302-309

Vidyabharati International Interdisciplinary Research Journal 13(1) ISSN 2319-4979

EXPERIMENTAL ANALYSIS OF TEMPERATURE CONTROL OF LITHIUM-ION
BATTERY BY UTILIZE HEAT PIPE

AK. Patel”, T.V. Patel®, P.D. Patel’, J.J. Patel”
*PDepartment of Automobile Engineering, GIDC Degree Engineering College, Gujarat, India
“Department of Mechanical Engineering, Mahatma Gandhi Institute of Technical Education and Research
N Center, Gujarat, India
# Corresponding Author : ankit09mech@gmail.com

ABSTRACT

In “electric vehicles’ and “lithium-ion batteries” are widely utilizedfortheir long cycle life and
strong energy density. Heat generates at charging or discharging which causes increasing heat in
the battery. Due to high temperature the battery cells are damaged which cause the battery to
explode and burn. Temperature management is essential for Li-ion batteries because it impacts on
its performance and life. The prime aim of this research is experimental evaluation and function of
the battery in the temperature control system by utilizing “loop heat pipe (LHP)”.LHP is expected
to be applied to BTMS for secure function of strong performance and long-lasting serviceable life.
The LHP is applied with different temperature gain and fluids working. Water, nanofluid and
hybrid nanofluid were used with 60 % filling ratio and with heat loads of “20 W, 30 W and 40 W”
experiment was conducted. Result of this research shows that hybrid nanofluid (Water-Al203 _5%.
TiO2_1%) provides the best result with successfully reducing the temperature by 46°C.

Keywords: Loop heat pipe, “Li-lon battery”, “Battery thermal management (BTM) ", Hybrid Nano fluid

I. Introduction temperature controlled in the battery. This

Battery is the most effective device that helps
to strengthen energy and also helps to release
the energy as the electrical power. Moreover,
the battery has played the most significant role
in the functioning of electric cars. The battery
has worked as a major source of energy. It is
needed to perform like fossil fuels to control
the temperature [1]. This aspect has increased
the quality of the battery and developed the
lifespan and distribution of energy in a certain
period. In the other words, the performance of
the battery depends on the thermal as well. In
thermal management system, the range of
temperature permit of battery to be below
“50°C” [2]".

The lithium-ion battery has occurred through
the chemical reaction. In a lithium-ion battery
the heat is mainly generated for charging or
discharging [3]. Moreover, generated heat has
increased heat [4]. Temperature runaway is
high temperature activities of the battery.
Thermal control of the battery is the most
significant approach that can reduce the blast
and burn the battery. In the battery the
temperature has dreaded one cell to another
neighbor cell that causes the imbalance

spreading temperature by one cell to another
cell has caused a blast and burn of the battery
[5].

Likewise, excessively high temperature
activities can reduce capacity and compress
battery life [6].

The main reason of energy reduction and
saving are to operate electric vehicles with
proper manners for controlling heat range [7].
Moreover, an effective heat control system is
one of the most essential things that help to
operate electric cars successfully.

In the heat management system, the heat
exchanger has played the most effective role to
reduce the temperature. The “heat pipes” are
significant heat exchangers that can manage the
heat of the battery. The heat pipes are the most
suitable subsidy that is applied in the
temperature control system of the ‘“Central
Processing Unit (CPU)” the batteries of electric
vehicles [8]. Moreover, it helps to maintain the
lightweight, compact size of the vehicles and
also it does not need any external supply of
energy.
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“Loop heat pipe’

In temperature transfer, the loop temperature
pies are one of the most significant devices that
can control thermal changes of battery. The
loop heat pipe is a well-organized device of
heat transfer that is employed in spacecraft for
thermal control. Moreover, this heat transfer
device has helped to reduce the temperature
from electronic devices with high heat flux [9].
The LHP’s can control the heat better than the
heat pipes. This heat transfer device sets up a
link between evaporator and condenser through
the liquid line and vapour line. This thermal
control device has provided a suitable
arrange ‘ment for evaporator and condenser.
Moreover, in a thermal controlling system
evaporator management can reduce the
resistance of temperature management of the
battery.  In thermal management systems,
capillary force has provided facilities to
transfer interference in the evaporator;
moreover, it has encouraged the work of fluid
in the vehicles. This aspect drives the work
from the fluid to evaporation interface. It also
helps to create a bound in the development of
the vapour layer and it helps to decrease
thermal resistance of the battery [10].

