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Why is the Problem Hard?

Technical Challenge: Understand, predict, control fire behavior over 16 orders
of magnitude in length and time scales
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Technical barriers: Non-technical barriers:
» multiplicity of time and length scales  education and training
e complexity of inadequately understood inter- e aging infrastructure & demographics

acting processes (multi-phase chemistry, heat ¢ human behavior
& mass transfer, thermophysical properties,...) * public policy issues

» real-scale measurements are challenging e initial cost
* solutions are multi-disciplinary * deliberate standards/codes proce
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Basic Conservation Equations for Single Species

Conservation of Mass
Turbulence

E;_i: +V.pu=0 Large Eddy Simulation

Conservation of Momentum

d(pu)

y +V.puu=-Vp+pg+

Conservation of Energy

d(ph D
MJFV-phu: p+cj“’+V-kVT

ot Dt

Equation of State
p=RpT
What are the unknowns? Density p; Velocity Components u, v, w; Enthalpy /2, Pressure p

What needs to be provided? ", the fire; 1, the (turbulent) viscous stresses, V- kVT,
thermal conductivity
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Start with a very simple form of the energy transport equation:

DT

Write it In non-dimensional form:

*DT* L 17/
p = NG

V2T*
Dt* PooCplolU

Re Pr

Define the Froude number:

U il 0,
4 PooCpToor[gGD>/?
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Heskestad Flame Height Correlation

(RANGE OF DATA)
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Evolutionary Tree
of Several Fire Modeling Branches

FIRST
Mitler, Davis

Harvard VI
Mitler, Rockett

SDFM

Davis, Forney

Baum, LES
Relun Rehm, Corley
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What iIs CFAST?

Horizontal opening

Sprinkler system

Plume Lower layer

\
\\
\\ / //
\ /
\ /
Flam N
\ \ /
/ N

Vertical opening/

CFAST Is a two-zone fire
model to calculate the
distribution of smoke, fire
gases and temperature

The software solves the
conservation equations

for mass and energy In

two control volumes
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FDS?
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File Run! Tools View Help

Simulation Evironment | Compartment Geometry | Wall Vents | Ceiing/Floor Verts | Mechanical Flow Verts  Fires 1Detectr3r| / Suppression | Targets | Suface Connections |

Compartment Object Type | lgnition by | AtValue X Position | Y Position | Z Position | Peak @ | =

—_d_;_.v""*“mm“m Ceiling Jet: [Ceiing & Wals v

»On"p:l‘ll“él’l 1 Wood_Wall Constrained Time 455 25 1000
Lower Qxygen Limit |10 %

Gaseous Ignition [‘2r. -
emperature: |'<°

Duplicate Remave |

Lecation, Fire 1 (of 2}
Compartment: |Compatment 1

Plume Type: Constrained
Position, X [4.55m Normal. x: [0 Plume Correlation: M=

Fosition Y. [25m Normal, Y |0 Ignition Criterion: |Teme
Position Z [G"‘ Normal Z: |1 Ignition Value: |23

Selected Fire

Fire:  [bunsen Edit | bunsen HRR

T
reate t*

Formula: C1H4 w

Molar Mass: 0.01604246 ka/mal |

Heat of Combustion: 50000 k&g m

Peak Soot Yield: 0 kg' kg

Peak CO Yield: 0.001047221 kg/ kg

Peak HCN Yield: 0 kol ko

Peak HCI Yield: 0 kg' kg

Peak Fire Height: 0 m

Peak Fire Area: 0.1 m?

