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ABSTRACT: A series of simple flame-spreading tests along a channel was conducted to investigate fire risks of wooden
vertical louvers. A pair of wood boards (either MDF or sugi) were burnt facing each other, and flame spread was observed. It
was found that flames do not extinguish within the height of 6 times the source of the flame if blades 112 mm wide are aligned
approximately every 100mm or closer. Over 6kW/m? of incident heat flux was observed even at the region higher than 1.5L¢
(flame height). This value was considerably higher compared to a flat wall configuration. It was also found that the increase in
heat flux values in L¢” < H region was well estimated from radiative heat flux from the opposing blade. Louvers attached to
inorganic walls are certainly safer than the “mirrored” configuration, as the heat loss towards a backing wall becomes significant
either in unsteady flame propagation or for small entities.
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1 —-INTRODUCTION heat becomes less than 5kW/m? [5]. The opposing blade in a
louver might be a one of non-uniform heat source that may
Wooden porous designs are often applied to partition walls  preheat the unburnt surface to enhance flame spread.

and exterior claddings in architecture. However, these linings

40kWim? Ignition Eventual

are likely to enhance flame spread, due to an increase in

]
Char (the jarea that fuel on
the surface was consumed)

surface area and preheating. In this study, the increase in fire
risk is evaluated via a series of simple flame-spreading tests.

2 - BACKGROUND

(a) Without external heat| =Gradually extinguishes

2.1 LITERATURE REVIEW

W
As shown in Figure 1, there is a threshold above which a £ 8 Radtiati
E adiation panel,
wood wall can sustain flame spread. This value is reported to £ f Smoke laver, ete.
be around 6 kW/m? if the incident heat flux is uniform [1-4].
. A0KW/m? Ignition Eventual
In LIFT procedures, where the materials are exposed to a heat (b) With low external heat | =Sustained flame spread

source that attenuates exponentially with distance, wooden

materials tend to extinguish at the location that the external Figure I: Literature review of sustained flame spread
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Figure 2: Preliminary test for observation

2.2 PRELIMINARY OBSERVATION

Prior to quantitative studies, issues had to be specified
through a realistic burning experiment, as shown in
Figure 2. Louvers comprising five blades made of sugi
(Japanese cedar, Cryptomeria japonica) were aligned at
a 72 mm spacing. A diffusion burner, 0.5 X 0.5 m in size,
was placed at the bottom. Propane-based gas was
supplied so that the theoretical heat release rate was 40
kW. The experiment’s duration was 30 minutes. From
this experiment, the following was observed;

1. it is difficult to derive quantitative evaluation from
realistic fire experiments, as the flame propagates at
various rates and times among the channels,

2. flames far from the source emerge mainly at the sides
facing towards the channels, so the burning of other
facets becomes a minor cause for the occurrence of
sustained flame spread.

3 - PROJECT DESCRIPTION

Based on the observation, simple flame-spreading tests
along a channel were designed, as shown in Figure 3. In
all experiments, the back faces of the blades were
insulated as to replicate one channel of a louver wall.
Following two sets of experiments were conducted as per
their interests.

4 — EXPERIMENTAL SETUP

4.1 SERIES 1: SPACING

Spacing between blades certainly plays a major role in
louver burnability for the increase in surface area and
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preheating. In this series, the channel depth was 112 mm.
Only the spacing distance varied from 48 to 180 mm.

As shown in Figure 3, a pair of specimens with a size of
1700%112%18 mm and steel supporting members were
aligned at designated spacing (48, 72, 96 and 180 mm).
Specimens were either MDF or sugi. The cases are
named after their specimen types and spacing dimensions
(i.e. M-48 or C-48).

We assumed that external heat from the opposing blade
can be approximated with heat radiation. To evaluate this
interaction, K-CA type thermocouples (¢$0.32 mm) were
aligned vertically on the surface of one blade, and heat-
flux transducers (Gardon type, 0.15 mV/kW) were
likewise aligned on the other. Flame spread was analysed
from video recordings. Part of the result was published
previously [6].

BSSR insulation

Calcium silicate t=25 mm, 128 kg/m®

board TK0.8, t=12
MDF or sugi
(t=18 mm) r — 7
|
3 I \ |
2 :
- u= ‘HF x QHTC
120 mm !
(112 mm inside) Spacing 48, 72, 96 & 180 mm

Figure 3: The apparatus for Series 1

4.2 SERIES 2: WALL PRESENCE

Louvers are commonly designed to be either attached to
a wall or apart from a wall. Conventional studies dealing
with a steady plume against a wall yield that the plume



temperature against the wall tends to be higher compared
to the empirical result of its “mirrored” case [7], as the
plume becomes narrower when a wall is present.
Likewise, burning of the louvers in a semi-infinite space
is theoretically eqivalent to louvers cut in half against
their plume centreline [8]. Using the same apparatus of
series I, this “mirroring” analogy was verified (Figure 4).

