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Integrated Thermal and Light Simulations for Complex
Daylight Systems Using TRNSYS and RADIANCE

Preliminary results from the project ,,Light From Facade*
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Intended Workflow

WP6
—>

Dissemination

Goals

 Artificial Lighting out of the facade
Daylight System to control light and solar input
Daylight Redirection from the facade into the depth of the room
Integrated Control of daylight system and artificial lighting
Optimization of complete system with respect to
« visual comfort (adequate illumination, view to outside, glare)
« thermal comfort (SHGC, solar gains, surface temperatures)
« energy (heating, cooling)
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Actual Workflow
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Integrated
Thermal and Light
Simulation

Aim of WP 4/5: Integrated Thermal and Light Simulation

* Light simulations — RADIANCE

“Three Phase Daylight Coefficient Method”
 Thermal simulations — TRNSYS

3 approaches (“g-value”, “fc-model”, “abs-approach”)
 Integrated control — interaction between simulations

RADIANCE simulations called from especially defined “Type”
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Reference room definition

» adopted from reference room as defined in project
“MPPF - Multifunctional Plug & Play Facade”
» operating hours, loads, temperature ranges, ... according to SIA 2024
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DAYLIGHT SYSTEMS partenbach

Reference System “Alar Lamella”
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« exterior venetian blinds * blinds in casement window, 2 parts
« diffuse, light gray, p = 48% * solid, specular foil, p = 91% (up)
« double glazing * perforated, transmissive foil
« 3 tilt angles (0°, 45°, 75°) T = 8.5% (down)

 double glazing + single pane
« 7 tilt angles for each part
(0°, 15°, 30°, 45°, 60°, 75°, 90°)
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T

Reference
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LIGHT SIMULATIONS — BASIS AL

RADIANCE Three Phase Daylight Coefficient Method

., 145,1 ... 145,145 ) | 145,1 ... 145,2305
N\ AN

%
VMX BSDF DMX
(n x 145) (145 x 145) (145 x 2305) (2305 x 1)

Result; llluminance and luminance values

View Matrix: Contribution of every Klems' patch from the interior side of
the daylight system (145) to every measurement point

. Bidirectional Scattering Distribution Function: Function describing the
properties of the daylight system (only transmission considered)
Daylight Matrix: Contribution of every Reinhart sky patch (2305) to
every Klems’ patch at the exterior side of the daylight system
Sky Vector: Luminance of every single Reinhart sky patch

Simulation: pre-calculation: VMX, BSDF, DMX
every time step: S, R ( = matrix multiplication)

David Geisler-Moroder
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LIGHT SIMULATIONS — BASIS AL

VMX, BSDF, DMX
every time step: S, R ( = matrix multiplication)
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Reference System —
Modeling

— [alazing System Library

10 #: IBE Mame: ILaF_Aussenraffstule_ﬂ[ldeg

o
ﬂLa}lers:IS ﬂ TiIt:I qo ¢ G Height:l 1000 rmm //
E reviranmental ey
Gt | NFRC 100-2010 | IG Width:| 1000 mm //

Camment; I Wenetian Blind |

Overall thickness: |1 48.000 mm tdode
Slatwidttc  [800  mm

# Optics5 - Export; optics2rad
void glass GCO2-05-pane

0 [ [ o] Nam —,
) e 9 L e P8 [0
3 0.808 0.872 0.842 Geplov 1 A Tik [ty open (0]~ .

j Glazz 2 »» 7111 ip_iplEE.ipe Tilt angle: In—ﬁ degiees

Gap 2 ke 2 Argon
j Glass 3 ¥ 7199 ip fl Bipe Blind thickness: ISD.D mm T

Rize: IE.51 8 mm
Help |
———,

GCO2-05-pane polygon pane ...

void plastic gray
0
0
5 0.48 0.48 0.48 0 0

genblinds gray lamella 0.08 1.0 © 1 0 +r 0.126
Ixform -t ... -a 15 -t ... -1 1 ...

