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Abstract: In areas with large temperature difference between day and night, negative pressure is easy to form in
the expander of oil-immersed inverted current transformers, which will affect the distribution of water in the oil-
paper insulation, and then affect the insulating properties of the oil-paper insulation system. In this paper, the
saturation solubility of water in insulating oil under different pressure and temperature was measured by indirect
method. On the basis of the test results, the relationship between the saturation solubility of water in insulating oil
and temperature and voltage in Arrhenius equation was fitted by recursive least square method, and the effect law
was studied. The results show that with the increase of negative pressure, the water saturation solubility in
insulating oil decreases constantly, and this trend becomes more obvious with the increase of temperature. Under
the effect of negative pressure, water in the oil separates out and turns into suspended water in insulating oil or
transfers to insulating paper. The translation factor n related to pressure was introduced in this paper, and a
mathematical expression involving pressure, temperature, and water saturation solubility in oil was established.
The acid value, temperature, and pressure were taken as the comprehensive factors to evaluate the water saturation
solubility in insulating oil, and the multi factor influence law was established, in which the influence of acid value
and pressure can cancel with each other to some extent. The water distribution and insulation state of the oil-paper

insulation system for oil-immersed inverted current transformers can be evaluate more accurately by the above
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research results.

Key words: oil-immersed inverted current transformer; water saturation solubility in insulating oil; negative

pressure; water; acid value

0 5135

L HIRAS R RGP HEEN— IR &, 1]
AR 0 — I LT S D R T A i A 4 o) A R
PES5 R EARY OB iR
Ui LR Ay Dy T AL ORI B S 3 B, A B OE S7 AU
JERES S T IR 180 37 5 R IR LR A S S i e K 22
o, BB IIACR B  HhD EE A D R
B W IE ST A A A s — IRCT RO, X3
AR E HLIR A 52 B8 7 B B, R — IR Ge 4L H R AR
B BRI G I 3 HL R B R i R N RS
S5 BRI, AS 5 52 W RN 51 £k, 2R IE ST R
JES 38 5% R A AR g e L

FF BRI s, IR AR 57 3 IR B R B8 T A ok
EHNRGMRE T ZNH. (AR ZIREHEM
RO B BRI Sk, HLJRR B EE O B s BT AR
BE/N S P4 G I A8 T 2 AR 2> (24928 [A) H R 45 2
IESL T 60%) , A Be K HAR I FEALES s B T 451 %
%, il 3 2R A R A B TE S X BB R

Bt 55 v 2 18 S 3 PRI LR A N AN BT K
VEZ AR IO 77 i 35 BT O B3 K 2% v
TG R (b, BRI R R RN B4 b 5 5
BT Hb R AR S M 25 e TOT ) 3 TR R A B I R
WIS 2 FEUZIK S 78 T &, Bl T
B A5 37 X R IR R A ) 9 O AR I 2% v T S5 g
JEBRL, [ (9 F S A A5 B T Wb G it RS AT 4%
AP R P A A 81 o BT, A SR TR 22 A0 BT T U
12180 37 3 LI LR AR AE B 7 AR W 1 SR B
TEW T 136 2 i A I R A AT 4E 3 45 2 7 T
KA R Tt oD FHOR AR AR R 8] 37 5
FEL UL L J 2 T 408 25 R UL B R R R NAF 9. STk
(1150 AT T 3o A5 ST 3 AL JR A T i s s 48], 9 AN
I AT YA R0 AR P G A T TR — L. S
BR[2]%t %5 — i 500 kv 12 481 37 2 L i B 35 401 0
() W R, R IR T R 2 W S A Al R B e
T R AR T DR AR R N TR A . SCHR (3]0
I A 0L 7 5 b DX FR 7K 43 R B S IR B 4 1, X IR
18 37 3 L Y B RS V0 I AR 2 A RLHEAT T A LR
133 DL tand W &, 459 31 48 2R3 1 00 , 5 i

