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Abstract 

Solar concentrating techniques or concentrated solar power have been extensively used for 

sustainable electricity production on a global scale. The objective of this study was based on 

developing a computational technique to investigate a unit module of the floating solar island in 

Ras Al Khaimah, United Arab Emirates. The research was carried out in conjunction with 

CSEM-UAE. Temperature profile along the tubular absorber pipe of a concentrating solar power 

module was studied along with the power curve for static and dynamic external distribution 

across the wireframe structure of the platform section. Scaled computer aided designs were 

established of the test module highlighting the accurate mirror angles and other detailed sub-

assemblies. The solar ray tracing technique along with the semi-implicit pressure-velocity 

algorithm was used for the CFD simulation. The initial findings of the research confirmed the 

highest solar efficiency of the module having the original mirror angles with a decreasing 

temperature gradient obtained with increasing tilt angles respectively. The research further 

evaluated the direct relationship between the dynamic wind speeds and pressures on the 

deflection pattern of the test module. 

Keywords:   

Computational fluid dynamics, finite element analysis, solar island, solar tracker, tilt angle, 

temperature profile 
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1. INTRODUCTION 

Almost every form of renewable energy depends directly or indirectly on incoming solar 

radiation. Approximately, 70% is obtainable for use on Earth’s surface with 30% being reflected 

back into space. Radiation from the sun can be transformed into useful energy directly, using 

various advanced technologies. Absorbed in solar collectors, it can meet space heating or hot 

water requirements efficiently. Modern buildings can also be planned with passive solar features 

that augment the contribution of solar energy to their space heating and lighting requirements 

respectively. Techniques of solar thermal power generation and active solar heating systems 

have proven to be largely feasible as well as cost effective on a global level. For example, 80% 

of residential buildings in Israel have solar heating systems. [1].  

Precise evaluation of the global solar radiation is one of the most important input information to 

predict the short-term and long-term potential of a region in utilizing renewable solar energy 

applications such as solar thermal systems and photovoltaics. Unfortunately, solar radiation 

capacities are not easily accessible for most developing countries due to the high capital 

investment involved in the measuring instruments and techniques. However, different apposite 

methods based on meteorological and empirical data are in operation globally for accurate 

evaluation and recording of statistics for global solar radiation in order to estimate the overall 

performance of solar energy devices [2]. Global solar radiation varies from one region to the 

other and comprehensive data collection has resulted in many mean irradiance models which are 

now widely referred for the purpose of utilizing solar thermal energy.  

While thermal power generation systems provide broad scope for clean energy, low fossil fuel 

prices worldwide have greatly reduced the interest in the level of investments in the technology 

in contrast to the incessant enthusiasm for photovoltaic technology since it has to potential to 

operate on both direct and diffuse radiation as compared to solar thermal power plants that 

require only direct irradiance for its modus operandi. However, together with the high capital 

investment involved in implementing photovoltaic systems and based on the global climatic 

model, economically viable regions that provide large scope for utilizing concentrated solar 

power are increasing as displayed in Figure 1 [3]. 

 

Figure 1 Economically viable regions for concentrated solar power (highlighted in color) [3] 
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Concentrated solar power or solar concentrating techniques have been extensively used for 

renewable electricity generation. These active solar heating systems comprise of mirrors or 

lenses to focus the sunlight onto the receiver for power generation in the form of electricity from 

photovoltaic surfaces or a small to medium scale power plant. For applications that require low 

temperature collection, flat plate water collectors are in utilized globally with high absorptive 

rates and minimal losses. For medium to high temperature collection, more advanced 

technologies are in operation which includes power towers and parabolic trough and dish 

concentrator systems which focus the sunlight on to a pipe in order to heat the water to steam for 

power generation. However, concentrated solar power systems can be utilized for a range of 

purposes depending upon the energy conversion requirements, electricity or heat. Figures 2 and 3 

illustrate the applications that can be operated by utilizing concentrated solar power systems. 
 

 

Figure 2 Applications for concentrated solar power systems [3] 

 

Figure 3 Temperature collection devices: (a) flat plate water collector (b) parabolic trough (c) 

parabolic dish 
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Common optical devices used for the purpose of active solar heating or thermal power 

generation are mirrors or reflectors which are prepared to institute a point focus or a line focus 

form. In line focus form, the reflection is concentrated on the receiver and the collector generally 

faces south and tracks the sun in elevation. This is dissimilar to a point focus form where the 

reflection is concentrated on a boiler in the centre of the mirror; hence the tracking of sun 

includes both the elevation and the azimuth for optimal performances.  

