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Radiation Effects on Exterior Surfaces

Radiation: d sink The exterior surface temperature of a building
energy source and sin envelope component depends on:

» ambient air temperature and surface transfer
» absorption of short-wave radiation from the sun

» emission/absorption of long-wave radiation
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Radiation Effects on Exterior Surfaces

Condensation in ventilation planes Moisture Readings 1989 (Rafter North)
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Radiation Effects on Exterior Surfaces

Result: Condensation yields to Mould and Algee Growth on Exterior Surfaces.
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Radiation Effects on Exterior Surfaces

Every body has an radiant emittance according to the law from Max Planck,depending
on Temperature and Wave Length.
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Radiation Effects on Exterior Surfaces
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Radiation Effects on Exterior Surfaces

Specific Emittance [W/m?]

Integration of the Planck Law over all Wave Length over the half space yields to
the Specific Emittance of a black body according to Stefan-Boltzmann-Law.
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For Gray Radiators gilt:
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Radiation Effects on Exterior Surfaces

Example for the Emittance:

A Human Being has the follwing Properties:
Mass: 80 kg (basicaly Water)
Surface: 1,8 m2
Surface Temperature: 34 °C

The Emittance of about 900 W yields to a body temperature 25 °C in 1 hour and
this Human Being will die.

To avoid this he must eat 17000 kcal a day.

Where is the fault ?

This Human Being has not only an Emittance of 900 W, he does also
absorb the Irradiation of the surrounding Environment (about. 750 W
at 20°C).
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Radiation Effects on Exterior Surfaces

The Atmosphere is not a solid body and has another Radiation Behavior.

Spectral Emittance | \/(m? pm)
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Difference (about. 70 W/m?) ist the reason for night-time overcooling.
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Radiation Effects on Exterior Surfaces

How is long-wave Radiation typically taken into account?

» German Standard DIN EN ISO 6946: Bauteile — Warmedurchlasswiderstand und
Warmedurchgangskoeffizient - Berechnungsverfahren

1 R.: Heat Transfer Resistance [m2K/W]
h.: Heat Transfer Coefficient, Convection [W/m?2K]

R =
S
hc + hr h,: Heat Transfer Coefficient, long-wave Radiation [W/m?2K]

I N q : Heat Flux [W/m2]
q R AT : Temperature Difference Surface - Air [K]

« Consequence: Surface Temperature can not sink below Air Temperature.

« Conclusion: This Method is applicable for thermal long term calculation. It is not
applicable to model real physical processes on Exterior Surfaces.
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Radiation Effects on Exterior Surfaces

Energiestrome an der Wandoberflache (nachts):

I .
B 6,.,=6°C

[ 1 1 | —
-- Emission >

280 W/m?

: B8, =9°C
ESVA/ETE o = 5 W/m2K
O 2K <Konvektion

Transmission > 370 W/m?2

Néachtliche Energiebilanz an der Wandoberflache:
Verlust Gewinn

1/2*280  atm. Gegenstrahlg.
c+2794 | 345
Emission Wim? 1/2*370 terr. Gegenstrahlg.
15 | 5%(9-6)  Konvektion

5 0.4*(20-6) Transmission
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Radiation Effects on Exterior Surfaces

Wall
e B

Radiation Model in WUFI® 4.1

Short-Wave Solar Radiation

Long-Wave Counter Radiation

(Ground, Sky) Explicit Radiation Balance at Exterior

Surfaces

Long-Wave Emission

I =a-I.4+¢€¢-1;, — 1,
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I [W/m?] balanced net radiation at the component’s surface
a [—] short-wave absortion coefficient of the component’s surface
I. [W/m?*] normal short-wave solar radiation incident onto the component’s surface
e [—] long-wave emission coefficient (=absorption coefficient) of the component’s surface
I; [W/m? normal long-wave radiation incident onto the component’s surface
I. [W/m?*] long-wave emission radiation of the component’s surface
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Radiation Effects on Exterior Surfaces

Further Splitting yields 7 Radiation Parts

Is = Ia dir. + Gatm. * 1s, dif f. T Gterr. - ' refl.

