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1. Safetyinstructions

This systemis designed according to the state-of-the-art accepted safety regulations. However, please note the
followingrules:

- Beforeputtinginto operation please read allrespective manuals!

- Pleaseobserve allinternal and state-specific guidelines and/orrules for the prevention of accidents.
If necessary askyourresponsible safety representative.

- Usethesystemonlyasdescribedinthe manual.
- Alwayshave the manual athand at the installation site.
- Usethesystemwithinthe specified operating condition. Eliminate influences, which mightimpair the safety.

«  Preventtheingressof unwantedliquidsinto the devices.

2. Warranty

Please note the loss of warranty and non-liability by unauthorized manipulation of the system. You need a written
permission of the LAMBRECHT meteo GmbH for changes of system components. These activities must be
operated by a qualified technician.

The warranty does not cover:
1. Mechanicaldamages caused by externalimpacts (e.g. icefall, rockfall, vandalism).

2. Impactsordamages caused by over-voltages orelectromagnetic fields which are beyond the standards and
specificationsinthe technical data.

3. Damagescausedbyimproperhandling, e.g. by wrongtools,incorrectinstallation, incorrect electrical
installation (e.g. false polarity) etc.

4. Damageswhichare caused by using the device beyond the specified operation conditions.

3. Generalinformation

The netradiometeris aninstrument formeasuring solarand farinfrared radiation balance. This balance is usually
called net (total) radiation.

Itsup facing sensormeasures the solarenergy and farinfrared energy thatisreceived from the entire hemisphere.

Its down facing sensor measures the energy received from the soil surface. The down facing sensorreadingis
automatically subtracted from the up facing sensorvalue and converted to one output signal. The resulting output
represents the netradiation, which canbe interpreted as theradiative energy thatis absorbed by the soil surface. The
outputis expressedin W/m?2.
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The netradiometeris designed for continuous outdooruse. Contrary to most commoninstruments formeasurement
of netradiation, itis not equipped with plastic orglass domes. The domes are replaced by a Teflon coated sensor
surface. Thishasbigadvantages formaintenance and sensor stability. By amost particularly higher sensitivity to
wind speedthe accuracyislimited(see 6.4).

The netradiometeris used formeasuring the radiation balance as a meteorological parameter. It canhowever also be
usedtomeasureindoor climate radiative stress. Itis equipped with alevel for easy levelling.

The netradiometer fully complies with the CE directive 89/336/EEC.

4, Scope of delivery

- IxNetRadiometer16123 with mountingrod and cable
.« 1xMetalrod(tobeinstalled ontheinstrument)
. IxCalibrationcertificate

.« IxUsermanual

5. Quickguide

REQUIREMENTS

1. Netradiometer16123

2. Voltmeterwitharangefrom0...50 mV and aninputimpedance of more than5000 Q
3. Alightsource

- Positiontheinstrument so that the down facing sensoris1cmoverasurface (e.g. atable)and the uppersensoris
facingthelight source. Please avoid contact between the sensorand yourhand. This creates thermal shocks to
which the sensoris sensitive. Hold the sensorat the support armatall times.

- Connectthenetradiometerwires to the voltmeter: the red wire to the + pole/ the blue wire to the - pole.
- Setthevoltmetertothe most sensitiverange.

- Readthesensorsignalwithoutlight source (it takes about a minute for the signal to stabilize).

«  Exposethesensortolight. The signal should give amore positive reading.

- Putthelightsource off again, the signal should slowly return to the old signal level. This shows that the sensoris
sensitive tolight.

. Putthesensorupside down. The signal shouldreverse sign (+10 mV should become -10 mV), because it
measures upperminus lower sensor. Don‘t worry about a 20 % difference under these conditions! If OK, put the
sensorinits original positionagainandletit stabilize.

- Putyourhandovertheuppersensor. The signal should give amore positive reading, provided that the sensor
temperatureislowerthanthe temperature of yourhand. If the temperature of yourhandislowerthan the
temperature of the sensor, the signal willgo more negative.
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- Thesensitivity to thermal shocks can be demonstrated by touching the sensoredge (the blank metal) with your
hand forsome seconds. Theresulting shock will resultin a signal drift, orazero offset that only slowly will settle
downagain.

- Adjustthevoltmeterrangeinsuchaway that the expected full scale output of the net radiometer fits the full scale
input of the voltmeter. This canbe done ontheoretical considerations.

- Whenthe maximum expectedradiationis +1500 W/m?, the minimumis -200 W/ m? and the sensitivity of the net
radiometeris 10 uV/ W/m?, the expected outputrange of the pyranometeris 17000 uV =17 mV. These values are
applicable fornormal meteorological applications.

. Calculate theradiationintensity by dividing the net radiometer output (17 mV) by the calibration factor
(10O uV/ W/m?2).

. Forpermanentinstallation, mounting should be done using the netradiometer mountingrod. The sensor should
be mountedinanarea free fromobstructions. Underno circumstances should shadows be cast uponit

- Maintenance: The sensorshould be kept clean, using water oralcohol. Please treat the surface gently.

