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On the Electrification of Petroleum Flowing
through Metallic Tubes

Takeshi Sakaguchi and Shoichi Kitamura

Abstract

On the mechanism of the electrification of petroleum flowing through metallic tubes, only a
few approaches have been proposed, say, by Cooper, Bustin, Ernsberger and the Shell group, but
they do not explain satisfactorily the effects of the tube length and the initial transient flow.

In this paper another approach is presented under a simple model, provided that

(a) the electric double layer, constructed by the dissociated ions of a very small amount of
electrolyte in petroleum on the tube surface, may be seperated by the mechanical energy given by
flowing, and therefore a new term ‘“charge seperating velocity «,” is introduced ;

(b} if the rate of seperation of the double layer is proportional to the residue of the dissociat-
ed ion-pairs, the effect of the tube length to the streaming current may be shown by another new

3

term “electrification time z.”;

{(c) the leakage of the seperated charges may, as already known, be shown by the relaxation
time 7,
(d) at the initial transient flow s and te may be altered.

From the above-mentioned model the streaming current i; is presented as follows :
Js = [ u? exp (—ucfu) {1—exp (—Ljzeu)} exp (—L/tru)

where I=proportional constant, z=flowing velocity, and L=tube length.
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Fig. 1. Sketch of apparatus for the measurement
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Fig. 2. Sketch of apparatus for Bustin’s measurement

(34)



EBELRN S HIOHE 541

M85k L, Testline TET2MEER A <A 7 a-—=A4 /v 7 v A—Z—THEIEL TV 5, B
FZOFEZE TR, RBERCELETAYZOEERELLNLN, TOBELES LI
BNIONZ E R ERTHA L T 5, - THBOME L BT 2B LT, BEHECE-
DBHHEREL, EREECISHEBER Y E L 05 A TR o,

4. MEHREBY

HEOHESY M3iz/rd, MTA, B, Cit HE9mm CTE X 08m OMED =8 5 -
TERBOT b IEEFIL A, B, CoOETHE, BEELIS EHBMTE Eh 2 BmE (i

20.0 |
NO. 640709
D
NO. 640770
EI
10.0 ’ r
7 8.0 T c
7 K NO. 6407272
g 60 e N0.640727-1
7
o 4.0 ——
b
-9
(10A)

B
VN0 6497242

LA NO.640724- 1

7.0 —
0.8
g.
L= 0.8m T
0.4 #£= 9mm
L=13bm
P =9mm
0'20.3 1.0 2.0 4.0

—
B—3 BRI & 54k

Fig. 3. Tube current vs. velocity
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