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Abstract

The purpose of current article is to simulate melting of NEPCM inside a cylinder with V shaped fins. Two dimensional
transient formulations were modeled via finite volume method. Copper oxide nanoparticles were dispersed into paraffin.
Second law treatments during melting are reported. Outputs illustrate that thermal entropy generation detracts with
augment of temperature. Temperature rises as time progress due to stronger buoyancy forces.
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g Gravity

NEPCM Nano-enhanced PCM
T Fusion temperature

C Mushy zone constant
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Subscripts

p  Particle
s Solidus
nf NEPCM
! Liquidus

nf Nanofluid

1 Introduction

Several scientist selected phase change materials for saving
energy in heat storage units. Also, they added metallic
Nano sized particles to overcome the low thermal con-
ductivity. Selimefendigil and Oztop (2019) scrutinized
CNT nanoparticles transportation due to MHD inside a
corrugated cavity. Sheikholeslami et al. (2018) illustrated
the unsteady solidification of NEPCM. They employed
Galerkin approach to show the phase change process.
Nanofluid mass transfer over step with elastic wall was
scrutinized by Selimefendigil and Oztop (2018). Khan
et al. (2017) demonstrated nanomaterial treatment due to
radiative heating. They utilized non-Newtonian model in
presence of MHD. Sheikholeslami et al. (2019) employed
nanoparticles and V shaped fins to reach higher rate of
solidification. They presented FEM simulation for solving
unsteady problem. Heatline approach has been applied by
Bondareva et al. (2016) for natural convection of
nanoparticles inside a wavy enclosure with local heater.
Sheremet et al. (2015) presented second law behavior of
nanomaterial thorough a cavity with hot obstacle. They
utilized hemogenious model (Tiwari model) for thermal
conductivity. Mahian et al. (2013) scrutinized irreversibil-
ity analysis of nnaoparticles in existence of MHD impact.
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Tabhir et al. (2017) studied the Maxwell nanofluid radiation
along a sheet. They supposed uniform magnetic field to
control the flow. Copper oxide migration due to MHD
impact in a duct was scrutinized by Selimefendigil and
Oztop (2018). They examined optimization procedure via
ANFIS. Nguyen et al. (2016) demonstrated the transient
nanofluid flow in an enclosure with various heaters. Moa-
timid et al. (2017) scrutinized nanofluid transient double
diffusion flow. Characteristics of nanofluid inside a heat
exchanger were examined by Qi et al. (2018). They
reported stability behavior of nanofluid and its character-
istics. Finding better working fluid in view of heat transfer
is hot topic in recent decade (Rehman et al. 2018; Sun et al.
2017; Sheikholeslami et al. 2019; Sheikholeslami and
Oztop 2016, 2017; Sheikholeslami 2018, 2019a, b; Khan
et al. 2018a, b; Eldabe et al. 2018; Hayat et al. 2018; Darzi
et al. 2016; Ahmed et al. 2017).

In present report, V shaped fins and NEPCM are con-
sidered as two effective methods to improve the melting
rate. Simulation is done via FEM. Entropy and exergy
contours at various stages are demonstrated.

2 Geometry and formulations
2.1 Enclosure with fins

The aim of current article is to carry out numerical
investigation of transient, two-dimensional melting process
inside the cavity with V shaped fins. The cavity is filled
with PCM based copper oxide nanoparticle. This geometry
can be fins in Fig. 1. In this paper, we consider L = 0.04 m,
D=0.02m,1=0.01 m, t=0.5 mm. The concentration of
copper oxide is 0.05.

2.2 Problem formulations

Let us consider transient laminar 2D melting process

considering Boussinesq estimation as follows:

V-V=0, (1)

(1—2)7? 1 5 u -
u+—,(u,,Vu—VP)=—+V-Vu, 2

/13 +e pnf ('uf ) ot ( )

(1-2)* 1

C

Y /{3 e C+ pinf (,unfvzv — VP + g(pﬁ)nf(T — Tref))
v -
- E + V. VV
(pcp)nf: ¢(pcp)x+(1 - d’)(pcp)f’
(3)
G(pL/l)nf kg 2 OT o
i + (Pcp)nf VT = o +V.-VT. 4)
Here we considered ¢ = 1072, C = 10°.
(pﬁ)nfv pnf’ (pL)nf and (pCp)nf are:
_ (pB),
(pﬂ)nf/( op), = (1= ®)+ ¢ 0B, (5)
0=¢) " (pL);, (7)
(F’Cp)f(l — )+ (pG,) b = (pCP)nf’ (8)
knp 1y are obtained as:
2k +kp + 2¢ (ks — kf) 9)
Tk — bk — k) + 2k
My = (1 — ¢)_2‘5ﬂf~ (10)

