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2 Claims. (Cl. 158-123) 

This invention relates to gas burner systems, especially 
high capacity systems, and particularly to a method and 
apparatus for preventing the occurrence of back?res, ?ash 
backs, or undesired ?ame retrogression in such systems. 
A problem which continually confronts the gas burner 

are generally, and the oxyacetylene cutting, welding, and 
?ame treating art particularly, is the prevention of back 
?res and ?ashbacks. The terms “back?re” and “?ash 
back” are frequently used synonymously. However, in 
the instant application the term “back?re” is de?ned as 
being the rapid recession of the ?ame from the discharge 
face of a burner upstream into the burner, usually back 
to the mixer. The term “?ashback” as used in the instant 
application is intended to mean the sustained burning of 
the gases within the system after retrogression. “Back 
?re” and the resultant “?ashback” are generally believed 
to be caused by a reduced rate of gas ?ow which may be 
the result of the burner tip being brought into close 
proximity with the work surface or by ?ying particles of 
molten metal which are ejected from the work area during 
operation. However, back?ring and ?ashback may also 
be the product of improper handling of the burner, over 
heating the burner, leaks within the system, etc. In gen 
eral back?re and the resultant ?ashback can occur When 
ever the conditions are such that the velocity of the com 
bustible mixture immediately upstream of an ignition 
source falls below some maximum rate at which ?ame 
retrogression can occur. ’ 

'While back?res are normally of only momentary dura 
tion, they cause a back pressure to be set up within the 
system which blocks the ?ow of both the fuel gas and 
the combustion supporting gases and extinguishes the 
?ame. Although the burner may reignite spontaneously, 
such back?ring is nevertheless a nuisance and is unde 
sirable. 

‘ In addition to the several causes of back?re and ?ash 
back during the operation discussed above, it has now 
been determined that back?res and ?ashbacks occur far 
more frequently on ignition and shut down of the burner 
than at any other time. This can be attributed to the fact 
that at these times the velocity of the gases necessarily 
falls below the rate at which ?ame retrogression can not 
occur, thereby establishing a system which is extremely 
susceptible to ?ashback and back?re. 
.This problem is especially serious for installations hav 

ing large mixed gas reservoir capacities and/or large gas 
consumption rates; as, for example, ?ame hardening ma 
chines or billet scar?ng machines which employ large 
quantities of mixed oxygen and acetylene. A ?ashback 
in this type apparatus, if not extinguished immediately, 
generally results in a burned out mixer, burned out gas 
lines, or in tips obstructed with carbon. In any case, 
correction necessitates removal of the machine from pro 
duction while repairs are made. Such repairs are fre 
quently expensive and are always time consuming. 

In some instances, where oxyacetylene mixtures are 
caused, to explode, reactions may develop resulting in 
local peak pressures of a high order (1800-2000) p.s.i. 
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(pounds per square inch) which persist for very short 
periods (of the order 50-100 micro-seconds). This con 
dition constitutes a shock of such character that the im 
pulse may induce activity in acetylene which is classed as 
a shock sensitive gas. It is therefore obvious that local 
ized pressures of this order are extremely undesirable and 
should be eliminated wherever possible. 

It is a principal object of this invention to provide a 
method and apparatus for preventing or minimizing the 
occurrence of ?ashbacks and back?res in oxyacetylene 
and other gas burner systems. 

It is a further object of this invention to provide a 
method and apparatus for operating oxyacetylene and 
other burners in which the gas velocity on shutdown is 
maintained above the rate at which ?ame retrogression 
may occur until substantially all the combustible gas mix 
ture has been eliminated from the system, and in which 
an ignition the gas attains a velocity above the rate at 
which retrogression can occur before the combustible mix 
ture issues from the burner. ’ 

In general the present invention contemplates a novel 
mode of operation and apparatus therefore which avoids 
back?re and ?ashback on ignition and shutdown, espe 
cially where large volumes of premixed gases are em 
ployed, and where self-ignition occurs ‘from the workpiece 
such as in hot scar?ng and ?ame hardening machines. 
According to the present invention before-the oxygen is 
turned OK, the acetylene system is purged with nitrogen 
or other non-combustible gas to ?ll the system with a non 
combustible mixture. Then, when the gases are shut 
down and the velocity falls to a rate at which ?ame retro 
gression might otherwise occur there is no combustible 
mixture present and no opportunity for the apparatus to 
back?re. Similarly, during the course of ignition, when 
the system is ?lled with a non-combustible mixture, there 
is an opportunity for the gases to attain a velocity above 
the rate at which retrogression can occur before a com 
bustible mixture appears at the ?ame ori?ces. This pre 
vents ignition of combustible gases by the hot work be 
fore they have attained suf?cient velocity to eliminate 
back?re and ?ashback. 

