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UNITED STATES PATENT OFFICE. 
E M BURY Mc L E A N, OF NEW YORK, N. Y. 

METHOD OF REGULATING FURNAces. 

No. 826,349. 
Original application filed May 23, 1904, Serial No. 209.2 

s 

Be it known that I, EM BURY McLEAN, a. 
citizen of the United States, and a resident of 

I C) 

15 

25 

the city of New York, borough of Brooklyn, 
in the county of Kings and State of New 
York, have invented certain new and useful 
Improvements in Methods of Regulating 
Furnaces, of which the following is a specifi 
cation. . . . 

This invention relates to a novel and im 
proved method of regulating furnaces and is 
a division of my pending application, Serial 
No. 209,256. 
My invention consists in the method set 

forth in and falling within the scope of the 
appended claims. 

in order that my method may be readily 
understood by those skilled in , the art to. 
which it appertains, I have shown in the ac 
companying drawings one form of apparatus 
through the agency of which it may be car 
ried into effect. 

In the drawings, Figure 1 is a vertical lon 
gitudinal section, somewhat diagrammatic, 
through a steam-boiler and fire-box provided 
with an apparatus by which the method may 
be practiced. Fig. 2 is a detailed enlarged 
section through the steam connection con 
taining a regulating-valve. Fig. 3 is an en 
larged detail view showing the stack-damper 
and diaphragm-damper motor. Fig. 4 is a 
similar view showing a modification. Fig. 5 
is a view at the left-hand side of the appara 
tus shown by Fig. 4. Fig. 6 is a Aertical lon 
gitudinal section similar to Fig. 1, showing a 
imodification of the general organization. 
Figs. 7, S, and 9 show diagranimatically the 

t position of the elamper, the damper-notor, 
and the blower-engine regulating-valve at 
the condition of starting before there is steam 
in the boiler, the condition of running below 

45 

normal steam-pressure, and the condition of 
running above normal steam-pressure, re 
spectively, 
With the apparatus illustrated my in 

proved imethod is accomplished by regulat 
ing the outlet for products of combustion 

so 
correspondingly with and commensurate to 

- the regulation of the forced draft with gradu 
ated rate of combustion between the ex 
tremes. It will be readily understood that 
the method may be practiced in various of practicing my method is to operate the 

Specification of Letters Patent. Patented July 17, 1906. 
56, Divided and this application filed May 6, 1905, Serial No. 259,241, 

Ways or by the utilization of various kinds of 
apparatus and is applicable to furnaces for 
various purposes. 
The present invention has in view to main 

tain Substantially uniform steam-pressure 
with maximum economy of coal consump 
tion and miniulum liability of injury to the 
boiler by inrush of cold air when the fire-box 
is opened and of dilution and cooling of the 
gases by air drawn in through crevices in the 
door or furnace setting, 
plished by maintaining in the fire-box a pres 
sure equal or substantially equal to the at 
mospheric pressure in the boiler-room, while 
at the same time supplying to the fire-box the 
full amount of air required for effective con 
bustion of the fuel. 
when the door of the fire-box is opened there 
is an absence of inward or outward draft, as 
may be readily determined by suspending a 
light cloth across the open door. 
One Organization that experience has dem 

onstrated to be effective in producing auto 
matically the conditions described comprises 
a draf-blower and a coöperating stack 
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This is accom 

Under these conditions 

damper both controlled by the steam-pres 
Sure in such way that a comparatively ni 
nute reduction of pressure causes a corre 
sponding acceleration of the speed of the 
blower and increase of volume of air supplied 
to the fire-box by the blower and an actua 
tion of the damper to afford a corresponding 
increase of the stack-outlet area commensul 
rate with the increased air-delivery from the 
blower--that is to say, there is in the opera 
tion of this systein minute or gradual changes 
of the position of the damper corresponding 
to variations of speed of the blower. In this 
way the steam-pressure may be held at a 
substantially uniform point, and the pressure 
within the fire-box may exactly or substan 
tially balance atmospheric pressure in the 
boiler-room, so that on the opening of the 
cold air with the usual accompanying logjer 
contraction. In the particular organization 
shown stéain from the boiler is passed 
through a regulating-valve, fron whence it 
passes to the blower-engine and to a cli:- 
phragm-notor having the characteristic op 
eration hereinafter described. Another way 

95 
fire-box door there will be no inrush of the 
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blower at uniform or substantially uniform openingf", will pass to the blower-engine, caus 
speed and throttle the air-supply passing 
therefrom to the fire-box. 

