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What I1s conscientious use?

miValidated for specific us¢

Tiinput parameters (parameter uncertainty)

niSensitivity analysis

iNumerical scheme, e.g. flux limiter choice, turbulence submodel
niNumerical parameters, e.g. CFL limit, Deardorff, Smagorinsky constan
niGrid dependence

niBoundary conditions

TiNumber and range of scenarios






Misconceptions
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What Is validation?

Compare model to experiments

niDefine uncertainties in measurements and model inputs
nQuantify the differences

niDecide if model is appropriate for a given application



Quantifying uncertainty

Difference between model and experiment:
1. Measurement of quantity
2. Measured model inputs
3. Model physics/numerics



Differences? Uncertainty?
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Experimental uncertainty (1 and 2)

niHeat flux gauge 2.65%

niThermocouples 2.6 7.5%

nGas and surface temperatures 5%
niBrdirectional probes (velocity) 7%

tOxygen consumption (heat release rate) 7%
TiHeat flux 10%

ntSmoke light extinction ©14%

niGas and soot concentration 13%
nCompartment pressure 15%



Model uncertainty

rtUncaptured physics

TTAssumed behaviour

niSubgridscale models, e.g. turbulent viscosity
TApproximations in physics, e.g. empirical wall profiles
niDiscretisation of equations, e.g. truncation of density solution
ntRadiation transport

niSolid phase heat transfer and pyrolysis



Using the FDS Validation Guide

mWhat output quantity?
nmWhat experiments are applicable?
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3 Description of Experiments

3.1 ArupFire Tunnel Fire Experiments . . . .. ... ... . ... .. ... ... ..
3.2 ATFComridors Experiments . . . .. .. .. ..o Lo e
3.3 Backward Facing Step . .. . . ... e
3.4 BeylerHood Experiments. . . . .. .. .. .0 e
3.5 Bouchair Solar Chimney . . . . .. . . . o e e e e
3.6 BRE Spray Test for Radiation Attenuation . . . . ... .. .. ... ... ...
37  Bryant Doorway Velocity Measurements . . . . .. .. .. .. .. L oo
3.8 Cable Response to Live Fie—CAROLFIRE . . . . . . .. .. ... ... .........
39 CSIROGrassland Fires . .. .. .. 0 L 0 o e e
3.10 Cup Burner Experiments . . . . .. .. ... oL e
311 DelCo Trainer Experiments . . . .. .. ... 0 0o i e
3.12 FAA Cargo Compartments . . . .. .. .. .. ... .
303 FAAPolymers . . .. oo o e e e e e e e
3.14 Fleury Heat Flux Measurements . . . . .. .. ... 0 it ii i i o i
3.15 FM/FPRF Datacenter Experiments . . . .. . . .. .. ... o0 e
3.16 FM Parallel Panel Experiments . . . . . .. ... ... .. 0 e
307 FM/SNL Experiments . . . . . . o000 o0t i i i e i e e
3.18 Hamins Gas Burner Experiments . . . . .. ... ... . ... .. ... ..
319 Harmison Spill Plumes . . .. .. . o0 e
3.20 Heskestad Flame Height Correlation . . .. . . ... .. .. ... oo
3.21 LEMTA Spray Test for Radiation Attenuation . . . .. .. .. .. ... ... ... ...
3.22 LLNL Enclosure Experiments . . . . . .. .. .. . o0 i
3.23 LNG Dispersion Experiments . . . . .. .. ... L L Lo
3.24 McCaffrey Plume Experiments . . . . . .. .. ... . oo
3.25 NBS Multi-Room Experiments . . . . . .. ... ... . e
326 NIST Douglas Firs . . . . 0 L0 0 oo e
3.27 NIST Enclosure Experiments . . . . .. .. ... ... . ... ... ... ... ..

3.27.1 NIST Reduced Scale Enclosure Experiments, 1994, . . . .. ... .. .. ... ..

3.27.2  NIST Reduced Scale Enclosure Experiments, 2007 . . . . .. . ... ... .. ...

3.27.3 NIST Full-Scale Enclosure Experiments, 2008 . . .. .. .. ... .. .. .. ...
328 NIST Helium Experiments . . . .. .. .. ... ... . ... ... .. ... .......
3.29 NIST/NRC Compartment Experiments . . . . . .. .. .. ... oo,
3.30 NIST Smoke Alarm Experiments . . . . .. .. ... 0o e e
331 NRCC Facade Heat Flux Measurements . . . . .. .. ... ... ... . ... ...
3.32 NRCC Smoke Tower Experiments . . . .. .. .. .. . ... .. oo,
3.33 NRL/HAI Wall Heat Flux Measurements . . . . .. . . .. . o000 oo o
334 PRISME Project. . . .. .. .. oo e e e
335 Purdue Flames . . .. © 0 L
3.36 Restivo Compartment Air Flow Experiment . . . . .. .. .. .. ... ... .......
3.37 Sandia Plume Experiments . . . .. .. .. ... L L e
3.38 Sippola Aerosol Deposition Experiments . . . . . ... ... Lo oL
3.39 Smyth Slot Burner Experiment . . . . . .. ... oL Lo
3.40 SP Adiabatic Surface Temperature Experiments . . . . .. .. ... o 0oL
3.41 Steckler Compartment Experiments . . .. .. .. .. ..o oo o
3.42 UL/NIST Vent Experiments. . . .. .. .. ..o o0 i e e
3.43 UL/NFPRF Sprinkler, Vent, and Draft Curtain Study e e e e e e e e
3.44 Ulster SBI Corner Heat Flux Measurements . . . . . . .. .. .. .. ...

