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Despite the development of new techniques, fuel gas processes like oxyfuel welding, cutting, heating and straightening have many 
industrial applications. This is partly because the equipment is versatile, easy to move around, and is relatively inexpensive, A point 
to remember when working with fuel gases is the risk of backfire and flashback, which can cause both material d a m a g e and personal 
injuries. 

The purpose of this report is to increase the knowledge about how backfire and flashback can arise, and of how they can be avoided. 
Backfire or flashback is often caused defective or wrongly handled equipment. This emphasies the importance of education and 
training for increasing safety in places of work. It is also important to use safety equipment like check valves and flashback arrestors. 
In some countries the use of safety equipment is mandatory, while in others there are as yet only recommendations. 

INTRODUCTION 

W e l d i n g , c u t t i n g , h e a t i n g a n d s t r a i g h t e n i n g a re 

e x a m p l e s of p r o c e s s e s w h i c h have b e e n d o n e w i t h 

g a s s i nce t h e b e g i n i n g of th is c e n t u r y ( fuel g a s and 

o x y g e n o r air). T h e r e are m a n y a d v a n t a g e s in us ing 

g a s e s fo r t h e s e p r o c e s s e s . A m o n g o t h e r t h i n g s , t h e 

e q u i p m e n t is very versat i le , it is easy to m o v e a r o u n d 

a n d it is re lat ive ly i nexpens i ve . These a d v a n t a g e s 

m e a n t ha t e v e n in t h e f u t u r e t h e c o m b u s t i o n 

p r o c e s s e s wi l l have m a n y indus t r ia l app l i ca t i ons . 

A po in t to r e m e m b e r w h e n w o r k i n g w i t h fuel g a s e s 

is t h e r isk of b a c k f i r e and f l a s h b a c k . These c a n 

d a m a g e e q u i p m e n t a n d o the r mater ia ls , a n d c a n 

even c a u s e p e r s o n a l in jur ies. Dur ing t h e yea rs , a lot 

has b e e n d o n e to d e s i g n t o r c h e s w h i c h a re as 

back f i re -sa fe as p o s s i b l e . This m e a n s that back f i r e 

is s e l d o m d u e to i n c o r r e c t t o r c h d e s i g n ; it is m o r e 

o f t e n d u e to w o r o n g l y h a n d l e d o r fau l ty e q u i p m e n t . 

T ra in ing of o p e r a t o r s a n d regu la r m a i n t e n a n c e of 

e q u i p m e n t are t h e r e f o r e i m p o r t a n t m e a s u r e s for 

avo i d i ng d a m a g e a n d in jur ies c a u s e d by back f i r e and 

f l a s h b a c k . 

A n o t h e r v e r y i m p o r t a n t m e a s u r e is t o p r o v i d e 

e q u i p m e n t w i t h c h e c k va lves a n d f l a s h b a c k a r res to rs . 

In severa l c o u n t r i e s th i s is m a n d a t o r y , wh i l e in o the r 

t he re are on ly r e c o m m e n d a t i o n s . 

T h e p u r p o s e o f t h i s r e p o r t is t o i n c r e a s e 

u n d e r s t a n d i n g a b o u t h o w back f i r e a n d f l a s h b a c k 

ar ise, a n d h o w to a v o i d t h e m . I nc reased k n o w l e d g e 

is t he p r i m a r y w a y of i m p r o v i n g safe ty in p l a c e s of 

w o r k . 

Background 

Before w e c a n u n d e r s t a n d wha t h a p p e n s in a back f i r e 

of f l a s h b a c k , w e m u s t c la r i fy ce r t a i n c o n c e p t s . B e l o w 

is a brief d e s c r i p t i o n of t h e t e r m s fue l gas , o x y g e n , 

d e c o m p o s i t i o n , c o m b u s t i o n , c o m b u s t i o n ve loc i t y , 

g a s exit ve loc i t y and d e t o n a t i o n . The re is a lso a 

d e s c r i p t i o n of t he t w o t y p e s of t o r c h u s e d fo r w e l d i n g , 

c u t t i n g a n d s i m i l a r p r o c e s s e s , n a m e l y t h e 

equa l - p ressu re t o r c h a n d t h e i n j ec to r t o r c h . 

Fuel Gas 

A fue l g a s is w i t h few e x c e p t i o n s a h y d r o c a r b o n o r 

a m ix tu re of h y d r o c a r b o n s . E x a m p l e s of fuel gasses 

are ace ty lene , me thy l - ace t y l ene m ix tu res , p r o p y l e n e , 

p r o p a n e a n d na tura l gas . 

For c o m b u s t i o n to o c c u r , t he re mus t a lso b e an 

ox id i ze r , no rma l l y o x y g e n . Air c a n also be used , as 

it c o n t a i n s 21 p e r c e n t o x y g e n . C o m b u s t i o n w i t h air 

d o e s not g i ve s u c h h i gh t e m p e r a t u r e s as c o m b u s t i o n 

w i t h o x y g e n . 

Decomposition and Combustion 

The reac t i ons w h i c h o c c u r in a f l a m e are tha t t he 

fue l g a s d e c o m p o s e s a n d is t h e n c o m b u s t e d in 

o x y g e n o r air. The r eac t i ons o c c u r in severa l s teps. 

The f ina l p r o d u c t s of to ta l c o m b u s t i o n are c a r b o n 

d i o x i d e a n d wa te r . C o m b u s t i o n a l w a y s g e n e r a t e s 

heat . 