The activities of the heat pipes depended on
structure and design of this device, structure of
capillary wick, and working with fluid [11].
The LPHs have the power to reduce the
temperature of the battery compared to straight
pipes [12]. Moreover, increased inclusion of
the nanoparticles can increase the concern of
heat pipes in thermal control management [13].
Capillary wick has originated corals united
with nanofluid that can develop functions of
LHP [14].

Temperature control system, the smooth and
pore structure of coral delivers high mass flow
rates and high capillary pressure [15]. The
main limits of coral use are environmental
consideration. In the creation of “Lotus Type
Porous (LTP)”, copper by sintering methods,
slip casting in caricaturist structure of coral
pore [16].

Nandy Putra et al. used different nanofluids
with different volume fraction 1% to 5% to
determine the thermal resistance of nano fluids
with “Screen mesh” like wick and found out
that “Al203-water 5% shows the lower
thermal resistance compare to other nano fluids
[17].RosariSaleh et al. developed a biomaterial
wick and used nanofluid Al203-water 5% for
experiment and found out that biomaterial wick
is more efficient than sintered powder wick
[18]. P. Gunnasegaran et al. use water-based
silicon dioxide nano fluid in LHP of heat range
of “20 W to 100 W” and found out that Nano
fluid provides better result than base fluid
(distil water) and has lower thermal resistance
than water [19]. M. Zufar et al. used different
hybrid nano fluids in PHP with 10-100 W heat
load and 50-60% filling ratio and found the
best result for Sio,.Cuo at 60% FR [20].
Bambang Ariantara et al. carried out the
experiment with water as a fluid working of
50% filling ratio moreover, different heat gain
of 20 W, 30W’ and ‘40W’ and results shows
that heat pipe was successfully able to manage
the surface heat of the battery simulator less
than ‘50°C” [21].

The main objective of this research, to
experiment the evaluation of the battery
performance in temperature control system
(BTMS) by utilizing loop heat pipe ‘LHP’ and
to evaluate the performance enhancement by
using hybrid nanofluid at different heat loads.

II. Methodology

The heat pipe design is adopted from the model
developed by B. Ariantara[16] to transfer the
heat load up to 100 W. ‘Battery simulator’ is
made of aluminium alloy. As the source of
heat,a heat plate with the capacity of ‘10-110
W’ will be put under ‘the battery simulator’.
The size of BS is “105 mm x 40 mm x 15 mm”
(According to dimensions of Lithium-lon
battery used in Mahindra e20 plus P2 model).
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Table |. Loop heat pipe configuration

A. Numerical calculations

“Steady state mathematical model” of a “loop
heat pipe”:

Based on energy and thermodynamic
equilibrium  between each component, a
“steady state mathematical model” of “LHP”
has increased. In order to make things easier
the model with the subsequent assumptions are
made [22]:

(1) Flows of wvapor and liquid are
incompressible and one dimensional

(2) Fluid working flow is split in “LHP”.

(3) Condensation process of vapor is an

isobaric process

Energy conversion each component:
Evaporator

Qz’n = Qev + Qev amb + Gh!(Tev

Qop = G (Toyy — Ty )y = Goy(To, — Toy)

GQU(TQU — Tv:} =mah,+ mCD(Tv —

GEU(TGU - Tv) = m&hv + me(Tv -
3)

“Two-phase zone” in condenser

mAh, = G (T, — Tsnp)mAh, = G (T, — Tsiny)

“Single-phase zone” in condenser

T Tsin
me (Tv - Tca) = Gsub (Tv - Tca)ﬂn (T,,,.,—T kk}m,ﬁ'p (TV -

=in

“Liquid line”

Teo —Tam
- Tw:’)ﬂn (—b)rm,cp (Tca

Twi—Tamn

mcp (Tca - Tw:’) = Gy(Te

“Liquid line wick”
me, (Tv - Twi) + Quw amp = Gev 1w (T —
Pressure drop in each component:

2% «e

‘Vapor groove”, “liquid line”’,
AP = fF((EDAP = () ()

‘Two-phase zone” in condenser “Annular flow”:

vapor line”, and

- Twi)Qz'n = Qev + Qev amp T Gh!(Tev

- Tw:') = G!!(Tm

Twa’)mcp (Tv -

Loop heat pipe confieuration

Compom srt Digmeter Lemgrit
Evaporator 10 mm 240 mm
Condenser 23 mm 100 mm
Vapor line 10 mm 135 mm
Liquid lin= 10 mm B0 mm

wick 0.5 mm 110 mm

(4) Fluid thermophysical properties have

changed with temperature.
(5) Energy reduction by vapor line is omitted.

