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Abstract: The electro-thermal state of a busbar system of electrolysis cells for aluminum production
represents the main factor affecting hydromagnetic stability and current distribution. Based on the
busbar system of a 500 kA aluminum electrolytic cell, an overall busbar electro-thermal field coupling
calculation model was established based on ANSYS. The characteristics of busbar temperature, current
density, and voltage drop distribution were analyzed. In addition, the electro-thermal distribution of
the busbar system was simulated under different current intensities, ambient temperatures, and heat
transfer coefficients. The results show that the temperature distribution of the riser busbar and the
cathode busbar is higher in the middle location and tends to decrease along the two sides. Differences
in heat conduction and heat dissipation environment are the main factors affecting the distribution of
the busbar system’s electro-thermal field, while the Joule heat of the current is not the major factor.
Increasing the current intensity will increase the average temperature and average voltage drop of
the busbar. With an increase in the ambient temperature, the average busbar temperature increases
significantly, and the voltage drop of the busbar also increases. With an increase in heat transfer
coefficient, the average temperature and voltage drop of the busbar decreases.

Keywords: aluminum electrolytic cell; busbar system; electro-thermal field; numerical simulation

1. Introduction

Aluminum electrolysis is an industry with massive energy consumption. As the scale
of the aluminum electrolysis industry continues to expand, its energy consumption has
become increasingly prominent [1–3]. Increasing the current of the electrolytic cell series
can improve current efficiency, so the super-large-scale aluminum electrolytic cell with
high current intensity is becoming the development trend of electrolytic cell design and
development [4,5]. As a current conductor, the busbar runs long and has a very high
current intensity. The distribution of the electro-thermal field of the busbar system directly
affects the stability of electrolysis production and operating costs. On the one hand, the
high current intensity in the busbar makes the physical fields in the electrolytic cell more
complicated. On the other hand, the high current intensity increases heat generation
of the busbar and changes the voltage drop, directly affecting the direct-current power
consumption [6,7]. Therefore, accurately obtaining the electro-thermal field distribution
of the busbar system holds significance for guiding the development and optimization of
the busbar configuration of the super-large-scale aluminum electrolytic cell, as well as its
energy-saving and stable operation.

For a long time, the busbar design mainly started from the perspective of optimizing
the magnetic field distribution. By optimizing the busbar configuration, the disturbance
growth rate of melt fluctuations is reduced, and the stability of the electrolytic cell is
improved [8]. Most research focused on the influence of busbar configuration on the current
distribution [9], magnetic field distribution [10] and magnetohydrodynamic [11–13], as

Metals 2023, 13, 1361. https://doi.org/10.3390/met13081361 https://www.mdpi.com/journal/metals

https://doi.org/10.3390/met13081361
https://doi.org/10.3390/met13081361
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/metals
https://www.mdpi.com
https://orcid.org/0000-0002-5362-6678
https://doi.org/10.3390/met13081361
https://www.mdpi.com/journal/metals
https://www.mdpi.com/article/10.3390/met13081361?type=check_update&version=1


Metals 2023, 13, 1361 2 of 13

well as the distribution law of the electro-thermal fields of the whole cell [14–16]; however,
there are few studies on the electro-thermal state of the busbar system.

Whitfield et al. [17] analyzed the electro-thermal state of the busbar after increasing the
current intensity, and it is believed that the section area should be increased when the tem-
perature of the busbar rises. Schneider et al. [18] numerically simulated the electro-thermal
performance of busbars systems and found that busbar design has essential effects on the
reliability of these systems. Zhou et al. [19] simulated the electro-thermal characteristics
of the short-circuit busbar when it is in the electro-thermal equilibrium state. Qi et al. [20]
established an electro-thermal coupling model to simulate the electrical equilibrium state
of a single riser busbar. Necheporenko et al. [21] simulated the temperature distribution
of a busbar system and found high temperature spots that required correction to avoid
overheating. Ban et al. [22] performed calculations on thermoelectric busbar coupling and
achieved good busbar techno-economic parameters. Szulborski et al. [23] developed a
simulation model of physical–thermal phenomena occurring during the flow of current
through current circuits and analyzed the temperature distribution in busbars during rated
current flow. Garić et al. [24] simulated the steady-state heat transfer in and around rectan-
gular bus bars installed horizontally in an indoor environment, considering the effects of
horizontal transverse vibrations caused by electromagnetic forces.

