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For the sake of comprehend the influence of locally enhanced heat dissipation of 
the polar on Li-Ion power batteries, coupling the thermal effect of anode and 
cathode, the heat generation model of Li-Ion battery with different discharge 
magnification is obtained. Based on this model, the discharge process simulation 
analysis of the single battery is carried out and compared with the experimental 
results. The experiment results show that battery polarity heat effect has great in-
fluence on the temperature field distribution of the battery. Then, a locally en-
hanced heat dissipation structure is set up near the polar region and a compara-
tive experiment is carried out by changing the discharge rate. Although the heat 
pipe can only slightly improve the discharge capacity of Li-Ion battery by en-
hancing the heat dissipation capability of polarity, the heat generated under low 
discharge rate can be reduced by using the heat pipe with low emission rate, the 
heat generated by the polar region can be effectively and timely exported to re-
duce the temperature of the polar region and it can greatly reduce the overall 
temperature of the battery. Then, according to the thermal characteristics and the 
results of locally enhanced heat dissipation analysis, a new battery module is de-
signed and simulated. The prototype is completed and tested. The results show 
that this method can effectively reduce the temperature rise and temperature dif-
ference of the battery module by using locally enhanced heat dissipation struc-
ture. Finally, combined with the simulation and the experimental results, some 
useful suggestions are put forward for the design and manufacture of battery 
modules and battery boxes. 

Key words: Li-Ion power battery, battery poles, battery module,  
heat pipe, locally enhanced heat dissipation  

Introduction 

Compared with other types of high energy density, no memory effect, low self-dis-

charge rate, high voltage and so on are the advantages of Lithium-Ion (Li-Ion) batteries [1], 

and are extensively used in hand-held devices for instance mobile phones, netbooks, and vid-

eo cameras. In recent years, Li-Ion batteries are increasingly used in military and aerospace 

applications, and gradually moved to the fields of energy storage, electric vehicles 

(EV/PHEV/HEV). However, under conditions of high-rate charge and discharge, high tem-
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perature working environment, local overheating caused by internal short circuit, component 

or battery failure, the exothermic reaction between the components of the battery accelerates, 

causing the temperature inside the battery to rise, this leads to a series of side effects. In the 

end, it may cause thermal runaway, and even battery burning and cracking [2-4]. 

At present, some researchers have studied the temperature field analysis of power 

batteries. Ni and Wang [5] conducted a characteristic test of a Li-Ion battery at various envi-

ronment temperatures to study the best variation range of battery temperature, optimizing the 

heat dissipation of the battery pack at varying ambient temperatures. Leire et al. [6] set up a 

thermal generation model, and successfully calculated the thermal density of power battery, 

determined the optimal position of the temperature sensor, and the fan pulse modulation level 

was automatically adjusted. Li et al. [7] proposed an impedance-based method to describe the 

heat generation of battery in the process of overcharging, and proposed pulse-relaxation and 

impedance measurement methods, parameterizing the electro-thermal model on the different 

state of charge (SOC), temperature and charging rate. Authors in [8-11] researched into the 

thermal behavior of Li-Ion battery in various thermal environments and rejection of heat, and 

studied the relationship between failure form and internal reaction of Li-Ion battery through 

thermal abuse test. Zhu et al. [12, 13] investigated the thermal runaway characteristics of Li-

Ion batteries under overcharging conditions and analyzed the temperature changes at different 

current rates and charging stages.  

The aforementioned studies only consider the heating effect of the battery core, and 

ignore the Joule heat generated by the internal resistance of the battery poles itself when the 

current flows. At present, there are few related literatures in such research. According to tem-

perature rise characteristics inside the battery, considering the thermal effects of the anode 

and cathode, Liu et al. [14] established a time-varying internal heat source model of heat gen-

eration rate, and obtain a more accurate battery temperature field distribution and its dynamic 

changes. Wu et al. [15] extracted the main characteristics of temperature distribution and heat 

generation rate distribution of stacked batteries based on numerical thermal simulation results, 

and discussed the thermal characteristics of batteries under different cell sizes and polar ar-

rangements.  

