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Abstract

Batteries are regarded as a uniform heat source in traditional thermal management system
design. Inconsistencies in electrochemical reactions across time and space are often ignored,
which leads to an unreasonable battery thermal management system. This paper establishes
a 2D electro-thermal fully coupled model based on the Kim model and NTGK model for a
high-capacity blade battery. Based on the experimental results, the accuracy of the model
was verified by examining terminal voltage, average battery temperature, and temperature
distribution. The distribution characteristics of physical fields within the battery were
analyzed using the electro-thermal model. The results indicated that the distribution of
electrochemical reaction rates inside the battery shows a clear boundary between the near-
tab area and the middle positions. In the initial stage of discharge, the electrochemical
reaction rates were higher around the tabs. However, the electrochemical reaction rates
were higher around the middle positions at the end stage of discharge. Thus, we proposed
two schemes, a three-zone model and a five-zone model for 3D thermal analysis, according
to the distribution characteristics of the physical fields. We found that the difference in
the prediction accuracy of temperature distribution between the two schemes was small.
Therefore, we recommended the three-zone scheme for 3D thermal analysis, considering
the complexity of the operation. These conclusions could provide a reference for a refined
thermal management system design of large-sized blade batteries.

Keywords: blade battery; multi-physical fully coupled model; non-uniform electro-thermal
characteristics; multi-zone model

1. Introduction
The construction of a new power system dominated by new energy sources is a crucial

pathway to achieving the goals of carbon peaking and carbon neutrality. However, green
renewable energy sources, represented by wind and solar power, are inherently intermittent
and volatile, posing significant challenges to the stable operation of power systems [1,2].
Novel energy storage technologies, which can enhance both the efficiency and reliability
of power output from new energy sources, serve as critical pillars supporting new power
systems [3–5]. In recent years, novel energy storage technologies, particularly those based
on batteries, have experienced rapid development. Projections indicate that the installed
capacity of battery energy storage systems (BESSs) reached 265 GWh in 2025 in China [6].

As the core component of BESSs, battery performance directly affects the safety, effi-
ciency and reliability of the entire system. An efficient and reliable thermal management
system is essential to ensure the continuous and safe operation of BESSs. However, conven-
tional thermal management designs typically treat batteries as uniform heat-generating
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bodies with constant heat sources. This approach fails to account for the inconsistency
of electrochemical reaction distributions across different time and spatial locations, lead-
ing to unreasonable system design. Consequently, such mismatches can degrade battery
cycle life over extended operation periods [7]. BYD Energy Storage employs its unique
large-sized, high-capacity blade battery as an energy storage unit, achieving a good balance
between cost and energy density. Nevertheless, large-format energy storage batteries ex-
hibit more pronounced inconsistencies in their electrochemical distributions compared with
small-sized batteries. Liu et al. [8] investigated the non-uniform distribution of a pouch
battery. They found that the maximum non-uniformity of temperature distribution during
1C discharge could reach 0.8. Lin et al. [9] created a 3D electrochemical–thermal model
to understand the non-uniform thermal characteristics of pouch cells. The temperature
gradient distribution showed a deviation of 64.0/62.1% at 5 ◦C discharge. Such hetero-
geneity inevitably leads to inconsistencies in both thermal and aging patterns, ultimately
compromising the operational lifespan of the BESS [10].

Traditional design methods are insufficient to meet the refined thermal design require-
ments of large-sized blade batteries, and the temperature consistency of blade batteries
needs to be further improved.

