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Abstract –The approach for laboratory and field-testing of 

trapezoidal cavity receiver of Linear Fresnel Collector (LFC) 

Module is conceived to characterize its thermal performance. 

Through the laboratory experiments the heat loss per meter of 

the cavity receiver will be plotted and in the field experiments its 

thermal efficiency; performance at different incidence angles and 

optical efficiency will be evaluated. 

I. INTRODUCTION  

With increasing oil prices and pollution countries have 

realized the importance of the renewable and green energy. Of 

all the renewable energy resources available on the earth solar 

energy has the most potential and it provides with more 

energy in one hour than it is consumed in 1 year on the earth 

[4]. Solar energy can be directly utilized to produce electricity 

or indirectly through thermal energy utilization. Photovoltaic 

and concentrated photovoltaic produces direct electricity and 

solar thermal is used for indirect electricity generation.  

 

Solar thermal holds an advantage of storage possibility when 

compared with photovoltaic and Concentrated Photovoltaic 

(CPV). In photovoltaic and CPV, energy can be stored in the 

battery bank. But battery bank are generally very costly and 

needs to be changed every 3 to 5 years depending upon the 

usage.  

 

In Concentrating Solar Power (CSP) technologies, Parabolic 

Trough Collector (PTC) and Solar Tower are the two most 

abundant technologies that are being deployed commercially 

around the world. LFC is a type of CSP technology, composed 

of fixed or tracking flat mirrors that concentrate solar beam 

radiation on a single line. It may be used to produce low 

temperature (150-350° C) direct steam/water. LFC may 

provides with the possibility of getting low Levelized Cost of 

Electricity (LCOE) due to its simple construction, flat shape, 

easy cleaning and better land use than other CSP technologies. 

Furthermore, it may be useful for poly-generation purpose 

(electricity, cooling, and water desalination from the same 

system) that may support reducing LCOE subsequently 

making it more competitive in CSP market. Even though LFC 

providing advantages of low cost structures and efficient land 

usage it has not able to still reach the market on the large scale 

due to the LCOE being still more than PTC and other solar 

thermal technologies. To bring the LCOE of LFC down, the 

cost and efficiency of the collector and receiver plays an 

important role. One of the best example of this would be the 

LFC plant in Solarmundo, Spain which had LCOE of 0.075 

€/kWh compared to the PTC plant in Hurguada which had 

0.0845 €/kWh. The receiver of Solarmmundo had 70 percent 

performance of Siemens UVAC used in Hurguada, Egypt [5]. 

This shows that if the cost of the receiver can be brought down 

even at the cost of the performance the LCOE cost of CSP 

plant can be brought down. Therefore, a tradeoff between the 

investment made in the receiver and the efficiency it gives has 

to be assessed and realized so that the LCOE of LFC can 

further come down. 

 

The research is revolved around developing an experimental 

test rig to evaluate thermal performance of different receiver 

tubes like trapezoidal cavity receiver, evacuated and evacuated 

flat plate collector. It would help select and optimize the 

receiver design on the thermal efficiency and investment trade 

off. Furthermore, it would help compare and judge the 

performance of the actual solar island; a 5000 m² hovering 

platform, which track’s the azimuth of the sun with high 

precision and lifts up to 150 tons of LFC modules, once put 

into operation. 

 

To further define the system a case study in the CSEM-UAE 

was premeditated, in which the preceding prototype design 

was considered in order to comprehend the LFC system and 

the way Linear Fresnel system work practically. Similarly, the 

simulation results from previous studies on different receiver 

tubes thermal performance was studied based on which the 

new prototype is being designed.  
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II. OBJECTIVES 

 

To realize the objectives of the overall project, a suitable 

approach has to be conceived so that the performance 

evaluation can be approximated to the closest possible. 

Identifying the suitable method of approach itself is the most 

important objective of the project. The major objective of the 

overall project is to evaluate the thermal performance of the 

different receiver tubes designed in CSEM-UAE and to 

compare their performance in terms of efficiency and losses. 

