
INTRODUCTION

Annual global statistics on the sale and use of vehicles show
unceasing growth by all possible indicators (Zhang et al.,
2022). A similar situation is observed in the field of vehi-
cles using alternative energy sources, in particular electric
vehicles (Domarch and Chrechi, 2023). At the same time,
research organisations collect statistical data on the causes
and consequences of fires in electric vehicles. Accordingly
(EV fires…, 2023), about 455 cases of electric cars catching
fire have been recorded to date. The main cause of electric
vehicle fires is mechanical damage to the battery, which

consists of lithium-ion battery (LIB) power cells. In addi-
tion, it was established that most often, it is Tesla cars that
suffer from cases of battery damage and, as a result, subse-
quent fires. Returning to the statistical data and analysis of
the reasons for the ignition of electric vehicle batteries, the
influence of an external source of ignition (fire) is noted in
fourth place, which leads to the occurrence of an irreversi-
ble thermochemical reaction in the battery and its subse-
quent combustion. In general, it has been confirmed that an
increase in the internal temperature of the LIB to
160–170 °C leads to further thermal decomposition of the
element and its combustion. Numerous studies (Lee et al.,
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The purpose of the work was to determine the thermophysical characteristics of Panasonic
NCR18650B (LiNi0.8Co0.15Al0.05O2) batteries under the condition of an external heating source.
Obtaining the appropriate thermophysical characteristics of lithium-ion battery (LIB) cells can be
confirmed by experimental studies and mathematical calculations. Obtaining relevant results in
the future makes it possible to carry out a professional assessment of the heating temperature of
such LIB, the conditions of their combustion, and the spread of fire in general. According to the
results of experimental studies, namely, under the condition of the action of an external source of
high temperature (flame) and uniform heating of the outer walls of the LIB, its inner part is heated
to an average temperature of 168 °C for 70 seconds. For comparison, the corresponding tem-
perature in the middle of the LIB without internal filling (cathode and anode) is reached within 45
seconds. The developed mathematical model based on the differential equation of thermal con-
ductivity in the cylindrical coordinate system and the use of the Newton-Richmann`s Law of Heat
Exchange made it possible to carry out mathematical modelling of the heating process of a LIB.
Further comparison of the experimental values with the mathematical model confirmed the cor-
rectness of the experiment. The obtained mathematical model based on the experimental values
made it possible to obtain the corresponding numerical values of the specific heat capacity, mate-
rial density, thermal conductivity coefficient and heat exchange between the surface and the
near-surface layer of the Panasonic NCR18650B.
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2020; Sun et al., 2020; Liu et al., 2021) have established
and shown the immediate hazards and specifics of LIB
burning. Today, more and more countries and emergency
rescue agencies are developing procedures for responding to
and eliminating the consequences of fires at the LIB (Park-
homenko et al., 2023). Such data testify to the real danger
and relevance of this line of research.

The continuation of the creation of a scientifically based ba-
sis for determining the features, methods, means and causes
of the occurrence of thermochemical reactions in LIB is an
actual scientific direction of research. This is especially
relevant, taking into account the constant change in the
chemical composition and type of LIB used by humans. At
the same time, the deepening of knowledge about the fire
danger of LIB will allow formation of a national strategy
for the development, operation and use of vehicles on alter-
native energy sources.

The definition of the fire hazard of the Panasonic
NCR18650B LIB by Ruiza et al., (2018) can be conven-
tionally divided into several options: mechanical damage to
the LIB housing (piercing by a sharp object, deformation of
the housing of the element (Lazarenko et al., 2022; 2023),
and the effects of excessive current (Lazarenko et al.,

2022). Experimental and analytical studies have shown that
the greatest fire hazard of LIB Panasonic NCR18650B is
caused by the action of excessive current, which is accom-
panied by heating to a temperature of about 800 °C.

Analysing modern achievements in the direction of deter-
mining and establishing thermophysical characteristics of
LIB, it is necessary to note and highlight the following sci-
entifically based results.

Previous work (Li et al., 2017) showed that it is possible to
use infrared imaging technology to study the temperature
distribution of Li(NiCoMn)O2 prismatic LIB in natural con-
vection conditions. In that study, it was established that the
positive electrode shows a higher rate of heat release than
that of the negative electrode. In addition, the dependence
of the temperature distribution on the LIB area, depending
on the placement of the current receivers, was established.
The established difference in temperature can reach 51%.

