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A study on the Effect of Surfactants on the Streaming
Electrification of Insulating Oil
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ABSTRACT

In this paper, the effect of surfactants on the streaming electrification generated at a solid- lig-
uid interface is studied.

The streaming current is linearly increased with increasing of oil velocity, It is incre-
ased at lower than 46(C) and de-creased at higher than 46[‘C]. The more the concentration
of surfactants is increased, the more the streaming current is decreased. The prevention effect of
the streaming current is prompted by increasing of the number of oxygen~ atom in a molecule
of surfactant... The conduction cur- rent of insulating oil which surfactant is added is larger
than that of insulating oil which surfavtant is not added according as oil temperature is incr—
eased.

T HE T
*+73v T 37|05
*xe 2UTIRIYL



FURe FETh 02 Augde) Fo) B A7

.4 =

2Ee 443del glolM B BRE,
FeBR Eotold ME7l £4% 2 2QuEH
B Bs}sol, AgPaz g ? o
o g3l oFe MTEMEV RRsT
METR R BRI A2e wmely] gE
of MAYA Wel FTREF WEm Kol
g2ubdol TAND, WHRE THIA
HX5o] BRE Yo do] AYGD =
ol L H&S TV dE9 u3F9
ASolE 24 ¢ UL WP Ego)
IEZ BYPLE $IHACZ A B
BR KFE Solud S KEBE MM
#7 ®ghd zDa AARL FHo=
BER KTl WY R Y@oz
fEUAe] U ATFHAY A§A 53
H3 gueAd A7 #FEL A= A
o} ©

* FR: AHMESZ WA= BT
FOKE BILE 2P HBME BR
N FEHEE osto] wAH: BE
BHE BPATY A8t eigmhel RE
RS RIS kil — A REol
A REREE BRATE HEL B8
REWEL] MPFEe UY FRE R
oz £y

2.8 ¥
2-1. NES ¥ HJIde =4

& HR A4dE HAbhs dUAF
ABHD Ye FEMRY BR e

ASTM D-3487 w39 TYPE 1 °jt}.

WEEETS YAE MM ALE FM@
THme 98 KAOAIREQ vioj2Ad R
HiLEM 2 Polyoxyethylenelarylether 104,
Polyoxyethylenelarylether 306 % Polyoxy-
ethylenelarylether 4045 4 F§& A1 &3
o I HFHEERE o33 2.

1) E2 SA R e} o8 = 104
Ci:H::0 (CH.CH,0), Hn =4

2) 2] 84 gy 28 olH 2 404
C;.H;SO (CH:CH;O),, Hl’l =5

3) Eg] 24 o @ As]o}l-9-d o€l 2 306
ClsH:nO (CH2CH20).. Hn =6

ol REEHMS STFHERAM -
(CH.CH-0). = HAZE2A 42 dAE
T ok @A EYSA LR
"ol $d oz 3069 A7t REHEH
ol & ¥215 AL AAT} 7MF Bl X
g sio] s

ol& REEHM Ax7lel T¥d 4
2 A RPWE ol PEAY 4L
Aztel Wyt WEIHEES] gl ol
= BB 23 & 53 49

2-2. @

$EURRe Sol8A 357 Aol
YHTolZE A, ALSD RHEHE
257 AP WHREES MBS 219
1o TA8H .



Arlxtazetelz] A 5 @ A1 3 19924 3y

| S— |

1. WEIo]Z 2 yzme 3 ez
4. Faraday Cage 5. 5. A
7. 98 8. by-pass valve 9. AFEA

2 1. MBHWE RRER HEE
Fig. 1.