After the mentioned research, researchers have caught sight of that the polarity heat-

ing of battery is closely related to the temperature field distribution of the battery. The exist-

ing researches mostly analyze the heat dissipation and cooling of the battery module by air 

cooling, liquid cooling or coupling, and try to use the new cooling. Techniques such as PCM 

and heat pipes are used to cool battery modules [16-18], some attempts have been made to 

build battery thermal management systems on the basis of heat pipes, cooling is done by using 

phase change materials or microchannel cold plates [19-24], the overall method of battery 

heat dissipation is focused on by most researchers, but studies on localized heat dissipation for 

Li-Ion battery polar are rarely mentioned. 

In order to deeply explore the influence of battery’s two poles enhancement heat dis-

sipation on Li-Ion battery, and to verify the method of enhancing the performance of the bat-

tery by improving the local heat dissipation conditions. In this paper, heat generation model of 

Lithium batteries with different discharge ratios is proposed, based on the characteristic of 

battery resistance changing with temperature and battery charged state, and coupled with the 

thermal effect of battery’s two poles. Based on this model, the discharge process of single cell 

1C and 2C was simulated. The contrast experiment of multiple rate discharge was carried out 

by setting the local heat dissipation structure in the positive and negative poles, the effects of 

local enhanced heat dissipation of pole ear on discharge performance and temperature distri-
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bution of Li-Ion batteries were studied. According to the thermal characteristics of Li-Ion bat-

teries and analysis results of local enhanced heat dissipation, a new battery module was de-

signed. The design was simulated and tested by prototype experiment. 

Establishment of battery heat generation model 

Thermal parameter determination 

The 3.7 V/50 Ah ternary Li-Ion power battery prepared by Jiangsu Huadong Lithi-

um-ion Battery Technology Research Institute was used as the test object. Use Arbin's EVTS-

174075-T-72KVA-IGBT battery test bench and high and low temperature test chamber to test 

the battery capacity, the internal resistance of battery charge and discharge and the voltage 

curve of battery open circuit under different temperature. Ten batches of this batch of batteries 

were measured and averaged to obtain their structural parameters, as shown in tab. 1.  

Table 1. Battery structure parameters 

Parameter Average value Parameter Average value 

Electrical core capacity [Ah] 53.0 Positive polar width [mm] 50 

Electrical core thickness [mm] 7.115 Positive polar thickness [mm] 0.2 

Electrical core width [mm] 347.0 Positive polar weight [g] 1.287 

Electrical core length [mm] 196.0 Negative polar length [mm] 42 

Electrical core weight [g] 1057.6 Negative polar width [mm] 50 

Weight energy density [Whkg–1] 184.5 Negative polar thickness [mm] 0.2 

Positive polar length [mm] 42 Negative polar weight [g] 4.321 

 

The internal resistance of the ternary Li-Ion battery of 10 °C, 30 °C, and 50 °C was 

measured by the mixed pulse power characteristic step method [25], and parameters are 120 

seconds and 0.5C. The calculation results are illustrated in fig. 1. 

When measuring the batteries’ internal resistance, its SOC-OCV curve can be ob-

tained at the same time. The SOC-OCV curve obtained by measurement during battery dis-

charge at 10 °C, 30 °C, and 50 °C is shown in fig. 2. 

  

Figure 1. Diagram of battery discharging  

total resistance and SOC under three different 
temperature conditions 

Figure 2. Battery discharging SOC-OCV 

diagram under three different temperature 
condition 
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Electrical core heat generation models 

According to the Bernardi heat model [26], the heat production rate of the battery is 

calculated: 
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where qrev [Wm–3] is the reversible heat produc-

tion rate, qirev [Wm–3] – the irreversible heat 

production rate, qCC,j [Wm–3] – the ohmic heat 

production rate on the current collector, qCC,p, 

qCC,n [Wm–3] – the ohmic heat production rate 

on the current collector at the positive and 

negative poles, dPE, dS, dNE [m] – the thickness 

of the anode, the separator, and the cathode, re-

spectively, (∂UOC)/∂T [VK–1] – the entropy 

thermal coefficient of the battery‚ and UOC – 

the open-circuit voltage (OCV). The function 

shown in fig. 3 is the entropy heat coefficient 

obtained by experimental measurement as the 

charge state. 

