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1. 

This invention relates to a novel furnace Con 
struction with the provision of a secondary air 
duct for conducting additional air to or in ap 
proximation with the points of combustion ad 
jacent or near the furnace bridge-wall. This is 
accomplished by the provision of first stage air 
ports in the furnace deck, second stage air ports 
at the base of said bridge-wall, and third stage 
air ports in the bridge-wall, all in communica 
tion with said secondary air duct under the fur 
nace deck. 
The description following will be limited to the 

operation of an oil burner, with its flame directed 
toward the furnace bridge-wall; however, it will 
be understood that the invention hereinafter de 
scribed is equally applicable to other types of 
fuel, such as gas or coal, etc. 
The invention also relates to a plurality of air 

control means for regulating and governing said 
additional air Supply. 
After the combustibles have passed the initial 

source of air supply, additional air is provided 
where required to produce complete combustion 
throughout higher firing ranges. By this method 
it is unnecessary to admit large quantities of 
excess air at any one point to provide against a 
lack of oxygen at any remote point in the proc 
ess of combustion. This excess air results in a de 
crease in carbon-dioxide percentage or a decrease 
in the thermal efficiency of the furnace. 

Heretofore with a provision of a primary air 
inlet at the burner opening, and with Secondary 
air inlets in the furnace deck, the burning effi 
ciency has been improved. However, large car 
bon deposits have been frequently found upon 
the bridge-wall. By the provision of the second 
alry air duct and second and third stage air ports 
in the bridge-wall this carbon deposit has been 
entirely eliminated. 

It is the object of this invention to thereby ob 
tain a maximum efficiency at various firing rat 
ings by supplying additional air at various points 
in the furnace in proximity to the points of com 
bustion. 

It is the further object of this invention to pro 
vide angularly inclined air inlet openings in the 
furnace deck for directing air towards the points 
of combustion. 
The invention therefore relates to the various 

arrangements of elements and their combinations 
as hereinafter set out in detail in connection 
with the appended drawings, of which: 

Fig. 1 is a fragmentary partially sectional ele 
vational view of the furnace. 
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Fig. 2 is a plan Sectional view of the same on 

lines 2-2 of Fig. 1. 
Fig. 3 is an elevational Section on line 3-3 of 

Fig. 1. 
Fig. 4 is an elevational view of the multi-blade 

air-gate to be located in the secondary air duct. 
Fig. 5 is a fragmentary side-elevational view 

thereof. 
it Will be understood that the above dra Wings 

are not by Way of limitation but are merely pref 
erably embodiments of the invention, for a bet 
ter understanding of which reference should now 
be had to the detailed specification hereunder. 

In the drawings, Fig. 1 shows a furnace having 
a front refractory wall , a bridge-wall 2, and 
a furnace deck 3, having therein a plurality of 
angularly inclined first stage air inlet ports or 
openings & Within the refractory. 

Additional second Stage air ports 5 are dis 
posed at the base of bridge-wall 2. It will be 
understood that air ports 5 may be angularly 
disposed within deck 3 for tangentially directing 
the air Stream towards the points of combustion. 
Also a plurality of angularly disposed third stage 
air ports 6 are provisioned at the upper portion 
of the bridge-wall within the refractory tile illus 
trated in Figs. 1-3 to provide additional air in 
approximation with the points of combustion 
within the furnace. These ports are inclined so 
that the fame cannot enter the same under nor 
mal conditions. 
The furnace has a sub-base beneath the deck 
3 providing therebetween a secondary air duct 
for conducting and pre-heating air to the deck 

openings 4 and also to the openings 5 at the 
base of the bridge-wall. The bridge-Wall air 
ducts 8 are provided adjacent bridge-wall 2 
in communication with air duct providing air 
communication to the bridge-Wall air outlets 6. 
Said bridge-wall air ducts 8 are bounded by 

the refractory Wall 8', with an insulating wall 
8' on the exterior thereof, consisting prefera 

bly of 85% magnesia block. 
It has been found that in the case of an in 

properly adjusted burner when the air gates 22 
are closed in duct 7 that higher temperature 
areas develop in the vicinity of the bridge-wall 
air ports 6 on the outside of the furnace casing. 
To prevent this possibility adequate refractory 
8' is disposed on the outside of ducts 8, With 
an insulating wall 8' on the outside thereof 
between said refractory 8' and the exterior fur 
nace casing. 
This proves that with a poor adjustment, the 

flame in seeking additional air enters the open 
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ings f6 leading to the bridge-wall ducts 8. It 
is therefore the purpose herein to provide for 
the actual air requirements at the higher firing 
ratings by means of these ducts 8 and angularly 
disposed airports (6. 