However, the above studies are either based on the part of the busbar system or
ignore the influence of the thermal state of the external environment. Especially with
the development of the super-large-scale aluminum electrolytic cell, the current intensity
increases greatly, which is particularly important for the design of the electro-thermal field
of the busbar system. The influence of external conditions, such as ambient temperature and
convective heat transfer coefficient, on the electro-thermal distribution of busbar systems
has not been thoroughly studied. Thus, it is necessary to conduct a comprehensive and
accurate calculation and analysis of the electro-thermal field distribution of the overall
busbar system.

In this paper, the overall busbar system (excluding the anode busbar) in a 500 kA
super-large-scale aluminum electrolytic cell was selected as the research object. The electro-
thermal coupling calculation model of the busbar was established to simulate the electro-
thermal field distribution. The characteristics of the busbar’s current density, temperature,
and voltage drop at different positions were explored. The effects of current intensity,
ambient temperature, and surface heat transfer coefficient on the electro-thermal field
distribution of the busbar were analyzed.

2. Model Description
2.1. Physical Model

According to the design drawings of the 500 kA aluminum electrolytic cell busbar sys-
tem, the busbar system was established, including the cathode busbar, the riser busbar, and
the cathode soft belt. The calculation region was divided into hexahedral element through
sweeping, and the key areas were refined to make the calculation results of the model more
realistic. The computational mesh consists of 758,924 elements and 1,066,074 nodes. The
geometrical model is shown in Figure 1 and some typical key parameters are shown in
Table 1.

The cathode busbar configuration is shown in Figure 2. The number of the riser busbar
from left to right is 1 to 6. Riser busbar No. 1 is close to the duct end (DE), and riser busbar
No.6 is close to the tapping end (TE). The numbers of soft belts connected to each riser
busbar from left to right on the power inlet side are represented by a1, a2, a3, a4, a5, and a6,
and the numbers of soft belts connected to each riser busbar from left to right on the power
outlet side are represented by b1, b2, b3, b4, b5, and b6.
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Table 1. Typical key parameters of the busbar system.

Busbar System Cross-Sectional Area (m2) Length (m)

Riser busbar 0.250 2.750
Collector bar (exposed part) 0.030 0.540

Cathode busbar 0.195 6.130
Cathode soft belt 0.010 0.276

Cast busbar 0.028 2.935
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2.2. Governing Equation

The current flowing through the collector bar, cathode soft belt, cathode busbar, and
riser busbar can be calculated according to Kirchhoff’s law:

∑ U = ∑ I · R (1)

where U is the scalar voltage potential; I is the current; R is the resistance.
Electric conduction differential equation:

δx
∂2U
∂x2 + δy

∂2U
∂y2 + δz

∂2U
∂z2 = 0 (2)

where δx, δy, δz are the electrical conductivity in the X-axis, Y-axis and Z-axis, respectively.
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Thermal conduction differential equation:

∂

∂x

(
kx

∂T
∂x

)
+

∂

∂y

(
ky

∂T
∂y

)
+

∂

∂z

(
kz

∂T
∂z

)
+ qs = 0 (3)

where T is the temperature; kx, ky, kz are the thermal conductivity in the X-axis, Y-axis, and
Z-axis, respectively; qs is the volume power of heat sources in the busbar.

The heat exchange between the busbar and the surroundings can be calculated by
Newton’s cooling formula:

q = α(Tw − TA) (4)

where α is the convective heat transfer coefficient; TA is the temperature of the surrounding
air; Tw is the surface temperature of the busbar.

The thermal radiation between the busbar and the surroundings can be calculated
using the Stefan–Boltzmann law:

q = εσ
(

Tw
4 − T4

A

)
(5)

where σ is the Stefan–Boltzman constant, 5.667 × 10−8 W·m−2·K−4; ε is the emissivity of
the busbar, which is 0.3.

2.3. Boundary Conditions

(1) Electrical boundary condition

The top section of the riser busbar is selected as the reference potential, that is, the zero-
potential surface. The current through each collector bar is equally distributed according to
the total current. The contact resistance at the busbar connection is ignored.

