
Oct. 28, 1969 w, ZickUHr 3,475,108 
BLADE STRUCTURE FOR TURBINES 

Filed Feb. 14, 1968 3 Sheets-Sheet 

  



Oct. 28, 1969 W. ZiCKUHR 3,475,108 
BLADE STRUCTURE FOR TURBINES 

Filed Feb. 14, 1968 3. Sheets-Sheet 2 

l 
20 

15 

  



Oct. 28, 1969 

Filed Feb. 14, 1968 

W, Z CKUHR 

BLADE STRUCTURE FOR TURBINES 

3,475,108 

3. Sheets-Sheet 3 

s kWh Sino-1 : 2m o1m 
15 65 n = 08' A's n = A = 

0,6 N 2='m K <2='m 
21 v3 

10 W 53 03 
4 M 0,4 

Wil, 0.5 
5 sinc10.6 

5 -5 

O O 100 200 300 
Fig.6 -> ADGMD (mm) 

s kWh. 

O 
O 100 200 

Fig. 7 -> ADGMD (mm) 

II-Fri-II (& II Ila 1 
Pr3 Pr fl. 1 & Lie? 

  



United States Patent Office 3,475,108 
Patented Oct. 28, 1969 

3,475,108 
BLADE STRUCTURE FORTURBINES 

Walemar Zickuhr, Kettwig (Ruhr), Germany, assignor to 
Siemens Aktiengesellschaft, a corporation of Germany 

Filed Feb. 14, 1968, Ser. No. 705,465 
Int. C. FO1d 5/02, 5/14 

U.S. C. 415-194 14 Claims 

ABSTRACT OF THE DESCLOSURE 
A blade structure for turbines such as high-pressure 

axial turbines. The turbine has at least one ring of sta 
tionary blades and a rotor which carries a coacting ring 
of rotary blades, these blades forming at least one of a 
Series of turbine stages connected one next to the other in 
the direction in which the pressure of the turbine-driving 
pressure fluid drops, while this fluid expands during driv 
ing of the rotor. The blades have at a mean diameter at 
a turbine region where a given operating factor prevails 
and at the rated capacity of the turbine stage, with a 
Reynold's number of at least 2x 105, an opening value 
e= e/t which is at least equal to 0.5 as an average value 
for the blades where e is the smallest distance between 
adjoining blades and t is the distance between correspond 
ing points of a pair of adjoining blades. This operating 
factor at the latter turbine region is either a pressure 
which is equal to or greater than 2 atmospheres absolute 
or a region of the turbine where there is an increase of 
not more than 15% in the specific volume of each stage. 

My invention relates to turbines and in particular to 
blade structure for turbines. 
Turbines such as steam turbines are known in the most 

widely different forms. In their basic construction they in 
clude at least a stationary ring of blades and a rotor which 
carries a ring of blades for rotation with respect to the 
Stationary ring of blades. The adjoining stationary and 
rotary rings of blades form generally at least one of a 
series of turbine stages located one after the other in the 
direction in which the pressure of the steam or other pres 
sure medium drops, while this pressure fluid expands to 
drive the rotor. In the design and dimensioning of such 
turbines it is always attempted to make use of the strength 
of the materials in conjunction with the greatest possible 
operating safety while maintaining construction costs as 
low as possible and achieving at the same time a good 
efficiency. 

It is an object of my invention also to achieve these 
objectives, which as to say to provide a turbine, particu 
larly a steam turbine, which is contrasted with conven 
tional steam turbines will have an improved efficiency of 
operation and at the same time a reduction in the construc 
tion costs. 
My invention is based upon recognition of the fact that 

these objectives can be achieved by a proper selection of 
the primary turbine dimensions, such as, for example, the 
shaft diameter, the critical rotary speed at a given operat 
ing speed as well as by the proper selection of the open 
ing value e=e/t for the blades. In this latter equation t 
represents the circumferential distance between corre 
sponding points of a pair of adjoining blades, which is to 
say the blade distribution of a given ring of blades, while 
e represents the smallest distance between a pair of ad 
joining blades at the mean entrance diameter of the 
operating fluid. The term "mean entrance diameter' is 
explained further below. 

