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Abstract – Fluoronitriles-CO2 gas mixtures are promising alternatives to SF6 in environmentally-
friendly gas-insulated transmission lines (GILs). Insulating gas heat transfer characteristics are of 
major significance for the current-carrying capacity design and operational state monitoring of GILs. 
In this paper, a three-dimensional calculation model was established for a GIL using the thermal-fluid 
coupled finite element method. The calculated results showed close agreement with experimentally 
measured data. The temperature distribution of a GIL filled with the Fluoronitriles-CO2 mixture was 
obtained and compared with those of GILs filled with CO2 and SF6. Furthermore, the effects of the 
mixture ratio of the component gases and the gas pressure on the temperature rise and current-carrying 
capacity of the GIL were analyzed. Results indicated that the heat transfer performance of the 
Fluoronitriles-CO2 gas mixture was better than that of CO2 but worse than that of SF6. When compared 
with SF6, use of the Fluoronitriles-CO2 gas mixture caused a reduction in the GIL’s current-carrying 
capacity. In addition, increasing the Fluoronitriles gas component ratio or increasing the pressure of 
the insulating gas mixture could improve the heat dissipation and current-carrying capacity of the GIL. 
These research results can be used to design environmentally-friendly GILs containing Fluoronitriles-
CO2 gas mixtures. 
 

Keywords: Gas-insulated transmission line, Fluoronitriles-CO2 gas mixture, Thermal field calculation, 
Current-carrying capacity. 

 
 
 

1. Introduction 
 
The gas insulated transmission line (GIL) offers several 

advantages, which include high transmission capacity, 
reduced land occupation, good environmental compatibility 
and high operational reliability, and is particularly suitable 
for use in complex geographical environments, including 
high altitude conditions with large drops. In general, the 
GIL provides an effective alternative means of power 
transmission [1, 2]. The current-carrying capacity of the 
GIL is limited by its maximum temperature rise [3]. 
Because of its good closure performance and finite volume, 
an obvious heating phenomenon will occur in a GIL. The 
associated temperature rise not only reduces the maximum 
current-carrying capacity of the conductor, but also affects 
the performance of the insulation material and reduces the 
service life of the equipment [3, 4]. 

In recent years, to solve the serious greenhouse effect 
problems caused by SF6, the 3M™ Company developed 

and commercialized a new fluoronitrile compound called 
3M™ Novec™ 4710 Insulating Gas. Alstom Grid (GE) 
also proposed a new type of insulating gas called G3™, 
which is a Fluoronitriles-CO2 mixture [5-7]. These changes 
in the type of gas will affect the heat dissipation properties 
of GILs; it is thus important to study the temperature 
distribution and the factors influencing the temperature 
rises in the GILs in which these new types of insulating 
gases are used. 

The temperature rise effect in GILs can be determined 
via experimental testing and numerical calculations. 
However, a GIL will be affected by its operating state and 
by various environmental factors in its actual operation 
process. Only a finite number of temperature detection 
points can be obtained during experimental testing; however, 
the state of the fluid during operation and the overall 
operational aspects of the GIL cannot be determined 
because of the nonlinear relationship between the physical 
parameters of the fluid and the temperature. A coupling 
analysis of the electromagnetic field, the thermal field and 
the fluid field performed using numerical calculation 
methods can be used to solve the nonlinear problem for the 
physical parameters of the fluid [8, 9]. Common numerical 
calculation methods used in this field include the 
analytical method and the finite element method. The 
analytical method is generally used for the approximate 
initial calculation of the steady state temperature rise, 
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which is solved using an iterative solution by establishing 
the heat balance relationship in the GIL. However, only the 
average temperatures of the conductor and the enclosure 
can be obtained in this way. The finite element method can 
be used to simulate the state of the fluid during operation 
of the GIL through coupling of the electromagnetic field 
with the thermal-fluid field and allows the overall 
temperature distribution of the GIL to be obtained. In [10], 
the heat transfer characteristics of GILs in different external 
environments with different placement angles and different 
surface emissivities were analyzed using analytical methods 
and testing. In [11-14], the finite element method was used 
to perform two-dimensional temperature rise simulations of 
GILs containing SF6, but mixed gases were not considered. 
The temperature rise of a second generation GIL using 
mixed SF6-N2 gas was simulated in [15] and the effects of 
the ratio of the component gases and the pressure on the 
temperature rise were analyzed. In [6] and [7], the heat 
transfer characteristics of Fluoronitriles-CO2 gas mixtures 
were investigated experimentally, and the experimental 
results showed that the addition of low-concentration 
Fluoronitriles gas produced results that were obviously 
different from those obtained using pure CO2. However, 
calculations of the temperature distribution of a GIL 
containing a Fluoronitriles-CO2 gas mixture and its effects 
on the current-carrying capacity of the GIL have rarely 
been studied. 

