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Evacuation in Smoke

Many different endurance limits have been proposed for movement through
smoke, for example

A maximum temperature of 150 °C

A limit of visibility of 5m

An accumulated dose of CO of 30000 ppm
Statistics suggest that 90% of survivors travel less than 16m through smoke
Exposure to toxic combustion productions is the prime hazard

Exposure time depends upon visibility
Direction of travel
Speed of movement




Previous work

Visibility of exit signs in smoke extensively studied through human field trials
Hampton [1933] — Visibility of objects in a searchlight beam
Early attempt to account for absorption and scattering
Jin [1978] - Main reasons for decrease in visibility
Reduction in light intensity due to the obscuring smoke
Scattered light from other light sources
Ouellette [1988] - effect of ambient illumination
Brighter exit signs required to compensate for scattering from ambient

lighting when smoke is present

Conversely, lighting along lines of sight to exit signs should be reduced

when smoke is detected

Collins [1990] - visibility of exit signs in clear and smoke
Sign luminance, uniformity and contrast, are important

Cook [1999] - visibility of internally illuminated emergency lighting systems
studied under different ambient lighting in smoke for visually impaired

Simulation of Visibility - Current Status

Typically empirically based
Homogenous smoke zones
Steady state
Specific configurations

Do not account for
Secondary illumination
Light scattering
Spatial variation of smoke
Transient effects
Complex geometry
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Fig. 2-15.5. Visibility versus extinction coefficient for a light-
emitting sign (0} and light-reflecting sign (®). The range bars
include data for both flame- and smolder-generated smoke and
sign illumination levels varying by about a factor of 4.

SFPE Handbook of Fire Protection Engineering




Current Project

Aim
Further advance technical capability of performance based fire safety
design, specifically related to the ability to simulate, a priori, perceived
human visibility in smoke laden environments

Objective
Development of a robust, and well validated, simulation tool
Visibility Simulation Tool (VST)
Based upon quantitative simulation of the radiative transfer equation

Concept

Visibility Simulation

Smoke Movement

Simulation Egress Simulation

Temperature,
species
concentrations




CFD Visualisation it 1

Differentiate from CFD visualisation
Typically real time
Abstract representation
Pseudo-realistic

No illumination

Not photo-realistic

Realism v. Scientific Visualisation

R

Photorealistic Rendering Smokeview Visualisation




Realism v. Scientific Visualisation

Radiative Transport Equation

Rate of change of intensity along a single monochromatic ray
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Radiation intensity dependent upon
Source temperature, emissivity
Location (s), direction (1), wavelength ()
Emission (Gas temperature)
Absorption, k, (species concentration, Temperature, Pressure)
Particulate scattering, k, (particle size, shape)

Fredholm integral equation of the second kind




RTE Solution Methods

Heat Transfer
Zone method (1958)
Discrete ordinate (1960)
Discrete transfer (1981)
Monte-Carlo (1964)

Obijective
Heat flux to/from surface

Assumptions
Participating media
Lambertian surfaces
Coarse spatial discretisation
CPU efficient

Computer Graphics
Radiosity (1984)
Photon mapping (1996)
Ray tracing (1980)
Monte-Carlo (1986)

Obijective
Image generation

Assumptions
Transparent medium
BDRF surface representation
High spatial resolution
Specular / Optical effects
Refraction, Caustics etc.

Modelling of Light Extinction by Soot Particles
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Status of Current Project

Objective
Development of a robust, and well validated, simulation tool
Visibility Simulation Tool (VST)

Current status
Proof of concept rendering — Monte Carlo, Irradiance caching (PBRT)
Time dependent smoke concentration from CFD (FDS)
Geometry definition (Sketchup)

Experimental validation

PBRT (Physically Based Rendering Toolkit) — Matt Phar, Greg Humphries

Experimental Validation

Cells with homogenous smoke ‘

Photo detectors

Illuminated target
(eg. Exit Sign)

L
[
L
L

_00
L _D !\

/N

i

e

Diode laser
Transparent windows




Example 1 - Corridor fire

Corridor size: 3m x5m x 3m
Fire source: HRR 24kW
Smoke yield: 1% fuel mass
Ceiling light: 120w

Green EXIT sign:  40W
Soot particles: 0.04 m diam.

Extinction coefficients:
Absorption 5 ma/g
Scattering 4 m?g

CFD resolution:  3cm
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Visibility

Weber contrast
Contrast object and uniform background

C _Lo'Lb

L

Michelson contrast
Characterise variations of intensity

— Lmax - Lmin
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Visibility

_L-L, L- L,

max ‘min C — 0

m W
Lmax + Lmin Lb

Thomas G. Cleary, NIST, 2004

Visibility

Modulation Transfer Function

C
MTF — m,smoke

m,clear

Fourier Decomposition
Low pass filter
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Summary

Obijective to develop an independent visibility simulation tool (VST)
Couple to available CFD codes

Complementary experimental programme
Quantitative validation of VST against experimental data

The Visibility Simulation Tool will be open source

Supported by the UK Engineering and Physical Sciences Research Council

Example 2 — Side Room

Domain size: 3m x 5m x 3m
Fire source: HRR 25kW
Smoke yield: 1% fuel mass
Ceiling light: 120w

Green EXIT sign: 40W

Soot particles: 0.04 m diam.

Extinction coefficients:
Absorption 5 m2/g
Scattering 4 m?g

CFD resolution:  3cm
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