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Abstract

When fire and explosion accidents have occurred due to a leak of the flammable gas
involving the LNG & LPG in an industrialized society, it is a very important problem.
Accordingly, in this paper, we have compared and analyzed the occurrence transition and
the electrostatic energy according to dust supplies and pressure variations for the electric
charge due to the gas-solids of pipe flow. As the experimental results, if dust amounts
and the initial pressure increased, electric charge in the pipe and the exit
increased. The Specific charge of Fe:Os3 increased proportionally if the initial
pressure increased but if the quantity of dust increased, the specific charge
decreased. Energy increased significantly as the dust amounts and the initial
pressure increased. The possibility of fire and explosion exist in the measuring
point(M 1) and the Faraday cage if natural gas and LPG were used.
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1. Introduction

When fire and explosion accidents have
occurred due to a leak of the flammable gas
ING & LPG in an
industrialized society, it is a very important

involving  the

problem. We carried out an experiment into
the possibility of fire and explosion due to
dust in combustible gases including natural

gas(LNG) and LPG.

"z joung@duck.snut.ac.kr

The electrostatic occurred when liquid, gas
and solid are spouted though an exhausted

nozzle to the air because of friction between

1

a jet and an exhausted nozzle. It is also

occurred by a mutual impact.s)

When the LNG, in the pipeline, is spouting
and moving, the electric charge is extremely
low.>?

However, the fluid in the pipeline can
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Fig. 1. The block diagram of experiment

Fig. 3. prevent leakage of Flange

includes the dust such as FexOs, such fluid
is exhausted with the natural gas. Therefore,

the electric charge 1is extremely increase
because of it.*¥

Accordingly, in this paper, we have
KIGAS Vold4, No.3, September, 2000

analyzed the
and the
according to dust supplies and pressure

compared and occurrence

transition electrostatic  energy

variations for the electric charge due to the

gas-solids of pipe flow.

2. Apparatus and means for
experiment

The apparatus is shown in the Fig.l.

A metal pipe(SGP, 4.5m, ¢6mm) was used
for the experiment. We arranged the pipe
horizontally to feed the dusty gas into the
Faraday cage(Copper 99.9%, L1.:290mm,
H:0.2mm, ¢130mm, Filter:cotton100%). A
pressure regulator was used for changing
the pressure of the gas.

Fig.2 shows the equipment for supplying
dust. Dust was supplied due to the pressure
difference between main pipe and sub pipe.
An insulator was used to prevent leakage of
static electrical charge. Fig.3
insulator used at each position, M 1, M 2
and M 3.

FeOs(color : red, Resistivity 6.4%10%0 -
m~35%10°2 - m) was used as the dust for

the experiment.

shows the
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Fig. 4. A equipment circuit of measurement equipment

We used a mesh(KS-A5101)
ensure a uniform dust. The mean diameter
of dust(Micro Color Camera CS5330,
Surface Finish Microscope) was 48 #m.’

The Experimental conditions were 23£3T,
455%RH. After compressed air and
dust(0.1g, 02g, 03g, 04g, 05g) were

simultaneously supplied for 10 seconds, the

in order to

electric charge in the pipe and at the exit
was analyzed.

Fig4 is the circuit for measurement of
electric charge.(Fig. 1) Capacitances were
calculated with the equivalent circuit. (C; =
65pF, Cz = 33pF, C3 = 11pF, Ci2 = 20pF, Cx =
20pF, Cr = 15pF)

Each condenser was charged with Q) Qg
Qs, Qi2, and Qqs. Electric charge in the pipe
was calculated using the expressions below

Q. = GiVi+Cia(V1-V2)

= (C+Ci2)V1-Ci2V2 1)
Qv = Cxn(V2-V3)+CoVa-Cia(V,-V2)

= (CitCp*CV2-CV3-Ci2Vi (2)
Qc = CaV3-Cxs(V2-V3)