In particular my invention is based upon recognition of 
the fact that the above-mentioned opening value of the 
blades, is of particular significance with respect to the best 
possible operating efficiency and construction cost of the 
turbine. Thus, it is a primary object of my invention to 
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2 
construct the blades in such a way and to provide them 
With such an opening value that the result will be an im 
provement in the operating efficiency together with a re 
duction in the construction costs. 
Up to the present time it has been customary to pro 

vide at the mean blade diameter an opening value e which 
at a maximum is 0.4 when a particular turbine stage is 
designed at its rated capacity to operate at pressures equal 
to or greater than 2 atmospheres absolute. It is to be under 
stood that the mean blade diameter, or admission diam 
eter, signifies the mean diameter of that turbine stage 
where the pressure drop is equal to the mean value of the 
pressure drops of the several stages of a given turbine cas 
ing. The mean admission diameter is approximately equal 
to the inner stream dimension plus the blade height. Thus, 
Traupel states in his book "Thermische Turbomachinen” 
(1st volume, Springer Publishing Co., 1958) at page 174, 
that for a high pressure turbine where the degree of re 
action r=0.5, the best value for the angle or (entrance 
angle of the absolute entrance speed c of the steam, 
which at a degree of reaction of 0.5 equals the exit angle 
6 of the relative steam exit speed w) should be 17. On 
page 330 of the same book, Traupel points out that at a 
high pressure region of a steam turbine small volumes are 
accompanied by small angles. Appropriate design data for 
the optimum points of blades follow for a conventional 
constant pressure stage for an entrance angle ox1=14 and 
for an exit angle S2=20; for a conventional high pres 
sure stage cis-32=17° 30', which corresponds to an 
opening value e=e/t of approximately 0.3, since esse/t 
is approximately equal to the sine of the angle 6. These 
recommendations for an extremely small opening value 
have clearly their basis in the fact that it is assumed that 
an increase in the opening value must result in an unac 
ceptable decrease of the circumferential operating effi 
ciency m, and because it is assumed that with large open 
ing values the blades are very short and as a result the 
necessarily accompanying increase in the blade tip loss vs 
(flow loss at the blade tips) introduces a further efficiency 
reducing factor. 

In another known text on turbine construction (Fliigel, 
“Die Dampfturbinen' 1931, page 190) it is recommended 
that normally with drum stages tgo1=tg8 between 0.25 
and 0.40 should be selected. Furthermore, Fliigel writes 
that with sharp volume increases during progressive ex 
pansion, particularly in low pressure regions it is essential 
to resort to steeper exit inclinations so that there will be 
no excessively rapid increase in blade length which would 
be undesirable for the flow, and thus at high pressure 
stages tges-O.60 to 0.70 is used. 

In another book on turbine construction (Bauer: "Der 
Schiftsmaschinebau,” 1927, pages 65-67 as well as 150 
and 151) there is given only for the last stage of con 
densing turbines tgg-values between 0.45 and 1.5, where 
opening values of approximately 0.40 to 0.72 are present. 

According to my invention it has been recognized that 
an increase of the opening value e/t above 0.4 is desir 
able not only in the last stages of low pressure regions 
with large volume increases of approximately 200% and 
more at each stage, but also an improvement in the operat 
ing efficiency and a reduction in the construction costs 
can be achieved in a most unexpected manner with an in 
creased opening value for high and intermediate pressure 
regions of turbines where there is only a volume increase 
of approximately 3% from stage to stage at the high 
pressure region of the turbine up to a volume increase 
of 15% from stage to stage at the intermediate pressure 
or mean pressure region of the turbine. 

Thus, it is an object of my invention to provide blad 
ing for steam turbines and the like where coacting rings 
of stationary and rotary blades form at least one of a 
series of successive turbine stages in the direction of pres 



3,475,108 
3 

sure drop of the rotor driving the steam. My invention 
resides in providing, at pressures at least equal to 2 atmos 
pheres absolute or at an increase in the specific volume 
from stage to stage of less than 15%, at the rated capacity 
of the turbine stage, and with a Reynold's number 

Re=w b/w 22-105 
an opening value e=e/t at the means blade diameter 
which is equal to or greater than 0.45 as a mean value 
for the stationary and rotary blades, where 
e=the smallest distance between adjoining blades, 
t=the distance between corresponding points of a pair 

of blades, 
w2=the relative exit speed, 
b=the blade width, and 
v=the kinematic viscosity, 
The requirement that the Reynold's number be at least 

equal to or greater than 2x 105 is based upon the fact 
that the increase in the deflection impulse of a grid shovel, 
which is to say with a given deflection the increase in the 
amount of flow throughput and thus the increase in the 
opening value, is comparable with the increase in the lift 
coefficient of an aeroplane wing. Such an increase in the 
lift coefficient is only possible if the drag of the primary 
flow stream at the boundary layer, which is to say the 
Reynold's number, is sufficiently great. In this event there 
will be the required impulse exchange between the 
primary flow and the boundary layer, and separation or 
breaking down of the boundary layer cannot take place. 
Developments carried out in connection with my inven 
tion have shown, in harmony with these considerations, 
that a blade profile having a large relative resistance 
moment, which is large enough for the stage load, and a 
large opening value can only be achieved above a prede 
termined minimum Reynold's number, nomely 2X 10 at 
the rated capacity. 
My invention has recognized the fact that as a result 