1.1 Floating solar island concept 

The Swiss Center for Electronics and Micro-technology (CSEM) is a private research and 

development center that specializes in various fields of science. CSEM formed a joint venture 

with Ras Al Khaimah Investment Authority to conduct further research on their patented solar 

island concept for the purposes of producing electricity, using solar linear Fresnel concentrating 

technology. The proposed idea of solar islands is currently being developed in Ras Al Khaimah, 

United Arab Emirates by CSEM-UAE [4]. The artificial islands are circular in shape with a 

range of diameters extending several kilometers and are programmed to continuously track the 

azimuth of the sun. The basic energy generation principle is based on the utilization of extra-flat 

concentrators that focus sunlight on to the water carrying pipes in order to be converted to steam 

at temperatures ranging between 200-300C to drive the turbine and generate clean electricity. 

Targets of the innovative concept include low cost power generation when compared to 

conventional photovoltaic panels [5].  Figure 4 displays the built structure of the land based 

island. Currently, a land based island of a diameter of 86 meters is under construction in Ras Al 

Khaimah as the initial design. The circular island will be equipped with 68 solar thermal 

modules, each of a size 8m x 8m. The outer ring is designed as a torus of 2m height, made out of 

6mm thick steel. To minimize external costs, the islands use flat mirrors to form a Fresnel 

reflector. The concentrators are mounted on a horizontal rotating platform to track the azimuth. 

Hydrodynamic motors are utilized to ensure the simple turning of the platform.  

 

Figure 4 Land based solar island with a diameter of 86 meters [4]. 
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Figure 5 displays the unit solar collector module along with the dummy loads obtained from the 

CSEM base. In order to maintain the horizontal stability of the entire structure under external 

loading, a total of 44 steel cables are spanned in a grid of 4m x 4m and subjected to a pretension 

of 20kN each. The estimated peak power output of the prototype is expected to be approximately 

1MW with the annual energy production expected to reach 2.2GWh [5]. 

  

Figure 5 Solar Island structure a) full-scale unit test module b) Dummy loads for estimated load 

testing [Image courtesy CSEM-UAE] 

The floating platform is a pneumatic stabilized platform (PSP); the technology is used in very 

large floating platforms (VLFS). The pneumatic platform uses indirect displacement, where the 

platform rests on a volume of trapped air. The platform floats with the assistance of the force 

applied by the air pressure acting on the underside of the platform. The PSP is composed of a 

number of cylindrical shaped components packed together to form a module. The Solar Island 

bypasses the smaller cylinders and has only one large volume of air trapped under the platform. 

The overpressure (of approximately 0.1bar) applied by the trapped air, gives the membrane 

stiffness and therefore results in structural rigidity; which allows loading on the membrane. The 

schematic of the floating technique is displayed in Figure 6 

 

Figure 6 Schematic of the utilized floating technique [4] 
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The concentration of solar light on to the pipe is accomplished by using Fresnel reflectors. 

Fresnel reflectors are flat panels composed of many thin flat mirrors; each mirror is angle so that 

it reflects the sunlight onto the pipe to heat the working fluid. The Solar Island optimizes its 

energy collection by tracking the sun; the tracking system follows the sun along the horizontal 

azimuth. The tracking system has an accuracy of 0.02°. 

Concentrating Solar Power (CSP) generation is a proven and tested renewable energy technology 

with a potential of becoming the only technological framework that is feasible and highly 

productive in the future. CSP designs should not be confused with photovoltaic solar panels, 

where solar power is directly converted to electricity without the use of steam turbines. The aim 

is to heat up water/steam to an approximate temperature and pressure of 320 C and 40 bar, to be 

able to work the steam for electricity generation 

2. PREVIOUS RELATED WORK 

Studies associated to systems functioning on solar energy for producing renewable power are on 

the increase. Following is a brief assessment of preceding work related to this study. 

Pancotti [6] carried out work to analyze the behaviors of optical or flat mirror concentrators. 

Various simulation models were developed and compared with the experimental data in order to 

accurately compute the distribution of irradiance on the absorber of a particular concentrator. 

The study described an advanced algorithm to carry out precise simulation with minimal time-

consumption and noise. Clifford and Eastwood [7] studied the performance analysis novel 

passive solar tracking device. The work generated computer models in comparison with 

experiments on a scaled prototype of the device using two bimetallic strips controlled by a 

viscous damper. The results confirmed a rise in the efficiency of conventional solar panel by 

23% over its fixed counterparts in suitable equatorial locations. 