In this paper, the finite element method is used to 
simulate the temperature rise behavior of a vertically 
installed GIL containing mixed Fluoronitriles-CO2 gas; the 
temperature distribution of this GIL is obtained, and design 
factors related to the GIL’s temperature rise and its current-
carrying capacity are analyzed. The research results reported 
here can serve as a theoretical basis for the design and 
application of environmentally-friendly GILs. 

 
 

2. Simulation Model 
 
The simulation model is established on the basis of a 

simplified GIL that has been installed vertically. The 
solution domain includes the external air around the GIL, 

the insulating gas, the metal conductor and the metal 
enclosure. The geometric model is shown in Fig. 1. 

 
2.1. Electromagnetic field 

 
The heat losses related to the Joule effect in the 

conductor and the enclosure are obtained via calculation of 
the steady-state electromagnetic field. In this calculation, 
the influence of the displacement current is neglected and 
the vector magnetic potential A is used. When current 
flows in the GIL conductor, an eddy current is induced in 
the enclosure. Therefore, the Joule heating loss of the GIL 
consists of two parts and includes the current loss in the 
conductor and the eddy current loss in the enclosure. The 
governing equation is given as follows [13]: 
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where n is the reluctivity of the material, Js and Je represent 
the source current and the vector of the eddy current 
density, respectively, and e is the conductivity of the 
material. 

When the influence of the temperature on the material 
resistivity is considered, the Joule heat loss Qr per unit 
length in the conductor and the enclosure of the GIL can be 
expressed as follows. 

 
 2( )rQ ρ T J dS= ò   (2) 

 [ ]293.15 293.15( ) 1 ( 293.15)ρ T ρ α T= + -   (3) 
 

where r(T) is the resistivity of the material, J is the current 
density, r293.15 represents the resistivity of the material at 
293.15 K, a293.15 is the temperature coefficient of resistance 
at 293.15 K, and T is the thermodynamic temperature. 

In engineering applications, the GIL conductor is usually 
made from aluminum, while the enclosure is usually made 
from an aluminum alloy. The characteristics and the size 
parameters of the GIL conductor and enclosure used in this 
paper are shown in Table 1 below. 

 
2.2 Thermal-fluid coupled field 

 
The GIL is a coaxial cylindrical system. Thermal 

convection and radiation remove the Joule heat losses from 
the conductor to the enclosure [11]. In addition to its own 
Joule heat losses, the enclosure also accepts the heat from 
the conductor. This heat is transferred to the surrounding 
environment via radiation and natural convection when the 

 
Fig. 1. Geometric model of the GIL 

Table 1. Material and dimensional parameters of the GIL 

 External 
diameter (mm) 

Thickness 
(mm) 

ρ293.15 
(10-8Ω·m) 

α293.15 
(1/K) 

conductor 70 13 2.8 0.0039 
enclosure 260 5 3.5 0.0040 
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GIL is thermally stable. In the interior structure composed 
of the conductor and the enclosure, heat is mainly 
transmitted by thermal conduction. 

The calculation of the thermal field is based on the 
following assumptions. 

1) The effects of wind speed and solar radiation on the 
temperature rise of the GIL are neglected.  

2) The effects of small components on the thermal field, 
e.g., the pressure meter and the connecting bolts passing 
between the different parts of the enclosure, can be ignored.  

