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SUMMARY

The effeects of altering the ventilation of a long corridor
30 cm wide with a primary town gas fire at one end and the effects of
thé addition of obstructions at the exit on thermal radiation falling
on the floor were investigated. The presence of a combustible ceiling
was simulated by town gas injection through a porous burner on the
ceiling. Several conclusions were reacheéd which should apply
qualitatively to fires in large scale corridors.
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FIRE IN A MODEL CORRIDOR WITH A SIMULATED COMBUSTIBLE CEILING

PART II EFFECTS OF VENTILATION AND ADDITION OF OBSTRUCTIONS

AT THE EXIT
by
S. ATALLAH

1. Introduction

In Part T of this report1, the radiative properties of town gas
flames travelling along the ceiling of a corridor with an open bottom
were studied. Part IT now describes the eff'ect on downward radiation
of various medifications to the corridor, e.g. increasing the ventilation,
inserting a floor and adding obsgtructions to the flow of hot gas.

2. Experiment

Details of the apparatus used are given in Part 11 but the general
lgyout can be seen in Fig.1. Tests were performed in which the corridor
openings were changed and the thermal radiation falling on a water coeled
radiometer? placed at 127 em from the clesed end was measured. The
position of the radiometer was not changed througheut the runs. The
primary ges flow rate was varied between 1 and 5 1/s. Ceiling gas was
injected at the rate of 1 1/s through burner A (see Figure 1) when it was
desired to simulate a burning ceiling. Figure 1 (I ~ XIX) shows the
various configurations tested. The changes to the corridor consisted of
one ¢r more of the follewing: a. closing the bottom of the corridor,

b. placing a curtain or a welr at the open end, ¢, partially opening the
closed end near the primary burner, d. raising the primary burner and
e. moving the primary burner towards the radiometer.

Air and flame flow patterns in the corridor were observed. Air
motion was rendered visible by placing a smouldering wooden stick at
different positions. Typical flow diagrams are sketched in Figure 2.

3, Discussion of results

The results are presented in the form of plots of radiometer reading
versus primery gas flow rate in Figures 3 to 12. Graphs are labelled by
Roman numerals referring to the nomenclature used in Figure 1. Suffixing
the Roman numeral with letter A indicates the injection of 1 1/s in
burner A on the ceiling.

Further experiments will be required to find teo what extent the
behaviour observed in this small corridor represents behaviour in a
larger corridor but until scaling relations can be derived the present
experiments form a qualitative exploratory survey of the effect of various
arrangements of ventilation, floors etc., on downward radiation from
ceiling flames.

Figure 3 shows the effect of closing the bottom of the corrider. The
resulting large increase in radiation falling on the floor can be
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The lack of ailr in the vicinity of the primary burner produces a very
luminous soaty emissive flame which travels towards the exit.. The bottom
leyer of this flame reacts with the entering air (see Fig.2 - VIII) which
is travelling along the floor in the opposite direction. This generates
small eddies at the interface between the two layers with good mixing and
high temperatures.

In. all the runs where gas was injected in the ceiling, there was an
increase in radiation to the floor. In genersl, at very low primary gas
rates (< 2 1/s), the addition of 1 1/s in the ceiling produced a larger
increase in radlation to the floor than would have been produced had the
gas been added directly with the primary gas. At the higher primary gas
rates, ceiling injection produced about the same amount of radiation as .
would have resulted if it were added on to the primary gas. This fact
points out the importance of the contribution of a combustible celling to
radiation falling on the floor when the primary fire is small and has just
reached and ignited the ceiling. If the primary fire is large, the
combustible ceiling makes a relatively smaller contribution.

Figures 4 and 5 show that the presence of an obstruction, such as a
welr or a curtain, at the open end increased downward radiation because of
the deepening of the flame layer in the corridor. The flame took on a
globular or cellular structure at the higher primary gas rates (see Fig.2,
I - 4'1/% and ITT - 4 1/5) with combustion taking place on.the outside
surface of these globules. At the lower rates, a visible layer of soot
was formed below the flame (see Fig.2, IT -~ 2 1/s). For the deeper curtain,
ices config. IV, the shape of the flame became quite similar to that shown
in Figure 2, XVI - L 1/s. ~ . ’

The effects of venting the lower part of the wall near the primary
burner on thermal radiation to the floor is shown in Figure 6. A small
opening (see Fig,1 = V) introduced additional air to the flame thus raising
its temperature. However, the would-be increase in radiation was roughly
balanced by a small drop in soot concentration and the escape of some of
the hot gases and flame from the opening, (see Fig.2, V ~ 5 1/s). When the
opening was enlarged (Fig.1 — VI), more gases and flames escaped through
the opening resulting in a reduction of the radigtion falling on the ,
radiometer. Raising the opening as in Figure 1 ~ VII cut off the additional
supply of air to the primary burner and a large portion of the flame left
through the opening thus reducing radiation to about the same level as for
configuration VI. Removing the top half or all of this wall caused the
flames to leave at the primary gas end of the corridor and no flames
travelled along the celling. No measurements were taken in this case.

