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The present invention relates generally to turbines, and 
more particularly to an improved construction for nozzles 
and blades in turbines whereby leakage of the operating 
medium through axial clearances between the nozzles and 
blades can be reduced to a minimum. 
As is well known, one of the most important prob 

lems in manufacturing a high eiiiiciency turbine is to 
minimize the leakage of the operating medium through 
passages defined by nozzles, blades and other elements. 
Especially, a great amount of operating medium leaks in 
the radial direction from axial clearance between the 
blades and nozzles which lie in the path of the operating 
medium. However, a high manufacturing technique is 
required to minimize the leakage of the operating medium 
through such axial clearances. Generally, a turbine 
casing is made of material different from that of a turbine 
rotor. Therefore, in case of quick starting, stopping or 
variation in load, the turbine casing will have an axial 
temperature distribution different from that of the tur 
bine rotor due to the differencev in heat capacities between 
the two and the attendant diñerence in the thermal ex 
pansion therebetween will result in variation in the axial 
clearances between the blades and the nozzles. It has 
been a general practice in turbine construction to secure 
the turbine rotor at one end thereof by means of a thrust 
bearing assembly provided in the turbine casing »so that the 
rotor is allowed to extend towards the other end thereof 
when subject to thermal expansion. 

In such construction, however, the relative difference 
in elongation between the casing and rotor is successively 
accumulated at a position remote from the thrust bearing 
assembly until finally there arises a danger that a por 
tion of the casing remotest from the thrust bearing as 
sembly may abut a corresponding portion of the rotor. 
Therefore, a successively greater axial clearance is pro 
vided between the blade and the nozzle as they are dis 
posed at a point more remote from the thrust bearing as 
sembly so as to avoid possible abutment of the blade 
with the nozzle. Although such arrangement is effective 
for the turbine operation as in the case of starting, the 
efñciency of the turbine will be considerably lowered in 
the normal steady operation due to leakage of the operat 
ing medium through such great axial clearances. 
The present invention intends to obviate such difficulty 

encountered by conventional turbines and has for its 
object to provide an improved structure of a blade and 
a nozzle whereby leakage of an operating medium through 
a clearance therebetween can be reduced to a minimum. 
According to the invention, there is provided a turbine 

comprising diaphragms, a nozzle plate included in each 
of said diaphragms, annular recesses provided on one 
face of said nozz‘ie plate along the entire circumference 
radially inside and outside of nozzle openings in said 
nozzle plate, `blades fixed in rows to a turbine rotor for 
unitary rotation therewith, and projections provided along 
the entire inner and outer peripheries on one face of 
each of said blades, said projections being disposed op 
posite said recesses so that said projections are axially 
movable relative to said recesses. _ 

There are other objects and particularities of the inven 
tion which will become obvious from the following de 
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2 
scription with reference to the accompanying drawings, 
in which: 

FIG. l is an enlarged longitudinal sectional view of 
the struicture of the nozzle portion of a conventional tur 
bine, showing the relation between a nozzle and a blade; 
FIG. 2 is an enlarged longitudinal sectional view of 

the structure of the nozzle portion of a turbine of the 
invention, showing the relation between a nozzle and a 
blade in one position; 
FIG. 3 is a longitudinal sectional View of part of the 

turbine of the invention in an assembled state; 
FIG. 4 is a longitudinal sectional view similar to FIG. 2, 

but showing the relation ‘between the nozzle and the 
blade in another position; and 
FIG. 5 is a detail view of th'e bearing block assembly 

and means for axially shifting the rotor. l 
At ñrst, referring to FIG. l, there is shown the struc 

ture of the nozzle portion of a conventional turbine, in 
which it Will be seen that a minimum clearance of the 
order of 1 mm. is usually provided between a nozzle and 
a blade in order to facilitate the assembling and over 
hauling, and this value is successively made greater for 
a nozzle and a blade which are disposed at a position re 
mote from a thrust bearing assembly. However, reduc 
tion in the predetermined great clearance due to the dif 
ference in the thermal expansion between the rotor and 
the casing is only encountered in an unusual operation 
such as during starting. Therefore, the great clearances 
so provided remain unchanged in the normal steady 
operation, and leakage of an operating medium through 
the clearances during the normal steady operation will 
greatly lower the turbine eiliciency. In modern turbines 
which are higher in capacity and greater in rotor span, 
loss of efliciency due to leakage of the operating medium 
through clearances between nozzles and blades will be 
come inevitably greater since a greater clearance must 
be provided between a nozzle and a blade which are dis 
posed at a position remote from the thrust bearing as 
sembly. 
The present invention intends to obviate such diñiculty 

in the prior art structure and to make an eiîective pro 
posal for the improved structural relation between a noz 
zle plate and a blade. According to the invention, annu 
lar recesses are formed on a nozzle plate in a diaphragm 
at portions radially inside and outside of a nozzle open 
ing in the nozzle plate and projections are formed on a 
shroud ring and the root of a blade at portions corre 
sponding to said recesses in opposed relation thereto so 
as to minimize leakage of an operating medium there 
through. 
Now, a preferred embodiment of the invention will 

