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Active Cavity Radiometer Type 4

REFERENCE CAVITY ASSEMBLY

PRIMARY
(SOLAR OBSERVING)
CAVITY ASSEMBLY

REFERENCE
TEMPERATURE SENSOR

CONICAL CAVITY

CAVITY HEATER WINDING

HEATER WINDING COVER

THERMAL CONDUCTANCE

MECHANICAL INTERFACE FOR CAVITY
ASSEMBLY AND HEATSINK

PRIMARY TEMPERATURE SENSOR

SPECULAR BLACK CAVITY SURFACE

NASA/NIST TSI Workshop

Richard C Will
July 18-20, 2005 JoGl flison




Active Cavity Radiometer Sensor Module
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Active Cavity Radiometer measurements

of the Active Cavity Radiometer design

oys differential operation

asurements depend only differences in the thermal state of the cavity and
etween reference and observation phases of measurement

temperature difference errors under most conditions are below the Dl
defined by basic radiometer metrology. g "

NASA/NIST TSI Workshop . ]
July 18-20, 2005 Richard C Willson



Active Cavity Radiometer measurements

ies of the Active Cavity Radiometer (ACR)

Ctor constant of proportionality
heater power in the reference mode
heater power in the observation mode

absorptance is:
.2.0ac =1 - pcb
Where:

ac = effective cavity absorptance

pc = absorptance of cavity surface
6 = number of reflections per axial ray
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Active Cavity Radiometer measurements

N o the ACR quasi-equilibrium equation

Pinr = Per + 3; Prcrj + Phcr

Poutr = Pcr + 3 Pcrr; + Plcr
e (shutter open) the input and output power to the cavity are:
Pino = Peo+ H*Ac*(ac + p*pc) + 3; Prco; + Phco

Pouto = Pco + 3, Pcro, + X, Plco,

y electrical heating Pcr = radiative outputs from cavity

J) rédiative inputs to cavity from FOV j Pc = loss by thermal conduction to the heatsinkf ‘
Plc = loss by electrical lead conduction Ac = Area of primary aperture “
H = Total Solar Irradiance p = effective cavity FOV reflectance for TSI

ac = effective cavity absorptance for TSI Phc = input to cavity heat capacity
pc = effective cavity reflectance for TSI
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Active Cavity Radiometer measurements

jon ¢  quasi-equilibrium requires that the sum of input and output power for the cavity in

Pinr =y Poutr (Reference phase)

":__- = > Pouto (Observation phase)
ing powers using Eq.’s 2 — 8 and put the equation in the form of eq. 1:

Ac(ac + ppc)] {(Per - Peo) + (electrical power term)

( Fdotr - Tdoto) + (cavity heat capacity term)
'j (Pcrr; - Pcro) - (radiation from cavity term)

>, (Prcr; - Prco)) + (radiation to cavity tefim)

Z,- (Pcrj - Pcoj) + (thermal conduct , :'
2; (Plcr; - Plco)} (electrical lead co'
lf.%‘ .
Where: C = cavity heat capacity, Tdot = thermal drift rate of cavity"
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Active Cavity Radiometer measurements

"Pr"cr1 - Prco, The difference in radiative transfer to the cavity from its vig .
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Active Cavity Radiometer measurements

| power term (Per - Peo):

cavity electrical heater voltages and currents in the
(reference) and shutter open (observations) phases of the

eat capacity term:
Eq. 13 C<(Tdotr - Tdoto)

Where:

This term represents the net power transferred to or from the heat capacity
of the cavity in the two phases of measurement.
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Active Cavity Radiometer measurements

rom surround term }; (Prcr; — Prco)) :

] = 4
Prc, =3, g°Ac;s0°T*Fc;

infrared (IR) emittance to j" field of view (FOV)
red (IR) emittance of jt FOV
_ : cavity area presented to jth FOV
" o = Stefan-Boltzmann constant
Tc; = temperature of cavity seen by jt" FOV
T, = temperature of j'» FOV
Fc,; = radiative view factor between cavity and jt" FOV
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Active Cavity Radiometer measurements
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Active Cavity Radiometer measurements

heatsink through leads :

>« Ple, = Y, Klc, *(Tc - T;)

