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To all whom it may concern:

Be it known that I, Kart BAuMANN, a
citizen of the Confederation of Switzerland,
and-a resident of Urmston, in the county of
Lancaster, England, have invented a new
and useful Improvement in or Relating to
Steam Turbines, of which the following is a
specification. ‘ :

This invention relates to steam turbines
of the axial flow type, and, although not

limited in‘ this respect, is especially ap--

plicable to turbines of this type in which
the steam is led away to the exhaust outlet
of the turbine from a plurality of rows of
moving blades. ‘ ‘

It is one of the objects of this invention to.

provide an improved construction of turbine
exhaust casing by means of which the ex-
haust steam is conducted from the last row
of moving or exhaust blades, or where thére
is more than one row, from some or all the
rows of exhaust blades, to the exhaust out-
let or outlets or the condenser or condensers.

Another object of the invention is so to
improve the construction of the exhaust
casing of a turbine that the steam leaving

the turbine is uniformly distributed over a:

large area of the condensing surface of the
condenser. In the case of a surface con-
denser for example, the steam may be dis-
tributed over the greater part, in some cases
substantially the whole of the perimeter of
the tube nest, while in the case of a jet con-
denser the steam may be distributed equally

‘over the whole number of jets employed.

In this way the utilization of the condensing
greatest
possible advantage is ensured. o

A further object of ‘the invention is to in-
crease the strength-and rigidity of the ex-

hause casing so that the turbine may be sup-
ported on its foundations from the two ends

_only of the exhaust casing. With turbines

having large exhaust outlets, as at present
constructed, it is generally found necessary
to support the turbine not only from the
ends but also partly from both sides, neces-

- sitating the employment of a bed-plate sup-

50

irders between the two Imain

ported on . :
With a turbine having

foundation blocks.

_its exhaust casing constructed in accordance

with the present invention a complete. bed-

- -plate is' unnecessary as the turbine may be

- supported on sole plates on foundations pro-
11K

vided for-the ends only of the exhaust cas-

ing. With the improved rigid construction
of turbine exhaust of this invention the con-
deénser may in many cases advantageously be

suspended direct from the turbine exhaust,

no other support therefor being provided,

‘and in this way the use of expansion pieces
between the turbine and the condenser is

obviated. In some cases, however, the con-
denser may in addition be provided with a
resilient support.

Still another object of the invention is to
reduce the cost of the construction of the
exhaust casing of turbines in which the
steam is led away to the exhaust from a

‘plurality of rows of moving blades.
constructed

~ In a turbine exhaust casing
in accordance with this invention a suitably
curved guide or guides are provided which
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deflect the whole of the steam leaving the

exhaust blades outwardly into an approxi-
mately radial direction of flow. The enclos-
ing walls of the exhaust casing are so formed
as to conduct the steam, which has been de-
flected by the guide or guides aforemen-
tioned into an approximately radial direc-
tion of flow, to the exhaust outlet or out-
lets of the. turbine or to the condenser or
condensers -outwardly in a direction sub-
stantially transverse to and away from the
turbine axis. Guide walls are preferably
also provided which divide the steam leav-

‘ing one or more rows of moving exhaust

blades into' separate segmental .portions.
Said guide walls in cénjunction with the
enclosing 'walls of the exhaust casing of the
turbine form passages which conduct the
several segmental portions of steam to the
exhaust ‘outlet or outlets of the turbine or
to the condenser or condensers where more
than one is used. :
Several forms of turbine exhaust con-
structed in accordance with the present in-

-vention are shown by way of example in the

accompanying drawings in which Figure 1
is a front elevation partly in section, Figure
2 an end elevation Ealf being in section on
the line II—IT of Figure 1, viewed from the
right and Figure 3 a plan of a turbine and
its condenser the turbine having an exhaust
casing constructed in accordance with this
invention. : ’
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Figure 4 is a central longitudinal section

‘of a turbine cylinder. Figure 5 a cross sec-

tion taken as regards its left-hand portion
on the live V—V of Figure 4 and as regards
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its right-hand portion on the line VI—VT of
Figure 4 viewed from left to right, Figure
6 a half plan of the lower half of the turbine
cylinder, and Figure 7 a cross section taken
on the line VII—VII of Figure 6 showing
another constructional form of an exhaust
casing in accordance with this invention.

