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Finite Element Analysis for Drying Process of Ceramic Electric
Insulator Considering Heat and Moisture Transfer

Young Tag Keum, Jun Ho Jeong and Jun Han Kim
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Drying Process(?1%3 7)), Hygro-thermal Stress(%2-3-3), Deformed Shape(® 3 34

Abstract

Finite element analyses of the ceramic drying process are performed. The heat and moisture
movements in green ceramics caused by temperature gradient, moisture gradient, conduction, convection
and evaporation are considered. The finite element formulation for solving the temperature and moisture
distributions which not only change the volume but also induce the hygro-thermal stress is carried out.
In order to verify the formulation, the drying process of a ceramic electric insulator is simulated.
Temperature distribution, moisture distribution, and hygro-thermal stress are compared with those of
other researcher. Good agreements are achieved.
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Fig. 1 Schematic view of heat and moisture transfer
problem

T =T, on § 3)

kvTn+ijg+a(T—T,)

+(1-&a ,AW-W,)=0 on S,
4
W=W, on S5 5

KoVWn+ jmtkndvTnt+a,(W—W,)=0

on S, (6)
SIUSZ = dR )
s,Us, = R ®

oA7)M, T, = AA S, oA 4A8 L&, j & 4
AS,E 5% 4 592, W,k 2 s MAe

EE, j.u A4 s, 0Md &k F¥E kT €E
A T A4 (thermal conductivity), k,< SEHEY
S (moisture conductivity), n-& ZAAIHIA ] &
2 HE, ¢ v dfF @HEAF, o, WF
SEAGASF, & FREMASTS O FNE
AbAl4 2] B(ratio of the vapor diffusion coefficient
to the coefficient of the total diffusion of
moisture), AE 3 H(heat of phase change),
o= &3 FAF(thermo-diffusion), R & 9 R

o AAE e,
z71z0e o3 2k
T(x,00 = Tg(x) ®
W(x,00 = Wy(x) (10)

B a7 dolus ol A A R oA 9
ems} $EE e 2o

T=T, (11)
W= 0 (12)

A @ A @© BeA FYstd o
Zol 23 &+ AUtk

k,vTn+iz=0 on S, (13)

kovWn+ijn=0 on S, (14)
o 7] A,

j;:Aq(T—Ta)+As(W—Wa)+jq (15)
jx.n= AG(T_Ta) + Am(W_Wa)

16

. Ko . (16)
+]m_ kq Jq

A,=a, (17

A, =(1—8ayA (18)

A,=—%‘L (19)

q
An—a.— (1- &agkmdd 20)

kq

LE7 A exd =gdd Aavel &%
7b 48 Ei= 738k Aws d4de] A7HA
FAlo} FAe o] EAsHA €tk o W, A
3 A4 Fo W& Ex F5EE A9E 583
oz 13d 4 ¥ FEALEE MM A8
AE s go) Ade ang uT v
BENG E9]3tajof 3t} (Fig.2 #ZE)

i



d R FEHES 2T A A dxIFY FEas Y 39

Wetted Zone (R)

Fig. 2 Schematic view of heat and moisture

moving boundary problem
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Fig. 5 Side view of ceramic electric insulator
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Table 1 Material properties of a ceramic electric
™

insulator
Material property Value
Mass density (o) 2000 kg/m®
Heat capacity (C) 1.214E+6 J/m’C
Heat conduction (K1) 0.441 J/mCs

Heat-moisture diffusion (A") 0.37E-7kg/Cs

Moisture diffusion ( AM) 0.667E-7 m*/s
Moisture-heat conduction (K™) 0.18 Jm*/kgs
?onvective heat-transfer coefficient 20 W/me
aq)

Conv'ectlve moisture-transfer 5.0E-6 m/s
coefficient{ @m )

Thermo-gradient coefficient (8 ) 056 kg/m’C
Heat of phase change ( A ) 2.5E+6 J/kg

Ratio of the vapour diffusion
coefficient to the coefficient of the 0.3
total diffusion of moisture (&)

Thermal conductivity (kq ) 034 W/mT
Moisture conductivity (ke ) 24E-7m"/s
Elastic modulus (E) 0.69E+11 Pa
Hygro expansion (8 ) 0.4E-4m’/kg
Thermal expansion {(a) 03E-6 T

(a) 1 hour
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Fig. 8 Comparison of temperature distribution of ceramic eletric insulator between

Comini and present results after drying for
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Fig. 9 Comparison of moisture distribution of ceramic electric insulator between

Comini and present results after drying for
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Fig. 10 Comparison of principal stress distribution of ceramic electric insulator between Comini
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Fig. 11 Deformed shape of ceramic electric insulator after drying for



Q
g4 % FEHEE 1

Table 2 Maximum residual stress vatues (MN/m’)
after 5 hour drying associated with various
environmental drying conditions

Mois.

T 28% | 36% | 40% | 44% 48%
emp.

48T 122 157 175 192 209

54C 122 157 175 192 209

60°C 122 157 174 192 209

66°C 122 157 174 192 209

72°C 122 157 174 192 209

Table 3 Maximum shrinkage amounts (mm) associated

with various environmental moisture conditions

Mois.
Nock Nov

28% | 36% | 40% | 44% 48%

90 10155 | 0199 | 0222 | 0244 | 0.267
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