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TURBNE, DRIVEN LOCOMOVE 

Alf Lysholm, Stockholm, and Fredrik Ljung 
ström and Erik Otto Eriksson, Lidingo, 
Sweden, assignors to Aktiebolaget Ljungströms 
Angturbin, 
Corporation 

Stockholm, Sweden, a Swedish 

Application November 26, 1932, Serial No. 644,474, 
and in Sweden 

8 Claims. 

This application is a continuation in part re 
placing our copending application Serial No. 
333,173, filed January 17, 1929, and, as to all 
common subject matter, relates back to said ap 
plication Serial No. 333,173, and to foreign ap 
plications corresponding thereto for all dates and 
rights incident to the filing thereof. 
The present invention relates to turbine driven 

locomotives and has for its general object the 
provision of a locomotive of the above type capable 
of fulfilling the requirements of locomotive oper 
ation as to size, weight, cost, tractive effort, etc., 
while at the same time operating with a high de 
gree of economy over the range of speeds encoun 
tered in normal locomotive service. More par 
ticularly, the invention aims to provide a turbine 
driven locomotive having the above characteris 
tics which is of the non-condensing type and 
which may be of a size having relatively great 
power capacity. Still more particularly the in 
vention aims to provide a locomotive of the above 
type in which the motive fluid is supplied to the 
turbine at relatively high pressure and tempera 
ture So that the turbine, even though operating 
as a non-Condensing unit, will, due to the condi 
tion of the motive fluid as delivered to the tur 
bine and to the other characteristics inherent in 
the structure when built in accordance with the 
invention, achieve an operating economy com 
parable to or improving upon the operating econ 
ony of condensing units for driving locomotives, 
as heretofore constructed, thus providing a loco 
notive of high operating efficiency without in 
volving the relatively great cost of a condenser. 

For the purpose of obtaining the above and 
other more detailed objects, we provide a turbine 
locomotive in which the speed of the turbine is 
so related to the speed of the driving wheels of 
the locomotive that the speed of rotation of the 
turbine at which the maximum efficiency is ob 
tained is less than the maximum speed of the 
locomotive. Preferably, in accordance with the 
invention, the speed of the turbine at which max 
innum efficiency is reached is between twenty-five 
to seventy-five percent of the maximum locomo 
tive speed. By the term "maximum speed' as 
herein employed, we mean the maximum speed 
at which the locomotive and its propelling mech 
anism are intended to operate under normal con 
ditions, as distinguished from excess or abnor 
mally high speeds or "runaway" speed. 

Further, and in order to secure the maximum 
benefit from the invention, We provide a turbine 

; locomotive including a turbine incorporated in the 
locomotive in a manner providing for operation 

January 14, 1928 
(C. 105-38) 
With relatively uniform high efficiency over a come 
paratively wide speed range embracing the most 
frequently employed speeds of operation of the 
locomotive. d 
Stated broadly, We provide, as a principal fac 60 

tor in obtaining the objects of the invention, a 
locomotive having a turbine of a type Suitable for 
locomotive operation and incorporated in the 
locomotive in a manner such that the character 
istic of the turbine known as the "Parsons char 
acteristic value' (see Stodola, Steam and Gas 
Turbines) and hereinafter referred to as the Par 
Sons figure, is, when the turbine is operating at 
maximum speed, greater than 2800 (the factors 
determining the Parsons figure being expressed 
in metric units). Preferably, the locomotive is 
so designed, having regard to the number of 
Stages and Speed of operation of the turbine blad 
ing, that the sum of the Squares of the Speeds of 
the turbine blades at maximum speed is greater 
than 600,000 meters/seconds?. We further pro 
vide a locomotive having a boiler and a super 
heater delivering Superheated steam to the tur 
bine, which steam is preferably generated so as to 
be delivered to the turbine at a pressure of at 
least twenty atmospheres and superheated to a 
degree giving a total temperature of at least 
400° C. 
More specifically, we prefer to employ a tur 

bine of the combined type, that is, a turbine 
having both impulse and reaction blading, and 
to utilize the different types of blading in a 
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manner hereinafter to be more fully pointed out. 
For a better understanding of the nature of 

the invention and the manner in which it is 90 
carried into effect, reference may be had to the 
accompanying drawings forming a part of this 
specification and the following description 
thereof. 
In the drawings: 
Fig. 1 is a 5 diagram illustrating performance 

characteristics of locomotives having different 
kinds of prime movers; ' 
Fig.2 represents diagrammatically certain loco 

motive turbine efficiency characteristics; 
Fig. 3 is a diagrammatic side elevation, partly 

in section, of a locomotive suitable for carrying 
the invention into effect; 

Fig. 4 is a diagrammatic front end view of the 
locomotive shown in Fig. 3; 

Fig. 5 is a side elevation, partly in section and 
on a larger scale, of a portion of a locomotive 
embodying the invention; 

Fig. 6. is a diagrammatic side elevation, on a 
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2 
still larger scale, of the gearing indicated in 
Fig. 5; 

Fig. 7 is a section taken on the line 
Fig. 5; and 

Fig. 8 is a longitudinal central Section of a 
preferred form of turbine for use in the arrange 
ment shown in Fig. 5. 

In order to facilitate an understanding of the 
invention, we will compare the operating char 
acteristics of a reciprocating engine locomotive 
with apparatus in accordance with the invention. 

Referring now to Fig. 1, the abscissae of the 
co-ordinate system represent speed of the loco 
motive and the ordinates thereof represent the 
indicated power developed by the engine. Curve 
A designates the indicated power of a reciprocat 
ing engine at various locomotive speeds. From 
zero value to the point B on the curve, which 
point corresponds to a certain speed B' of the 
locomotive, the reciprocating engine Operates With 
constant admission or fixed point of cut-off of 
steam to the cylinders and with a varying amount 
of steam. At speeds greater than B', steam ad 
mission per working stroke varies inversely to 
the speed of the locomotive, aSSunning the quan 
tity of steam to remain constant. The reason 
for this is that at speeds greater than B', with a 
given constant quantity of steam, admission of 
steam to the cylinder is cut off at an earlier 
point in the Working stroke of the piston and 
the steam expands in the cylinder to a lower 
pressure. It is well known that decreasing the 
cut-off to the cylinder increases the indicated 
Work done by the steam in expanding in the 
cylinder. This is evidenced by the increased area 
of the indicator diagram and since the increase 
in work produced is obtained with a constant 

- Of 

steam input, the efficiency of the engine is in 
creased. Curve Ashows that the indicated power 
output of the reciprocating engine, with constant 
steam admission, and thus the efficiency thereof, 
increases with the speed of the locomotive. The 
greatest efficiency is obtained at the Speed indi 
cated at C which speed corresponds to the maxi 
mum speed of the locomotive. 

