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Fig.1 Layout of fiber Bragg grating temperature

(b) FHEAE

measurement system

{li B FH SpaceClaim 2 ] # 71  FL 5 A Fluent
BEHHEAT I R & 5 EL oA, TS T 45 LA SR
T RO MER o A P REZR | sl fi Sk A 3R A iR
- R W 1) R R WL a1 ) 2 LB - S WA R T
SRy e R AR TE 5 I R 48 9 2 e AR AL B
2 FEERERSW

AR Fluent 23 HrEH, 3 T B2 5 i
M PSRRI T B AU, PR A 3 5 1Y) i TR
A, SEIRT I SR IR BE i 53 A B4
2.1 REBEHAE

fe TR HL 28k OCAR N & HEL AR JT R, L T
4 ER T B R BELTT AR R i =T N T A
TS [ 2 (R AR A1 ) L P 3 o A S 7
KT IR AL B 5 R AR S E NS
R A A it v 10 X 3l X e A P Oy A B2
W % 485 S R R 45 3 B 9 O R A T

B, =- a4 (1)
on

D, = h(-(lw - tf) (2)

D, = edoy (1) ~13) (3)

K, @, ARG I ; @, IR ; D, N
PR IG A SRR B R, O IR AR B
& NIRRT 0 R RIRBYHRST 5B A A
Flin AR F Ik m B 50 YRR s,
R AR FE LS se, TR EE 50, AR 1 R
MREE ¢, AR 2 YRR,
2.2 miEBEHFR

DL 7 P P A T O ST | R ST E N B i

SPAE, H AT A S N S DT R RE T R A Bl T

.
HELLETTRE
dp  pu)  (pv)  a(pw) _ 0 (4)
ot 0x dy 0z
AE 7 2
d(pK A
(’; ) 4 div(pVK) = div(gradKj +S, (5)
c,
BT
d 9
(pu) + div(puV) =- Py div(ugradu) + F,
ot 0x
(6)
d )
dCpv) + div(pvV) =- Py div(pugradv) + F,
ot Jdy
(7)
d d
(pw) + div(pwV) =- Py div(ugradw) + F
ot 0z
(8)

Ao MRS, V N RAE B s u v w H x .y .z
J7 1] (B B A3t s K ORI sp R IR R T s
TIREN SRR s, Ry P LEIAS 5 S, ARG PEFE I ;
F, F, F, Aghsspiar i) ORI,

3 MEHESSH

3.1 #EaRE

TP 1) dt P 2 R T S AR 25 4 o S B 2k
B BAE TFTEE ACERENIS RN XL
WU A 3 AR R, AR AR RS S 2 300 mm
(B5) %1 500 mm (%) x800 mm( 5&) , FRELE RH] 2
HARTTFLA 125 mmx 10 mm B9 TMY 4088 HE, 4> 3%
BRI AN 125 mmx8 mm ) TMY %6 I 4
HE, ARG I 2 Fis

FH T SEBR TR AR P R4S #4 55 kB 2, AR AR A 2
il AR A AR fh R A5 4 A 5T 2 A R AT IS 2
fAT A BT, WS BRoR FH A A6 fi Sk 2 64 iR 78 7
—Xof ph L [ IR G, A TR 2 ] ok — X Aol
— A AR R BR R4 A B2, — RSN & 3
No
3.2 SHIEE

SHGIF AU A LB A SESCR N &, &
BEER o3 SRR il Sk | Al R LA K 2 fik Sk 349 5K FH 4
WA WS RUAR AR FH B RN, FEER A 2 B4 | fi sk
ol e S R SRR =R o 7 v S e 1 p S <R E
HBHWE 1,



66 ML T OHLOBE BT R

540 % 11

A—BE2R % B—H S = C—Wi 6 48 &5 D—U R F;
| —F B 24 3B 2k 3—if fih Sk s 4—Ag 26 il
5—alifik ;6—H A KRE ; T— Wi 4% T2 ; 8—nl dilr i
KRR 5 9— fil Sk £ 5 10— R I B JRRAR 5 11—FRLSR
12— HEH T 56 3 13— R4 5 14— 7 L U LSl
E 2 KYN-28A-12(Z) 6 kV & EIF LML 2R
Fig.2 Structural diagram of KYN-28A-12(Z)
6 kV high-voltage switchgear

B3 JF AR =R A
Fig.3 3D model of high-voltage switchgear

F1 HRMESH

Tab.1  Physical parameters of materials
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Tab.2 Thermal resistance and heating power of parts
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Fig.5 3D temperature distribution of switchgear
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Fig.6 Temperature distribution in B-phase section

Vi(m/s)

1.9455
1.729 4
1.5132
1.2970
1.080 8
0.864 7
0.648 5
04323
02162
0.000 0

(b) THTHE G A

(b) T R 38 A2

V/(m/s)

Fig.7  Velocity field distribution

BRI NINININININI ORI R LI R NINI NI
SSEERISREEERASSNN68S

(a) LW — 4T R

7/°C

'

IR WWW A EENANUANODDII-J00

SOABDADLBEBRBRA SN NS

K6 B AHEMRE 20

1.943 1
1.7272
15113
12954
1.079 5
0.863 6
0.647 7
04318
02159
0.000 0

(a) TH— T 504

VI(m/s)
|I 1.988 5

1.767 5
11.546 6
1.3257
1.104 7
[0.883 8
0.662 8
0.4419
0.2209
0.000 0

K7 A

im FE it b 434

FE] A IFSCAR Y E LT IR A R A B 454 1Al 9

(c) TR =T ERE

(c) TH=FHEFH 546

Vi(m/s)

~1547
L1326
L1105
o84
L0663 i
0.442
mm_;“

0.000

& 8

1988 |
ﬁ;%8 W"'