Singh et al [8] investigated the thermal efficiency of a linear Fresnel reflecting solar device for 

heating water with varying absorber pipe dimensions using an experimental technique. The 

concentration ratios were altered to study the thermal performance of the trapezoidal cavity 

absorbers. The results revealed that there was a significant decrease in thermal efficiency with 

the increase of concentration ratio of the Fresnel reflecting collector. Moreover, the efficiency of 

the round pipe absorber was 8% higher than the rectangular pipe absorber. 

Azoumah et al [9] carried out critical analysis for appropriate application of installing 

concentrating solar power plants in Burkina Faso. The work included careful study of the 

regional climatic conditions along with pertinent electricity costs to provide guiding principles in 

suitable site selection. The study concluded that sites with mean daily solar radiation in excess of 

5.5kWh/m2 present excellent scope for implementing concentrating solar power plants.  

Shademan and Hangan [10] performed Computational Fluid Dynamics (CFD) simulations to 

estimate the drag force effects due to wind loads for various wind directions on stand-alone and 
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arrayed solar panels. Simulations were carried out for Reynolds number at different azimuthal 

and inclination angles. The angles of wind attack on the downstream body of solar panels were 

also considered. The governing equations were the Reynolds Navier Stokes equations. The final 

analysis concluded that the minimum drag coefficient for the downstream body happens when 

the set of panels are placed at a specific distance between each other.  

Fan et al [11] theoretically and experimentally investigated the flow and temperature distribution 

in a solar collector panel with an absorber consisting of horizontally inclined strips. The 

computational study of the fluid flow and heat transfer in the collector panel were analyzed using 

(CFD). The temperatures measured from the backside of the absorber tubes were then compared 

to the temperatures determined by the CFD model. During the CFD analysis different operating 

conditions were considered .The results showed by increasing the collector tilt the flow 

distribution gets worse resulting in an increased temperature and a risk of boiling in the upper 

part of the collector panel.  

Meroney and Neff [12] presented the results of a hybrid numerical and physical model program 

to predict wind loads on photo-voltaic collector arrays. Numerical calculations of wind loads on 

solar photovoltaic collectors were used to estimate drag and lift of different collector support 

systems. These results were compared with measurement tests obtained during wind tunnel 

experiments. The numerical procedure employed turbulence models such as k-epsilon and k-

omega to predict loads. The CFD calculations were confirmed by experimental procedures in 

wind tunnel tests.  

Chung et al [13] focused on the reduction of wind uplift by incorporating a guide plate onto a 

solar panel. The guide plate faced the flow direction at 90degrees respectively and was 

connected to the front edge of the flat panel. The addition of a guide plate resulted in reduction in 

uplift with the projected area of the guide plate on the tilt flat panel. Skeiker [14] investigated the 

amount of solar radiation absorbed by a PV panel is affected by its tilt angle with the horizon. 

This is because the variation in the tilt angle changes the amount of solar radiation reaching the 

solar panel's surface. If the tilt angle is not optimum, the performance of the solar collector 

decreases dramatically. A mathematical set of equations , from solar engineering applications , 

were used to estimate the maximum amount of solar radiation absorbed on a solar panel with 

respect to its tilted surface and orientation. The calculated results revealed that changing the tilt 

angle 12 times in a year, by using the monthly optimum, absorbs the maximum amount of solar 

radiation onto the solar panel. This achieves an overall yearly gain of 30% in solar radiation 

compared to a solar collector fixed on a horizontal surface.  

Mehleri et al [15] investigated the optimum angle and orientation of solar photo-voltaic arrays in 

order to maximize solar irradiation exposure onto the solar cells. The proposed method uses both 

well-established models from reviewed literature and data collected from the area where the 

photovoltaic panels will be installed. Initially, the recorded site data is used in order to select the 

most accurate, among several isotropic and anisotropic models for predicting diffuse solar 
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irradiance on inclined surfaces. The recorded data and the chosen model is then used to construct 

a database that contains the averages of the hourly global solar irradiance on tilted surfaces over 

specific periods of time, for 6 various tilt angles and orientations. In conclusion, a set of 

equations are formulated, aiming to numerically calculate the optimum values of tilt angles and 

orientation. Tang and Wu [16] focused on a simple mathematical procedure for the estimation of 

the optimal tilt angle of a collector based on the monthly solar radiation. The comparison 

between the optimal tilt angle of collectors obtained mathematically and that from the actual 

monthly diffuse radiation showed that this method provides an accurate estimation, except for 

places with considerably lower weather conditions. For a fixed solar collector allocated for use in 

a specific period, such as the summer months, the optimal tilt angle can be calculated by using a 

certain set of reviewed equations and numerical procedure.  