Zhang et al. [11] established a 1D-3D electro-thermal coupling model for a 280 Ah
energy storage battery to analyze the temperature distribution of a single battery under
natural heat dissipation conditions. However, in this approach, the coupling between the
1D electrochemical model and the 3D thermal model relies solely on the average tempera-
ture and average heat generation rate, which fails to capture the spatial heterogeneity of
electrochemical reactions. In order to obtain the physical field distribution information
inside the battery, Mei et al. [12] employed a fully coupled 3D electrochemical–thermal
model to simulate the spatial evolution process of the electrochemical reaction inside a
18.5 Ah prismatic battery. Their results revealed that the potential gradient and tempera-
ture gradient near the tab area were large, and the electrochemical reaction had obvious
uneven distribution on the current collector surface. Similarly, Lin et al. [13] established a
3D-3D electrochemical–thermal coupling model for a 280 Ah large-sized energy storage
battery and analyzed the variations in potential, heat generation rate and current density
on the current collector under different depths of discharge. The results showed significant
temporal and spatial inconsistency in the electrochemical reaction. Nevertheless, the fully
3D coupling model is not suitable for engineering due to its large number of parameters,
the difficulty in obtaining them, and the high computational cost associated with solving
numerous partial differential equations. To address these limitations, Ding et al. [14] es-
tablished a 2D-2D electrical–thermal coupling model for a prismatic battery, where the
electrical model was described by the NTGK model. By calculating the Poisson distribu-
tion of the potential of the collector, the distribution of the transfer current was obtained,
followed by the distribution trend of the heat generation rate and temperature on the cell
surface. However, this model does not account for the inconsistency in depth of discharge
caused by non-uniform current distribution; therefore, the model cannot characterize the
effects of collector conductance on the physical field distribution and is not suitable for
large blade batteries. The 2D coupling model requires fewer parameters and involves
less computation, making it more suitable for engineering applications. Moreover, the
geometry of the blade battery is characterized by an extremely small thickness (27 mm)
compared to its length (960 mm) and height (122 mm). The nominal current of a BYD blade
battery is only 0.5C, which means the heat generation rate is relatively small. Therefore,
the temperature gradient in the thickness direction is insignificant. The research emphasis
of this work is specifically placed on resolving the in-plane spatial non-uniformity of the
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physical fields. Therefore, the model can be reasonably reduced to a 2D representation in
this paper.

In summary, the traditional design methods of a thermal management system of BESSs
consider the single battery a heating body with a uniform distribution of reaction rate
in time and space and thus cannot meet the fine thermal management requirements of
large-sized and high-capacity blade batteries. Furthermore, we also note that although the
full 3D electrochemical–thermal coupled model can analyze the inconsistent distribution
of chemical reaction rates in the battery, it requires numerous parameters and significant
computing resources, which is not suitable for engineering calculations. To address this,
this paper establishes a two-dimensional fully coupled electrochemical–thermal model
for large-sized blade batteries. The accuracy of the model is verified by experimental
results, and it offers significant advantages, including fewer model parameters and lower
computational resource consumption. Using this model, the temporal and spatial non-
uniformity of the electrochemical reaction rate in high-capacity blade batteries is analyzed.
Based on the analysis of battery heat generation characteristics, the battery is segmented to
facilitate a three-dimensional thermal analysis at the battery module level.

2. Electro-Thermal Coupling Model for Blade Battery
The battery studied in this paper is a blade battery produced by BYD Automotive In-

dustry Co., Ltd. (Shenzhen, China), with a nominal capacity of 400 Ah, as shown in Figure 1.
The length, height, and thickness of the blade battery are 960 mm, 122 mm, and 27 mm,
respectively. Since the thickness direction of the battery (27 mm) is significantly smaller
than its length (960 mm) and height (122 mm), the temperature and potential gradients
along the thickness direction can be neglected. Therefore, the battery can be simplified to a
two-dimensional model that only considers the heat transfer and electrochemical behavior
in the plane defined by the length and height. This simplification substantially reduces
computational cost without appreciably sacrificing accuracy.

Figure 1. A scheme of the blade battery.

2.1. Electrical Model

The interior of the blade battery is formed by stacking multiple cells, and each cell
consists of a negative current collector, a negative active material, a separator, a positive
active material and a positive current collector, as shown in Figure 2. The positive and
negative current collectors are parallel to each other. During battery operation, there are
two kinds of currents: (1) the transfer current J formed by the migration of lithium ions
driven by the potential difference at the corresponding position between the electrodes;
(2) the surface current i driven by the potential difference of the electrodes themselves.
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Figure 2. Schematic diagram of current between electrodes during discharge.

The degree of ion migration in the cell and the degree of electron migration in the
electrode are conserved, described by the following formula:

∇ip =
J

δp
(1)

∇in = − J
δn

(2)

where ip and in are the surface current density of the positive and negative electrodes,
respectively, described by Ohm’s law as follows:

ip = −σp∇Up (3)

in = −σn∇Un (4)

where Up and Un are the positive and negative potentials, respectively; σp and σn are the
equivalent conductance of collector, respectively. Substituting Equations (3) and (4) into
Equations (1) and (2), we obtain the following:

σp∆Up = − J
δp

(5)

σn∆Un =
J

δn
(6)

In the above Poisson equation, the boundary condition for the positive pole is as follows:

∂Up

∂n
= 0 on Γp1 (7)

1
rp

∂Up

∂n
=

Iapp

L
on Γp2 (8)

Equation (7) is used for other boundaries except the tab, and Equation (8) is used for
the boundary condition where the tab is connected to the external circuit. The voltage
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boundary condition at the tab is set to the Dirichlet boundary, Vp = VL. The boundary
conditions for the negative electrode are as follows:

∂Un

∂n
= 0 on Γn1 (9)

Un = 0 on Γn2 (10)

Equation (9) is used for other boundaries except the tab, and Equation (10) is used for
the boundary condition where the tab is connected to the external circuit.

