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Abstract 

Concentrating solar thermal technologies require complete and efficient engineering in 

order to obtain the maximum performance of each facility. The thermosolar field is still 

emerging, and, in many cases, the technology and facilities used are experimental. 

Therefore, it is necessary to apply advanced simulation tools to predict the behaviour of the 

heat transfer fluid in the solar thermal installation and to define and optimise the operating 

conditions of the system. 

In this sense, Computational Fluid Dynamics (CFD) is applicable to a wide range of 

situations, because it is able to reproduce extreme and complex operating conditions which 

are difficult to monitor. This problem may arise in any type of solar thermal facility. 

Several different groups of concentrating solar thermal technologies can be defined: 

medium-concentration solar technology, high-concentration solar technology, and the one 

devoted to solar fuels and industrial processes at high-temperature. Each facility has its 

own singularities and it may present a type of problem.   

This chapter describes the application of the CFD modelling to solve design issues and to 

optimise the operating conditions in different facilities belonging to the concentrating solar 

thermal technologies mentioned. Simulation results led to determine both the best design of 

the facility and the operating conditions optimised for each system. 

For the medium-concentration technology, two cases have been analysed. One of them 

studies the influence of an air gap on the temperature monitoring of absorber tubes tested in 

an experimental facility installed to characterise the absorber of parabolic-trough collectors. 

In the other study considered, the pressure distribution of a heat transfer fluid is evaluated 
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when it is pumped through a test loop of parabolic-trough collectors in order to examine the 

operating conditions of the pump.  

Furthermore, a section of this chapter has been dedicated to the thermal evaluation of 

volumetric receivers related to the high-concentration solar technology. In this case, the 

intended aims are to predict their thermal behaviour and to determine the influence of 

different operating conditions on their thermal efficiency. 

Finally, the optimisation of the flow distribution in a solar reactor pre-chamber was 

developed by CFD modelling in order to avoid the impact of reactive particles on a quartz 

glass window located at the entrance of the reactor. This facility was built for the steam-

gasification of carbonaceous particles using concentrated solar radiation.  

The studies gathered in this chapter are some examples of the CFD application in solar 

thermal engineering and, as previously mentioned, the potential use of this simulation tool 

is increasingly widespread in the thermosolar field. 
Copyright © 2015 International Energy and Environment Foundation - All rights reserved. 
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1. Introduction 

Concentrating solar thermal (CST) technologies belong to an engineering field which can 

significantly contribute to the delivery of clean, sustainable energy worldwide: the so-

called Solar Thermal Electricity (STE), which has been traditionally called Concentrating 

Solar Power (CSP) also
1
 (Figure 1). It can produce electricity on demand when deployed 

with thermal energy storage, providing a dispatchable source of renewable energy. Thermal 

storage is relatively easy to integrate into STE technology, and allows STE plants to 

smooth variability, to firm capacity and to take advantage of peak power prices. STE 

generation is similar for the power block to conventional thermal generation, making STE 

well fitted for hybridisation with complementary solar field and fossil fuel as primary 

energy source. Moreover, CST technologies can be applied in industrial processes to 

desalinise water, improve water electrolysis for hydrogen production, generate heat for 

combined heat and power applications, and support enhanced oil recovery operations [1, 2]. 

This broad range of applications makes it necessary to improve the efficiency of the CST 

technologies, which depends on direct-beam irradiation. Thus, it obtains its maximum 

benefits in arid and semi-arid areas with clear skies where STE plants are installed. These 

facilities use curved mirrors to concentrate solar radiation onto a receiver which absorbs the 

concentrated radiation. A heat transfer fluid passes through the receiver and, for electricity 

generation, it drives a turbine, converting heat into mechanical energy and then into 

electricity [1]. 

There are four main CST technologies distinguished by the way they focus the sunôs rays 

and the technology used to receive the solar energy: parabolic-trough collector (PT), solar 

                                                 
1 Historically CSP universally referred only to and was used in place of STE. It is only in recent years that the 

term STE is becoming widespread and that some organizations moved the CSP definition to a higher level to 

include both STE and CPV (Concentrating Photovoltaic). However, some organizations still use CSP to refer to 

and in place of STE, and in these cases CSP does not include CPV.                                                                                
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tower (ST), linear Fresnel (LF) and parabolic dish (PD). PT and LF reflect the solar rays on 

a focal line with concentration factors on the order of 60-80 and maximum achievable 

temperatures of about 550°C. In PD and ST plants, mirrors concentrate the sunlight on a 

single focal point with higher concentration factors (600-1,000) and operating temperatures 

(800-1000°C) [3]. However, in solar tower and linear Fresnel, the receiver remains 

stationary and mechanically independent from the concentrating system, which is common 

for all the mirrors. In PT and PD technologies, the receiver and concentrating system move 

together, enabling an optimal arrangement between concentrator and receiver regardless of 

the position of the sun [1]. 

