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Abstract

In this study the performance of latent cool thermal energy storage system is
investigated numerically to use as the cold storage.
The Navier-Stokes equations (momentum equations) of the heat transfer fluid flow
are solved in laminar, 3-D, steady state, incompressible, and no slip conditions; while
the energy equation of heat transfer fluid is solved for unsteady state condition. The
heat conduction in the PCM and the solid are considered as unsteady 3-D heat
conduction problem using the effective heat capacity method for PCM.

The governing equations are discretized using finite-volume method (explicit
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method)-upwind differencing scheme, and then these are solved using SIMPLE
algorithm method on staggered grid with FORTRAN code. The pressure-correction
method is used to obtain the velocity distribution, and then the energy equations for
the fluid and the periphery domain (solid and PCM) are solved simultaneously as
second step.

The study includes two main steps. First, velocity of HTF, temperatures and
solid fraction distribution are studied, yielding detailed information on the HTF
velocity behavior under effect of different values of the Re, also give information
about phase and temperatures distribution inside the PCM and the HTF during the
transient phase-change process. Then, a detailed parametric investigation is
performed, including effects of Reynolds number, Stefan number, horizontal
partition thickness, dimensionless initial temperature of the PCM, aspect ratio and
container height on the performance of the latent cool thermal energy storage
system. These parameters effect on the dimensionless average channel surface
temperature, Nusselt number, dimensionless HTF outlet bulk temperature,
dimensionless PCM temperature, solid fraction, solid front in 3-D and the
cumulative cool energy storage in different levels. Also, it was found from the

obtained results that the dimensionless initial temperature of the PCM (EP") and

horizontal partition thickness (H s ) does not have very important effect on thermal
performance of the CTES system, while the Reynolds number (R€), Stefan number(

Ste) aspect ratio (QUOTE & & ) and container height (HP ) play an important role
during solidification process and has a strong effect on performance of the CTES

system. Also, it was found that the effect of Stefan number (€ ) on Nusselt number
of HTF 1is not significant.

The present effective heat capacity model is compared with the available
enthalpy model of other authors, Shatikian 2004 [10] and Rathod and Banerjee 2011
[30], and the comparison showed relatively good agreement.
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