LaM_0QxX=LAM PX-LAM THICKHESS=SIM{LAM ALA)
LaM_0QZ2=LAH PZ2+LAM THICKHESS=COS{LAM ALA)

EDGES
ARC ¥ (-LAWM_LEMGTH/2) {(LAW_PZ2) (LAM_PX) {(LAM_RADIUS) 8 {(LAM_AL_DEG)
SWEEP DIR (LAM LENGTH) 8 1 8
0BJECT "LAM.#1.REFL®
INTERFACE 8 8 AIR AIR
SCATTER RANDOM {_LAM _RHO) 1
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ASAP

genBSDF (HQ)

WINDOWG6

genBSDF (StdQ)

genBSDF -n 8 -c 3000 +f +b +geom
-r "-ab 6 -ad 1000 -1lw le-6" genBSDF -n 8 +f +b +geom

Refererence System
Tilt angle: 0°
Klems Patch: 64

28,921

6,4425

—_— 1.6949

—_— 8.3628

—_— 68,858594

— 8.8862915

8.880835429

6.,144E-B06

GE-BB9
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ASAP

genBSDF (HQ)

WINDOWG

genBSDF (StdQ)

genBSDF -n 8 -c 3000 +f +b +geom
-r "-ab 6 -ad 1000 -1lw le-6" genBSDF -n 8 +f +b +geom

Refererence System
Tilt angle: 45°
Klems Patch: 122

28,921

6,4425

—_— 1.6949

—_— 8.3628

—_— 68,858594

— 8.8862915

8.880835429

6.,144E-B06

GE-BB9
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Alar Lamella, specular part —
Modeling

# Optics5 - Export; optics2rad
void glass GCO2-05-pane void glass ip-fl-4
0 0

0 0

3 0.808 0.872 0.842 3 .965 0©.985 0.976

GCO2-05-pane polygon pane_in ... ip-fl-4 polygon pane_out ...

void mirror m_up void metal m_back
() 0
() 0
3 0.91 0.91 0.91 5 0.83 0.83 0.83 0.999 0.05

gensurf m_up lam_up up.txt up.txt up.txt 150 1 -s > lam_up.rad
gensurf m_back lam_back back.txt back.txt back.txt 156 1 -s > lam_back.rad

LINE 26.12583 42440856 0.0000088 -4 355944 8.0800000
LINE 31.8918% =4 355944 8. 30.65883 -4 .685944 a.
COMPOSITE GAP -1
ROTATE X 298 208
SHIFT 8 {(-LAM_L/2) 8
SWEEP DIR (LAM_L>Y 8 1 8
OBJECT "LAM.i#1.REFL*
INTERFACE COATIHNG ALU
ROUGHHESS MODEL A1
FRESHEL OFF
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ASAP genBSDF

Alar Lamella
Tilt angle: 0°
Klems Patch: 122

-— 68
20,921

6,4425

—_— 1.6949

—_— 8.3628

—_— 68,858594

genBSDF -c 3000 -n 8 +f -b -mgf
-geom -dim -0.5 0.5 500.0 553.6
-57.4 0

— 8.8862915
8.880835429
6.,144E-B06

GE-BB9

a
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ASAP genBSDF

Alar Lamella
Tilt angle: 0°
Klems Patch: 122

35.429

19.661

—_— 18,884

—_— 4,6696

Solution 1: genBSDF -c 3000 -n 8 +f -b -mgf " 1.875
Change the scale ... :gsoz ;)dlm -0.5 0.5 500.0 553.6 N o 1aa

8,1458

6,8192

8.88a86
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Alar Lamella
Tilt angle: 0°
Klems Patch: 122

- 60
28.921
6,4425
- 1.6949
- 8.3628
- . - 8.,858594
Solution 2: void metal m_back
: 0
change the material ... 0 -~ 0.0062015
5 0.83 0.83 0.83 |9.999998]0.05
. 8.88835429
In rt/normalc A% diffuse reflection *=7
31s nd.rdiff = 1.0 - nd.trans - nd.rspec: 6.144E-BA6
2313
320 if (nd.specfl & 3P PURE i&nd.rdiff <= FTINY|i& nd.tdiff <= FTINY)
3zl return(l): A#* 100% pure specular *7 GE-B89
222
323 if (! (nd.specfl & SP_FURE])
374 gaussamp (r, &nd): A#* ghecks *BLT flags =7 8
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ASAP genBSDF

