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Condensation Development Characteristics and Heater Arrangement Method of 40.5 kV
Switchgear Under High-humidity Environment
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Abstract: Condensation caused by high-humidity environment is one of the main reasons for the insulation failure of
high-voltage switchgear. Therefore, based on the study on the condensation development characteristics of KYN61-40.5
high voltage switchgear, a heater arrangement method, in which the temperature rise, temperature rise uniformity, dehu-
midification effect and total power consumption are comprehensively taken into consideration, is proposed in this paper.
First, the test of condensation development characteristics inside the switchgear under humid environment is carried out in
an artificial climate chamber. Secondly, the effective heating space and heating uniformity of different heaters are com-
paratively studied. Then, the optimal scheme for heater arrangement is obtained based on the comprehensive evaluation
function and experimentally verified. Finally, combined with the electromagnetic-fluid-temperature multi-physics numer-
ical simulation, the influences of load current on the distributions of temperature and humidity inside the switchgear and
the moisture condensation mechanism of the switchgear are discussed. The results show that the current transformers in
the cable room are the parts prone to condensation. The silicone rubber heater installed in the form of a bracket has the
best effective heating space and temperature rise uniformity. The optimal scheme for heater arrangement can remove
condensation within 8 hours without causing overheating of insulating components. The results can provide reference for
the condensation mechanism analysis and heater arrangement of high voltage switchgear.
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Fig.1 Schematic diagram of artificial climate chamber
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Fig.2 Development process of condensation on the current

transformer surface in cable room
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Table 1  Test results of condensation development

characteristics of switchgear

. SE=27AN 278 ] Lk
R e Bt
FL 20 2 LU LR AR 1.5 4.0
45 sk & 3.0 8.0
BR2k == ik & 16.0 20.5
Wit 2% = it Sk 18.0 25.0

RISAE 1.1 WA TAEREF TR, R 2
W, ORI EIRERRE 20 CHRIAHXHREE 65%A
B, HHRKSENE, BaEXERS 120 min, L
R AR I A AR KR T B



496 fe LR HA

2023, 49(2)

22 RBERSHH

i PR AR T, S EOIN TR ] A i
TE>2 C R A, A SLARSE T ALK HE T X 2
it =R, JFR HARRUE SOSINIAES 1A o #
26, Wil 4 Pros. WILHFAESEEE AN, 17
FE—E B TR, N0t H B 5 A TR #4
RORILT F 72 IRER -

TINFAZS A RN A2 (8] U2y FE K 2 Fein s
[EIRRRT SRS R AR 2 Fon. di iy 240 K
XA RO TR AR IR /N, A7 280 A Ta] AR
HITHEAB B . A WA RSN #AES KA 5L
PRZE T s SEAARHE VT A5 21 1A 2o s 18] Ky

—
[ [
—_— 100
9 |
~ 80
v L
' -60 =
o {,].Q
? 4 L i
T A 40 %
) o B
y '20 N

,.
=)
v

5

10
Hcm(fgﬁz‘[@l)s Y
B3 M afmEr=E

Fig.3 Schematic diagram of test point arrangement
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Fig.4 Effective heating space with 100 W heater
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Table 2 Data on the effective heating space characteristics

of heaters
e )i Y i %Eﬁ)?ﬂi fﬁﬁlﬂuﬁ&&* I‘lﬂﬁi%ﬂ/ﬁ i
JaMl/m JEE/m  SCASETE SCARHER
150 W64 02 0.2 0.083 8 0.0529 1.584
150 W BERZ S 0.25 0.25 0.1342 0.085 4 1.571
100 W %44 0.15 0.2 0.056 5 0.0356 1.587
100 W g 0.2 0.2 0.068 6 0.043 7 1.570
50 WAL 0.1 0.15 0.026 6 0.0123 1.570
50 W iEM I 0.15 0.15 0.056 0 0.0353 1.586

* 3 ARFERS AT Bk R 5
Table 3 Average heating coefficients of different types of

heaters
IhEIW e SV SRR EL

Haa B 6.532

s mid TR 4.492
A B 3.976

FEMIR TR 4.107

2 B 6.534

100 LiEey Tt 5334
FERRIR B 3.601

FERRIR AR 5.012

Baa PR 7915

150 Brd TR 5.704
TR B2 4.542

TR AR 4.656
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Table 4 Comprehensive evaluation function weight coefficient

selection scheme

YiES wl an w3 2%

1 0.25 0.25 0.25 0.25
2-1 0.2 0.2 0.4 0.2
2-2 0.167 0.167 0.5 0.167
2-3 0.133 0.133 0.6 0.133