Another study (Xie et al., 2018) provides an important sci-
entific basis for the technology of monitoring and control-
ling the temperature of LIB used in electric vehicle batter-
ies. During the study, the authors took into account thermal
conductivity and convection under the conditions of normal
use of vehicles. It was established that battery heating is re-
lated to the temperature coefficient of the electromotive
force, the degree of charge of the LIB, the battery resis-
tance, and the current coefficient. Based on the experiment,
the important characteristics of LIB at different ambient
temperatures (25 oC, 0 oC and 40 oC) were studied.

Experimental studies (Hoelle et al., 2021) have also aimed
to describe the thermochemical reaction in the prismatic-
type LIB due to piercing of the case. In total, the study used

50 prismatic LIBs of 25 different versions with a capacity
from 8 to 145 A/h. The work highlights such important ex-
perimental results as mass loss, the volume of released gas
and heat, depending on the capacity of the LIB.

The results of the study were compared with already exist-
ing studies, in particular with (Golubkov et al., 2014),
where the researchers determined similar parameters, but
regarding the cylindrical 18650 format LIB and under the
condition of its overheating in a special furnace. The LIB
sample was slowly heated, starting at 25 °C, with a heating
rate of ~2 °C min-1. After reaching 220 °C, a thermochemi-
cal reaction followed by combustion took place in the LIB.
The temperature of the LIB rose from 220 °C to 687 °C in a
few seconds.

These studies (Golubkov et al., 2014; Hoelle et al., 2021)
were continued (Weber et al., 2023), where the thermo-
chemical decomposition was developed based on ten chemi-
cal decomposition reactions. Accordingly, a combination of
chemical models with mathematical modelling of thermal
decomposition was carried out for further forecasting of
temperature curves, as well as the amount and composition
of gases released during the burning of LIB. The research
was carried out on a batch LIB. The experimental results
were confirmed by mathematical calculations and showed
that upon reaching the temperature limit in the range of
210–214 °C within 45–50 s. there was direct self-ignition of
the LIB and release of combustion products. At the same
time, the paper presented and determines the thermophysi-
cal parameters of the studied LIB.

Other work (Dong et al., 2023) gave additional results
on the danger of LIB under the condition of mechanical
damage. In the study, the authors considered a
Li(Ni0.7Co0.2Mn0.1)O2 (NCM 721) batch battery with a ca-
pacity of 52 A/h and measured the temperature of its sur-
face and in the middle of the element during a thermo-
chemical reaction as a result of mechanical damage or
excessive current. According to the results of several ex-
perimental studies, it was established that the average maxi-
mum temperature of the surface of LIB was 835–925 °C. In
addition, it was established that within 29 seconds from the
beginning of mechanical damage, the destruction of the LIB
occurred with the release of gases and flames. As a limita-
tion of this study, it should be noted that the work consid-
ered a completely different type of LIB and, in general, did
not establish the thermophysical characteristics of the stud-
ied LIB.

Structural changes in the internal content of the battery ma-
terial and temperature in various parts of the battery during
the process of the thermochemical reaction have been deter-
mined (Liang et al., 2023). The study showed that at a fur-
nace temperature of 135°C~195°C (in which the LIB was
heated), the maximum temperature during the thermochemi-
cal reaction of the LIB reached approximately 625 °C. It
was established that increasing the battery charge level
leads to an earlier onset of the thermochemical reaction. In
addition, an increase in the LIB heat transfer coefficient
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leads to an earlier onset of the thermochemical reaction.
Modelling and analysis of characteristics were carried out in
a prismatic LIB NCM523. In addition, it was established
that the use of appropriate cooling methods (liquid cooling
or direct cooling) can prevent, to some extent, the occur-
rence of the thermochemical reaction phenomenon.

Another study (Tan et al., 2024) focused on the 26,650 LIB
format and the study of the amount of heat released by the
element during charge and discharge cycles. In this study, a
two-dimensional axisymmetric model of electrochemical-
thermal communication was developed, which was then
verified using experimental data. In addition, factors such as
ambient temperature, reaction heat, ohmic heat, and polari-
sation heat were separately taken into account. The quanti-
tative results showed that the total heat released in the con-
tinuous discharge process was the highest. The maximum
amount of heat per unit volume was 67,446.99 W/m3 at a
temperature factor of 2C multiplier discharge. The thermo-
physical characteristics of the LIB format 26 650 (NMC
lithium-polymer) were taken into account for the develop-
ment of the mathematical model.