Calcium silicate board
(TK0.8, t=12 mm)
BSSR insulation
(t=12.5mm, 128kg/m?

55

Figure 4: The apparatus for Series 11

This time, MDF was applied, for specimens to match
thermal characteristics between experiments. BSSR wool
was attached to the wall surface to minimize heat loss.
Horizontal temperature distribution was evaluated by
thermocouples distributed at three points for each height.

4.3 FLAME SOURCE

The type of the flame source differed between series I and
II. Wicks were employed in series I (Figure 5), while line
burners were employed in series II (Figure 6). Although
the flame extinguishes in 7 minutes in wick cases, hardly
any difference was found.

For series I, a piece of BSSR insulating wool was placed
below each blade to create a line flame, and butanol was
contained within. The five facets (all except the burning
facet) were covered with alminum tape. Preliminary
measurement using a cone carolimeter found that the
burning of the wick lasted for approximately 7 minutes,
and that the heat release rate (HRR) was 12.8kW/m on
average.

Heat Release Rate
[kW/m]

0 5
Time[min]

Figure 5: HRR of the wick flame
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Figure 6. Line-burner setup

4.4 FLAME HEIGHT MEASUREMENT

In order to systematically evaluate the pyrolysis front X;’,
average flame height L¢” and flame tip L,,’, the following
procedures were performed in this study (Figures 7, 8).
Five frames chosen within the puffing frequency of the
flame were captured from video recordings every 5
seconds. The images were then converted into multi-
TIFF files, and the coordinate of the flame tip was
analysed using an image processing program (Imagel by
NIH Image). The difference between L measured by the
conventional method [9] and the Ly by the above method
was as small as 2%.
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Figure 7: Flame height measurement by ImageJ
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Figure 8: Analysing procedures of flame height
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5 - RESULTS AND DISCUSSION
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Figure 9 shows an example of the acquired datasets. The % 1000 ,-Mf M "’\ !
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Figure 10. In most conditions, flame height exponentially
increased with time, and the flame height L’ reached the
top end of the specimen in the cases M-48, M-72, C-48

and C-72. In sugi cases, flame stops propagating with _
even narrower spacing, 96 mm, though the flame spread E 1500
itself became faster. Thermal character ristics and the 51000
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Heat flux distributions in the MDF cases are plotted
against the normalized height in Figure 11. Different Figure 10: Comparison of flame height
symbols indicates different times. It is notable that some
values measured below the pyrolysis front exceeded 70
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Figure 9: Example of acquired data (M-48) Figure 11: Normalized heat flux distribution
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5.3 WALL PRESENCE

Flame heights measured on four conditions (48 mm
spacing with and without a wall, 72 mm spacing with and
without a wall) are shown in Figure 12. In both cases,
flame propagation was suppressed to nearly 2/3 in the
cases with walls. To see the detailed tendency, horizontal
temperature distribution was compared. Figure 13 shows
the exemplified results of the two cases with 72 mm
spacing. As seen in the figure, temperature values near
the insulated wall are especially low.

Results normalized by the temperature on the plume
centerline are demonstrated in Figure 14. If the
temperature on the centerline is highest, no AB./ Abg
value exceeds 1. Cases without the wall basically agree
with this hypothesis. In contrast, AB:/ ABg values often
exceed 1 in the cases with walls.

Conventional studies dealing with a steady plume against
a wall yield that the plume temperature against the wall
tends to be higher compared to the empirical result of its
“mirrored” case, as the plume becomes narrower when a
wall is present. The difference in these behaviors
suggests that heat loss by a wall becomes significant in
either unsteady flame propagation or small entities.
Practically, louvers attached to an inorganic wall are
should be safer than their “mirrored” situation.
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Figure 12: Comparison of flame height
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6 — CONCLUSION

A series of simple flame-spreading tests along a channel
was conducted to investigate fire risks of wooden vertical
louvers. Consequently, the following conclusion was
reached;

1. flames do not extinguish within the height of 6 times
the source flame if blades 112 mm wide are aligned
every 100 or closer,
2. in louver configuration, over 6 kW/m? of incident heat

approximately mm
flux was observed even at the height > 1.5 L¢’. This value
is considerably higher compared to a flat wall
configuration,

3. the increase in heat flux values in the Ly’ < H region
was well estimated by radiative heat from the opposing
blade,

4. heat loss towards a backing wall becomes significant
in either unsteady flame propagation or small entities. As
a result, louvers attached to an inorganic wall should be
safer than their “mirrored” configuration.
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Figure 13: Temperature at 500 mm height
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Figure 14: Normalized temperature
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