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Abstract 

Deployment and consolidation of Solar Power Tower (SPT) 

technology demand the development of models and tools to 

assist in design and operation phases. This communication 

deals with an aiming strategy for molten-salt receivers. The 

objective is to maximize the flux incident on the receiver, while 

simultaneously protecting it from damage.  

Corrosion and thermal stress limitations have been translated 

into Allowable Flux Densities (AFD). An algorithm has been 

developed to aim the heliostats so that the AFD limits are met 

and the receiver thermal output is maximized. For illustrative 

purposes, it has been taken Dunhuang 10 MWe SPT plant in 

China. 

Compared to unreliable equatorial aiming, the optimized 

aiming strategy ensures receiver integrity, while increasing 

spillage loss by only 2 percentage points. For the most 

irradiated days, as summer solstice, it is found that the receiver 

flux peak is slightly displaced towards the panel entrance. The 

resulting code takes less than 2 minutes of computation, 

allowing for real-time control of heliostats and receiver. 
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1. Introduction 

The interaction between heliostat field and thermal receiver 

plays a key role in the design and operation of Solar Power 

Tower Plants (SPT). Single equatorial aiming generally leads to 

hot spots, exceeding the receiver structural limits. Therefore, 

the development of multi-aiming strategies is imperative. 

Some researchers have developed aiming strategy models based 

on metaheuristic techniques, such as TABU for Themis flat 

plate receiver [1], genetic algorithm [2] or ACO algorithm to 

maximize the output [3]. Recent aiming approaches are paying 

attention to the operational limits of the receiver, like those by 

Astolfi et al. [4], García et al. [5] and Flesch et al. [6]. 

Vant-Hull introduced the concept of allowable flux density 

(AFD) dependent of the heat transfer fluid temperature and 

mass flow rate [7]. In molten salt Solar Two plant, overflux 

conditions were managed by the so-called dynamic aim 

processing system (DAPS). 

This paper presents an aiming strategy based on the concepts of 

AFD and aiming factor, as originally described in Ref. [8]. The 

algorithm developed by the author aims all the heliostats in a 

field so that: the receiver output is maximized and, at the same 

time, the receiver structural constraints are met. 

Next Section presents the fundamentals of the aiming strategy: 

algorithms and a brief introduction to the aiming factor 

concept. Right after, the generation of AFD databases for 

corrosion and thermal stress is presented. Section 4, shows 

results of the aiming strategy taking as case study Dunhuang 10 

MWe SPT plant. 

2. Fundamentals 

The proposed aiming strategy lies in a series of ad-hoc 

algorithms that search the optimal aim points for all the 

heliostats in a field. Besides the operational receiver 

requirements introduced via the AFD limits, presented in 

Section 3, this aiming model is supported by the k factor 

approach, as concisely reported after presenting the algorithms. 

2.1. Goal and algorithms 

The main objective of the aiming strategy is to automatically 

point all the heliostats in a field, meeting two requirements: 

 Maximize the receiver thermal output (via k factor). 

 Keep the structural integrity of the receiver (via AFD). 

To accomplish the goal, the aiming model consists of two 

sequential algorithms: 1) search, and 2) fit. The core of the 

aiming strategy model is fed by an optical model and the 

database of AFDs, as displays the flowchart in Fig. 1. 

The optical model computes the flux density distribution 

incident on any kind of central receiver caused by a whole field 

of heliostats. This optical model is based on the projection into 

the receiver panels of the flux distribution predicted by an 
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analytic function on the image plane, e.g. UNIZAR [9]. The 

optical model, validated against experiments and Monte Carlo 

Ray Tracing, considers all the loss factors; including spillage, 

shading and blocking. Further details on the optical model can 

be found in Ref. [10]. 

 

Fig. 1. Flowchart of the aiming strategy model. 

Taking the flux map distribution of the optical model for single 

equatorial aiming, the aiming model runs first the search and 

then the fit algorithms. The search algorithm finds the highest 

aiming factor for each field sector, ksector, with which the AFD 

limits are met. The search algorithm in turn consists of two 

iterative routines: sweep and adjustment. At this early stage 

symmetric aiming is performed. Finally, the fit algorithm 

selects the heliostat target points that match the AFD limit. 

