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The global energy consumption is increasing. In order to sustainability meet this demand, solar energy 

has the potential to be the global future source of energy [1]. Interestingly, two hours of solar radiation 

suffices to supply the annual world energy requirement. However, the world is yet to widely benefit from 

this green energy source and just an insignificant proportion of global energy requirement is currently 

supplied by solar energy [2]. Collecting the sunlight is one possibility to harness this low-density source 

of energy [3]. Concentrated Solar Power (CSP) uses this technique in order to generate electricity. 

Generally, in CSP technologies, solar radiative flux is reflected and concentrated by mirror(s) onto the 

solar receivers where the sunlight is converted into the thermal energy, before it is utilised to generate 

electricity via different types of turbines [4, 5]. 

The receiver is a crucial component in CSP which affects the total performance of the system. According 

to the SunShot target [5], in order to reduce the levelised cost of electricity (LCOE), the 3rd generation 

of CSP aims to be integrated with supercritical carbon dioxide (sCO2) Brayton cycle to increase the cycle 

efficiency. To achieve this aim, the outlet temperature of the receiver needs to be higher than 700˚C. 

One of the most promising possibilities, which is able to operate under such high temperatures, is a gas-

phase receiver, due to flexibilities of its gaseous Heat Transfer Fluid (HTF) [6].  

Gas-phase receivers can be categorised based on whether they receive the concentrated radiation 

directly or indirectly [7, 8]. The directly irradiated receivers (i.e. volumetric receivers) can potentially 

provide a higher outlet temperature and thermal efficiency, compared to the indirectly irradiated 

receivers, as the heat absorbs volumetrically by air (resulting in a larger heat transfer area and less heat 

transfer resistance) [9]. Spherical packed bed porous medium is a cost-competitive option to be used 

as an absorber in a volumetric receiver. This paper research design and investigate the performance of 

a volumetric receiver with packed bed containing balls different ratio of cavity diameter (D) over ball 

diameter (d) ranging from 2 to 5 at constant absorber length and cavity diameter. Accordingly, when the 

ratio increases, the ball diameter decreases in each layer and layer of balls also increases.  

The results demonstrated when D/d increases from 2 to 3, the outlet temperature and thermal efficiency 

significantly increase, however, for the amounts beyond 3 (D/d>3), the change is not considerable. In 

the other hand, the pressure drop increased when D/d was increased from 2 to 3, followed by a decrease 

when the ratio was changed from 3 to 4. For D/d=5 the pressure drop was reached the maximum 

amount. 
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Figure 1. Air temperature distribution through the packed bed with different sizes. 
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