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A Study on Heat Transfer of an Underground
Power Transmission Cable-Joint.
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Abstract

Recently, underground transmission system is growing continuously according to the electric
power demand increase in the downtown area. Even if domestic cable makers are manufacturing
154kV oil filled cable and joint, the design technology of cable-joint has not been fully self-
reliance. This study is aimed at the detail heat transfer analysis of 154kV cable-joint. So, that is
cut into the five sections in order to analyze a conjugate natural convection in two dimensional
r-8 coordinate. The streamline and temperature distributions are obtained for each sections. Also
the changes of those are analyzed with respect to the variation of transmission currents and
cable-joint surface heat transfer coefficients. The same analyses are also shown in view point of
the maximum temperature of conductor and local equivalent conductivity.

e Y concentric cylinders
C . Electric capacity(gF/m) Nutcons . Nusselt number for convection between
Cp - Specific heat(J/kgC) concentric cylinders
D . Diameter of cylinder(m) P : Pressure(N/m?)
E - Maximum Voltage between cables(kV) o . Heat generation rate in the conductor(W/
f . Frequency(Hz) m)
g . Acceleration due to gravity(m/s?) qz . Heat generation rate in the insulation
h . Heat transfer coefficient(W/m?<C) paper(W/m)
I . Current(A) . Heat flux per volume(W/m?)
k . Thermal conductivity(W/mC) ¥ - Radial distance(mm)
keq . Local equivalent thermal conductivity ” : Radius of internal insulation oil(mm)
) : Number of core 72 : Radius of conductor(mm)

Niutcone . Nusselt number for conduction between
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: Radius of insulation paper(mm)
: Radius of external insulation oil(mm)

: Radius of flange insulation(mm)
- Radiug of cahle jacket(mm)
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: Gab width of annulus(mm)

. Electric resistance(Q)

. Temperature(C)

. Time(Sec)

. Dielectric tangent

. Circumferential velocity(m/s)

: Radial velocity(m/s), Voltage(kV)
: Axial coordinate

- Source term
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Table 1 Dimension of 154 kV cable-joint section(Unit : mm)

Section Section Section Section Section
A B C D E
g} 7 7 7 7 7
I; 23 23 29 23 23
I3 36.3 54.5 73 45 73
Iy 77.1 77.1 771 77.1 77.1
Irs - - 125 - -
Te 84 84 139 84 84
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Thermal
capacity
kJ/m® -
3430
1913
2125
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Thermal
conductivity
(W/m - )
386
0.1818
0.790
0.1660

ey, A, o)Al

Table 2 Properties of cable materials(5)
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Fig. 3 Streamlines(left) and isotherms(right) for V=
154kV, I=1600A and h=11 W/m?C of sec. A
Tmax : 43.8°C, Tiin : 11. 6°C, Temperature : 43 (2)
13 [C], @max : —4.37x 1073 kg/m-+s, Streamlines:
~[4.0(0.5)0.5] x 10-3,+(0.03, 0.01) x 10-3[kg/m-s]

Sz qlstel 2 LRl deldE 8¥A9 4
A HeE oy YR HAFFoAAE HF
GALEHOE shed FEE ARBAFE AF
o] g shrkelel A b ¥tk ¥
oA sl el dE F50] vlokele] LE
7} A9l 43¢l d A& (Thermal Stratification) 8
2

277k sba 2w, ole WalFke W - o4

E f%ol f=x/3rad F-ZolA s 2o Ao
e yebdo, f=gx/6radeld Sz els} ok
dojx ol ol& Wl f=rp/6rad. FLolA £
of HFoz A5Tozy FAZoE Y Ho

- olwd Fprolol 4]

T
o
s
=
H
s
o £

5

& ol 4 £@H $7

FYeold BE T8 AFYFEES A o

og sl AAFeld FA
2

Fig. 3ol o} Wi W &4 VE =434 Fig. 5
(a) = (b)ye} 2ok £ 5= g=0radels]

