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An Experimental Investigation 
of Backdraught 

Experimental investigations of backdraught have been canied out in a compartment representing a room at half-scale 
which has been constructed and developed at the Fire Experimental Unit (FEU). Limited Dials in a full size bacl<draught 
demonstration container at the Fire Se1'vice College were also canied out. This report describes the investigations and 
discusses the results. 

INTRODUCTION 

Backdraughts can occur when oxygen-starved 
fires are suddenly ventilated, often as a result 
of firefighting operations. The result is an 
explosive growth in the intensity of the fire in 
the form of a fireball, or backdraught. This has 
caused firefighter fatalities. In firefighting 
operations, backdraughts seem to be 
happening more frequently, possibly because 
buildings are now better sea led against 
draughts to improve energy efficiency. 

The current Fire Research and Development 
Group (FROG) l interest in backdraught 
resulted from a study requested by the Joint 
Committee on Fire Brigade Operations to 
identify ways in which fire losses could be 
reduced in large fires. This study identified 
over thirty areas where research might prove 
beneficial, and these were refined to eight 
detailed proposals which were presented to the 
committee. The committee requested FROG 
to pursue a number of these projects, one of 
which was to look at the application of 
venting as a firefighting tactic. 

As there is a risk of backdraught whenever 
vent ilation takes place. it is important to 
understand this phenomenon, so a project on 
backdraught was initiated in paralle l with the 
project on ventilation. 

A study was commissioned by FROG to survey 
current knowledge of backdraught. The study 
was carried out by the Fire Research Station 
(FRS) and concluded that, whilst there was a 
number of areas where more research would be 
of benefit, a significant problem was the lack 
of communication between fire scientists and 
firefighters. In particular, relevant information 
had not been presented to the fire service in 

terms which would be of practical use on the 
fireground. 

To bridge this gap, a volume of the Fire Service 
Manual has been published which attempts to 
address what firefighters need to know about 
fires and ventilation. This has been followed 
by a series of video training films which have 
been produced by FROG. In support of these, 
it was necessary to develop a backdraught 
simulator to give the opportunity to produce 
video on backdraughts and enable further 
research on the phenomenon. 

THE BACKDRAUGHT SCENARIO 

In general, if there is an adequate air supply, a 
fire will continue to burn and grow as long as 
there is fuel available. In a closed 
compartment with limited ventilation, the 
oxygen in the air will be used up and, as the 
oxygen concentration reduces, the flames will 
start to die down. As the process continues, 
the flames will continue to die down and may 
go out. The fue l will still be hot and produce 
hot gases containing significant proportions of 
flammable partial combustion products. These 
can accumulate in a compartment and, when 
air is introduced by making an opening, this 
mixes with the unburnt gases and the resulting 
flammable mixture can be ignited by any 
source that may be present. For example there 
may be a single glowing ember. The heat 
created by combusti on causes expansion which 
then expels unburnt and burning gases out 
of the opening as a fireball. This is a 
backdraught and the definition used in the 
Fire Service Manual is given below. 

Limited ventilation can lead to a fire in a 
compartment producing fire gases containing 
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significant proportions of partial combustion 
J)roducts and unburnt pyrolysis products. 
If th ese accumulate then the admission of air 
when an opening is made to the compartment 
can lead to a sudden def/agmtion. This 
deflagration moving through the compartment 
and out of the opening is a backdraught. 

PREVIOUS WORK 

In the FRS survey of backdraught, only one 
group was identified which was co nducting 
direct research into the backdraught 
pheno mena. Fleischmann at the University of 
C a lifo rnia (Berkeley) had conducted 
backdraught experiments in a ha lf-scale 
domestic room. These had been supplemented 
with bo th salt-water and computational fluid 
dynamics (CFO) simulatio ns of the mixing 
processes between fuel and a ir that may occur 
on the sudden opening of a vent. 

