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Main objetive

In the frame of the ASTEP project (Application of Solar Thermal Energy to Processes) Project a prototype of
the Sundial collector (a rotary Fresnel collector) together with a PCM thermal energy storage (TES), will be
tested within industrial applications. The objetive of the system is to provide heat and cooling for industrial
processes.
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collector and the whole system, evaluating the control, thermal losses and configuration within the industrial = s R i e CUNDIAL
processes to be fed [1-4].

The objective of this work is to analyze the influence of storage in the ASTEP on the annual production of =~ 1.MAND, dairy industry located in

different designs. To this end, a simulation model of the system was developed in MATLAB, based on a set of f;}fnﬁ’ﬁgeggz i;zm é8b1;¥) :;3“1795 §

physical and empirical models, to determine the daily, monthly, and annual production of the system at the oC]fRefriger'ation (6.2 léW) 24h/7 —

location of two industries: one in Corinth (Greece) and another in Iasi (Romania). 2 AMPT, tube manufacturing industry |
in lasi (Romania). Preheating of the

tubes up to 180-200 °C. HEX: 2x7 kW.

M et h o d O I O g y Demand from 6-22h, M-S. Scheme of the ASTEP concept

1) TES Design: Tank filled with phase change materials (PCMs). Inside the tank, there are 4) The results of this one tube model were validated against the CFD results
60 active vertical tubes, through which the heat transfer fluid circulates. Around each

tube, five stacked shell-side metallic inserts are arranged to facilitate uniform heat
exchange between the HTF inside the tube and the PCM. The HTF inlet is located in the * Each node is simulated using the previous model, introducing oil through the
center of the tank (section 1) and exits at the exterior of the tank (section 60) tubes. 60 tubes. The oil final output of each tube is used as input in the following
section. No heat transfer between tubes.

5) The complete tank model with 60 channels/nodes was proposed

2) CFD simulations were carried out and used for validation of the model with a
geometry simplification, for both charge and discharge for different AT (T, ;- Tpcp) * Same thermal losses in all nodes (does not take into account the location in the

3) Using the CFD simulations, the one section (or tube) thermal storage model was tank).

developed, based on the analysis of heat transfer in each of the 60 tubes or sections of the * Connected with the rest of the elements (collector, pumps, demand) [2]
PCM tank. This heat transter will be defined by the 0il-PCM temperature difference, the
initial state of the PCM (liquid volume fraction), and the evolution of the
melting/solidification process by identifying 6 operating “zones”.

6) There is a preliminary validation with experimental results of the one tube model.

4) model- CFD validation (one tube)

1) TES design 2) CFD simulation 2':10
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6) model- experimental (one tube) -
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Comparison of the performance of both systems with and without thermal storage
The evolution of the temperatures in the first and last section for three days (26-29 MAY) , Without TES With TES
both in MAND and AMPT are shown in the figures. e | Egn CE E;n(MWh) CE
The proposed model allows to simulate the charging/discharging both for the TES, and (kWh/m ) (MWh) o) %
MAND 188,57 2,52 0,4496 3,53 0,6297

for each of the sections considered. Even with the ‘6-zones” model there isn’t sudden T 186,24 188 0,2389 314 0,4801
changes in the properties that may suggest discontinuities in the model. The temperatures
between the different sections/tubes of the TES can be very different (i.e. AT, =7,96 °C -
26 May 15h MAND, AT,,, = 9,26 °C - 27 May 11:30h AMPT) when a change in the WAND - PCM temperatures

operation mode happens (from charge to discharge or viceversa) in the system but when 5
enough time to stabilize is given, the temperatures tend to equalize (i.e. AT, = 0,27 °C - Py
27 May 15h MAND, AT, =0,005 °C - 27 May 17:20h AMPT). :
(]
The table summarizes the comparison of the performance of both systems with and :-'E? a0l ; |
without thermal storage where I, is the accumilutated direct irradiation, E,;, is the energy o
supplied by the Sundial, CF is the capacity factor (ratio between the E,, and the ideal May 26 May27 May28 May29 May 30
energy demanded by the industry). The addition of a TES is positive in both cases, with a Time 2005 MAND, 26 May 15:00 MAND, 27 May 15:00
greater difference in AMPT and higher values reached in MAND. In these last case, the ANFY - PCM temperatures
use of TES is particularly positive to cover the 24/7 cooling demand. 8240
The next steps will be: 9%7220
* Model improvements: % 200 c C
* Thermal losses depending on location and influences between sections %180 | @%@g@@@g@
* Parameter adjustment with experimental data - ~Tocw, = (29— 229—( 229
J P Ton o (229 <) C,
* Validation with experimental data whole TES tank 180y 26 May 27 May 28 May29 May30  AMPT,27 May 11:30 AMPT. 27 May 17:20 AMPT. 28 May 17:10
* Annual simulation Time 2005
PCM temperatures in first and last section PCM temperatures in each section at selected instants: charge, stable and

discharge
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