Alar Lamella
Tilt angle: 0°
Klems Patch: 122

35.429

19.661

—_— 18,884

—_— 4,6696

1,875

Solution 3: void metal m_back

Change both ... g 8.6144

5 0.83 0.83 0.83 |9.999998]|0.05

8,1458

6,8192

8.88a86
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THERMAL SIMULATION B

Three approaches to model thermal behavior (solar transmission
and secondary heat flux) of daylight systems in TRNSYS:

“g-model”: measured / simulated angular dependent
SHGC (g-Value) g,,.,(¢,y) of overall system

“Fc-model”: angular dependent “shading factor” of daylight system
gtotal((oi 7/)
gwindow((ai 7)

Fc(p,y) =

“Abs-model”: Layer model with angular dependent
 absorption a(gp,y)
 transmission t(p,y)
and emission coefficients ¢

For all approaches energy input through the system is separately
calculated for beam, sky, and ground radiation.
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-------------------~

4 DS
TMY2 % function ,,artlight* as DLL AN
climate data /'

— .\
ol
geometry : from climate data: > 1
(reference room) I C e irradiation for control: =
: = direct / diffuse  * DL-system =
o + sun angle - winter/summer o i
: S W - geogr. position  * control type — [
- E >_ e meridian * DL-Settlng (t-l) % I
o : = (£ - timestep, At * DL-request (+/-) =
° W c & | D |
c 1 e _ =
© - pre-calculated data: =
= I ) « VMX ((il)luminances) >
o 1 s « BSDFs for DL-system S 1

= 1 « DMX (exterior) S
[ o 1
[ : : : |
\ light simulation |
\ RADIANCE J

s’
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,f‘------------------‘s\
H ' (11

atious control I/ function ,,artlight“ as DLL \\
strategies ' —~1\
possible: i : _ O |
from climate data: > [
_ | = « irradiation for control: T

€g. 1 s direct / diffuse | * DL-system =
« Seasons 1 = « sun angle » winter/summer ol
° ||ght Optimized | 5 0p) * geogr. position O control_type — :
(no TRNSYS | IS « meridian » DL-sefting (t-1) &
interaction) 1 = - timestep, At - DL-rgquest (+/-) =
- energy optimized || = X ' / O |
(full TRNSYS : c £

control) — T - - ‘ +
 combined ] C . in light simulation E‘:
(thermal requests, : = G>9 I
light standards) I o1
\ light simulation I
\ RADIANCE /,
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CONTROL

control from
TRNSYS:

e iteration within
timestep

* request for
more/less gains

* depending on
light control

David Geisler-Moroder

/

’--------—~

,’

function ,,artlight*“ as DLL

Bartenbach
L'chtLabor

_-------------------~

/
PR 4

from climate data:
- s irradiation for control:
o direct / diffuse  * DL-system
T *sun angle * winter/summer
ERY e geogr. position _° control_type
& (>j-) * meridian * DL-setting (t-1)
e o ti * DL-request (+/-
n = timestep, At | q (+/-)
T T /7
S .
O Il. In thermal
= simulation

light simulation
RADIANCE

10th Intl. Radiance Workshop, August 24-26, 2011
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Reference system

climate_data

lightsim

%
T

Typel09-TMY2

=
equations- gVN

%J
\\

o

\ equations -FcWert
3 g
",

gWert (Glas)
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Alar Lamella " 3”3

) \\
il provippd
HEAT cooL
4 S
Typebds
ind > - | ! @
/'
o i § “.’—- . t 4 balances
climate_data 1_._4 > > ; » > o
» no azi_zen < . )
> = |_reques ‘
‘D 1 i
T e109- TI\IIYZ - N ¥ eé
. ) - T | = daten_bll
_m FaY . W_L:W
» RSN [ = Bl
[ ébEGm_Matrix_up m > Y b L 2.8 ;l

E
k 4

—— -
4 > -+ < equations-gWert_up|

‘ ¥ 3 1 |, 4 = 1
3 4 I M < T "—*—»— + >
season 4 FRAEY = » equations-gWert_gow]
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¥
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r
[l % ” " »
' . ) b gdiffud Matrix_down 4 =\,
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L 2 r Y / - .
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r . 4 LTt /
v T — » 4 el B
2, 1 ) i == - = B )
)Y » > * 3 d 1 = Ly
5= dl_setting Ml Y > lﬂ!@
. S Abs-Ansatz_up +
lightsim ¥ - T A 4 Tsolh_up
Abs_Matrix_up L < Ly »
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» > | =
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FUNCTION ,ARTLIGHT* (FORTRAN-DLL) B

