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As part of the Integrated Test Facility program of ASTRI, a high temperature liquid sodium loop with
an  on-sun  receiver  is  being  installed  at  CSIRO energy  in  Newcastle.   The  initial  testing  will  be
performed with an existing low pressure CO2 cavity receiver converted for use with a liquid sodium
heat transfer fluid (HTF), with a high efficiency receiver design specifically design for liquid sodium
being tested at a later stage.  In the present work, Heliosim, computer software developed by the
CSIRO for the simulation and optimisation of concentrating solar thermal (CST) heliostat field and
receiver designs (Potter et al., 2018), has been utilised to simulate and assess the performance of the
modified low pressure CO2 cavity receiver.  The receiver is predicted to have a thermal efficiency of
92.06% for the 700kWth design point condition, with stress in the pipe walls within acceptable limits.
Good agreement in receiver efficiency was found when comparing simulations with smooth surface
and cylindrical representations of the heat transfer pipes, indicating that the computationally efficient
smooth surface approximation is adequate for assessing this type of cavity receiver.

Physical modelling

The key input parameters for the simulations are summarised in Table I.  

Table I. Key input parameters for Heliosim simulations of a liquid sodium receiver.

Site Receiver

Latitude -32.8834 Aperture area (m2) 0.6375

Sun shape Buie Insulation material Mineral wool

Circumsolar ratio (CSR) 0.02 Min. insulation thickness (m) 0.25

Visibility (km) 23 Insulation thermal conductivity (W/mK) 0.25

Design point Insulation diffuse solar reflectivity 0.7

Sun position Equinox Insulation thermal emissivity 0.5

DNI (W/m2) 900 Pipe material Haynes 230

Wind speed (m/s) 2 Pipe diffuse solar reflectivity 0.06

Receiver thermal output (kW) 700 Pipe thermal emissivity 0.85

Heliostats Pipe size NPS3/4 SCH10s

Pipe thermal conductivity (W/mK) 3.1 + 0.0197 T

Installed count 396 Flow paths 2

Operable count 245 Pipe banks per flow path 6

Actuation Tilt & roll Pipes per bank 5

Width x height (m) 1.85 x 2.44 Irradiated pipe length (m) 1.83

Facet slope error (mrad) 1.4 HTF inlet temperature (K) 793.15

Tracking error (mrad) 0.5 HTF outlet temperature (K) 1013.15

Specular solar reflectivity 0.9 HTF inlet pressure (kPa) 134.0
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Solar Field 2 at CSIRO Newcastle is to be utilised for the experiments.  Although this field has 396 
heliostats, only 245 were determined to be required to meet the design point requirement of 700kW 
thermal power output from the receiver.  These 245 heliostats were selected by order of descending 
annual efficiency.  The receiver being utilised for the initial liquid sodium loop testing was originally 
designed for use with a low pressure, high temperature CO2 HTF.  It is a cavity receiver with a 
rectangular aperture and 2 independent flow paths, each consisting of 6 pipe banks connected in a 
serpentine arrangement with inlets at the top east and west corners of the receiver and outlets at the 
top middle.   Each pipe bank has 5 parallel pipes, 1.83m in length, connected by headers at either 
end.  Although there are some undesirable features of this receiver for use as a 700kWth liquid sodium
receiver (e.g. excess pipe wall thickness, excess total pipe length, flow path outlet in region of peak 
flux), the large distance between the aperture and pipes means the solar flux incident on the pipes is 
relatively low (maximum  of 500kW/m2 at the design point) and the stress in the pipe wall is therefore 
well within acceptable limits for the high-nickel Haynes 230 steel alloy.

Cross-section views with simulated design point surface temperature contours for the two receiver 
models considered are shown in Figure 1.  The smooth surface representation of pipes is commonly 
used in CSP simulations (e.g. Potter et al., 2015), as it requires less mesh elements to describe a 
continuous smooth surface compared to many cylindrical pipes, and therefore less computational 
effort for both the optics and heat transfer simulations.  For this case, the smooth surface model 
reproduces the receiver efficiency of the more accurate cylindrical representation model to within 
0.12% and requires one quarter the simulation time.  For the optimisation of similar receiver concepts, 
the smooth surface model can therefore be used with confidence in the accuracy. The full paper will 
describe both models in detail and present simulations of high efficiency receiver concepts.

(a) Smooth surface pipe representation (16224
mesh elements, 0.5hr simulation time, ηrec.=91.95%)

(b) Cylindrical pipe representation (24078 mesh
elements, 2.0hr simulation time, ηrec.=92.06%)

Figure 1. Cross-section views of the two receiver meshes simulated.  
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