Detailed information on the algorithms is found in Ref. [8]. 

 

Fig. 2. Aiming strategy procedure. 

Fig. 2 illustrates on the left the aiming process. In the first step, 

the optical model generates the flux distribution for equatorial 

aiming, which extensively exceeds the receiver AFD limit. In 

the second step, the search algorithm finds the aiming factors 

able to comply with the AFD restriction. The final algorithm 

fits the flux profiles to the AFD limits, which in turn is varying 

with the specific aiming. 

2.2. Aiming factor 

The aiming factor approach plays a key role in the search 

algorithm, where symmetric aiming is considered, in order to 

minimize spillage losses.  

The aiming factor (k) is the parameter used to quantify the 

beam radius of the reflected beam (BRk) according to Equation 

(1), where SR is the slant range and εt is the elevation angle of 

the reflected main ray. By analogy with the circular normal 

distribution, 68%, 95% and 99.7% of the total flux is within the 

cone of aperture angle σe, 2·σe and 3·σe. The effective standard 

deviation (σe) results from the convolution of sunshape (σsun) 

and slope error (σslp) according the Equation (2), where ωh is 

the incidence angle on the heliostat. 
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Given a k factor, the heliostat is pointed a distance BRk from 

the upper (odd rows) or lower (even rows) receiver edge. 

Therefore, k=3 is equivalent to equatorial aiming in most of the 

cases and k=0 means alternatively aiming to the top and bottom 

receiver edges. Clearly, the lower k value, the higher spillage 

losses are. Thus, k factor is a parameter controlling not aiming, 

but also interception. Further details are given in Ref. [11]. 

3. Allowable flux density 

In the operation of central receivers working with molten salt, 

the most critical issues are corrosion and thermal stress, which 

may cause permanent damage. Corrosion and thermal stress 

requirements can be translated into allowable flux densities 

(AFD) incident on the receiver. The resulting AFD limit, that is 

the minimum between corrosion (AFDcorr) and thermal stress 

(AFDstrs), is therefore the constraint handled by the previously 

presented aiming algorithms. Detailed description on the 

generation of AFD databases is again found in Ref. [8]. 

3.1. Corrosion by molten salt 

At high temperatures, molten nitrate salts become corrosive to 

steel tubes. For Inconel 625, corrosion triggers for film 

temperature (Tf,lim) above about 610 ºC [12]. 



    

By means of an iterative procedure, the receiver thermal model 

[13] determines the flux density producing a film temperature 

equal to the limit. Thereby, it is generated a database of AFDcorr 

as a function of molten salt mass flow rate (ṁs,t) and bulk 

temperature (Ts) in the tube. For instance, given an alloy 625 

tube of outer diameter 25 mm and thickness 1.5 mm, Fig. 3 

shows the AFDcorr curves. Set ṁs,t, AFDcorr decreases when Ts 

increases. And given a Ts, it is evident that the larger ṁs,t, the 

higher the AFDcorr limit is. 

 

Fig. 3. Allowable flux densities by corrosion as a  

function of molten salt temperature and mass flow rate. 

3.2. Thermal stress 

Radial temperature gradients in receiver tubes provoke high 

thermal stresses. Combining the appropriate solid mechanics 

equation [14] with the conduction heat transfer in a tube, it is 

found the maximum allowable heat flux to the tube (qo,lim) as a 

function of: ultimate tensile strength (UTS), that is one third of 

the TS according to ASME Code [15], Young’s modulus (E), 

Poisson’s ratio (ν), coefficient of thermal expansion (γ), 

thermal conductivity (TC), and tube diameters. 
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Once the qo,lim is gained with Equation (3), the flux density 

limit incident on the receiver (Flim,strs) comes from adding 

radiation and convection losses at the crown of the tube, 

respectively using Stefan-Boltzmann law and Siebers & 

Kraabel correlation [16]. For the same 625 tube as in previous 

subsection, depending on outer tube temperature (To) Fig. 4 

represents both the maximum allowable heat flux in dotted line 

and the flux density limit in solid line. The allowable flux 

density because of thermal stress (AFDstrs) is actually found in 

the intersection between incident flux profile and Flim,strs. This 

results into a rather horizontal AFDstrs profile for each receiver 

panel. 

