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End-Users Techniques (]
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« TIR (thermal infrared) - reflectometer / emissiometer

- measurement of the total hemispherical normal reflectance
Rhn

—> determination of the total normal emissivity &, and
determination of the total hemispherical emissivity &

- Spectrometer with integrating sphere

- measurement of the spectral normal hemispherical reflectance
Rnh(/])

—> determination of the total normal emissivity &, and
determination of the total hemispherical emissivity &

« Assumption: near-normal values = normal values
EMIRIM 2



Total Hemispherical Emissivity =
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Total hemispherical emissivity is a measure for the
total amount of energy emitted by thermal radiation from
a surface into the surrounding at a given temperature T.

- emissive power of a real surface M(&g, T):

M(e,T) =¢-0-T* [Wih?, o: Stefan-Boltzmann-constant

M(s, T) sample

EMIRIM total hemispherical emissivity ¢ ;



Normal Hemispherical Reflectance

i
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Spectral normal hemispherical reflectance R, (A)
= spectral hemispherical normal reflectance R, (/)

ih,reﬂected (/L T)

ih,incoming (/L T)

Inincoming (4,T) inreflected (4 T)

ih,reflected(/l: T) (_ Ry (A,T) = in,reﬂected(/l» T))
— Dthn\“L —

R h(ﬂv T) — -
! ln,incoming (/L T) lh,incoming (/L T)
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Spectral Normal Emissivity
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Spectral normal emissivity &,
= spectral normal absorptivity a,

— _

in,emitted(/l» T) in,incoming (/1; T)
e (LT) = inemitted (4, T) _ (a (AT) = in absorbed (A, T))
o b (4, T) o Inincoming 4 T)
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Total Normal Emissivity

Spectral normal emissivity £,(4,T)

e (A, T)=1—-Ryy(A,T) =1 — Rpy (A4, T)

for opaque samples with vanishing transmittance.

Total normal emissivity &,(T)

EMIRIM

[, enAT) - ipp(A,T) - dA
[ ipp(A,T) - dA

€n (T) =

i'if
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Total Hemispherical Emissivity
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Total normal emissivity &,(T)
= total directional emissivity £4(0, ¢, T) at 8= 0°

En(T) — gd(g — O! @, T)

Total hemispherical emissivity £(T)

1
e(T) =;- J £4(0,9,T)-cosf -dw

hemi—
sphere
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Reflectometer / Emissiometer

I
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Determination of the total normal emissivity &, (T)
by measuring the hemispherical normal reflectance Ry, (T)

© INGLAS GmbH & Co. KG

thermopile
IrSensor @ INGLAS GmbH & Co. KG

sample
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Reflectometer / Emissiometer

Determination of the total normal emissivity &, (T)
by measuring the hemispherical normal reflectance Ry, (T)
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Reflectometer / Emissiometer i
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Determination of the total normal emissivity &, (T)
by measuring the hemispherical normal reflectance Ry, (T)
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Integrating Sphere

I
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Determination of the spectral normal emissivity £,(4,T)

4

by measuring the normal hemispherical reflectance R,,(4,T)

sample
/ \
detector detector detector
incoming incoming incoming
radiation radiation radiation

EMIRIM © INGLAS GmbH & Co. KG 11



Integrating Sphere

FTIR-spectrometer

1 1
interferometer block
— [N N
mirror-scanner beam- -
splitter u
W globar
aperture <
changer
additional \ |
internal
setups
1 1
sample "
integrating sphere B
setup for reflection /
measurement
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Integrating Sphere

N
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Examples for derived spectral normal emissivity £,(4,T)
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Thank you!

EMPIR H -

The EMPIR initiative is co-funded by the European Union's Haorizon 2020
research and innovation programme and the EMPIR Participating States
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