Radiative Fraction: 0.33

Material: Methane, a transparent gas (CH4)

Open Save

W. Jones
R. Peacock
P. Reneke
G. Forney




CFAST Interface s

inputs into
several

File Run! Tools Wiew Help

-

Simulation Environment ] Compartment Geometn.r] Wall Vents ] Ceiling/Floor Vents ] Mechanical Flow Vents  Fires ] Detection / Suppression ] Targets ] Suface

Mum Compartment Object Type Ignition by | At Value | X Position | Y Position | Z Position | Peak G | »

——“mm“m Ceiling Jet: [Caiing 8 Walls
2 Compartment 1 Wwiood_Wall CZonstrained Time 1000
Lower Oxygen Limit: |10 %
G Igniti
Inputs i e
grouped by Duplicate | Remaove

on, Fire 1 (of 2)

fu n Ctl 0 n Compartment: |C0mpartment 1 j Plume Type: Constrained

Wlth u n |tS Lagifion, % |4.55m Mermal, % |0 Plume Correlation: [McCaffrey
. Position Y: |2.9m Mormal, ¥ |0 Ignition Criterion: Time 7
displayed - |
p y Position Z: [0m Mormal, Z: |1 Ignition Walue: Os

Selected Fire

Fire: |bunsen | Edit bunsen HRR

_ Edt | |
Create t*
Formula: C1H4

Molar Mass: 0.01604246 ka/meol
Heat of Combustion: 50000 kJ/kg
Peak Soot Yield: 0 ka/ kg .
Peak CO Yield: 0.001047221 kg/ kg

Peak HCM Yield: 0 ka/ kg II Save! VIeW
Peak HCI Yield: 0 ka/ kg t
Peak Fire Height: 0 m

Peak Fire Area: 0.1 n? geome ry’ or

Radiative Fraction: 0.33
Material: Methane, a transparent gas (CH4) rU n

Create MNew

Open

i
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Exploiting Social Media for FDS

EEC
FDS6 - Humidity - FDS and ... | ) grass fire - Google Search | {#} Issue 1788 - fds-smv - SMV ... = | {f} fds-smv - Fire Dynamics Si... > |5 Q&A: How to printa XP wi... = | +

€ @ code.google.com/p/fds-smv/ c |- print window Pl A B-

mcgratta@gmail.com v | My favorites v | Profile | Sign out  #

fds-smv

Fire Dynamics Simulator (FDS) and Smokeview (SMV) Search projects

Project Home Downloads — Wiki Issues Source  Administer

Summary People

Project Information Fire Dynamics Simulator (FDS) is a large-eddy simulation (LES) code for low-speed flows, with an emphasis on smoke and heat

J+1| +16 Recommend this on Google transport from fires.

Starred by 61 users Smokeview (SMV) is a visualization program used to display the output of FDS and CFAST simulations.
Project feeds

FDS+Evac is the evacuation simulation module for FDS.
Code license
Public domain

Labels _ Download FDS-SMV for Windows, Mac, and Linux
VTT, NIST, Fire, Simulation, Chemistry,

Physics, Combustion, 3D, Visualization,

FDS, Smokeview, CFD, FluidDynamics, ® Download FDS and Smokeview
Thermodynamics, OSX

% Members
megratta, gfomey, drifloyd, shostikk, .
tkorhon1, randy. medermott, koverholt Documentation and Support
17 committers

‘g::ll.;:ole W FDS-SMV Manuals FDS and Smokeview User, Technical, Verification, and Validation Guides.

Featured

7 Wiki pages M Discussion Group Mailing list for general discussion, questions, and feedback.
Accessing_Subversion_Repository
Color_Table
—-—p—Egg g;[gag:tlﬁgtes © Issue Tracker Submit cases to the Issue Tracker to report specific bugs or problems.
FDS_Road_Map
International_Resources_and_Translators
Media_Gallery Wiki Pages Information on FDS-SMV development, third-party tools, and other resources.
Smokeview_Release_Notes

Third_party_Tools
Show all »




(=) FDS6 - Humidity - FDS and ... * | E grass fire - Google Search %} Issue 1788 - fds-smv - SMV ... = | {8} Issues - fds-smv - Fire Dyna... > | ¥~ Q&A: How to print a XP wi...