THE COMPARTMENT 

An updated copy of this simula tor was 
co nstructed and installed in a laboratory at the 
FROG's Fire Experimenta l Unit. It consisted of 
two co mpartments, a main compartment 
(2Am x 1.2m x 1.2m) which represents a roo m 
at ha lf-scale and a smaller co mpartment (l.2m 
x 1.2m) which could be added to represent a 
small corridor outsid e the room. 

The co mpartment frames were constructed 
using co ld fo rmed steel sectio n bo lted together 
and these were lined with non -co mbustible 
shee ts and insulation blanket. 

Both compartments had glass vi ewing panels 
which all owed events in the co mpartment to 
be observed and recorded o n vid eo. A 
re movable panel was provided in the side of 
the ma in compartment oppos ite the viewing 
panel to allow access. Hinged pressure relief 
panels were fitted in the roofs of both 
co mpartments to control any excessive 
overpressure in the co mpartments. 

The compartments were installed on a 
pl atfo rm to provide a co nvenient working 
height and a steel framed enclosure was 
con structed above the pla tfo rm and 
compartments to protec t the fabric of the 
building from the fl ames produced in the 
tes ts (Figure 1). 

In order to simulate an ope ning for air to enter 
the compartment, the ea rly tests used a hinged 
panel at one end of the compartment simila r 
to that used by Fl e ischmann. This when 
o pened, allo wed a ir to ente r through a vent. 

Pro tecti ve 

enclosure -~-+! 

Platform 

r r.!!",",· I: The ;i l1 ~te cmrl/Jarr ml'l r1 imwl/ed on !ire p/mform under [he pw [cLt rve h,n,,/ 

Pressure 

Reli ef 

Panel 

View ing 

Panel 
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After initial tests using the hinged front panel, 
a new front panel was fitted with a more 
conventional door opening (size 1000 mm 
high by 380 mm wide). In addition four vent 
openings (each 100mm x 200mm) were fitted 
into the panel to allow a range of venting 
options (Figure 2). 

Figure 2: Front panel showing drJOY and four vents 

To simulate the fire, a gas burner (300mm x 
300mm) was positioned near to the rear of the 
compartment and supplied with methane gas 
from a bottle located outside the building. The 
burner was ignited using a small pilot flame 
mounted above the burner and this in turn was 
lit with a spark igniter. A control system for 
the safe operation of the burner, pilot flame 
and igniters was used. 

The source for backdraught ignition was a 
spark gap made from stainless steel rods which 
was connected to a high voltage transformer 
(1 OkV) of the type used in heating boilers. 
Initially a single spark was used and then a 
vertical tree of five spark gaps was introduced. 

After the initial tests, metal plates were 
mounted across the top of the compartment 
which were pre-heated using the burner, to 
generate a temperature gradient. This was 
found to produce more consistent results. 

The compartment was used to simulate 
backdraught by following the procedure below: 

• 	 the compartment was pre-heated; 
• 	 all openings into the compartment were 

closed; 
• 	 a 70 kW methane flame was ignited using 

a pilot light and a safety control system; 
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• 	 this diffusion flame was allowed to burn. 
It died down as it became oxygen starved 
and self extinguished after about two 
minutes; 

• 	 after the flame had extinguished, the gas 
was allowed to flow into the compartment 
so that the unburnt fuel fraction increased; 

• 	 after a set time from the burner ignition, 
the gas supply was turned off. A time of 
7 minutes 55 seconds was used because 
experience showed that this produced 
significant backdraughts; 

• 	 at 8 minutes, the door was opened to allow 
air to flow into the compartment - the 
short time between turning off the gas 
supply and opening the door was to 
prevent too much cooling of the gases 
within the compartment; 

• 	 the spark igniter tree, to simulate an 
ignition source, was switched on after 
various pre-determined times and the 
backdraughts were initiated. 

The compartment was instrumented to 
measure: 

• gas temperatures; 
• oxygen concentration; 
• 	 heat output from the fire; 
• 	 heat output from the fireball; 
• 	 gas velocities through the door; 
• 	 static pressure in the laboratory. 

