
United States Patent (19) 
Nelson 

54) COMBUSTION CONTROL VALVE MEANS 
AND SYSTEM 

(76 Inventor: Lorne W. Nelson, 101 18 Dupont 
Avenue South, Bloomington, Minn. 
554.04 

22) Filed: Dec. 20, 1971 
(21) Appl. No.: 209,793 

52 U.S. C. ................................... 431/90, 137/100 
(51) int. Cl. .............................................. F23m 1102. 
58 Field of Search............... ... 431/90, 12; 137/87, 

137/98, 100 X, 99 

56) References Cited 
. . . UNITED STATES PATENTS 
2,799,288 - 7/1957 Knight... ................ 431/90 X 
2,768,675 10/1956 Conn .................................... 431/90 
2,670,940 3/1954 Hunt................................. 137199 X 
3,493,005 2/1970 Kakegawa........................... 137/100 

11) 3,741,710 
(45) June 26, 1973 

Primary Examiner-Edward G. Favors 
Attorney-Lamont B. Koontz and Alan M. Stanbly 

57 ABSTRACT 

Combination control apparatus including means for 
supplying air to a furnace, means for supplying gas to 
the furnace, means responsive to heat demand for vary 
ing the air flow and means responsive to the rate of air 
flow for adjusting the rate of gas flow to maintain a 
constant fuel/air ratio. Preferably, an air damper or 
valve is located in an air inlet pipe to a blower and a gas 
supply pipe is also connected to the inlet pipe adjacent 
the blower. The blower feeds the mixture into the fur 
nace. A modulating-type pressure regulating valve con 
trols the rate of gas flow and means responsive to air 
pressure, located between the air valve and the blower, 
adjusts the modulating valve to maintain an outlet pres 
sure that provides a fuel/air ratio that is substantially 
constant. 

10 Claims, 1 Drawing Figure 
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COMBUSTION CONTROL VALVE MEANS AND 
SYSTEM 

This invention relates to control apparatus for a gas 
burning furnace of the type which requires the use of 5 
a premixed fuel-air supply for combustion purposes. 
This type of apparatus is used in small furnaces such as 
those located outside of buildings as well as small size. 
furnaces used within buildings. Known prior arrange 
ments of this type are illustrated in U.S. Pat. Nos. 
2,052,375, 1,834,130, 2,962,094, 2,502,345 and 
3,101,897. Such apparatus requires for satisfactory 
combustion purposes, control means that will provide 
a substantially constant fuel/air ratio, preferably with a 
minimum amount of excess air to assure complete and 
efficient combustion. This invention is directed to ap 
paratus which requires a minimum number of elements 
to perform this desirable function as well as a minimum 
amount of installation time to assure as inexpensive as 
possible yet satisfactory heating system. 
The single FIGURE of the drawing is a schematic il 

lustration of the components of the apparatus or system 
in conjunction with a furnace of the hot water type. 
The furnace is generally designated by the reference 

numeral 11 with an outlet conduit 11a leading to the 
space or spaces to be heated by the heating fluid (wa 
ter) flowing in the conduit. A blower 13 is connected 
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to the furnace to supply a mixture of gas and air to a . 
burner (not shown) for heating water coils (not shown) 
connected to the conduit 11a. A return pipe for the 
water (not shown) is connected to the other end of the 
coils. . . . - 
An air inlet pipe 14, which may be a passageway in 

a fuel-air mixing unit 12, is connected to the inlet of the 
air blower 13 and has an air damperor valve 15 located 
a relatively short distance from the blower for control 
ling the flow of air to the blower. This damper is rock 
able on a pivot 16 and is actuated by a link 17 con 
nected to a movable wall 18 of an actuator. The mov 
able wall forms part of a pressure chamber or bellows: 
19 which, in turn, is connected by a capillary tube 20 
to a bulb 21 located in a portion of the conduit 11a. 
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The bulb 21 is filled with an expandable fluid so that as 
the temperature of the water in the conduit 11a lowers, 
the volume of fluid in chamber 19 reduces to move the 
diaphragm 17 in a downward direction. This movement 
of the diaphragm operates the damper 15 through link 
age 17, in an opening direction. In the portion of the 
inlet pipe between the damper and the blower inlet is 
a plate 22 having an orifice 23 to provide a pressure 
drop therethrough for a purpose to be described below. 
The means for supplying gas to the furnace includes 

