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Introduction
Solar energy has the potential to meet the energy re-

quirements of domestic and industrial processes, but there
is a time mismatch between solar energy supply and energy
demand by the process. In this case, thermal energy stor-
age allows the use of solar energy without the presence of
solar radiation. Among the different ways of energy storage,
latent heat thermal energy storage1, i.e. phase change ma-
terial (PCM), is very attractive. There are many PCM avail-
able for thermal applications but among all the PCM,  LiNO3
is medium temperature range PCM having cost-effective, and
good heat storage capacity. Therefore LiNO3 is an interest-
ing area of the present work. Work done on PCM heat stor-
age by multiple authors is listed in Table 1.

Application of solar thermal energy with the industrial pro-
cess will eliminate CO2 emissions and fossil fuel consump-
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tions. However, the industry has problems to use solar en-
ergy due to ample space requirement, but PCM can resolve
this issue and can supply heat energy at a constant rate for
different thermal applications in the industry and households.

Numerical study
The heat transfers in container and PCM are assumed to

be transient and three-dimensional. Body forces and con-
vection are neglected. The container and PCM interface are
uniform. Purely conductive and radiative heat transfer is al-
lowed for all domains. For modelling, a three-dimensional
heat transfer 3-D enthalpy based model has been used. En-
thalpy based model is the best model for the study of the
phase-field model. Many authors have used enthalpy based
model in 1-D or 2-D. In this work, the 3-D model is used, all
three dimensions are considered for simulation. It gives more
accuracy, but its cost of simulation is very high. The govern-
ing equations are:
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For solid container
H = cpT (2)

Table 1. Work was done on latent heat storage by various authors
Methods Reference
1D Enthalpy 2–5
1D and 2D Enthalpy 6, 7
2D Enthalpy 8–10
Experimental 11–13
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For solid-phase PCM
H = cpT : (T Tm – ) (3)

For transition phase PCM
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(4)

For liquid phase PCM
H = cpT +  : (T Tm + )          (5)

Nondimensional Stefan number (Ste)
cp (Tm – – Tb)

Ste = ———————— (6)


Melt fraction ()
= (1 – Ste) (7)

Effective thermophysical property during the transition phase
e = s + (1 – ) l : (Tm – T  Tm + ) (8)
ke = ks + (1 – ) kl : (Tm – T  Tm + ) (9)
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where cp (kJ/kg-K) is specific heat capacity, H (kJ/kg) is en-
thalpy, k (W/m-K) is thermal conductivity, Q  (W/m3) is volu-
metric heat generation, Tb (K) is bulk temperature of PCM,
Tm (K) is melting temperature, m is the amount of the PCM
which is under melting process, Ste is Stefan number,  (K)
is transition interval between solid to the liquid phase14,  is
solid-phase PCM,  (kJ/kg) is the heat of fusion, subscripts
s for solid-phase PCM and l liquid phase PCM.

Simulation, validation and grid independent test
3-D enthalpy based model is computed using COMSOL

5.3a Multiphysics®. The simulation domain and grid genera-
tion are shown in Fig. 1 and Fig. 2. Various assumptions
have been taken for the simulation setup. (1) The solid con-
tainer and PCM interface is uniform. (2) The solid-liquid in-
terface of PCM is progressed uniformly. (3) Transport prop-
erties of the solid-liquid phases of the PCM are negligible.
(4) Superheating and subcooling effects are neglected. (5)

The Backward Differentiation Formula (BDF) and Parallel
Sparse Direct Solver PARADISO is used for numerical simu-
lation.

Three different sets of grids are generated using the mesh
generation module. First set of grids 44004, the second set
of grids 88106 and third set of grids 176012 are taken for
simulation. Grid independence test of temperature vs time
shown in Fig. 3. Grid set of 88106 and 176012 show identi-
cal temperature vs time distribution at the centre of the PCM.
Therefore an optimal set of grid 88106 is used for further
computation.

The present computational model is validated with
Zivkovic and Fujii2 and Siyabi et al.15. Temperature variation
vs time shows good agreement of the present simulation
setup with the published benchmark which is shown in Fig. 4
and Fig. 5.

Fig. 1. Simulation domain of container and PCM.

Fig. 2. Grid generation of container and PCM.
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Results and discussion
Stainless steel polished container14, the outer radius of

16.7 cm, the height of 16.2 cm, and thickness 10 mm is filled
with a different mass of phase change material (PCM) LiNO3.
Mass of the PCM is selected based on receiver volumetric
capacity and density of PCM. The mass of PCM filled in the

Fig. 5. Validation of this work with Siyabi et al.15.

Fig. 3. Grid independence test of present work concerning tempera-
ture vs time at the centre of the PCM.

Fig. 4. Validation of this work with Zivkovic and Fujii2.

container is 23.8 kg, 21.4 kg, 16.7 kg, and 11.9 kg (10%,
30% and 50% mass reduction respectively). Radially vari-
able constant inward heat flux is taken for the bottom sur-
face, and all surface is exposed at a constant surface emis-
sivity of 0.1 for radiation heat transfer. Heat flux on the re-
ceiver surface is shown in Table 2.

Initial and boundary condition
When t 0
T (s– , 0) = Ti = 295 K

when t > 0 heat flux at the receiver surface is given in Table
2.

Table 2. Heat flux variation in the radial direction at the bottom
surface (taken from ray optics simulation for 1 kW solar parabolic
dish collector system for six hours a day on receiver surface)

R (m) Heat flux R (m) Heat flux
(kW/m2) (kW/m2)

0.003 78.70 0.097 55.74
0.026 73.38 0.115 49.65
0.048 68.36 0.138 44.03
0.067 63.34 0.154 35.96
0.087 58.63 0.166 18.02

The total energy stored by the PCM is shown in Table 3.

Comparison of enthalpy vs temperature, melt fraction vs
time, total stored energy vs time, and bulk temperature vs
time of different mass of LiNO3 is shown in Figs. 6–9 respec-
tively. Melting starts after half-an-hour, and after 4th h 11.9
kg of LiNO3 gets completely melted, but 16.7 kg, 21.4 kg,
and 23.8 kg of LiNO3 get 75%, 55%, and 48% melted after
4th h. Energy stored by 23.8 kg of PCM is 21.6% more than
the energy stored by 11.9 kg of LiNO3 after the 6th h.

Table 3. Total energy stored by PCM vs time
Time Total energy (kJ)
(h) of the different mass (kg) of PCM

23.8 21.4 16.7 11.9
1 3765 3662 3628 3589
2 8955 8710 8728 8322
3 14115 13828 13426 13059
4 19201 18878 18792 18587
5 24312 23368 22962 21754
6 29161 27312 26408 23981
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Conclusions
The bulk temperature of 11.9 kg of LiNO3 is higher than

the 23.8 kg of LiNO3 PCM. The total energy stored by 11.9
kg of LiNO3 is less at the end of 6th h. Total energy sored by
all mass of PCM is approximately equal in the 4th hour be-
cause after complete melting of PCM energy storage capa-
city reduces. Energy stored by 23.8 kg of PCM is 21.6%
more than the energy stored by 11.9 kg of LiNO3. After com-
plete melting of PCM sensible heating factor becoming a
dominating factor over latent heating.

Integrating the storage with discharge using heat appli-
cation, after 4th h, 11.9 kg of LiNO3 is more efficient than the
23.8 kg of LiNO3 because storage cost is almost half, but
stored energy is almost same.
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