Taking into account the interest of the scientific community
in researching and determining the temperature of LIB, in
the study a flame retardant composite material with a phase
change (CPCM) consisting of paraffin, high-density poly-
ethene, foamed graphite, ammonium polyphosphate, red
phosphorus and zinc oxide was proposed (Yu et al., 2023).
The effectiveness of the coating under the condition of dif-
ferent ratios of flame retardants was investigated, and their
effectiveness was compared. The experimental studies
showed that the maximum temperature of the LIB (Sanyo
NCR18650GA format 18650) was 50 oC at a discharge rate
of 2C and that the temperature difference could be con-
trolled within 5C;

The temperature profile of LIB as an indicator of the ageing
state of LIB has been determined (Kozma et al., 2023). The
authors proposed a method capable of detecting changes in
the internal electrical resistance of the battery due to ageing
based on calorimetric measurements. This method of diag-
nosing ageing is based on measuring the surface tempera-
ture using thermocouples. A comparison of the heat pro-
duced by calorimetric and electrical methods was also
carried out, which made it possible to determine the accu-
racy of the obtained measurement results. The difference
obtained was less than 10%, indicating good agreement be-
tween the two methods.

Based on the previous research in the direction of determin-
ing temperature and establishing thermophysical character-
istics of LIB, the following conclusions can be drawn:

– the vast majority of research has been focused on the issue
of establishing the temperature of prismatic-format LIB in
the conditions of everyday operation or stimulating the oc-
currence of a thermochemical reaction;

– determination of the temperature of LIB was carried out
to establish the dependence of the degree of discharge of the
element or the conditions of its reliable and stable operation
in the range of 30–60 °C without taking into account exter-
nal factors;

– setting the temperature of LIB was carried out on the sur-
face of the element;

– defined thermophysical characteristics of LIB refer to in-
dividual types of LIB with individual chemical composi-
tion.

Further research on the issue of determining the thermo-
physical characteristics of LIBs can become a scientific ba-
sis for the development of protection systems directly for
storage batteries, in particular electric vehicles, and not only
in the event of an external energy source (combustion). Ob-
taining scientifically based parameters of thermophysical
characteristics will also allow us to carry out a forecasted
assessment of the spread of burning in LIB under appropri-
ate conditions. Thus, the establishment of the thermophysi-
cal characteristics of a cylindrical LIB under the condition
of the action of an external heating source remains an actual
scientific task that requires further determination.

The purpose of the study was to determine the thermo-
physical characteristics of Panasonic NCR18650B
(LiNi0.8Co0.15Al0.05O2) batteries under the condition of an
external heating source. Obtaining the appropriate thermo-
physical characteristics of LIB, confirmed by experimental
research and mathematical calculation, would in the future,
make it possible to carry out a professional assessment of
the heating temperature of such LIB and the conditions for
their combustion and fire spread as a whole.

To achieve the goal of the research, the following tasks
were defined:

– to carry out an experimental study to establish the warm-
up time and temperature in the middle of the LIB during the
action of a third-party heating source;

– to develop a mathematical model of the process of tem-
perature growth in the middle of LIB under the condition of
the action of a third-party heating source;

– to establish the thermophysical characteristics of the
Panasonic NCR18650B LIB necessary for further use and
forecasting the temperature rise in similar LIB.

MATERIALS AND METHODS

The main hypothesis of the study was that the Japanese-
made Panasonic NCR18650B (LiNi0.8Co0.15Al0.05O2) LIB
has significant fire hazard if it is exposed to an external
source of thermal radiation (flame), which causes an in-
crease in the internal temperature and the subsequent occur-
rence of an irreversible thermochemical reaction with sub-
sequent combustion of the element. Accordingly, Panasonic
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NCR18650B (LiNi0.8Co0.15Al0.05O2) LIB was selected as
the research object.

