
Foam metal energy storage materials

Can a PCM-metal foam energy storage system improve thermal conductivity?

The use of metal foam structures embedded in PCM to form composite PCM-metal foam energy storage

system can improve the effective thermal conductivity remarkablydue to the high surface area for heat transfer

between the metal foam and the PCM. This chapter presents a study of PCM-metal foam composite systems

for solar energy storage.

 

Does metal foam improve thermal conductivity & uniformity of latent heat thermal energy storage?

Metal foam (MF) is considered an effective methodto enhance thermal conductivity and uniformity of latent

heat thermal energy storage (LHTES). However,the insertion of MF will reduce the effective volume of phase

change material (PCM),leading to lower energy storage capacity and higher energy storage costs.

 

Are metal foam-PCM composite systems effective for energy storage?

This chapter presents a study of metal foam-PCM composite systems for energy storage. It has been

previously shown that metal foams can be very effectivein increasing the overall heat transfer rate for PCM

based energy storage systems due to their high conductivity,intricate network and large surface area.

 

Does metal foam filling improve thermal performance?

Better thermal performance was obtained using "L-configuration". Thermal performance can increase 7.1

%compared with full metal foam filling. Metal foam (MF) is considered an effective method to enhance

thermal conductivity and uniformity of latent heat thermal energy storage (LHTES).

 

What is energy storage based on a PCM?

Energy storage is an effective method to overcome the mismatch between solar energy supply and demand .

Latent Heat Thermal Energy Storage(LHTES) systems based on PCMs are considered the most rational

energy storage methods due to their high thermal energy storage densities at an almost constant temperature

during phase change processes [7,8].

 

Is metal foam better than PCM?

Comparison of pure PCM systems and metal foam-PCM systems show that use of metal foam drastically

improves the heat transfer characteristics of the system and the effective thermal conductivity of the composite

structure is many times higher than that of the PCM.

The chart in Fig. 2 (that refers to the Scopus database-February 2024, areas of Energy and Engineering) shows

how the number of research articles about PCMs with Metal Foams has been constantly growing since 2000,

as well as the interest concerning thermal energy storage systems. Moreover, the results regarding the articles

about models of local thermal ...

Research on phase change material (PCM) for thermal energy storage is playing a significant role in energy
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management industry. However, some hurdles during the storage of energy have been perceived such as less

thermal conductivity, leakage of PCM during phase transition, flammability, and insufficient mechanical

properties. For overcoming such obstacle, ...

Performance prediction of cold thermal energy storage (CTES) devices is an important step in guiding their

design and application. However, related studies are limited, and some do not consider the influence of

structural parameters. In this study, a CTES with metal foam-composite phase-change materials (PCMs) was

built, and the influence mechanism of ...

Due to high energy storage capacity, phase change materials (PCMs) are used widely to store thermal energy.

But the poor thermal conductivity limits their usage for thermal transport applications. A promising technique

for overcoming this problem is the use of metal foam. In the present work, the effective thermal conductivity

of PCM is enhanced using copper ...

Abstract. In this research, thermal energy discharging performance of metal foam/paraffin composite phase

change material (MFPC) is investigated at pore scale through direct simulation. A thermal transport model is

first developed for heat discharging of MFPC by incorporating the involved effects of solidification phase

transition, foam structure, and paraffin ...

The metal foam enhances the heat transfer in the porous region but inhibits the heat convection in the pure

PCM region. Chen et al. 2014 [22] Aluminum foam: Paraffin: 55-60: Pore-scale analysis (LBM) Metal foam

can enhance the solid-liquid phase transition heat, and the effect of the metal structure is significant.

Nithyanand-am et al. 2014 ...

Latent heat thermal energy storage (LHTES) is often employed in solar energy storage systems to improve

efficiency. This method uses phase change materials (PCM) as heat storage medium, often augmented with

metal foam to optimize heat transfer.

Melting performance of a cold energy storage device filled with metal foam-composite phase-change

materials. Author links open overlay panel Chuanqi Chen a, Yanhua Diao a, Yaohua Zhao a b, ... The effect of

the metal foam material on melting is relatively evident when other parameters are stable. After calculation,

the thermal conductivity of ...

Latent thermal energy storage was widely used in many thermal engineering, but the low thermal conductivity

of Phase-Change Material (PCM) limited the thermal storage efficiency seriously. Filling metal foam has been

an effective way to enhance the heat transfer due to its capability to improve the overall heat conduction

effectively.