In d e c o m p o s i t i o n , a h y d r o c a r b o n is b r o k e n up into 

its cons t i t uen t s , c a r b o n a n d h y d r o g e n . D e p e n d i n g 

o n the t y p e of h y d r o c a r b o n , heat is e i ther a b s o r b e d 

o r g e n e r a t e d . Th is heat is re fe r red to as f ree en tha lpy 

of f o r m a t i o n (p rev ious l y k n o w n as f ree heat of 

f o r m a t i o n ) . Free e n t h a l p y of f o r m a t i o n w i t h a pos i t i ve 

v a l u e i m p l i e s t h a t h e a t is g e n e r a t e d d u r i n g 

d e c o m p o s i t i o n . A c e t y l e n e is an e x a m p l e of a fuel 

g a s w h i c h g e n e r a t e s heat d u r i n g d e c o m p o s i t i o n , and 
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t h u s has a pos i t i ve en tha lpy of f o r m a t i o n (see Tab le 

1). E x a m p l e s of fue l g a s e s w h i c h a b s o r b heat d u r i n g 

d e c o m p o s i t i o n are p r o p a n e a n d na tura l gas . T h e s e 

g a s e s t h u s have a nega t i ve en tha lpy of f o r m a t i o n 

(see Tab le 1). The t a b l e a lso s h o w s tha t t h e e n t h a l p y 

of f o r m a t i o n is re la ted to t h e s t ruc tu ra l f o r m u l a of 

t h e h y d r o c a r b o n . D o u b l e a n d t r ip le b o n d s imp ly that 

heat is re leased d u r i n g d e c o m p o s i t i o n . 

A c o n d i t i o n for t h e a b o v e reac t i ons to o c c u r is that 

t h e d e c o m p o s i t i o n a n d i g n i t i o n t e m p e r a t u r e s 

respec t i ve ly of t h e g a s o r g a s e s are r e a c h e d . The 

t e m p e r a t u r e does*no t necessar i l y have to be r e a c h e d 

w i t h t h e he lp of an o p e n f l ame. 

T A B L E 1 : FREE ENTHALPY O F FORMATION AND 
STRUCTURAL FORMULATE OF S O M E FUEL GASES. 

Fuel Gas Structural 
Formula 

Free Entalphy 
of formation 

Methane H 
I 

H — C — H 
I 
H 

— 75 

Acetylene 
H — C = C — H 

+ 228 

Propane H H H 
I 

H — C C C — H 
I I I 
H H H 

— 105 

Propylene H H H 
I I I 
C - C C - H 
I I 
H H 

+ 20 

Methyla-
cetylene 

H 
I 

H — C — C > C — H 
I 
H 

= 111 

Acetylene decomposition 

G a s e s w i t h a h i g h pos i t i ve e n t h a l p y of f o r m a t i o n 
g e n e r a t e a lot of hea t d u r i n g d e c o m p o s i t i o n . 
A c e t y l e n e is an e x a m p l e . If s u p p l i e d heat c a n c a u s e d 
an a c e t y l e n e m o l e c u l e to d e c o m p o s e , hea t is 
g e n e r a t e d w h i c h c a n in t u r n c a u s e f u r t h e r 
d e c o m p o s i t i o n . In s o m e c i r c u m s t a n c e s so m u c h heat 
c a n b e g e n e r a t e d that t he ent i re m a s s of g a s 
e x p l o d e s . So a c e t y l e n e d o e s not n e e d o x y g e n to 
e x p l o d e . 

W h e t h e r o r not an ace t y l ene d e c o m p o s i t i o n c a n 

p r o p a g a t e in a t u b e o r p i pe s y s t e m wi l l d e p e n d o n 

the o p e r a t i n g p r e s s u r e a n d t h e in terna l d i a m e t e r (Fig. 

1). At n o r m a l a c e t y l e n e p r e s s u r e s (0-1 bar (0-14.5 

ps i ) , i.e. 1 -2 bar (14 .5 -29 psi) a b s o l u t e p ressu re ) a n d 

w i t h t he in terna l d u c t d i a m e t e r s w h i c h o c c u r in 

w e l d i n g a n d c u t t i n g t o r c h e s w e s h o u l d , a c c o r d i n g to 

F i g u r e 1, n o t h a v e a c e t y l e n e d e c o m p o s i t i o n . 

H o w e v e r , i nves t i ga t i ons have s h o w n tha t ace ty lene 

d e c o m p o s i t i o n c a n b e in i t ia ted if t h e t o r c h is hea ted 

up . The heat g e n e r a t e d by the in i t ia ted ace t y l ene 

d e c o m p o s i t i o n c a n ra ise the t e m p e r a t u r e to t he 

ign i t ion t e m p e r a t u r e of an o x y a c e t y l e n e m ix tu re , 

w h i c h is 3 0 0 ° C (572°F) . A back f i r e w i l l t h e n o c c u r . 

Working p f u s s u ' e . 
jtJLOIult? in. 

"8 1/4 I 4 B 

7 3 4 5 10 20 30 40 SO 100 200 

Instoe diameier ot p»pe. mm 

Fig. 1 : Working ranges for acetylene. I. Insignificant risk of 
decomposition. II On initiation, decomposition can occur in 

the form of explosive combustion. III. On initiation the 
decomposition starts as an explosive combustion, in a long 

pipeline a transition to detonation can occur. (Due to the risk 
of decomposition acetylene can not be stored under pressure 

as many other gases. Instead, the acetylene cylinders are 
filled with a porous mass in which a solvent is absorbed 
Acetylene dissolves in the liquid during filling. The porous 

mass effectively stops any decomposition which may start.) 