It is, of course, possible to have a valve setting 
such that at low speeds of the locomotive, the 
point of cut-off of steam admission occurs so 
early in the working stroke of the piston that 
when the speed of the locomotive is increased to 
maximum, the cut-off is reduced to such a degree 
that the indicated work decreases before the max 
imum speed is reached. Under such conditions, 
the efficiency of the engine is greater at lower 
speeds than at maximum speed. However, the 
last-mentioned conditions are purely theoretical 
and not practical. A relation such as that above 
assumed between the cut-off and the maximum 
speed is not practical because of the very large 
size of the cylinders required. The size of loco 
motive cylinders is definitely limited because of 
the clearance limits imposed upon locomotives. 
In addition to the difficulty of obtaining, in a 
locomotive, cylinders of the size required for the 
above assumed conditions, increase in the size of 
the cylinders also results in increases in mechani 
cal losses, radiation losses, clearance losses and 
leakage losses. These losses will be present at all 
locomotive speeds and so reduce the efficiency 
of the engine over its entire speed range as to 
preclude any gain in the over-all efficiency of the 
engine due to adjustment of the cut-off so as to 
obtain maximum engine efficiency at a speed 
below maximum engine speed. 

- 

1,924,062 
Curve D designates the indicated power output 

for a turbine locomotive in accordance With the 
present invention, the curve being based upon 
the same initial steam pressure and temperature 
as for the reciprocating engine whose indicated 
output is shown by curve A. As will be observed 
from curve D, the maximum power output of 
the turbine is obtained at point. E. 
The curve G illustrates the indicated power 

output of a turbine locomotive also constructed 
in accordance with the present invention, but de 
signed to operate with a higher initial steam 
pressure and temperature than that employed 
in the engine and turbine whose characteristics 
are shown by curves A and D, respectively. In 
the present instance, the maximum power output 
is obtained at point H. From curves D and H, 
it will be observed that the maximum power out 
puts of turbines, and thus the efficiencies thereof, 
are obtained, respectively, at speeds E' and H', 
which speeds are lower than the maximum-speed 
C'. These curves, which represent the indicated 
power outputs of the turbines, are plotted on the 
basis of the use of a constant steam quantity and 
therefore, are indicative of turbine efficiencies at 
the various speeds. 

In stationary steam power plants where the 
Speed of the prime mover is constant and normal 
Speed is the maximum speed thereof as herein 
before defined, the prime mover should be de 
signed so that the greatest efficiency is theoreti 
cally obtained at its normal operating speed, that 
is to say, its maximum speed. In actual prace 
tice, particularly in the case of turbines, highest 
efficiency thereof is frequently obtained at a 
Speed somewhat above the maximum speed, be 
CauSe of the fact that to obtain a turbine which 
Will operate with maximum theoretical efficiency 
at maximum Speed involves so much additional 
cost, as compared with the cost of a turbine oper 
atting at somewhat lower than maximum theo 
retical efficiency at its maximum speed, that the 
latter type of turbine is economically the most 
advantageous to employ. In locomotives, on the 
other hand, the operating conditions are entirely 
different, the normal average speed usually be 
ing considerably below the maximum speed and 
the normal speed also varying over a consider 
able range. In accordance with the present in 
Vention, the locomotive is designed so that maxi 
mum operating efficiency is obtained in the range 
of Speeds, below maximum speed, at which the 
locomotive is generally operated. Experience has 
shown that this range includes from between 
25% to 75% of the maximum locomotive speed. 
To obtain a locomotive turbine having char 

acteristics of operation such as to make it suit 
able for the varying conditions of load and speed 
imposed by locomotive operation and also hav 
ing the desired properties for carrying the pres 
ent invention into effect, known principles of de 
sign may be employed as to the details of the tur 
bine design and within the scope of the inven 
tion the turbine may take various specific forms, 
the details of the turbine design being dictated 
to a material degree-by the operating character 
istics desired for the specific type of locomotive 
in which the turbine is incorporated. 
Turbines as known today may be divided into 

three different classes, impulse turbines, reaction 
turbines and combined turbines, that is, tur 
bines of the type in which both impulse blading 
and reaction blading stages are employed. For 
reasons which are well known, rither the pure 
impulse turbine nor the pure reaction turbine is 
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1924,062 
suitable as a driving unit for locomotives, while 
the combined type turbine is suitable for Such 
purpose since the combined turbine incorporates 
the characteristics of the impulse and reaction 
types which are favorable with respect to locomo 
tive operating conditions and minimizes or elim 
inates the characteristics of impulse and reaction 
turbines which are not favorable with respect to 
locomotive operating conditions. 
A turbine of the combined type may, there 

fore, be used most advantageously in carrying 
our invention into effect. In locomotive practice, 
and in order to make use of our invention, the 
locomotive is designed so that the Parsons figure 
of the turbine is greater than 2800 when the 
locomotive, and consequently the turbine, is Oper 
ating at maximum Speed. 
The Parsons figure is well known and has beera 

Widely used for many years in the turbine art as 
a ready means of indicating turbine character 
istics without the necessity of having to take 
into account details of turbine design. It is in 
the nature of a comparator and the value of 
the figure is obtained by dividing the sum of 
the Squares of the peripheral velocities of the 
turbine blading, or, expressed in another way, 
the mean Square of the peripheral velocities of 
the blading times the number of stages, by the 
adiabatic heat drop in the turbine. The periph 
eral velocity of the turbine blading , we will . 
designate by the letter 'u'. The adiabatic heat 
drop in the whole turbine is designated by X. 
The Parsons figure, designated by X, equals 

Xu 
A 

Or, expressed in words, the sum of the squares 
of the blade speeds divided by the adiabatic heat 
drop in the whole turbine. For the values of the 
Parsons figure as herein employed, 'u' is ex 
pressed in terms of meters per second and A is 
expressed in kilogram calories. It is this Par 
SOnS figure of 

