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ABSTRACT. For high efficiency thermal energy storage in phase change materials (PCMs), material properties may optimally combine with geometrical features of the storage tank, to

maximize charging / discharging rates, storage time and energy storage capacity of the installation.

We designed and build a software application (SWA) to evaluate the efficiency of the thermal energy storage in any geometry storage tank. To test the prediction accuracy of the application, we

used previous data [1, 2] from microencapsulated PCMs (NaNO3-ZnO) placed in a prototype thermal energy storage tank with a cylinder shape (figure 1). A simplified model of the SWA was

build using Microsoft Excel to implement the prototype tank configuration, and use it with experimental data. The goal was to understand the impact of various thermal and structural

parameters on the dynamics of thermal energy storage and thus adapt the user interface design and the background algorithms of the SWA to accommodate experimental, temperature-dependent

inputs for thermal conductivity, specific heat and heat of fusion.

Results show that we are able to simulate the evolution of temperatures in our storage tank by using experimental data for thermal conductivities (transient plane source – Hot Disk method),

specific heats and heats of fusion (differential scanning calorimetry - DSC method). We performed regression calculations to obtain polynomial fits for temperature dependency of those

thermodynamic parameters (example in figure 2). High accuracies of experimental curve fitting are only needed for some parameters, in specific phases of the tank operations; observation that

enables us to prioritize factors that influence performance in the design of materials and storage tanks. Also, using polynomial functions instead of database retrieval of thermodynamic

parameters reduce the computational complexity of thermal transfer algorithms.

Conclusion: we identified some requirements for the design of comprehensive, friendly user-interfaces to feed-in data and settings for novel software modelling and design tools aiming to

automate the search for optimal thermal energy storage installations.
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Figure 1. Top: schematic draw of the pilot tank in longitudinal 

median section and the placement of the T1- T8 thermocouples. 

Bottom: Simplified geometry for FEM analysis, to consider partial 

tank filling in the cylinder approximation scheme.

Figure 3. Finite elements method simulation of T4 time-course in a simplified 

cylinder tank model with 10 concentric layers. Two microparticle tank loads 

were examined: 19.23 kg (left) and 22.07 kg (right). Experimental  T1 was 

taken as constrain for tank lateral surface temperatures. The heat loss trough 

the frontal sides of the tank was calculated for each layer from T2 and T6, 

considering the thermal conductivity and thickness of the tank mineral foam 

insulation. Microsoft Excel worksheets and graphs were used for simulation.

Figure 2. Conversion of DSC experimental data (top) on phase transition in microcapsules to polynomial 

representations (bottom) that are usable in FEM to reproduce the heat transfer. Solidification of the PCM in 

microcapsules is represented using the concept of specific heat for time-course simulation whereas the 

latent heat value serves for scaling normalized data.

Conclusions: 1) a simplified cylindrical model of the storage tank mainly replicates in simulation the time-

course of temperature experimentally measured in the center of the tank; 2)  the use of temperature-dependent 

specific heat  as polynomial fit for microcapsules DSC – derived data is a robust and versatile solution to model the 

solidification phase in FEM simulations; 3) software applications implementing FEM to simulate heat transfer in 

thermal storage PCM – tanks with complex geometries are critically dependent on low complexity algorithms that  

calculate temperature –dependent parameters with minimal use of computing resources; 4) accurate simulation of 

heat transfer in PCM would benefit direct input from a user interface that enables polynomial regression on 

experimental data on thermal conductivity and specific heat, in order to access their temperature-dependent values 

through single-expression evaluation instead of search algorithms in datasets.

Figure 4. Screenshot of our desktop 

application to simulate heat transfer in 

complex geometry thermal storage tanks. 

The simulation time-course is controlled 

from a command panel. The app also 

contains a graphic monitor for heat 

transfer to examine the structure and 

visualize temperature changes at various 

sections in the virtual storage tank.
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