Gunerhan and Hepbasli [17] investigated the optimum tilt angle of solar collectors for building 

applications. The optimum angle was calculated by searching for values at which the total 

radiation on the collector surface is a maximum for a particular day or period. The methodology 

used to calculate the amount of solar radiation absorbed on a tilted surface was performed by 

constructing a Fortan 90 computer to calculate a set of equations. In this regard, the calculations 

were made for a solar collector south oriented for 365 days in Izmir, Turkey. The results showed 

that in order to increase the efficiency of solar collectors, it is recommended that, the solar 

collector be mounted at the monthly average tilt angle and adjusted once a month.  

Kacira et al [18] studied the performance of a photovoltaic (PV) panel in relation to its 

orientation and tilt angle with the horizontal plane. These two parameters affect the amount of 

solar energy received by the surface of the PV panel. A mathematical model and computer 

package was developed to estimate the total solar radiation on the tilted PV surface, and to 

determine optimum tilt angles for the PV panel. The optimum tilt angles were determined by 

applying the mathematical model and computer package developed to search for values of angles 

for which the total radiation on the PV surface was maximum for a specific period studied. The 

results showed a daily average gain of 29.3% in total solar radiation for a fixed panel and a daily 

average of 34.6% gain in generated power with two-axis solar tracking panel.  

Yang et al [19] studied the efficient ray-tracing method of the basis for computer-aided design 

and mainly used for the analysis of illumination optical systems, with the sampling of hundreds 

of thousands of rays to achieve accurate results. Trigonometric formulas were inserted to 

calculate the direction cosines of the surface normal at the intersection point, so that the direction 

cosines of the reflected ray can be obtained. The experimental results showed that the scheme 

proposed in this paper is possible and can perform ray-tracing through free-form reflectors with 

excellent efficiency, and is suitable for use in 3D CAD software.  

Hartley et al [20] optimized the tilt angle of a solar collector for the purpose of maximizing the 

amount of solar irradiation. Experimental data was initially collected on site to determine the 

amount of solar irradiation landing on the vertical surface of a solar collector. The use of the Hay 
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Model was then implemented to predict the optimum tilt angle of the solar collector. The 

calculated results were then verified with experimental results preformed and it was found that 

the Hay Model is accurate in predicting the optimum tilt angle. It was also found that the 

optimum angle should be changed once a month versus changing it daily to get maximum solar 

absorption onto the solar collector over a one year period. 

Leutz and Annen [21] investigated the yearly solar energy collection efficiency of stationary 

solar concentrators that can be evaluated using reverse ray-tracing method combined with a solar 

radiation model. In reverse ray-tracing, rays landing at the receiver of the solar concentrator are 

traced to the surroundings. This method allows for the evaluation of the amount of absolute 

energy collected so that newly implemented concentrators may be further optimized in regards to 

location and tilt. This method proved to be fast and accurate and can be modified for 

concentrators for variable tilt. Sootha and Negib [22] preformed a comparative study of the 

optical designs and solar flux concentrating characteristic for two different designs of linear 

Fresnel reflector (LFR) solar concentrators using two approaches for a tubular absorber 

configuration. For each LFR design, the analysis was conducted by determining the local 

concentration ratio on the surface of the tubular absorber with the application of the ray trace 

technique using Computational Fluid Dynamics software. The results to illustrate the 

performance of the two designs were then graphically represented and compared. 

Mousazadeh et al [23] carried out a review on the sun-tracking mechanisms for efficient solar 

systems. In this review, various sun tracking methods were studied and optimization methods 

were analyzed. The diurnal and seasonal movement of the earth affects the radiation intensity 

available for harnessing. Sun-trackers move the solar systems to compensate for these changes in 

angles, keeping the optimum orientation relative to the sun. Although using sun-tracker is not 

essential, its use can boost the collected energy 10–100% based on time and geographical 

conditions. However, it is not suggested to use tracking system for small solar panels due to the 

high energy losses in the driving systems. It is found that the power expenditure by tracking 

device is 2–3% of the increased energy. The most efficient and popular sun-tracking device was 

found to be in the form of polar-axis and azimuth/elevation system. The tracker used in the solar 

island is an active sun-tracking system, Major active trackers can be categorized as 

microprocessor and electro-optical sensor based, PC controlled date and time based, auxiliary 

bifacial solar cell based and a combination of these three systems. Electro-optical solar trackers 

are usually composed of at least one pair of anti-parallel connected photo-resistors or PV solar 

cells which are, by equal intensity of illumination of both elements, electrically balanced so that 

there is either no or negligible control signal on a driving motor. In auxiliary bifacial solar cell, 

the bifacial solar cell senses and drives the system to the desired position and in PC controlled 

date and time based; a PC calculates the sun positions with respect to date and time with 

algorithms and create signals for the system control.  

