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EXIT EXIT

What is Visibility?

A simplification of Jin's law allows local prediction

of visibility with CFD models:

where:

𝐶:   Non-dimensional constant, depending on viewed object [-]; 

C = 8 for light emitting sign, C = 3 for self reflecting sign
𝜎:   Extinction coefficient [1/m]

V =

C

σ

<latexit sha1_base64="P6TlCeW/CZsQoT0aj/Tf4+0TY2M=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyUpFd0IhW5cVrAPaEKZTCft0JkkzEyEGoq/4saFIm79D3f+jdM2C209cOFwzr3ce0+QcKa043xbhbX1jc2t4nZpZ3dv/8A+PGqrOJWEtkjMY9kNsKKcRbSlmea0m0iKRcBpJxg3Zn7ngUrF4uheTxLqCzyMWMgI1kbq2ydtdIO8UGKSNaaZp9hQ4GnfLjsVZw60StyclCFHs29/eYOYpIJGmnCsVM91Eu1nWGpGOJ2WvFTRBJMxHtKeoREWVPnZ/PopOjfKAIWxNBVpNFd/T2RYKDURgekUWI/UsjcT//N6qQ6v/YxFSappRBaLwpQjHaNZFGjAJCWaTwzBRDJzKyIjbKLQJrCSCcFdfnmVtKsVt1a5vKuV69U8jiKcwhlcgAtXUIdbaEILCDzCM7zCm/VkvVjv1seitWDlM8fwB9bnD+LYlNY=</latexit>

particle size (distribution) smoke density
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Effects on Visibility

• Light transmission 𝑇 depends on mass specific extinction coefficient 𝐾!, smoke density 𝜌 $ 𝑌" and 

the path length of light ∆𝑠

• 𝐾! and 𝑌" usually determined by small-scale optical

measurements (e.g., with a cone calorimeter) and may not

be valid for modelling large-scale fires by CFD models

• Sparse data of spatial and temporal resolved

extinction coefficients available

T =
I

I0
= exp(−σ ·∆s)
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σ = Km · ρ · Ys
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Mulholland et al., Design and Testing of a New Smoke Concentration Meter, 2000
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Mass Specific Extinction Coefficient

• Widmann: correlation of 𝜆 and 𝐾!

(𝐾! = 7175 𝑚#/𝑘𝑔 at 𝜆 = 633 nm)

• Mullholland and Croarkin: Evaluation of seven experiments with 

29 different fuels shows almost uniform mass specific extinction 

coefficient of 𝐾! = 8700 m#/kg for measurements at 𝜆 = 633 nm

for well ventilated fires without smoldering and pyrolysis

Km = 4.8081λ
−1.0088
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Widmann, Evaluation of the planck mean absorbtion coefficient for radiaton
transport through smoke, 2003
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Experimental Setup
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EN 54 Test Fires

Bayer pattern
(Color filter array
on camera sensor)

TF 5 – n-heptane

Pool fire

TF 2 – wood

Smoldering pyrolisis

TF 4 – polyurethane

Open plastic fire
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Experimental Reproducibility

TF 5 – n-heptane

Pool fire (17 datasets)

TF 2 – wood

Smoldering pyrolisis (9 datasets)
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LEDSA – Qualification of Methodology

σ =
−ln( I

I0
)

∆s
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∆s = 1 m
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σMIREX

σLED

=
Km,MIREX

Km,LED

=

✓

880

630

◆

−1.0088

≈ 0.72

<latexit sha1_base64="JyI8rDy26Bl+z0+tDzRVZ9AC1rU="></latexit>
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Measuring Transmission

• LED Intensities measured as the accumulated pixel value of a 20 x 20 pixel array

• Raw sensor data is scaled by black level 𝐵 and saturation point 𝑊 to tonal range 𝑏

B0,1

Bj,2Bj,0

R1,0

... ...

...

...

...

Ri,0

Ri,1

Ri,2

G1,1

G0,0

Gj,1 Gi,j

Bayer pattern
(Color filter array
on camera sensor)