3) The upper and lower sides of the GIL unit are separated 
using basin insulators with gas chambers contained in other 
units. The main insulator material is epoxy resin, which 
has a thermal conductivity that is much lower than that 
of the metal components. During actual operation, the 
heat exchange between the gas chambers in the different 
units is low, and the heat from the conductor is mainly 
lost through the enclosure. Therefore, the basin insulator 
can be simplified in this model and the two sides of the 
cavity are assumed to be adiabatic with the other gas 
chambers. 

For the conjugate heat transfer problem, which is 
composed of linear combinations of various physical 
parameters, the multiple species transport model is used to 
solve for the fluid field using a single momentum 
conservation differential equation [14-16]. 
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In the formula, ci is the fluid density, thermal 

conductivity or dynamic viscosity of each component. Xi 
represents the mass fraction of each component. cm is the 
complete physical parameter that corresponds to ci, and n is 
the component fraction. 

Based on the assumption that each component gas is an 
ideal gas, the density, the thermal conductivity and the 
dynamic viscosity are all functions of temperature. The 
specific heat is a fixed value and the physical properties 
can be determined using the following methods. The 
relationship between the density, the pressure and the 
temperature satisfies the ideal gas equation [17] 
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The thermal conductivity (k) and the dynamic viscosity 

(m) satisfy Sutherland's law of viscosity. 
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where r0, k0 and m0 are the density, thermal conductivity 
and dynamic viscosity of the Fluoronitriles or the CO2 at 
room temperature. P is the gas pressure, and S is a fixed 
value related to the type of gas used at room temperature. 

Because of the vertical installation of the GIL, the gas 
density will have an uneven distribution in the case where 
a heat source is used to heat a closed chamber, so a 
compressible laminar flow model with low Maher number 
was chosen. The governing equations include the equations 
of mass, momentum and energy conservation, which are 
given as follows. 
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where u is the gas velocity vector, F is the volume force, g 
is the gravitational acceleration constant, and Q is the heat 
source, including the Joule heat losses in both the 
conductor and the enclosure. In addition, r, p, m, cp and k 
are the density, pressure, kinetic viscosity, specific heat at 
constant pressure and thermal conductivity of the mixed 
gas or the air. 

In this paper, the atmospheric temperature remains 
constant at infinity, and the temperature is not affected by 
the GIL. Therefore, the boundary temperature conforms to 
the first kind of boundary condition, which is given by 

 
 iT T=   (12) 

 
where Ti is the initial temperature of the environment. 

The convective heat transfer boundary conditions on the 
outer surface of the enclosure and the surface of the 
conductor are stated as follows: 

 

 ( )a e a
Tk h T T
n

¶
- = -

¶
  (13) 

 ( )b c g
Tk h T T
n

¶
- = -

¶
  (14) 

 
where Te is the enclosure temperature, Ta is the ambient 
temperature, and Tc and Tg are the conductor temperature 
and the temperature of the insulating gas, respectively. ha is 
the heat transfer coefficient between the enclosure and the 
air. hb is the heat transfer coefficient between the conductor 
and the insulating gas. 

The radiation heat transfer process at the interface 
between the outer surface of the enclosure and the air is 
set as a boundary condition, which can be expressed as 
follows: 
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where n is the length of the outer boundary surface in the 
normal direction, eeo is the outer surface emissivity, and s  
is the Stefan-Boltzmann constant. 

Similarly, only the radiation heat transfer process at the 
interface between the conductor and the Fluoronitriles-CO2 
gas mixture is considered, and its boundary condition is 
given as follows [15]. 
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where eei and ec0 are the emissivities of the inner surface 
of the enclosure and the outer surface of the conductor, 
respectively, and Dc0 and Dei are the outer diameter of the 
conductor and the inner diameter of the enclosure, 
respectively. 

 
2.3 Model verification 

 
The finite element numerical calculation process is 

performed as follows. First, the resistivity values of the 
conductor and the enclosure are calculated using the 
formula for the resistivity change with temperature, where 
the two material types are aluminum and aluminum alloy. 
Then, the Joule heat loss of the conductor and the 
enclosure under the rated current is calculated. The loss, 
which acts as a heat source, is coupled to the analysis of 
the fluid-temperature coupled field. The solution for the 
temperatures of the conductor and the enclosure is 
compared with the initial temperature. In this way, the GIL 
temperature distribution in the stable state can finally be 
obtained. 

