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This invention relates to power plants operating on 
the reheat cycle and particularly to such a power plant 
wherein a separately fired reheater is employed and 
which is located adjacent the prime mover. 

In modern high temperature and high pressure steam 
power plant operation it is now accepted practice to 
employ the reheat cycle wherein the steam that is ex 
hausted from a first or high pressure stage of the prime 
mover is reconveyed to the boiler where it is reheated 
to a desired temperature and pressure and thereafter 
introduced into a lower pressure stage of the prime. 
mover from which it is exhausted into a suitable con 
denser or the like. This method of operation is quite 
practicable and in fact highly efficient. The pressure of 
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the steam returned to the boiler for a single stage of 
reheat is sufficiently high to permit its economical re 
turn to the boiler and reconveyance to the prime mover 
with an overall pressure drop not exceeding 10% of the 
pressure of this steam, which figure is acceptable for 
efficient operation. It has now become desirable, how 
ever, to reheat the steam a second time and while it 
is perfectly practicable in the large units used today to 
have a first stage of reheat in the main boiler it is 
exceedingly impracticable to provide the second stage 
of reheat in the main boiler. This is due to the fact 
that the pressure of the steam being heated a second 
time will necessarily be so low that in order to main 
tain a pressure drop that would be at all tolerable pipes 
of tremendous diameter would be required to convey 
the steam through the long reheat circuit, which would 
include the piping to and from the boiler and the prime 
mover and the necessary heat exchanger in the main 
boiler. Such piping would, of course, be totally un 
feasible from an economic standpoint. 
To overcome this difficulty the present invention pro 

vides a separately fired reheater positioned adjacent the 
prime mover and connected to the prime mover to 
provide a second stage of reheat therefor thereby elimi 
nating any lengthy pipe runs. This separately fired re 
heater has a pressurized furnace lined with steam gen 
erating tubes which are effectively connected into the 
steam generating circuit of the main boiler. The com 
bustion gases from the separately fired reheater are con 
veyed to the main boiler and there introduced at a first 
location adjacent the firing of this boiler and at a second 
location downstream of the superheater and immediately 
upstream of the air heater of this boiler with the com 
bustion gases being proportioned between these two lo 
cations in a manner to effectively control the Superheat 
temperature of the main boiler. The separately fired 
reheater is operated with an extremely high percentage 
of excess air with a substantial portion of the air intro 
duced into the reheater being preheated by the air pre 
heater of the main boiler. This excess air provides effi 
cient burning of the fuel in the separately fired reheater 
and in the boiler and also desirably lowers the tem 
perature in the separately fired, reheater. 

It is the object of the present invention to provide an 
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2 
improved power plant organization operating on the re 
heat cycle, and a novel method of operating such a 
power plant organization. 

Other and further objects of the invention will be 
come apparent to those skilled in the art as the descrip 
tion proceeds. 
With the aforementioned objects in view, the inven 

tion comprises an arrangement, construction and com 
bination of the elements of the power plant organiza 
tion in such a manner as to attain the results desired. 
as hereinafter more particularly set forth in the follow 
ing detailed description of an illustrative embodiment, 
said embodiment being shown by the accompanying. 
drawing wherein the single figure constitutes a diagram 
matic representation of a steam power plant embodying 
the present, invention. 

Referring now to the drawing the controlled circu 
lation main boiler illustratively disclosed therein includes. 
a furnace 18 lined with steam generating tubes. 12 and 
tangentially fired with a suitable fuel such as pulver 
ized coal through the several burners 14. The gases 
created by the burning of this fuel within furnace 10 : 
Sweep upwardly through the furnace and then pass suc 
cessively over high temperature section 18 of the super 
heater, generally designated 16, reheater 20, low tem 
perature section 21 of the superheater and then through 
air heater 22 to a suitable stack, not shown. Pulverized 
coal or other suitable fuel is conveyed to burners 14 
through conduits 24 and preheated combustion support 
ing air is conveyed from air heater 22 through ducts 
26 to the location of burners 14 where it is introduced 
into the furnace to support the combustion of the fuel 
therewithin. 
The steam generating circuit of the main boiler in 

