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STEAM GENERATING APPARATUS 

Max H. Kuhner, Worcester, Mass, assignor to 
Riley Stoker Corporation, Worcester, Mass, a 
corporation of Massachusetts 
Application July 3, 1941, serial No. 400,887 

(C. 122-) 14 Claims. 

his invention relates to the construction and 
operation of steam generating apparatus, and 
more particularly to apparatus of this type ar 
ranged to generate steam from the combustion 
products of two fuels having widely diferent 
characteristics, although in certain respects the 
invention is applicable where only a single fuel is 
utilized. 

In many manufacturing plants low grade fuels 
are obtained as a by-product of the manufactur 
ing procedure. For example, in steel mills large 
quantities of blast furnace gas are produced, and 
in wood-working plants considerable bark, saw 
dust, shavings and similar vaste material is 
available. It is desirable for economic reasons 
to utilize these fuels for Steam generation, but 
ordinarily they will not produce all the steam 
which is required, and it is necessary to supple 
ment them with a high grade fuel, such as pul 
verized coal or oil. This greatly complicates the 
problem of constructing the heat recovery equip 
ment, including the economizer and air heater, 
through which the gaseous products of combus 
tion travel after leaving the boiler heating sur 
faces. For a given rate of steam generation, the 
volume of the combustion products is very much. 
greater with a low grade fuel than with a high 
grade fuel. For example, the combustion prod 
ucts of blast furnace gas are approximately seve 
enty percent greater in volume than the combus 
tion products of pulverized coal for the Same 
Steam generating rate. If the heat recovery 
equipment is designed to permit operation at full 
load with pulverized coal, with a reasonable draft 
loss and reasonable power requirements for op 
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eration of the induced draft fan, it will be found 
that the draft loss when operating at full load. 
with blast furnace gas will be excessive, and the 
induced draft fan will require power far in ex 
cess of what is economically justified. On the 
other hand, if the economizer and air heater are 
enlarged suficiently to permit operation at full 
load with blast furnace gas with a reasonable 
draft loss, the space requirements and cost of this 
equipment will ordinarily be unjustified. This 
is particularly true since there will probably be 
insuficient blast furnace gas available to oper 
ate at full load except during a small portion of 
the time. It should also be noted in this connec 
tion that storage of blast furnace gas is not prac 
tical, and it must be burned as fast as it be 
comes available, so that there may be occasions 
when the ability to operate at very high loads 
with this fuel is of great importance. Further 
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ing ignition of the low grade fuel when operating 
at low combustion rates, and from the impor 
tance of maintaining the temperature of the 
gases in the heat recovery equipment above the 
dev point to avoid corrosion of the metal parts. 

It is accordingly one object of the invention to 
provide a steam generating apparatus particu 
larly adapted for use with fuels having widely 
diferent characteristiCS. 

It is a further object of the invention to pro 
vide a steam generating apparatus having heat 
recovery equipment of a size economically justi 
fied for burning a combination of high and low 
grade fuels, and yet capable of operating at full 
load with the low grade fuel alone without ex 
cessive draft OSS, 

It is a further object of the invention to provide 
a new and highly advantageous combined ar 
rangement of a steam boiler with an economizer 
and an air heater, 

It is a further object of the invention to pro 
vide a steam boiler adapted to be fired with a 
combination of a high and a low grade fuel, to 
gether with heat recovery equipment so arranged 
as to make possible operation at high eficiency 
under normal conditions and yet allow operation 
at full capacity with the low grade fuel, when 
required, without excessive draft loss. 
With these and other objects in view, as will be . 

apparent to those Skilled in the art, the invention 
resides in the combination of parts set forth in 
the specification and covered by the claims ap 
pended hereto, 

Referring to the drawings ilustrating one em 
bodiment of the invention, and in which like ref 
erence numerals indicate like parts, 

Fig. 1 is a longitudinal sectional view of steam 
generating apparatus, including certain heat 
recovery equipment; 

