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Abstract 
 

Absolicon Solar Collector AB in Härnösand, Sweden, develops concentrating solar 

collectors with a parabolic trough. In the solar collector trough, there is thermal loss 

due to convection. A convection suppressor was made and used as a method to 

reduce thermal loss due to convection in the trough. The objective of the project was 

to evaluate the convection suppressor for solar collectors with a parabolic trough and 

its impact on the performance (thermal loss characteristics) in two different 

orientations of the trough, horizontal and inclined. The performance of the solar 

collector was first measured without the convection suppressor; these results were 

compared to two previous quasi-dynamical tests of the solar collector performance 

made by two different institutes, Research Institute of Sweden and SPF Institut für 

Solartechnik (Switzerland). The comparison was made to validate the test results 

from the tests without the convection suppressor, which matched. Secondly, when the 

convection suppressor was made and tested in the two different orientations, the 

results of the performance with and without the convection suppressor was evaluated 

as well as the convection suppressor itself. The results showed a significant 

improvement of the solar collector performance in the aspect of reduced thermal loss 

when the convection suppressor was used, hence higher efficiency.  
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Utvärdering av konvektionsreducerare för 
koncentrerande solfångare med ett paraboliskt tråg 
 

Den svenska titeln på för projektet är: Utvärdering av konvektionsreducerare för 

koncentrerande solfångare med ett paraboliskt tråg. 

 

Sammanfattning 
 

Absolicon Solar Collector AB I Härnösand, Sverige, utvecklar koncentrerande 

solfångare med ett paraboliskt tråg. I solfångarens tråg uppstår termiska förluster 

som en följd av konvektion. En konvektionsreducerare tillverkades och användes som 

metod för att minska de termiska förlusterna i tråget. Målet med projektet var att 

testa och utvärdera konvektionsreduceraren för koncentrerande solfångare med ett 

paraboliskt tråg samt dess inverkan på verkningsgraden i två olika positioner för 

tråget, horisontell och lutande. För att kunna mäta konvektionsreducerarens 

inverkan på solfångaren mättes först solfångarens prestanda utan 

konvektionsreduceraren i de två olika positionerna, detta resultat användes som 

referens efter validering. Valideringen gjordes genom att resultatet jämfördes sedan 

med två andra prestandamätningar (quasi-dynamical test) av solfångaren gjorda av 

två olika institut, Research Institute of Sweden och SPF Institut für Solartechnik 

(Schweiz). Därefter, när konvektionsreduceraren var tillverkat och testad i de olika 

positionerna på samma sätt som mätningarna utan konvektionsreducerare, 

jämfördes resultaten med och utan konvektionsreducerareet samt att en utvärdering 

gjordes av dess inverkan. Resultatet visade en signifikant förbättring av solfångarens 

prestanda i form av minskade termiska förluster när konvektionsreduceraren 

användes och därav ökad verkningsgrad. 
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1. Introduction 
 

1.1 Concentrating Solar Power and Concentrating Solar 

Thermal Technology 
 

Concentrating solar power (CSP) is a solar concentrating technology that has two 

subcategories, concentrating photovoltaic (CPV) and various concentrating solar 

thermal (CST) technologies where energy is converted from solar radiation into heat 

or electricity [1]. CPV generates electricity from focusing sunlight onto photovoltaic 

panels, CST technologies focus the solar radiation in a focal point to generate heat [1]. 

CST has four dominant technology subcategories that generate heat; solar tower, 

parabolic trough (PT), linear Fresnel and, dish [2]. The four different CST 

subcategories have assorted designs, but the major components of a CSP power plant 

are the same for all [2]. According to the World Bank Group (WBG), CST is a 

renewable power source that can mitigate the ongoing climate change. CST also has a 

high potential for becoming an essential alternative to conventional thermal power 

for both, as the WBG chooses to say, developed and undeveloped countries [3]. 

Parabolic trough (PT) technology is the CST technology in focus in this report. 

