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9 . Electrostatic Charging on Liquid Caused by Spraying
by Yasuyuki TaBaTa*, Tsutomu Kopama** and Atsushi OHSAWA™**

Abstract . Leakage accidents of pressurized flammable liquids and discharges of liquefied gasses or
steam, which are accompanied by spraying of liquid, often occur in chemical plants. Also, there are a lot
of spraying processes such as coating, cooling, cleaning, chemical reaction, sprinkling, painting and so on
in industry. A large amount of electrostatic charges generated by liquid flow, separation from nozzle and
division of liquid drop accumulate on liquid drops and mist in spite of electric conductivity of the liquid.
The charged cloud consisting of such charged liquid drops and mist raises electrostatic field strength and
may generate electrostatic discharges. Furthermore it sometimes causes an ignition of flammable
mixtures in case the charged cloud is large in scale and high in concentration.

In order to prevent such an explosion during spraying of liquid, proper safety evaluation applicable
to actual liquid spraying and countermeasures against the ignition are required in industry. The purpose
of this research is to clarify the basic characteristics of electrostatic charging and to discuss the
evaluation method for ignition risk during spraying of liquid. Using a small scale of experimental
apparatus consisting of a two-fluids nozzle we measured the nozzle current from the isolated matal
nozzle to the ground, and the mesh current from a metal mesh with 19 cm diameter to the ground using
a electrometer, respectively. The mesh was placed at 2 m distance from the nozzle. Electrostatic potential
at the edge of the charged cloud was measured with a hand sized electrostatic surface potential meter.
Flow rate of liquid drops was calculated from the weight of liquid trapped on a paper filter attached to
the metal mesh.

The results obtained from the experiments are as follows :

(1) Charge to mass ratio on water drops at the position of 2 m in front of the nozzle was two
figures larger than that at the nozzle and reached more than 1 x#C/kg because of a large amount of
charges generated by division of liquid drops after the spraying.

(2) Electrostatic charging of methanol, gasoline and their mixtures during the spraying was almost
the same level and approximately a half of that of water.

(3) It was found that electrostatic potential at the edge of the charged cloud could be estimated
assuming a uniform space charge distribution in the radial direction. '

(4) Incendiary discharges are likely to occur when the charge cloud is large in scale and high in
concentration because a large amount of charges generate on liquid drops during spraying.

Keywords ; Static electricity, Electrostatic charging, Spraying of liquid, Incendiary discharge, Explosion
and fire
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Fig. 1 Schematic of experimental set-up for spray
charging.
EETERREEDEE

1. FL&IC

Wik ) AN oBET S E, / AVHNTOTE,
J RNV D5 EE, BEROSTEIC L > THEERD
WIEICHESOHET 3, JOEERRIZ—BICIZE
FEHEZIEHEE I TS, RO
FBEEBER VI — R (Lenard effect) & U THI
>HTWw3BY,

WEPEENERENT 3 & & OREFEDHS I,
BEXOHOWEBRERATH 2 &, BEROBEMNNE N
e, FUYI7RTRRETHFEIR ST, HEIK
BEEKRE T 28F - KEZOBHBEIKEOREIX
E W, BEFEOHEE, EELUIEELESR
W&o TS NB Iz, ZOHEERII D STH
BT 5, REEFRATY, RS 7 0EKZES
Yry MEBPIRA—,S—5 »H —DBFEIDBEE
MR ATHEHEL2IED, KEKOBHBREOREIIREA
ERoTEy VERHEE T 2BERIERIDESR - KK
%HFHELTW5, L¥E75 2 VETIR, TREOEER
B, WAL AEREEH LB E S DBF - X
KEFSEE T BIER, RO T a/,8> %R
ST 2B bEEHENER & HEE S NS KEHN
FELTWEY, £/, RIDOIH - BEH TR, U
LD &5 AERORR, W EHOIENIZ,
BRI, wWEl, v, XN, Bh, BEE, HEMEE
SUTREREDEE 02 ANE L {ThhTnT,
INHIBIIFHERKEEONIEEMOMBILLIRD &
nTws, v

BEEEOMERSBECER L RS L FHEND
23, ZThiZOWLWTREARAMNA ML ITHRIIZ LA LT
PRTWERWONERTH S, 2IC, TITIIHEE
HEICET 2 EANIRE, GRS OERER 2

EEZLWMEFEIIERSE NIIS-SRR-NO.17 (1999)

Barl®, 2HE ANVERWKEOBETEER
ZPEMLIOT, UTZFOERPHET 5,

2. REBRAE

EEFBIC OV TERNER LTS 120, BWEEE
ELTHDHRCDERS ke AW EBREBEOHEY
Fig. 1 &R d, 22T, KixA A4 o3k (EEXI]
uS/cm) THY, / ANVIEFTHBEROD 2 Fifk, X
(WiFdb, FI47%2 X AKIMISUT-B) %
iz, BEED/ ANV TOHRESRERLZHET 5
728, &B/ ANVEHEHEL T I KRz r s
b x—% (Keithley, 614 &) %851 T, %D
HWER CIF, /ANVEBEREET, ) 2HELL, %
7z, BRI L > TKBOEHE2EHE L L I5, /X
Vs 2m Al TIREEAFEIEREN 75 cm DD
%D o CRIZH—ITEBEL Tnizicd, ZOHRIKE
ZEI9cm DEWEERBEL T, TOBMER OIT,
Ay V2 BRETT, ) RRSRCHEL, Fi-, /
ANAHER T ANVETH 2mAlBie BT 2KEDLA
WY DIHERIC BT 2 HEEBEMEN VT 4 4 TOHE
SHAESR (FEHSBEHE, KD-0101) 2HWTHIEL 2,
iz, COMBOEERELEET 270, &M
KLU MR 2R T, 2hich Sy 783 KkiE
DEERHE L, Z0Ed, BEIOKRBEOEE Y
RERESR (F—y—, EMIu7—%) IZX>TH
H U7z,

FEERIUEEREEE 2 BT, HEO 72 AR
HWOBIELTAY /=N, VY rEEIHSDERES
BOBEFEFRMEZHE L 72,

3. EEMER

3.1 KOrEFEEERER

KOEFEREICHE T 2 EERBEROMES Table 112
RY, 22T, JANVEIAFA% x#, / AVALE
Px=0rd5L, x=2 mOKEHEEIER 9cm
DIEIEAN 7 v TENTAKFEEL ORDIDBDTH
%, 12120, ZOfEIF 10 EORIEDFEETH %5,
HECERZ Az, INNKEOBEIRECE
HEEPRIZTTE, LTLULERTRRZHMERETH 3,
x=2m CRABEIEZE Bcm OMERIZEDE ST
BELTWBID, TORARTEENSEY—LIRET
2 , x=2miBULZEHRER (1) RKEL->TH
Hahz,

_ A
W—WmAm (1)

ZZT, W REERE (kg/s), WaldXv¥a



IR & DR O ER T

— 61 —

Table 1 Experimental results of spray charging of water.
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Table 2 Experimental results of spray charging of flammable liquids.
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Table 3 Calculated values of charge density
on water drop.
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Table 4 Calculated values of charge density on
flammable liquids.
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Fig. 2 Record of elctric potential on a PTFE plate.
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