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ABSTRACT

A digital solar radiation measuring instrument has been designed, constructed and calibrated. It
tncorporates a small rectangular silicon photocell as the sensor. On exposure to solar radiation,
electromotive force which is proportional to radiation intensity is developed within the circuit. The device
correlates voltage developed with available solar intensity. A standard solarimeter was therefore used to
calibrate the device to translate the unit of its reading from Volt to Walt per square meter. Intensity spread
obtained with respect to time of day agrees with various studies conducted previously on tropical
environments. Results obtained generally conform with those obtained by Medugu, et al. [17] and Chiemeka
[2]). With a calibration conversion factor of 877.19(V — 1.71) Wm?, the device can be used to collect
reliable irradiace data which are both comparable and compatible with that of a standard solarimeter.
Keywords: Solar radiation, Solar meter, Measurement, Voltage, Intensity, Solar sensor,

Calibration.

1. INTRODUCTION

Solar radiation is important to mankind, for heating, electricity generation, water pumping
for irrigation and crop drying in Agriculture. It determines the rate of photosynthesis in plants
and strongly regulates the amount of evaporation from rivers and streams. It warms our planet
and gives us our everyday wind and weather. Without solar radiation the earth would gradually
cool in time becoming encased in layer of ice.

Solar radiation intensity is a measure of the quantity of electromagnetic radiations which are
transmitted from the sun to the Earth. It varies from one point on the Earth surface to another,
[8]. It is mearsured in Watt per square meter (Wm-2).

However due to the average distance of the sun from the earth, about 150 million kilometers,
the quality and intensity of solar radiation change considerably on its journey through the earth’s
atmosphere. These changes are usually conditioned by the solar constant, transparency of the

atmosphere, length of the daily sunlight, and the angle at which the sun’s rays strike the earth.
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The average distance of 150million kilometers is equivalent to one earth astronomical unit
(1.0 au), [4]. Due to the shape of the earth’s orbit the sun is closer to earth in January at a
distance of about 147million km and farther away in July at a distance of about 152million km
[5]. Thus the amount of solar radiation received on earth’s surface depends on the year, time of
day and season [67].

This work bothers on solar radiometry which is the aspect of solar Physics concerned with
evaluation of intensities of global solar radiation falling on the surface of a given location [7]. By
extension, solar radiometry also involves design, construction, chacterization and calibration of
various solar spectral instruments. Chineke [87] observed that the number of stations measuring
solar radiation are sparse in Nigeria. This is due largely to unavailability of solar radiation
measuring devices (such as Photometer, Solarimeter, Pyranometer, etc).

This work was targeted at designing, constructing and calibrating a digital solar radiation
meter for measuring solar radiation intensity. Results obtained are similar to those obtained by
Medugu, et al. [17] and Chiemeka [27]. The device can be used to collect reliable irradiance data

which are both comparable and compatible with that obtained by a standard solarimeter.

2. DESIGN AND CONSTRUCTION
Materials used for the construction include;
(a) Silicon solar cell (sensor)
b) Digital multimeter
c) One - way switch
d) Digital timer
e) Sensor panel and stand
f) Aluminum /plastic casing
2) USB cords
(h) 9 volt dc battery

Design started by selecting a rectangular shaped silicon photocell of dimensions 8cm x 11cm.
A digital timer which displays time of day and days of the week was selected. A digital multimeter
of range (0 — 10) volts was selected. The multimeter with dimensions 12cm x 20cm was set
permanently on the voltage mode so that it measures only voltages.