Installing a CST field can be expensive compared to installing a plant that runs on 

fossil fuels since the investment cost for a CST field generally is higher at instalment 

[4]. After the instalment of the CST field, the fuel (sunlight) used to produce heat is 

free, this is not the case for fossil fuel plants where fuel continuously must be bought 

to keep the plant running [4]. The costs for CST fields is reduced through innovative 

technology and large-scale production. Therefore, industries who wish to use 

renewable sources like CST for heating processes are excellent customers from the 

CSP aspect [5], especially industries in areas with high direct normal irradiation 

(DNI) since CST works best in regions where the DNI is high. In fact, CST requires a 

minimum of 2000 kWh/m2/year for an optimal function which makes it preferable, 

but not vital, that the DNI is high in prospected areas. The looked-for requirement 

level of DNI also means that the geographical location can be critical for where it is 

most suitable to place CST fields [5].  
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1.2 Absolicon Solar Collector AB 
 

Absolicon is a company based in Härnösand, Sweden which focuses on concentrating 

solar collectors with parabolic troughs. Through research and development (R&D), 

manufacturing, and worldwide sale of their solar collectors, Absolicon has broad 

experience in the CST field. Absolicon’s solar collectors are adjusted to fit large-scale 

production; this makes the company’s products suitable for industrial solar collector 

fields. The company has chosen to focus on large-scale production of concentrated 

solar collectors for industries and district heating. Absolicon’s existing products are 

currently installed in Europe and produce heat; the company has developed their first 

production line which they are establishing in the Sichuan Province in China during 

2018. Absolicon is, therefore, an international company that generates renewable 

energy all over the globe. Since Absolicon aims to produce the world’s best solar 

collectors with a parabolic trough, it is essential for the company to produce reliable 

products and improve their products through R&D to stay on top and compete with 

the opponents in the same business.  

Absolicon’s solar collector works with a parabolic trough that follows the sun trough 

tracking and, reflects and concentrates the incident sunlight towards a receiver tube 

placed in the focal point of the parabola (the parabolic trough). The receiver tube has 

a selective optical surface and is designed to absorb the maximum amount of incident 

sunlight and radiate as little energy as possible. The receiver tube is filled with a heat 

transfer fluid that currently reaches a temperature at about 160 °C during operation 

of the Absolicon solar collector. When the temperature difference between the 

receiver and the surrounding air in the trough is high, thermal loss occurs due to 

convection, see figure 1. The thermal loss is the reason there is now an ongoing 

development project at Absolicon where a convection suppressor is tested and 

evaluated on whether it can help to reduce the thermal loss in the trough and increase 

the overall efficiency of the solar collector. If the convection suppressor turns out to 

be effective, the Absolicon solar collector can become a more efficient, a more 

competitive and, a more wanted product on the market for large-scale industrial solar 

collector fields.  
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Figure 1. Animated image of the concentrating solar collector with a parabolic reflector, the red 

arrows represent the movement of heat in the air within the trough [6]. 

 

1.3 Abbreviations 
 

CSP – Concentrating solar power 

CST – Concentrating solar thermal technology 

DNI – Direct normal irradiation 

HTF – Heat transfer fluid 

PT – Parabolic Trough 

QD – Quasi-Dynamical (testing) 

RCD – Residual-current device 

R&D – Research and development  

RISE – Research Institute of Sweden 

SPF – SPF Institut für Solartechnik (Switzerland) 

WGB – World Bank Group 
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1.4 Purpose and Objective 

 

The purpose of the project is to find a method and technique that can help decreasing 

thermal loss due to convection in the collector trough. The objective is to test and 

evaluate a convection suppressor that hopefully will help to increase the efficiency of 

the solar collector by decreasing the thermal loss. 

The evaluation of the convection suppressor is based on analysis of data from 

measurements of thermal loss in a solar collector set up for indoor testing. The 

objective consists of three parts, and each of the parts represents one-third of the 

project. The three parts are the following; 

 

1. Measure and characterise thermal loss in the trough without a convection 

suppressor. 

2. Measure and characterise thermal loss in the trough with a convection 

suppressor. 

3. Evaluate the results and the method of measurement for thermal loss and 

estimate in what proportion these reflect results from previous tests. 

 

1.5 Delimitations 
 

The room temperature differs, this is because of movement in the room such as open 

doors and people walking by. There is also a heating fan in the room that only runs 

occasionally, and not on a set schedule, to keep the room temperature at around 18-

19 °C. The temperature difference due to factors such as the heating fan, open doors 

and movement by people is small and hardly recognised by the sensors measuring the 

room temperature, and they do not make a significant difference in the test results. 

