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With the development of hybrid electric vehicles and electric vehicles, more and 
more attention has been paid to Li-ion batteries. Since the charge-discharge per-
formances of Li-ion batteries are affected by the temperature, an effective thermal 
management system is the key to solve the problem. Therefore, it is necessary to 
establish different simulation models to simulate the effects of the various thermal 
management systems. The prismatic pouch Li-ion batteries cell is composed of 
multiple cell units connected in parallel, to reduce the calculation, the simplified 
models are used to simulate the Li-ion batteries. In this paper, one detailed model 
and two simplified models are established to simulate temperature uniformity of 
heating Li-ion batteries cells, and heating methods are the self-heating Li-ion bat-
teries structure heating method and the wide-line metal film heating method. The 
simulation results of the detailed model and two simplified models are compared 
and analyzed. The results show that there are difference between the detailed mod-
el and two simplified models about temperature difference of the Li-ion batteries 
cell, and the two simplified models have the same simulation results. Finally, the 
simulation results of the detailed models with different footprint areas are com-
pared. The comparison results show that different footprint areas have no effect on 
the simulation results for both the self-heating Li-ion batteries structure heating 
method and the wide-line metal film heating method.
Key words: low temperature, battery heating method, 3-D heating model,  

Li-ion battery

Introduction

Now, hybrid electric vehicles (HEV) and electric vehicles (EV) are considered as po-
tential substitutes for gasoline and diesel vehicles, and the number of HEV and EV is increasing 
rapidly in the world. However, there are still some problems needing to be solved in HEV and 
EV. Especially for Li-ion batteries (LIB), they are a critical component in HEV and EV and 
sensitive to temperature. At high temperatures, the batteries life are shortened and the reliabil-
ity are decreased, even probable explosion is caused for thermal runaway [1-7]. On the other 
hand, a low temperature environment will cause the charge and discharge performance of LIB 
to rapidly deteriorate [8-10]. Therefore, the thermal management system must have the ability 
to maintain the temperature of the LIB at the most suitable temperature.
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 Many researchers are currently pursuing methods for efficiently heating or cool-
ing LIB in different environments. Air-cooled is taken as an active thermal management, it is 
used in many HEV and EV for its advantages of simple and convenience [11, 12]. However, 
the effectiveness of air-cooled is not good, especially under the conditions of high charge and 
discharge rate and high ambient temperature. The passive thermal management of LIB that 
made use of PCM was presented [13-16], the PCM thermal management is able to control 
LIB to an optimal temperature with no need for extra cooling power, and even LIB are in high 
temperature ambient or work at high charge-discharge rates. Mohammadian and Zhang [17] 
present using pin-fin heat sinks to improve the effectiveness of air-cooled. Comparing with 
cooling, heating LIB was paid close attention in recent years. Despite all this, many effec-
tive heating methods have been presented, such as: alternating current (AC) heating method  
[18-21], liquid heating method [22, 23], wide line metal film heating method [24-27], and 
self-heating LIB heating method (SHLBHM) [28, 29], etc. 

 In order to further analyze the efficiency of thermal management system, tempera-
ture distribution of LIB heated or cooled, establishing relative simulation models is neces-
sary. However, for LIB cell, it is composed of several different components, such as: anode, 
cathode, electrolyte, and separator. Besides, thickness of every component is very small, from  
10-50 μm, and it is only a few thousandths of LIB cell thickness, and it is smaller than LIB 
cell length and width. Therefore, for simplified calculation, generally, the layered-structure of a 
LIB cell was taken as a homogeneous material. Furthermore, an unacceptable calculation time 
could be needed if simulation models are too complicated. However, there are still differences 
between simplified model and detailed model. In this study, in order to simulate the heating 
process of a prismatic soft-packed LIB at low temperatures, a 3-D transient heating model was 
established. In the transient heating model, the LIB cell is established in accordance with the 
real layer structure instead of a homogeneous material. This model is compared with simplified 
models by simulation results.