Combustion velocity and gas exit velocity 

The c o m b u s t i o n ve loc i t y ( f l ame p r o p a g a t i o n rale) is 

t he rate at w h i c h a f l a m e p r o p a g a t e s in a p i p e (Fig.2) . 

The c o m b u s t i o n ve loc i t y d e p e n d s o n va r iab les s u c h 

as : 

p r o p o r t i o n s of o x y g e n a n d fue l g a s (F ig.3) . 

t e m p e r a t u r e a n d p ressu re of t he g a s m ix tu re , 

t u r b u l e n c e in t h e g a s f l ow . 

The g a s exi t ve loc i t y is t h e f l ow rate p e r p e n d i c u l a r 
to t he f l a m e f ron t (F ig .2) . 

W h e n a f l a m e is b u r n i n g s tab ly at t h e nozz l e o p e n i n g 

the re is in fac t a c o m p l i c a t e d b a l a n c e b e t w e e n the 

c o m b u s t i o n ve loc i t y of t he g a s m i x t u re a n d its g a s 

exit ve loc i t y . Th is b a l a n c e has a g rea t i n f l uence o n 

the d e v e l o p m e n t of a back f i re . W e wi l l r e tu rn to th is 

later in t he tex t . 
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Different types of torches 

Fig. 2 : Gas exit velocity Vi, and combustion velocity V2 

m/s 

1 2 — 

10 — 

ti-

nts 

— 36 

— 30 

— 24 

2 — 

0 — 

— 6 

— 0 

Fig. 3 :.Relation between combustion velocity and mixing 
proportions for some common fuel gases. 

Combustion and Detonation 

Combustion can either proceed as normal burning, 
deflagration, or as a denotation. A denotation starts 
as an ordinary combustion which propagates at a 
relatively low speed. From the flame front a pressure 
wave spreads which heats up the gas mixture. This 
heating raises the combustion velocity. New pressure 
waves further raise the temperature, and the 
combustion velocity again rises. This chain reaction 
can after an accelerat ion process lead to a 
denotation. A normal combustion or deflagration is 
characterized by combustion velocities or some 
meters per second, whereas a detonation propagates 
at supersonic speed, i.e. up to several thousand 
meters per second (several thousand feet per 
second). 

To understand what happens in backfire and 
f lashback we must know how the t o r c h is 
constructed. Depending on the mixing principle, we 
d i s t i n g u i s h b e t w e e n i n j e c t o r t o r c h e s and 
equal-pressure torches. The principles are shbwn in 
Figures 4 and 5. 

In an injector torch, a type of low-pressure torch, 
the fuel gas pressure is always considerably lower 
than the oxygen pressure. The gases are mixed by 
letting the oxygen flow suck in the fuel gas through 
the injector nozzle. According to ISO, injector torches 
must always be marked with the symbol I. 

In an equal-pressure torch the pressures of the fuel 
gas and oxygen are equal on the inlet side. According 
to ISO, equal- pressure torches must always be 
marked with the symbol II 

Nozzle Mixed gas lube Injector Oxygen valve 

Fig. 4 : Principle of an injector torch. 

Mmer 

Fig . 5 : Principle of an equal-pressure torch 

Combust ion 
velocity 

Metnyiacetylene 
mixtures 

1 2 3 - 5 
Mistng ratio 

0»ycen Fuel gas 
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Backfire, Sustained Backfire and Flashback 
Definitions 

A back f i r e imp l ies tha t t he f l ame b u r n s b a c k in fo t he 

t o r c h w i t h a s h a r p b a n g . E i the r t h e f l a m e is 

ex t i ngu i shed , o r it is re ign i ted at t he nozz le o p e n i n g . 

A back f i r e is fa i r ly h a r m l e s s in itself, but it c a n be a 

s ign of s o m e faul t in t he e q u i p m e n t of g a s supp l y . 

In a sus ta ined b a c k f i r e t h e f l ame b u r n s b a c k in to t he 

t o r c h w i t h c o n t i n u e d b u r n i n g in t he m ixe r , o f t e n a l 

t h e m i x i n g p o i n t i tsel f . A s u s t a i n e d b a c k f i r e is 

c h a r a c t e r i z e d by an init ial b a n g (back f i re ) f o l l o w e d 

by a w h i s t l i n g o r s c r e e c h i n g s o u n d f r o m t h e 

c o n t i n u e d c o m b u s t i o n . If the sus ta ined back f i r e is 

not q u i c k l y i n te r rup ted , me l t ing wi l l o c c u r in t he t o r c h , 

a n d e s c a p i n g c o m b u s t i o n p r o d u c t s c a n c a u s e 

in jur ies. 

Reverse f l ow (bac f l ow ) o c c u r s w h e n g a s at h ighe r 

p ressu re f l ows in to t he g a s l ine w i t h a l ower g a s 

p ressu re . 

