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 COMBINED TURBINE AND STEAM
~ GENERATOR
 Rudolf Hingst, Berlin-Tegel, Germany, assignor -
o to Rheinmetall-Bﬁrsigr_Aktiengﬁe*sellschaft,- Ber-

.~ turbine structure and used for supplyi
- to such turbines to operate the same. - o
- An object of the present invention is the pro-

~ vision of a combined: turbine and steam gener-
ator comprising means for automatically regulat-

|||||

~ Application January 18, 1936, Serial No, 59,745

- This invention relates

~ andsteam generator, and refers more particularly
- to steam  generators ~constituting a part of a

g steam

- Ing the supply of the feed water.

10
-~ & combined turbine and steam generator through
~ -7 the provision of .a device for' pre-heating the
- water supplied to 1 generator, -~

.. A further object is the ‘provision. of a boiler o
15 Small dimensions which can.be conveniently used

- In conjunction with a turbine and can be heated
- by any suitable combustible means.
- Still another object is the provision of a steam

~Another object is to increase the efficiency of

the steam generator. =~ =

and

generator for turbines which is devoid of any-

regulating means, ‘the feed water being auto-
- Mmatically supplied to sald steam generator and
-~ the generated steam being dried therein in a-con- .

- venient and simple manner. =

25

The above and other objects of the present. in-

vention may be realized through the provision of

2N aggregate comprising a steam turbine situated
- closely to a feed pump, a steam generator and a
- Steam drier. For the proper operation of such

. an aggregate it is necessary that the steam flow-

~ing to the turbine be _
that the steam generator be supplied with an
amount of water corresponding to the required

of uniform consistency and

output.. The pump comprises a chamber in which

- the feed water

in the generator.

~The engine comprises two

. mitting. under pressure the water flowing to the

- steam generator. The other chamber is used for

Y ‘ing & return flow of such water to the steam

‘generator.,

- The preliminary heating of the feed water can

~shaft of the turbine. S | A
~ The device for applying pressure to the water
~-and for removing through the application of cen- |
‘trifugal forces the non-evaporated portions of
~the water, as well as the preliminary heating of 95
‘the water can be carried out in two different
Ways.

1s placed under pressure, said
5 bump cooperating with the steam drier wherein
- water particles are separated from a steam-water
- - mixture produced
~~ Trangement is such that the separated water par-

- . ticles are returned to the steam generator.
| _ S twWo chambers situated
~ side by side and formed by the turbine casing and
by a centrifugal wheel provided on both sides with
- blades. . One of these chambers is used for trans~

- The. ar-

- of the superheated steam.

present invention;

- In G‘rermany_ January 19,'1935_ -
13 Claims. (CL 60—108)
to a "COmbined turbine

be carried out by a portion of the steam removed

at any desired stage of the turbine, the steam
being taken cut of a chamber which is situated

adjacent the intermediate working chamber of |
the turbine and being introduced into the feed 5
water, whereby the steam is 'conden_sed and is
caused to give up its heat. S
- There is the danger that frictional losses will

occur due to the pressure applied upon the feed

water, if the side wall of the intermediate. work-~ 10
ing chamber is an immovable one. These losses
can diminish the out-put of the engine. To avoid

- these losses, the chamber in which the water is

put under pressure is formed on two sides by the
“rotors or ecentrifugal wheels provided
furthermore, separate chambers are

with blades; 15
. _ provided on
both sides of the first-mentioned chamber for

separating the steam from the water. In such
-case, -the steam is introduced to the rotors

formed in the main 20

through an axial bore hole

~In accordance with one modification, the
rotors of the turbines, such as the auxiliary tur-
bine and the main turbine can be arranged upon

one common shaft. In accordance with another 30

modification, the above-mentioned devices and

the auxiliary turbine can be arranged upon a

shaft which is separated from the main. turbine.

‘Due to this arrangement, the form of the engine

can be varied in conformity with the local re- 35
quirements. T
The engine is also provided with devices for

the superheating of the steam leaving the auxil- -
- lary turbine and for regulating thg.--tempera_tu:e; .

_ The invention ‘will appear more clearly from

the following detailed description when taken in

~connection with the accompanying drawings,
. showing preferred embodiments of the inventive |

Cidea. o o

- In the drawings:— .~ . . o
- PFigure 1 is a longitudinal section through a,
' combined ‘turbine and steam generator con-

45

structed in accordance with the principles of the

50
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. Figure 2 is a longitudinal section through a
device used for the preliminary heating of the
feed water in connection with the auxiliary
turbine;

Figure 3 is a longitudinal section through 2a
device used for the same purpose as that illus-
trated in Figure 2,

Pigure 4 shows in longitudinal section another
modification of the inventive idea, wherein the
chamber for supplying pressure to the water is
formed by two rotors provided with blades.

Figure 5 is a section along the line 5—5 of Fig-
ure 4. o

The engine shown in Figure 1 of the drawings
comprises a main turbine 5, only one portion of
which is illustrated. The main turbine 9 com-
prises a main shaft 6 which carries a rotor or a
centrifugal wheel 12.