Iy (W/m ] direct solar radiation
Gatm. |— ] atmospheric field of view factor
I qirs. [W/m 2] diffuse solar radiation
o Gterr. |— ] terrestrla‘l h‘eld of view factor
S€ Sot, iy (W/m ] solar radiation reflected by the ground

Rad’ =] ffOn

! Sutrface Emission
Horizon e

Iy = Gatm. - L1, atm. + Gterr. - (IE e -rt“f.rf.)

I atm.  [W/m?] atmospheric long-wave counter radiation
| 11 terr. [I'-T-f"'/-mg] terrestrial long-wave counter radiation
Ii ves. W/ m?]  atmospheric long-wave counter radiation reflected by the ground

IE — T‘-n'l”

T [I’-‘T-""/-m.gK"] Stefan-Boltzmann-Constant, 5,67 - 107°
Towr K] temperature of the component’s surface
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Radiation Effects on Exterior Surfaces

If your meteorological data-set does not include atm. counter radiation but
cloud cover N, WUFI will use the following empirical equations:

| = N'Icloud + (1'N)'Iair

[, atm

p—

-
_—

|, = 0-T4(0.79 — 0.174-10 0.041p)

T: air temperature at station [K]

p: vapor pressure at station [hPa]
I CI'-T-4[)

Tp: = Dewpoint temp. at station

cloud ~—
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Radiation Effects on Exterior Surfaces

Validation of the Radiation Model

Solarimeter

(short-wave range 0.3 — 2.8 um)

Pyrgeometer

(long-wave range 5 —25 um)

Brick wall EIFS (10 cm EPS; 5 mm Plaster)
*  Oriented to the North.

*  Measurement of long-wave and short-wave
radiation and Surface Temperature

*  Measurement of Temparature and RH of the Air.

+  Measurment short-wave Absorptivity (ag,,,=0,39)
and long-wave Emissivity (g,,..=0,96) of the Surface

8Iong
at IBP laboratory.
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Radiation Effects on Exterior Surfaces

Comparison of measured and calculated Surface Temperature
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Radiation Effects on Exterior Surfaces

Validation of Conversion to inclined Surfaces

(1) Measurement of the Long-Wave Radiation to the Horizontal at IBP

(2) Measurement of the Long-Wave Radiation to a west oriented vertical Surface at IBP
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Radiation Effects on Exterior Surfaces
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Radiation Effects on Exterior Surfaces

How to use this Radiation Model in WUFI® 4.1

@ WUFI® Pro 4.1 IBP

Project  Inputs Run  Outputs Options Database 7

= ExE B BER 2

() Project Project
= NI Case: 1 (Act Case)

d Campanent Assembly/Maonitor Positions | Orientation/Inclination/Height hitizl Note .

jg?iii::tjigmmtmposmms E::;,;Z;ir;i:;::i:ﬂSide) [IETE |OuteW . . . P
VBl _ «If ,Explicit Radiation Balance® is used

sl svete T — WUFI must know whether the
e Exterior Surface Transfer Resistance

LongitoveFadinErissvy[-] = { includes long-wave radiation parts !!!

MNaote: Be sure to have appropriate values for the

L]
Ground Shot-wave Reflectivity [-] |0.20 atmospl OI I | I I Ie H eI
. use beh
Ground Long-Wawe Emissivity [-] (0.90 Othenai

,7 exterion Kurzweliige Strahungeahsorptionszanl [] 04 [Benutzerdztmiert
Ciigure Long e REHEC‘NIN [ ] oY Langwelige Strahlungsemissionszahl[-] 095 I Erwaitart €<
Cloud Index [-] |0.66 For furth
5 help Explizite Strahlungsbilant
.. — B o i FEmsiwiﬂn Die explzie S kilsnz erford
i . TR i Terestischer kurrwellige: Fieflesionsgrad ] [1.20 P e el s
T E A [0 Emll_lwunglr.\ulzn Arde:‘(.::lknnnzn
Rain Water Absarption Factar [-] (i} |Ac:ordmg toincli Tenestischer langwallger Refesiensgrad ] [170 (e DT
Bewalkungsgrad [ [15¢ weitrn Informalionan antngévnen Sia it des
Interior Surface (Right Side)
Heat Resistance [mKAY] 0128 (Cuter Wall) "Terrestrischer kurzwelliger Reflexionsgrad™ gibt an, welcher Anteil der kurzwelligen Globalstrahlung von der terrestrischen
Umgebung reflektiert wird; dient der Strahlungsumrechnung auf geneigte Flachen
Sdvalue [m] ‘_ |Nu roating "Terrestrischer langwelliger Emissionsgrad™ gibt den effektiven Emissionsgrad der terrestrischen Umgebung an; eraubt die

thermische Eigenemission der Urngebung zu berechnen.