cludes steam generating tubes 12 connected at their 
upper ends to headers 28, which in turn are connected 
to steam and water drum 30. Depending from steam 
and water drum 30 is downcomer 32 connected at its 
lower end to the inlet of pump 34 which in turn has 
its outlet connected by means of conduit 36 to orifice. 
drum 38 into which the inlets or lower ends of steam. 
generating tubes 12 are connected. Pump 34 is effective 
to circulate the boiler water from steam and water drum 
30 downward through downcomer 32 and through con 
duit 36 into orifice drum 38 from which the water is 
distributed to and flows upward through steam gener 
ating tubes 12 where a portion of the water is converted 
into steam with the steam and water mixture being 
conveyed from these tubes back into drum 30. Suitable 
restrictors, not shown, are provided at the inlet of each 
of the steam generating tubes to meter the boiler water 
flowing therethrough as desired. 
Steam is taken from the upper portion of drum 30 and 

conveyed by a conduit 40 to low temperature section 21 
of Superheater 6. From low temperature section 21 the 
steam, after being partly superheated, is conveyed to high 
temperature section 18 where it is raised to the desired 
temperature and then conveyed by conduit 42 to the high, 
pressure stage (H. P.) of prime mover 44. The exhaust 
from this high pressure stage is reconveyed to the main 
boiler through conduit 46 where it is introduced into 
reheater section 20 and reheated to a desired temperature 
and pressure after which it is conveyed to the interme 
diate pressure stage (I.P.) of the prime mover through 
conduit 48. The exhaust from this intermediate pressure . 
stage is conveyed through conduit 50 to the separately 
fired reheater 52 located immediately adjacent prime 
mover 44. This exhaust steam is reheated to a desired 
temperature and pressure by conveying the same through 
heat exchange elements 53 forming a part of the sepa 
rately fired reheater and is thereafter conveyed through 
conduit 54 to the low pressure stage (L.P.) of the prime 
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mover from which it is exhausted through conduit 56 to 
a Suitable condenser or other apparatus. 

While both the superheater and reheater of the main 
boiler are here shown as of the convection type, either 
or both of these elements may, if desired, be of the ra 
diant type. 
The separately fired reheater 52 is a pressurized unit 

into which combustion supporting air is introduced from 
fan or blower 58 at a pressure substantially in excess of 
the pressure within furnace 9 of the main boiler. In 
order that the air handled by the blower will be of sufi 
-ciently low temperature so that the blower will operate 
at a reasonable efficiency and in order that a portion of 
the air introduced into the separately fired reheater 52 
will be preheated by air heater 22 of the main boiler 
the inlet of blower 58 is in communication with the atmos 
phere or some other relatively cold air supply through 
conduit 60 and with air duct 26 through conduit 62 with 
valves 64 being provided in each of these conduits to 
regulate the temperature of the air entering the blower. 
The tempered combustion supporting air passing through 
blower 58 is introduced into the separately fired reheater 
from wind box 65 centrally within which extends burner 
67 for introducing a suitable fuel, such as gas or oil, into 
the separately fired reheater. 
The walls of separately fired reheater 52 are lined with 

contiguous steam generating tubes 69 welded together to 
form a fluid tight pressure resistant structure. They are 
illustrated as spaced in the diagrammatic representation 
of the drawing only in order to simplify and clarify the 
illustration. These tubes 59 are connected into the steam 
generating circuit of the main boiler through conduits 71 
and 74 in a manner so that boiler water is forced through 
conduit 71 from pump 34 and through these tubes where 
a portion of the water is converted into steam with the 
thus produced steam and water mixture being conveyed 
into steam and water drum 30 through conduit 74. 
The combustion gases generated in separately fired 

reheater 52 are conveyed through duct 76 to the main 
boiler. From duct 76 these gases are introduced through 
branch duct 80 into the furnace of the main boiler and 
through branch duct 78 into the boiler at a location imme 
diately upstream of air heater 22 and downstream of 
superheater 16 relative to the combustion gas flow 
through the main boiler indicated by arrows 79. The 
combustion gases flowing through duct 76 are propor 
tioned between branch ducts 78 and 80 by means of 
valves 82 provided in these conduits with these valves 
being regulated to so control the introduction of combus 
tion gases through branch duct 80 into the furnace to 
control the temperature of the steam leaving the super 
heater 16 in a well known manner. 