Function call of ,artlight” (in DLL) from TRNSYS
— RADIANCE simulations wrapped up in Python script artlight.py

FORTRAN 77

artlight:py
Input
Phi_e direct irradiance direct-horizontal [W/m”2]
Phi_e_diffuse irradiance diffuse-horizontal [W/m"2] o
sun_gamma sun altitude [deg] (horizon = 0, zenith = 90) M (in T'Ie result.tmp) .
sun_phi sun azimuth [deg] (N =0, E =90, S = 180, artlight mtelrnal load [W/m~2]

W = 270) (-1 if error)
pos_gamma position altitude [deg] (N = +) dl-setting ?i"r’]‘?ed?r/)”ght system setting
pos_phi position azimuth [deg] (E = +) g
meridian m_erldlan [deg] (E = +) Return values
season winter =0/ summer =1 . .

. : . L 0 simulation ok
sim_time simulation time ((60.0/dt) -- 8760.00) . .
. : . 1 same dl-setting as given

time_delta dt, length time step [min] (e.g. 5, 10, 30,

or 60) as argument

-1 radiation or sun azimuth <0
control flag control strategy
, -2 control error

dl-system flag daylight system (1, 2, 3) 3 gendaviit error
dl-setting flag daylight system setting (integer) 4 gensky ec error
dl-request flag thermal request to daylight system J : N

(1,0, 1) -5 dctimestep error

David Geisler-Moroder 10th Intl. Radiance Workshop, August 24-26, 2011
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Workflow of the light simulations in “artlight.py”

1. light control — dl_system.py
in: input from TRNSYS (irradiance, sun angle, time, daylight system, ...)
(\ out: daylight system setting — BSDF for each part of the system
2

generate Perez sky — gendaylit
in: irradiance direct/diffuse, sun angle
out: sky luminance distribution, sun description

3. |discretize sky into patches — genskyvec
in: Perez sky luminance distribution, sun description
out: luminances for sky patches (Tregenza [145] or Reinhart [580/2305])

W matrix multiplication for each part of the daylight system - dctimestep

in: sky vector, pre-calculated DMX, BSDF, and VMX
out: grid luminances L; / illuminances E,

5. sum up results of single parts of the daylight system
in: luminances L, / illuminances E;
out: overall luminances L / illuminances E

6. calculated required artificial light and resulting internal gains
in: illuminance E
out: internal gains caused by atrtificial light

RADIANCE Three Phase DC Method

David Geisler-Moroder 10th Intl. Radiance Workshop, August 24-26, 2011



PRELIMINARY RESULTS partenbach

Annual energy balance

45.0
EREF_light-abs 41,0 41.2
40.0 - BREF_light-g 385
mREF_therm-g 36.4
34.4
35.0 1 mAlar_light-abs — % .
EAlar_light-g
30.0 7 BAlar_therm-g
G
E i
= 25.0
i 21.2 21.5
& 20.0 - N\ % 19.4
g 17.0 172 172
18] 77 — .
15.0 § ]
9.8 9.8
10.0 1 8.2
/ 73 7.2
5.0 § 3.7
0.0 ) % || : |

heat cool solar
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Mean illuminance on workplane during office hours (lux]

500

— 450

T —

LR LA IIIII L II 350

300
Reference system (venetian blinds)

280

e

A
2L

U -

LJAlar Lamella®
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PRELIMINARY

RESULTS

“Luminous efficacy”of daylight system

1 ]JH — ” ”

dli \|

David Geisler-Moroder

Reference system (venetian blinds)

i

LJAlar Lamella®

10th Intl. Radianc

e Workshop, August 24-26, 2011
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PRELIMINARY RESULTS E‘%ﬁ&nabba:rh

Settings of daylight systems

G

ce system (venetian blind

w il
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David Geisler-Moroder
Bartenbach LichtLabor GmbH

Rinner Str. 14

6020 Innsbruck, Austria
David.Geisler-Moroder@bartenbach.com

Thanks for your attention!
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