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adhesive forces 138—42
acid-base interactions 141-2
Lifshitz-van der Waals forces 138—41
adrenergic nerves 577
adsorption 108-9, 427-8
aerosol barrier performance 546-7
agent concentration 553, 554
air 595
convection and 579-80, 581-2
dry 103
mass balance 279-81, 285-7
motion 581
permeability 442, 461-2, 548
‘pockets’ 168
trapped 273, 284
American Society of Heating,
Refrigerating and Air-
Conditioning Engineers
(ASHRAE) standards 289,
596-7
American Society for Testing and
Materials (ASTM) guidelines
440
anisotropy 11-14, 536
‘disease’ 379
grooves and 174-5
planar 78-82
ankles 594
aperture circles 11, 15, 21, 27-8
area and area density 64—7
Arrhenius-type equations 104
arterio-venous anastamoses (AVAs) 572
arterioles 572
ASHRAE (American Society of Heating,
Refrigerating and Air-

Conditioning Engineers)
standards 289, 596-7
aspect ratio 3
ASTM (American Society for Testing
and Materials) guidelines 440
atmosphere and partial pressures 103-5
atomic force microscopy (AFM) 152
auto-models 398, 478-509, 511, 518, 538
auto-binary 498
auto-binomial 499
Besag proposition 479-82
Derin-Elliott 499
Hammersley and Clifford theorem
486-96
ideal gas 486-8
with Kawasaki dynamics 525, 529,
537
Markov chains 470, 500-6, 513-14,
531
Markov random fields 469-79 passim,
482, 484-97, 500-10 passim
neighbourhoods and clans 482—6
for wetting phenomena 499-500
see also Ising model
automata see lattice gas automata
autonomic nervous system 574
averaging volume 250

back, upper and lower 594
bandages 541, 585
Bayes’

rule 507-8

theorem 5, 479-81
bedclothes 561
Bernoulli’s equation 281

603
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Besag proposition 469-70, 478, 479-82,
484
Besag coding 5034
Hammersley/Clifford theorem and
486-7, 489, 491-3
random fields and 472, 506-7, 509,
510
Bessel function 203
BET-Kelvin method 33-6, 123, 125
‘blackening algebra’ 494
body segment heat transfer 583
body-environment exchange 5614
heat gains 561-2
heat losses 562-3
thermal regulation 563—4
Boltzmann
constant 140, 514
law 495
models 397-8
bounce-back collision 378
boundary conditions 316-17
2 layer radial system 433, 434
condensation and 449
diffusive 376
free-slip 376
layers 581
liquid-gas 316
no-slip 376
solid-gas 317
solid-liquid 317
value problems 538
brain 562, 573, 577
Bravais lattice 363—4, 368, 372—4, 388
British Standards (BS) 441
Brunnauer, Emmett and Teller (BET)
equation 113
model 121-5
see also BET-Kelvin method
Buffon’s needle 45-6, 67-71

capillarity 160-7
flow 161-2
wicking
fabrics 164-5
fibrous materials 162-3
yarns 163—4
capillary
adhesion 191
condensation 111-13
length 191

number, spreading speed and 190-1
‘penetration’ 162
phenomena 510
pressure curves 342
rise
in fibrous material 213-14
in tubes 192
‘sorption’ 162
see also psychrometry and capillary
hydrostatics
Cartesian coordinate system 9, 201,
231-2, 366
Cassie
equation 174
state 169, 171, 177
Cauchy’s formula 44
Cavalieri’s principle 43-4, 45
cellular automata 360, 362, 363
definition 357, 360
features of 363
lattice gas 360-4
space and 358
structures and 358
synchronization of 369
see also lattice gas automata
chains of successive configurations
514-15
steps to create 514
characterization
theorem 54-5
see also fibrous material
characterization
chemical and biological warfare agents
549
chemically-textured surfaces 170-1
circular granulometry 74—8
clans, neighbourhoods and 469, 478,
482-6, 488
Clausius-Clapeyron equation 132, 337
closed aperture cylinder model 298-9
clothing 560-1
‘breathable’ 548
performance see computational fluid
dynamics (CFD)
cold sensation 590
collision
bounce-back 378
detailed balance 375
effective 375-6
micro reversible 375