(2) Thermal boundary condition

The top section of the riser busbar is set as an adiabatic surface. The surface temper-
ature of the collector bar and the ambient temperature around the busbars at different
positions are the measured value. The surface heat transfer coefficient of the busbar can be
expressed as [19]:

αwA = α + σε
(

Tw
4 − T4

A

)
/(Tw − TA) (6)

where αwA is the surface heat dissipation coefficient of the busbar.
The heat dissipation conditions of the busbar in different locations are different, and

the values of the convection heat transfer coefficient α are also different.
For the horizontal upward surface of the busbar:

α = 1.31 · k1 · (Tw − TA)
1/3 (7)

For the horizontal downward surface of the busbar:

α = 0.58 · k2 · (Tw − TA)
1/3 (8)

For the vertical surface (no occlusion on the side):

α = 1.31 · k3 · (Tw − TA)
1/3 (9)

For the vertical surface (with occlusion next to it):

α = 1.31 · k4 · (Tw − TA)
1/3 (10)

For the horizontal downward surface in contact with the supporting pier:

α = 1.31 · k5 · (Tw − TA)
(1/3) (11)
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For the contact surface of the cathode busbar and cathode soft belt:

α = 1.52 · k6 · (Tw − TA)
1/3 (12)

In Equations (7)–(12), k1, k2, k3, k4, k5, and k6 are the correction coefficients of the heat
transfer coefficient of various surfaces, which are obtained through repeated simulations
according to the measured temperature values. Firstly, assuming a heat transfer coefficient,
the temperature of the busbar can be simulated. The calculated results are then compared
with the measured results. According to the comparison results, the heat transfer coefficient
is modified and calculated repeatedly. Finally, the heat transfer coefficients can be obtained
when the difference between the calculated results and the measured results is within the
allowable range. The correction coefficients are shown in Table 2.

Table 2. Correction coefficients of the heat transfer coefficient.

Correction Coefficients k1 k2 k3 k4 k5 k6

Values 3.0 1.4 1.0 2.5 0.3 4.2

3. Results and Discussion
3.1. Mesh Independency Study

In total, four finite element meshes with different number of elements are used for the
mesh independence tests and the simulation results are shown in Table 3. The numbers of
finite elements are 512,786, 758,924, 1,199,094, and 1,654,458, respectively. The simulation
results show minimal changes in the temperature of the riser busbars and cast busbars
when the number of finite elements is larger than 758,924. This indicates that the mesh
used can meet the requirement of the calculation.

Table 3. Mesh independence verification.

Location

Temperature (◦C)

512,786
Elements

758,924
Elements

1,199,094
Elements

1,654,458
Elements

Riser busbar 1 92.1 90.9 90.4 90.3
Riser busbar 2 111.4 110.1 109.6 109.4
Riser busbar 3 116.5 115.5 115.2 115.0
Riser busbar 4 119.9 118.8 118.4 118.2
Riser busbar 5 104.0 103.1 102.8 102.7
Riser busbar 6 84.5 83.8 83.5 83.3
Cast busbars 1 139.8 138.5 138.1 137.9
Cast busbars 2 149.3 147.6 147.3 147.0
Cast busbars 3 152.1 150.2 149.8 149.6
Cast busbars 4 158.7 156.5 156.1 155.9
Cast busbars 5 145.2 143.0 142.6 142.3
Cast busbars 6 126.9 125.8 125.5 125.3

3.2. Model Validation

Figure 3 shows the temperature distribution of the busbar system. As can be seen
from Figure 3, the temperature distribution of the busbar system is higher in the middle
and gradually decreases along the direction of the tapping end and the direction of the
duct end from the middle. The average temperature of the No. 3 and No. 4 riser busbars
in the middle is the highest, and the temperature ranges between 108.1 ◦C and 126.1 ◦C,
which is basically in line with the actual situation of aluminum electrolysis production. In
order to verify the accuracy of our model, the temperature values of the riser busbars and
the cast busbars on side B were extracted by using ANSYS self-compiled program, and
the thermal field calculation results were compared with the measured data of a 500 kA
aluminum electrolytic cell, as shown in Tables 4 and 5.
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The measured value is tested by a surface thermocouple. The dust on the surface of
the measuring point of the busbar is removed before measurement, and then the surface
thermocouple is attached to the measuring position to obtain the measured temperature
value. For the riser busbar and cast busbar, the temperatures are measured at intervals of
30 cm. The measured data in Tables 4 and 5 are the average values of these measurements
of riser busbar and cast busbar.