tal apparatus of streaming e|
ectrification

kM c2gu gy FolTolN H
DRl o8l da" WhBEHsE %9
TE oA A setdo] Aolxo] A
FEHI olzle] FAZ ¢3ifct. ojm @
AHE SsiA JESH?] Asted AE
410[mm], o] 450[mm]3 s}etdgo] #)
olAE A2 HA A} Uct o
Agtol = 9] Fikit, BE, %FI- R 71Er 9§
BRHCIA WMBTWHF 2)s whibo] BE
TH7E dddch gty gd mel=z
FASE EBREE Y PEHE 524
7171 $8lA 2§ 500[mm], Yo] 600
[mm]Q) @393 2qAgaz -5
Zota ol sojx FRFo] A A
A Aok e 8ol 2[kV]IA FE 4
NE Ao o] REslo] WA F )

WEe Aesy A8ty (F)Ssmmst
o] (N-20-C)= ¢ BHK HEHol We
g Pt AT P&l W=

==X
=

Schematic diagram of experimen

£ (F)Tuthill pump CORL A& &8 0.
508 =El-JlojHx HUYL ALy
o. #Ee 2 HASsE YHEA
TAAI Pxol YPE H4E by-pass
YBE z=Hsted WAL e BRR
B2 diAFo] ABmEDn e Hd 32
2 Agsim, ol selze AF 30
[(mm], o] 400[mm]Q A®gs Tho|x
€ AHgste] 2 ulRo] HEFKE e T
€ol AHg3tY. REEHENE AU &
Bl vd3AE TR 59 KEHn
T RRS #3380 ©8 GATR 5
H3E &35

YL Takeda-Riken TP-300C High

voltage power supply& A}&3gch A=

_83_

o

(50mm X 50mm X 2mmt) 72 @\ AF

Ag3ta, © X E(60mmx50mm)o 2
AYE FiH-AZsAt. H"F 0
1[mm]2 gk

o 1l

e

o &
e |
Q
i

2-3. AEuy

Hggme WEHER ES P& o 1
AZbEd BEmME c¥ANAH HHKES
AAAEHE FAND T g {FolA oA
golz2 Ry P2 BHE &4
ek, WEe 1~7[¢/min]la HHA
oh. =¥ #ikme] 2x= 18~60[Clz
WA vle] 24 REEERY RES
100~1000[ppm]2 2 WS A7IHN ]9}
22 HRe WEsgd.

#iEme] MDEER WES

L =R

=1

HARFE

AFEEN AT RNME FUBE
F9zne YHEA a7 Ystod AEH



ERE) St )2l Augdale) Jorol B AP

ZzA 107 (torr) A ES] H-AAFIEAN
HTHE Y3, ekl 258 2
SZ2HIIR ol g3t 47| ME BER
FAAN g BRE Bt 2070 3
Hale] AFNYI A Qe 4AY ge
WEs Aok A 5] A7 A= 102~10°
[V/m]ejct.

-]
E

3. dy% 3 HE

i)

dA ol g Fdo] B2 HARS

%, REEHEN FE 2 F2HEy2 A

¥ FEAF SA4E 953 2.

1) g KkFHE
Aol o)A millE 18[Cl2 ¥

A FAAN7In #E/E 1~7[¢ /min]2
WA 2PE FEAF LY WELE
& 129 20 EA8H

L W&ol Mol wel gmech o3
& 4% ol wE FAX-AAF
A”N FeisE WeFel 3787 o
A Aoz Asd

=

Ha

2) AEEER RE KFHE

i 18[Cl, & 65 ¢ /min]l2 ¥F
A FRAAFI o] 24 REEERIA
polyoxyethylenelaurylether 104, polyoxye-
thylenelaurylether 306 3! polyoxyethylenel-
aurylether 4045 A7} FHE #ikihol
wmonskgich. HminEiel BEIRMO] &
BRES NE SFRE ¥ 34 =454
o, #EFmehe] REEMHRS BECE #m
ol ael HEBERE M4 polyoxy-

-10°0 |-

by (A}

1070 =

o1t

_84__

Ip {A]

% 3.

