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UNITED STATES PATENT office 
JAMES K. MAWHA, OF MAPLEWOOD, NEW JERSEY, ASSIGNOR TO SMOOT ENGINEERING 

CORPORATION, OF NEW YORK, N.Y., A CORPORATION OF DE:LAWARE 

. .OPEN HEARTBI FURNACE CONTROL 

Application filed October 13, 1930. Serial No. 488,316. 

Myinvention relates to the control of air 
Supplied to open hearth furnaces of the re 
versible type and is equally applicable to fur 
naces burning liquid fuel, orgas, or a com 
bination of both. V 
In certain types of regenerative furnaces 

two stacks are provided each including a sec 
tion made in the form of a Venturi pipe and 
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provided with a control damper in the neck 
of the Venturi section. In these furnaces air 
is delivered into each stack, in one stack the damper in the Venturi section is closed and 
the air is deflected into the furnace as forced 
draft, in the other the damper being open, the 

5 air passes through the Venturi section creat 
ing an induced draft withdrawing the gases 
of combustion. Upon reversal of the furnace, 
the stack dampers are reversed and the air 
supply to each reverses its function. 

It is the general practice to associate a 
blower with each stack, its function alter 
nately being to supply air for forced or in 
duced draft depending upon the position of 
the stack's dampers. Difficulty has been ex 
perienced in varying the speed of the motors 
through the range required to alternately sup 
ply either forced or induced draft and main 
tain the proper proportioning of the two for 
efficient operation of the furnace. My inven 
tion is mainly concerned with means for cor 
relating the blower speeds and control of the 
air supply to insure at all times a supply of 
air to the furnace in proper proportion to the 
fuel supply thereto and an exhaust of gases 
from the furnace such that the proper pres 
sure conditions will be maintained within the 
furnace chamber. 
For a better understanding of my inven 

tion reference may be had to the accompany 
ing drawings, of which— ?? ?? . . .. 

Fig. 1 illustrates diagrammatically my air. 
control wherein the orifices of the blower in 
take ducts may be varied; 
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Fig. 2 illustrates my air control wherein 
the orifices of the blower discharge ducts 
may be varied; and 

Fig. 3 illustrates my air control wherein the fans are alternately operated by a high 
or low speed motor. 
In each instance the air control may be 

combined with the fuel control and a master 
control governing the ratio of the two, but 
for simplicity these have been omitted. Like Wise the regulators are diagrammatically ill 
lustrated as comprising a balancing lever ar 
ranged for direct control of the associated 
damper or valve in response to forces vary 
ing as a function of the element controlled 
and in response to a force transmitted to the 
lever by the master controller. Preferably 
these controllers would be of the anti-hunt 
ing balanced type employing auxiliary power 
fluid for operating the controlled elements. 
As such regulators are now well known in 
the art, it is not considered necessary to ill 
lustrate or describe them in detail. For ex 
ample these regulators may take the form ill 
lustrated in Fig. 2 of Smoot Reissue Patent 
No. 16,507, dated December 21, 1926. 
The open hearth furnace 1 is diagrammati 

cally illustrated in Fig. 1, as having a fur 
nace chamber 2 and regenerative checker 
brick passages 3 and 3’ leading to stacks 4 
and 4 respectively. Stacks 4 and 4 are each 
fitted with Wenturi sections 5 and 5' and 
dampers 6 and 6 fitted to tightly close or 
completely open the passage through the 
Venturi sections. A blower 7 supplies air 
through conduit 8 terminating in the stack 
under damper 6. When 6 is closed the air is 
deflected and acts as a forced draft through 
the furnace 1. Simultaneously air is being 
discharged by blower 7' through conduit 8. 
The damper 6 is open and the air jet serves 
as an exhauster withdrawing the gases from 
furnace 2. The dampers 6 and 6 are suitably 
interconnected to be simultaneously reversed 
with the air supplied by each performing the 
opposite function. 

