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Abstract 

Validation is a crucial aspect in the reliability assessment of models. Validation accuracy is 

measured with respect to experimental data. In this regard, there is not any experimental 

technique with sufficient spatial resolution capable of measuring the incident solar flux onto the 

receiver of solar power tower plants to model validation. Therefore, the individual optical 

efficiency of the field and the thermal performance of the receiver cannot be accurately 

obtained experimentally. To calculate these efficiencies, the development of numerical models 

is mandatory. Although, numerous receiver models can be found in the literature, the accuracy 

of most of them is not checked because of the scarcity of experimental data to compare with. 

In this study, the simulations of a model that includes the heliostat field and an external tubular 

receiver, taking into account all the receiver tubes, have been compared with available 

experimental data from Solar Two plant, in order to check its accuracy. It was obtained that the 

model overestimates 1.42% the total mass flow rate and 0.73% the global efficiency of Solar 

Two, which is almost negligible. Besides, the field-receiver efficiency can be calculated with 

confidence using Solar Two experimental data, and then it can be taken into account in the 

validation of the model. The model error, with respect to the experimental data are of 1.1% at 

full load and 1.4% at 50% partial load.  
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1. Introduction

The main issue for new solar tower projects is to confidently forecast the power plant 

production. In the procedure to assess the reliability of the estimations of the Solar Power Tower 

(SPT) performance, validation is the crucial step. Validation is the process of determining the 

degree to which a model is an accurate representation of the real world and the accuracy is a 

measure with respect to experimental data. Therefore, experimental data, obtained for 

demonstration and/or industrial scale SPTs, are essential to forecast the performance of new 

solar tower projects. 
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Unfortunately, neither the heliostat-field optical-performance nor the receiver thermal-

performance can be obtained experimentally, at least for industrial scale. Such performances 

cannot be obtained experimentally because of the measurement of the solar flux distribution 

incident onto the receiver tubes is impracticable. Note that the receiver tube surface ranges 

from 1000 m2 (Solar Two project [1]) to 3000 m2 (Crescent Dunes project [2]). Nowadays, there 

is not any fully developed experimental technique capable of measuring the solar distribution 

intercepted by such huge surface area with an acceptable spatial resolution for both heliostat 

field and receiver validation purposes. Röger et al. [3] summarized existent techniques that can 

be applied to large-scale receivers to measure the solar flux density distribution. The most 

popular technique consists in a direct measurement in which a white diffuse moving bar target, 

a CCD camera and a flux sensor are used to reconstruct the solar flux distribution on the receiver 

surface. Depending on the sensor used and the position of the moving bar the accuracy of the 

methodology varies between 3% - 9%. In external receivers there are overheating problems on 

the mobile bar, thus the receiver surface is directly used as a diffuse target in which the 

reflectivity is characterized increasing the uncertainty up to 20 - 40%. Current solar plants try to 

estimate the wall temperature distribution by means of infrared cameras and thermocouples 

located in the rear part of the tubes, but they only control the existence of hot/cold spots. 

Besides, there are some experimental data obtained from small scale labs using high flux solar 

simulators [4] or in which only a small portion of the receiver is studied [5]. In any case, although 

temperature distributions can be measured at laboratory scale, the incident solar power is a 

parameter that cannot be measured at any scale with accuracy. Hence, the inability to measure 

both the incident solar flux and the temperature profile during the SPT operation makes 

necessary the development of numerical models.  

The flux distribution on central receivers is computed with optical tools, which depending on 

the calculation approach can be classified into two groups: ray tracing and convolution [6]. A 

large number of rays following sunshape are statistically traced in Monte Carlo Tray Tracing 

(MCRT) tools such as: MIRVAL [7], SolTrace [8], Tonatiuh [9], Stral [10], Solfast [11], SOLUCAR 

[12] or SPTOPTIC [13]. Great computation time can be saved with convolution-based models

that superpose and convolve the functions of sunshape, concentration and optical errors. 

Depending on the way the convolution is worked out, existing codes are: UHC  a cell model that 

establishes an array of representative heliostats [14]; DELSOL using Hermite polynomial 

expansion [15]; HELIOS performing the fast Fourier transform [16]; UNIZAR whose analytic 

function results from the integration in the image plane [17]; Fiat-Lux that uses a normally 

distributed random value of slope error [18]; and HFLCAL whose analytic function is directly a 
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circular Gaussian distribution [19]. Recently, SolarPILOT integrates both ray tracing and 

convolution methods based on DESOL and SolTrace tools to analyse more complex geometries 

[20]. In the present work, it is used FluxSPT software tool  that is grounded on the projection to 

the central receiver panels of the flux distribution in the image plane obtained from an analytic 

function, UNIZAR in this instance [21]. 