W 2u. 
A 

which we make greater than 2800, and the factor 
Xu which we prefer to make greater than 600,000 
meters/seconds, at maximum locomotive speed. 
The Parsons figure is used in connection with 

the present invention in preference to speed or 
velocity triangles because of the fact that this 
figure is characteristic of the turbine as a whole, 
while velocity diagrams are usually different for 
different stages in the same turbine. Thus by the 
use of the Parsons figure, those skilled in the art 
may determine readily the manner in which the 
locomotive must be designed in order to provide 
the turbine characteristics necessary in order to 
carry the invention-into effect. At the same time, 
the locomotive designer is not limited in his choice 
of different arrangements involving differences in 
the details of the design of the locomotive as a 
whole or of the turbine, which details may be 
governed by well known principles of design. 
In order to understand the bearing on the 

present invention of the value of 2800 for the 
Parsons figure, reference may be had to Fig. 2 
in which are plotted the more or less diagram 
matic curves K and L, in a coordinate system in 
which locomotive speeds are represented by 
abscisse and efficiencies of the turbine are 
ordinates. The curve Kindicates the efficiency of 
a turbine in which allowance is not made for 
losses due to impact in the blade system. The 
upper curve I indicates the efficiency of a turbine 

3 
in which allowance is made for such impact losses. 
On the latter curve, the maximum efficiency of 
the turbine occurs at a locomotive speed M' which 
is substantially half of the maximum speed C’. 
As hereinbefore mentioned, the combined type of 
turbine is the most suitable type for locomotive 
propulsion, but for different types of locomotives 
the relation between the amount of impulse blad 
ing and reaction blading may be different if best 
results are to be obtained. Generally speaking 
the higher the initial steam pressure, the greater 
should be the percentage of the impulse blading 
employed, but we have found and consider 50% 
impulse blading to be a maximum for Satisfactory 
performance. With relatively low initial steam 
pressures as little as 10% impulse blading may be 
employed and for locomotive boiler pressures of 
the order now often employed, that is to say, about 
12 to 14 atmospheres, 30% impulse blading repre 
sents a desirable proportion. 
Considering the Parsons figure for a moment, 

it can be shown theoretically that for impulse 
blading, maximum efficiency will be obtained 
when the Parsons figure has a value of about 1800 
and for reaction blading, maximum efficiency will 
be reached when the value of the Parsons figure 
is about 3800. Thus, for a combined type turbine 
in which the maximum amount of impulse blad 
ing is employed, maximum efficiency is to be ex 
pected when the Parsons figure has a value of 
approximately 2800 and this value therefore be 
comes in the nature of a critical value for the 
purposes of the present invention, since as the 
percentage of impulse blading is decreased, the 
value of the Parsons figure at which maximum 
efficiency is obtained, increases. 
The benefits Of Our invention are obtained in 

the manner which we contemplate by designing 
the locomotive so that the Parsons figure of the 
turbine at maximum locomotive speed is greater 
than 2800. In Order to Secure the maximum 
benefits from the invention, it is advantageous to 
design the locomotive so that the value of the 
Parsons figure at maximum locomotive speed is 
materially greater than 2800, and, as will herein 
after be more fully explained, at least 4000. Thus, 
in the more or less diagrammatic curves which 
we have used for illustrative purposes in Fig. 2, 
the Parsons figure for the turbine at maximum 
locomotive Speed, that is, at Speed C, which is not 
quite double the speed M', is approximately 10,000 
for a turbine the maximum efficiency of which is 
reached when the value of the Parsons figure is 
2800, since the Parsons figure varies approxi 
mately as the square of the speed of the blading, 
due to the presence of the factor u in the formula 

‘and the fact that mere change in speed has little 33 
effect upon the value of the factor M. 
From the character of the curves indicated, it 

will be evident that if the sped is less than M', 
the Parsons figure for the turbine at such lesser 
speed will be less than 2800 and if the speed is 
greater than M' the Parsons figure for the tur 
bine at the greater speed will be greater than 
2800. From this it follows that if a locomotive 
is designed so that at maximum speed the Par 
Sons figure is less than 2800, the locomotive will 
be Working always on the descending part of the 
efficiency curve to the left of M'. This, obvious 
ly, will result in low average efficiency of opera 
tion. On the other hand, if the locomotive is 
designed so that the Parsons figure at maximum 
speed exceeds 2800, when at a speed such as Mr. 
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4. 
the Parsons figure Will be 2800, and the maximum 
efficiency of the turbine Will be reached at this 
Speed M', which may be and preferably is ma 
terially lower than the maximum speed of the 
locomotive. The locomotive will then operate at 
relatively high efficiency, due to the fact that the 
normal operating range of the locomotive will 
be between maximum speed and the speed M' at 
which maximum efficiency occurs. This range, 
due to the efficiency characteristics of turbines 
with variations in speed, will give a very much 
higher average overall efficiency than will the 
range on a curve which reaches its maximum 
efficiency at the maximum speed of the locomo 
tive. 
As is Well known in the art, blades for steam 

turbines should be designed in Such a manner 
that the inlet angle of the motive fluid relative 
to the blades, for the normal speed of the blades, 
is Such that only minimum shock losses are in 
curred. In locomotive turbines, the blade speed 
will vary over a comparatively wide range and 
for this reason it is advantageous, if the best ef 
ficiency is to be obtained, to select a type of blade 
which is adapted to be used for widely varying 
inlet angles of the motive fluid relative to the 
blading without incurring appreciable losses due 
to eddies and the like in the flow of the motive 
fluid. A blade fulfilling the above requirement 
for variable Speed locomotive turbines is dis 
closed in United States Reissue Patent No. 18,485 
granted to Alf Lysholm May 31, 1932. 
The curve K in Fig. 2 is based on the use of 

such a blade, and from this curve it will be evi 
dent that the difference in efficiency incident to 
the use of this blade as compared with the effici 
ency incident to the use of this blade as compared 
with the efficiency obtained under the conditions 
represented by the curve L, in which curve al 
lowance is made for impact losses, will be negligi 
ble, particularly in the normal operating speed 
range for the locomotive. 
Where blading of this type is used, it is ad 

vantageous to use partial admission for control 
ling the speed and power of the turbine. 
From a comparison of curves K and in Fig. 