In a furnace of this type an accurate con 
trol of the air supplied through conduits 8 
and 8' is essential for efficient operation. Re 
ferring to Fig. 1, I obtain this result by pro 
viding two variable speed blowers 7 and 7', 
their intakes 7a and a leading to an inter 
section where due to the position of damper 
80 they interconnect with the air supply in 
lets 81 and 82 respectively, 7a-81 serving 
as the intake to blower 7 and Ta'-82 serving 
as the intake to blower 7. Dampers 83 and 
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84 are installed in branches 81 and 82 and are 
manually adjusted to increase or reduce the 
inlet orifice cross section area to meet the re 
quired operating conditions. If damper 80 is 
reversed intake a will connect with inlet 82 
and 7a' will connect with inlet 81. This arrangement permits the giving of a definite 
function to ducts 81 and 82, serving either as 
a forced draft inlet or induced draft inlet 
and the dampers 83 and 84 when once set will 
remain so, until a change is desired to meet 
new operating conditions. Blowers 7 and 7 
are driven by variable speed motors 65 and 
65, the speed of the motors being varied ? 
controlling the field resistances throug 
rheostats 66 and 66’, which are regulated by 
arms 45 and 45' of regulators 19 and 19. 
Chamber 19a of regulator 19 is connected to 
the two-way valve 61 which alternately con 
nects it to the master controller (not shown) through pipe 58, or opens to atmosphere 
through pipe 59. Chamber 195 may through 
valve 55 receive a pressure transmitted from 
conduit 8 through pipe 53 or be open to at 
mosphere through pipe 54 and chamber 19e 
may receive a pressure transmitted from con 
duit 8 through pipe 56 or by reversing valve 
60 receive a pressure transmitted from the 
furnace, through pipe 57-57 a. Valves 55, 
60 and 61 are interconnected by rod 62 for 
simultaneous operation. Regulator 19' and 
its various connections correspond to 19 and 
its connections, similar parts being identified 
by the same number primed. 
In the furnace illustrated damper 6 is 

closed, blower 7 draws air through conduit 
7a-81, damper 83 being set to obtain the 
desired size of orifice, and discharges it as 

: forced draft into conduit 8. Walves 55, 60 
40 
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and 61 in the position shown permit chambers 
19a, 195 and 19e to connect with pipes 58, 53 
and 56 respectively, regulator 19 tending to 
maintain a fixed relation between the pres 
sure transmitted from the master to chamber 
19a through pipe 58 and the differential 
across constriction 64 in conduit 8 trans 
mitted to chambers 195 and 196 through 
pipes 53 and 56. Thus an increase in airflow 
across 64 will cause 19 to move 45 in a direc 
tion to slow the motor and reduce the flow, 
and a pressure from the master calling for 
an increase will cause arm 45 to move to 
speed the motor. Simultaneously blower 7' 
is supplying the air for induced draft, the 
air being drawn through 7a'-82, damper 84 
being adjusted to its proper setting for the 
furnace requirements, valves 55, 60' and 61 
permitting chambers 19a, 195' and 19e' to 
connect to pipes 59, 54 and 5’-57a. In 
this position regulator 19 tends to maintain 
a fixed relation between the furnace pres 
sure transmitted to chamber 19e through pipes 57a-57 and atmospheric pressure. 
Thus an increase in furnace pressure will 
cause regulator 19' to move 45' in a direction 
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to speed the blower increasing the air flow 
through the Venturi section, withdrawing 
the gases from the furnace and reducing the 
furnace pressure to normal. 
The stack dampers, 6-6 are intercon 

