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On the Ignition of Wood by Leakage
Current of Electricity (1)

5. NAKAUCHI

Ignition phenomena of wood, when a leakage current of electricity passed
through it, were investigated. The possibility of kindling wood by leakage
current depends on the species of wood, the degree of dryness and the thickn-
ess of the sample, the size of the electrodes, the voltage applied, the current
density, the time the current passed, and so on. In this report, its depeadency
on the voltage of the source and the current passed, and the influence of water
film produced on the wooden surface are discussed,

The samples of wood used in the experiments were ceder plates 7 mm in
thickness, dried in the atmosphere. Electrodes of 2 mm in diameter each
were driven into the sample and it was dipped in water and a water film was
formed on its surface just before the experiment, and then, the current was
sent. As the greater part of the current passed through the film of water and
the Joule’s heat evapolated it, dry areas appeared in the neighbourhoods of the
electrodes and increased their boundaries gradually. In this stage, as nearly all
the applied voltage droped on the dried spans, if the voltage of the source was
higher than a certain value, failure of insulation took place in these parts and
small sparks appeared in the wooden body, leaving charred marks in it. Figs.2
and 3 show such cﬁarred patterns.

Fig. 4 is an example of rocords of leakage currents in the case of open voit-
age 9000, short-circuited current 10 mA., and electrode distance 100 mm,

The results of my experiments showed that the possibility of kindling wood
by leakage current depends not only on the current density, but greatly on the
voltage applied. When the voltaga of thz source was 9000, a current of 8 mA
could ignite wood, while it was impossible to kindle wood by any current thr-
ough it when the voltage was 100.

When the distanca of the electrodes was 10 mm, the voltage more than 400

was necessary to send steady current through wood for one hour, after charred
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track was produced hetween poles,

When the voltage of the source was 300,

the current diminished rapidly and tended to zero after a few minutes,

A charred layer on a surface of wood produced by leakage currents does not

show the characteristics of ordinary resistances, but it has a character the same

as a resistance and a constant voltage discharge tube in series,

An account of

stich an equivalent circuit will be described in the second report.
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High Speed Flash Photogré.phy
of Hose Streams

Y. KUMANXNO

INTRODUCTION

So far as the author knows, the use of
the techniques of high speed flash photo-
graphy in the field of fire protection eng-
ineering is a matter of comparatively
recent development, the works heretofore
reported 12 being limited to the studies
of rather small scale phenomena such as
the extinguisher sprays or streams. The
author, having successfully photographed
thé break-up phenomena with the disch-
arge stream of a pump tank extinguish-
er,? was subsequently attracted to the
project to cope with larger hose streams,
anticipating that such photographs would
furnish more detailed and pracise know-
ledge concerning the character of the
“solid” or “good”? fire stream than could
be obtained by merz visual observations
or conventional photographic studies. To
speak more practically, they would poss-
ibly be used to advantage, for example,
in the studies of effective range of fire
streams® or in determining the safe dis-
tances in playing hose streams on elec-
trical live lines or equipments.

Now, photographing a long stream with
good definition of every detail may be
accomplished by either of following two
methods, One is, as suggested by Rowe!

to use multiple flash-and-camera units,
Disposing an appropriate number of the-
se units along the stream and making
them operate simultaneously, a cuasidera-
ble length of stream may be photogra-
phed at a moment. The other is to use a
single flash-and-camera unit, with which
only a fractional length, say, equal to
that covered by each individual unit in
the former method, of the stream may
be photographed at a time, and repeat
the shot until the whole leagth in qixe—
stion may be covered, varying, for each
shot, the relative position of the photo-
graphing unit and the nozzle tip: - - a
train of photographs thus obtained will
not give an over-all image of the stream
in normal sense, since they are “varying
time varying space” records of it. Howe-
ver, we may learn much from these pho-
tographs as for the features the stream
will assume “statistically” along its path.
Accordingly, the latter method is by no
means inferior to the former, but may be
said rather superior to that if operative
simplicity and low cost for preparation
of equipment are taken into account. In
this rzspect, the author’s project was put
into practice on the basis of the above-

1. L. A.Rowe, Quart. NFPA. 46, 136 (1952).

2. Y. Kumano & K. Ishizaka, Quart. Rep. Fire Res, Inst. 3, 3 (1952) p. 14.
3. Crosby-Fiske-Forster, NFPA Handbook of Fire Profection (National Fire Protection
' association, International, Boston, 1948). Tenth Edition, p.1281.

