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Abstract

Integrated circuits operate best in a limited range of temperature hence their package must be designed to remove the excessive heat.
As an alternative passive cooling technique means, phase change materials or PCMs have been widely investigated for such transient
cooling applications considering their advantage such as high latent heat of fusion, high specific heat, controllable temperature
stability and small volume change during phase change, etc. This PCM based cooling techniques have great potential application in
the devices which are not operated continuously over a long period, but in intermittently using devices like cellular phones, digital
cameras, notebook etc. The PCM absorbs heat from the electronic component when it operates and melts, the molten PCM needs to be
re-solidified by dissipating heat to the surroundings while the electronic device are idle, such a cooling system is applicable only for
intermittent use devices and not those in continuous operation. To achieve effective cooling it isimportant to ensure that the operating
duration of the electronic device does not exceed the time of full melting of PCM. Advanced transient analysis is required for clear
under standing of the mechanism behind this method of cooling while practical implementations are considered. Controlled convective
cooling techniques can be implemented for continuous operation such kind of systems.

The present work is a numerical study consists of thermal analysis of various configurations of finned heat sink with PCM. The
configurations considered are finned heat sink without PCM and with PCM, Half-filled PCM towards the fin tip side and cases which
includes forced convection for systems with continuous operation.

The unsteady analyses were performed to record the transient nature of problem. The characteristic of PCM and the design of
operational time of convective cooling are estimated. By analyzing these different configurations a vivid picture of the physics of heat
transfer in PCM based heat sink is figured out.

Keywords: Phase change materials; Heatsink; e ectronics cooling; Thermal management
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1. INTRODUCTION The phase change materials (PCMs) are heat stonagaums

) ) used in latent heat storage, as it will experiercephase
Technological enhancements at the device, packadesystem ;. aition during the heat charge or release peoces
levels have resulted in increased functionality aletreased Theoretically, PCM has a phase change point whenptiase
form factors, but squeezed more power into eveigraakages.  { onsition happens, but in practice the phase @hamgcess

As a consequence, thermal management has become MQLonens in a certain temperature range insteadnef exact
critical for successful design of electronic desicsuch as point

cellular phones, digital cameras, notebooksandopetsdigital

assistants, etc. Such devices are not operatethgously over  g,cad on the phase change process, PCMs can bifiethito

long periods, so a phase change material (PCM)ebeseling  qig-jiquid, liquid-gas andsolid-solid PCM. Amortigese three
system haspotential for application. Integrate@wis operate a5 of PCM: solid-solid PCM is rarely suitable fbe thermal
bestwithin a Ilmlteql temperature range; h_ence the|rStorage in buildings; liquid-gas PCM experiencesvery

packagesmust be designed to remove the excessiteA®an  gjgnificant volume change due to the differencenaflecular
alternative passive cooling technique means, PCMSeh jnienais between the gas and liquid; thus, in garenly solid-
beenwidely investigated for —such transient eleetron jio,iq pCM is suitable for the normal applicatiorGurrently,

coolingapplications - considering their advantageschswas  here gre mainly three types of PCMs existing i gblid-liquid

highlatent heat of fusion, high specific heat, ecoliible  ca1eq0ry: organic-PCM,inorganic-PCM and eutectidP@ach
temperature stability and small volume change @umase ot which can be further categorized into more dethisub-
change, etc. groups
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PCM based cooling system can be implemented initonsl
where devices which are not operated continuousgy a long
period, but in intermittently using devices likellaar phones,
digital cameras, notebook etc

The PCM absorbs heat from the electronic compondran it
operates and melts, the molten PCM needs to belidified by
dissipating heat tothe surroundings while the ebmit device
are idle, such a cooling system is applicable émlyntermittent
use devices and not those incontinuous operati@mrced
convection cooling with fins are common method dooling of
chips which are in continuous operation.

