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This invention relates to elastic fluid turbine power plants, particularly to very large capacity compound 
steam turbines making use of steam at supercritical pres 
Sure and reheating at least twice to a temperature on 
the order of the initial inlet temperature. 
As the cost of fuel has risen higher and higher, power 

plant designers have searched diligently for the best 
arrangement for extremely large capacity turbine plants 
representing the optimum combination of low manufac 
turing cost, simple construction and convenient arrange 
ment of the piping connecting the various elements of 
the turbine with the steam generator and reheaters, with 
simplified foundation and condenser arrangement, and 
lending itself to a neat, symmetrical station layout. 
As the demand for improved thermal efficiency has 

increased, an increasing number of large steam turbine 
plants have been designed to employ the reheat prin 
ciple, in which the motive fluid is returned to the boiler 
for reheating, at least once in its trip through the tur 
bines, to a temperature which may be on the order of 
the initial inlet temperature. A further step has been 
to increase the pressure level at which the plant oper 
ates, and steam pressures have now risen into the super 
critical pressure region, roughly above 3500 p.s.i.a. It 
then becomes advantageous to go to a “double reheat' 
arrangement, in which the motive fluid is reheated twice 
to the initial inlet temperature. This involves a sub 
stantial amount of piping connecting the respective tur 
bine components with the steam generator and reheating 
devices. It therefore becomes important, both from the 
standpoint of complexity and first cost and from the 
standpoint of maintenance, that the piping arrangement 
be as simple and symmetrical as possible. If the de 
signer does not exercise care, such a compound double 
reheat plant may have certain turbine casings which are 
comparatively simple, while the majority of the piping 
connections are concentrated on other casings. 
makes the design problems exceedingly difficult, and 
maintenance can be troublesome and expensive on those 
turbine casings which carry the majority of the piping 
connections. Also, the size and cost of the building 
required to house the turbine assembly may be substan 
tially increased if several turbine sections are arranged 
on a common shaft so that the combined machine be 
comes of excessive length. 

Accordingly, an object of the present invention is to 
provide an improved double reheat compound steam tur 
bine arrangement in which the various turbine sections 
are divided evenly into two groups or "elements,” with 
a major portion of one group being identical in construc 
tion to the corresponding components of the other group. 
A further object is to provide a two-element compound 

turbine-generator plant in which each element generates 
power output roughly equal to that of the other, so that 
identical generators can be employed, and further facili 
tating arrangement of the station layout since the overall 
configuration of the two elements is very similar, 
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A still further object is to provide an improved double 

reheat compound turbine arrangement in which a 
roughly equal number of steam conduit connections are 
required to each of two turbine elements, thus simpli 
fying the piping and connections to the turbines and 
achieving optimum accessibility of the piping and turbine 
sections. 
Another object is to provide a large capacity com 

pound turbine arrangement requiring no crossover pipe 
connecting directly between one element and the other, 
thus reducing the governing problem which otherwise 
results when a long, large diameter crossover pipe con 
tains a substantial volume of "uncontrolled” steam which 
may under certain conditions of operation tend to over 
speed certain of the turbine sections. 

ther objects and advantages will become apparent 
from the following description taken in connection with 
the accompanying drawing, in which the single figure 
represents an improved double reheat compound turbine 
powerplant in accordance with the invention, the two 
turbine elements being shown partly in section, and the 
piping and steam generating equipment being shown in 
purely diagrammatic form. 

Generally stated, the invention is practiced by divid. 
ing the various turbine expansion sections between two 
independent shafts, each coupled to drive a separate gen 
erator, and corresponding turbine sections of the respec 
tive elements being identical except for the highest 
pressure section of each element, the design and arrange 
ment of these highest pressure sections being such that 
the total output of each turbine element is roughly the 
same, both at part load and at full load operation. 

