BATTERY THERMAL MANAGEMENT SYSTEM IN
ELECTRIC VEHICLES

ASHIMA VERMA

DEPARTMENT OF ENERGY SCIENCE AND ENGINEERING
INDIAN INSTITUTE OF TECHNOLOGY DELHI
APRIL, 2023



Battery Thermal Management System in Electric Vehicles

by
Ashima Verma

Department of Energy Science and Engineering

Submitted
in fulfillment of the requirements of the degree of

Doctor of Philosophy

to the

Indian Institute of Technology Delhi
April, 2023




©Indian Institute of Technology Delhi (I1TD), New Delhi, 2023



CERTIFICATE

This is to certify that the thesis entitled “Battery Thermal Management System in
Electric Vehicles” being submitted by Ms. Ashima Verma to the Indian Institute of Technology
Delhi in fulfillment of the requirements for the award of the degree of ‘Doctor of Philosophy’ is a
record of the original bonafide research work carried out by her under our guidance and
supervision at Department of Energy Science and Engineering, Indian Institute of Technology
Delhi. The results contained in the thesis have not been submitted in part or full to any other

University or Institute for the award of any degree or diploma.

(Prof. Dibakar Rakshit)
Associate Professor,

Department of Energy Science and
Engineering,

Indian Institute of Technology
Delhi,

Hauz Khas New Delhi - 110016



ACKNOWLEDGEMENTS

I whole heartedly would like to thank my supervisor, Prof. Dibakar Rakshit for his suggestions,
support and freedom provided to me for carrying out the desired research studies, over my course
of PhD. It has been a learning experience for me, both on professional and personal fronts through

the detailed interactions | have had with him over various activities during my PhD.

| thank my SRC members, Prof. K. A. Subramanian, Prof. Anil Verma and Prof. Rahul
Goyal for their suggestions and support given to me from time to time during my Ph.D. | would
also like to thank the Ministry of Human Resource Development, Government of India for

providing the necessary support to facilitate the research.

I am thankful to my senior and fellow lab members -Dr. Sai Saran Yagnamurthy, Dr.
Pranaynil Saikia, Ms. Sana Fatima Ali, Mr. Alok Ray, Mr. Tewodros Belay Ashagre, Mr. Sagar
Vashisht, Mr. Rahul VVerma, and others for helping me and upholding my moral high during tough
times of my research work. | am also thankful to the lab staff and other student colleagues at 11T

Delhi, for extending their support whenever necessary.

| express my heartfelt gratitude towards my parents, siblings, and husband for their

encouragement and support, without which I couldn’t have carried out this work.

Ashima Verma



ABSTRACT

The ever-increasing global environmental concerns have paved the way for electric
vehicles (EVs) to hold deep roots in the transport market. Lithium-ion (Li-ion) batteries are the
most explored and central part of the EV. Li-ion batteries are preferred due to their high energy
density, power density, service life, and low self-discharge rates. However, the dependence of the
cell performance on the operating temperature has limited customer satisfaction due to issues of
safety and longevity. In this regard, many vehicle manufacturers’ prime focus is designing and
developing an effective battery thermal management system (BTMS). A reliable, cheap, energy-
efficient, and simple structure are some of the primary needs for an effective BTMS. BTMS has
been categorized into two main categories, (i) Active cooling systems (ACSs) and (ii) Passive
cooling systems (PCSs). The ACSs are further subdivided into two categories, (i) Air cooling
systems and (ii) Liquid cooling systems. Many leading EV manufacturers have widely adopted
air-cooled BTMS in their battery packs. However, the air-cooled BTMS is inefficient in hyper
ambient conditions and involves bulky structures. Liquid-cooled BTMS is more effective than air-
cooled BTMS, but leakage and non-uniform temperature distribution are troublesome when
employed in the battery pack. Additionally, the ACSs consume energy for their operation, referred
to as parasitic energy consumption. PCSs do not consume parasitic energy and, thus, are most

explored by researchers.