Problem statement

It is well known that the most prismat-
ic pouch LIB cell is composed of multiple cell 
units connected in parallel. Figure 1 illustrates 
a disassembled prismatic pouch LIB cell. Every 
cell unit consists of anode, cathode, electrolyte 
and separator, as shown in fig. 2(a). Different 
capacities LIB cells include different number 
of cell units, as shown in fig. 2(b). In general-
ly, there are two typical simplified models of 
LIB cell. One is taking the whole LIB cell as 
a homogeneous material, and establishes a ho-
mogeneous block as a LIB cell. This simplified 
model is used in most researches. The another 
is taking the cell unit as a homogeneous mate-
rial. The second simplified model is less used 

unless the character of cell units is researched. However, no matter use which simplified model, 
cell unit is considered as a homogeneous material. Furthermore, temperature sensors cannot be 
placed inside battery cell, and simulation results of temperature inside battery cell cannot be 
verified by experiment data. Therefore, the outer surface temperatures of battery cell that are 

Figure 1. A disassembled prismatic  
pouch LIB cell
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measured by temperature sensors are used to 
verify accuracy of the simplified models. Gen-
erally, if the simulation results of outer surface 
temperature of battery cell match well with the 
experiment data, the predicted inside tempera-
ture of battery cell is also considered as right. 
It seems to be feasible. However, a problem is 
ignored that the whole LIB cell is assumed to 
be a homogeneous material in simulation mod-
els. In fact, a LIB cell is composed of different 
materials, and these materials have their own 
thermal properties. Therefore, whether do this 
assumption affect the correct of the simulation 
results of inside temperature of battery cell. 
What differences are there between the simpli-
fied models and the models established accord-
ing to the real structure of battery cell. The two 
questions should be considered seriously. In this study, simplified and detailed transient heating 
models of two heating methods of SHLBHM and wide-line metal film heating method (WLM-
FHM) was established, and simulation results of internal temperature of heated battery cells 
were compared. As shown in fig. 3(a), the SHLBHM is to place heating films at 1/4 and 3/4 of 
the battery thickness. In addition, the papers [28-31] describe the SHLBHM in detail. Then, as 
shown in fig. 3(b), the WLMFHM places two wide-line metal films on the two largest surfaces 
of the LIB. In addition, the papers [24-27] describe the WLMFHM in detail. 

 In this work, the prismatic pouch LIB cell is using LiNi0.6Co0.2Mn0.2O2 as cathodes 
and Nippon Carbon as anodes. Each cell has a 152 × 75 mm2 footprint area and 10 Ah nominal 
capacity [30]. Without loss of generality, the transient heating model established and analysis 
results in this work can be used in any prismatic battery cell. The detailed transient heating 
models are established according to the structure of a LIB cell. Owing to the thickness of every 
material in cell unit is very thin, such as: the thickness of Anode is 48.7 μm, and it is the thickest 
in cell unit, it is impossible to establish the detailed model of the whole LIB cell for an unac-
ceptable calculation time. Therefore, the calculation must be reduced to an acceptable range. 
Firstly, in the thickness direction, because of the symmetry, the models can be established 

Figure 2. The structure of a cell unit (a) and LIB cell (b) 

Figure 3. Location of heating films;  
(a) location of heating films in SHLBHM and 
(b) location of heating films in WLMFHM
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according to half the thickness of battery cell, and amount of calculation reduces by half. Sec-
ondly, although the models can be established according to half the length and width of battery 
cell because of the symmetry, calculation time of models is still unacceptable. Since battery 
cell internal structure and temperature inside battery in the process of heating are focused, very 
small area from the center position of battery cell is taken to establish models. The small area is 
20 × 20 μm2, as shown in fig. 4. The whole battery cell is shown in fig. 4(a). Figure 4(b) shows 
the detailed model established according to the structure of battery cell, the length, width and 
thickness of the model are 20 μm, 20 μm and half the thickness of battery cell, respectively. 
In order to appear the model, it is enlarged in fig. 4(b). For showing the structure of the de-
tailed model, fig. 4(c) shows the enlarged image for certain position of the model. Furthermore,  
fig. 5(a) shows the model of SHLBHM, and fig. 5(b) shows the model of WLMFHM. In fact, 
the difference between models of two heating methods is the position of heating film. In this 
work, the simulation results of detailed models and simplified models about temperature inside 
battery cell are compared, and the differences between the detailed models and simplified mod-
els are revealed.