The wheel 12 is situated upon the portion T of

the shaft 6 which is of smaller diameter than

the portion 9 of the shaft. The wheel {2 is
keyed upon the portion T of the shait 6 and is
provided on both sides with blades which are not
shown in the drawings. | S

The casing of the turbine comprises a disk~
shaped end portion 15, an outer cylindrical por-

tion 19 and two inner disk-shaped partition walls

91 and 38. The centrifugal wheel 12 is situated
within a chamber extending between the outer
wall 15 and the inner wall 24. Due to this ar-
rangement, this inner chamber is subdivided into
two chambers 10 and 25. The chamber f0 is
situated between the wall 15 of the casing and
the wheel 12, while the chamber 23 is situated
hetween the wheel 12 and the inner partition
wall 21,

The chamber §0 is used for imparting the pres-
sure to the feed water. This water is supplied
to the chamber 108 through a pipe 14 carried by
the end wall 15 of the casing. One end of the

‘pipe 14 is in communication with the chamber

(0. The opposite end of the pipe 14 leads to a
water reservoir not shown in the drawings. The
water flowing through the pipe 14 in the direc-
tion of the arrow 27 is introduced into the cham-
ber 10 and fills this chamber, as well as an an-
nular channel 29 formed in the casing. When
the centrifusal wheel {2 is rotated along with the
shaft 6 it will place the water situated in the
chamber 10 under a certain pressure and will
force the water into the channel 29. |

A hollow flange 16 is attached to the lower
portion of the casing and is in communication
with the channel 29. A U-shaped pipe IT is
attached to the flange 16, so that the interior of
the pipe 17 is always in communication with the
channel 29.

- The curved portion of the pipe {T is situated
within a heating chamber {8 which is heated by
any suitable source of heat 30a. B

The opposite end of the pipe (7 is connected
with a flanse 20 carried by the main casing of
the engine. A vertical passage 22 is formed In
the partition wall 21 of the casing. One end
of the passage 22 is in communication with the
pipe I1. The opposite end of the passage 22 is
in communication with a horizontal passage 28
which leads into the chamber 25 formed by the
partition wall 21, on the one hand, and by a cen-
trifugal wheel 12, on the other hand.

The passage or passages 24 are to be provided
in the partition wall 21 as closely as possible to
the main shaft 6 of the turbine in order to pro-
vide the greatest possible difference In pressure
between the centrifugal forces at the circumfer-
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ence of the chamber 25 and at the point of entry
of the steam water mixture.

The water flowing through the U-shaped pipe
17 is heated by the source of heat 39 so that a
part of the water Is evaporated and a mixture
of steam and water flows through the passages 22
and 24 in to the chamber 25,

The chamber 25 is used to separate the steam
from the water mixed with the steam, Due to
the rotation of the centrifugal wheel 12 a ring
of water is formed at the circumierence of the
chamber 25. The inner portions of this ring of
water are subjected to the pressure of the steam
produced in the pipe 17. The outer surfaces of

this ring of water are under the pressure of the

foed water supplied to the chamber 10 through
the pipe {4 and agitated by the centrifugal wheel
§2.

The operation takes place in the following man-
ner:—If too much water is supplied into the
steam generator so that more water flows through

the pipe |71 than can be changed into steam by

the source of heat 38, then the excesslve amount
of water will join the ring of water formed in the
chamber 28 and will increase the dimensions of
said ring. This increasing ring of water will in-
crease the pressure within the chamber 25 which
will finally overcome the pressure prevailing In
the chamber 18 and the pipe {7. Then the wa-
ter may fow backward through the pipe IT in a
direction opposite to that of the arrow 30.

It is to be noted that the feed water leaves the
chamber {0 under.a pressure which is substan-
tially constant. Due to the fact that this pres-
gure is constant, the water flowing backward
through the pipe |T will prevent any further
supply of the water to the chamber 23 until the
dimensions of the ring of water are again di-
minished. It will be further noted that the en-
tire system is in a balance and that such balance
is restored and prevails when the ring of water
in the chamber 25 is of such dimensions that its
centrifugal effect is equal to the losses in pres-
sure occurring in the course of the passage of the

water through the pipe IT between the flanges 16
and 20.

Feed water ejected out of the chamber 25 passes
around the outer periphery of the rotor {2 into
the chamber 10 through the space between the
outer periphery of the rotor and the adjacent
wall of the casing. The result is that the amount
of fresh water supplied to the boiler from the
chamber 8 is automatically regulated by the
water ejected out of the chamber 25 and return-
ing to the chamber 10. This is caused by the fact
that the amount of water under pressure in the
chamber (2 is made dependent upon the steam
pressure in the chamber 25 and the pressure to
which the available amount of water to be trans-
formed into steam is subjected.

When the aggregate begins to operate, the
steam-water mixture filowing to the chamber 2%
contains a large percentage of water. Then a
water ring will be formed in the chamber ¢% the
dimensions of which depend upon the amount of
water transformed into steam; the greater is the
development of steam, the smaller will be the
dimensions of the ring of water. |

The following example may be given to explain
the operation:—

If the pressure with which fresh feed water is
supplied from the pump chamber (0 into the
boiler pipe {7 is twenty atmospheres and the
drop in pressure in the boiler pipe is three atmos-
pheres (provided the entire water is changed to

1
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- -steam), then a ring of water
8 - the separating chamber 2 5, | _
- which will correspond to. the pressure of three
-atmospheres. ‘The dimensions of this ring of
-5 Wwaler will not change if this output is maintained.
. l.e, if the total amount of water supplied to the
| " boiler pipe {7 is changed into steam: . The pres-
- sure-of three atmospheres to ich [
- water is subjected and which is imparted to it by
the centrifugal force, and the steam bressure of
- seventeen atmospheres prevailing in the separat-
~~ ing chamber 25 will be balanced by the pressure
- of twenty atmospheres to which the water is sub-
- Jected in the pump chamber

90
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will be f orﬂi‘edﬂ-ih

he dimensions of

-

~ sure of this separated water will increase corre-
- sponding to the larger-amount of the separated

- water. ‘Let it be assumed that this

80

~ time the supply of fresh vber " the
- bump chamber 10 is considerably diminished or
~ .even interrupted, since the

twenty atmospheres cannot overcome the higher  from the water particles.

