Temperature Rise Prediction of the Novel Fast Vacuum Circuit Breaker Bus
Bar Using a 2-D Coupled Model
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This paper presents a 2-D coupled mathematical model to analyze the temperature rise process of the bus bar of a novel fast vacuum
circuit breaker (FVCB). The model couples the electromagnetic, thermal and laminar flow field and takes the impacts of wind, load
current and environment temperature into consideration. The complex process of the above multi physical field is simulated, and
results for both the steady-state temperature distribution and transient response have been obtained and compared to those predicted
by IEC standards. Based on the presented model, the impacts of load current, ambient temperature and wind velocity on the
temperature of conductor and tank are analyzed. As a result of the study, an empirical formula to calculate the conductor temperature
is obtained to guide the first step of the FVCB design and performance evaluation.
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I. INTRODUCTION

ITH the rapid development of power system, the general

vacuum circuit breakers (VCB) or SFe breakers
sometimes fail to interrupt the high short circuit current
immediately. A 363kV/63kA novel faster vacuum circuit
breaker (FVCB) is put forward to interrupt the high current in
extremely short time. Its opening time is 5ms. It consists of six
VCB:s in series and six VCBs in parallel. SFgis adopted as the
external insulation. For the first step design of FVCB,
temperature rise is one of the key indexes of its reliability and
performance. Many researches have been carried out on the
numerical calculation of similar gas insualted swithgear such
as GIB, GIS and bus bar [1-3]. 2-D and 3-D coupled models
based on FEM were used to calculate the gas flow field. In
these papers, convective heat transfer coefficient and
external wind effects are hard to determine. In this paper,
we focus on the connector between each tank of the
FVCB. The aim of this paper is to develop a model for
the effective temperature prediction of the bus bar of
FVCB. The problem is described by an electric—-magnetic—
thermal-laminar coupled model and solved by the COMSOL
Multiphysics software.
The structure of the FCVB and the scheme of the bus bar are
shown in Fig.1.
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(a) Structure of FVCB
Fig.1 Structure of FVCB

(b) Scheme of the bus bar

I1.MODEL DESCRIPTION

According to the Maxwell’s equation, electromagnetic field
governing equation is as follow [4],

Vx(VWxA)-V-(W-A)=J, inQ (1)
V- (- ,woA-cV p)=0 in Q; (2)
Power loss is calculated by following equations,
J, =—jowcA+], (3)
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Where A is the magnetic vector potential, the v is the
reluctivity, o is electrical conductivity, Je is the source
current density, J:is the total current density, Q is the
power loss.

There are three heat transfer modes: heat conduct, convection
and radiation. These complex process are governed by a series
of equations.

pC,U-VT +V-(-kVT)=Q, )
V-p(u)=0 (6)

p(u-V)u=v-[pl +u(Vu+(Vu)T)—§u(Vu)|]+gAp
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Where p,kand u are, respectively the density, thermal

conductivity, and dynamic viscosity, uis the gas velocity,
p is the gas pressure, | is the identity matrix, gis the
gravity constant, F is the volume force, T is the
temperature. Qy is the volumetric heat source.

Surface radiation boundary of tank and conductor is

oT 4 T4
-k—| =eo(T"-T, 8
an - (T amb) ( )
Constant temperature condition is applied on the air
boundary

T |F :Tamb (9)



Where theT,,,, is the ambient temperature, o is the Stefan—

Boltzmann constant, ¢ is the emissivity.
The inlet and outlet boundary conditions of wind is stated
as

ul —Vyn (10)

inlet

p|out|et = Po (11)
Where vy and p, is the inlet initial velocity and outlet
static pressure respectively. nis the normal direction.

I11. SIMULATION RESULTS AND DISCUSSION

A. Steady temperature rise at rated current

The wind velocity is 0.2m/s and the applied current is 2kA.
Fig.2 shows the simulation results. The temperature of
conductor is 66.9°C. Compared with the method of reference
[4-5], temperature distribution of the tank is uneven because
of SFs gas flow. The temperature of tank top surface is 3.5°C
higher than the bottom surface. Moreover, the convection of
air and wind will cool the temperature distribution of the tank.
Convective heat transfer coefficient of the tank surface is not a
constant. It varies with the air flow.
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Fig.2 Temperature and velocity distribution at rated current

B. Transient temperature rise at short-cut current

The conductor power loss increases dramatically under high
short current. The applied short current is 31kA lasting for 4
seconds. Simulation is based on the steady temperature. Fig. 3
illustrates the transient temperature rise.
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Fig.3 Transient temperature rise.
The conductor temperature rises almost linearly while the
temperature of the tank remains stable during the short time. It
reaches 127°C at the end of the short cut. Material and
dimension of the bus bar should be well designed.

C. Effect of load current, wind, and ambient temperature

The external environment factors are significant because the
FVCB may operate under harsh environment. Based on the

presented model, the influences of load current, wind and
ambient temperature are analyzed. Fig. 4 shows the effect of
load current. With the increasing of load current, temperature
of the conductor and tank increase at different rate. The top
and bottom temperature difference of the tank is 3.3°C. The
effect of wind velocity and ambient temperature are also
studied. As the ambient temperature increases, both conductor
and tank temperature increase rapidly. Meanwhile, with the
increase of wind the conductor and tank temperature decrease
obviously. Their temperature will be saturated with wind
growing because the convective heat transfer coefficient of
tank surface will be saturated.
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Fig .4 Temperature change of conductor and tank with the load current

D. Temperature prediction of the FVCB s bus bar

Load current makes great contribution to the temperature of
conductor and tank. The ambient temperature and wind mainly
change the temperature of tank. But their impacts are limited.
Based on the simulation results, an empirical formula is
derived.

Teon =5.08I 2 1+12.96l + Ty, —4.34 (12)
Where T, (°C) is conductor temperature, | (kA) is the load
current, T,
results and the experiment results in reference [4] are a good
validation of this model and empirical formula.

(°C)is the ambient temperature. The simulation

IV. CONCLUSION

To design the FVCB accurately, an electromagnetic-thermal-
laminar coupled model has been performed to determine the
temperature distribution of the bus bar. In this approach, the
steady temperature rise at rated current and temperature rise at
short current were specified. Further, the effect of load current,
ambient temperature and wind velocity were investigated. The
temperature of tank and conductor were obtained under
different operation environment. Finally, an empirical formula
to calculate the conductor temperature was obtained. This
formula could predict the conductor steady temperature and
guide the design of FVCB.
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