2.LITERATURE REVIEW

V. Shatikian, G. Ziskind and R. Letan “Heat accuatioin in a
PCM-based heat sink with internal fins” In this papthe
processes of melting of a phase-change materiaMjP® a
heat sink with a constant-heat-flux horizontal basd vertical
internal plate fins, have been studied numerically.most
complete formulation has been attempted, which stakéo
account conduction inside the fins, conduction emvection in
the PCM, volume change of the PCM associated witase
transition, density and viscosity variation in liguPCM, and
heat transfer to the surroundings. In a detailedampetric
investigation, the results have illustrated how theat
accumulation due to the latent heat storage isciffieby the
changes in the geometry of the system and the oynd
conditions. The results of these problems showptieelominant
role of fins in transferring heat to the PCM. Thpp®ach
developed herein can be used in the design of P&déc
cooling systems.

V. Dubovsky, E. Assis, E. Kochavi, G. Ziskind and [Eetan
“study of solidification in vertical cylindrical ghls” This paper
the process of solidification of a phase changeerr@dt(PCM) in
cylindrical geometry has been explored numericallsansient
numerical simulations were performed using Fluen®. 6
Solidification temperature of the PCM was incorpedain the
simulations along with its other properties, inéhgdthe latent
and sensible specific heat, thermal conductivitg density in
solid and liquid states. The simulations providetaded phase
distributions. To the best of our knowledge, somberent
features of the process have been modeled foritsetime,
including the curvilinear interface. An initial dansional
analysis of the results was attempted and presagdde PCM
melt fractions vs. the Fourier and Stefan numbefs.
generalization, which encompasses the cases coeditierein,
is suggested. A detailed dimensional analysis élldone in a
future study.

increases the cooling performance as compared gocéses
without involved PCM when the input power levelr@atively
high. It carried out a series of numerical studiasheat transfer
during melting and freezing of single and multipPEMs. A new
design for thermal storage using multiple PCMs wiast
proposed by them for power generation in spaceebasgvities
[1]. They extended their analysis from only the chgrgeess
(melting) to a combined charge/discharge (meltifrgezing)
process[2].In [4], by a thermodynamic analysis, Gong and
Mujumdar found that the increase of the overall rried
efficiency could theoretically be doubled, or evdpled by use
of multiple PCMs.

Bogdan M. Diaconu,SzabolcsVargaand Armando C. Qave
“Experimental assessment of heat storage propeaties heat
transfercharacteristics of a phase change matddaly for air

conditioning applications”In this paper Possiblelagations of

the microencapsulated PCM slurryinvestigatedin tpeper

include cold storage for air conditioningsystems thwi
intermittent energy supply such as solar-driveraiditioning

systems . Low temperature energy storage (colchg®ris an

alternative to high temperature energy storage remguthe

cooling demand during intervals when energy supsphar

energy in this case) is not available.

X. Duan and G.F. Naterer “Heat transfer in phasengha
materials for thermal management of electric vehibhttery
modules”In this paper, thermal management with etamnge
materials was investigated for their feasibilitydagffectiveness
for electric vehicle battery modules. Detailed dification and
melting processes were examined and new measurgddata
was reported. In the experiments, a heater wastossichulate a
battery cell. Two different PCM designs for the teea
temperature management were investigated: one aviBCM
container surrounding the heater, and another aviCM jacket
wrapping the heater. It was shown that both desiga®ffective
in maintaining the heater temperature within a rodi range.
The effects of variable heating rates and ambiemniperature
conditions were also reported.

QIU Yifen, JIANG Nan, WU Wei, ZHANG Guangwei and
XIAO Baoliang “ Heat Transfer of Heat Sinking Vesith
Phase-change material” This paper develops a haasfér
mathematical model about heat sinking vest with PG
enthalpy method. This model can analyze the heatster
process and calculate the skin heat flow coverdH this vest.
On the basis of the human thermo regulation madiglamic
temperature distribution and sweat rate of the bwdgring the
vest are solved.. In addition, dynamic temperatlistribution
and sweat rate comparison that body wears theovasit show
that this vest with PCM can reduce body heat lagrificantly.