All data was recorded on a datalogger located 
in an instrumentation trailer and results were 
then processed to give graphical results. 

All the tests were recorded on colour video 
equipment. A wide angle camera covered the 
fireball coming out of the compartment and a 
second camera provided a narrower view 
which showed detail of the development of the 
backdraught inside the compartment. 

Several methods of assessing the severity of the 
backdraughts were used: 

• 	 the heat output from the fireball flux 
measured outside the compartment; 

• 	 the maximum static pressure recorded in 
the laboratory from a fast response 
sensitive pressure transducer; 

• 	 the velocity measurements in the doorway; 
• 	 a figure of merit that was simply a 

judgement of the size of the fireball from 
the video record. 
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an adjacent laboratory 
control room for 
compartment could 
video cameras. Live 
was displayed in 
doors and vents were 
using a system pulleys 

UNDERSTANDING BACKDRAUGHT 

F'Wme Types - Premixed f1.ame 

propagate outwards in 
mixture air and fuel will only burn if 
concentration of fuel lies between well defined 

called flammability limits. In the case 
the mixture will only burn if the 

concentration methane in air lies between 
and 15%. 

speaking, the term 'deflagration' in the 
of backdraught used above, refers 

specifically to the propagation of flame 
a premixture fuel vapour and air. 

F'Wme - Diffusion f1.ames 

occur at the interface where 
air meet. premixed 
vapour and air are separate 

There are two broad of diffusion 
In slow-burning diffusion flames, such as 
candle flames, the fuel vapour rises 
the wick in a smooth laminar flow 
laminar diffusion flame. If 
induced at the interface where fuel oxygen 
mix, gives it an increased area in 
comparison to the relatively small 
of smooth fuel/air interface the 
flame. this turbulent case, it is this 
surface area which determines the rate at 
which fuel and oxygen are 

of flame is a turbulent diffusion flame 

flame type is the 
flames are 

flames and blue flames are 

of backdraught is governed 
fluid dynamics, heat 

combustion chemistry. The 
process is be low: 

mixture. 
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Severity of Backdraughts 

The flows into the compartment when the 
vent is opened have been modelled by using 
the technique of salt water modelling. This has 
shown that the entry velocity of the gravity 
current is strongly dependent on the initial 
temperature difference between the 
compartment and the ambient atmosphere. 
Where a greater temperature difference exists, 
the entry velocity will be greater and the 
gravity current will reach the spark source 
sooner. It will impact on the rear wall with the 
greater kinetic energy and be reflected upwards 
and back towards the opening, inducing 
significant mixing between the hot and cold 
layers as it does so. 

Violent backdraughts are likely to occur when 
the compartment temperature is high and 
ignition is delayed until after the fresh air 

current first meets the rear wall of the 
compartment: under these conditions in which 
there is greater mixing of the two layers before 
ignition, the flame will propagate 
nearly spherically. Conversely, 'lazy' 
backdraughts are observed when the ignition 
coincides with the arrival of the gravity 
current, preventing significant premixing; in 
these cases the combustion zone appears to be 
confined to the interface between the hot and 
cold zones. However, even these situations 
may give rise to violent events once the 
combustion zone reaches the compartment 
doorway as the expansion of flammable gases 
into the atmosphere induces very efficient 
mixing. Importantly, however, the backdraught 
may be reduced to some extent if the fuel gases 
have burnt at the doorway or vented before a 
backdraught generated deeper in the 
compartment arrives at the doorway. 
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RESULTS 

Typical Backdraught Results 

Figure 3 shows a sequence of photographs of a 
backdraught with the spark source, at the rear 
of the compartment, switched on 5 seconds 
after opening the door. 

The coo l air enters the lower part of the door 
and ign ition occurs when there is flam mable 
mixture in the regio n of o ne of the spark 
sources in the spa rk tree. 