Experiments with the closed bottom corridor were limited. because of the
possibility of forming an explosive mixture in the corridor if too many
" pbstructions were placed at the exit., Figure 7 shows the effect of having
an opening near the primary burner. A small opening low down (Fig.1 - IX)
increased radiation slightly (above that of the configuration with no
opening) because it admitted additional air to the flame, which increased
the flame temperature, and allowed very little flame to escape at this end.
A pulsation of the flame was also observed (see Fig.2 IX ~ 5 1/s). When
the opening was enlarged (Fig.1 — X), a large portion of the flame escaped
at this end and radiation to the floor dropped. There 'was a dramatic - -
increase in radiation to the floor when configuration X was modified by



the addition of a weir at the normally open end of the corridor (Figel — XI).
This prevented air from entering at that point and all the air supply was

now sucked in at the opening near the primary burner producing a draught

which pushed the flame along the floer of the corridor (see Fig.2, XI ~ L l/é)*
The flame became very sooty and deep and thus highly emissive. Furthermore,
the flame became tilted towards the floor instead of away from it (compare
Fig.2, XI ~ L4 1/s and VIII - L 1/s) which gave a larger view factor between

it and the radiometer. At 4 1/s, this arrangement produced the worst fire
situation in the compartment in all the experiments performed, including

those with celling gas injection.

The effect of raising the level of the primary burner on downward
radiation is shown in Figure 8, There was a slight increase in radiation at
the lower primary gas rates (< 2 1/s) because of the lengthening of the
flame along the ceiling. At higher rates, there was a slight decrease in
radiation, probably because of the lowering of flame temperature due to the
lack of good mixing with air. The insertion of a weir at the open end with
the burner raised to 20 cm from the ceiling (XIX) produced higher radiation
at 2 and 3 1/s than those when the burner was at 33.5 cm but gave similar
results at 1 and L 1/s.

To simulate the progress of a fire in a long corrideor, the primary
burner was moved towards the radiometer. Without any obstructions at the
exit, the radiation falling on the radiométer was slightly greater than that
in configuration I. (See Fig««:9):a There was a pronpunced incregse in downward
radiation when the ceiling gas was turned on, particularly at the smaller
primary gas flow rates. This was due to the relatively larger increase in
the luminous layer depth and length at the smaller rates. There was a small
increase in downward radiation when the primary burner was moved towards
the radiometer in the presence of a curtain at the open end (Fig.10).
Injecting gas in burner A using the gsame arrangement gave about the same
results as when the primary burner was farther away from the radiometer.
Moving the primary burner towards the radiometer in the presence of an
opening in the wall near the burner produced a large increase in radiation
(compare XV and VI in Figure 11). This can bé attributed to the fact that
in configuration XV only wisps of flame escaped through the opening while
the ad&i}ﬁ§nal supply of air raised the temperature of the flame (see Fig.2,
V-5 1/s).

A large increase in radiation was observed when the bottom of the
corridor was closed with the burner moved towards the radiometer (see
Fig.12, XIT). Upon opening the wall near the primary burner (XIV), the
radiation level dropped slightly due to the loss of flames through the
opening (see Fig.2, XIV = 5 1/s), but it was still much higher than when the
burner was farther away from the radiomebers.

L. Conclusions

1. This investigation implies that a combustible ceiling contributes a
great deal to the radiation level at the floor when the fire in the enclosure
is in its early stages and has just ignited the ceiling.

2« The presence of a bottom to the corridor alters the aserodynamics of the
flames and air in the system and produces a much higher radigtion level on
the floor than when the bottom is open. Until this effect has been further
exnlored on a lareer scale it is net clear to what extent data obtained for



small scale models of corridors with open bottom can be used to predict
behaviour in larger corridors with closed bottom.

3. In a long corridor with a closed bottom, one of the worst possible fire
situations is to have the only air inlet (such as an open door) near the
fire and an elevated vent at the other end of the gorridor. The resulting
draught fills the corridor with flames and increases radiation to the floor
to a very high level. X

L. Venting the top part of the wall near a fire at one end of a corridor
allows a large portion of the flames and hot gases to escape at that point
and this reduces the radiation level on the floor of the corridor. Venting
the same wall becomes less effective as the fire progresses down the
corridor.

5. Placing obstructions (such as a weir or a curtain) at the exit of an
open bottom corridor increases radiation from the ceiling gases because of
an increase in flame depth and emissivity.

6+ It is recommended that a preliminary study be made on the aerodynamics

of and radiatien from town gas flsmes in a cubical enclesure, equipped with

fdellities for venting and obstructing hot gas flow.
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