F lashback imp l ies tha t t he f l ame b u r n s b a c k t h r o u g h 

the t o r c h a n d in to t he g a s s u p p l y s y s t e m , i.e. t he 

hoses a n d in t he w o r s t c a s e s even t h e regu la to rs . If 

a f l a s h b a c k r e a c h e s an ace t y l ene cy l i nde r w h i c h 

lacks t h e necessa ry safety e q u i p m e n t a se r i ous 

acc iden t c a n o c c u r . F lashback is mos t l y c a u s e d by 

reverse f l ow , e .g . f l o w of o x y g e n into t h e ace t y l ene 

hose, so that an e x p l o s i v e m i x t u r e is p resen t in t he 

hose. Th is m ix tu re c a n t h e n b e ign i ted by a back f i r e 

w h i c h o c c u r s w h e n t h e t o r c h is lit. The hose wi l l t h e n 

exp lode . 

Causes of backfire 

The ac tua l c a u s e of a back f i r e is that t he c o m b u s t i o n 

ve loc i t y e x c e e d s t h e exi t ve loc i t y of t h e g a s m i x t u re 

(Fig. 5). If t he s i t ua t i on is the reverse the f l a m e wi l l 

i ns tead b e b l o w n o u t - a so -ca l l ed b low-o f f o c c u r s . 

W h e n t he re is a b a l a n c e b e t w e e n the c o m b u s t i o n 

ve loc i ty of the g a s m i x t u re a n d its exit ve loc i t y , t he 

f l ame b u r n s s tab ly (F ig . 6) 

In p r a c t i c e the g a s m i x tu re ' s exi t ve loc i t y in a c u t t i n g 

nozz le is abou t t e n t i m e s the c o m b u s t i o n ve loc i t y . 

So h o w c a n t he re be a b a l a n c e b e t w e e n f low a n d 

c o m b u s t i o n w i t h s u c h a b ig d i f f e rence in ve l oc i t y? 

The a n s w e r is that t he re is not a b a l a n c e a c r o s s the 

ent i re nozz l e or i f i ce , bu t on ly ad jacen t to t he o r i f i ce 

wa l l w h e r e t h e g a s ve loc i t y is r e d u c e d by r e d u c t i o n 

b y f r i c t i o n a g a i n s t t h e w a l l . F i g u r e 7 s h o w s 

schema t i ca l l y t h e pro f i le of t he g a s ve loc i t y w i t h 

laminar f l o w in a p ipe . 

The s a m e f igu re a lso s h o w s h o w t h e c o m b u s t i o n 

ve loc i t y var ies a c r o s s t h e d u c t d i ame te r . N o t e that 

the c o m b u s t i o n ve loc i t y aga ins t t he wa l l is ze ro . Th is 

is a m o n g o the r t h i ngs b e c a u s e t h e c o m b u s t i o n 

reac t i ons have b e e n p r e v e n t e d by heat c o n d u c t i o n 

to t he wal l . W h e n t h e f l ame is in b a l a n c e t h e f low is 

ad jus ted so that t he g a s exi t ve loc i t y a n d c o m b u s t i o n 

ve loc i ty are equa l at po i n t s a d j a c e n t to t h e p ipe wal l . 

These p o i n t s d e t e r m i n e t h e w h o l e f l a m e a n d serve 

as a p i lo t f l ame a c r o s s the ent i re g a s f low. 

Correct 

Too high exit velocity gives an unstable flame 

Too low exit velocity results in backfire 

F ig . 6 : The character of the f iame depends on the relation 
between the gas exit velocity and the combust ion velocity. 

Gas exit velocity 

Combustion velocity 

id 
0 D/2 0 

Blow oft 

0 D/2 

Balance 

0 D/2 0 

Backfire 

Distance from 
the wall 

Fig. 7 : F lame stability in a pipe. D = p ipe diameter . The 
figure shows the absolute values of the velocities 

As a back f i r e o c c u r s e i ther w h e n t h e g a s exit ve loc i t y 

is t o o low o r w h e n t h e c o m b u s t i o n ve loc i t y is * o 
h igh , it is impo r tan t to f ind ou t w h i c h f ac to r s inf lu e 

t hese ve loc i t ies . C o m m o n c a u s e s of t o o low g a s axit 

ve loc i t y are : 

W r o n g p ressu re is set o n the t o r c h o r regu la to r . 

P ressure d r o p s d e p e n d i n g o n l eng th and s ize of 
hoses . 
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• Cy l inder g a s p ressure is running low. 
• A h o s e has b e e n b e c o m e constr ic ted. 

Dirt is b lock ing or constr ict ing the f low in the 
to rch or hoses 

• Des ign faults in t h e e q u i p m e n t such as too large 
a r e a of nozz le or i f ice(s) . 

As m e n t i o n e d earl ier, t h e c o m b u s t i o n velocity is 
d e p e n d e n t o n the m ; x i n g propor t ions , t e m p e r a t u r e 
of g a s mixture a n d any tu rbu lence in t h e g a s mixf low. 
T u r b u l e n c e raises t h e c o m b u s t i o n velocity, as the 
c o m b u s t i o n b e c o m e s m o r e effect ive, a n d c a n arise 
t h r o u g h : 

Spat ter in the nozz le orif ice ( c o m m o n in piercing) 
D a m a g e d nozz le orif ice. 
Ori f ice wal ls a re u n e v e n or scra tched ( important 
to r e m e m b e r w h e n manufac tur ing nozz les and 
t ips). 

T h e heat ing up of a nozz le m e a n s raised g a s mix 
t e m p e r a t u r e , w h i c h in turn raises the c o m b u s t i o n 
velocity. A n increased g a s mix t e m p e r a t u r e also 
raises the pressure in the mixer. In injector to rches 
this m e a n s that the suct ion p o w e r of the injector is 
d e c r e a s e d , so that t h e f l ame rece ived e x c e s s o x y g e n . 
Excess o x y g e n raises the c o m b u s t i o n velocity (see 
Fig. 3) a n d increases the risk of backf i re . 