The thermal parameter estimation method for superimposed Li-Ion batteries pro-

posed by Wu et al. [27], by means of contrasting the simulation results with the results of ex-

perimental, the thermal model parameters of the ternary Li-Ion cell used in this study can be 

obtained, as shown in tab. 2. Further assume that the heat generation rate within the core plane 

is evenly distributed. In order to calculate the variation law of battery core heat generation 

rate with time under each discharge rate, a polynomial fit was performed on the relationship 

between internal resistance and entropy heat coefficient at 30 °C with SOC, figs. 1 and 3. Ig-

noring the effect of temperature on irreversible heat and reversible heat, the heat yield of the 

core at different discharge rates can be expressed as the following polynomial: 
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where / it t t   is the proportion of the discharged time to the total discharge time, and an ob-

tained by curve fitting. Table 3 gives the curve fitting parameters for different discharge rates. 

 

Figure 3. The variation trend of entropy 

thermal coefficient with charge state 
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Table 2. Thermal model parameters of Li-Ion battery cores 

Parameter  Value 

Thermal conductivity in the plane of the core [Wm–1K–1] 21 

Thermal conductivity of vertical core plane [Wm–1K–1] 0.48 

Core specific heat capacity [Jkg–1K–1] 1243 

Battery core density [kgm–3] 2300 

Convective heat transfer coefficient [Wm–1K–1] 3.5 

Table 3. Curve fitting parameters at different discharge rates 

Magnification 1C 2C Magnification 1C 2C 

a0 1.81 10.43 a4 –1306.69 578.40 

a1 –94.58 –209.25 a5 14570.92 25290.29 

a2 1038.22 2360.81 a6 –19497.99 –36691.91 

a3 –2754.45 –6882.82 a7 8113.97 15705.02 

Battery polarity heat effect generation models 

In the polar region, both the resistance of the poles and the contact resistance be-

tween the poles and the wires are the cause of the heat generation: 
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where Itab [A] is the current through the polar, Atab,j [m2] – the cross-sectional area of the po-

lar, σtab,j [Sm–1] – the conductivity of the polar material, and σc,j [Sm–1] – the converted con-

ductivity of the contact resistance at the polar and the wire. The parameters of the ternary Li-

Ion battery polarity heat effect generation model adopted in this paper are shown in tab. 4. 

Table. 4 Thermal model parameters of Li-Ion battery polar 

 Anode Cathode 

Polar thickness [mm] 0.2 0.2 

Polar width [mm] 50 50 

Polar length [mm] 42 42 

Thermal conductivity [Wm–1K–1] 237 401 

Specific heat capacity [Jkg–1K–1] 900 385 

Density [kgm–3] 2700 8700 

Conductivity [Sm–1] 37.8·106 59.6·106 

Conversion conductivity of contact resistance [Sm–1] 70·106 80·106 

From tab. 4 and eq. (7), the heat production rate of the anode and cathode at differ-

ent discharge rates can be calculated, as shown in tab. 5. 
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Table 5. Heat production rate of ternary Li-Ion battery polar under different discharge rates 

Magnification Anode heat production rate [Wm–3] Cathode heat production rate [Wm–3] 

1C 450000 320750 

2C 1800000 1283000 

Single battery simulation and experimental verification 

Taking full account of the exothermic effects of the polar, the positive polar and 

negative polar are modeled separately to create a simplified model of the battery. The load is 

loaded by internal heat generation, and the heat production rate of the positive and negative 

polar are set according to tab. 5. The battery is placed in a static air, the external convection 

heat dissipation power of the outer surface is 3.5 W, and the environment temperature is 

30 °C. The parameters of rest heat analysis refer to the previous results of the calculation. The 

heat generation rate of the battery was loaded with reference to tab. 3 and eq. (5). The temper-

ature cloud of the battery under 1C and 2C discharge conditions can be solved separately in 

the ANSYS WORKBENCH transient thermal analysis module, as shown in fig. 4. The max-

imum temperature was found at the positive polar of Li-Ion battery, which was 33.4 °C and 

44.8 °C, respectively. 