We determined the warm-up time and the temperature in the
middle of the LIB during the action of an external source of
thermal radiation. To obtain more experimental data, the
study was divided into two stages, namely:

1. Determination of temperature in the LIB housing without
internal filling;

2. Determination of temperature in the middle of a full-
fledged LIB with internal filling.

Conducting experimental studies in two stages allowed to
compare the obtained experimental data on the heating of
LIB for different physical parameters of the element itself.

Thus, a 100% discharged Panasonic NCR18650B sample
was prepared for research. Accordingly, a completely fire-
resistant element with an internal filling corresponding to
the working sample was obtained. After that, in the experi-
mentally prepared sample, a through-hole with a diameter
of 2 mm was drilled along its entire length for further place-
ment of thermocouples (Fig. 1a). Also, the LIB case without
internal filling was prepared separately (Fig. 1 b), that is,
the entire internal winding (cathode and anode) was previ-
ously removed. Later, thermocouples were also placed in
the middle of the empty body of the element.

Determination of temperature change was carried out
throughout the experiment at the expense of chrome-alumni
thermocouples with the possibility of fixing temperature
from –50 to 1200 °C. Recording of indicators from thermo-
couples and their further processing was ensured by the sec-
ondary device PVI-111 regulator-determinator (Ukraine),
which can simultaneously read and transmit information to
a personal computer (PC) from 8 thermocouples. The de-
vice allows you to read temperature in real-time with an in-
terval of 1 second under environmental conditions from –10
to +50 °C. Thermocouples were placed directly in the mid-
dle of the LIB two pieces each, as well as on the surface of
the element in the amount of two pieces.

The laboratory stands for heating the LIB from an external
source of thermal radiation (flame) and subsequent fixation
of temperature is presented in Figure 2.

The source of open combustion (flame) was two gas burners
fed from a gas cylinder. To ensure uniform heating of the
entire area of LIB, the element itself was placed in an addi-
tional metal case, and burners carried out primary heating of
the metal case, which created the effect of an “oven”. The
flame temperature of the gas burner was 750 °C. Thermo-
couples TC-1 and TC-2 were placed directly in the middle
of the LIB, and TC-3 and TC-4 on the surface of the ele-
ment. The LIB itself was attached to a tripod with the help
of special fasteners.

The element was heated up to reach 170–250 °C in the mid-
dle of the LIB. Given that the occurrence of a thermochemi-

cal reaction in the element begins when the temperature in-
dex reaches 170 °C, there is no need to warm it up. How-
ever, to verify the impossibility of LIB ignition at 100%
discharge and reaching an internal temperature above 170
°C, heating of the element continued to a temperature of
250 °C (±30 °C).

375Proc. Latvian Acad. Sci., Section B, Vol. 78 (2024), No. 5/6.

Fig. 1. Panasonic NCR1865 lithium-ion battery sample: a, with internal
filling and holes for placing thermocouples; b, Panasonic NCR18650B
metal case without internal filling.

a

b

Fig. 2. Scheme of a laboratory bench for heating the Panasonic
NCR18650B from an external source (flame) and further determination of
the temperature by the chrome-alumni thermocouples: 1, burners with a gas
cylinders; 2, additional metal case for placing Panasonic NCR18650B;
3, PVI-111 with thermocouples (TC-1, TC-2, TC-3, TC-4); 4, tripod for
fixing the element.



RESULTS

Firstly, the temperature parameters of heating the empty
body of the LIB were determined (Fig. 3). The total dura-
tion of the first stage of experimental research was 74 sec-
onds. Starting from the 16th second of the experiment, an
increase in the temperature on the surface of the LIB was
recorded within the range of 35–40 °C, while the average
temperature in the middle of the LIB body was 27.7 °C. The
surface temperature of the LIB hull at 40-45 seconds of the
experiment was 170–195 °C, while the internal temperature
in the middle of the hollow LIB hull was 133–165 °C. In
general, the general equilibration of temperature on the sur-
face and in the middle of the LIB within 210 °C was ob-
served at 51 seconds of the first stage of experimental re-
search (Fig. 3).

In the second stage of experimental research results were
obtained on heating of a full-fledged LIB (Fig. 4). During
the experiment, thermocouple T3 significantly deviated
from the general temperature indicator on the surface of the
LIB due to too close contact with the flame of the gas
burner. Thus, its indicators can be considered false and were
not taken into account during the analysis of the research re-
sults. However, the general temperature of the surface of
LIB can be compared with the results of the first stage of
the study (Fig. 3).

