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This pa per pres ents the ex per i men tal study of us ing phase change ma te rial in the
cool ing of the mo bile de vices. It in ves ti gates the ther mal per for mance of tran sient
charg ing and dis charg ing of mo bile de vices in three dif fer ent sit u a tions; mak ing
phone calls fre quently, mak ing long du ra tion calls, and mak ing oc ca sional calls.
The re sults show that mo bile de vices are heated up fast est dur ing the long du ra tion
us age. Ex per i ments are also con ducted to de ter mine the ef fect of fins and ef fect of
ori en ta tion of the mo bile de vice on its ther mal per for mance.
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In tro duc tion

With the ad vance ment in tech nol ogy, more func tions are packed into smaller mo bile
de vices. Moore [1] states that the ob jec tive of the fu ture will be to min ia tur ize elec tron ics equip -
ment and to in clude in creas ingly com plex elec tronic func tions in lim ited space with min i mum
weight. The shrink ing in size re duced the area avail able for heat dis si pa tion. En hanced and
added power con sum ing fea tures worsen the ther mal man age ment chal lenges. The end re sult is
that the power den sity con tin ues to in crease de spite the em ploy ment of power man age ment
strat e gies emerg ing in both hard ware and soft ware [2]. Agonafer [3] re ported that as mul ti ple
com po nents are stacked in side the pack age pro duc ing higher sus tain able power, ef fec tive ther -
mal man age ment is a key.

Forced con vec tion cool ing re quires bulky and mas sive equip ment, such as fan, and is
thus not suit able for use in mo bile de vices [4]. In re cent years, PCM has been widely ex am ined
as a ther mal man age ment that is suit able for dis si pat ing heat from mo bile de vices. PCM has a
high la tent heat of melt ing [5] which pro vides high en ergy stor age den sity [6]. It ab sorbs huge
amount of en ergy dur ing the phase change from solid to liq uid state with lit tle in crease in tem -
per a ture and vol ume. Heat will be stored in the phase change ma te rial (PCM) and it cools the
mo bile de vices by re duc ing the tem per a ture in crease dur ing op er a tion. Leoni et al. [7] as sumed
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that hu mans can com fort ably hold plas tic ob jects up to 45 °C. This cri te rion in flu ences the ther -
mal con trol de sign of mo bile de vices [8] and sets the bench mark for this ex per i ment study.

This pa per is to in ves ti gate the fea si bil ity of us ing phase change ma te rial in side a heat
sink to cool a mo bile phone in terms of the dif fer ences in the us age habit of the mo bile phone,
the ef fect of fins in side the heat sink, and the ef fect of ori en ta tion of the heat sink on the cool ing
per for mance of the mo bile de vice. 

Ex per i men tal setup and pro ce dures

Setup

The n-eicosane is cho sen as the PCM as its melt ing tem per a ture of 36 °C lies in the op er at ing
tem per a ture of mo bile de vices. It has a high la tent heat of melt ing of 247300 J/kg. Four alu mi -

num T6-601 heat sinks as shown in
fig. 1 are fab ri cated. The first two
heat sinks (Case A and Case B) have
the same di men sions while the third
(Case C) and fourth (Case D) heat
sink have three and six fins of 2 mm
in side the heat sinks, re spec tively.

The vol ume of 44 mL of liq uid
n-eicosane is filled into each of the
heat sink (Case B, C, and D). The rub -
ber O rings are placed on the side of
the heat sinks be fore be ing tight ened
and sealed up with the screws and ep -
oxy, re spec tively. A 50 ´ 50 mm plate
heater is placed be hind the heat sink to 
sim u late the heat dis si pa tion of a main
heat source in side the mo bile phone
[9]. A layer of ther mal con duct ing
paste (Omegatherm 201) is ap plied
be tween the sur face of the heater and
the alu mi num heat sink to pro vide
better con duc tion by re duc ing the
con tact re sis tance be tween the sur -
faces. The power is be ing sup plied by
an ad just able DC power sup ply. A
Tef lon in su la tion board is placed be -
hind the heater to pre vent heat loss
from the heater to the polycarbonate
plas tic case which en closes the en tire
ex per i men tal setup. The sche matic di -
a gram of the ex per i men tal setup is
shown in fig. 2. The prop er ties of the
se lected ma te ri als are given in tab. 1.
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Fig ure 1. Heat sinks: Case A and B (no fins), Case C (3 fins),
Case D (6 fins)

Fig ure 2. Sche matic of the ex per i men tal setup

Ta ble 1. Prop er ties of the se lected ma te ri als

Material
Ther mal

con duc tiv ity
[Wm–1K–1]

Spe cific heat 
[Jkg–1K–1]

Melt ing
tem per a ture

[°C]