of the features of my invention the height of the blades, 
both for the stationary and rotary blades, can be reduced. 
Inasmuch as the centrifugal force stresses at the root of 
the blades for the rotary blades is reduced in this way, 
the possible bending stresses for a given rotary blade 
increases, which is to say, however, that the blade width 
as seen in the axial direction and thus the axial dimensions 
of the entire blading can be reduced. From this factor it 
follows that inspite of the required increase in the num 
ber of stages and cost of a unit of axial length for the 
purpose of maintaining constant the critical speed, there 
is nevertheless a decrease in the construction cost on the 
order of 5-20% as compared to conventional turbines 
and blading. Together with this decrease in the construc 
tion costs there is an appreciable increase in efficiency 
which is on the order of 1-5% of the total operating ef 
ficiency as compared to conventional turbines, which is 
to say at least 10% of the theoretically possible increase 
in efficiency. 

Thus, it becomes possible with the features of my inven 
tion to provide smaller blades, to reduce the construction 
costs of components such as shafts, casings, blades, and 
at the same time to achieve an increase in efficiency. 
On the basis of flow tests it has been determined that 

the blade tip loss in a first approximation is proportional 
to the ratio 

profile width 
blade length 

My invention has, therefore, recognized that with full use 
of the maximum possible axial blade length with a given 
shaft diameter, taking into consideration the critical speed, 
the blade width-with geometrically similar profiles-can 
be reduced with an increase in the opening value e/t in 
such a way that the ratio b/l=profile width to blade 
length can be maintained smaller and thus the blade tip 
loss can be reduced. 
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4. 
More accurate tests, referred to in greater detail below 

and taking into consideration the gap, piston, and blade 
tip loss as well as the influence of Parson's number and the 
opening value on the efficiency, show that depending upon 
the extent of gap loss and the proportion of centrifugal 
force stressing to the entire blade stressing, the turbine 
efficiency is at a maximum when the opening value, or the 
opening ratio as a mean value for the stationary and ro 
tary blades, is between 0.50 and 0.75. In the region of 
greater opening values, which are greater than the pre 
erred region between 0.65 and 0.7, there is a limit where 
the increase in efficiency can no longer be achieved, but 
even at these greater opening values there is also an in 
crease in the savings of construction costs, so that the de 
signer can decide in this area on a compromise between 
reducing construction costs and increasing efficiency in 
accordance with which of these advantages he considers to 
be of greater importance. Therefore it is possible that 
under certain conditions it will be desirable to exceed an 
opening value of 0.7. 
My invention can be used advantageously for turbines 

having one or more casings, whether the turbines are con 
densation turbines or the reaction type of back pressure 
turbines. My invention makes it highly desirable to use 
high pressure stages as well as to be used in the high pres 
sure regions of steam turbines where a mean pressure on 
the order of 90 atmospheres absolute prevails. My inven 
tion furthermore can be favorably used with steam tur 
bines where there is a mean pressure at intermediate pres 
sure stages on the order of 8 atmospheres absolute. With 
multi-casing turbines it is possible to use the features of 
my invention only for the high pressure part, only for the 
intermediate pressure part, or for both of these parts of 
the turbine. 
A preferred construction of the blading of my invention 

can be used with advantage with steam turbines where 
there is an extent of reaction of between 25 and 65% 
(reaction turbines or turbines with mixed features where 
there is a compromise between reaction and impulse tur 
bines), without however being limited to these particular 
types of turbines. A reaction or high pressure turbine is 
for a given construction cost, especially with large out 
puts, superior to a constant pressure turbine by approx 
imately 1-1.5% in efficiency. 

According to a further feature of my invention the 
blading is used in steam turbine where the extent of re 
action is approximately 50%, which is to say between 
0.45 and 0.55 (reaction or high pressure turbine in the 
narrower Sense). Such blading is of advantage particu 
larly because, as shown by speed diagrams, the entrance 
and exit flow angles of the blading and thus the profiles 
for the stationary rotary blades are approximately the 
same. This simplifies the manufacture and provides a uni 
form load on the ring of blades as seen in the direction 
in which the pressure within the turbine drops. With steam 
turbines where there is a reaction extent different from 
0.5, it is preferred to define the mean opening value 

sine cy1--sine a 
a- 2 

It is also possible to use the features of my invention with 
advantage for this type of turbine, as mentioned above. 
Steam turbines suitable for using the blading of my in 
vention are preferably axial turbines, which is to say all 
turbines where stationary and rotary blade rings follow 
alternatively one after the other along the axis of the 
turbine rotor. 

