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United States Patent Office 2,995,201 
Patented Aug. 8, 1961 

2,995,201 
SAFETY CONTROL SYSTEM 

Jay D. Stafford and Clarence O. Glasgow, Tulsa, Okla., 
assignors to National Tank Company, Tulsa, Okla., a corporation of Nevada 

Filed Aug. 13, 1958, Ser. No. 754,887 
12 Claims. (Cl. 183-2.7) 

The present invention relates to a control system for 
fuel to a burner. More specifically, the invention 
relates to a control system for fuel to a burner which 
is responsive to a plurality of malfunctions and which 
is manually reset for normal operation of the control 
system. 
Many processes require heat. Heat is often provided 

with a burner which consumes gas as fuel. The proc 
ess may produce the fuel gas as a by-product, or a sepa 
rate source of fuel gas may be available. In either event, 
a hazard always results from any inflammable liquid as 
sociated with the gas being carried over to the burner. 
Additionally, a mechanical failure of the burner com 
partment walls may permit liquids of the process to 
enter the compartment and create a hazard. 

It is an object of the present invention to control the 
supply of a fuel gas to a burner by liquid carried over 
with the gas and liquid entering the burner compart 
ment. 
Another object is to interlock the responses of the sys 

tem to both liquids so the response of the system to one 
liquid collection is controlled by the response of the sys 
tem to the other liquid collection. 
Another object is to require manual resetting of the 

system to supply fuel gas to the burner in a normal man 
ner following response of the system to a malfunction 
which has caused isolation of fuel gas from the burner. 
The present invention contemplates a burner supplying 

heat to a process. The process utilizes liquids which 
would be a hazard in the burner compartment. Separate 
compartments are adapted to receive the hazardous liq 
uids in order to make their predetermined quantities ef 
fective to isolate a gaseous fuel to the burner which 
passes through one of the compartments. 
The invention further contemplates primary elements 

in the compartments modifying control fluid pressures in 
accordance with liquid levels in the compartments. The 
fluid pressures modified by the primary elements are 
routed through the elements in series in order that one 
modification will depend on the other. 
The invention further contemplates that at least one of 

the primary elements will be provided with a structural 
arrangement which will modify the control fluid pressure 
output of the element when a predetermined level of 
liquid in the compartment is reached but which will pre 
vent automatic restoration of the normal position of the 
element when the liquid level is lowered. Restoration of 
the normal output of the element is obtained by manual 
resetting of the structure of the primary element. 
Other objects, advantages and features of this invention 

will become apparent to one skilled in the art upon con 
sideration of the written specification, appended claims, 
and attached drawings wherein 

FIG. 1 is a perspective of a treater for oil well pro 
duction utilizing a portion of the gas produced for the 
burner system embodying the present invention; 
FIG. 2 is a partially sectioned perspective of the burner 

of the treater of FIG. 1; 
FIG. 3 is a partially sectioned elevation of part of the 

system embodying the invention as illustrated in FIG. 1; 
FIG. 4 is a sectioned isometric view of a level respon 

sive device of the structure of FIG. 3; and 
FIG. 5 is a sectioned isometric view, partially exploded, 
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showing details of the valve used in the structure of 
FIG, 4. 

Referring specifically to FIG. 1, a system embodying 
the invention is illustrated in association with an oil well 
treater. The treater shell is generally indicated at 1, 
being of the vertical type. The process carried on with 
in the treater is illustrative of many processes requiring 
heat. 

In the present instance, heat is used in treater 1 to 
break the emulsion between oil and water as it is pro 
duced by a well. The well stream is indicated as enter 
ing the shell of treater 1 through conduit 2. There are 
many well-known arrangements which may be provided 
for the treater which will divide the well stream of in 
let 2 into its components. Specific internal arrangements 
of treater 1 are not presently considered. 