To achieve the major objective, a flexible design and 

development of a thermal hydraulic system along with 

common measurement control and data acquisition system has 

to be realized so that different receiver tubes can be evaluated 

one by one in the same test rig. The project also aims to 

evaluate the heat loss of the receiver tubes with cavity inside 

laboratory controlled condition. The tests would help gather 

the data and results for different types of receiver tube along 

with different input conditions.  Both the tests have to be 

superimposed to come to final conclusion regarding 

performance of the different receiver designs. Finally, it would 

help evaluate and compare the thermal performance of the 

different receivers considered and propose the optimum 

receiver tube suitable for Solar Island platform. 

 

III. APPROACH 

 

A theoretical and simulation study on the performance of 

different receiver designs has been accomplished with 

collaboration with the energy department of KTH, The Royal 

Institute of Technology, Sweden, as a master thesis project.  

The research has identified that a bare receiver has a potential 

to loose approximately 70% of collected thermal energy to the 

environment through convection and radiation mechanism at 

an average wind speed of 5 m/s when receiver is placed at 4 

meter height from the collector mirror arrangement at UAE 

ambient climatic condition.  Furthermore, the research has 

identified two important milestones prior to develop a full 

fledge test for direct steam generation (DSG) on the receiver 

tube. The first milestone is that a design of a cavity to protect 

the collected thermal energy is a must to make the whole 

design more efficient. Secondly, a single phase performance 

evaluation of the receiver is the first step to reveal the heat 

transfer behavior of the receiver tube. Considering, these 

requirement, a different approach of evaluating the 

performance of the receiver is conceived whereby heat loss 

test of a model of the receiver tube along with cavity would be 

accomplished in laboratory test with controlled ambient 

condition up to 450 °C.  Finally the result of the heat loss test 

with a model receiver tube along with cavity would be 

superimposed with the thermal performance field test of 

receiver considering single phase circulating water inside the 

receiver tube. In this condition, the operating condition of the 

circulating fluid would not go beyond 120°C and 5 bar 

pressure. It would also help simplify the thermo-hydraulic 

system required for the performance evaluation as it has to 

consider only single phase of water and not the dual phase and 

steam at high temperature and pressure. The final result would 

give a kind of approximate behavior of the receiver tube when 

it is exposed for high temperature steam/water production. 

Such a method gives very precise approximation of the field 

results [6]. Based on the overall result, it would be identified 

that whether it is worth investing for further detail evaluation 

with two phase flow or not.   

 

IV. GENERAL LFC AND CSEM-UAE LFC 

In commercial LFC system, the whole structure is fixed and 

mirror mounted on the collector tracks the altitude of the sun 

and reflects the solar beam radiation on the horizontal receiver 

tube mounted higher than the horizontal mirror plane. The 

receiver tube transfers the solar energy impinged on the 

surface of the tube to the circulating fluid on the tube. In this 

concept, the length of the whole structure is long enough to 

produce and meet the required process heat or power 

generation requirement at certain temperature, pressure and 

flow. A typical commercial LFC system is shown in Figure 1.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: A typical commercially available LFC concentrator 

 

The conceived LFC concentrator system by CSEM-UAE is 

slightly different than the general LFC concentrator available 

commercially. In CSEM-UAE design, the receiver/s would be 

mounted higher on an extra flat LFC module with horizontal 

rotating bed and fixed small extra flat mirrors. The solar beam 

radiation would be tracked by Azimuth rotation of the whole 

structure and it helps solar energy reflects back to the receiver 

placed at higher than the horizontal mirror plane. One module 

is having an approximate length and width of 8 meter each. 

