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DOUBLE ROTARY TYPE STEAM TURBINE

Alf 'Lyshi}lm, Stockholm, Sweden, assignor -tﬁ
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18 Claims. (CL 253—16.5)

The present invention relates to combined type
turbines in which steam is expanded successively
in a radial flow blade system and an axial flow
blade system, and has particular reference to tur-

bines of. the above type in which the radial flow

blade system is of the double rotation type.

Radial flow turbines, in which the entire ex-
pansion of the steam is effected in a radial flow

blade system, are limited by practical consider-

‘ations to relatively small sizes and for large size
turbines, axial flow blade systems are usually.

- added, these blade systems comprising two blade

15

groups, each of said groups being associated with
one part of the turbine providing the radial flow
blade system:. B I

For turbines of intermediate sizes such for ex-.

~ample as from five thousand to fifteen thousand

20

40

45

60

- provided for turbines of such size.: ..
30

able because of the expense incident to the manu-

kilowatts capacity and. operating at about three -
thousand revolutions per minute, the above de-

_ _ these members a space 9 for flow of steam to the
scribed type of combined turbines are not suit- -

blade system. On the other hand turbines of this

Intermediate size cannot, because of . practical:’
conslderations, be made without an- axial flow
blade system, largely because of-the considera=
~ tion of the large discharge area Wthhmustbe

oAy

=l

““charged from the axial flow blade ‘system flows

eral object 10 the main exhaust chamber of the turbine.

L
' '
"

~ The present invention has foriits.ﬁéf '

‘tion provided on one side With_ an axial flow blade

system of the double rotation type.
Referring to Fig. 1, 1 and 2 designate shafts

rotating in opposite direction, of which shaft 1

cupports the turbine disk 3 and shaft 2 supports

. the turbine disk 4. These turbine disks support

in known manner, by means of articulated or

resilient connections, a number of blade rings,

which are inserted in between each other and in
this manner constitute the radial flow blade sys-
tem 5 of the turbine. The steam is introduced

through the supply conduits 6 and 7 to the inlet

chamber 8 of the turbine, from which it flows in
radial direction through the blade system 5 to the

- .

- Space 9 radially outside the last blade ring 10 of -
the radial flow blade system'5. =~ . . -

~ Annular stationary members 11 and 12 sup-

1,961,616
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port the guide ‘blades 13 and provide between

|

single axial flow blade system. It will be ob-

_served that member 12 provides a curved wall
facture of the radial flow blade system and the
two groups of blades ‘comprising the ‘axial flow-

extending from adjacent the end of the outer-

~most radial flow blade ring remote from the ax-
“ial ‘flow -blade system to adjacent the outer pe-
riphery of the first blade ring of the axial flow 4
“blade system. This wall acts as a deflecting guidc
~for smoothly turning the steam into the inlet
of ‘the axial flow blade system. Steam dis-

the provision of an improved form of combined -'The moving blade rings 14 of the axial flow blade

of rotation through the upper part of a steam
turbine embodying the invention; Fig. 2 shows a

similar section through a turbine of a different -
type; Fig. 8 shows a similar section through a

turbine which is particularly adapted for the

supply of overload steam; and Pig. 4 shows dia-

grammatically a turbine according to the Inven-

type turbine which may advantageously bé made system are-attached to a turbine disk 16 and
in the intermediate sizes, with respect to which :May. be carinected to b
neither the radial flow turbines, northecom-membﬁmthe turbine disk 3 supporting the_ blades
‘bined type turbines as heretofore made, are. well :Of .the. radial flow blade sy stem. In order to-
adapted. The above general object is, in accord- - Prevent leakage of steam from the turbine, laby-
ance with the present invent‘ion,i'a;ttamed“*By-ftjh;ei;;i;i-;:_'"'_{,lngl};-*‘quhngs 21 t&:;;'ii 22b-are prwld;d for; t{w
provision of a turbine comprising a I‘&dlal ﬂUW uroine d_lSl{S and stuffing boxes 17 an 18 of the

blade system of the double rotation type com-

may. be connected to directly or by articulated

..and the stuffing box 18 is shown in elevation.