In accordance with a further feature of my invention, 
the blades are constructed in such a way that the relative 
maximum profile thickness of the blades dmax/L is be 
tween 0.3 and 0.4, where da is the diameter of the blade 
profile at the inner circuit at its thickest region and L. 
is the chord length of the profile (the longest dimension or 
the cross-sectional blade profile). This feature provides a 
large strength for the blades because of the high resistance 
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moments, and in addition within this region there is the 
greatest efficiency. 
A further increase in efficiency can in particular be 

achieved with blading having appreciable centrifugal force 
stresses for the rotary blades, especially for intermediate 
pressure regions of turbines, by providing the rotary blades 
with a tapered construction. Such a blade construction 
differs from a cylindrical-radial blade where the cross 
section of the blade is constant over the entire blade height 
and the center of gravity is situated at a radius which 
extends perpendicularly from the rotary axis, in that the 
blades taper and become of gradually smaller cross Sec 
tion toward their outer tips. Such an expedient results in a 
smaller width for the ring of rotary blades and thus a de 
crease in the gap, piston, peripheral, and discharge losses. 
An increase in the flow losses does not take place. With 
constant relative profile thicknesses at the blade root the 
tapered blades will have a reduction in flow loss at the 
intermediate regions of the blades, since the relative pro 
file thickness of the blade cross section becomes gradually 
Smaller as the cross section becomes more distant from 
the blade root. With tapered blade configurations it is 
possible to combine within certain limits the advantages of 
relatively thick and relatively thin profiles, which is to say 
Small blades and small flow losses. 

It is even better according to a further embodiment of 
my invention to provide rotary blades which are twisted 
as well as tapered, so that it becomes possible in this 
way to better adapt the profile at the individual blade 
sections to the particular flow angle, and thus select an 
even smaller profile thickness. Also, the extent of taper, 
which is to say the reduction in centrifugal force stresses 
as compared to cylindrical-radial blade forms, is in this 
case greater than the warped blade forms of tapered 
twisted construction. The strength and flow advantages 
of the tapered-non-twisted and the tapered-twisted blade 
forms can also be incorporated to a large extent in the 
rotary blades. 

Further features and advantages of my invention as well 
as the manner of operation thereof are described below in 
connection with several embodiments and diagrams illus 
trated in the drawings which accompany and form part of 
this application and in which: 

FIG. 1 is schematic simplified illustration of a devel 
oped portion of blade rings with stationary or rotary 
blades; 

FIG. 2 is a schematic illustration of the section of the 
blades of high pressure turbine of the axial type where 
the blades of one rotary ring fixed to the rotor are shown 
in conjunction with axially adjacent blades of a pair of 
adjacent stationary rings fixedly carried by the turbine 
casing: 
FIG. 3, which corresponds to the illustration of FIG. 1, 

serves to explain the speed diagram of FIG. 4 and to 
derive the opening value e=e/t, where a ring of rotary 
blades and a ring of stationary blades are shown adjacent 
each other in the axial direction; 

FIG. 4 is a speed diagram in which the entrance and 
exit angles are also enlarged in accordance with the 
enlarged opening angle of my invention; 

FIGS. 5a-5d are a series of diagrams for explaining 
the technical advances achieved with my invention, and 
in all the diagrams 5a-5d the pertinent magnitudes have 
been normalized into a dimensionless form depending 
upon the opening value e shown at the abscissae, this 
normalizing being achieved by referring all magnitudes 
to a corresponding value where e=0.3, which for magni 
tudes having dimensions is indicated by a dash, and in 
particular 
FIG. 5a shows a curve of the total efficiency of the tur 

bine Am=Xv; 
FIG. 5b shows the curve of individual losses, and thus 

the piston loss vk, the gap loss vsp, the blade tip loss vend 
and the e-dependant loss; 

FIG. 5c shows the increase in the permissible bending 
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6 
stress a Biegzul. and the corresponding or normalized stage 
number Z; 

FIG. 5d shows the drop of the corresponding blade 
height h, the corresponding active length LAkt, which 
is to say the part of the turbine shaft where the blading 
is situated, the drop of the mean blade diameter D, which 
is analogous to the curveh, the drop of the correspond 
ing blade width b as well as the ratio of/azil, which is 
to Say the ratio determined by the centrifugal force at a 
given stress in tension of the blade root with respect to 
the permissible tension stress at the blade root; 