In operation of the separately fired reheater 52 an ex 
tremely high percentage of excess air (such as 95%) is 
supplied through blower 58 and wind box 65. This high 
percentage of excess air together with steam generating 
tubes 69 which line the walls of separately fired reheater 
52 have the effect of substantially reducing the temperature 
within the separately fired reheater thereby making it un 
necessary to fabricate heat exchange elements 53 from 
as expensive alloy piping as would be needed to withstand 
the high temperature that would otherwise be encoun 
tered. Furthermore, by supplying this large percentage 
of excess air a very high fuel burning efficiency is obtained 
in the separately fired reheater and since the combustion 3 
gases from separately fired reheater 52 which are intro 
duced into the furnace of the main boiler through conduit 
80 will contain this large percentage of air the air thus 
introduced through conduit 80, which will have a high 
temperature, will constitute a portion of the combustion 
supporting air for the main boiler and will give a high 
burning efficiency of the fuel in the main boiler. 
The combustion gases from separately fired reheater 

52 that are in excess of those required to be introduced 
into the furnace of the main boiler through branch duct 
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4. 
80 in order to obtain the desired superheat tempera 
ture are introduced into the combustion gas stream of 
the main boiler through branch duct 78 immediately 
upstream of air heater 22 so that the air heater may 
extract sufficient heat from these gases to so reduce 
their temperature that they may be economically ex 
hausted to a suitable stack. Since all of the combustion 
gases from both the main boiler and the separately fired 
reheater 52 are conveyed through air heater 22 it is 
necessary that this air heater heat more than just the 
combustion supporting air required by the main boiler 
in order to have an air-gas ratio at the air heater which 
will be sufficient to reduce the temperature of the gases 
leaving the bciler to an efficient one. This is taken 
care of by having the air heater supply a portion of 
the combustion supporting air for separately fired re 
heater 52, preheated air from air heater 22 being con 
veyed thereto via blower 58 and conduit 62 as herein 
before explained. 
The present invention thus provides a power plant 

organization wherein a separately fired reheater is posi 
tioned adjacent the prime mover thereby permitting eco 
nomical double reheat and wherein the separately fired 
reheater is associated with the main boiler so as to 
obtain a highly efficient power plant with a minimum 
amount of equipment and so as to provide an accurate 
and efficient control for the superheat temperature of 
the main boiler. Moreover, the invention provides a 
novel methcd of operating the power plant permitting 
a more economical installation and resulting in a highly 
eficient operation. 

While I have illustrated and described a preferred 
embodiment of my novel power plant organization it is 
to be understood that such is merely illustrative and 
not restrictive and that variations and modifications may 
be made therein without departing from the spirit and 
scope of the invention. therefore do not wish to be 
limited to the precise details set forth but desire to 
avail myself of such changes as fall within the purview 
of my invention. 
What I claim is: 
1. In a power plant installation the combination of 

a controlled circulation boiler fired by suitable burners 
and including a furnace, a steam generating circuit at 
least portions of which line the furnace walls, pump 
means operative to force water through the steam 
generating circuit, a superheater and an air heater down 
stream of said superheater relative to the flow of com 
bustion gases through said boiler and remote from the 
furnace, a separately fired reheater operative to reheat 
the steam generated in the boiler after a portion of its 
energy has been utilized, said separately fired reheater 
including steam generating tubes connected into said steam 
generating circuit in a manner to have water forced 
therethrough by said pump means and returned to said 
circuit, blower means having its inlet communicating 
with said air preheater and with a source of cold air 
with means to control the amount of air received from 
each of these sources and having its outlet communi 
cating with said separately fired reheater to introduce 
combustion supporting air thereinto at a pressure Sub 
stantially greater than that within the boiler, means 
interconnecting the separately fired reheater and the boiler 
in a manner to convey the combustion gases generated in 
the separately fired reheater to said boiler and introduce 
the same into the furnace of said boiler and into said 
boiler at a location remote from the furnace and inter 
mediate the superheater and the air heater, and means 
operative to adjustably control the proportioning of these 
combustion gases between said two locations. 

