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TORE GUSTAF EMANUEL LINDMARK, OF STOCKHOLM, SWEDEX.

ELASTIC-FLUID TURBINE.

bPECIFIGATION f{armmg part of Letters Patent No. 716, 908 dated December 30 1902
ﬂpplmatmn ﬁled December 26, 1901. Serial No. 87,346 (Nﬂ m{}del )

To all whom it may concermv:

Beitknown that I, TORE GUSTAF EMANUEL
LINDMARK, a subJeet of the King of Sweden
and Norway residing at Sboeﬂhslm Sweden,

in Elastic-Finid Turbines, of which the fol-
lowing is a-specification.

My mventmn relates toan elastic-fluid mo- °
tor in which the said fluid is repeatedly 11t11-~

1zed.

My invention consists in the combination,
with an elastie-fluid motor,of meansfor trans-
forming the veloecity energy of the exhaust

from szud motor into pressure and means for

reconducting said exhaust to sald motor, in
the construction of said motor with a plu-

rality of working compartments wherein the

fluid is buceesswely utilized and means also
for inereasing the pressure of said fluid prior
to such utiliz&bion, in the construction of an
elastic-fluid turbine embodying successive

compartments for the above purpose, in the

combination of such a turbine with a second

motor actuated by the exhaust thereof, and

in thevarious other combinations and instra-

mentalities more particularly set forthin my

clalms.

In the dCLOalﬁ,H}?lnﬂ‘ drawmfra, Figure 1-is
g vertical section of my engineon the line 2

of Fig. 2. Fig. 21sa vertlcal section of the
casing on the lme z z of Fig. 1, the wheel be-
ing omltted and looking into the same in the
directmn of thearrow, Fig. 1.
tion of the wheel and of 11;8 su_ppu:}wnﬂ*-shafb
and hub on the line vy y of Fig. 1, showing but
four of the buckets. . Fig. 418 a side eleva-
tion of one of the wheel-buckets. Fig.51sa
pa,rtia;l section of wheel and casing on the line
x o of Flg.2. Kig. gisadiagramillustrating

the parts of the wheel into which steam enters

successively. Fig. 7 is.a side and Fig. 8 an
end elevation. Flbn 9,10, 11, and 123how the
arrangement of my lmpmved turbine in com-
pound relation with a series of other tur-
bines, Fig. 9 being a sectior on the line o «
of Fifr 10 Fig. 10 a vertical longitndinal sec-
tion, [‘w* 11 a section on the lme ¢ ¢ of Iig.
9, and Flﬂ' i2 ar end elevation. Fig. 1318 a
parnmleros‘s -section on the line O b of Fig. 10.

Similar characters of reference 1nd1:3a.te

like parts
1 is the bed of the engine, carrying the

Fig. 3 18 a sec-

'|

have invented anew aud useful Improvemeni}_

iy ol h

a hub 5, having ﬁanﬂ'es S and 8.

standard 2 , in - which the main shaft 3 is jour-
naled. The wheel 4, fast upon said shaft, has
Said hub car-
ries the a,nnular wheel-heads 7 and 6. 'The
head 7 is flanged at 9 and does not extend to
the hub, so th&t an annularinlet-passage 10 18
formed between said huband flan g09. With-
in the wheel are secured the bucl{ets 11, one of
which is shown in side elevation in Flg. 4,

The inner wider portion 12 of each bucket lies

between the hub-flanges 8 and 8, and hence in

| the annular mlet—pasmm 10. The outer and

narrow portmn 15 lies between the wheel-
heads 6 and 7. The longitudinal inner edge
18 of each bueket is sec,ured to the hub and
the radial side edges 14 to the heads 6 and 7.
There is an opening16in the peripheral wall
of the wheel. Theinner sides of the passage
leading to said openingconverge toward said
opening, as shown at 17, Fig. 5. 'The annu-
lar passage formed by Sdld converging sides
is divided into a number of sma.ller passages
by the wheel-buckets-11. Theouter ends of
said buckets located in said passage are all
inclined in one direction, as shown at 18, Hig.
3. Each small passage formed by the in-
elined ends of adjacent buckets and the in-
clined sides 17 of the annular passage 1s of
less area at the periphery of the wheel than
elsewhere..