The quantity of models that solve the receiver thermal behaviour is also abundant, they can be 

classified in detailed and simplified models. The first category is solved using CFD tools [22–30]; 

while the second category comprises low-detail models between them it is worth highlighting: 

CAVITY, which solves the energy balance in tubular cavity receivers coupling the radiative 

exchange to conduction and convection [31];  DRAC and TOPAZ simulate one-dimensional fluid 

flow in pipes with both steady and transient heat and mass transfer [31]; CGM is a simplified 2D 

model for external tubular receivers, that takes into account circumferential variations of the 

tube wall temperature, with a grid size equal to the panel width assuming the same behaviour 

for all the tubes in a panel [32]; FGM is an evolution of the previous model, where the grid size 

is reduced to the tube diameter and then all the tubes of the receiver are calculated individually 

[33]; ASTRID code, developed by DLR, comprises a low-detail model that utilizes a number of 

simplifications for optimization purposes and a high-detail model based on FEM [34]. 

The main problem of most of the numerical models is that they handle individually either the 

solar field or the receiver. Nevertheless, Rodríguez-Sánchez et al. [35] pointed out that both 

solar field and receiver subsystems have to be studied together to obtain representative results, 

since they are interrelated, as some aiming strategies pay attention to Sánchez-González et al. 

[36]. Some of the most important models that solve the global SPT are [37]: SAM, which  is a 

system-level software that predicts the performance and economics of different concentrated 

solar power technologies [38], in the case of SPT it is based in the code developed by [39]; 

SOLERGY simulates the operation and annual power output of SPTs utilizing weather data, 

including parasitic power requirements of the plant [40]; SOFIA consists of a simulation 

environment that approaches the analysis of concentrated solar technologies with different 

quality levels, in the design phase a medium quality model is used for the optical, thermal and 

electrical calculations, the validation of the optimal designs is carried out with a high quality 

model, which consists of several modules [41]; Fully-coupled multi-level analytical methodology, 

that using the models 0-1-2-3 enables both system level-performance prediction and 

component-level targeting insight [42]. The models that conjugate the different subsystems of 

the SPT usually reduce the computational cost by means of simplifications, which result in 

temperatures and efficiencies far from the real ones. Hence, although the numerical models 
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could be very useful, the scarcity of experimental data concerning SPTs makes difficult their 

validation and then its reliability is questioned. 

The only data published in literature of real SPTs belong to Solar One project (steam receiver) 

and Solar Two project (molten salt receiver). Radosevich [43] reported the experimental test 

results of Solar One SPT, he measured the Direct Normal Irradiation (DNI) and the gross power 

of the plant. Using those data, he calculated the efficiencies of the global power plant and the 

power block with confidence. However, the heliostat field and the receiver efficiencies were 

estimated by means of simulations or using different hypothesis, then these two last data cannot 

be used for validation purposes. Pacheco [1] documented the experiments carried out in Solar 

Two SPT, a molten-salt power tower refurbishment of Solar One, at full and partial load. During 

the experiments the data collected were the mass flow rate, the inlet and outlet temperatures 

of the heat transfer fluid, the DNI and the wind speed, but there are no measurements regarding 

the wall temperature, the incident power on the receiver or the optical efficiency of the field.  

The main goal of this work is to validate the numerical FluxSPT-FGM developed by [21,33], which 

englobes the optics of the solar field and the thermal behaviour of the receiver, by means of the 

experimental tests conducted in Solar Two plant. Firstly, Solar Two plant and the tests carried 

out on it have been detailed. Secondly, the numerical model, its main assumptions and its input 

data have been described, to finally validate it with the experimental data collected in Solar Two 

plant: mass flow rate and global SPT efficiency.  

2. Solar Two SPT 

 

2.1. Plant description 

Solar Two was a demonstration plant using molten salt as heat transfer fluid, which was 

operated during the late 90s. Solar Two tower was 76.2 m high, with an external tubular receiver 

arranged in its top. The receiver consisted of panels with headers and arranged metallic tubes, 

which are coated with a selective paint. The panels were mounted vertically, shaping a cylinder-

like receiver. The heat transfer fluid flowed throughout two independent circuits, whose inlet 

was in the North side and the outlet in the South side, with a crossover in their middle length. 