Figure 8 is a view similar to Figure 1 and
Figure 9 a plan view showing the invention
applied to a double flow turbine. The cross
sectional view taken on the line VIII—VIII
of Figure 8 is similar to the left-hand por-
tion of Figure 2 and is therefore not repeated.

Figures 10 to 17 inclusive show diagram-
matically various other constructional forms
which the invention may take.

The same reference numerals are used to
indicate like parts in the various figures of
the drawings and the arrow heads on the sec-
tion indicating lines indicate the direction
in which the corresponding sectional views
are taken. : '

Referring to Figures 1, 2 and 3, which
illustrate an axial flow turbine of the usual
construction wherein the steam is led away
to the condenser from a single row of mov-
ing exhaust blades, the turbine cylinder is
indicated at 1, the shaft at 2 and the ex-
haust casing at 3. The shaft is supported
in bearings in pedestals 4, 4* secured to the
foundations 5 as usual. The exhaust outlet
from the exhaust casing is shown at 6 and

- directly attached thereto is the condenser 7

here indicated as being of the surface type.
The single row of low pressure exhaust
blades 8 from which the steam leaves the
turbine, is mounted on a wheel 9 on the
shaft 2, and in this form of the invention
the guide which changes the direction of

the flow of steam leaving the exhaust blades -

from an axia] direction into a substantially
radial direction, is constituted by a portion
10 of -the rear enclosing wall of the exhaust
casing which, as will be seen from Figures
1 and 38, is curved and flaring and resembles
somewhat in shape the bell of a trumpet.
The exhaust casing 3 is also provided with
guide walls 11 which divide the steam leav-
in,i; the row of exhaust blades 8 into a plu-
rality of segmental portions. Said guide
walls extend across the exhaust casing sub-
stantially parallel to the turbine axis and
may be cast integral with the enclosing walls
of the exhaust casing or formed separately
and secured thereto by flanges and bolts or
otherwise as may be found most convenient,
and are here shown as being continued along
the exhaust casing until they reach the ex-
haust connection or outlet 6 of the turbine.
These guide walls and also the outer side or
boundary wall 12 of the exhaust casing, are
shaped for the greater part of their length to
evolute curves. The g
junction with the enclosing walls of the ex-

ust casing of the turbine form a number

ide walls 11 in con--
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of separate passages, each of which conducts
a segmental portion of the steam leaving the
moving blades 8 to the exhaust outlet 6 of
the turbine. The guide walls 11, or”some
of them, need not necessarily be continued,
as shown, till they reach the exhaust outlet
as in some cases they may be discontinued
after the point is reached at which portions
of steam in adjacent passages are flowing in
substantially the same direction. Prefer-
ably, however for a purpose hereinafter ex-
plained, they are continued, as shown down
to the exhaust outlet 6. .

As will be seen, the exhaust outlet has the
form of a wide and short opening located
transversely to the shaft of the turbine and
may conveniently be of approximately the
same length as the tube nest of the con-
denser. With this construction the steam
leaving the moving blades and flowing
through- the passages formed by the guide
walls and the exhaust casing 8 of the tur-
bine, is distributed over approximately the
whole length of the condenser and the con-
densing surface is thus utilized to the great-
est possible advantage.