 

Figure 4. Temperature cloud charts at the end of the discharge; (a) 1C and (b) 2C 

The 1C and 2C discharge experiments 

were performed in the ternary Li-Ion battery at 

room temperature of 30 °C, and measured the 

battery's temperature. The distribution of the 

temperature measurement points is shown in 

fig. 5. The temperature values of the corre-

sponding measuring points in the simulation 

analysis of 1C and 2C discharge processes are 

respectively extracted, as shown in fig. 6. 

The temperature of the anode of the bat-

tery was measured by two sets of experiments, 

which were 33.3 °C and 43.4 °C, respectively. 

The temperature of the corresponding positive ear measurement points in the simulation anal-

ysis were 33.4 °C and 44.7 °C, slightly higher than the experimental values. This is because  

 

Figure 5. Temperature measurement point 

distribution map 
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Figure 6. Comparison of single batteries’ temperature measurement results; (a) 1C and (b) 2C  

the copper charging clip with better thermal conductivity is used in the experiment, and the 

heat transfer efficiency is better than the natural convection heat that set in the simulation 

analysis. Through comparative analysis of simulation and experimental results, it is not diffi-

cult to find that the highest temperature of a single cell is in the positive ear, and the rise of 

ear canal temperature has great influence on the distribution of battery temperature field. It is 

necessary to model the polar ear separately and couple the thermal effects of the anode and 

cathode. The results of simulation analysis based on the heating model of Li-Ion battery are 

similar to the experimental temperature changing trend of each measuring point. Finite ele-

ment analysis results are consistent with the experimental results, which can be used as a ref-

erence for thermal analysis of module discharge. 

Polar enhanced heat analysis 

The heating efficiency of the polar is obviously higher than that of the battery. To 

improve the heat dissipation efficiency and temperature distribution of Li-Ion batteries, heat 

pipes and fans are set at the positive and negative polar in this paper to discuss the influence 

of local enhanced heat dissipation on the discharge performance and temperature distribution 

of Li-Ion batteries. 



Fang, H
 

 Experimental procedure 

– Select two batteries with the same charge and discharge performance and parameters in 

the batch of Li-Ion batteries, labeled 1# and 2#, respectively. 

– One end of the heat pipe is in full contact with the fan and is fixed with tape, fix the other 

end at the polarity of the 1# battery, and make the polar and heat pipe fully contact with 

the thermal silica gel, T1 and T5 thermocouples are glued to the positive and negative 

poles respectively, and not contacted with the heat-conducting silica gel and heat pipe. 

Then fix the thermocouple to each point of the battery, as seen in fig. 7, the heat pipe and 

temperature measuring point arrangement is shown in fig. 8. 

– Using the 2# battery as a reference, set the thermocouple at the same position on the sur-

face (but no T7 survey mark), and the ambient temperature is 30 °C. 

– Set the charge and discharge process: each process is charged to 4.2 V at 1C, discharged 

to 3.0 V, and the discharge process is set to 0.5C, 1C, 2C, 3C, 4C, 5C, 6C, 8C, 10C. 

– After starting the program, record the data every 5 seconds. 

 

 

Figure 7. Locally enhanced heat dissipation 
experiment of the single battery 

Figure 8. Layout of heat pipes and temperature 
measuring points 

Analysis of the influence of single battery  

discharge rate performance 

The discharge curves of the 1# Li-Ion battery with enhanced heat dissipation for the 

tabs and the 2# Li-Ion battery without heat dissipation at various magnifications are seen in 

figs. 9(a) and 9(b). According to the result, higher the discharge rate of a Li-Ion battery, the 

less energy it releases. Under rate of discharge 0.5C, the initial discharge voltage of the 1# Li-

Ion battery is 4.17 V, and the cumulative discharge power is 51.35 Ah, which is slightly high-

er than the initial voltage of the 2# Li-Ion battery which is 4.13 V and the discharge capacity 

49.04 Ah, at 1C rate of discharge. The discharge inception voltage of 1# Li-Ion battery is 

4.11 V, and the accumulated discharge power is 50.07 Ah, which is also slightly higher than 

the initial voltage of 4.10 V and the discharge capacity of 48.67 Ah of the 2# Li-Ion battery. 