‘above twenty

of fresh feed water out of the

pump pressure of

45 pressure of twenty-two atmospheres,
- . 'The steam generating pipe 17 of the aggregate
- operates, therefore, not

 alsoasa circulation boiler, i. e., a constant- pre-

‘until there is a balance again between the pres-
sure existing in the pump chamber 10 and the
‘pressure existing in the separaung: Cha.mber_;l 23,
- From the above explanation it is apparent that,

- -~ .the ring of water is always subjected to the pres-
. osure of the steam generated in the boiler pipe {1.-

. The return flow of the ejected water depends,

therefore, only upon the Increase in the dimen-
.. slons of the ring of water, ..provideq..tha;t_ the

. steam pressure is a constant one. .

dimensions of the ring of ‘water will _
65 channel 24 since it is clear from the above de-
-~ scription that -after the pressure in the pump
~ chamber {0 is increased, water will flow back
. from ‘the chamber 25 through the clearance

. There is no danger that an increase in the
close up the

~ around the outer periphery of the rotor 12 into
‘the chamber 0. 7 T T E

. It s apparent that the two sides of the centri-.
_Iugal wheel 12 are subjected to unequal pressures.

- The pressure upon the surface 81 of the wheel 12,
which surface constitutes a part of the chamber
10, Increases gradually in proportion to the dis-

~-tance from the central axis of
‘& certain' maximum pressure _
“opposite surface 32 of the centrifugal wheel 12
~which- constitutes a part of the chamber 25 is
- subjected to a pressure which is equal to the pres- -
-Sure of the ends of a boiler and which is approxi-
- A€ Dres- . mately equal to the greatest centrifugal pressure, -~
which the ring of
In the chambers {0

ump cha, 10. . Consequently,
there is a balance. between the pressures in ‘the
© twochambers. = Rt
e ~ If the amount of ‘water transf rmed into steam

wressiire will b assumed .U - increased |
Dressure will be equal to five atmospheres. - If the

the escape of the
 the casing

——— ) +chamber '3_.3:Which encloses
only-as a feed hboiler but . |

radial. turbine which is of _ _ _
-makes: possible a compact construction of the

chamber 8 of the main turbine, T iambe
- 8 is separated from the chamber 36 by means of -
“the.usual labyrinth packing {!{ formed upon - the gz
-partition -wall 38 adjacent the portion § of the
,sha,ftffﬁ'.’f-;'.'J'I‘hfe___;a,_m-o'imt_.{}ij‘ i:_stf:‘:_am”'ﬂ{jwing_t_h;‘t}ugh I
/the pipe 40 is regulated by a steam regulator 42.
A variation of the temperature of the super- -
- heated steam flowing into the chamber 8 of the
- main turbine can be carried out by a passage 44
~_.provided in the partition wall 38 and connecting
-the chamber 8 with the chamber 36.. A throttling -
- device 45 which is indicated diagrammatically in
- the drawings is situated .in the passage 44.

Due to the existence of these

upon the wheel 12. -+ PEREE
+-It--should be noted that the pressure in the
‘bump: chamber: {0 “Increases along a - parabolic
‘curve with an increase of the distance from the
~-axis from zero to the operating value. This pres-
..--,s'ur_e.:;;:oper'a,te’s::against the boiler pressure pre-
‘vailing in that part of the chamber
o b€ devoid-of water; this pressure acts uniformly
call e omaliSe uncnanged, the total from. the-axis to the ‘water - ring against the
-~ bressure in the separating chamber 29 will ‘be ' ' P chan
«w - increased to twenty-two atmospheres. - This pres-
. sure will not be balanced any more by the pres- .
B sure of water leaving the pump chamber, since
. that pressure is still equal to twenty atmospheres.
- The result is that when the pressure is increased
| tmospheres, i. e. above the pres-
sure prevailing at the circumference of the pump
chamber 10, that amount of  water ‘which is
~ equivalent to this increase .in pressure in - the
- -separating chamber 25 will flow through the
clearance around the outer periphery of the rotor
12 into the pump chamber 10 and. consequently,

into the steam generating pipe 1. - During that . the steam through the casing enclosing the wheel

- Pressure prevailing in the pump chamber 140,
. The difference between ‘the two pressures causes

an -'a,_;:i_al,_..p-r,e_ssu:ce_Fupon*the_ rotor {2 toward the
~left (looking in the direction of g, D, i e
~ against the direction of the turbine pressure.