Gong and Arun S. Mujumadar “ A transient cooling ofthg heat transfer mathematical model with phasegduilt

electronics using phase change materials “ In phiser a well
designed PCM based heat sink for various powerldewas
investigated experimentally and numerically. Resghow that
the inclusion of PCM in the cavities of the heatksi will

above is reasonable and reliable, and it can be teseesearch
thermal protection performance of the heat sinkuegt with
PCM.
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3.PHYSICAL MODEL

The problem defined consists of finned heat sinbngetry. The
doman is simplified by imposing periodic boundary cdtiwh in
order to reduce the grid size. The work is progrdss such i
way that the performance fin computed by severalagbns
such as fin only, fin filled with PCM material, fifilled with
half-filled PCM and halfilled PCM based fin with force
convection.

The geometry of heat sink for different configupatused in thi:
study. The fin only case, fin fully filed with pcand fin half
filled with pcm are included.

Case-1 Fin only

Case 2 Fin fully filled with PCM

Case 2 Fin half- filled with PCM

All dimensions are
inmm

2Wheat

Translational periodic model of heat sink configima for
forced convection cast

The figureshows the dimensions of the geometryidensd for
this study.The all the length presented is in mire thickness c
fin considered in 2.7 mm and translational periodicditon is
applied to mid plane of the fin. Three dimensiosaldy is
conducted only for the forced convection c..

3.1 Boundary Condition

Boundary conditions include heat flux value of 20fm?applied
at bottom of PCM for 3500s heating and 3500s cgoliAll
other walls are treated as adiabatic shown in figabove. Thi
domain interface between PCM and air is considesedall to
avoid material transfer. The initial condition sktr entire
domain is 18C.

Heat flux: The bottom wall is provided with a heat flux G
W/m?,

Translational periodicity: The domain is simplified by usir
translational periodic assumption. The left anchtigvalls are
selected as periodic and periodic shadow surf:

Adiabatic wall: The fin tip surface and upper surface of pcm
considered as insulated boundary by applying a theatvalue
of zero.

Inlet air velocity: Different air inlet velocity conditions a
applied for various cases.

Outflow boundary: The gaige pressure of zero bar is applied

for out let boundary with a back temperature of agpheric
temperature.

I nitial condition
An initial condition Temperature in the domain & as 1°C

Material
The fin material of aluminium, phase change maltargec is
paraffin wax and air as fluid for convective cogl|.

Convergence settings

Mass momentum and energy equations are monitored lae
solution is taken in such a way that the residaaésconverge
to a value less than £0

Grid Independence study

Different configurations are used to get a gridejpenden
solution. In the steady R- problem the temperature values

plotted for different grid configurations and adymumber o
12500 rectangular grid is selected for the furtsteidy. In the
caseof 3D problem the previously obtaine-D grid is extruded
along flow direction and discretization in the fladirection is
also selected accordingly. A total number of hexahle of
62500 element used for 3D analy
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4. MATHEMATICAL
MODELING

4.1 Numerical Smulation

FLUENT can be used to solve fluid flow problems diving

solidification and/or melting taking place at oremperature
(e.g., in pure metals) or over a range of tempeesatye.g., in
binary alloys). Instead of tracking the liquid-sblifront

explicitly, FLUENT uses an enthalpy-porosity formtibn. The
liquid-solid mushy zone is treated as a porous zdtte porosity
equal to the liquid fraction, and appropriate motaem sink
terms are added to the momentum equations to acéouthe
pressure drop caused by the presence of solid ialat®inks are
also added to the turbulence equations to accamteluced
porosity in the solid regions. FLUENT uses contwalume

approach to solve fluid flow problems. In finitelume method,
flow domain is discretized into cells and analysisdone by
solving the governing equations on control poimscells. The
finite volume method represents and evaluatesagbalifferential

equations as algebraic equations.