2, it will be observed that when impact losses in 
a variable speed turbine are taken into account, 
the specific design of the turbine blade will have 
Some influence on the Specific degree of slope or 
curvature of the efficiency curve of the turbine, 
but for a given type of turbine the general char 
acteristics of the turbine with respect to the 
speed at which maximum efficiency is reached 
Will not vary materially for a given Parsons figure, 
provided that the design of the turbine is in ac 
cordance with known principles of turbine design 
and that the details of the blading are worked 
out with normal known factors of design in mind. 
It is thus evident that while, for a variable Speed 
turbine, advantage may be derived from the emi 
ployment of a special type of blade such as that 
disclosed in the above mentioned patent, the ad 
vantage so derived is due to the fact that the 
efficiency curve produced when such a blade is 
employed is relatively flat for a greater distance 

- on each side of the point of maximum efficiency 
than would be the case if what may be termed 
a normal blade profile were used in the same tur 
bine. In both cases, however, the normal char 
acteristic of the efficiency curve of the turbine 
will be the same with respect to the speed at 
which maximum efficiency of the turbine is 
reached. 
We have further found that for non-condens 

2,924,062 
ing locomotive turbine drives, the benefits of the 
present invention may be enhanced if the turbine 
is constructed so that the maximum efficiency of 
the impulse blading is reached at a different and 
lower locomotive speed than that at which the 
reaction blading reaches maximum efficiency. 
While at first thought, it might appear that this 
relation of the locomotive speeds at which maxi 
mum efficiency of the two types of blades is 
reached follows from the fact that the value of 
the Parsons figure for maximum efficiency of 
impulse blading is lower than that for maximum 
efficiency of reaction blading, such is not neces 
sarily the case. The reason for this is that in 
the case of the Parsons figure, the Speed involved 
is peripheral velocity and the value of this speed 
as modified by the adiabatic heat drop is deter 
minative of the value of the Parsons figure. 
By relating the factors determinative of the 

speed of the blading so that the impulse blading 
reaches maximum efficiency at a locomotive speed 
lower than that at which the reaction blading 
reaches maximum speed, a flatter characteristic 
is obtained for the efficiency curve of thé com 
bined turbine than would be the case if both the 
impulse and the reaction blading reached maxi 
mum efficiency at the same locomotive Speed, and 
When the value of the Parsons figure at maximum 
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locomotive Spaed is in the range contemplated by 
us, it will be evident that in the normal operat 
ing speed range of the locomotive, the efficiency 
Will not only be high but will also vary but little as 
compared with the variations in efficiency usually 
obtained. 
In connection with the preceding discussion, 

it will be understood by those skilled in the art 
that while for purposes of explaining the nature 
of the present invention we have considered im 
pulse and reaction blading from a theoretical 
Standpont, each being considered as converting 
energy solely in accordance with its respective 
principle of operation, the practical operation of 
turbine blading is such that in impulse blading 
Sonne Conversion of energy unavoidably occurs 
due to reaction and in reaction blading some con 
version of energy unavoidably occurs due to im 
pulse. For this reason there may be, as will here 
inafter appear, a minor difference between the 
purely theoretical values obtainable and the re 
Sults obtained in practice, but this difference in 
no wise affects the general principles of the in 
vention or the manner of carrying it into effect. 

It will further be understood that the determi 
nation of the Parsons figures as herein consid 
ered is based, in accordance with usual practice, 
On full steam admission and unthrottled heat drop. 
Turning now more particularly to Figs. 3 and 

4, We have shown a locomotive in diagrammatic 
fashion for illustrative purposes. The locomo 
tive illustrated is of the non-condensing type 
and comprises a boiler 1 having a fire box 2. 
Reference numeral 3 indicates the usual cab. and 
4. the tender space for carrying fuel. Reference 
character 5 designates the header of the usual 
fire tube type of superheater, the superheating 
elements connecting the inlet and discharge 
chambers of the header being indicated at 6. 
Saturated steam from the boiler is supplied to 
the Superheater through the dry pipe 7 and su 
perheated Steam is conducted through the pipe 
8 to the turbine 9. A gear box, indicated gener 
ally at 10 contains a set of speed-reducing gears 
through which power is transmitted to a lay shaft 
connected by means of connecting rods 12 (one 
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1,924,062 
only being shown in Fig. 3) to the driving wheels 
13 of the locomotive, the latter wheels being COní 
nected by side rods 21 in the usual manner. 
The exhaust steam from turbine 9 is conducted 

through the exhaust steam conduit 16 to the ex 
haust steam nozzle 14 which may be of conven 
tional form and which acts as a draft creating 
ejector by discharging the exhaust steam up 
wardly through the locomotive stack 15. 

If desired, some of the exhaust steam may be 
utilized for the purpose of preheating feed water 
and in assisting combustion. By way of example, 
We have shown diagrammatically the exhaust 
steam branch conduit 18 leading to the locomo 
tive fire box and having a sub-branch 18' for 
conducting exhaust steam to the feed water 
heater indicated diagrammatically at 19. 
In order to secure the best results from the 

present invention, it is desirable to utilize steam 
generated at high pressure and Superheated to 
a relatively high degree. We have found that 
if the invention is embodied in a locomotive 
adapted to supply steam to the turbine at a pres 
sure of at least 20 atmospheres and the steam 
is superheated to at least 400 C. It is possible 
to obtain a fuel economy comparable to that 
obtainable with present condensing turbine lo 
comotives. We are, therefore, under these con 
ditions, enabled to provide a locomotive giving 
the economy to be expected from present con 
densing locomotives but very much lower in cost 
and very much more practical in operation be 
cause of the elimination of the necessity for a 
condenser. It will be understood, however, that 
the invention is not limited in its application to 
so-called high pressure locomotives, and is also 
productive of materially improved results in loco 
motives having boilers delivering steam at rela 
tively moderate pressures. 
Turning now more particularly to Figs. 5 to 8 

inclusive, we have shown by Way of example a 
form of locomotive adapted to be operated with 
steam at the pressure and temperature given 
above and with a turbine having a Parsons figure 
at maximum locomotive speed which is well above 
the minimum value of 2800, so that maximum ef 
ficiency is reached at a speed materially below 
maximum speed. For purposes of illustration we 
have chosen a combined type of turbine which, as 
hereinbefore stated, we consider to be the most 
suitable type of turbine for meeting the various 
demands of locomotive Service and which type of 
turbine we have found to be successful in a full 
sized locomotive which we have constructed in 
accordance with the present invention. It is to 
be understood, however, that the specific form 
of construction to be described is given merely by 
way of example for illustrating what we consider 
to be an advantageous form of general design. 
Our invention, however, is not to be considered 
as in any way limited to the general type of or 
specific design herein illustrated in these figures. 