Hea t ing up of the nozz le c a n also initiate ace ty lene 
d e c o m p o s i t i o n , w h i c h in turn leads to backf i re . 

T h e fact a b o v e s h o w that it is impor tant to avoid 
heat ing t h e nozz le . By mak ing nozz les of c o p p e r , 
d issipat ion of heat wi l l b e g o o d . W a t e r coo l ing of the 
torch a n d nozz le c a n also improve the protec t ion 
against backf ire. 

Causes of sustained backfire 

Susta ined backf i re normal ly starts with a backf i re . 
T h e backf i re m o v e s t h r o u g h the torch as a de tonat ion 
wi th a s h o c k w a v e in front of t h e f l ame front. W h e n 
the d e t o n a t i o n front reaches t h e injector or mixing 
point this part is h e a t e d up at t h e s a m e t ime as the 
pressure f r o m t h e s h o c k w a v e c a u s e s t h e o x y g e n 
and fuel g a s to b e p ressed b a c k into their ducts . 
W h e n the o x y g e n a n d fuel g a s o n c e aga in flow 
fo rwards after a backf i re , a susta ined backf i re c a n 
arise at the mixing point if t h e t e m p e r a t u r e has 
r e a c h e d t h e ignition t e m p e r a t u r e of the g a s mixture. 

O n e w a y of improving safety f r o m susta ined backf i re 
is by reduc ing the risk of backf i re (see sect ion a b o v e ) . 

The safety f r o m susta ined backf i re c a n also be 
improved by var ious d e s i g n m e a s u r e s , for e x a m p l e . 

Coo l ing mix ing c h a m b e r a n d mixed g a s tube . 
Avoiding t u r b u l e n c e in m ixed g a s t u b e a n d nozz le 
orif ice. 
Smal l mix ing v o l u m e in m i x e d g a s tube . 
Flow resistor in t h e fuel g a s a n d heat ing o x y g e n 
ducts be fo re the mix ing point . In the event of 
backf i re the ma jo r part of the burn ing g a s mixture 
will f low out t h r o u g h t h e n o z z l e orif ice instead of 
forcing its w a y into t h e fuel g a s a n d o x y g e n 
ducts . 

In most to rch des igns t h e a b o v e pr inciples have 
a l ready b e e n t a k e n into cons idera t ion . Bes ides these 
m e a s u r e s there are qui te a n u m b e r of theor ies about 
how to avoid susta ined backf i re , of w h i c h s o m e are 
g iven be low. 

1. De layed return of o x y g e n f low. This w o u l d m e a n 
partly that fuel g a s conta in ing g lowing c a r b o n 
part icles w o u l d have t ime to pass the mix ing point 
be fore the o x y g e n f lows out , a n d part ly that the 
mixture w o u l d have a def ic iency of o x y g e n , w h i c h 
w o u l d r e d u c e t h e c o m b u s t i o n v e l o c i t y 
momentar i l y . 

2. D a m p i n g the r e s o n a n c e . T h e shock w a v e in a 
d e t o n a t i o n g ives rise to p ressure r e s o n a n c e 
w h i c h raises the t e m p e r a t u r e . If this r e s o n a n c e 
is not d a m p e d be fo re the g a s mix o n c e aga in 
f lows forwards , t h e mix c a n b e reigriited by the 
high t e m p e r a t u r e . 

A G A ' s spiral injector, w h i c h is installed in the 
torch J E T S T R E A M (see Fig. 8) is an e x a m p l e of 
a d e s i g n fea ture b a s e d o n b o t h t h e a b o v e 
theor ies. 

3. Q u e n c h i n g . For a f l a m e to p r o p a g a t e th roug h a 
t u b e the duct must h a v e a cer ta in d iameter . If 
the d iamete r is smal ler t h a n the "quench ing 
d iameter" the f l a m e will not pass. F l a m e arrestors 
are partly b a s e d o n the theory of "quenching" . 

Causes of Flashback 

T h e c a u s e of a f lushbacks a n d hose explos ions are 
that there is an exp los ive g a s mixture before the 
mixing point d u e to t h e reverse f low, for e x a m p l e of 
o x y g e n into the fuel g a s hose. If f lashback occurs 
o n ignition, and if the re is a sufficient quant i ty of gas 
mix, the re is such a violent exp los ion in t h e hose 
that it bursts. 
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Fig. 8 : Spiral Injector. 1. Oxygen 2. Fuel gas. a. Bacjfire. b. and c. After the backfire 

C a u s e s of reverse f low include the fo l lowing : 

N o z z l e c l o g g e d by dirt, slag of d a m a g e . The g a s 
wi th a higher pressure will t h e n f low into the line 
wi th a lower pressure . 

• T h e o x y g e n pressure is d r o p p i n g to less t h a n 
t h e fuel g a s pressure . Unless the o x y g e n valve 
o n the torch is c losed , fuel g a s will f low over into 
t h e o x y g e n line. 