It is to be understood that openings 6 Would 
actually be a detriment at low firing range, by 
permitting excess air lower than the furnace tem 
perature to be admitted on the fire, consequently 
reducing the furnace temperature in that area 
and retarding combustion to the point that soot 
and carbon are formed. 
Therefore the air gates 22, hereinafter de 

Scribed, are provided Within the Secondary air 
duct or controlling the air supply and distri 
bution in accordance with the firing rate, so that 
at low firing both air openings 5 and 6 are 
closed; and at intermediate firing air ducts 8 
are closed. 

Air gates as hereinafter described are provided 
within duct 7 for regulating communication be 
tween duct and ducts 8 and between duct 

and air inlets 5. 
An oil burner is indicated at 9 disposed 

through opening. 2) within the front wall 
Whereby a fame is thrown or directed to Ward 
bridge-Wall. 2, whence heat is conducted up to 
a suitable boiler generally indicated fragmentarily 
at 2. 

Fig. 1 illustrates the refractory tile employed 
within the bridge-wall 2 at the points where the 
angularly disposed openings f6 are required as 
showri in the drawings. It is possible that such 
ports be vertically disposed at right angles to 
the flame and placed in the corbelling provided. 
in the bridge-wall near or at the top thereof. 
The air gate 22 above, mentioned in connection 

with Fig. 1 is shown in elevation in Fig. 4, con 
sisting of an upper gate or blade 23 and a lower 
gate 24, both pivoted along their inner adjacent. 
edges, i.e. fixedly mounted upon the pivotal shafts 
25 and 26 respectively to rotate therewith, but. 
independently of each other. Said shafts are 
journaled by suitable bearing supports 2 and 28 
respectively, within the air gate housing 29, the 
latter being transversely disposed below the fur 
nace deck 3 in front of bridge-wall ducts 8, 
and in front of the duct joining the bridge-Wall 
air ports f5. 

Referring to Figs. 4 and 5, lever 30 and lever 
3 are respectively joined to the pivotal shafts 
25 and 26 for operatively actuating upper blade 
or gate 33, and lower gate 24. 
A control beam-lever 32 is centrally pivoted ex 

terior to the furnace at point 33, and its ends, 
34 and 35 are respectively joined to the ends 36 
and 37 of levers 30 and 3 f through the interme 
diate reach-rods 38 and 39. 
Upper gate 23 is so mounted within its housing 

29' as to open when released, by the force of 
gravity. On the other hand lower gate 24 is 
mounted so as to close, when released, by the 
force of gravity. 

Beam-lever 32 is pivotally mounted at 33 to 
the rotatable lever 4 which is itself Securely 
mounted at its end to the exteriorly power actu 
atted rotatable shaft, 4. Thus it is seen. On rota 
tion of Shaft 4 and lever 40 that a displacement 
is given to beam-lever 32 as shown in the dotted 
line position 32 or to any other intermediate 
position. 
In the intermediate position of beam-lever 32, 

the latter is angularly inclined and through the 
reach-rod 38 releases gate 23, permitting the same 
to open by the force of gravity. As bean lever 
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4 
32 begins to assume the vertical position 32', the 
lower gate 24 is gradually forced open by the 
interconnecting reach-rod 39. By the above 
Inechanism it is seen that upon regulating the 
anguiar position of lever 40, the upper gate 23 
is first opened, progressively as the firing rate 
is increased from the low stage, until such point 
at Which upper gate 23 comes to rest at the full 
open position, permitting air in duct if to enter 
the fire chamber through the openings 5. 
Thereafter on further movement of lever 40 the 
lower gate 24, is opened permitting air from 
duct to communicate with ducts 8 and bridge 
Wall air opening 6. 
The positioning of lever 3G is automatically 

determined according to the particular firing rate 
required at the moment. Shaft 4 powering lever 
A remains at rest until Such times as the air 
required for combustion exceeds the available 
supply through air ports 4, at the existing fur 
nace pieSSure. 

After that point had been reached lever 40 is 
angularly positioned progressively rotating toward 
air gate. as additional air is required for the 
higher firing rates to: meet higher firing con 
ditions. 
Since lower gate 24 remains at rest through 

tie forces of gravity; and since upper air gate 
23, has a tendency to open through the same 
forces, beam-lever 32 rotates around point 33 in. 
a counter-clockwise direction as in Fig. 4, releas 
ing lever SC through reach-rod 38 permitting air 
gate 23 to open progressively providing additional 
air through furnace intake openings 15. Inas 
much as a greater force is required to open gate 
24, through reach rod 39, beam-lever 32 rotates 
counter-clockwise until the firing, rate has reached 
the point, where the air supply through the deck 
air ports 4 and the air ports 15 at the base of 
the bridge-wall are inadequate to supply combus 
tion air gate. 24 remains closed through the 
forces of gravity, and in accordance with the 
position of beam-lever 40. For firing rates beyond 
that point lever 4 assumes a more angular posi 
tion, by its rotation with shaft 4 externally pow 
ered and controlled; and since, the upper air gate 
23 has come to rest, beam-lever 32 begins to rotate: 
in the opposite direction i.e. clockwise in Fig. 5, 
thereby exerting force on lever 3 which in turn. 
progressively opens the lower air gate 24 accord 
ing to the combustion requirements. 
For decreasing fire demands, the above gates. 

