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Basic Formulations for GIS HT model Basic Formulations for GIS HT model 

Boundary ConditionsBoundary Conditions

11. . T(S) = TT(S) = T00          Const Const   TemperatureTemperature
    T(S) = T    T(S) = T00 + k.S     Linear Temp. + k.S     Linear Temp.

22. . FFnn = - = -qqss              FluxFlux

              FFnn(+) - F(+) - Fnn(-) = -(-) = -qqss  

33. . FFnn = a(T - T = a(T - T00)  )  ConvectionConvection        
        a - film coefficient  
      T0 – temperature of contacting medium

4. FFnn = b.K = b.Ksbsb(T(T44 - T - T00
44) Radiation) Radiation

    Ksb - Stephan-Boltzmann constant;
      b - emissivity  coefficient  

Classical Heat Transfer EquationsClassical Heat Transfer Equations



Boundary conditions & domain characterization

Volume element Surface element

Point-Source element



Joule losses 
distribution at 
central conductor
1000 A

1920 W/m3

500 W/m3

Electric Field distribution in GIS compartment

100 kV AC

enclosure

2.3 MV/m

epoxy spacer

53 °C

31 °C

HV conductor current 1000 A

P SF6 = 0.6 MPa

Air 

Spacer 
deformation 
under SF6 
pressure

epoxy spacer

enclosure

Coupling Problems solution for SFCoupling Problems solution for SF66 GIS  GIS 170170 kV kV

Thermo-static field mapping in GIS compartment



SF6 GIS HT Model Parameters
1. SF6 Thermal Conductivity λg = 0.0136 W/m.K

2. Air Thermal Conductivity λa = 0.026 W/m.K

3. Epoxy Thermal Conductivity λe ∈ (0.3-0.6) W/m.K 

4. Aluminum Thermal Conductivity λal ∈ (140-220) W/m.K 

5. Copper Thermal Conductivity λcu = 380 W/m.K 
6. Convection Parameters:
6.1. Internal SF6 space:

       εk = 0.133(Gr.Pr)0.28 ∈ (1.2 - 6.0)

       103 < Gr.Pr < 106  (for SF6 GIS)
6.2. External Air space:

       ac ∈ (2-10) W/K.m2 ; T0 ∈ (20-25°C)
7. Radiation Parameters:

    equivalent emissivity coefficient: be ∈ (0.01 - 0.6) 



GIS Geometric Model examples  
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Geometric Models & results presentation



Thermal Field  mapping for BB model 1.2 m
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Thermal Field  mapping for BB model 2.3 m
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Including radiation

Enclosure overheating as a function of 
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Enclosure length

Tmax °C

50 kW/m3

100 kW/m3

Specific Joule loss in the damaged contact
R = 100 µΩ
I  = 1000 A
V = 1000 cm3

Enclosure temperature with no damaged contact

T0 (ambient) = 20°C

Enclosure overheating as a function of the BB length

Conductivity + convection Conductivity + convection+  radiation



Temperature
T (K)
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HT Transients for BB model

λg εk = 0.10

Conductivity + convection

Steady State distribution

Initial distribution
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