P (x, y) = (S(x, y)−B) ·
2b−1

W −B

<latexit sha1_base64="KpBq/FZRhqt4RghMUe398PLcsKY="></latexit>

I =
X

all pixels

P (x, y)
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Ie =
I

I0

<latexit sha1_base64="IVJgwBjiDX/fXjjwsF4DR+ZBuBg=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVZJS0Y1QcGN3FewD2hAm05t26GQSZiZCDcVfceNCEbf+hzv/xmmbhbYeuHA4517uvSdIOFPacb6tldW19Y3NwlZxe2d3b98+OGypOJUUmjTmsewERAFnApqaaQ6dRAKJAg7tYHQz9dsPIBWLxb0eJ+BFZCBYyCjRRvLtY1z3AV/jXigJzeqTrO47E98uOWVnBrxM3JyUUI6Gb3/1+jFNIxCacqJU13US7WVEakY5TIq9VEFC6IgMoGuoIBEoL5tdP8FnRunjMJamhMYz9fdERiKlxlFgOiOih2rRm4r/ed1Uh1dexkSSahB0vihMOdYxnkaB+0wC1XxsCKGSmVsxHRKTgzaBFU0I7uLLy6RVKbvV8sVdtVSr5HEU0Ak6RefIRZeohm5RAzURRY/oGb2iN+vJerHerY9564qVzxyhP7A+fwDGmZQe</latexit>



6th Fire and Evacuation Modeling Technical Conference / FEMTC 2022

Kristian Börger

Investigation of Smoke Characteristics by Photometric Measurements

Slide 11

Spatial Discretization - Layer Model

• Modeled Intensities 𝐼!,% can be described as:

• Cost function to find extinction coefficients 𝜎& that 

match the experimental intensities 𝐼',%

Im,j = exp

0

@

−

NLayers
X

i=1

σi∆si,j

1

A

<latexit sha1_base64="qEux02AtyfMSwYzepfPP9SSjS+I="></latexit>

Ωσ =

NLEDsX

j=i

(Im,j − Ie,j)
2

| {z }

+ φs

Nlayers−1
X

j=2

(σi−1 − 2σi + σi=1)

| {z }

+ φa

NlayersX

i=1

σi

| {z }

<latexit sha1_base64="ExIWKvVAcaIsXa4/Qf82X84SL1c="></latexit>

𝐿# − norm of

𝐼!,% and 𝐼',%

Enforce 

high / low 

values of 𝜎&

Smoothness of the 

solution
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LEDSA - Spatiotemporal Extinction 
Coefficients

Model allows to 

compute spatially 

and temporally 

resolved extinction 

coefficients for light 

at different 

wavelengths

RGB Red Green Blue
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FDS Model - TF 5

• Soot yield: 𝑌( = 0.037 (SFPE Handbook)

• Mass specific extinction coefficient:

𝐾! = 8700 m#/kg (FDS Default)

• Grid size: 𝛿) = 8 cm

Q̇ = ∆Hc,eff · ṁf
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FDS vs. Experiment - Extinction Coefficient

• FDS results reveal almost regular overestimation of 𝜎 against 

(wavelength corrected) experimental data by factor 4.5 

• Height profiles of 𝜎 show similar shape in the burning period but 

diverge afterwards

σ = Km · ρ · Ys
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Conclusion and Outlook

• Especially the pool fires show a high reproducibility

• LEDSA results are in good agreement with MIREX measurements

• Overestimation of extinction coefficient by numerical models may be 

primarily due to input parameters than to the model itself

• Ratio of extinction coefficients at different wavelengths may be used to 

draw conclusions about change in particle size (Mie Scattering Theory)

Link: Spatiotemporal measurement

of light extinction coefficients
in compartment fires



Thank you!
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Appendix

1. Data Acquisition and Analysis (LEDSA)

2. FDS vs. Experiment –Temperature

3. Temperature Dependency

4. Uncertainties of the Intrinsic LED Parameters

5. ELPI+ - Particle Size Distribution of TF 5

6. Soot Deposition
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Data Acquisition and Analysis (LEDSA)

Recording positions of LED
arrays and cameras

Definition of layers
(number and thickness) Computation of path lengths ∆s

Capturing images before and
 during the experiment

Temporal determination of
 LED intensities

Computation of spatial and temporal resolved
 extinction coefficients for each layer
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FDS vs. Experiment -Temperature

Jacket TC

Wire TC

LED Strip

with

silicone

coating

• LED surface temperature and and gas temperature were 

measured on the center and outer aluminum column

• Maximum measured gas temperature is similar to the simulation 

data but with a delay in heating and cooling due to TC inertia
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Temperature Dependency

• Decreasing intensity of different LEDs with silicone 

coating was investigated under thermal stress

• More detailed investigation will be conducted under a 

continuous increase in temperature 
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Uncertainties of the Intrinsic LED Parameters

• Parallel measurement of RGB 

LEDs reveals low uncertainty

• Response spectrum of the camera 

has a high bandwidth and does not 

match the emitted spectrum of the 

LEDs
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ELPI+ - Particle Size Distribution of TF 5

• Similar size spectrum of 

smoke particles at different 

locations (horizontally)

• Aging effects on aerosols 

(agglomeration) may be 

deduced from evolution in 

size distribution

Fire

Radius = 170 cmRadius = 300 cm
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Soot Deposition
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