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Context of the research 

activity 

 

Among renewable sources, Concentrated Solar Power (CSP) 
has a big potential, thanks to the possibility of including energy 
storage in the plant, therefore increasing the dispatchability of 
this source. However, in order to become competitive and 
increase its penetration in the market, the efficiency of CSP 
plants should increase, while at the same time the cost of the 
kWh from CSP should be reduced. Among the different CSP 
systems in the world, central towers (CT) are considered today 
(see Fig. 1) as those with the greatest potential of responding to 
the abovementioned issues.  
 

 
Figure 1- A scene from the science fiction movie “Blade Runner 2049” (2017) 

 
The key component of a CT plant is the receiver, where the 
concentrated solar power is converted into enthalpy increase of a 
suitable heat transfer fluid. The receivers, typically at 
temperatures of several hundreds of oC, are subject to high 
radiative fluxes, to convective losses dependent on the wind 
speed, and highly dynamic operating conditions. In such a 
framework, their thermal and optics performances, together with 
their reliability and lifetime, are of paramount importance. From 
the one hand, the accurate assessment of convective losses 
cannot rely only on literature correlations, because of the 
specificity of each case (e.g., direction of the wind wrt to the 
receiver configuration and orientation). On the other hand, 
thermal creep/fatigue affect these components under highly 



dynamic conditions, but existing design codes, many of which 
have been established by the nuclear engineering community, 
are not immediately applicable to CSP systems due to the more 
frequent cycling of CSP systems. 

 
 

Objectives 
 
 

The aim of the PhD project will be to develop, verify, validate and 
apply a tool integrating the Computational Fluid Dynamics (CFD) 
modeling of a CT receiver with the system level modeling (e.g. in 
the Modelica framework) of the plant in which the receiver is 
inserted. Such accurate and reliable model will be the basis for: 
1) the design of more efficient CT receivers from the thermal 

and optics point of view,  
2) the assessment of the rates of change of temperature that are 

experienced by the most critical parts of these receivers, 
targeted at the integrated analysis of thermal creep/fatigue,  

3) the development of suitable control strategies for the 
operation of the plant, aiming at maximizing the global 
efficiency of the receivers, but keeping at the same time those 
rates of change within acceptable levels.  

The key outcomes from the work will be, for a specific test case 
to be idientified, a detailed receiver model, implemented in the 
Modelica language but based on a detailed CFD model, 
supported by relevant Finite Element Analysis and 
thermomechanical analysis. 

 

Skills and competencies 
for the development of 
the activity 
  

A good knowledge of fluid dynamics and heat transfer; some 
basic knowledge on thermo-mechanics; some experience and 
especially a strong interest in computational modeling; previous 
experience in CSP is a plus but not mandatory. 

 
 