While repeated reference is made throughout this speci 
?cation to a system employing acetylene and oxygen, it 
is to be understood that the invention applies to systems 
utilizing combustible mixtures of any fuel gas and com 
bustion supporting gas. 

Figure l is a diagrammatic representation of an oxy-_ 
acetylene gas burner system embodying the present in 
vention. ' 

Figure 2 is a schematic diagram of an electrical control 
system for the proper timed sequential operation of the 
valves of Figure 1, in accordance with the present in 
vention. 
Now referring to Figure 1, a gas burner 10 is supplied 

with a combustible gas mixture from a mixer 11, of 
conventional design. A fuel gas, such as acetylene, is 
supplied to the mixer 11 from a source (not's'hown) 
through a pressure regulator 5, a control valve 15, and 
conduit 13. A combustion supporting gas, such as oxy 
gen, is supplied to the mixer 11, from a source (not 
shown) through a pressure regulator 4, a control valve 
14, and conduit 12. A non-combustible purge gas, such 
as nitrogen, is supplied to the system from a source (not, 
shown) through a pressure regulator 7, a control valve 
17, and conduit 16 which communicates with conduit 13 
at a point 19 immediately downstream from the fuel gas 
control valve 15. The nitrogen regulator 7 is preferably 
set to deliver nitrogen at a somewhat lower pressure than 
the acetylene. 
while the purge gas referred to. in the description of this 
speci?c embodiment of the invention is nitrogen, any non-5' 

It should be understood, at this time, that 
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combustible gas, including air; may be used to purge 
the system of highly combustible materials. 
When the burner 10 is operating CZHZ is admitted to 

the mixer 11 through control valve '15 and line 13 at a 
desired pressure controlled by regulator 5. Oxygen is 
admitted to the mixer 11, through control valve 14 and 
line. 12 at a pressure controlled by a regulator 4. The 
combustible mixture thus formed is delivered to the 
.burner 103 through conduit 18 where it issues from the 
burner ori?ces and is burned. During. operation the ve 
locity of the gas issuing from the burner ori?ce or ori?ces 
may, for example be of the order of 300-400 feet per 
second. The term “velocity” as. used herein means the 
average velocity computed by dividing the volumetric 
?ow- rate by the total ori?ce area. In this speci?cation 
no effort will be made to explain factors such as velocity 
gradient within the stream and the like which contribute, 
to flame stability, but rather the invention will be ex 
plained'in terms of the “average” velocity as above de 
?ned; ' . 

At velocities up to about 50 feet per second retrogres 
sion can occur in ordinarily used oxyacetylene mixtures 
burned in apparatus having ?ame ori?ces of the order of 
0.030 to 0.050 inch diameter. In general the larger the 
ori?ce the higher the velocity atwhich retrogression can 
occur. This inventionprovides for the issuance of a 
non-combustible mixture of gases-from the system both 
when starting up’ and shutting down, during the periods 
when the velocity is within the range in which retrogres 

' sion can occur. 

This. is accomplished by the sequential manipulation 
of ‘the oxygen and acetylene valves and the introduction 
of a purge gas downstream of the acetylene inletv valve’ 
on shutdown of the burners as follows. 
To extinguish the flame, and shut down they apparatus 

according to the present invention, acetylene valve 15, 
is. closed, while oxygen valve 14 and nitrogen valve 17 
are open. As long as the acetylene valve is open no‘ 
nitrogen ?owsinasmuch as the nitrogen‘regulator is set 
to deliver nitrogen at a pressure lower than the regu-, 
lated acetylene pressure. However as soon as ‘the acety 
lene‘control valve 15 is closed the‘ pressure in’ conduit 
13 begins to, fall and regulator 7 admits nitrogen to the 
system. Nitrogen is thus admitted tofthe system just 
downstream of the acetylene valve. 15 and‘ displaces the 
acetylene in the lines,,the mixer and the burner. After 
valve 15 is closed, the’oxygen-a'cetylene mixtureand the. 
‘following, oxygen-nitrogen mixture . continue- to. be dis; 
charged from the system at a ?ow‘rate-wellv above the‘ 
critical velocity of about‘ 50 feet per second. After the 
oxygen acetylene mixture has all passed from the sys 
tem, the ?ame goes out, and the nitrogen valve 17'and 
oxygen. valve 14 may be closed without any possibility 
ofback?re. This leaves the system ?lled with the-non 
combustible oxygen=nitrogen mixture. By introducing ni 

in the system is the small volume above the nitrogen in 
let. connection 19 and below the'C2H2valve 15. This 
volume must be kept small enough thatupon cessation 
of nitrogen ?ow, the expanded volume-of this fuel gas 
will not re-charge the system with a combustible mix!‘ 
tut-e. » 