Therefore, this report shows no consideration for the impact on the temperature 

sensors attached to the collector during the tests that might have been caused by the 

previously mentioned factors.  

The thermal loss in CST systems occur not only in solar collector troughs due to 

convection; there can be, for example, thermal loss in pipes and heat exchangers. 

This report, however, does not aim to characterise thermal loss in pipes and heat 
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exchangers. Therefore, this report does not include descriptions of the process of heat 

transfer out of the solar collector to a heat exchanger, or details about how heat use in 

industries. Heat transfer and usage of heat are not relevant to the evaluation project 

since the focus is to evaluate a convection suppressor and, the method that is used to 

decrease thermal loss in the trough caused by convection.  

No economic report for thermal loss is included in this evaluation project. 

 

2. Theory 
 

This section will explain how a solar collector with a parabolic trough from Absolicon 

works. It is a more detailed description of the CST concept that is relevant for the 

Absolicon solar collector compared to the brief introduction of CST in the background 

section; it will also explain what components that are essential for the progression of 

the evaluation project. 

 

2.1 Construction of A Solar Collector with A Parabolic Trough 
 

The Absolicon solar collector consists of a trough made of metal that has a parabolic 

shape and a flat glass suppressor that helps to keep the shape of the trough parabolic; 

this is called a parabolic trough. The trough has an aperture area of 5,5 m2 (5,5 m x 

1,0 m), see figure 2. The inside of the parabola has a thin layer of silver which is a 

reflective material and works as a mirror. A receiver tube runs alongside the trough at 

the same height as the focal point. The focal point is where the incident sunlight 

concentrates after it has been reflected against the silver layer in the parabola, in this 

way the heat transfer fluid inside the receiver tube gets heated up. The receiver tube 

has a selective optical surface, which means that it is made of high absorptance 

material and is black to achieve minimum emission and radiation. The receiver tube 

is fixated inside the solar collector by receiver holders, see figure 3. At both short 

ends of the trough, there are circular holes with the receiver tube running through 

them. Circular plastic plates fixate the receiver tube in these holes to keep the receiver 

tube stable; they also prevent heat from escaping through the holes. On the outside of 
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the holes, at the short ends, there are 20 cm high metal cylinders connected to the 

trough that holds mineral wool as isolation around the receiver tube to prevent 

further heat loss from the holes. 

 

 

 

Figure 2. An animated figure of the Absolicon solar collector trough with the dimensions of the 

aperture area [7].  

 

 

Figure 3. Cross section of the solar collector that shows the shape of the parabola, the glass 

suppressor and the receiver holders that hold the receiver tube in the focal point [8]. 

 

2.2 Operation of the Absolicon Solar Collector 
 

The parabola reflects the incident sunlight towards a focal point, which is also where 

the placement of the receiver tube is. A heat transfer fluid (HTF) is circulating in the 
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receiver tube. A low emittance and a high absorptance of solar radiation are needed 

to make the conversion from incident sunlight to heat efficiently. Therefore, the 

receiver tube has a selective optical surface.  

The conversion of sunlight into heat takes place in the receiver tube where the 

absorbed energy from the incident sunlight transfers to the HTF [9]. In this way, the 

HTF inside the receiver tube gets heated up and led out of the collector to a heat 

exchanger that uses the heat for different purposes, in the case of Absolicon’s solar 

collectors, the heat ends up in industrial processes and district heating.  

The solar collector can be tilted into various orientations, see figure 4. Tilting is done 

by an activator that moves the solar collectors automatically based on tracking of the 

suns position, in this way the solar collectors follow the sun as the earth rotates to get 

the optimal angle for collecting the incident sunlight. 

 

 

Figure 4. The two orientations of the solar collector for the evaluation project [10]. 

 

At an instalment of Absolicon’s solar collectors in CSP fields, the solar collectors are 

joined together in groups of four and connected to the same axis, see figure 5. One 

activator moves all four solar collectors at once into various orientations. The group 

of four-jointed collectors are then put together with other groups in solar collector 

fields and can in this way create large-scale complexes of solar collectors, see figure 6.   
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Figure 5. Four of Absolicon’s solar collectors joined together ready to be installed in fields [11]. 