N dHge Fi AT 271

8.0x10-4

o = /6

rad /

w3 rad. a
g i

)

4.0x10°¢

O Ly —

Q
@
0]
AN
c 0.0 kA

D -q.0x10°¢ |

_8.0x10~4 L 1 L
0 20 40 60 80 100

L)
Fig. 4 Circumferential velocity distribution for V=
154kV, 1=1600A and h=11 W/m?3°C of sec. A

-4.0x10-4 | ‘ . . .
0 20 40 60 80 100
e L oram)
(a) Overall radial velocity
8.0x10°3
i 2
4.0x10°5 L =
i" 5.
| S

-4.0x10"5

-8,0x10°5 | : : ' :
0 20 40 60 80 100

r Crmm)
(b) Detail radial velocity (2 ~@)

Fig. 5 Radial velocity distribution of V=154kV, I=
TennA 1h=11 W/'m2C of sec. A



272 utab g,
45
0 = 0.0 rad,
40 ; 6 r~ad.
H rad.
rad.
3 rad.
rad.,
[/ﬁ 30 rad.
)
< 25
20
15 \
10 i 1 1
0 20 40 60 80 100
r Cmm)
Fig. 6 Temperature distribution for V=154kV, I=

1600A and h=11 W/m?C of sec. A

o7 f=2x/3rad.olX &9

ol 7tdd fA7} g=0rad

f=2x/3rad. 2o Wz Fast 2 Ewol
Fez ARIE AL vl d=5x/6rad.

ol A ® skt ofRrl Avle el

<ol A& tha s, 4

Z o,
u} 7 uh ko)
o]

2y

oz 7}
ol A 3}

ol
H

ot

Hdo
ooz
A2 ofy

b

2

]

gl

r

L
5w Zo® A Ak

Fig. 3148 L2228 wogu
shed Fig. 63 ek, wA olds 2x4ze
AEA4st 2m2 A R FAA P2l
A Axzol A4 Ae AdHez Lxi} %
onl, SLz el gol W Lxzbelel )
Astedeh, aeln d¥BARS el
slerels d4FHabel vehdd A4¥
A LELLE Asuw w2

h=

N
ot T ok

)

2 e o

2 He R
oorr 2 o © o 3 rir w2

7hed =

z2 =4
+EE 354
7\1_
3

o
oo 32 AL
2

2
il
Bl
[e]
2

Fig. 7 Streamlines(left) and isotherms(right) for V=
154kV, I=400A and h=11 W/m?’C of sec. B
Tmax :13.8°C, Tmin:10.2°C, Temperature : 13. 5
0.5)10.5 ['C], Omax: —0.96 <102 kg/m-s,
Streamlines : — (0.9, 0.6, 0.3)x10~%
+(0.002, 0.001) x10-3[kg/m-s]

Fig. 7 Streamlines(left) and isotherms(right) for V=
154kV, I=1600A and h=11 W/m2C of sec. B
Tmax : 54.6°C, Tmin: 12.5°C, Temperature : 53(2)
13[C], @Pmax: —2.2%X10"% kg/m-s,
Streamlines : —[2.1(0.3)0.3] x10-3
+(0.002, 0.001)x10-3[kg/m-+s]
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Fig. 9 Streamlines(left) and isotherms(right) for V=
154kV, I=1200A and h=15 W/m?2°C of sec. A
Tax : 28.5°C, Tmin : 10. 6°C, Temperature : 28(1)
11[°C], @max: —3.65X%1073 kg/m-s,
Streamlines : —[3.5(0.5)0.5]x10-3,
+(0.02, 0.01)x10-% [kg/m-s]

Fig. 9 Streamlines(left) and isotherms (right) for V=
154kV, I=1200A and h=15 W/m2°C of sec. B
Tmax : 33.7°C, Tmin : 10.9°C, Temperature : 33(1)
11 [)C], Pmax: —1.62Xx10"3 kg/m-s,
Streamlines : —[1.5(0.3)0.3]x10-3,
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