= (Cu*+C3)V3-CuaV2 3)
Qr = Qu+Qp+Qc 4
Where,
Q., Qn, Q. ' electric charge in the each pipe,
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Qr : electric charge in the faraday cage
Ci ' a space to pipeline a and ground of

capacitances

C; : a space to pipeline b and ground of
capacitances

Cs : a space to pipeline ¢ and ground of
capacitances

Ciz ' a space to pipeline a and b of capacitances

Cz ¢ a space to pipeline b and ¢ of capacitances
3. Results

3.1. Electric charge

Experimental conditions were maintained the
same throughout the experiment(3kg/er, 0.1
g~0.5g) Fig.sh shows the electric charge at
each condenser.(CH 1, CH 2, CH 3)

3.11 Occurrence place of static

electricity _
Because the resistivity of FexOs is lower

than the usual plastic dust, we expected that
if FeyO3 collided with the metal pipe a low
charge would be generated. On the contrary,
a high electric charge developed due to the
supply and pressure of dust.(Fig.5)

The place where the highest electric charge
was developed was CHI1 because the pipe
was straight but the flow of air in the pipe
was turbulent.
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Fig. 5. Electric charge of according to dust transition

3.1.2 Effects of the initial pressure

The initial pressure in the pipe was the
regulator’s making an air
stream in the pipe. Usually the faster the
flow velocity, the higher the electric charge

generated. The electric charge in the pipe

pressure for

was found to increase as the initial pressure
increased.(Fig.6)
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3.1.3 Effect of the amount of dust
Fig.'7 shows the electric charge on
Fex0:.(0.1~0.5g, pressure: 3kg/cn)

If the amount of dust was constant and the
initial pressure increased, the specific charge
increased proportionally.

the

If the initial pressure was constant and the
amount of dust increased, the specific charge
in Fig7(c) but it
became the definite value at once.

decreased as shown

3.1.4. Electric potential at each measuring
point

The measurement showed that the -electric
potential was positive in the measuring
point{M 1) and negative in M 2, and M 3.
The Dust coming out of the pipe was
negative so M 1 charged positively because
of electrostatic induction.

However if the initial pressure was high, M
2 was sometimes positive. This is believed
to be because with high pressure the rate of
charge in the second segment
becomes higher than the rate of leakage.

generation
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CH 3 was (-). CH 3 was induced easily due
to the faraday Cage and the leak of potential
from dust to pipe increased.
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Fig. 8 Dust supply and electrostatic
energy(W,)
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3.2. Consideration

321 CH1

The relationship between the energy and the
amount of dust(0.1~0.5g) and the pressure
(1kg/cnt ~5kg/cnt) are shown in Fig.8 and 9.

wimJ] .
o~ N wamo N
a
1)

.41
0% 084 2

1 5

2 initial meassurslku/uﬂ'l‘
Fig. 9 Initial pressure transition and
electrostatic energy(W,)

3.2.2 Faraday Cage

Fig.10 showed the total energy of static
electricity of dust at the faraday cage.

If the quantity of dust and the pressure
increased, the energy increased also. In
particular, the energy in the faraday cage is
higher than in the pipe so we believe the
region in the vicinity of faraday cage is
more hazardous than in the pipe.
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Fig. 10. Electrostatic energy transition of
dust(Qr)

The minimum ignition energy(MIE) of
Natural gas, LPG was less than 0.3mJ1) o)
we could there is the potential for a fire or
explosions
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4. Conclusion

1) If dust amounts and the initial pressure
increased, electric charge in the pipe and the
exit increased.

2) The Specific charge of Fe;Os increased
proportionally if the initial pressure increased
but if the quantity of dust increased, the
specific charge decreased.

3) Energy increased significantly as the dust
amounts and the initial pressure increased.
The possibility of fire and explosion exist in
the CH 1 and the Faraday cage if natural
gas and LPG were used.

5. Hereafter

1) We will analyze the change of polarity
accurately in M 1, 2 and 3.
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2) We will examine the effect of diameter
and shape of pipe and the kind and the
quantity of dusts.
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