Solar concentrator systems use the microprocessor and electro-optical tracking system due to the 

high accuracy the system requires. In this type, by differential lighting of electro-optical sensors 
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differential control signal occurs which is used to drive the motor and to direct the apparatus in 

such a direction where illumination of electro-optical sensors become equal and balance. In 

addition, the photodiodes can be mounted on tilted planes in order to increase the photocurrent 

sensitivity and, very commonly in concentrator PV applications; the shading device is presented 

as a collimating tube which prevents diffuse irradiation from entering the sensor and masking a 

precise measurement of the sun alignment position.  

Further research on pneumatic tracking platforms include work carried out Cheung et al [24]. 

This investigation describes a numerical approach to model the dynamic response of a pneumatic 

floating platform, and the laboratory experiments and parametric study to verify the numerical 

results. The pneumatic platform is composed of an array of open-bottom vertical cylinders 

trapping pressurized air that displaces the water. The cylinder diameter is assumed to be small 

compared to the wavelength and the water inside each cylinder oscillates as a piston. A 

pneumatic floating platform utilizes indirect displacement, in which the platform has an open 

bottom trapping pressurized air that displaces the water. The floating force to carry the weight of 

the structure is provided by air pressure acting on the underside of the deck. The trapped air 

introduces a compressible element between the platform and the water that might modify the 

dynamic properties of the system. The dynamic response of the pneumatic platform can be quite 

sensitive to the air-pocket factor over a range of wave periods. For long wave periods, dynamic 

effects are not important and the results obtained using different air-pocket factors exhibit similar 

trend showing the convergence of the numerical model. The air and water columns also act as 

cushions in reducing the hydrodynamic load 5 on the structure. Thus a properly tuned pneumatic 

platform will be an attractive design concept for large floating platforms or wave energy 

absorption devices. 

The objective of this present study is divided into two distinct research methodologies with the 

primary aim related to optimizing the flat mirror angles for best solar efficiency patterns and the 

secondary purpose being structural analysis in relation to the output response of the island with 

respect to varying wind loads. The above mentioned previous related work was aimed at gaining 

an insight on solar collectors along with its respective tracking mechanisms and to find a number 

of methods to determine solar related applications such as the optimum tilt angle for solar panels 

for maximum solar radiation to be achieved. A number of reports applied several models based 

on the principles of solar engineering to theoretically calculate the optimum tilt angle of an 

inclined solar panel to achieve maximum solar radiation. Computation was carried out by authors 

to determine the effects of wind on a tilted surface and to analyze the temperature distribution on 

a solar collector. Among several implemented techniques, reverse-ray tracing was used to track 

the movement of reflected rays from a solar concentrator for efficiency purposes.  
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3. CONCEPTUAL DESIGN OF THE UNIT TEST MODULE 

The three-dimensional scaled model of an individual solar test module was designed using the 

Solid-Works commercial software package. The design dimensions were 8,000mm by 8,000mm 

and comprised of the required 59 flat-plate mirrors at respective angles of inclination on either 

side of the module bed. The diameter of the absorber pipe was 101.6mm and was situated at 

4000mm from the ground level.  

Figure 7 displays the isometric view of the solar module prototype showing all the necessary 

sub-assembly of joints and hinges included in the design. Figure 8 displays the side view of the 

solar module prototype along with the overall dimensions that need to be mentioned. The solar 

module is symmetrical, so the number of mirrors and tilt angles are the same on each side of the 

solar module. 

 

Figure 7 Front View of 3D CAD Solar Module Prototype 

 

Figure 8 Side View of 3D CAD solar module prototype 
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3.1 Computational Fluid Dynamics for analysis of the scaled design 

The scaled design was analyzed for ray tracing using the ANSYS v12.1 commercial code. The 

model was imported directly and an enclosure created to provide the macro-climate. The 

enclosure was set with boundary walls of the macroclimate (the flow domain) at 2.5 times the 

distance from the design. The primary component of software used was the Solar Load Model, 

which is applied to calculate radiation effects from the sun's rays that enter a regional domain. 