- LI
- (s

“The turbine disk 3 which in the same manner as
— - stem for further ex. '0e turbine disk 4 may be divided intc two or
from the radial flow blade system Jor further ex- (.ieral parts interconnected by hollow bolts 19
bansion in the turbine. Other and-more detailed 1420, supports in tne present case a labyrinth
obiects of the invention, together with itsimore  po 500 % Plrc 3 L 5 Dres parts, the parts o.
coecific nature and the advantages to be derived "tno packing rotating together with e turbine
irom its use, will become apparent as the follow- g s ‘being inserted between packing parts
Ing description of several forms of apparatus for = gpich are fixed to the non-rotating parts of the
carrying the invention into effect proceeds. - turbine. ‘While, as will be evident from Fig, 1
In the drawings, forming a part of this speci- turhine '
feation:— It

Fig. 1 shows a section parallel with the aXiS ' disks 'is not material to the present invention

and the term disks will hereinafter be employed
to include

. the turbine disks are built up of ‘& number of
.. separate parts, the specific construction of the

the members forming the ccmplete

'disk assemblies. In the same manner the turbine
disk - 4 carries a labyrinth packing 22. The
Jlabyrinth packings provide in the usual known
“manner an axial balancing system for the tur-
‘bine and through these packings the steam sup-
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labyrinth type are provided for the turbine shafts,
bined with a single axial flow blade system adapt- In Fig. 1 the stuffing box 17 is shown in section
ed to receive and further expand all of the steam:

which can be suitably expanded in and exhausted -

100
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ply conduits 23, 24, 25, and 26 pass, these con-
duits providing for the admission of additional
or overload steam for increasing the power of the
turbine. Because of the manner in which the
axial flow blade system is situated in accord-

ance with the present invention, the conducting
of overload steam to the radial flow blade system

through the supply conduit 26 is facilitated.

A channel 27 is provided for withdrawing or
bleeding steam from the space 9 between the ax-
ial and radial flow blade systems. This steam is
led to a heat exchanger which may advantageous-
Iy be in the form of a preheater 28 built into the
turbine. Because of the fact that in accordance
with the present invention the axial flow blade
system is entirely to one side of a transverse
plane passing through the radial flow blade sys-
tem, and only because of this fact,.the necessary
space for such a heat exchanger is available with-
in the turbine.
figure, the steam conducted to the heat ex-
changer through channel 27 may be used in the
most efficient manner, without the heat loss
which would be incurred if the heat exchanger
were outside the turbine casing, because of the
fact that the heat exchanger is situated adjacent
to the point where the steam is bled from the
turbine and also because of the fact that the
heat exchanger is within- the exhaust steam
space in the turbine casing.

In the turbine shown in Fig. 2 the last mov-

Ing blade ring 10 of the radial flow blade sysiem
rotates in opposite direction with respect to the
moving blades of the axial flow blade system 14.
‘The axial flow blade system is not provided with
any special system of guide blades through which
the steam expands, but in place of such system
there is provided a plurality of bent plates 30 or
the like which prevent the formation of eddies in
the steam in the space 9 or make such formation
difficult and between which the steam flows with-
out appreciable expansion and deviation.

In this embodiment the steam leaking out
through the axial labyrinth packings 17 and 18
is partly or wholly utilized by guiding the same
back to the turbine. A space surrounded inter-
nally and externally by tightening edges is con-
nected by conduits 31 and 32 respectively with a
control valve 33 which, when the pressure sur-

‘passes the atmospheric pressure surrounding the

turbine, feeds steam in to the conduits 35 and 36
respectively. By this means ...e pressure is in-
creased on the balancing disks of the labyrinth
packing, whereby a better compensation of the
axial thrust on the turbine disks is effected and
at the same time the corresponding steam quan-
tities may be introduced to the turbine.

