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definition, 227
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with conduction, 121
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in flame spread, 210–211
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detonation, 77, 88

Denmark Technical University (DTU), xv, 11

diffusion coefficient, 16

diffusion velocity, 16, 56

dimensionless groups, 377, 392–394

educational institutions, 11

emissivity

in compartment fires, 349–351

definition, 15

enthalpy, 28

equivalence ratio, 21

Error function, 178–179

evaporation

description, 137–140

dimensionless groups, 386–388

flash evaporation, 140

rates, 146–148

temperature distribution, 149

of water sprays, 400–401

evaporative cooling, 137
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Fick’s law, 8, 16.56, 236

fire

cost, 2

definition, 3–6

disasters, 3

history, 1–2

science of, 6, 8

fire plumes

with combustion, 311–315

described, 299

eddy frequency, 298–300

entrainment fraction, 312

entrainment rate, 319–321

entrainment velocity, 300

Gaussian profile, 298

geometric effects, 312–313

intermittency, 301

line source results, 308–310

natural length scale, 307

point source results, 308–310

radiation fraction, 297, 302, 315–316

top hat profile, 300

transient effects, 326–329, 405–406

virtual origin, 317–318

Fire Research Station (FRS), xiv, 9

fireball, 141, 328–332

firepoint, 136

firepower

compartments, 354

described, 8

dimensionless, 383

plumes, 302

First law of thermodynamics, 27, 34

flame definition, 3

flame heated length, 201, 368

flame height, See flame length

flame length

axisymmetric plume, 322–324

ceiling interaction, 325

in corner, 325

jet, 323–324

line plume, 325

wall fire, 207, 326

against wall, 326

flame propagation, See flame speed

flame sheet

description, 244

location, 247

temperature, 247

flame speed

in houses, 217–219

on liquids, 216–217

porous media, 215–216

pre-mixed flames

ideal, 88

limiting value, 93–95

measurement techniques, 89–90

theory, 90–93

solid surface

effect of Damkohler number, 211–212

effect of orientation, 213–215

effect of velocity and oxygen, 212–213

exact solutions, 211

opposed flow, 192–193
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thermally thin theory, 194–196

transient effects, 198–200
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flame temperature

adiabatic, 29, 93, 103–104

critical for extinction, 95, 103, 264, 277–278,

281

maximum in turbulent plumes, 316
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flammability limits

description, 98–102

diluent effect, 102

for fuel mixture, 104

lower, 95

pressure effect, 101

stoichiometric relations, 102–103

upper, 95

flashback, 90

flashover, 340–342, 365–367

flashpoint

description, 98, 135

open, closed cup, 135

fluid mechanics

review, 14–15

dimensionless flows, 386

Fourier’s law, 8, 15

Froude number

defined, 377

plume invariant, 377

fuel-controlled, 341

gas mixtures, 23–25

Gibbs function, 141–142

Grashof number

in burning, 249

definition, 16

in pressure modeling, 397

heat flux

asymptotic for flames, 431

in burning, 228, 257

critical in flame spread, 198

critical in ignition, 174, 413–415

in fire, 166

for ignition, 171

measurement of, 170

in opposed flow flame spread,

202–203

in scaling inconsistencies, 389–392

surface re-radiation in burning, 412

for wall flames, 207–208

heat of combustion

definition, 28

by heat of formations, 33

ideal, 36

liquids, 430

per oxygen, 36

polymers, 424–430

values in fire, 37, 228

vehicles components, 423

heat of formation

definition, 30

values, 31

heat of gasification

liquids, 150

modified for radiation, 256

modified for water, 263

polymers, 412

solids, 231–233

heat of vaporization, 135

heat release rate, (HRR), See firepower

heat transfer

in compartments, 347–351

conduction, 15

convection, 15, 167

definition, 8

dimensionless, 384–386

radiation, 15, 167, 169–170

review, 15–16

heat transfer coefficient

compartment fires, 348

definition, 15

effective for radiation, 173

total, 173

humidity, relative, 143

ideal gas equation of state, 14, 24

ignition, See also autoignition, piloted ignition,

spontaneous ignition

glowing, 160, 183

liquids, 135

solids, 159

thermally thick theory, 176–180

thermally thin theory, 171–174

properties for common materials, 184–187

of wood, 181–184

internal energy, 26

jet flames, 308

Lewis number, 16, 239

limiting oxygen limit (LOI), 432

lower flammability limit, See flammability

limit

mass fraction, 23

mass transfer coefficient, 16

mixture fraction, 243, 301

mole, 21

mole fraction, 23

molecular weight, 21
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early program, xiv
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xiv, 9

Newton’s second law, 26, 59

partial pressure, 25

perfect gas, See ideal gas

piloted ignition

in liquids, 135–136

minimum energy for, 86

in solids, 160–161

theory, 85–86

Planck’s law, 15

Prandtl number, 16

pre-exponential coefficient, 79

pressure, 13

pressure modeling

description, 392

burning rate, walls, 398

burning rate, tubes, 397

properties

in burning, 253

extensive, 13, 26

flammability data, 409–433

ignition, 165

intensive, 13, 26

opposed flow flame spread, 204

pyrolysis, 20, 163–164

quenching diameter

calculations, 108–109

definition, 95

theory, 95–97

radiation, See heat transfer

reaction rate, 78–79

Reynolds number

chemical, 235, 261

definition, 15, 377

Reynolds transport theorem, 50

saturation pressure, 139

saturation states, 139

saturation temperature

definition, 135

function of pressure, 139

scale modeling

described, 401

Froude modeling, 402–403

saltwater modeling, 403–406

Schmidt number, 16

self-heating, 118

Semenov diagram

autoignition, 81, 106

burning rate, 279–281

compartment fires, 365–369

piloted ignition, 87, 107

propagation, 94, 108, 280

quenching diameter, 96, 109

shear stress, 14

Sherwood number, 16

Shvab-Zeldovich variable, 241

Society of Fire Protection Engineers, (SFPE), xv

spontaneous ignition

adiabatic ignition time, 129

approximate time for, 130

description, 117–119

experimental methods, 124–127

theory, 119–124

stoichiometric coefficient, 22

system, 25

temperature

glass transition, 410

ignition, 137, 164, 413

melt, 410

thermodynamic definition, 13

vaporization, 242, 411

time scales

burning, 198

chemical reaction, 85, 161–162

flow, 382

ignition, 161

thermal diffusion, 85

mixing, 162–163

pyrolysis, 163–164

spontaneous ignition, 127–130

thermal penetration depth

in ignition, 176, 178

in flame spread, 201

thermochemistry, 19

thermodynamics, 13–14
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Universal gas constant, 24

ventilation-limited, 21, 341

Weber number, 392–393

wood cribs, See burning rate

work, 27

World Trade Center (WTC), 2, 10–11

yield

definition, 35, 228

for liquids, 430

maximum possible, 427–429

for polymers, 424

smoke, 425–426, 433

for vehicle components, 423

zone model

compartments, 355

described, 49

Zukoski number

ceiling jet, 395

general, 383

heat losses, 385

mass number, 386

plume, 319
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