particle 380, 381
phase
rules and 374-8
steps in 3834
colour combinations 49
‘coloured FHP’ (CFHP) model 395, 397
comfort see sensation and comfort
compact sets 50-1
‘composite contact’ 168
computational fluid dynamics (CFD)
542-59, 580
fabric-covered cylinder modeling
546-54
full body modeling 554-8
material modeling 543—4, 545
computer simulation 509-36
fluid flows 381-95
moisture transport 509-36
in fibrous materials 525-36
liquid columns in fiber bundles
519-24
Rayleigh instability 511-19
condensation
capillary 111-13
heat transfer and 405-6
sorption and 427-8
condensation/evaporation
models
fibrous media 411-16
thin clothing layers 407-11
physical properties and 416-18
liquid water permeability 41617
material hygroscopicity 417
pressure differences 417-18
vapour hydraulic permeability 416
conduction see thermal conduction
conservation laws 374
contact angles 128, 129, 149
convection 579-82
moving air 581-2
still-air 579-80
convection and ventilation 271-307
dry/evaporative resistances 271-2
heat/moisture transport 272-3
models 283-98
extension to real limb motion
3012
periodic ventilation 298-301
insulation 2734
skin-adjustant air layer 274-5

Index 605

ventilation rates 275-83
mathematical models 277-8
models

Lotens’s empirical 275-7
mathematical 277-8
periodic ventilation 279-83
convex bodies 51-3
convex ring sets 53, 54-5, 74-8
Conway’s game of ‘Life’ 358, 359
corneocytes 567
Coulomb forces 477-8, 484
curvature 158-60

of cylinders 180-1

droplets and wet-fiber filters 160

length estimation 67-71

surface wetting 193-5

torsion and 94-6

wetting 145-8
curved surfaces 158-9
fiber surfaces 159-60
planar surfaces 158

cylinder system (Princen) 519-22

Dalton’s law of Partial Pressures 103
Damkohler number 549
Darcy’s
equation 343
flow resistance 452
law 147, 166, 249, 340-1, 453, 461
computer simulation and 382, 385,
387, 388, 390, 391
number 549
defects 150, 151
Delesse’s principle 85-6
density
area 64-7
feature count 71-4, 96-8
length 90-3
surface area 86-90
volume 83-6
Derin-Elliott model 499
Derjaguin disjoining pressure 199
dermis 567-8, 569
desorption isotherm 109
see also heat/moisture transfer with
sorption/desorption
detailed balance collision 375
dewetting process 182
dewpoint temperature 105-6
diffusion 544, 545
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boundary conditions and 376
direct and indirect water 118-19
discrete molecular dynamics 364-78

collision phase and rules 374-8

conservation laws 374

lattice as discrete space 366—8

observables 370-2

propagation phase 372-4

space 366—8

time 369-70
disjoining pressure 215
distribution

planar and harmonic 25-32

pore 14-17

BET-Kelvin method 33-6, 123

random 19-25
droplet

adherence 191

evaporation 550, 551

fusing 516

neighbours 517

shapes 146, 159, 160, 189

spreading 196-8

see also liquid
dry eye syndrome 595-6
dry resistances 271-2
drying rates 344
du Nouy ring 142

