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ABSTRACT

A battery unit is the main power source for under water vehicles such as
torpedoes|aunched against enemy targets. Generally, magnesium seawater
activated batteries are employed in these vehicles. The advent of lithium-
ion battery technology offersagreat promise to devel op a suitable battery
unit for these vehi cles. However, the major drawback of thelithium batteries
istheir thermal runaway characteristic. A closereview of literaturereveals
that phase change materials (PCM) are used in many applicationsto contain
temperature within limits. In this regard, investigations have been carried
out experimentally to study the suitability of different PCMs for alithium
ion polymer (LiPo) battery obtained from trade. Three PCMsviz., OM35,
OM 37 and OM46 have been used in the present investigations. Preliminary
experiments have been carried out to test whether they behave accordingly
or not. The LiPo cell was casted on both sides with computed amounts of
different PCMs and the temperature variation of the entire cell, its anode
and cathode were studied at different discharge rates. It was found that
the use of PCM will definitely hold the temperature within the limitsduring
themissiontime.  © 2014 Trade ScienceInc. - INDIA
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INTRODUCTION

Numerousapplicationsrequireenergy inthe stored
form. Thebatteriesusually storeenergy inthechemicd
form. Among many batteries availablein the market,
lithium batteries gained much attention in the recent
times. Generaly, lithium batteriesareavailableaspri-
mary batteries and secondary batteries. The secondary
batteries are also categorized as Li-ion batteriesand
Li-ion polymer batteries. Thelithium batterieshavethe
advantage of light weight, high voltage, high el ectro-
chemical equivalence, good conductivity and can be
shaped invarious geometrieswith very high aspect ra-

tios. Thedisadvantages arethermal runaway, short cir-
cuit, explosionwhen overcharged etc. Their rangeap-
plicationsvary from very small button cellsusedin
watchesto very large batteries used in torpedoes and
other military gpplicationg?.

Severd reviewsappear intheliteraturerelevant to
the present study. The devel opment of batteriesin vari-
ous aspectsin thelast 50 years has been thoroughly
reviewed by D@, A detailed review onlithium better-
ies, their present status, prospectsand future has been
covered thoroughly by Scrosati and Garche®. Ritchie
and Howard“ presented areview on recent develop-
ment and thelikely advances achieved inlithium-ion
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batteries. The conduction phenomenain Li-ion batter-
ieshasbeen comprehensively reviewed by Park et d.
Thestatusof Lithiumion batteriesand thelithiumion
polymer secondary batteries has been reviewed by
Blomgren.

Gitzendanner et d[” investigated the suitability of
high power and high energy lithium-ion batteriesfor
under water applicationsbecause thelithium-ion bat-
terieshad been successful duetotheir excellent energy
dengity, religbility, andlifein commercia applications.
Pendergast et d® explored thesuitability of arecharge-
ablelithium-ion battery module for underwater use.
Zhang et d'¥9 andyzed thethermal modeling and cool-
ingof high-power lithiumion cells. Lithiumion polymer
batteries using microporous polyvinylidenefluoride
PV dFfilled by theliquid electrolyte as polymer el ec-
trolyte have been investigated by Saunier et al?, It
wasfoundthat the conductivity depended only on PvVdF
porosity. Thisbattery performance showed its poten-
tial applications. New designsfor safelithium-ion gel
polymer battery were proposed by Sato et al*Y. Sev-
eral solutionsagainst thermal runaway have been pro-
posed by Zeng et al*2.

Satyavani e d™ investigated thedectricd and ther-
mal behaviorsof Li-Po cdls, theeffect of sdf discharge,
theeffect of charge stand period, norma cycling, quick
Cycling etcwerestudied. Thetemperatureprofilesdur-
ing dischargewereadso obtained. Srilaxmi*¥ devel oped
correlationsfor temperaturerise of anodeand cathode
of aLiPocdl intermsof dischargerateandtimedura
tion.

Faradset d™ comprehensively reviewed the phase
changemateridsaslatent energy oragematerias. The
PCMsweredassfiedintothreecaegoriesviz., organic,
inorganic and eutectic. Selectingasuitable PCM isde-
pendent onthermd, physicd, kineticand chemica prop-
ertiesd ong with cost effectiveness. Kumar et d*® have
provided the current technol ogy statusof PCMsaong
withtheir potentia applicationsfor defence purpose.