Referring now more particularly to Fig. 5, the 
locomotive comprises a frame 25 which may be 
of conventional construction and which serves 
to support the boiler 26 which, in the illustrated 
embodiment, is of the usual fire tube locomotive 
type. Combustion gases from the fire box (not 
shown) flow through the flues 27 to the smoke 
box 28 and from the latter pass to the atmosphere 
through the stack 29. 
The steam generated in the boiler is conducted 

through the dry pipe 30 to the inlet compartment 
31 of a superheater header 32 and from this com 
partment flows through the superheater elements 
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to the discharge compartment 34. The Super 
heater may be of any suitable form. The type of 
superheater illustrated is that most commonly 
used in which the steam is superheated in its 
passage from compartment 31 to compartment 
34 by flowing through a multiplicity of elements 
33 extending into flues 27 and connecting these 
compartments in parallel. 
Superheated steam is delivered from the su 

perheater through the delivery pipe indicated at 
35 to the admission ports of the turbine, presently 
to be described. 
Turning now to the propelling mechanism for 

the locomotive, this comprises a turbine, the cas 
ing of which is indicated generally at 36, from 
which turbine power is transmitted through a set 
of speed reducing gears contained in the gear 
housing 37. The turbine casing and gear hous 
ing constitute a rigid unit which may be mounted 
on the locomotive in any Suitable manner. In the 
present embodiment, this unit is carried by a for 
ward extension of the main frame 25 of this loco 
motive. This extension may, depending upon the 
character of the locomotive, be rigid with frame 
25 or articulated with respect thereto. Frame 
25 is supported in the usual manner upon the 
main driving axles of the locomotive, which axles 
carry the driving wheels 38. The forward exten 
sion of the frame may be advantageously sup 
ported by a separate axle upon which are mount 
ed bogie wheels 39. 
The driving wheels 38, of which there may be 

a variable number depending upon the type of 
the locomotive, are connected by the usual side 
rods 40 pivoted to wheel cranks 41. A pair of 
connecting rods 42 serve to connect one pair of 
driving wheels 38 with the crank arms 43 on a 
lay shaft 44 which comprises the slow speed shaft 
of the reduction gearing in housing 37. 
Turning now more particularly to Figs. 6 and 115 

7 We have shown. On enlarged Scale a suitable 
form of reduction gearing for connecting the tur 
bine with the lay shaft. This gearing may be con 
structed in accordance with designs known in the 
art. 
The turbine shaft 45 (Fig. 7) is connected to 

and drives at shaft speed the pinion gear 46 
which, in the embodiment illustrated, is in the 
form of a dual gear provided with resilient teeth 
for reasons which will hereinafter appear. The 
connection between shaft 45 and pinion 46 is ad 
vantageously through a flexible connection of 
known form comprising shaft 47 extending 
through pinion 46, the latter being hollow. 
Shafts 45 and 47 are connected by a flexible coul- 30 
pling indicated at 48 and shaft 47 and a suitable 
extension on the pinion 46 are connected by a sec 
Ond flexible coupling 49. Pinion 46 meshes with 
gear 50 fixed centrally to an intermediate shaft 
51, this shaft being mounted in eccentric bearings 
52 in the housing 37. Shaft 51 has fixed thereto 
the gears 53 which mesh with gears 54 fixed to 
a second intermediate shaft 55. Shaft 55 is suit 
ably journalled in the gear casing 37. Intermedi 
ate the gears 54, shaft 55 has fixed thereto the 140 
gear 56 which meshes with gear 57 mounted on 
the lay shaft 44. Shaft 44 is also suitably jour 
nalled in the housing 37 and at its outer ends 
has fixed thereto the crank arms 43 which are 
advantageously disposed so that the crank pins 
carried thereby are angularly offset with respect 
to each other. 
In the specific form of gearing illustrated the 

gear 57 comprises a web portion indicated at 
57a which portion is rigidly secured to shaft 44, 
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and a rim portion 57b having gear teeth thereon 
and adapted to have limited turning movement 
peripherally with respect to the portion 57a. 
Force transmission through the gear is effected 
by a plurality of sets of springs 58 which engage 
both portions of the gear and which provide a 
Certain degree of resiliency in the line of force 
transmission from the turbine to the lay shaft. 
The type of gear above described is known and 
need not be described herein in further detail. 
In Order to reverse the direction of drive of the 

locomotive without a separate reversing turbine, 
the intermediate shaft 51 is advantageously 
mounted, as previously described, in eccentric 
bearings 52 which permit this shaft to be moved 
from the position shown in dot-and-dash lines 
in Fig. 5, which position corresponds to the po 
Sition shown in Fig. 6 in which gears 53 are in 
mesh with gears 54, to the position shown in 
.dotted lines in Fig. 5 in which these gears are 
out of mesh. A set of reversing gears is pro 
vided, which gears are carried on an intermedi 

25 

30 

35 

40. 

45 

50 

60 

79 

ate shaft 59 (see Figs. 5 and 6), these gears com 
prising a pair of gears 60 adapted to engage 
gears 54 and a gear 61 adapted to mesh 
gear 50. 
In Fig. 6, the gears are shown in mesh for 

forward running. For reverse running the shaft 
51 is moved out of engagement in the manner 
described and in a similar manner shaft 59, 
which is also mounted in eccentric journals in 
the housing 37, is moved from the position 
shown in dot-and-dash lines in Fig. 5, which po 
Sition corresponds to that shown in Fig. 6, to 
the position shown in dotted lines in Fig. 5. 
With shafts 51 and 59 moved to the dotted line 
positions indicated in Fig. 5, it will be evident 

With 

that the line of drive from the turbine to the 
lay shaft will include an additional set of gears 
which will operate to reverse the direction of 
rotation of the lay shaft with respect to the di 
rection of rotation of the turbine shaft. 
The above described form of reversing gear is 

known in the art as is also the means for effect 
ing movement of the eccentric bearings to bring 
the desired gears into engagement. Further de 
Scription thereof in this, specification is, there 
fore, not deemed to be necessary. It will be 
evident that insofar as the present invention is 
Concerned, a separate reversing turbine of the 
usual character may be employed instead of the 
reversible gearing hereinbefore described by way 
of illustration. Since the use of separate revers 
ing turbines, and various ways of effecting dis 
connectible driving connection between them 
and the gearing are known in the art, a detailed 
description of such an arrangement becomes 
unneceSSary. 
Turning now to Fig. 8, we have illustrated in 

longitudinal cross-section a form of turbine 
which, when employed in a locomotive such as 
that above described, is adapted to advanta 
geously carry the present invention into effect. 
This turbine is of the axial flow combined type 
and comprises a rotor designated generally at 62 
mounted on shaft 45. The rotor 62 comprises a 
wheel portion 63 carrying rows of blading 64 of 
the impulse or Curtis type. In the specific de 
sign illustrated, two rows of impulse blading are 
carried by this wheel, steam being admitted to 
the first row of moving blading through the fixed 
nozzles 65 mounted in the turbine casing. A 
rOW of fixed blades 66 serves to guide the steam. 
to the Second row of moving blading 64. 
As hereinbefore noted, it is advantageous to 
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use partial admission for controlling turbines of 
the character in question and the turbine shown 
in Fig. 8 is constructed for this type of admis 
Sion. Flow of steam from the pipe 35 to the 
turbine blading is controlled by a plurality of 
valves of the type indicated at 67 and 68, each 
valve controlling a separate inlet passage such as 
passages 69 and 70, which passages admit steam 
to independent groups of nozzles 65. 
The above described Curtis blading constitutes 