EDANA (European Disposables and
Nonwovens Association) 209,
525, 537

effective collision 375-6

‘effective material properties’ 233

ellipsometry 217

embedded objects 84, 85

empirical ventilation relationships 283

energy balance 286, 297

‘energy function’ 495-6

environment 561-4, 590-2

epidermis 565-7, 569

equal-warmth profile 589

equilibrium 192, 426-7

moisture content (EMC) 107-8
probabilities 500

Euclidean space 363

Euler-Poincaré characteristic 58, 64, 71-4

European Disposables and Nonwovens
Association (EDANA) 209,
525, 537

evaporative control systems 573-7, 584
damaged skin and 585
hidromeiosis 576
insensible heat losses 573—4
resistances 271-2
selective brain cooling (SBC) 573,
577
sweating 564
acclimatization and dripping 576
apocrine glands 577
emotional 577
gland distribution 575
thermoregulatory 574-5
see also condensation/evaporation
exclusion principle 370
external convection coefficients 293-5

fabric layers 546
fabric-air layer-skin system 279
fabric-covered cylinder modeling 546-54
face 594
face centred cubic packing 37
‘face-centred-hyper-cubic’ model (FCHC)
397
Fanger
Comfort Equation 596
value 582-3
Fan’s theoretical model 449
Farnworth model 407-8, 449
feature count 71-4, 968
fiber
-reinforced composite materials 8
arrangement 7—8
assemblies 8
bundles 180, 183—-4, 194, 203-8,
519-24
coating 182-3
coordinates 6
surfaces 159-60
total amount 4-5
volume fractions 20
fiber orientation
determination 33-7
BET-Kelvin method 33-6, 123
Fourier transformation method
36-7
planar and harmonic distribution
25-32
random distribution 19-25
special 19-32



fibrous material characterization 7-10
fiber arrangement 7-8
internal structures 6, 7, 9-10
finger temperature 587, 588, 593
finite automata 359-60, 361
finite element method 538
Finite Volume Method (FVM) 449
fluid flows simulation 381-95
lattice gas algorithm 382-4
sound vibrations and 393-5
two-dimensional 384-93
four-layer ventilation model (Lotens)
284
Fourier’s law 33, 36-7, 228, 231, 236
free-slip boundary conditions 376
Frisch, Hasslacher and Pomeau (FHP)
models 358-9, 371, 378-82,
385, 393, 395
full body modeling 554-8
functional, properties of 54-5

Galileo 43, 379
gas phase 336, 339
continuity equation 345, 348
convective transport 340-1
diffusion equations 345, 348
equation of motion 345
mass transport 338—40
porous material 543
see also lattice gas automata
gas-solid interface 334
Gauss distribution 500
geometry
global 170
parameters and 552
see also structure and geometry
Ghaddar model 285-6, 292-3, 295, 298,
301
Ghali model 285, 288-92, 295, 301
Gibbs distribution 495-6
Gibbs-Geman sampling 504, 513
Glauber dynamics 502, 504
global geometry of surfaces 170
Gore-Tex materials 382
Grammetric Absorbency Test System
(GATS) 167, 174
granulometry, circular 74-8
Gray’s point functions 322, 324
Green functions methods 230
grooves 174-5

Index 607

Grosfils, Boon and Lallemand (GBL)
model 397
ground sections 55-60
Guggenheim-Anderson-de Boer (GAB)
model 125
theory 122-4