Ultimately, clean oil produced by the process is passed 
out of the treater through conduit 3. The gas evolved 
from the process is passed out through conduit 4. Both 
the clean oil of conduit 3 and the gas of conduit 4 are 
products which can be sold. A portion of the gas of con 
duit 4, however, can be used to provide the necessary 
Source of heat for the process in treater 1. 

FIG. 1 is illustrated with a heat source using a part 
of the gas of conduit 4. This heat source is specifically 
a direct-fired, return-tube, heater shown generally at 5, 
in the lower portion of the shell of treater 1. The re 
turn-tube heater is illustrated in greater detail with FIG. 
2. FIG. 2 shows the two legs of return-tube 6 extending 
into the shell of treater 1 and held in position by a bolt 
ed flange. The lower leg of tube 6 has a burner front 7 
which controls the entry of combustion-supporting air and 
physically supports burner 8 and pilot 9. 

Actually, burner 8 comprises a mixing section and a 
tip section at which the combustion takes place. The 
assembly of sections is held in a fixed position within 
the lower leg of tube 6 by a set screw in the burner front 
7 and a supporting bracket within the lower leg. The 
burner is supplied fuel gas through a manifold pipe 10. 
Pilot 9 is, essentially, a small burner which is support 
ed in position solely by attachment to the burner front. 
Pilot 9 is supplied fuel gas by a pipe 11. When burner 
8 is lit by pilot 9, the flame propagated produces prod 
ucts of combustion which travel through tube 6 and trans 
fer their heat to the contents of the shell of treater 1. 
The products of combustion then pass up stack 12 for 
discharge to the atmosphere. Stack 12 is attached to the 
upper end of tube 6 through stack breeching 13 bolted 
to the upper leg of tube 6. It is the system supplying 
fuel gas to burner 8 and pilot 9 with which the present 
invention is concerned. Additionally, it is the system 
arranged to respond to liquid of the process entering 
tube 6 and carried over with the fuel gas which embodies 
the present invention. 
The present invention specifically contemplates that 

liquid will be carried along with fuel gas to be supplied 
the burner 8 and pilot 9. Additionally, the invention 
contemplates that the tube 6 may fracture, or break 
down in some way, so liquid of the process will enter 
it. Either the liquid carried over with the gas, or the 
liquid entering a fracture may overflow tube 6. This 
liquid which overflows tube 6 may well be inflammable. 
If the liquid is discharged in sufficient quantities it may 
well be ignited by the burner or pilot in the tube 6 or 
food to an adjacent source of combustion which will ig 
nite the overflowed liquid and destroy treater 1 and other 
property. Therefore, separate compartments are adapt 
ed to receive the hazardous liquids, and responsive ele 
ments within the compartments are interlocked in order 
to make predetermined quantities of the liquids effective 
to isolate the gaseous fuel from burner 8 and pilot 9 
until the malfunctions are corrected. 
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Referring back to FIG. 1, gas conduit 4 is shown as 
including a conventional back pressure valve 15 which 
maintains predetermined pressure on the process of the 
treater. Conduit 4 is shown as conducting the gas from 
the process for sale or remote use. Conduit 16 is con 
nected into gas conduit 4 for removing a portion of the 
gas for use by burner 8 and pilot 9. A hand operated 
valve 17 is shown as providing isolation for the system 
of the burner when desired. 

Conduit 4, and conduit 16, may receive liquid car 
ried over from the process of treater 1. This liquid may 
be mechanically carried over from the process or it may 
be partially condensed hydrocarbons as conduit 4 is 
cooled by contact with the atmosphere. In either event, 
it is desirable to isolate this liquid from burner 8 and 
pilot 9. A compartment is provided to receive all of 
the contents of conduit 16 and to separate the vapor 
phase from the liquid phase. The liquid phase is nor 
mally discharged from the compartment, perhaps to 
waste, and the vapor phase is taken to burner S and 
pilot 9 for combustion in tube 6. 