In Fig. 1 a draft-blower at is driven by an 
5 engine b, supplied by steam from the boiler 
through pipe connection c, which contains 
steam-cocks d and d" and between them a 
'steam-regulating valve fand also has applied 
to it a steam-gage g, beyond which one 
branch of the pipe h passes to the blower-en 
gine, of which is the exhaust-pipe, and an 
other branchi passes to the diaphragm-motor 
k, that controls the damper. Air from the 
blower passes through the duct minto the ash 
pit in, while the products of combustion pass 
through flue 0, in which is located the damper 
p. The axis of the damper is turned by rod 
q, connected with a lever-arm r, hinged upon 
a knife-edge at r and engaged by the piston 
rod r of the diaphragm-motor k. Preferably 
to assure desirable delicacy of operation the 
end of the piston-rod r is engaged by knife 
edge r", carried by the lever r. 
The diaphragm-motork is or may be of any 

suitable ordinary type; but the lever r there 
of is controlled, as hereinafter described, rela 

I5 

tively to the steam-pressure exerted upon the 
diaphragm of the motor-that is to say, its 
movement is a graduated one between its two 
extreme positions, one being the closed posi 3O 
tion in which the damper may be entirely 
closed or only partly closed, according to the special requirements in any given case, and 
E. other the open position in which the 
damper may be entirely or only partly open, 
or the lever of the damper-motor may be so 
controlled that the changes in the position of 
the damper occur as a series of relatively mi 
nute steps or increments of movement either 
from the open or closed position of the dam 
per, as the case may be. . 
Around the parts d df g is a shunt or by 

pass pipe connections, containing an ordi 
nary steam-cocks', which may be opened in 
starting to allow steam at full boiler-pressure 
to pass to the blower-engine, as well as to the 
lower side of the diaphragm of the damper 
motork, and thereby cause the opening of the 
damper. - 

so Steam from the boiler enters the regulat ing-valve f, as indicated by the arrow, Fig. 2, 
and passes by openingf' to the under side of 
a diaphragm f", which is normally urged 
downwardly by a spring f", adjusted by 
screw-bolt, f, and carries a valve-spindle, 
with two valves f seating in the same direc 
tion upon two valve-seats, through which 
steam from the boiler passes. The steam 
outlet side of the regulating-valve is con 
sited by an opening f" with the steam-inlet 

Slde. 
to deliver a determined-quantity of steam 
when steam from the boiler is at a given pres 
sure. Thus if the valves f be seated a vol 
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The opening f" is of such capacity as 

ing the blower to operate at minimum speed 
and to the under side of the damper-motor, 
causing minimum opening of the damper. 
This condition of course only occurs when 
the boiler-pressure is at a maximum. As the 
boiler-pressure falls the diaphragm f° moving 
downward opens the valves f, permitting ad 
ditional steam to pass to the blower-engine 
and damper-motor and causing increase of 
speed of the blower and a corresponding ex 
tent of opening (or increase of opening) of the 
damper. A further fall of steam-pressure 
produces a corresponding further opening of 
valves f, resulting in corresponding further 
increase of speed of blower and opening of 
damper. As steam-pressure increases re 
verseconditions are brought about, In other 
words, the increase or decrease of blower speed and corresponding damper-opening 
correspond to variations of boiler-pressure, 
and the changes occur on such minute 
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changes of boiler-pressure that the latter is 
'maintained substantially uniform. Since in 
any boiler which is to be worked at a given 
pressure the required amount of air and the 
required stack capacity to carry off the prod 
ucts of combustion at the various possible 
speeds of the blower may readily be arrived 
at, the pressure of gases in the fire-box and of 
air in the boiler-room may be equal or sub 
stantially so, and when the fire-door is 
opened there will be, therefore, no inrush of 
cold air to lower, the temperature of the fur 
nace and injure the boiler. As the boiler 
pressure and blower speed vary, the damper 
opening correspondingly varies, the opening 
being increased in one case to carry off the in 
creased volume of gases without material in 
crease of pressure in the fire-box and in the 
other decreased to prevent material reduction 
of pressure in the fire-box. Such retardation 
of gas and products of combustion by this ac 
tion of the damper allows time for intimate 
mixture of the heated air with the gases, in 
suring, substantially complete combustion 
and a substantially Smokeless stack. 
boiler is properly proportioned for the work 
it has to do, there is also a maximum absorp 
tion by the boiler of heat from the gases, so 
that the temperature of the stack may be 
very little above the temperature of the 
boiler. 
The described control of the lever-arm r of 

the damper-motor may be accomplished by 
means of a suitably-constructed coiled spring 
of such character and dimensions that the 

strength of its reaction through the entire 
required range of its distention shall in coöp 
eration with the regulated steam-pressure 
beneath the diaphragm of its motor result in 
the graduated or gradual changes of posi 
tion of the damper, as already described. 
Like results may approximately be effected 

If the 
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65 ume of steam, determined by the capacity of by the arrangement of weights shown in Figs. I 3G 
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4. and 5. A pendent rod upivoted upon the 
end of the lever r, passes through a series of 
weights ' ' ' ', (of which, however, there 
may be any desired in timber,) supported upon 

a. 

