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Abstract 

In this paper we present experimental investigations on a parabolic trough collector for process heat applications 
under development which has an aperture width of about 1.845 m. The collector which is installed at the SPF outdoor 
test laboratory has a length of 10 m. As a final goal, our investigations aim at the possibility to elaborate a valid 
efficiency curve of the collector from measurements of the optical behavior on the one hand (η0-measurements, 
efficiency measurements carried out at low and high operating temperatures) and on the other hand heat loss 
measurements of the receiver, carried out at high collector operating temperatures. This paper reports on preliminary 
results of collector efficiency measurements carried out for collector operating temperatures up to about 200°C and 
on measurements to determine the incidence angle modifier curve (IAM) using steady state measurements conditions. 
This paper is an addition to a prior publication [2]. There the collector size was smaller and our new test rig was not 
yet available. 
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1. Introduction 

In recent years, Solar Heat for Industrial Processes (SHIP) became more and more interesting because 
of several reasons. Main factors are increasing prices of conventional energy, increasing pressure from the 
public society and the administration side on the producing industry for reduction of CO2 emissions and 
the general call for application of "clean-tech" technologies. From the research and development point of 
view there are many topics, which have to be addressed in order to exploit technically and economically 
the large potential of solar heat for industrial processes [3], [4]. One important task is the development of 
appropriate process heat collectors, especially concentrating collectors for operating temperatures in the 
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range of 100° to 300°C, i.e. especially concentrating collectors. This requires partly new procedures for 
the optical and thermal characterization of concentrating collectors. SPF in general follows the aim to 
provide testing procedures which are not only helpful for certification-measurements but also provide 
valuable information for the development of new collectors. Under this aspect it is important that the 
measurement procedures have a high accuracy and repeatability so that the collector components (such as 
reflector, receiver, absorber tube, tracking unit and mechanical structure) can be improved step-by-step 
and that even small differences in the performance of different development collectors can be detected. 

2. The parabolic trough collector NEP PT1800 

SPF is involved in a development project with the company NEP (New Energy Partners Ltd.in Zurich) 
to develop a larger collector. The project is funded by the Swiss organization CTI (The Commission for 
Technology and Innovation). We report here on measurement results of the present collector PT1800 as it 
is installed in the outdoor testing lab of SPF, see figure 1. 

 

 

Fig. 1. Investigated parabolic trough collector installed at the SPF outdoor testing facility 

The collector has an aperture width of 1845 mm and a length of 10 m. The focal length f is 647 mm. 
The receiver is not evacuated. The stainless steel absorber tube has an outer diameter of 34 mm and a wall 
thickness of 1.5 mm. The absorber tube is surrounded by a glass tube with a diameter of 56 mm and a wall 
thickness of 2.5 mm (there is no anti-reflectively coating on the glass). The manufacturer's information on 
the selective coating is α = 0.965 and ε = 0.143 measured on a plane sample. Since 2012 the SPF is able to 
measure α- and ε-values directly on round absorber tubes (diameters from 25 mm till 100 mm are 
possible). The measurements for these two parameters result: α = 0.946 and ε = 0.147. 

Table 1. Collector parameters 

PT1800  

Focal length f 647 mm 

Aperture width a 1845 mm 

Collector length L 10 m 

Absorber tube diameter dabs 34 mm 

Absorber tube wall thickness 1.5 mm 

Glass tube diameter dglass 56 mm 
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Glass tube wall thickness 2.5 mm 

Concentration ratio C 17.3 

Acceptance angle θa 1 ° 

Rim angle Φr 71 ° 

Max. incident angle θmax 86.4 ° 

3. Measurements on η0 and IAM 

The parabolic trough collector is installed in east-west orientation. It is tracked using its own tracking 
device. Therefore, direct η0 measurements can be carried out once each day at solar noon if clear sky 
conditions are prevailing. For direct η0 and incidence angle modifier measurements the inlet temperature 
is controlled in such a way that the mean collector fluid temperature is equal to the ambient temperature. 
This was accomplished by an SPF-controller in the test loop. All measurements were carried out with 
water as heat transfer fluid and at an aperture area specific mass flow rate of 62.5 to 65 kg m-2 h-1). The 
beam radiation on the collector plane was determined from the measurement of the tracked direct normal 
irradiation (DNI) from a pyrheliometer (Kipp&Zonen) and the incidence angle θ calculated from the local 
time and astronomical relations.  
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Fig. 2. Measurement of Incidence Angle Modifier curves (IAM) 
 
Figure 2 shows the measured IAM-values versus the incidence angle θ. For each day the efficiency 

η0_day within +/-20 minutes around solar noon was determined from graphs of η versus θ and all η-values 
of this day were divided by η0_day. From this graph the averaging curve of Figure 3 was determined. For 
comparison, the theoretical IAM is also shown (black line) calculated only from the geometry of the 
collector and the optical properties of a glass plate (Fresnel effect), following the equation [1] 

IAM
f

a
L
fIAMIAMIAM endlosses tan

48
11 2

2

  (1) 

The end losses increase with higher incident angles and reach the maximum at an incidence angle of 
86.4° where no concentrated radiation reaches the receiver tuber. This dashed curve would be the IAM 
curve of the collector if all optical components of the collector (i.e. the reflector, the receiver glass tube 
and the absorber tube) did not show any dependence on the incident angle and if there was no shading 
from receiver supports. For comparison, the IAM-measurement curve of the clearest day for which 
measurements are available is also shown in this figure. 
 