Initially the flame is premixed and ex pands 
spherically. 

The fla mes travel a long the interface between 
the gas and a ir and as it progresses and expa nds, 
further mixing takes place . Flow pasr any 
obj ec ts in the compartment causes further 
mixing. Turbul ent diffusion flames (orange) 
can be seen in the upper half of the 
compartment and premixed flam es (blue) in 
the lower region. 

O.4s afrer ignitio n 

Figure 3. T)'pical backdraughc 
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1. 25 afrer ign irion 

The backdraught travels through the 
compartment invo lving the whole 
compartment. 

Unburnt fl ammable gases are driven out of 
the compartment by the expansion of the gases 
after combustion. 

Flame is driven out of the lower part of the 
door which ignites the flammable mixture 
outside. 

A massive fireball fills the space outside the 
compartment. 

7 



A n Ex perimen callnvescigation of Backdraught 

10 

Backdraught occurs with 

fireball ou t of door 


8 
Gas flow 
out of 
compartmen t 

6 Lower velocity probe (0.2m) 

-- Vetocity probe (O.4m) 

-- Velocity probe (0.6m) 

-- Upper velocity probe (0.8m)~4 
E 
C u o 
ID 
> 

~ 2 


<.:) 

J 

i '8.0 1L6 

Gas flow 
into 2 
compart ment 

Gravity wave Air drawn into compartmen t 
enters ""'-...... after backdraught 
compartment 

-4 ~------------------------------------------------------------------
Time in minutes 

Figure 4 : Typical resl.dts of gm velocities in the compart ment doorway 

Large files of data have been co llected during 
th e trials which are available on spreadsh eets 
at FEU. A s an example which shows the 
gravity wave, graphical results of the ve locities 
in the doo rway Cl re shown in Figure 4 above. 

The figure shows the gravity current enter ing 
the lower h alf of the compartment at a 
ve locity of about 1.5 metres pe r second. Hot 
gases are leav ing the compa rtment a t a lower 
velocity from the upper ha lf. When the fireba ll 
passes out of the door the flow at a ll heights is 
out of the compa rtment at veloc ities of 8 to 10 
metres per second. After the backdraught, as a 
result of cooling, a ir is drawn into the 
compartment at a ll levels apa rt from that 
measured by the top probe, before a steadi er 
flow is es tablished . 

It should be noted that the veloc ities recorded 
are those of the gases and do no t necessarily 
relate to the observed movement of the 
fireball. 

Effect of delaying ignition with a 
single compartment 

Figure 5 o pposite shows the effect of varying 
the time from opening the door to switching 
on the spark igniters. The spark tree is located 
at the rear of the compartment and ignition 
occurs at a he ight where there is a flammable 
mixture in the region of the spark source . 

The res ults from the various methods of 
assess ing the severity of the backdraught show 
a similar profile as illustrated in Figure 6 on 
page 10. In the compartment being used, when 
the time de lay is increased the severity reaches 
a peak at about 5 seconds and then reduces fo r 
the longe r delays. 

8 
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Short delays - 0 to 3s from opening door to switching o n spa rk sources 

2.55 afte r ign itio n 6,95afte r igniti on 

Delays - 5 to 6s from opening door to switching on spark sources 

, . ::-" .­

~ 7!!' 

L-~l l 
0. 15 after ignition 0,95 after ign ition l .Is after ignition 

Long delays - 19s from opening door to switching on spark sources 

2-45after ignitio n 0.95 after ignition 1.45 after ignitio n 

Long delay - 29s from opening door to switchi ng on spa rk sources 

• . t ' ­ 1 -­

r 
1.05 after ignition ) ,05 after ignition0-45 after ignirion 

Figure 5: Still frame sequences showing the effect of ignition delay on the bac/wraught 
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front propagates, 
diffusion flames fill 

rest of compartment. 
it causes mixing and 
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air reaches the spark 

source, ignition flames appear 
at rear of the compartment. 
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rear wall and cause any 
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is produced there is 
some burning of flammable gas outside the 

gases out of the 
as the fireball progresses. 