According to the temperature, pressure and flow requirement 

of the steam and/or water for a typical application like power 

generation, solar cooling, solar desalination etc, the number of 

collector modules to be connected in series or in parallel has to 

be defined.  The different LFC concept of CSEM-use is 

evolved because of its applicability in solar Island platform 

which is developed to rotate horizontally. The system is 

shown in Figure 2.  
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Figure 2: CSEM-UAE developed LFC concentrator for solar 

Island Platform 

V. THE PROTOTYPE LFC STRUCTURE AND ITS MAJOR 

COMPONENTS 

Solar Tracker and collector module 

The approach of CSEM-use regarding the LFR systems is a 

quite different concept, by considering a new way of solar 

tracking. The Fresnel mirrors are fixed on a rotating platform 

which can track the sun’s azimuth angle by rotation. The 

whole structure is having a solar tracker that helps orienting 

the Fresnel mirrors in accordance to the position of the sun. 

The prototype structure of the LFC collector module system is 

shown in Figure 3.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: A conceptual design of the tracker structure [1] 

 

The operation of the tracker is based on DC motors 

intelligently controlled by a dedicated drive unit that moves 

the tracker according to the signals from control system using 

Solar Position Algorithm (SPA) and encoder as feedback 

element. Due to the tracking system which will ensure the 

precision of 0.01 degree, it is designed to give an optimum 

performance for the CSP system resulting from the 

maximization of output energy produced through an optimal 

positioning of the tracker. The typical arrangement of mirror 

and receiver with side view can be seen in Figure 4.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Side view of LFR system [2] 

 

 

Cavity 

Figure 5 shows the cavity receiver to be tested.  

 

  

 

Figure 5: Cavity Design  

 

Receivers 
Four different receiver designs are considered for testing. 

Designs like evacuated tube and evacuated flat plate receivers 

are commercially available and their lab test report for heat 

loss is also available. Therefore, only field testing of these 

receiver tubes are considered. For coaxial and non coaxial 

cylindrical tubes with trapezoidal cavity both heat loss lab test 

and thermal performance evaluation at field has been 

considered.  Table 1 presents a summary of the receiver tubes 

considered for study.  
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Table 1: Types of receiver tubes considered for study 

Receiver Tube Lab Testing Field Testing 

Evacuated Tube  × √ 

Flat plate × √ 

Simple cylindrical 

tube in trapezoidal 

cavity 

√ √ 

Coaxial tube in 

trapezoidal cavity 
√ √ 

 

VI. EXPERIMENTAL SET UP 

 

Laboratory Test 
Heat loss test for coaxial and simple cylindrical tube in 

trapezoidal cavity has been considered for laboratory test. The 

test will be conducted at controlled ambient temperature and 

wind speed condition inside laboratory. 2-meter length cavity 

has been considered. The laboratory setup is made in a way 

that the field behavior of the cavity receiver can be replicated 

when it will be operating. Cartridge heaters will be inserted 

inside the tubes with cavity and heated up to reach required 

temperature. After ensuring steady state condition of the 

temperature the electrical power required to maintain the 

steady condition is measured. The power consumption is 

exactly the heat loss at that temperature. The test has to be 

repeated for different temperatures up to 450°C at constant 

wind speed inside laboratory. The lab setup is explained in 

below Figure 6. 

 

 

 

 

 
 

 

 

Figure 6: Laboratory test set up for heat loss from the receiver 

with cavity 

 

Field Test 
 

10-meter long receiver will be tested in the field. Here water is 

being used as testing fluid. Water is being chosen as test fluid 

as this system is aimed at direct steam generation. Also using 

water as test fluid gives the advantage of simplifying the 

instrumentation and reducing the uncertainty as the 

measurement of specific heat of water is more accurate [2].  

 

The approach over here is similar to the one used at Sandia 

National Laboratories [7]. For the field test the receiver 

response time will be determined. Receiver response time is 

time required by the receiver to stabilize the temperatures and 

the flow conditions. The experimental readings will be taken 

after this receiver response time for next 3 times the receive 

response time for every test. A number of specific tests are 

planned to get complete performance of the receiver tube. The 

planned tests are presented in ensuing paragraphs.  