the high pressure portion of the turbine and the 
low pressure portion thereof is provided by the 
drum-like portion 71 of the turbine rotor, which 
portion is provided with blading of the reaction 
type. In the form illustrated the drum carries 
a plurality of rows of moving blades 72 between 
which rows are situated the usual rows of Sta 
tionary guide blades 73 fixed in the turbine cas 
ing. The first row of blades on the drum por 
tion of the rotor, indicated at 74, may be ad 
Wantageously of the impulse type, the steam ex 
hausted from blades 64 being admitted to blades 
74 through the guide nozzles 75 in the casing. 
The above mentioned combined type of tur 

bine, of which type the turbine illustrated is a 
typical example, is one which is known to be 
particularly suitable for locomotive propulsion 
because of the operating characteristics thereof 
but the specific form of the turbine may be varied 
in many different ways within the scope of the 
present invention. 

In order to secure the advantages of the in 
vention, it is necessary to so relate, the several 
factors determinative of the blade speed, having 
reference to the adiabatic heat drop in the tur 
bine, that the Sum of the Squares of the blade 
Speeds Will, at maximum locomotive Speed, re 
sult in a Parsons figure for the turbine greater 
than 2800 and preferably, materially greater. 

If We now consider the above described embodi 
ment with reference to the manner in which the 
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desired value of the Parsons figure is obtained 
We find that the following relation of the vari 
ous factors involved will give the desired results. 

Let the diameter of the driving wheels be rep 
resented by D; the diameter of the lay shaft gear 
5 by D1; the diameter of the intermediate shaft 
gear 56 by D2; the diameter of the intermediate 
shaft gears 54 by D3; the diameter of the inter 
mediate shaft gears 53 by D4; the diameter of 15 
the intermediate shaft gear 50 by Ds; the diam 
eter of the high speed pinion 46 by D6, and the 
mean diameter of all of the rows of moving 
blades in the turbine by D7 (see Fig. 8). 

For the particular locomotive design of the 
present example, which represents a locomotive 
Suitable for passenger train Service, the maximum 
speed of the locomotive is 112 kilometers per 
hour and the maximum efficiency is at 65 per 
cent of maximum speed, which is approximately 
73 kilometers per hour. 
The diameter of the driving wheels is 1700 

mm. The diameters D1, D2, D3, D4, D5 and D6 
are 1000 mm. 465 mm. .000 mm. 250 mm. 600 
mm. and 150 mm., respectively. With this di 
ameter for the driving wheels and With the dian 
eters given above for the Several gears, the maxi 
mum locomotive speed of 112 km/hr corresponds 
to a speed of the driving wheels of 350 R. P. M., 
while the speed of 73 km/hr, at which maximum 
efficiency is obtained, corresponds to a speed of 
227 R. P. M. of the driving wheels. With the 
values given above for the diameters of the Sev 
eral speed reducing gears, the ratio of the speed 
of pinion 46 with respect to the speed of gear 57 
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will be 34.4:1 and this same ratio will represent 
the ratio of the speed of the turbine shaft 45 
with respect to the speed of rotation of the driv 
ing wheels, since pinion 46 and shaft 45 rotate 
at the same speed and the driving wheels 38 
rotate at the same speed as that of the lay shaft 
gear 57. 
With the above given dimensions, it will be 

found that the maximum speed of the turbine is 
12,000 R. P. M. and that the speed of the tur 
bine for maximum efficiency is 7,800 R. P. M. 
These speeds are sufficiently high so that re 
siliency of drive through the gear train is de 
sirable and to this end we prefer to employ the 
resilient type of tooth on high speed pinion 46 
in addition to the spring gear 57. 
The mean diameter of the turbine blading 

(D7) is 355 mm. and if we take the Speed of 
the turbine at maximum efficiency we find that 
with this mean diameter, the mean of the blade 
'u' is 145 meters/second and the mean Square 
of the blade speeds is 21,000 meters/seconds. 
The number of rows of moving blades, which 
corresponds to the number of stages in the tur 
bine, is 20, from which it follows that Xu =420,000 
meters2/seconds. 
A fair value for the exhaust pressure of a non 

condensing locomotive turbine is i.2 atmospheres 
and the adiabatic heat drop of the steam in the 
turbine when it is admitted at 20 atmospheres 
pressure and 400° C. pressure and exhausted 
against a back pressure at 1.2 atmospheres is 
150 kilogram calories. Dividing the factor Xu 
by 150 we find that the Parsons figure is 2800. 

It will be noted that the above Parsons figure of 
2800 is obtained at the comparatively low loco 
motive speed of 73 km/hr only by providing a 
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design in which the factor Su? is extremely high. 
This is provided in the present design by gearing 
the turbine to the driving wheels through a three 
stage reduction gearing to obtain a very high rotor 
speed for the turbine and further by providing a 
relatively large number of stages in the turbine, 
as compared with the minimum number of stages 
required to efficiently extract the energy from the 
steam if the locomotive were designed solely from 
the standpoint of obtaining high maximum tur 
bine efficiency. Obviously, the desired high value 
for Xu.2 may be obtained by designs in which the 
relation of the several elements determinative of 
this factor vary widely, since it will be appreciated 
that the diameters of the driving wheels, the ratio 
of gear reduction, the mean diameter of the rows 
of turbine blading and the number of rows of the 
blading each contribute to the determination of 
the value of this factor. 