It is assumed that the ambient temperature of the 
simulation is 293.15 K and that the load current is 2000 A. 
The GIL cavity is filled with the Fluoronitriles-CO2 gas 
mixture, where the gas mixture pressure is 0.3 MPa. The 
temperature distribution of the GIL in the steady state is 

shown in Fig. 2. The figure shows that the temperature 
distributions of the conductor and the enclosure all 
presented a specific gradient distribution state. The highest 
temperature was 353.8 K, which occurred at the top of the 
conductor, and the temperature difference between the top 
and the bottom of the conductor was 1.2 K. In addition, the 
temperature difference between the interior and exterior of 
the hollow conductor was approximately 0.3 K. 

To verify the proposed analytical model, a temperature 
rise experiment was performed. The temperature rise test 
platform of the GIL is as shown in Fig. 3. The test platform 
was mainly composed of a practical GIL pipeline, a 
HYDDN-200/10000A large current generator, a data 
acquisition system and a set number of temperature sensors. 
The large current generator has a rated input capacity of 
200 kVA with a rated input frequency of 50 Hz. The rated 
input voltage is 380 V. The rated input current is 500 A, 
while the rated output current is 10 kA. The cooling method 
used is dry self-cooling. The generator can run continuously 
for long periods at 100% rated voltage and current and can 
thus satisfy the requirements of the temperature rise 
experiment. The temperature information collected by the 
sensors are transmitted to the data management platform 
through the wireless transmitting device. And the sensors 
used in the temperature acquisition system is PT1000 with 
a precision of 0.1K. The sensors are arranged on the top, 
middle and bottom parts of the conductor, the enclosure, 
and in the gas environment, respectively. The location of 
the sensors in the gas environment are at the middle point 
between the conductor and the enclosure. To ensure good 
contact between the temperature sensors and test points, 
thermal conductive silica gel is coated on the contact 
surface. 

The experiment was performed indoors, thus allowing the 
effects of wind speed and solar radiation on the experimental 
results to be avoided. The temperature difference at room 
temperature was measured to be less than 0.4 K using a 
thermometer. The output current from the large current 
generator was adjusted until the number remained stable 
and the temperature distribution of the GIL was obtained 

 
Fig. 2. Temperature distribution of the AC GIL 

 
Fig. 3. Temperature rise test platform for the GIL 



Analysis on Temperature Distribution and Current-Carrying Capacity of GIL Filled with Fluoronitriles-CO2 Gas Mixture 

 2406 │ J Electr Eng Technol.2018; 13(6): 2402-2411 

after the temperature rise experiment was performed for 10 
h. The stability criterion used in the experiment was that 
the temperature change curves of each of the temperature 
measurement points must tend towards a plane, and the 
temperature change at each temperature measurement point 
in a 10 min period must be less than 0.1 K. To ensure the 
accuracy of the experiment, repeated measurements were 
carried out under various working conditions. The load 
current was varied by adjusting the output current from the 
large current generator. 

Both the simulations and the experiments were performed 
under a rated load condition of 2000 A. The temperature 
rise values of the conductor and the enclosure that were 
obtained from the finite element simulations and the 
temperature rise experiments are listed in Table 2. The 
results in Table 2 show that the temperature rises at the 
measurement points in the conductor, the enclosure and the 
gas obtained from the simulations match the experimental 
results well. Therefore, it can be concluded that the finite 
element simulation method used in this work is reliable. 
The model can also be used to calculate and analyze the 
temperature rise characteristics of a GIL operating under 
high pressure or with a high ratio gas mixture, which 
cannot be obtained easily via experiments. 