Fig. 2 is a fragmentary elevation of the heat 
recovery equipment and certain automatic con 
trol apparatus associated therewith; and 

Figs. 3 to 6 inclusive are fragmentary sectional 
views showing certain dampers in diferent posi 
tions of adjustment. 
The embodiment illustrated comprises a water 

tube steam boiler. O of well-known construction 
having a furnace or combustion chamber 1 and 
a rear gas outlet 12. On the front wall of the 
furnace there is mounted a burner 14 suitable for 
a high grade fuel, such as pulverized coal, and a 
second burner 5 suitable for a low grade fuel, 
such as blast furnace gas. Both burners are sup 
plied with air for combustion purposes from a 

problems arise from the difficulties in maintain- 55 duct 16 which leads from an air heater 8 of a 
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control of the damper 38, the regulator 42 is com 
nected to an impulse line 48 leading from a mas 
ter regulator 49 similar to the regulator 45. This 
regulator 49 is connected to two control pipes 50 
and 5, these pipes communicating with the pas 
sage 28 respectively anterior to and posterior to 
the damper 38. Thus the regulator 49 is sub 
jected to the pressure drop or diferential across 
the damper 38, and the parts are so adjusted as 
to maintain this drop at a predetermined small 
value, such as one-tenth inch of water column. 
Whenever this pressure drop becomes less than 
the established value, the damper 38 will be closed 
by its regulator 42. Thus there can be no flow of 
gases from the passage 33 into the passage 34 so 
long as the parts are under automatic control. 
Under some circumstances it may be desirable 

for the Operator to assume manual control of the 
dampers. In order to make this possible, a sepa 
rate manual control station 53 is provided in the 
impulse line for each of the regulators 40, 4, and 
42. These stations 53 are of well-known con 
struction, and they make it possible for the oper 
ator to establish, by a hand adjustment, a pre 
determined impulse pressure for each damper 
regulator, so that each damper will be held in a 
corresponding predetermined position. 

0 

5 

20 

25 

The operation of the invention will now be 
apparent from the above disclosure. When start 
ing up the steam generator from “cold” condition, 
the dampers 36, 37, and 38 will all be opened wide 
under manual control, as shown in Fig. 6. This 
will allow the boiler gases to flow Successively 
through the passages 33, 28, and 34, by-passing 
the economizer and air heater. There will thus 
be no danger of steaming in the economizer or 
condensation of water vapor in the air heater. 
This initial warming up is preferably accom 
plished with pulverized coal, since blast furnace 
gas will not burn well without preheated air. 
After the boiler has been brought up to its full 
working pressure, low load operation can be ob 
tained with blast furnace gas by Opening damper 
36 and closing dampers 37 and 38, as shown in 
Fig. 5. This will cause all the combustion gases 
to flow through the passage 33 and the air heater 
18, affording the maximum preheat for the com 
bustion air, and making possible stable combus 
tion of the blast furnace gas. Under normal load 
conditions the dampers will be controlled auto 
matically, and so long as the suction in the pas 
sage 29 remains below tem inches of water col 
umn, the dampers 36 and 37 will remain closed, as 
shown in Fig. 1. The gas flow will thus be in 
series through the economizer and air heater, 
with the maximum recovery of heat. The 
damper 38 will be controlled by the master regu 
lator 49 and will close only enough to maintain 
a very slight pressure drop of one-tenth inch of 
water column across the damper. If now the 
boiler load increases, or if more blast furnace gas 
is burned, the quantity of gases leaving the boiler 
outlet 2 will increase. This will produce an in 
creased draft loss through the boiler, the econo 
mizer and the air heater, so that the Suction in 
the passage 29 will increase, causing a greater 
power requirement for operation of the induced 
draft fan 3. As soon as this suction reaches the 
predetermined value of say tem inches of water 
column, the master regulator 45 will respond 
thereto and alter the pressure in the impulse line 
44, causing the regulator 4 to start to open the 
damper 37, as shown in Fig. 3. This will check 
the rise in the draft loss by causing part of the 
gases to by-pass the air heater. At the same time 
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the damper 38 will close still further because of 
the decrease in the gas flow past the same. If 
the draft loss continues to increase, the damper 
37 will open fully, the damper 36 will open, and 
the damper 38 will close, as shown in Fig. 4. This 
will connect the economizer and air heater in 
paralel, with part of the gases flowing through 
the economizer and the passage 34, while the re 
maining gases flow through the passage 33 and 
the air heater. There will be no flow through the 
passage 28. Because of the increased flow area 
available, the steam generator can be operated 
at high loads with blast furnace gas without ex 
cessive draft lossor excessive power requirements 
for the induced draft fam. As soon as the load 
on the boiler decreases suficiently, or the quan 
tity of blast furnace gas being burned decreases 
suficiently, the heat recovery equipment will be 
restored automatically to series operation. 
From the above disclosure it will be apparent 