• If bo th regulators a re c losed and the torch valves 
a re left o p e n w h e n t h e o p e r a t o r leaves the job , 
t h e fuel g a s wi th its lower pressure will be 
e v a c u a t e d first. O x y g e n c a n then f low into the 
fuel g a s line. 
Too high o x y g e n pressure w h e n igniting the 
torch . If the o p e r a t o r o p e n s both to rch valves 
a n d tries to ignite wi th the o x y g e n f lowing, 
o x y g e n c a n f low b a c k w a r d s into the fuel g a s line. 
A smal l nozz le in relat ion to the valve open ing 
o n the to rch forces the g a s at higher pressure 
over to t h e g a s duct with the lower pressure, as 
all the g a s c a n n o t e s c a p e th rough the nozzle: 

Bes ides by correct handl ing of e q u i p m e n t , reverse 
flow a n d f lashback c a n be avo ided by using c h e c k 
valves o n the to rch handle. If a f lashback should 
o c c u r desp i te this, it is p revented f r o m reach ing 
regulators a n d g a s cy l inders by the use of a f lashback 
arrestor o n the regula tor and /or torch. 

Preventive measures 

In the previous c h a p t e r w e d iscussed the c a u s e s of 
backf i re a n d f l ashback , and how the risks c a n b e 
r e d u c e d by des ign improvements . Still, the most 
c o m m o n c a u s e s of back f i re a n d f l a s h b a c k are 
incorrect ly hand led or defect ive e q u i p m e n t . So in this 
chap te r w e will d e s c r i b e what the opera to r himself 
c a n d o to avoid backf i re and f lashback . 

Correct h a n d l i n g o f e q u i p m e n t 

To avoid reverse f low and the format ion of a n 
explosive mixture s o m e w h e r e in the sys tem, all 

c o m p o n e n t parts must b e correct ly a s s e m b l e d . Seals 
and gaske ts must not b e d a m a g e d . Also, the var ious 
parts should all b e of the s a m e m a k e to g ive the 
best g u a r a n t e e of a leak-proof system. 

Set t h e c o r r e c t p r e s s u r e a c c o r d i n g to t h e 
manufac turer 's we ld ing or cutt ing table. 
U s e the correct nozz le size, a n d r e m e m b e r to 
reset the pressure w h e n c h a n g i n g nozz les . 
M a k e sure that the nozz le is not b l o c k e d by dirt 
or slag. 
D a m a g e d nozz les must be rep laced . 
W h e n c lean ing , use the correct s ize of c lean ing 
needle . 
Do not have the nozz le too c lose to the work . 
T h e g a s exit velocity c a n then b e impai red so 
that the nozz le heats up a n d c a n c a u s e a backf ire. 
Before l ighting t h e f lame, p u r g e the fuel g a s and 
o x y g e n h o s e s for a f e w s e c o n d s w i t h t h e 
respect ive g a s to avoid the risk of hav ing mixed 
gases in a h o s e w h e n igniting. T h e hoses must 
be p u r g e d o n e at a t ime. 

Lighting the torch 

Correct lighting of the torch is impor tant to avoid 
backf i re and f lashback . The ignit ion p r o c e s s differs 
in in jec tor t o r c h e s a n d e q u a l - p r e s s u r e t o r c h e s . 
H o w e v e r , in both c a s e s the hoses must be p u r g e d 
first. This must b e d o n e for o n e g a s at a t ime. The 
torch valve for the o ther g a s must then b e c losed. 

L i g h t i n g a n i n j e c t o r t o r c h 

O p e n the o x y g e n valve. 
O p e n the fuel g a s valve. 
Light the f lame. 
Adjust the f l ame character . 

L i g h t i n g a n e q u a l - p r e s s u r e t o r c h 

O p e n the fuel g a s valve all t h e w a y 
Light the f lame. 
O p e n the o x y g e n valve 
Adjust the f l ame charac te r wi th the o x y g e n valve. 
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Check valves and flashback arrestors 

By u s i n g safety d e v i c e s t h e risk of back f i re , f l a s h b a c k 

c a n in m o s t c a s e s b e avo ided . The mos t c o m m o n 

t y p e s of safe ty e q u i p m e n t a re c h e c k va lves a n d 

f l a s h b a c k a r res to rs . In s o m e c o u n t r i e s c h e c k va lves 

a n d f l a s h b a c k a r res to r s are m a n d a t o r y , wh i l e in 

o the rs t he re are on l y r e c o m m e n d a t i o n s . 

Check valves 

C h e c k va lves a re ins ta l led o n t h e t o r c h o n b o t h fue l 

g a s a n d o x y g e n c o n n e c t i o n (F ig.9) . In m a n y c a s e s 

the t o r c h is a l ready p r o v i d e d w i t h c h e c k va lves f r o m 

the star t . C h e c k v a l v e s ef fect ive ly p reven t reverse f low 

of gas . As a l ready d e s c r i b e d , reverse f l ow is t he mos t 

c o m m o n c a u s e of f l a shback . O n the o t h e r hand 

c cck va lves wi l l no t s t o p a b a c k f i r e that o c c u r s for 

o t h e r reasons . For a c h e c k va lve to be real ly e f f ic ient , 

it mus t be f unc t i ona l l y c h e c k e d at regu lar in terva ls , 

su i tab ly every s ix th m o n t h . 

Fig. 9 : check valves installed on a torch. 

Flashback arrestors 

A f l a s h b a c k a r r e s t o r w i l l e f f e c t i v e l y p r e v e n t a 

f lashback f rom e n t e r i n g t h e c y l i n d e r o r s u p p l y 

s y s t e m , w h i c h c o u l d c a u s e a se r i ous a c c i d e n t . 