Hagen-Poiseuille law 210
hair 582
Halpin-Tsai equation 247
Hamaker constant 13940, 144, 215
Hammersley and Clifford theorem
469-70, 482, 486-96, 497, 498
expansion 499, 501, 506, 509
hand temperature 588
hard solids 115
Hardy, de Pazzis and Pomeau (HPP)
model 358, 363, 367, 371,
375-8, 380
Harkinson spreading 194, 208, 521
harmonic distribution 25-32
heat
gains 561-2
losses 445, 562-3, 5734
sorption and 130-2
thermodynamic relations 336-8
see also thermal conduction
heat exchange at skin surface 578-84
conduction 578-9
convection 579-82
long-wave radiant 582-3
short-wave (solar) gain 583—4
heat, moisture and phase change 424-36
coupled heat and moisture 4314
heat and moisture interaction 434-5
mass and heat transport 428-31
moisture regain and equilibrium
426-7
sorption and condensation 427-8
heat transfer 544, 547, 549
body segment 583
convective 580, 581
through skin 563
heat/moisture transfer with sorption/
desorption 439-68
air permeability 461-2
diffusion coefficient 460
disperse coefficient 461
investigations 439-48
findings 443-8
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instrumentation 440-2 insulation 2734
methods 439-40 see also heat/moisture transfer with
procedure 442-3 sorption/desorption
moisture vapour resistance 462-3, internal convection coefficients 292-3
464, 548 internal mean heat coefficients 294
numerical simulation 456-63 internal structures 6, 7, 9-10
radiative sorption constant 457-60 International Nonwovens and
theoretical models 448-56 Disposables Association
finite volume method (FVM) (INDA) 209, 525, 537
452-6 International Standards Organization
formulation 449-52 (ISO) standards 440, 596
see also phase change interphase flux terms 329
heat/moisture transport 272-3 intersections 90
air layer mass and heat balances probability of 87
285-7 rose of 81, 83
heat losses 302 intrinsic phase 312, 318, 336, 544
models 283-98 Ising model 148, 209, 398
extension for skin contact 295-8 computer simulation and 469, 470-2,
three-node ventilation 287-95 474, 479, 498-9, 537
see also computer simulation ISO (International Standards
hemi-wicking 172-4 Organization) standards 440,
Henry’s model 117, 407, 448 596
heterogeneity of surfaces 168-70, 217-18  isotropic sections 62-3
hexanol molecules 365 ‘iterative arrays’ 358
hidromeiosis 576
high-energy surfaces 115-16 joint probabilities 479-82, 495
homogeneous structures 358 jump conditions 332-3
homokinetic models 371 boundary 329-31
Hot-Cold Box 440 Jurin’s height 192
Hough transform 79
humidity 105, 106, 107, 121, 126, 545, Kawasaki dynamics 148, 209, 502,
595 504-5, 508
‘hydrophilic’ surfaces 118, 137 computer simulation and 510, 513,
‘hydrophobic’ surfaces 137 522, 529, 531, 537
hygroscopicity 263, 403, 417, 543, 545 Kawasaki kinetics 514, 525
hypothalamus 564, 568, 574 Kelvin equation 112, 113
hysteresis 109, 176-7 Kepler conjecture 37
categories 127-30
characterization of 176-7 Landau-Levich-Derjaguin (LLD) law
on fibrous materials 177 178, 195-6
on micro-textured surfaces 177 Langmuir
-type trapping 117
ideal gas model 486-8 model 109, 119
INDA (International Nonwovens and Laplace equation 146, 147, 158, 178,
Disposables Association) 209, 188, 191, 521
525, 537 latent heat loss
‘individual automaton’ 360 contact region 298
instantaneous sensible heat loss non-contact region 298
contact region 297 lattice gas automata 357-401

non-contact region 298 definitions 359-64



discrete molecular dynamics 364—78
historical overview 358-9
lattice-Boltzmann model 385, 397-8
simulation of fluid flows 381-95
typical 378-81
Frisch, Hasslacher and Pomeau
models (FHP) 379-81
lattices and test systems 60—4
length and length density 90-3
Lennard-Jones
interactions 147-8
potential 138-9
Lewis
acid/base (AB) interaction 141-2
number 449
ratio 584
relation (air-water vapour mixtures)
292
Lifshitz-van der Waals (LW) forces
138-41, 1412
liquid
columns in fiber bundles 519-24
evaporation and condensation 544
film on fiber 513
flow instability 180-3
curvature of cylinders 180-1
dewetting process 182
fiber coating 182-3
fluid jets 181
‘Marangoni effect’ 181-2
morphology of 183—4
phase convective transport 3414
water permeability 416—17
liquid and fibrous material interaction
188-222
curved surface wetting 193-5
fundamentals 188-92
Lucas-Washburn theory 203-14
Rayleigh instability 199-203
spreading
dynamics on solids 195-8
wetting and 214-19
liquid phase
continuity equation 345
equation of motion 344-5
porous material 543—4
liquid-gas 316, 332
Liquid/Air Displacement Analyser
(LADA) 209

