
Index

1D imaging, NMR 98
2D imaging, NMR 98–99
3D image filtering and segmentation,

algorithms 157–163
3D imaging, NMR 100–101
90� scattered light detection 247

a
absorbance image 80–81
absorbance spectra, analysis 82
absorption, total light, definition 76
absorption bands
– imaging apparatus 83
– spectral analysis, soybean seeds 86–87
– water and ice 83–85
absorption spectrum, fresh melon 75
acoustic attenuation spectroscopy 291
acoustic field, characterization 42
acoustic levitation 41–66
– force, one-dimensional 46
– interactions of a droplet with the sound

pressure field 47–55
– pure water droplets, evaporation rates

61–63
– single droplet drying 55–66
– solvent droplets, drying rate 58
– standing acoustic waves 43–47
acoustic levitator
– typical 60–61
– ventilation gas stream 52
acoustic optical tunable filter (AOTF) 78
acoustic streaming, primary and

secondary 48–53
acoustic wave, forces 43–47
adhesion, particle 307–312
adhesion force test methods 309–310
adhesive interactions, wet granular media

254–255
aerosol spectrometers, optical 243–244

AFM see atomic force microscopy
agricultural samples
– MRI 125–137
– transport phenomena 125–126
Anatec powder flow analyzer 346–348
angle of repose, moving particle bed 329
angular frequency, definition 42
AOTF see acoustic optical tunable filter
apparent absorbance, definition 76
aqueous mannitol solution, single droplet

drying 63–66
aspect ratio
– effect of droplet size 53
– width/length 200
aspect ratio method, sound pressure level 47
asperity regime, capillary bridges 258
atomic force microscopy (AFM), adhesion

force measurement 310–312
atomization air flow rates 234
attenuation coefficients
– X-ray 147–148, 158–163
attrition coefficients, mass and surface-

related 241–243
attrition dust measurements
– isokinetic sensor 237–243
– on-line particle counter 243–250
average moisture content, measurement

1–67

b
backprojection algorithm, filtered 149–150
balance, magnetic suspension see magnetic

suspension balance
bandpass filter, spectral information

acquisition 78
batch drying, fluidized beds 21–23
beam-hardening, X-rays 152
beam projections, X-ray image

reconstruction 149–152
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bed dryer, continuous fluidized 25–27
Beer-Lambert law, X-rays 145
belt dryers, wastewater sludges 170–171
BET see Brunauer-Emmett-Teller
biaxial shear tester, Schwedes 344
biological samples
– NMR spectroscopy 126–128
– transient moisture profiles 128–131
bonding effects, particle surfaces 307–312
boundary layer, sound pressure 50
breakage, testing methods 320–321
breakage probability, zeolite granules 324–325
bridges, material 307–308
Brunauer-Emmett-Teller model (BET-model)
– surface area determination 298–300
– see also gas adsorption method
bubbles, optical particle detection 203
bulk density, particle bed 328
bulk solids
– flow behavior 329–331
Butt particle interaction apparatus 310–312

c
calibration
– infrared spectrometer 14–20
– MRI 111–114
calibration curves, NIR spectroscopy 82
CAMSIZER 194–200
capillary condensation 302–303
capillary forces, between particles 256–258
capillary state, wet granular media 261
cardboard samples
– calibration procedure 111–114
– diffusion measurements 119–124
– drying experiments and MRI

parameters 109–111
– drying profiles 114–119
– moisture gradients 108–124
CCD camera, CAMSIZER 195
CD, cross-direction, cellulose fibers 103
cellulose fibers 102–103
cellulose samples, MRI, previous results

104–105
centrifugal method, adhesion force testing

309–310
chemical thermo mechanical pulp (CTMP)

108
chord length 282
– particle 189
circularity/sphericity, particle shape 200
cluster volume distribution 164–165
cohesive bulk solids, flow behavior 329–331
cohesive interactions, wet granular media

256–259

cohesive powders, flow criteria 332–335
colloid probe technique 310–312
compressible bulk solids, flow behavior

329–331
compression test, particle breakage 321–325
Compton scattering, X-rays 145
concentrated suspension/slurry/dispersion

see sol concentration
see particle concentration

condensation, capillary 302–303
cone beam geometry, X-ray sources 155
conical indentation, wet granular media 264
consolidation and filtration expression

characteristics 342
constant-rate drying period 59
constant time imaging (CTI) sequence,