F l ashback a r res to rs are ava i lab le in t h e f o r m of 

t o r c h - m o u n t e d a n d r e g u l a t o r - m o u n t e d a r res to rs . 

T o r c h - m o u n t e d f l a s h b a c k a r res to rs are, as t h e n a m e 

impl ies , m o u n t e d s t ra igh t o n t o t he t o r c h (F ig. 10), 

and have t w o f u n c t i o n s . They s top t h e f l ame in t h e 

event of a back f i re w i t h t he he lp of a f l ame a r res to r , 

and t hey p reven t reve rse f l ow w i t h t he he lp of a 

bu i l t - in c h e c k va lve. The f l ame a r res to r c o n s i s t s of a 

s in te red me ta l f i l ter, no rma l l y of s ta in less steel . Gas 

c a n f l ow t h r o u g h , bu t a f l ame is e x t i n g u i s h e d d u e to 

t he c o o l i n g ef fect . 

The thing to bear in mind w h e n using t o r c h - m o u n t e d 
f lashback arrestors is that the f l ame arrestor causes 
a pressure d r o p and thus r e d u c e s the flow capaci ty . 
So first c h e c k what f low the appl icat ion d e m a n d s . 

Fig. 10 : Torch-mounted flashback arrestor 

R e g u l a t o r - m o u n t e d f l a s h b a c k a r res to rs are m o u n t e d 

s t ra ight o n t o t he regua l t o r o r ou t le t po in t (Fig. 11). 

Fig. 11 : Regulator-mounted flashback arrestor 

Bes ides p r e v e n t i n g reverse f l ow w i t h t he he lp of a 

c h e c k v a l v e a n d e x t i n g u i s h i n g t h e f l a m e af ter a 

f l a s h b a c k w i t h t h e h e l p of a f l a m e a r r e s t o r , 

r e g u l a t o r - m o u n t e d f l a s h b a c k a r res to rs c a n also have 

the f o l l o w i n g f u n c t i o n s : 

Shu ts off c o n t i n u e d s u p p l y of g a s in t he event 
of a f l a s h b a c k . T h e p r e s s u r e s h o c k w a v e 
a c c o m p a n y i n g a f l a s h b a c k ac t i va tes a shut -o f f 
va lve. This mus t be reset af ter a f l a shback . 
D i f fe ren t m a n u f a c t u r e r s h a v e s o l v e d t h i s in 
d i f fe rent w a y s . The rese t t ing c a n e i ther be d o n e 
w i t h s o m e t y p e of b u t t o n , lever o r p in . It is 
i m p o r t a n t t o b e a b l e t o r e s e t t h e 
r e g u l a t o r - m o u n t e d f l a s h b a c k a r res to r , bu t it mus t 
not b e t o o easy to d o . The o p e r a t o r mus t 
c o n s i d e r wha t c a u s e d the f l a s h b a c k , a n d co r rec t 
any de fec ts . 

The rma l l y ac t i va ted shut -o f f p r e v e n t s g a s f r o m 
f l o w i n g ou t f r o m t h e c y l i n d e r in t he event of a 
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fire. If this funct ion has b e e n act ivated, the 
f lashback arrestor cannot b e reset; it must b e 
rep laced . 

The (pr inciples of the) different funct ions are s h o w n 
in Fig. 12. 

3 

2 

1 

4 

Fig. 12 : Regulator-mounted flashback arrestor with four 
different functions : 1. Check valve prevents reserve flow. 2. 

Flame arrestor extinguishes the flame in case of flashback. 3. 
Pressure-sensitive shut-off valve cuts off further gas supply 

after a flashback. 4. Temperature-sensitive shut-off device cuts 
off continued gas supply in case of fire 

The a d v a n t a g e of a f lashback arrestor m o u n t e d o n 
the regulator or outlet point is that it c a n have a 
m u c h grea ter f low capac i ty t h a n o n e m o u n t e d o n 
the torch . The latter has to b e small and light, so 
that the f lame arrestor cannot be m a d e too large. 
The pressure d rop across the f l ame arrestor is 
therefore greater . T h e d isadvantage of a f lashback 
arrestor o n the regula tor is that it d o e s not prevent 
hose explosions. T h e best safety level is there fore 
ach ieved if o n e c a n have a f lashback arrestor o n the 
regulator a n d a f l ashback arrestor o n the torch shank. 
This is possible if t h e required f lows are not too high. 
For higher f lows o n e has to b e content wi th c h e c k 
valves o n the to rch and f lashback arrestors o n the 
regulators. 

It is important to equ ip not only the fuel g a s s ide but 
also the o x y g e n s ide wi th f lashback arrestors. A 
f lashback arrestor o n t h e o x y g e n regulator c a n for 
e x a m p l e prevent o x y g e n f rom cont inuing to f low out 
in case of fire. This is important , as addit ional o x y g e n 
raises the c o m b u s t i o n velocity. 

Maintenance of equipment 

O n e important m e a s u r e for avoiding backf i re ana 
f lashback is to k e e p t h e e q u i p m e n t in g o o d condi t ion. 
The nozz le c a n be r e g a r d e d as the most e x p o s e d 

part of the equ ipment . It is important to k e e p the 
nozz le c l e a n and u n d a m a g e d . Dirt and slag spatter 
c a u s e turbulent g a s f low w h i c h in turn increases the 
risk of backf ire. A c l o g g e d nozz le c a n c a u s e reverse 
f low, wi th a risk of f lashback. N o z z l e s c a n b e c l e a n e d 
chemica l ly or mechanica l ly . In m e c h a n i c a l c lean ing 
with need les it is important to select t h e correct size 
for the nozz le orif ice. T h e orif ice must not b e 
en larged , as this w o u l d reduce the g a s exit velocity 
and thus increase the risk of backf i re . 