Referring now more particularly to the drawings, the 
invention is illustrated as applied to a very large capacity 
double reheat steam turbine plant having a number of 
expansion turbine sections grouped on two independent 
shafts. The "first turbine element' includes a maximum 
pressure section 1, an intermediate pressure section 2, 
and a low pressure section 3, having a common rotor 
driving a generator 4. The "second turbine element' 
comprises the high pressure section 5, intermediate pres 
sure section 6, and low pressure section 7, connected 
to drive generator 8. The steam generating and reheat 
ing components comprise a suitable boiler feed pump 
shown diagrammatically at 9, a steam generator 10, a 
first reheater 11, and a second reheater 12. The low 
pressure turbine sections 3, 7 exhaust to separate con 
densers 3d, 7d, or to a common condenser (not shown), 
from which condensate is returned by way of suitable 
feed water heaters (not shown) to the feed pump 9. 
The valve means controlling the flow of motive fluid 
includes stop valve means indicated diagrammatically 
at 10b in the maximum pressure steam Supply conduit 
10a, and suitable control valve mechanism illustrated 
diagrammatically at 10c, located closely adjacent the 
inlet to the maximum pressure section 1. Partly ex 
panded steam leaves the maximum pressure section 1 
through conduit 11a and after being reheated in the 
first reheater 11 is supplied by conduit 11b to the high 
pressure section 5 of the secondary turbine element, 
this flow being under the direct control of the reheat 
stop valve 11c and reheat intercept valve 11d. Here 
again, it will be observed that the intercept valve 11d 
is located closely adjacent (in this case directly on), 
the casing of the high pressure section 5. Steam ex 
hausted from section 5 passes by way of conduit 12a 
to the second reheater 12, thence by way of conduit 
12b to both the intermediate sections 2, 6. This flow 
is controlled by the second reheat stop valves 12c and 
the respective intercept valves 12d, 12e located on the 
respective casings of turbine sections 6, 2. 
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As will be apparent from the drawing, the low pres 

sure sections 3, 7 are each actually "triple flow” units. 
That is, part of the steam exhausted from the interme 
diate pressure section 2, roughly a third of the flow, 
passes directly through the immediately adjacent ow 
pressure section 3a. The remaining two-thirds of the 
flow goes by way of the crossover pipe 2a to the com 
mon inlet chamber of the "opposed flow' low pressure 
sections 3b, 3c. Similarly, after passing through the 
intermediate pressure section 6, the steam flow in the 
second turbine element divides three ways, passing 
through the low pressure section 7a and the opposed 
flow low pressure sections 7b, 7c, in parallel. Thus the 
lowest pressure portion of this powerplant is actually 
a "six-flow' arrangement, since there are six substan 
tially identical low pressure expansion sections in parallel 
flow arrangement. 

With this arrangement, it is possible to design both 
turbine elements for operation at 3600 r.p.m., as con 
trasted with other cross compound turbine plants in 
which it has been considered necessary to employ one 
3600 rp.m. element and one 1800 r.p.m. element, in 
order to obtain the requisite aggregate flow path area 
for the low pressure steam. Thus with the present in 
vention it becomes feasible to make the two turbine 
elements completely identical in construction throughout 
a major portion of the apparatus. Specifically, it will 
be observed from the drawing that the low pressure tur 
bine sections 3, 7 and the two intermediate pressure 
sections 2, 6 are complete duplicates. It will be appar 
ent from the drawing that these elements represent the 
major fraction of the apparatus employed. It is, of 
course, of extreme importance from the standpoint of 
low manufacturing cost, and from the standpoint of fur 
nishing and stocking spare parts for maintenance during 
the life of the machine, that such a large portion of the 
apparatus can be exact duplicates. 

In order to equalize the power output of the two tur 
bine elements, it is necessary that the maximum pres 
sure section 1 and the high pressure section 5 employ 
a different number of stages of expansion. Specifically, 
the design and number of stages in the high pressure 
section 5 is so selected that the power output of this 
section is as close as possible to that of the fewer expan 
sion stages contained in the maximum pressure section 
1. Thus, since the respective intermediate pressure sec 
tions and low pressure sections are complete duplicates, 
it follows that the total capacity of the first turbine 
element will be substantially identical to that of the 
second turbine element. This in turn means that the 
generators 4, 8 may be duplicates. With this arrange 
ment, the total power output of the plant is divided 
roughly equally between the first and second turbine 
elements, both at part load operation and at full load. 
This greatly simplifies the electrical operation of the 
plant, since the identical generators 4, 8 may be readily 
connected together electrically to a common distribution 
network, without the operating problems which arise 
when generators of different speed or of substantially 
different capacities, are connected to a common distribu 
tion network. 
A number of most important advantages result from 