that the invention makes possible highly eficient 
recovery of the heat from the furnace gases ex 
cept on the very few occasions when unusually 
large amounts of blast furmace gas must be 
burned, and yet even on such occasions there is 
no excessive demand for power to drive the in 
duced draft fan. Hence a motor of the usual size 
and construction may be employed. Furthermore 
the economizer and air heater can both be of nor 
mal size in proportion to the steam generating 
capacity, and the fixed charges on the investment 
Will therefore be moderate. 
Having thus described my invention, what I 

claim as new and desire to secure by Letters 
35 Patent is: 

45 

50 

55 

60 

65 

70 

75 

1. Steam generating apparatus comprising a 
steam boiler, a fuel-burning furnace associated 
therewith, the gaseous products of combustion 
from the furnace passing through the boiler to 
generate steam therein, am economizer having an 
inlet and an outlet for gases, an air heater having 
an inlet and an Outlet for gases, means to con 
duct gases from the boiler to the economizer inlet, 
a passage connecting the economizer outlet to the 
air heater imlet, a damper in the passage, an 
economizer by-pasS connecting the boiler with the 
said passage posterior to the damper, an air 
heater by-pass connecting the said passage 
anterior to the damper with the air heater out 
et, and a Separate damper in each by-pass. 
2. Steam generating apparatus comprising a 

Steam boiler, a fuel-burning furnace associated 
therewith, the gaseous products of combustion 
from the furnace passing through the boiler to 
generate Steam therein, an economizer having an 
inlet and an outlet for gases, an air heater hav 
ing an inlet.and an outlet for gases, means to 
conduct gases from the boiler to the economizer 
inlet, a passage to conduct gases from the econ 
omizer outlet to the air heater inlet, a damper in 
the passage, an economizer by-pass connecting 
the boiler with the said passage posterior to the 
damper, and an air heater by-pass connecting 
the said passage anterior to the damper with the 
air heater Outlet. 

3. Steam generating apparatus comprising a . 
steam boiler, a fuel-burning furnace associated 
therewith, the gaseouS products Of combustion 
from the furnace passing through the boiler to 
generate steam therein, an economizer having an 
inlet and an outlet for gases, an air heater having 
an inlet and am outlet for gases, means to conduct 
gases from the boiler to the economizer inlet, a 
passage to conduct gases from the economizer 
outlet to the air heater inlet, a damper in the 
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passage, an economizer by-pass connecting the 
boiler with one side of the said passage posterior 
to the damper, and an air heater by-pass con 
necting the opposite Side of the said passage an 
terior to the damper with the air heater outlet. 

4. Steam generating apparatus comprising a 
steam boiler, a fuel-burning furnace associated 
therewith, the gaseous products of combustion 
from the furnace passing through the boiler to 
generatesteam therein, an economizer having an 
inlet and an outlet for gases, an air heater hav 
ing an inlet and an outlet for gases, means to 
conduct gases from the boiler to the economizer 
inlet, a passage to conduct gases from the econ 
omizer outlet to the air heater inet, an econo 
mizer by-pass connecting the boiler with the said 
passage, an air heater by-pass connecting the 
said passage with the air heater outlet, and means 
in the said passage to prevent flow of gases from 
the economizer by-pass to the air heater by-pass. 