An exhaust casing constructed as above
described and shown in Figures 1, 2 and 3,
and especially in those cases in which the
guide .walls 11 are carried down to the ex-
haust outlet 6, may, by making the walls 11
of sufficient thickness, be made so strong and
rigid as to enable the turbine to be supported
from feet located at the two ends only of the
exhaust casing, namely transversely of the
turbine axis. The supporting feet are indi-
cated at 13, 14 and are preferably cast in-
tegral with the lower half'of the exhaust
casing in the usual way, and rest eitherj di-
rectly or on sole plates on the foundations 5.
The supporting feet 13 and 14 may advan-
tageously be strengthened by transverse stif-
fening webs 15 indicated in dotted lines in
Figure 3, preferably formed, as'shown, as
continuations of the guide walls 11,

The exhaust casing constructed as above
described will in many cases be sufficiently
rigid to enable the condenser 7 to be sus-
pended direct from the turbine exhaust out-

let 6 as shown in Figures 1 and 2, no other

support therefor being necessary, thus ob-
viating the use of expansion pieces between
the turbine and the condenser. In some
cases, however, it may be found desirable to
provide in addition a resilient support for
the condenser.

Figures 4 to 7 inclusive show a modified
construction in which the axial length of'the
exhaust casing parallel with the turbine axis
is increased and its width reduced. The
form of the exhaust casing of the turbine
and of the supporting feet therefor is also
varied somewhat from that shown in Fig-
ures 1 to 3. As will be seen from an in-
spection of the left hand portion of Figure
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5, the width of the exhaust casing increases
towards the exhaust outlet, enabling the
paths for the steam flowing through the
outer passages formed by the guide walls
11 to be made easier and the area of said
passages to be increased in the direction of
the flow of steam, with beneficial results.
The shape of the supporting feet 13, 14 is

. somewhat different from that shown in Fig-
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ures 1 to 3 and their size is also increased.
In this construction the supporting feet 14
serve to support the bearing at the exhaust
end of the rotor of the turbine thus obviat-
ing the use of a separate bearing pedestal.
‘As will be seen from Figure 7 the shape of
the lower half of the exhaust casing and the
supporting feet is that of a girder the great-
est strength of which is found in the centre
where the bending moment is a maximum.
As shown in Figure 5 the outer portions of
the lower half of the exhaust casing are
made separately. This will be found ad-
vantageous as it enables the size of the cast-
ings to be kept within reasonable limits and
also enables metal of suitable quality to ve
used for these portions and otherwise to be
constructed of sufficient strength. to carry
the centre portion of the turbine casing as
well as the condenser if desired, the support-

‘ing feet in this construction not being ex-

tended beneath the high pressure end of the
turbine cylinder. :

Figures 8 and 9 show the invention ap-
plied to a double flow turbine, in which the
steam leaving the two final rows of exhaust
blades at the middle of the turbine flows in
opposite directions. In this case a guide 16
is provided for changing the direction of
flow of the steam leaving the final rows of
moving blades 8, 8* from an axial into a
substantially radial direction. Otherwise
the construction is substantially the same as
that deseribed with respect to Figures 1 to
3 and will be understood without further
description. The cross section taken on-the
line VITI—VIII of Figure 8 will be similar
to the left-hand portion of Figure 2.

The invention is especially useful when ap-
plied to multiple exhaust turbines, that is
axial flow turbines in which the steam flows
in substantially the same direction from a
plurality of rows of exhaust blades, a tur-
bine of this kind being described for ex-
ample in the specification of Patent No.
1,302,282, dated April 29, 1919, and reissued
as No. 15,092, dated April 26, 1921, and the
application of the invention to a turbine of
this type constitutes the subject-matter of
my application Serial No. 404,147, filed Au-
gust 17, 1920, which is a division of this ap-
plication.

" Figures 10 to 14 inclusive show diagram-

matically several other constructional forms
of the present invention which may be
adopted. v

In Figure 10 the steam from the moving
exhaust blades of the turbine is delivered to
two condensers the axes of which are located

erpendicular to that of the turbine axis and
inclined to the horizontal as shown. This
provides a very convenient and suitable ar-
rangement for turbines designed to have a
large output the condensers being particu-
larly well located to enable cleaning, inspec-
tion or repairs to be carried out with facility.