IS severe. 
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which has 

a fire, 
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after the compartment is opened up. Whilst 
the principles are the same, a delay of 5 seconds 
should not be taken as representative of what might 
happen in a real fire. 

Effect of delay with a single compartment with a 
vertical doorway and the spark tree at the centre 

When the spark gap was positioned in the 
centre of the compartment similar results to 
those above were obtained. The severity 
reached a peak at about 5 seconds and then 
reduced for the longer delays. 

Simi lar explanations to those given above for 
the spark tree at the rear, can be gi ven; the 
main difference is that flame propagation takes 
place in two directions and the overall 
backdraught is less severe since all the 
flammable gas is not driven out of the 
compartment at the same time. 

Effect of delay with a single compartment with a 
vertical doorway and the spark tree at the front 

Only two tests were carried out with a single 
compartment and a spark tree in the front of 
the compartment. 

In these two tests there were no backdraughts. 
After ignition the flames spread slowly outside 
the door and also spread towards the rear of 
the compartment. 

Effect of delay with a single compartment with 
a corridor section and the spark tree at the rear 
of the main compartment 

Tests were carried out with the corridor section 
attached to the main compartment and a spark 
tree in the rear of the main compartment. 

The results from the various methods of 
assessing the severity of the backdraught show 
a similar profile to Figure 6. In some tests, gas 
was leaked into the outer compartment before 
the doors were opened. With the corridor 
section, severe backdraughts were produced 
with flames involving the whole corridor 
section (Figure 7). 

Figure 7: BaclwraLll',hr wirh corridor >ecrion showing towlflame 
engulfment in corridor (Spark rree at rear of main companment, 
.swirched on 6s afrer doon opened. Figure shows 1.8s after ignirion). 

Effect of reduced vent opening with a single 
compartment and spark tree at the rear 

A number of tests was carried out by opening 
the four vents after eight minutes (see Figure 
2) and leaving the door closed. This reduced 
the venting area by a factor of five. 

Initially tests with this configuration were 
carried out with no preheating of the upper 
layer and no backdraughts were produced. 
When preheating was carried out then fireballs 
were produced which were the most energetic 
of all the tests. 

Without pre-heating, the gravity current did 
not have enough energy to cause sufficient 
premixing at the rear of the compartment and 
only lazy flames were produced. However 
with pre-heating, a more energetic gravity 
wave was produced and the backdraught 
developed quickly in the whole of the 
compartment (see Figure 8 overleaf). The 
reduced ventilation resulted in the 
compartment gases being forced through a 
smaller opening and with a higher velocity. 

11 
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0.9s afte r ignition 1.25 afte r ignirinn 

Figure 8: BiU.°kdraught from reduced venti/Wion opening showing a very ene'rgetic backilra ught (Spark rree a t rear of main compartmenr , switched on 6s 
afrer venr s opened) . 

Effect of a door for shielding a firefighter from in Figure 9 in which the cutout representing 
a backdraught firefighter A was positioned behind the door 

and that representing firefighter B in an 
Avoiding the likely flame path through a vent equivalent position on the opposite side of 
or door is the priority should a backdraught be the opening but not protected by the door. 
likely to occur. The effect of a door for The results show that the cutout behind the 
shielding a firefighter from a backdraught was door gave significantly lower readings, and 
assessed from temperature measurements on thus this position gave greater protection to 
wooden pieces, profiled in the shape of a the firefighter. 
kneeling firefighter. The results are illustrated 

50 

Thermocouples on cutout A, behind the door 

-- 0.25m(A) 
45 -- 0.5m(A) 

-- 0.75m(A) 
-- 025m (B)

40 -- 0.5m(B) 
- - 0.75m(B) 