#& ¢ 18[eC)

=YY= un sjelxn
-U— auss steix

v

'/v/..
e )
/'/ T

°/

Y
-V

q [¢/ain)

3.-?1 2. AYRK=] HRr &t
Fig.2. Dependence of streaming current
an oil flow rate

#& : 13[+C)
#9 : 6.5 [txin]

—o- &t %4 AU 21EY LR 104
‘—a— §0 AN dauUd 2 4] ofeZ 404
=0 &t %4 Aue Aefo}F3 AHE 306

.10°18 =

s0 100

€ lpre)
REERS| FHEEIA BE KEME
Fig.3. Dependence of strcaming current
on surfactant concentration



w2ldabdaste)xl Al 5 A A1 % 1992d 39

ethylenesteaurylether 306 0]
AL FEE vebc

ol% FFL Hmind REEHH &
M-tk Fme] Faslo]l 29 4-(b)
% gol % YUk FmEHY 23
ol A= A4LUxE T4 nygAxy
& 7HA3 o o] YA Mk
tho} EX3l= IEol2g Coulombyez
BoldA ZdolAst #ol Eolgo] m3
o F253 o ¥ fol29 HAF
ol Y= BRA_EREl JHdc. 23
22 B4FUe] Hol2o 47 RENG%
7t HnE7) Axcd ¥siAl g o
2N HEWEC RIEE Aoz AgSH

B RESER b AL 7 &4 E o
A2 HRV} 2 AR Agdd.

N Sew

o {e) 3e<@\\
] 1 \‘ ‘
! O @.,9©
o 7 T
©'e, Q2un >0 @6
] ! /’ ’
010! e -

1) N
©:19; yas © 1@ uus
BELE (b) B ¥

aY 4 AEYEAN EA
Fig.4.Effect of surfactant on oil temperat
; )

3) MR REH

REWENERS BEE 300(ppm], HEE
6.5[ £ /min]2 2AS}A HFAANFIZ MWR
& 18~60[Cla WA 7IHAN HPRRKE
FES ERE 1Y 5o A3 MR
o] ol wel WEBEE= Bmstan o

_85_

46[C] ¥ 2eoiA dHage Jvehuilz R
3t Aol ot ol WAL AR
el AR =& &0
F7hste} AN &o2 RE oz A
FABA (T jo] Fotx7] AREY {2
46C ¥ oA =& AN W@
Aol 23td dete Aoz Algdd.
a2y ol VFS AYWEAA A7l
T Q¥ ULE LRI FHY BAFK
o] FEAREY WA F2 & v
Bl ol

a3 ARFAEA ddfe] HEAA
of & &R/ &S ¢ 4 A 28
U4 AREAAC dHrisEEd Bda9
A7AE7 F7HEE BARAA G o] A
Hog ARYAAZL Hrtd ddR A
71AE §4E& B4ss Aol ABREAA
o 8 F9e UM 20 B &
ok g2ty HI|AE S49 HAL &
& Wl ©E FF}E BH T

—g— ® 84

—@— Etl 24 AUY Y AL 100

—A— §0 44 oye Y oAHE 4o
—O— #¢ 44 ayw Zefol2q ofel2 306

2N
/v\

.-
/ e
\
/ / °'°\°
/ =
?0 MIAEE ¢ 300 [ppa]
A ® : 6.5 [tain)

.10t

1r (A)

10-10 1

4

(o]

’

20 0 40

T [er)

3% 4. FEYIA=] FH

50



AARe] FEvhdol niAle AURgMe] durod Bek U

Y 5. REUMRKS] Wi (REEME
Fig.5.Dependence of streaming
current on oil temperature

4) BRMEB TR ks

S Cu, ¥l 18[C] % ARYAA A
7t3& 300[ppm]2 YA KAA 2
BHRE 10°~10°[V/em]2 @l 71wA
MEY HATHE 2% 60 =x5Yc).