A closeinspection of theliteraturereveal ed that
severa works'-?3 have been reported on thermal man-
agement of Li-ion batteries. Also theLi-ion polymer
batteries offer agood promiseto usein under water
military and other gpplications. But the basi ¢ disadvan-
tageisther thermal runaway nature. Thisismorelikely
tolead toexplosion when big battery unitsareemployed

—= Full Paper

in confined spaces. Thereisa so agood possibility of
employing suitable PCMswith lithiumion polymer bat-
teries especially used for under water applications?.
Aningpection of theliteraturereveded that work inthis
directionisscarce. Inview of thisthe present work has
been attempted. Therange of variablescoveredinthe
present study iscompiledin TABLE 1.

TABLE 1 : Experimental conditions used in the present
experiment

Par ameter s studied
Discharging rate

Values/Range of parameters

C-rate Current Duration
1-C 40 A 60 min
2-C 80 A 30 min
3-C 120 A 20 min

EXPERIMENTAL

A singlecell module of the Lithium lon Polymer
(LiPo) battery was chosen for the present work along
with PCMs. Its specifications were compiled in
TABLE.2. The apparatus and equipment employed to
carry out thedischarge studies of thesinglecell module
inthe present study essentially consisted of an elec-

TABLE 2: Specificationsof Lithium-l1on Polymer battery
(Cell & Single Cell module)

S.No. Par ameter Description
1 Length of cell 220+ 2 mm
2 Weight 1081 g
3 Capacity of each 40 Ah
cell
Open Circuit
4 Voltage (OCV) 42V
Nominal Cell
5 Voltage 3.7V
6 Discharge 40 A
current
7 Discharge cutoff 27
voltage
Dischargetime  Not lessthan 54 min at 40 A
period (approx. per hour)
Peak Current 120 A for one second
Not less than 200 cycles at
10 Cyclelife 90% discharge on duty
(DOD) a 1-Crate
Morethan 5yearsat a
11 shdflife storage temperature of 25-
40°C
1p  Operating 15 0 60°C
temperature
—————= CHEMICAL TECHNOLOGY
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tronic load bank, and thermocoupl e based tempera-
ture sensorsconnected in adischargecircuit. Theex-
perimentswere also conducted to obtain thetempera-
tureriseduring discharge of LiPo cell without PCM.
Experimentswerea so conducted to computethe heat
output during discharge at specified C-rate. Appropri-
ate quantity of PCM was melted and casted over both
sdesof LiPo cedl. Experimentswereconducted by tak-
ingthecell combined with computed quantity of PCM.
Threedifferent PCMsviz., OM 35, OM 37 and OM46
were used in the experimentation. The catal ogue num-
ber OM 35 means Organic Materia havingamelting
point of 35°C. These PCM swere obtained from trade.

RESULTSAND DISCUSSION

Experimentswere conducted to measurethevaria-
tion of temperaturefor agiven heat input to the PCMs
without LiPo cell. Theseexperimentsare essentia to
make out whether the PCM s serve the required pur-
pose or not. The data obtained from the preliminary
experiments have been anayzed and presented in sec-
tion 3.1. Thedataobtained from discharging theLi-ion
polymer cell casted with the PCM wereanayzedin
section 3.2.

Sudieswith PCM

Oneliter of water wastakeninaninsulated vessdl
and aconstant input of 100 W was supplied to water
whichwasthe system under consideration. The change
inthetemperature of thewater was measured and was
shownasplotAinFigure 1. Inanother smilar cham-

80

70 4 S

60

50 4

Temperature [°C]

40

without PCM
with PCM

30

T T T T
1000 1500 2000 2500

Time [s]

Fig.1: Temperature of the system with PCM OM35
(200g) when the input is 100 W,
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ber, 200g of OM 35 was also added to the system. The
temperature measuredinthiscasewasshownasplot B
inFigure 1. A closeinspection of these plotsreveaed
that thetemperature difference to amaximum of 15°C
could be noticed at apoint wherethe OM 35 was un-
dergoing mdting processwhich wasseen at about 1500
s. With further increasein time, thedifferenceinthe
temperatures got decreased which could be attributed
to the complete melting of the PCM.