TR AR

Fig.8 Velocity vector distribution

P o AT AR, | oy SCREER R o SOhE
LR AN L G AL | A B R A SR AT, e e
oK i 75 3HE AT il RE R v, DR 22 T R D IR AR 4

0.5 CHYbRIE, MG RDII T
[ [ —
— 1A
Ul
— 1(B)
il
19 - —
i f=
SAB.C
4 /4 |
(ABC) AT
U i T é I 1 -

K9 el s

Fig.9 Arrangement of optical fiber measuring points

BN ZE SR 5 S PO et 2 R ge 7
AR BE S L B0 W3R 3, e T = O B A O T
O, SEPRIs Ay A P R B A U Ak B e R E HL I
IBAT T Bl — | T SIS AR AR A 30 X L
Lo = ZRAU T B EE XS HEan &l 10 froi,



TR, 25k, 2. BRI SCHERE R 0 BEOF5E [ )], B TR EEHHE A, 2021,40(11) :64-71. 69

x3 (FESXINXILL

Tab.3 Comparison between simulation and measurement
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Fig.10  Temperature comparison diagram

13 3 il B2 X HUAR B0l & B, S B ik 2k 4k Ak
FEAS I bl B A vy, PT RE L4 B 2 45 4 B 0 A7 A
A DVFBURBIS , S B PR i — 2,
2000 A B ERFESFIIEE N 40 °C, 5 3CHR[ 17 ] 05
HEGRAT , i T SCHRAE 2 SR T RE AR A
S A i, JFG e R LB R il P 45 SR AR S
L,

e 3 TS LU TR S PR T B RN g SRR
R R, X e T ) S AN R RS
W, BT B X KT Z | IR S LA
T DIBUE R R PSR S I, S ECR AR PS AR A i
BELE A, T 5 o Sk B fih Sk 0 AR I 22 A — 7 LAY
PERT I BE R 22 AN K I3 ShSEBRIF oA A AHBFLR I
e X AL T BER D, S BRI R XE | B s < B (il
P A AR BEAS o 5 A 4 428 S b S B 19 422 fih FiL BHL
ATRER T RRAUE , 3o tHg A B Iy 23 B 3 5977 A — 7 i
22 AR TSP EL; B i T T AR (ol TR e) 38 <, 2%
il PEAFAERE AL il AN BB R] RE, (45 B AR T
5, BRI E S

5 it FXUZE X iR B 3% B 22 0id

26 LR HT RS AN, S JF AR AR T 3 150 A
PR HLIRE T 00 Faa A7, A P Il B s, A AR e imT
e, R BRAE I D B TR KL, 2R [R] ) i 11
WG, S AT AR Y TR BE S 1 o AR A L

ZMRMI 4 H W IT4 000 ARAE L I T e M TR
Y, OB R 180 FZY2-S, K& K
10 m®/min % £ 5l XBLEE A T XUGH R 2 SR 24
5 m/st ARSCAY I BN — 45 B RGE 2.5 m/s A
i BT XGE 5 m/s 100 T IR BE 7 EA TR, OF 5
HARXPREEART 0. 1 m/s BTG R TIREE X T,
FFE A 11 XU R 2 3 () R

ARSI H AE T AR 1 101 XGH B 3 1)
SEM AR AR EE R LSS 4 T AE TR T A0 =AM A
[0 AR BE X L, AT = AR Z R 22 76«5 C
W, AE TR, T — AR R T R
I R P AR A AT R AL B LA T el B Y B
AR, N TR0 T 12 AH 00 st Fr) 980 88 175 100 DA
4 FE 11 s,

PP 11 ]2, ke XUMLARE s 1 11 XU 3t 2 XA
DAY L 7 A A oA e Rk SR R R o 3R
FMAF WG S m/s B Z BRI 15 °C, BEAT A0
PR HL I IZ AT T AR PN IR kg 1) m) 5 e, 2R XL



70 BT HLfiE BT AR

H40E H 11

TEAE N AR, 45 I 5 R IR I S, e XU
2.5 m/sHF R AESE AR I B BRI AR
£4 AEFETH B ENSEE

Tab.4 Phase B temperature at different flow rates
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Fig.11 Phase B temperature at different flow rates
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Simulation of temperature flow field in high voltage switchgear

WANG Chen-xu', LI Yong-hua', PENG Zhi-min®
(1. School of Energy,Power and Mechanical Engineering, North China Electric Power University,
Baoding 071000, China; 2. Department of Energy and Power Engineering, Tsinghua University,
Beijing 100084 , China)

Abstract; As an important power control equipment in thermal power plant, high-voltage switchgear is especially
necessary for preventing abnormal temperature caused by faults of natural heat dissipation switchgear without fans.
In this paper, SpaceClaim is used to plot the 6 kV naturally heat-dissipating high-voltage switchgear model of a
power plant in Ningxia, the heat power as heat source under different working conditions is calculated according to
the approximate resistance value, and the Fluent finite element analysis module is introduced to simulate and ana-
lyze the temperature flow field of the switchgear. The result shows that the circuit temperature is the highest, fol-
lowed by the contact temperature. And the temperature of the upper cabinet device is about 10 degrees higher than
that of the lower cabinet. Compared with the monitoring data of the fiber Bragg grating temperature measurement
system installed in the power plant, the error of temperature field simulation is less than 10%. The analysis of tem-
perature flow field has practical significance. Finally, based on high current and high temperature conditions, to in-
stall axial fan to simulate the temperature field in switchgear under different inlet wind speeds is of great significance
to improve the temperature environment in switchgear.

Key words: high voltage switchgear; finite element analysis; fiber Bragg grating temperature measurement; tem-

perature flow field analysis



