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The present invention relates to turbines 
operated by a driving medium of high tem 
perature, such as explosion turbines, and has 
for one of its objects to provide blades for 

is the rotors of such turbines which are of such form and construction as to be capable of 
being impinged for an indefinite period of 
time by jets of a driving medium of a tem 
perature above the red heat of iron (about 

at 550° C.), and particularly by jets of explo 
sion gases of high temperature, without fail 
ure or interruption of the normal operation 
of the turbine. - 
The following description will be directed 

5 primarily to the embodiment of the inven 
tion in an explosion turbine, but it will be 
recognized that the invention is applicable 
also to other types of turbines driven by 
fluids of very high temperature, i. e. at or 

20 above the red heat of iron. 
I have found, as a result of extensive re 

search and investigation, that because of the 
reversal in direction of the gas stream in the 
pocket or trough of the blade, the gases un 

- 25 dergo a compression which is accompanied 
by an increase in the temperature of such 
gases. Thus I have found that if the tem 
perature of the gas stream as it enters the 
rotor blade channel is, for example, 800° C., 

30 such temperature rises to 920 C. in the 
middle of the blade pocket and falls to 800 
C. as it leaves the blade channel after the 
compression impact has become equalized. 
This phenomenon, investigation has shown, 
appears in the rotor blade channel uniform 
ly from the bottom to the top of the blade. 

in the other hand, the portion of the gas 
stream which flows through the blade chan 
nel along the rear face of a blade is subjected 
to no compression impact and consequently 
suffers no rise in temperature. 
Combustion gases, as is known, transmit 

heat to the blades both by conduction and by 
radiation as they stream through the rotor 
blade channel, the degree of such heat trans 
mission depending upon the temperature of 
the gases at any given point and also upon 
the temperature of the blades themselves at 
different points of their surface. The heat 
so absorbed by each blade becomes distrib 
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uted through the body thereof and is in part 
re-radiated to the surrounding atmosphere 
at the top and at the sides of the blade or is 
withdrawn by conduction as a result of ven 
tilation. A further portion of the absorbed 
heat is conducted through the foot of the 
blade into the rotor annulus or the blade 
carrying sectors. After an explosion tur 
bine has been in operation for about 30 min 
utes a state of equilibrium is reached in 
which the amount of heat delivered by the 
combustion gas stream to the blades is equal 
to the heat lost by the blade to its surround 
ing atmosphere and to the rotor body. After 
this condition of equilibrium is reached, def 
inite and constant temperatures exist in the 
different parts of the blade. If now the 
points of equal temperature in such blade 
are connected by lines (isotherms), there will 
be obtained a clear picture of the actual tem 
peratures which the individual portions of 
the blade reach. 
This picture, I have found, is far different 

from that which could be based on prior 
views on the conditions existing in the blades, 
which views would lead experts in the art, 
following the customary lines of thought, to 
the conclusion that the different zones or 
portions of the blades assume a uniform 
temperature during the operation of the tur 
bine. The present invention is based upon 
the peculiar and novel discovery which I 
have made following extensive research to 
the effect that the temperature distribution 
over the surface of the blade and throughout 
the interior thereof is a quite definite one but 
an extremely nonuniform one. 
This temperature distribution and the va 

riation in the permissible load corresponding 
thereto, I have made the basis for a new 
construction of the blades of explosion tur 
bines, which construction is fundamentally 
different from that of the blades employed in 
known continuous current turbines operated 
by steam. I have thus departed from the 
teachings of the prior art which gave no hint 
that the blades of an explosion turbine must 
be differently constructed from those of a 
continuous current turbine. According to 
the prior art, satisfactory flow conditions in 
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the blade channel and adequate strength 
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against bending forces and against cen 
trifugal force controlled exclusively the 
form of the blade. In accordance with the 
present invention the form of a blade for 
very high temperature work, such as an ex 
plosion turbine blade, is made to depend on 
and to meet certain other factors which here 
tofore have not been known or recognized. 
My novel form of blade is essentially dif 

ferent from the explosion turbine blades of 
the prior art and under the same conditions, 
such as equal operating safety, similar blade 
material, similar combustion gas tempera 
ture, pressure and velocity, the same number 
of jets per unit of time, the same number of 
combustion chambers, the same rotor di 
ameter, and the same rotor speed, a consider 
able increase in the radial length of the 
blades and consequently a considerable in 
crease in the capacity of the machine (which 
is an important advantage from the stand 
point of the initial cost of a turbine plant), 
is made possible as compared with known 
blades; or, with the same radial length of 
blade, my invention makes possible an in 
crease in the combustion gas temperature and 
consequently an increase in the thermal effi 
ciency. The discovery that I have made and 
upon which the present invention is based 
has disclosed the peculiar and surprising fact 
that definite temperature zones are created 
within the body of the explosion turbine 
blade. The zone of highest temperature is 

