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Motivations

• Concentrated solar inputs are highly directional and often spatial

• Modeling concentrator, receiver simultaneously may be impractical

• Conversion from the concentrator radiation model (ray tracing) to receiver physics
model (CFD) is a potential source of error

• Some existing methods are cumbersome, imprecise, or inaccurate
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Ray-Trace + CFD Pairing Schemes

Non-overlapping Domains

• Concentrator and receiver paired at shared
external boundary

• Use: participating media (fluidized
particles)

• May require high mesh, boundary
condition resolution

Overlapping Domains

• Pairing at shared internal receiver
boundary/volume

• Use: "one way" or radiatively decoupled
collector and receiver

• May allow coarser mesh, but can impose
significant errors
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Ray-Trace + CFD Pairing Schemes

Non-overlapping Domains

• Concentrator and receiver paired at sham
external boundary

• Use: participating media (fluidized
particles)

• May require high mesh, boundary
condition resolution

CFD (ANSYS Fluent) Monte Carlo Ray Tracing
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Ray-Trace + CFD Pairing Schemes

Monte Carlo Ray Tracing CFD (ANSYS Fluent)

Overlapping Domains

• Pairing at shared internal receiver
boundary/volume

• Use: "one way" or radiatively decoupled
collector and receiver

• May allow coarser mesh, but can impose
significant errors
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Example System

Schrader, A. J., et al. (2020).
International Journal of Heat and
Mass Transfer152: 119461.

Monte Carlo Ray Tracing
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Method Definition

Surface Mapping
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Exact grid alignment —>
No interpolation error —>

Identical results
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Direct Mapping Prevents:

Unstructured mesh —>
FLUENT interpolation error —>

Some (minor) spatial distortion
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High flux & flux gradient —> Large interpolation error —> Major energy loss!
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NEAREST NEIGHBOR

•

Direct Mapping Prevents:
Cell volume distribution —> Ray mis-sorting Hot/cold spots
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Summary
• Direct mapping method captures directional concentrated solar inputs

• Highly generalizable algorithm outlined

• Method is energy conservative and preserves spatial flux

• Direct mapping may mitigate spatial errors and prevent significant energy loss in solar receivers/reactors
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