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SunDial, the rotary Fresnel collector
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Solar Heat for Industrial Processes (SHIP) 1s becoming one of the best alternatives to substi-
tute fossil fuels to supply heat and cooling demand of industrial processes. ASTEP
(Application of Solar Thermal Energy to Processes) 1s one of the funded projects by the EU
Commission to explore optimized designs able to supply heat demand at medium-high tem-
peratures and cooling at the same time.

The proposed solution is based in the SunDial design, which is an innovative rotary Fresnel

collector, based on several Spanish patents. This solution presents some technological differ-
ences with the conventional ones used for SHIP. The CFD code ANSY S-CFX 12020 was
used to predict the thermal losses from the external surface of the recerver. .

The designed prototypes will be tested in two different industrial sites with specific con-
strains on demand and solar irradiation:

e Pasteurization process with heat (175°C) and cooling demand 1n a dairy factory in Greece
(37.93 N).

e Preheating process over 220 °C 1n a steel factory for metallic tubes processing in Romania
(47.1 N).

Two alternative receivers have been considered: Evacuated mono-tube and bare multi-tube.

This study 1s focused in analyzing the multi-tube configuration and the goal 1s obtaining a
model to predict the receiver performance.
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Fig. 1. Multi-tube receiver considered for the case of Romania

It was introduced a new design for the cavity to reduce convective heat losses by buoyancy.

The influence of wind speed and its direction were analyzed for this configuration.

Some simulations were performed using the incidence power obtained by an in-house ray-
tracing code [1], while other sitmulations started from a guessed surface temperature to com-
pare the results and to optimize the CFD model. The introduction of the solar irradiation flux
at the tubes’ surfaces and the thickness of these tubes make the computational model more
complex, increasing the computation time.

Some considerations are mtroduced:

o As the height of the recerver above the mirrors 1s lower than the typical one for power gen-
eration, the effect of the mirrors was investigated.

o The shape of the velocity gradient at the ground depending on the atmospheric stability [2].
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Equation 2 [3] was used to model the receiver performance. The two characteristic parameters
are obtained by eq. 3 and 4.
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The simulations were used to obtain external heat transfer coefficients (hey and €.) for this
receiver design.

Symbols

Cg
hext

o Ulec inwards heat transfer coefficient [W m™ K'l]
convective heat transfer coefficient [Wm ™ K] Vwind (z) wind velocity at a height of “z” from the
power per unit area of the collector [W m™] ground.

p exponent that corresponds with atmospheric stability Vwind,10 wind velocity at 10 m from the ground.

geometrical concentration [-]

T fluid temperature [K] Eext emissivity of the tube receiver [-]
Text ambient temperature [K] Nier thermal efficiency [-]
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4.1. Discussion

Flow velocity and temperature maps around the receiver are shown 1n Fig. 2 for a wind veloci-
ty of 5 m/s and without considering the effect of the mirrors, which were used to compare the
results with the those that included the mirrors.
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Fig. 2. Air velocity and temperature maps around the receiver

In fig. 3 it can be observed that the air 1s accelerated around the receiver by the mirror position.

Fig. 3. Air velocity around the whole collector

Heat loss differences among the simulations with the simplified model and those that consid-
ered 1rradiation flux are below 4.5 % for all the cases. Considering that heat losses uncertainty
due to atmospheric stability could reach 15%, it was decided to use the simplified model.

4.2. Performance model

The simulation results are plotted in figs. 3a and 3b.
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The efficiency 1s very low so it
should be considered the use of
evacuated tube.
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Fig. 4. (a) Receiver efficiency and (b) convective heat transfer coefficient as a function of wind speed

Eext — 0.5 Eg. 5
Lett side hewe = —0.1212 - V2,4 + 4.5947 - Vg + 2.1437 Eq. 6
Right side heye = —0.1205- V2, . +4.4592 -V, + 2.3387 Eq. 7

e Modeling the SunDial receiver with CFD allows the assessment of the convective and
radiative heat transfer coefficients that should be included for the steady and dynamic
models.

e The consideration of an average surface temperature 1s valid instead of considering the
irradiation flux map; and that

e The mirrors position and the shape of the velocity gradient at the ground have a non-
negligible effect on the air behavior around the receiver.

e It should be considered the use of evacuated tube.
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