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Abstract

District heating networks are commonly addressed in the literature as one of the most effective solutions for decreasing the 
greenhouse gas emissions from the building sector. These systems require high investments which are returned through the heat
sales. Due to the changed climate conditions and building renovation policies, heat demand in the future could decrease, 
prolonging the investment return period. 
The main scope of this paper is to assess the feasibility of using the heat demand – outdoor temperature function for heat demand 
forecast. The district of Alvalade, located in Lisbon (Portugal), was used as a case study. The district is consisted of 665 
buildings that vary in both construction period and typology. Three weather scenarios (low, medium, high) and three district 
renovation scenarios were developed (shallow, intermediate, deep). To estimate the error, obtained heat demand values were 
compared with results from a dynamic heat demand model, previously developed and validated by the authors.
The results showed that when only weather change is considered, the margin of error could be acceptable for some applications
(the error in annual demand was lower than 20% for all weather scenarios considered). However, after introducing renovation 
scenarios, the error value increased up to 59.5% (depending on the weather and renovation scenarios combination considered). 
The value of slope coefficient increased on average within the range of 3.8% up to 8% per decade, that corresponds to the 
decrease in the number of heating hours of 22-139h during the heating season (depending on the combination of weather and 
renovation scenarios considered). On the other hand, function intercept increased for 7.8-12.7% per decade (depending on the 
coupled scenarios). The values suggested could be used to modify the function parameters for the scenarios considered, and 
improve the accuracy of heat demand estimations.
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Abstract

Latent heat storage devices use the melting enthalpy of a so-called phase change material (PCM) to store thermal energy. Open
porous metals, such as 3D wire structures, allow the design of systems with tailored storage capacity and power. A geometric unit
cell was identified, modelled and COMSOL Multiphysics was used to investigate the transient behavior of the PCM melting front
within the composite of PCM and 3D wire structure. As a result, the impact of the wire structures material as well as the influence
of brazing the inner connections of the wire structure on storage kinetics were analyzed.
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Peer-review under the responsibility of EUROSOLAR - The European Association for Renewable Energy.

Keywords: Latent Heat Storage; Phase Change Material; 3D Wire Structure; Transient Melt Front; Transient Simulation

1. Introduction

One of the main advantages of latent heat storage devices are the high volumetric storage density and the fact that
the energy is stored at a nearly constant (melting) temperature. The main drawback of the most common phase change
materials (PCM) is their low heat conductivity and, therefore, the storage power is limited. Open porous metals, such
as 3D wire structures, are able to improve the effective heat conductivity of the system significantly. This allows the
design of systems with tailored storage capacity and power. PCMs are market available for a wide range of working
temperatures between −50 ◦C up to about 800 ◦C as shown in Fig. 1. Depending on the used PCM the possible storage
capacity varies between 150 MJ/m3 and 900 MJ/m3. In the work presented, the main consideration were process heat
applications with a temperature range of 130 ◦C to 350 ◦C. Therefore, nitrate salts like KNO3, NaNO3, LiNO3 and
their eutectic mixtures are used as PCM. The aim was to develop a simulation model which can be used to design and
optimize a latent heat storage in terms of thermal capacity and power. The first step was the definition of a unit cell
which was modelled and simulated using COMSOL Multiphysics.
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Fig. 1. Properties of available phase change materials (PCM).

2. Geometrical model and simplifications

The main task was the full geometrical modelling of the 3D wire structure in order to get realistic thermal behavior
of the metal-PCM-composite. The modelled 3D wire structure is a size 10 strucwire geometry which consists of
regular helices combined in one plane and stacked into a 3D structure. The result is shown on the left side of Fig. 2 in
front and top view.

Pipes of the size 8x1 fit in the modelled pores and were used as heat carrier tubes. The tubes are separated by 5
pores in both directions. Therefore, the model length and width is fixed to that size. The height of the structure is
periodic so the unit cell is one cell high as the red dash lines in the front view in Fig. 2 (left) indicate. By respecting
geometric symmetries, the resulting simulation model contains a quarter of the unit cell including wire, PCM and
heater tube, as shown in Fig. 2 (right).

Fig. 2. 3D Model of the strucwire structure (left) and resulting simulation model (right)

The given boundaries are also visible on the right side of Fig. 2. Because of the applied periodic boundaries on
top and bottom of the model, the temperature difference inside the fluid flow is neglected and a constant temperature
is used as boundary on the inner wall of the heat carrier pipe. Therefore, the temperature field inside the pipes wall is
considered as well as the heat transfer from the outer pipe wall into the wire structure and the PCM.
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