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New York 
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The present invention relates to elastic fluid 
turbines and has for its general object the pro 
vision of an improved construction and arrange 
ment of elastic fluid turbines. A specific object 
of my invention is to provide an improved casing 
or shell construction whereby Warpage due to 
high temperature changes is reduced to a min 
imum. Another object of my invention is to pro 
vide an improved arrangement to reduce leak 
age of elastic fluid between successive stages of 
a multi-stage turbine. Still another object of my 
invention is to provide an improved shaft pack 
ing or sealing device to reduce leakage of elastic 
fluid along the turbine shaft. A further object 
of my invention is to provide an improved con 
struction and arrangement for centering a tur 
bine diaphragm on a turbine casing. 

For a consideration of further objects and of 
what I believe to be novel and my invention, at 
tention is directed to the following description 
and the claims appended thereto in connection 
with the accompanying drawings. 
In the drawings Fig. 1 illustrates a sectional 

view of a turbine embodying my invention; Fig. 2 
is an enlarged detail view of a diaphragm center 
ing and supporting arrangement in Fig. 1; Figs. 3 
and 4 are enlarged detail views of a packing ar 
rangement of Fig. 1; and Fig. 5 is a view along 
line 5-5 of Fig. 4. 
The turbine arrangement shown in the draw 

ings is especially suited for operation with high 
temperature mercury vapor although it is not 
necessarily limited thereto. The arrangement 
comprises a rotor having a shaft 0 with a plu 
rality of successive bucket wheels , 2, 3 and 
4 securely fastened thereto; bucket wheels 
and 4 form part of the first and last turbine 
stages respectively. Elastic fluid is supplied to 
the first stage bucket wheel by means includ 
ing a conduit 5 centrally arranged with the tur 
bine shaft and having a flared end portion sur 
rounding a cap 6 to form therewith an annular 
channel 7. Concentrically spaced rings 8 and 
9 are secured to the end portions of the cap 6 
and the conduit 5 and in turn act as a support 
for a nozzle structure 20. This nozzle structure 
in the present instance extends over 360 annu 
lar degrees and thus constitutes a full admission 
arrangement for the first stage bucket wheel t . 
Elastic fluid discharged from the first stage wheel 
lf during Operation is conducted to the second 
stage wheel 2 by means of a diaphragm 2. Siim 
ilarly, fluid discharged from the bucket wheels 
2 and 3 is conducted to the succeeding bucket 
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23 respectively. Each nozzle diaphragm com 
prises a disk 24, a row of circumferentially Spaced 
radial blades 25 with inner ends secured to the 
disk and Outer ends secured to a support on an 
outer ring 26. Blades 25 define the nozzle pas 
Sages. The inner portions of the stationary disks 
24 are sealed to the shaft by suitable means such 
as by labyrinth packings 27 to reduce leakage 
of elastic fluid from higher to lower stages along 
the shaft. The diaphragms 2, 22, 23 may be 
Split along a plane through the center of the 
shaft 9 to facilitate assembling and dismantling. 
The turbine casing, according to my invention, 

is composed of a plurality of rings 28, 29 and 30, 
One ring for each diaphragm 2, 22 and 23 re 
spectively. The rings 28, 29 and 30 are secured 
together by means of rings of circumferentially 
spaced horizontal bolts 3. The first ring 28 is 
Secured by bolts to the aforementioned inlet ring 
9 and the ring 30 is secured to an outlet ring 32 
by horizontal bolts. The various rings of the 
casing have adjacent shouldered or recessed por 
tions engaging and centering each other and as 
suring the maintenance of centered relationship 
during operation. The provision of a casing 
made of separate rings reduces the heat transfer 
from the inlet portion, of the casing toward its 
outlet portion and thereby reduces warping as 
compared with an integrally formed casing. 
The diaphragms are supported and centered 