By comparing the calculated and measured average temperature values of each riser
busbar in Table 4, it can be found that the average temperature of each riser busbar
is basically consistent with the actual situation. The error between the calculated and
measured values can be calculated as follows:

Eerror = (TM − Tcal)/TM (13)

where Eerror is error, TM is the measured value, and Tcal is the calculated value.
Through calculation, the errors are within 8%, which is within a reasonable range.

Numbers 1 to 6 in Table 5 represent the cast busbars on side B connected to the riser busbars
from No. 1 to No. 6, respectively. By comparing the calculated and measured average
temperatures of cast busbars on side B, it is found that their results are basically consistent
with an error of less than 6%. Therefore, the model established in this paper accurately
calculates the busbars’ temperature distribution.
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Table 4. Comparison of calculated and measured temperatures of the riser busbars.

Number Calculated Value (◦C) Measured Value (◦C) Error (%)

1 90.9 98.5 7.7
2 110.1 115.1 4.3
3 115.5 119.5 3.3
4 118.8 123.5 3.8
5 103.1 106.5 3.2
6 83.8 86.4 3.0
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Table 5. Comparison of calculated and measured temperatures of the cast busbars.

Number Calculated Value (◦C) Measured Value (◦C) Error (%)

1 138.5 133.5 2.8
2 147.6 140.4 5.1
3 150.2 142.0 2.4
4 156.5 153.5 3.9
5 143.0 138.2 3.5
6 125.8 121.0 4.0

Figure 4 shows the potential distribution of the busbar system. It can be seen that the
voltage drop of the entire busbar system is about 271.9 mV, which is close to the measured
busbar voltage drop of 287.6 mV, with an error of 2.3%. Our model is also proved accurate
in calculating the electric field distribution.
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3.3. Analysis of the Electro-Thermal Field of the Busbars System
3.3.1. Riser Busbar

The current density, voltage drop, and average temperature of the six riser busbars
are shown in Table 6. It can be seen that the current density of the six riser busbars differ,
among which the No. 6 riser busbar is the lowest with 0.296 A/mm2, and the No. 1 riser
busbar is the highest with 0.328 A/mm2. However, the average temperature of the No. 1
riser busbar is relatively low. Comparing No. 3, No. 5 and No. 6 riser busbars of the
same length, it is found that the voltage drop of the busbars with high current density is
obviously higher, but the temperature of the busbars does not meet this characteristic. In
the busbar system, the current density of the riser busbar is low, which shows that the
change in heat generated by the change in current density is not enough to change the
temperature value of the riser busbar significantly, but an increase in current density can
increase the voltage drop of the busbar.

Figure 5 shows the temperature distribution characteristics of the riser busbars. As
shown in Figure 5, the highest temperature points appear at the inner intersection of the
vertical busbar and the oblique busbar, except for the No. 4 riser busbar. The highest
temperature of the No. 4 riser busbar appears at the junction of the lower side. This is
because there are more cast busbars connected to the riser busbar here, and the current is
collected here with a large current density, which generates more Joule heat, resulting in
local high temperature.
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Table 6. Current density, voltage drop and average temperature of riser busbars.

Number of
Riser Busbar

Current Density
(A/mm2)

Voltage Drop
(mV)

Average
Temperature (◦C)

Length of Riser
Busbar (m)

1 0.328 75.1 90.9 3.94
2 0.324 84.4 110.1 4.19
3 0.311 80.6 115.5 4.10
4 0.326 80.0 118.8 3.83
5 0.327 85.0 103.1 4.10
6 0.296 70.2 83.8 4.10
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3.3.2. Cast Busbar

Table 7 shows the current density, voltage drop, and average temperature of the cast
busbar on side B. As can be seen from Table 7, the current density of the cast busbar is
generally large, about twice that of the riser bus. The average temperature of the cast
busbar with a higher current density is lower than that of the cast busbar with a lower
current density. This indicates that the main factors affecting the distribution of the electro-
thermal field of the busbar are caused by differences in heat conduction and heat dissipation
environment, while the Joule heat of the current is not the major factor.

Table 7. Current density, voltage drop and average temperature of cast busbar on side B.

