 the rotor is shown as having arrived 
at a position in which one of the pockets 6 
is moving into register with the correspond 
ing pocket 14 on an abutment. The inlet 
port 7 of the pocket has not yet arrived in 
register with the discharge opening in the 
inlet nozzle 12. 
In Fig. 7, the rotor has moved suiliciently 

to carry the inlet» port 7 into register with 
the inlet nozzle 12 and motive fluid is being 
discharged into the pocket (3, and particu~ 
larly awainst the wall 8 of the pocket. 

In Figs. 8 and 10, the rotor has moved so 
far forward that the metal 17 of the face of 
the rotor between the adjacent inlet ports 7 
is in contact with the discharge opening of 
the inlet nozzle and has cut oil the passage 
of motive ?uid into the pocket 6. ‘When 
the arts have arrived at the position shown 
in ig. 9, the pocket 6 has passed entirely 

which is located rearward of the 1102- . 
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eat of register with the pocket 14. The 
motive acid; as the ferwara wall 8 of the 
pocket 6 passes the forward edge of the ' 
abutment, flows out and reacts against said 
forward ‘wall 18 of the abutment to urge 
the rotor forward. As the pocket 6 passes 
this forward wall of the abutment, the mo 
ti‘ve ?uid will be discharged entirely from 
the pocket, and’ while b'eiiig so discharged 
will perform a certain amount of work by 

of the ‘reaction; which ‘reaction will 
'terldv to drive the rotor forward.‘ 
By reference to Figs. 6 to 10, and Figs; 4 

and 5, it will be seen that by the time that 
oiie pocket commences to discharge ex 
hausted motive'?uid; the next ‘succeeding 
pocket will commence to‘ receive motive 
?uid», thatis; the next succeeding pocket is 
in the‘ position shown in Fig‘; 7 so that“ the 
rotor is submitted to the continuous action 
of the motive?iiid; ' I 

In the embodiments oi ‘our invention 
shown iii‘ Figs; 1: and 3, there are four abut 
iii'eiits (though ‘we-do" not wish to be limited 
to this number) these abutmentsbeing ar 
ranged in quartering relation to each other 
so that a "air of abutment-‘s are disposed di 
aihctrica-l y opposite each other. ‘This ar 
em eiiieiit has peculiar relation with regard 
to t 'e double series of pockets 6- and acts to 
balance the rotor against sidewisethrust. 

It will be noted that each of the inlet 
7 has an inclined side Wall which is 

inclined downward and toward‘ the body ‘of 
the pocket 6 and that inasmiich as the 
pockets 6 are arranged in staggered‘ relation ' 
or alternately on opposite sidesof the rim 
face; the inclination of the side walls of 
successive inlet ports will alternate. The 
pockets are so arranged upon the rotor that. 
when motive ?uid‘ is being discharged from 
one nozzle into an inlet port 7 of one of the 
pockets .6, motive ?uid will‘b‘e discharged 
rom the diametrically opposite inlet nozzle 

into a‘ diametrically opposite ket by 
means of the inlet port 7 thereo , and that 
whereas the inlet port’? of the ?rst named 
pocket will be iiicli'ned downward and to 
ward one side of the rotor, the inlet port- 7 
of the diametrically opposite pocket will: be 
inclihed downward and toward the other 
side of the rotor, and that thus the forces 
‘exerted by the jets ofmotive ?uid projected 
throu h the diametrically opposite nozzles 
will ioth act simultaneously toward the 
middle plaii'e' of the rotor, thus preventing 
the rotor from being subjected to sidewise 
thrusts and perfectly balancing the rotor. 
Preferably the rotor will be provided with 
bile or more pairs of series of pockets 6 so 
that‘ there shall not be an odd number of 
series, each two series of pockets being‘ ar 
ranged, as shown in Fig. 4». so that the force 
of the entering jets of motive ?uid tends to 
hold the rotor steady and so that the side 

> 3 

‘wise thrust of one jet will be counteracted 
by the sidewise thrust ‘of another jet. 
While we do not wish to be limited to any 

particular manner of mounting the rotor 
and the abut-ments, we have shown two dif 
ferent forms'of turbine mounting to this 
end. In F igs.‘ l and 2 the stator comprises 
a series of arcuate casing sections 19-, each 
section having end ?anges 20'. These sec 
tions abut against the ends of the abutments 
11, and extending over each of the abut 
ments 11 and supported upon the ?anged 
ends of‘ the sections are the caps 21 which 
are attached to the end ?anges in any suit 
able inanner as by means of bolts 22. Each 
of these ‘caps 21 ‘carries upon it a gland 23 of 
any suitable description, through which 
loosel passes the tubular member 13 pre 
vieusy referred to. This tubular member 
13' forms a‘ spindle for the corresponding 
abutment 11 and slides easily through the 
gland 23'. It ‘also forms‘ a‘duct in continua 
tion of the inlet nozzle passage 12, and each 
of the tubular spindles 13 is connected by 
means of a ?exible-pipe or other suitable 
connection 24 to a source of motive ?uid. 
The interior face ‘of each cap 21 is re 