The transfer current density J in Equations (5) and (6) can be described by the NTGK
model as a function of the potential difference between the positive and negative electrodes
according to the following equation:

J = Yec ×
(
Up − Un − Uocv

)
(11)

In the above formula, Yec is the conductance density, and Uocv is the open-circuit
voltage of the cell. Yec can be described as a function of depth of discharge (DOD) and
temperature, while Uocv is not significantly affected by temperature and can be described
as a function of depth of discharge as follows:

Yec =
n

∑
i=0

αi(DOD)i × CT (12)

CT = exp[C(
1
T
− 1

Tre f
)] (13)

Uocv =
n

∑
i=0

βi(DOD)i (14)

By solving the above equation, the temporal and spatial variation in the transfer
current density J on the electrode can be obtained. The inconsistency of current density
will affect the distribution of the DOD of the battery, followed by the distribution of the
conductivity density and open-circuit voltage of the battery. Therefore, the electrical model
needs to calculate the distribution of the DOD in the cell, which can be described by the
transfer current density J as follows:

DOD = DOD0 −
∫ t

0 Jdt
3600QT

(15)

2.2. Thermal Model

The relationship between the temperature distribution and the electrochemical reaction
in the battery is bidirectional coupling. The influence of temperature on the internal
electrochemical reaction can be reflected accurately by establishing an accurate thermal
model of the battery. The size of the blade battery in the thickness direction is much
smaller than that in the length and width directions, and the internal cells are stacked in the
thickness direction. Therefore, the temperature gradient in the thickness direction can be
ignored, and the blade battery can be simplified into a two-dimensional model, as shown
in Figure 3. Based on the energy conservation equation, the temperature distribution of the
blade battery can be described as follows:

ρCp
∂T
∂t

=
∂

∂x
(kx

∂T
∂x

) +
∂

∂y
(ky

∂T
∂y

) + q − hconv A(T − Tamb) (16)
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where ρ is the battery density; Cp is the specific heat capacity of the battery; T is the battery
temperature; kx and ky are the equivalent thermal conductivities in the x and y directions; q
is the volumetric heat generation of the battery; and hconv is the convective heat transfer
coefficient, which is determined as 13 W/(m2·K) through experimental calibration. The
battery was arranged in a temperature chamber, and the environment temperature was set
as 27 ◦C. The heat generation of the battery is calculated by the following formula:

q = J(Up − Un − Uocv) + JT
dUocv

dT
+

1
σp

i2p +
1
σn

i2n (17)

where dUocv/dT is the battery temperature entropy coefficient.

Figure 3. Two-dimensional model of battery.

The battery cover’s structural component is treated as a fixed-resistance heating
element, and the heat generation rate is given by the following:

q = I2
app × Rcover (18)

where Iapp is the current applied in battery; the Rcover is the resistance of the battery cover.

2.3. Model Parameters

The interior of the battery is formed by stacking multiple layers of cell units, and the
specific parameters are detailed in Table 1.

Table 1. Internal cell unit parameters.

Component Conductivity S/m Thermal Conductivity W/mK Density kg/m3

P,Col(Al) 3.78 × 107 238 2702
N,Col(Cu) 5.96 × 107 398 8933

Sep - 0.34 1017
P,Tab 3.78 × 107 238 2702
N,Tab 5.96 × 107 398 8933
P,Mal 13.9 1.58 2895
N,Mal 100 1.04 1555

The equivalent conductivity in Equations (3) and (4) is determined by both the
thickness and conductivity of the electrode material, and can be calculated from the
following equation:

σp,n =
σp,n,col × δp,n,col + 2 × σp,n,mal × δp,n,mal

δp,n
(19)

where δp and δn are the thicknesses of the positive and negative electrodes, respectively,
given by the following:

δp,n = δp,n,col + 2 × δp,n,mal (20)

Uocv and Yec in Equation (11) are extracted from experimental data and can be embed-
ded into COMSOL Multiphysics 6.2 in the form of an interpolation function, as shown in
Figure 4a,b. Yec is affected by temperature and can be corrected by the temperature coeffi-
cient CT, as shown in Figure 4c. The entropy coefficient for calculating the reversible heat
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of the battery in Formula (17) is extracted from the experimental data, and the interpolation
function is implanted into COMSOL Multiphysics, as shown in Figure 4d.