35 

U 30 
0 

(l! 
::> 
Cii 25ill 
Cl 
E 
~ 20 


15 


10 

5 

0 

8 9 10 11 12 13 
Time in minutes 

Figure 9: ReSides of temperature measurements on firefIghter cutouts . 
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The pressure effect outside the compartment from 
a backdraught 

It is important to have an awareness of the 
energy from a backdraught even with the 
relatively small compartment used . In one of 
the early tests when the roller shutter door in 
the laboratory was closed, the effect of pressure 
was demonstrated dramatically as the roller 
shutter door was blown out of its tracks and 
damaged . The pressure rise in the laboratory 
housing the compartment was measured during 
the tests. The maximum pressure recorded was 
350 pascals (which was with the roller shutter 
door half open) and this did give cause for 
concern about possible damage to the fabric of 
the building. Following an inspection from a 
consultant, no significant damage was found. 

Introduction of smoke into the compartment 

The simulator uses methane gas which 
produces almost no smoke on burning, unlike 
the contents in a typical house fire. This has 
the advantage that the events inside the 
compartment can be observed through the 
viewing panel. However, practitioners may 
have doubts about whether the compartment 
simulated real life events. To give the fire 
service more confidence in the compartment 
and to produce a more realistic effect, smoke 
was introduced into the compartment using a 
smoke canister and a backdraught produced . 
Figure 10 shows a comparison between a 
backdraught in the Fire Service College (FSC) 
backdraught demonstration container, a 
backdraught in the FEU compartment with 
smoke and a backdraught in the FEU 
compartment with no smoke. 

Figure 10: Comparisons of a backdmught iTl the Fire Service College (FSC) baclwraught demoTlS tration coTltaiTler (ra p), a backdraught in the 

compartment with smoke (centre) and CL bac/wrwIght in the com/)Qrtment with no smoke (bottom) , 
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The upper picture shows the sequence of 
events from a chipboard fire in the FSC 
container (see further details below). A 
quantity of smoke/flammable vapour is pushed 
out of the compartment and the fl ame then 
spreads through this to produce the fireball. 

The centre picture shows a similar sequence 
using smoke introd uced into the methane in 
the compartment simulator. There is a d ear 
similarity between the pictures from the 
simulator and those from the demonstrato r 
using a more rea listic fire . 

The lowe r seq uence from the compartment 
using methane a lone allows the development 
of the backdraught to be observed because this 
is not obscured by smoke. The timing of this 
sequence does not correspond with the o thers 
because it indudes a view of the deve lopment 
inside the compartment which is no t possible 
in the other two cases. 

TESTS USING THE FIRE SERVICE 
COLLEGEBACKDRAUGHT 
DEMONSTRATION CONTAINERS 

Once the basic studies had been completed, it 
was decided that there would be benefit in 
using one of the backdraught demonstration 
containers at the FSC to obta in results from a 
more realistic fue l. This a lso gave the 
opportunity to explore the use of various 
tactics for use in potential backdraught 
situations. 

The Fire Service Manual add resses actions by 
firefighters, considers the signs and symptoms 
of a backdraught and lists the indicators as: 

• 	 Dense smoke with no obvious sign of 
flame ; 

• 	 Smoke blackened windows; 
• 	 Smoke pulsing from doors and windows; 
• 	 S igns of heat around the door. 

The container (6.1 m x 2Am x 2Am), with 
stab le doors at the front and on one side , was 
used to produce backdraughts by following the 
procedure: 

1. 	 Pairs of new sheets of chipboard each 
18mm thick were mounted at one end of 
the container on the end wall, on the side 
walls and on the roof (Figure 11); 

Figure J 1: Chipboard arrangement in the container. 

2. 	 The chipboard shee ts were ignited using 
kindling timber and paper placed on the 
floor in the rear corner of the container; 

3. 	 When the fire had become established all 
the doors were dosed. An upper section of 
one of the stab le doors was opened when a 
potenti al backdraught situation had been 
judged (by the FSC Instructors) to exist 
inside the container. The judgement was 
based on previous expe rience using a 
combination of timing and appearance 
of smoke from around the door. The cho ice 
of door to be opened was determined by 
the wind direc tio n . 