	
Figure 4. (a) The whole battery, (b) the detailed model established according to the structure  
of battery cell, and (c) the enlarged image for certain position of the detailed model

Figure 5 (a) The detailed model of SHLBHM and (b) the detailed model of WLMFHM
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Numerical solution

In this work, the transient 3-D conductive heat transfer equation has been used [32]. 
Since the battery cell and the heating element are an opaque system, the radiant heat transfer 
between them is negligible:
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In this work, it is assumed that the material properties are isotropic, so the values of 
kX, kY, and kZ are equal. This work is based on the thermal performance of LIB introduced by 
Yang et al. [29]. 

Among eq. (1), Q is the heat source, which represents the heating rate per unit volume. 
The heat source can be calculated:
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These data of Eoc, E, I, Vcell, and Vheatingfilm are from Zhang et al. [31].
The boundary conditions are given:
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The term hc in eq. (3) represents the convective heat transfer coefficient. In this study, 
the LIB in the incubator is in a natural-convection environment. The hc can be calculated:
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These data of P, f1, and n can be determined in Chen [33].

Results and discussion

Transient heating models of SHLBHM

In this section, simulation results of the detailed and simplified transient heating mod-
els of SHLBHM are compared. Figure 6 shows temperature distribution curves of a LIB heated 
by SHLBHM at –20 °C for 12.5 seconds. The three temperature distribution curves in fig. 6 are 
simulation results of a detailed and two simplified transient heating models, respectively. For 
two simplified transient heating models, in the first simplified transient heating model, the cell 
unit is considered as a homogeneous material, in the second simplified transient heating mod-
el, the whole battery cell is considered as a homogeneous material. The first simplified model 
is named simplified Model I, and the second simplified model is named simplified Model II. 
From fig. 6, it is clear that the simulation results of simplified Model I and Model II is almost 
same. However, the simulation results of the detailed model are different with simplified Model 
I and Model II. The highest temperature in the detailed model is lower than that of simplified 
Model I or Model II, and the lowest temperature in the detailed model is higher than that of 
simplified Model I or Model II. Therefore, the temperature difference of battery cell in the de-
tailed model is smaller than that of simplified Model I or Model II. The highest, lowest, average 
temperature and standard deviation are shown in tab. 1. The simulation temperature difference 
of the battery cell in the detailed model is smaller by 3.4 K than that of simplified Model I 
or Model II. What’s more, the heating film and insulation coating are not belong to LIB cell, 
and temperature of the heating film and insulation coating cannot represent the temperature 
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of LIB cell. If the temperature of the heating film and insulation coating is not considered, the 
simulation temperature difference of battery cell in the detailed model becomes smaller. For 
average temperature of battery cell, simulation results of three models are almost same. Figure 
7 shows three average temperature curves of a battery cell in three models during heating, and 
three curves almost overlap. Then, fig. 8 shows three outlet surface average temperature curves 

of LIB cell in three models during heating at 
–20 °C. Although, there are differences between 
the detailed model and two simplified models 
about outlet surface average temperature of a 
LIB cell, the maximum difference is near 1.1 K. 
Therefore, through the aforementioned analysis, 
for SHLBHM, the main difference between the 
detailed model and the two simplified models 
is the temperature distribution inside the battery 
cell. The simulation results of the detailed mod-
el and the two simplified models are only slight-
ly different in terms of the average temperature 
of the outlet surface of the LIB, while the sim-
ulation results of the two simplified models are 
almost the same.