Upon :shutting down a systemrrof this‘ type- without 
bene?t of the present invention, the contents of the supply 
lines drain out through theburner. A back'pressure 
exists in the mixer and gas conduits as long asgas con 
tinues to flow and this pressure is imposed‘rearwardly. 
upon the supply lines; Upon cessation of gas. ?ow in 
both lines,‘ the systems act 'as reservoirs, each at the same 
pressure but each containing its individual gas. Thus, 
the last increment of gas to drain out is a mixture deter 
mined by the volume‘relation of the two. reservoirs and 
is'of potentially explosive character. Purging,’ as" con, 

not ignite at the time the 
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system is shut down this 
residual explosive atmosphere remains. If exploded, the 
contents might include CO, H2, CO2, H2O, C air, C2H2, 
or 02. Purging as conventionally understood, removes 
these products but re-establishes the original explosive 
mixtures of CZHZ and Oz.- a . 
To reignite the system after’ a shut down according to 

the‘ practice prior" t'o'ithei' present i?ventidn,_.it wasnecesi 
sary to acceleratev the combustible mixture at'rest" in the 
system through the range of velocities in which ?ame 
retrogre'ssi'oni can'occur and‘. up! to- the: normal operating 
velocity. If there was an ignition source suchas a hot 
workpiece in front of the burner ori?ces a back?re could 
and frequently did‘ occur. According to the present in 
vention, nothing; but. a» non-combustible mixture issued 
from the burner ori?ces until the system has had time 
to accelerate through the back?re range. If the volume 

a of’ gasin the system downstream of the shut o? valves is 
' su?icient,’ as it normally is, it’ is not necessary to in 
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troduce. any nitrogen from the supply upon starting. The 
single admission‘ at shutdown serves'both to prevent. 
back?re‘ at‘that time and to prevent back?re. and ?ash 
back onasubsequent starting up. 
The novel mode of operation and suitable apparatus‘ 

therefor have been fully described above- for manual 
operation. It obviously wouldbe advantageousin ma~ 
chinework such ‘asimachinei scar?ng or ?ame hardening 

_ to havean automatic system for operating the valves in 
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their’ proper timed seqnence.~ To accomplish this it. is 
obvious that each. of valvesl14,'- 15 and 17 may’ be re 
motely controlled‘ valves suchas hydraulically ‘operated 
valves or‘ electrically operated solenoid’ valves. In a 
simple control of conventional design these valves may 
be made to operate in accordance with the following 
schedule. 

Valve 14 Valve 15 Valve 17 

Inactive condition ________________ __ Closed‘... Closed.... Closed. 
Start button depressed_. _________ __ Opens-____ Opens. - Opens. 
Stop button- depressed (Timer Remains Closes Remains 

Starts). Open. _ ' Open. ' 

Atexpirationbftimedelay ________ __ Closes..-" Rcanl'laing Closes. 
> ose . 

A suitable electrically operated circuit ~to>producethe 
desired result is schematically illustrated in Fig. 2; The 
circuit comprises essentially a‘ line switch S; a‘ control 
relay 20; -a time delay relay 21; solenoids 22, 23' and‘ 

I 24-which act to open and close valves 14, 17, and" 15 
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trogen at or below the fuel gas entry, the only fuel gas 
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ventionally employed, does‘not‘ alter' this condition; If“ 

respectively; and the start and stop buttons 25 an'cl126. 
The winding of control relay 20 is arranged in series 
with the normally closed contacts of thestop'button 
26 and the normally open contacts of the start button 
25 across the power supply line. Control relay 20 has 
three sets of contacts, 20a normally open (contacts open 
when coil 20 deenergized) and in parallel with’ the start 
button 25, 20b normally closed (contacts closed when 
coil 20 deenergized) and in serieswith the time delay 
relay 21 across’ the power supply line, and’ contacts 200 
normally open (contacts open when coil 20 deenergized) 
and in series with the operating coil 24 of valve 15. 
Time delay relay 21 is of the “on delay” type which 
automatically resets andstarts timing each time voltage 
is applied. Time delay relay 21 has one set of contacts‘ 
21a which ‘are normally closed i.e. are closed‘when no 
power is applied to the'relay, remain closed‘ when power 
‘is appliedvto the relay until'the expiration of the time 
delay, after which the contacts open and remain open“ 
until the power‘ is again interrupted. These contacts 21a 
are in series with the parallel combination of the operat 
ing'coils’22 and 23 of valves 14‘ and 17 across the 
power" supply line. 
type in which the valve is‘ open when the operating coil 
is energized. v 