Index 609

local conditional probabilities 471, 474,
476, 481-3, 489, 492, 507
‘local configuration space’ 370
‘local states’ 370
long range force effects 215
long-wave radiant exchange 582-3
Lotens model 275-7, 284, 408-11
‘lotus-effect’ 175
low-energy surfaces 116-18, 143-4
Lucas-Washburn theory 161, 163, 173,
203-14
capillary rise in fibrous material
213-14
computer simulation and 525-8
liquid climbing fiber bundle 203-8
radial spreading of liquid 211-13

‘Marangoni effect’ 181-2
marginal probability 479, 481
Markov
chains 470, 500-6, 513-14, 531
master equation 531-2
random fields 469-79 passim, 482,
484-97, 500-10 passim
mass
balance 297
transfer film coefficients 294
transport coefficients 291-2
mass and energy transport equations
308-28
boundary conditions 316-17
point equations 309-15
material modeling 543-4, 545
MCSPS see Monte Carlo Step per Site
(MCSPS)
mean fiber cut ends 29
‘mean radiant temperature’ (MRT) 582
meniscus 178-80
on multifilament 179-80
on single fiber 178-9, 189-90
‘meso-scale’ approach 148
micro reversible collision process 375
micro-structural unit 10
micro-textured surfaces 177
microclimate air layer 292-3
‘microscopic density’ 370
microscopic fabric heat 291-2
military protective clothing systems
549-50
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‘mobile parts’ of algorithms 384
models
auto see auto-models
BET-Kelvin 33-6, 123
Boltzmann 140, 397-8, 495
Brunnauer, Emmett and Teller (BET)
model 113, 121-5
closed aperture cylinder 298-9
‘coloured FHP’ (CFHP) 395, 397
condensation/evaporation 407-11
Farnworth 407-8, 449
Lotens 275-7, 284, 408-11
mathematical 411-16
fabric-covered cylinder 546-54
features 50-3
Frisch, Hasslacher and Pomeau (FHP)
358-9, 371, 378-82, 385, 393,
395
full body 554-8
GAB 125
Ghaddar 285-6, 292-3, 295, 298, 301
Ghali 285, 288-92, 295, 301
Grosfils, Boon and Lallemand (GBL)
397
Hardy, de Pazzis and Pomeau (HPP)
358, 363, 367, 371, 375-8, 380
heat/moisture
transfer 448-56
transport 283-98
Henry’s 117, 407, 448
homokinetic 371
Langmuir 109, 117, 119
lattice gas 358, 361-2, 381-2
lattice-Boltzmann 385, 397-8
material 5434, 545
mathematical 277-8
multiple-segment physiology and
comfort 597
open aperture cylinder 299
parallel exponential kinetics (PEK)
125
PCM fabric 418-20
periodic ventilation 279-83, 298-301
extension 301-2
Poisson 15, 500
porous material 173
structural features of 47-53
thermal regulation 596-7
three-node ventilation 287-95
extension 295-8

3-D dynamic ventilation 301-2
two-equation 255
Vafai and Sarker’s 449
see also computational fluid dynamics
(CFD); computer simulation
moisture
diffusivity 343
vapour resistance 462-3, 464, 548
moisture effects on comfort 595-6
dry eye syndrome 595-6
respiratory tract 596
wet skin 595
moisture exchange at skin surface 5845
evaporation control 585
moisture in a medium 106-15
diffusion 226, 262-5
kinds of 114
moisture sorption isotherms 108-11,
119-32
behaviors 110
heat and temperature 130-2
hysteresis categories 127-30
main regions 111
theories on 120-7
pore size effects 11315
regain and content 106—8
water activity
capillary condensation and 111-13
sorption types and 113
see also heat, moisture and phase
change
molecular dynamics (MD) 147-8
see also discrete molecular dynamics
Monte Carlo Step per Site (MCSPS) 147,
515-16, 518, 531-3, 534
dynamics 513, 515
simulations 525, 537-8
morphology of liquid 1834, 523
multi-component systems 262
multi-layered clothing 449
multifilament, meniscus on 179-80
multiphase flow through porous media
308-56
comparisons 347-51
gas phase
convective transport 340-1
mass transport 338—40
liquid phase convective transport
341-4
mass and energy transport 308-28