While the photocell was mounted on a panel, the timer and the multimeter were repackaged
in a single aluminum/plastic encasement for ease of reading of voltage and time values. This
serves as the digital display unit (DDU). The photocell was connected to the multimeter via a one
— way switch. The multimeter has in — built resistor multipliers arranged as Rm1, Rme, Rms, etc, as
shown in fig 1, to enable it read and display different values of voltages. The multipliers are
selected by turning the knob to select the required scale. The photocell on exposure to radiation
produces emf across the circuit. Output of the photocell serves as input to the multimeter. Both
are linked by computer USB cords. The multimeter and timer system ie (DDU) are powered by a
9-volt dc battery. The entire circuit arrangement is shown in fig 1. When readings are to be taken

the panel housing the photocell is mounted on a stand of about 1.5m. The stand has an in-built
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inclinometer used to adjust the panel’s position to incline at the angle of the degree of the latitude
of the location where measurement is being made. This makes for efficiency in the capture of solar

radiation, [87. The entire construction is compact.

3. OPERATION AND CALIBRATION

The constructed device was used to measure solar intensity at NIMET station in Umudike
community in Nigeria. To do this, the panel housing the solar cell was mounted on the solar
stand about 1.5m above the ground level in an open field. The in-built inclinometer of the stand
was used to incline the cell at the angle of the latitude of Umudike which is about 5° N, [2, 97.
Such adjustment is usually critical for finding maximum solar radiation intensity of a location,
[10, 117. An open field was selected to avoid obstacles blocking or affecting the experiment. This
meets the condition of avoiding obstacles in the easterly and westerly directions, [127].

The solar cell was connected to the digital display unit by means of USB cords. Since the cell
is essentially a p—n junction diode, radiations falling on its surface cause emf which is proportional
to the intensity to be generated. To obtain the current produced by the cell you measure the
voltage across a small resistor shunted to it. Thus the corresponding voltage value was read and
recorded from the digital display unit (DDU). The time and date of measurements were equally
read.

For purposes of calibration, the device was placed side by side with a standard solarimeter at
NIMET observatory station Umudike. Hence the transferred calibration method was used, [137].

Measurement and calibration were done for a period of three months (January to April) at
hourly intervals beginning from 700 hours to 1800 hours for each day. For each hour of the day
the reading of the device was taken alongside the reading of the standard solarimeter at same
time. Readings were collected for the 13 weeks of study on daily basis and at the end, weekly
average data were obtained as shown in table 1.The entire daily data were not presented here
because they are voluminous. The dark voltage of the constructed device V, was first determined
to give the calibration a starting point or an origin. This corresponds to the voltage reading of
the device when the reading of the standard solarimeter was 0.0Wm-.

Table 1 shows the weekly average data. A graph of weekly average voltage was plotted
against time using MINITAB statistical package as shown in fig 2. The graph indicates that
voltage increases from the early hours of the morning (700 Hrs) peaking at about mid-day
(between 1200 and 1300 Hrs). Thereafter it begins to come down gradually towards evening
time.

Also a graph of weekly average of solar radiation intensity (SRI) against time was plotted in
fig 8. It is similar to that of weekly average voltage against time in fig 2, increasing in the early
hours of the morning and peaking during the mid-day, while decreasing towards the evening.
Little distortions appear towards the tip between 10.00Hrs and 12.00Hrs. Another distortion
appears between 16.00 and 17.00Hrs. These distortions show in the scatter of the points at those
times indicating that solar radiation intensity is erratic in nature. The voltage/intensity trend

shows that radiation intensity increases steadily with the rising sun from morning hours and
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peaks around mid-day when radiation is highest. Thereafter it begins to decrease as the sun
begins to set in the evening period.

At the end, a graph of weekly average voltage(V) was plotted against weekly average solar
radiation intensity(SRI) using MINITAB software package to find out the correlation between
the two variables. This is shown in the graph of fig 4. The graph is a straight line graph
indicating that voltage developed in the constructed device is linearly related to the available
solar intensity. The intercept on the voltage axis at 1.71V shows that this is the threshold voltage
value required for conversion from voltage(V) in volts to intensity (I) in watts per square meter as
a calibration process. The slope of the graph is 0.00114m?/A. This implies that the conversion
formula from voltage to Watt/meter-square is ,

SRI = 0.00114 (voltage reading — 1.71) Wm™=.

Fig-1.Schematic Circuit Diagram of the Digital Solar Radiation Meter.