(a) open circuit voltage (b)  electrochemical conductance 

(d) entropy coefficient(c) correction coefficient
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Figure 4. The core parameters of the battery model.

3. Model Validation
To verify the accuracy of the model, we built a test platform for the electrical–thermal

characteristics of the blade battery, as shown in Figure 5. The battery was placed in a
thermal chamber (Suzhou Unique Environmental Test Equipment Co., Ltd., Suzhou, China)
with a temperature control accuracy of ±0.5 ◦C. The chamber temperature was set to 27 ◦C.
Five thermocouples connected to a data logger (HIOKI E.E. CORPORATION, Ueda, Japan)
were attached to the battery surface to monitor real-time temperature changes, with their
placement identical to that shown in Figure 3. Therefore, the experimental battery surface
temperature could be compared with that of simulation data. In the temperature chamber,
the battery was discharged at a constant current of 200 A. The Nebula battery cycle test
system (Fujian Nebula Electronics Co., Ltd., Fuzhou, China) was used to collect the voltage
data of the battery.

The accuracy of the model was evaluated by the relative error, which can be expressed
as (Xexp−Xsim)/Xexp × 100%. As shown in Figure 6a, the change trend of the simulation
value of the battery terminal voltage is basically consistent with the experimental value,
and the maximum relative error between them is 2.81%. As shown in Figure 6b, the
average temperature of monitoring points on the battery surface during the experiment
was calculated and compared with the model simulation values. The results show that
the maximum relative error between the experimental value and the simulation value of
the battery average temperature is 4%. To further verify the accuracy of the model for the
calculation of battery temperature distribution, we compared the temperature changes
of five temperature monitoring points. As shown in Figure 6c, the change trend of the
experimental values of the temperature at the monitoring points is the same as that of the
simulation value. The maximum temperature difference among the battery monitoring
points exhibited a pattern of first increasing and then decreasing. The results show that
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the maximum relative errors for monitoring points 1# to 5# are 4%, 5.9%, 5.6%, 4.1%, and
5.4%, respectively. The comparative results indicate that the established two-dimensional
electro-thermal coupling model of the blade battery accurately captures terminal voltage
variations and temperature distribution trends, confirming its applicability for high-fidelity
thermal management simulation design.

DAQ

Battery test 
system

Temperature 
chamber

Blade battery

PC

+ -

Figure 5. The battery test platform.

Figure 6. Battery electro-thermal model validation.

4. Results and Discussion
For large-sized blade batteries with high capacity, the distribution of physical fields in

the battery is not uniform. A thermal management system that fails to account for these
distribution characteristics may exacerbate inconsistencies within the battery, consequently
reducing battery efficiency and operational lifespan. Therefore, drawing upon the two-
dimensional electro-thermal coupling model previously proposed for the blade battery, this
section focuses on analyzing the distribution characteristics of various internal physical
fields. The findings are intended to serve as a reference for the design of a more refined
and effective thermal management system.
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4.1. Electrochemical and Thermal Inconsistency of Blade Battery

As shown in Figure 7, the potential distribution of the positive and negative electrodes
under constant current discharge conditions at various depths of discharge is presented.
Since the tabs of the blade battery are arranged at both ends, it can be observed that the
potential gradient is larger near the tabs. For the positive electrode, the current flows out of
the positive tab during discharge, resulting in a higher potential at locations farther from
the tab and a lower potential near the tab. For the negative electrode, the current flows into
the negative tab during discharge, leading to a higher potential near the tab and a lower
potential at locations farther from the tab. Additionally, it can be found that the potential
distribution trends of the positive and negative electrodes at corresponding positions are
identical. This results in a more uniform potential difference distribution between the
positive and negative electrodes at the same location across the entire battery, indicating
that arranging the tabs on both sides offers advantages compared to arranging them on the
same side for large-sized blade batteries.

 
Figure 7. Potential distribution of electrodes.