 

Fig. 4. Limits by thermal stress: incident flux density (solid 

line) and absorbed heat flux (dotted). 

4. Results 

For the below described case study SPT plant, this Section 

exemplifies the achievement of the aiming strategy. Results for 

selected instants of time are presented.  

4.1 Case study 

Dunhuang 10 MWe is SPT plant located in China at 40.08º 

north latitude. The surrounding field consisting of 1525 

heliostat is outlined in Fig. 5; rows are coloured as a function of 

distance to the receiver for the sake of heliostat identification in 

the aiming maps. 

 

Fig. 5. Layout of Dunhuang 10 MWe heliostat field. 

The molten salt cylindrical receiver consists of 18 panels, as 



    

labelled in Fig. 6. The Figure also represents the 37 aim levels 

considered throughout this work. 

 
Fig. 6. Dunhuang 10 MWe receiver geometry  

and aim levels. 

Tube material is assumed to be alloy 625. Outer and inner tube 

diameters are respectively considered as 25 and 22 mm. Table 1 

summarizes the parameters of Dunhuang 10 MWe plant. 

Parameter Value Comments 

Number of heliostats 1525  

Heliostat mirror area 115.7 m2 Square shape 

Tower optical height 121 m  

Receiver diameter(D)/height(H) 7.3 / 9.2 m  

Number of panels 18  

Number of flowpaths 2 No crossover 

Tube material Inconel 625  

Tube diameter(do)/thickness(th) 25 / 1.5 mm Assumed 

Table 1. Design parameters of Dunhuang 10 MWe  

Solar Power Tower plant. 

4.2 Aiming process 

For the 37 aim levels considered, the feasible number of aiming 

combinations is 371525. If all the heliostats in the same row-

sector point to the same aim level, the possibilities are still 

37390; not practical for an exhaustive search. 

Putting in action the search algorithm, for Dunhuang at 

summers solstice noon, Fig. 7 illustrates the selection of k 

factors after running the sweep routine. As a result, aiming 

factor is higher (lower spillage loss) in the last panels than in 

the first ones. The Figure shows the flux density profiles for all 

the swept k factors. The blue highlighted profiles meet both 

AFD limits, coloured in magenta and red for thermal stress and 

corrosion, respectively. 

 

Fig. 7. Sweep process of aiming factors. Profiles of flux 

density throughout west flowpath 

 at summer solstice noon; DNI = 935 W/m2. 

The second algorithm, finally selects the heliostat row-sector 

aim levels to accommodate the flux density profile to the AFD 

limit. Fig. 8 shows the addition of the flux profiles by each 

heliostat row-sector; where the heliostat colour coding follows 

that in layout Fig. 5. 

 

Fig. 8. Fitting process. Top: AFD and profiles of flux 

density (colors of heliostat rows added).  

Bottom: profiles of molten salt and film temperatures. 

West flowpath of Dunhuang at summer solstice noon. 

4.3. Aiming maps 

For Dunhuang 10 plant, this subsection shows the optimized 

aiming resulting from the proposed strategy. It is considered 

9:00 hour solar time in summer solstice and equinox. 



    

 

Fig. 9. Flux map and heliostat aim points at 9:00 summer solstice; DNI = 880 W/m2. 

 

Fig. 10. Top: Profiles of flux density and AFD. Bottom: profiles of molten salt and film temperatures  

for each flowpath. Dunhuang at 9:00 summer solstice. 