 
 

3. Results 
 
The finite element model was used to study the 

temperature distribution of the GIL when filled with the 
Fluoronitriles-CO2 gas mixture. To be as close to the actual 
operating conditions as possible, the GIL filled with the 
Fluoronitriles-CO2 mixture was set to operate at 2000 A 
(the rated load current) at a pressure of 0.7 MPa. The 
steady state distributions of the temperature and the gas 
flow velocity in GIL are shown in Fig. 4. In Fig. 4(a), the 
temperature distributions of the conductor and the 
enclosure both present specific gradient distributions. The 
highest temperature, which is 348.2 K, occurs at the top of 
the conductor. The temperature difference between the top 
and the bottom of the conductor is 1.4 K. The highest 
temperature of the enclosure, which is 309.9 K, also 
appears in the upper part. In addition, the temperature 
difference between the inner and outer surfaces of the 
enclosure is approximately 1 K. Comparison of the 
temperature distribution and the gas flow vector diagram 

shows that because of gravity, buoyancy effects and 
uneven heating of the gas, the GIL conductor, enclosure 
and gas all showed distribution characteristics in which the 
temperature in the upper part of each structure is higher 
than that in the lower part. This indicated that convection 
heat transfer played a dominant role in the heat transfer 
processes of the GIL and that the change of gas properties 
would affect the temperature distribution of the GIL 
directly. 

The temperature distributions of GILs that were filled 
with CO2, SF6 and the Fluoronitriles-CO2 mixture were 
simulated and compared. The temperature distributions of 
the GILs when filled with the three types of gas are shown 
in Fig. 5. The results in Fig. 5 show that the temperature 
rise of the conductor in the GIL that was filled with the 
Fluoronitriles-CO2 mixture was lower than that of the GIL 
filled with CO2 gas under the same conditions. The results 
showed that the addition of a small amount of the 
Fluoronitriles gas provided a specific improvement in the 
heat transfer performance of the GIL. This phenomenon is 
mainly caused by two important physical parameters of gas 
convection heat transfer: the dynamic viscosity and the 
constant pressure heat capacity. For these two gas types, 
the dynamic viscosity of the Fluoronitriles gas is smaller 
than that of CO2, and its constant pressure heat capacity is 
higher than that of CO2. The heat dissipation of the 
Fluoronitriles-CO2 gas mixture is lower than that of the SF6 
gas. The temperature differences between the conductors 
ranged from 7 K to 8 K when the GILs were filled with SF6 
and Fluoronitriles-CO2 mixture respectively. Temperature 
rise differences in this range can be compensated using 
typical measures, such as addition of cooling fins to the 
enclosure or addition of machined slots and holes to the 
conductor to improve the convection around the GIL’s 
charged parts [5]. With regard to the temperature rise of the 
enclosure, the differences among the three types of gases 
were relatively small. However, with regard to the 
selection of the alternative insulating gas for use in the GIL, 
it is necessary to ensure that the GIL operates at a suitable 
temperature. Using a process of comparison and analysis, 
we see that the gas substitution scheme that used the 
Fluoronitriles and a buffer gas has a thermodynamic 
foundation and shows particular application potential. 

Table 2. Temperature rise results from FEM and experiments 

Temperature 
rise(K) Method Top Middle Bottom 

Conductor FEM 
Experiment 

60.7 
61.5 

60.2 
61.1 

59.6 
59.9 

Gas FEM 
Experiment 

38.3 
37.4 

29.1 
28.5 

21.9 
23.6 

Enclosure FEM 
Experiment 

16.8 
17.9 

16.1 
15.7 

15.7 
14.8 

 
Fig. 4. Temperature and gas flow velocity distributions of 

the GIL under steady state conditions 
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Fig. 5. Temperature distributions of GILs filled with the 

Fluoronitriles-CO2 mixture, CO2, and SF6 
 

3.1 Effects of the proportions of the gas components 
 
Because the 4% Fluoronitriles-96% CO2 gas mixture 

shows obvious differences to pure CO2, it is necessary to 
analyze the effects of the proportions of gas components. 
In this section, the applied operating current is 2000 A 
and the pressure inside the GIL remains at 0.7 MPa. When 
the insulation property and liquefaction temperature are 
considered according to [20] and [21], 20%Fluoronitriles-
80%CO2 reaches the same dielectric performance with 
pure SF6 at 0.1MPa. And the 3.7 % Fluoronitriles - 96.3% 
CO2 mixture provides a good compromise and an 
appropriate substitute mixture for SF6 gas for high voltage 
apparatus under a low temperature. Therefore, the ratios of 
the Fluoronitriles contained in the Fluoronitriles-CO2 
mixtures are selected to be 0%, 4%, 8%, 12%, 16%, and 
20%, respectively. The temperature rises in the GIL 
conductors and enclosures are as shown in Fig. 6. 