This thesis explores liquid and phase change material (PCM) cooled battery packs through
numerical and experimental studies. A novel PCM-fin structure that works well under high
ambient and discharge rates has been proposed. The effect of PCM’s mass and fin length directly

influenced the thermal performance. The proposed model was a combination of PCM and fins. For



the seamless operation of Evs in a hot climate, this study examined a novel passive cooling system.
This cooling system features two distinct types of heat extraction media: (i) PCM-based isothermal
storage-based heat sink and (ii) fin-based augmented thermal transport-based heat sink. These two
sub-components were investigated in mutually competitive and complementing scenarios to
understand the relative contributions of each component in heat extraction and realize the
maximum cooling potential achievable from a combined implementation. The extensive and
intensive properties of the retrofit were clubbed together under a new non-dimensional index,
which has been called variable system response (VSR). The results of the parametric study were
used to propose a set of two correlations. Different combinations of the design variables achieved

a cooling of 142.1 W.

Furthermore, comprehensive research on liquid cooling mini-channels was carried out to
determine the best combination of geometric and thermos-fluidic parameters of the mini-channels.
The volume average battery temperature at the end of the driving cycle for the beat case was 313.31
K. The study showcases the importance of less intense cooling, which results in low power

consumption (0.85 W) by the ACS.

Finally, the thesis compares the popular battery types: (i) cylindrical and (ii) prismatic for the
passive cooling system. The study reveals that a cylindrical battery stores more heat at low ambient
temperature conditions when compared to a prismatic battery. Also, design attributes are different
for the PCM cooling system in the two lithium-ion batteries owing to the shape factor. This study
attempted to cap the maximum temperature with in permissible limits through the PCM cooling

system.
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Nomenclature

A. Acronyms
BTMS : Battery thermal management system
ACS : Active cooling system
PCS : Passive cooling system
HCS : Hybrid cooling system
PCM : Phase change material
Re : Reynolds number
EV : Electrical vehicle
SOC : State of charge
SOH : State of health
DOE : Design of experiment
MR : mass ratio
DR : thermal diffusivity ratio
LR : length ratio
VSR : variable system response index

B. Nomenclature
massg;y, . Mmass of the fins (kg)
MasSpartery pack- Mass of the battery pack (kg)
masspcy - Mass of the PCM plates (kg)
Cpr : specific heat at constant pressure (J/kg-K)

Rconv : cONvective resistance (K/W)
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Recond @ coOnductive resistance (K/W)

h: : convective heat transfer coefficient (W/m?-K)

hrad : radiative heat transfer coefficient (W/m?-K)

Amushy : Mmushy zone parameter
P : pressure (N/m?)

S : momentum source term (kg/m3-s)

S_h’ : volumetric heat source term (J/K-m?)
k : Thermal conductivity (W/m-K)

V : velocity of fluid (m/s)

h.cs - reference enthalpy (J/kg)

h : heat transfer coefficient (W/m?-K)
L : latent heat (J/Kkg)

y - liquid fraction

U : open circuit potential (volts)

V : cell potential (volts)

v : fluid inlet velocity (m/s)

i : mini-channel inclination angle (degree)
X : mini-channel aspect ratio

ti : fluid inlet temperature (K)

ta : ambient temperature (K)

tinitial - Initial temperature (K)

m : mass flow rate (kg/s)
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Dy : hydraulic diameter (m)
w : dynamic viscosity (kg/m-s)
p : density (kg/m3)
Wp : pumping power (W)
W_ : refrigeration work (W)
AP : pressure drop (Pa)
Q : volumetric flow rate (m3/s)
f : friction factor
Tsolidus : PCM’s freezing temperature (K)
Thiquidus : PCM’s melting temperature (K)
Tmaxlocal : maximum local temperature (K)
Tref : reference temperature (K)
Trmax-gen - Maximum temperature of all the cases (K)
Vnom : Nominal voltage
Vmax : Maximum voltage
Vmin : Minimum voltage
Cnom : Nominal capacity
C. Greek Symbols
p - density (kg/mq)
vy : liquid fraction
6 : Overall temperature coefficient
¢ : Enhancement ratio

7 : direction vector
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