Under the 2C rate of discharge, the discharge inception voltage of 1# Li-Ion battery is 4.01 V, 

and the cumulative discharge power is 49.16 Ah, which is similar to the experimental result of 

the 2# Li-Ion battery. Under the 3C discharge rate, the initial discharge voltage of the 1# Li-

Ion battery is 3.89 V, and the accumulated discharge power is 47.93 Ah, which is similar to 

the experimental result of the 2# Li-Ion battery. In the high-multiplier (4C, 5C, 6C, 8C, 10C) 

discharge experiment, with an increase in multiplier, the discharge inception voltage and the 
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cumulative discharge quantity of 1# Li-Ion battery are significantly reduced, but the corre-

sponding experimental results are very similar to 2# Li-Ion battery. 

 

Figure 9. Discharge curves of single batteries at different discharge rates; (a) 1# enhanced heat 
dissipation battery and (b) 2# no enhanced heat dissipation battery 

The safe working range of ternary Li-Ion battery is 4.2 V to 3.0 V. If the discharge is 

continued below 3.0 V, the battery will be damaged and the performance will be greatly at-

tenuated. Therefore, 3.0 V is set as the protec-

tion cut-off voltage of the discharge test. The 

safe discharge capacity of the two batteries be-

fore reaching the protection cut-off voltage at 

each magnification is shown in fig. 10. It can be 

further found that under the 0.5C and 1C rate of 

discharge, the partial enhanced heat dissipation 

of the polar can slightly improve the safe dis-

charge capacity of Li-Ion battery, and it can 

reach or even exceed the nominal value of 

50 Ah. As the emission rate increases, the ca-

pacity retention rate of 1# Li-Ion battery and 2# 

Li-Ion battery tends to be similar. Especially in 

the high-power discharge experiments of 4C, 

5C, 6C, 8C, and 10C, the safe discharge capaci-

ty of Li-Ion batteries will be significantly re-

duced whether or not the polar is strengthened for heat dissipation. At 4C discharge rate, the 

safe discharge capacity of Li-Ion batteries will be reduced to about 35 Ah, and the discharge 

velocity of the safe discharge capacity of Li-Ion battery has been reduced to below 5 Ah. 

The Li-Ion battery internal resistance will be affected by temperature. To a certain 

extent, the internal resistance of the battery can be reduced by strengthening the heat dissipa-

tion of the polar region, and thus improve the initial voltage of discharge. of the battery, so 

that the battery can release more electricity before reaching the protection cut-off voltage, 

thus improving the battery capacity. In the high-multiplier discharge experiment, the dis-

charge current is large, while the reduction of battery internal resistance caused by partial in-

tensification of heat dissipation of polar is small. Therefore, internal resistance of cell is still 

high, which has reached a protection cutoff voltage of 3.0 V before the end of the battery dis-

charge, so it cannot improve the high-rate safety discharge capacity of the battery. 

Influence on temperature distribution of single battery 

The temperature distribution of 1# and 2# Li-Ion batteries after charging and dis-

charge at each rate is shown in fig. 11. For the 2# Li-Ion battery without the ear-enhanced 

 

Figure 10. Safe discharge capacity of single 

batteries at different discharge rates 
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heat dissipation, under different discharge rates, the hottest areas are at the positive end of the 

battery, and the areas with the second highest temperature are distributed in the negative polar 

of the battery. This is consistent with the simulation and experimental conclusions in section 

Establishment of battery heat generation model. As the emission rate increases, measure the 

temperature at T1 of the positive polar of Li-Ion battery keeps increasing. The highest tem-

perature at 6C discharge rate is 62.3 °C, and then decreases rapidly. At 10C discharge rate, the 

temperature at T1 measuring point is 37.1 °C. Similarly, the value measured at each tempera-

ture point in the middle of the electrical core also increases as the discharge rate increases, 

reaching a maximum value of 57.7 °C at the 5C rate of discharge. The result of the previous 

experiment is that as the discharge rate increases, it is known from eq. (7), the rate of heat 

generation at the poles increases rapidly with the squared rate of discharge rate, and the bat-

tery cannot export the rapidly accumulated heat. Although its heat dissipation power increases 

with a rise in temperature, it is still inevitable that the temperature of polar will rise rapidly. It 

is also known from the experimental analysis in section Analysis of the influence of single bat-
tery discharge rate performance under the condition of high discharge speed, the capacity of 

Li-Ion battery is greatly reduced, and the accumulated heat is also reduced as the discharge 

time is shortened, which will lead to a limited temperature rise.  