 

 

Figure 6. Absolicon’s solar collectors in a smaller solar collector field in Härnösand, Sweden [12]. 

 

2.3 Heat Transfer Fluid 
 

During the evaluation project, the receiver tube in the solar collector has a heat cable 

with resistor wire in it. The receiver tube is filled with a heat transfer fluid (HTF) to 

get an even temperature all over it when the temperature in the receiver tube 

increases. During the evaluation project, the temperature increases due to higher 

resistance in the heat cable whilst it usually increases by the absorbed energy from 

the reflected sunlight. The oil that serves as the HTF during the evaluation project is 
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“Shell Heat Transfer Oil S2” [13] which is a high-performance HTF. The S2-oil is used 

in closed fluid heat systems, like the receiver tube in the solar collector, because of its 

reliable performance ability and enhancement of the oil’s efficiency. The maximum 

application limit for the S2-oil is 340 °C [13], and since the temperature in the 

receiver tube will not reach a temperature higher than 160 °C, the S2-oil is suitable 

for this experiment. 

 

2.4 PT1000 Temperature Sensors 
 

Four different sensors measure the temperature at various places on the solar 

collector using the PT1000 temperature sensors shown in figure 7. With a PT1000 

sensor, the resistance is 1000 ohms at 0 °C, and in this case, the PT1000s are two-

wired [14]. 

 

 

Figure 7. PT1000 sensor that measures the temperature during the evaluation project [15]. 

 

The sensors names reflect the numbers of the data logger channels that they were 

plugged into during the scanning, see figure 8 for placement of the sensors. In table 1 

in Appendix A, a detailed description of the placement of the numbered sensors is 

found.  
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Figure 8. Placement of the PT1000 temperature sensors onto the trough and inside the receiver tube. 

The sensors are represented by a number that reflects the data-logger channel they were plugged 

into during the scanning [16]. 

 

2.5 Heat Cable with a Resistor Wire 
 

By putting a heat cable with resistor wire in the receiver tube and then fill the receiver 

tube with HTF, which in this case is the S2-oil, it is possible to heat up the HTF. In 

the evaluation project, the HTF in the receiver tube gets heated up by the resistors 

placed inside the heat cable. Increasing the current increases the resistance for the 

resistors in the heat cable which gives a higher HTF temperature, doing that creates a 

scenario where the solar collector behaves in the same way as it does when the HTF 

in the receiver tube is heated up by the sunlight. There are four resistors placed in the 

heat cable, sensors number 116-119, see their placements in table 1 in Appendix A.  
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2.6 Quasi-Dynamical Testing 
 

Quasi-dynamical (QD) testing measures the solar collector performance [17]. For QD 

testing, the characteristics of thermal loss are inferred to from output data taken from 

the collector and are not explicitly measured [17]. 

There are two previous QD tests done by two different institutes that measure 

thermal loss characteristics from the Absolicon solar collector. These tests are done 

by RISE (Research Institute of Sweden), and SPF (SPF Institute Für Solar Technic, 

Switzerland) and the results from these two QD tests are displayed in figure 11 and 

figure 12 together with the results from the tests in the evaluation project. The results 

from tests without the convection suppressor in the evaluation project need to match 

the QD tests from RISE and SPF to be validated. The results from the QD results and 

the results of the evaluation project need to match since it is a prerequisite for the 

comparison between the tests with and without the convection suppressor to be 

accurate. 

 

2.7 Convection suppressor 
 

The purpose of the convection suppressor is to reduce thermal loss in the solar 

collector trough by preventing convection due to the moving air inside the trough. 

 

2.8 Recalculation of Temperatures 
 

The heat cable heats the HTF in the receiver tube with a resistor wire; this means that 

the HTF is heated from the inside and that heat is transmitted out through the 

receiver tube into the trough during the tests. During normal operation outdoors, the 

HTF is heated by the receiver tube (which transmits the heat to the HTF from the 

outside). Therefore, heating the HTF from the inside is a different scenario from 

heating the HTF from the outside. The receiver tube is made of metal, with its 

characteristics taken into consideration, the temperature inside the receiver tube is 

recalculated by using an algorithm developed by Absolicon to give the estimated 
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power output that the temperature corresponds to during normal outdoor operation. 