The solar field of Solar Two consisted of 1818 heliostats of 39.13 m2 plus 108 heliostats of 95 m2 

arranged around the tower, whose coordinates were collected in Pacheco [1]. The main 

geometrical parameters of the plant are summarized in Table 1. 

Table 1. Main design parameters of the Solar Two heliostat field and solar receiver [1]. 

Number of Heliostats 1926 
Heat Transfer Fluid Molten Salt 
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Tube material 316H Stainless Steel 
Receiver Diameter/ Height 5.1/ 6.2 m 
Inlet/ Outlet temperature 290/ 565 °C 
Number of  flow circuits 2 
Number of  panels 24 
Number of  tubes per panel 32 
Tube diameter/ thickness 21/ 1.2 mm 

Absorptivity ( ) 0.95 (Black Pyromark) 

 

2.2. Experimental tests  

During 9 clear-sunny days four different tests were performed symmetrically about solar noon 

between 11:00 a.m. and 1:00 p.m. solar time. In the different periods of time, all the heliostats 

of the field (full power: cases A and C) or half of them scattered around the receiver (half power: 

cases B and D), were under operation, see Table 2 for further information.  

Table 2: Sequence of heliostat tracking the receiver [1]. 

Period Solar Time Heliostat 
Group(s) 

Incident Power 
(Available) 

A 11 a.m. to 11:30 a.m. 1 and 2 100 % 
B 11:30 a.m. to 12 p.m. 1 50 % 
C 12 p.m. to 12:30 p.m. 1 and 2 100 % 
D 12:30 p.m. to 1 p.m. 2 50 % 

 

The experimental data collected in Pacheco [1] during each test were: field availability, mass 

flow rate at the receiver, inlet and outlet temperature of the salt, DNI, and wind direction and 

speed, see Table 3. The heliostat reflectivity, cleanliness, tracking error and field availability were 

also gathered. Finally, the gross electrical output in steady-state was measured, being 1 to 8 

MWe at partial load and 9 to 12 MWe at full load.  

Table 3: Summary of key measurements during receiver efficiency tests [1]. 

Test Date: 
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Heliostats Tracking Receiver         
A 1767 1764 1804 1668 1685 1681 1699 1626 1725 
B 883 883 897 831 853 836 847 809 858 
C 1767 1758 1798 1664 1684 1676 1692 1625 1720 
D 884 876 898 833 830 840 847 805 848 

Average Mass Flow ( m ) [kg/s]         

A 80 90 90 81 67 78 69 61 70 
B 39 43 44 36 32 37 32 28 33 
C 85 91 91 80 73 80 70 65 73 
D 39 43 42 38 33 36 32 30 32 

Average Inlet 
Temperature  [°C] 

295 301 305 308 303 302 301 302 299 
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Average Outlet 
Temperature [ºC] 

551 550 550 564 563 564 563 561 564 

Average  Ambient 
Temperature [°C] 

32 33 33 16 14 18 18 16 17 

Average Direct Normal 
Insolation [W/m2] 

913 975 942 989 898 960 871 874 894 

Average wind speed 
[m/s] 

0.6 1 0.6 3 1.8 1.4 0.9 7.9 1.3 

Average wind direction 
(Clockwise from North) 

131 241 210 270 223 241 165 263 241 

To calculate the global efficiency of the power plant ( SPT ) it is required to know the efficiency 

of the three main subsystems: solar field ( opt ), receiver ( r ) and power block ( pb ), see

Equation 1 [1]. Itemizing each term, it is obtained that the global efficiency of the plant is 

function of known variables: the DNI, the total surface of mirrors on the field ( HA ) and the gross 

electrical output (W ) and then it can be calculated with confidence from the experimental data,

see Equation 2. Note that pb takes into account the mechanical to electrical conversion and 

that opt  also considers the reflectivity and the cleanliness of the heliostats. 

