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Abstract. The measurement of solar radiation in solar energy research is a key factor not only in obtaining thermal
efficiency, but also in the evaluation of the behavior of equipment that uses solar radiation. This radiometer using a pair
of LM35 analog temperature sensors, connected to an Arduino board, measures the difference between hot temperatures
under a small blackened aluminum disk and the ambient temperature with 95% uncertainty of the instrument.
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1. INTRODUCTION

Solar radiation, or radiant energy emitted by the sun, is an electromagnetic wave, where about half of the energy
is emitted as visible light in the higher frequency of the electromagnetic spectrum and the rest in infrared ultraviolet
radiation. The sum of all these energies is called global radiation, i.e., the direct radiation emitted by the sun and the
diffuse radiation, dispersed by the atmosphere and measured in W/m2 (Lester and Myers, 2006). The optical sensors use
semiconductor photodiode sensors (Awasthi et al., 2012; Zanesco, 1991; Zanesco and Krezinger, 1992b,a). In the work
of Scalon et al. (2017), an optical radiometer was constructed using a BPW-34 sensor with a resolution of 1.3 W/m2.

The authors (Escobedo et al., 1997; Souza and Escobedo, 1995) constructed a thermal radiometer using thermopiles
of thin films obtained by evaporation of bismuth and antimony metals, where each set constitutes a thermocouple. Recent
work, (Avallone et al., 2016, 2018), the authors describe the construction of a thermal radiometer using two thermocouples
"K" connected in series, where the radiometer showed a 20.8 W/m2 error with a correlation coefficient 0.99. Gomes et al.
(2011) constructed a radiometer using a LM35DZ measuring the temperature of the cloud projection by a fisheye lens.
The data were analyzed by a neural network model and compared with a commercial sensor.

2. BUILDING THE RADIOMETER

The thermal radiometer using two LM35 temperature sensors (LM35, 1999) were constructed based on the mathemat-
ical model presented by (Avallone et al., 2018; Scalon and Oliveira, 2015).

The first temperature sensor is in physical contact below a blackened aluminum disk of 20 mm with Sumaterm 95%
absorbance ink, as shown in Fig. 1 and measures the hot temperature (Th). Above the aluminum disk a transparent glass
disk of 53 mm diameter and 3 mm thick is installed. There is a 3 mm space between the two disks, reducing the convection
generated by heating the aluminum disk.

The second temperature sensor measures the ambient temperature (T∞). The two sensors for the hot and cold tem-
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(a) LM35 sensor (b) Final assembly

Figure 1. Aluminum disk and sensor body

perature, are connected to the analog-to-digital converter ADS 1115 (Texas Instruments, 2018). A forced airflow through
the ambient temperature sensor ensures the stability of the reference measurements. The difference between the two
temperatures (Th − T∞) is used for comparison and calibration with the IPMet (Institute of Meteorological Research)
pyranometer CMP22 (Kipp & Zonen, 2016) as in Fig. 2.

Figure 2. Radiometer with LM35 in calibration in IPMet

The electronic circuit using the Arduino (Arduino, 2015), the analog-to-digital converter temperature sensors are
presented in Fig. 3.

3. RESULTS

The calibration of the radiometer was done using a curve, where the abscissa axis represents the values of the hot and
cold temperature difference measured in the sensors in ◦C and the ordinate axis represents the IPMet sensor, which is the
reference in W/m2, shown in Fig. 4.

Only the points to 15:00 were considered for calibration of the radiometer, due to a shadowing on the reference sensor.
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Figure 3. Radiometer electronic circuit

Figure 4. Cloud points for calibration of the radiometer x IPMet

The linear regression applied to the points resulted in Eq. 1.

Rad[W/m2] = 43.5 × ∆T [◦C] + 0.0 (1)

Figure 5 shows the comparison curves between the reference radiometer and the thermal sensor.

4. CONCLUSIONS

The radiometer built with the LM35 thermal sensor presented results consistent with the IPMet reference sensor.
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Figure 5. Comparison between the curves of the two radiometers
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