 

Peak efficiency test: This test will be made at zero incidence 

angels. For this test the water will be supplied at ambient 

temperature and flow rate of 0.2 kg/s at 5 bars.   

 

Peak efficiency test at elevated temperatures: This test needs 

to be done to document the change in the heat loss due to 

increase in the inlet temperature. Due to water being fluid this 

test will be performed at 0.2 kg/s up to 60°C. 

 

Efficiency test at different elevation angle (Incidence angle 

modifier test): Through the efficiency test for different 

elevation angle the incidence angle modifier could be 

calculated as per below formula. This test will be performed 

from 20° to 90° at every 5° step interval. 

 

IAM: Θx°/Θ 90° where x = 20° to 90° 

 

Optical efficiency of receiver: As the heat loss of the receiver 

tube from the laboratory experiment will be know the optical 

efficiency will be determined by below formula. 

 

Total Efficiency = Optical efficiency * Thermal efficiency. 

 

Total efficiency will be determined from the field experiment; 

thermal efficiency from the laboratory setup. The field 

experimental test rig was designed to meet the requirements of 

the experiments. 

 

 

Thermal -Hydraulic Circuit Conceptualization and Design 
 

A mind map was conceptualized in which the design of the 

new water circuit system for the new prototype structure was 

proposed. It involved the overall plan to design a system 

which can control the parameters as required and provide 

solution to collect the data during the experiment. 

 

The experimentation involve the characterization and thermal 

performance of the receiver tube. The design proposed is 

given as follow in Figure 7. It shows the flow of the water in 

the system and the instrumentation required at each point to 

control the system. It can be seen that the testing circuit will 

require tank, pump, control valves, pre heaters, cyclone 

separators and cooling medium 
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Figure 7: Mind Map 

 

 

The hydraulic circuit design for the water loop and 

experimentation involve the tank, pressure pump, control 

valve, heater, receiver tube, pressure transmitter, flow sensors, 

temperature sensors and data acquisition system. 

 

A design point of maximum instantaneous power of 31 kW on 

the receiver tube with 704 W/m
2 

of beam radiation at 90
O
 

elevation of sun has been established considering effective 

mirror area of 44.1m
2
. The whole system has been designed 

considering the above instantaneous thermal power gain from 

the sun. It is the maximum power in the system, the losses and 

efficiency is not being considered.  The thermal energy gain in 

the system by the Linear Fresnel mirrors and the pressure drop 

in the tube will be measured at different flows. 

 

The process Flow 

The process flow will involve tank level being measured by 

the level switch which will allow the transfer pump to transfer 

water from main tank to the buffer tank. The high pressure 

pump will pump the water in the system. Followed by the 

pump discharge there is a flow control valve which will sense 

the flow and will control the flow in the pump according to the 

set value provided. 

 

The high pressure water will get heated up by the electric flow 

heaters which will heat the water instantaneously to the set 

value. After getting heated up by the pre-heater, the preheated 

water will enter the receiver tube, where the inlet and outlet 

pressure and temperature of the water will be sensed and 

recorded at each instant. It will help to collect the data, to 

measure the thermal performance of the tube in the 

environment, measure the efficiency of the module and the 

losses in it and will assist to make charts and figures based on 

the data collected to characterize the tube.  

 

The circulating water that gain heat energy from the mirrors 

through receiver will then go to the main tank where it will be 

cooled down due to large tank size and in this case the 

installation of separate heat exchanger will not be required for 

this characterization. The Prototype plant layout is explained 

based on the figure shown in Figure 8. 

 

 
Figure 8: Layout of the hydraulic circuit 

 

 

Operating Parameters range 

Table 2 presents the operating range of the temperature, flow 

and pressure for the thermal performance evaluation of the 

receiver in the field test. The equipment to be selected and 

designed will be working in this range, and to control the 

parameter the control system will be installed. 

