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Abstract: The existing lithium ion battery model 
in COMSOL’s Multiphysics (MP) software is 
extended to include the thermal effects. The 
thermal behavior of a lithium ion battery is 
studied during the galvanostatic discharge 
process with and without a pulse. 
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1. Introduction 
 

The existing lithium ion battery model in 
COSMOL 3.5a is extended here by adding an 
energy balance and the temperature dependence 
of properties of the battery. 

This thermal model is developed based on 
the pseudo two-dimensional (P2D) model which 
was described in [1, 2] and a thermal, 
electrochemistry coupled model. The diffusion 
coefficient of Li ions in the solid phase and 
electrolyte, the reaction rate constants of the 
electrochemical reactions, the open circuit 
potentials and the thermal conductivity of the 
binary electrolyte depend on the temperature in 
the model presented here. 
 
2. Mathematical Model 
 

A schematic of a lithium ion battery is shown 
in Figure 1. 

 
 

Figure 1. Schematic of a Lithium ion battery 

Generally, a lithium ion battery consists of 
the current collector, the positive electrode, the 
separator and the negative electrode. A lithiated 
organic solution fills the porous components and 
serves as the electrolyte. 

The material balance for the Li ions in an 
active solid material particle is governed by 
Fick’s second law in spherical coordinates: 
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where i=p for the positive electrode and i=n for 
the negative electrode. At the center of the 
particle, there is no flux, that is: 
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On the surface of the particle, the flux is 
equal to the consuming/producing rate of Li ions 
due to the electrochemical reaction occurring at 
the solid/liquid interface: 
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where Ji is the flux of lithium ions away from the 
surface of the spherical particles. 

The material balance for the binary 
electrolyte in the liquid phase is given by: 
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where i=p, s, and n and ai is the electrode surface 
area per unit volume of the electrode. In the 
separator the pore wall flux Js is equal to zero. At 
the two ends of the cell in the x-direction, there is 
no mass flux, that is: 
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At the interfaces between the positive 
electrode/separator and separator/negative 
electrode, the concentration of the binary 
electrolyte and its flux are continuous 
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The effective diffusion coefficient of the 
binary electrolyte in the liquid phase is corrected 
by porosity [3]: 
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The charge balance in the solid phase is 

governed by Ohm’s law: 

 
2

1,
, 2

i
eff i i ia FJ

x
φ

σ
∂

=
∂

 (3) 

where i=p and n. The effective conductivity is 
determined by ( )eff, f,1 .i i i iσ σ ε ε= − −  The 
specific area can be calculated by 
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current collector and the positive electrode, the 
charge flux is equal to the current density applied 
to the cell: 
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where Iapp is the applied current density. 
At the interfaces of the positive electrode/ 

separator and the separator/negative electrode, 
there is no charge flux: 
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The potential of the solid phase at the right 
end of the cell is set to zero 1, 0

p s n
n x L L L

φ
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= , 

and the potential of the solid phase at x=0, 

1, 0p x
φ

=
 is equal to Ecell (the cell voltage). 

The charge balance in the liquid phase is 
based on Ohm’s law and is given by: 
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where i=p, s and n and the specific conductivity 
of the binary electrolyte is a function of 

temperature and the concentration of the binary 
electrolyte in the liquid phase [3]: 
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At the two ends of the cell, there is no charge 
flux in the liquid phase: 

2,
,

0

0p
eff p

x
x

φ
κ

=

∂
− =

∂
 and 

2,
, 0

p s n

n
eff n

x L L Lx
φ

κ
= + +

∂
− =

∂
 

The potential in the solution phase and its 
flux are continuous at the interfaces of the 
electrodes and the separator. 

In the above equations the pore wall flux, Ji, 
is determined by the Bulter-Volmer equation: 
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and the over potential of the intercalation 
reaction is given by: 

1, 2,i i i iUη φ φ= − −  
The energy balance is given by [4, 5]: 
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with the boundary conditions determined by 
Newton’s cooling law: 
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where h is the heat transfer coefficient, T∞ is the 
environmental temperature, Qrxn is the total 
reaction heat generation rate, Qrev is the total 
reversible heat generation rate, Qohm is the total 
ohmic heat generation rate. The heat fluxes are 
defined by: 
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The temperature dependent open circuit 
potential of electrode i is approximated by 
Taylor’s first order expansion around a reference 
temperature: 
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where Ui,ref is the open circuit potential under the 
reference temperature Tref.  
 
3. COMSOL Model 
 

The mathematical model described in section 
2 is a multi-scale model. We developed several 
geometries in COMSOL: a 1D geometry which 
consists of three sequentially connected lines to 
represent the positive electrode, the separator and 
the negative electrode, respectively, a 2D 
geometry which consists of two rectangles to 
denote the solid phase in the electrodes. The 
geometries are shown in Figure 2. The vertical 
coordinate in the 2D geometry indicates the 
radial direction of the solid particles. Since we 
ignore the diffusion of Li ions in the x-direction 
in the particle, the corresponding diffusion 
coefficient is set to zero in this direction. The 
concentration of the binary electrolyte, the 
potential in the electrolyte, the potential in the 
solid phase and the pore wall flux are solved in 
the 1D geometry. The concentration of Li ions in 
the solid phase is solved in the 2D geometry. The 
pore wall flux is extruded from the 1D domain 
and projected to the top boundary of the 2D 
geometry by using “subdomain extrusion 
coupling variables” in COMSOL. The 
concentration of Li ions on the top boundary in 
the 2D geometry is projected to the 1D domain 
by using “boundary extrusion coupling 
variables”. 