At 9:00 summer solstice (DNI=880 W/m2, from Hottel clear 

sky model [17]), Fig. 9 displays on the receiver surface the aim 

points represented by circles coloured according to the code in 

layout Fig. 5. Recall that only vertical displacement of the 

heliostat aim point is considered; i.e. reflected main rays are 

coplanar with receiver central axis. The grayscale contour map 

in the back represents the flux densities according to the 

colorbar scale. It is worth noting that for the last panels of each 

flowpath, the aiming preference is towards the panel entrance 

of the salt, where the AFD limit is higher. 

Fig. 10 (top) shows the profiles of flux density (F) as well as 

the AFD limit in red. Horizontal AFD sections (first panels) 

remind thermal stress predominance over corrosion constraint. 

In central panels of the east receiver side, aiming to the receiver 

equator (k=3), is enough for F flux profile not to reach the AFD 

limit. Contrarily, in the most irradiated west panels, the aiming 

factor must be reduced to fit the AFD limit, specially the last 

panels. The bottom part of the Figure displays the evolution of 

molten salt temperature (black line) along each flowpath, as 

well as the maximum film temperature Tf (blue line). It is 

proved that the corrosion limiting temperature, marked in red 

(Tf,lim = 610 ºC), is not surpassed at any time. As expected the 

mass flow rate is larger in the most irradiated side (west). 

Table 2 summarizes the key performance indicators of this 

aiming strategy compared to unreliable equatorial aiming. For 

instance, the intercept factor is decreased in less than 2 

percentage points, but the receiver structural integrity is 

ensured. The peak flux is reduced from 1410 to 1053 kW/m2. 



    

Parameter Equatorial Aiming 

Maximum flux density, kW/m2 1410 1053 

Intercept factor, % 90.95 89.2 

Field efficiency, % 66.3 64.9 

Maximum film temperature, ºC 678.5 609.7 

Heat absorbed by the receiver, MW 79.86 77.55 

Mass flow rate east/west, kg/s 1.69 / 2.20 1.66 / 2.12 

Table 2. Equatorial versus optimized aiming strategy for 

Dunhuang at 9:00 summer solstice; DNI = 880 W/m2. 

For equinox day at 9:00 (DNI=824 W/m2), Fig. 11 and Fig. 12 

correspondingly show the aiming map and the profiles. Because 

of lower DNI and higher cosine losses, it results a slightly less 

scattered (more equatorial) aiming than in summer solstice. 

Parameter Equatorial Aiming 

Maximum flux density, kW/m2 1324 1061 

Intercept factor, % 90.1 88.9 

Field efficiency, % 62.9 61.9 

Maximum film temperature, ºC 668.9 608.4 

Heat absorbed by the receiver, MW 70.3 68.8 

Mass flow rate east/west, kg/s 1.46 / 1.97 1.44 / 1.91 

Table 3. Equatorial versus optimized aiming strategy for 

Dunhuang at 9:00 equinox; DNI = 824 W/m2. 

For the same reason, receiver output is smaller in the equinox: 

69 vs. 78 (summer solstice) MWth. Comparison of results with 

equatorial aiming is specified in Table 3. Again, spillage loss is 

increased in only 1 percentage point. 

 
Fig. 11. Flux map and heliostat aim points at 9:00 equinox; DNI = 824 W/m2. 

 
Fig. 12. Top: Profiles of flux density and AFD. Bottom: profiles of molten salt and film temperatures  

for each flowpath. Dunhuang at 9:00 equinox. 



    

5. Conclusions 

A model to automatically determine the heliostat aim points in 

a molten salt cylindrical receiver was presented. Its 

performance was exemplified with Dunhuang 10 MWe plant.  

The model, consisting of two iterative algorithms, meets the 

twofold goal: 

 Maximize the receiver thermal output, and 

 Protect the receiver from damage. 

Corrosion and thermal stress constraints were translated into 

allowable flux density (AFD) limits, tractable by the automated 

aiming strategy. 

Compared to single aiming, unreliable most of the time, the 

spillage loss increases no more than 2 percentage points; 

nonetheless, the receiver integrity is ensured. 

The model takes less than 2 minutes to find out the optimum 

aim points, making it suitable for real-time operation of 

heliostat fields. 
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