modified transport summary 344-7
thermo-dynamic relations 336-8
total thermal energy 328-36
multiple-segment physiology and comfort
model 597

nature of the material system 112
Navier-Stokes equations 102, 249, 511
lattice gas automata and 360, 3646,
375, 379, 384-5
‘nearest neighbour neighbourhood’ 483
neck temperature 587-8, 594
neighbourhoods 367, 469
clans and 478, 482-6, 488
symmetric 503
Newtonian factors 147, 210, 230, 366,
378
no-slip boundary conditions 376
non-equilibrium joint probabilities 502
non-hygroscopic fibers 262
nuclear magnetic resonance (NMR) 119

‘onto mapping’ 54
open aperture cylinder model 299
orientation
distribution function (ODF) 36-7
probability density function 7-8
‘overshoot’ of thermoreceptors 571

packing problem 37-8
parallel exponential kinetics (PEK) model
125
partial pressures 103-5
particle flow rate 389
Pauli’s exclusion principle 370
Peclet number 287, 449
periodic ventilation model 298-301
permeability 41617
air 461-2
phase average 318, 544
phase change 402-23, 448
condensation and heat transfer 405-6
condensation/evaporation 403-5
models
fibrous media 411-16
thin clothing layers 407-11
physical properties and 416-18
material (PCM) fabrics 403, 406-7
models 418-20
see also heat, moisture and phase

Index 611

change; heat/moisture transfer
with sorption/desorption
phase property 322
Pierce’s theory 121
planar
anisotropy 78-82
distribution 25-32
surfaces 158
Planck’s constant 140
Plateau, J. 199, 201-2
point
-bonded non-woven fabric 47, 48
counting method 64-7
equations 309-15
functions, Gray’s 322, 324
Poiseuille flows 385
Poisson’s
function 15
model 500
pore
distribution 14-17
BET-Kelvin method 33-6, 123
size effects 113-15
porous material model 173
porous media 4-6
gas flows see lattice gas automata
pore shape 6
porosity 5-6
tortuosity 6
total fiber amount 4-5
see also multiphase flow through
porous media
‘positivity condition’ 482
precorneal tear film (PTF) 595
precursor film 197
‘predicted mean vote’ (PMV) model 596
‘predicted percentage dissatistied’ (PPD)
596
pressures
differences 417-18
partial 103-5
probability
equilibrium 500, 502
of intersections 87
joint 479-82, 495, 502
local conditional 471-6 passim, 482,
489, 492, 507
marginal 479, 481
orientation 7-8
theory 7-8
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transitional 375
propagation phase 372-4
points in 384
Proportional-Integral-Derivative (PID)
control algorithm 441
psychrometry and capillary hydrostatics
102-35
essentials of 103—4
atmosphere and partial pressures
103-5
dewpoint temperature 105-6
saturation and humidity 105
moisture in a medium 106-15
moisture sorption isotherms 119-32
wettability 115-19

radial spreading of liquid 211-13
random fields 472-6
Markov 469-79 passim, 482, 484-97,
500-10 passim
random and isotropic sections 62-3
Raoult’s law 113
Rayleigh instability 159, 181-2,
199-203, 215, 470, 519
computer simulation of 511-19
dynamic approaches 201-3
large particle concentrations 235
static analysis 199-201
wavelength 517
reflective boundary conditions 372—4
regulation
thermal 563—4, 5967
see also sweating
relative fiber cut ends 30
representative element volume (REV)
250-1, 252, 254, 257
resistance
dry/evaporative 271-2
moisture vapour 462-3, 464, 548
thermal 237-41, 548
respiratory tract comfort 596
retention of water 118-19
Reynolds
number 181, 385, 549-50
transition flow region 184
‘rolling motion’ 536
rose of intersections 81, 83
roughness see surface roughness of solids
Royal Statistical Society 478
RTD sensors 441