Provisions are made to discharge the liquid phase from 
the compartment while the vapor phase is supplied to 
the burner and pilot. It is customary to provide for the 
emergency condition where the liquid phase level builds 
up past the normal capacity of the removal means. It 
is customary to provide a simple float which will re 
spond to a rising level of liquid in the compartment to 
actuate a valve which will isolate the burner and pilot 
from the vessel and thereby positively prevent the carry 
over liquid reaching the burner and pilot. 

Referring to both FIGS. 1 and 2, there is illustrated a 
conduit 18 which transports any liquids entering return 
tube 6 to a second compartment. Here again, a float 
is provided for this second compartment to respond to 
rising levels of liquid and control the isolation of the 
first compartment from the burner and pilot. The pres 
ent invention contemplates control of the supply of fuel 
gas to the burner and pilot by both the liquid carried 
over with the gas and the liquid entering the burner 
compartment. 
The invention further contemplates the impulses de 

veloped by both floats in both compartments being so 
interconnected, in series, as to depend upon each other 
in controlling the flow of gas to the burner and pilot. 
Preferably the level-responsive mechanism of the first 
compartment is arranged to automatically restore com 
munication between the vapor phase passing through the 
compartment and the burner and pilot. That is, when 
the level of liquid in the first compartment lowers to the 
extent which will insure none will be carried over to the 
tube 6, communication between the vapor phase and the 
burner and pilot will be automatically restored. The 
present invention contemplates, however, that any fail 
ure of tube 6 which permits liquids to enter it must be 
corrected manually. Therefore, liquids entering the sec 
ond compartment, through conduit 18, will actuate the 
level-responsive means in a manner that will require man 
ual restoration of normal operation. This arrangement 
permits actual inspection and repair of tube 6 before fuel 
gas is again provided for the burner and pilot through 
the first compartment. 
The compartments are illustrated in FIG. 1 as pro 

vided by a unitary vessel 19. Conduit 16 is connected 
into the first, or top, compartment of vessel 19 and mani 
fold 10 is also connected into this first compartment, 
Conduit 18 is connected into the lower, or second, com 
partment of vessel 19. Liquids from the top compart 
ment are automatically withdrawn through conduit 20. 
Conduit 21 is provided to draw of the liquids from the 
lower compartment when valve 22 is opened. Floats 
within these compartments actuate valves which control 
fluid pressure applied to the diaphragm of valve 23 in 
manifold 10. Valve 23 is the specific means with which 
the gaseous phase of the first compartment is isolated 
from the burner and pilot. All of this structure is shown 

0. 

5 

20 

25 

30 

35 

40 

45 

50 

55 

80 

65 

70 

75 

4 
to somewhat better advantage in the sectioned elevation 
view of FIG. 3. 

FIG. 3 illustrates upper, or first, compartment 25 and 
lower, or second, compartment 26 to best advantage. 
Conduit 16 is shown as connected into compartment 25 
to impinge its gas and liquid phases on a diverter plate 
27. The liquid phase is shown as accumulating in the 
bottom of compartment 25 with a level 28. 
As liquid level 28 rises in compartment 25, float 29 

is lifted to actuate a valve and allow the accumulated 
liquid to drain from compartment 25 and into conduit 
20. As the liquid level 28 returns to a predetermined 
normal height, the valving mechanism actuated by ficat 
29 is throttled to reduce the discharge rate of the liquid 
to conduit 20. 

Should the capacity of the valve actuated by float 29 
be exceeded by the rate at which liquid collects in the 
bottom of compartment 25, float 30 is provided to actu 
ate a valve 31 controlling isolation valve 23. The con 
nection between float 30 and valve 31 is such that when 
liquid level 28 falls below float 30, valve 23 will be 
opened to restore normal communication between the 
upper portions of chamber 25 and the burner and pilot. 
Lower chamber 26 of vessel 19 is illustrated as re 