Klc, = thermal conductance of k' electrical lead from cavity to heat sink
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Active Cavity Radiometer measurements

i
- mW-cm=2- K4

C mW-sec-K-"
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VALUE
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) 75
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0.98
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0.000002
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0.00015
0.00015
0.4
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7 x 1016
10

0.02

0.05

Richard C Willson

DESCRIPTION

cavity absorptance

area of primary aperture

effective cavity reflectance for TSI
reflectance of cavity’s FOV for TSI
cavity heater voltage - shutter open
cavity heater voltage - shutter closed
cavity heater current - shutter open
cavity heater current - shutter closed

thermal impedance conductance

cavity electrical lead conm\
A .- s e :-F

cavity heat capacity
cavity emittance to FOV’s

cavity emittance to F
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Active Cavity Radiometer measurements
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VALUE
0.5

1.3

5.0
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. 0.05

300.5
301
300.5
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10

N

8 x 102
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0.704
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0.00013
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0.2

0.02

0.02

0.02

2

2

2

5x 104
6 x 10°
5x 102
0.08
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Richard C Willson

DESCRIPTION

cavity areas seen by FOV’s 1,2
cavity areas seen by FOV 3
cavity areas seen by FOV’s 4,5
emittance of FOV 1

emittance of FOV’s 2,3
emittance of FOV’s 4,5

cavity temperature
temperatures of FOV’s 1,2,3,5
temperatures of FOV 4

cavity temperature drift per cycle

FOV 1 temperature drift p%n

cavity view factor to FOV.
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Active Cavity Radiometer Measurements

hieved, the quasi-equilibrium equation ( Eq. 9) can be simplified
ns about reference phase temperatures:

er-Peo) + (electrical power)
. ad

- CdTdotr (cavity heat capacity)
- 4+0+3; Ac°FceeceTerr® «3Terr, (radiation fr " ty)
T & v‘"{‘f
'S (Pror °oge ° ogie . iatio ) i ol
j (Prer; - Prco;) - 420} ; Ac;*Fc;°gj Trcrj3 &Trcr; (radiati B,

(Pcr - Pco) - Ktce(dTcr — 8T5r) (therm ,‘!"
5. (Plcr, - Plco,)} - 5, Klc,+(5Tcr — 5T5r) (lead cofd
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Predicted Active Cavity Radiometer Uncertainties in S.I. Units

S.l. Uncertainty of the ACR Type 4

=S
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Predicted Active Cavity Radiometer Uncertainties caused by
thermal drifting between measurement phases
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SMM/ACRIM1 Instrument

THERMISTOR TEMPERATURE SENSOR HEAT SINK
SENSOR

PRIMARY APERTURE —
ACR IV DUAL
IRRADIANCE SHIELD DE'I?E({‘.TORI?I g‘?\‘;rJTY
VIEW LIMITING HEATSINK

||l z
BAFFLING \//'/ \
FIELD-OF-VIEW ¥ AN
DEFINING : Lo S
WM AN

APERTURE —'\\

REFLECTIVE
THERMAL SHIELD —

SOLAR

VIEWING

SHUTTER

(1 OF 3) \_ ELECTRONIC CIRCUIT

CIRCUIT BOARDS

OPTICAL
ALIGNMENT CUBE

NASA/NIST TSI Workshop
July 18-20, 2005

Richard C Willson




SMM/ACRIM1 Early Mission Comparisons
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UARS/ACRIM2 Instrument
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UARS/ACRIM2 ACR Type V Cavity
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UARS/ACRIM2 Sensor Comparisons — 1st Year

UARS/ACRIM2: Sensor Ratios
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NASA/NIST TSI Workshop
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ACRIM3 Comparisons and Degradation

ACRIMSAT/ACRIM3 Sensor Ratios
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ACRIM ‘as-launched’ Sensor Comparisons

Sensor
Experiment
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C/A C/B A/B
ratio ratio ratio

0.999480 1.000501 1.001021

1.002187 0.998088 0.995910

1.002068 1.001174 0.999108

Richard C Willson
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ACRIM1 Comparisons & Degradation Calibrations

ACRIM | DEGRADATION CALIBRATION
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ACRIM2 Comparisons and Degradation

UARS/ACRIM2
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ACRIM3 Comparisons and Degradation
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