2. In an organization of the type described a boiler 
having a convection superheater and a water walled fur 
nace fired with a suitable fuel, a separately fired reheater 
operative to receive superheated steam produced by said 
boiler after a portion of its energy has been utilized, 
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conduit means conveying combustion, gases from the 
separately, fired reheater and introducing the same into. 
said furnace, and adjustable regulating means operatively 
associated with the conduit means and independent of 
the firing of the separately fired reheater to control 
the quantity of gases thus introduced into the furnace 
to regulate the superheat temperature of the boiler. 

3. In a power plant installation the combination of 
a controlled circulation boiler fired by suitable burners 
and including a furnace, a steam generating circuit at 
least portions of which line the furnace walls, pump 
means operative to force water through the steam gen 
erating circuit, a superheater and an air heater down 
stream of said superheater relative to the flow of com 
bustion gases through said boiler and remote from the 
furnace, a separately fired reheater operative to reheat 
the steam generated in the boiler after a portion of its 
energy has been utilized, said separately fired reheater 
including steam generating tubes connected into said 
steam generating circuit in a manner to have water forced 
therethrough by said pump means and returned to said 
circuit, means interconnecting the separately fired reheater 
and the boiler in a manner to convey the combustion 
gases generated in the separately fired reheater to Said 
boiler and introduce the same into the furnace of said 
boiler and into said boiler at a location remote from 
the furnace and intermediate the superheater and the air 
heater, and means operative to adjustably control the 
proportioning of these combustion gases between said two 
locations. 

4. In a power plant installation the combination of 
a steam turbine means having high, intermediate and 
low pressure steam utilizing portions, a main boiler 
including a water walled furnace fired with a suitable, 
fuel, a superheater and a reheater, said Superheater be 
ing interconnected with said high pressure portion to 
supply the same with high pressure steam and said re 
heater being interconnected with said intermediate pres 
sure portion and the exhaust of said high pressure portion 
to reheat the steam from said exhaust and Supply the 
same to said intermediate pressure portion, a separately 
fired reheater juxtaposed to said steam turbine means, 
said last named reheater being interconnected with said 
low pressure portion and the exhaust of said intermediate 
portion to reheat the steam from said exhaust and Supply 
the same to said low pressure portion, means conveying 
the hot combustion gases leaving said separately fired 
reheater to said main boiler, and introducing the same 
into the furnace of said main boiler upstream of said 
superheater relative to the combustion gas flow and 
into said boiler at a location downstream of Said Super 
heater relative to the direction of gas flow through said 
main boiler and means effective to regulate the introduc 
tion of said gases into said furnace. 

5. A power plant installation operating on the re 
heat cycle and including a main boiler having a fur 
nace with fluid circulation tubes on its walls and fired 
with a suitable fuel, a gas pass through which the 
combustion gases thus generated are conveyed, an air 
heater positioned at the discharge end of said gas pass 
for reception of the combustion gases therefrom, a Super 
heater at least a substantial portion of which is disposed 
in said gas pass, a separately fired reheater operative 
to reheat superheated steam produced in said Superheater 
after a portion of its energy has been utilized, a past 
sageway leading from the combustion gas outlet of said 
separately, fired reheater into said main boiler at a 
location downstream of said superheater but upstream 
of said air heater relative to the direction of gas flow 
through said main boiler and at a location in said 
furnace remote from where the combustion gases leave 
the furnace and where the gases from the separately fired 
reheater are contacted by the burning fuel in said fur 
nace, means effective to regulate the percentage of the 
combustion gases flowing through said passageway that 
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6. 
are introduced into said boiler at said first named local 
tion, said air heater being interconnected with both the 
boiler and the separately fired reheater in a manner to 
Supply preheated combustion supporting air to each of 
these units. 