Another. feature of this construction is the

-elimination of a- packing which would ‘prevent
gas irom the turbine through

enclosing the wheel 12.- Since the
wheel 12 causes a circulation of the water which
Is heated and transformed into steam hefore it
is introduced into the turbine. such water eir-

culated by the wheel 12 will prevent any escape of

~ As has been- mentmned already, the steam,.s
-dried in the chamber 25 and is separated therein

b € 1 ‘This pure steam flows
info an “annular. passage 26 and Treaches the
the auxiliary turbine,

-advantage, since it

. The steam loses a part of its 'ﬁréSsure in the

auxiliary turbine 28. : This steam is assembled
- in an annular chamber 36 which is limited by the

- partition walls 2{ and 38. ST
A passage i3 formed in the casing of the engine
- connects the annular chamber 36 with a U-shaped
- pipe 40 which is situated within- the

chamber (8. Steam leaving the chamber 36 is

‘bipe 40. The superheated steam reaches the
This chamber

heating
- superheated while it passes through the U-shaped

the shaft T until
Is reached. The

It will be noted that the difference in pressure- o
and .25 tends to shift the.
~ centrifugal wheel 12 in g direction parallel to the
longitudinal axis of the shaft 1. On the other
~hand, the turbine as g whole also exerts an axial
-pressure upon the centrifugal wheel {2 in an
-Opposite direction. _
‘Obposed pressures, ‘the system is substantially
- balanced so that it is not necessary to provide any
S | i _ 'med €am . special means for eliminating the axial pressure
+. 7 .in the boiler pipe 1T will diminish, the amount. 1 R L
.. of water separated in the separating chamber 25 -
. “will increase, sinice the steam-water mixture will
-+ contain a larger percentage of water. The pres-

10
15

25 which is =~

39

40

45

Indicated diagrammatically by the numeral 28 in |

| | . ot BOLET, 1. €., a cons the drawings.  The -device is constructed as a-
- -determinable amount. of water. is' always passed  padial 41

through the pipe 17, that part of the water which -
~has not been transformed into steam being caused
‘to circulate until it is completely evaporated and

_ UL 50
‘engine and also since it diminishes the longi-
‘tudinal axial pressure. e -

55

q0
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Through the use of this throttling device a cer-

tain amount of wet steam can flow from the
chamber 36 into the chamber 8 and thereby
change the temperature of the superheated steam

in the chamber 8 in the desired manner.

The steam collected in the chamber 8 will flow
into the main fturbine 5, will carry out its work
there, and is then led to a condenser which is not
shown in the drawings.

Figure 2 shows a device for the preliminary

‘heating of the feed water. This device may be
used in lieu of the engine illustrated in Figure 1.

The device illustrated in Figure 2 comprises a

| main turbine shaft 50 which carries two centrifu-
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gal wheels 51 and 52. The wheels. 51 and 52 are
enclosed by a casing 58 comprising end walls 54
and 55 and inner partition walls 56 and §1. The
centrifugal wheels 51 and 52 are situated In the
interior of the casing between the outer wall 94
and the inner wall 57 and they subdivide this in-
terior into three chambers 58, 59 and 60. The
chamber 58 is situated between the partition wall
57 and the centrifugal wheel 52. The chamber

59 is situated between the two centrifugal wheels

59 and 5/, while the chamber 60 is situated be-
tween the centrifugal wheel 51 and the outer wall
54. .
The shaft 50 is hollow and an inner shaft 61 is
situated within the shaft 50. An annular space 62
is formed between the outer suriaces of the
shaft 61 and the inner surfaces of the shaft 50.
The space 62 is used for supplying a portion of
steam taken ot of the auxiliary turbine 28 or any
stage of the turbine 5 and for introducing said
steam into the chamber 59 formed by the two
centrifugal wheels 51 and 52.

The centrifugal wheel B{ is provided with bore
holes 63 which constitute passages conhecting the
chamber 59 with the chamber 60.

The steam removed from any desired stage of
the turbine and introduced into the chamber 59
has a much higher pressure than that of the
feed water. The feed water is supplied into the
interior of the casing 53 through the inlet pipe 6
and fills the chamber 60 of the casing. |

Due to the provision of the holes 63 formed in
the centrifugal wheel 51, the steam introduced
into the chamber 59 passes into the chamber 60
and thus is mixed wth the feed water. The steam
is condensed and gives up its heat to the feed
water situated in the chamber 60, |

Due to the rotation of the wheels 51 and b2 a
ring of water will be formed in the chamber
59 The dimensions of this ring will depend upon
the pressure prevailing within the chamber 59.
Obviously, a ring of water of larger dimensions
will cover more bore holes in the wheel 5{ and thus
will cause less steam to flow from the chamber
59 into the chamber 60, while a ring of water of
smaller dimensions will permit a greater amount
of steam to flow through the bore holes 63 into
the chamber 60. The bled steam pressure varies

approximately proportionally to the load and,

therefore, the water ring varies with the steam
pressure and load. It should be noted that it

is impossible for the water ring formed upon the

periphery of the chamber to be pressed back com-~
pletely into the feed pump chamber against the
hicher pressure prevailing therein, due to the
fact that the preheating steam has lost some
pressure in the boiler and the turbine. ‘There-
fore, due to the described arrangement, the

amount of steam supplied to the feed water is

automatically regulated depending upon the load.
The -automatic regulation of the steam intro-

2,079,118

duced into the feed water is carried out due to

the fact that at the outer circumference of the
casing the feed water flows from the chamber 60

into the steam chamber 59 and forms there a ro-

tatine ring of water, the thickness of which is
increased or diminished, in accordance with the
pressure of the steam taken out from the tur-
bine. ) -

If, for instance, the pressure of the steam taken
out of the turbine is lowered, then more feed

