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1. Introduction

The receiver design of the ASTERIx-CAESar pilot plant, derived from the CAPTure project [1],
is currently being optimized. The concept is based on a modular open volumetric air receiver
(OVAR) and is enhanced by integrating a passive flow regulation system to mitigate non-
uniform solar flux distributions.

In such receivers, flux is typically concentrated at the center, while periphal regions receive
lower irradiance. This leads to strong temperature gradients within the absorber and in the
outlet air temperature (Tarou), reducing the thermal efficiency. The proposed passive
regulation redistributes the airflow to compensate for these imbalances. A key parameter is
the level of receiver segmentation, which must balance thermal performance, mechanical
reliability and manufacturability. This work addresses this trade-off through a CFD-based
design optimization, building on the 3D modelling framework previously presented at [2].

2. System description

The OVAR considered has dimensions of 1.00 x 0.70 m and is composed of SiC absorber
modules integrated into ceramic oxide cups (Figure 1 a). The baseline design consists of 35
modules (5 x 7 layout), each with dimensions of 140 x 140 mm. Each module includes an air-
funneling cup that supports the SiC foam and promotes flow stabilization.
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Figure 1. Receiver optimization workflow: a) baseline layout, b) proposed segmentation, c) selected layouts
with reference module, d) flux distribution, outlet types and temperature map

To address the non-uniform solar flux distribution, the design incorporates passive flow
regulation through outlet throttling diaphragms. These are introduced at the 89 mm outlet of
selected modules to locally restrict the mass flow rate (mFR) in peripheral regions (Figure 1d),
enabling redistribution of airflow according to the incident flux profile. Alternative segmentation
layouts are proposed to reduce the number of modules and associated manufacturing costs
while maintaining thermal performance. Four configurations are initially considered and
assessed from a structural and design perspective. Among them, Case 2 (4 x 4 array) and
Case 3 (3 x 4 array), are selected for detailed analysis as they represent feasible solutions in
terms of manufacturability and practical implementation.


mailto:antonio.avila@ciemat.es

Alonso-Pardo et al. | Receiver design optimization and CFD analysis for passive flow regulation system of an
Open Volumetric Air Receiver "SolarPACES 2026"

3. Numerical methodology

The receiver is designed to deliver a Tairout Of 800 °C. The module exposed to the highest
incident flux is defined as the reference case and operates without flow restriction. Its mass
flow rate (mFR) and pressure drop (AP) are determined to meet this target, and since all
modules share the same AP, this value is imposed as a global constraint.

Table 1. Design parameters for center and corner modules in Case 2 and 3

Simulation Center — CASE2 | Center — CASE3 | Corner — CASE2 | Corner — CASE3
Orifice Diameter, mm 89 89 62 69
Incident Power, W 31395 40189 24528 30700
Air mFR, g/s 29.26 36.59 22.52 31.76
AP, Pa 297 359 299 361
Tairout, K 1074 1077 1071 1009

For modules receiving lower irradiance (outer positions), outlet diaphragms are introduced
to locally adjust the mFR. A parametric analysis of outlet diameters is carried out to identify
configurations that satisfy both the imposed AP and the target Taiou. The resulting design
parameters for center and outer modules in Case 2 and 3 are summarized in Table 1. In the
receiver layouts (Figure 1d), modules without diaphragms correspond to the high-flux positions
(black), while modules with reduced outlet diameters are shown in red. Representative
geometries, boundary conditions, and performance results are presented in Figure 2. The
resulting receiver-level performance for both configurations is shown in Figure 2d. Case 2 (4 x
4) achieves a thermal efficiency of 77.9%, while Case 3 (3 x 4) reaches 76.1%, confirming the
impact of segmentation and flow regulation on overall performance.
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Figure 2. Receiver modules and results: a) outlet diaphragms, b) absorber-cup assembly, ¢) CFD model and
pressure drop, d) thermal performance

4. Conclusions

A passive flow regulation strategy based on outlet diaphragms has been successfully
implemented to mitigate non-uniform solar flux in a modular OVAR. The approach enforces a
uniform pressure drop across all modules while enabling local adjustment of mass flow rates.
The results show that combining receiver segmentation with passive flow control effectively
homogenizes outlet temperatures and improves overall efficiency without increasing system
complexity, with the 4x4 configuration providing the best performance.
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