 

 

Table 2: parameter of the experiment 

Pressure [bar] Temperature [°C] Flow [kg/s] 

5 30-120 0.2- 0.5 

 

Heater 

Pre-heater is required to heat the water according to the 

process requirement. In order to test the receiver at different 

inlet condition, the loop has a electric pre heater (flow type) 

which  is controlled by ETH 70 control switch which will 

operate the heater within the set point and with a relay the 

heater will work in a range to protect the heater. A PT 100 

RTD is used to measure the temperature at the heater outlet. 

The formula used to measure the heat energy required in the 

heater is as follows. 

Q = m. (h2-h1) [8] 

 

The temperature change in the system required will be from 

ambient to the 100°C maximum. Hence from the calculation it 

was planned to have a heater with 27kW power so that we can 

vary the inlet condition according to the experiment 

requirement of the flow from 0.2 to 0.5 kg/sec. 

 

Pipe selection 

The selection of pipe was done on the basis of velocity. For 

nominal velocity it was selected as 0.5m/s therefore to 
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maintain the maximum flow of 0.5kg/sec, the formula being 

used is as follows. 

Q=A.V [8] 

The flow is fixed at 0.5kg/sec and the nominal velocity being 

used is 0.5m/s the area in this condition for the whole system 

comes out to be 25 mm diameter pipe. 

 

For the pipeline to be used from the main tank to the buffer 

tank the velocity was considered 0.6m/sec and the flow rate 

was taken twice as the flow of the whole system, therefore the 

flow from main tank to the inlet tank will be faster in order to 

fill the buffer tank at fast pace before it gets empty and to 

protect the pump from running dry. The flow calculated was 

1kg/sec and the pipe diameter to be used comes out to be 40 

mm. The DN 25 and DN 40 pipes are standard stainless steel 

pipes available which will be used. 

 

Due to rotating platform of the structure the main tank will be 

connected to the structure with flexible hoses which can 

follow and turn according to the structure requirement.  

The maximum temperature of the system design was taken as 

120 °C and the pressure as 7 bars; therefore the flexible pipes 

and pipes should be able to sustain these conditions. 

The Reynolds number was used to calculate and to predict the 

type of flow, usually for water the flow is turbulent  

 

 

 [8] 

 

 

Density of water   : 1000 kg/m3 

Velocity of water   : 0.6 m/sec 

The head loss   : 1.5 m 

The hydraulic diameter  : 0.025 m  

Dynamic Viscosity of water : 0.00089 Pa.s 

Reynolds number   : 14044 [Turbulent flow]  

The roughness factor  : 0.015 [SS Pipe] 

 

The pressure drop in the whole circuit will be 1.5 m which can 

be used to calculate the pump design 

 

Pump 

To design the pump for the required pressure according to our 

requirement, it was important to decide the flow required 

which was 0.5 kg/sec maximum in the circuit. The head losses 

in the pipe was calculated to design the pump, the main losses 

are in the pipelines due to friction and to have Reynolds 

number above the laminar flow. The nominal velocity selected 

was 0.5m/sec at 25mm. The overall system required to pump 

the water is 5 bars maximum which will be enough to flow the 

water in the circuit. The pump require to transfer water from 

the main tank will have pressure of 2 bars to push the water in 

the buffer tank.  

 

 

Safety Valve 

The design of the valve involves the pressure design and the 

design of the equipments for the safety the maximum design is 

7 bars therefore to avoid over pressurizing of the system the 

safety valve is designed at 7 bars. The area to be calculated for 

the flow is 26 mm. 

Table 3 shows the calculation of the safety valve design. 