Number of Riser
Busbar

Current Density
(A/mm2) Voltage Drop (mV) Average

Temperature (◦C)

1 0.652 200.4 138.5
2 0.582 149.6 148.9
3 0.561 150.2 150.2
4 0.546 153.4 156.5
5 0.588 144.4 143.0
6 0.621 146.5 125.8
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Figure 6 shows the temperature distribution cloud map of the cast busbars on side B.
It can be seen that the temperature of the cast busbar in contact with the cathode soft belt is
significantly higher than that of other uncontacted cast busbars. In actual production, it
can strengthen the heat dissipation of the end face of the cast busbar connected with the
cathode soft belt to reduce the temperature and the voltage drop. In addition, the contact
surface is not the place with the highest current density, and the conduction of heat from the
cathode soft belt is the main factor affecting the temperature distribution of the cast busbar.
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3.4. Effects of Parameters on Electrothermal Distribution of the Busbar

The analysis of the above simulation results shows that the distribution of the electro-
thermal field of the busbar is closely related to the current intensity, ambient temperature,
and surface heat transfer coefficient. In practice, the heat dissipation conditions of the
busbars located in different positions of the aluminum reduction cell are different, which
affects the current efficiency. In this paper, the change in electro-thermal state of the busbar
was investigated under different current intensities, ambient temperatures and surface heat
transfer coefficients.

3.4.1. Effect of Current Intensity

In order to understand the influence of current change on the distribution characteris-
tics of the busbar system’s electro-thermal field, currents of 490 kA, 510 kA, and 520 kA
were simulated. The average temperature and voltage drop changes are shown in Table 8.
It can be seen that the average temperature and voltage drop increase with the increase in
current intensity. Under the current intensities of 490 kA, 510 kA, and 520 kA, the average
temperature increases of the busbar system are −1.8%, +1.5%, and +3.1%, respectively, and
the voltage drop increases are −2.8%, +2.8%, and +5.7%, respectively.

Figure 7 shows the temperature changes of the busbars under different current intensi-
ties. As can be seen from Figure 7a, with the increase in current intensity, the temperature
rise of the riser busbar with high temperature is more evident than that of the riser busbar
with low temperature, which further increases the temperature difference between the
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riser busbars. The maximum temperature difference between riser busbars increases from
35.5 ◦C at 490 kA to 40.0 ◦C at 520 kA. As seen from Figure 7b, when the current increases,
the temperature rise of the cast busbars on side B is generally linear. Because the current
density of the cast busbar is larger than that of the riser busbar, the temperature variation
amplitude is not as sensitive as that of the riser busbar.

Table 8. Variation in average temperature and voltage drop of busbar with current intensity.

Current
Intensity (ka)

Busbar
Temperature (◦C)

Increase
Amplitude (%)

Busbar Voltage
Drop (mv)

Increase
Amplitude (%)

490 106.1 −1.8 264.9 −2.8
500 108.0 0 272.6 0
510 109.6 1.5 280.1 2.8
520 111.3 3.1 288.2 5.7

Metals 2023, 13, x FOR PEER REVIEW 10 of 14 
 

 

3.4.1. Effect of Current Intensity 
In order to understand the influence of current change on the distribution character-

istics of the busbar system’s electro-thermal field, currents of 490 kA, 510 kA, and 520 kA 
were simulated. The average temperature and voltage drop changes are shown in Table 
8. It can be seen that the average temperature and voltage drop increase with the increase 
in current intensity. Under the current intensities of 490 kA, 510 kA, and 520 kA, the av-
erage temperature increases of the busbar system are −1.8%, +1.5%, and +3.1%, respec-
tively, and the voltage drop increases are −2.8%, +2.8%, and +5.7%, respectively. 

Figure 7 shows the temperature changes of the busbars under different current in-
tensities. As can be seen from Figure 7a, with the increase in current intensity, the temper-
ature rise of the riser busbar with high temperature is more evident than that of the riser 
busbar with low temperature, which further increases the temperature difference between 
the riser busbars. The maximum temperature difference between riser busbars increases 
from 35.5 °C at 490 kA to 40.0 °C at 520 kA. As seen from Figure 7(b), when the current 
increases, the temperature rise of the cast busbars on side B is generally linear. Because 
the current density of the cast busbar is larger than that of the riser busbar, the tempera-
ture variation amplitude is not as sensitive as that of the riser busbar. 

Table 8. Variation in average temperature and voltage drop of busbar with current intensity. 