a manifold valve generally designated by the reference 
numeral 24. A slightly modified form of such a valve is 
disclosed in U.S. Pat. No. 3,354,901. This valve has an 
inlet passageway 25 and an outlet passageway 26 with 
a partition wall 27 therebetween. The partition wall has 
an opening in the form of a valve seat 28 therein which 
is normally closed by a main valve 29. This valve is con 
nected by a valve stem 30 to a diaphragm 31 forming 
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one wall of a pressure chamber 32. A coil spring 33 
normally biases the valve 29 into engagement with the 
seat 28. A first control passageway 34, having a restric 
tion or orifice member 35 therein, communicates 
through a three-way electrically operated control valve 
36 and a second control passageway 37 with the pres 
sure chamber 32. A third control passageway 38 leads 
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from the three-way control valve to the outlet passage 
way 26 so that in one portion of the control valve, gas 
flows from the inlet 25 to the pressure chamber 32 and 
in a second position of the control valve, gas flows from 
the chamber 32 through passageway 37 to the outlet 
passageway 26. A fourth control passageway 39 leads 
from the pressure chamber 32 to a pressure chamber 
40 of a pressure regulator valve generally designated by 
the reference numeral 41. A diaphragm 42 separates 
the pressure chamber 40 from a pressure chamber 43 
and has connected thereto a ball type of valve 44 that 
cooperates with a valve seat 39a at the end of passage 
way 39. The valve 44 is normally biased against the seat 
39a by means of a coil spring 45. The chamber 40 is 
connected by a fifth control passageway 46 to the gas 
outlet 26. The chamber 43 is connected by a sixth con 
trol passageway 47 to the air intake conduit 14 at a po 
sition between the air valve 15 and the orifice member 
22. The outlet passageway 26 of the gas valve is con 
nected by a conduit 48 to the air intake conduit 14 at 
a position between air orifice member 22 and the 
blower 13. A restriction or orifice member 49 is lo 
cated in this conduit. It is thus seen that both air and 
gas are supplied to the intake of the blower 13. 
The above mentioned means for controlling air and 

gas flow are adapted to be placed in operation by 
means of a room thermostat 50 connected to one wire 
51 of an electrical power supply and having a movable 
contact 52 that cooperates with fixed contact 53 to si 
multaneously energize the control valve, the blower 
and the igniter in the simplified arrangement shown in 
the drawing. The control valve is connected to the ther 
mostat by wire 55 and to the ground by wire 56. The 
blower is connected to the thermostat through wires 57 
and 58 and to the ground through wire 59. The igniter 
is connected to the thermostat by wires 60 and 58 and 
to the ground through wire 61. The other wire 62 of the 
power supply is grounded through wire 63. 
Upon a call for heatin the space in which the thermo 

stat 50 is located, the movable contact 52 closes, 
against fixed contact 53 which starts the blower operat 
ing, the igniter operation and the control valve moving 
to a position supplying gas from the inlet 25 to the pres 
sure chamber 32. Upon the pressure in chamber 32 
building up sufficiently to open the valve 29, gas will 
start to flow through the outlet passageway 26 to the air 
intake conduit 14 where it will be mixed with air flow 
ing past the valve 15, under the influence of the blower 
13, and delivered to the furnace. As the gas pressure in 
the outlet 26 builds up, the pressure will feed through 
passageway 46 to the chamber 40 and move the dia 
phragm 42 in the valve opening direction. The amount 
of opening of valve 44 will depend upon the loading of 
spring 45 and the pressure Pa in the space between 
valve 15 and orifice member 22, as well as the pressure 
Pg in the outlet 26. The location of valve 44 determines 
how much gas is bled from the chamber 32 past the 
valve to the outlet 26. Therefore, the outlet pressure Pg 
will be regulated by the pressure Pa and by the proper 
selection of the size of the diaphragm 42 and the spring 
45, it will be possible to maintain the pressure Pg the 
same as the pressure Pa. It is thus seen that should there 
be changes in the gas pressure supplied to the inlet 25 
or should there be changes in the position of the valve 
15, the valve 29 will be adjusted by the relocation of 
the diaphragm 42. In order to maintain a constant fuel 
lair ratio for proper and efficient combustion purposes, 
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the provision of the orifice member 22 in air conduit 14 
and the provision of orifice member 49 in gas conduit 
48, produces a pressure differential across each of 
these orifices which act back through the control pas 
sageways to opposide sides of the diaphragm 42, to pro 
vide control signals on the valve 44 that causes the 
valve 29 to adjust in the necessary manner. 
How the apparatus operates to provide a constant 

fuel/air ratio is explained by the following equations 
wherein: 
Wg is the mass flow rate of gas, 
K is a selected gas density constant, 
Ag is the area of the gas orifice 49, 
Pg is the gas pressure at the gas valve outlet, 
Wa is the mass flow rate of air, 
K, is the air density constant, 
Aa is the area of air orifice 23, 
Pa is the air pressure upstream of the air orifice, 
Ps is the pressure of the gas-air mixture, and 
K is the fuel/air ratio constant desired. Therefore, 
Wg = K, Ag W Pg - Ps 
Wa = K, Ag W Pa - Ps 
Fuel/Airs (Wg/Wa) = (Ki Ag)/(KP -Aa) 