Figure 11 shows'a very similar arrange-
ment to that illustrated in Figure 10 in
which, however, the two condensers are
placed horizontally.

Figure 12 illustrates another somewhat
similar arrangement in which, however, the
condensers are installed in a perpendicular
position.

Figure 13 indicates still another arrange-
ment in which two separate condensers are
employed but with their axes parallel with
that of the turbine axis, and Figure 14 a
similar arrangement in which however, only
a single condenser is used. Both of these
latter arrangements are such as to enable
the steam leaving the turbine to be admitted
over substantially the whole perimeter of the
nest of tubes of the condenser. ‘

Where the steam is delivered to two con-
densers as shown for example in Figures 11
to 13, passages 40 are provided to allow the
exhaust steam from the turbine to flow to
either one or other of the condensers to en-
sure equality of vacuum or to allow one.of
the condensers to be shut down for cleaning
or repairs without shutting down the whole
plant. Passages are preferably also pro-
vided where only.one condenser 1s employed
to allow the several segmental portions of
exhaust steam to escape through the atmos-
pheric relief valve in case the turbine has, for
any reason, to be run non-condensing. Usu-
ally the freespace between the exhaust outlet
and the condenser tubeg is sufficient for this
purpose.. , :

Another form which the exhaust casing
may take is shown diagrammatically in Fig-
ure 15, Figure 16 being a central vertical
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section of the exhaust shown in Figure 15,

and Figure 17 a similar view illustrating a-

modification., ,

It will be seen that in this arrangement

%-)he ﬁassages for the exhaust steam formed

y t

haust casing are of substantially evolute
shape along the greater part of their length.
The end walls of the exhaust casing diverge
from the centre outwards thus increasing the
area of the passages for the segmental por-
tions of steam towards the exhaust outlet in
a very simple manner.

Figure 17 shows an exhaust casing of coni:
cal shape which may sometimes be found
desirable. : '

‘While the several constructions of exhaust

e guide and enclosing walls of the ex-’
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casing herein described and illustrated are all
of them shown as being provided with inter-
nal guide walls for dividing the steam into
segmental portions and forming in conjunc-
tion with the exhaust casing separate passages
for conducting said portions of steam to the
exhaust outlet or outlets, it is to be understood
that in many cases some or all of said guide
walls may be omitted if desired. In those
cases in which all of the guide walls are omit-
ted the exhaust steam leaving the moving
blades will be deflected into an approxi-
mately radial direction of flow by the guide
or guides provided for that purpose and con-

‘ducted to the exhaust outlet or outlets or to

the condenser or condensers solely by the en-
closing walls of the exhaust casing. The

“preferred construction is, however, that in

20
25

30

which guide walls are. provided.
"I claim as my invention—

1. In an axial flow steam turbine, an ex-
haust casing arranged so as to deflect the
entire steam leaving the low pressure sec-
tion of the turbine outwardly from an axial

into an approximately radial direction, the

enclosing walls of said exhaust casing being

so formed as to conduct the radially flowing .
stream outwardly in substantially the same-

transverse plane, and guide walls located
within said casing for dividing the exhaust
steam. into separate streams. o :

2. A structure such as set forth in claim
1 in which the guide walls for dividing the

_exhaust into separate streams are shaped to

35

substantially involute curves along a por-

tion at least of their length.