5 brackets i. The weights are graded as to 
size, the lip-drones of the series being larger, 
and the E", is headed at its lower end, so 
that as the lever is moved upwardly by the 
strain of the damper-notor the weights', v', 

Io v, v', and v are picked up in succession, cor 
responding positions of the damper p being 
indicated by the dotted lines on Fig. 4, as 
they are also indicated by the dotted lines in 
Fig. 3, wherein in lieu of the series of blocks. 

I5 of different weight the spring t above, de 
scribed is employed. To locate the brackets 
and adji:st the weights shown in Figs. 4 and 5 
to assist in maintaining constantly atmos 
pheric pressure in the fire-box, the following 

20 method may he employed. Ilet the blower 
he-rin at minimum speed and by hand adjust 
the damper intil atmospheric pressure in the 
fire-box is attained... This may be deter 
mined by suspending a sheet of light mate 

25 rial in front of the open furnace-door. The 
position of the lower end of the rod it is then 
noted, and the weight required to hold the 
damper stationary in that position ascer 

osition of the tained. This determines the 
3o lowest bracket and the required amount of the 

weight o' resting thereon. Next, let the 
blower be run at maximum speed and by 
hand adjust the damper until atmospheric 
ressure in the fire-box is attained. The pot 

35 sition of the lower end of the rod u is then noted and the weight required to hold the 
damper stationary in that position ascer 
tained. This determines the position of the 
uppermost bracket and the required aggre 

4o gate amount of the weights v ' ' v° v'. Next 
repeat these proceedings with as many inter 
mediate speeds of. the blower as desired, thereby determining the positions of the in 
termediate brackets and the weights to be 

45 carried thereby. By this means the appa 
ratus may be adjusted so that substantially 
constant atmospheric pressure will be main 
of the blower. - . 

5o Theoretically and practically the best re 
sults are obtained by supplying to the fire 
box sufficient air for perfect combustion and 
maintaining a balance, or substantially so, 

tained in the fire-box for all working speeds. 

between the pressures in the fire-box and 
55 boiler-room. The apparatus may, however, 

be so adjusted that any desired substantially 
uniforni pressure below that of the boiler 
room may be maintained. This may be de 
sired in R for the purpose of ven 6o tilation notwithstanding a loss in efficiency 
and possible injury to the boiler. 
a fire-box pressure above that of the boiler 
room might be obtained, but is not desirable. 
Another way of practicing this invention is 

65 shown in Fig. f. There steam passes from 

Of course. 

the boiler by pipe w , through the regulating 
valve f, and thence by pipe a to the dia 

! phragm-motork of the stack and by pipe y to 
- a diaphragm-motor 2, controlling a damper 2 
in the air-duct m, through which air passes 
from the blower to the ash-pit. 
damper-motors are controlled by springs or 
weights in the manner already described. 
The blower-engine, however, is connected di 
rect to the boiler and runs, therefore, at a sub 
stantially uniform speed, the quantity of 
steam admitted thereto being fixed by set 

. ting the hand-operated valve 3. 
boiler regulation in some respects resembling 
that herein disclosed have been proposed. 
In such systems, however, while the blower 
engine has been controlled to control the 
blower relatively to the steam-pressure of 
'the boiler the stack-damper has been so con 
structed and operated as to have really but 
two positions, one open and the other closed 
that is to say, on a rise of pressure above nor 

To 
Both these 

75 

am aware that heretofore systems of 

mal the stack-damper... will close and the 
blower, slow down until a condition is estab 
lished resulting in the increased speed of the 
blower, accompanied by full opening of the 
damper. 
vantages and being comparatively efficient, 
affording an economy in coal consumption 
not obtained in unregulated boilers, never 

Such systems while having ad 

theless necessarily permit of a somewhat 
marked variation of boiler-pressure, render 
liable expulsion of the gases from the fire-box 
into the boiler-room when the blower speed 
is increased and before the damper opens, 
and also tend at times when the damper is 
open to cause a reduction of pressure in the 
fire-box below that of the boiler-room atmos 
phere, causing inrush of a large quantity of 
cold air should the furnace-door be opened. 