Current Intensity (ka) 
Busbar Temperature 

(°C) 
Increase Amplitude 

(%) 
Busbar Voltage Drop 

(mv) 
Increase Amplitude 

(%) 
490 106.1 −1.8 264.9 −2.8 
500 108.0 0 272.6 0 
510 109.6 1.5 280.1 2.8 
520 111.3 3.1 288.2 5.7 

 

  

Figure 7. Variation in busbar temperature with current at different locations: (a) riser busbar; (b) 
cast busbar on side B. 

3.4.2. The Effect of Ambient Temperature 
In order to investigate the influence of ambient temperature on the electro-thermal 

distribution of busbars, the electro-thermal field distribution of the busbars system under 
ambient temperatures of 30 °C, 50 °C, and 60 °C were simulated. When the ambient tem-
perature changes, the average busbar temperature, and voltage drop change as shown in 
Table 9. As can be seen from Table 9, the average temperature and voltage drop of the 
busbar system increase with an increase in the ambient temperature. Compared with the 

Figure 7. Variation in busbar temperature with current at different locations: (a) riser busbar; (b) cast
busbar on side B.

3.4.2. The Effect of Ambient Temperature

In order to investigate the influence of ambient temperature on the electro-thermal
distribution of busbars, the electro-thermal field distribution of the busbars system under
ambient temperatures of 30 ◦C, 50 ◦C, and 60 ◦C were simulated. When the ambient
temperature changes, the average busbar temperature, and voltage drop change as shown
in Table 9. As can be seen from Table 9, the average temperature and voltage drop of the
busbar system increase with an increase in the ambient temperature. Compared with the
electro-thermal field at an ambient temperature of 40 ◦C, it is found that under the ambient
temperatures of 30 ◦C, 50 ◦C and 60 ◦C, the average temperature change range is −9.4%,
+9.0%, and +17.9%, while the voltage drop change range is −2.9%, +2.8%, and +5.8%. The
change in temperature rise is more significant than that of voltage.

Figure 8 shows the change in average busbar temperature at different positions with
the ambient temperature. As seen from Figure 8, with the increase in ambient temperature,
the average temperature of the riser busbar and the cast busbar on side B shows a linear
increase trend. The change in average temperature of the cast busbar is smaller than that
of the riser busbar. When the ambient temperature increases by 10 ◦C, the cast busbar
temperature increases by 9.3 ◦C on average, while the riser busbar temperature increases
by 12.3 ◦C on average. Because the cast busbar has a higher temperature and a smaller
external area, it experiences less heat exchange with the surrounding environment, so its
temperature rise is smaller than that of the riser bus.
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Table 9. Variation in average temperature and voltage drop of busbar with ambient temperature.

Ambient Temperature
(◦C)

Busbar Temperature
(◦C)

Increase Amplitude
(%)

Busbar Voltage Drop
(mV)

Increase Amplitude
(%)

30 97.8 −9.4 264.6 −2.9
40 108.0 0 272.6 0
50 117.7 9.0 280.3 2.8
60 127.3 17.9 288.3 5.8

Metals 2023, 13, x FOR PEER REVIEW 11 of 14 
 

 

electro-thermal field at an ambient temperature of 40 °C, it is found that under the ambient 
temperatures of 30 °C, 50 °C and 60 °C, the average temperature change range is −9.4%, 
+9.0%, and +17.9%, while the voltage drop change range is −2.9%, +2.8%, and +5.8%. The 
change in temperature rise is more significant than that of voltage. 

Figure 8 shows the change in average busbar temperature at different positions with 
the ambient temperature. As seen from Figure 8, with the increase in ambient tempera-
ture, the average temperature of the riser busbar and the cast busbar on side B shows a 
linear increase trend. The change in average temperature of the cast busbar is smaller than 
that of the riser busbar. When the ambient temperature increases by 10 °C, the cast busbar 
temperature increases by 9.3 °C on average, while the riser busbar temperature increases 
by 12.3 °C on average. Because the cast busbar has a higher temperature and a smaller 
external area, it experiences less heat exchange with the surrounding environment, so its 
temperature rise is smaller than that of the riser bus. 

Table 9. Variation in average temperature and voltage drop of busbar with ambient temperature. 

