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Evaluation of flux density measurement method for
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Abstract; In order to estimate its measurement error range when indirectly measuring the flux distribution on
receivers of solar thermal power systems, a new method is studied. The error sources of this method are ana-
lyzed based on the theoretical equation. An experiment to measure the flux density distribution of a concentrat-
ed beam is implemented with a spherical heliostat, a CCD camera, a diffuse reflector, neutral density filters
and other devices. The flux density distribution and total energy of the concentrated solar irradiance on the re-
flector is calculated with a MATLAB program. The incident angle of rays on the center of the heliostat is meas-
ured with a total station. The theoretical value of the beam energy is calculated according to area and reflectiv-
ity of the heliostat, the direct normal irradiance and cosine efficiency. By comparing the theoretical value of
the beam energy with the measured total energy, the relative error of the total energy and the flux density

measured by this method is obtained. The measured relative error is 3. 5% . This error is within permission,
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which further verifies the correctness and feasibility of this new method.

Key words: measurement error; flux density measurement; concentrated solar irradiance ; solar thermal power

plant
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Fig. 1  Principle of flux density measurement
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Fig.3 Linearity curve of the camera
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Tab.1 Summary of error sources

Error source Relative error/%

Pixel value of the CCD camera, P, 3.84
Direct normal irradiance, E,y, 0.2

tam® (§,,,/2) 3.4

Attenuation factor of the filter, f../ficoiver 0.5
Reflectance data of the receiver 0.3
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Table 2 Test conditions and device parameters

Date and Time

6/3/2015 9.38 AM( Beijing time)

Location
Direct normal irradiance/ (W - m %)
Reflectivity of the heliostat
Reflectivity ofthe receiver
Size of the receiver/m
Area of heliostat reflective surface/m’

Neutral density filter attenuation factor for beam image
Neutral density filter attenuation factor for sun image
Resolution of the CCD camera
Pixel size of the CCD/pm

Changchun, China
870
0.83
0.982
0.35x0.35
0.120 5
1
19 055
1236 x1 628
4.40 x4.40
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