+  Recalibrationisrecommended every 2 years.

6. Sensorproperties

The netradiometer consists of athermopile detector, two black teflon coated sensorsurfaces, ahousingwitha
build-inlevel, acable and a short metal stick.

The thermopile consists of anumber of thermocouples that are connectedin series. It essentially is a very sensitive
differentialtemperature sensor.

The thermopile generates avoltage output (the sensoris passive, no power supply required). The up facing sensor
surfaceis connectedto the upperjoints of the thermopile, the down facing sensoris connected to the lowerjoints of
the thermopile. The sensorwill measure the temperature difference between the upperand the lower sensor surface.
This temperature difference canvery accurately be determined (changes of lessthan 0.001°C are detectable). The
temperature differenceis proportional to the net radiation.

Most electrical specifications are determined by thermopile. Spectral specifications are determined by the black
Teflon coating.

Boththeup facingandthe downfacing sensors have an angle of aperture of 180° and theirangular characteristics
fulfilthe so-called cosineresponse.
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6.1. Electrical properties
The electrical circuit of the netradiometeris drawninfigure1.
Theinputimpedance of the readout equipment shouldbe >1MQin orderto make anerrorof <0.1%.

Cable canbe extended without problems to alength of 100 m, provided that cable resistanceisless than 0.1% of the
inputimpedance of the readout equipment.

The electrical sensitivity of the thermopile changes with the temperature. Anominal value for thisis not specified.
Calibrationisdone at 20 °C.

radiation
thermopile
TN
red +o—— +—+= — blue

N~ Jr_shield

Fig.1: Electrical circuit of the netradiometer

6.2. Spectral properties

The spectral properties of the netradiometer are determined by the Teflon sensor surface. The spectral sensitivity is
not specified becauseitisnotconsideredto be of criticalimportance.

Asketch of approximate spectral sensitivity is shownin fig. 2.
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Fig.2: The approximate spectral sensitivity of the netradiometer16123 combined with the spectrum of the sununder
aclearsky, andthe spectrum of outgoing farinfrared radiation.
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The up facing sensorhasbeen calibrated for solarradiationwavelengths. Itis assumed that the lower sensorhas
the same sensitivity. This might not be true; the sensor can have anon perfect symmetry. Thishoweveris neglected.
Secondlyitisassumedthat the sensorsensitivity toinfraredradiationis the same as for solarradiation.

6.3. Directional properties/ Cosine response

The measurement of the radiation falling on a surface (also calledirradiance or radiative flux) requires two
assumptions: that the surfaceis spectrally black (thatit absorbs allradiation from allwavelengths, see previous
paragraph)andthatithasanangle of aperture of 180°. Anotherway of expressing these directional propertiesis to
say that the sensorhas to comply with the cosine response.

The netradiometersensorsurface has aratherspecial shape,itis shapedlike acone,inordertohave abetter
compliance withthe cosineresponse. Aperfect cosine response will show maximum sensitivity (1) at an angle of
incidence of O° (perpendicularto the sensor surface) and zero sensitivity at an angle of incidence of 90° (radiation
passing overthe sensorsurface). Inbetween 0° and 90° the sensitivity should be proportional to the cosine of the
angle of incidence.

Figure 3shows the behaviorof atypical netradiometer. The vertical axis shows the deviation fromideal behavior,
expressedinpercentage deviation of theideal value.
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Fig. 3: The directionalresponse or cosine response of the netradiometer16123. On the horizontal axis the zenith
angle (O°zenithangle equals 90° angle of incidence). On the vertical axis the percentage deviation fromideal
cosine behavior. The specifications of the net radiometerregarding the cosine response are very good because the
detectorsurfaceis shapedlike acone.

6.4. Sensitivity towind speed

The netradiometeris calibrated at zerowind speed. At higher wind speeds, the sensitivity and thus voltage output
willdecrease.

Applying the original sensitivity figure resultin too low netirradiances. The design howeverwas made such that this
errorgenerally willnot be large, so that correctionis not necessary. Thisis achieved by keeping A T of the sensor
low.

Forscientificresearch to thismatteracorrection theoretically could be done by multiplying the calculated

. . 3/4
irradiances withafactor(l+v*x

be 0.01).

)wherevisthewind speed, and xhas to be determined empirically (xis found to
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/.  Calibration

Recalibrationis suggested every two years. Foritthe sensor should be sentin to the supplier. The checking of the
accuracy and sensor performance could be conducted before.

Forthis purpose ahigherstandard sensorruns parallel to the sensor, which should be calibrated, during two sunny
days. Afterwards the daily values can be compared. The calibration factor can be correctedif the results differmore
than5 %. Thisreference could be anetradiometerwith higheraccuracy oranetradiometerthatiskeptsafelyinthe
cupboard (sensor stability mainly is a matter of aging of the black sensor surface).

Anotherway of checking sensor performance during field use, is to put the sensorupside down during stable
atmospheric conditions. Theoretically the sensor output should change sign.

@ Please mind that the sensorresponse time for stabilizingis about one minute.