Therefore, the “LHP” is distributed in five
types which are: “evaporator”, “single phase
zone in condenser (subcooled zone)”, “two
phase zone in condenser”, “liquid line wick”
and “liquid line”.

“Energy conservation" in these sections are
registered below. In this regard, the pressure
drop of LHP, “single phase pressure drops”,
“two phase pressure drop’, and “wick pressure
drop’ is considered.

- Tw:')

1)
(2)

Twz') + Gw H(Tv - Tw:')
Twa‘) + Gw H(Tv - Twi)

(4)

Tca) = Goup(T, — To) /In (;:,—ﬂ) (5)

= Taink

—T,,)/In (=22 (6)

Twi—Tamn

Twi) + Quw amp = Gev 1w (Ty — Tout) (7)

“single-phase zone” in condenser:

(8)
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s o[04 (] ar=

2p
Wick:

[0 d G @) ©)

AP ik = ﬁ wick — I:iz- (10)
The thermodynamic equation is as follows:

T, — T, = CO)(APyg + AP, + AP)T, — T, = (20) (AP, + AP, + AP,) (11)
T, — T, = COAR,T, — T. = ()AP, (12)

dr /aPadT /aPis the “slope of the saturation temperature” and “pressure curve”, that represents

through the relation of ‘Clausius-Clapeyron’:

1 1 1 1
8T _ T, poT — el

ap AR, @P AR,

B. Experimental procedure

An LHP with heat loads 20w,30w and 40w
with different working fluids Distil water,
Water-Al,Os 5% nanofluid and Water-Al,Os
_5%. TiO2_1% hybrid nanofluids are tested for
a time interval of 9 hrs. Total 36 observations
are taken at 1 hr interval for three different
working fluids and battery simulator without
LHP. The filling ratio remains constant at 60%.
“Volumetric flow rate” of cooling water
remained at “180 ml/min”. The experiment is
conducted at room temperature. Nanoparticles
were purchased from a standard supplier which
is Qualikems Fine Chem Pvt. Ltd [23].

Temperature at different positions of LHP were
measured using digital thermometers. Liquid
line pressure drop was measured using a
pressure gauge.

C. Experimental calculations

With overlooking the reduction of temperature
from the surrounding environment, transfer
heat by “LHP” is gained by utilizing heat
balance in the condenser with the equation and
fraction of transfer heat. This equation has
divided the heat transfer by heath generation
with “LHP” [24].

(13)

Fig. 2. Experimetal setup |
The “LHP” temperature resistance can be
achieved from the scientific calculation.

R = CTB_T::]R — (Te—T¢) (15)
Q Q

III. Results and Discussion

The results show that LHP with hybrid nano
fluid provides better thermal management
compared to nano fluid and base fluid. Hybrid
nanofluid provide about 15.8°C more
temperature drop at 40 W heat generation. The
‘LHP” is able to reduce the heat of battery
simulator to 47°C which is under the working
limits of li-ion battery by using hybrid nano
fluid.

Q=pVe,(Too— To)Q = pVe,(Too — Tii) Heat pipe utilization
(14) ~ 65
& 60
\-'q_)-r 55 —8— Water
Z 50
S 45 ./._//‘ —8— Water-AI203
v o
2. 20 _5%
E 35 —8— Water-Al203
15 20 25 30 35 40 45 _5%.Ti02_1%
Heat generated
Fig. 3 Heat pipe utilization
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The LHP performance increases up to 7% and
10% by using nanofluid and hybrid nano fluid
respectively.

LHP Performance

= 86

J
= 84
= —&—Water
g 82 ————0
= 5 80
=S 78 s
T — —8—\Water-Al203
%; =) 76 5o
8 4
= 72 Water-Al203
§ 15 20 25 30 35 40 45 _5%Ti02_1%
s

Heat generated (w)

Fig. 4 Loop heat pipe performance

The experimental results graph is identical to
numerical results graphs which validates the
results obtained by the experiment. However,
the deviation in the experiment and numerical
results is due to the more heat losses to the
surroundings, uncertainty in instruments and
uncertainty in measurements.

Comparison of numerical and
experimental results(Water)

/ —8— Th exp.(water)

=—8—Th num.