The recalculation is done by a computer script that runs the algorithm in Matlab 

R2018a. The algorithm is a mathematical model based on Equation 1 by Bengt Peres 

that applies to any geographical location by using the measured data [18]. The 

outcome of the recalculation describes the solar collector’s behaviour its estimated 

power output [18]. 

 

2.9 Equations  
 

Following equations are used during the project: 

 

Equation 1. The efficiency of the solar collector: 

𝜂 = 𝜂0 ∗ 𝜅𝜃,𝑏(𝜃) −
1

𝐺𝑏
 (𝛼1 ∗ ∆𝑇 + 𝛼2 ∗ ∆𝑇2) [%] 

Where η = efficiency [%], η0 = optimal efficiency [%], κ = thermal angle of incidence 

modifier for beam [-], θ = angle of incident sunlight onto the collector [˚], Gb = beam 

irradiance [W/m2], α1 = heat loss factor [W/m2 ˚C], α2 = temperature dependence of 

heat loss factor [W/m2 ˚C2], ∆T = temperature difference between Tfluid and Tambient, 

∆T2 = temperature (Tfluid - Tambient) dependence [18]. 

Equation 1 does not take system distribution and storage losses into account; it only 

uses the estimated solar collector energy production [18]. For the project, only α1, α2, 

∆T and ∆T2 needs to be determined for calculating the heat loss (thermal loss 

characteristics). α1 and α2 are calculated in Matlab R2018a. Data for the other factors 

are previously known for Absolicon. 

 

Equation 2. The input and output power: 

𝑃 = 𝑈 × 𝐼 [W] 

Where P = power [W], U = voltage [V] and, I = current [A]. The power [W] is used to 

characterise heat loss during the solar collector’s performance. Power [P] is measured 

at steady state. 



13 
 

Equation 3. Heat loss (radiant flux) in the trough: 

𝐽 = 𝑃 ÷ 𝐴  [𝑊/𝑚^2 ] 

Where P = power [W] and A = aperture area [m2]. Equation 3 shows heat loss 

(thermal loss characteristics per m2 of the solar collector’s aperture area. 

 

Equation 4. Temperature difference: 

𝛥𝑇 =  𝑇𝑓𝑙𝑢𝑖𝑑 −  𝑇𝑎𝑚𝑏𝑖𝑒𝑛𝑡   [°𝐶] 

Where Tfluid = heat transfer fluid temperature [°C] and Tambient = the temperature 

surrounding the solar collector. ∆T is the actual temperature in the trough during the 

tests and corresponds to a thermal loss characteristic.  

 

3. Method 

 

Temperature changes in various places on the solar collector are measured to 

evaluate the convection suppressor. The measurements are done on a trough without 

a convection suppressor; then the measurements are done in the same way on a 

trough with a convection suppressor. When the measurements are done, the results 

are analysed by using Excel 2016 and Matlab R2018a to determine the α1 and α2 

factors from Equation 1 and, evaluate the convection suppressor as well as to 

determine if the method of measuring the temperatures is an appropriate choice for 

the evaluation project. 

 

3.1 Measuring equipment 
 

The measuring equipment consists of a power measure switch unit made by 

Absolicon that manually switches between measuring current (I) and voltage (V) and 

a transformation box with a wheel that sets the chosen value of current or voltage by 

manual control, see figure 9. The measurement equipment also consists of a digital 

Fluke multimeter [19] that displays current or voltage and a 34970A Data Acquisition 
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Data Logger, see figure 10. The data logger scans data every ten seconds from the 

PT1000 temperature sensors placed on both the solar collector trough and inside the 

heating cable with a resistance wire. The data is then displayed on a computer screen 

by using a software called BenchLink Data Logger 3 [20] that has collected the data 

from the logger. In this programme, it is possible to read the data that the logger 

collects and to quickly see how the temperatures change due to change in resistance. 

The data that is collected by the logger transfers into Excel 2016, which is used to 

analyse it. In this way, power input and output can be calculated when the 

temperatures are in steady state by using the Equation 2. 