Based on Equation (11), the magnitude of the transfer current density is primarily
influenced by the potential difference between the corresponding positions of the posi-
tive and negative electrodes. An uneven potential distribution leads to a non-uniform
distribution of the transfer current density, resulting in an uneven electrochemical reaction
rate. Figure 8 illustrates the distribution of the transfer current density under constant
current discharge conditions at various DOD values. As shown in the figure, at the initial
stage of discharge, the transfer current density near the tabs is significantly higher than
that in other regions. However, at the end of discharge, the transfer current density near
the tabs becomes notably lower than that in other regions. During the initial discharge
stage, the overpotential near the tabs is higher, while the overpotential in the central region
of the battery is lower, resulting in a higher electrochemical reaction rate near the tabs.
At the end of discharge, the DOD near the tabs is higher. As shown in Figure 4b, the
electrical conductivity decreases with increasing DOD, which leads to higher resistance
to lithium-ion transport. In contrast, the central region exhibits a lower DOD and higher
electrical conductivity, resulting in a higher transfer current density in the middle and
lower current density at both ends. The non-uniformity of the transfer current density
leads to adverse consequences such as an inconsistent DOD, non-uniform heat generation
rates, and uneven aging, which together cause a non-uniform temperature distribution
across the battery. Furthermore, due to the temperature dependence of the electrochemical
reaction rate, an uneven temperature distribution further exacerbates the inconsistency in
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electrochemical characteristics. Over prolonged operation, this will ultimately reduce the
battery life.

Figure 8. Distribution of transfer current density.

As indicated by Equation (17), the distribution characteristics of the battery′s transfer
current density influence the distribution characteristics of its heat generation density.
Figure 9 illustrates the distribution of heat generation density under constant current
discharge conditions at various DOD values. The results show that at the initial stage of
discharge, the heat generation density is higher near the tab positions, while it is lower in
the central region of the battery. Conversely, at the end of discharge, the heat generation
density near the tabs is significantly lower than that in the central region of the battery.
Combined with Figure 8, it can be observed that at the initial stage of discharge, the higher
transfer current density near the tabs leads to a higher heat generation density. In the later
stage of discharge, the transfer current density in the central region of the battery is higher,
resulting in a higher heat generation density in the middle compared to both ends.

From Equation (16), it can be observed that the distribution characteristics of the heat
generation density in the blade battery influence the temperature distribution characteristics
of the battery. Figure 10 presents the temperature distribution of the battery under constant
current discharge at various DOD values. The results indicate that, at different DOD values,
the temperature near the tab side is significantly higher than that in the middle region of the
battery. Although the heat generation density in the middle is notably higher than that at
both ends at the end of discharge, the temperature near the tab position remains consistently
higher. This is attributed to the significantly greater influence of heat generation from the
structural components of the battery cover at the ends of the blade battery compared to
the middle. However, a comparison of the temperature distribution trends at different
DOD values reveals that as the DOD increases, the maximum temperature difference of
the battery exhibits a trend of first increasing and then decreasing. This phenomenon is
primarily due to the increase in heat generation density in the middle of the battery during
the later stage of discharge, which leads to a higher rate of temperature rise in the middle
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relative to both ends, thereby mitigating the degree of temperature inconsistency within
the battery.

Figure 9. Distribution of heat generation density.

 
Figure 10. Distribution of battery temperature.
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4.2. Simplified Analysis of Heat Source Distribution

The aforementioned 2D electro-thermal fully coupled model can accurately reproduce
the real distribution of the internal physical fields within the battery. Nevertheless, the
difference in model dimensionality prevents the 2D model from being applied to three-
dimensional thermal simulation. This limits its applicability in the thermal design of battery
modules. To address this limitation, this section proposes a partitioned heat source scheme.
This scheme is based on the aforementioned physical field distribution characteristics and
is used to analyze the temperature distribution of the battery. Accordingly, it enables
three-dimensional thermal simulation of the battery.

We re-plotted the heat generation density distribution of the blade battery, obtained
from the 2D electro-thermal coupled model, using an isosurface mapping method, as
shown in Figure 11. It can be observed that heat generation density exhibits a distinct
regional pattern. Based on the characteristics of this distribution, two zoning schemes
are proposed in this section. As illustrated in Figure 11a, the battery is divided into three
regions, while in Figure 11b, it is partitioned into five regions.

Figure 11. A schematic of the regional heat generation density distribution of the battery.