 

Figure 11. Temperature distribution of single batteries at different discharge rates; (a) 1# enhanced heat 
dissipation battery and (b) 2# no enhanced heat dissipation battery  

For the 1# Li-Ion battery with enhanced battery polarity heat effect dissipation, the 

warmest regions occur in the center of the core, instead of the positive polar with the highest 

heat generation rate. The maximum temperature of 41.3 °C of positive and negative polar ap-

peared at the discharge rate of 5C, which was nearly 20 °C lower than that of # 2 Li-Ion bat-

tery. It indicates that the heat generated by the polar regions can be quickly and efficiently de-

duced through heat pipes. With the increase of discharge rate, the temperature of each meas-

urement point in the middle of the core increases continuously, and the change trend and am-

plitude are similar. The maximum temperature of 50.2 °C occurred at the 5C rate of dis-

charge, which was 7.5 °C smaller than the temperature rise of the 2# Li-Ion battery. This indi-

cates that the heat produced by the pole can exported in time through the heat pipe to reduce 

the heat transferred from the pole to the electrical core, thereby reducing the overall tempera-

ture rise of Li-Ion battery. 
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In summary, it can be found that Li-Ion batteries have a higher safe discharge capac-

ity during low-rate (0.5C-3C) discharge. As the discharge rate increases, the safe discharge 

capacity of Li-Ion batteries will be greatly attenuated. Although the partial enhanced heat dis-

sipation of the polar through heat pipe can only slightly improve the discharge capacity of Li-

Ion battery at a low rate, it can timely and effectively export the heat generated by the polar, 

greatly reduce the polar temperature and the overall battery temperature, thus improving the 

thermal balance and safety performance of Li-Ion battery. 

Module design and validation 

Battery module structure design 

According to the heating characteristics of the single battery and the requirements of 

the electric bus enterprises on the battery module capacity, the related battery module is de-

signed, and the explosion diagram is shown in fig. 12. Multiple Li-Ion batteries eventually 

form each battery module and a plurality of 

heat dissipation partitions. The heat-dissipating 

partition is made of aluminum sheet metal 

stamping, and has a recessed area in the middle 

for accommodating the Li-Ion battery, and a 

folded edge on both sides to increase the heat-

dissipating area. The heat pipe is bent into a C 

shape and placed in a receiving space formed 

by the edge of the Li-Ion battery and the heat 

dissipating partition. The heat generated is 

channeled with placing the long side of the heat 

pipe on one side of the battery ear by the tabs to 

the heat dissipation partitions and quickly dissi-

pate. There are two side pressure plates on the 

outside of the battery module to fix and support 

the entire module. The whole module can be 

bundled or bolted into groups. For the sake of improve the heat dissipation capability and 

fixed reliability of Li-Ion battery, a thermal conductive silica gel is coated or filled between 

the contact faces of the Li-Ion battery and the heat dissipating partition plate. This can com-

pletely eliminate the air between the Li-Ion battery and the heat dissipation diaphragm. The 

temperature of thermal resistance is reduced and improves heat transfer performance. In addi-

tion, the thermal silica gel also helps to fix the single battery from vibration or shock. 

Simulation and contrast analysis 

To verify the impact partial heat dissipation of polar ear on the temperature field dis-

tribute over Li-Ion battery module, ANSYS WORKBENCH transient thermal analysis mod-

ule was used to analyze the battery module with and without heat pipe, and solved the battery 

module temperature distribution problem when 1C and 2C end discharge. In the analysis, it is 

assumed that the battery and the separator are bonded together by a thermal conductive silica 

gel, and the adhesive layer is 0.1 mm. The 0.1 mm thick thermal silica material (Arctic Silver 

5) has a heat transfer coefficient of approximately 35,000 W/Km2. Then the distributed ther-

mal resistance is the reciprocal of heat transfer coefficient: 1.143 × 10–5 Km2/W, the module 

 

Figure 12. Schematic diagram of heat pipe 

setting; 1 – side pressure plate,  
2 – heat dissipation partition, 3 – heat pipe, 
4 – Li-Ion battery 
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housing body forced convection cooling power is set to 30 W. For the remaining thermal 

analysis parameters, refer to the previous calculations for analysis results. 