AND NUMERICAL

The instantaneous continuity equation, momentunatgu and
energy equation for a compressible fluid can béterias:

Continuity Equation:

a a
a—’: + ox [puj] =0 3(a)

Momentum equation

2 a
3t (pui) + EN [puiuj + p5U - Tji] =0.iiennnn. 3(b)

xj
Energy equation

? ?
-, (peg) + a—xj[pujeo +up +q; — 1] =0.....3(c)

For a Newtonian fluid, assuming Stokes Law for matmmic
gases, the viscous stress is given by

Where the trace-less viscous strain-rate is defiryed

S =1(%+

9uj\ _ 10uk o
g =3 axi) S 3(e)
The heat-flux, g is given by Fourier's law:

oT u oT
=T _ o #IT
4 ax;j P prox;

Where the laminar Prandtl number Pris defined by:

To close these equations it is also necessary &mifgpan
equation of state. Assuming a calorically perfeets gthe
following relations are valid:

y=‘é—z, P =pRT,e=GT, C-G=R

Wherey, C, ,G, and R are constant.

The total energygs defined by:

4.2 Favre Averaged Equations

It is not possible to solve the instantaneous egusdirectly for

most engineering applications. At the Reynolds nersb
typically present in real cases these equationse kavy chaotic
turbulent solutions, and it is necessary to molelibfluence of

the smallest scales. Most turbulence models aredber one-

point averaging of the instantaneous equations. aleraging

procedure will be described in the following sectio

Let ¢ be any dependent variable. It is convenient téndefivo
different types of averaging of

Classical time averaging (Reynolds averaging)

T K TG X 3(3)

P=0-0

Density weighted time averaging (Favre averaging):

P =0-9 o
Note that with the above definition; = 0 but ¢" # 0
And ¢’ = Obut @#0

4.3 Solidification Modeling

FLUENT can be used to solve fluid flow problems diwing

solidification and/or melting taking place at oremperature
(e.g., in pure metals) or over a range of tempeegatie.g., in
binary alloys). Instead of tracking the liquid-sblifront

explicitly, FLUENT uses an enthalpy-porosity formtibn. The
liquid-solid mushy zone is treated as a porous zuitie porosity
equal to the liquid fraction, and appropriate motaen sink
terms are added to the momentum equations to acéouthe
pressure drop caused by the presence of solid islatginks are
also added to the turbulence equations to accarntefluced
porosity in the solid regions.
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The enthalpy of the material is computed as the sdinthe
sensible enthalpy, h, and the latent h&Ei,

T
Where h= I%f + rref CPdT ................................... 3(|)

And h,= reference enthalpy
T,s=reference temperature
Cp=specific heat at constant pressure

The liquid fraction, can be defined as

.8 = QifT < Tsolidus
B =1fT < Tliquiduss

T—Tsolidus sem o
T T lfTsolidus <T< Tliquidus
liquidus— ! Solidus

The latent heat content can now be written in tesfrthe latent
heat of the material, L:

AH = BL
Energy Equations

For solidification or melting problems, the energguation is
written as

%(pH)+V(p1—7)H):V(kVT)+S .................................... 3(n)

Where

H = enthalpy

p = density

H = enthalpy
o= Fluid velocity

S= source term

The solution for temperature is essentially iteratbetween the
energy equations and the liquid fraction equation

The enthalpy-porosity technique treats the mushgiore
(partially solidified region) as a porous mediunmeTporosity in
each cell is set equal to the liquid fraction iattleell. In fully
solidified regions, the porosity is equal to zerahich
extinguishes the velocities in these regions. Tleenentum sink
due to the reduced porosity in the mushy zone takes
following form:

S= Momentum source ter(@)= Fluid velocity

Default value of 100000 and 0.001 is used the emtstA,h
ande simultaneously

4.4 Analysis Procedure

The modeling of flow domain has been completed gisin
geometry and mesh building software, GAMBIT. Gehera
sequence of operation involved is:

1) Create full geometry and decompose into mesh able

sections.