SPT opt r pb  =   (1)

INC ABS
SPT

H INC ABS H

P P W W
DNI A P P DNI A

 =   =
 

 (2) 

Figure 1 – Schematic of the solar power tower 

The thermal power absorbed by the heat transfer fluid in the receiver ( ABSP ) can also be easily 

estimated with an energy balance, see Equation 3. Being T the salt temperature increment
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and PC  the specific heat. The incident power ( INCP ) is not a measurable data, which makes 

impossible the calculation of the individual efficiencies of the solar field and the receiver 

separately, without the development of physical models. Nevertheless, both efficiencies can be 

calculated together, see Equation 4. 

ABS salt P saltP m C T=                                                                 (3) 

INC ABS ABS
opt r

H INC H

P P P
DNI A P DNI A

  =  =
 

                                                (4) 

The steady-state gross conversion efficiency of the Solar Two power block was calculated in 

Pacheco [1] to be 34.1% at full load, 33.8% at 84% load, 32% at 57% load and 23.3% at 22% load. 

Using the obtained gross electricity output, the solar insolation and the solar field surface, the 

global efficiency of the power plant at full power was 15% (Equation 2). Note that the parasitic 

consumptions of the SPT have not been taken into account for this calculation. Therefore, at full 

load the combined field-receiver efficiency must be around 44%.  

The rest of parameters of the plant, as INCP , cannot be calculated with confidence and the 

development of models is required. To avoid developing a thermal model of the receiver, 

Pacheco implemented the Power-On Method (POM) to calculate the thermal efficiency of the 

receiver. POM assumes that the incident power at full load is twice the incident power at 50% 

partial load and that the wall temperature distribution and the thermal losses ( thL ) are the 

same, independently of the incident power, hence [1]: 

ABS th
INC

P LP


+
=                                                                       (5) 

( ), , , ,
1 2 2
2th ABS A ABS C ABS D ABS CL P P P P= + − −                                    (6) 

POM method requires to carry out experiments at least at two different power loads, to obtain 

the incident power and then the receiver efficiency. With the tests conducted in Solar Two 

Pacheco obtained an 88% of receiver efficiency at full load. Concurrently, Pacheco used RCELL 

[14] and SOLERGY [40] optical codes to study the solar field behaviour, obtaining a 63% of optical 

efficiency at full load. This gave 55.4% of combined field-receiver efficiency, roughly 10 

percentage points extra than the value expected and 19% of global SPT efficiency instead of 

15%. To solve this problem, Pacheco deployed the incident power obtained with POM, with 

these values the optical efficiency of the solar field was deduced, resulting in a 57% for full load. 
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This way the miscalculation was reduced, getting a 50% of combined field-receiver efficiency (6 

percentage points higher than the measured value) and 17% of global SPT efficiency (2 

percentage points higher than the measured value). Although, these values are closer to the real 

plant efficiency (15%), this methodology is not totally accurate and even less for partial load.  

The miscalculation of POM are due to both initial hypotheses. Firstly, the wall temperature 

distribution and the thermal losses vary with the incident power level since the Biot number is 

of order unity, as was seen in Rodríguez-Sánchez et al.  [44]. Furthermore, Rodríguez-Sánchez et 

al. [35] pointed out that the wall temperature distribution and the thermal losses depend on 

both power level and power distribution. Hence, as POM is not only based in the Solar Two 

experimental data it should be avoided for validation purposes. Secondly, the incident power at 

full load is not exactly twice the incident power at 50% partial load because the DNI varies from 

one test to the next.  

2.3. Experimental uncertainties 

The experimental tests carried out in Solar Two have several uncertainties associated to the 

operation of the plant. Some of them were not described in detail and other were difficult to 

characterize in the real plant. The most important uncertainties have been described below: 

- The measured data were given as the averages for periods of 30 minutes. Thus, only one 

representative instant of time can be characterized when the data are analysed. 

- The aiming strategy in Solar Two has not been described in detail. It can be assumed 

that it is homogeneous and with low spillage losses, but it could have a variability with 

respect to the real one. 

- The availability of the solar field was given with the number of heliostats aiming to the 

receiver. However, Solar Two has two heliostat sizes and the number of heliostat of each 

type that were working on each experimental test was not specified. It could slightly 

modify the power intercepted by the field. 

- The reflectivity and cleanliness of the mirrors should be different for each heliostat. 

Nevertheless, Pacheco [1] gave them for four different sectors of the field. The error 

relative to this effect can be neglected. 

- There is a deterioration of the optical properties of the coating and the tubes under 

receiver operation during its lifetime. As this deterioration is difficult to quantify, the 

optical properties can be considered ideal and constant.  

