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On the Relationship between Liquid Velocity and
Charge Distribution in a Pipe (I)
S. WATANABE* and M. ITOH*
(Received August 13, 1979)

The streaming current has generally been measured by following two different methods.
(1) Current measurement with an ammeter connected to the receiving tank. (2) Estimation
of charge density in a pipe line. This paper reports on the experimental result obtained by
the latter method. This experiment has been made with 50 cm long and 2.54 cm diameter
copper pipe for kelosene. The potentials in different positions along the radial direction of
the pipe were measured with a movable spherical probe. True value of the potential of
charged liquid in the pipe line has been determined from the inclination of the V-J character-
istic curves obtaind by the probe method, where J is the current flow through the high resist-
ance connected to the probe and V is the probe potential given by the product of the high
resistance and the current. The charge density of charged liquid in the pipe line can be cal-
culated from true value of the potential and electrostatic field by Poisson’s equation. It was
found from this experiment that. charge distribution in the pipe line was proportional to the
liquid velocity distribution. In case of slow flow velocity, charge distribution in the pipe line
is uniform one. In case of fast flow velocity, charge distribution in the pipe line is nonuniform.
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Fig. 1 Schematic picture of apparatus.

2.1 & i

Biie LCER Smm B L0 2.4mm O HRERE v
fo. Z ORI ERS 2 Bommicir AR T s, 8
AR L Omm, HEOS5mm OF 7 e vF o~ 7 CH
bhTwhb, ZOMBRKEFRERO T 7e v7 vy 71X
ST FERBINTHD, T7rY T r oy 7%
S5mm EOHEY =FVRERLE, Fv kTS F
CEESh WA, EHEMEORIER X 2 1RT.
BIE L2 7O MBRISHUIEE 90V 2L
L EH 1080 OfERRL, HBEREEY AR 1 7N
WA witc LIcIRRBO L &) 10MQ OfER/RLI.

2.2 N 4 7

BWEIEAT B4 A1XNE2.54 cm, KX 50 cm
DHDOT, Wb 25cm DL ARKERER Smm DOREY
Bt b =130 TEEAA ST ERBERR D
B, PR 20° 0F — RO S TEIER TV
CHhIIBEERORIEE LI THHR IR TS, ©
D4 FIERFPRMEFTh oS,

23 M ® B

WEVE & B S OBRAE T £ 7 £ BYHR %A
BIET TR-8641 % 2 &, WEBPRFLHE EPR-3T &
IO 7 by~ v BIBEATE R 2 A Ve,

2.4 RTEEOCNAINREE

RV FRFYHO L0 v, RELBRFESE
fo. S DHE v ARFELEK 30,000 ml DR AT D
CENTED., A ARABEBIREVIOARLH AL S
4 ST, 2y 7 OB X o TIRERE 2 7.
WEOBEITEROI-OZ e 1,000ml €~ 5%
W, e XRBEEE ALy Y v FTHID, 1S
Wi s IR O IEIE & Rz,

teflon tube.

1 'polye*ylene I ]

X 2 R
Fig. 2 Schematic picture of probe.

3. ERHELLUHER

3.1 B A&

—EOWE THELERRBHEIED. 2D L&A
4 TR A I NICIRBEL S H B HO B 4 i h
5. OB BEMEELN (1x10%Q, 4.5x108%Q) %
WU CHMABIRENC R Lic, BREBO B IR S I
Hofis, ch2fB L RhsBEHREOE 2~/ bh
5.

2 FPIBICRA S M BRI SRR O
ERLBITCEL 2 LN TE, TOBHORERDORT
BLEWETE S,

FtEOFE T 22y 7ORMAOEEEEL, K
Wr e, A SRFAOEE BB INICE
TR AL A e L.

WMEVEIRE LI 2 v 7 WA B 28 L, x5t
HEL o Tz

3.2 2RER

3.2.1 N TAPOEDOERICOWT

2 vy RHOEDOBMENET 5 —HEE LT, BE
B EVAHEED BHbhT\W5., 4 THBOEDE
LR = D ik y v,

Z OWEEC X 5 EBRERE B LR, ko X5
T ENVRB.

(1) BHRORORL BWMRE AV, 24 FPRHORE
DESEDBIEME LI L 25, 1ER Uik R
Tz L.

(2) WREVEIS HE bh b EEMEE L BkoRo
HOBMIS L OBEROME» LEIE Sh 24HE
FEERRE—T5z L.

T BORERIIHBIRT 52, HIHRV—FE R 5.
DT L BERIET A TR DR OB ONE
% L OHBEMNBEOMECAND 2 EATE 5 LYW
L.




302 (52)

3.2.2 BREOBRLEOERHICOVLT

Lz v 7 CHNIh ARBBERO—ED L E, BEO
Bl 5EEE NS L, 4 TEFAOR CHINCER
FBELTEH, ThERBEBORTEMS X OVERYE
LR 5 EROMET R - R R TS 2 EHbh
Twg. SEOERCEMER L1 7R LHRER
EREOEABER 5mm & 2.4mm O BB X M
fo. ohb 2 EEOEEY AR, ToRES
RTWBEAY E—L, BE» TR 5BRORE
SOBMELILE UHELRT. FeM3RFETLHCE
BOEZIBEOBCREALTWE L 2R D b
5.
3.2.3 N4 THRLOBHEBMALBYRELCOVT
A FREBOER I EITCEA S BBEMT, W
OVHERERE LD LR - B LTHZESh 5.
BEOBERSmm OB, -2 A 7 O NBCEELRE
L, WO TBHRELE2 5 LH4DRERIELNS.
COEITEE 1X102Q OEAEER L L EFFL
NIBBRBEMTHD.

-15
[ \‘}\
o .
‘a
c -10
g
E Smmg¢
g -5
2hmmg
(v) R
-1 -2 -3 -4

probe current -2
(x10 A )

R 3 44 FhoBA L EEBEROMK
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