Table 1. The maximum, minimum, average temperature [K], and the standard 
deviation of battery cell in different models during heating by SHLBHM

Detailed  
model

Simplified 
Model I

Simplified 
Model II

Detailed model  
does not include 
heating film and  

insulation coating

Simplified Model 
I does not include 
heating film and 

insulation coating

Simplified Model 
II does not include 
heating film and 

insulation coating
Maximum 275.13 277.44 277.38 274.37 277.04 276.97
Minimum 267.63 266.49 266.45 267.63 266.49 266.45
Difference 7.50 10.96 10.93 6.74 10.55 10.52
Average 270.03 270.23 270.18 269.91 270.06 270.01
St. Dev. 2.1248 3.2600 3.2519 2.0049 3.1041 3.0963

Figure 6. The temperature distribution curves 
of a LIB heated by SHLBHM at –20 °C for 
12.5 seconds

Figure 7. Three average temperature 
curves of a battery cell in three models 
during heating by SHLBHM

Figure 8. Three outlet surface average 
temperature curves of LIB cell in three models 
during heating by SHLBHM



Lei, Z., et al.: Comparison Between Detailed Model and Simplified Models ... 
THERMAL SCIENCE: Year 2023, Vol. 27, No. 2A, pp. 1265-1275	 1271

Table 2. The maximum, minimum, average temperature [K], and the 
standard deviation of battery cell in different models

Detailed  
model

Simplified 
Model I

Simplified 
Model II

Detailed model 
does not include 
heating film and 

insulation coating

Simplified Model 
I does not include 
heating film and 

insulation coating

Simplified Model 
II does not include 
heating film and 

insulation coating
Maximum 286.44 292.33 293.52 284.95 290.86 292.49
Minimum 262.12 259.82 259.85 262.12 259.82 259.85
Difference 24.32 32.52 33.66 22.84 31.05 32.64
Average 269.95 269.93 270.09 269.55 269.38 269.51
St. Dev. 7.2793 9.8301 9.9875 6.8956 9.2991 9.4110

Transient heating models of WLMFHM

As in the previous section, the detailed and 
simplified heating models of the WLMFHM are 
established. In addition, the simulation results of 
the three models are compared. Figure 9 shows the 
temperature curves of a LIB using the WLMFHM 
at –20°C for 12.5 seconds. Similar to the SHL-
BHM, the cell temperature difference in the de-
tailed model is smaller than the simplified Model I 
or Model II, and the cell temperature difference in 
the simplified Model I is the same as the simplified 
Model II. Table 2 lists the highest, lowest, average 
temperature and standard deviation. The simula-
tion temperature difference of battery cell in the 
detailed model is smaller by 8-9 K than that of simplified Model I or Model II. If the temperature 
of the heating film and insulation coating is not considered, the simulation temperature difference 
of battery cell in the detailed model becomes smaller. Similarly, for average temperature of battery 
cell, simulation results of three models are almost same, as shown in fig. 10. However, for surface 
average temperature of battery cell, simulation results of detailed model is different from two 
simplified models. As is shown in fig. 11, surface average temperature of battery cell in simplified 

Figure 9. The temperature distribution curves 
of a LIB heated by WLMFHM at –20 °C for 
12.5 seconds

Figure 10. Three average temperature  
curves of a battery cell in three models  
during heating by WLMFHM

Figure 11. Three outlet surface average 
temperature curves of LIB cell in three 
models during heating by WLMFHM



Lei, Z., et al.: Comparison Between Detailed Model and Simplified Models ... 
1272	 THERMAL SCIENCE: Year 2023, Vol. 27, No. 2A, pp. 1265-1275

Model II is higher 7.1 K than detailed model in the end of heating. And the difference of surface 
average temperature between simplified Model I and simplified Model II is very small.

