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Suppression of Incendiary Electrostatic Discharges between
Charged Liquid and Grounded Conductor®

by Tsutomu KoDAMA** and Yasuyuki TABATA**

Abstract: In a flammable liquid storage tank, equipment that protrude from the top mounting wall
such as cleaning nozzles or high level probes may encourage the initiation of incendiary discharge
to the approaching liquid surface and cause explosion or fire if the liquid being loaded is highly
insulating and electrified. To prevent such a dangerous situation from happening, the authors have
developed a new type of discharge suppression device consisting a PTFE (Teflon) disc and a metallic
rod which can be attached to the equipment. The device was found to work as well as using an
earthed wire linking both the equipment and the bottom of the tank. Experiments on the device
were conducted using a small-scale plastic tank containing kerosene charged by using a DC corona
ionizer. In the experiments charge transfer, peak value of discharge current and electrode distance
were measured whenever a spike discharge occurs between the kerosene and a metallic electrode
which was initially brought into the kerosene and then pulled vertically up at a constant speed. The
surface potential was controlled in the range 10 to 60 kV. For the electrode, either sphere, cone or
rod tip-shape electrodes, a metallic column with a wire attached and a high level probe-tip with
the safety device attached were used. Discharge incendivity was evaluated by analysing both charge
transfer and peak current.

The experimental results were as follows:
(1) In the case of using the sphere, cone and rod electrodes the incendiary discharges generated in
a surface potential range between 30 — 40 kV corresponded to a charge density range between 12 —
16 uC/m3, respectively. The positions of the electrode tips were just above the kerosene surface.
(2) The safety devices consisting Teflon disks of 60 — 80 mm in diameter and 20 — 30 mm in
thickness and metallic rods of 16 — 20 mm in diameter and 35 — 55 mm in length suppressed
incendiary discharges up to a surface potential of 50 kV which corresponded to a charge density of
20 puC/m3,
Keywords; Static electricity, Electrostatic discharge, Flammable liquid, Electrostatic hazard, Dis-
charge suppression, Incendiary discharge
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Fig. 1  Experimental setup.
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Table 1  Size of sphere electrodes.

BBEOT %

Type D (mm) d (mm)
Sphere- 5 5 2.0
Sphere- 6 6 1.0
Sphere-10 10 1.6
Sphere-16 16 3.0
Sphere-21 21 2.0
Sphere-30 30 3.0

Refer to Fig.2(a).

Table 2 Size of discharge suppression devices.

HEMHEBO T

Type Diameter Length

(mm) (mm)
Metallic column-A 16 35
Metallic column-B 16 45
Metallic column-C 16 55
Metallic column-D 20 35
Metallic column-E 20 45
Metallic column-F 20 55
Teflon disc-1 60 20
Teflon disc-2 60 30
Teflon disc-3 ' 80 20
Tefion disc-4 80 30

Refer to Fig.3.
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Fig. 6(a) Relationship between charge transfer (Q;) and
electrode distance (h) of sphere electrode at
a surface potential of 30 kV; d = sphere
electrode diameter.
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Fig. 6(b)Relationship between peak current  (I,) and
electrode distance (h) of sphere electrode at
a surface potential of 30 kV; d = sphere
electrode diameter.
BREEDE— o TR & EMER L OBR (REE
fi£ = 30 kV)

Key for Figs. 6, 10, 12, 15, 16 =
electrode direction in which
discharge occurred:

O = approaching kerosene

@ = leaving kerosene
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Fig. 10(a) Relationship between charge transfer (Q;)
and electrode distance (h) of cone electrode
at a surface potential of 30 kV; 8 = cone
angle. :
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Fig. 10(b) Relationship between peak current (Ip) and
electrode distance (h) of cone electrode at a
surface potential of 30 kV; 6 = cone angle.
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Fig. 12(a) Relationship between charge transfer (Q:)
and electrode distance (h) of rod electrode
at a surface potential of 40 kV; d = rod
electrode diameter.
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surface potential of 40 kV; d = rod electrode
.diameter.
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Fig. 13 Relationship between maximum charge transfer
and rod electrode diameter at a surface poten-
tial of 40 kV.
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Fig. 14 Relationship between maximum peak current
and rod electrode diameter at a surface poten-
tial of 40 kV.
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(a) Charge transfer (b) Peak current

Fig. 15(a) Relationship between charge transfer (Q;)
and electrode distance (h) of column elec-
trode with a wire; V; =surface potential.
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Fig. 15(b) Relationship between peak current (I,) and
electrode distance (h) of column electrode
with a wire; V; = surface potential.

74 v—fEMEEEOE—~ 2B SEIER
t DRGER

4.6 BENHEKES EEOKENMHHR

Fig. 3 IR LK EMHEEN EERICOWT, &
HEMPBZFNZFN40 kV, 50 kV R 60 kV D& &,
REFRELL L EOBEMER L KEEMENE—7
BREPRE LR % Fig. 16 27T, AR, KE
EIZEE L LT, BHEHS 20 mm, &3H¥55 mm DE
B (Table 2 ME%S F) L E&ES 80 mm, B &4
20 mm NF 71 iR (Table 2 NEE 3) L &2HlA
AbElbd (F-3 LMsE,) EHWERTHE, &
B, JITHOEMREEEZ, 77 rHR RS &E»
LOWEETH 5,

Fig. 16 i2/3$ X912, EENM AT 40 kV T,

ERREWERIFEHRE NIIS-RR-95 (1996)

5
V,=40kV 4 | Vema0KV
& 100
2 I 8
<@ 50 =2
o 1r °
0 °® o o 0 L= of o
200 0 100 200 ;1000 0 100 200
A (mm) h (mm)
150 5
V,=50kV 4 | Ve=50KV
~ 100
g SIS
S 50t S
o
1 -
o 4 OO
0 ] o 0 [ 3 ]
2100 0 100 200 -100 0 100 200
h (mm) A (mm)
150 5
V,=60kV 4| Ve=60kV
£ 100 | o
% 2 387
~ $ o = . o
-4 L
@ 50 2 % o
o
1 o oy
o
0 ° 0 !
1000 100 200 400 0 100 200
A (nom) h (mm)

(b) Peak current

Fig. 16(a) Relationship between charge transfer (Q;)
and electrode distance (h) of high level probe
electrode with discharge suppression device
(F-3); Vs = surface potential.
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Fig. 16(b) Relationship between peak current (I,) and
electrode distance (h) of high level probe
electrode with discharge suppression device
(F-3); V; = surface potential.
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Fig. 17 Relationship between maximum charge transfer
and surface potential using high level probe
electrodes with different discharge suppression
devices.
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Fig. 18 Relationship between maximum peak current
and surface potential using high level probe
electrodes with different discharge suppression
devices. _
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Maximum charge transfer (Q;) to high level probe electrode with different discharge suppression devices consisting

various sizes of Teflon discs and metallic rods; surface potential = 40 kV.

EFERENFRES SREH 70—~ 7EROREEFHRAME (REEMR = 40 kV)

Metallic rod Teflon disc [D =diameter (mm), L =thickness (mm)]
d = diameter (mm), 1 9 3 4 Average
I = length (mm) of @Q; (nC)
D =60, L=20{D =60, L=30D=280,L=20D=280,L=30
A d=16,1=35 29 14 12 16 18
B d =16, =45 13 17 10 34 19
C d=16,1 =55 18 13 21 4.5 14
D d =20,1 =35 25 24 25 10 21
E d =20,1=45 22 14 7 18 15
F d =20, =55 16 11 23 - 10 15
Average of Q¢(nC) 21 16 16 15 17

Refer to Fig.3.
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