On the casing. To this end each of the casing 
rings. 28, 29 and 30 and the corresponding outer 
diaphragm rings 26 are connected by a plurality 
(at least. 3) of circumferentially substantially 
uniformly spaced radial pins 33 slidably project 
ing into radial openings in the outer diaphragm 
rings 26 and the corresponding casing rings and 
prevented from OutWard movement by means of 
plugs 34 screwed into the openings of the rings 
28, 29 and 39. During assembly the pins are in 
serted from the outside through the radial open 
ings in the rings 28 to 30. The plugs 34 are pref 
erably. integral with the pins 33 to facilitate re 
moval of the latter. These radial pins support 
the diaphragms and maintain concentric rela 
tion between them and the shaft. During oper 
ation the radial pin support permits relative ex 
pansion between the diaphragms and the casings 
without causing the setting up of excessive 
stresses and at the same time maintains concen 
tric relation. 
At least some of the outer diaphragm rings 

26 have annular, conically-shaped projections 35 
and 36 on opposite sides thereof. The projections 

wheels by means of nozzle diaphragms 22 and 5 35 and 36 of adjacent rings are closely spaced 



2. 
and together with the outer casing or casing 
rings form moisture or liquid collecting grooves 
or chambers 37. During operation some of the 
elastic fluid condenses during its passage through 
the turbine and this condensate is forced out 
Ward and collected in the annular grooves or 
chambers 37 and drained therefrom through 
openings 37a in the lower parts of the casing. 
In certain instances the elastic fluid as it leaves 
the first stage already contains several percent by 
weight of moisture and it becomes desirable to 
provide such moisture-collecting grooves also 
with regard to the first stage. In the present in 
stance a moisture-collecting chamber 38 for re 
ceiving moisture from the fluid discharged from 
the first stage bucket wheel is formed by the 
projection 35 of the ring 26 of the diaphragm 
2 and a projection 39 of the inlet ring 9. A last 
stage moisture-collecting groove' or chamber 0 
is formed by projections 4 and 42 of the casing 
ring 30 and the end ring 32 respectively to re 
ceive liquid particles contained in the fluid dis 
charged from the last stage bucket wheel 4. 
In order to reduce leakage of elastic fluid 

through the joints formed between the outer dia 
phragm rings 26 and the outer casing, means are 
provided for sealing the outer diaphragm rings 
26 to the outer casing. In the present instance 
each of the outer diaphragm rings 26 is sealed 
to the corresponding casing ring 28, 29 and 30 
by means of an annular sealing strip 3 which 
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axially with regard to the inner casing or shell. 
With such extension particularly due to the in 
ner casing extension 5S the transmission of dis 
tortions and expansion from the inner casing to 
the outer casing is reduced and in addition the 
Smooth Outer Surface of the Outer casing gives 
the entire arrangement a pleasing appearance. 
Moreover, what is more important is the func 
tion of the outer casing to reduce temperature 
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has an outer edge secured to the casing or Casing 
ring by a weld 4 and an inner edge secured to 
the corresponding outer diaphragm ring 26 by a 
weld 65. An intermediate portion 6 of the strip 
43 is U-shaped in cross section and located be 
tween adjacent cylindrical surfaces of the Outer 
ring 26 and the corresponding casing ring. The 
intermediate U-shaped portion 6 renders the 
sealing ring flexible and permits relative expan 
sion between the diaphragm and the casing. 
The casing composed of the rings 9, 28, 29, 3 

and 32 constitutes an inner casing or shell and 
is surrounded by an outer casing or shell 6. The 
outer casing & E is fabricated and comprises a 
substantially, cylindrically-shaped outer wall of 
sheet metal S8 extending axially beyond the inlet 
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ring 9 and secured at its left-hand end to a 
disk 49. An inner portion of the disk 49 is fused 
to a heavy ring 50 which is secured by bolts 5 to 
another heavy ring 52. The ring 52 is welded to 
a cylindrical extension 53 of the inlet ring 9. 
In order to prevent leakage of mercury vapor 
along the bolts 5 these bolts are sealed by 
means of concentrically spaced cylinders 5 and 
55 fused to the conduit 5 and the ring 50 respec 
tively and having outer edges fused to a sealing 
strip 56. 
The right-hand end of the outer wall 8 is se 