The line graph shows that the temperature rise in the 
GIL decreases as the proportion of Fluoronitriles gas 
increases. When a small amount of the Fluoronitriles gas 
was mixed into the CO2, the temperature rise could be 
reduced significantly, but as the increase in the proportion 
of the Fluoronitriles gas increases, the downward trend of 
the demonstrated by the conductor slowed down slightly. 
However, the temperature rise in the enclosure was not 
obvious and it only increased slightly with increasing 
Fluoronitriles proportion. This occurs because when the 
current and the pressure are fixed, the temperature rise in 
the GIL enclosure is largely determined by the enclosure 
geometry and the initial temperature of the ambient air. 
Within a specified range, the effects of the proportions of 
the mixture are relatively small. 

 
3.2 Effects of gas pressure 

 
To choose the most appropriate gas pressure of 

Fluoronitriles-CO2 gas mixture, dielectric breakdown 
properties should be considered first. According to [20], in 
homogeneous and quasi-homogeneous field, equivalences 
to 0.55 MPa SF6 is obtained with 3.7% Fluoronitriles-

96.3% CO2 mixtures at 0.88 total pressure. Based on the 
reference and the SF6 equipment in actual, the total 
pressure of the 4% Fluoronitriles-96% CO2 mixture are 
selected ranging from 0.3 MPa to 0.9 MPa. The effects 
of the gas pressure on the temperature rise in the GIL 
conductor and enclosure are as shown in Fig. 7. The 
conductor current is under 2000 A, as well. And the 
simulation results showed that the temperature of the 
GIL conductor actually decreased with increasing pressure, 
while the enclosure temperature increased slightly. This 
occurs because when the gas pressure inside the GIL rises, 
the density of the gas also increases. Therefore, the heat 
capacity of the gas per unit volume increases, and the heat 
that is transferred by convection also increases. As a result, 
the temperature of the GIL conductor decreases while the 
temperature of the enclosure rises. However, the effects of 
pressure on the heat transfer processes of the gas are 
limited. With further increases in pressure, the increase in 
the gas heat transfer slows down. 

 
 

4. Analysis on Current-Carrying Capacity 
 
The heat transfer performance of the insulating gas will 

influence the design of the current-carrying capacity of the 
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Fig. 6. Relationship between the temperature rise of the 

GIL and the proportion of Fluoronitriles gas used 
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environmentally-friendly GIL. In this section, under the 
assumption that the ambient temperature is 293.15 K, the 
temperature rises in the GIL conductor under different 
load currents are as shown in Fig. 8. It is known from the 
simulation results that the temperature of the GIL increases 
in a nonlinear manner with increasing load current. 
Therefore, in the design and application of the GIL, the 
appropriate rated current must be selected first; otherwise 
the service life of the GIL will be seriously affected. 
According to [22], the maximum allowable temperature 
rise in the GIL conductor is 65 K. Therefore, this upper 
limit for the temperature rise was used to calculate the 
current-carrying capacities of the GILs with the three types 
of gases. The calculation results indicated that the current-
carrying capacity of the central conductor of the GIL that 
was filled with the Fluoronitriles-CO2 gas mixture was 
2223 A, while that capacity of the GIL filled with SF6 gas 
was 2408 A, and that of the GIL filled with CO2 gas was 
2155 A. It can thus be concluded that under the same 
structure and pressure conditions, when the new type of 
insulating gas is applies to the GIL, its current-carrying 
capacity is reduced to a certain extent when compared with 
SF6. To enable the design of an environment-friendly GIL, 
the current-carrying capacity must be optimized. 

When the temperature rise in the conductor reaches the 
upper limit of 65 K under the same external conditions, the 
relationship among the gas pressure, the ratio of the gas 
mixture components and the maximum current-carrying 
capacity of the conductor is as shown in Fig. 9. The chart 
shows that under the conditions where the liquefaction 
temperature and insulation strength of the gas are 
satisfactory, increasing the gas pressure and/or the mixing 
ratio of the Fluoronitriles in the gas mixture appropriately 
will enhance the current-carrying capacity of the GIL. 
Therefore, the chart can be used for reference in the design 
of GIL current-carrying capacity. 