6. In a reheat boiler the combination of a furnace with 
heat exchange tubes on its walls and fired by suitable 
burners and also including a superheater and an air 
heater downstream of the superheater relative to the 
direction of combustion gas flow through the boiler and 
remote from the furnace, said air heater being connected 
to preheat the combustion supporting air of the boiler, 
a prime mover having a high, an intermediate and a low 
pressure portion, said high and intermediate pressure 
portion being interconnected with said boiler to receive 
Superheated and reheated steam therefrom, a separately 
fired reheater positioned adjacent the prime mover and 
connected thereto in a manner to supply reheated steam 
to said low pressure portion, air pump means effective to 
Supply combustion supporting air to said separately fired 
reheater at a pressure substantially greater than the 
pressure within said boiler, passageway, means connecting 
the combustion gas outlet of said separately fired re 
heater to said boiler at a location in the vicinity of 
the introduction of fuel into the boiler and at a location 
intermediate the superheater and the air heater and re 
note from the furnace, and means operative to adjust 
ably control the proportioning of the combustion gases 
between said two locations. 

7. A method of operating a reheat power plant installa 
tion wherein a main boiler having a furnace lined with 
fluid circulating tubes and fired by suitable burners . 
and having a superheater and an air heater, respectively, 
serially arranged with respect to combustion gas flow 
with the air heater being remote from the furnace sup 
plies Superheated steam to a multiple expansion prime. 
mover and a separately fired reheater juxtaposed to said 
prime nover supplies reheat steam to said prime mover 
comprising the steps of supplying a substantial quan 
tity of excess air to said separately fired reheater during 
firing thereof, introducing the combustion gases of said 
separately fired reheater containing said excess air into 
said furnace at a location well upstream of the super 
heater relative to combustion gas flow through the boiler 
and where they will contact the burning fuel in said 
furnace and at a location intermediate the superheater 
and the air heater and remote from the furnace, and 
controlling the proportioning of said combustion gases 
between these two locations so as to maintain the oultet 
steam temperature of the superheater substantially 
COStant. 

8. In a steam power plant installation that operates 
on the reheat cycle and includes a boiler that supplies 
Superheated steam to , a prime mover and has a fur 
nace fired with a suitable fuel and lined with steam 
generating tubes, a gas pass leading from said furnace, 
through which the combustion gases generated therein are 
directed, and a Superheater and an air heater associated 
with said gas pass to absorb heat from said combustion 
gases flowing therethrough and respectively serially ar 
ranged with respect to the gas flow, and also includes. 
a separately fired reheater for reheating the steam gen 
erated by said boiler after utilization of a portion of 
the energy thereof in the prime mover and thereafter 
returning the same to the prime mover the method of . 
controlling, within limits, the temperature of the super 
heated steam leaving the boiler and of obtaining efficient 
operation of the power plant comprising introducing 
combustion gases generated in the separately fired re 
heater into the furnace of the boiler and into the gas 
pass of the boiler at a location downstream of the super 
heater and upstream of the air heater, and controlling 
the proportioning of these combustion gases between 
these two locations so as to maintain said superheated 
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steam temperature substantially constant over varying 
load conditions. 

9. The method of operating a reheat power plant in 
stallation wherein a main boiler having a furnace 
lined with fluid circulating tubes and fired by suitable 
burners and having a superheater and an air heater, re 
Spectively, Serially arranged with respect to combustion 
gas flow Supplies superheated steam to a prime mover 
and a separately fired reheater juxtaposed to said prime 
mover supplies reheat steam to said prime mover conn 
prising the steps of Supplying the separately fired reheater 
With combustion supporting air in a quantity greatly in 
excess of that required for complete combustion of the 
fuel supplied to and burned in the reheater and conveying 
at least a portion of the combustion gases leaving the 
reheater and which will contain a substantial Guantity 
of air to the furnace of the boiler and introducing the 
same thereinto generally at a location such that they 
will come into contact with the burning fuel in the 
furnace of the main boiler. 