‘water will flow into the chamber 59 and will cover

more and more openings 63 formed in the cen-
trifugal wheel 51. The more feed water flows
into the chamber 59, the more bore holes 63 will
be covered which are situated farthest away from
the shaft 50 of the turbine. Consequently, the
steam flowing from the chamber 59 into the

chamber 68 will flow only. through those bore

holes which are situated nearest the longitudinal
axis of the engine, so that such steam will pene-
trate regions having a comparatively low pres-
sure. The efficiency of the turbine will drop and
less feed water will be transported thereby. Con-
sequently, the relationship between the amount of
steam used for pre-heating purposes and the
amount of the feed water remains always the
same, o . -

If. on the other hand, the pressure of the steam
removed from any desired stage of the turbine
to preheat the water 1s increased, then the thick-
ness of the rotating ring of water is diminished
and a greater amount of steam 1s introduced into
the feed water. This greater amount of steam

corresponds to the increase in the circulation :

of water,

The pre-heated water with the condensate add-
ed to it flows through the U-shaped pipe 65 in
the direction of the arrow 66. The pipe 6D is
situated within a heating chamber 61 which is
heated by any suitable combustion fuel 8. The
water flowing through the pipe 69 is changed into
steam by the heat developed in the chamber 61.
The generated steam flows through a passage 69
formed in the partition wall 51 and penetrates
the chamber 28 through the horizontal pas-
sage T0. "

The steam situated in the chamber 58 is sub-
jected to the influence of the rotating centrifugal

wheel 52 which separates the steam from water
particles contained therein.

The dry steam flows through a passage T into
a chamber 12 formed between the two inner par-
tition walls 5T and 96. |

The chamber 12 is in communication with a
U-shaped pipe 73 which Is situated within the
heating chamber 67. The dry steam flows
through the pipe 13 in the direction of the arrow
14 and is superheated therein.

The superheated steam passes from the U-
shaped pipe 73 into a chamber 15 formed be-
tween the outer partition wall 56 of the casing
and the inner partition wall 56. The steam will
leave the chamber 156 through the interior of the
hollow shaft 61 of the auxiliary turbine and is
conducted to the turbine itself.

The centrifugal wheel 52 is provided with slots
or bore holes 76 which are situated adjacent the
outer circumference of the wheel. The object of
the bore holes 16 is to prevent an interruption
of the supply of the steam to the turbine. If the
wheel 52 were not provided with bore holes 76,
then in case of an overload, the steam would
press against the water ring which separates
the chambers 58 and 59 from the chamber 60, and
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T ‘would ﬂow into ‘the oha,mber 60, thereby J;nte-r-
o ruptmg the supply of steam.

o in pressure and the s:nmulteneous pre-hea,tlng of o

If the pressure in the chembere 58 a,nd 59 1s_:_
- Increased and the water ring liberates the bore
holes 18, the steam flows from the chamber 58
o Into the pre-—heatmg chamber 59 and thus dimin-

- 1shes the load. This steam is supplied to. the
- auxiliary turbine from whrch the steo,rn wa,e
| originally removed. . o oS |

Figure 3 shows a devme wherern the 1ncree,se""‘-fl"'eftt the stea,m in the second stage as well.

| the water is carried out in two stages

| - 31

- The device comprises a. turbine shaft 80 hemngr_ :
‘The" portion 8§ of
the main turbine sha,ft carries two centrifugal

2 narrower end portion 81i.

wheels 82 and 83. A ca,smg S& surrounds the

| centrlfuge,l Wwheels 82 and 83 and comprises two
~ outer walls 85 and 36 and inner partition walls
- 87 and 88. An inner chamber 89 is formed be-
- tween the wheel 83 and the adjacent outer wall
| - 86. Another chamber 98 is formed between the
.- centrifugal wheel 82 and the inner partition wall

| The two chambers 89 and % ere used for.-

- applying pressure to the water. = - |
A pre-heating chamber 91 is provrded between )

 the partition wall 87 and the centmfuga,l Wheel

83.

~ the casing 84 through 2 pipe 83 which leads into
The centrifugal wheel 33 re-:
B volvmg in the chambers §i and 89 imparts pres- |
- sure to the feed. water penetratrng the cham-
| ber 889 through the pipe 93. |
Steam taken out of any desn"ed stage of the

_' o the chamber 89.

“The Ieed water is supplled mto the mtermr of

| .tulblne is 1ntroduced into the interior of the

| 40
- partition wall 87.

casing through s p1pe 94 which 1s in communi-

cation with the pe,sea,ges 95 and 96 formed in the.
This steam flows into the |
‘chamber 81 and passes  through openings 8T
~ formed in the centrlfugel wheel 83.
thus reaching the chamber 89 is mixed with
5 the water contained therein and gives up 1ts heat*
to the water, thereby preheating the same.
- A pipe 98 connects the chamber 89 with a Ver--'.-'

o tlce,l passage 89 formed in the partition wall 87.

j' ing chamber 102 which is heated by any suitable
- .combustion fuel 183.
~  chammber 99 flows through the Ppipe {00 in the di-

60 rection of the arrow 104, The pipe 181 is in com--

 The passage 99 is in communication: with a hori-

zontal passage 102 leading to the chamber 89.

"Due to the centrifugal forces developed by the
‘rotation of the wheel 82 the preheated water sit-
- uated in the chamber 39 is forced to flow into the
~U-shaped pipe 98 and thence through the pas-—-
3 'sagee 89 and {00 into the chamber 88.