FIG. 6 shows, on the basis of the operating efficiency 
improvement according to FIG. 5a, the attainable in 
provement in heat consumption in a diagram depending 
upon the increase in the weight diameter in the second 
casing of the turbine, which is to say at its intermediate 
or mean pressure casing. In this case the extent of im 
provement of heat consumption indicated at the ordinate 
in kcal./kwh. signifies the reduction of the required gen 
erating heat for the steam per kwh. output of electrical 
power, and the weight diameter, indicated on the abscissa 
and shown with Do, MD, signifies the diameter of a shaft 
section of the axial length of the first turbine stage whose 
weight is equal to the weight of the shaft and rotary blade 
ring present in the first stage. This imaginary magnitude 
of weight diameter has proved to be of advantage for 
turbine calculations, particularly for large turbines, where 
beside shaft bending stresses the tangential stresses and 
the influence of the temperature field in the shaft to 
determine the best possible flow dimensions are also of 
significance. The use of the diameter as a magnitude in 
fluencing the shaft stressing is also proper in connection 
with the significance of the radial dimensions of the casing 
for evaluation of operating safety (temperature stress 
ing at casing walls and partial gap flanges). FIG. 6 shows 
a pair of curved groups, in the one case with the critical 
speed nrit=0.8.x A=const, and in the other case with 
nit=A=const. In both groups of curves there is with 
increasing rotary speeds Im, which is explained further 
below, and for increasing mean opening values according 
to sin o-0.3, 0.4, 0.5 and 0.6 an indication of the im 
provement in heat consumption. In this case the curves 
are shown for a high pressure turbine of the axial type 
having an extent of reaction of 50% and another with 
the same mean entrance angle oxim and means exit angle 
62m. 
FIG. 7 is a diagram of the improvement in heat con 

sumption with two other variations of blade construction 
depending upon the increase in weight diameter and thus 
the lower curve of FIG. 7 shows the improvement in 
heat consumption for a blade of cylindrical-radial profile 
and the upper curve the improvement in the consumption 
for a blade having a tapered-twisted profile; and 

FIG. 8 schematically illustrates the corresponding pro 
file configurations. 

Referring now to the drawings, FIG. 1 shows the sec 
tion of blades for an axial turbine of the high pressure 
type provided with stationary or rotary blades L., L, 
where the stationary blades are to be considered as uni 
formly distributed about the inner peripheral Surface of 
an unillustrated turbine casing or the rotary blades are to 
be considered as uniformly distributed about the ex 
terior periphery of a turbine rotor. The distance e indi 
cates, as indicated, the smallest distance between a pair 
of adjoining blades and the distance t indicates the dis 
tance between corresponding points of a pair of adjacent 
blades. The radial boundary planes 1 and 2 show where 
the axially adjoining next ring of rotary or stationary 
blades is situated, while dimax is the diameter of the circle 
which is characteristic of the maximum relative profile 
thickness and L is the profile chord length (the longest 
dimension of the blade profile). 
The simplified mean or meridian sectional illustration 

of FIG. 2 shows the rotary blades L of a rotarv ring of 
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blades and the adjoining axially displaced stationary blade 
rings L' in both directions for a pair of stationary blade 
rings. The stationary rings of blades L are fixed to a cas 
ing which is not further illustrated or to a blade carrier 3 
at the blade roots 4 of the stationary blades, while the 
rotary blades L are fixed at their roots or feet 5 to a 
rotor 6 which is not further illustrated. Thus, as is ap 
parent from FIG. 2, the structure shown is a high pres 
sure turbine of the axial drum type. The height or longi 
tudinal length l of the blades is indicated in FIG. 2 as 
well as the profile width b thereof in the axial direction. 

FIG. 3 shows, in correspondence with FIG. 1, a sta 
tionary ring of blades L and an axially adjoining rotary 
ring of blades L., both rings being shown in section only 
with a pair of blades. The blades have entrance edges 7 
and exit edges 8. The steam enters, as is known, from the 
ring of stationary blades L with an absolute entrance 
speed c and at a corresponding entrance angle oil as well 
as with a relative entrance speed v and the corresponding 
entrance angle g into the rotary ring of blades L to give 
up at the latter a part of its kinetic energy So as to drive 
the rotary ring of blades and the rotor, to achieve in this 
way the rotary speed u. As is known the steam expands 
in the stationary ring of blades L. from the initial pres 
sure p up to the final pressure p1, which in accordance 
with i, the s-diagram of enthelpy difference io-i-HL, 
corresponds to and provides an isentropic or theoretical 
entrance speed c= V2gHL, where g indicates the accel 
eration of gravity. In accordance with whether the struc 
ture forms part of a high pressure or reaction turbine or 
a constant pressure or impulse turbine, the steam will ex 
pand more or less also in the rotary blades L., which is to 
say it expands from the pressure p1 to the pressure P2, 
corresponding to an enthalpy differential of i1-iz=HL. 
Whether the structure forms part of a high pressure or a 
constant pressure turbine, it has a characteristic for the 
latter factors the extent of reaction. 

r = H,--- 
HL -- HI, Hs 

where Hs is the drop from stage to stage (the drop from 
a stationary ring of blades to the adjoining rotary ring of 
blades). With high pressure turbines there is convention 
ally a degree of reaction on the order of r=50%, for 
example, while with action turbines there is, for example, 
a reaction extent of r=5%. With action turbines there is 
thus a reversal of pressure at steam speeds encountered 
primarily in the nozzle rings. Thus, the invention is not 
limited to the magnitude of the degree of reaction, al 
though it is of particular advantage when used with high 
pressure turbines having an extent of reaction on the order 
of 50%. 

