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Abstract 

This study examines the influence of uneven inlet gas distribution on the performance of square 
fluidised bed solar receivers. Through CFD simulations, it was found that uneven gas flow results 
in higher particle temperatures compared to uniform distribution. Additionally, the uneven regime 
demonstrated improved performance with lower airflow, indicating a potential for reducing energy 
consumption while maintaining high receiver efficiency. 

Introduction  

Beam-down concentrating solar power (CSP) systems and fluidised bed solar receivers (Figure 1) 
have garnered significant attention in recent years due to their unique advantages in heat transfer 
and thermal storage (Bellan et al., 2017) (Díaz-Heras et al., 2021). A fluidised bed consists of solid 
particles suspended in a fluid, usually air or another gas, which allows for excellent thermal 
conductivity and uniform temperature distribution (Briongos et al, 2018). This configuration 
enhances the heat transfer efficiency, making it particularly suitable for high-temperature 
applications in CSP systems.  

However, the performance of fluidised bed solar receivers can be significantly influenced by the 
distribution of the inlet gas, its velocity profile and magnitude. Therefore, optimising the design of 
this could improve the performance of the receivers and reduce energy costs (Heras et al., 2021). 
Hence, this work aimed to investigate the impact of uneven inlet gas distribution on the 
performance of fluidised bed solar receivers.  

 

Figure 1. Beam-down CSP with fluidised bed solar receiver Configuration 
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Method  

To understand how flow distribution could impact a fluidised bed solar receiver, transient (120s) 
computational fluid dynamics (CFD) simulations were carried out using a commercial CFD solver 
(Ansys-Fluent, 2021). The fluidised bed was assumed to have a square cross-section with side 
lengths of 67.5mm and a height of 500mm, as shown in Figure 2, (a). This geometry is similar to 
that described by Díaz-Heras et al. (2020) and Díaz-Heras et al. (2021), who examined a 
cylindrical bed of 76.2mm diameter and a height of 500mm, but with a square cross-section more 
commonly observed in industrial fluidised bed applications. 

 
To create an uneven gas flow rate, two inlets were used: a high velocity (2.0, 2.5, 3.0 of minimum 
fluidisation velocity (Umf)) inlet at the centre of the geometry and a low velocity (1.5, 2.0 of Umf) inlet 
surrounding it as described in Table 1. In turn, two scenarios were examined, where the high-
velocity inlet accounted for 10% and 20% of the total inlet area, as shown in Figure 2 (b) and (c).  
A Eulerian-Eulerian approach was employed to simulate the gas-solid multiphase flow, where the 
Navier-Stokes equations are used to describe each phase's behaviour. 
 
Additionally, it was assumed that the bed would be loaded with silicon-carbide (SiC) particles, with 
an initial height of 80 mm. This choice aligns with the work of previous studies by Díaz-Heras et al. 
(2020) who found that SiC particles exhibit favourable characteristics due to their high absorptivity. 

To account for the radiation heat transfer, the P1 radiation model (Ansys-Fluent, 2021) was used, 
and the top surface was modelled as a constant high-temperature surface to simulate the solar 
energy. The comparison between experimental data and the constant radiation source in the 
numerical model shows strong agreement for the first 80 seconds. Beyond this point, a slight 
deviation emerges as particle temperatures rise, leading to re-radiation and a gradual reduction in 
the net radiation balance. Despite this, the overall accuracy of the model remains robust during the 
process.  
 
Moreover, the effect of the high velocity (centre bed velocity, Uc) and low velocity (periphery bed 
velocity, Up) were examined by applying different velocity combinations as shown in Table 1. The 
velocity values correspond to the Umf, which was evaluated (0.09 m/s for SiC particles) in the 
experiments of Díaz-Heras et al. (2020). Finally, the gas exits the domain through pressure outlets 

 
Figure 2. A) Square fluidised bed solar receiver layout & boundary conditions, B) 

Uc inlet (10% of the total inlet area), c) Uc inlet (20% of the total inlet area)  
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at atmospheric pressure. In summary, the methodology used in this study closely mirrors that used 
and validated by Alqudah et al. (2023)." 

 

Results 

Based on the simulations, the analysis chose to focus on two parameters associated with fluidised 
bed design for each case: particle temperature and airflow rate. In Figure 3 the temperature 
contours at a bed height of 6mm can be seen.  

 
From this, it is apparent that when compared to the uniform airflow rate, all uneven airflow rates 
resulted in higher particle temperatures. The highest temperatures are obtained in case (a) and 
then in case (e), where the Uc is the lowest. Additionally, higher temperatures are reached when 
the size of the Uc inlet area is 10%. It is also important to note that high temperatures at the 
corners appear across all cases, as one might expect with a square cross-section.  

 

Table 1 Details of simulation cases 

 

Case no. Uc area U/Umf
* 

Case1 uniform 2.0 

Case2 

10% 

Uc 2.0, Up 1.5  

Case3 Uc 2.5, Up 1.5  
Case4 Uc 3.0, Up 1.5 
Case5 Uc 3.0, Up 2.0  

Case6 

20% 

Uc 2.0, Up 1.5  
Case7 Uc 2.5, Up 1.5 
Case8 Uc 3.0, Up 1.5  
Case 9 Uc 3.0, Up 2.0  

* Gas velociy (U) in m/s, Umf  = 0.09 m/s 

 

 
Figure 3. Temperature contours at 6 mm bed height 

 

Figure 4. Particle temperature trends with volume fractions 
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Further, Figure 4 shows that with a decreasing particle volume fraction, the particle temperature 
increases. Additionally, the temperature trend remains consistent in both inlet area cases, with a 
slight increase for the 10% Uc inlet area. Overall, the cases with a 10% Uc inlet area exhibit higher 
non-uniform particle temperatures at low volume fractions, which may lead to particle overheating. 

Another key parameter to consider is the airflow rate (𝑉̇) as shown in Table 2. It is evident that the 

uneven regime can achieve higher particle temperatures with lower 𝑉̇. For instance, Case 2 

reaches the highest temperature with just 78% of the uniform 𝑉̇, which clearly requires lower 
pumping power, particularly for commercial-scale receivers. 
 

 
Similarly, it is interesting to note that the use of the non-uniform flow also leads to higher 
temperatures, thus suggesting it may be a promising strategy for use in fluidised bed solar 
receivers.  

 

Conclusion and Future Work  

In this study, an uneven fluidisation regime was investigated by using two different airflow rates. 
The results demonstrated that the uneven inlet gas distribution patterns resulted in higher particle 
temperatures compared to the uniform distribution. It was also noted that the uneven regime could 
therefore achieve higher receiver performance with significantly lower pumping power. 

More specifically, a small high-velocity inlet area offered slightly higher particle temperatures. 
However, higher temperatures do not always result in better particle mixing or higher performance. 
The uneven inlet gas distribution pattern plays a crucial role in receiver performance. In the centre 
high-velocity pattern, higher temperature zones were observed around the corners of the receiver. 
Such issues can cause hotspots and negatively impact the receiver's operational and performance 
behaviours. Future work is required on analysing uneven inlet gas distribution patterns and 
suggesting configurations that will help eliminate these zones, ensuring a more uniform 
temperature distribution inside the receiver.  
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temperature [K] 
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