  

 

 

Figure 9. On the left is the transformer that controls the amount of input I and V. On the right is a 

power measure switch unit that allows alternating between measuring I or V [21]. 
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Figure 10. On the left is the Fluke multimeter, calibration 8808A with DC accuracy of 0.015%. Image 

source: Fluke. On the right is the 34970A Data Acquisition/Data Logger [22]. 

 

3.2 Steady State 
 

In the evaluation project, it is the comparison of the heat loss (thermal loss 

characteristics) results between the tests with and without the convection suppressor 

that is important, not how the power output or how temperature varies over time. 

Therefore, to typify the power output performance at different ∆T ˚C (Equation 4), 

the temperature during the tests must reach a steady state (stabilise) because then 

the power output equals the power input and is calculated by using the Equation 3. 

Four different currents are chosen at which the temperature reaches steady state. The 

four currents are chosen since they help display how the power output changes with 

the temperature. Since the heat cable with the resistor wire in it may break at higher 

temperatures than 150 °C, the highest current during the tests is 3,5 A since it gives a 

steady state temperature close to, but below 150 °C. The maximum temperature for 

the heat cable was discovered during the testing of the equipment. The other currents 

used for reaching steady states are 1,0 A, 2,0 A, and 2,7 A and were chosen after the 

testing of the equipment to measure steady states at even intervals below 150 °C. 

 

3.3 Description of Tests 
 

First, to make sure that the measuring equipment works, a test round is done before 

the experiment started. Secondly, the tests are done in two different orientations of 

the solar collector, at horizontal and at inclined. The tests are done on these two 

tilting positions because the solar collector follows the sun as the earth rotates. The 
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tests are done once with and once without the convection suppressor in each 

orientation since the impact of the convection suppressor is what is being evaluated. 

In total, there are four tests; two tests without the convection suppressor (horizontal 

and inclined orientation), and two tests with the convection suppressor (horizontal 

and inclined orientation). At each test, there are four steady states which means that 

there are in total 16 steady states reached. 

 

3.4 Recalculation in Matlab R2018a 
 

The temperatures from sensors 116, 117 and 118 (inside the receiver tube) and the 

ambient temperature from sensor 113 is used in the recalculation. Sensors 116-118 

measure the temperature inside the receiver tube which are the ones that need to be 

recalculated to give the estimated power output. The recalculation is based on 

Equation 1 and is run in MatlabR2018a since it is a mathematical model. The 

outcome from the recalculation is T1 and ∆T2, see Equation 4, for all 16 steady states 

as well as the α1 and α2 factors for Equation 1. 

 

3.5 Safety Precautions  
 

Grounded cords are attached to the metal frame of the solar collector, and residual-

current devices (RCD’s) are installed to prevent short circuit. Fire extinguishers are 

placed nearby the solar collector in case of a fire since the S2-oil is flammable and 

handling flammable oil and electricity in the same place is hazardous. 

Since the trough, the air inside of the trough, and especially the receiver tube, get very 

hot during the running of the tests, it is dangerous to handle the measuring 

equipment without knowing about it. Therefore, there is a barrier around the area 

where the solar collector for indoor testing to keep unauthorised on a safe distance. 
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4. Results 
 

4.1 Relation to QD Testing 
 

In figure 11, the results from the QD testing by RISE (QD 1, blue graph) and SPF (QD 

2, red graph) are displayed in the diagram together with the result from the test in the 

evaluation project (measured heat loss, black graph) for the horizontal orientation. In 

figure 12, the results of the tests for the inclined orientation is displayed. The 

performance (heat loss characteristics) from the evaluation project matches with the 

results from both SPF and RISE, see figure 11 and figure 12, which validates them and 

makes them suitable to use as references for the comparison between the tests with 

and without the convection suppressor.  

 

 

Figure 11. The performance of the solar collector (black graph) compared to the QD testing done by 

RISE (QD 1) and SPF (QD 2) where the performance matches well with both QD tests. 
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Figure 12. The performance of the solar collector (black graph) compared to the QD testing done by 

RISE (blue graph) and SPF (red graph). The performance tends to match more to the SPF result in 

the inclined orientation. 

