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1. Introduction - With the development of society and industrial requirements, the world energy demand 
is planned to increase by about 1.3% each year to 2040 [1]. Therefore, highly efficient utilisation is 
drawing great attention in the thermal application. Consequently, the equipment for heat conversion and 
heat storage is required to be designed highly efficient. Recent studies provide evidence that heat 
absorbing media design (e.g. metal foam and parallel plates) enhances heat transfer in Compressed Air 
Energy Storage (CAES) systems and improves the unsteady process of energy supply in renewable 
energies [2]. Utilising porous media enables achieving a near-isothermal compression and hence 
improves the efficiency of a Liquid Piston Gas Compressor (LPGC) in the CAES system. In this paper, 
the effects of metal foam and parallel plates characteristics are investigated to gain a further 
understanding of the flow and heat transfer characteristics inside a LPGC.  
 
2. Experimental setup 
 Figure 1 shows the experimental setup. Air is 
compressed from 8 bar to 40 bar in a LPGC. The tests 
are conducted for different compression times from 
1.7s to 3.5 s. Three different dimensions of five 
parallel plate insert with a thickness of 0.001 m and 
different heights (0.2m, 0.35m, and 0.5m). 

 
Figure 1. Experimental apparatus of a CAES prototype system with a 
LPGC and metal foam and aluminum parallel plate inserts 

 
3. Numerical methodology - The simulation is conducted for 2.2 seconds of compression time for a 
cylinder with and without porous media (metal foam and plate). The computational domain is depicted in 
Figure 2. The unsteady Reynolds-Averaged Naiver Stokes equations and the Volume of Fraction 
approach are adopted, deploying k- turbulence model. 
 
4. Results and Discussion - The temperature-volume (T-V) curves for an empty cylinder and a cylinder 
with metal foam is shown in Figure 3. It shows that the temperature increases monotonically throughout 
the process for both cases. As well as this, it is observed that the temperature rise of the air inside the 
chamber is abated with the use of a parallel plates. The modelling results for the two cases are shown in 
Figure 4. The numerical prediction shows that in the case of no absorbing media, the peak temperature is 
approximately 480 K, whereas for the case of metal foam the peak temperature is nearly 455 K. 
 

 
 

 
Figure 2. LPGC with a plate insert and mesh on 

metal foam  
Figure 3. Experimental air temperature in 
a LPGC with plate (s/D=0.1 and h/H=0.5) 

Figure 4. Modelling data for streamlines and 
temperature in a LPGC with plates and metal foam 
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