The total duration of the second stage of experimental re-
search lasted about 98 seconds, taking into account the
maximum heating of the element to a temperature of
316 °C. At the same time, it is worth noting that the surface
temperature of the element did not balance with the internal
temperature and was 385 °C on average. Starting from the
23rd second of the experiment, an increase in temperature in
the middle of the LIB was recorded in the range of
47–50 °C, while the average temperature on the surface of
the LIB was 120 °C. At 70 seconds, the temperature of the
surface of the LIB hull was 266 °C, while the internal tem-
perature in the middle of the hollow LIB hull was
166–171 °C. In general, LIB heated up to a temperature of
364 °C for 128 seconds, but the element did not burn.

Mathematical modelling of the heating of the inner shell

of the Panasonic NCR18650B under the condition of the

action of an external source of thermal radiation (flame)

To obtain a complete mathematical description of the pro-
cess of heating the inner shell of the Panasonic
NCR18650B under the condition of a heat source, mathe-
matical modelling of this process was carried out. Since this
power element is a continuous cylindrical body, it was nec-
essary to find a solution to the differential equation of ther-
mal conductivity in a cylindrical coordinate system:
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t r

r r
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t r

r
�

� �
��

�
�

�
� �

�
( , ) ( , )

,� �
�
	



�
�

1
r rn
 [ , ]0 , � � 0, (1)

To find the solution of equation (1), it is necessary to add an
initial condition. Since the ambient temperature before the
start of the experimental test was equal to the temperature

of the power cell and was 20 °C, the initial condition can be
written as:

t r t( , )0 200� � oC (2)

where: t r( , )� – temperature, oC; r – radius, m.; � – time,
sec.; c – specific heat capacity of the material, J/(kg·K); � –
material density, kg/m3; � – thermal conductivity of the ma-
terial, W/(m·K); and � – heat transfer coefficient,
W/(m2·K).

Considering that the heating took place with the help of two
burners through an additional metal case, which ensured
uniform heating of the surface of the power element case, it
is assumed that the heat exchange between the environment
and the surface of the LIB case occurs according to the
Newton-Richmann’s Law of Heat Transfer, which is de-
scribed by equation (3). It was experimentally established
that the law of temperature change of the near-surface (Fig.
5) layer can be displayed in the form of a polynomial func-
tion of the 2nd-degree t � � �0 0009 0 089 27 9932, , , .� �

Considering the above, the boundary condition can be writ-
ten in the form of:

� � � � ��
�
�

� � � � �
t

r
r t rn n( , ) ( ( , ) ( , , , ))0 0009 0 089 27 9932 (3)
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Fig. 3. The results of determining the temperature of the Panasonic
NCR18650B case heating, from an external source (flame): TC 1, TC 2,
thermocouples in the middle of the LIB; TC 3, TC 4, thermocouples on
the surface of LIB.

Fig. 4. The results of determining the temperature of the heating of a
full-fledged Panasonic NCR18650B power cell from an external source
(flame): TC 1, TC 2, thermocouples in the middle of the LIB; TC 3, TC 4,
thermocouples on the surface of LIB.



Considering that the LIB is a solid body, the symmetry con-
dition must be added to condition (3)

�
�

�
t

r
� �( , )0 0 (4)

The analytical solution to the given problem can be found in
detail in (Tatsii et al., 2018; 2020). Analytical mathemati-
cal modelling of the heat-transfer process was carried out
for a two-layer cylindrical structure, the first layer of which
was the filling of a Panasonic NCR18650B power cell, and
the second — a metal case.

The following parameters were determined. The generalised
thermophysical properties of the filling of the LIB
Panasonic NCR18650B were: radius m. (geometric parame-
ters of the power element), specific heat capacity of the ma-
terial c0 = 677 J/(kg·K), material density �0 = 4743 kg/m3

(LiNi0.8Co0.15Al0.05O2 + separator), thermal conductivity
of the material �0 = 324,9 W/(m·K), which were obtained as
results of experiments and mathematical calculations
(Lazarenko et al., 2022).