When-power is- ?rstv applied to thecircuit by closing 

All of the solenoid valves are the" 
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switch S, valves 14 and 17 will open as the result of 
operating voltage being applied to the respective operat 
ing coils 22, 23. This adnr'ts a noncombustible mixture 
of combustion-supporting gas and purge gas to the sys 
tem. Also when the power is ?rst applied to the circuit 
the timer 21 starts to run. As soon as it times out its 
contacts 21a open interrupting the circuit to the operat~ 
ing coils of valves 14 and 17 causing these valves to 
close, thereby shutting down the system with the non 
combustible gas mixture in it. The system will remain 
in this stand-by condition until such time as the start 
button 25 is depressed. 
When the start button 25 is depressed, control relay 

20 is energized simultaneously closing its contacts 20a 
and 200 and opening its contacts 20b. 20a locks the re 
lay into the circuit so that it remains energized even when 
the start button is released. The closing of contacts 
20c energizes coil 24 of valve 15 initiating the ?ow of 
fuel gas. The opening of contacts 20b deenergizes time 
delay relay 21 closing its contacts 21:: which energize 
coils 22 and 23 of valves 14 and 17 respectively, opening 
the valves. With all three valves open, fuel gas and 
combustion supporting gas are admitted to the mixer and 
the mixture in turn admitted to the burner for normal 
operation. Even though the purge gas valve 17 is open 
there is no ?ow of gas therethrough because back pres 
sure in the line as the result of a higher fuel ‘gas pres 
sure prevents regulator 7 in the purge gas line from de 
livering any gas. 
At the end of the combustion cycle the stop button 

is depressed breaking the circuit of control relay 20. 
This, of ‘course, causes the contacts 20a to open so 
that the circuit will remain interrupted even though the 
stop button is released. Simultaneously, the contacts 
20b close starting the time delay relay to time out, and 
contacts 200 open causing valve 15 to close. As soon 
as the ‘fuel gas is interrupted by the closing of valve .15 
the back pressure in the fuel gas system downstream of 
the valve begins to fall and regulator 7 begins to deliver 
purge gas into the system as described in detail hereto 
fore. At the expiration of the time cycle of time delay 
relay -21 its contacts 21a open deenergizing the operating 
coils 22 and 23 of valves 14 and 17 shutting off the com 
bustion supporting gas and the purge gas. This leaves 
the system ?lled with a non-combustible gas mixture. 
At the time of the next start only this non-combustible 
mixture tissues from the burner for a period long enough 
to enable the gas ?ow to reach the necessary velocity. 

It will be obvious upon examination that the sequence 
of operation of the valves corresponds exactly to that 
described heretofore for the manual operation of the 
system. 

It will be evident that as a result of this invention it is 
possible to operate a gas burner system, particularly a 
large capacity system, without the occurrence of back 
?re and ?ashback, either at the time of shutting the 
burner down or starting it up. While essentially only 
one embodiment of the invention has been shown and 
described it is to be understood that the invention is 
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not limited to the particular form shown but may be 
used in other ways without departure from its spirit as 
de?ned by the following claims. 

I claim: 
1. A method of preventing back?re during ?ame ex 

tinction and reignition in a gas burner system of the type 
in which a fuel gas and a combustion supporting gas are 
separately supplied to a mixing chamber at a combined 
?ow rate such that the mixed gases are discharged from 
the burner at a velocity greater than the velocity at 
which ?ame retrogression into the burner can occur, and 
the supply rate of said combustion supporting gas alone 
is insu?icient to maintain the said discharge velocity 
above the said velocity at which ?ame retrogression into 
the burner can occur, which method comprises extinguish‘ 
ing the ?ame by interrupting the supply of fuel gas while 
maintaining the supply of combustion supporting gas 
and substituting for the supply of fuel gas a non-com 
bustible purge gas to maintain the burner discharge ve 
locity above the value at which ?ame retrogression in 
the burner can occur until the combustible mixture is 
completely purged from the system, whereby the ?ame 
is automatically extinguished and the system is ?lled with 
non-combustible gases, said non-combustible gases re 
maining in the system in sufficient volume to discharge 
through the burner ahead of the combustible gas mixture 
upon resumption of the ?ow of fuel gas and combustion 
supporting gas to cause only non-combustible gases to 
issue from the burner until the issuing gas attains a 
velocity above that at which ?ame retrogression can 
occur. 

2. In a gas burner system in which a fuel gas and a 
combustion supporting gas are supplied to a mixer, and 
the mixed gases are supplied to a burner where they are 
ignited and burned, the improvement which comprises 
means for interrupting the supply of fuel gas to said 
mixer, a source of non-combustible purge gas, means 
for automatically initiating a ?ow of purge gas upon 
the interruption of the supply of fuel gas, means for 
introducing the said purge gas into the fuel gas system 
at a point downstream of said fuel gas interrupting 
means to displace substantially all the fuel gas in said 
system downstream of said fuel gas interrupting means 
when the supply of fuel gas is interrupted, and means 
for automatically interrupting the supply of combustion 
supporting gas and purge gas a predetermined time after 
the supply of fuel gas is interrupted. 
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