T 1 B = ]
[se TR ) B Y B e |

15 20 25 30 35 40 45
Heat load (w)

Temperature (°C)

Fig. 5 “Comparison between numerical and
experimental results” (Water)

Comparison of numerical and
experimental results(Water-
AR2O3 5%)

/ —e—Thexp

S—O—Thnum

[Sa ]
oW

=

(=]
[y
[5a]

20 25 30 35 40
Heat load (w)

Temperature (°C)
=
wul

Fig. 6 “Comparison between numerical and
experimental results” (Water-Al203_5%)

Comparison of numerical and
experimental results(Water-
AI2O3 _5%.TiO2_1%)

U 50

5]

E 45 /

w —8—Thexp
b

D

o 40 —8—Thnum
E 15 20 25 30 35 40 45

D

= Heat load (w)

Fig. 7 “comparison between numerical and
experimental results” (Water-Al203_5%.
TiO2_1%)

IV. Uncertainty Analysis
In this analysis, several aspects have been
represented that created deviation of the data.
Parameters of deviation data have changed the
outcomes of this analysis. The most significant
part of this analysis is to find the actual reason
for deviation. This analysis has investigated
reasons like carelessness and environmental
factors. This experimental analysis has
represented possible errors with numerical
value. This analysis has conducted random
sampling to get authentic results of this
experimentation. Uncertainty analysis shows
the expected accuracy not exact accuracy; This
analysis has represented the estimated expected
accuracy of the equipment and systems. Kline
and McClintock have suggested the uncertainty
experiment method to find the accurate result.
This analysis gets the accurate result through
certain measured quantities and measurement

of error ‘y’ (parameter) is given as follows
[25].
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2 [(Ean) + (Zan) +(Zon) +-2= [(Eox) +(Zox) +(Zox) +-10

by &g by &g
Table I1. “Uncertainty of Experiment”
Uncertainty of Experiment
&r. No. Facrer Notztion Unceroaing (%)
1 Hazat load ] 1.36%
2 Thermal resistance of LHP Fum 223 %
1 Mass of cooling water m 0.94 %%
4 Heat transfer of throush LHP O 1.77 %%
5 Thermal afficiancy i 223 %
il Heat Loss O 2.23 %

The performance of LHP by considering the  pipe’ with different working fluids with 60%

uncertainty is shown in the graph. Which  filling ratio has performed successfully. The
shows the minimum performance of LHP at “loop heat pipe” by Hybrid Nanofluid as a

maximum uncertainty. The LHP performance ) . .
decreases up to 1.15% if maximum uncertainty ~ 11uid working that can reduce the simulator
is considered. temperature of the battery successfully.

In heat generation of “40 W”, the “battery
LHP performance with simulator temperature” can be reduced from
uncertainty “93 °C” to “47 °C”, also decreased by 46 °C by
using hybrid nano fluid (Water-Al203 _5%.
—8—Water TiO2_1%). LHP with water and nano fluid
(Water-Al203 _5%) were able to handle heat
Water-A203 loads of 20 W’ and ‘30 W’ respectively. The
RN % ‘loop heat pipe’ with Water-Al203 _5%.
15 20 95 30 35 40 45 Water-Al203 TiO2_1% as a working fluid is capable of
—S%102_1% reducing the temperature from the batter
simulator effectively as 88% of heat originated
from the heater.
Temperature management issues of “LHP”
V. Conclusions have decreased through increased heat load
After all these discussion, it can be conclude \INh'Ch shows that LHP can handle more heat
) oad. The heat pipe performance increases up
that in thermal management system, to control to 12% by using hybrid nano fluid.

performance of battery has used ‘loop heat

LHP(%)
H e

-~
(=]

Heat transfer through

Heat generated (w)

Fig. 8 LHP performance with uncertainty
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Abbreviations

LHF Loop Heat Pips
EBES Batterv Simulator
HF Heat Pipa
ETMIS Battery Themnal Manas=sment
swstem
WCHPs Varishle Conductance Heat
Fipas
PCHP: Pressum Controlled Heat Pipes
OHP Discillatine Heat Pipa
FHF Pulsating Heat Pipa
CC Compensation chambear
Li-Ion Lithium-ion
WVolume Factor
VF
PCM Phase Chansing Matarial
EV Electric Viahicla
FFLHF Flat Flatz Loop Heat Pips
GFD Gallons Par Dav
Subscripts
amb ambiant
C Condanser
co Condanser outlat
ol Condanser inlat
- 158 E"-' ap nration avapomatod
i Inner
1l Ligquid lina
Ll Liquid lina wick
0 Outer
Sink Heat sink
Vv Vapor
Ve Vapor erooves
W Wick
Wi Wick inlat
200 Two-phass
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