nected to open or close simultaneously with 
each other. Rod 62 and rod 62’ actuating 
valves 55, 60, and 61, and 55' 60' and 61, and 
the damper 80, may be operated manually 
or mechanically, but are preferably connected 
to operate in conjunction with 6-6 as shown. 
Cylinders 69-69' and 63-63' and 85 are 
all interconnected to operate by moving the . 
relay valve 70 from one position to the other. 
As illustrated pressure is transmitted through 
pipe 71, through pipe 72 to the cylinders, 
pipe 73 being open to the drain pipe 74. To 
reverse the furnace 75 is thrown over con 
necting pipe 73 to pressure pipe 71 and pipe 
2 to the drain 74. In this position stack 
damper 6 is open and 6 is closed, so that 
fan 7’ now supplies forced draft and 7 in 
duced draft, and damper 80 having been re. 
versed the air for forced draft is drawn 
through the same inlet 81 which now con 
nects with a' and air for induced draft is 
drawn through the same inlet 82 now con 
nected to 7a. Simultaneously rods 62 and 
62 reverse the two-way valves, interchanging 
the functions of the regulators. Regulator 95 
19' now controls the forced draft blower and 
19 controls the induced draft blower. 
The installation of the dampers restrict 

ing the sizes of the orifices and arranging the 
inlets to always serve one function eliminates 0 
the wide speed variation required when the 
fan alternately supplies forced or induced 
draft using an equally sized orifice for both, 
and results in closer volume range regula 
tion with a narrower speed range. 

Fig. 2 combines a damper in the dis 
charge conduit 8 with the variable speed mo 
tor to control the air volume. It differs 
from Fig. 1 in that the damper is on the dis 
charge side rather than the suction side of 
the fan. As both sides of the furnace and 
control, are similarly arranged a half view 
Only is shown. In the illustration blower 7 
is supplying the airfor forced draft, its speed controlled by regulator 19 as explained for 
Fig. 1. A damper 180 is inserted in the dis 
charge conduit 8 and restricts the discharge, 
its partially closed position being predeter 
mined by the conditions under which the fur- 120 
nace operates. The damper opens to permit 
an unrestricted passage when blower 7 is act 
ing as an induced draft fan. This change may 
be made manually but preferably is intercon 
nected to act in conjunction with damper 6, 125 
when 6 is open, damper 180 is likewise wide 
open, thus permitting it to work automatical 
ly after being set to obtain the desired re 
Sult. The insertion of the damper restrict 
ing the flow enables wide volume to be ob- 30 
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tained at the required pressure without a wide speed range. 
Fig. 3 shows another embodiment of my 

invention. Fan. 7 is coupled to two motors, 
a high speed motor 65a and a low speed mo 
tor 65 the speed of each being independently 
variable through adjustment of rheostats 183 
and 182, respectively. In the illustration fan 

is supplying forced draft being operated 
by the low speed motor 65. Arm 45 of regu 
lator 19 is arranged to control the field rheo 
stats 182 and 183 to vary the speed of the 
motor on the line with regulator 19 respon 
sive to the same functions as explained for 
Fig. 1. When the furnace cycle is reversed 
and rod 62 changes the two-way valves it 
simultaneously operates arm 187 connected 
thereto through proper linkage, throwing 
switch 91 out of contact cutting out motor 65 
and throwing switch 92 into contact cutting 
in the high speed motor 65a. This arrange 
ment eliminates the wide speed range required 
when one motor drives the fan for both forced 
and induced draft. w 
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I have shown three embodiments of my 
invention, in each the blowers are driven by 
variable speed motors in combination with an 
arrangement for restricting the sizes of the 
inlet or discharge orifices. These arrange 
ments permit a wide volume range of air 
supplied at the required pressures without 
operating the blowers through a wide speed 
range thus obtaining an accurate proportion 
ment of the air supply to meet the fluctuation 
within the furnace or due to change of op 
eration. As the dampers and switches are 
arranged to ?ot simultaneously with the op 
eration of the stack dampers, fluctuations in 
the blower speeds are eliminated as the blow 
ers are not required to search for a proper 
operating speed to meet the new conditions. 