“The water forced into the

. munication ‘with a vertical passage 105 and a

02,

- horrzontel passage 106 leading into the che,mber )
- The steam formed in the pipe 101 by the.
~heat of the ‘heating chamber {92 flows through
' __-the passages 105 and 106 to the chamber 92 which
- is situated adjacent the chamber 80 and which.
... is used for separatmg water partrcles from :the
- steam produced in the pipe 101.
92 is in communication, by ‘means of a central
| -passage 10T formed in the partition wall 88, with
- the steam chamber 108 situated between the outer
 wall 85 of the casmg 34 a,nd the 1nner part1tron

The chamber

wall 8.

- The steam collected in the ohamber IUB ﬂows-'
through a, U-shaped p1pe 109 whlch is mtuated

- passing through

ried by the U
'1ng the pipe (09 is.

- chamber 98
cnamber 82,

hee,t:ng stage and comprising chambers 89 and -
would be placed then next to the intermediate =
wall comprising’ the channels 99 for the feed- -

“water, and the device oonstltutmg the ﬁna,l sta.ﬂ’e_ T
- would be placed next to it. |

~ In all the described oonstructlons the centnfu- o

fluid is
~-vent frictional losses

o Furthermore, a chamber 92 which serves .
. Tor separating the water particles from the steam

-is provided between the centrrfugal wheel 82
and the partition wall 88.

- operative fluid can

- wheels provided with
‘other chamber for the removal of the operative
- fluid may be provided on both sides of the last-

] mentloned chamber. Such constructwn is shown .

~in Figure 4 of the dra.wmgs

The steam
~ hole §22.

W1th1n the heatmg cha,mber 102

It is- sometnnes

“The steam_“ |
the pipe 109 is superheated by*_
" the heat prevailing in the ohamber 102, .
A suitable quantlty governor or ﬁow regulator-’
. 1§ (similar to the one shown in Fig, 1) is. car-
—shaped DPipe 169. -The steam leav- -
introduced into the turbine
by any suitable means not; shown in the drawings.

desirable or necessary: to pre-

“Then 10

this second stage is: constructed in exactly the

is then connected with a

-The device constltutlng the pre~

g1

- same manner as the first stage and the first stage _
Stage compnsmg a

for the opera,tmg medmm and a
15

gal wheel of the feeding aggregate and the casing

sub.]ected to pressure

side wall of the chamber for the opere,twe fluid,

the chamber in Whmh pressure is applled to the -
be formed by centrifugal
An-

ble,des on both sides.

The device comp1 ises a mam turblne shaft 120

- brovided with several radial bore holes 12i and
a hor1zonta,l bore hole
wheels 123 and 124 are mounted side by side
~upon the main turbine shaft {26 over the bore'
" hole 121, which is in oommumcatmn with the
_horlzontal bore hole 122,
-gal wheels (23 and 124 is provrded WIth blades: o
“on both sides of the wheel,

122,

Each of the centrifu-

caused by the immovable _

therefor form a chamber in which the operative o
In order to pre- .

o 5:' __
30

35

Two centrifugal

40

A pipe 125 is fitted into the interior of the bore -

_ The opposite end of the pipe (25 is
 connected with - any suitable container for the
 feed water which is not shown in the drawmgs

45

‘The water introduced 1nto the mtenor of the

shaft (28 through the pipe 125 flows through. the
~radial bore holes 121 into g chamber I2G formed__
fby the centrifugal wheels {23 and 124, o

‘The wheels 123 and {24 gre surrounded by a
| _ca,smg I29 promded W1th partmon W&HS I21 and-’

lﬁB

The water penetra,tmg ‘the 1nterlor of the o

A U-shaped pipe 18! is Situated Wlthm o hea,t- '- cha,mber 126 through the radial bore holes 21

60

55

is placed under pressure due to the rota,tlon of |

fthe centrifugal wheels 123 and 124.

Due to this arrangement the chamber IZG

llrmted on both -sides by rotatmg side walls eo'
that the frlctlonal losses e.re reduced to a mml-

mum. =
- The water satue,ted in the chamber IZE leaves |

the casing 129 through a vertical pipe 130 situ-

: nted within a heating chamber 131 which is heat-
ed by any suitable combustion fuel 132 __
pipes (33 and IM are connected with the ‘Ppipe

130 and lead to passages (35 and. 136 formed in -
‘the side walls. 127 and 128 respectively. - The
 water passing through the pipes 138, 133 and 134, ,
is transformed into steam which penetrates a -
- chamber 137 formed between the wall 21 and_ |
~ the wheel 123 and the cha,mber 138 formed be-
| tween the wall 128 and the cenfrifugal wheel

l24 Due to centnfugal forces developed by the

Two |

60
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bers (37 and 138 is freed from water particles
contained therein. The two chambpers 13T and

(38 are in communication with each other

through the passages 139 and 140 formed in the

centrifugal wheels 123 and 124. The dried steam
is supplied to the turbine through the passage
{41, while the water particles are caused to cir-

culate again in the pipes 130, 133 and 134 until
‘they are changed into steam. |

An important advantage of the described con-
structions is the possibility of providing a boiler
of comparatively small capacity which is not ro-
tated, and which may be heated by any type of
combustion fuel. The steam generated by this
boiler is automatically supplied to the turbine
and the steam is dried In a Very simple manner.
By the centrifugal projection of water particles,
the heating surface causing the formation of
steam is definitely separated from the heating
surface providing a superheated steam, so that
the latter always remains constant irrespective
of the load upon the turbine.