O ther points to cons ider regard ing e q u i p m e n t are : 

U s e u n d a m a g e d h o s e s w i t h t h e c o r r e c t 
c o n n e c t i o n s to to rch a n d regulator . 
S e e to it that no g a s l e a k a g e occurs . For 
e x a m p l e , c h e c k that the seal b e t w e e n torch 
hand led and we ld ing or cutt ing a t tachment is 
intact. 
Do not c o m b i n e different b r a n d s of equ ipment . 
C h e c k valves a n d f lashback arrestors have to b e 
functional ly c h e c k e d at regular intervals. 

Education and training 

Backfire and f lashback a lways m e a n m o r e or less 
ex tended interrupt ions of product ion . Equ ipment c a n 
be d a m a g e d , and personne l c a n b e injured. So it is 
very important tha i t h e opera tor unders tands w h y 
backf ire and f lashback occur , and what he c a n do 
to avoid them. H e must also k n o w what to do if a 
susta ined backf i re of f lashback do occur . This m e a n s 
that educa t ion a n d training of o p e r a t o r s are very 
important for reducing risks. 

In S w e d e n the insurance c o m p a n i e s h a v e b e g u n to 
st ipulate that we lde rs and others e n g a g e d in "hot 
work" o n t e m p o r a r y w o r k sites, must a t tend a special 
training, resulting in a cert i f icate. T h e reason is that 
fires, d a m a g e and injuries every year in c o n n e c t i o n 
with we ld ing and o ther j o b s involving heat ing cost 
the insurance c o m p a n i e s a lot of m o n e y . T h e 
insurance c o m p a n i e s h o p e that training will r educe 
these costs . 

What to do in case ot backfire and flashback 

In c a s e of backf i re y o u hear a sound resembl ing 
m a c h i n e - g u n fire. R e p e a t e d backf i re c a n m e a n that 
e q u i p m e n t is defect ive or is not be ing handled 
correct ly . Try to f ind out the cause . 

In c a s e of susta ined backf ire, w h i c h gives a whistl ing 
sound, the g a s supply must b e shut off immedia te ly 
on the torch and the regulators. T h e o x y g e n must 
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be shut off first. T h e torch m a y have to be c o o l e d 
with water . Before the equ ipment is put back into 
opera t ion c h e c k the nozz le and seal , as they m a y 
have b e e n d a m a g e d . 

In c a s e of f l a s h b a c k , d e c o m p o s i t i o n c a n start in the 

ace t y l ene cy l i nde r if t h e r e is no f l a s h b a c k a r res to r 

m o u r t f e d o n the regu la to r . D e c o m p o s i t i o n c a n also 

be in i t ia ted if t he c y l i n d e r is e x p o s e d to heat , so that 

t he t e m p e r a t u r e of t h e cy l i nde r wa l l e x c e e d s 3 0 0 ° C 

(572oF) . In c a s e of f l a s h b a c k , t he f o l l o w i n g m e a s u r e s 

mus t be t a k e n : 

I m m e d i a t e l y c l o s e t h e c y l i n d e r va lves, b o t h fuel 
g a s o x y g e n . Use f i re - res is tant g l oves . The f l ame 
g o e s o u t as s o o n as the fue l g a s is shu t o f f . 
C h e c k tha t t he a c e t y l e n e c y l i n d e r is not h o t - w h i c h 
c a n be a s ign of d e c o m p o s i t i o n . If t he cy l i nde r 
is ho t , c h e c k tha t t h e va lve is p rope r l y c l o s e d . 
In a c l o s e d a n d gas - t i gh t cy l i nde r t he c o n t i n u e d 
d e c o m p o s i t i o n in t h e p o r o u s m a s s w i l l be 
s t o p p e d . 

E V A C U A T E A N D I M M E D I A T E L Y R O P E O F F T H E 

AREA ! 

C A L L T H E FIRE D E P A R T M E N T ! 

If d o c o m p o s i t i o n c o n t i n u e s at t he s a m e t i m e as the 

ace t y l ene cy l i nde r is l eak ing ( for e x a m p l e t h r o u g h a 

leak ing sy l i nde r valve) t he re is a g rea t r isk that t he 

d o c o m p o s i t i o n z o n e w i l l s p r e a d a n d the cy l i nde r wi l l 

e xp l ode . The d e c o m p o s i t i o n c o n t i n u e s b e c a u s e n e w 

ace ty l ene is con t i nua l l y fed to t h e d e c o m p o s i t i o n 

zone . The e x p l o s i o n c a n o c c u r w i t h i n a n y t h i n g f r o m 

a few m i n u t e s to 24 hou rs . If it is s u s p e c t e d that 

d e c o m p o s i t i o n is in p r o g r e s s wh i l e at t he s a m e t ime 

the c y l i n d e r is leak ing t h e ru les are : 

Evacua te a n d r o p e off a rea! 

Cal l t he f i re d e p a r t m e n t ! 

Do not a p p r o a c h t h e c y l i n d e r ! 

C o o l t he c y l i n d e r fo r 24 hou rs ! 
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