40

" 8. In combination with an axial flow tur-
bine, an exhaust casing so formed as to di-
rect all of the fluid exhausted from the low
pressure stage outwardly in substantially
radial directions and in substantially the

".same transverse plane, and partitions with-

.. therethrough to the turbine

45

in said casing for dividing the fluid passing
g exhaust into seg-
mental portions. o '

T 40-In combinaltion with an axial flow tur-

50

“bine, an exhaust casing so formed as to di-

rect the entire fluid received from the low
pressure stage outwardly in substantially

‘radial directions and ‘in substantially the

.. same transverse plane, a dividing wall lo-
" cated within said casing for dividing the

«'steam passi

- ‘portions, said wall and said casing being so

constructed .as to, form steam passages of

. gradually increasing area in' the direction

“of fluid flow. "

bine, an exhaust casing having a

=5, In combination

Wlth an axial flow tur-

(i)_lurality

of circumferentially extending guiding sur-

~faces arranged in substantially the same
© transverse ﬁla,ne_ for directing the fluid issu-

“ing:from t

.

therethrough into segmental

‘ ) e low pressure stafe away from"
.the axis of the turbine and from an axial
to a_ substantially radial direction. of flow,

1,405,565

and & plurality of partitions located within

said casing for dividing the fluid passing.

therethrough into segmental portions. .

6. In combination with an axial flow tur-
bine, an exhaust casing for receiving the
fluid discharged from the low pressure stage
of the turbine, partitions formed within said

_casing for dividing the interior of the cas--

ing into segmental passages disposed sub-
stantially in the same transverse plane each
of which at any given instant serves a seg-
mental section only of the last blades of the
low pressure stage, characterized by that
said casing and said partitions are so formed
that fluid entering the casing is deflected
outwardly away from the turbine axis and

from an axial direction to a substantially

radial direction of flow.

7. In combination with an axial flow tur-
bine, an exhaust casing receiving the fluid
discharged -from the low pressure stage and
extending substantially radially away from
the turbine axis, and partitions formed with-
in said casing and dividing the interior there-
of into substantially radially extending pas-
sages. disposed substantially in the same
transverse plane,

8. In combination with an axial flow tur-
bine, an exhaust casing receiving the fluid
discharged from the low pressure stage and
extending substantially radially away from

_the turbine axis and partitions formed with-

in the said casing and dividing the interior
thereof into substantially radially extending
passages having their discharge openings
disposed in substantially the same transverse
plane. . .

9. In combination with an axial flow tur-
bine, an exhaust casing receiving the fluid
discharged from the low pressure stage and
extending substantially radially away from

the turbine axis, and partitions formed with-
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in the said casing and dividing the interior -

thereof into substantially radially extending
passages having their discharge openings
disposed in substantially the same transverse
plane and terminating on a substantially lon-

gitudinal plane.

10. The combination with a condenser and
a turbine having an exhaust casing surround-
ing a final stage of a turbine provided with

a transverse exhaust connection of greater.

110

115

length than the width of the exhaust casing,

of a series of vanes in the casing dividing
it into separate passages adapted to receive
fluid from different sections of the said stage,
and discharge the fluid into the condenser at
different points of the exhaust connection.

120

11. The combination with a condenser and -

a turbine having an exhaust -casing sur-

125

rounding a final stage of a turbine provided -

with a_transverse exhaust connection of -
greater length than the widthiof the exhaust

caging, of a series of vanes in the casing di-

viding it 'into separate passages adapted to

180
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receive fluid -from different sections of the
said stage, and discharge the fluid into the

‘condenser at different points along the ex-

haust connection, .

12. The combination with a surface con-
denser and a turbine having an exhaust cas-
ing surrounding a final stage of the turbine
and provided with an exhaust connection
adapted to discharge fluid exhausted from
the said stage into the condenser along sub-
stantially the entire length of the condens-
ing elements, of a series of vanes in the cas-

a

ing dividing it into separate passages adapt-
éd to receive fluid from different sections of

the said stage and discharge the fluid into

the condenser at different points along the

~exhaust connection.

In testimony whereof;-I _have hereunto
subscribed my name this eighth day of Au-

gust, 1916.
' KARL BAUMANN. .
Witnesses:
C. G. Lroyp,
J. D. WALKER.
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