2) Give meshes required.

3) Continuum and boundary attachment.

4) Export Mesh.

Analysis is done using FLUENT software. Generalusege of
operation involved is:
1) Importing grid.
2) Checking grid.
3) Setting units.
4) Define solver properties (steady, unsteady, 2D/®Ip e
5) Define Model (Solidification and heating , turbulen
properties)
6) Define material properties (density, viscosity aidn
etc..).
7) Define operating conditions.
8) Define boundary conditions.
9) Initialization.
10) Setting convergence criteria.
11) Iterating until the solution converges.

4.5 Fluent Settings

Geometry is created using GAMBIT. Two dimensionaldel is

created. Discretization is done by using mapped gqnesh with
boundary layer on solid fluid interface. Gambiefis exported
as .mesh format. The settings of ANSYS Fluent Xstonerical

solution are listed in this section. The discratizreometry is
imported into Fluent. Fluent will perform varioubecks on the
mesh and will report the progress in the consoles heeded to
make sure that the minimum volume is a positive bemThe
imported grid is checked and proper scaling is dofkee

required units are selected.

General settings: The general settings such as solver settings,
details of temporal discretization, properties oétemials and
equations required solving and additional physeguired etc.
are selected depend on the problem.Table listedskive basic
solver settings provided.

M odel Settings

Space 2D/3D

Solver Pressure based

Time Steady / Unstga}dy, 1st-Order
Implicit
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Viscous Laminar
Heat Transfer Enabled
Solidifica_tion and Enabled
Melting

Modeling Solidification: Solidification & Melting is enabled in
order to satisfy phase change conditions. The ttefalue of
100000 selected for the mushy zone.

Conductivity ‘ ‘

Material property of Aluminum

4.6 Boundary Conditions

Wall: Heat flux of 200 W/rfon the heater side of PCM and top
wall as adiabatic. The solid-fluid interface is eakas coupled
boundary.

Periodic surfaces. The translational periodic boundary is used

Material propertiesin this step, a new material is created and,; equce the size of the problem. The periodidaser and

specified its properties, including the melting thedensity,

Specific heat, conductivity, viscosity, solidus fsmature, and

liquidus temperature. Aluminium material for finamffin wax
as PCM material and air as forced convection flaid taken.
The settings provide for paraffin wax are giverthie following
Table. The Specific heat of PCM material is givenaapiece
wise continuous function of temperature. Matepedperty of
Paraffin

Property Units Method Value(s)
Density kg/m3 constant 83493696
cr i
(Specific Jikg-K - -
continuou
Heat) S
Thermal
Conductivi w/m-K constant 0.22955
ty
Viscosity kg/m-s constant .0080000004
Melting Jikg constant 70006
Heat
Solidus
Temperatu °C constant 19.04998
re
Liquidus
Temperatu °C constant 26.99999
re
Temp| 18 20 22 24 26 28
°C
Cp 5352| 6400, 7000 806y 5766 5042
Temp| 30 32 34 36 38 40
°C
Cp 3808| 3125 2998 296D 2922 2900
Property Unit M ethod Value
Density Kg/m3 | constant 2719
Cp J/kg.K | Constant 871
Thermal W/m.K | Constant 202.4

shadow surface equally discretized in order to bdista

transitional periodicity.

Inlet boundary condition: The air inlet condition is used in the
forced convection case in which the velocity andperature of
air inlet is specified.

Outlet boundary: The outlet pressure of atmospheric condition
is provided.

Solver controls: The flow equations and energy equations are
solved. The defaults under relaxation factors aker. Pressure
velocity coupling is done by SIMPLE algorithm. Pyeee is
discretized by using PRESTO scheme and momentum and
energy by first order upwind scheme.

