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Study on detection and flow field effect of overheating gas derivatives in
household wire insulation

WU Xiao', YAO Ping’, ZHAO Wenbin'

(1. College of Electrical Engineering, Shanghai University of Electric Power, Shanghai 200090, China;
2. Jiangsu Shilin Electrical Equipment Co., Ltd., Zhenjiang 212200, China)

Abstract: In order to quickly detect the overheating defects of wire insulation materials by using the key parameters of gas
derivatives, the relationship curves between the concentration of gas derivatives and the temperature wire insulation
materials were obtained through experiments. A thermoelectric coupling simulation model was established to simulate the
effects of wire parameters, wire laying mode and ambient temperature on wire insulation temperature. A heat-flow coupling
simulation model was established to simulate the effects of overheating defect location, threading tube horizontal length, and
gas class on the sensor response time of escaped gas derivatives in the fluid field. The weight of influence degree was
determined by orthogonal test. The results show that CH,, C,H,, and CO are the main gases escaping from overheating

defects of PVC insulation material. The selection of wire parameters has the greatest influence on insulation material
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temperature. The type of detected gas has the greatest influence on the response time of sensors.
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Tab.1 Structure and size of model

45 A7 /mm JEJE /mm
BV2.5 s 1.784 —
BV2.5 KA LML) 3.384 0.800
BV4.0 #i5 2.257 —
BV4.0 RALGHELE 3.857 0.800
DNI16 PVC ZF £ % 16.000 1.200
DN20 PVC ZF 4% 20.000 1.400

(a)iE EHL B

(D)l
2 EARBLZERAR
Fig.2 Wire laying method in the pipe

[ (—

() BAE " FLRE (b)Y R F &
3 BEEEELATEE

Fig.3 Geometric diagram of conduit routing
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IEAEAE 5 AW Tk, 7 208 B TR Bt L 4%
BEW .

2250 PR BE A0 R 2 AR 1 2 R UE, KE
BE HL R 9 220 VL BLER Y 50 Hz, PRI AN 25 R 4R STk
Z0 I R AT A RN P AR B B IR, R S AR L FH
FAFECQ P, (S s .

0, =12R (5)
K I, N FAIE I L s R N S ARAS T R

RE B 1A% 308 32 22 TR 3 IOV L FAVER S 3
FE o AL B o 28 B A 0 7R AR I R R PVC 4t
GAL R ZW LIt P, K (6 s s AR B
SRR R B e B, in R CD A .

& =4t 6)
on

0.=al0,-0,)F. 7D
KO~ D o AL FHIE LA FARE4
RN s n NS LR E R A R R )
IR JE s O N RS AR 1 I s o X B R EL
0, N FARIZATIRLE ; 0,00 i 2= SO s PO BRAL K
P S AR B TAR
X TR B I T 38 T EE TR 8 A L)
GG, F A 3R TR 5 1 KR e B i
T AT B O 00 Gl B, 5 2 SR v MK 2 3 S Sk A D
CURN I FE TR 2 B, 5 3 O I It 46, 3 kA
ARG TR (8) ~ (10) AT 7P,

|, =T, (8)
oT
+ =
V| Tan=0 (9
oT
i | =e(T-T) (10)

r
K@®O~OH T RHEREZE K T, N EiRFE,
KA NS IR E, W (m-K);n il A EL
] 5 g, I, Wim? ;s o N PVC 46 4 3% S 44
52 SRR AR I R B Wi K) s TN RS N2
SR Ko

TEARE R o, W BRI E RIREE N



?g

WEEMRL 2024,57(2)

P A8 S H] AR A 2 0 AR AT AR AR I 5 R RS LT 5 115

Kl FAAE IR 929815 K W B R N 28
WRLAE, R E N0 W E PVC 42 N5 33K
WA B AR E N 298.15 Ko PVC 44
AR R PR O 10 W/(m™ K)o

PPz Bt

WS XE RS BN RS AR
B S R B E A O R R g 4k e e
J7 R = (LD FoR

% +u- Vu) =V {u[(Vu) + (Vu)T] -

p
(1D

2
VAN u)I} - Vp +pg

KADH :p R T s pu RN DR E ;g2 H
FIINEE FE 5 p(duldt+u-Vu) WA 7, Horb p(ou/ot)
A8 H I, pu-Vu XTI u[(Vo)H(Vu) T 1-2/3 (V-
w) R 77, WRRY B Vp N T30 s pg AR TR
7130,

AN TA] 52 i DR 3R 0] He, 28 44 5 38 s ) S i 2 5
WFFCE AT 2 53R, F R 1 i B FE N A3
) #4J5 , /£ COMSOL Multiphysics %% £ 7 i@ i 1% 5
H, 28 71 8 PR IR R AR 4 FL 2R R, SR R R A T
B BEE HLAR B R N PVC IR H SR B 4R
SHRIE s, AR AT

WA B30 R E R, BE A N
¥, AREFEENNER, KR SHGHEFE .

2 HERPH
2.1 SHMTEMRESE RS

2t 1.2.1 Fridikie 77 %8, PVC 4 0% SR &
AR TS ORI S, DA 1R 32 AR 73 A CHL
C,H,.CO, H A% #s S AR A K 5

25
—&—CH,
——C,H,
20 _._d?' ]

W

HE/(<10%)
5

Sﬂ_ﬁ’

0 — r : : . - .

30 40 50 60 70 80 90 100 110120
PVCEIH L/ C

Es5 &ESESPVCHREGEEXR

Fig.5 Relation between escaping gas and

PVC insulation temperature
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Fig.6 Temperature distribution of wires
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PVC insulation temperature
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Tab.3 Relationship between laying method and

PVC insulation temperature

TO KCPBEREYC EEBBURE/C  REEKE%
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8 70.93 75.24 573
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10 74.77 79.28 5.69
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Tab.4 Temperature correction coefficient of PVC insulation

PRI/ C FEIE R %L
10 0.8391
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20 0.9107
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Fig.10 The relationship between PVC insulation

temperature and gas velocity
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Fig.11 Relationship between the type of

escaping gas and gas velocity
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