5. Steam generating apparatus comprising a 
steam boiler, a fuel-burning furnace associated 
therewith, the gaseous products of combuston 
from the furnace passing through the boiler to 
generate steam thereim, an economizer having an 
inlet and on outlet for gases, an air heater having 
an inlet and an outlet for gases, means to con 
duct gases from the boiler to the economizer inlet, 
a passage to conduct gases from the economizer 
outlet to the air heater inlet, an economizer by 
pass connecting the boiler With One Side of the 
said passage, an air heater by-pass connecting 
the opposite Side of the said passage with the air 
heater outlet, and means in the said passage to 
prevent flow of gases from the economizer by 
pass to the air heater by-pass. 

6. Steam generating apparatus comprising a 
steam boiler, a fuel-burning furnace associated 
therewith, the gaseous products of combustion 
from the furnace passing through the boiler to 
generate Steam therein, an economizer and an air 
heater arranged to receive gases from the boiler, 
and automatically operable means responsive to 
Variations in the Volume of gases and arranged 
to direct the gases through the economizer and 
air heater in series when the volume of the gases, 
is not excessive and in paralel When the volume 
of the gases is excessive, 

7. Steam generating apparatus comprising a 
steam boiler, a fuel-burning furnace associated 
therewith, the gaseouS products of combustion 
from the furnace passing through the boiler to 
generate Steam therein, an economizer having 
an inlet and an Outlet for gases, an air heater 
having an inlet and an outlet for gases, means 
to conduct gases from the boiler to the econ 
omizer inlet, a passage connecting the economizer 
outlet to the air heater inlet, a damper in the pas 
Sage, a automatic regulator arranged to contro 
the damper in accordance with the drop in gas 
preSSure acroSS the damper and to maintain Said 
drop at a Small predetermined value, an econ 
omizer by-pass connecting the boiler with the 
air heater inlet, an air heater by-pass connecting 
the economizer outlet with the air heater outlet, 
and a separate damper in each by-pass, 

8. Steam generating apparatus comprising a 
steam boiler, a fuel-burning furnace associated 
therewith, the gaseous products of combustion 
from the furnace passing through the boiler to 
generate steam therein, an economizer having an 
inlet and an outlet for gases, an air heater having 
an inlet and an outlet for gases, means to conduct 
gases from the boiler to the economizer inlet, a 
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air heater inlet, means to prevent reversal of the 
gas flow in the passage, an induced draft fan, a 
passage connecting the air heater, outlet to the 
fan, an economizer by-pass connecting the boiler 
with the air heater inlet, an air heater by-pass 
Connecting the economizer. Outlet With the air 
heater outlet passage, a separate damper in each 
by-pass, and automatic control mechanism ar 
ranged to open the by-pass dampers when re 
quired to prevent Overloading of the induced draft 
fan. 

9. Steam generating apparatus comprising a 
steam boiler, a fuel-burning furnace associated 
therewith, the gaseous products of combustion 
from the furnace passing through the boiler to 
generate steam therein, an economizer having an 
inlet and an outlet for gases, an air heater having 
an inlet and an outlet for gases, means to con 
duct gases from the boiler to the economizer in 
let, a passage connecting the economizer outlet to 
the air heater inlet, means to brevent reversal of 
the gas flow in the passage, an induced draft fan, 
a passage connecting the air heater outlet to the 
fan, an economizer by-pass connecting the boiler 
with the air heater inlet, an air heater by-pass 
connecting the economizer outlet with the air 
heater outlet passage, a separate damper in each 
by-pass, and automatic control mechanism ar 
ranged to open the by-pass dampers when the 
suction in the air heater outlet passage exceeds a 
predetermined value, 