Returning now to FIG. 3 after the steam has given up 
part of its kinetic energy to the rotary ring of blades I 
while being deflected in the passages 9 between the rotary : 
blades, it leaves the latter with an absolute exit speed c2 
(exit angle ox) and the relative exit speed wa (exit angle 
B), in order to then enter into the adjoining unillustrated 
stationary ring of blades, or to discharge from the turbine 
casing, for example for the purpose of being conducted 
to an adjoining turbine component or to be extracted. 
From FIG. 3 it is clearly apparent that e--s=t sine S2, if 
s indicates the width of the exit edge 8, which is to Say 

a err St S e=t. Sin 3-S (t sin B.) 
sine gast sine (31. Therefore, at small values of S the 
opening value can according to a first approximation be 
equal to the distance t between corresponding points of 
adjoining blades at times the sine of the exit angle (32 of 
the relative exit speed wa, or-which is the same 

e = sin 8 FSII re t 

where e is the opening ratio or the opening value. 
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In accordance with the above considerations, the speed 

diagram of FIG. 4, which is indicative of a reaction tur 
bine having a degree of reaction on the order of r=0.5, 
can be readily understood. Because of the increase in the 
opening value eachieved with my invention, there is pro 
vided the illustrated increase in the mean entrance angle 
oxim and the increase in the mean exit angle gam. In the 
illustrated example the entrance angle oxim is equal to the 
exit angle 6.2m. By way of the index n it is indicated that 
the angle is the mean value for the stationary and rotary 
blades and further that in the case of tapered or tapered 
twisted blades it is also the mean value taken over the 
height of the blade. In order to better illustrate my inven 
tion there are also shown in dotted lines in FIG. 4 the 
angle oxim-6am as being approximately equal to 26 cor 
responding to an opening value e=0.45. The vectors of 
the absolute entrance and exit speeds of the stream, the 
relative entrance and exit speeds, and the rotary speed 
are also indicated at c1 c2, wi, W2, and the u respectively. 
My invention has recognized the fact that a blade pro 

file with large relative section modulus with a large open 
ing value according to my invention can only be devel 
oped above a predetermined minimum Reyonold's num 
ber, namely 2x 105 at the rated capacity. In this case the 
flow remains within the region of turbulence where the 
frictional drag of the primary stream at the boundary 
layer is sufficiently great. 
The illustrations of FIGS. 5a-5d show a constant nor 

malized section modulus for the blade profile which is 
based on a dimensionless blade profile magnitude b, 
which is to say these figures show tests of a profile family 
of the same constant resistance moment W/b8. Further 
more, these curves are derived with a blade profile where 
the quotient of a divided by azul. =0.7 with an opening 
value e=0.3. Furthermore, corresponding practical fac 
tors have been taken into consideration, in that the gaps 
are proportional to the mean shaft diameter Dm, the 
bearing distance L is proportional to D/, which is to say 
the root from the mean admission diameter and thus the 
critical speed nikrit is approximately constant. Further 
more, it is assumed that the change of the active length 
of the rotor, which is to say that length which is pro 
vided with blades, equals the change in the distances be 
tween the bearings. Finally the Parson's number X is 
assumed to be constant, 
As is shown in FIG. 5a, there takes place in a most 

surprising way with an increase in the opening angle e an 
improvement in the entire efficiency to such an extent that 
the sum of all of the losses 2v=An, transferred to the 
ordinate in percentage, is smaller and has its minimum at 
approximately e=0.6. This minimum can, depending upon 
the selected profile family, be displaced upwardly and 
downwardly to a small extent. 

In FIG. 5b there are indicated the improvements in 
percentage of the pertinent individual losses depending 
upon the opening value e. And thus there is the piston 
gap loss v indicated by the radial gap between the com 
pensating pistons and casing of a predetermined amount 
of leakage flow. With high pressure turbines, as is known, 
it is necessary to provide such compensating pistons to 
equalize the axial thrust. 
The blade gap loss vs. is derived from the fact that the 