There was no backdraught the first time the 
procedure above was followed and so the doors 
were opened to allow the fire to re-establish 
and step 3 above was repeated until a 
backdraught resulted. 

The vertical gas temperature profile in the 
conta iner was measured at o ne position 
(towards the front of the container) by a 
the rmocouple tree with 6 thermocouples. 
Colour video recordings were also produced 
which were subsequently analysed to record 
the timing of the events. 

The plan was to be able to produce two similar 
backdraughts, one after the other, so that the 
effect of changes in tact ics could be compared. 

Although the procedures above were generally 
fo llowed, it was found that the time before 
backdraughts were obtained was variable 
and changes had to be made during the tests 
afte consultation between FEU staff and 
FSC instructors. The major variable was the 
wind conditions. 
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Two short series of tests were carried out in September 1998 and December 1998 and the tests and 
results are summarised in the Table below. 

Aim Method Results 

To prod uce repeatab le A range of times was exp lo red for Allowing the fire to re-estab lish 
backdraugh ts. which all the doo rs were closed 

before a stable door was opened 
after a period. 

for 90 seconds and then closing 

all doors for 90 seconds appeared 
the best approach. Variations 
we re inevitab le depending on the 
wind , weather and state of the 

burning chipboa rd. 

To apply water spray to see if this 
action prevented a backdraught 
after a door was opened. 

The upperhon t doorw~opened 

and water spray applied in bu rsts 
from a hose ree I (5 bursts of 2 

seconds each with interva ls of 20 
seconds between app lication). 
The spra y was a tight cone swept 

around the compartment . The 
upper door was then closed for 
one minute before re­
o pening.nted a backdraught after 
a door was opened. 

The test showed that the water 
spray reduced the temperatures 
in the conta iner but, as expected, 

the temperatures increased after 
the application . The spray did 
necessi tate the firefighters be ing 

exposed to steam being pushed 
o ut of the compartment when the 
door was closed. 
After re-opening the door there 
was no backdraught. 

To see the effect of clos ing the When potential backdraught No signs of a backdraught were 
door after opening it in a condit ions had been produced obse rved during this closed 

potent ia l backdraught situation. in the compartment, the upper pe riod. This single test suggests 

This may be a tac tic to be doo rwasopened andahera that the advice to close a vent is 

explored during fire fighting. period closed again . The ope n 
period was half the time for 

which a backd raught had 
occurred in earlier tests. 

like ly to prevent a backdraught. 

To assess the effect of water spray 
to protect firefighters from Cl 

backdraught. 

A spray was produced from a 
hosereel branch (at J25 lpm and 
700 cone angle) and a main line 

bra nch (400 lpm and 700 cone 
angle) mounted on a stand 

7 met res in front of the door. 
Rad iomete rs were pos itioned 
behind the sp ray and in front 
of the spray to meas ure the heat 
ou tput from the backdraught. 

Some reduction of hea t radiation 
was shown. The results of these 

tes ts we re no t conclusi ve because 
it was no t possible to produce 

repeatable backd raughts for a 
valid compa rison to be made. 
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An Experimenrallnvestigation of Backdraught 

The unpredictability must be stressed. The test 
conditions in the compartment were closely 
controlled and have shown the varying 
severity that can be achieved with different 
ignition delays, compartment temperatures 
and venting conditions. In the demonstration 
containers, this level of control was not 
possible. Although the procedures were 
standardised, it was found that the time before 
backdraughts were obtained was variable and 
the main variable was the wind conditions. 
The real life situation is even less controlled 
than in the demonstration containers. 