In the described constructions the axial shift-
ing load of the turbine 1s either totally or par-
tially eliminated by the different pressures act-
ing upon the centrifugal wheel. The feed water
to which pressure has been imparted by the cen-
trifugal wheel provides a positive sealing of the
steam chambers, so that it is not necessary to
construct a separate sealing device for the steam
which would unquestionably increase the losses
of the turbine. The arrangement of the steam
chambers in the turbine casing makes it possible

to arrange the superheaters in a very simple man-

ner. Since all the chambers lie close to one
another, the entire construction occupies butb
little space.

A further advantage Is achieved by arranging
the chamber for imparting pressure to the feed
water adjacent the chamber for introducing
steam taken out of the turbine into the feed
water, since by such arrangement the feed water
is- preheated very uniformly irrespective of the
1o0ad. The arrangement of the pressure chamber

between two centrifugal wheels has the further

advantage of eliminating or diminishing fric-

tional losses.
What is claimed is:—

1. A combined steam turbine and steam gen-
erator, comprising o centrifugal wheel, a turbine
casing enclosing said centrifugal wheel, said
centrifugal wheel and said casing forming a
pump chamber and a separating chambper, means
for introducing the feed waler into the first~
mentioned chamber, a steam generator connect-
ed with said two chambers, the centrifugal
forces developed by said centrifugal wheel caus-
ing a flow of the water from the first-mentioned
chamber into said steam generator, the steam
produced by said steam generator flowing into
the second-mentioned chamber and being  sep-
arated therein from water particles contained in
said steam, means in communication with the
second-mentioned chamber Ior superheating
said steam, an auxiliary turbine wheel, and
means for supplying the superheated steam 1o
said auxiliary turbine wheel.

2. A device in accordance with claim 1, com-
prising in combination with a main turbine
wheel: a main shaft, said centrifugal wheel, said
auxiliary turbine wheel, and said main turbine
wheel being mounted upon said shaft and being
rotatable therewith. |

3."A device in accordance with claim 1, com-

23079:._1 ﬁ1 8-

wheels 123 and 124 the steam filling the cham- prising in combination with a main turbine wheel

o shaft carrying said centrifugal wheel and sald
suxiliary turbine wheel, and another shaft which
is separate from the first-mentioned shaft and
which carries said main turbine wheel

4. In a combined turbine and steam generator,
o main turbine shaft, a turbine wheel mounted
upon said shaft, a cenirifugal wheel mounted

“upon said fturbine shaft, a casing surrounding

said centrifugal wheel, said centrifugal wheel and
said casing forming two chambers, means for
introducing water into one of said chambers, a
passage formed in said casing and communicat-
ing with the second-mentioned chamber adja-
cent said shaft, a pipe having one end communi-
cating with the first-mentioned chamber and
another end communicating with said passage,
2 heating chamber, said pipe being at least part-
ly situated within said heating chamber, and
means for transmitting the steam from the sec-
snd-mentioned chamber to said turbine wheel.

5 In a combined turbine and steam generator,
o turbine shaft, an auxiliary turbine wheel, a
centrifugal wheel carried by said turbine shaft,
2 single casing for said centrifugal wheel and
said turbine shaft, a steam chamber being formed
in said casing adjacent said turbine wheel, said
casing and said centrifugal wheel forming one
chamber for supplying pressure to the feed water
and another chamber for separating steam from
water particles, means for introducing feed wa-~
ter to the second-mentioned chamber, and a
steam generator, said steam generator being con-
nected with the second-mentioned chamber and
the third-mentioned chamber, an open passage
being formed in said casing for inter-connecting
the third-mentioned chamber with the first-men-
tioned chamber.

6. A device in accordance with claim 5, wherein
the first-mentioned chamber is situated behind
the auxiliary turbine wheel, said device compris-
ing a main turbine wheel, a pipe supplying steam
froam. the first-mentioned chamber to the mailn
turbine wheel, and means for heating the last-
mentioned pipe to superheat the steam passing
therethrough.

7 In g combined turbine and steam generator,
9 main turbine shaft, an auxiliary turbine wheel,
2 main turbine, a casing having walls enclosing
said turbine wheels, a steam chamber being formed
in said casing adjacent the outlet of the auxiliary
turbine wheel, another chamber being formed In
said casing adjacent the first-mentioned chamber
and the main turbine wheel, a partition wall be-
tween the first-mentioned chamber and the sec-
ond-mentioned chamber, a passage being formed
in said partition wall connecting the first-men-
tioned chamber with the second-mentioned
chamber, throttling means situated in said pas-
sage for changing the cross-sectional area there-
of, a rotary centrifugal wheel situated within
said casing, said casing and said centrifugal
wheel constituting a pump chamber and a sepa-
rating chamber, means for introducing water into
the pump chamber, and a steam generator inter-
connecting the pump chamber and the separating
chamber, a passage being formed in said casing
connecting the separating chamber with the first-
mentioned chamber.

3 In a combined turbine and steam generator
in combination with a turbine wheel, a centrifu-
gal wheel, g casing having inner walls and con-
stituting a preheating chamber for the feed water,
the walls of said chamber being formed by a sur-
face of said centrifugal wheel and some of the
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“inner walls of said casing, and means constituting
‘a part of said casing and forming a pressure
- chamber, said centrifugal wheel separating said
‘preheating chamber ‘from said pressure cham-
- ber, means for introducing water into said pres-
~sure chamber, openings being formed in Said cen-

o trifugal wheel which interconnect said two cham-

- bers, meang

e ‘generator for supplying the
..~ therein to the turbine wheel.