 

 
 

Figure 1. CSP technologies [1]. 

 

A detailed description of each CSP technology is included in the following sections: 

¶ Parabolic-trough collector  

This is the most mature CST technology, accounting for more than 90% of the currently 

installed STE capacity worldwide. As illustrated in Figure 2, solar fields using trough 

systems capture the solar radiation using large mirrors shaped like a parabola. They are 

connected together in long lines of up to 300 metres and track the sunôs path throughout the 

day along a single axis (usually East to West) [2, 3]. 

The parabolic mirrors send the solar beam onto a receiver pipe which is located at the focal 

line of the parabola and filled with a specialised heat transfer fluid. These receivers have a 

special coating to maximise energy absorption and minimise infrared re-irradiation. In 

order to avoid convection heat losses, the pipes work in an evacuated glass envelope. 

The thermal energy is removed by the heat transfer fluid (e.g. synthetic oil, molten salt) 

flowing in the heat-absorbing pipe and transferred to a steam generator to produce the 

super-heated steam that drives the turbine [3]. Once the fluid transfers its heat, it is 
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recirculated into the system for reuse. The steam is also cooled, condensed and reused. 

Furthermore, the heated fluid in PT technology can also provide heat to thermal storage 

systems, which can be used to generate electricity at times when the sun is not shining [2]. 

Most PT plants currently in operation have capacities between 30-100 MWe, efficiencies of 

around 14-16% (i.e. the ratio of solar irradiance power to net electric output) and maximum 

operating temperatures of 390°C, which is limited by the degradation of synthetic oil used 

for heat transfer. The use of molten salt at 550°C and water-steam at 500°C for heat 

transfer purposes in PT plants is under investigation. High temperature molten salt may 

increase both plant efficiency (e.g. 15%-17%) and thermal storage capacity [3]. 

 
 

      
(a)                                                                        (b) 

 

Figure 2. Parabolic-trough collector (a) and linear Fresnel (b). 

 
 

¶ Linear Fresnel  

LF plants (Figure 2b) are similar to PT plants but use a series of ground-based, flat or 

slightly curved mirrors placed at different angles to concentrate the sunlight onto a fixed 

receiver located several meters above the mirror field. Each line of mirrors is equipped with 

a single axis tracking system to concentrate the sunlight onto the fixed receiver. The 

receiver consists of a long, selectively-coated tube where flowing water is converted into 

steam (DSG or Direct Steam Generation). Since the focal line in the LF plant can be 

distorted by astigmatism, a secondary mirror is placed above the receiver to refocus the 

sunôs rays. As an alternative, multi-tube receivers can be used to capture sunlight with no 

secondary mirror [3]. 

The main advantages of LF compared to PT systems are the lower cost of ground-based 

mirrors and solar collectors (including structural supports and assembly). While the optical 

efficiency of the LF system is lower than that of the PT systems (i.e. higher optical losses), 

the relative simplicity of the plant translates into lower manufacturing and installation costs 

compared to PT plants. However, it is not clear whether LF electricity is cheaper than that 

from PT plants. In addition, as LF systems use direct steam generation, thermal energy 

storage is likely to be more challenging and expensive. Thus, LF is the most recent CST 

technology with only a few plants in operation [3]. 
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¶ Solar tower  

In the ST plants (Figure 3a), also called central receiver systems (CRS) or power tower, a 

large number of computer-assisted mirrors (heliostats) track the sun individually over two 

axes and concentrate the solar radiation onto a single receiver at the top of a central tower 

where the solar heat drives a thermodynamic cycle and generates electricity. ST plants can 

achieve higher temperatures than PT and LF systems because they have higher 

concentration factors. The CRS can use water-steam (DSG) or molten salt as the primary 

heat transfer fluid. The use of high-temperature gas is also being considered (e.g. 

atmospheric or pressurised air in volumetric receivers) [3]. 

In a direct steam ST, water is pumped up the tower to the receiver, where concentrated 

thermal energy heats it to around 550°C. The hot steam then powers a conventional steam 

turbine [2]. When DSG is used as heat transfer fluid, it is not required a heat exchanger 

between the primary transfer fluid and the steam cycle, but the thermal storage is more 

difficult.  

Depending on the primary heat transfer fluid and the receiver design, maximum operating 

temperatures may range from 250-300°C (using water-saturated steam) and up to 565°C 

(using molten salt and water-superheated steam). Temperatures above 800°C can be 

obtained using gases (e.g. atmospheric air). Thus, the temperature level of the primary heat 

transfer fluid determines the operating conditions (i.e. subcritical, supercritical or ultra-

supercritical) of the steam cycle in the conventional part of the power plant. 

