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Background: Power Tower System
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 Optical design tools are needed to model and analyze 
the performance of complex optical systems such as 
a CSP optical system

 Optical tools comparisons studies have been done in 
the past for solar applications – typically for a general 
need

Background cont’d
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 Conventional power tower receivers 
(i.e. cylindrical receivers) have view factors 
of 1

 Need optical modeling of non-conventional receiver 
geometries with reduced view factors to study their 
optical and thermal performance

 Commercial optical tools are sufficient, but are 
typically costly; we evaluated freely available tools

Motivation



Motivation cont’d
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Optical Tools We Evaluated

Code DELSOL HELIOS SolTrace Tonatiuh

Method Convolution
(truncated Hermite
polynomials)

Convolution (cone 
optics)

Ray tracing (Monte 
Carlo)

Ray tracing (Monte 
Carlo)

CSP System Power tower Power tower General CSP General CSP

Main 
Features

Optimization and 
annual performance 
calculations

NSTTF heliostat 
field is pre-defined

Can incorporate
measured surface 
data; 
can import/ export 
geometry files

Open source code

Developer Sandia National 
Labs

Sandia National 
Labs

National Renewable
Energy Labs

CENER



Baseline System for Tools Comparison
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Sun Parameters
Heliostat Field 

Parameters Target Parameters

• Buie sunshape
• Day 80 at solar noon
• Latitude = 34.96
• Insolation = 1000 W/m2

• NSTTF heliostat field of 
218 heliostats

• Flat heliostats – modeled 
as one facet with 1 mrad
RMS slope error

• Heliostat size = 6.1 x 6.1 
m

• Reflectance = 0.96

• Flat plate facing North 
(no tilt)

• Size = 11 m x 11 m
• Aimpoint is the 

geometrical center of the 
plate

Tonatiuh SolTrace

N

N



Output Flux Evaluation
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DELSOL HELIOS SolTrace Tonatiuh

Peak Flux
(kW/m2)

178 164 168 176

AVG Flux 
(kW/m2)

53.4 49.3 62.4 61.2

Total Power 
Incident (kW)

7.17e+03 7.24e+03 7.34e+03 7.37e+03



Optical Tools Comparison
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Tool DELSOL HELIOS SolTrace Tonatiuh

Strengths • Computation speed

• Optimizes on 
heliostat layout, 
tower height, 
receiver size, storage 
size

• Annual performance 
calculations

• Computation speed

• NSTTF field is pre-
defined

• Graphical display

• Multiple surface 
shapes

• Import/export 
geometry files

• Importation of 
measured surface
data

• Multiple ray 
reflections

• Graphical display

• Open source code

• Relatively fast ray 
tracing

Deficiencies • Limited on surface 
shapes

• Flux is smoothed out 
due to 
approximations

• Exportation of flux 
data needed for 
analysis

• Limited on surface 
shapes

• Input deck very 
sensitive to 
formatting

• Exportation of flux 
data needed for 
analysis

• Reduced accuracy for 
# of rays < 1,000,000

• Slow computation 
speed

• Reduced accuracy for 
# of rays < 1,000,000



Example of a Non-Conventional Receiver
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View factor = 1 View factor < 1



SolTrace Model of the 
NSTTF Heliostat Field
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SolTrace Modeling of Finned Receiver
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SolTrace Modeling of Star Receiver
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Another Example of a Non-Conventional 
Receiver
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We can model this receiver with ray-tracing tools such as SolTrace.

Jesus Ortega, SNL



Ray-Tracing Model to Fluent for Analysis
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SolTrace Optical 
Model & Analysis
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 We evaluated four optical modeling tools based on
– User friendliness

– Functionality

– Flexibility

– Ability to model complex and multiple shapes

 We modeled non-conventional receiver geometries with 
SolTrace and calculated the flux profiles on the receiver 
surfaces
– Removes the DO radiative transport calculations

Conclusions
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 Use SolTrace to model non-conventional receiver 
geometries and heliostat fields

– The mapped flux will be used as boundary conditions for 
thermal analysis in ANSYS Fluent

 Export geometry files from CAD program and import 
directly into SolTrace and Fluent, and use Matlab for 
intermediate calculations

On-Going Work
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Extra Slides
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Flux on STAR receiver with lower reflectance (same slope errors).
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