Compare the detailed models with different footprint areas

In order to reduce the calculation of the detailed transient heating model, only  
20 × 20 μm2 area is taken from the center position of battery cell to detailed models. In this 
section, the different footprint areas affecting the simulation results of the detailed tran-
sient heating models of SHLBHM and WLMFHM are considered. The footprint area is in-
creased from 20 × 20 μm2 to 100 × 100 μm2, and 200 × 200 μm2, and the detailed models with  
100 × 100 μm2 and 200 × 200 μm2 areas of SHLBHM and WLMFHM are established. Figure 12 
shows temperature distribution simulation curves of the detailed transient heating models with 
20 × 20 μm2, 100 × 100 μm2, and 200 ×2 00 μm2 areas of a LIB heated by SHLBHM at –20 °C  
for 12.5 seconds. It can be clearly seen that the different footprint areas have no effect on the 
simulation results of the temperature distribution of the LIB cell heated by SHLBHM. For 

Figure 12. The temperature distribution 
simulation curves of the detailed transient 
heating models with three different footprint 
areas of a LIB heated by SHLBHM at –20 
°C for 12.5 seconds

Figure 13. The average temperature  
curves of the detailed transient heating  
models with three different footprint  
areas of a LIB heated by SHLBHM at –20 °C 
for 12.5 secons

Figure 14. The surface average temperature 
curves of the detailed transient heating 
models with three different footprint  
areas of a LIB heated by SHLBHM at  
–20°C for 12.5 seconds

Figure 15. The temperature distribution 
simulation curves of the detailed transient 
heating models with three different  
footprint areas of a LIB heated by  
WLMFHM at –20 °C for 12.5 seconds
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the average temperature of the heated LIB, the 
same conclusion can be obtain, as shown in fig. 
13 and fig. 14. Therefore, the different footprint 
areas have no effect on the simulation results 
of the detailed transient heating model of SHL-
BHM. For WLMFHM, the different footprint ar-
eas also have no effect on the simulation results 
of the detailed transient heating model, as shown 
in figs. 15 and 16. Therefore, for both SHLBHM 
and WLMFHM, the footprint area has no effect 
on the simulation results of the detailed transient 
heating model.

Conclusion

In the present study, one detail and two sim-
plified 3-D transient heating models of a LIB cell 
heated by SHLBHM and WLMFHM have been 
established. The simulation results of different transient heating models have been compared 
and analyzed. In the form of SHLBHM, the temperature difference of the cells in the detailed 
model is smaller than that of the simplified Model I or Model II. The average temperatures of 
the battery cell in the detailed and two simplified models are similar, the surface average tem-
perature of a LIB, there is only a little difference between the simulation results of the detailed 
model and two simplified models, two simplified models have the same simulated results. For 
WLMFHM, the similar conclusions have been drawn. Therefore, the two simplified models 
can be employed to simulate the average temperature and outlet surface average temperature 
of a heated LIB cell. If the two simplified models are employed to simulate the temperature 
distribution inside battery cell, the difference between the detailed model and simplified models 
should be considered. In the case of high precision, it is best to choose the detailed model to 
simulate the temperature distribution inside battery cell. At the same time, the detailed models 
with different footprint areas have been compared. The comparison results show that different 
footprint areas have no effect on the simulation results of the detailed transient heating models 
of a heated LIB cell.
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Nomenclature 

Figure 16. The average temperature curves 
of the detailed transient heating models 
with three different footprint areas of a 
battery cell during heating by WLMFHM 
at –20 °C for 12.5 seconds

Cp	 – battery constant pressure heat capacity 
[Jkg–1K–1] 

E 	 – cell working voltage [V]
Eo	 – open-circuit potential of LIB cell [V]
f1 	 – coefficient of eq. (4) [Wmn−2K−n−1]
hc 	 – convective heat transfer coefficient
I 	 – cell current [A]
k	 – thermal conductivity [Wm–1K–1] 
n 	 – coefficient of eq. (4)
P 	 – length of the surface of a LIB cell [m]
Q 	 – heating rate per unit volume [Wm–3] 

T 	 – battery temperature [°C]
Tamb 	 – ambient temperature [K]
Ts 	 – surface temperature of the LIB [K]
Vcell 	 – cell volume [m3]
Vheatingfilm – heating film volume [m3]

Grrek symbol

ρ 	 – battery density [kgm–3]

Subscript 	

X 	 – X-direction 
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