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Nomenclature  Greek symbols  

   Seebeck coefficient (V/K), ratio (-) 

Symbols   thickness (mm) 

A area (m2), pre-exponential factor (-)  difference (-) 

C heat capacity [J/(kg·K)], capacity of 

battery (Ah) 

 emissivity (-) 

Const constant (-)  efficiency (-) 

E activation energy (J/mol)  thermal conductivity [W/(m·K)], heat 

flux (W/m2) 

H heat (J)  density (kg/m3) 

h heat transfer coefficient [W/(m2·K)]  Stefan Boltzmann constant 

[W/(m2·K4)] 

I current (A)   

k thermal conductivity [W/(m·K)] Subscripts  

L specific heat capacity (kJ/kg) a activation 

m mass flow (g/s)   

P power (W)   

p pressure (Pa) C cold junction 

Q heat transfer rate (W)   

q volume flow (L/min), mass flow (kg/min), 

heating power (W/m3) 

H hot junction 

R gas constant (-

resistance [W/(m2·K)] 

JR jelly roll 

r thermophysical parameters (-) m mass, logarithmic mean temperature 

difference 

T temperature (°C)   

t time (s) PCM phase change material 

u normalized concentration (-) p  

V volume (m3) r  

v flow rate (m/s) rem  

x quality (-) TE thermoelectric 

  TR thermal runaway 

  t terminal difference 

  v volume 
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 81 

No.  Scheme Value Performance 

1  Asbestos layer  =1 mm 

 =0.08 W/(m·K) 

Inhibition 

2  Asbestos layer  =1 mm 

 =0.07-0.1 W/(m·K) 

Inhibition 

3  Graphite composite sheet  =2.1 mm 

 =0.024 W/(m·K) 

Inhibition 

4  Aluminum plate  =0.8 mm 

 =3.2 mm 

 =5.0 W/(m·K) 

Delay 

Inhibition 

5  Copper plate or  

aluminum plate 

 =0.8 mm 

 =1.6 mm 

 =3.2 mm 

Delay 

Delay 

Inhibition 

6  PCM of silica aerogel  =1 mm 

 =0.02 W/(m·K) 

Delay 

7  Aerogel layer; 

 

PCM of paraffin; 

 

PCM with expandable graphite 

1 =3 mm 

1 =0.0287 W/(m·K) 

L2=124.9 kJ/kg 

2 =0.108 W/(m·K) 

3 =0.2079 W/(m·K) 

L3=131.8 kJ/kg 

Delay 

 

Accelerate 

 

Delay 

 

8  PCM/graphite composite.  =16.6 W/(m·K) 

L =123 kJ/kg 

Inhibition 



 

9   PCC of wax and graphite  =2 mm 

 =22.0 W/(m·K) 

L =165 J/g 

Inhibition 

10  PCC of paraffin and silica 

aerogel 

 =3 mm 

=0.051-0.066 W/(m·K) 

L =79.24 kJ/kg 

Inhibition 
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 101 

 102 

No. Scheme Value Performance 

1  Air flow h=20 W/(m2·K) Delay 

2  Liquid cooling plates between 

batteries 

qv=30 L/min Control 

temperature at 

75 °C in 30 s 

3  Aluminum mini-channel 

cooling system 

qv=10 L/min 

 

Inhibition 



 

4  Two aluminum plates with 

mini-channels 

v =0.3 m/s 

 

Inhibition 

5  Liquid cooling plate; 

PCM with liquid cooling plate 

qv=7.8 L/min 

PCM =0.2 

W/(m·K) 

Delay 

Inhibition 

6  PCM with liquid cooling plate v =0.05 m/s 

PCM =0.8 

W/(m·K) 

Inhibition 

7  PCM with liquid cooling plate 

on the lateral 

qm=0.12 kg/min 

L=1920 kJ/kg 

Inhibition 

8  PCM with liquid cooling and 

phase change cooling 

v =0.596 m/s 

h=20 W/(m2·K) 

L=225 kJ/kg 

Inhibition 

9  PCM with micro-channel 

cooling plate 

qv=3.9 L/min 

L=123 kJ/kg 

Inhibition 

10  PCC with nanofluids cooling 

plate 

v =0.04 m/s 

L=225 kJ/kg 

Inhibition 
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 339 

Determine initial values (T0) and 
boundary conditions (h, Tatm)

Determine the heat source of the 
lithium battery(Q0)

Calculation battery array temperature 
field in Fluent

Calculation temperature (Tmax, n) 

Calculation output power (Ptotal) of 
the thermoelectric model in Python

Tside

Calculation heat transfer coefficient 
(heva) of evaporator in Python

Tbottom

tn> Total simulation 
calculation time?

End of calculation

No

Yes

t+ t 

Calculation saturation 
temperature (Ts)

Calculation total 
pressure drop ( PA)

Determine pump 
rotational speed (N0)

Calculation total 
pressure drop ( PB)

PA- PB<  ?

Ni

Yes

No

Pp
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(a) (b)
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This paper (s) Ref.  (s)  Relative error 

29.8 28 6.4% 

154 150 2.7% 

107.5 99 8.6% 

109.3 129 -15.3% 

111.1 103 7.9% 

109.9 115 -4.4% 

111.6 104 7.3% 
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No. C (Ah) R [W/(m ·K)] Variation of R h [W/(m2·K)] Variation of h 

This 

paper 

37 0.00769 / 687.1 / 

1  10 0.03846 -80.01% 490 +40.2% 

2  20 0.05 -84.62% None / 

3  25 0.015 -48.73% None / 

4  37 0.05 -80.01% None / 

5  37 0.01538 -50.02% 75 +816% 
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(b) Integration of the proposed system 
with the liquid cooling system.
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