OO 

iOS 

Instead of a blower-engine actuated by 
steam from the boiler the motor or engine of 
the blower may be of a different character 
and may be actuated from another source of 
power. For instance, an electric motor could 

Edw 

be used, the speed of which may be controlled 
by a rheostat and the contact device of the . 
rheostat be controlled by a governing-motor 
such, for instance, as the damper-motor k or 2. 

In Figs. 7, 8, and 9 I have shown dia 
I 5 

grammatically the damper p, the damper- . 
motor k, and the regulating-valve fin the po 
sitions which they occupy, respectively, first, 
when the fire is starting and there is no 
steam on the boiler; second, when the pres 
sure in the boiler is below the normal, and, 
third, when the pressure in the boiler is above 
the normal. Thus, referring to Fig. 7, which 
shows the parts when the fire is starting and 
there is no steam on the boiler, it will be ob served that the damper p is wide open, so as 
to allow the fire to start, under natural draft. 
It is shown as held open in this case by a hook 
10, for which of course any suitable device J30 
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of steam admitted to the blower-engine to 
the minimum and, on the other hand, reduc 
ing the pressure under the diaphragm of 

3o 

35 
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steam-pressure is sufficiently above normal 

diaphragm of the regulating-valve f 

damper p to the position where it will bal 
ance the draft at this speed of the blower. 
At intermediate steam-pressures, as will be 

neously and correspondingly varied between 
the limits there shown, so that the pressure 
tained s 

e. 826, 849 

performing the function may be substituted. I hand or in any other manner (including so The damper-motor k is then performing no 
function, while the regulating-valve fis wide 
open (there being no pressure under the dia 
phragm) and ready to admit a free passage of 
steam when it is generated to the blower-en 
gine. Fig. S shows the position of the parts 
when the pressure in the boiler is so far below : 
normal that the speed of the blower is at its 
maximum, the damper-motor being brought 
into action by releasing the hook 10. In this 
case, owing to a SImall steam-pressure on the 
under side of the diaphragm of the regulating 
valve f, the maximum amount of steam is 
permitted to pass, on the one hand, to the 
blower-engine a, and, on the other hand, to 
the damper-motork, thus holding the damper 
p in the position where it will balance the 
draft at the maximum blower speed. Fig. 9 
shows the position of the parts when the 
to reduce the blower to its minimum speed. 
In this case the increased pessure under the 

almost 
closes the passage through the regulating 
valve, reducing, on the one hand, the amount 

damper-motor k sufficiently to bring the 

readily understood, the positions of the parts 
shown in Figs. 8 and 9 will be simulta 

in the E. will always be main substantially constant, and preferably 
equal to the pressure of the atmoshpere. 

ere have employed the term “blower' 
intend the same to include any apparatus 

for supplying air to the furnace at a pressure 
above atmospheric pressure. Instead of 
automatically controlling the volume of air 
supplied to and the volume of gases dis 
charged from the furnace by the steam-pres 
sure or other function of the furnace it is ob 
vious that one of these may be controlled by 

steam-pressure) provided the other is simul 
taneously controlled correspondingly by any 
suitable means, so as to maintain a substan 
tially uniform pressure in the furnace under 
varying rates of combustion, as already de 
scribed. 

I do not claim in this application the appa 
55 

ratus described herein, as the same forms the 
subject-matter of and is claimed in my Pat 
ent No. 817,438, patented April 10, 1906, and 
of which this application is a division. 

Having thus described my invention, what 
I claim as new, and desire to secure by Let 
ters Patent, is 

1. The method of regulating furnaces 
which consists in maintaining in the furnace 
chamber a substantially uniform pressure 
under varying rates of combustion. . - 

2. The method of regulating furnaces 
which consists in maintaining in the furnace 
chamber a pressure substantially equal to at 
mospheric pressure under varying rates of 
combustion. 

3. The method of regulating furnaces, 
which consists in supplying air to the furnace 
at different rates of delivery and simulta 
neously discharging gases from the furnace 
ln quantities proportioned to said different 
rates of delivery, whereby a substantially 
uniform pressure is maintained in the furnace 
under varying rates of combustion. 

4. The method of regulating furnaces, 
which consists in supplying air to the furnace 
at a pressure above that of the atmosphere 
and at different rates of delivery and simul 

75 

taneously discharging gases from the furnace 
in quantities proportioned to said different 
rates of delivery, whereby a substantially uni 
form pressure is maintained in the furnace 
under varying rates of combustion. 

In testimony whereof I have signed my 
name to this specification in the presence of 
two subscribing witnesses. 

EMBURY McLEAN. 
Witnesses: - 

R. B. CAVANAGH, 
C. J. RATHJEN. 

90 