i I. I A L) - -
€ code.google.com/p/fds-smv/issues/list c||*g- print window

mcgratta@gmail.com v | My favorites v | Profile | Sign out =«
b fds-sm
> S-Smv
= Fire Dynamics Simulator (FDS) and Smokeview (SMV) Search projects

Project Home Downloads Wiki Issues Source Administer

New issue| Search Open issues v for Search | Advanced search Search tips  Subscriptions

Tip: Type 7 for issue tracker keyboard shortcut help. x

- 1-750f 75 List| Grid

Status v Priority v Milestone v Owner v Summary + Labels v
New Medium CraigWeinschenk Smyth Slot Burner validation file outdated

Defect Accepted Medium CraigWeinschenk Unspecified Product Species Properties

Defect Morelnfo  Medium crogsch Differences in results using the mpi- and openMP-versions

Defect Fixed Medium crogsch OpenMP FDS 5.4.3. Mass fraction problem, no reaction occurs
Defect Morelnfo  Medium crogsch Different results for Interface boudanry manipulation for OpenMP
Defect Morelnfo  Medium crogsch 2D axisymmetric case and OpenMP

Defect Started  Medium crogsch OpenMP in mass.f30

Defect Morelnfo  Medium crogsch Errors while building openmp_intel_linux_32 target

Defect Accepted Medium crogsch FDS with OpenMP

Defect Accepted Medium crogsch OpenMp Makefile

Defect Accepted Medium crogsch Compilation of 64 bit linux version of openmp fds with intel compiler
Defect OnHold  Low drifloyd TRAMNSPARENCY  Usability

Enhancement OnHold  Low drjfloyd fds2ascii

Defect OnHold  Medium drjfloyd Problem with function BLACKBODY _FRACTION

Defect Fixed Medium drifloyd Control and remaoving of obstructions  Usability

Enhancement OnHold  Low drjfloyd User defined, spatially dependent velocity profile at vent inlet??
Defect Accepted Medium drifloyd pointer intialization

Defect Accepted Medium drifloyd Creation of mass

Defect Fixed Medium drifloyd Leakage case causes floating point exception in wall f30, MPI only
Other Fixed Medium drifloyd HWAC damper don't close

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
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Search Images Maps Play YouTube News Gmail Drive Calendar More -

megratta@gmail.com ~

Welcome to the new Google Groups! Learn about the new features you’ll find or set as default.

NEW TOPIC Mark all as read C Actions - Filters ~ Manage About o 304

My groups ' FDS and Smokeview Discussions + 2 : My membership Showing 36 of 3218 topics (99+ unread)
Home

Starred
4 Evacin FDS6 (5) » fire__@optusnet.com.au +3

* Announcements -
Evac 2.4.1 download (4) » fire__@optusnet.com.au +3
Google Groups Ann...

~ Recently viewed Is there a way to use EVAC without CFD portion of FDS (fully render... » DP +2

FDS and Smokevie. .. )
kolmogorov lenth scale (5) » yamina +
~ Recent searches

fds-smv FDS6 - Humidity (3) » albrecht +2

~ Recently posted to

FDS and Smokevie problem with HRRPUA (3) » Roman +4
Pool Ignition (3) » silvi +3

- Favorites
Tk e eEre X5 tfunction plus ramp-down (3) » Martin +2
icon to add it to your

favorites Computer power (7) » Luke +5

BlenderFDS 2.0.0 released (2) » Emanuele Gissi +
' 1 vertical flame length (4) » Jin +7

4= [ Benefits of Running FDS model in LINUX (3) » Mat Ong +2
©2012 Google
Privacy - Terms of Service - . -
Google Home #r [ Random initial position? (5) »gly +2
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L5/ FDS6 - Humidity - FDS and ... E]grass fire - Google Search I FDS-SMV Manuals - Googl... > | B (99+) FDS and Smokeview ... = Q&A: How to print a XP wi...