The Solar Ray Tracing model was enabled for the simulation. The solar ray tracing approach is 

extremely efficient and practical in applying solar loads as heat sources in the energy equations. 

All the necessary calculations required in regards to the amount of solar radiation emitted by the 

sun onto the inclined mirrors was done with the use of a available Solar Calculator which is an 

integrated option within the solar load model that is used to construct the suns location in the sky 

for a given date, time and location. The boundary conditions used for the analysis are displayed 

in Table 1. 

Table 1 Boundary conditions and material properties for the computational simulation 

Boundary Conditions 

Radiation Model Roseland 

Solar Load Model Solar Ray Tracing 

Viscous Model k-epsilon standard wall conditions 

Energy Equation Applicable Bernoulli’s Principle 

Solar Irradiation Method Fair Weather Conditions 

Longitude 55.95 

Latitude 25.78 

GMT 4 

Time of year 21st June , 1pm 

Sunshine Fraction 1 

Spectral Fraction 0.85 

Direct Solar Irradiation (at earth’s surface) 1015 W/m
2
 

Diffuse Solar Irradiation (Vertical) 67.03 W/m
2
 

Diffuse Solar Irradiation (Horizontal) 60.89 W/m
2
 

Ground Reflected Solar Irradiation 87.35 W/m
2
 

Mirror Properties 

Material - Mirror 96% Silica Glass 

Characteristics Semi-transparent 

Refractive Index 1.48 

Density 2180 kg/m
3
 

Cp (Specific Heat) 750 J/kgK 

Thermal Conductivity 1.38 W/mK 

External Emissivity 0.87 

Transimitivity 0.1 

Diffusivity 0.1 

Reflectivity 0.8 

Absorber Pipe Properties 

Material -Pipe Copper 

Characteristics Opaque 

Absorbivity 1 

Boiling Point 1400 C 

Density 5400 kg/m
3
 

Cp (Specific Heat ) 0.45 J/gC 

Thermal Conductivity 400 W/mK 
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3.2 Finite Element structural analysis of the scaled design

The ABAQUS 6.8.2 commercial software package was utilized for analyzing the structural 

behavior of the test module 

Finite Element Analysis (FEA

mentioned CFD analysis. The mesh size of the model, was changed to finer sizes to get more 

accurate results, was controlled by changing the global size from 16 to 2; each time the size was 

reduced by a factor of 2. The results from the CFD (i.e.

dynamic wind loading which 

model (i.e. the bottom face of the 3 I

is illustrated in Figures 9 and 

displacement) so that the deflection will be in such a way that it would affect the performance of 

the module in terms of power output. The mesh type taken for FEA was the 

which is considered to be a more accurate meshing type for bending analysis.

Figure 

Figure 10 Static boundary conditions highlighting the external wind loads
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Finite Element structural analysis of the scaled design 

commercial software package was utilized for analyzing the structural 

 under external variable wind loads and dynamic pressures.

FEA) was performed based on the results obtained from the 

CFD analysis. The mesh size of the model, was changed to finer sizes to get more 

accurate results, was controlled by changing the global size from 16 to 2; each time the size was 

reduced by a factor of 2. The results from the CFD (i.e. ground pressure results) were used as the 

dynamic wind loading which was applied as a pressure on the bottom most faces of the CAD 

model (i.e. the bottom face of the 3 I-beams at the bottom). As for the boundary condition, which 

and 10 below, the outward face was locked (i.e. static with zero 

displacement) so that the deflection will be in such a way that it would affect the performance of 

the module in terms of power output. The mesh type taken for FEA was the 

which is considered to be a more accurate meshing type for bending analysis.

Figure 9 Ground pressure loading on FEA model 

Static boundary conditions highlighting the external wind loads

Solar Islands in the United Arab Emirates 
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commercial software package was utilized for analyzing the structural 

wind loads and dynamic pressures. The 

was performed based on the results obtained from the previously 

CFD analysis. The mesh size of the model, was changed to finer sizes to get more 

accurate results, was controlled by changing the global size from 16 to 2; each time the size was 

ground pressure results) were used as the 

was applied as a pressure on the bottom most faces of the CAD 

beams at the bottom). As for the boundary condition, which 

below, the outward face was locked (i.e. static with zero 

displacement) so that the deflection will be in such a way that it would affect the performance of 

the module in terms of power output. The mesh type taken for FEA was the Tetrahedron Mesh, 

which is considered to be a more accurate meshing type for bending analysis. 

