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Over the next few days, you will hear from:
Craig Weinschenk, NIST, Combustion
Kris Overholt, NIST, Automated Testing and V&V

Jason Floyd, Hughes-RJA, Baltimore, MD, Soot Deposition
Julio Goncalves da Silva, U. of Rio de Janeiro, Brazil, Fire-Structure Interface
Lukas Arnold, Juelich Supercomputing Centre, Germany, Parallel Processing

Susanne Kilian, hhpberlin, Germany, Pressure Solver

| will focus on:

Current validation efforts

Pyrolysis



Experimental Study of the Effects of Fuel Type, Fuel
Distribution, and Vent Size on Full-Scale
Underventilated Compartment Fires in an ISO 9705
Room

Andrew Lock
Matthew Bundy
Erik L. Johnsson
Anthony Hamins
Gwon Hyun Ko
Cheolhong Hwang
Paul Fuss

Richard Harris

Smoke Venting Validation Experiments,
Madrzykowski, Opert, Barowy

Yy

Wall above o;“)ening

Fire compartment

Plume does not reattach to wall

US Navy Hangar Experiments, Gott et al. Spill Plumes, Harrison, Spearpoint, New Zealand



Fire Suppression Modeling: Application

Proof of concept developed for applications of interest
Free burn: predict system activation time

Buoyant plume: simulate water mist behavior

asement heptane fire model

HRR validation

Configuration vaja_tions Comparative assessment
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Hot plate, water mist  Water mist penetration analysis
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Physical insight: particle trajectory 1

Prescribed HRR: cooling, nozzles activation

Coupled: simulate suppression by water mist
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From FDS Validation Guide, Ceiling Jet chapter
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Table 15.1: Summary statistics for all quantities of interest

‘ Quantity Section | Datasets ‘ Points ‘ OE ‘ OM ‘ Bias ‘
HGL Temperature, Forced Ventilation 5.12 4 111 0.07 | 0.22 | 1.27
HGL Temperature, Natural Ventilation 5.12 9 160 | 0.07 | 0.07 | 1.03
HGL Temperature, No Ventilation 5.12 3 32 0.07 | 0.13 | 1.23
HGL Depth 5.12 9 177 ] 0.05] 0.05 | 1.03
Ceiling Jet Temperature 7.1.13 I 552 {007 | 0.11 ] 1.02
Sloped Ceiling Jet Temperature 7.1.13 2 152 1 0.07 | 0.20 | 0.93
Plume Temperature 6.1.6 7 71 0.07 | 0.19 | 1.13
Oxygen Concentration 9.14 5 98 0.08 | 0.11 | 0.99
Carbon Dioxide Concentration 9.1.4 6 95 0.08 | O.11 | 0.98
Smoke Concentration 9.2.1 | 14 0.19 | 0.60 | 2.63
Compartment Over-Pressure 10.3 2 39 0.21 | 0.23 | 0.98
Open Compartment Over-Pressure 10.3 2 14 0.15 | 0.27 | 1.02
Target Temperature 11.2.4 4 819 | 0.07 | 0.21 | 1.00
THIEF Temperature 11.3.3 2 04 0.07 | 0.16 | 1.06
Surface Temperature 11.1.5 3 845 | 0.07 | 0.13 | 1.04
Target Heat Flux 12.2.5 3 267 | 0.11 ] 0.27 | 0.98
Flame Impinging Heat Flux 12.1.8 4 52 0.11 | 0.36 | 0.93
Surface Heat Flux 12.1.8 2 342 | 0.11 | O0.16 | 0.91
Velocity 8.7 6 211 0.08 | 0.09 | 1.00
Sprinkler Activation Time 7.2.1 5 232 | 0.06 | 0.15 | 0.93
Smoke Detector Activation Time 7.3 I 142 1026 | 0.26 | 0.62
Smoke Detector Activation Time, Temp. Rise 7.3 | 142 1029 | 0.29 | 0.86
Cable Failure Time 11.3.4 | 35 0.12 | 0.16 | 1.10
Sprinkler Actuations 7.2.2 3 38 0.15 1 0.29 | 0.96
Burning Rate 14.5 2 30 0.08 | 0.21 | 1.08
Carbon Monoxide Concentration 9.3.5 5 69 0.19 | 0.41 | 0.91
Entrainment 6.3 2 87 0.05 | 005 | 1.12
Extinction Time 13.2 | 39 0.10 | 0.62 | 1.96
Species Concentration 94 | 126 | 0.08 | 0.15 | 0.98
Low Ceiling Jet Temperature 7.1.13 | 120 | 0.07 | 0.15 | 1.12
Low Heat Flux 12.1.8 2 18 0.11 | 0.44 | 0.97
Low Surface Temperature 11.1.5 | 6 0.07 | 0.28 | 1.04
Smoke Obscuration 922 I 18 0.18 | 0.18 | 1.01

From FDS Validation Guide, Summary chapter



Table 3.10: Summary of important experimental parameters.