N-eicosane 0.15 2460 36.0

Aluminum 202.4 871 660.4

Teflon 0.20 1172 335.0

Polycarbonate 0.21 1170 135.0



Eight thermocouples are cal i brated and at tached to dif -
fer ent points on the heat sink by ep oxy as shown in fig.
3. The lo ca tions of the thermocouples on the heat sink
are shown in tab. 2. The data ac qui si tion unit with two
multiplexers is linked to a com puter to re cord the real
time tem per a ture of each ther mo cou ple. A ther mal
imager is used to cap ture the ther mal im ages and the
sur face tem per a ture of the plas tic cover. The up per and 
lower  ranges of  the  ther mal imager are set at 20 and
60 °C, re spec tively. 

Pro ce dures

Dur ing the charg ing phase, the
heater is switched on and off to sim u -
late three dif fer ent sit u a tions of us ing
the mo bile phone (fre quent us age,
heavy us age, and light us age). The op -
er a tion se quences of the heater to sim u -
late the three dif fer ent us ages are
shown in tab. 3. Un der the heavy and
fre quent us ages, the heater is mostly
switched on for 60 min utes over the 70
min utes du ra tion call. The heater is
switched on for the most 10 min utes for 
the light us age. The in put power to the
heater is main tained at 5 W for all calls.
The ex per i men tal setup is left to cool
by nat u ral con vec tion to the am bi ent
with no power sup plied to the heater
dur ing the dis charg ing phase.
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Ta ble 2. Lo ca tion of thermocouples on
heat sink

Heat sinks
Length in [mm]

A B

Case A 24 28.3

Case B 24 28.3

Case C 24 30.3

Case D 24 32.3

Fig ure 3. Lo ca tion of the thermocouples
(color im age see on our web site)

Ta ble 3. Op er a tion se quences of the heater

Situation
Op er a tion se quences

of the heater

Fre quent us age of mak ing
many calls within 70 min utes
[on: 60 min utes, off: 10 minutes]

– on for 15 min utes
– off for 2 min utes
– on for 20 min utes
– off for 5 min utes
– on for 10 min utes
– off for 3 min utes
– on for 15 min utes

Heavy us age of mak ing long
du ra tion calls within 70 min utes
[on: 60 min utes, off: 10 min utes]

– on for 30 min utes
– off for 10 min utes
– on for 30 min utes

Light us age mak ing oc ca sional
call within 70 min utes
[on: 10 min utes, off: 60 min utes]

– on for 5 min utes
– off for 30 min utes
– on for 2 min utes
– off for 30 min utes
– on for 3 min utes



The tem per a tures of the thermocouples 
are re corded ev ery 5 min utes and plot ted
vs. time to ob serve the ther mal per for -
mance dur ing the tran sient charg ing and
dis charg ing phases of the PCM-based heat 
sink. The ther mal im ages of the sur face are 
cap tured ev ery 10 min utes.  Case C and D
are used to com pare with Case B to in ves -
ti gate the ef fect of fins on the cool ing per -
for mance. Case C is placed in four dif fer -
ent ori en ta tions; 0°, 30°, 60°, and 90° as
shown in fig. 4 to de ter mine the ef fect of
ori en ta tion of the heat sink on the ther mal
per for mance. Ac cord ing to Ozen et al.
[10], the ther mal con duc tiv ity of hu man
in ner tis sue is 0.5 W/mK. Thus, a 15 mm
thick high den sity poly eth yl ene of the
same ther mal con duc tiv ity is stuck be hind
the polycarbonate cover to model a hu man
hand hold ing the mo bile phone. The num -
ber and type of ex per i ments con ducted are
given in tab. 4.

Re sults and dis cus sions

Ef fect of us age of mo bile phone

Fre quent us age

The tem per a tures at sev eral lo ca tions of the heat sink, heater tem per a ture, and sur face
tem per a ture for Case A and B (fre quent us age) are shown in figs. 5 and 6. It is ob served that the
tem per a tures at dif fer ent lo ca tions of the heat sink and the sur face tem per a ture on the cover are
about the same. The heater side is at the high est tem per a ture as ex pected. How ever, us ing heat
sink that con tains phase change ma te rial (Case B) on the mo bile phone, the tem per a tures are
gen er ally lower com pared to the heat sink with out us ing phase change ma te rial (Case A). From
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Ta ble 4. Sum mary of the ex per i ments of the heat sink