- The distribution of the heat transfer fluid flow in the receiver were not clearly described. 

It is unknown if the average outlet temperature corresponds to the average between 
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both flow circuits or if it is reached individually in each circuit. But taking into account 

that data were gathered close to solar noon, the incident solar flux and the mass flow 

rate of each flow path should be equivalent. 

- There is no information about the circuit that connects two adjacent panels. Usually 

they are placed inside ovens to reduce the heat losses, then the process can be 

supposed adiabatic with low margin of error.  

 

3. Modelling 

Solar field and receiver subsystems are interrelated and they should be evaluated together to 

obtain representative results with confidence [35]. Therefore, in this study the optical model 

FluxSPT [21] and the receiver thermal Fine Grid Model (FGM) [33] have been combined to obtain 

the field-receiver efficiency of Solar Two power plant. 

3.1. Optical model 

The heliostat field model FluxSPT [21] has been used to simulate the solar flux intercepted by 

Solar Two receiver. This model computes the flux distribution on the image plane by every single 

heliostat and projects the distribution into the panels of any central receiver in SPTs (oblique 

mapping). The model allows using different aiming strategies from equatorial to flattest flux 

distribution. FluxSPT has been validated with PSA [45] and Thèmis [46] measurements. 

The aiming strategy during Solar Two experimental tests has not been reported in detail, 

however Pacheco claimed that the heliostats were aimed at different positions along the vertical 

of the receiver surface  [1]. Each heliostat target point was set every 10 minutes by the Static 

Aim Processing System (SAPS), which provided a “smart” aiming to minimize the spillage losses 

for a desired flux distribution, while the Dynamic Aim Processing System (DAPS) protected the 

receiver from incident fluxes over 850 kW/m2.  

In a previous research Rodríguez-Sánchez et al. [44] used a fairly homogeneous solar flux 

distribution for Solar Two, which is less aggressive for the receiver. It was obtained using a multi-

aiming strategy with FluxSPT, selecting an aiming factor equal to 1.5. The aiming factor, k, is 

defined to have values from 0 to 3 and gives an idea on the energy intercepted by the receiver, 

in line with the 68-95-99.7 rule for the normal distribution. From that aiming strategy, the 

resulting spillage loss was 28.60% on average.  

In Sánchez-González et al. [21] the methodology to obtain the flattest flux profiles was 

described. It consists in dividing the field in the same number of sectors as panels in the receiver. 

All the heliostats of each field sector focus the receiver using the same aiming factor. The aim 
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point of each heliostat is the one that makes the beam radius, as a function of k, tangent to the 

bottom/top edge of the receiver. When the beam size is higher than the receiver height, the 

heliostat aims to the equatorial belt of the receiver. The k value that flattens the vertical flux 

profiles is the chosen for each field sector. With this methodology the average spillage loss is 

reduced to 28.28%. Because of the slight reduction in the spillage loss compared to the previous 

research, the flux maps obtained with both aiming strategies are almost equivalent. 

Figure 2 shows the individual efficiency of each heliostat of the field for the four cases analysed 

during the 29/09/97, using the flat aiming strategy. Note that the grey points in cases B and D 

(50% partial load) correspond to non-tracking heliostats. It can be seen that before solar noon, 

the maximum efficiencies are slightly displaced to the north-west of the field (top right side of 

the figure) and that after solar noon they are slightly displaced to the north-east sector of the 

field, consistently with sun movement. In Figure 2 can be seen the optical efficiency of the whole 

solar field for each case, which corresponds to 9 percentage points lower than that obtained 

with RCELL model. It is worth noting that all sources of heliostat optical loss are herein 

considered, including heliostats reflectivity (  ), cleanliness ( cl ), atmospheric attenuation ( at

), shadowing and blocking ( &s b ) and spillage ( sp ), for further information of each parameter 

calculation refer to [45]: 

( ) &cosopt at s b spcl     =                                                         (7) 
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Figure 2 – Optical efficiency of the field for the four cases carried out during the 29/09/97 (including 
heliostat reflectivity and cleanliness). 

