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Simulating Experiment of Electrification of Liquid Hydrocarbones
in Packed Beds as Filter
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A simulating experiment has been carried out over wide range of experimental conditions
and system parameters. The copper tubes used here have the same length-to-diameter ratio
of 10. Fine copper balls of 0.59mm in diameter and glass beads from 0.28 to 1.34mm in
diameter were packed in these tubes. In addition, 550 mm long stainless steel capillaries with
different inside diameter from 1.4 to 2.7mm were also used for comparison. Commercial
kerosine and gasoline were used as working fluids. Their electric conductivity ranged from
1.2x107! to 1.9%10-1°S/m for kerosine and 4.9x10"*! to 8.8x107"'S/m for gasoline, respec-
tively. The following findings have been obtained : (1) the streaming current in the copper
tubes packed with fine copper balls is the three order of magnitude higher than that of capil-
laries and increases linearly with flow velocity. Insignificant difference has been observed be-
tween kerosine and gasoline. (2) the magnitude of charge density of the copper tubes packed
with glass beads is independent of tube size, while it shows dependency on bead size and in-
creases with decreasing bead size. The current or charge density could reasonably be correlated
to a non-dimensional parameter defined as a ratio of relaxation length to a hydraulic radius.
All the data fell on the single line in the range from 10 to 10° of the nondimensional parameter.
These results imply that the simulating experiment can be employed substantially and more

frequently.
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Fig. 1 Outline of streaming current measuring
system.
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Table 1 Dimensions of capillaries and tubes.

Test section Material D(mm) L (mm)

Capillary 1 Stainless 2.7
g steel 2.4 550
3 1.4

Tube 1 Copper 19.0 190
2 10.0 100
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Table™2 Physical properties of copper balls and glassibeads.

Particle ' Dy(mm) o(g/cm3) c(—) m'(=eDp/(1—¢))
Glass beads : 1.34 0.36 0.76

0.59 2.50 0.30 0.26

0.28 0.26 0.10
Copper balls 0.59 8.93 0.31 0.27

# 3 FRHER MOk

Table 3 Physical properties of nonconducting working fluids.

Liquid p(g/cm3) ’ 1(cP) £(S/m)
Kerosine 0.79 1.5 1.2X10"11~1,9%x 10710
Gasoline 0.72 0.46 4,9x10-11~8.8x 101!
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Fig. 2 Detailed schematics of copper tubes.
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Fig. 4 Relation between streaming current and
velocity for stainless steel capillaries.
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Fig. 5 Relation between streaming current and
velocity for copper tube packed with copper
balls. (Data for capillaries were drawed
together for comparison.)
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Fig. 6 Relation between charge density and veloci-
ty_for copper tubes packed with glass beads
of various sizes. (Data for capillaries were
also plotted for comparison.)
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JTHR LT Y Y v OWLTFRIZI VT D bt/ o
fo. T 2T, i o — 7 OEROEYEET DD
CEMEBE g TRLLTWS, ¥FAL—-ADE e R
st 2 REEEERL 1079S/m o4 — £ ¢, LTk
IOFY YV vorhIhd LHFREWew, EpE
DEPB bbb D EELBRE. ¥led a—7
DEOWELITEAERED BRI, Lnl, 7 ALE
— AOBOFBIWMC T, BAVNS WLk
aRBBICNS. IR &R TEE & OB AR
KEVFEREEHERERCE LS LB2RTHOT,
BEED 7 4 4 23T HHBOFERE LR CHAER LT
L‘%G)-
720 F o~ T L LF_XCOF—a k1 L
[/m' OBRRELCHER L 2 TlEmEX
(z+0), m' ZHEME I M OB eDp/(1—8) Th
B8, T R3FEENTOMES TORRE L b5 I/m!
[ i R

ARERFH T, TS 2 — 7 OWBBERTAENE L
MBEROIIT X » T—HBICEbLIh 5 2 L b
Shic. WE, CCTOXELREBATA — X THS
Dp LFHEIEEATA—2ThHD 0 (e 3T LD Dp
X o TEE LD T &L BAEILI) DL
LT BBE%ELD. DL E, o OEMITEERMNE

*3 eDp/6(1—¢) BEBHEL BB, HRE6 EHRTE
WRPERIED bW DT, & TR .

*OARFREAAT IS &Y ) Y OBBRI VTR 107115/
m oA=L CTHoteDT, I/m'>100 OF — 258k 450
L TCE ot Um0 OF -2kl HdTh
BAH ASA-3 REALCHER & bV, WEkilai
2, BUHETh I RFACEL L CRERT -2k
HTEMBTEInhole.

389 (43)

Ammeter

Packed
Bed

MF_\QA

Distributor

Mano
Meter
Relaxation
Needle
Valve Orifice J Tower

T
—_I_ Tank

Mano
Meter
Pump

=

B8 FIRHE OWTEMRAER O WHKE

Fig. 8 Schematics of streaming current measuring
system for packed bed.
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Table 4 Physical properties of ball packings.
Balls Dp(mm) o (g/cm?) Ce(=) m'(=eDp/(1~¢))
Stainless steel 1 3.20 0.38 2.04
2 3.97 8.15 0.39 2.60
3 4.76 0.40 3.28
Steel 6.35 7.85 0.41 4.50
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