No. Case Situation Orientation

1 A (with out PCM) Frequent 0°

2 A (with out PCM) Heavy 0°

3 A (with out PCM) Light 0°

4 B (with PCM) Frequent 0°

5 B (with PCM) Heavy 0°

6 B (with PCM) Light 0°

7 C (with PCM and 3 fins) Heavy 0°

8 D (with PCM and 6 fins) Heavy 0°

9 C (with PCM and 3 fins) Heavy 30°

10 C (with PCM and 3 fins) Heavy 60°

11 C (with PCM and 3 fins) Heavy 90°

Fig ure 4. Dif fer ent ori en ta tions of the heat sink



90 min utes on wards in figs. 5 and 6, all 
the tem per a tures are about the same
dur ing the dis charg ing phase as the
heat sink is be ing cooled by nat u ral
con vec tion to the am bi ent. The heat
stored in the phase change ma te rial in -
side the heat sink is dis si pat ing slowly
to the am bi ent. It takes a lon ger time to
dis charge the heat stored in side the
heat sink and to bring the tem per a ture
down to the am bi ent com pared to the
charg ing phase.

Com par ing the sur face tem per a tures 
of Case A and B (fre quent us age) as
shown in fig. 7, there is a max i mum dif -
fer ence of 6.4 °C at the 65th min ute dur -
ing the charg ing phase. Case A reaches
a high est tem per a ture of 42.1 °C while
Case B reaches the high est tem per a ture
of 36.3 °C at the 70th min ute. For the
dis charg ing phase, Case A is cooled to
30.7 °C and Case B is cooled to 32.5 °C
at the 170th min utes. Thus, the re sults
show that the phase change ma te rial
con tains in side the heat sink can help to
lower the sur face tem per a tures of the
mo bile phone by ab sorb ing the heat
dur ing the charg ing phase when the
phone call is made.

Com par ing the ther mal im ages of
Case A and B (fre quent us age) as
shown in fig. 8, the im ages change
from blue to yel low ish green to or ange
for Case A while the im ages change
from blue to dark green for Case B.
This in di cates a higher tem per a ture for 
Case A than Case B.

Heavy us age

The sur face tem per a tures of Case A and B are shown in fig. 9. Dur ing the charg ing
phase, Case A and B reach a high est tem per a ture of 43.0 °C and 36.8 °C, re spec tively. The high -
est tem per a ture of Case A is un de sir able as it is near to the hu man un com fort able tem per a ture of
hold ing plas tic at 45 °C. For Case B, the heat from the heater is ab sorbed by the PCM and the
sur face tem per a ture is main tained at around 35 °C de spite con stant power sup plied. Dur ing the
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Fig ure 5. Tem per a ture of heat sink, heater, and sur face vs.
time (case A – fre quent us age) 
(color im age see on our web site)

Fig ure 6. Tem per a ture of heat sink, heater, and sur face vs.
time (case B – fre quent us age) 
(color im age see on our web site)

Fig ure 7. Sur face tem per a ture vs. time for case A and B
(fre quent us age)



dis charg ing phase, Case A is cooled
to 30.9 °C and Case B is cooled to
32.7 °C at 170th min ute. The heats
sink with PCM show a slower cool -
ing rate.

The re sult of Case A hav ing a
higher tem per a ture than Case B dur -
ing the charg ing phase is ver i fied
with the ther mal im ages (heavy us -
age) as shown in fig. 10. From the
im ages, it is ob served that the im age
is or ange for Case A and green for
Case B at the 70th min ute.

Light us age

With ref er ence to the sur face tem -
per a ture for Case A and B (light us -
age) as shown in fig. 11, there is lit tle
tem per a ture dif fer ence be tween the
two cases dur ing the charg ing phase.
The tem per a ture for Case B is slightly 
higher than Case A for the dis charg -
ing phase. Thus, it seems that the use
of phase change ma te rial in heat sink
for Case B may not be use ful for light
us age of mo bile phone. The use of
heat sink with out phase change ma te -
rial in Case A is suf fi cient enough to
cool the mo bile phone. There is no
ad van tage in us ing PCM in side heat
sink un der light us age con di tion.

There is lit tle color de vi a tions be -
tween the ther mal im ages for Case A
and B (light user) as shown in fig. 12. 
This in di cates a small tem per a ture
dif fer ence.

The sur face tem per a tures for
three dif fer ent us ages of Case A and
B are shown in figs. 13 and 14. For
Case A, the max i mum tem per a ture is 
43.0 °C for heavy us age and 42.1 °C
for a fre quent us age. For Case B, it
takes about 55 min utes and 68 min -
utes for the tem per a ture to rise to the
melt ing tem per a ture of 36 °C of the
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Fig ure 8. Ther mal im ages of fre quent us age 
(color im age see on our web site)

Figure 9. Surface temperature vs. time for case A and B
(heavy usage)

Fig ure 10. Ther mal im ages of heavy us age 
(color im age see on our web site)



PCM for heavy and fre quent us ages,
re spec tively. Since the heater is
switched on for 60 min utes and off
for 10 min utes dur ing the charg ing
phase for both cases, this shows that
mo bile phone get heated up faster
dur ing long us age than fre quent us -
age. The tem per a ture re mains at
about 30 °C for light usage for both
cases.