15 in combination with

for introducing steam into said pre-

connected with said pressure

" heating chamber to preheat the feed water, g
Steam generator |
chamber, and means connected with said steam
steam generaied

9. In a combined turbine and steam generator

a. casing enclosing the two cen-

S ing a preheating chamber, means for introducing

o ~ steam into said. preheating

B-Ti

~ and means connected with said steam gener-

and a wall of said

tioned centrifugal

necting said two Cchambers, means for introduc- ing to the space between the two centrifugal

. between the first~-mentioned centrifugal wheel
. va casing constituting a pressure
- chamber, openings being formed in the first-men-
wheel, said openings intercon-

Ing water into said pressure Chamber, a steam
‘generator connected with said pressure chamber,

ator for supplying the steam generated therein

o ~to the rotor of the turbine.

- breheating chamber, the
- sald cenfrifugal wheels

50

tioned _ce'ntrifugalWhe'el.having at least one open-
- Ing situated at g predetermined distance from the
~ clrcumference thereof and interconnecting the

in combination

trifugal wheels, a casing enclosing said centrifu-
-~ -gal wheels, the space between the adjacent sur-
wheels constituting a
Space between one of
and a wall of the casing
- constituting a pressure chamber, the space be-

faces of said centrifugal

- tween the other one of sald centrifugal wheels ang
45 another wall of said casing constituting a steam -
-+ . purifying chamber, wherein steam is separated
- from water particles contained therein, the first-
- mentioned centrifugal _
- of openings interconnecting the preheating cham-

ber with the pressure chamber, the second-men-

. breheating chamber and the steam purifying

60

- Steam from the steam-purifying chamber to the

chamber, means for i

preheating chamber, and means for conducting

B rotor of the turbine, =

: CC atio: L & rotor of a turbine, a cen-
trifugal wheel, another centrifugal wheel situ-

. ated at 8 distance from the first-mentioned cen-
.. trifugal wheel, means for
. trifugal wheels;

| ' 20 trifugal

- being

e wheels, the space between two adjacent
EEE surifaces of the two centrifugal wheels constitut-

~said centrifugal wheels

connecting said steam generator with said pres-

wheel having a plurality

ntroducing water into the
- pressure chamber, a Steam generator, means
. connecting  sald steam generator with the
| pressure chamber ‘and the steam purifying
chamber, means for introducing steam into the

~means having a passage formed therein

two centrifugal wheels, each

thereof;
wheels, means for rotating said centrifugal wheels,

- the space between adjacent surfaces of the two
‘centrifugal wheels constituting a pressure cham-

ber, means for intro-ducing water into said pres-

- 8ure chamber, the spaces between said centrifugal

‘wheels and the adjacent walls of sald casing con-
- stituting two chambers, a steam generator, means |
- connecting said steam
sure chamber and the last-mentioned two cham-
bers, the steam in the last-mentioned chambers.
separated from the water particles by the
5 N~ rotation of said centrifugal wheels, and means
driving the two cen-

generator with said pres-

- connected with one of the last-mentioned cham-
- bers for transmitting steam from the last-men-

tioned chambers to a rotor of the turbine,

~ 12. In a combined turbine and steam generator
) _ . In combination with the rotor of a turbine, a pair
chamber, the space  of centrifugal wheels, a shaft carrying said cen-
- trifugal wheels and firmly connected therewith,
-said shaft having a longitudinal central bore hole

7

- 11. In a combined turbine and steam genera-
“tor in combination with the rotor of a turbine,

_ n of said centrifugal
- Wheels having blades situated upon both sides

a8 casing enclosing said centrifugal

T

20

and radial bore holes in communication with said

longitudinal bore hole, said radial bore holes lead-

‘Wheels, the space between the two centrifugal
- Wheels constituting a pressure chamber, a casing
~enclosing said centrifugal wheels, means for in-
_troducing water into said central longitudinal bore
| Lot . ... hole of said shaft, the walls of
10. In a combined turbine and steam generator
| _ with the rotor of g turbine, a
- pair of centrifugal wheels situated at a distance
" Irom each other, means for rotating said cen-

said casing and
constituting two inter-

connected chambers, a steam generator., means

30

35

sure chamber and the two last-mentioned cham-~

bers,” and means for transmitting steam from

~one of the two last-mentioned chambers to the
--rotor of the turbine. D |
- 13. A device for
- steam - generating

‘pump chamber

means, means constituting a

into steam and water barticles, and means con-

- nected with said Separating chamber for remov-
1ng steam separated from water Dbarticles from

sald separating chamber to the second-mentioned

inter-
connecting the two chambers, whereby water sep-

arated from steam in the separating chamber
‘may be returned to the pump chamber through
~ the last-mentioned passage when the pressure of
-the steam-water mixture in the steam generating
- means reaches a predeterminable value,

- RUDOLF HINGST,

purifyir;g_ steam, -comprising N

40

and a separating chamber, the
- first-mentioned means comprising a passage in-
~ terconnecting the two chambers, the second-men-
-tloned means comprising rotary means for caus-
Ing a flow of water from said pump chamber and
- through the steam generating means and for sep-
-arating in said separating chamber a steam-water
mixture produced in said steam generating means

45
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