cured to a comparatively heavy ring 5 which is 
fastened to another heavy ring 58 by bolts 59. 
The bolts 59 are sealed to the casing by a sealing 
strip 60. The ring 58 carries an end wall 6 
which has an outer portion fused to the ring 58 
and an inner portion fused to a packing casing 
62. The packing casing 62 forms part of a pack 
ing more fully described hereinafter. A lower 
portion of the outer casing is open and connected 
to an exhaust conduit 63 for conducting exhaust 
fluid to a condenser, not shown. During opera 
tion elastic fluid discharged from the last stage 
bucket wheel flows through the space formed be 
tween the inner and outer shell into the exhaust 
conduit 63. 
As stated before, the outer shell 4 is extended 
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drop across and warpage of the inner casing. 
The pressure maintained in the space between 
the inner and outer casing is the exhaust pres 
sure of the turbine and the temperature in said 
space is that of the exhaust fluid. Thus, for ex 
ample, in case of a mercury turbine operated 
with an inlet temperature of 1000 and an ex 
haust temperature of 450° the temperature of 
the fluid between the inner and outer casing will 
be about 450. This means that the maximum 
temperature drop across the inner casing, more 
specifically across the inlet ring 9, will be of the 
Order of about 550' which is about one-half of 
the temperature drop across both casings. Thus, . 
with the provision of a double shell arrangement 
the temperature drop may be divided up so that 
the temperature drop across the inner casing is 
approximately equal to the temperature drop 
across the outer casing with the space between 
the casings subject to the exhaust fluid from the 
last turbine stage. This is particularly impor 
tant in the case of mercury vapor operated tur 
bines because of the high temperature at which 
mercury vapor is exhausted in such turbines. 
The reduced temperature drop across the inner 
casing and the provision of an inner casing made 
of a plurality of rings bolted together reduces 
considerably warpage of the inner casing and 
permits the latter to be made of relatively light 
Weight. 
The shaft carrying the turbine bucket 

Wheels is supported on a suitable bearing 64 
which may form part of an electric generator 
driven by the turbine and having a casing 65 
Suitably brazed on the outer turbine she or cas 
ing. Thus, the bucket wheels in the present in 
stance are secured to an overhung shaft portion 
0 supported on the low pressure end by the 

bearing 64. The elimination of a bearing for 
Supporting the shaft near the high pressure end 
of a turbine permits the elimination of a special 
packing or sealing for the high pressure turbine 
end which is especially advantageous in the case 
of mercury vapor turbines. 
The packing for sealing the wall 6, that is, the 

low pressure end of the outer shell 47 to the 
shaft 0, as shown in Figs. 3 to 5, comprises the 
packing casing 62 which has a left-hand portion 
65 and a right-hand portion 67 secured to oppo 
site sides of a ring 68 by means of a plurality of 
bolts 69; the portion 66 is located inside the 
exhaust space of the turbine. The outer edge of 
the ring 68 is secured to the end wall 6 by a 
weld 68a. The casing as a whole is split along 
a horizontal plane through the center of rotation 
to form two halves joined together by means of 
a plurality of bolts 70. The shaft portion within 
the packing casing has two grooved sections, an 
inner section i? adjacent the exhaust end of 
the turbine and within the packing casing por 
tion 66 and an outer grooved portion 72 facing 
away from the exhaust end and within the cas 
ing portion 6. The grooved portion 7 is in 
cooperative relation with a toothed packing ring 
3 suitably supported on the packing casing por 

tion 66 and having teeth in cooperative relation 
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with the grooved shaft portion . The Outer 
grooved portion 72 is in cooperative relation with 
the teeth of two packing rings 74 and 75 sup 
ported on the packing casing portion 67. The 
shaft portion between the grooved section 7, 2 
forms two impellers 76 and 77. The impeller 76 
projects into a chamber 78 formed between the 
spaced casing portions 66 and 6 and the im 
peller 77 projects into a groove 79 of the pack 
ing casing. In a preferred embodiment the im 
peller 77 and the groove 79 have hardened sur 
faces which may be formed by hardened metal 
inserts or covers. The groove 79 is connected 
through a channel in the packing casing to a 
conduit 8G for receiving mercury liquid during 
Operation. The liquid thus Supplied to the groove 
79 forms a liquid seal between the groove and the 
impeller 77. Part of the liquid continuously sup 
plied during operation to the groove 79 is dis 
charged therefrom towards the impeller 76 which 
acts as a guide and throws the liquid Outward in 
the chamber 78. The liquid is discharged from 
said chamber through a channel 8 in the ring 
88 and a conduit 82 connected to the channel. 
Part of the liquid contained in the groove 79 
flows along the labyrinth packing 74 towards a 
groove 83 formed by the casing portion 67 be 
tween the labyrinth packing rings 74, 75. The 
groove 83 is connected to a discharge conduit 84. 
The outer end of the packing arrangement is 
further sealed by means of a packing ring such 
as a carbon ring 85 biased towards an end plate 
86 and towards the shaft to by means of a heli 
cal spring 87. The end ring 86 is secured to the 
casing portion ST by a plurality of bolts 88. The 
end ring 86 is made up of two halves joined and 
Secured together by bolts 8d. 