cessed' as at 25-, the recess being concentric 
to the spindle 1s, and disposed within this 
recess is a ‘coil spring 26 bearing at one end 
against the end wall of the recess and at its 
other end bearing against the outer face of 
the abutment 11. This coil spring‘ tends to 
force the abutment 11 inward against the 
face of the rotor. While we have shown 
c‘oil sprihgs for this purpose, we do not wish 
to be limited to this means of yieldingly 
forcing the abutment against the face of the 
rotor as any equivalent means for this pur 
pose may be used. 

It will be seen from Fig. 1 that the rotor 
is slightly less in diameter than the interior 
diameter of the stator or easing surrounding 
the rotor‘P that is, that there-1s a space‘ be 
tween the inner faces of the sections 19 and 
the outer face of the rotor and that the in 
stant that a pocket passes the eiid of an abut 
ment it is placed in communication with this 
space, which is designated v27. Opening 
into this space in the form of our invention 
shown in Figs. 1 and 2, are the exhaust 
ports 28 which may either open uponthe 
outer face of the casing of the-rotor, or 
which may be connected toexhaust pipes 29 
by which the exhaust vapors may be carried 
in any desired direction. It Wlll be noted 
that there is an exhaust port between each 
two of the abutments and that the exhaust 
port for each abutment is located adjacent 
to- the casing of the next succeeding abut 
ment. The vapor commences to exhaust as 
soon as the ocket containing the motive 
?uid passes the forward edge of the abut 
ment, and this exhaust continuesuntil the 
rear end of the pocket has passed the rear 
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edge of the ‘ next succeeding abutment. 
Thus ample time is provided for a complete 
discharge of the exhausted ?uid. This is 
particularly necessaryvin a turbine of this 
character, as otherwise the pockets will re 
main partially ?lled‘ with ?uid which has 
done its work. 

Preferably-in the form of our invention 
shown in Figs. 1 and 2, the rotor is also 1n 
cased by means of side plates 30 and 31. The 
shaft 3 passes through the side plate 30 and 
the side plates abut against the ed s of ‘the 
sections 19. The side plate 31 is ormed at. 
its center with a seat 32 for the shaft 3. This 
seat is preferably conoidal 1n form, andthe 
extremity of the shaft 3 is'also conoidal and 
bears in this conoidal ‘seat, thus forming a 
step ‘bearing for the shaft. 
The plate 30 is rovidedwith a stuffing 

box 33 through w ich the shaft 3 passes. 
The plates 30 and 31 are spaced apart a dis 
tance slightly greater than the width of the 
rim 5 so that there will be a minimumpf 
frictional resistance between the side plates 
and the side faces of the rotor nm. 
We do not wish to be limited to the use 

of the‘ circumferential sections 19 and the 
side plates 30 and 31 as the abutments might 
be. used, without these circumferential sec 
tions and the side plates, as illustrated in 
Fig. 3-. In, this ?gure, 34 designates the re 
tor and 35 the shaft. The ‘rotor as before 
described, is formed with a relatively light 
web and a relatively heavy rim 36. The ro-. 
tor is provided with pockets along its rim in 
precisely the same manner as the pockets of 
the rotor previously described, and as illus 
trated in Fig. 4. T e stator is provided with 
a plurality of abutments 37 of precisely the. 
same form and arrangement as the abut 
ments 11 previously'described, except that 
the abutments are not inclosed within a cas 
ing. Each abutment 11 is preferably formed‘ 
of metal such as Babbitt metal as previously 
stated and is yieldingly supported against 
the face of the rotor, each abutment being 
carried by a tubular spindle 38 whichv is 
rigidly attached to the abutment and extends 
outward therefrom. 
Surrounding the rotor is _ a supporting 

frame which also forms preferably the means 
whereby motive ?uid is supplied to the several 
abut-meats. This frame in the embodiment 
of our invention shown in Fig. 3 is tubular 
and designated 39. At intervals around the 
tubular frame 39 are‘ the unions 40. Each 
union is provided on one face with a stuffing 

responding abutment freely passes so that 
the spindle,,can have a reciprocating move 
ment in the stuffing box 41, the stuffing box 
being suitably packed to prevent the escape 
of steam therefrom around the spindle. 
Surrounding the spindle 38 and‘ disposed 

between the outer face of the abutment and 
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the union 40 is the coil. spring.v 42 which 
forces the abutment yieldingly inward 
against the face of the rotor in the same 
manner as previously ‘described for the 
springs 26. It will of course be understood 
t at‘ each spindle extends somewhat into the 
stu?ing box so as to compensate for any 
movement of the abutment. The spindles 
act asguides for the abutments, though we 
do not wish to be limited to this exact means 
for guiding said abutments and holding 
them in proper position relative to the cir 
cumference of the rotor. 
The pipe which forms the frame 39 is con 

nected at any suitable. point with a conduct 
ing pipe 43 whereby steam, . gas or other 
‘motive ?uid may be conducted to the pipe 39 
from a source of motive ?uid. The stator 
may be mounted upon any suitable base, and 
we have shown for this purpose the base 44 
.which supports the pipe forming the frame 
39 and also supports the shaft 35. 