radial gap between the blades and casing will result in a 
certain amount of leakage flow. The blade tip loss vid 
is determined by the flow loss at the tips of the blades. 
The entrance flow value v is determined by the following 
consideration: if the opening angle e is increased, then 
with constant blade losses there will be a decrease in 
the circumferential efficiency, as already explained. On 
the other hand as result of the decrease in the deflection 
which then takes place in the passages between the 
blades there is a decrease in the blade loss. The influence 
of both of these changes on the efficiency is indicated by 
the entrance flow value v. An important discovery of my 
invention resides in the fact that, as shown in the dia 
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gram, with increasinge there is not only a decrease in the 
piston gap loss v and the gap loss vsp, but also there is 
a decrease in the blade tip loss vind, so that the reduction 
in the individual efficiency v initially has no influence on 
the entire efficiency and is more than compensated for, 
and in fact it is only at relatively large E-values that there 
is an actual reduction in the total efficiency. It is in 
portant that the blade tip loss vind be proportional to the 
ratio of b to l, which is to say the axial blade width to 
the blade height or blade length. The behavior of these 
individual losses provides the curves shown in FIG. 5a 
for the total efficiency. 
FIG. 5d shows that it is possible to reduce the blade 

height i, or 7 because the increased opening value pro 
vides a larger passage section for the steam between the 
blades. At the same time it is possible to reduce the 
mean admission diameter D. For the rotary blades, based 
upon a predetermined above-mentioned centrifugal force 
stressing at e=0.3, it is clear that the blade width b can 
be reduced, because the centrifugal force stresses and 
thus the ratio air to gau. becomes Smaller and for this 
reason, as shown in the diagram of FIG. 5c, the permis 
sible bending stresses a Bieszul. increases at the blade roots. 
Of course, because of the constant Parson's number it is 
necessary also to increase the numbers of stages, as shown 
by the curve Z in the diagram of FIG. 5c, but the extent 
of reduction of blade width is greater, and it is possible 
to reduce the active blade length of the rotor Lakt. as 
may be seen from FIG. 5d. Therefore, since not only the 
mean admission diameter but also the active length of the 
rotor are capable of being reduced, there is a highly 
significant saving in the cost of construction. 

Referring now to FIG. 6, there is indicated, as men 
tioned above, the improvement in heat consumption 
which can be achieved in a high pressure, intermediate 
pressure, and low pressure casing of a 1000 MW-turbine, 
depending upon the weight diameter in the second casing 
DeMD, indicated in mm., further depending upon the 
opening value or different sizes of the entrance angle 
sine aim=sine (32m with a pair of different critical speeds 
as parameters. The further indicated pressure numbers 
Y are defined by the dimensionless quotients 

2XA is st/ii? 
where Aist represents the isentropic enthalpy differential 
of a given stage and u? signifies the square of the circum 
ferential speed. The pressure number 1 is, in the same 
way as the Parson's number X a characteristic magnitude 
of the turbine and a determining factor for the stage load. 
The product of X and in is, as is known, equal to 8380 
m2kg/cal. From 6 it can be seen that with a constant 
critical speed and constant weight diameter of the first 
stage, which is to say with constant entrance flow mag 
nitudes, the operating Safety, with increasing mean dis 
charge flow angles 62m increase the gain in heat coin 
sumption. Since the distance of the individual curves for 
sine ox1=sine (32m=0.3, 0.4, 0.5, 0.6 with increasing e 
becomes constantly smaller, it is clear that with e-values 
above 0.6 a saturation has been achieved which is to say 
in efficiency has been reached where in the illustrated 
example it is at a maximum at values of e above 0.6. If 
the weight diameter is increased or the critical speed de 
creased, then, as is shown in FIG. 7, with a constant dis 
charge flow angle the stage loading will become reduced 
and the gain in heat consumption will be increased. In 
order to arrive at an optimum efficiency, it is recon 
mended in accordance with my invention that the rela 
tive maximum profile thickness of the blades dax/LP be 
between 0.3 and 0.4, where dimax is the diameter of the 
blade profile where the inner circle is situated at its 
thickest region and L is the profile chord length (the 
longest dimension of the blade section), as indicated in 
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FIG. 1. In this way it is possible to achieve a highly 
favorable resistance moment. 
A further improvement in the efficiency can be achieved, 75 