Q

D

H

Test Series kW) (m) (m) o Li/H ¢ W/H | L/H rej/H Frad /D
Arup Tunnel 5344 1.6 7 1.5 0.8 0.0 1.1 43 | 0.0-1.1 N/A
ATF Corridors 50500 0.5 2.4 03-33 |03-09|00-01] 038 7.1 | 0.8—6.0 N/A
Beyler Hood 8-30 0.2 0.5 05-1.1 |07-13|02-17| 20 2.0 N/A N/A
Bryant Doorway 34-511 0.3 24 05-69 |02-10|00-02| 10 2.1 | 06-08 N/A
Cup Burner 0.3 0.028 | Open 2.1 Open Varying | Open | Open Open N/A
FAA Cargo 5 0.1 1.4 1.4 0.2 0.2 23 48 | 0.1-48 N/A
Fleury Heat Flux 100 — 300 0.3-06 | Open | 03-55 Open Open Open | Open Open 1.7-3.3
FM Panels 30-100 0.5 Open | 0.2-05 Open Open Open | Open Open 0
FM/SNL 470-3516 0.9 6.1 0.6-24 |03-06|00-02| 20 30 102-03 N/A
Hamins CHy 0.4-162 0.1-1.0 | Open 0.1 Open Open Open | Open N/A 0.1-12
Harrison Plumes 5-15 0.16 0.5 05-14 | 05-1.0 Open Open | Open N/A N/A
Heskestad 107 — 107 1.1 Open | 100 T—10* | Open Open | Open | Open | N/A N/A
LLNL Enclosure 50 -400 0.6 4.5 02-15 | 01-04|01-04| 09 1.3 | 03-1.0 N/A
McCaffrey Plume 14-57 0.3 Open | 0.2-08 Open Open Open | Open N/A N/A
NBS Multi-Room 110 0.3 24 1.5 0.5 0.0 1.0 5.1 N/A N/A
NIST FSE 100-2500 | 0.6-1.1| 24 05-18 | 04-1702-59| 10 1.5 | 04-038 N/A
NIST/NRC 350 —2200 1.0 3.8 03-20 |03-10|00-03| 19 57 103-2112.0-40
NIST RSE 50 - 600 0.15 1.0 52-63 | 09-28|0.1-1.1 1.0 1.5 N/A N/A
NIST Smoke Alarms 100 — 350 1.0 24 02-03 |02-05 N/A 1.7 83 | 1.3-83 N/A
NRCC Facade 5000 — 10300 43 2.8 01-02 |09-17 |06-12| 16 22 N/A 0
NRL/HAI 50-520 03-07 | Open | 1.1-12 Open Open Open | Open N/A 0
Sandia Plume 2025 - 5450 1.0 Open | 1.8-5.0 Open Open Open | Open N/A N/A
SP AST 450 0.3 24 6.1 1.1 0.1 1.0 1.5 N/A N/A
Steckler 31.6- 158 0.3 2.1 08-38 |03-07|00-06| 13 1.3 N/A N/A
UL/NFPRF 4400 — 10000 1.0 1.6 40-9.1 | 07-1.0| Open 4.9 49 | 06-3.9 N/A
UL/NIST Vents 500 - 2000 0.9 24 07-26 |08-16|02-06| 1.8 25 | L.0-23 N/A
Ulster SBI 30-60 0.2 Open | 1.5-3.0 Open Open Open | Open N/A 0
USCG/HALI 250 — 1000 0.3 3.0 6.0-24 |06-1.1]03-1.0] 17 2.3 N/A N/A
USN Hawaii 100-7700 | 0.3-2.5 15 07-13 |0.1-04| Open 4.9 6.5 0-1.2 N/A
USN Iceland 100— 15700 | 0.3-34| 22 07-13 | 00-03 Open 2.1 34 0-1.0 N/A
Vettori Flat 1055 0.7 2.6 25 1.1 0.3 2.1 3.5 | 08-29 N/A
Vettori Sloped 1055 0.7 2.5 2.5 1.2 0.3 2.2 29 N/A N/A
VTT Large Hall 1860 -3640 | 1.4-1.8 19 0.7 0.2 0 1.0 1.4 0-0.6 N/A
WTC 1970 — 3240 1.6 3.8 06-09 |08-1.1|03-05| 09 1.8 | 0.0-08|03-13

From FDS Validation Guide, Experiments chapter




NUREG-1824 EPRI 3002002182
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Applications
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Electric Power Research Institute
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Palo Alto, CA 94304
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Verification and Validation of FDS,
CFAST, Empirical Correlations,
recently updated for US NRC

Table 5-1. Summary of model uncertainty metrics.