CALIBRATION METHOD

Theupfacing sensorof the netradiometeris the one thatis calibrated for solarradiation. Itis silently assumed that the
sensitivity of the down facing sensoris the same. Inreality this might differ. This deviationis accepted because the
down facing sensor signal willgenerally be atleast afactor 3 smaller than the signal of the up facing sensor.

Alsoitisassumed the sensitivity toinfrared radiationis the same as forsolarradiation. The error caused by thisis
unknown. Itis neglected because the solarradiation will be the dominating factor. During calibration thereis nowind
(see 6.4).Itis suggested not to correct for this; toimprove the accuracy of thisinstrument would require more than a
wind correction.

The up-facing sensor of the netradiometerreferenceis calibrated against a secondary standard pyranometer (thisis
aradiometerthatis sensitive to solarradiation only) under natural sunlight during clear sky conditions.

Furtherreference conditions are as follows: temperature 20 °C, irradiance 500 W/m?, wind speed <2 m/s. The
primary standard for solarradiation, against which the secondary standard pyranometeris calibrated, is the World
Radiometric Reference.

CALIBRATION CONDITIONS

- Theuppersensoris calibrated forsolarradiation.
- Traceabletosecondary standard pyranometer

- Normalangle ofincidence, 500 W/m?, 20 °C, horizontal position, no wind speed.

8. Installation and maintenance

The netradiometercanbe attached at amast usingits mountingrod. Leveling can be carried out by means of the
integratedlevel. The small metal stick has to be screwedininto the threaded bore at the housing. The stickisused to
the protection of the sensoragainstlandings of birds.

Wheninstalled onamast, preferred orientationis such that no shadows are cast onthe netradiometerduring any
time of the day. Onthe northernhemisphere thisimplies that the netradiometer should be south of the mast.
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Itisadvisedto measure ataheighthof atleast1.5 meters above the surfacein orderto avoid shading effectsand to
promote spatial averaging. The down facing sensor signalis representative (99 %) fora circulararea withradius 10 h.

The netradiometeris anallweatherinstrument and it needs afterinstallation low maintenance only. Itis
recommended to cleanthe detectorregularly, carefully using water oralcohol.

9.  Troubleshooting

If yournetradiometerdoesnot seemtowork at all, please follow the following procedure:

. Checkifthenetradiometerreacts tolight, using the procedureinthe ,Shortuser manual®.

- Noresult? Measure theimpedance of the sensoracross the red and the blue wires. This should be closet0 2.3 Q).
Ifitisinfinite, the thermopileis blown.

If the netradiometer shows biggerorsmallerresults than expected, the following questions might help you out:

«  Areyoumeasuringundernatural sunlight? If so the maximum expectedradiationis 1500 W/m?. Underlamps this
mightbe more. Forindoor climate studies, smallervalues are expected unless solarradiationis present. Atypical
value foraroomwhenfacing awall and arelatively cold windowis 50 W/m?2.

- Areyoucorrecting forthe calibration factor? Please note that this factoris anindividual property, thatis different
foreachsensor. Doyoudivide by the factor? Thisis correct.

- Whatistheinputimpedance of yourreadout equipment? It should be >TMQ. Ifitis significantly smaller you will
notice errors.

- Isyourreadout equipment properly calibrated?

If stillno satisfactory answeris found, please contact your supplier.
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10. Disposal

LAMBRECHT meteo GmbHislisted and registered at the Stiftung Elektro-Altgerate Registerearunder:

WEEE-Reg.-Nr. DE45445814

Inthe category of monitoring and controlinstruments, device type: “Monitoring and controlinstruments for
exclusively commercialuse”.

Withinthe EU

The device has to be disposed according to the European Directives 2002/96/EC and 2003/108/EC
(Waste Electrical and Electronic Equipment). Do not dispose the old device inthe household waste!
Foranenvironmentally friendly recycling and disposal of your old device, contact a certified disposal
company forelectronic waste.

Outside the EU

Please follow the regulationsinyour country regarding the appropriate disposal of waste electronic equipment.
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11.

Technical data

NETRADIOMETER 16123

[dNo.

00.16123.100000

Measuring element

Thermopile; conical, Teflon-coated absorber (without dome)

Measuringrange

-2000...+42000 W/m?
Radiationbalance overalarge waverange of 0.2...100 ym

Range of application

-30...+470°C

Nonlinearity

<1%

Response time (95 %)

<60s

Sensitivity

10 uV/ W/m2(nominal)

Temperature dependence
of the sensitivity

-0.1%/°C (typically)

Directional error

<3%at0...60°angle ofincidence at 1000 W/m?; sensorasymmetry <15 %

Expectedsignalrange

-25..+25mV (underatmospheric conditions)

Housing Anodized aluminum
Cable Polyurethane; 15 m
Weight 0.5kg

Dimensions Seefigure 4

Fig. 4: Dimensions of the net

Mountingrod 220 x800 mm

radiometer16123 and the mountingrod

Mountingrod approx. 800 mmlong

Level

15mcable

Smallmetalstick

NetRadiometer16123
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