Fig. 1 Enclosure with V shaped

fins :
Adiabatic \

NePCM

\ Adiabatic
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Table 1 Characteristics of CuO and (n-octadecane paraffin)

Property Nanoparticles N-octadecane
p (kg/m?) 6500 770

C, (j/kg K) 540 2196

k (w/mK) 18 0.148

i x 10° (Pas) - 3.85

B x 10°(K™ 29 91

L (j/kg) - 243,500
Fusion point (°C) 28 -

To see the properties, Table 1 has been presented.
Equation (11) and (12) can be employed to find the
enthalpy:

H,=h+ L, (11)
T
= [ (@ ™
Trer
0 T<T,
T—-T,
= TS T T .
A T T <T<T, (13)
1 T<T;

In above equation, we considered h,.r as enthalpy at
273 K.

In the present work, the definitions of S, rorar -
Seen, > Sgen are:

Sgen,tolal = Sgen,lh + Sgen,f

46 )]
PREEC)

' + @ux+% ’
Jdy x

(14)

Fig. 2 Example for Grid

2.3 Detail of modeling

Governing equations with the boundary conditions have
solution which is obtained via FVM utilizing ANSYS
Fluent 18.1. The space domain is modeled using Enthalpy-
porosity method (Brent et al. 1988). PRESTO model is
selected for pressure correction. Velocity under-relaxation
is considered 0.2 and SIMPLE algorithm has been utilized.
Figures 2 and 3 demonstrate sample grid and verification
(Tan et al. 2009).

0.8

Liquid Fraction

< Experimental (Tan et al.)
—l—— Present Study
——&—— Computational (Tan et al.)

0.2

VI [N TN NN [T AN [T AN NN TN NS TN ST Y NN
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=

Fig. 3 Validation of code with Tan et al. (2009)
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Fig. 4 Contours plots of t = 60 s

3 Results and discussion

Current section has been devoted to the analysis of melting
process in an enclosure with V shaped fins. Not only melt
fraction and temperature but also entropy generation and
exergy have been analyzed. The system is filled with
n-octadecane paraffin in which CuO has been dispersed.

@ Springer

Entropy F
1.066¢-005
9.952¢-006
9.241¢-006
8.530e-006
7.819e-006
7.108e-006
6.397¢-006

Il 5.687¢-006
4.976¢-006
4.265¢-006
3.554e-006
2.843¢-006

2.132¢-006
1.422¢-006
7.108e-007

7.249¢-024

Sgen,f

Stream Function
8.059¢-004
7.542¢-004
7.024¢-004
6.507¢-004
5.989¢-004
5.471¢-004
4.954¢-004

[ 44360004
3.918¢-004
3.401¢-004
2.883¢-004
2.365¢-004

1.848¢-004
1.330c-004
8.123¢-005

2.946¢-005
[kg s-1]

Streamline

Xd
1.014¢+006
9.463¢+005
8.787¢+005
8.111¢+005
7.435¢+005
6.759¢+005
6.084¢+005

[ 5:408c1005
| 4.732¢+005
4.056¢+005
3.380¢+005
2.704¢+005

2.028¢+005
1.352¢+005
6.759¢+004

1.130e-012

Exergy loss

The solution of equations was calculated using Finite
Volume Method.

Both first and second law analysis during process was
illustrated in Figs. 4, 5, 6 and 7. In lower time, the buoy-
ancy is not enough strong to affect the melting. In greater
time, convective mechanism affects the melting front and
its shape become more complex. Vortex becomes stronger
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Fig. 5 Contours plots of t = 180 s

as the melting front reach to outer surface. The middle up
of the enclosure converts to liquid phase sooner than the
middle down. The region near the down wall is the final
space in which the remained solid convert to liquid. This
phenomena is due to absence of rotating eddies in that
region. As temperature enhances, thermal entropy genera-
tion detracts as depicted in contours. Exergy loss has same
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treatment, too. Liquid fraction, Sgen ¢ and Sgeq o, are shown
in Fig. 8. As time progress, average temperature enhances
and melts fraction increases until it reaches to its maximum
value. Thermal entropy generation detracts with rise of
melt fraction. Frictional component has on maximum point
in beginning times.
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Fig. 6 Contours plots of t = 300 s

4 Conclusion

The NEPCM melting heat transfer inside a cylinder with V
shaped fins are demonstrated. The unsteady problem has
been modeled as governing PDEs which were solved via
Finite Volume Method. Contours for melt fraction,

@ Springer

entropy, isotherm and exergy are reported in various times.
Melt fraction enhances as time progress which means
greater convection mode and higher temperature. So, Sgen
reduces with augment of time. At start of process, con-
duction has main role, thus S,., s has one maximum point
in its profile.
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Fig. 7 Contours plots of t = 540 s
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Fig. 8 Variation of temperature, entropy generation during melting process
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