During starting of the turbine a considerable 
amount of mercury is needed to produce a liquid 
Seal between the shaft and the packing casing. 
For this reason a great amount of liquid is forced 
into the chamber 78 through the conduit or pipe 
82 to fill the space 78 between the inner and 
outer grooved shaft portions 7 and 72. As soon 
as the shaft has reached approximately half 
speed the mercury liquid is supplied through the 
conduit 80 to the groove 79 to form a rotary 
liquid seal whereupon the supply through the 
conduit 82 is disconnected" and said conduit be 
comes a discharge or drain conduit. 
With the provision of the outer grooved shaft 

section 72 and the labyrinth packing rings 74, 75 
Small particles of mercury leaking along the 
shaft are prevented from leaking into the atmos 
phere. In a preferred embodiment non-oxidiz 
ing gas, such as nitrogen, is admitted into the 
space 83 between the Outer labyrinth rings 
through a pipe 89 at a pressure slightly below. 
that of the atmosphere. This gas is discharged 
from the space between the packing ring 75 and 
the carbon ring 85 through a pipe 90. The Sup 
ply of gas maintains the pressure between the 
outer labyrinth and the carbon ring to slightly 
below atmosphere, thus permitting always a 
slight inflow or leakage of air from the atmos 
phere into the space 83 to prevent any leakage 
of mercury into the atmosphere. Leakage of 
fiuid along the adjacent surfaces of the casing 
portion 66 and the ring 68 flows into the exhaust 
space of the turbine. Leakage of fiuid along the 
adjacent Surfaces of the ring 68 and the casing 
portion 67 is prevented from flowing into the 
atmosphere by the provision of a sealing strip 9 
secured between the end wall 6 and the Casing 
portion 67. Leakage of fluid into the space 

3 
formed by the sealing strip 9 and the adjacent 
elements is drained through a pipe 92. . w 
The arrangement also includes means to re 

duce leakage of fluid, particularly air from the 
atmosphere into the turbine, along the joint 
formed between the lower and upper halves of 
the casing portion 67. To this end the joining 
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surfaces of the lower, and upper halves of these 
casing portions are provided with grooves 93 and 
94 extending from the Outer surface of the cas 
irag portion 67 towards the annular groove 79. 
The grooves 93 and 94 in the present instance 
are formed in both the lower and upper halves 
of the casing portion 67. The outer ends of the 
grooves communicate with pipes 95 and 96 re 
spectively through which a continuous stream . 
of mercury liquid is conducted to the grooves 93 
and 94 respectively during operation. With this 
arrangement mercury, particularly mercury va 
por, leaking along a joint formed between the 
lower and upper halves of the casing portion 67 
in the direction of the arrow 9 indicated in 
Fig. 5 is collected or condensed in the grooves 93, 
94 and thereby prevented from reaching the 
outer end of the casing portion 67 and air from 
the atmosphere is prevented from leaking into 
the sealing arrangement. The pipes 95 and 96 
are connected to the grooves 93 and 94 respec 
tively by means of welds 98 which extend along 
the entire end portions of the joined casing por 
tions 67 (Fig. 5). A sealing ring 99 is secured 
to the left-hand end portion of the packing Cas 
ing and has an inner edge in close proximity to 
the shaft to prevent mercury liquid particles 
from being thrown from the packing towards the 
last stage bucket wheel. 
Thus, a packing according to my invention 