A8 37 3 LR AR Sk B G AT T A IR Tl
H T EARRY, B R SRR, %=
o 25 2 18] FA) PR B TR K, DR R £ S 5K L I L
S I BT SR AR A

A8 R Ui R A S 2 H I L T 7 R A PR A
Je X)) TRt 0 i 1 L BEAT HE AN, R BLZ A IR
LT e NETR = 0PL T Y 7) S 2 S R Ay
AR T X T AT R RS B AT,
KBS e B T TG E PR R S
W PRI 0B OR 73 BT, R IR RE A Eh 7 e e A
AR B R B AR A8 IS 03 K R i 2 2k
DU BCE R A IR R E R ARG T
T BN bR R AR RN T A B AR AT
REA UL UANRE Q7] KT T2 [ e
RN BRI A, ALK G KRN, 12
AT AR K I M AR LS R a0 i AR U @4
] 1 T E A A T A, (H 2 B I K A I
A% BRI ZBAT 5T, AR A BTN, 48 5
F8 E T FH A8 B T A, s S B AR 46 2 R
GiK oy AT AR GRS R AR, a5
5 5 T3 il A A s 7 i SR S8 AT W 3 B
GNERE MK . — BUEOR TR AR Sk iz 4T, (H 2
F I 9 5 80 37 3 HL B 0 A A A7 3B AT I AR
& Z 0 R R R R XA A7 B9 10°C LR B 3L
B, B TE 25 CLL N LU . 7EAR IR I 1) 2=
T RIS AT R 5 W), KW AT R 5 5l i 4R
G .

H L TR 73 B T R, A7 o 51 IR A S 5 L R
TR W PR P T B IR 22—, ] A AR i AR 4 2 2k
ROPLEE ) F 70 2 EEAE AR K 23 Vil E SR TR PR 4G
PR 25X i 4R 48 25 5 SOH LB AR 52 e ™7 1 o 0 9 265
Y2 RN AN B, A Rt — DT

26 2 it K Sy AT R BEAE — E R BT
DI R 3 R AT L J AR I 26 R RE, AT S i
B0 IR A R0 2 A 2% A TR 9 R K Gy A
TR S T 0 SR AN P32 51 1R 248 2538 7K 23 H AT
VA AR E AR A R, 20 A S A B2 2 2% AR 4 %
T £ 25V RE (AR I X 0 AR R A A 2 A R IR
{80 37 2K L JAL L 6 8 il 4R 40 % 2R R L 2R 3 4T R Y



112 /NS + 7 S oF 248 55 3T 7K 5 LRI 7R S 1) iRl 2021,54(7)
HE. p 20 (2) T 0, 22 il b HR K o B S A N

1 7K 533 48 5 D 820

1.1 K& 3FKiIE

L JE A FH 28 G R A T L A R R,
BN Rk bR S B R A . HIK
A E A K ARG, K EERB LT
3T : QAR FE K 5 . HRES TR
R ARG LT — RIIBK TR
HAKDRE . — WS AGAUh KRN 0.2%~
0.5%, 48 23 h & K 28 10~20 mg/L. @is4rid
TR KA BB N o 155 S ) B3 78 A0 i o 72
A REHENIK Gy . @ULGEA FHBOK S AR . B
FREN BT gk 2k fE e —
KT BHIE % o Y30 THEBE RIS , =K 5%
SN B B AR X — AR PR I AR A
FLR% f o B R, BB A A AR . A, Ha kil AR
03 it/ R iR R (&
1.2 smpKiE

K FEA S R EZAG LR 3P O
WK AEL G R 3 5 oA, T & B AR D, % il
4 PR RERC B /N o @B TF K : — 7 T, £ XA
J 2% K i 38 498 A 19 5 T RO AR R K o TE
SRR i e i N o 1 ) e e o W
H, 0 28 2% 11 RS2 ALK 5 55— D7 T, AR 8 TR v A
LAY 0T IR/ il 2 3R, Tl P R R K 2 B AR 48 3
VSR SE o @UTRIK : PN L G R0 1 7K 7
e LI X0 A2 B B P A L A 2k 1 R

BHE 3R 43 BT AT R 468 5% 3 R 7K G5 VR R I AR R
HAZGMER A HEER L.

2 IEIpER

2.1 ARk BRNE R E I R
R B KAUFMAN 2/ DU Y 25" 78 & W, 78
A — LB R 7K o 75 46 25 it Al 2 /< 2 18038 B 7 IR
SIS, L ARV 5 R A 1R o 48 k3 v () R 6V
TE AN (D PR
%RH =

o

x 100% QY

D %RH A48 G 1A R B, 7E DR ES T

ST I AR EE s A K 43 & mg/L s
W R IR 2> MR A S mg/L
XD AT (2) .

