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The microchannel receiver

Themo-fluid and geometrical parameters of the receiver
Pressurised CO, (25 bar)
Aluminum 3003 Alloy (k =190 W/m/°C )
SA335 P22 Alloy (k=36 W/m/°C )

Thermal fluid
- Pass 2

Core fin material

Frontal plate material

Number of flow passes in the panel 2
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| Pass2 B solar radiation = &'\ panels ~ * The LFC configuration is similar to LF-11 collector [4].
A Cavitya;;r;&;____; Compactness pqss > COMpActness pagsy Fluid * The primary mirror field and the receiver configuration have been introduced in Soltrace software
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half-angle hydrauticpass2 = Chydrauticpass: solar radiation ~ ~ °‘;fo; [5], to calculate the solar flux map on the absorber panels by Monte Carlo ray tracing method.

« The microchannel receiver is based on a compact finned structure to
increase the heat transfer area to the fluid [1,2].

« This design improves the receiver exergy efficiency by means of two
main features:

v" Reduced heat losses due to the arrangement of the panels in
a triangular cross-section cavity (light-trapping geometry).

v" Reduced pressure drop by adjusting the channel hydraulic
diameter to the panel cooling requirement. *

panel pass.

« For each of these parameters, a maximum exergy efficiency has been obtained accounting for the
receiver heat losses, the fluid pressure drop and the optical performance of the primary mirror field.
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It has been conducted a thermo-exergy optimisation based on several characteristic parameters: the
heat transfer fluid (HTF), the aperture half-angle of the cavity; and the channels dimensions in each

Thermal and optical boundary conditions

« Two industrial processes have been selected from SHIP Database [3]:

v" A cooling process (solar loop inlet/outlet temperature equal to 110/160 °C)

v A drying process (solar loop inlet/outlet temperature equal to 170/190 °C).
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Results and conclusions

Direct Normal Irradiation, DNI (W m-2)

Design point conditions

Primary mirror height above ground level (m)

Receiver height above primary reflective surface (m)

Mirror axis orientation
Mirror reflectivity
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Geometrical and optical parameters for the primary mirror field
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« The main conclusion, valid for both industrial processes analysed, is that the use of the compact microchannel receiver leads to a significant reduction of the reflecting surface and, consequently, of the installation cost.

« Considering the optical parameters of the LF-11, the length of the receiver, and therefore the mirrors, is smaller than in the cases currently installed. Results showed in the following table are calculated for He as the HTF in the

receiver; an aperture half-angle equal to 80°; and a channel side equal to 9 mm in pass 1 and 5 mm in pass 2.

_________1

Industrial Process (Temperature, °C) N. of primary mirrors m Mirror length (m) | Reflective area (m?2) Current installed reflective area (m?) I
) 16 132

Industrial cooling (120 °C - 160 °C
Drying (170 °C - 190 °C)

0.75

16 0.75

» The following sections show the result of different parametric analyses

1. Effect of the heat transfer fluid

» For the same working conditions (pressure and temperature), .
the type of HTF in the receiver is a weighty factor in the
performance of the LFC.

* He is preferred over N, or CO, , as it has better heat transfer
characteristics in the working conditions analysed, and
therefore requires a smaller absorber surface in the receiver.

decreases

2. Effect of the aperture half-angle

There is an aperture half-angle for which the LFC exergy efficiency :
is maximum, resulting of two opposite effects:

v" The optical efficiency reduction as the aperture half-angle

v" The lower heat losses for smaller aperture half-angles, which
enhance the light-trapping effect.
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the passes.

improve the panel cooling and reduce heat losses.

3. Effect of the channel size

The increasing compactness of the microchannel structure in each
absorber panel, improves its energy and exergy efficiency, compared
to a panel in which the channel dimensions were kept constant in all

« However, if the pressure drop is considered via the exergy efficiency, it

* From a thermal point of view, it is worthwhile to use smaller channels to
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LFC coupled to a industrial drying process (170 °C - 190 °C) gg ] e —eo o, is possible to identify a maximum, resulting of two opposite effects:
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