— 8 —_—
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mentioned “single flash-and-camera unit”
method.

In this report will be given brief desc-
riptions on the experimental techuiques
used together with a reproduction of ty-
pical photographs obtained so far.

EXPERIMENTAL TECHNIQUES

A schematic and simplified diagram of
the experimental set-up is illustrated in
Fig. 1. The camera C, 4%x%€3in. tellows

Fig. 1. Schematic diagram of experimental
set-up : N, nozzle, J, water jet, G, pressure
gauge, H, hose line (two 2%in. rubber-lined
hoses), P, pump, R, water reservoir, S, scale,
C, camera, FL, flash tube, The broken line
indicates the field of view of camera.

type, is equipped with a /4.5 Tessar lens
having a focal length of 21 cm. It was
focussed at a vertical plane (virtual) in-
cluding the scale S, proserving an object
-to-lens distance of about 1.6 m so that
a horizontal field of view of about 1.2 m
was secursd. This value was chosen as a
result of compromise between the dem-

* The flash tubes employed were rather old-fashioned ones—-

and for each photograph tocover a ma-
ximum length of stream portion, on the
one hand, and the demand yet to secure
as fine detail as possible on the resulting
photographic image.

The two flash tubes placed on either
side of the camera illuminate the object
uniformly, They can be flashed simul-
taneously by means of the ¢lectrical ci-

rcuit shown in Fig. 2, which is triggered’

111G
by

—0
+S5.6kV
FT;’R é
o/ 7
l % 32
| Lo
FT -
/‘g\ R:
4 - 565

Fig. 2 Flash tube circuit.
C,-Cs Capacitors, 4x F, 7KV, oil.

R;-R2 Resistors, ca. 1 Mo, water.
FT Flash tube.

S Control spark gap.

T Triggering electrode.

at a requisite time by the application of
a surge voltage obtained from the secon-
dary of an induction coil to a third
electrode T of the control spark gap S,
The switching for this was made manu-
ally and no synchronizing apparatus was
the
is estimated at 120
watt-seconds or so* which insured sat-

used. Under the rated conditions,

discharge energy

isfactory result for each shot with the
camera lens stopped to f/9 and using
Fuji A-1 type orthochromatic plate.

All these photographing and flash ill-

cold cathode fluorescent

tubes utilizing the arc discharge through Ar-Hg mixture. The use of modern flash
tubes suchas G. E. Type FT-125 would have curtailed the energy requirement to a

considerable extent.

9‘
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uminating equipments together with the
high-voltage power supply were provided
with a hut as shown in the photograph

Photograph of experimental arrangement.

of Fig. 3 for protection from weather as
well as from the stray *“fog” or spray
coming from the discharge stream.

The variation of the stream portion to
be photographed was effected by moving
the nozzle only, To facilitate this proce-
dure, the nozzle was supported by two
men with the aid of a movable wooden
stand as shown in Fig. 3.

It should be noted here that the expe-
riments were carried out exclusively at
night because ambient darkness was req-
uired by the present “open shutter-single
flash” photographic technique, Owing to
this restriction, many difficulties were
encountered throughout the experiments,
though the use of dark-red lamps for ill-
uminating the sight remedied the defic-
iency to some extent, Had it been possi-
ble to utilize any kind of ultra high-
speed shutter, such as the Kerr cell shu-
tter,** the above-mentioned operative
difficulties would have been greatly im-

proved.

RESULTS
Photographs have been taken so far cf
the streams under the discharge conditi-
ons as given in Table I,

TABLE I Discharge conditions under
which the streams were photographed,

" Category.  Nozzle Size, Nozzle Pressure,
No. in. psi.
1 1/2 60
2 3/4 69
3 u 40
4

1 60

Note — _The values were set to realize
conditions most practical in ordinary
fire fighting activities in Japan.

For each category listed, astream length
up to 10 m from the nozzle tip was re-
corded using ten photographic plates. The
four categories were chosen with a hope
that the resulting photographs would give
some illustration particularly in respect
to the dependence of the discharge stre-
am behavior on the nozzle size and the
nozzle pressure, In practice, however, the
photographic images for respective discha-
rge conditions were found not so disti-
nct from each other as primarily expec-
ted. Accordingly, with 2 principal view
to demonstrate the general feature of
the hose stream behavior and partly for
economy of space, only one full-set of
photographic records for a particular dis-
charge condition will be reproduced here
together with a partial reproduction of
the records for another conditon.