1t will be obvious that the wheel described
is of the reaction type, the motor fluid enter-
ing, as indicated by the arrow in Fig. 5, be-
tween the buckets in the m]et-pass&ge 10 and

passing through the interior of the wheel to

the outlets.
Surrounding the wheel 4 and supported on

bed 11s a cylmdneal fixed casing 20, made
in two parts, bolted together as shown in Kig.
8.
ing 34, Fig. 2, in which the peripherical edges
of the wheel-hub 8 8 are received and ha,ve
a steam-tight working fit.” Within the said
casing is a partition 21 through which there

is a si milar opening,

of which has a workmﬂ' fit on the upper sur-
face of flange 9 of wheel head 7. The wheel
4extendsintotheannularchamber 22, formed
by said partition 21 and one head 23 of said
casing, Fig. 1, and a circumferential wall 24.
In said wall 24 is a continuous opening 29,
correspondmﬂ* in p031t10n and 111 transverse

the ¢ir Gumfelentl&l edge
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Throuwh said casing is a circular open-
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width to the opening 16 in the wheel 4, which
opening communicates with an annular pas-

-sage 26, formed between the inner surface of

the casing-head 23 and the inner surface of
a flange 27 on said wall 24. These surfaces
preferably diverge from the opening 16, so

that said annular passage 26 is wedge-shaped

1n eross-section.

I have now to call special attention to the
interior construction of the wheel-casing 20
and the relation of its several eompartments
to the wheel. From Fig. 2 it will be seen
that it has five radially-disposed partitions
29 30 31 32 33, which extend from the periph-

15 eral wall 35 of the casing to the opening

20
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~and chambers in the wheel
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o4, Fig. 2. Therefore benween the casing-
head 36 Fig. 1, and the partition 21 there are
formed four seﬂ‘mental chambers 37 38 39 40.

T'hese 1s also a radial partition 41, which,

however, extends only to an arce-shaped par-
tition 42, and this partition 42, which is prac-
tically a continuation of the outer circumfer-
ential wall 24 of chamber 22, itself extends
between partitions4l and 33, Fig. 2. A cham-

ber 43 is thus produced between arc-shaped

partition 42 and radial partitions 29 and 41
and another chamber 44 between partition 41
and radial partitions 41 and 33.
chamber 45 the steam-inlet pipe 56 commu-
nicates. Iach of the chambers43, 37, 38, 39,

and 40 communicates with the annular wheel :

inlet-opening 10, as illustrated in Fig. 5.
It is to be especially noted that the wedge-

.Shaped annular passage 26 is divided by six

inclined partitions 45 46 47 48 49 50 (dotted
lines, Fig. 2) into five divisional passages 51
52 53 54 55 The purpose of these passages
- casing will be
best nnderstood by tracing the course of the
steam 1n the wheel. The sfeam from the
boiler enters by the pipe 56 to chamber 43,
Fig. 1, and thence passes by annular open-
ing 10, as already described, to the wheel.
Obviously the steam can pass only to those
buckets 11 in the annular inlet 10 between
sald partitions 29 and 41, and these buckets
in the space between the wheel-heads 6 and
7form asegment, such as A, in Fig. 6. There-
fore the steam escapes from the wheel from
segment A, through the bucket-openings be-
tween a and b, passes to chamber 22, sur-

rounding the wheel and thence proeeed._s |

through the division 51 of the annular pas-

- sage 26 to the second segmental chamber 37,

55

6o

formed within the casing.

In the divisional passage 51 the velocity en-
ergy of thesteam from segment A of the wheel
becomestransformed into pressure while pass-
ing to chamber 37. Erom chamber 37 (see
Fig. 5) the steam-now passes through inlet 10

to the buckets in said opening included be-

tween partitions 29 and 30, and so to the next
ensuing segment B of the wheel. From seg-

ment B the steam escapes from the perlpher--

ical openings between ¢ and ¢, Fig. 6, and
then to chamber 22, and thence throuo'h the
divisional passage 52 in annular passage 26,

With the

|

716,908 -

and so into the next segmental chamber 38 in
casing 20. In the same way the steam from
chamber 38 enters the wheel, this time pass-
ing to segment C, Fig. 6. From C the steam
escapes by the orifice between ¢ and d, trav-
erses chamber 22 and divisional passage 53,
and so gets into chamber 39, FHKrom chamber
39 In the same way it goes to segment D of
the wheel and thence out by the orifices be-
tween d and ¢, then through chamber 22 and
divisional passage 54 to chamber 40. From
chamber 40 in the same way it goes to seg-

ment K of the wheel and thence out by the

orifices between e and 7, then through cham-
ber 22 and divisional passage 55 to the main
exhaust-outlet57. Thechamber44beingcom-
pletely closed does not receive steam.