It may readily be seen that various com 
binations of the foregoing could be made 
without departing from the structures illus 
trated. 
I claim: . 
1. In combination with a reversing furnace 

of the type wherein a pair of continuously 
operating blowers supply air under pressure 
into damper controlled Venturi sections of a 
pair of stacks and the furnace is reversed by 
reversing the position of the dampers in the 
stacks to cause the air delivered by one blower 
to be deflected at the closed damper and to 
thereupon pass into the melting chamber to 
which fuel is supplied and from which the air 
from the other blower induces withdrawal of 
the gases of combustion, the combination comprising a regulator associated with each 
blower and adapted to vary the speed thereof 
in response to a pressure differential vary 
ing with the volume of air delivered by the 
blower when supplying air for forced draft 
and in response to the pressure in the melt 
ing chamber when supplying air for inducing 
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draft, means for varying the air discharge 
supply from the blower comprising a damper 
closed to a predetermined position in the dis 
charge conduit when the blower is supplying 
air for forced draft and opened to a predeter 
mined position when supplying air for in 
duced draft, and means acting simultaneous 
ly with the reversal of the stack dampers for 
reversing the position of the conduit damper. 

2. In combination with a reversing furnace 
of the type wherein a pair of continuously 
operating blowers ????y air under pressure 
into damper controlled Venturi sections of a 
pair of stacks and the furnace is reversed by 
reversing the position of the dampers in the 
stacks to cause the air delivered by one blower 
to be deflected at the closed damper and to 
thereupon pass into the melting chamber to: 
which fuel is supplied and from which the 
air from the other blower induces withdrawal 
of the gases of combustion, the combination 
comprising a regulator associated with each 
blower and adapted to vary the speed thereof 
in response to a pressure differential varying 
with the volume of air delivered by the 
blower when supplying air for forced draft 
and in response to the pressure in the melting 
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chamber when supplying air for inducing. 
draft, means for varying the air discharge of 
the blower comprising a high speed motor 
and a low speed motor associated with each 
blower, and means acting simultaneously with 
reversal of the stack dampers for operating 
the blower with the low speed motor when 
supplying air for forced draft and with the 
high speed motor when supplying air for in 
duced draft. 

3. In combination with a reversing furnace 
of the type wherein a pair of continuously 
operating blowers supply air under pressure 
into damper controlled Venturi sections of a 
pair of stacks and the furnace is reversed by 
reversing the position of the dampers in the 
stacks to cause the air delivered by one blow 
er to be deflected at the closed damper and to 
thereupon pass into the melting chamber to 
which fuel is supplied and from which the 
air from the other blower induces with 
drawal of the gases of combustion, the com 
bination comprising a regulator associated 
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with each blower and adapted to vary the 
speed thereof, a member when in one position 
adapted to control the regulator in response 
to a pressure differential varying with the 
volume of air delivered by the blower and in 
another position adapted to control said regu 
lator in response to the pressure in the melt 
ing chamber, and means operable synchro 
nously with the movement of said member. 
from one position to the other for changing 
the output of the blower from one predeter 
mined value to another predetermined value 
whereby variation of blower speed through 
out a predetermined range varies the volume 
ofair delivered by the blower about the dif 
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ferent predetermined values depending upon 
the position of said member. 

4. In combination with a reversing furnace 
of the type wherein a pair of continuously op 
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erating blowers supply air under pressure in 
to damper controlled Venturi sections of a 
pair of stacks and the furnace is reversed by 
reversing the position of the dampers in the 
stacks to cause the air delivered by one blower 
to be deflected at the closed damper and to 
thereupon pass into the melting chamber to 
which fuelis supplied and from which the air 
from the other blower induces withdrawal of 
the gases of combustion, the combination comprising a regulator associated with each 
blower and adapted to vary the speed thereof 
in response to a pressure differential varying 
with the volume of air delivered by the blow 
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er when supplying air for forced draft and 
in response to the pressure in the melting 
chamber when supplying air for inducing 
draft, and means for varying the ratio be 
tween the speed of the blower and the volume 
of air delivered thereby, said last mentioned 

5 means including a forced draft air supply intake duct, an inducing draft air supply in 
take duct and means acting simultaneously 
with the reversal of the stack dampers for 
alternately connecting the ducts with the in 
takes of the blowers. 

5. The combination according to claim 4, 
including adjustable dampers in said ducts. 
In testimony whereof, I have signed my 

name to this specification JAMES K. MAWHA. 