"Terrestrischer langwelliger Reflexionsgrad™ gibt den effektiven Reflexionsgrad der terrestrischen Umgebung an; erlaubt
den von der Umgebung reflektierten Anteil der atmosphérischen Gegenstrahlung zu berechnen.

"Bewidlkungsgrad™: gibt den mit Wolken bedeckten Bruchteil des Himmels an; erlaubt die Abschitzung der atmospharischen
Gegenstrahlung, falls keine Messdaten vorhanden sind.

Bedeutung und Gebrauch dieser Parameter werden im Hilfethera_Langwelliger Strahlungsaustausch ndher beschrieben.

Units: SI Mo calculation results available.
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Radiation Effects on Exterior Surfaces

View of all Radiation Parts in the
mericoves R S

Curves

Solar Radiation (Exterior Climate)
Counterradiation (Exterior Climate)

longwave Emission of Component, .. o,

—

exizting Courses. not yet included n diagram
Type: Radiation/Meassured Yalues

WUFI®-Results

Edit Curve
C%W q Direct Solar Fadiation [E xterior Climate]
Silet Bedision Exererclmen  Delete Curve Diffuze Solar Fadiation [E =terior Climate]
Reflected Solar B adiation [Extenor Climate]
Atmogzphenc Counterradiation [Exterior Climate]
Pages Ground Counterradiation [Extenior Climate)
Piain, Puadialion (Exerior Climale) Reflected Atmosphernc Counterradiation (Exterior Climate)
Air Temperature, RH (Exterior. Interior)
HeatMoisture Fluxes
Temperature, RH (Monitor Pasition1, 2)
‘Aatar Content of Individual Materials
Total Water Contentin Construction
Profiles
o O x Abaort ‘ ? Help |
800 ———
£ oo :
= Note:
B I adh + All Boundary Conditions (und thus all Irradiations to
o . . .
B 1 the Components Surface) are not multiplied with
w . . . .
A ]\ N A I\ h t their corresponding Surface Transfer Coefficient!!!
oL LLLLA A RUTLIN BLLEL o The Emission from the Components Surface is
Time [days] multiplied with the long-wave Emissivity of the
ot _Srin | Components Surface.
‘Whole Page (1%)  ~ m
Scope Current Setting
; S:igpehs Save Parameters
Al Pages
o 0K X Abart | ? Help ‘ _ _ _ _
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Radiation Effects on Exterior Surfaces

Additional Report in ,Input Data / Summary*

@ WUFI Output: EEX
= Printer ‘ & Print ‘ |Paquwdth j | &, options | Il Close ‘
| Rain Water Absorption Factor ‘ [-1] 0.7 ‘ According to inclination and construc1 .
Interior (Right Side)
Name Unit Value Description
Heat Resistance [M*K/W] 0,125 Outer Wall
Sd-Value [m] - No coating
Explicit Radiation Balance
Exterior (Left Side)
Name Value w
Enabled yes
Heat Transfer Coefficient includes long-wave radiation yes
Terrestrial Short-Wave Reflectivity [-] 0.20
Terrestrial Long-Wave Emissivity [-] 0.90
Terrestrial Long-VWave Reflectivity [-] 0.10
Cloud Index [-] 0.66
=
¥
WUFI® Pro 4.1 IBP; Project Case 1:; Date: 21 .09 2007 11:46:29 4
Page ' 3 4/5 [al] L
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Radiation Effects on Exterior Surfaces

WUFI simulation of a white flat roof at IBP Holzkirchen (Year 2003)

30

Bitumen felt

Oriented Strand Board
Insulation

Rafter

Vapour retarder
Gypsum board

N
o

-
o

simplified long-wave exchange
| complete radiation balance
,,,,,,,, — — = no solar radiation

Water Content OSB [M.-%]

0 | |
0 1 2 3

Time [Years]

- Simplified approach yields ,,It performs well, but it probably will fail.

- Negelcting all radiation as supposed to produce results ,,on the safe
side“ is problematic, too
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