W, = W x %RH 2

(19 2 il 28, 1% ith 28 1) R 22 B g 3k AR K o v R I
fif B
22 BELXHEIREHEERE

DNARAFAN R i 77 2 A% T B3 H 7K 4 e R i
FE 06 75 AR A 2 A kAT, AR TR A
N B R R A A ) Ak BRI BT 7R R [
R SR, T 45 o) B O N IR R B B ) 45 R
(10 2 8 DAY (1000 P R A VR

T 5 AR U PR K R TR = I ) YR A YA R TR
A VRS 1B ANSI/ASTM D 5032-2011 45 H ) 7K Al
A= T 9 B T 1) S DA 25 4 o BA 5% o R
Bl VI P5E Eh 2t B P L RISk s MR, I
H1 LCD # 5  BE vh 0 A i s o 3056w BT R 1
B 2% AF T BEAN T i L2, 2k % H N K
43 FRAR A B0 E 5 IR S ] DUAR 488 5 48 P 43E 3 11
I FE B4 % ANSI/ASTM D 5032-2011 45 Hi ) 7K
N =B R LB AT R, 3k 21 H RIS

9 H BRI FE R R I, T K £ 5 B R P EY
s SR FH AR 1) 2, 0 oK 430k 2 E bR
TP R R, B BN B B G B8 B b 3R AT K
P
3
3.1 IR R TR

K 3 5 o0 o B 0 I FH 7 45P IR B S A 4 2%
AR NG R .

THRAL B - 4635 R 313.15 K E 25 4 50 Pa i
L MR AR OGS A8 G AT B S SR, B
Ky &8N T 10 me/L, B EHRAE .
32 RERTRE

O B A WAL 250 mL BEAF B T 2 L 0%+
TP o R0 7 T [ 9 o) O PN IR VR
FUE 77 . @RS < 8 KR = BE TR A E
P25 i) 5 B 6 N RO BE L VR G LB 225 ANSI/ASTM
D 5032-2011, FAR 4RI G AT A% . O E I
2R B TR AR R T LR A 4 o 8
TN IR . @ 3R 8 A B B
FEBHFE N R 7 AR Y T I I A R A e P
T 126 . © I /K AR = B TR A v O Y
5 B P BT P N 40% , YA T 5 R P L AN )
RN — M CGREEME HEBO %A 1), 1
V& R R FE ¥ R Ja L n S 1 S S L, R



BEHR 2021,54(7)

KNI + G it K 45 LR AR FE B 13

FH 244 8 GB/T 7600—2014 0 & 46 25 3tk v £ 7K
s . MRS G, KUK 5 B G b 0 B
N 60%+80% , H 5 40% ¥ FE B RIS A2 . @i By
5448 25 R PR 7K 43 B RN IR 1 4 A 25 ) o 2%
it 28 3 3R R A g R K o M RV R R . © VT 95
T YR FE AN 273.15 K FH 1 28 33315 K, B FH 1 10
Ko 5% 36N B2 BRI 0.-0.01.-0.02,
-0.05.-0.10 MPa. fEf—NMREM LR, EEO
H BT

R FWNE R PR RE, RE.
JE IR B — A AP AT IS R D AR IR 5% 5L
PEAERR T 58 B FELE 12 h A AN I +3% 16 A
5 TK o TE BR 55 R 4 S 2 TR IA B S 1R ) 4
9 H bR B (80%) 5 B i T ) I A6 R R
B I5ERA48 25 31 2 [7) 7K 43 3 DLIA 2P 47 15, A7 R HY
A0 IR 75 =X, 6 48 2k S 1EAT AN, P
Nt GEPBE AT K 4> P Al . Yo K o AT 3
YR S5 P 548 DAk /NI R 2

T

T

EEE [ 1ssss

Bl RAExE

Fig.1 Experimental device

4 ZR59R

4.1 BEGHPIKSIEFBEE NS INER

Arrhenius 77 2 91 A 7K 23T FE S S TR
9% 2N (3 o

W, =10" (3)

A TN S s A B -5 i 1 5 A 22 1
ZA . m GBI, KA 78 I A IR R A A
1 B T v T 2R B, (H 2 (3N 5 RE IR T A
S i H K o3 VLR i B RS R B R Al R R
(AN

X i A 42 3.2 1R 36 AT AR 3R AT I 4K, %o 15
A % O RATR A, WG Mt 2 B 2(2) s

~lw

=0
+ -0.01MPa
200 =-0.02MPa
v-0.05MPa
+-0.10MPa

n

W,/(mg/L)

100+

0
270 280 290 300 310 320 330 340
HE/K

(a) ELZ AR

=0
1 -0.01MPa
1 4-0.02MPa
v-0.05MPa
100‘; +-0.10MPa

W./(mg/L)

10

270 280 290 300 310 320 330 340
RE/K

(b)X E A b
E2 AREATHPKRIOIARESBERNXR
Fig.2 Relationship between temperature and water

saturation in insulating oil at different pressure
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Tab.2 Values of 4, B, R’, and n for insulating oil samples
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