_(-_ 9 | @ hitps;//docs.google.com/folder/d/0B-EZ4HIMEVDUWIRNINOMmMSc1U/edit *% - print window P i B-

mcgratta@gmail. com

Open in Drive + FDS-SMV Manuals

FDS-SMV Manuals

- FDS Technic...ical Model_pdf

- FDS Technic...tion Guide.pdf

/-~ FDS Technic...tion Guide. pef FDS Technical Reference Guide Volume 1: Mathematical
- FDS Techni... ement Plan._pdf Model.pdf

- FDS User Guide pdf

- Smokeview_.. ence Guide_pdf

- Smokeview User Guide_pdf
- Smokeview_.. ation Guide_pdf

FDS Technical Reference Guide Volume 2: Verification
Guide.pdf

FDS Technical Reference Guide Volume 3: Validation
Guide.pdf

FDS Technical Reference Guide Volume 4: Configuration
W e b Dl el E—
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Scientific Visualization

e CFAST use Smokeview to
visualize the scenario
geometry, vents, fires, and
targets.

e FDS use Smokeview to
visualize the evolving
scenario geometry, fire,
and fields of velocity
vectors, temperature field,
heat flux, species
concentrations. oB
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Temperature (°C)

®
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N
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Smokeview: Scientific Visualization
of CFAST and FDS

_= 110 KW Fire: - Tqrgel Ream (TR)
TG Trea

Bum Ream (ER)
TG Thee

TG Tree "EXI |

TC Tree “18°

TC Tree =38

Experiment 18
--------- Experiment 38
- Experiment Exit
FDS 18 iR
- FDS Exit
CFAST

Corridor HGL Temperature
NBS Multiroom, Test 100A
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Smokeview and the Radiation
Transport Equation

out-scattering

absorption emission In-scattering

- o7 > Ne—>
(@-V)L(x,0) = ~0,(0L - 6,(L +,(X)L, + 0,(X) [ p(x,0.0)L; (x,0)do

L(x)=L,e "

Beer’s law

&
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ASTM E 1355, Standard Guide for Evaluating the
Predictive Capability of Deterministic Fire Models

Verification: the process of determining that the
Implementation of a calculation method accurately represents
the developer’s conceptual description of the calculation
method and the solution to the calculation method. Is the
Math right?

Validation: the process of determining the degree to which a
calculation method is an accurate representation of the real
world from the perspective of the intended uses of the
calculation method. Are the Physics right?
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NUREG-1824 EPRI 1011999

Draft for Comment Preliminary Feport

Floor Heat Flux
ICFMP BE #3, Test 7

Hot Gas Layer Temperature
ICFMP BE #3, Test 13

300 va

25

Verification and Validation
of Selected Fire Models for
Nuclear Power Plant e
Applications e

T

—— Exp Time vs Floor U-1
—— Exp Time vs Floor U-4 N
...... FDS Time vs F U-1 —— Exp Time vs Tavg upper layer (C)

...... FDS Time vs F U-4 +==-=- FDS Time vs T_upper

T T T T T 0 T T
25 30

15
Time (min)

HGL Temperature Rise HGL Depth

20 25 30

Volume 1:
Main Report

Time (min)

December 2005

S - ) ) 25

T.5. Nuclear Regulatory Commission Electric Power Research Institute At

Office of Nuclear Regulatory Research 3411 Hillview Avemue Total and Radiative Heat Flux to Control Cable B
Washington, DC 20555-0001 Palo Alto, CA 94303 ICFMP BE #3, Test 7

2.0

cEr2l ..

Sleatels Power Beaeasch Inatiute

1.0

—— Exp Time vs Cable Total Flux 4
Exp Time vs Cable Rad Gauge 3
------- FDS Time vs Total Flux Gauge 4
------- FDS Time vs Rad Gauge 3
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ICFMP BE #3, Test 4
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¢ CFD Model

]
o

Zone Models
Hand Calculation Methods

Predicted Radiation Heat Flux (kW/m?)