A 3w
Bt : 0 o

& ¢ 18[*C)
&
s S g% v
o
ool
/ 7
7 /2

<1070 ,9 ~@-- #2 KA ofYY 215y AMS 104
"/ -a- @2 a4 iU oY of el 2 404]
/ -O- #2 a4 Ay AEfo} Y ofHE
-o- § ¥4 306
Yo 1o

E [V/ca]

ad 6. HEER] BF ReK
Fig.6.Dcpendence of conductive currcnt
on electric field

AAQ Mhnel wel MHEHE vl st
#sta glon FREEHERS FHo o
2 %9 Als 2A 4. AEEHERE A
7hahA @ M MEGHE A93
ol REEFEEES MHEH HEQ AL
wmgol @t 2 &AHd nAA Gl
A B 23 EE 22 TEA

22y REIEEMZE BmE E&m
HATHs 247 ddfgdes g9 =23
He 992 9lx 1000[V/cm] o]slofa=
2S5 JPgI o] o]t HAAE
F7hul g ol F7Hsle BA4S JeEum gl

L AAZE 5000[V/em] ol 8t @ Aol
T FEEERE AteA] g B9 4
HEW’ REESHRE Snd 299 @
HEARAUES I3 AA7 Bhge] ot
3 Fole EWAER 5000{V/em] olAe]
2FA dQelME REOEERE Hme
2% MEBHKI 2A fd. olg @
RS kel Hmny RESHM 2
T717t REmE e $E3 Asid 48
of 2% F=HFE BAAF7] £ A
22 Alg gt

5) MRMES il kvt

AT Cu, BR 2000[V/em] & R
®o BEEE 300[ppm]E YA A
710 mMiR-& 18~60[Clz W37 M
HERE MET HRE 2P 7o £A8
o, REFHESERZE Hnd gk gH
LH7E FA7E feigahe] zeco ANz
22 3F Adyger #4E A7 B
PEc. REEHRS FFo ot YT
H zole 3R 9o, £ m2FFoN
T ABRIHR 2479 P9 A 22
v & & et k. ol LxUt Hin
ol wiet EAto] Aol AWM REE
Mo A47)7 XAt AFE ) oY
A Hol g Aoz Agsgld.

._86__



1 (A)

3
o b / A

21 ab a2 23] x)

G
A 2K [Viea)
NAMEE : 300 [pen]
—@— &2 %4} oyt 22y ofHE 104
~A- @7 &4 oiyw S 20yl o2 404

~0O- @2 4] oiyu A|ohpql ofelE 306

-7- ¥ W4 ) 6’4
7

a
b
3

Vs
P e
/V

/V

20 30 40 50 &0 70

T [ec]

2% 7. NIERES MR kM
Fig.7.Dependence of conductive
current on oil temperature

4. 4 £

e -k REolM REEHME 3
7He EMTE WHE o LASHEs REN
T EYE REEHMY TF, BE R &
293 Fof gt BHHE FEFYISHY
< e 2 KSR Ao

1) BBHERE TRl |mgtel el 18
post whige] Aslo) wlatA 46[C] ol
oM Mt 2 o4t xojxE ¥
Pk HiFe] Yok gL el gl
FEA EsE= BRI < jsln &%
o] fhnol ahel HERo] Mst= o
84 =i,

A5 P oA % 1992y 39

2) RERWE HWHAA RHHTL R
pAY BRoz @ikimel REEAME
BWE 3t REEEMS RE e
of W WBERE KOs REEEA
o B EAF 42 47 wess
RYWE S0 HE7 2o vhebutoh,

3) AREHA AH7t8 HAHY AR
AFE ACRYAHAY FHel:s F# A
9 g2 5000[V/em] old9l nAY¢dY
ol xR FH/ AR =2
A ds &+ Ao

oz ¥ MMKRE2 REIEHERZT BdH
o] WMERE Byikel HRT ALE ¥
. a2y REEERZE Hng ikime
TEREWEREAA At % 2x9] Fhnel
we JrAEs mEmEck 2 FPol 2
282 olo] @ FF <A77}t ojob €
Ao g yzreAr.

gog d74ddd w2

QAR o] AAFToAA AR

ZE AdF

B AFEEL 191Y9E qas e
TEAYY 9 Yo ojRozLE Y
W OBAG Fo AT Ao]E Pk