It is important to appreciate the differences 
between backdraughts produced in a real fire, 
in the simulator and even in the 
demonstration container. Important 
differences are given below: 

• 	 The situation in a real fire environment is 
uncontrolled. The layout of the building, 
location of flammable vapour, sources of 
ignition and positions of vents may not be 
known and may be changing. 
Backdraughts can occur a long time after a 
vent has opened, particularly where there 
may be the possibility that flammable 
vapours have been trapped at high level. 
If there is an open vent into the fire 
compartment at the time of the arrival of 
the fire service, it still cannot be assumed 
that the compartment is safe. 

• 	 The tests showed that the longer the 
compartment is vented before initiating a 
backdraught, the less severe the 
backdraught. This cannot be relied on in a 
real fire since pyrolysis will continue to 
take place from the fuel after the door is 
opened. In the compartment simulator 
there is always a net loss of gas after the 
door is opened. In a real fire, the size of any 
vents, the fuel load and combustion state 
will determine whether there is a net loss 
or gain of flammable vapour in the 
compartment. 

• 	 The spark igniter tree in the compartment 
produces a series of sparks at different 
heights which have sufficient energy for 
ignition of a flammable mixture. The 
conditions for a backdraught of an ignition 
source near the interface layer will 
generally be met. In the real fire 
compartment and the demonstration 
compartment, it may be some time after 
fresh air is introduced before there is an 
ignition source of sufficient energy near 
the interface layer to initiate a 
backdraught. There may only be 
smouldering material when fresh air is 
introduced and this must develop to 
produce flames for ignition. These flames 
must be in a region where there 
is a flammable vapour air mixture or there 
must be a path for any flame from the 
ignition source to the flammable mixture 
layer for a backdraught to result. 

• 	 In the limited tests carried out, the fireball 
from the simulator generally came out of 
the lower half of the door, across the 
platform and licked over the edges. In a 
real fire situation the path would be 
difficult to predict, but current advice to 
stay low and to the side of the door or 
opening is as good as can be given. 
Avoiding the likely flame path through a 
vent or door is the priority should a 
backdraught be likely to occur. 

• 	 It was not possible to heat the 
compartment until the gases in the 
compartment were above the auto-ignition 
temperature. In a real fire situation, 
when the door is opened spontaneous 
ignition of flammable vapour/air mixture 
close to the smouldering surface may occur 
and the flame would then spread out of the 
door. This would not necessarily result in a 
backdraught but there would be rapid 
spread of flame. 
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CONCLUSIONS 

The main lesson for the fire service which has 
been demonstrated from the investigations is 
the severity and unpredictability of a 
backdraught. The test conditions in the 
compartment were closely controlled and 
have shown the varying severity that can be 
achieved with different delays, compartment 
temperatures and venting conditions. 

The situation in a real fire environment is 
uncontrolled. The location of flammable gas, 
sources of ignition and positions of vents may 
not be known and may be changing. 
Backdraughts can occur a long time after a 
vent has opened, particularly where there may 
be the possibility for gases to be trapped at 
high level. If there is an open vent into the 
compartment at the time of the arrival of the 
fire service, it still cannot be assumed that the 
compartment is safe. There were several 
instances in the demonstration containers 
when there were no indications of the 
accepted signs and symptoms of a backdraught, 
only seconds before a backdraught occurred. 

The investigations have shown that the 
compartment was a useful tool for 
demonstrating backdraught and gaining a 
better understanding of the phenomena. 
Without the compartment, it would not have 
been possible to produce the training videos 
to demonstrate the development of a 
backdraught. The compartment allows the 
development of a backdraught in different 
controlled scenarios to be observed in the 
absence of smoke. The development of a 
backdraught in a real fire cannot be observed 
because of the obscuration from the smoke 
produced. 

Firefighters need to be aware of potential 
backdraught situations at all times. Guidance 
is given in the Fire Service Manual and these 
investigations support this advice. For 
example, very energetic backdraughts were 
produced with fireballs 5 metres long. In a real 
fire situation the path would be difficult to 
predict but the current advice to stay low and 
to the side of a door is as good as can be given. 
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