4. H.F. Quinn, W.B. Mc Kay, and O. J. Bourque, J. Appl. phys. 21, 895 (1950).
5.

E. M. Pugh, R.v. Heine-Geldern, S. Foner, and E.C. Mutschler, J. Appl. Phys. 22,

487 (1951).



Figs. 4—1 to 4—10 are the pictures
taken of a $in, 60 psi. stream (Category
No. 2). The figures at both extreme grad-
uations of the scale in each individual
picture indicate the distances in meters
from the nozzle tip. Referring to these
pictures— particularly the first five
frames—in order, we may understand
fairly well the disintegration phenomena
with a hose stream; namely, initiation
of small disturbances at the surface in
the very vicinity of the nozzle tip (Fig.
4-1),
companied with formation of ligaments

their progressive development ac-

at the crests of protuberances (Figs. 4-2,
4-3 and 4-4), conversion of the stiff stre-
am into a mere train of ragged “knots”
preserving a very poor continuity (Fig.
4-5), and further disruption of these “kno-
ts” into smaller fragments or droplets

(Figs. 4-5 to 4-10).

So far as the present pictlires are con-
cerned, the stream may hardly be called
Ssolid” or ‘“‘good” beyond the limit 4
m, at best, from the nozzle tip. It will
be seen that similar remarks apply even
to the lin. stream when we refer to the
photographs of Figs. 5-1 and 5-2, which
were taken of the 1-in., 60 psi. stream
(Category No. 4). Of course, from a prac-
tical point of view, a “solid” or “good”
stream may not be defined solely upon
the basis of physical appearance of the
stream pattern as illustrated here. Still
the author believes that it will be of no
little significance to refer toc the results
of observations utilizing the high speed
flash photography technique.

As regards the anomaly of the results
in terms of the influence of nozzle size

or nozzle pressure, the author’s inter-

pretation 'is that either the character of
the internal surface of the nozzle or the
possible turbulence as the stream entered
the nozzle might have had so pronounced
effect on the action of the discharge
stream that the influences of nozzle size
and nozzle pressure were thrown into

shade.

CONCLUSION

Descriptions were made in this report
of the application of high speed flash .
photography in the study of a fire stream
behavior. Although the resulting photo-
graphs obtained so far have fallen short
of the author’s primary objective to get
a clear view of the dependence of the
stream-disintegration characteristics on
the nozzle size-and nozzle pressure, the
well-defined image of every porticn of
the stream stopped will provide unprec-
edented means for clearer understanding
of the general feature of the “sclid” hose
stream, and, in that very sense, they
will be of no little 'significance to those
interested in the hydraulic problems in
fire protection. . _

As for the flash-photographic unit
proper employed in this experiment, it
worked quite well. The possible combi-
naticn of this unit with an ultra high-
speed. shutter, such as the Kerr cell
shutter, will do away with the difficulties
due to the
will find far more extended uses in vari-

“nighter” experiment and

ous fields of fire protection engineerinsg.
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Fig. 4-1. The nozzle-tip to 1 m view of a i-in, 60 psi stream.

Fig. 4-2. The 1 to 2 m view of a #-in, 60 psi stream.

,4713ﬁ
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Fig. 4-3. The 2 to 3 m view of a ¥ in, 0 psi stream.

<

Fig. 4-4. The 3 to 4 m view of a i-in, 60'psi Stream.
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4-5. The 4 to 4 m  view of 4 in

Y, 60 psi stream.

Fig. 4-5. The 5t0 ¢ m view of a 4 in, 60 psi stream.
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Fig. 4-7. The 6 to 7 m view of a 3 in. 60 psi stream.

Fig. 4-8. The 7 to 8 m view of a 3-in, 60 psi stream.
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Fig. 4-9. The 8 to 9 m view of a $-in, 60 psi stream.

Fig. 4-10. The ¢ to 10 m view of a ¥-in. 60 psi stream,
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Fig. 5 1. The 3 to 4 m view of a 1-n, 60 psi stream.

Flg, 5-2. The 4 to 5 m view of a 1-in, G0 psi stream.
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