From the foregoing description the follow-

ing facts will be ev1dent First, the steam is
utilized several times in the same wheel; sec-
ond, it is utilized successively in successive
segments or sections of the wheel-buckets of
that wheel; third, it is utilized in segments

of the wheel progressively increasing in area; -

fourth, beginning with the second chamber
37 the remaining segmental chambers 38 39
40 of the casing increase in area to the same
extent as the corresponding segments b c d e
of the wheel; fifth, between each utilization
of steam in a segment of the wheel, the said
steam is received inan intermediate chamber,
where it obviously undergoes compression.
After leaving any segment of the wheel and
before entering any one of the segmental
chambers or the exhaust-outlet the steam is

/0

75

380

go

95

I00

compelled to traverse one of the divisional

passages 51 52 83, &c., by reason of which its
velocity energy is tr ansformed into pressure
in the chamber into which it is delivered be-
fore it is again utilized in the wheel; sixth,
butinasmuch as the pressureenergy is always
less in each succeeding chamber and segment
than in the preceding chamber and segment
1t 18 necessary in order to get the same effect
to increase the cubic contents-of said eham-
bers and the area of the successive segments
of the wheel.

The net result is that I have here a single
turbine-wheel which nevertheless is a com-
pound wheel, inasmuch as after expansion in
one segment of the wheel the steam is recon-
ducted to the next segment, expanded again,
and brought to the next segment, and so on
successively around the wheel before it is
finally allowed toescape at the exhaust-outlet.

In addition to thus compounding the wheel
I provide the annular passage 26, divided into
separate divisional passages 51 52, &ec.,
whereby, as already stated, the velocity en-
egy of the exhaust-steam from one segment
1S changed into pressure before that exhaust-
steam 1s utilized in the next segment. As

many casing-chambers 37 38, &ec.; (and con-
sequently as many seﬂ'ments of the wheel)
will be utilized as are requisite to bring the
steam down to some desired pressure—say
| the atmosphere. Therefore I do not limit my-
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self to any particular number of segmental | formstheinlet to an annular passage 61, simi-

casing-chambers or any particular number

of areas of wheel-segments to be utilized.

lar to passage 26, but having nointernal par-
titions 46 47, &e. By the action of this pas-

In another application for Letters Patent,.f-sage, as before, the -?elﬁciby energy of t‘l}e
filed by me December 13, 1901, Serial No. | steam is transformed into pressure energy in

85,747, I have fully deseribed and explained
the operation of such passages as 5152, &e.,
when interposed between the exhaust of a

reaction wheel and a recelving-chamber in | _
'V, until finally it leaves the apparatus by

way of annular chamber 64 and outlet 6o.

changing the velocity energy of steam pass-
ing through them into pressure in said cham-
ber.
essary to enter into any elaborate explana-
tion of the operation of such passages in the
present specification. I get the best results
by constructing said passages with their in-

let-openings 25 of the same width as the ex-
haust-opening 16 of the wheel, with diverg-

ing sides and also wedge-shaped, as already
explained, in cross-section and with parti-
tions 45 46, &e., also diverging toward the
delivery-opening, so that the said opening of
each passage, as 51 52, &ec., will be of larger
area than the inlet-opening. "T'he necessary
dimensions of any such passage in a wheel
of this kind must of course depend upon the
steam-pressures and wheel dimensions em-
ployed. 'The particular passage in point of
dimensionsand relative area of inletand out-
let which will give the best results for any
particular wheel is easily ascertainable by
measuring the steam-pressure in the several
segmental chambers. -