345 UMDPolvmers . . . .0 o . o o e e e e e e e e e e e e 60

346 UMDLine Bumner . . . . .. .. .. .. L. e 61
3.47 USCG/HAI Water Mist Suppression Tests . . . .. ... ... o oo .. 62
348 USN High Bay Hangar Experiments . . . . .. .. .. ... ... .. ............ 63
349 Vettori Flat Ceiling Experiments . . .. .. .. .0 0 000 o e 63
3.50 Vettori Sloped Ceiling Experiments . . . . .. .. .. ... . ... ... ..., 66
351 VITLarge Hall Tests . . . . . . . 0 o0 o o e e e e e e e e e e e 66
352 VTT Water Spray Experiments . . . .. .. .. .. .. ... . ... ... .. ..... 67
3.53 WTC Spray Burner Experiments . . . . .. .. .. .. ... .. ... . oL, 67
3.54 Summary of Experiments . . . . .. oL L L L e 70

3.32 NRCC Smoke Tower Experiments

In 2006 and 2007, the National Research Council of Canada (NRCC) conducted 10 fire experiments in a
10 story experimental facility in Almonte, Ontario to study smoke movement through the stair shaft to the
upper floors of the building. Four of these experiments utilized actual commeodities as fuel, and six utilized a
propane burner. Four of the six propane fires were intended to reproduce the heat release of the commeodity
fires, and these experiments (BK-R, CMP-R, CLC-I-R, and CLC-II-R} have been chosen for this guide.
Details of the experiments are included in a masters thesis and paper by Yan Wang [176, 177]. A description
of FDS simulations of the propane experniments not included in this guide is given by Hadjisophocleous and
Jia [178]. The analysis of the propane burner experiments discussed in this guide are based on the work of
Paul Tyson at Ulster University as part of his masters thesis [179].
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Experiment applicable?

niParameter space
niNumerical parameters



Test Series (k%:\-’ ) {:2.} {‘:: _} O Li/H ) W/H | L/H rei/H Frad/ D
Arup Tunnel 5344 1.6 7 1.5 0.8 0.0 .1 43 1 0.0-1.1 N/A
ATF Corridors 50 — 500 0.5 2.4 03-33 | 03-09|00-0.1] 08 7.1 | 08-6.0 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 2.4 05-69 [02-1.000-02 1.0 21 | 0.6-038 N/A
Cup Burner 0.3 0.028 Open 2.1 Open Varving | Open | Open Open N/A
FAA Cargo 5 0.1 1.4 1.4 0.2 0.2 2.3 48 | 0.1-48 N/A
Fleury Heat Flux 100 - 300 0.3-0.6 | Open | 03-5.5 Open Open Open | Open Open [.7-3.3
FM Panels 30— 100 0.5 Open | 0.2-0.5 Open Open Open | Open Open 0
FM/SNL 470 - 516 0.9 6.1 0.6-24 |03-06|00-02] 2.0 30 1 02-03 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 S—15 0.16 0.5 05-1.4 | 05-1.0 Open Open | Open N/A N/A
Heskestad 107 — 107 1.1 Open | 1071 =104 Open Open Open | Open N/A N/A
LLNL Enclosure 50 — 400 0.6 4.5 02-15 |01-04|01-04] 09 .3 | 03-1.0 N/A
McCaffrey Plume 14— 57 0.3 Open | 0.2-0.8 Open Open Open | Open N/A N/A
NBS Multi-Room 110 0.3 2.4 1.5 0.5 0.0 1.0 5.1 N/A N/A
NIST FSE 100 -2500 | 0.6-1.11] 24 05-1.8 | 04-17[02-59| 1.0 1.5 | 04-08 N/A
NIST/NRC 350 — 2200 1.0 3.8 03-20 |03-10]|00-03 1.9 57 [ 03-2120-40
NIST RSE 50 — 600 0.15 1.0 52-63 [ 09-28|01-1.1 1.0 1.5 N/A N/A
NIST Smoke Alarms 100 — 350 1.0 2.4 0.2-03 | 02-05 N/A 1.7 8.3 .3 -8.3 N/A
NRCC Smoke Tower 3000

PRISME 480 - 1600 | 0.7-1.1 | 4.0 .1 0.5-0.8 0.5 1.3 1.5 | 0.0-051]23-57
Sandia Plume 2025 - 5450 1.0 Open .8 —5.0 Open Open Open | Open N/A N/A
SP AST 450 0.3 2.4 6.1 .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 [.3 N/A N/A
UL/NFPRF 4400 — 10000 1.0 7.6 40-9.1 | 07-1.0 | Open 4.9 49 |106-39 N/A
UL/NIST Vents 500 - 2000 0.9 2.4 0.7-26 |08-1602-06| 1.8 2.5 1.0-2.3 N/A
Ulster SBI 30 - 60 0.2 Open [.5-3.0 Open Open Open | Open N/A 0
USCG/HALI 250 — 1000 0.3 3.0 6.0-24 |06-1.1[03-10| 17 23 N/A N/A
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