Empirical

. CFAST MAGIC FDS Exp
Output Quantity Comelations
Corr. || 6 | Gul 6 |6u]| 6 | 6| &

HGL Temp. Rise, Natural MQH 1470151120034 | 113 | 030|100 | 012|007
FPA 1.29 | 032

HGL Temp. Rise, Forced 115|020 | 108 | 017|121 | 022|007
DB 1.18 | 025

HGL Temp. Rise, Closed Beyler 1.04 | 037 | 099|008 | 107 | 016|120 | 012|007

HGL Depth ASETNT 112|036 | 117 | 0.31 | 1.03 | 0.06 | 0.05

Ceiling Jet Temp. Rise Alpert 086|011]1.18|033|1.04 | 045|098 | 0.14 | 0.07
Heskestad 0.84 | 0.33

Plume Temp. Rise 108 | 020|104 |020]|120|021]007
McCaffrey | 0.90 | 0.31

Oxygen Concentration NIA 1.00 0151093 | 022 |1.01|0.11]0.08

Smoke Concentration NIA 316|068 | 371|066 |263|059|0.19

Pressure Rise NIA 136|066 |149| 045|096 | 027|021

Target Temp. Rise Steel 1.29| 045158 | 064|108 |038|0598 | 018|007
Point Source | 1.44 | 0.47

Target Heat Flux 093|1.16| 085|066 |098|025|0.11
Solid Flame | 1.17 | 0.44

Surface Temp. Rise NIA 105|028 |095|029|099| 012|007

Surface Heat Flux NIA 098|034 |078|035|092|015]|0.11

Cable Failure Time THIEF 090 | 0.1 - | 110|016 | 012

Sprinkler Activation Time Sprinkler 1.11|041|080| 021|091 |020|093)|0.15|0.06

Smoke Detector Act. Time Temp.Rise | 0.66 | 057 |1.12 | 046|154 | 036|085 |029]0.34




A Brief History of Pyrolysis and Flame Spread Modeling in FDS



Flame Spread in Microgravity, 1990-2000
T. Kashiwagi, H. Baum, K. McGrattan, W. Mell, S. Olson (NASA)

d(ps/pso) i
Mass — Y - (1 =ve, o,
. npp E
= (L= ve o Pyrolysis: @ =B(p5Y ex (—")
Lox/ Yoy yroly: p P s F P RTS
- (1 - VA,('hm')wdmr
Pyrolysis reaction parameter [10, 16]
B,: frequency factor; 1/s 3.0 X 10'®
E,: activation energy; klJ/mole 237
ng,,: exponent of Yg 1.2
vc ,: mass-based stoich. constant 0.14
v;,,: mass-based stoich. constant 0.23
q,: heat of combustion; J/g 64
Thermal- & physical properties [10]
Cps: specific heat of solid; J/(gK) 0.96 + 4.19 X (T-300)
kg: thermal conductivity of solid; W/(cmK) 3.55 + 1.55 X 1072 X (T-300)
&: thickness of solid; cm 0.013
ps: surface density; g/em?® 57 %1077
e: surface emissivity 0.6
r: surface reflectivity 0.25
(a) Enclosed

Enclosure Effects on Flame Spread Over Solid Fuels in
Microgravity*

YUJI NAKAMURA,*’* TAKASHI KASHIWAGI, KEVIN B. MCGRATTAN, and
HOWARD R. BAUM
Building and Fire Research Laboratory, National Institute of Standard and Technology, 100 Bureau Dr.,
Mail Stop 8663, Gaithersburg, MD 20899-8663 USA

(b) Open

Microgravity flame spread
experiments, S. Olson, NASA



Fire Research Foundation
Sprinkler, Vent, Draft Curtain Study
1995-1998

Small scale suppression
experiments, A. Hamins
(NIST), D. Sheppard (UL)




aterial properties

On-going research to extend the range of
sprinklers, commodities,imaterials.