Effect of weight of PCM

Experiments conducted in similar fashion by em-
ploying OM46 asthe PCM. Different quantitiesof PCM
weretakeninthepresent case. Thetemperatureof the
system obtained for these Situationswasshown in Fig-
ure 2. Plot A correspondsto the case of no PCM, plot
B with 50 g of OM46, plot C with 100 g OM46 and
plot D with 200 g of OM46. It could be observed from
these plots that addition of PCM to the system was
definitely advantageous asit brought significant cooling
effect by maintaining thetemperature of thesystemless
than the acceptabletemperature limit of 60°C for ape-
riod upto 25005si.e., 41 minutes. Therefore, the PCMs
aredefinitdy useful to containthetemperaturewel | be-
low theacceptablelimits.

80

70

I
|
I
; I

()0_ .............................. ................. + ........ N—
i |
I
I
50 |
/

Temperature ['C]

40 4

without PCM
with 50 g PCM
30 1 with 100 g PCM

with 200 ¢ PCM

20

T T T T
0 500 1500 2000 2500 3000
Time [s]

Fig.2: Effect of weight of PCM (OM46)
Comparison of different PCMs

Temperature dataobtainedinthesimilar conditions
for the cases of no PCM, 100 g each of OM 35, OM37
and OM 46 weredrawn against timeand showninFig-
ure 3. These datawere shown respectively by means
of plotsA, B, Cand D. Itisclear from these plotsthat
the addition of PCM hashelped inrealizing low tem-
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Fig.3: Comparison of different PCMs of 200 g

peratures. Also the duration of obtaining thetempera-
turelimit of 60°C wasincreased with increaseinthe
melting point of the PCM.

Sudieson lithium batterieswith PCM s

The Lithium polymer battery was casted on both
s deswith computed weights of different PCMsusedin
the present experimentation. Theweight of the PCM
used was computed from the heat output data mea-
sured under discharge of different C rates. The cath-
ode and anode temperatures were measured in these
experiments.
Reproducibility of electrodetemperature

Variation of cathodetemperature of thelithiumion
polymer battery has been obtained in the presence of
159 g of OM 35 for a constant discharge rate of 1C
i.e., 40A. To check thereproducibility of thedata, the
experimentswererepeated for threetimes. The cath-
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Fig.4: Variation of cathode temperature in different experiments
with PCM (OM35) at 1C rate
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ode temperature data obtained in these three experi-
ments have been shown in Figure 4. for adischarge
rate of 1C. The plots of the Figure showed good re-
producibility of the cathodetemperature. Similarly, an-
odetemperature reproducibility has a so been shown
inFigure5for 1C dischargerate. Likewise, thetem-
perature datawereobtained for al combinationsat dis-
chargeratesof 2C and 3C. All such dataexhibited good
reproducibility.
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Fig.5: Variation of anode temperature in different experiments
with PCM (OM46) with 1C rate

Effect of PCM typeon electrodetemperature

Variation of cathodetemperature of thelithiumion
polymer battery has been obtained in the presence of
different PCMsviz., OM35 (159 g), OM 37 (144 g)
and OM46 (125 g) for a discharge rate of 1C. The
cathode temperature has been plotted against timefor
all these casesand shownin Figure 6. A closeinspec-
tion of the plotsof thisFigurereveal ed that thetem-
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Fig.6: Variation of cathode temperature
for different PCMs at 2C rate
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perature of the cathodeismoreor lesssameinthe pres-
enceof these PCMs. Similar resultswere observed from
Figure7 drawnfor anodetemperature a thesamedis-
chargerateof 1C.
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Fig.7: Variation of cathode temperature
for different PCMs at 3C rate

CONCLUSIONS

Based on the studiesand experimentspresentedin
the preceding section thefollowing conclusions are
drawn:

Risein temperaturesat cathode and anode of a40
Ahlithium-ionpolymer cdll a different ratesof discherge
arestudied.

Method of control of temperature of cell isestab-
lished through use of Phase Change Materids.

Typeand quantity of PCMsto beused for a40Ah
capacity LiPo cell to keep thetemperature under con-
trol during different ratesof discharge have been deter-
mined.

Useof PCMsisoneeffectivemethod for thermal
management inaLiPo battery.
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