Parameters of the LIB case (steel according to the standards
AISI 321) were: radius r1 = 0,009 m., specific heat capacity
of the material c1 = 470 J/(kg·K), material density �1 =
7800 kg/m3, thermal conductivity of the material �1 = 56
W/(m·K), and coefficient of heat exchange between the sur-
face of the power element and the surface layer � = 55
W/(m2·K).

The results of mathematical calculations of the process of
heating the Panasonic NCR18650B power cell from an ex-
ternal source (flame) are presented in the form of a graph
(Fig. 6).

Considering the presented graphical dependence (Fig. 6), it
can be seen that the results obtained by mathematical mod-
elling methods are well correlated with the experimental re-
sults and can become the basis for further research.

DISCUSSION

Taking into account the various options for the introduction
and occurrence of a thermochemical reaction in the LIB, the

option of external heating of the LIB can be considered as a
last resort. Still, the probability of such a case is quite sig-
nificant. The emergence of an external high-temperature
source (flame) can lead to the heating of the LIB and, as a
result, intense ignition of the entire car, and possibly a
larger fire.

Experimental results of heating a LIB (fully discharged)
with an external high-temperature source (flame) showed
the relative safety of such an element, since the combustion
of the element itself did not occur even at temperatures
above 350 °C. The corresponding result is a testimony and
another confirmation that it is the degree of charge of LIB
that is the main indicator of its danger. At the same time,
the obtained experimental values made it possible to further
determine the thermophysical parameters of the LIB, in par-
ticular, its internal filling.

The solution of the differential equation of thermal conduc-
tivity in the cylindrical coordinate system and the use of the
Newton-Richmann Law of Heat Exchange made it possible
to carry out mathematical modelling of the heating process
of LIB. Further comparison of the experimental values with
the mathematical model confirmed the correctness of the
experiment, which in the future will make it possible to use
the obtained mathematical model in other studies;

Considering the graphical dependence presented (Fig. 6), it
can be seen that the results obtained by mathematical mod-
elling methods are well correlated with the experimental re-
sults and can become the basis for further research. It
should be noted that the largest deviation of the results on
temperature was observed at 200 seconds — 81.79 °C for
experimental studies and 92.93 for the results of mathemati-
cal modelling. This is explained by the not-entirely perfect
approximation of the results of experimental research and
the accuracy of calculations during mathematical modelling.
However, this error is within acceptable values for engi-
neering studies, namely 12–14 %.

The obtained mathematical model based on experimental
values made it possible to obtain and confirm
thermophysical characteristics of Panasonic NCR18650B
(LiNi0.8Co0.15Al0.05O2).

377Proc. Latvian Acad. Sci., Section B, Vol. 78 (2024), No. 5/6.

Fig. 5. Results of approximating the temperature change process of the
near-surface layer of a full-fledged Panasonic NCR18650B power cell. Fig. 6. Comparative results of temperature heating of a full-fledged

Panasonic NCR18650B power cell from an external source (flame) and by
mathematical modelling method.



CONCLUSION

The purpose and objectives of the research, experimental
and analytical studies made it possible to establish the fol-
lowing:

– under the condition of the action of an external source of
high temperature (flame) and uniform heating of the outer
walls of the LIB, its inner part is heated to an average tem-
perature of 168 °C for 70 seconds without further ignition;

– the solution of the differential equation of thermal con-
ductivity in the cylindrical coordinate system and the use of
the Newton-Richmann Law of Heat Exchange made it pos-
sible to carry out further mathematical modelling of the
heating process of similar LIB in the future;

– the obtained mathematical model based on experimental
values made it possible to obtain heat exchange between the
surface and the subsurface layer (� = 55 W/m2·K) LIB
Panasonic NCR18650B and confirm the corresponding nu-
merical values of specific heat capacity (c0 = 677 J/kg·K),
material density (�0 = 4743 kg/m3), and thermal conductiv-
ity coefficient (�0 = 324,7 W/m·K).
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PANASONIC NCR18650B LITIJA JONU BATERIJAS TERMISKO UN FIZIKÂLO PARAMETRU NOTEIKÐANA

Uz eksperimentâlu datu pamata izstrâdâts matemâtisks modelis, lai noteiktu Panasonic NCR18650B litija jonu baterijas termiskos un
fizikâlos parametrus paaugstinâtas ârçjâs temperatûras gadîjumâ.
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