TIM
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Table-1.Table of Weekly average (Week 1 to 13)

WEEK1 WEEK 2 WEEK 3 WEEK 4 WEEK 5 WEEK 6 WEEK 7 WEEK S WEEK 9

£ £ 2 £ B L 32 & 2 & 3 2 g

> £ e = e = e = - £ = £ g 9 e £

Time 2 EES ES I I R 2 E Ho & 3

S w = =2 = = = = z 2 z 2 = = Ea- =~ 2% E Z

N = 71 = w = wm = w - w = 77 = w LB a2 = |7
1 700 2. 169 1761 2050 200 205 2185 205 205 2165 209 2190 206
2 800 2. 228 4722 3845 224 228 4869 226 230 3055 230 3056 222
30900 2. 242 5063 6061 241 242 6089 243 242 6085 243 6150 242
4 1000 2 251 7671 7864 254 254 7796 2355 255 6670 254 7879 248
5 1100 2. 255 T84.1 8037 2357 2.60 8164 263 261 8195 260 8191 234
6 1200 2 256 7905 8061 239 262 1949 268 265 9749 265 9342 236
71300 252 7617 5886 239 263 1986 267 268 9933 264 7975 235
& 1400 247 245 6089 6164 2350 2.58 8251 263 264 9468 260 9 251
9 1300 243 240 3927 5747 245 269 6068 236 255 8174 252 6 232
10 1600 237 230 3990 338 240 240 3987 245 242 6325 243 4 244
11 1700 200 203 2778 2413 1.99 2.15 3562 229 249 4721 226 4 233
12 1800 285 187 2046 1285 185 199 2662 216 2,16 3361 214 0 218

Table-1.Contd.
WEEK 10 WEEK 11 WEEK 12 WEEK 13

Time
SN (hr) :
1 700 26.42
2 800 285
3 200 3146
4 1000 32.63
5 L11oo 3341
6 1200 33.61 110264
7 1300 33.45 5870.5
8 1400
9 1500
10 1600 30.84 5593 2.37 5593
11 1700 28.29 3893 2.18 388.3
12 1800 24.44 2878 1.85 287.8

Voltage(

Fig-2. Graph of Voltage against Time
Regression Plot
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Fig-3. Graph of SRI againt Times

Regression Plot
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Fig-4.Graph of Voltage against SRI
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The graph of fig4 as obtained from the MINITAB statistical package is a straight line,

showing that the relationship between the measurements from the device (V) and that of the
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standard solarimeter (SRI) is linear. The slope of the graph as determined by the package is
0.00114m?/A.
The intercept on the voltage axis is 1.71volts which is the threshold voltage. From the usual
linear relationship of:
YEMX+C (1)
where, y = voltage, m= slope, x = (SRI) Solar radiation intensity, ¢ = intercept,
we obtain the conversion formula from voltage reading in volts to its equivalent intensity (SRI)
reading in Watt per square meter as:
Voltage = 1.14x10(SRI) + 1.71
SRI (1.14x107%) = Voltage -1.71
Hence, SRI = 877.19(Voltage -1.71) ..., (2)
Equation (2) is the conversion equation. Error in the slope of fig 4 according to Okeke, et al.
[ 147 is obtained from the expression:
2V
Error in slope=Sg =nR

where W= vertical scatter

n =no of points
R =horizontal range along x-axis between first and last point.

The standard error in the slope was obtained as 7.14x10™*

4. CONCLUSION

The design, construction and calibration of the solar radiation meter was successful. The
obtained expression correlating solar radiation intensity with the measured voltage values is
similar in form with an earlier measurement made in Umudike by Chiemeka [27] for the
estimation of global solar radiation; which was done using Hargreaves equation. Also results
obtained from calibration is similar to that obtained by Medugu, et al. [17] and has a conversion
formula of, SRI = 877.19(Voltage -1.71)

Device can be used to collect radiation data which are reliable and comparable to that of a

standard solarimeter.
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