 

4.2 Results for Convection Suppressor 
 

The convection suppressor decreases the heat loss for the horizontal orientation, see 

figure 13. In the inclined orientation, see figure 14, the performance shows a similar 

trend for the convection suppressor as for the horizontal orientation. In the case of 

the inclined orientation, the heat loss difference is more prominent at the beginning 

of the tests compared to the difference in performance in the horizontal orientation, 

where the case is the opposite. Figure 15 shows the horizontal and inclined 

orientation in the same diagram. In figure 15, the heat loss difference between tests 

with and without convection suppressor, for both orientations, is more apparent in 

comparison with each other. 
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Figure 13. Comparison of performance (thermal loss characteristics) with and without the 

convection suppressor in the horizontal orientation. With the convection suppressor (red graph) the 

heat loss is reduced compared to not using the convection suppressor (blue graph). 

 

 

Figure 14. Comparison of performance (thermal loss characteristics) with and without the 

convection suppressor in the inclined orientation. The heat loss reduces with the convection 

suppressor (red graph) compared to not using the convection suppressor (blue graph). 
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Figure 15. Result for tests in both horizontal and inclined orientations of the solar collector with and 

without convection suppressor. 

 

5. Discussion 
 

5.1 Relation to QD Testing 
 

The results from the tests in the evaluation project are validated since it matches the 

results from the QD tests made by SPF and RISE in both the horizontal and the 

inclined orientation, see figure 11 and figure 12. In other words, the results from SPF 

and RISE validates the thermal loss characteristics of the evaluation project. In the 

horizontal orientation, see figure 11, the result from the evaluation project matches 

well with the SPF and RISE results whilst in the inclined orientation, see figure 12, 

the result is more similar to the SPF result. The results for the inclined orientation 

does not have a significant difference to the QD test which is why it is still validated. 
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5.2 Evaluation of Convection Suppressor 
 

In the horizontal orientation, see figure 13, the heat loss decreases when using the 

convection suppressor. At ∆T = 35 ˚C the difference in heat loss is 2,3 W/m2
aperture, at 

∆T = 55 ˚C the difference in heat loss is 5,4 W/m2
aperture and, at ∆T = 75 ˚C the 

difference in heat loss is 9,6 W/m2
aperture. By looking at the graphs in figure 13, the 

impact of the convection suppressor is bigger at higher temperatures. In the inclined 

orientation, see figure 14, the performance shows the same trend for the convection 

suppressor as for the horizontal orientation in figure 13, that the convection 

suppressor helps to decrease the heat loss. At ∆T = 35 ˚C the difference in heat loss is 

3,7 W/m2
aperture, at ∆T = 55˚C the difference in heat loss is 5,9 W/m2

aperture and, at ∆T 

= 75 ˚C the difference in heat loss is 8,1 W/m2
aperture. In this case with the inclined 

orientation, in figure 14, the heat loss difference is bigger at the beginning of the tests 

compared to the difference in performance in the horizontal orientation. 

When comparing the two tests for both the horizontal and inclined orientations in 

figure 15, the graphs for the tests without the convection suppressor are very close to 

each other; there is only a slight difference in performance between the two. The 

graphs showing the tests with convection suppressor are also close to each other with 

only a slight difference in performance. In both cases, the graphs for the horizontal 

orientation overlap with the graphs for the inclined orientation at about ∆T = 55 ˚C. 

After the overlapping, the percental heat loss increase (the heat loss between not 

using and using the convection suppressor still decreases) to become more prominent 

in the case where the solar collector is in the horizontal orientation compared to when 

the solar collector is in the inclined orientation. For example, at ∆T = 35 ˚C in a 

horizontal orientation, the heat loss is decreased by 12,3 % whilst the equivalent 

percentage of heat loss for ∆T = 35 ˚C in the inclined orientation is 18,8 %. However, 

at ∆T = 75 ˚C in a horizontal orientation, the heat loss is decreased by 19,3 % whilst 

the equivalent percentage of heat loss for ∆T = 75 ˚C in the inclined orientation is 

16,7 %, this is 2,6 percentage units less than the horizontal orientation. There are only 

four measurement points for each test (the four steady states) in the evaluation 

project. At higher temperatures than ∆T = 55 ˚C, where the percental increase of 

reduced heat loss seems to get more significant for the horizontal orientation 

compared to the inclined orientation, is therefore uncertain; it might not even be a 
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trend at all. With more measuring points, the tests would have given a more specific 

result that could determine if there is a trend where the convection suppressor has a 

more significant effect in the horizontal orientation. However, the results show that 

the convection suppressor works since it reduces the thermal loss. Reduced thermal 

loss decreases the α-factors which overall gives a higher efficiency (η) of the solar 

collector when applied in Equation 1. 