ceiving liquid from conduit 18 Referring again to FIG. 
2, conduit 18 is illustrated as communicated with tube 
6 so as to remove liquids entering tube 6 and transport 
them to chamber 26. A simple dam sheet 32 is arranged 
transverse the longitudinal axis of the lower leg of tube 
6 in order to form a reservoir in which liquids will ac 
cumulate for transport by conduit 18. This simple ar 
rangement provides a liquid level 33 which will actuate 
float 34 in compartment 26. Float 34 actuates a valve 35, 
similar to valve 31. However, the connection between 
float 34 and valve 35 is different than the connection be 
tween float 30 and valve 31. This connection is illus 
trated in detail with FIG. 4. In general, the connection 
functions to control the fluid pressure supplied isolation 
valve 23 so as to cut off the gaseous phase of compart 
ment 25 from the burner and pilot until manual restora 
tion of the normal operation of valve 35. 

Valves 31 and 35 are supplied fluid pressure from the 
gaseous phase of chamber 25. Conduit 36 is connected 
into the top of chamber 25 and a regulator 37 in the con 
duit 36 reduces the fluid pressure to the predetermined 
value required to actuate valve 23. Conduit 36 is then 
routed through valve 35 and valve 31, in series. Ulti 
mately, the fluid pressure of conduit 36 is placed under 
diaphragm 38 of valve 23. Essentially, either valve 31, 
or valve 35, is arranged to vent the section of conduit 
36 beyond the position of the valve in conduit 36. There 
fore, when conduit 36, arranged to the bottom of dia 
phragm 38 of valve 23, is vented, spring 39 will close 
valve 23 and isolate the burner and pilot from compart 
ment 25. Normally, constant fluid pressure imposed on 
the underside of diaphragm 38 will hold valve 23 open 
against forces less than that exerted by the fluid pres 
sure of conduit 36 on the underside of diaphragm 38. 
Valve 23 is not simply a means for isolating chamber 

25 from the burner and pilot or communicating them. 
Conduit 40 is provided from manifold 10 to the upper 
side of diaphragm 38 to add the force of the fuel gas 
pressure downstream of valve 23 to the spring force in 
opposition to the fluid pressure of conduit 36. This 
arrangement contemplates that increases in fuel gas pres 
sure downstream of valve 23 will throttle valve 23 to 
lower the downstream pressure in maintaining the pre 
determined value. 
As a specific example of the forces acting on valve 23 

and controlled thereby, regulator 37 may reduce the pres 
sure supplied conduit 36 to the order of 10 pounds per 
square inch. It is contemplated that spring 39 may supply 
5 pounds per square inch of force on the top of diaphragm 
38. This means that a burner pressure of 5 pounds per 
square inch is contemplated in manifold-10. Increase of 
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burner pressure above 5 pounds per square inch will there 
by cause a throttling of valve 23 to maintain the predeter 
mined, and desired, burner pressure of 5 pounds per 
square inch. 
The operation of the system of FIG. 3, as incorporated 

in the process of treater 1, is obvious from the foregoing 
description. Normally, valve 23 is maintained in an 
open position to communicate the fuel gas passing 
through compartment 25 to the burner 8 and pilot 9. 
However, if the liquid carried over with the fuel gas is 
in sufficient quantity, float 30 will cause valve 23 to close 
and prevent accumulating liquid in chamber 25 from 
being carried over into tube 6. When float 29 has con 
trolled the liquid within chamber 25, float 30 will again 
cause valve 23 to open to permit fuel gas to flow to the 
burner and pilot. 

Should tube 6 fracture, liquid from the process of 
treater 1 will be flowed to chamber 26. The rising level 
33 will actuate float 34 which will cause valve 23 to 
close, just as float 30 causes valve 23 to close. However, 
float 23 is connected to its valve 35 in a manner which 
will prevent opening of valve 23 unless valve 35 is manu 
ally reset. This arrangement provides for inspection of 
tube 6, and its repair, before manual restoration of nor 
mal supply of fuel gas to the burner and pilot. Valves 
31 and 35, controlled by floats 30 and 34, are connected 
in series, in conduit 36 so that either float will cause valve 
23 to close upon accumulation of a predetermined quan 
tity of either liquid. 