 

 

Static boundary conditions highlighting the external wind loads 
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The CFD meshed model comprised of 345,813 nodes with d

relevance center. The minimum edge length was 7.819

transition matrix set as coarse and fast respectively.

structure was modeled as Structural Steel for the simulation. The 

Implicit Method for Pressure-

method to determine the pressure an

4. RESULTS 

4.1 Solar ray tracing simulation

In order to determine the optimum tilt angles of the solar module, 

drawn summarized in three major cases mentioned in the following:

Case 1: Original tilt angles of solar module provided by CSEM. 

Case 2: Mirror tilt angles increased by five degrees 

Case 3: Mirror tilt angles decreased by one degree 

The geometry of the mirrors was the only 

that it would be the only factor that would cause disturbance 

absorbing pipe. The obtained temperature contours are displ

 

Figure 11
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The CFD meshed model comprised of 345,813 nodes with default element sizes with minimum 

relevance center. The minimum edge length was 7.819�10-4m while the span angle center and 

transition matrix set as coarse and fast respectively. Macro fluid was set as air while the solid 

structure was modeled as Structural Steel for the simulation. The Pressure

-Linked Equations (SIMPLE) algorithm was enabled as the solution 

method to determine the pressure and velocity based computational results.

 

imulation  

In order to determine the optimum tilt angles of the solar module, various angular patterns were 

drawn summarized in three major cases mentioned in the following: 

angles of solar module provided by CSEM.  

Case 2: Mirror tilt angles increased by five degrees with respect to original angles 

Case 3: Mirror tilt angles decreased by one degree with respect to original angles

The geometry of the mirrors was the only variable parameter throughout the simulation

nly factor that would cause disturbance in the temperature profile

The obtained temperature contours are displayed below. 

11 Temperature contours along pipe for Case 1
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efault element sizes with minimum 

m while the span angle center and 

fluid was set as air while the solid 

Pressure-Velocity, Semi-

was enabled as the solution 

d velocity based computational results.  

various angular patterns were 

original angles  

to original angles 

throughout the simulation, to insure 

in the temperature profiles along the 

 

ontours along pipe for Case 1 
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Figure 12

 

Figure 13
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12 Temperature contours along pipe for Case 2

13 Temperature contours along pipe for Case 3
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Figure 14 Test module mirror angles for the three simulated cases 

 

 
 

Figure 15 Temperature distributions along the length of the test module 
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4.2 Finite element structural simulation

The maximum wind speed at which the Solar Island is allowed to operate is 20 m/s, based on the 

trend line the ground pressure is expected to be 136

various global mesh sizes to evaluate

 

Table 2 

Wind Speed 

(m/s)  
Pressure (Pa)  

2.0 1.50 

5.0 10.16 

10.0 33.72 

12.4 54.17 

Figure 16 Wind 
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Finite element structural simulation 

The maximum wind speed at which the Solar Island is allowed to operate is 20 m/s, based on the 

trend line the ground pressure is expected to be 136.5 Pa. Table 2 displays the deflections for 

evaluate the accuracy of the simulation. 

Table 2 FEA obtained results for different mesh sizes

Defl. Global 

Size 16 (m)  

Defl. Global 

Size 8 (m)  

Defl. Global

Size 4 (m) 

6.64E-05 0.000165 0.000842 

0.000449 0.001116 0.005685 

0.00149 0.003738 0.018861 

0.002386 0.005931 0.03021 

 

 

 

Wind velocity distribution across the test module
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The maximum wind speed at which the Solar Island is allowed to operate is 20 m/s, based on the 

Table 2 displays the deflections for 

esults for different mesh sizes 

Global 

Size 4 (m)  

Defl. Global 

Size 2 (m)  

 0.001439 

 0.00972 

 0.03225 

0.05166 

 

velocity distribution across the test module 
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Figure 17 Linear deflection variation with increasing ground pressure 

 

 
 

Figure 18 Linear deflection variations with increasing wind velocity 
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5. DISCUSSION 

The primary analysis of the ray trace module was to determine the temperature contours along 

the pipe with respect to different mirror tilt angles to determine the optimum tilt of the mirror for 

the purpose of maximizing the amount of solar irradiation absorbed by the pipe. Figures 11, 12 

and 13 display the obtained temperature contours from the three simulated cases. It is observed 

from the CFD results and interpreted data of the analysis, that the original tilt angles provided by 

CSEM, produced the highest temperature along a single focal length of the absorbing pipe 

compared to the other two cases.  