Ambient Temperature 
(°C) 

Busbar Temperature 
(°C) 

Increase Amplitude 
(%) 

Busbar Voltage Drop 
(mV) 

Increase Amplitude 
(%) 

30 97.8 −9.4 264.6 −2.9 
40 108.0 0 272.6 0 
50 117.7 9.0 280.3 2.8 
60 127.3 17.9 288.3 5.8 

 

  

Figure 8. Variation in busbar temperature with ambient temperature at different locations: (a) riser 
busbar; (b) cast busbar on side B. 

3.4.3. The Influence of Heat Transfer Coefficient 
In order to study the influence of the heat transfer coefficient on the electro-thermal 

distribution, the heat transfer coefficient is reduced by 15%, increased by 15%, and in-
creased by 30% compared with the base condition. The electro-thermal field distribution 
of the busbar was simulated. The average temperature and voltage drop of the busbar 
system after changing the heat transfer coefficient are shown in Table 10. It can be seen 
from Table 10 that the average temperature and voltage drop of the busbar system de-
creases with an increase in surface heat transfer coefficient. When the heat transfer coeffi-
cient decreases by 15%, increases by 15%, and increases by 30%, the average temperature 
of the busbar system changes by −9.4%, −8.1%, and −12.7%, and the voltage drop changes 
by +3.9%, −3.4%, and −5.4%. The change in temperature rise is more significant than that 
of voltage. 

Figure 9 shows the change in the average temperature of the busbar at different po-
sitions with the heat transfer coefficient. It can be seen from Figure 9 (a) that with the 

Figure 8. Variation in busbar temperature with ambient temperature at different locations: (a) riser
busbar; (b) cast busbar on side B.

3.4.3. The Influence of Heat Transfer Coefficient

In order to study the influence of the heat transfer coefficient on the electro-thermal
distribution, the heat transfer coefficient is reduced by 15%, increased by 15%, and increased
by 30% compared with the base condition. The electro-thermal field distribution of the
busbar was simulated. The average temperature and voltage drop of the busbar system
after changing the heat transfer coefficient are shown in Table 10. It can be seen from
Table 10 that the average temperature and voltage drop of the busbar system decreases with
an increase in surface heat transfer coefficient. When the heat transfer coefficient decreases
by 15%, increases by 15%, and increases by 30%, the average temperature of the busbar
system changes by −9.4%, −8.1%, and −12.7%, and the voltage drop changes by +3.9%,
−3.4%, and −5.4%. The change in temperature rise is more significant than that of voltage.

Figure 9 shows the change in the average temperature of the busbar at different
positions with the heat transfer coefficient. It can be seen from Figure 9a that with the
increase in heat transfer coefficient, the decreasing trend of the average temperature of
the riser busbar is constantly slowing down. The higher temperature riser busbar is more
affected by the heat transfer coefficient. As seen from Figure 9b, when the heat transfer
coefficient increases, the average temperature of the cast busbar on side B decreases linearly.

Table 10. Variation in average temperature and voltage drop of busbar with heat transfer coefficient.

Heat Transfer
Coefficient (%)

Busbar Temperature
(◦C)

Increase Amplitude
(%)

Busbar Voltage Drop
(mV)

Increase Amplitude
(%)

−15% 118.1 +9.4 283.2 +3.9
Base condition 108.0 0 272.6 0

+15% 99.2 −8.1 263.3 −3.4
+30% 94.3 −12.7 257.9 −5.4
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4. Conclusions

In this study, an electro-thermal coupling calculation model for the busbar system of a
500 kA super-large aluminum electrolytic cell was established. The model’s accuracy was
validated by comparing the simulation results with the measured values.

The temperature distribution of the riser busbar and the cathode busbar is higher in
the central location, gradually decreasing from the center to both ends. Higher busbar
temperature usually occurs at the contact point with the cathode soft belt.

The difference in heat conduction from the collector bar and the heat dissipation envi-
ronment around the busbar is the main factor affecting the electro-thermal field distribution
of the busbar, and the Joule heat of the current is not the main factor.

Compared with the base condition, when the current intensity increases to 520 kA,
the changes in average temperature and voltage drop of the busbar system are +3.1% and
+5.7%, respectively. When the ambient average temperature increases to 60 ◦C, the changes
in average temperature and voltage drop of the busbar system are +17.9% and +5.8%,
respectively. When the heat transfer coefficient increases by 30%, the changes in average
temperature and voltage drop of the busbar system are −12.7% and −5.4%, respectively.
Moreover, the influence rules of each factor on the electro-thermal state of the busbars at
different positions are inconsistent.
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