ABSTRACT
The rise in energy demand calls for rapid advancements in technology in terms of renewable energy. In doing so, to reduce the carbon emissions in the atmosphere and give the planet a fighting chance to battle global temperature rise. With different forms of energy harvesting through renewable sources, solar energy is one of the fastest progressing and promising forms of renewable energy ( Gonçalves Vasconcelos Sampaio & Orestes Aguirre González, 2017). 
The sun’s energy can be used to produce electricity through light and heat. Semiconductor materials are used to extract photovoltaic energy from the sun. This energy creates an electric charge that moves due to an internal electric field, thus producing electricity (Pratap Singh, Kumar Goyal, & Kumar, 2021). The issue arises with the efficiency of these panels. The maximum efficiency attained by using photovoltaics is 22%, which comes from using perovskite material (Kim, Lee, Jung, Shin, & Park, 2020), which leads us to the second issue, the cost of these materials. The question arises on how sustainable it is to continue investing in more expensive materials in order to increase efficiency and produce enough power to keep up with the global energy demand. 
 Heat on the other hand has a higher efficiency as it can be concentrated. Concentrated solar power uses reflective surfaces to direct the sun’s rays onto a central point or area. This area contains a heat transfer medium which in turn carries this heat and transfers it to a power cycle, thus producing electricity (Lovegrove & Pye, Fundamental principles of concentrating solar power (CSP) systems, 2012). The four most common types of concentrated solar power are: linear Fresnel lens, parabolic trough collectors, concentrated dish collectors and heliostat fields (Lovegrove & Csiro, Introduction to concentrating solar power (CSP) technology, 2012). The concentrated dish collector is by far the most efficient form of concentrated solar power as it contains a dual axis tracking system and ensures direct concentration of the suns rays onto a focal point rather than focal area. But this also means that it is too expensive to be commercially viable. So, when considering a second-best alternative, heliostat fields are the way to go. Heliostat fields use a set of mirrors that are positioned in such a way that the sun’s rays are reflected off them and onto a receiver that is placed on a central tower. The heat is transferred through a heat transfer medium, which is usually in fluid form (gases, molten salts, oils, water etc.) (Jiang, Du, Kong, Xu, & Ju, 2019). The drawback with this is the heat threshold that can be attained by the heat transfer medium. Therefore, solid carbon ceramic particles are considered as they can retain and transfer higher temperatures thus increasing the electricity produced by the power cycle (Jiang, Du, Kong, Xu, & Ju, 2019).  In order to retain this high amount of heat, the solid particles need to remain in the area where the reflected rays are focused. This is called resident time (Tawfik, 2022). The aim of this paper is to study the motion of these particles through the central receiver. In doing so, try to create patterns or obstructions in their path to increase the resident time of the particles. Reducing the mass flow rate will in turn increase the rate of heat transfer by radiation (directly from the reflected rays) and through conduction (from the plates and walls of the receiver). Two different patterns are studied in this paper that show its effect on the mass flow rate of the particles and their results are shown through simulation and proved experimentally. The designs in consideration are the inverted V pattern and a branched pattern inspired by constructal law theory. The first design exists in practice and is being studied as a possible obstruction pattern for solid particle receivers (Ho, 2015). The second is proposed flow idea that interlinks the flow patterns in nature to that of engineering.  The pattern is inspired by a combination of the flow of water from the sky to the ground in the form of rain and how this flow is controlled while traveling through riverbeds. It also uses a double three pattern to achieve a point-to-point distribution. It shows how creating channels and crevices in a specific ratio   with fixed length and width ratios can facilitate better control of flow (Bejan & Zane , Design in Nature, 2013).   By creating this design, the aim is to improve the control over the flow rate and in turn the resident time of the particles in the central region. Increased resident time allows the particle to gain more heat energy, resulting in higher output temperature and overall efficiency of the power plant. 