In the turbine shown in Fig. 3 the last mov-
ing blade ring 10 of the radial flow blade system
5 also rotates in opposite direction to the direc-
tion in which the moving blades of the axial flow
blade system 14 rotate. A special guide ring for
the steam, either in the form of blades adapted
for expansion or exclusively for guiding the
steam, has not been provided, but the steam
coming from the last blade ring 10 reaches im-
mediately after its deviation the axial fiow blade
system 14 consisting of one single moving blade
ring. The blade ring 10, therefore, serves to g
certain degree as a guide blade ring for the axial
flow blade system, and as it rotates in opposite
direction to the axial flow blade ring, there is ob-
tained a double rotation effect between the radial
flow bladeSystem and the axial flow blade system.
Ip other words, the steam enters the blade ring

As will be apparent from the

1,061,616

14 without having the direction of its rotational
component of fiow reversed after leaving the
blade ring 10. In this respect the construction
in Fig, 2 is similar to that in Fig. 3, since in each
of these arrangments the last row of radial flow
blades and the row of axial flow blades rotate in

opposite directions and as has been previously
pointed out the stationary guides 30 of Fig. 2 do

not function to turn the steam rotationally as do
the blades 13 of Fig, 1 where the last row of ra-
dial flow blades and the first row of axial flow
blades rotate in the same direction.

By the arrangement shown in Figs, 2 and 3,
the sum of the squares of the blade speeds for a
given turbine may be increased, and as is well
known this contributes to an increase in efficiency
in the turbine for a given heat drop. The tur-
bine efficiency is also enhanced by the elimination
of guide blade friction losses between the radial
flow and axial flow blade systems.

In addition to the above described arrange-
ments for the supply of additional steam, a chan-
nel 41 is provided in this turbine for the supply
of the addifional steam, and for this channel
suflicient space 1s available, for the reason that
the axial flow blade system is arranged on one
side only of the central plane passing at right
angles through the axis of the turbine. The
channel 41 may be in communication with a
steam accumulator in order to be able to utilize
the steam accumulated therein. 'The channels
or conduite 41 which are situated adjacent to the
space 15 and are surrounded by the discharge
steam, are connected with the external conduit
43 by a rescilient connection in order to prevent
undesirable expansion stresses due to heat.

Fig. 4 shows diagrammatically still another
embodiment of the invention, in which the two
last blade rings 10 and 44 of the radial flow blade

system are connected respectively to the moving

blade rings 45 and 46 of the axial flow blade sys-
tem. 'The axial flow blade rings are arranged
closely adjacent to each other in the manner
disclosed in the figure and, therefore, are adapted
for rotation in opposite directions.
rings 10 and 45 rotate in the same direction, a
guide blade system 47 fixed to the turbine hous-
ing is preferably arranged in front of the blade
ring 45. It will be observed that in this embodi-
ment the characteristic c¢f double rotation be-
tween the oppositely rotating blades 45 and 46 of
the axial flow blade system is obtained, and this
construction, like the constructions in the em-
bodiments in Figs. 2 and 3, results in important
advantages because of the possibility of increas-
ing the sum of the squares of the blade speeds in
this portion of the turbine,

The turbine according to the invention involves
for certain sizes a cheaper manufacture, because
the number of the required blades becomes smal-
ler. The construction is more compact, for the
axial flow blade system is arranged only on one
of the turbine disks or on parts built together

As the blade

80

80

64

120

109

11

LiD

30

-39

with the latter. The possibilities for supplying

and drawing off steam are greater, hecause space

for these purposes is available at such places,

where in turbines having symmetrically arranced
axial flow blade systems, the second part of the
latter would be situated. The above described

places for the supply of additional steam may of

course also be utilized for drawing off steam for
different purposes.