For the evaluation project, it was limiting that the heat cable with a resistor wire had 

a maximum tolerance temperature (150 ˚C). With a heat cable that tolerates higher 

temperatures than 150 ˚C it would have been possible to see how much the percental 

heat loss increase for the solar collector, and to see if there is a significant difference 

in increased heat loss for the solar collector in horizontal and inclined orientation. 

 

5.3 Evaluation of the Testing Method 
 

The setup of the measuring equipment and the convection suppressor (including the 

construction) went smoothly. The temperature sensors tended to get a bit worn out 

towards the end of the tests whilst measuring the last 25 % of the steady states. That 

the sensors tend to be a bit worn out is an observation, from the graphs displayed in 

BenchLink, made when the temperatures were still rising (not at a steady state) 

where it seemed like the temperature swayed more during later tests. In other words, 

the temperatures shifted a little bit more towards the end of the tests compared to the 

beginning; this should give a change in accuracy for the PT1000 sensors when the 

HTF was heated. On the other hand, the temperature difference was small, and at the 

steady states the change in accuracy was hardly notable and since that the differing is 

negligible. Therefore, the PT1000 sensors worked well for the evaluation project. 

To measure each steady state in both the horizontal and the inclined orientation, with 

and without the convection suppressor, demands much time since it took about 8,5 

hours to reach it. The evaluation of the convection suppressor would have been more 

specific if there had been more than four measuring points even though the 

measuring points that were used were accurate. To have more than four measuring 

points would have been preferable but since the evaluation project had a time limit 

only four measuring points were chosen. 
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5.6 Conclusion 
 

The results from the tests without the convection suppressor in both the horizontal 

and inclined orientation was validated through comparison with the previous QD test 

made by RISE and SPF. The validation was a prerequisite and the first objective of 

being able to use the results as a reference when measuring the impact that the 

convection suppressor had on the solar collector’s performance. The results from the 

tests in the evaluation project gave the solar collector a higher efficiency with the 

convection suppressor compared to not using the convection suppressor, satisfying 

the second objective since the thermal loss could be characterised. The higher 

efficiency is made possible since the reduced heat loss decreases the α-factors used in 

Equation 1.  

For a similar project like this one, if using PT1000 sensors, the sensors might have to 

be changed if they show signs of being worn out. Overall, the measuring equipment 

worked well during the project and was suitable and relevant for the evaluation 

project.  

What the method of measurement gave was relevant since the results from the tests 

matched the results from the QD tests done by RISE and SPF. There were only four 

measuring points during each test since the tests took much time and the project had 

a time limit. With more measuring points the result would have been more specific 

even though each steady state in the evaluation project is accurate thanks to reliable 

measurement tools and equipment. The results from all tests are relevant even 

though there are only four measuring points. Objective three was then satisfied since 

the results from all tests could be used to evaluate the convection suppressor. 

The convection suppressor itself was easy to work with and made a significant 

improvement in the performance of the solar collector by reducing thermal loss in 

solar collector trough, all objectives were satisfied. 
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7. Appendix 

 

7.1 Appendix A 
 

Table 1 describes the placement for each sensor used in the evaluation project. The 

name of the PT1000 sensors reflect the channel of the data logger that they were 

plugged into during the tests. 

 

Table 1. The sensors are represented by numbers that are used in the text, tables, diagrams, and in 

figures in the report when they are mentioned. 

Sensor number Sensor placement 

113 Under the trough, bottom/middle  

116 R0,5 (in the heating cable inside of the 

receiver) 

117 R0,25 (in the heating cable inside of the 

receiver) 

118 RAl (in the heating cable inside of the 

receiver) 

 

 