Regardless, however, of the manner in which 
these individual factors of gear diameter, gear 
ratio and turbine rotor diameter are varied, it 
will be evident that the advantages of the present 
invention can be obtained only by the provision 
of a turbine and gearing arrangement which re 
sults in the incorporation in the locomotive of a 
turbine operating either with extremely high rotor 
speed or having an abnormally large number of 
stages for the given steam conditions, or both. 
We mention only the factors of high rotor Speed 
and large number of stages for obtaining the de 
sired high value of Xu for, while the high value of 
Su2 which we desire can be obtained, theoretically, 
with high rotor speed and a few stages of large 
diameter, such an arrangement is impractical be 
cause of the inability of present day materials to 
withstand the resulting stresses imposed by Cen 
trifugal force. In order to obtain either the ex 

7 
treme turbine Speeds or the abnormally large 
number of turbine stages which are required if a. 
turbine locomotive embodying the present inven 
tion is to be constructed, advantageous factors of 
cost and peak efficiency possessed by designs not 
incorporating the invention must be sacrificed, 
but we have found that in the particular field to 
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Which the present invention relates, the ad 
vantageous factors which must be sacrificed in 
structures embodying the present invention are 
more than compensated for by the advantages to 
be gained. 
As previously noted, the invention is productive 

of improved results when applied to locomotives 
operating at moderate pressure. As illustrative 
of the application of the invention in this field, 
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We give in the following the principal data. With 
respect to a locomotive constructed in accordance 
with the invention, which locomotive has been 
built and is at present in Successful commercial 
operation. This locomotive is a freight locomo 
tive of relatively low speed and to enable the 
operators of the locomotive to compare the per 
formance of the locomotive with their reciprocat 
ing engine locomotives, the turbine locomotive 
was constructed with a boiler designed to operate 
at the same pressure as that of their reciprocating 
engine locomotives of the same class. Steam is 
delivered to the turbine at a pressure of about 
10.5 atmospheres and at a temperature of approx 
imately 400° C. The driving wheels of the loco 
motive are of somewhat Smaller diameter than 
those given in the previously described example, 
being 1350 mm. in diameter. The total gear re 
duction between the turbine shaft and the axles, 
of the locomotive is about 50: 1, the gearing being 
substantially identical with that shown in Fig. 6 
of the drawings which shows a set of gears giving 
this ratio of reduction. The turbine is of the same 
type as that shown in Fig. 8. 

Because of the relatively low initial steam pres 
sure, we extract only approximately 30 percent of 
the total adiabatic heat drop in impulse blading, 
and for maximum turbine efficiency, which occurs 
at a turbine speed of 8400 R. P.M. and a locomotive 
speed of 42 kilometers per hour, the Parsons figure 
is 3400, which approximates the strictly theoretical 
value of 3200 for the Parsons figure for a turbine 
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having 30 percent impulse blading. The maxi 
mum turbine speed of 14000 R. P. M. corresponds 
to a locomotive speed of 69 km/hr and at this 
speed the Parsonsfigure of the turbine has a value 
of 94.00. 

It is to be noted that in the construction of this 
locomotive, the maximum efficiency is obtained at 
about 57 percent of maximum speed. Ordinarily 
a freight locomotive will operate at relatively low 
speeds, compared to its maximum speed, for a 
greater percentage of its operating time than will 
a passenger locomotive and it is therefore desir 
able to increase the Parsons figure of the turbine 
at maximum speed to a value resulting in maxi 
mum efficiency of operation at a speed very Con 
siderably below maximum locomotive speed. 
In this turbine, as well as in the turbine pre 

viously described for operation at 20 atmospheres 
initial steam pressure, we provide impulse blad 
ing which operates at maximum efficiency at a 
lower locomotive speed than that at which the 
reaction blading operates at maximum efficiency, 
and in the locomotive we have constructed, the 
impulse blading reaches maximum efficiency at 
a locomotive speed of about 35 kilometers per 
hour while the reaction blading operates at 
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highest efficiency when the locomotive speed is 
47 kilometers per hour. 

In the preferred embodiment of our inven 
tion, the locomotive speed at which the reaction 
blading reaches highest efficiency, as well as the 
Speed at which the highest efficiency of the tur 
bine as a whole is reached, should be below the 
maximum Speed of the locomotive, so that the 
largest possible part of the relatively flat effi 
ciency curve produced by having the impulse 
blading and the reaction blading reach peak 
efficiency at different locomotive speeds, is 
brought within the normal operating speed range 
of the locomotive. Inasmuch as the theoretical 
value of the Parsons figure for reaction blading 
at highest efficiency is about 3800, it follows that 
the preferred embodiment of our invention com 
prises an arrangement in which the turbine at 
maximum locomotive speed has a Parsons figure 
above 3800. Minor variations from the purely 
theoretical results should be allowed for, but we 
find that if the value of the Parsons figure at 
maximum locomotive speed is made at least 4000, 
the desired operating characteristics of the pre 
ferred form will be achieved. 
While in the foregoing description we have 

confined Our consideration to locomotives in 
which the turbine comprises a single unit, it 
Will be understood that the invention is not con 
fined to this specific arrangement but may equal 
ly well be embodied in locomotives in which two 
or more separate turbine rotors are employed in 
expanding the motive fluid down from boiler 
pressure to final exhaust pressure. In cases 
where a plurality of separate turbine rotors are 
employed, operating in series with respect to 
motive fluid, the Several turbine rotors are to be 
considered as turbine sections and the value of 
the Parsons figure is to be considered with re 
spect to the turbine as a whole, that is, all of 
the turbine sections taken together. 
What we claim is:- 
1. A turbine driven locomotive comprising 

driving wheels, a turbine having rotatable blade 
carrying means, blades on said means, reduc 
tion gearing for causing said means to drive said 
wheels, the ratio of speed reduction of said gear 
ing being so related to the diameter of said driv 
ing wheels that the speed of rotation of said 
means at which maximum turbine efficiency is 
produced corresponds to a locomotive speed less 
than the maximum speed thereof, and the diam 
eter of said means, the number of rows of mov 
ing blades, and the speed of rotation of said 
means as determined by the diameter of said 
driving. Wheels and the ratio of said gearing be 
ing so related to the difference in heat content 
of the motive fluid as admitted to and as ex 
hausted from the turbine that at speeds within 
normal operation the ratio between the sum of 
the squares of the values of the blade speeds, 
expressed in meters per second, and the adiabatic 
heat drop of the motive fluid in the turbine, 
expressed in kilogram calories, is greater than 
2800. 