Rule of Mixtures 103

salt 576
saturation and humidity 105
scanning force microscopy (SFM) 152
sections and ground sections 55-60
selective brain cooling (SBC) 573, 577
‘self-cleaning’ surfaces 168
sensation and comfort 589-96
finger temperature and 587, 588, 593
moisture effects 595-6
neck, face and ankles 594
skin temperature and 592-3
thermal sensitivity 589-90
uniform environments and 590-2
upper and lower back 594
separator 503
shivering 563, 577-8
short-wave (solar) gain 583—4
shrinkage 312
sigmoid-shaped adsorption isotherm 109
simulation
computer see computer simulation
full body modeling 554-8
numerical 456-63
single fibers 3—4, 210
aspect ratio 3
meniscus on 178-9, 189-90
specific surface 3—4
skin 292-3, 560-602
-adjustant air layer 274-5
body-environment exchange 5614
contact 295-8
evaporative control systems 573-7
sensation and comfort 589-96
shivering 577-8
structure 565-8
surface area 564-5
heat exchange 578-84
moisture exchange 584-5
temperatures 585-8, 592-3
thermal regulation modeling 596-7
thermoreceptors 568—71
thickness 567
vascular system 571-3
wettedness 574, 584
sleep temperature 588
solid phase 336
continuity equation 345, 348
density relations 345



diffusion equation 346
equation of motion 346
porous material 543-4
solid—gas
boundary conditions 317
phase 328
solid-liquid
boundary conditions 317
interface 334
jump boundary condition 330-1
phase 328
solids
hard 115
yarn 288
sorption 544, 545
relations 3467
condensation and 427-8
isotherms 107
see also under moisture in a
medium
types of 113
see also heat/moisture transfer with
sorption/desorption
sound vibrations 393-5
Sparrow number 287
spatial average 318, 544
spatial schemes 472-3
spatial systems, evolution of 470-2
species jump conditions 332-3
specific surface 3—4
sphere packing problem 37
spin exchange 514
spreading 195-8
droplet 196-8
Harkinson parameter 194, 208, 521
Landau-Levich-Derjaguin (LLD) law
178, 195-6
radial 211-13
speed 190-1
wetting and 214-19
experimental investigation 215-16
heterogeneity 217-18
liquids other than water 218-19
long range force effects 21415
scale effects 216-17
Stefen’s law 414
Steiner compact steps 80-2
stereology
basic principles 54—64
convex ring sets 54-5

Index 613

lattices and test systems 60—4
sections and ground sections 55-60
development of 42-53
features and models 47-53
structural features and models 47-53
of three-dimensional fibrous mass
64-82
curvature and torsion 946
density of
feature count and 96-8
length and 90-3
surface area and 86-90
volume and 83-6
of two-dimensional fibrous mass 64—82
Buffon’s needle 67-71
convex ring sets 748
Euler-Poincaré characteristic 71-4
planar anisotropy 78—-82
point counting method 64-7
‘stratum basale’ 567
stratum corneum 566-7, 595
structure and geometry 3—41
anisotropy 11-14
characterization 7-10
features and models 47-53
fiber orientation
determination 33-7
special 19-32
influences 113
packing problem 37-8
parameters for porous media 4-6
pore distributions 14-17
single fibers 3—4
tortuosity distributions 17-18
see also three-dimensional structure
surface area 86-90, 564-5
body 565
Cauchy’s formula 44
heat exchange 578-84
moisture exchange 584-5
surface interactions 113
surface roughness of solids 167-76
anisotropy and grooves 174-5
chemically-textured 170-1
fibrous materials 175
global geometry 170
hemi-wicking 172-4
heterogeneity 168—70
wetting and 148-52
textured fabrics 175-6
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wicking 171-2
surface tension 116-18, 156-8
liquid 139
wettability and 143-5
surfaces
single defect 129-30
textured 169, 175-6, 177
sweating
hot-plate 440-1
see also under evaporative control
systems
swelling 312