10 
as indicated in FIGS. 7 and 8, by using, instead of cylin 
drical-radial blades Prs a tapered, or better yet a tapered 
twisted blade Pra. As is shown in FIG. 8 the cylindrical 
radial blade Prs is characterized by the fact that the blade 
cross section II-II and the blade cross section I-I is 
constant throughout the entire height of the blade and the 
center of gravity thereof is situated on a radial line which 
extends perpendicularly across the axis of rotation. Thus, 
these sections of the blades shown at the left of FIG. 8 
for the blade Prs are equal to each other. A tapered 
blade is characterized by the fact, as shown for the blade 
Pr4 in FIG. 8 that the cross section of the blade diminishes 
gradually toward the tip thereof, so that the cross sec 
tion in the region of the tip of the blade is smaller as in 
dicated by the same sections taken for the right blade 
of FIG. 8 as compared to those taken for the left blade 
of FIG. 8. A tapered-twisted blade construction provides 
still further advantageous features in that the individual 
Sections are turned one relative to the other as indicated 
by the arrow at the upper right portion of FIG. 8 which 
shows a turning of one blade section relative to the other 
to provide the twisted blade structure. As a result of this 
piston blade structure, as compared to the cylindrical 
radial structure of FIG. 8, where the blade has a constant 
cross section throughout its length, it is possible to achieve 
the improved heat consumption indicated in FIG. 7 
where with the same type of illustration as shown in 
FIG. 6 Dd, MD indicates again the weight diameter in the 
second or intermediate pressure casing and I'm indicates 
the pressure number. It is seen, therefore, that the blade 
structure Pra achieves a highly significant improvement 
in heat consumption as compared to the blade structure 
Prs. The critical rotary speed again is maintained con 
stant. In order to indicate the changes in the gap-piston 
and discharge losses in a clearer manner, the improve 
ment of the flow losses resulting from the use of tapered 
twisted blades, which results in the greatest fraction of 
the total improvement, is not shown in FIG. 7. The actual 
improvement of heat consumption is therefore greater 
than illustrated. A tapered or even better a tapered 
twisted blade structure Pr is thus to be used with advan 
tage in the structure of my invention. Even if such ta 
pered-twisted blades for reasons of strength are prefer 
ably used with advantage for rotary blades of relatively 
great centrifugal force stresses, nevertheless it is pre 
ferred to use such blade structures also for rotary blades 
Subjected to lesser extents of centrifugal force stresses as 
well as for stationary blades because of the improve 
ment in efficiency resulting from the use of such blades. 
My invention is not to be considered as limited to use 

with blades for turbines where steam is the operating 
fluid under pressure, since it is also capable of being used 
with turbines where instead of steam the operating fluid 
under pressure is, for example, ammonia (NH) or Freon, 
for example Freon 21 (CHClF2). Thus, the range of uses 
of my invention are only limited by such factors as for 
a given rated capacity of a turbine stage the increase in 
the specific volume of each stage from one to the next 
is at a maximum 15% and the Reynold's number is equal 
to or greater than 2X105. 

I claim: 
1. In a turbine, at least one stationary ring of blades 

and a rotor carrying a rotary ring of blades for rotary 
movement relative to the stationary ring of blades, said 
stationary and rotary rings forming at leasrt one of a 
Series of turbine stages arranged one after the other in 
the direction in which the pressure of the turbine-driving 
fluid drops while the turbine-driving fluid expands dur 
ing rotary driving of the rotor, said blades having at 
their mean diameter at a region of a given operating fac 
tor and a Reynold's number Re=w" b/v22x 105, at the 
rated capacity of the turbine stage, an opening value 
e= e/t at least equal to 0.45 as the mean value for the 
stationary and rotary blades, where 
e=the smallest distance between adjoining blades, 
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t=the distance between corresponding points of a pair of 
adjoining blades, 

w2=the relative exit speed, 
b=the blade width, and 
v=the kinematic viscosity. 

2. The combination of claim 1 and wherein said given 
factor at said region is a pressure which is at least equal 
to 2 atmospheres absolute. 

3. The combination of claim 1 and wherein said given 
factor at said region is an increase of not more than 15% 
in the specific volume of each stage. 

4. The combination of claim 1 and wherein the ratio 
e=e/t is between 0.50 and 0.75. 

5. The combination of claim 4 and wherein said ratio 
is between 0.60 and 0.70. 

6. The combination of claim 1 and wherein a high 
pressure region of the turbine is designed to operate at 
a mean pressure on the order 90 atmospheres absolute. 

7. The combination of claim 1 and wherein an inter 
mediate mean region of the turbine is designed to oper 
ate at a mean pressure on the order of 8 atmospheres 
absolute. 

8. The combination of claim 1 and wherein the extent 
of reaction of the turbine is between 25 and 65%. 

9. The combination of claim 8 and wherein the extent 
of reaction is on the order of 50%. 
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10. The combination of claim 1 and wherein the tur 

bine is an axial turbine. 
11. The combination of claim 1 and wherein the rela 

tive maximum profile thicknessc of the blades da/L 
is between 0.3 and 0.4, wherein da is the diameter of 
blade profile at the inner circle arranged at its thickest 
region and L is the longest chord length of the blade 
profile. 

12. The combination of claim 11 and wherein at least 
the rotary blades are tapered. 

13. The combination of claim 12 and wherein at least 
said rotary blades are also twisted. 

14. The combination of claim 1 and wherein a fluid 
under pressure which coact with said blades is selected 
from the group consisting of steam, ammonia (NH3), 
and Freon 21 (CHCIF). 
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