2. A turbine driven locomotive comprising 
driving wheels, a turbine having rotatable blade 
carrying means, rows of blades on said means, 
reduction gearing for causing Said means to 
drive said wheels, the ratio of speed reduction 
of said gearing being so related to the diameter 
of said driving wheels that the speed of rotation 
of said means at which maximum turbine effi 
ciency is produced corresponds to a locomotive 
speed between 25 and 75 percent of the maxi 
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mum speed thereof, and the diameter of said 
means, the number of rows of moving blades, and 
the Speed of rotation of said means as determined 
by the diameter of said driving wheels and the 
ratio of Said gearing being so related to the dif 
ference in heat content of the motive fluid as 
admitted to and as exhausted from the turbine 
that the ratio between the sum of the squares 
of the values of the blade speeds at maximum 
Speed, expressed in meters per second, and the 
adiabatic heat drop of the motive fluid in the 
turbine, expressed in kilogram calories, is great 
er than 2800:1. 
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3. A turbine driven locomotive comprising 
driving wheels, a turbine having rotatable blade 
carrying means, rows of blades on said means, 
reduction gearing for causing said means to 
drive said wheels, the ratio of Speed reduction 
of said gearing being SO related to the diameter 
of said driving wheels that the speed of rota 
tion of said means at which maximum turbine 
efficiency is produced corresponds to a locomotive 
speed less than the maximum speed thereof, and 
the diameter of said means, the number of rows 
of moving blades, and the speed of rotation of 
said means as determined by the diameter of 
Said driving wheels and the ratio of Said gear 
ing being so related to the difference in heat 
content of the motive fluid as admitted to and 
as exhausted from the turbine that the ratio 
between the sum of the Squares of the values 
of the blade Speeds at maximum speed, expressed 
in meters per second, and the adiabatic heat drop 
of the motive fluid in the turbine, expreSSed in 
kilogram calories, is greater than 2800:1, said 
sum of the squares of the blade Speeds being 
greater than 600,000 meters/second. 

4. A turbine driven locomotive comprising a 
boiler, a superheater, driving wheels, a non 
condensing turbine having rotatable blade 
carrying rineans, blades on said means, reduction 
gearing for causing said means to drive said 
wheels, the ratio of speed reduction of said gear 
ing being so related to the diameter of Said 
driving wheels that the speed of rotation of said 
means at which maximum turbine efficiency is 
produced corresponds to a locomotive speed less 
than the maximum speed thereof, and the di 
ameter of said means, the number of blades and 
the speed of rotation of said means as deter 
mined by the diameter of said driving wheels 
and the ratio of said gearing being so related 
to the difference in heat content of the motive 
fluid as admitted to and as exhausted from the 
turbine that the ratio between the Sum of the 
Squares of the values of the blade speeds at 
maximum speed, expressed in meters per second, 
and the adiabatic heat drop of the motive fluid 
in the turbine, expressed in kilogram calories, is 
greater than 2800:1, said boiler and said super 
heater supplying steam to said turbine at a 
temperature of at least 400° C. 

5. A turbine driven locomotive comprising a 
boiler, a Superheater, driving wheels, a non 
condensing turbine having rotatable blade 
carrying means, blades On Said means, reduction 
gearing for causing said means to drive said 
wheels, the ratio of speed reduction of said gear 
ing being so related to the diameter of said driv 
ing wheels that the speed of rotation of said 
means at which maximum turbine efficiency is 
produced corresponds to a locomotive speed less 
than the maximum speed thereof, and the di 
ameter of said means, the number of rows of 
moving blades, and the speed of rotation of Said 
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means as determined by the diameter of said 
driving wheels and the ratio of said gearing be 
ing SO related to the difference in heat content 
of the motive fluid as admitted to and as ex 
hausted from the turbine that the ratio..between 
the sum of the squares of the values of the blade 
Speeds at maximum speed, expressed in meters 
per Second, and the adiabatic heat drop of the 
motive fuid in the turbine, expressed in kilo 
gram calories is greater than 28.0:1, said boiler 
and Superheater supplying steam to said turbine 
at a pressure of at least 20 atmospheres and a 
temperature of at least 400° C. 

6. A turbine driven locomotive comprising a 
boiler, driving wheels, a turbine having rotatable 
blade-carrying means, rows of blades on said 
means comprising impulse blades and reaction 
blades arranged in the order named with respect 
to steam flow through the turbine, the amount of 
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impulse blading with respect to the amount of re 
action blading being such that the adiabatic 
heat drop in the impulse blading does not ex 
ceed one half of the total available adiabatic 
heat drop, and reduction gearing for causing 
said means to drive said wheels, the ratio of 
Speed reduction of Said gearing with respect to 
the impulse blading as compared with the re 
action blading and the diameters and numbers of 
rows of the different types of blading being re 
lated so that the speed of the locomotive at which 
the impulse blading operates at maximum effi 
ciency is different from the speed of the locomo 
tive at which the reaction blading operates at 
maximum efficiency. - 

7. A turbine driven locomotive comprising a 
boiler, a Superheater, driving wheels, a non-con 
densing turbine having rotatable, blade-carrying 
means, roWS of blades on said means comprising 
impulse blades and reaction blades arranged in 
the order named with respect to steam flow 
through the turbine, means for supplying Super 
heated steam to the impulse blading from the 
superheater, means for exhausting steam from 
the reaction blading to the atmosphere, the 
amount of impulse blading with respect to the 
amount of reaction blading being such that the 
adiabatic heat drop in the impulse blading does 
not exceed one half of the total available adiabat 
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ic heat drop, and reduction gearing for causing 
said means to drive said wheels, the ratio of speed, 
reduction of Said gearing with respect to the im 
pulse blading as compared with the reaction blad 
ing and the diameters and numbers of rows of 
the different types of blading being related so 
that the speed of the locomotive at which the im 
pulse blading operates at maximum efficiency 
is lower than the speed of the locomotive at 
which the reaction blading operates at maximum 
efficiency. 

8. A turbine driven locomotive Comprising a 
boiler, a Superheater, driving wheels, a non-con 
densing turbine having rotatable blade carrying 
means, rows of blades on said means comprising 
impulse blades and reaction blades arranged in 
the Order named with respect to steam flow 
though the turbine, means for supplying super 
heated Steam to the impulse blading from the 
superheater, means for exhausting steam from 
the reaction blading to the atmosphere, the 
amount of impulse blading with respect to the 
amount of reaction blading being such that the 
adiabatic heat drop in the impulse blading does 
not exceed one half of the total available adiabat 
ic heat drop, and reduction gearing for causing 
said means to drive said wheels, the ratio of 
Speed reduction of Said gearing with respect to 
the impulse blading as compared with the reac 
tion blading and the diameters and numbers of 
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rows of the different types of blading being re 
lated so that the speed of the locomotive at which 
the impulse blading operates at maximum eff 
ciency is lower than the speed of the locomotive 
at which the reaction blading operates at maxi 
mum efficiency and the diameters of the driving 
wheels, the ratio of Speed reduction of the gearing 
and the diameters and numbers of rows of blades 
of the whole turbine being related to the total 
available adiabatic heat drop so that at maxi 
mum speed of Operation of the locomotive, the 
Parsons figure for the whole turbine is at least 
4000, expressed in metric units. 
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