Barnes D, Li X (2020) Battery thermal management using phase change material-metal foam composite

materials at various environmental temperatures. J Electrochem Energy Convers Storage 17(2):1-7. ... Siavashi

M (2020) Battery thermal management with thermal energy storage composites of PCM, metal foam, fin and
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nanoparticle. J Energy ...

Zhu et al. [11] compared the enhancement efficiency of thermal behavior through changing the foam metal

porosity, changing the shape of the cold wall, and using the discrete heat sources. By three above optimization

methods, the thermal storage efficiency was improved by 83.32% comparing with the pure paraffin. Meng et

al. [12] filled copper foam partly on ...

Compared with solid metal materials, the density of the metal foam is lower, which can provide a good

solution for designing lightweight and high-performance energy storage devices. Metal foams, commonly

used to build high-performance energy storage devices, include nickel foam, lead foam, and copper foam

[[27], [28], [29]].

LHTES, as seen in Fig. 1, is a kind of passive energy storage in the system that is based on phase change

materials (PCMs).PCMs save the latent heat energy in their phase transition. Based on their properties, these

materials are divided into three types: organic, inorganic, and eutectic [11] cause of the PCMs'' suitable

properties, for example, higher ...

Fig. 10 represents the increasing rate of cold storage as the filling radius increases, but the energy storage

material per unit volume decreases. ... Thermal response of annuli filled with metal foam for thermal energy

storage: an experimental study [J] Appl. Energy, 250 (2019), pp. 1457-1467. View PDF View article View in

Scopus Google Scholar.

The popular porous materials include metal foam [15], [16], ... Heat transfer enhancement for thermal energy

storage using metal foams embedded within phase change materials (PCMs) [PCMs] Sol. Energy, 84 (2010),

pp. 1402-1412. View PDF View article View in Scopus Google Scholar [27]

Computational analysis of the melting process of Phase change material-metal foam-based latent thermal

energy storage unit: The heat exchanger configuration. Author links open overlay panel Atef Chibani a, ...

Heat transfer enhancement for thermal energy storage using metal foams embedded within phase change

materials (PCMs) Sol. Energy., 84 ...

Low thermal conductivity of the phase change materials (PCMs) is the main impediment that causes avoiding

their extensive usage for thermal energy storage. Metal foams can be used with PCMs to overcome this

weakness to reach an enhanced PCM. The main challenge of using metal foam is to reach the optimal

geometrical, mechanical, and physical ...

A review: Progress and perspectives of research on the functionalities of phase change materials. Jiayi Xu, ...

Lingen Zou, in Journal of Energy Storage, 2022. 2.3 Metal foam. Metal foam refers to a special metal material

containing foam pores, which is very helpful to enhance the thermal conductivity. Studies on metal foams

have mostly focused on the effects of porosity [62,63], ...
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A study on an optimal design of a phase-change-material energy storage system with gradient metal foam was

provided by Ahmadi et al. [213]. The intended use was for concentrated solar power plants, so they

investigated the impact of metal foam structure on the energy conservation in ...

Thermal energy storage (TES) techniques are classified into thermochemical energy storage, sensible heat

storage, and latent heat storage (LHS). [ 1 - 3 ] Comparatively, LHS using phase change materials (PCMs) is

considered a better option because it can reversibly store and release large quantities of thermal energy from

the surrounding ...

Energy Storage Materials. Volume 29, August 2020, Pages 332-340. In-situ growth of hierarchical N-doped

CNTs/Ni Foam scaffold for dendrite-free lithium metal anode. Author links open overlay panel Zhao Zhang 1,

Jianli Wang 1, Xufeng Yan, Shunlong Zhang, Wentao Yang, Zhihong Zhuang, Wei-Qiang Han.

Abstract. Phase change heat storage offers a practical solution to address the instability and intermittency of

solar energy. However, the thermal conductivity of heat storage medium (phase change material) is low,

which hinders its large-scale application. Metal foam and fins have proven effective in enhancing heat transfer

performance. This study establishes a ...

In that sense, this paper presents a novel design of a cold storage battery with metal foam enhanced phase

change material. The peak efflux of energy and solidification time of the battery is correlated as a function of

the inlet temperature and mass flow rate of the heat transfer fluid with a root mean square deviation of 11.4%.

In this study, an enhanced energy storage technique with microencapsulated phase change material (MEPCM)

saturated in metal foam is proposed to address these issues. The flow and thermal characteristics of

MEPCM/foam under different foam geometries are experimentally extracted by means of comparing with two

control groups, i.e., pristine PCM ...
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