35 located island-like in approximately the mid 
dle of the blade, while the zones of decreas 
ing temperature lie toward the blade pe 
riphery. The temperature conditions upon 
the rear surface of the blade differ essen 

40 tially from the temperatures which prevail 
upon the trough of concave surface of the 
blade; the temperature in the body of the 
blade shows a quite definite transition from 
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the temperatures at such trough or concave 
surface of the blade to that upon the rear 
surface thereof. 

Considering now the load on the blade un 
der these conditions, there are to be distin 
g the stresses arising from centrifugal 
O rce and the bending stresses caused by the 
pressure of the combustion gas stream. If 
the sums of both of these stresses are repre 
sented in a coordinate system as ordinates 
while the height of the blade is represented 
as abscissae, there is obtained a line which 
begins at the zero point of the coordinate 
system (which corresponds to the top edge 
of the blade) and extends upwardly. If now 
there is introduced into the same coordinate 
system the temperature gradation along a 
medial longitudinal line on the concave sur 
face of the blade and the temperature grada 
tion along a similar line on the rear surface 

65 
of the blade, there are obtained two curves 
which are concave to the abscissie axis and 
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whose crown is approximately in the middle 
of the effective blade height. By integra 
tion over the whole blade cross-section there 
can be obtained a curve lying between the 
two justmentioned curves and indicating the 
average temperature in each separate blade 
cross-section. This average temperature line 
is most important for the calculation of the 
resistance or strength of the blade. 
As the clearance for turbine blades are very 

small, the creeping strength is the most deter 
mining factorin building materials for blades 
which are exposed to high temperatures, and 
this property must receive the closest atten 
tion in the study of rotor blades. By creep 
ing strength is meant the maximum load 
which can be continuously applied at a cer 
tain temperature for an indefinite period 
without causing a permanent distension of 
the material, at least not beyond a fixed safe 
maximum. If now in the coordinate system 
mentioned above there is introduced the 
creeping strength curve corresponding to the 
average temperature of the blade made of 
any suitable material, it will be found that 
this curve is convex to the abscissae axis and 
that its crown lies along the same abscissae 
as that in which is located the crown of the 

, average temperature curve. The distance be 
teen this creeping strength curve and the 
curve representing the sum of the loads due 
to centrifugal force and the pressure of the 
gas stream, is then a measure of the strength 
of the blade against creeping. 
In blades as heretofore constructed in 

which considerations of bending and centrif. 
ugal stresses were controlling and which were 
designed for use in continuous current tur 
bines, the creeping strength curve, when the 
blades were subjected to the investigation 
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outlined above, was extremely close to the 
curve representing the load due to centrif. 
ugal force and gas pressure; the reserve 
strength of known blades against creeping 
would consequently be found to be insuffi 
?cient. If, therefore, a blade of this kind 
whose form and dimensions were calculated 
for use with steam in a continuous current 
turbine and which would be entirely satis 
factory in such a turbine, were employed 
upon the rotor of an explosion turbine, in 
which, it will be remembered, jets of high 
temperature, high pressure gases impinge in 
termittently against the blades, such blades 
would after a short time begin to creep and 
give rise to serious disadvantages and dan 
gers during operation. 