What I claim is:—
1. An elastic fluid turbine comprising two tur-

bine disks adapted to rotate in opposite direc-~ -

<0
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tions, a radial flow blade system comprising a piu-
rality of blade rings carried by said disks, an axial
flow blade system comprising movable blades
adapted to further expand all of the motive fluid
which can be suitably expanded in and exhausted
from said radial flow blade system, all of said
moving blades being situated axially to one side

of the center of the radial flow blade system and

*

- radially a greater distance from the axis of rotg.-

tion of the turbine than the outermost blades

of the radial flow blade system and being car-

ried by one of said disks, the radially outermost
blade ring of the radial flow blade system being
carried by the other of said disks. |

2. An elastic fluid turbine comprising two tur-

‘bine disks adapted to rotate in opposite directions,

]
b

a radial flow blade system comprising a plurality
of blade rings carried by said disks, an axial flow
blade system adapted to further expand all of
the motive fluid which can be suitably expanded

-and exhausted from said radial flow blade system,
sald axial flow blade system comprising moving
‘blades all of which are carried by one of said

disks, the radially outermost blade ring of the
radial flow blade system being carried by the

‘other of said disks, and means for conducting

motive fluid directly from said outermost blade

ring to moving blades of said axial fiow blade

system without reversal in direction of its rota-
tional component of flow. - '

- - 3. An elastic fluid turbine comprising two tur-
bine disks adapted to rotate in opposite directions,

a radial flow blade sysiem comprising a plural-

ity of blade rings carried by said disks, an axial

flow blade system adapted to further expand all

- 0of the motive fuid which canbe suitably expanded

and exhausted from said radial fiow blade sys-

tem, said axial flow blade system being formed-

entirely by moving blades carried by one of said

‘disks, the radially outermost blade ring of the

radial flow blade system being carried by the
other of said disks, and means for' conducting

- moiive fluid directly from said outermost blade

45

09

ring to moving blades of the axial flow blade

system without reversal in direction of its rota-

tional component of. flow.

4. An elastic fluid turbine comprising a radial :
- flow blade system and an axial flow blade system

for receiving motive fluid exhausted from the
radial flow blade system, each of sald blade sys-
tems comprising adjacen rows of moving blades
adapted to rotate in opposite directions with
respect to each other. |

5. An elastic fluid turbine comprising two tur-

bine disks adapted to rotate in opposite directions,
& plurality of blade rings carried by said disks
and providing a radial flow blade system having

an outermost blade ring carried by one of said

. disks, a single axial flow blade system comprising

60 a row of moving blades carried by the other of

sald disks and a row of moving blades carried

. by said outermost ring of the radial flow blade

65

70

system, and means for conducting motive fluid

from the radial flow blade system io the axial

flow bladé system.

6. An elastic fluid turbine comprising two tur-
bine disks adapted to rotate in opposite direc-
tions, a plurality of blade rings carried by said
disks- and providing a radial flow blade system
having an outermost blade ring carried by one
of said disks, a single axial flow blade system
comprising a row of moving blades carried by the
other of said disks and a row of moving blades
carried by said radially outermost ring of the

radial flow blade system, and means for conduct-

~two turbine disks adapted to rotate in opposite

flow blade ring axially opposite the axial flow

forming a radial flow
tral admission for initial expansion of motive
Tiuid within the turbine, an axial flow blade Sys-

3
ing motive fluid from the radial flow blade system -
to the axial flow blade system, said means com-
prising a stationary member carrying a plurality
of stationary guide vanes situated between the
radial flow blades and the axial flow blades car-
ried by said outermost blade ring. =

7. An elastic fluid turbine comprising a radial
flow blade system having central admission for
initial expansion of motive fluid within the tur-
bine, an axial flow blade system for final expan-
sion in the turbine of all of the motive fluid to be
€xpanded therein after discharge from said radial
flow blade system, said axial flow blade system .
comprising moving blades all .of which extend’
radially a greater distance from the axis of ro-
tation of the turbine than do the radially outer-
most blades of the radial flow blade system and
all of which are located axially to one side of
the radial flow blade system, and a stationary
annular member for guiding motive filuid from
the radial flow blade system to the axial flow