be explained with reference to FIGS. 2~4. FlG. 3 shows 
a longitudinal sectional view of part of a steam turbine 
embodying Ehe invention in an assembled state. A rotor 
1 is journalled in a thrust bearing assembly 12, while 
diaphragms 2 are fitte-d fast to a turbine casing 13. Clear~ 
ances between the diaphragme 2 and the rotor 1 are 
suitably sealed by labyrinth packings fitted to the inner 
peripheries of the diaphragms. An operating medium 
or steam is made to flow into the casing 13 through a 
portion A and discharged therefrom at a portion B as 
in a common turbine structure. FIGS. 2 and 4 show 
enlarged views of a nozzle and blade section or a portion 
C of FIG. 3 in diiîerent operative positions. FIG. 2 
shows the structure according to the invention, wherein 
recesses 6 are formed over the entire circumference of 
a nozzle plate 9 in the diaphragm 2 at portions radially 
inside and outside oí a nozzle opening, said recesses be 
ing such that the turbine casing may not be abutted by 
the rotor under all operating conditions including the 
starting operation. 0n the other hand, a projection 5 



3 
is formed on a shroud ring 4 and a projection 7 is .formed 
on the root or" a blade 3 at portions corresponding to 
the radially outer and inner recesses 6 on the nozzle 
plate 9, respectively, so that during assembling the re 
spective projections £3 and 7 on the blade .3 can be dis 
posed opposite and in closelyadjacent relation to the 
outer and inner recesses 6 formed on the nozzle plate 9, 
as shown in FlG. 2. Thus, it will be seen that curved 
passages in a negative direction with respect to a flow of 
the operating medium are formed in the gap between 
the blade 3 and the nozzle plate 9, and the steam flow 
8 from the nozzle can pass through the blade 3 in an 
extremely effective manner, which will bring forth an im 
provement in the turbine emciency. 
The manner of assembling the blade 3 and the nozzle 

is quite different from that of a conventional case. Ac 
cording to the invention, the diaphragm 2 and the blade 
3 art at ñrst kept in a spaced apart relation as shown in 
FIG. 4.l Then, a thrust bearing block 10 is displaced 
in the forward direction by means such as a jack or a 
screwed-in block 10a (FIG. 5) connected between the 
block 10 and the lower bearing box 15 to set the blade 
3 relative to the diaphragm 2 to the position shown in 
FIG. 2. In case of overhauling, the thrust bearing block 
1li is displaced in the backward direction so that the 
lade 3 is spaced apart from the diaphragm 2 as shown 

in FIG. 4, and the casing is lifted while paying attention 
so that the diaphragm 2 may not contact the blade 3. 
In the case of assembling, the turbine assembly is prop 
erly set by the use of a runner 11 after the entire rotor is 
displaced to the normal operating position. 

lt will be understood from the foregoing description 
that the invention is highly advantageous in that a merely 
additional structural feature applied to tlhe structure of 
the conventional turbine is eílîective to minimize the loss 
of efficiency due to leakage of the operating medium 
through the clearances ybetween the nozzles and the 
blades. 
What is claimed is: 
ll. A turbine comprising a rotor, a casing enclosing 

a plurality of spaced diaphragms and a plurality of tur 
bine blades interdigitated with said diaphragme, a nozzle 
plate including nozzle openings provided on each of said 
diaphragms, a pair of concentric annular grooves pro 
vided on one corresponding face of each of said nozzle 
plates along the entire circumference radially inside and 
outside of said nozzle openings in each nozzle plate, 
said diaphragms being fixed at one end to said rotor 
for unitary rotation therewith, a pair of concentric an 
nular projections provided along the entire inner and 
outer peripheries on one face of each of said blades, said 
projections being disposed opposite to and in engagement 
with said grooves in Van adjacent nozzle plate so as to 
provide a negative ilow path to the operating medium 
of said turbine, the other face of each of said blade be 
ing axially spaced from the opposing face of the adjoin 
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ing diaphragm at least by a distance equal to the axial 
overlap between said grooves and said projections where 
by the rotor may be axially shifted to disengage said pro 
jections from said recesses and thrust bearing means for 
rotatably supporting said rotor Vin said casing including 
means for axially shifting said rotor in said casing to 
effect said disengagement of said projections from said 
I'CCSSSSS. 

2. A turbine comprising a rotor, a casing enclosing 
a plurality of spaced diaphragms and a plurality of tur 
bine blades interdigitated with said diaphragms, a noz 
zle plate including nozzle openings provided on each of 
sai-d diaphragms, a pair of concentric annular grooves 
provided on one corresponding face of each of said noz 
zle plate along the entire circumference radially inside 
and outside of said nozzle openings in each nozzle plate, 
said diaphragms being ñxed at one end to said rotor for 
unitary rotation therewith, a pai-r of concentric annular 
projections provided along the entire inner and outer pe 
ripherics on one face of each of said blades, said projec 
tions being disposed opposite to and in engagement with 
said groves in an adjacent nozzle plate so as to provide a 
negative flow path to the operating medium of said tur~ 
bine, the other face of each of said blades being axially 
spaced from the opposing'face .of the adjoining diaphragm 
at least by a distance equal to the axial overlap between 
said grooves and said projections whereby the rotor may 
be axially shifted to disengage said projections from said 
recesses and thrust bearing means for rotatably support 
ing said rotor in said casing including means for axially 
shifting said rotor in said casing to effect said disengage 
ment of said projections from said recesses, 

said means for axially shifting said rotor in said cas~ 
ing including a thrust bearing block axially shiftable 
between iirst and second positions corresponding 
to positions of engagement and disengagement of 
said projections with said grooves. 
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