There is a major difference between the AC GIL and the 
DC GIL in terms of the heat source. According to the 
principle of electromagnetic induction, in addition to the 
current in the conductor, an equal and opposite current 
must be induced in the enclosure by the source current. 

Therefore, the current in the conductor tends towards the 
skin, while the current in the enclosure tends inward 
towards the skin. Unlike the AC GIL, when the current 
passes through the internal conductor in the DC GIL, no 
skin effect occurs. Therefore, the equivalent resistance of 
the DC GIL decreases. In addition, no eddy current is 
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induced in the enclosure. As a result, the Joule heating loss 
in the DC GIL is concentrated on the central conductor. 

Based on the above analysis, a DC GIL model operating 
at 2000 A and filled with the Fluoronitriles-CO2 mixture at 
0.7 MPa was established. The steady state temperature 
distribution of this model is shown in Fig. 10. From this 
figure, it was observed that the temperature distribution 
over the entire area was a two-dimensional axisymmetric 
distribution, and both the conductor and the enclosure were 
shown to have gradient distributions. Under the same 
conditions, the temperature rises in both the conductor 
and the enclosure were lower than those of the AC GIL. 
Additionally, because eddy currents do not exist in the 
DC GIL enclosure, the conductor is the only heat source. 
Therefore, the temperature rise was relatively small. In the 
GIL filled with the Fluoronitriles-CO2 gas mixture, when 
the conductor reaches the highest temperature rise of 65 
K, its current-carrying capacity reaches 2405 A. When 
compared with the AC GIL, the current-carrying capacity 
of the DC GIL has improved significantly. The curve is 
shown in Fig. 11, which depicts the conductor temperature 
rise with changes in the load current in both the AC GIL 
and the DC GIL. 

 
 

5. Conclusion 
 
1) In the finite element calculations, the physical 

parameters of the mixed gas are obtained using the theory 
of multiple species transport. In addition, a compressible 
laminar flow model at low Mach number is used to 
improve the calculation accuracy and ensure that the flow 
and heat transfer behavior of the gas mixture are closer 
to the real conditions. The calculation model was verified 
experimentally, thus demonstrating the validity and 
reliability of the proposed method. 

2) The temperature distribution of the vertically installed 
GIL filled with the Fluoronitriles-CO2 mixture shows 
gradient distribution characteristics in which the temperature 
of the upper part is higher than that of the lower part. 
The heat transfer performance of the Fluoronitriles-CO2 
gas mixture is not as good as that of SF6 gas, but it is 
superior to that of CO2 gas. Addition of a small amount of 
Fluoronitriles improves the heat dissipation capacity of the 
insulating gas and shows good heat transfer performance. 
This provides the thermodynamic basis and potential for 
application of these GILs to high-capacity electricity 
transmission. The temperature rise of the GIL decreases as 
the component proportion of the Fluoronitriles gas in the 
mixture increases, and decreases with increasing insulating 
gas pressure. Under the premise that the GIL’s mechanical 
strength and insulation gas liquefaction temperature are 
appropriate, the temperature rise performance of the GIL 
can be improved by increasing the mixing ratio of the 
Fluoronitriles gas and/or increasing the gas pressure of the 
GIL. 

3) When compared with the GIL that is filled with SF6, 
the current-carrying capacity of the GIL will be reduced 
if the Fluoronitriles-CO2 mixture is used as a substitute 
insulating gas. Therefore, when designing the current-
carrying capacity of the GIL that is to be filled with the 
Fluoronitriles-CO2 gas mixture, the heat transfer perfor-
mance of this new type of insulating gas must also be 
considered. If the gas insulation performance and 
liquefaction temperature conditions are satisfied, increasing 
the gas pressure, increasing the Fluoronitriles ratio, and/or 
optimizing the GIL structure can improve its heat dissipation 
capacity. In addition, the DC GIL has a higher current 
capacity than the AC GIL when using the same structure 
and it offers a good solution for high-capacity energy 
transmission. 
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