Ef fect of fins

The sur face tem per a tures of
Case B, C, and D are shown in fig.
15. For the charg ing phase, the tem -
per a ture reaches the max i mum of
36.8, 34.9, and 34.0 °C for Case B,
C, and D, re spec tively, at 70th min -
ute. This in di cates that the heat
trans fer rate in creases with the ad di -
tional sur face area pro vided by the
fins. The heat sup plied by the heater
is con ducted by the fins to the top
sur face of the heat sink and fi nally to 
the at mo sphere through free con vec -
tion. How ever, for the dis charg ing
phase, the tem per a ture dif fer ence
be tween the three cases is less than 1 
°C af ter 100 min utes of cool ing.
This in di cates that the fins have min -
i mal ef fect on the cool ing of the mo -
bile phone dur ing the dis charg ing
phase where free con vec tion is the
dom i nant heat trans fer mode. This is 
due to the fact that the heat is stored
in the PCM dur ing the charg ing
phase. Since PCM has a low ther mal
con duc tiv ity, the heat is con ducted
slowly from the PCM to the fins. Thus, the fins have lim ited ef fect on the cool ing per for mance
dur ing the dis charg ing phase.

Ef fect of ori en ta tion

The sur face tem per a ture of Case C in dif fer ent ori en ta tion is shown in fig. 16. The heat
trans fer rate is the high est for 90° ori en ta tion due to an in crease in the sur face area for free con -
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Figure 11. Surface temperature versus time for case A and B
(light usage)

Fig ure 12. Ther mal im ages of light us age 
(color im age see on our web site)

Fig ure 13. Sur face tem per a ture vs. time for case A for three
dif fer ent us ages (color im age see on our web site)



vec tion and low est for 0° ori en ta tion. 
There is a max i mum dif fer ence of
3.6 °C be tween 0° ori en ta tion and
90° ori en ta tion at the 65th min ute
dur ing the charg ing phase and 3.6 °C 
at the 120th min ute dur ing the dis -
charg ing phase. From fig. 16, it can
be con cluded that the ori en ta tion has
a small in flu ence on the cool ing per -
for mance of the mo bile phone.

From the ther mal im ages for four
dif fer ent ori en ta tions shown in fig.
17, it can be seen that the ther mal im -
age at 70th min ute for Case C at 0°
ori en ta tion is a brighter green than
the im age for 90° ori en ta tion, which
in di cates a higher tem per a ture. The
Ray leigh num ber of 30° and 60° ori -
en ta tion is lower than the ori en ta tion
at 90°. The lower the Ray leigh num -
ber, the smaller is the con vec tion heat 
trans fer co ef fi cient ac cord ing to the
typ i cal em pir i cal Nusselt num ber
cor re la tion for free con vec tion heat
trans fer. Thus, the nat u ral con vec tion 
heat trans fer rates of 30° and 60° ori -
en ta tions are lower than the one at
90° ori en ta tion.

Con clu sions

The ex per i men tal stud ies have
proven fea si ble to use PCM for ap pli -
ca tion in ther mal con trol of mo bile
de vices. It has sig nif i cantly cooled
down the mo bile de vices dur ing the
charg ing phase. How ever, the cool -
ing rate is slower dur ing dis charg ing
as heat is be ing stored dur ing the

charg ing phase. This leads to the point that us ing PCM cool ing sys tem is only ap pli ca ble for in -
ter mit tent-use mo bile de vices and not for con tin u ous us age. It is im por tant that the du ra tion of
op er a tion does not ex ceed the time for full melt ing of the PCM. Mo bile de vices get heated up
faster dur ing long con tin u ous op er a tion than fre quent us age. In cor po rat ing fins in side the heat
sink in crease sur face area for heat trans fer dur ing the charg ing phase. The greater the num ber of
fins, the faster the heat trans fer rate. How ever, the fins have no or lit tle ef fect in cool ing dur ing
dis charg ing. Mo bile de vice at 90° ori en ta tion pro vides better heat dis si pa tion to the am bi ent
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Figure 15. Surface temperature vs. time for case B for three
different usages
(color image see on our web site)

Figure 16. Surface temperature vs. time of case C at
different orientation (color image see on our web site)

Figure 14. Surface temperatures vs. time for case A for three
different usages (color image see on our web site)



than at 0° ori en ta tion, how ever, the ori en ta tion of mo bile de vices has a lit tle ef fect on the cool -
ing per for mance.
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