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Concentrating Solar Power and Particles2

Yue, L., et al. (2019) 

Particle technology is a leading candidate to couple with next-
generation concentrating solar power (CSP) systems

Advantages of particles in CSP:
 Able to achieve high temperatures (>800°C)
 Low parasitics (gravity driven)
 Low cost heat transfer medium
 Efficient storage
 Direct irradiation (absence of flux limitations)
 No trace heating is necessary

Sandia National Laboratories has been researching particles for CSP 
technologies for decades



Falling particle receivers (FPRs) are one type of particle receiver
 Cavity-type receivers where particles are released in a curtain and 

fall via gravity past the beam of concentrated light

Advantages of FPRs:
 Direct irradiance of the particles (absence of flux limitations)
 Experimental evidence of high temperatures (> 800°C)
 Low parasitics; only a single slide gate for control
 Conceptually simple and inexpensive

Disadvantages of FPRs:
 High advective losses through the aperture
 Open aperture increase susceptibility to wind
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Motivation4

Technoeconomic analysis requires accurately predicting 
the efficiency throughout a typical year

Predicting a FPR’s thermal efficiency is 
computationally expensive

For a utility-scale FPR, the thermal efficiency is 
highly affected by the environment
 Wind can significantly increase advective losses 

from the receiver cavity

Mills et al. (2020)

Mills et al. (2019)



Objectives and Methodology5

Develop models for the FPR thermal efficiency in all relevant environmental 
conditions that can be leveraged in technoeconomic analysis

Methodology:

1. Develop sophisticated models of candidate, utility-scale FPRs at different sizes

2. Parametrically simulate the thermal performance under a range of relevant conditions

 Receiver size, particle temperature, particle mass flow rate, incident radiative power, wind conditions

3. Use data to fit correlations of the FPR thermal efficiency that are computationally inexpensive



Computational Model6

Computational Domain



Radiation Modeling7
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Non-grey DO model:
 Three bands: 0–2.5, 2.5–4.5, 4.5–100 μm
 All incident radiation entered in the smallest band

To generate a realistic radiative BC for simulations, a 
compatible heliostat field generated with SolarPILOT:

1. Field was divided into nine zones
2. Ray-tracing simulations performed for each zone
3. Analytical correlations: intensity and directionality 
4. Faces on north surface corresponded to a zone
5. Intensity was scaled proportionally to match the

targeted flux from SolarPILOT
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Mesh Convergence Study8

To ensure adequate mesh sizing for all FPR sizes (25 to 324 m2), a mesh convergence 
study was performed for the largest receivers
 Approximately 3 million cells were sufficient to reasonably converge  

144 m2 aperture FPR; NW wind; 10 m/s 324 m2 aperture FPR; quiescent conditions



Thermal Efficiency with Particle Temperature9

G3P3-USA Target



Thermal Efficiency with Wind10



Thermal Efficiency with Mass Flow Rate11



Thermal Efficiency with Receiver Scale12

Size 
(m2)

ᵇ�  
(MW)

ᵉ� ′′ 
(MW/m2)

25 20 0.8 80.6

25 40 1.6 88.0

144 100 0.69 71.0

144 200 1.39 82.9

324 275 0.85 74.6

324 550 1.70 84.9

*Quiescent Conditions



Correlation Development13



Summary and Conclusions14

A parametric study was executed to quantify the efficiency of utility scale FPRs 
subject to anticipated operating and environmental conditions
 Varied: receiver size, particle inlet and outlet temperature, particle mass flow rate, 

incident radiative power, and wind conditions 

The most relevant parameters to the thermal efficiency included the wind direction, 
wind speed, and average incident flux

A new correlation was developed for utility-scale FPRs to inform technoeconomic 
models of the particle-based CSP facilities
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