NMR 134
constituent distribution, visualization 82
constituent image, definition 82
constitutive functions, particle properties 280
contact drying
– experimental set-up 176–177
– spatio-temporal evolution 177–180
contact preconsolidation 310
Contin analysis 289
continuous fluidized bed dryer, moisture

distribution, modeling 25–27
convective drying, sludges 167–173
convexity, particle shape 200
cotton fibers, water sorbed in 121
Couette device, Tardos 346
coulometry
– advantages 32–33
– and NMR, combination 37
– moisture measurement 28–33
critical stress intensity 267
critical time, definition 26
cross-correlation analysis, particle image

velocimetry 209
CTI see constant time imaging
CTMP see chemical thermo mechanical pulp
cumulant method, particle size

distribution 279–280, 288–289
cumulative number distribution, particle

moisture 26–27
cumulative pore volume plot 304
cyclic stressing test, zeolite granules 323–324
cylindrical hydrophilic particles,morphology of

packing 179

d
d2-law 56
DCC see dynamic contamination control
Debye plot 285
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deformation
– droplet shape 48
– testing methods 320–321
DEM see discrete element method
dense particle dispersions, ultrasonic

methods 291–293
desorption curves, SIC 8
dew point measurement
– experimental set-up 12
– infrared spectrometer 13–14
– infrared spectroscopy 10–24
– particle systems 10–11
dew point mirror 14–17
– calibration device 16
diametric compression, smooth spherical

particles 253–254
diffraction, laser light, particle

dispersions 283–291
diffuse reflection measurement 75
diffusion coefficients 122–123
diffusion measurements, MRI 119–124
digital image analysis set-up 203
dilute particle dispersions, laser light scattering

and diffraction 283–291
direct shear testing 266, 344–348
discharge, particle stress 319
discrete element method (DEM), simulation of

rotating particles 351–352
dispersions, solid-liquid 341
DMT theory 255
drop fluctuations, spectral analysis 218–223
drop-out method, sound pressure level 47
droplet drying kinetics, film theory 57
droplet shape, deformation 48
droplet size, effects of changing 53–55
droplet surface, pressure difference across 53
droplets
– acoustic levitation 41–66
– aqueous mannitol solution 63–66
– drying rate, solutions or suspensions 58–59
– interactions with the sound pressure

field 47–55
– mean moisture mass fraction 59
– mean particle porosity 59
– particle density 59
– spherical solvent, drying rate 55–57
dry powder, ring shear tester 339–340
dry sample gas
– volume 238
– volume flow rate 237
drying air
– flow rates 62
– temperature 65
drying curves, MRI 91–137

drying drum, particle rotation 319
drying front, spatio-temporal evolution

177–180
drying kinetics
– film theory 57
– measurement 1–67
– single particle 2–4, 20–24
drying optimization, xerogels 173–175
drying profiles, cardboard samples 114–119
drying rate
– acoustically levitated solvent droplet 58
– droplets of solutions or suspensions 58–59
– first period 39
– normalized 25
– spherical solvent droplet 55–57
Dubinin-Radushkevich method 301–302
dust mass flow rate 249–250
dynamic contamination control (DCC), dew

point measurement 15

e
effective amplitude, definition 45–46
elastic impact 313–318
elastohydrodynamic lubrication 260
elastoplastic measurements, wet granular

media 262–266
electrokinetic sonic amplitude (ESA)

spectroscopy 292–293
electrolysis current, moisture distribution

30–32
electrolytic cell, coulometry 29
electromagnetic spectrum 145
electron microscopy, particle size

distribution 281
Enstad uniaxial tester 344–346
equilibrium moisture content 39
ESA see electrokinetic sonic amplitude
evaporation rate 11, 17
– acoustically-levitated pure water

droplets 61–63
– aqueous mannitol solution droplets

63–66
extrudates, sludge 167–170

f
failure properties, wet granular media

266–269
falling-rate drying period 59
fan beam geometry, X-ray sources 155
fan beam projections 151–152
Feldkamp algorithm 152
Feret chord length 282
fiber optical probe measurement technique
– calibration 231–232
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– particle concentration and velocity 203,
228–236

– results 232–236
fiber saturation point (FSP) 103
fibers
– cellulose 102–103
– pore sizes within 121
FID see free induction decay
field of view (FOV) 205
film theory, droplet drying kinetics 57
filtered backprojection algorithm 149–150
filtration and consolidation expression

characteristics 342
fine particles, physical properties 279–283
first period drying rate 39
fitting algorithms, sieve correlation 198–200
flow behavior, bulk solids 329–331
flow criteria, preconsolidated cohesive

powders 332–335
flow diagram, particle image velocimetry

212
flow rates
– atomization air 234
– drying air 62
– dust 249–250
fluidized beds
– attrition measurement 237–243
– batch drying 21–23
– continuous drying 25–27
– dew point measurement 11
– experimental set-up 12
– granulation 319
– parameters of drying experiments 21
– particle stability 236–250
– porosity 232–233
– spray granulation 190–194
food samples
– moisture distribution 73–88
– MRI 125–137
– NMR spectroscopy 126–128
– transient moisture profiles 128–131
– transport phenomena 125–126
force-displacement behavior, zeolite

granules 321–323
force-separation measurement 310–312
forces
– adhesion 308–309
– capillary 256–258
– in a standing acoustic wave 43–47
– interparticle 252–261
FOV see field of view
fracture, granular materials 267–268
Fraunhofer range 244
Fraunhofer theory 284, 289–290

free-fall device, impact measurement
315–316

free induction decay (FID) 96
frequency, sound pressure wave 43–44
frequency encoding, NMR 98
frictional force, Hertzian particles 259
frictional interactions, wet granular media