23 and 24 therefore progressively close in the 
reverse order as lever 40 is rotated towards its, 
initial position through operation of shaft 4f. 
Thus beam lever 32 again assumes, an angular 
position rotating counter-clockwise and the 
lower gate 24 is released through reach-rod 39, 
and closes by gravitational force. On further 
movement of lever 40 and lever 32, after gate 24 
is closed, the upper gate is gradually pulled back 
into closed position through the operation of 
reach-rod 38, lever 30 and shaft 25, which lever 
32 now rotating clockwise. 
Operation or rotation of shaft, 4t on which is 

joined lever 40 is regulated by any suitable con 
trolling means, to obtain the desired combustion 
conditions required to meet prevailing, steam de 
mands. For the purpose of thermostatically con 
trolling said gates, a thermostat 42, of ordinary 
construction, is illustrated generally and dia 
grammatically as a part of Fig. 4. Rotatable 
shaft 4 is actuated in either direction by motor 
43, the latter having a Suitable control switch 44 
joined to said thermostat 42 by wire 45. 
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Having described my invention reference 
should now be had to the claims which follow 
for determining the scope thereof. 

I claim: 
1. In a furnace having a deck and a bridge 

Wall defining a fire chamber, and having com 
municating air ducts beneath said deck and on 
the outside of said bridge-wall, with a plurality 
of air inlets in said deck adjacent said bridge 
wall, and in Said bridge-wall near the top of said 
chamber, a pivotal upper air gate in said deck 
duct controlling communication to said deck in 
lets adapted to open by gravity on being released, 
a pivotal lower air gate in said deck duct con 
trolling communication to said bridge-wall duct, 
Operating means interconnecting said air gates 
for progressively releasing the upper gate and for 
opening the lower gate after the upper gate is 
Opened, Said Operating means being joined to said 
upper gate normally maintaining the same closed 
and adapted upon movement for releasing said 
upper gate, whereby the air supply to said fire 
chamber is progressively increased. 

2. In a furnace having a deck and a bridge 
Wall defining a fire chamber, and having an air 
duct beneath said deck and a plurality of air 
ducts on the outside of said bridge-wall com 
municating with said deck duct, with a plurality 
of air inlets in said deck adjacent said bridge 
wall and in said bridge-wall near the top of said 
chamber, a pivotally mounted upper air gate 
transversely disposed within said deck duct con 
trolling communication to said deck inlets, and 
an oppositely disposed pivotally mounted lower 
air gate within said deck duct controlling com 
munication to said bridge-wall ducts and adapted 
to close by gravity on being released, and operat 
ing means interconnecting said gates for pro 
gressively releasing the lower gate permitting 
closing thereof, and for closing the upper gate 
after the lower gate is closed, said Operating 
means being joined to said lower gate normally 
maintaining the same open and adapted upon 
movement for releasing said lower gate. 

3. In a furnace having a deck and a, bridge-wall 
defining a fire chaimber, and having communi 
cating air ducts beneath said deck and on the 
outside of said bridge-wall with a plurality of 
air inlets in Said deck adjacent said bridge-Wall 
and in said bridge-wall near the top of Said chan 
ber, a pivotal upper air gate in said deck duct 
controlling communication to said deck inlets, a 
pivotal icy or air gate in said deck duct control 
ling communication to said bridge-wall duct, and 
operating means interconnecting said gates to 
progressively open the upper gate and then the 
lower gate. 

4. In a furnace having a deck and a bridge-wall 
defining a fire chamber, and having communicat 
ing air ducts beneath said deck and on the out 
side of said bridge-wall, with a plurality of air in 
lets in said deck adjacent Said bridge-Wall, and 
in said bridge-wall near the top of Said chamber, 
a pivotal upper air gate in said deck duct control 
ling communication to said deck inlets, a pivotal 
lower air gate in said deck duct controlling com 
munication to said bridge-wall duct, adapted to 
close by gravity on being released, and operating 
means interconnecting said gates for progressive 
ly releasing the lower gate permitting closing 
thereof, and for closing the upper gate after the 
lower gate is closed, said operating means being 
joined to said lower gate normally maintaining 
the same open and adapted upon movement for 
releasing said lower gate. 

0. 