includes a casing forming three axially spaced 
annular grooves or chambers, a first groove 78, 
a second groove 9, and a third groove 83. The 
second or intermediate groove 79 accommodates 
an impeller 77 on the shaft. Sealing liquid Sup 
plied to the groove 79 during operation forms 
an annular liquid seal. between the impeller 7 
and the surface of the groove 79. The first 
groove or chamber 78 accommodates an impeller 
or deflector 76 to throw outward mercury liquid 
discharged from the groove 79 during operation, 
such liquid being drained from the groove or 
chamber 8 through a discharge conduit 82. 
The conduit 82 being substantially wider than 
the conduit 80 acts as a supply conduit for mer 
cury liquid during the starting operation. 
The third groove 83 located near the outer or 

atmospheric end of the packing and between the 
two outer labyrinth packing rings 74, 75 acts as 
a chamber for receiving an inert gas during op 
eration from a supply pipe 89. Such gas, as 
pointed out above, is preferably supplied at a 
pressure slightly below that of the atmosphere 
whereby a small amount of air may be drawn 
into the packing casing along the carbon pack 
ing ring 85 and the discharge of mercury liquid 
from the packing casing to the atmosphere is 
substantially entirely prevented. 
The packing casing is made of two halves 

joined together along a horizontal plane through 
the axis of the shaft and the joint surfaces have 
sealing grooves for receiving mercury liquid dur 
ing operation to prevent the leakage of vapor 
from the packing along the casing joint. 
What I claim as new and desire to secure by 

Letters Patent of the United States is: 
1. Elastic fluid turbine comprising an inner 

casing composed of a plurality of rings bolted 



4 
together, an outer casing enclosing the inner 
casing, a plurality of diaphragms each having an 
outer ring, a plurality of circumferentially 
spaced radial pins secured to inner casing rings. 
and slidably projecting into radial Openings of 
the outer diaphragm rings for centering and 
supporting the diaphragms and permitting rel 
ative radial expansion between the diaphragms 
and the inner casing, the inner Casing and the 
outer diaphragm rings forming annular grooves 
for receiving moisture from fluid passing 
through the turbine, and sealing strips connect 
ed between corresponding outer diaphragm 
rings and inner casing rings to prevent fluid 
from bypassing a diaphragm along the inner 
surface of the casing. 

2. Elastic fluid turbine comprising a casing 
forming a plurality of shoulders, diaphragms 
disposed within the casing and each seated 
against one of the shoulders, each diaphragm 
having an outer cylindrical surface concentric 
ally spaced from a corresponding cylindrical 
surface of the casing to form an annular space 
therewith, and means sealing each diaphragm 
to the casing, said means comprising an annular 
strip substantially U-shaped in cross-section 
and disposed in said space with the legs of the 
U engaging said cylindrical surfaces and an 
outer edge fused to the casing and an inner edge 
fused to the diaphragm. 
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3. Elastic fluid multi-stage-turbine compris 

ing a casing having a plurality of rings of suc 
cessively increasing diameter, separate bolting 
means for securing adjacent rings together, a 
plurality of diaphragms disposed within the 
casing, each diaphragm having an outer ring as 
sociated with and Supported on a Casing ring, 
the outer diaphragm rings having annular coni 
cally-shaped projections forming together with 
the casing annular grooves for receiving moisture 
from elastic fluid passing through the turbine, 
the last stage casing rings having inner projec 
tions defining a groove for receiving moisture 
discharged from the last turbine stage, and seal 
ing means for sealing each diaphragm to a 
casing ring. 

4. Elastic fluid turbine comprising a casing 
with a plurality of axially spaced shoulders, a 
plurality of diaphragms disposed in the casing 
and each having a face engaging a shoulder and 
an outer surface defining an annular groove with 
the adjacent surface of the casing, and sepa 
rate sealing means between each diaphragm and 
the Casing, each sealing means comprising an 
annular strip U-shaped in cross-section located 
in the groove and having inner and outer edges 
fused to a diaphragm ring and the casing respec 
tively. 

LUCIAN. A. SHELDON. 