Solver initialization: In the unsteady analysis solutions are
initialized from an initial temperature value of °1&. The
convergence curve is plotted during the runtimeemabling
residual plot and surface plot of temperature &maid fraction

of PCM with varying time.

4.7 Grid Independence Study

The structured grid used in this study has beeniodd from a
systematic grid sensitivity study in which the tergiure in
different locations for 2D case and temperature rewags flow
rate has been compared.

Convergence

The criterion for assessing convergence of theeptesteady
state analysis is based on the square root of $usquares of
temporal variation of variable such as density, ogity,

temperatu re etc.
2
N a(
RW{)=| .
i=1 at :

N =

Where N is the number of grid points a{ lis the variable
considered. Generally, computations are stoppechwbsidues
fall below 10°.
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In addition to this the mass imbalance is also kbécn the
same manner.

<10°®

‘Zmn-zmm
> m,

Where m, is the mass fluid entering the domain angl;ms the
mass fluid leaving the domain.

5. RESULTS AND DISCUSSION
5.1 Introduction

The result from the different analysis is reporiredhis chapter.
The various cases such as fin only, fin fully fillevith PCM,

half-filled fin with forced convection etc. are @ped one by
one. The characteristics of PCM on heating and imgo&re

analysed and discussed. The cases with differefdcitye

boundary conditions are compared and a strategytefmittent

use of convective heat transfer is establishede déometry,
grid, boundary conditions and numerical settingspaed etc. are
discussed in previous chapters. The results agepted in the
form of contours of temperature, liquid fractiordameat transfer
coefficient.

26,06
2080
2080
2886
2686

.86
2886
2606
20.80
585

8

Temperature®C) contour at 300 s time

Heat sink with fin only

ERER
R

In this case an unsteady simulation is carried oOthe
temperature contour at 300 s is shown in the figude The
maximum temperature along the heat sink with tisnplotted in
the figure. Since the walls are adiabatic the sefdpheat flux
increases the temperature linearly. From the teatper contour
it is clearly visible that the isothermal lines grerpendicular
with the adiabatic walls. A temperature increasehia rate of
0.03 unit.

120

100 ~

80 /

0]

Temperature (c)

0 500 1000 1500 2000 2500 3000 3500

Time in sec

Temperature®C) Vs Time (sec)

5.2 Heat Sink with Fin Fully Filled with PCM

In this case an unsteady analysis is carried authi® heat sink
with fully filled PCM. Boundary conditions includeeat flux
value of 200W/rfapplied at bottom of PCM for 3500s heating
and 3500s cooling. All other walls are treated diafzatic walls.
Domain interface between PCM and air is considaedall to
avoid material transfer. The initial condition sktr entire
domain is 18C.

The time at which entire PCM becomes liquid is fond (liquid

fraction becomes one). The cooling is also studieg

implementing reversing of heat flux direction. Tieenperature
characteristics at various location of the compoita domain is
studied. The characteristics on PCM material onliegoand

heating process is analyzed. It can be seen that fimne of 53
minute the temperature of the domain can be cdetrdy PCM.
At around 3200 sec the entire PCM becomes meltdduather
accommodation of heat in the PCM is restricted.eAfthat
period the domain temperature increases linearly.

Grid used for fin with fully filled pcm
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5.3 Maximum Temperature Change With Time 18le01

181e+01
1.802+01

The below figure shows the temperature verses gna@h in ] .
both heating and cooling step for different locasid®, P2, and LAs 0L .
P3 as in the figure. 3801
1Bl 5
- e ———————————————————— — - - 1:SE::I]1
Ua7e1
1&87=01
1.87e+l1
| 186e+01
1.8Be+01
' 1.86et01
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7.800-013
. TAle-13
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507813
4 EBa-12
4.288-03
| e
251803
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2.785-13
2.342-03
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| 1.56e-03
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Fa 3 i TH0e-14
A80e-04

