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4. Characteristics of Ignitability of Sprayed Liquids due to Electrostatic Spark (I)*
by Kwang Seok CHOI**, Mizuki YAMAGUMA** and Atsushi OHSAWA **

Abstract; Electrostatic charge often presents in typical liquid processes and operations, such as filling
tanks and containers, road and rail tanker deliveries, and insulation pipes through which liquids pass.
In particular, a liquid charges rapidly when it spews out through a small hole or a crack that occurs
unexpectedly due to some problems in a pipe. This charging phenomenon may give rise to an explosion
or ignition of the liquid. The minimum ignition energy (MIE) is a reasonable and practical index to
assess the ignition risk of flammable liquid.

This paper reports the results of experiments dealing with the MIE due to an electrostatic spark of a
sprayed liquid under various conditions. As the sample materials, four kinds of the liquid - kerosene,
n-decane, m-xylene, and styrene - were used in this study. The spatial distribution of the MIE in spraying
liquid under various conditions was also investigated in this study.

The results obtained from the experiment are as follows:

(1) The spraying phase of all liquid samples under room temperatures (below 30°C) can be ignited
by a spark with a discharge energy of below 10 mJ irrespective of their flash point. The most
sensitive sample used in this study was styrene, which was ignited with 4 mJ of spark energy.
This suggests that a sprayed liquid must be managed to ensure safety since it is always possible
that the energy from an electrostatic spark might exceed the values described above and that it
could be generated in the spraying process.

(2) An optimum region affected by factors such as the velocity, concentration, and particle size of
liquid exists for the ignition of a sprayed liquid.
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Fig. 1 MIE measurement system for sprayed liquids.
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Fig. 2 Apparatus for measuring MIEv of low-volatile
solvents.
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Table 1 List of liquid samples used in experiments.
BRI
_ Molecular Molecular | Flash point Ignition Conductivity” Density ™
Specimen ]
formula weight [°C] temperature[°C] [S/m] [g/mi]
Kerosene - - 50 280 3.50x10™ 0.79-0.80
n-decane CioH2 142.28 46 209 1.10x10* 0.73
m-xylene CeH4(CHa) , 106.17 25 527 9.70x10%2 0.86
Styrene CsHsCH:CH, 104.15 32 490 1.30x102 0.90-0.91

" voltage applied to electrode was set at 1000 V. ~: measured at 20 °C

Table 2 Relationship between supply air pressure and total mass flow rate of liquid samples.

BEEN & RAHFOEZEDBEF

Total mass flow rate [g/s]
Specimen - - -
0.1 MPa 0.2 MPa 0.3 MPa
Kerosene 0.77 111 1.54
n-decane 0.50 0.92 1.55
m-xylene 0.50 0.92 1.52
Styrene 0.50 0.98 1.52
" air pressure supplied to nozzle
EEZONDD, FHMEREDPLETH L. FRDIEE

Fig. 3 Test cell for determination of electrical
conductivity of liquid.
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Fig. 4 Typical sequence of the explosion of a sprayed liquid ((a) sprayed liquid clouds before ignition, (b) ignition,
(c) flame propagation in the sprayed liquid, and (d) extinction of flame).
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Ignitability between the spraying phase and vapor/air mixture phase of samples.
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) MIE of spraying phase [mJ] MIE of vapor/air mixture phase [mJ]
Specimen Below 30 °C Below 30 °C 50°C 100°C 150°C
Kerosene 79 No ignition No ignition 1.20 0.37
n-decane 7.2 No ignition No ignition 0.40 0.26
m-xylene 9.8 No ignition 0.57 0.40 0.40

Styrene 4.0 No ignition 0.63 0.26 0.26

FTTholzo 512, 0.2 MPa(Table 5), 0.3 MPa(Table
6) LFENEHERTE, X:50mm, Y:0mmiZBnT
A TORKITEZ AN F—=320m] THEKL Lo
720 ZORFDEMONE DA DIEZME L7z E 2 A,
ARG THRA L 727 00.1 MPa T & it 3 1 52 &
(Kanomax, Mode. No. 6115) Ol W fe A& ik KIETH
550m/s ##R7ze TDOZEIF, WADI A PREE
DFHEDIEFIHENDT, FHELAMEIZLD I X M55
KL, KBRS HEC, GHREIAE L, HKT
HIDIIIRKRELRIANF—DPRLEL R L2 ERT
bo 7B, JANVILEIND E

