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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:  
• multiplicity of time and length scales 
• complexity of inadequately understood inter- 
   acting processes (multi-phase chemistry, heat 
   & mass transfer, thermophysical properties,…)   
• real-scale measurements are challenging 
• solutions are multi-disciplinary  
 
 

Non-technical barriers:  
• education and training 
• aging infrastructure & demographics 
• human behavior 
• public policy issues 
• initial cost  
• deliberate standards/codes process  



Turbulence 
Large Eddy Simulation 



Start with a very simple form of the energy transport equation: 

Write it in non-dimensional form: 

Define the Froude number: 
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Heskestad Flame Height Correlation 



Evolutionary Tree  
of Several Fire Modeling Branches 





What is CFAST? 

• 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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What is FDS? 

R. McDermott 
G. Forney 



CFAST  

W. Jones 
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P. Reneke 
G. Forney 



CFAST Interface Tabs group model 
inputs into 
several 
categories 

Save, view 
geometry, or 
run 
simulation 

Inputs 
grouped by 
function 
with units 
displayed 



Exploiting Social Media for FDS 









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

• FDS use Smokeview to 
visualize the evolving 
scenario geometry, fire, 
and fields of velocity 
vectors, temperature field, 
heat flux, species 
concentrations. 
 

 
 
 

Scientific Visualization 



Smokeview: Scientific Visualization 
                      of CFAST and FDS  

Corridor HGL Temperature
NBS Multiroom, Test 100A
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absorption in-scattering 
out-scattering 

emission 
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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? 
 



Hot Gas Layer Temperature
ICFMP BE #3, Test 13
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HGL Temperature Rise HGL Depth 

 Exp. 
(°C) 

FDS 
(°C) 

Rel. Diff. 
(%) 

Exp. 
(m) 

FDS 
(m) 

Rel. Diff. 
(%) 

Case1 55 66 21 14.6 14.9 3 
Case2 86 102 18 14.8 15.3 4 

BE
 #

2 

Case3 83 101 23 13.9 14.1 2 
Test 1 123 125 2 3.0 3.0 -1 
Test 7 117 122 5 3.1 3.0 -1 
Test 2 229 220 -4 3.0 2.9 -3 
Test 8 218 220 1 3.0 2.9 -2 
Test 4 204 214 5 3.0 2.9 -2 
Test 10 198 212 7 3.2 2.9 -9 
Test 13 291 289 -1 3.0 2.9 -2 
Test 16 268 275 2 2.9 2.9 -1 
Test 17 135 143 6 3.1 3.0 -3 
Test 3 207 218 5 2.9 2.8 -3 
Test 9 204 216 6 2.9 2.8 -4 
Test 5 176 190 8 3.0 2.7 -10 
Test 14 208 218 4 2.9 2.8 -3 
Test 15 211 223 6 2.9 2.8 -3 

BE
 #

3 
Test 18 193 213 10 2.9 2.9 -2 

BE #4 Test 1 700 693 -1 4.2 4.6 10 
BE #5 Test 4 151 166 10 4.3 4.1 -4 

Test 4 59 58 -3 3.4 3.4 1 
Test 5 47 48 3 2.3 2.9 26 FM

/ 
SN

L 

Test 21 66 53 -20 3.4 3.4 -1 
BR 267 253 -5 1.2 1.1 -5 
18 81 82 1 1.3 1.2 -8 
38 75 75 0 1.4 1.4 0 100A 

EXI 73 77 5 1.2 1.3 4 
BR 313 289 -8 1.2 1.2 6 
18 98 94 -4 2.1 1.9 -10 
38 93 92 -1 2.2 2.1 -7 100O 

EXI -- 92 -- 2.2 2.1 -4 
BR 260 234 -10 1.2 1.1 -2 
18 65 75 16 1.2 1.2 -1 
38 67 68 2 1.2 1.4 13 
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100Z 

TR 35 40 14 1.5 1.5 -1 
 

 

 

O2 and CO2 Concentration
ICFMP BE #3, Test 4
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Floor Heat Flux
ICFMP BE #3, Test 7
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Total and Radiative Heat Flux to Control Cable B
ICFMP BE #3, Test 7
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Courtesy, S Hostikka, VTT 

Courtesy, A Maranghides, NIST 



Results of NRC V&V (NUREG 1824) 

Measured Radiation Heat Flux (kW/m2)
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From Fire Protection Engineering, Spring 2007 

Measured HGL Temperature Rise (°C)
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PyroSim, courtesy Thunderhead 
Engineering Consultants, 

Manhattan, Kansas 

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

NASA Vehicle Assembly Building 
Kennedy Space Center 
courtesy Rolf Jensen 

Opryland USA, Nashville, TN 
Courtesy, Schirmer Engineering 

FPE Applications 



RI 
Statehouse 

Bank of America Building, Providence 



Fire Analysis 
Program: Fire Dynamics Simulator 

Thermal Analysis 
Program: ANSYS 1

MN
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Z

                                  

SEP 27 2004
09:20:54

NODAL SOLUTION

STEP=11
SUB =8
TIME=6000
UZ       (AVG)
RSYS=0
DMX =22.529
SMN =-22.431
SMX =3.108

Structural Analysis 
Program: ANSYS 

Aircraft Impact Analysis 
Program: LS-DYNA 

Fire Reconstruction: WTC 



Multi-Floor WTC Geometry 
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Video courtesy of Alex Maranghides,  
Anthony Hamins, NIST 



Upper Layer Gas Temperatures 
WTC 1 - Floor 97 

Graphics courtesy of Glenn Forney, NIST 



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



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 



Cook County Administration Building Fire, Chicago,  
Madrzykowski & Walton, NIST Report SP-1021, 2004 



Two-Story Duplex Fire, Iowa, December 22, 1999,  
Madrzykowski et al, NISTIR 6854, January 2002 

 



Houston – Wind Drive Fire  
Flow reversal at the front door 

10 s before glass failure 10 s after glass failure 



Future Challenges   

Pyrolysis  
Chemistry 
Complex Geometry (Immersed Boundary Methods) 
Efficiency (Adaptive Mesh Refinement) 



Immersed Boundary Methods (IBM) 

DNS, Re=4 LES, Re=2x105 



Embedded Mesh Method 



Grass Height:  51 cm 
Mass Load:  0.31 kg/m2 
Moisture:  4.8% 
Wind Speed:  4.8 m/s  
Surface/Volume: 12200 m-1 

New Applications: Outdoor Fires 
Simulations of Australian Grassland Fires 
Mell, Cheney and Gould, 2007 
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