Hitherto, the problem connected with the 
manufacture of a turbine blade for use with 
driving fluids of high temperature has usual 
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ly been solved by employing more highly . 
heat-proof structural materials for the blades. 
The present invention solves such problem, 
which assumes more serious proportions in 30 
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explosion turbines than in steam turbines, in 
an entirely different and novel manner. 
According to the present invention, a blade 

for explosion turbines is so constructed that 
the blade will resist the tendency to creep over 
indefinite periods of time. To accomplish 
this object I widen the blade beyond the 
width prescribed by the flow. conditions and 
the centrifugal and pressure load upon the 
blade, so that the middle portion of the blade, 
whose strength is small as compared with the 
mechanical load thereon because of its high 
average temperature in operation, is rein 
forced by the sides of the blade; such sides, 
as the blade is increased in width, reach lower 
temperatures than the middle portion of the 
blade and consequently possess greater 
strength against the mechanical load thereon 
than such middle portion. The present in 
vention thus embodies my discovery that be 
cause of the unavoidably high temperatures 
which exist in the middle portion of the 
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blade, the difference between the creeping 
strength and the actual load resulting from 
centrifugal force and gas pressure is so small 
in known blades that no sufficient reserve 
strength remains. My discovery that the 
temperatures in the body of the blade de 
crease in zone fashion with increasing width 
of blade makes it possible, when the blade is 
made sufficiently wide, to create so much re 
serve strength between the theoretical creep 
ing strength and the actual load that the 
blade sides reinforce the middle portion of 
the blade in the manner of a reinforcing 
framework, while the reserve strength in the 
middle portion suffices to hold the highly 
strained middle portion within this frame 
work formed by the less strained blade sides. 
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I am thus able to use materials for work at a 
temperature for which they have hitherto 
been regarded as unsafe. 
In the accompanying drawing there are 

illustrated the temperature and load condi 
tions in, and the strength of, the blades dis 
cussed hereinabove. In said drawing Fig. 1 
represents a central longitudinal section 
through an explosion turbine blade built in 
accordance with the present invention: Fig. 
2 is a perspective view of such blade; Fig. 3 
is a section along the line 3-3 of Fig. 1; Fig. 
4 represents a development of the blade sec 
tion shown in Fig. 3, the concave wall of the 
blade appearing as the vertical straight line 
at the right-hand end of Fig. 4; Fig. 5 sim 
ilarly represents a plan view of the concave . 
face of the blade developed as in Fig. 4; Fig. 
6 is a development of the rear face of the 
blade; and Fig. 7 is a diagram showing the 

60 physical properties of a 
according to the present invention. 
In Figs. 4, 5 and 6 are shown the isotherms 

which represent the temperatures at various 
65 

points on and in the blade when the condition 
of equilibrium mentioned above, has been 

tively (Fig. 7). 

lade constructed. 

3 

reached. These isotherms represent the con 
ditions in a blade constructed as shown in 
Figs. 1 to 3 and impinged by intermittent 
jets of explosion gases of approximately 
800 C. These isotherms show the peculiar 
and novel fact that during the operation of an 
explosion turbine clearly distinguishable and 
definable temperature zones are created in 
the body of the rotor blades. This fact, as I 
have indicated above, is quite contrary to the 
general impression in the art, based very 
probably upon experience with continuous 
steam turbines, that rotor blades generally 
have substantially the same temperature 
throughout their active portion. The zone 
of highest temperature exists island-like in 
the middle of the blade, while toward the 
edges of the bladeslie zones of constantly de 
creasing temperature. The temperature con 
ditions existing on the concave or trough 
surface of the blade are different from those 
upon the rear surface of the blade, while in 
the body of the blade there is a definite gra 
dation from the temperatures at the concave 
Surface to those at the convex or rear surface 
of the blade. 

If we now calculate the actual load on such 
a blade resulting from centrifugal force and 
the bending force due to gas stream pressure 
and represent the sum of these values in the 
coordinate system in which the abscissae rep 
resent the height of the blade measured from 
the top to the bottom thereof, while the or 
dinates represent such sum, there is obtained 
the curve 1 shown in Fig. 7. If now we plot 
the temperatures on the surface of the blade 
trough or pocket and on the rear surface of 
the blade along the median line II-II of 
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Figs. 4, 5 and 6, against the blade height, 
there are obtained the curves 2 and 3 respec 