Tanner’s law 216
temperature 112
dewpoint 105-6
distribution 443-5, 457, 458
skin 585-8, 592-3
body 561
during sleep 588
finger 587, 588, 593
hand 588
neck 587-8
sorption and 130-2
transients 545
tessellation automata 358
test systems
area density 67
lattice 60—4
particle numbers 75
textured surfaces 169, 175-6, 177
thermal conduction 225-70
analysis 226-33
at skin surface 578-9
effective thermal conductivity (ETC)
233-7
ETC prediction 234-7
by thermal resistance networks
237-41, 548
by volume averaging 249-59
future research 265
homogenization 259-61
moisture diffusion 226, 262-5
plain weave composites 241-9
sensory contact 266
thermal energy equation 348, 350-1
thermal regulation 563—4, 596-7
see also sweating
thermal sensitivity 589-90
thermodynamic relations 336-8, 346

thermoreceptors 568-71
three-dimensional structure 42-101
classes of analysis 467
stereology
basic principles 54-64
development of 42-53
features and models 47-53
of three-dimensional fibrous mass
64-82
of two-dimensional fibrous mass
64-82
three-node ventilation model 287-95
extension of 295-8
3-D dynamic ventilation model 301-2
torsion 94-6
tortuosity 6
distributions 17-18
length 23-5, 31-2
total energy change 514
total thermal energy equation 328-36,
344
transitional probabilities 375, 500-2, 514
trapped air layer 273, 284
two-dimensional fibrous mass 64-82
two-equation models 255

uniform random and isotropic sections
62-3, 91, 93
unit cells 239, 241-9

Vafai and Sarker’s model 449
van der Waals
actions 199
forces 138-41, 477, 511
moisture sorption and 109, 113,
115,117
interactions 140, 143, 215
liquids 218
vapour
hydraulic permeability 416
phase transport 544
resistance, moisture 462-3, 464
water 405, 548, 549
variable air spacing 546
vascular system 571-3
vasoconstriction 563—4, 571
vasodilatation 563, 571
velocity
profiles 387, 390, 391
vectors 370-1, 392, 393



venous plexus 571-2
ventilation see convection and ventilation
vibrations, sound 393-5
volume 44, 83-6
Cavalieri’s principle 45
constraint 346
volume average
for gas [GAMMA] phase 324-5
for liquid b phase 318-23
for solid s phase 325-7
solid equilibrium 346
techniques 544
Von Koch curve and flake 51
von Mises function 33

warmth 589
water
activity, sorption types and 113
content distribution 445-8, 459,
460-2
direct and indirect 118-19
molecules 365
retention 118-19
transport categories 119
vapour 405, 548, 549
weak molecular crystals 115
Weber number 181
Wenzel
equation 174
state 169-70, 171-2, 177
wet skin discomfort 595
wettability 115-19
high-energy surfaces 115-16
low-energy surfaces 116-18
retention of water 118-19
surface tension and 143-5
wetting 1367
curvature and 145-8, 158-9, 193-5
dewetting process 182
fiber surfaces 159-60
fibrous media 203-14, 525-6
liquid spreading and 214-19

Index 615

patterns 533
planar surfaces 158
rough surfaces 148-52
textured fabrics 175-6
types of 145
wetting phenomena 156-87
capillarity 160-7
curvature effect 158-60
hysteresis effects 176-7
liquid
flow instability 180-3
morphology of 183—4
surface
roughness 167-76
tension 156-8
Whitaker model 308, 328, 341
wicking 137-8, 343-4, 534-5
fabrics 164-5
fibrous materials 162-3, 525-6
hemi-wicking 1724
rate 528, 536
surface 171-2
yarns 163—4
Wilhelmy
plate 142
technique 177
‘wind-chill’ 548
‘equivalent temperature’ (WCET)
581-2
‘index’ 581
Womersley flow model 281-3

X-ray reflection ellipsometry 218

yarns, wicking in 163—4
Young’s
contact angle 171
equation 142, 148, 151, 157, 193, 524
force 197
law 128-9

Zisman plot 144
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