this improved compound turbine arrangement. Fore 
most among these is the fact that there is no "crossover 
pipe' communicating between a higher pressure section 
of the first turbine element and a lower pressure sec 
tion of the second element. This means that there is 
no steam conduit of substantial length and volume and 
having no valve means for controlling this volume of 
steam when the governing mechanism calls for a sudden 
load change. Inspection of the drawing will reveal that 
all conduits which contain no valves communicate with 
the heating devices 1, 12, not with the other turbine 
element. Stated conversely, every steam supply conduit 
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adjacent the connection of the steam conduit with the 
turbine section it serves. Thus there is no substantial 
volume of steam "uncontrolled' by an appropriate valve 
device, which volume of steam would be free for un 
controlled expansion through the next lower pressure 
turbine section in the event of sudden reduction in load 
output. Thus the governing problem is very much sim 
plified. It may be noted further that the only “uncon 
trolled crossover conduits' are the comparatively short 
conduits 2a, 6a, which communicate between sections of 
the same turbine element, not from one turbine element 
to the other. 

Another very important practical advantage lies in the 
fact that the first and second turbine elements can either 
be located closely adjacent to one another or at a con 
siderable distance apart, resulting also from the fact that 
all “uncontrolled' piping communicates with the heating 
devices, not between elements, and there are appropriate 
control valves immediately adjacent the entrances to the 
respective turbine sections. If it is desired to locate 
both elements closely adjacent, they may conveniently 
be mounted on a common foundation structure, and may 
also be provided with a single transversely disposed con 
denser receiving steam from all six of the low pressure 
sections. It is of course also possible, where desired, 
to use separate condensers for each element. 

It is also significant that by dividing the turbine ex 
pansion sections between two elements which are so 
nearly identical, and so very similar in size and external 
configuration, the problem of arranging the station lay 
out is much simplified, as compared with the problems 
involved in designing a plant having elements of sub 
stantially different size and configuration. It may be 
noted that not only the foundation structure but also 
the lubricating oil feed and drain piping may be entirely 
or substantially identical on the respective first and sec 
ond elements. 

In connection with the simplification of the piping re 
quired in this compound plant, it is significant to note 
that the first and second turbine elements each require the 
same number of piping connections. That is, each has 
two steam inlet connections, one connection to a reheater, 
and equal numbers of connections to the condenser. 
Furthermore, these connections are located in similar 
positions on the first and second elements. This makes 
for optimum accessibility of the piping and connections 
thereof to the turbine casings, and permits a symmetrical 
layout of the piping to the first and second elements. 
By way of example, it may be noted that in a turbine 

plant of the type described having a total capacity of 
450,000 kW., steam may be supplied by the steam genera 
tor 10 at a pressure of 3500 p.s.i.a. and a temperature of 
approximately 1050 F. The motive fluid exhausts at 
about 970 p.s.i.a. and 720 F. into the conduit 11a. The 
temperature of the steam supplied by reheater 11 through 
conduit 11b may again be on the order of 1050 F. The 
pressure in the second reheat conduit 12a may be on the 
order of 320 p.s.i.a. and at a temperature of about 780 
F. The discharge temperature of the steam supplied by 
reheater 12 to the conduit 12b may again be on the order 
of 1050 F. The steam expands in the low pressure sec 
tions 3, 7 from about 290 p.s.i.a. to condenser pressure, 
which may be on the order of 1% inches of mercury, 
absolute. As noted above, both turbine elements may 
operate at 3600 rp.m. 

It will be seen that the invention provides a large ca 
pacity compound turbine powerplant in which numerous 
stages of expansion are divided into sections, the sections 
being grouped into two elements and arranged in such 
a manner that the rather complex piping connections 
required to the two reheaters are simplified, there are no 
long "uncontrolled' crossover pipes between elements 
to create serious governing problems, the design and ar 
rangement of foundation, station layout, and condenser 

is provided with one or more valve means immediately 75 connections are greatly simplified, and engineering and 
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manufacturing costs can be reduced by the very substan 
tial extent to which the two turbine elements are mechani 
cal duplicates. 
While only one embodiment of the invention has been 

described specifically, it will be appreciated by those ac 
quainted with the steam turbine art that many substitu 
tions and modifications could be made. It will, of course, 
be appreciated that the valve mechanism and the piping 
arrangement is illustrated in purely diagrammatic form 
in the drawing and could take many equivalent forms. 
The invention may be applicable to elastic fluid turbine 
plants using motive fluids other than steam. It is, of 
course, intended to cover by the appended claims all such 
modifications as fall within the true spirit and scope of 
the invention. 
What I claim as new and desire to secure by Letters 