¢ CFD Model
® Zone Models
O Hand Calculation Methods

100

200

300

Measured HGL Temperature Rise (°C)

400

6 8 10

Measured Radiation Heat Flux (kW/m?)

From Fire Protection Engineering, Spring 2007
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FPE Applications

=1

2006 Olympic Ice Hockey Stadium,
Turin, Italy, courtesy ArupFire, London

L PyroSim -

EER

psm.

NASA Vehicle Assembly Building
Kennedy Space Center

courtesy Rolf Jensen
o —

PyroSim, courtesy Thunderhead
Engineering Consultants,
Manhattan, Kansas

Opryland USA, Nashville, TN
Courtesy, Schirmer Engineering engineering laboratory & g
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Fire Reconstruction: WTC

Aircraft Impact Analysis
Program: LS-DYNA

Fire Analysis
Program: Fire Dynamics Simulator

|||||||||||||||||||
rrrrr
rrrrr

0:03:32.0

Thermal Analysis
Program: ANSYS

Structural Analysis
Program: ANSYS
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Multi-Floor WTC Geometry
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Video courtesy of Alex Maranghides,
Anthony Hamins, NIST

Heat Release Rate
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Experiment
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Upper Layer Gas Temperatures

WTC 1 - Floor 97
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Simulation of the Dynamics of the Fire at 3146
Cherry Road NE, Washington D.C., May 30, 1999
NISTIR 6510, April 2000, Madrzykowski & Vettori

&
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Station Nightclub Fire
FDS vs. Experiment 60 s after ignition

Report of the Technical Investigation of The Station Nightclub Fire (NIST NCSTAR 2), June 2005
William L. Grosshandler; Nelson P. Bryner; Daniel N. Madrzykowski; K Kuntz
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Cook County Administration Building Fire, Chicago,
Madrzykowski & Walton, NIST Report SP-1021, 2004

Slice
;r:emp
302
275
248
221
194
167
140
113

. 86.0
59.0
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0:12:00.3 0:16:30.0
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Two-Story Duplex Fire, lowa, December 22, 1999,
Madrzykowskl et al, NISTIR 6854, January 2002

~ Open DVD Video File: *NIST lowa Fire"

B-Side D-Side fé::;
| 1500
1350 |
~ 1200
1050
1 900
750
| | 600
450
300

150 §

| Time:520.0 NN =~
E 0.00

CENSS T8 [TRCae RN SN IaRceosza L. O 'Y &
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Houston — Wind Drive Fire
Flow reversal at the front door

10 s before glass failure 10 s after glass failure

tre
i3

----------------------

Inflow

Front Doo 8 2. ; H TR IR
f TG
.:-'f ! il
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Future Challenges

Pyrolysis
Chemistry
Complex Geometry (Immersed Boundary Methods)

Efficiency (Adaptive Mesh Refinement)




Immersed Boundary Methods (IBM)

i
e Nsg InmMeese rien g iltaibroirat ory @Q



Embedded Mesh Method

He_1m_emb4

1

okeview 5.3.12

He_1m_emb4

- Mar 15 20049

-
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New Applications: Outdoor Fires

Simulations of Australian Grassland Fires
Mell, Cheney and Gould, 2:‘ -

‘

Grass Height: 51 cm

Mass Load: 0.31 kg/m?
Moisture: 4.8%

Wind Speed: 4.8 m/s
Surface/Volume: 12200 m-1

F19 AU Grgssland Fire

Experiment F19 of Cheney & Gould
symbols: experimental data

E
G
3]
c
g
)
2
e

time = 56 =5 86 s

1500 « 1500m, dk=dy=1.66m, dz=1.38 — G, Latm, 11 grld

150 200 250
distance, m

&
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