 

Figure 14 displays the respective mirror tilt angles for the three cases. The increased tilt angles 

by five degrees showed a recorded maximum temperature along two separate focal lengths of the 

pipe. The decreased mirror tilt angles by one degree showed a maximum recorded temperature 

along a shorter focal length but also showed a stable temperature at different focal lengths of the 

pipe and did not continuously vary in temperature along the pipe, as seen in the other two cases. 

The mirrors are at a relatively lower and stable temperature and can be approximated to be close 

to the temperature of the surroundings. This is due to the mirrors low conductivity and high 

specific capacity. In contrast, the material properties of the pipe are the complete opposite to that 

of the mirror, with a high conductivity and low coefficient of specific heat. The interpretation of 

results also shows a major drop in temperature at the middle of the pipe where it is connected to 

the beam. This can be explained by the high conductivity of the beam. The temperature 

concentrated onto that section of the pipe then travels downwards along the beam decreasing the 

temperature at that specific section of the pipe. The temperature range recorded also shows a 

variation in temperature along the pipe, increasing and decreasing in a form similar to a sin graph 

for all three cases. If the temperature along the pipe increased and then decreased from one 

section of the pipe to the other similar to that of an exponential graph, then this would be an 

incorrect interpretation of the results since this is not possible of the solar module to behave and 

the results will appear to be generic and not genuine.  

 

Figure 15 demonstrates the temperature readings across the length of the pipe for the simulated 

cases. As observed, continuous variation is obtained across the horizontal displacement with the 

original mirror angles displaying the highest temperature reading. Previous research in this field 

showed a continuous variation in temperature along the absorbing pipe of both Linear Fresnel 

Concentrators and Parabolic Trough concentrating systems, and so the results produced are 

expected highlighting the accuracy of obtained results. This interpretation shown gives an insight 

into what to expect on the tubular pipe of a solar module at any specific time and day of the year. 

The solar calculator’s time and date can be adjusted for any specific day and the solar module 

prototype can be analyzed to determine the temperature contours along the tubular pipe and the 

results can be used to adjust the design of the module.  
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With respect to the FEA results, a power function relationship was obtained between the ground 

pressure and the wind velocity. The function P = 0.4078v
1.9406

, where P is the pressure In Pa and 

v is the wind velocity in m/s, which has been derived using the trend line utility in Microsoft 

Excel. Using this function ground pressure for any wind speed can be determined. Based on the 

pressure values obtained from the CFD analysis, FEA was performed for the various pressure 

values to obtain the maximum deflection of the test module; for different mesh sizes. Analysis 

for different mesh sizes is necessary because of the difference in results, as can be observed in 

Table 2. The results change by a factor of almost 20, which is quite a large deviation and can 

lead to large inaccuracies. 

 

With reference to Figure 16 the velocity vectors are obtained for air across the test module 

structure. As observed, the velocity profile at the start of the mirror bed is 2.61m/s which is 

significantly higher than the free stream velocity of 2.00m/s respectively, thus confirming the 

effect of dynamic pressure on the structure.  

 

Figure 17 displays the relationship between dynamic ground pressure and linear deflection of the 

test module. As observed in the figure, ground pressure and the deflection have a linear gradient 

defined by the function P = 1045.4∆h; where P is the ground pressure and ∆h is the maximum 

deflection. Similarly, a relationship between from Figure 18 can be derived for the wind speed 

variation and the linear deflection of the test module; the new function is therefore, a power 

function, v = 56.88∆h 
0.5144

, which has been derived using the trend line utility.  

 

6. CONCLUSION 

The investigation demonstrated the broad scope of using computational analysis on the 

conceptual design of the unit module of the floating solar island. The research was divided into 

two main streams and included ray tracing analysis for determining the optimum mirror tilt 

angles and finite element modeling for structural behavior of the platform at external wind 

loading. 

The average temperature readings along the pipe were calculated using CFD integrated solar 

load simulation. The findings from the study revealed that the average temperature of the 

absorber pipe when at original tilt angles provided by CSEM was 703.1K. The average 

temperature of the pipe when the tilt angles were increased by five degrees with respect to the 

original tilt angles was 578.4K. The average temperature of the absorbing pipe when the tilt 

angle was decreased by one degree with respect to the original tilt angles was 552.7K. Therefore, 

based on the CFD results and the calculations preformed, it was concluded that the original tilt 

angles provided by CSEM were already at optimum values.  
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In addition, this research generated several functions relating external wind velocities and 

dynamic pressured to the inclined deflection of the test module; these functions have shown that 

there is a linear relationship between external conditions and deflection respectively. 
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