FIG. 4 is provided to show the particular connection 
between float 34 and valve 35 which provides for manual 
restoration of normal functioning of valve 35. Valve 35 
is a three-way snap-acting valve disclosed and claimed 
in United States Patent 2,860,660, issued November 18, 
1958. This valve is actuated between its two positions 
by movement of pin 50. Valve 35 is mounted on a fix 
ture 51 with screws 51A and 51B, and a lever arm 52 is 
extended through the fixture 51 in a pivot packing 53 to 
move pin 50 to one of its two positions. Manually ac 
tuated arm 54 is connected to lever arm 52 to swing it 
through its pivot packing 53 in positioning pin 50. There 
fore, manual force is utilized on manual lever 54 to swing 
lever arm 52 against pin 50, moving pin 50 to one of its 
two positions. 

Pin 50 is carried to the other of its two positions by 
a pivoted extension of rod 56. Extension 57 is essentially 
a solid, pivoted, bar with rod 56 mounted on one end and 
the other end having a cavity with one side bearing on 
pin 50 to carry pin 50 to the other of its two positions 
when float 34 is elevated by liquid level 33. 
When liquid level 33 falls to the height shown in FIG. 

3, float 34 pivots extension rod 57 counterclockwise, as 
viewed in FIG. 4. However, the cavity in extension rod 
57 is open on one side so that it does not engage pin 
50 as float 34 falls, and pin 50 remains in the position 
to which it was carried by rising liquid level 33 until 
changed by manual manipulation of lever 54. 

FIG. 5 shows the three-way snap-acting valve 35 in a 
section, and partially exploded, isometric view. Pin 50 
is shown as pivoted at 60. A packing 61 is arranged about 
pivot 60 so as to be substantially undeformed as pin 50 
is carried between its two positions. Yoke 62 is pivotally 
engaged with the end of pin 50 and is held is such en 
gagement by the tension of spring 63. The other end of 
yoke 62 straddles saddle valve element 64 so that it may 
be carried into alternate engagement between seats 65 
and 66. Seats 65 and 66 communicate with conduit 36 
and atmosphere. The third port 67 communicates with 
the section of conduit 36 which follows the valve. There 
fore, alternate positions of valve element 64, in engaging 
seat 65 and seat 66 alternately, communicate the follow 
ing section of conduit 36 with the leading section of con 
duit 36 or atmosphere. It follows then that the objects 
of the invention are carried out by either valve 31, or 
valve 35, alternately communicating the underside of 
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6 
diaphragm 38 with the fluid pressure output of regulator 
37 and atmosphere. 

FIG. 5 is exploded in showing saddle-valve 64 removed 
from operative engagement with yoke 62 within the body 
of valve 35. Further, the member on which valve seat 
65 is formed is shown removed from threaded engage 
ment in its bore in the body of valve 35. The member 
on which valve seat 66 is formed is shown in operative 
position within its bore. Both seat bodies are sealed to 
the walls of their respective bores by O-rings 68. 
From the foregoing it will be seen that this invention 

is one well adapted to attain all of the ends and objects 
hereinabove set forth, together with other advantages 
which are obvious and which are inherent to the ap 
paratus. 

It will be understood that certain features and sub 
combinations are of utility and may be employed without 
reference to other features and subcombinations. This is 
contemplated by and is within the scope of the claims. 
As many possible embodiments may be made of the 

invention without departing from the scope thereof, it 
is to be understood that all matter herein set forth or 
shown in the accompanying drawings is to be inter 
preted as illustrative and not in a limiting sense. 
The invention having been described, what is claimed 