Figure 13 shows the temperature distribution of the heat pipe free battery modules 

1C and 2C at the end of discharge (side platen is hidden). The hottest part of the battery is the 

middle part of the module, which is represented by an elliptical red area in the temperature 

cloud image, and the temperature gradually decreases toward both sides. In the 1C discharge 

simulation analysis, the maximum temperature at which the battery module present is 43.2 °C, 

the highest temperature rise was 13.2°C, the difference between the highest and lowest tem-

perature of the entire battery module is 7.9 °C. In the 2C discharge simulation analysis, the 

highest temperature of the battery module is 55.8 °C, the highest temperature rise was 

25.8 °C, and the maximum temperature difference of the entire battery module was 21.9 °C. 

 

Figure 13. Temperature cloud charts of the module without heat pipes at the end of the discharge;  
(a) 1Cand (b) 2C 

The temperature distribution of the battery module is shown in fig. 14 at the end of 

1C and 2C discharges (with side platen hidden) for the battery module with partial enhanced 

heat dissipation by polar. The highest temperature region is also situated in the center of the 

battery module, but the red area in the temperature cloud map is slightly increased compared 

with the no heat pipe module, the temperature value is reduced, and the overall temperature 

change gradient is reduced. The experimental results show that the heat generated can be effec-

tively transferred by the heat pipe structure by the polar to the heat dissipation partition, and 

 

Figure 14. Temperature cloud charts of the module with heat pipes at the end of the discharge;  

(a) 1C and (b) 2C 
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and has a thermal equalization effect on the whole module. As shown in tab. 6, in the 1C dis-

charge simulation analysis, the maximum temperature at which the heat pipe module present 

is 39.7 °C, the temperature rise is 9.7 °C, the difference between the highest and lowest tem-

perature of the entire battery module is 4.7 °C, which is 3.2 °C lower than that of the module 

without heat pipe, the reduction is about 41.3%. In the 2C discharge simulation analysis, the 

maximum temperature at which the heat pipe module present is 47.2 °C, the temperature rise 

is 17.2 °C, the difference between the highest and lowest temperature of the entire battery 

module is 11.2 °C, which is 10.7 °C lower than that of the module without heat pipe, and the 

reduction is about 48.9%. This shows that the heat pipe enhanced heat dissipation structure 

has good heat dissipation performance and thermal balance performance, which can the tem-

perature difference between the batteries and the absolute temperature rise of the battery 

module be reduced. It can also be found that in the 1C and 2C discharge simulation analysis, 

the temperature of the folded edge on both sides of the heat dissipation partition is only  

2-3 °C lower than the maximum temperature of the module. This indicates that the heat from 

the polar body can be conveyed via the heat pipe structure to the edge of the cooling baffle. If 

the heat exchange between the folded edges of the heat dissipation baffle and the outside can 

be enhanced to the absolute temperature rise of the battery module can be further reduced by 

improving the convective heat dissipation capacity. Therefore, when designing the battery 

box, the air duct requires to be optimized render certain that the outer surface of the battery 

module has a high convection heat dissipation power, thereby ensuring that the heat conduct-

ed by the heat pipe structure can be dissipated in time. 

Table 6. Comparison of temperature analysis results of battery modules 

 1C 2C 

The maximum temperature of module without heat pipe 43.2 ℃ 55.8 ℃ 

The minimum temperature of module without heat pipe 35.3 ℃ 33.9 ℃ 

No heat pipe module temperature difference 7.9 ℃ 21.9 ℃ 

The maximum temperature of the heat pipe module 39.7 ℃ 47.2 ℃ 

The minimum temperature of the heat pipe module 35.0 ℃ 36.0 ℃ 

Heat pipe module temperature difference 4.7 ℃ 11.2 ℃ 

Temperature reduction range 40.5% 48.9% 

Experimental verification 

The battery module prototype was completed and prototyped, as shown in fig. 15. 

1C and 2C relevant experiments performed carried out on the battery module at room temper-

ature of 30 °C and under the condition of enhanced convection heat dissipation, and thermo-

couples were set inside the module and at the pole ears of each battery to measure the module 

temperature. The distribution of temperature measurement points is shown in fig. 16. 