20 

25 

40 

60 

65 

5 

5. In a furnace having a deck and a bridge 
Wall defining a fire chamber, and having com 
municating air ducts beneath said deck and on 
the outside of said bridge-wall, with a plurality 
of air inlets in Said deck adjacent said bridge 
Wall, and in said bridge-wall near the top of said 
chamber, said deck duct being subdivided at one 
end to provide separate communication to the 
deck air inlets and to the bridge-wall duct, a 
pivotally mounted upper air gate transversely 
disposed within said deck duct controlling com 
munication to said deck inlets, an oppositely dis 
posed pivotally mounted lower air gate within 
Said deck duct controlling communication to said 
bridge-Wall duct, and operating means intercon 
necting Said air gates to progressively open the 
upper gate and then the lower gate. 

6. In a furnace having a deck and a bridge-wall 
defining a fire chamber, and having communicat 
ing air ducts beneath said deck and on the out 
side of said bridge-wall, with a plurality of air 
inlets in said deck and in said bridge-wall, a 
pivotally mounted upper air gate transversely 
disposed within said deck duct controlling com 
munication to said deck inlets, and oppositely 
disposed pivotally mounted lower air gate within 
Said deck duct controlling communication to said 
bridge-wall duct, one of said gates being adapted 
to open by gravity on being released, and operat 
ing means interconnecting said air gates for re 
leasing the upper gate and for opening the other 
gate after said first gate is opened, said operating 
means being joined to said first gate normally 
maintaining the same closed and adapted upon 
movement for releasing the same. 

7. In a furnace having a deck and a bridge-wall 
defining a fire chamber, and having communicat 
ing air ducts beneath Said deck and in the out 
side of said bridge-wall, with a plurality of air 
inlets in said deck and in said bridge-Wall, a 
pivotally mounted upper air gate transversely 
disposed within said deck duct controlling com 
munication to said deck inlets, a pivotally mount 
ed lower air gate within said deck duct control 
ling communication to said bridge-wall duct and 
adapted to close by gravity upon being released, 
and operating means interconnecting said gates 
for releasing said lower gate and for closing the 
upper gate after the lower gate is closed, whereby 
the air supply to the furnace is progressively 
diminished, said operating means being joined to 
said lower gate normally maintaining the same 
open and adapted upon movement for closing 
the same. 

8. In a furnace having a deck and a bridge-Wall 
defining a fire chamber, and having communicat 
ing air ducts beneath said deck and on the out 
side of said bridge-wall, with a plurality of air 
inlets in said deck and in said bridge-Wall, a 
pivotally mounted upper air gate transversely dis 
posed within said deck duct controlling communi 
cation to said deck inlets, a pivotally mounted 
lower air gate within said deck duct controlling 
communication to said bridge-Wall duct, and Op 
erating means interconnecting said air gates to 
progressively close the lower gate and then the 
upper gate. 

9. In a furnace having a deck in a bridge-wall 
defining a fire chamber, and having communicat 
ing air ducts beneath said deck and on the out 
side of said bridge-wall, with a plurality of air 
inlets in said deck and in said bridge-wall, a 
pivotal upper air gate in said deck duct control 
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ling communication to said deck inlets, adapted 
to open by gravity on being released, a pivotal 
lower air gate in said deck duct controlling com 
munication to said bridge-wall duct, operating 
means interconnecting said air gates for progres 
sively releasing the upper gate and for opening 
the lower gate after the upper gate is opened, said 
operating means being joined to said upper gate 
normally maintaining the same closed and adapt 
ed upon movement for releasing said upper gate. 

10. In a furnace having a deck and a bridge 
Wall defining a fire chamber, and having com 
municating air ducts beneath. Said deck and on 
the outside of said bridge-wall, with a plurality 
of air illets in said deck and in Said bridge-Wall, 
a pivotal upper air gate in said deck duct control 
ling communication to Said, deck inlets, a pivotal 
lower air gate in said deck duct controlling 
communication to said bridge-Wall duct, adapted 
to close by gravity on being released, operating 
means interconnecting said gates for progres 
sively releasing the lower gate permitting closing 
thereof, and for closing the upper gate after the 
lower gate is closed, said operating means being 
joined to said lower gate normally maintaining 
the same open and adapted upon movement. for 
releasing said lower gate. 

11. In a furnace having a deck and a bridge 
wall, defining a fire chamber, and having com 
municating air ducts beneath said deck and on 
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the outside of said bridge-wall, with a plurality 
of air inlets in said deck and in said bridge-Wall, 
a pivotally mounted upper air gate transversely 
disposed within said deck duct controlling com 
munication to said deck inlets, an oppositely dis 
posed pivotally mounted lower air gate within 
said deck duct controlling communication to said 
bridge-wall duct, and operating means intercon 
necting said air gates to progressively open the 
upper gate and then the lower gate. 

CHARLES E. FENBERG. 
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