80
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‘blade system, said member comprising a curved

wall extending from adjacent the end of the out-
crmost radial flow blade ring axially ‘opposite '
the axial flow blade system to adjacent the outer 100
periphery of the first blade ring of the axial flow.
blade system. | o

8. An elastic fluid turbine of the double rota-
tion radial-axial flow ‘type comprising a casing, 105
directions and carrying a plurality of blade rings
forming a radial flow blade system having cen-
tral admission for initial expansion of motive

Hluid within the turbine, an axial flow blade Sys-

tem comprising moving blades all of which are
carried by one of said disks axially to one side
of said radial flow blade system and radially a
greater distance from the axis of rotation of the
turbine than the radially outermost blade ring

of the radial flow blade system, said casing pro- 115
viding a chamber for the reception of motive |
fluid exhausted from said axial flow blade system

110

and means for causing all of the motive fluid dis-

charged from the radial flow blade system for

further expansion within the turbine to flow 120

through said axial flow blade system, said means
comprising an annular stationary member within.
said casing providing a curved wall extending
from adjacent the end of the outermost radial 198
blade system to adjacent the outer periphery of |
the first blade ring of the axial flow blade system.
9. An elastic fluid turbine of the double rota-
tion radial-axial flow type comprising a casing,
two turbine disks adapted to rotate in oppositc
directions and carrying a plurality of blade rings
blade system having cen-

130

tem comprising moving blades all of which arc 138

- carried by one of said disks axially to one side

of said radial flow blade system and radially a
greater distance from the axis of rotation of the |
turbine than the radially outermost blade ring

of the radial flow blade system, said casing pro- 140
viding a chamber for the reception of motive

fluid exhausted from said axial flow blade system

and an annular stationary member within said
casing, said member providing an annular heating
chamber within said first mentioned chamber 145
and a curved wall for guiding all of the motive

fluid discharged from the radial flow blade sys-

tem for further expansion within the turbine to |
sald axial flow blade system, said wall extending
from adjacent the end of the outermost radial 150
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flow blade ring axially opposite the axial flow
blade system to adjacent the outer periphery of
the first blade ring of the axial flow blade sys-
tem, there being passages through said wall for
conducting motive fluid and condensate to said
heating chamber from the space between the
radial flow and axial flow blade systems.

10. An elastic fiuid turbine of the double ro-
tation radial-axial flow type comprising a casing,
two turbine disks adapted to rotate in opposii2
directions and carrying a plurality of blade rings
forming a radial flow blade system having cen-

~tral admission for initial expansion of motive
fluid within the turbine, an axial flow blade sys-

tem comprising moving blades all of which are
carried by one of said disks axially to one side

- of said radial flow blade system and radially a
- greater distance from the axis of rotation of the

- 20

20

a0

35

40

49

turbine than the radially outermost blade ring of
the radial flow blade systam, said casing provid-
ing a chamber for the reception of motive fiuid
exhausted from said axial flow blade system, and
an annular stationary member within sald cas-
ing, said member providing an annular heating
chamber within said first mentioned chamber
and spaced radially inwardly of said casing
whereby to permit said chamber to be surround-
ed by motive flnid at at least exhaust tempera-
ture and a curved wall for guiding all of the
motive fluid discharged from the radial flow blade
system for further expansion within the turbine
to said axial flow bladz system, said wall extend-
ing from adjacent the end of the outermost radial
fAow blade ring axially opposite the axial flow
blade system to adjacent the outer periphery of
the first blade ring of the axial flow blade sys-

tem, there being passages through said wall for

conducting motive fluid and condensate to saic
heating chamber from the space between the
radial flow and axial flow blade systems.