Once the aiming strategy that flattens the incident flux on the receiver has been selected the 

optical model computes the concentration ratio (C) on the receiver surface, from which the flux 

density (F) distribution on the receiver is obtained as F DNI C=  , see Figure 3. Note that these 

flux maps correspond to the efficiencies shown in Figure 2. Symbol E represents the eastern 

receiver side and symbol W the western receiver side, while the number close to the symbols 

indicates the panel number in each flow circuit, starting in the north, which is the inlet of the 

paths (x=0 m). The incident solar flux is quite homogeneous and it is up to 300 kW/m2 higher in 

cases A and C (full load) than in B and D (50% partial load). The effect of the sun movement with 

respect to the solar noon can be clearly observed in the displacement of the solar peak flux on 

the receiver. 
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B

 
C

 
D

 
Figure 3: Uniform flux maps on the receiver with FLATk  for the different sectors of the field for the four 

cases analysed during 29/09/97. 

3.2. Receiver thermal model 

The receiver thermal model developed in Rodríguez-Sánchez et al. [33] has been adapted to 

Solar Two geometry for validation purposes. This Fine Grid Model (FGM) has a grid size 
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equivalent to the tube diameter plus the separation between tubes, then it obtains the 

temperature distribution of all the tubes in the receiver. FGM set all the values that appear in 

Table 3 as inputs, with the exception of the mass flow rate, which is a dependent variable that 

is obtained as output. The FGM follows an iterative process to calculate the heat transfer, the 

temperatures involved and the mass flow rate by means of energy balances, which considers 

the radiative, convective and conductive heat transfer. To do that the cell of calculation includes 

opposite tubes, an imaginary frontal surface, that represents the sky as well as the ground (i.e. 

the surroundings), and a real rear surface formed by a highly reflective refractory wall (RW) that 

is installed to reduce the thermal losses; when the model solves the first or the last tube of a 

panel the adjacent half tubes of the previous or the following panels have to be considered, see 

Figure 4. Besides, the FGM meshes each tube of a panel in axial segments and circumferential 

sections. Hence, all the variables of the tubes depend on the panel, the tube, the axial length 

and the circumferential position ( , , , )p t z  . 

 

Figure 4: Schematic representation of the basic cell used in the FGM for the panel Np of the receiver. 

In the FGM the mass flow rate in each flow path is matching, to fulfil the outlet temperature of 

the salt (see Equation 3). Furthermore, the mass flow rates along all the tubes of a panel are 

assumed to be the same, given that the pressure drop difference between tubes is negligible. 

Since wind speed of Table 3 was measured at 10 m above the ground level, and as the receiver 

is 76 m above the ground the correction proposed by Pacheco [1] was applied. 

Figure 5 shows the calculation diagram of the combined FluxSPT-FGM for Solar Two. Once the 

ambient conditions, the field layout and the receiver geometry are known FluxSPT model 

computes the concentration ratio of the field for an equatorial aiming strategy. Applying a 

correction for each heliostat the concentration ratio for different aiming factors, k, is easily 

calculated to obtain kflat. It allows to estimate the solar flux distribution on the receiver surface 

and the optical efficiency of the field. The obtained solar flux distribution is used as inlet data in 

the FGM that together an initial estimation of the mass flow rate and the wall temperatures 

computes the heat losses and the heat absorbed by the salt for the first slice (in z direction) of 
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the tubes at the first panel, Nz=1. Once the wall temperature converges the following z slice is 

calculated. At the end of the receiver the outlet temperature of the salt is checked, if it is not 

the expected the mass flow rate is modified and FGM recalculates the whole receiver else the 

receiver thermal efficiency is estimated and the data can be post-processed. 

 

Figure 5: Schematic of calculation of FluxSPT-FGM 

4. Model validation 

The mass flow rate, the global efficiency of the SPT and the combined field-receiver efficiency 

are the only reliable parameters obtained during the experimental tests that can be used to 

validate the FluxSPT-FGM. Figure 6 shows the mass flow rate difference between the model 

presented in this study and the experimental data measured in Pacheco [1]. The differences 

between the experimental data and the FluxSPT-FGM are comprised between 0.17 kg/s and 5.45 

kg/s, being the average difference 1.58 kg/s. It means that the average mass flow rate difference 

with the experimental data has been reduced 8.5 kg/s with respect to a previous study, in which 

all the tubes of a panel were assumed to have the same temperature distribution [44]. Taking a 

nominal mass flow rate of 90 kg/s, the maximum difference is 6% and the average 1.76%, 

calculated as the difference of simulated and measured mass flow rates over the nominal value. 
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Figure 6: Mass flow rate difference between the experimental data and the FluxSPT-FGM. 

