Mark Blonquist
Bruce Bugbee

Sensor Update
October 13 & 16, 2006



Overview

e Infra-red Sensor
— Advantages
— Calibration
— Applications

e Pyranometers
— Cosine Response
— Long-term Drift
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Field of view (FOV)
IRR-P half-angle = 22°
IRR-PN half-angle = 18"
IRTS-P half-angle = 28"

The FOV is reported as
the half-angle of the
apex of the cone formed
by the target (cone base)
and the detector (cone
apex). The targetis a
circle from which 98% of
the radiation viewed by
the detector is being
emitted.
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FOV Determination with Leslie Cube




Radiation from Target [%]
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Infra-Red Radiometer Field of View
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Stefan-Boltzmann Law: Emitted Radiation -
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Calibration Equation

« Kalma et al. (Calibration of small infra-red surface temperature
transducers, Ag. For. Met, 1988) proposed:

T, =Ty =m-mV +b
1

T, =(T,  +m-mV +b)

 |IRR-Ps were tested and found to follow the same relationship;
2"d order polynomial correction was replaced



Infrared
radiometers

Closed-cell
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Temperature Data as a Function of Themopile mV Output
(Sensor Body Temperatures: -5 to 45 °C; 5 °C Increments)

Tgg-Tsg=+9°C

Tsg =45°C
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Canopy Temperature (T,) Difference from Average
Canopy Temperature (T ) at 5:00 AM

0.15 -

0.05 - ® ® ° N

000 -——@———————————— — ——— — — —_—————— -———

-0.05 | o v .

-0.10 | b

-0.15 +

T T T T

'Sensor Body Temperature (Tgg) Difference from Average‘
Sensor Body Temperature (Tgg 5) at 5:00 AM

0.15

0.10 =
[ |

o a a 0 . 01 - a

0.05 5

000 e e e e e e e e e e e e e e e e e e e e
b v v \ 4 v v w

-0.05 - ® [ ] ® @ ® ® o v 7
[ ]

-0.10

-0.15

1 1 1 L 1 1 1 1 1

150 151 152 153 154 155 156 157 158 159 160
Julian Day







Difference [%]
w0 -

~—

Q
o

|
(@]
D
—
m
o
£
O
O
—_ =
2 :
]
R | =
g @
a =
o -
m
@
E
O
=
(4]
| -
>
a

(=] o o
o o o
oo o w

[,.w A\] uoneipey Jejog




40 |

T, - T, Measuremnents and Baselines at Mid-day

Maximum stress
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USU Long-Term Pyranometer Study:

Cosine Response and Daily Total Radiation Measurements

Silicon-cells: Thermopiles: Reference:

- 3 Kipp & Zonen SP-Lites - 3 Kipp & Zonen CM3s - 1 Kipp & Zonen CM21
- 4 LI-COR LI200Xs - 2 Kipp & Zonen CMP3s (heated and ventilated)
- 6 Apogee PYR-Ps - 2 Hukseflux LP02s

- 3 Eppley PSPs
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Seasonal Comparison of Daily Solar Zenith Angles in Logan, Utah
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2005 BORCAL at NREL

Cosine Response of 3 Thermopile and 3 Silicon-Cell Pyranometers
Normalized to a 45 Degree Zenith Angle
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% Difference from CM21

Long-term Stability
Oct. 2004-Oct. 2006
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Apogee Pyranometer Calibration



New International Headquarters for
Apogee Instruments
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