 
Fig. 3. Experimentally determined Incidence Angle Modifier (IAM) curve (red line), theoretical IAM considering end loss and 

Fresnel effect (black dashed line) and simulated IAM curve with ray tracing program OptiCAD which includes end losses and 
Fresnel effect (blue dashed line). (Because of low intensities IAM measurements at larger incidence angles always have an 

increasing uncertainty) 

Table 2. Coefficients of IAM measurement 



2808   Marco Larcher et al.  /  Energy Procedia   57  ( 2014 )  2804 – 2811 

IAM coefficients  

b0 0.99807 

b1 0.00043304 

b2 -0.00018659 

b3 0.0000054105 

b4 -0.000000065303 

 

4. Collector efficiency curve measurements 

Figure 4 shows the efficiency curve of the collector determined from measurement days with clear sky 
conditions around solar noon (+/- 20 minutes). The following parameters were determined from linear 
least-squares fit: 

 
η0_Ap_beam = 0.69674, a1Ap_beam = -0.25333 W m-2 K-1 and a2Ap_beam = -0.0015625 W m-2 K-2 
 
The index beam is added to remind the reader that the parameters of concentrating collectors are based 

on beam and not on global irradiation as in the case of flat-plate and evacuated tubular collectors without 
concentration. The highest collector inlet temperature in these measurements was 185°C. The beam 
radiation varied between 700 and 950 W/m2 during the different measurement days around solar noon. 
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Fig. 4. Collector efficiency curve determined from steady state measurements. A linear fit results in η0_Ap_beam = 0.69674, a1Ap_beam 
= -0.25333 W m-2 K-1and a2Ap_beam = -0.0015625 W m-2 K-2). Each measurement point is determined from a clear sky measurement 

around solar noon. 
 

5. Heat loss measurements 

As a first experimental investigation some heat loss measurements without solar irradiation were 
carried out (night time measurements). With our new test rig we will be able to measure at temperatures in 
the range of 180°C. The temperature loss between collector inlet and outlet is very small due to the small 
heat losses of the collector. Very precise temperature measurements are necessary. The higher the 
operating temperature of the collector is, the easier the conditions for heat loss measurements are. With 
the heat loss measurement we are able to conduct experimental receiver investigations using much less 
time compared to carrying out efficiency curve measurements. This is especially important for thermal 
characterization of collectors and receiver designs during collector development. 

Figure 5 shows the heat losses UL based on the absorber tube area versus the temperature difference 
(Tfluid - Tamb) during four nights at three different temperature levels. At each temperature level, the 
temperature difference (Tfluid - Tamb) was kept constant for about 2 hours by the controller of the test loop. 
A linear fit through these measurements results in 

 
UL_heat loss measurement = 3.996 W m-2 K-1 + 0.035074 W m-2 K-2 * (Tfluid - Tamb).  
 
Although these results are preliminary and further investigations and more experimental experience is 

needed, the results are quite promising: Figure 6 shows again the efficiency curve from Figure 4 and 
additionally the upper efficiency curve which is calculated from the UL_hlm-values of heat loss 
measurement divided by the concentration factor C (C=aperture width/circumference of absorber 
tube=1845 mm/106.81 mm = 17.3) and the η0-value from the efficiency curve measurement (0.69674). It 
will be interesting to see in the further course of our project up to which accuracy the directly measured 
efficiency curves compares to an efficiency curve determined from η0-measurements and UL_hlm-
measurements. 
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Fig. 5. Heat loss measurements (without irradiation and wind). 
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Fig. 6. Comparison of measured efficiency curve (red circles) and curve calculated from η0-measurements and UL_hlm 
measurement (green dots). In order to draw this second line a beam-value of 840 W/m2 was used, which is the average value of beam 

for all measurement points of the lower curve. 
 

6. Conclusions 

The paper reports on results of quasi steady state efficiency measurements on parabolic trough 
collector. Additionally, first measurements on the heat loss of the collector are reported. The 
investigations aim at a possibility to characterize the thermal performance of parabolic trough collectors - 
and more generally concentrating collectors - by a combination of η0-measurements and heat loss 
measurements (without radiation). First results with regard to this aspect are positive.  
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