The power absorbed by the salt is proportional to the mass flow rate and the salt temperature 

increment, which is imposed in Table 3. Thus, variations in the absorbed energy respect to the 

data reported by Pacheco [1] are also negligible. 

The global efficiency of the solar power plant was calculated with confidence from the 

experimental data (Equation 2). Then, in Figure 7 the calculated efficiencies have been 

compared with the results obtained from the FluxSPT-FGM model. A 34.1% of power block 

efficiency has been assumed for this subsystem working at full load (F.L.) and 32% working at 

50% load (P.L.) [1]. On average, using FluxSPT-FGM we obtain 15.73% of efficiency for full load, 

which is pretty close to the 15% expected. Whereas, for 50% partial load the global efficiency 

slightly decreases up to 14.19%.  

 

Figure 7: Global efficiency of the solar power plant for full (F.L.) and 50% partial load (P.L.). The solid 
black line represents the average measured global efficiency of the SPT. 

Considering the field and receiver subsystems, the computed combined efficiency at full load is 

46.12%, only a 1.1 percentage points higher than the real value. While at 50% partial load the 

FluxSPT-FGM overestimates the combined efficiency in 1.4 percentage points, see Table 4. 
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Table 4: Average combined field-receiver efficiencies measured in Solar Two and calculated using the 
FluxSPT-FGM for the different cases analysed. 

Case 
Experimental [1] 

opt r  [%] 

FluxSPT-FGM 

opt r  [%] 

A 44.61 47.36 

B 44.57 46.01 

C 45.44 44.89 

D 41.30 42.65 

 

As the incident power is involved in the efficiencies calculations, it can be assumed that its 

estimation is pretty accurate, and then both the optical efficiency and the receiver efficiency can 

be calculated separately with confidence, see Table 5. 

Table 5: Average individual efficiencies of the field and the receiver simulated using the FluxSPT-FGM for 
the different cases analysed. 

Case 
FluxSPT 

opt [%] 

FGM 

r [%] 

A 52.35 90.48 

B 52.45 87.73 

C 52.66 85.24 

D 51.87 82.23 

 

 

(a)                                                                                           (b) 

Figure 8: Receiver thermal efficiency calculated with the FluxSPT-FGM and the POM for (a) full and (b) 
50% partial load. 

The data shown in Figure 8 point a good agreement with POM in the calculation of the receiver 

efficiency at full load, with a deviation of only 0.42 percentage points. However, at 50% partial 

load the deviation increases up to 5.18 percentage points. This result was expected, due to the 

assumption of no thermal losses variations regardless of the load in the POM.  

Similar receiver thermal efficiencies were obtained when German Aerospace Center (DLR) 

validated the tubular receiver model ASTRID© with Solar Two experimental data at full load 
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[29,34]. However, as it was pointed in Rodríguez-Sánchez et al. [33], the CGM validated in 

Rodríguez-Sánchez et al. [44], is unable to predict the individual receiver efficiency with accuracy 

for any load, obtaining thermal efficiencies up to 10% percentage points lower than the other 

models mentioned. 

5. Conclusions 

In absence of experimental techniques to experimentally measure the solar flux distribution on 

the receiver surface, the development of models to predict the behaviour of the SPTs is required. 

However, these models are not useful if their accuracy and reliability are not previously 

validated. In this work, the FluxSPT-FGM developed in [21,33] has been validated with the 

experimental data available from the report of the Solar Two project at demonstration scale [1].  

Using a flat incident solar flux distribution, the results of the numerical model differ 1.76% in the 

experimental mass flow rate of heat transfer fluid and 0.73 percentage points in the 

experimental global efficiency of the power plant.  

As in the FGM the mass flow rate and the global SPT efficiency are obtained from an energy 

balance in which the incident solar flux, the power absorbed by the heat transfer fluid and the 

tube wall temperature are involved, it can be assumed that all of them can be calculated with 

confidence when this model is employed. Therefore, it is also possible to calculate separately 

the optical efficiency of the field and the receiver efficiency. The solar field efficiency from 

FluxSPT is 9 percentage points lower than that predicted by RCELL and 3 points lower than that 

obtained with POM at full load.  

At full load the receiver efficiency calculated with FGM only differs 0.42 percentage points with 

respect to POM model, but it increases up to 5.18 percentage points at 50% partial load. These 

differences increase at partial loads due to the assumption of constant thermal losses with the 

incident power made in the POM.  
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