Patent of the United States is: 
1. A compound multiple reheat elastic fluid turbine 

powerplant comprising means for generating elastic mo 
tive fluid at a first maximum inlet pressure and first tem 
perature, said first maximum pressure being above the 
critical pressure of the fluid, a first reheater connected to 
reheat partly expanded fluid to substantially said first 
temperature, a second reheater connected to receive still 
further expanded fluid and reheat it to substantially said 
first temperature, a plurality of turbine fluid expansion 
sections comprising a first turbine element having a maxi 
mum pressure section, an intermediate pressure section, 
and a low pressure section with rotors connected together 
in tandem, and a second turbine element comprising a 
high pressure section, an intermediate pressure section, 
and a low pressure section with rotors connected together 
in tandem and physically separate from the rotor of said 
first turbine element, first maximum pressure conduit 
means supplying motive fluid from said generating means 
to the inlet of said maximum pressure section of the first 
turbine element, second conduit means supplying motive 
fluid exhausted from the maximum pressure section to 
said first reheater, third conduit means supplying reheated 
motive fluid from the first reheater to said high pressure 
section of the second turbine element, fourth conduit 
means supplying motive fluid exhausted from said high 
pressure section to said second reheater, fifth conduit 
means supplying reheated motive fluid from the second 
reheater in parallel to both the intermediate pressure 
sections of said first and second turbine elements, sixth 
conduit means supplying motive fluid exhausted from 
the intermediate pressure section of the first turbine elle 
ment to the low pressure section of the first element, and 
seventh conduit means supplying motive fluid exhausted 
from the intermediate pressure section of the second 
turbine element to the low pressure section of the second 
element. 

2. A compound multiple reheat turbine powerplant in 
accordance with claim 1, in which the design and num 
ber of expansion stages in the maximum pressure turbine 
section of the first turbine element is such that said maxi 
mum pressure section has substantially the same power 
output as that of the high pressure turbine section of the 
second turbine element, the second reheat sections and 
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6 
low pressure sections of the first and second turbine ele 
ments being respectively of substantially identical con 
struction, whereby the total power output of the first 
turbine element is substantially equal to that of the second 
turbine element. 

3. A compound multiple reheat steam turbine power 
plant comprising means for generating steam at a first 
maximum inlet pressure and first temperature, said first 
maximum pressure being above the critical pressure of 
the steam, a first reheater connected to receive partly ex 
panded steam and to reheat it to substantially said first 
temperature, a second reheater connected to receive still 
further expanded steam and reheat it to substantially 
said first temperature, a plurality of turbine expansion sec 
tions comprising a first turbine element having a maxi 
mum pressure section, an intermediate pressure section, 
and a low pressure section connected together in tandem 
to drive a first load device, and a second turbine element 
comprising a high pressure section, an intermediate pres 
sure section, and a low pressure section mechanically in 
dependent of said first turbine element and connected in 
tandem to drive a second load device, first maximum 
pressure conduit means supplying motive fluid from said 
steam generator to the inlet of said maximum pressure 
section of the first turbine element and including control 
valve means adjacent said maximum pressure inlet, sec 
ond conduit means supplying steam exhausted from the 
maximum pressure section to said first reheater, third 
conduit means supplying reheated steam from the first 
reheater to said high pressure section of the second tur 
bine element and having valve means adjacent the inlet 
to the high pressure section, fourth conduit means sup 
plying steam exhausted from the high pressure section 
to said second reheater, fifth conduit means supplying 
reheated steam from the second reheater in parallel to 
the intermediate pressure sections of both the first and the 
second turbine elements and including separate control 
valve means immediately adjacent the respective inlets 
to said intermediate pressure turbine sections, sixth con 
duit means supplying steam exhausted from the inter 
mediate pressure section of the first turbine element to 
the low pressure section of the first element, and seventh 
conduit means supplying steam exhausted from the inter 
mediate pressure section of the second turbine element to 
the low pressure section of the second element. 
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