Figure 17 shows the temperature change trend of each temperature measurement point 

of the battery module. In the 1C discharge experiment, the temperature rise of the No. 5 measur-

ing point is the largest, which is 10.4 °C, and the temperature rise of the No. 1 and No. 11 

measuring points is small, which is 4.8 °C, the difference between the highest and lowest tem-

perature of each point is 11.2 °C. Similar to the 1C discharge experiment, in the 2C discharge 

experiment, the maximum temperature rise was 19.5 °C at measuring point No. 5, and the  
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Figure 15. Experimental diagram of battery  
module prototype 

Figure 16. Temperature distribution diagram 
of the module 

 

 

Figure 17. Comparison of modules’ temperature measurement results; (a) 1C and (b) 2C  
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temperature rise of the No. 11 measuring point was small, 9.2 °C, and the maximum tempera-

ture difference of each measuring point was 10.3 °C. The experimental results are generally 

similar to the simulation analysis results above, but the maximum temperature measured by 

this module is slightly higher than the simulation result, and the temperature rise of the total 

positive pole is lower and the total negative polar is lower than that of the simulation results. 

The reasons for this phenomenon are:  

– No. 1 and No. 11 measuring points are located at the total positive pole and the total 

negative pole of the module respectively. They are all laser welded with a single material, 

and the contact resistance is low, thus reducing the heat production rate.  

– No. 1 and No. 11 measuring points are located outside the module, and the heat dissipa-

tion condition is good, so the temperature is low.  

– The measuring point No. 5 is located in the center of the module, and the heat dissipation 

condition is poor.  

After inspection, it is found that the welding strength of the polar is weak, and the 

contact resistance is large, which also causes the heat to be relatively large. 

To sum up, the measured results in the experiment are similar to the simulation 

analysis results of the module, indicating that the Li-Ion battery heat generation model cou-

pled with the positive and negative polar heat effects can be used for module discharge ther-

mal analysis. The localized heat dissipation of the polar can quickly transfer the heat of the 

ear to the edge of the heat dissipating baffle, which has good heat dissipation performance and 

thermal balance performance, and can effectively decrease the absolute heat rise of the battery 

module and the temperature difference between the batteries. When designing the battery box, 

the air duct needs to be optimized to ensure that the outer surface of the battery module has a 

high convection heat dissipation power, thereby ensuring that the heat conducted by the heat 

pipe structure can be dissipated in time. When manufacturing a Li-Ion battery module, it is 

necessary to ensure the welding effect of the tabs, otherwise the contact resistance will be in-

creased, thereby affecting the heat generation rate. 

Conclusions 

In this paper, in order to deeply explore the influence of polar enhancement heat dis-

sipation on Li-Ion battery, the thermal effect of anode and cathodes were coupled, and the 

heat generation model under different ratios was proposed, and the comparison was made 

through multi-ratio discharge experiments. Then, a local heat dissipation structure was set up 

and the thermal analysis and comparison of battery module discharge simulation were carried 

out. Finally, according to the thermal characteristics and the results of locally enhanced heat 

dissipation analysis, a new battery module is designed and simulated. The prototype is com-

pleted and tested. 

The main breakthrough points solved in this paper are as follows. 

 Although the partial enhanced heat dissipation of the polar through heat pipe can only 

slightly improve the discharge capacity of Li-Ion battery at a low rate, it can timely and 

effectively export the heat generated by the polar, greatly reduce the temperature at the 

polar and the overall temperature of the battery, thus improving the thermal balance and 

safety performance of Li-Ion battery. 

 The heat dissipation structure is strengthened at the pole, which can transmit the heat 

generated by the polar ear to the heat dissipation partition in time, and the absolute tem-

perature rise of the battery module and the temperature difference between the batteries 

be effectively reduced 
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 When manufacturing a Li-Ion battery module, it is necessary to ensure the welding effect 

of the polar to reduce the contact resistance, thereby avoiding the excessive heat genera-

tion rate of the polar. When designing the battery box. It is necessary to optimize the air 

duct to ensure that the outer surface of the battery module has high convective heat dissi-

pation capacity, thereby ensuring that the heat conducted by the heat pipe structure can be 

dissipated in time. 
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