11. An elastic fluid turbine of the double ro-

tation radial-axial flow type comprising a cas-

inz. two turbine disks adapted to rotate in op-
posite directions and carrying a plurality of blade
rings forming a radial flow blade system having

~central admission for initial expansion of motive

fluid within the turbine, an axial flow blade sys-
tem comprising moving bladzs all of which are
carried by one of said disks axially to one side
of said radial flow blade system and radially a
ereater distance from the axis of rotation of the
turbine than the radially outermost blade ring of
the radial flow blade system, said casing pro-

- viding a chamber for the reception of motive

Db
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fluid exhausted from said axial flow blade system,
means for causing all of the motive fluid dis-
charged from the radial flow blade system for

Jurther expansion within the turbine to flow

through said axial flow blade system, said means
comprising an annular stationary mamber with-

in said casing providing a curved wall extending

from adjacent the end of the outermost radial
flow blade ring axially opposite the axial fiow
blade system to adjacent the outer periphery of

the first blade ring of the axial flow blade sys-

tem, and a plurality of circumferentially: spaced
cuide blades carried by said member and extend-
ing axially of the turbine in the spac:z between
the radial flow and the axial flow blade systems.

12. In an elastic fluid turbine, a radial fiow

blade system and a single axial flow blade system

adapted to receive all of thz motive fluid dis-
charged from the radial flow blade system for fur-
ther expamsion in the turbine, said axial flow
blade system comprising a row of moving blades

1,961,616

arranged to réceive motive fluid directly and with-
out reversal in direction of its rotational compo-
nent of flow from the next preceding row of mov-
ing blades in the turbine and said rows of blades
rotating in oppositzs directions during normal op-
eration of the turbine.

13. In an elastic fluid turbine, a radial flow
blade system having an outermost blade ring dis-
charging motive fluid for further expansion In
the turbine, and axial flow blading for eflecting
further expansion of the motive fluid discharged
from said outermost ring comprising a row of
moving blades arranged to receive motive fluid
directly without reversal in direction of its ro-
tational component of flow from s preceding row
of blades moving in the opposite direction.

14. In an elastic fluid turbine of the double
rotation typz, a radial fiow blade system having
an outermost blade ring, a single axial flow blade
system for expanding motive fluid discharged
from said radial flow blade system, said outer-
most blade ring and the first row of moving

blades of the axial flow blade system being mount-

ed to rotate in opposite directions and means pro-
viding an open unobstructed channel for direct
flow of motive fluid without reversal in direction
of its rotational component of flow from the
outermost klade ring of the radial flow blade sys-
tem to the first row of moving blades of the axial
flow blade systam.

15. In an elastic ﬂu1d turbme two turbine
disks adapted to rotate in opposite directions
and carrying a plurality of blade rings forming

radial flow blade system, a single axial flow
blade system comprising a row of moving blades
carried by one of said disks, the outermost blade
ring of the radial flow system being carried by
the other of said disks, and means providing a
channel for conducting motive fluid discharged
from the outermost blade ring of the radial flow
blade system directly and without reversal In
direction of its rotational componenf of flow to
said row of moving blades of the axial flow blade
system,

16, In an EIELSth fluid turblne of the double
rotation type, a row of moving axial flow blades
and 3 row of mov ng radial flow blades discharg-

“ing motive fluid directly and without reversal in

direction of its rotational component of flow to
said first mentioned row of blades, said rows of
blades rotating in opposite directions during nor-
mal operation of the turbine.

17. In an elasftic fluid turbine of the double
rotation type, two oppositely rotating rows of
blades, the first of said rows constituting the las*
row of blades in a radial flow blade system and
the second of zaid rows constituting the first row
of blades in an axial flow blade system, the first

of said rows discharging motive fluid directly and

without reversal in direction of its rotational

component of flow to the second of sald rows.
18. In an elastic fluid turbine of the double

rotation type, a radial flow blade system, an axial

flow blade system receiving all of the motwe fluid

d scharged from the radial flow blade system for
further expansion in the turbine, said axial flow
blade system comprising a row of moving blades
constituting the last expansion stage of the tur-
bine and said row of moving blades receiving
motive fluid directly from a preceding row of
moving . blades rotating in opposite direction
without reversal of its rotational component of
flow between the first-mentioned row of moving
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blades and said preceding row of moving blades. .
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