The engine hereinbefore described may be |
used singly, or it may be employed with other |

units compounded successively,and espe-
cially with a series of reaction wheels 1n

between buckets located in a suitable annu-
lar opening. Where a number of wheels of
the last-named type are disposed successively,

the areas exposed to the action of the steam |

progressively increasing from inlet to outlet

sion of the steam passing throonghit. Thisdif-

ficulty is overcome by using wmy present wheel |
as & first unit, because, as is obvious, two or |
more expansions may be caused in it before

the steam is exhausted into the several wheels
of the series, Thisisillustrated in Figs. 9, 10,
and11. I, Fig.10,1isthe first unit constructed
as already described, containing three ex-
pansion-passages 51 52 53, Fig. 9, instead of
4 greater number. -~ After passing through
the passage 53 the steam enters a chamber

57, Fig. 11, in the main casing 20, which cas- |

ing is here constructed of sufficient size to
include all of the wheels, and from thence
proceeds te an annular chamber 538, which

ecommunicates, through the annular opening

59, with all the buckets in the interior of
wheel II. After passing through wheel 11 the

steam escapes around the entire periphery of | outlet. _ |
said wheel into an annular opening 60, which |- 8. An elastie-fluid turbine ot

For that reason I do not deem it nec-

|

- duets 1t.
manner goes to wheel 11T and passage 63,and

the chamber 62, into which said passage con-
From chamber 62 the steam in like

thereafter throuch successive wheels IV and

=
e

70.

75

Wheels I 1o V progressively increase in the -

areas on which the steam aects for the reasons
- governing the designing of compound engines

in general.

- Ielaim— |
1. In combination with an elastic-fluid mo-
tor, means for transforming the velocity en-

| ergy of the exhaustfrom said motor into pres-

sure,and means for reconductingsaid exhaust

1o said motor. - | . _ _
9. In combination with an elastic-finid mo-
tor, a receiver for the exhaust thereof, means

50

9’3.

communieating with said receiver forincreas- -

ing the pressure of said exhaust therein and.

means for conducting said fluid at said in-

' creased pressure back to said motor.
3. In combination with an elastie-fluid mo-

tor, a plurality of working compartments,
means for transforming the. velocity energy

“of the exhaust from one working. compart-

95

ment into pressure and means for reconduct- -

ing said exhaust into ancther working com-
partment of said motor. - o

4. In combination with an elastic-fiuid -mo-
' tor, having a plurality of working compart-

ments, means interposed between successive
compartments for transforming the velocity
energy of the exhaust from each compartment

into pressure, and means for conducting the

said exhanst into an adjacent compartment

of said motor. - . ‘
- 5. In combination with an elastie-finid mo-

tor having a plurality of working compart-
of the series, it sometimes is found that-the | ments, arranged successively,a chamber com-
areas of the surfaces in the first wheel are too

small to insure a sufficient degree of expan- |

municating with each compartment and its
sneceessor and receiving the exhaust from one

compartment, and means in said chamber for
augmenting the pressure of said exhaust prior

to its passage to the adjacent compartment.

6. Inanelastic-fluid turbine,a hollow wheel

having a hollow hubprojecting from one head
thereof, a circumferential inlet surrounding
said bub and a cirecumferential outlet sur-

- rounding said wheel, and buckets radially

100

105

ITO -

115

120

disposed within said wheel and extending

longitudinally said hub. R
7. Inanelastic-fluid turbine,a hollowwheel

I25

havinga hollow hub projecting from one head'
thereof, a circumferential inlet surrounding.
“said hub, a constricted circamferential outlet

surrounding said wheel, and buckets 11 hav-

1ing outerineclined portions 17,said buckets be-
ingradially disposed in said wheel with their -
| inclined portions 17 located in said constricted

the type-here-

130
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in described having a plarality of segmental !

working compartments and means for con-

duecting the exhaust from one compartment |

back to another compartment.

9. An elastie-fluid turbine of the type here-
in described having a plurality of segmental
working compartments, means for conduct-
ing the exhaust from one compartment back
to another compartment and means for rais-
ing the pressure of said exhaust.

10. Anelastic-fluid turbine of thetypehere-

in described having a plurality of segmental
compartments, means for eondueting said
fluid to a section composed of a certain num-
ber of said compartments, means for recon-
ducting the exhaust to another section simi-
larly composed, and means forincreasing the
pressure of said fluid while passing from one
section to another.