To analyze the accuracy of the two zoning schemes in simulating battery temperature
distribution, the heat source within each zone was averaged at each time step and applied
as the local heat source in the corresponding zone of a three-dimensional battery thermal
model. The temperature distribution of the battery was then computed using this 3D
thermal model. Table 2 compares the results obtained from the three-zone 3D thermal model
with those from the experimental data. The results show that the maximum temperature
error between the simulated and experimental values was 1.4 ◦C, occurring at monitoring
point T5 at a DOD of 0.98.

The five-zone scheme divides the battery heat source more finely, providing a closer
representation of the actual heat generation conditions. Table 3 compares the calculation
results of the 3D thermal model under the five-zone scheme with those of the experimental
data. The results indicate that the battery temperature distribution calculated by the five-
zone three-dimensional thermal model is in better agreement with that of the experiment,
with a maximum temperature error of 1.3 ◦C. These findings demonstrate that the prediction
accuracy of the five-zone scheme for temperature distribution differs only slightly from
that of the three-zone scheme. However, the five-zone scheme requires dividing the three-
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dimensional battery model into five segments and assigning independent heat sources to
each segment, which inevitably increases the workload of 3D thermal simulation at the
battery module level. Therefore, the three-zone scheme is recommended to strike a balance
between setup complexity and computational accuracy.

Table 2. A comparison of temperature monitoring points in the three-zone scheme.

Temperature
Monitoring Point

T1 ◦C T2 ◦C T3 ◦C T4 ◦C T5 ◦C ∆T ◦C
EXP 3 Zone EXP 3 Zone EXP 3 Zone EXP 3 Zone EXP 3 Zone

DOD = 0.25 29.9 29.4 28 28.2 27.95 28.5 28.4 28.2 29.7 29.6 0.55
DOD = 0.50 29.7 29.8 27.95 28.4 27.95 28.5 28.2 28.5 29.25 30 0.75
DOD = 0.75 30.2 30.5 28.2 29.3 29.17 28.9 28.6 29.5 29.9 30.7 1.1
DOD = 0.98 31.9 32.5 31.05 31.8 31.55 31.4 31.77 31.9 31.3 32.7 1.4

Note: Yellow shading denotes the position where the maximum temperature error occurs.

Table 3. A comparison of temperature monitoring points in the five-zone scheme.

Temperature
Monitoring Point

T1 ◦C T2 ◦C T3 ◦C T4 ◦C T5 ◦C ∆T ◦C
EXP 5 Zone EXP 5 Zone EXP 5 Zone EXP 5 Zone EXP 5 Zone

DOD = 0.25 29.9 29.5 28 28.3 27.95 28.3 28.4 28.3 29.7 29.6 0.35
DOD = 0.50 29.7 29.8 27.95 28.6 27.95 28.4 28.2 28.6 29.25 30 0.75
DOD = 0.75 30.2 30.6 28.2 29.2 29.17 29 28.6 29.3 29.9 30.7 1
DOD = 0.98 31.9 32.5 31.05 31.8 31.55 31.6 31.77 31.8 31.3 32.6 1.3

Note: Yellow shading denotes the position where the maximum temperature error occurs.

5. Conclusions
In this paper, a two-dimensional electro-thermal fully coupled model is established

for large-format blade batteries. Experimental validation demonstrates that the proposed
model can accurately predict both the variation trend of the battery terminal voltage and
the temperature distribution. The internal electrochemical reaction rate distribution and
thermal behavior are thoroughly analyzed. Furthermore, based on the heat generation
distribution characteristics, two three-dimensional partitioned modeling schemes for 3D
thermal simulation are proposed. The thermal simulation results of these two partitioning
schemes are compared and analyzed against experimental data to evaluate their consistency.
The main conclusions of this paper are as follows:

(1) The established 2D electro-thermal fully coupled model for blade batteries can accu-
rately predict the inconsistency of the internal physical fields. The maximum relative
error between the simulated and experimental values of the battery terminal voltage
and average temperature is less than 5%. The maximum error between the simulated
and experimental values of the temperature at monitoring points is less than 6%.

(2) The distribution of the electrochemical reaction rate inside the battery exhibits a clear
demarcation between the areas near the tabs and the central region. At the initial stage
of discharge, the reaction rate is higher near the tabs. At the end of discharge, the
reaction rate in the central region of the battery becomes higher.

(3) Based on the distribution characteristics of the internal physical fields, two schemes
(three-zone and five-zone partitioning) were adopted for 3D thermal simulation. The
prediction accuracy of the five-zone scheme for temperature distribution shows a
slight improvement compared to the three-zone scheme. However, considering the
complexity of the simulation operation, we recommend the three-zone scheme.
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