10. Steam generating apparatus comprising a 
steam boiler, a fuel-burning furnace associated 
therewith, the gaseous products of combustion 
from the furnace passing through the boiler to 
generate steam therein, an economizer having 
an inlet and an outlet for gases, an air heater 
having an inlet and an outlet for gases, means to 
conduct gases from the boiler to the economizer 
inlet, a passage connecting the economizer outlet 
to the air heater inlet, a damper in the passage, 
an automatic regulator arranged to control the 
damper in accordance with the drop in gas pres 
sure across the damper and to maintain said 
drop at a small predetermined value, an induced 
draft fan, a passage connecting the air heater 
outlet to the fan, an economizer by-pass connect 
ing the boiler with the air heater imlet, an air 
heater by-pass connecting the economizer outlet 
with the air heater outlet passage, a separate 
damper in each by-pass, and automatic control 
mechanism arranged to Open first the air-heater 
by-pass damper and then the economizer by-pass 
damper when the suction in the air heater outlet 
passage exceeds a predetermined value. 

11. In a fluid heating unit having a pair of heat 
exchangers arranged to receive heating gases 
generated therein, the method of burning two 
fuels of diferent calorific values which comprises 
burning the higher calorific fuel therein and 
passing the heating gases generated through both 
of said heat exchangers in series, and at other 
times burning the lower calorific fuel therein and 
passing the heating gases generated through both 
of Said heat exchangers in paralel. 

12. In a steam generating unit having an econ 
Omizer and an air heater connected to its gas Out 
let, the method of burning two fuels of diferent 
calorific values which comprises burning the 
higher calorific fuel and directing the gaseous 
products of combustion leaving the gas outlet 
through the economizer and the air heater in 
series, and at other times burming the lower cal 

passage connecting the economizer outlet to the 75 orific fuel and directing the products of combus 



2,392,325 S 
tion leaving the gas outlet through the econo 
mizer and air heater in paralel. 

13. In a vapor generating unit having a vapor 
generating section and a pair of heat exchangers 
arranged to receive heating gases produced by the 
combustion of fuels in an associated furnace 
chamber, the method of burning fuels of substam 
tially diferent calorific values in said furnace 
chamber and directing said heating gases into 
heat transfer contact with said vapor generating 
section and thereafter into heat transfer contact 
with said heat exchangers without exceeding a 
predetermined draft loss throughout the operat 
ing range which comprises burning said fuels in 
said chamber at substantially diferent volu 
metric rates of production of said heating gases, 
directing said heating gases at low volumetric 
rates of production through said heat exchang 
ers in series, and directing Said heating gases at 
high volumetric rates of production through said 
heat exchangers in paralel without varying the 
amount of heat exchanger surface contacted by 
said heating gases. 

14. A fluid heater unit comprising a furnace 
chamber, a vapor generating section arranged to 
receive heating gases produced in said furnace 
chamber, a pair of heat exchangers arranged to 
receive said heating gases from said vapor gen 
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erating section, means for burning fuel of rela 
tively high calorific value in said furnace cham 
ber and thereby producing heating gases at a 
relatively low weight rate for a given rate of va 
por generation, separate means for burning fuel 
of relatively low calorific value in said furnace 
chamber and thereby producing heating gases at 
a relatively high Weight rate for the same rate of 
vapor generation, and damper controlled conduit 
means associated with said pair of heat exchang 
ers and operable for passing said heating gases 
at low weight rates of production through said 
pair of heat exchangers in series and at high 
weight rates of production through said pair of 
heat exchangers in paralel comprising a sub 
stantially unobstructed heating gas conduit open 
ing to one end of one of said heat exchangers, a 
second heating gas conduit opening to a Space 
connecting adjacent ends of Said first and second 
heat exchangers, a control damper in said second 
conduit, and damper means between said heat 
exchangers arranged in one operating position to 
provide a heating gas flow path through said pair 
of heat exchangers in series from Said first heat 
ing gas conduit, and in a second operating posi 
tion to provide a heating gas flow path through 
said pair of heat exchangers in paralel. 

MAX. F. KUNER. 