ST plants can be equipped with thermal storage systems whose operating temperatures also 

depend on the primary heat transfer fluid. Todayôs best performance is obtained using 

molten salt at 565°C for both heat transfer and storage purposes. This enables efficient and 

cheap heat storage and the use of efficient supercritical steam cycles [3]. 

High-temperature ST plants offer potential advantages over other CST technologies in 

terms of efficiency, heat storage, performance, capacity factors and costs. In the long run, 

they could provide the cheapest STE, but more commercial experience is needed to confirm 

these expectations. However, a large ST plant can require thousands of computer-

controlled heliostats, that move to maintain point focus with the central tower from dawn to 

dusk, and they typically constitute about 50% of the plantôs cost. 

Current installed capacity includes ST plant size of around 11 MW and 20 MW for 

water/saturated steam (e.g. PS10 and PS20 commercial projects in Spain) and 120 MW for 

water/superheated steam (e.g., IVANPAH project in EEUU with 360 MW distributed in 

three different solar towers). Larger ST plants have expansive solar fields with a high 

number of heliostats and a greater distance between them and the central receiver. This 

results in more optical losses, atmospheric absorption and angular deviation due to mirror 

and sun-tracking imperfections. Therefore, ST still has room for improvement of its 

technology [2, 3]. 

 

¶ Parabolic dish  

The PD system (Figure 3b) consists of a parabolic dish shaped concentrator that reflects 

sunlight into a receiver placed at the focal point of the dish. The receiver may be a Stirling 

engine or a micro-turbine. PD systems require two-axis sun tracking systems and offer very 

high concentration factors and operating temperatures. The main advantages of PD systems 

include high efficiency (i.e. up to 30%) and modularity (i.e. 3-50 kW), which is suitable for 
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distributed generation. Unlike other STE options, PD systems do not need cooling systems 

for the exhaust heat. This makes PDs suitable for use in water-constrained regions, though 

at relatively high electricity generation costs compared to other CST technologies. 

However, the PD system is still under demonstration and investment costs are still high [3]. 

  

     
                                    (a)                                                                       (b) 

 

Figure 3. Solar tower (a) and parabolic dish (b). 

 
As previously mentioned, more than 90% of the installed STE capacity in 2014 consisted 

of PT plants; ST plants total about 170 MW and LF plants about 40 MW. A comparison of 

CST technology performance is shown in Table 1 [3]. 

 
Table 1. Performance of CST technologies [4-6]. 

 
 PT PT PT ST ST ST LF PD 

Storage no yes yes no/yes no/yes yes no no 

Status comm comm demo demo comm demo demo demo 

Capacity [MW] 15-80 50-280 5 10-20 50-370 20 5-30 0.025 

HT fluid oil oil salt steam steam salt sat. st na 

HTF temp [ºC] 390 390 550 250 565 565 250 750 

Storage fluid no salt salt steam na salt no no 

Storage time [h] 0 7 6-8 0.5-1 na 15 0 0 

Storage temp [ºC] na 380 550 250 na 550 na na 

Efficiency [%] 14 14 14/16 14 16 15/19 11/13 25/30 

Cap. factor [%] 25-28 29-43 29-43 25-28 25-28 55-70 22-24 25-28 

Optical efficiency H H H M M H L VH 

Concentration 70-80 70-80 70-80 1000 1000 1000 60-70 >1300 

Land [ha/MW] 2 3 2 2 2 2 2 na 

Cycle sh. st sh. st sh. st sat. st sh. st sh. st sat. st na 

Cycle temp [ºC] 380 380 540 250 540 540 250 na 

Grid on on on on on on on on/off 

sat. st=satured steam; sh. st=superheated steam; L=low; M=middle; H=high; VH=very high 

na=not applicable  
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So far, linear-Fresnel and parabolic dish systems are starting to commercially develop, and 

parabolic trough and solar tower account for the vast majority of operational STE capacity, 

despite the fact that these technologies reach a medium solar-to-electricity efficiency. 

Therefore, innovations in this field must provide a reliable, efficient and cost-competitive 

technology.  

In this sense, STE engineering is focused on optimising the thermal energy conversion 

cycle and thermal storage. Innovations in CST technologies must increase efficiency by 

using advanced optical components and systems operating at higher temperatures, and 

improve dispatchability by deploying advanced thermal storage and hybridisation concepts. 

New heat transfer fluids such as gases and molten salts are proposed to be used in CST 

plants, together with the introduction of dry cooling designs to limit the water consumption 

and reduce the environmental footprint of solar operations [1, 2].  