(X700 mm, Y: 0 mm), #EIZEL 25500 (2
m/s LLT), I A MBEMEL 25720030 FKLIC
A BBEHEZBNDIANDRERHEL ’ow’(ﬂi
Sk, BRI A E L (PIV) % & o4 Hr i % Fl)
ML, XV ERNLEERET) FTETH S,
—J5, WEBEAROE K RIZTTERERE LT, W%
IANORBEDPEZOND, L—F=NEFH LR
SATERECRHa Y Ea—y 7 7Y r— 3 v X4k,
LDSA-1400A ) #HwWT, M I A bR ESAw %l
E L7z HEHEEZ300 mm, ¥ 7Y v %20
S, A—1F - A& — FPEEHYPEEZL B LIEEZ1T-
720 ZTOXERETable 7 127 F, #RICkDE, 27
L — > e RN E o HEE (X) 2383 513E, R
FIIREL o7 (A(X:150,Y: 0), B (X:200,Y:0), C

(X:400,Y: 0)). iESMEIC L 2Bk 5 KIFHEC
CHIBENTWD X)) ITHRENKREL R BITL, %)\Té
CERELGIANVE=DPUEIIL D, ZTOHKRIDL
KD AN b b EBHERKLIZL L 7;07";35@

DOEDIZ, IAMDOREA XDOREND 2 L L
N5,

[{ Uk (X) CHEEE I 2 b oo EEpfEE (Y) & T EfE
W (-Y) ok kg3 5 e (D, E), L# (X:200,Y :

\ Metal

Container

Te ﬂtm ,

—10 mm

Fig. 5 Image of the spray gun used in this study.
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Table 4 Spatial distribution of MIEs [mJ] in spraying liquid under 0.1 MPa of P.
EEZERICH T BMIE s [mJ] D9 (BHEESH 0.1 MPa)

X horizontal distance from nozzle tip [mm]
Y X50 X100 X150 X200 X250 X300 X400 X500 X600 X700 X800 .X1000
Y100 NN N.I N.I N.I NI N.I N.I N.I NI N.I N.I N.I
vertical ¥50 NI NI NI 180 29 180 180 98 245 NI NI N.I
distance Y30 NI NI NI 11 11 11 216 384 384 NI NI N.I
from Y0 180 29.4 11 7.2 7.2 9.8 21.6 38.4 38.4 128 N.I N.I
nozzle -¥30 NI NI NI 216 216 216 216 72 72 NI NI N.I
tip [mm] | -Y50 NI NI N.I N.I 320 320 245 N.I N.I N.I N.I N.I
-Y100 | NI N.I N.I N.I NI N.I N.I N.I N.I N.I N.I N.I
“N.I: No ignition.

Table 5 Spatial distribution of MIEs [mJ] in sprayed liquid under 0.2 MPa.
ERETEAICE T DMIE s [mJ] DH% (BEEH 0.2 MPa)

X horizontal distance from nozzle tip [mm]

Y X50 X100 X200 X300 X400 X500 X600 X700 X800 X1000 X1200

vertical Y100 NI N.I N.I N.I N.I N.I N.I N.I N.I N.I NI
distance ¥50 N.I NI NI 180 980 720 180 180 NI NI N.I
from Y0 N.I 50.0 9.80 7.20 21.6 294 38.4 72 128 N.I N.I
nozzle tip -Y50 NI NI NI 320 98.0 320 250 180 NI NI N.I
[mm] -Y100 NI NI N.I N.I NI N.I N.I N.I NI N.I N.I

“N.I: No ignition.

Table 6 Spatial distribution of MIEs [mJ] in sprayed liquid under 0.3 MPa.
EETEAICE T BMIE s [mJ] DA (BEEEF 0.3 MPa)

X horizontal distance from nozzle tip [mm]

Y X50 X100 X200 X300 X400 X500 X600 X700 X800 X1000  X1200

vertical Y100 NI N.I N.I N.I N.I N.I NI N.I N.I N.I N.I
distance Y50 N.I N.I NI 980 980 720 980 128 N.I NI N.I
from Y0 N.I 180 128 720 128 294 294 72.0 180 320 N.I
nozzle tip -Y50 N.I N.I NI 180 720 180 N.I 128 NI NI N.I
[mm] -Y100 N.I N.I N.I N.I NI N.I NI N.I N.I N.I N.I

“N.I: No ignition.
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Table 7 Particle size at various positions in a sprayed liquid.
BEEZTHEAICETS I X MORESM

. ) Particle size [um]
Measuring Point D10 D50 D90
(XY, [mm] (10% volume-average) (50% volume-average) (90% volume-average)
A (X:150,Y: 0) 6.15 21.28 37.94
B (X:200,Y:0) 6.97 23.62 4221
C (X:400,Y: 0) 9.80 30.80 52.92
D (X:200,Y: 30) 6.18 20.36 37.71
E (X:200,Y: -30) 7.19 24.73 44.03

" X-axis (horizontal distance from the nozzle tip), : Y-axis (vertical distance from the nozzle tip)
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