11. An elastie-fluid turbineof the type here-
in described having a plurality of segmental
compartments, means for condueting sald
fluid to a section composed of a certain num-
ber of sald compartments, means for recon-
ducting the exhaust from said section to an-
other section composed of a greater number
of said compartments, and means for increas-
ing the pressure of said fluid while passing
from the first section to the second.

12. Thecombination of an elastic-fluid tur-
bine-wheel of the type herein described hav-
ing a plurality of radial partitions, a casing
20 therefor, and 1n said casing a chamber 4.3
communicating with a source of elastic-fiuid
supply and the inlet of said wheel, a cham-
ber 22 inclosing said wheel,
and a passage 51 connecting said chambers
22 and 37; whereby the motor fluid passing
from chamber 43 to said wheel-inlet is caused
to act upon a certain number of radial par-
titions and thereafter to pass to chamber 22
and thence through passage 51 to chamber 37
the said passage being constructed and ar-
ranged to transform the velocity energy of
the exhaust into pressure in said chamber 37.

13. The combination of an elastic-fluid tur-
hineof thetype herein described having a plu-
rality of radial partitions, a casing 20 there-
for and 1n said casing a chamber 43 com-
municating with a source of elastie-fiunid sup-
ply and the inlet of said wheel, a chamber 22
inclosing said wheel, a chamber 37 communi-
cating with said wheel-inlet, a passage 51 con-
necting said chambers 22 and 37, a chamber
38 and a passage 53 connecting sald cham-
bers 22 and 33; whereby the motor fluid pass-
ing from chamber 43 to said wheel-inlet 1s
caused to act upon a certain set of radial par-
titions and thereafter to pass to chamber 22
and thence through passage 51 to chamber 37,
and thence again to said wheel-inlet to act

upon & certain other set of radial partitions,

and thence to pass to chamber 22 and thence

through passage 52 to chamber 38; the said |

a chamber 37

716,908

passages 51 and 52 being constructed and ar-
ranged to transforin the velocity energy of

the exhausb into pressure respectively in  said
chambers 37 and 38. -

14. The combination with an elastic- ﬂmd
motor having a plurality of working compart-
ments in which said fluid is suceessively eXx-
panded and means interposed between said
compartments for transforming the velocity
energy of the exhaust into pressure, a second
elastic-fluid motor actuated by the final ex-
haust from said first motor.

15. Incombination with an elastic-fluid tur-
bine having a pluarality of working compart-
ments in which said fluid 18 successively ex-
panded, a second elastic- flaid turbine where-
in the final exhaust from said first turbine un-

dergoes a single expansion.

16. In combination with an elastic-fluid tur-

bine having a plurality of working compart-

ments in which said flaid is successively ex-

65

70

75

3¢

- Fahe

panded, and means interposed between said

compartments for transtforming the velocity
energy of the exhaunstinto pressure, a second
elastic-fluid turbine actuated by the exhaust
from said turbine, and a shaft supporting and
rotated by said turbines.

17. The combination with an elastic-fluid

| motor having a plurality of working compart-

ments in which said fluid is successively ex-
panded, and means interposed between said
compartments for increasing the pressure of
the exhaust, of a plarality of elastie-fluid mo-
tors in which the final exhaust from said first;
motor is sucecessively expanded.

18. The combination with an elastie-fluid
motor having a plurality of working compart-
ments in which said fluid is successively ex-
panded, of a plurality of elastie-fluid motors
in which the final exhaust from said first mo-
tor is successively expanded and means in-
terposed between said motors for increasing
the pressure of the exhaust from each motor
before said exhaust is utilized in the next
motor of the series.

19. The combination with an elastic-fluid
motor having a plurality of working compart-
ments in which said fluid is successively ex-
panded and means interposed between said

' compartments for increasing the pressure of

the exhaust, of a plurality of elastic-fluid mo-
tors in which the final exhaust of said first
motor is successively expanded and means in-
terposed between said motors for increasing
the pressure of the exhaust from each motor
before said exhaust is utilized in the next
motor of the series.

In testimony whereof I have signed my
name to this specification in the presence of
two subscribing witnesses.

TORE GUSTAF EMANUEL LINDMARK.

Witnesses: ~
I. A. VAN WART,

H. R. MOLLER.
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