Presently only ikler and

material prope

A slide from a presentation at the 2000 Fire Research
Foundation Suppression and Detection Meeting,
Orlando, Florida



Investigation of a Fatal House Fire
Washington, DC, 2000

D. Madrzykowski and R. Vettori

FIST Smokeview 1.0148
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WTC Investigation
2001-2005
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Simulations of Australian Grassland Fires
Ruddy Mell (NIST, Forest Service), 2000-Present

F19 AU Grassland Fire
LI L L L L R L L L L L L B

300_|||||

| Experiment F19 of Cheney & Gould
| symbols: expermental data

250

200 ] *height = 51 cm
E
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2 150+ -
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100 F s U, =4.8 ms™
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Cable Fire Experiments and Modeling on
behalf of US and Finnish Nuclear
Regulatory Authorities, 2007-Present

Cable Fire Experiments, K. McGrattan, NIST

Methods and applications
of pyrolysis modelling for
polymeric materials

Anna Matala
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Pyrolysis Model in FDS
S. Hostikka, VTT, Finland, 2003
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Charring and Non-Charring Polymers
S. Stoliarov (Maryland), K. McGrattan (NIST)

Polymer — Char 1+ Gas 1 (14.1)
Char1 — Char24Gas2 (14.2)

Table 14.4: Properties of poly(viny! chloride) (PVC). Courtesy S. Stoliarov. University of Maryland. See

Section 14.1.1 for an explanation of terms.

Property | Units | Value Method | Reference |
Polymer Density kg/m? 1430 =70 Direct [141]
Polymer Conductivity Wim/K 0.17 £ 0.01 Literature [141]
Polymer Specific Heat kl/kg/K 1.55 £0.25 DSC [216]
Polymer Emissivity 0.90 £ 0.05 IS [217]
Polymer Absorption Coef. m! 2145 =715 FTIR [218]
Char 1 Density ]\'gufm3 629 Constant Volume | [141]
Char 1 Conductivity W/im/K 0.17 Inherited [141]
Char 1 Specific Heat kl/kg/K 1.55 4+ 0.25 Inherited [141]
Char 1 Emissivity 0.90 & 0.05 Inherited [141]
Char 1 Absorption Coef. m! 2453 Inverse Analysis [141]
Char 2 Density ]\'g/mj 296 Constant Volume | [141]
Char 2 Conductivity W/m/K 0.26 Inverse Analysis | [141]
Char 2 Specific Heat kI/kg/K 1.72 £ 0.17 Pulsed Current [141, 220]
Char 2 Emissivity 0.85 £ 0.05 Pulsed Current [141, 220]
Char 2 Absorption Coef. m-! Opaque Assumption [141]
Reac | Pre-Exp. Factor s 1 (1.420.8) x 107 | TGA [141]
Reac 1 Activation Energy kI/kmol | (3.67£0.07) x 10° | TGA [141]
Reac 1 Char Yield 0.444+0.01 TGA [141]
Reac 1 Heat of Reaction kl/kg 170 £ 17 DSC [216]
Gas 1 Heat of Combustion kl/kg 2700 = 300 MCC [141]

Gas 1 Combustion Efficiency 0.75 £ 0.03 Cone Calorimeter | [141]
Reac 2 Pre-Exp. Factor 571 (3.5+2.1)x 10" | TGA [141]
Reac 2 Activation Energy kJ/kmol | (2.07+0.04) x 10° | TGA [141]
Reac 2 Char Yield 0.474£0.01 TGA [141]
Reac 2 Heat of Reaction kl/kg 1200 = 900 DSC [216]

Gas 2 Heat of Combustion kl/kg 36500 £ 1800 MCC [141]

Gas 2 Combustion Efficiency 0.75 £ 0.03 Cone Calorimeter | [141]

Heat Release Rate \k\)\f’:"mz\ Heat Release Rate \kW;’mz\

Heat Release Rate (kW /m?)

NIST Special Publication 1018

sixth Edition

Fire Dynamics Simulator
Technical Reference Guide
Volume 3: Validation
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Flame/Fire Spread Modeling — What is the problem?

. Each application is special and requires a multi-year effort.

. Usually full-scale experiments are required to calibrate model
parameters.

. It is difficult to reproduce results with different codes or code
versions.

. There is no generally accepted methodology for measuring input
parameters.

. The driving force for flame spread modeling is forensic investigation
rather than performance-based design.