MY
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Fig.5 Distribution of temperature measuring thermocouple

and humidity sensor in cable room
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Fig.6 Optimal placement of the three heater schemes
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Table 5 Heating and dehumidification parameters of different

heater arrangements

i gy BThE CPIETHME MR

woOBE W /e g, MO

2 100 0.88 525 394
50 3 150 131 343 338

4 200 1.93 6.78 2.08

2 150 2.00 6.14 242
753 225 1.72 9.48 288

4 300 265 11.46 2.09

2 200 2.14 9.32 2.75
100 3 300 2.73 12.48 241

4 400 377 18.56 1.84

®o VI ERBITHELR

Table 6 Calculation results of evaluation function

W I VA BB F 1
B HEL KR FE22 JTR23
2 0.394 0.430 0.454 0.478
50 3 0.512 0.610 0.675 0.740
4 0.301 0.320 0.332 0.344
2 0.322 0.350 0.368 0.386
75 3 0.355 0.327 0.309 0.290
4 0.385 0.336 0.304 0.270
2 0.357 0.330 0.313 0.295
100 3 0.422 0.360 0.319 0.276
4 0.500 0.400 0.334 0.266
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Fig.7 Process of removing condensation on the current

(d) 200 min

transformer surface of phase A in the cable room
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Table 7 Data of the verification test for dew condensation

f— HX AR 2/ % ‘ g
% OISR RZiE BEE . BAE il
MEES k& Mka fith Skt
3IANTSW 174 19.1 114 14.5 13.0
44NT5W 184 219 143 16.4 11.0
3AMI00W 242 314 15.8 19.4 9.0

44 100W  26.1 322 20.3 214 8.0
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Table 8 Comparison of temperature rise data between

simulation and experiment of cable room

i WA R T/ C fi il F+/C
T 1.355 3.500
T, 4425 3252
. T 2.96 3.588
N o 3 R .
EERE N S
Ts 6.30 3.664
Ts 2.495 3.288
Ti7 4.785 4975
AH Tis 3.565 3.558
ek £ Tio 3.585 3.579
Tao 3.835 2.759
A MR T 3.701 3.574
2 1) AU
IR 19.60% URaLEx
IR IS 1856% (= P b i
— AR R
100] 50
—140
S 1
i 130 4
= { =
' 20&
oo oo
=< 1 =<
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0

W& A

K8 RIE 505 BN IR B A X Lt

Fig.8 Comparison of experimental and simulated relative

humidity data

#9 i E SRR AR X L
Table 9 Comparison of temperature and humidity data

between simulation and experiment

- e R B 1 EAR RIAH  MIXHRE
ﬁﬁ‘ WA T xRE, R YRR ZEMM
S C % EM%  EM% R %
44
363 377 371 19.60 18.56 5.60
100 W
4ANT5W 280 265  5.66 12.20 11.46 6.46
3N
250 273 842 13.20 12.48 577
100 W
3IATSW 164 172 —465 10.00 9.48 5.49

DAt PRI T AR R B 2248 1 15 1 1k 3 4

T EA RIFH—8E, P40 | 0 iR % 70 )

9 5.61%F1 5.83%.

42 BRMFXRIEREE S HHEFIERIRME
FETFRAE D, AR 2 A AN R RE P R

Tty AT IRB) 2SS SO A e o AR
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Fig.9 Cloud diagram of temperature distribution in the middle

section of switchgear under different states

ANFRPRES T BITT R A 23 AL 7 A i 10
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AR
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Table 10 Temperature distribution of each part of the switch-

gear in different states

_ . IR/ C ]
b = Eiigha T g ZH/C
2% ] 34.930 30.422 4508
Bpek= R 52.335 30.659 21.676
fibsk & 32.764 29.422 3342
7] 34.765 32.977 1.788
CERT S ik & 33.606 32.663 0.943
I LA 33.309 32.266 1.043
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Fig.10 Distribution of cross-section flow field in switchgear

under different states
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Fig.12 Cloud map of water vapor mass fraction distribution of air in mid-section
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