IS 
1. A control system for a gas-fired burner including, 

a process supplied heat of combustion from the gas at 
the burner, 

a chamber for the burner with which the process mate 
rials heat exchange with the combustion heat, 

a first vessel compartment receiving gas for the burner 
and an associated liquid carry-over, 

a second vessel compartment receiving any liquid enter 
ing the burner chamber, 

a valve with which the gas and associated liquid carry 
over from the first compartment is isolated from the 
burner, 

first liquid level responsive means in the first vessel com 
partment developing a first signal in accordance with 
the liquid level in the compartment, 

second liquid level responsive means in the second vessel 
compartment developing a second signal in accordance 
with the liquid level in the compartment, 

and a control system which simultaneously responds to 
the first and second level signals to develop a control 
impulse and applies the impulse to control the valve 
and thereby isolate the gas and liquid carry-over from 
the burner whenever one of the liquid levels exceeds 
a predetermined value. 
2. The system of claim 1 in which the first vessel 

compartment is connected to the gas from the process 
which is supplied heat from the burner and to the liquid 
carry-over from the process associated with the gas which 
liquid level carry-over the first liquid level responsive 
means senses to cause the control system to develop a 
control impulse which closes the valve and isolates gas 
and liquid carry-over from the burner when the liquid 
carry-over level reaches a predetermined value. 

3. The system of claim 2 in which the first and second 
compartments are in a unified vessel while receiving the 
liquid carry-over and liquid from the burner chamber 
separately in each of the compartments. 

4. The system of claim 3 including structure which 
maintains the control system effective in keeping the 
valve closed to isolate the gas and liquid carry-over from 
the burner until the control system is manually adjusted 
to its normally operative position when the quantities of 
the liquids are smaller than their predetermined quan 
tities. 

5. The system of claim 4 in which means of the con 
trol system responsive to the sensing of the liquid col 
lections in the vessel compartments includes float-actuated 
relays, and each relay controls a fluid pressure applied 
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to hold the isolation valve open until one of the liquids 
exceeds its predetermined quantity. 

6. The system of claim 5 in which the float controlled 
relays are snap-acting three-way valves arranged in series 
with the fluid pressure supply in developing the impulse 
for closing the isolation valve when one of the liquids 
exceeds its predetermined quantity. 

7. The system of claim 6 in which the fluid pressure 
supply for the three-way valves is provided by the burner 
gas which passes through the vessel from the process. 

8. The system of claim 7 in which the isolation valve 
is normally responsive to burner pressure to regulate the 
burner pressure to a predetermined constant value and 
simultaneously arranged to close when the pressure de 
veloped from the gas passing through the first compart 
ment of the unitary vessel is reduced. 

9. A control system for the gas-fired burner of an oil 
water emulsion treater including, 
a treater in which heat is utilized to break the emulsion 
and evolve gas, 

a heating compartment in the treater for applying heat to 
the treating process, 

a burner mounted in the compartment consuming gaseous 
fuel to heat the compartment, 

a connection providing evolved gas in the treating process 
for the burner, 

a separator vessel receiving gas and carry-over liquid asso 
ciated with the gas from the treating process in a first 
compartment which is arranged to divide the two 
phases and discharge them separately, 

a second compartment in the separator vessel receiving 
liquid entering the heating compartment, 
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and means isolating the burner from the gas discharging 
from the first compartment when either compartment 
fills to a predetermined level with liquid. 
10. The system of claim 9 in which the means isolat 

ing the burner includes, 
float devices developing fluid pressures as a source of 

power to be applied to close a valve normally regulat 
ing the burner pressure to a constant value. 
11. The system of claim 10 in which the float devices 

each include a three-way snap-acting valve supplied gas 
pressure from the first compartment and the three-way 
valves are connected in series to pass the pressure de 
veloped during normal operation to the regulating valve 
to hold the regulating valve in its regulating position. 

12. The system of claim 11 in which the float device 
in the second compartment is in series between the gas 
pressure supply of the first compartment and the float 
device in the first compartment and isolates the gas pres 
sure supply from the float device in the first compartment 
when liquid in the second compartment reaches its pre 
determined level and remains in the position taken until 
manually reset. 
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