It is to be noted in this form of our in- ' 
vention that no distinct exhaust ports are 
used but that practically the. whole space 
betweent-wo abut-ments forms an exhaust 
port. As soon as a pocket on the rotor has 
passed the forward face of the abutment,'the 
motive ?uid will be discharged in the man 
ner shown in Fig. 9. It is to be noted in 
connection with Fig. 9 that the motive ?uid 
will be ‘deflected from the wall 8 against 
the face of the abutmentand will therefore 
continue to do work by reaction.- _ 

It will be seen that a turbine ‘constructed 
in accordance with our invention is ex 
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tremely' compact and simple and'is there‘- ‘ 
fore capable of algreat many applications 
to which the ordinary turbine cannot be ap 
plied. It will be seen further that the rotor 
is perfectly balanced against sidewise thrust 
an that it receives the impact of the motive 
?uid at opposite points in its diameter, thus 
erfectly balancing the rotor. Furthermore, 

it will be seen that the number of im ulses 
received by the rotor during one revo ution 
will depend upon the number of pockets and 
the number of abutnients, and that the 
power of the turbine will depend upon the 
kinetic energy of the steam as it is-delivered 
against the end walls of the pockets and ex- _ 
pands within the pockets.‘ . 

It is particularly pointed out that the 
face of the rotor between ‘the inlet ports 7, 
namely, the portion 17 (see Fig. 4) acts as" 
a cut-oil". This cut-o?' is automatic andvnot 
dependent upon any valve gear, either com 
plicated or simple. The point of cut-off on 
each turbine will depend upon the length of 
the inlet opening 7 with .relation to the 
pocket 6. onger the period of inlet’; the shorter this 
inlet port, the quicker the cut-off.‘ It is also 
to be noted that the inclined side wall of the 
inlet port' 7' de?ects the motive ?uid easily 

The longer the inlet port, the 
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into the corresponding pocket 6, while the. 
force of the jet discharged from the nozzle 
is directed against the front wall of the 
‘pocket and the inlet port, and-that this de 
?ection of the jet laterally tends to prevent 
the setting up of eddy currents within the 
pockets and thus secures the maximum ef 
fect of the motive ?uid. 
The rotor may be made from one integral 

casting or forging, or may be made of sepa 
rate plates bolted to each other as shown in 
Fig. 2, in other words, with a laminated 
structure, and the rotor may be formed with 
a relatively thin solid web connecting the 
hub and rim, with a perforated web, or with 
the rims supported on spokes, extending 
from a central hub. In some cases it will be 
an advantage to have the rim relatively 
heavy so as to increase the power of the 
rotor, while in other cases it may be advis 
able, to reduce the Weight of the circumfer 
ence of the rotor as much aspossible and in 
crease the weight of the rotor adjacent the 
hub, thus reducing Weight and centrifugal 
action. By forming the rotor of relatively 
thin plates bolted or otherwise attached to 
each other, the pockets in the rotor may be 
very easily formed, thus reducing the cost 
of constructing the rotor. 
Qur turbine is particularly adaptedto au 

tomobiles, motor boats and for running 
small machinery, or for use in any position 

5 

where economy of space is a desideratum. 
The principle of the turbine, however, may 
be applied to engines of any size and horse 
power. 

\Vhat we claim is: 
l. The combination of a. rotor, an abut 

ment bearing against the rotor and having a 
relatively soft contact face, a ?xed stop be 
yond the abutment, and a spring between 
the abutment and said stop bearing 11 on 
the back of ‘the abutment to hold its face 
against the rotor. 

2. The combination of a rotor, an abut 
ment arranged to bear thereon and having a 
relatively soft face, a hollow slidable spindle 
carrying the abutment, and a spring coiled 
around the spindle and bearing upon the 
back of the abutment to hold the face thereof 
against the rotor. 

3. The combination of a rotor, an abut 
ment arranged to bear thereon, va hollow 
slidable spindle carrying the abutment, and 
a spring coiled around the spindle and bear 
ing upon the back of the abutment to hold 
the face thereof against the rotor. 
In testimony whereof we af?x our signa 

tures in presence of two witnesses. 
CLINTON E. LONG. [a s.] 
FREDERICK R. LONG. [r.. 8.] 

lVitnesses: 
lVILLmM E. ‘NANICH, 
ROBERT EARLE CAMPBELL. 
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