Next sections in this chapter describe the application of the CFD modelling to solve design 

issues and to optimise the operating conditions in different facilities belonging to the 

concentrating solar thermal technologies mentioned. Simulation results led to determine 

both the best design of the facility and the operating conditions optimised for each system. 

 
2. Medium-concentration solar technology 

This section focuses on the analysis of issues found in two experimental facilities installed 

to test and characterise components for parabolic-troughs (PT) solar fields. These systems 

belong to medium-concentration solar technology. 

 

2.1 Thermal analysis of a characterisation chamber for absorber tubes used in parabolic-

trough collectors 

As previously mentioned, PT collectors consist of a reflector and an absorber tube where 

the solar radiation is collected. In order to characterise the absorber, a test chamber has 

been designed and installed at laboratory scale. The CFD study analysed the thermal 

behaviour of the test bed, so as to determine the influence of an air gap on the heat transfer 

between the constituent elements of the test facility. 

 

¶ Facility description and procedure  

The characterisation of different absorber tubes for PT collectors is based on the analysis of 

their thermal map when they receive the thermal energy from a constant heat source. In 

order to study this characterisation process, an experimental facility has been installed.    

In this case, the test bed consists of a 1-metre-long absorber tube of 0.065 m in inner 

diameter and two aluminium pieces coming from the division of a tubular block with 

0.060 m in diameter, which are placed in contact to the absorber-tube interior by four 

springs. There are two longitudinal slots in each aluminium piece where four resistors of 

6.3 ɋ  [7] are inserted, so as to provide the thermal energy to the absorber tube. The two 

pieces are separated by an air chamber of around 8 mm thick (Figure 4).   

The aluminium pieces are used to hold the four resistors and to ensure a uniform heat 

transfer to the absorber tube. The fact that only the upper and lower parts of the absorber 

inner surface are in contact to the aluminium pieces restricts the tube monitoring to these 

zones. Several different thermocouples are placed along the inner and outer surfaces of the 

absorber tube within these areas in order to control the temperature distribution. Some inner 
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thermocouples have been bent to ensure that their tips are in contact with the absorber inner 

surface and others have been welded to a small steel plate to increase the contact surface 

between their tip and the absorber inner surface. The outer thermocouples have been 

flanged and electrowelded. 

 

     
 

Figure 4. Characterisation device for absorber tubes. 

 
Preliminary results showed a temperature difference between inner and outer surfaces of 

around 40ºC and a thermal gradient of 30ºC between two different points of the outer 

surface. These high temperature differences are in disagreement with basic heat transfer 

equations if a good thermal contact existed between the aluminium pieces and the inner 

surface of the absorber tube. In order to determine the source of this problem, several 

different CFD simulations were developed considering various configurations that took into 

account the existence of an air gap between the inner surface of the absorber tube and the 

aluminium pieces (Table 2). 

Firstly, the ideal case without air gap was compared with a real one considering an air gap 

of 1 mm between the aluminium piece and the absorber tube but both elements maintained 

their connection in the upper and lower parts. After this evaluation, the two configurations 

with a greater air gap were studied, as so to determine the influence of the air gap on the 

heat transfer to the absorber.     

In all cases, the boundary conditions were obtained from the steady state of one test, which 

are collected in Table3. 

 

¶ Numerical modelling  

The simulation domain consists of a three-dimensional geometry that represents a part of 

the absorber tube whose front and back surfaces are the cross sections. The subdomains 

defined in the ideal case are included in Figure 4. If there is an air gap between the 
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aluminium pieces and the inner wall of the absorber tube, the air-chamber subdomain is 

greater than the one defined in the ideal case (Figure 5). 

 
Table 2. Proposed configurations. 

 

Cases Air gap Distance aluminium piece-

absorber tube [mm]  

Front view 

Case 1 No 0 

 
Case 2 Yes 1 

 
Case 3 Yes 2 

 
Case 4 Yes 2 mm with reduced contact 

surface 

 
 

 

Table 3. Steady-state conditions. 

 

Pressure [Pa] Voltage [V] Current 1 [A] Current 2 [A] Total power [W/m
2
] 

96300 84.32 5.76 5.74 24127 

 
A mesh generator discretises the solution domain by a 3D mesh of tetrahedral elements 

which have a better adaptation to small zones (Figure 6) and an appropriate cell size was 

selected to obtain a good-quality mesh [8]. In all cases, symmetrical cross section has been 

considered as boundary condition in front and back surfaces. 
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Figure 5. Simulation domain with air gap. 

 

 

 
 

Figure 6. Mesh and boundary conditions. 

 
The CFD model involves solving the continuity (1), momentum (2) [9] and energy (3) [10] 

equations because the dynamical behaviour of a fluid is determined by the conservation 

laws [11]. 
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