V(Pg - Ps)/(Pa-Ps) 
By making the gas valve so that Pg always equals Pa 
and the quantity Ki Ag/K. Aa = K 

Fuel/Air = K V (Pa - Ps)/(Pa - Ps) = K (constant) 
It is thus seen that regardless of variations in heat de 

mand or fluctuations in gas supply pressure, the appa 
ratus will function to maintain a constant fuel/air ratio 
for proper combustion. 

It is to be noted that as the water temperature in the 
discharge conduit 11a of the furnace decreases in tem 
perature, the diaphragm 18 moves to increase the air 
flow. With increase in air flow a greater pressure devel 
ops in chamber 43 causing the valve 44 to move closer 
to seat 39a, which causes increased pressure in cham 
ber 32 and wider opening of gas valve 29. Upon an in 
crease in water temperature in conduit 11a, the reverse 
takes place. It is thus seen that the sensor 21 will adjust 
the amount of air flow in accordance with water tem 
perature to maintain the water temperature necessary 
to provide proper heating of the space in which the 
thermostat 50 is located. 

Instead of having the water temperature sensor 21 
operate the air damper 15, the pipe 14 could be so 
shaped as to serve as a restriction to air flow in place 
of the damper, and a suitable sensor and motor control 
means could be used to vary the speed of blower 13 to 
vary the air flow. 
Obviously, additional controls can be used including 

those to limit the range of the water temperatures 
above which and below which the water in the conduit 
11a should not reach. However, these controls are old 
and well known in the art and are unnecessary for an 
understanding of the operation of the apparatus de 
scribed above. 
The embodiments of the invention in which an exclu 

sive property or right is claimed are defined as follows: 
1. Combustion control apparatus comprising conduit 

means for delivering air to a furnace, air flow control 
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4 
means in said conduit means for regulating the rate of 
air flow according to heat demand, air flow restricting 
means in said conduit means, gas pressure actuated 
valve means for delivering gas to said conduit means 
downstream of said air flow restricting means, said 
valve means including pressure regulating means and a 
gas flow restricting means downstream of said pressure 
regulating means, temperature responsive means ar 
ranged to supply gas to said, valve means to open said 
valve means, and means responsive to air pressure up 
stream of said air flow restricting means to adjust the 
gas pressure on said pressure regulating means by 
bleeding valve actuating gas therefrom to maintain the 
outlet gas pressure from said pressure regulating means 
substantially equal to said air pressure. 

2. Combustion control apparatus as defined in claim 
1 wherein said air flow control means includes a sensor 
adapted to sense the temperature of heating fluid 
heated by the burning of said gas and air. . 

3. Combustion control apparatus as defined in claim 
1 wherein said conduit means for delivering air in 
cludes a blower downstream from said air flow restrict 
ing means. 

4. Combustion control apparatus as defined in claim 
1 wherein said pressure regulating means includes a 
movable wall operably connected to a main valve, a 
pressure chamber on one side of said movable wall and 
means normally biasing said main valve closed and said 
wall into said chamber, said temperature responsive 
means includes a three-way control valve selectively 
operable to establish communication between the inlet 
side of said main valve and said pressure chamber or 
between said chamber and the outlet side of said main 
valve, said air pressure responsive means includes a 
pressure regulator valve located between said pressure 
chamber and the outlet side of said main valve and a 
diaphragm actuator for said pressure regulator valve 
being exposed on the valve side thereof to said main 
valve's outlet gas pressure and on the other side thereof 
to air pressure upstream of said air flow restricting 
cas. 

5. The combination defined in claim 4 wherein gas 
flow to the control valve is restricted. 

6. The combination defined in claim 5 wherein said 
temperature responsive means includes a remote sen 
sor located in a space the temperature of which is to be 
controlled by said apparatus. 

7. The combination defined in claim 6 in combina 
tion with an igniter controlled by said remote sensor. 

8. The combination of claim 5 in combination with 
thermostatic means electrically connected to said 
blower and three-way valve and an igniter also electri 
cally connected to said thermostatic means. 

9. Combustion control apparatus as defined in claim 
1 wherein said means for regulating the rate of air flow 
is valve means located upstream of said air flow re 
stricting means. 

10. Combustion control apparatus as defined in claim 
9 wherein said air flow-valve means is controlled by a 
sensor responsive to heat demand. 

is . . 