By integration over the 
whole blade cross-section there is obtained 
the curve 4 which represents the average 
temperature in the central longitudinal sec 
tion of the blade. This curve 4 is controlling 
in the calculation of the strength of the blade. 
Since, as stated above, the creeping strength 
is the most important property of machine 
parts employed in high temperature work, 
with small clearances, primary consideration 
must be given this property in the present 
case. The curve 5 in Fig. 7 is based on curve 
4 for a definite blade material, such as, for 
example, an alloy containing 10% iron, 65% 
nickel, 15% chromium, and 7% molybdenum 
The blade according to Figs. 1-3 may 

therefore be loaded up to the amounts indi 
cated by curve 5; actually its load is repre 
sented by the curve 1. At about the middle 
of the radial length of the blade the curves 
1 and 5 are closest to each other. From this 
it will be clear that the smallest degree of 
safety is therefore to be found not at the foot 
of the blade, as was to be expected from prior 
art considerations, but at the horizontal sec 
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tion taken at about the middle of the blade 
height. The problem of the present inven 
tion was therefore to make sufficiently great 
the distance between the curves 1 and 5, 
which distance is a measure of the reserve 
strength of the blade. The solution of this 
problem according to the invention is based 
upon my discovery that the weakest portion 
of the blade is not the bottom but the middle 
part thereof, as is illustrated by curve 5; the 
reserve strength at this middle portion of 
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the blade can be increased only to a very 
slight extent by known measures, and the 
means for increasing such reserve strength 
are not proportionate to the result. The 
present invention embodies, however, the 
further discovery that I have made to the 
effect that thesides of the blades, contrary to 
the hotter middle section, take on lower tem 
peratures with increasing width and that 
finally the blade can be given a width at 
which the sides of the blade reach tempera 
tures which lie considerably below that at 
which the creeping strength is exceeded. 
The blade shown in Figs. 1 to 3 has been 
given a width of this degree as can be seen 
from Figs. 5 and 6. The widened sides of 
the blades, being cooler, act as a reinforcing 
and carrying framework for the inner 
island-like highly strained blade portion, 

, the latter being hung in such framework as 
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the corresponding curve of a blade con 
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65 ature above redheat, said middle portion, 

in a skeleton frame. The average values of 
the temperature which the blade assumes in 
operation are thus reduced so that by such 
expedient an indirect cooling of the blade 
is obtained. By widening the blade the 
moment of resistance also is increased so 
that curve 1 of Fig. 7 lies lower than does 
structed according to the prior art. To 
such widening of the blade, therefore, is to 
be attributed the increase in the distance be 
tween the lowest point of the curve 5 and 
the curve 1. If no increase in operatin 
safety by increase of the reserve strengt 
of my new blade is sought, then gases at 
higher temperatures may be employed with 
no loss in the degree of safety of operation, 
so that the operation of the explosion tur 
bine can be improved and its economy in 
creased. If the temperature conditions re 
main the same, then the radial length of the 
blade can be increased, so that the capacity 
of the blades is increased. 
I claim: . 
1. Ablade for the rotor of a turbine driven 

by a fluid of a temperature above the red 
heat of iron, the width of such blade being 
substantially greater than that demanded 
by the flow conditions and by the load due 
to centrifugal force and to the pressure of 
the fluid stream, said blade being capable of 
continuous operation for indefinite periods 
with the middleportion thereof at a temper 
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whose resistance to creeping, because of the 
high average temperature which it assumes 
during operation, is small under the me 
chanical load thereon, being reinforced by 
the sides of the blade which with increasing 
width of the blade take on lower tempera 
tures than such middle portion and conse 
quently possess a greater strength as against 
the mechanical load thereon than does said 
middle portion. 

2. A blade for the rotor of a turbine driv 
en by a fluid of a temperature above the red 
heat of iron, the width of said blade being 
such that when the blade is in operation at 
rated or above rated capacity and the center. 
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of the blade assumes a temperature above 
red heat, Zones of sufficient extent of lower 
temperature than the center of the blade ex 
ist at the sides thereof and reinforce such 
center and prevent creeping of the blade, 
the width of the blade being greater than 
that demanded by the flow conditions and 
by the load due to centrifugal force and to 
the pressure of the gas stream. 

3. A blade for the rotor of a turbine 
driven by a fluid of a temperature above the 
red heat of iron, said blade capable of con 
tinuous operation for indefinite periods with 
the middle portion thereof at a temperature 
above red heat, the width of the blade being 
such that when the blade is in operation at 
rated or above rated capacity, sufficiently 
wide Zones of lower temperature will sur 
round the hotter central portion of the blade 
to reinforce the same and prevent creeping 
of the blade. 
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