The thermal behavior of the Li ion battery 
during pulse discharge is also simulated in 
COSMOL. The battery is discharged for 3000s at 
C/2 rate first and then discharged at 3C rate until 
the cell voltage drops to 2.5V. The change of the 
applied current density is implemented by using 
the smoothed Heaviside function “flsmhs” and is 
shown in Figure 3. 
 

 

 
 
Figure 2. Geometries and variables coupling between 
the geometries in COSMOL (The top 1D geometry 
consists of three segments which denote the positive 
electrode, the separator and the negative electrode. 
The bottum two rectangles represent the solid phases 
in the positive electrode and the negative electrode, 
respectively. The pore wall flux is extracted from the 
1D geometry and projected to the top boundary of the 
2D geometry. The concentration of Li ions on the top 
boundary of the 2D geometry is projected to the 1D 
domain as the surface concentration of the solid 
particles.) 
 

 
 
Figure 3. Current density profile in the discharge 
process including a 3C pulse 
 
4. Simulation Results  
 

Figure 4 shows the temperature on the cell 
surface at 1C discharge process under three 
different cooling conditions where the heat 
transfer coefficient is 10.0, 1.0 and 0.1 W/m2/K, 
respectively, and two limiting conditions: the 
isothermal condition and the adiabatic condition. 
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Figure 4. Temperature on the cell surface during 1C 
discharge process under different cooling conditions 
 

The thermal effect on the cell voltage is 
shown in Fiugre 5. The cell provides more 
discharge capacity when it is placed in a better 
heat isolation environment (i.e. adiabatic 
condition). In a better isolated environment, the 
cell temperautre increases faster during the 1C 
discharge process which results in the higher 
diffusion coefficient for the binary electrolyte 
and reduces the diffusion limitations. 

 

 
 
Figure 5. Cell Voltage for 1C discharge process under 
different cooling conditions 
 

The reduction of the diffusion limit in the 
binary electrolyte can be verified by comparing 
the concentration profile of the electrolyte under 
different cooling conditions. Figure 6 shows the 
concentration profiles of the electrolyte at the 
end of 1C discharge process under the two 
limiting conditions. The concentration profile 
under the adiabatic condition is flatter than that 
in the isothermal case, which indicates a better 
diffusion property in the electrolyte under the 
adiabatic condition than under the isothermal 
condition. 

 

 
 
Figure 6. Comparison of the concentration profiles of 
the binary electrolyte at the end of the 1C discharge 
process under the isothermal condition and the 
adiabatic condition 
 

Figure 7 shows the cell temperature during 
the 1C discharge process at different current 
rates as the heat transfer coefficient is 1.0 
W/m2/K. As expected, the cell gets hotter as the 
dishcarge current rate increases. It is also noticed 
that the wave part which appears in beginning of 
the temperature curve at low current rate (less 
than 2C) does not exist in the high current rate 
cases. The wave part on the temperature curve is 
characterised by the reversible heat generation 
during discharging. Under low current rate 
discharging, the reversible heat is roughly 
equivelant to the ohmic heat, but becomes 
unimportant as the discharge current rate 
increases. 
 

 
 
Figure 7. Temperature on the cell surface during 
discharge process under different current rates while 
the heat transfer coefficient h=1.0 W/m2/K where the 
DOD is defined as: DOD=time * C rate / 3600 
 



The P2D model mentioned in section 2 is 
also useful for simulating the discharge process 
with pulse. Figure 8 shows the cell voltage 
during the C/2 discharge for 3000s followed by a 
3C pulse discharge until the cell voltage drops to 
2.5V. The corresponding temperature on the 
surface of the cell is also plotted in Figure 9. The 
surface temperature at the end of the 3C pulse is 
slightly less than that in the pure 3C discharge 
process. 
 

 
 
Figure 8. Cell Voltage at C/2 discharge for 3000s 
followed by a 3C pulse discharge 
 

 
 
Figure 9. Temperature on the cell surface in the 
discharge process with 3C pulse 
 

Figure 10 shows the concentration of the 
binary electrolyte at the two ends of the cell 
during the pulse discharge process. At the 
beginning of the pulse, the concentration of the 
electrolyte changes extremely, after that it 
relaxes and tend to a stable value. 

 

 
 
Figure 10. Concentration of the binary electrolyte at 
the two ends of the cell (the bottom line is at x=0, the 
top line is at x=1.65e-4) in the C/2 discharge process 
with a 3C pulse 
 
5. Conclusions 
 

The thermal behavior of a Lithium ion 
battery during galvanostatic discharge w/o pulse 
can be predicted by using COMSOL 
Multiphysics. Though better thermal isolation 
environment improves the discharge capacity, 
the higher cell temperature raises the risk of 
thermal runaway and more rapid wear out of the 
cell.  
 
6. References  
 
1. M. Doyle, T.F. Fuller and J. Newman, 
Modeling of galvanostatic charge and discharge 
of the Lithium/Polymer/Insertion cell, Journal of 
Electrochemical Society, 140, 1526-1533 (1993) 
2. T.F. Fuller, M. Doyle, and J. Newman, 
Simulation and Optimization of the Dual 
Lithium Ion Insertion Cell, Journal of 
Electrochemical Society, 141, 1-10 (1994) 
3. Lars Ole Valoen, and N. Reimers, Transport 
Properties of LiPF6-Based Li-Ion Battery 
Electrolytes, JES, 152, A882-A891 (2005) 
4. W.B. Gu and C.Y. Wang, Thermal-
Electrochemical Modeling of Battery System, 
Journal of Electrochemical Society, 147, 2910-
2922 (2000) 
5. K. Kumaresan, G. Sikha and R.E. White, 
Thermal Model for a Li-Ion Cell. Journal of the 
Electrochemical Society, 155, A164-A171 (2008) 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