  [8] 

 

Table 3: Safety Valve design 
Valve 

set 

pressure 

(bar)  

Over 

pressure 

(bar)  

 Safety 

valve 

relieving 

pressure 

(bar)  

Tem

p 

(OC)  

Mass 

flow 

(kg/s)  

Area 

require

d (m2)  

Diameter 

(mm)  

7 0.36 7.35 150  0.5  0.0005

7 

 

0.02694 

 

 

Flow Control valve 

The design of the valve is based on the assumption that the 

flow in the circuit will be altered to measure and record the 

change in the system. The design of the system involves the 

flow sensor, controller, actuator and the valve as shown in 

figure 9. 

 

 

 

 

 

 

 

Figure 9: Flow Controller Design 

 

The sensor will sense the flow in the line, which will be fed to 

the controller and the controller will actuate and control the 

valve according to the set value. The design of the system 

involves the design of the actuator, the valve; the formula used 

is as follows. 

Table 4 shows the position of the valve and the corresponding  

water flow in the circuit. 

� �
�
�
			.					��	�	



 [8] 
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Table 4: Valve positions 

Valve Position 

 

Flow rate 

(m
3
/hr) 

0 0.036 

0.1 0.0532 

0.2 0.078722 

0.3 0.116411 

0.4 0.172143 

0.5 0.254558 

0.6 0.37643 

0.7 0.556649 

0.8 0.823149 

0.9 1.217238 

1 1.8 

 

 

 
Figure 10: Chart of flow vs valve opening 

 

The valve has: 

Kv  :  10 

 

The valve flow can be changed and altered according to the 

requirement. As show in Figure 10, the variation of flow in 

equal percentage valve characteristic with constant differential 

pressure where the opening of the valve will increase the flow 

of water in equal proportion. 

VII. DISCUSSION  

 

The prototype design was sized according to the calculation in 

order to realize the real condition at the same time keeping in 

view the constrains and data available. The design has 

considered only single phase flow (water) inside the receiver 

tube. Inlet condition (flow and temperature) will be varied to 

see the performance, losses and efficiency of the tube and the 

concentration efficiency of the linear Fresnel mirrors. The 

results of the thermal performance of the receiver will be 

superimposed to the results form receivers heat loss laboratory 

test. It is being conducted as part of the project in parallel, so 

that complete behavior of the receiver tube at higher 

temperature can be predicted.  

VIII. CONCLUSION 

  

The outcome of the project will help CSEM-UAE to evaluate 

the thermal performance of different receiver tubes, to have a 

defined parameters and results within the thermodynamic 

limitation of single phase water flow. This outcome will also 

help to predict how the design should be adopted, to move 

forward for evaluating the performance of receiver tube in two 

phase flow condition and then to design a system, where steam 

can be produced within that working parameters. The outcome 

will also be helpful to predict that how many LFC collector 

modules are to be connected in series to maximize the 

economical/thermal performance of the solar island platform 

for poly-generation (electrical power, cooling and water 

production) considering the existing area of solar island 

platform at CSEM-UAE. 

NOMENCLATURE 

 

A  : Area (m
2
) 

CPV  : Concentrated photovoltaic 

CSEM-UAE : Centre Suisse d' Electronique et de          

                                            Microtechnique United Arab   

                                            Emirates 

DC : Direct current 

DSG : Direct Steam Generation 

H  : Enthalpy (kJ/kg) 

Kd  : Effective coefficient of discharge 

LCOE  : Levelize cost of electricity  

LFC  : Linear Fresnel Collector 

M  : Mass Flow (kg/sec) 

MAAP : Maximum allowable accumulated                  

                                            pressure 

NWP  : Normal working pressure 

Ps  : Safety valve set pressure 

Po  : Safety valve overpressure 

PR  :  Safety valve relieving pressure 

PTC  : Parabolic trough collector 

Q  : Heat Energy (kW) 

Re  : Reynolds number 

RTD  : Resistance temperature detectors 

SPA  : Solar position algorithm  

Τ  : Valve Range-ability 

V  : Volumetric Flow (m
3
/hr) 

µ  : Viscosity (Pa.s) 

ρ  : Density (kg/m3) 
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