0.000+01

The different location selected for temperature garison

Figure. Contours of temperature and liquid frac@éb®00 sec

The figure shows the temperature variation with etirfor

different locations as mentioned in figure Theiathon in the
slop indicates the presence of PCM up to 3200 Hee.specific
heat of PCM various with temperature, hence at timave 100s
the PCM start phase change and which is havinge ldweat
storage capacity. After complication of the phasagformation

Figure shows the contours of temperature and lifuaidtion at
2200 sec in the fin with fully filled pcm configuran. Above
50% volume of pcm is having a liquid fraction mahan 0.5.
The maximum temperature reaches at @24 2200 sec.

the heat storage capacity becomes linear in ndtutbe cooling Base of fin P1
process the pcm material releases heat energyransfdarmed Geometric centre o P2
into solid phase. PCM
Top of PCM P3
298
o N

Temperature , K

Temperature variation with time for different loicats
considered

Contours of Temperature at various T1

Figure shows the contours of temperature and liduaiction at
500 sec in the fin with fully filled PCM configuiah. The PCM
in solid face started liquefying near the interfaegion. The
corner portion liquid for because of the large lifstee area in the
corner region. The temperature contour is seemsbé¢o
perpendicular to the top wall of the pcm, indicate insulated
boundary condition. The maximum temperature remche

0,
19.TC at 500 sec. Contours of temperature and liquid fraction at 2860

295 s
294 —p1
. % NN Y
292 \\ P3
201 \\
290

0 1000 2000 3000 4000 5000 6000 7000

Time, s
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Figure shows the contours of temperature anddidpaiction at  corner portion of the plane. The maximum velocity ar
3500 sec in the fin with fully filled pcm configuran. It can be  reached at about 0.15 niie tobuoyant force

seen that the minimum temperature in the pcm doiisas.2C
(above themelting limit) and hence the entire portdof pcm is
converted in to liquid and at/after that the vaoiatin the I o
temperature of system changed linearly.

2530401
M e 0087
35les 1 008

[ 0036
24804101
2.a8e+11 0029
ZA7ee11 0.022
2470411
|| z.aBenl 0015
| ZABeel1 00073
2590l 36608
=

Vector of the cross-section on air flow for an tnlelocity of

1.00e+00
E

Toosenn

Ui The velocity vector on the cross section of aiwfldomain
B et depictured in figure shows two recirculation loop#

e temperature driven maximum velocity of 0.14 m/sliained in
I Had the flow.

et

1A N EEE 20 an e EER) 2m AT 75 Eets

Contours of temperature and liquid fraction at 3560

5.4 Heat Sink With Fin Half Filled With PCM

In this section the result of half- filled PCM witforced
convection is studied. The Three-dimensional dormmgreated.
The figure shows the transitional periodic modefotl used in
this study.

a. Airinlet velocity = 10 cmis

Temperature contour at locations of inlet, 2,468 from
inlet, outlet plane

In the case of forced convection flow, steady asialis carried
out for an inlet velocity of 0.1 m/s- 2 m/s. Thegkiie shows
the temperature and liquid fraction for variousetr¥elocity at
different axial locations such as 2,4,6, 8 mm frornket and
inlet and outlet boundary . It can be seen thataihdecomes
hot as it flow through the path. The maximum terapee is
reduced as the flow velocity increases.

ITit

i W hear
Computational domain used for half-filled PCM witirced
convection

The Figure shows the velocity vector in a crossiseal plane
for a inlet air velocity of 0 m/s. It can be sedmttthere is a
natural convection phenomena. The flow directiooveh two
major loop which meets at the central of the donveith high
velocity magnitude. There exist four small loop®rg the
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Temperature at the interface between air and PCuiifigrent
axial location 1,2,3,4,5,6,7 mm from inlet for aielocity of
10cm/sat 7 mm from the inlet.