10. In a power plant installation operating on the re 
heat cycle the coin bination of a steam boiler fired by 
Suitable burners and including a furnace with fluid cir 
culating tubes on its waii, a Superheater operatively coin 
nected to receive the steam generated by the boiler and 
Superheat the same to a desired temperature and an air 
heater downstrean of said Superheater relative to the flow 
of combustion gases through the boiler and operating to 
heat combustion supporting air, said air heater being 
connected with Said furnace to supply heated combustion 
supporting air thereto, a separately fired reheater for re 
heating the superheated steam generated by said boiler 
after a portion of its eaergy has been utilized, means con 
veying the combustion gases generated in the reheater 
to said boiler and introducing the same into the furnace 
thereof and into the boiler at a location intermediate the 
Superheater and air heater, and means operative to adjust 
ably control the proportioning of these combustion gases 
between these two locations. 

11. In a power plant installation operating on the 
reheat cycle the combination of a boiler including a fur 
nace fired by Suitable burners, a steam generating cir 
cuit at least portions of which line the furnace walls, 
a gas pass extending from the furnace so that combustion 
gases generated in said furnace are conveyed there 
through, Superheater means disposed in said gas pass 
and interconnected to receive the steam generated by 
said boiler and Superheat the same, an air heater down 
stream of said Superheater reiative to combustion gas 
flow and being operative to heat combustion Supporting 
air and interconnected with the furnace to supply hot 
air thereto to support combustion of the fuel there 
within, a separately fired reheater for reheating the Super 
heated steam generated by said boiler after a portion of 
its energy has been utilized, means conveying the com 
bustion gases generated in the reheater to said boiler 
and introducing the same into the furnace thereof and 
into said gas pass intermediate the Superheater and air 
heater, and means operative to adjustably control the 
proportioning of these combustion gases between these 
two locations. 

12. in a power plant installation operating on the 
reheat cycle, the combination of a controlled circulation 
boiler including a furnace fired by suitable burners, a 
steam generating circuit at least portions of which line 
the inner surface of the furnace walls, pump means 
operative to force boiler water through said steam gen 
erating circuit, a superheater operatively connected to 
receive steam generated by the boiler and superheat the 
same to a desired temperature and an air heater down 
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8 
stream of said superheater relative to combustion gas 
flow and operative to heat combustion supporting air, 
said air heater being connected with said furnace to sup 
ply heated combustion supporting air thereto, a separately 
fired reheater for reheating the superheated steam gen 
erated by said boiler after a portion of its energy has 
been utilized, said separately fired reheater including 
Steam generating tubes connected into said steam gen 
erating circuit in a manner to form a portion there 
of and have boiler water forced therethrough, means 
interconnecting the separately fired reheater and the 
boiler in a manner to convey the combustion gases gen 
erated in the separately fired reheater to said boiler and 
introduce the same into the furnace of said boiler and 
into Said boiler at a location intermediate the Superheater 
and the air ineater, and means operative to adjustably 
control the proportioning of these combustion gases be 
tween said two locations. 

13. In a power plant installation the combination of 
a steam turbine means having high, intermediate and low 
pressure Steam utilizing portions, a main boiler including 
a furnace fired with a suitable fuel, a superheater and 
a reheater disposed so that the combustion gases gen 
erated by burning fuel in said furnace flow thereover and 
in part heat thereto, said furnace having an upright 
portion with an exit for combustion gases at its upper 
end and having heat exchange tubes disposed on its wails, 
purp means operative to force water to be converted to 
Steam through said tubes, said superheater being inter 
connected with Said high pressure portion to supply the 
same with high pressure steam and said reheater being 
interconnected with said intermediate pressure portion 
and the exhaust of Said high pressure portion to reheat 
the Steam from Said exhaust of said high pressure por 
tion and supply the same to said intermediate pressure 
portion, a separately fired reheater juxtaposed to said 
Steam turbine means and interconnected with said low 
preSSure portion and the exhaust of said intermediate 
portion to reheat the steam from said exhaust and sup 
ply the Sane to Said low pressure portion, said separately 
fired reheater having tubes disposed on its walls and 
interconnected with the main boiler so that said pump 
means is effective to force water therethrough and back 
to the main boiler, means conveying the combustion gases 
leaving said separately fired reheater to said main boiler 
We upstreatin of the Superiheater relative to combustion 
gas flow through the boiler and into said boiler at a 
location downstream of said Superheater relative to the 
direction of gas flow through said main boiler and means 
effective to regulate the introduction of said gases into 
said furnace. 
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