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Introduction

Daylight ---
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...but too simple optical behaviour to reach:
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Context: Optimization of yarn structures to achieve a specific
optical performance
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Methodology
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Geometrical model in Radiance (0/7)

Orientation

Sample size

Sample box location
Sample box dimensions

genBSDF parameters

Crossing warp yarn modelling
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Geometrical model in Radiance (1/7)
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Geometrical model in Radiance (2/7)

Convergence analysis: Number of weft yarns
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Geometrical model in Radiance (3/7)

Orientation

Sample size: 30 ud/ different diameter per vertical period
Sample box location: In the middle of the sample
Sample box dimensions

genBSDF parameters

Crossing warp yarn modelling
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Geometrical model in Radiance (4/7)
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Geometrical model in Radiance (5/7)

B Orientation
B Sample size: 30 ud/ different diameter per vertical period
B Sample box location: In the middle of the sample
B Sample box dimensions
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Geometrical model in Radiance (6/7)

Crossing warp yarn modelling -ab
-ad
-lw
Surface parameters t
-S
R 0.05
-C
G 0.05
B 0.05 |:> Reflectance = 0.117*
Specularity 0.07 :
Roughness 0

Orientation

Sample box location: In the middle of the sample
Sample box dimensions

genBSDF parameters

Sample size: 30 ud/ different diameter per vertical period

Summary table

5 Number of bounced traced
200 Number of rays spawned
5.85e-4 Minimum weight of a traced ray (1)
4.90e-3 Threshold for specular sampling (2)
20000 Samples per incident direction

w=~Reflectance X 1/ad (1)

st=SpecularityT? (2)
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Geometrical model in Radiance (7/7)

Orientation

Sample size: 30 ud/ different diameter per vertical period
Sample box location: In the middle of the sample
Sample box dimensions

genBSDF parameters: -c 20000 -ab 5 -ad 200 -lw 5.85e-4 -st 4.90e-3

Crossing warp yarn modelling
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Validation process (1/2) — Reference values

B The reference transmittance (front) values used are: o= [0]
Nomal-normal + Direct- Hemispherical for these angles: [ 8= [-50,-20,0,20,50] ]
Ay axis
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Validation process (1/2) — Error analysis
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Validation process (2/2) — Reference values

B The reference transmittance (front) values used are direct- hemispherical for the following

ngles:
angies ®=[0,45,90,135]
0= [-50,-20,-8,0,8,20,50]

Incident Hemiphere

0° Textile sample
TS10orTS2
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Validation process (2/2) — Analysis of uncertainties

TS1 TS2
6— T T T N i N v T T T T T TT 6—‘ T T T T T T T T T T T . v i N T
=00 B =00
sl B (=459 1 sl B =459
B =909 mm $=90°
E 4} Em ¢=135¢ Bl Em ¢=135¢
5 5
5 5
o 3 o 3
= 3
2 2
f2pflE - —— — = + 22
1t 1t
0 0
6 (deg) 6 (deg)
TS3 TS4
6— T T 0 " v " T T T T T T T T T T T T 6—] T T T T T T T T T T T 1 " " 0 T T
=00 B $=0°
5l B (=459 1 sl B =459
B =909 B $=90°
E a4l B =135 B4l =135
- -
: £
o
" o
= =
Q Q
2 2
< <

16
~ Fraunhofer

© Fraunhofer ISE
ISE



Validation process (2/2) — Analysis of uncertainties

Uncertainty due to the Virtual model
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Validation process (2/2) — Analysis of uncertainties

Uncertainty due to the Virtual model Uncertainty due to Experiments + Fabrication
TS1 TS2
6— T T . 0 . . T T T T T 1 T 1 T T 1 TT 6_[ T T 1 T T T 1 T T T T . . . . T T
=00 =00
s| B =459 1 sl (=450
N B $=909° _ B =900
B4t =135 Eal Bl =135
o 3F o 3
3 E
2 2
22 - 22
1F 1F
0 0
-50 -20 -8 0 8 20 50 -50 -20 -8 0 8 20 50
0 (deg) 6 (deg)
TS3 TS4
6 6~ T T —/————"T"
B =00 Bl =00
5k ] ¢=459 i 5[ I ¢=459
B ¢=90¢ I $=9092
a4l B $=1359 a4l B $=1359

Absolute error (%)
Absolute error (%)
w

18

© Fraunhofer ISE

~ Fraunhofer

ISE



Visual transmittance (%)

Validation process (2/2) — Analysis of uncertainties

Uncertainty due to the Virtual model Uncertainty due to Experiments + Fabrication
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CONCLUSIONS

Detailed geometrical of textiles are required in order to get reliable simulation results.

Some differences between measurements and simulations are still observed. Possible sources of
error:;

- Virtual model uncertainties

Number of threads, sample box design, -c, crossing warp yarn modelling and Klems angular
description, idealized geometrical model of yarns that in reality are deformed.

- Real model tolerances:

Irregular textile surfaces, compactness deviations due to the sewing process.
- Experimental process:

Orientation, sample tension, textile samples dirt, measurement accuracy

lll. Radiance is able to get reliable BSDF data sets from complex textiles much faster and cheaper than

experimental processes.

The use of Radiance-based virtual models of textiles makes it possible to optimize yarn geometries
for solar shading applications with enhanced functionality.
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Thank you for your attention!
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