Figure shows the temperature plot at the interfagéon of air
and pcm at various axial locations seriesl from 1from the
inlet and series7 locations. Heat transfer is maximat the
inlet region of the flow. In the figure 5.12 massw averaged
temperature of the outlet for different velocitypletted. It can
be seen that the increasing of velocity above 1% doesn’t
aid any further temperature reduction in the systéhe liquid
fraction vs velocity plotted in the figure 5.13 @lprove this
point. The change in liquid fraction with velocityless in the
velocity range above 1.5 m/s.

o 50 100 150 200 250
Air inlet velocity, cm/s

—&—Mass flow averaged air outlet temperature —#—Maximum temperature in the domain

Mass flow averaged and maximum temperature in tmaih
for different axial velocities

1.2

|

Volume averaged liquid fraction in PCM
o o
<) 00

1

//

M

0 50 100 150 200 250
Air inlet velocity,cm/s

b. Airinlet velocity =150 cm/s _ N
Volume averaged liquid fraction for different axialocities

The unsteady analysis is done for different vejoicitets. Firstly
the analysis is carried out for a time up to volueweraged
liquid fraction of one with zero velocity inlet. texr different
analyses for different velocities are carried opubing the first
result. Figure 5.14 and 5.15 shows minimum domain
temperature and liquid fraction of PCM along thendi The
effect air velocity up to 0.2m/s is negligible afudther increase

in velocity stabilizes liquid fraction and tempenda.
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Heat transfer coefficie)
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o

o 0.002 0.004 0.006 0.008 0.01 0.012

Distance from the inlet, m

Heat transfer coefficient along the flow directimn an inlet
velocity of 1m/s

Heat transfer coefficient along axial distance atferent
locations is depictured in figure 5.16. The heatnsfer
coefficient at center location of the air flow pags is higher
than the corner locations. The top air PCM intezfé having
higher than the bottom air fin interface. This igedo difference
in temperature gradients in corresponding locations

Time requirement for solidification for differentlet velocities

LF 0.8 1.0 1.2 14 16 | 20
% m/s m/s m/s m/s m/s m/s
380 | 200

20 i i i i 0 0

20 ] ) 300 | 180 | 140 | 100
0 0 0 0

380 | 180 | 130 | 102
40 q q q q 880 | 700
50 130 185 830 | 700| 630| 500

The time requirement for control the temperatur¢hef PCM to
various liquid fraction levels for different airlat velocity is
listed in the Table 4. Based on the usage of thécdehe air
flow velocity can be varied as per the requiremektem the
tabulated results it is clear that to obtain aitiduaction of 20 %
it is necessary to set a minimum air velocity & /s similarly
for 30% liquid fraction is 1.2 m/s. Increasing ety above
1.6m/s gives only small improvement in performankgence
these results can be used as easy-to-use desidgngailine for
PCM based heat sinks, in terms of forced convectralitions.

CONCLUSIONS

The PCM based cooling techniques have great patenti
application in electronic devices. In this workdstuand analysis

of PCM based heat sinks is carried out. Numericalysis is

done by using FLUENT 14.0. The works includes thel on
characteristics of PCM and its application is etmout. Here we
conducted three configuration of heat sinks sucfinagnly, fin
filled with PCM material, fin with half-filled PCM.The
characteristics of Heat sink with PCM is analysed bioth
solidification and melting process and find out timee in which
PCM controls temperature up to 2400s for full GIECM. For
continuous application the forced air convectiorincduded in
the analysis by changing half portion of PCM toddmain. The
maximum temperature/ liquid fraction/ heat transfeefficient
at different locations are obtained for differentlocity is
computed in the steady state analysis. Performahbeat sink
for continuous operation is carried out for differeair flow
conditions. The unsteady analysis for studying thensient
nature of problems. The time requirements for adnthe
temperature of PCM to various liquid fraction le&r different
forced convection conditions are tabulated, whiah be used as
easy-to-use design guide line for PCM based hght si
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