259–261
FSP see fiber saturation point
fully and partially saturated wet granular

media, mechanical properties 251–269
funicular state, wet granular media 261

g
g -Al2O3

– desorption curves 7–8
– pore diameter 6
g -ray attenuation methods, moisture

profiles 91
gas adsorption method 280
– pore size distribution 300–307
– specific surface area 296–300
– see also Brunauer-Emmett-Teller model
gas particle displacement, definition 42
gas particle velocity, definition 42
gas-phase pressure fluctuations, spectral

analysis 221–222
gas pycnometry 294–295
GE see gradient-echo
gels, moisture profiles 130–131
geometrical range see Fraunhofer range
Glycine max, moisture distribution 85
gradient-echo (GE) sequence, NMR 102
granular materials
– fracture 267–268
– underconsolidated 262
granulation, in fluidized bed 319
grating, spectral information acquisition 78

h
Hahn-echo NMR pulse sequences 126–127
half-value layer (HVL) 145
Hamaker constant 333
HE-pycnometry 293–295
Helmholtz equation 46
Herschel-Bulkley parameters 265
Hertzian particles, frictional force 259
high-speed camera, particle bed movement

348–352
HVL see half-value layer (HVL)
hydrodynamic method, adhesion force

testing 310
hydrodynamic stability see particle stability
hyperspectra
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– soybean seeds 86
– water and ice 84
hyperspectrum
– image processing 79
– near-infrared spectral imaging 76–77

i
ice
– absorption bands 83–85
– hyperspectra 84
– shear testing technique SSTT 337–339
illumination, spatial correction 204–205
image acquisition
– particle image velocimetry 208
– spatial information acquisition 79
image analysis
– by optical and scanning electron

microscopy 280–283
– set-up, digital 203
image filtering and segmentation,

algorithms 157–163
image processing 79–82
– acquisition and pretreatment of spectral

data 81–82
– analysis of absorbance spectra 82
– conversion into absorbance image 80–81
– hyperspectrum 79
– noise and shading correction 79–80
– visualization of constituent distribution 82
– X-ray tomography 157–166
image reconstruction, X-ray tomography

148–153
imaging apparatus, water and ice absorption

bands 83
imaging principles, NMR 97–101
– 1D imaging 98
– 2D imaging 98–99
– 3D imaging 100–101
– slice selection 99–100
imaging sequences, NMR 101–102
impact, between solid bodies 313–318
impact separation method, adhesion force

testing 310
impact test, particle breakage 325–328
in-line particle size measurement 188–194
– batch granulation of pharmaceutical

products 191–194
– continuous granulation of detergents

190–191
– instrumentation 189
indicator Kriging algorithm 162–163
indirect shear testers 344–348
industrial tomography 155–156
information acquisition techniques 77–79

infrared (IR) spectrometer
– calibration of 14–17
– linearization 17
– testing the calibration 10–24
infrared (IR) spectroscopy, dew point

measurement 10–24
Institution of Chemical Engineers (ICE), shear

testing technique 337–338
integral moisture balance 19–20
inter-fiber pores, paper 103
interface curvature, liquid-vapor interface

166
interfacial area, liquid-vapor interface 166
interparticle forces, wet granular media

252–261
interrogation areas, particle image

velocimetry 209
intra-fiber pores, paper 103
invasive methods, moisture profiles 91
ipp-70 probe 190
IR see infrared
isokinetic sensor, attrition dust

measurements 237–243

j
Jenike translational shear cell 335–339
JKR theory 255

k
Kelvin equation 258
King�s equation 43
Kriging algorithm 162–163

l
Lambert-Beer law 74–76
Laplace-Young equation 257
large-scale X-ray tomography 155–156
Larmor relation 94
laser light scattering and diffraction, dilute

particle dispersions 283–291
lateral force microscopy (LFM) 261
LCTF see liquid crystal tunable filter
levitation, acoustic see acoustic levitation
LFM see lateral force microscopy
light scattering and diffraction, dilute particle

dispersions 283–291
line integral concept, X-ray image

reconstruction 148–149
line scanning, spatial information

acquisition 79
linear attenuation coefficient, X-rays 146
linearization, IR spectrometer 17–18
liquid crystal tunable filter (LCTF) 78
liquid self-diffusivities 123–124
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longitudinal relaxation time 95–97
Lorentz-Mie theory 243–244
low-resolution NMR spectroscopy 126–127
lubrication, elastohydrodynamic 260
lubrication interactions, wet granular media

259–261

m
macrotomography, X-ray 155–156
magnetic resonance imaging (MRI)
– calibration procedure 111–114
– conversion of signal to water content 135
– diffusion measurements 119–124
– drying of agricultural and food

samples 125–137
– drying of paper, pulp and wood

samples 102–124
– general data 102–104
– moisture profiles and drying curves 91–137
– net magnetization 94–95
– paddy rice kernels 132–137
– parameters and drying experiments

109–111
– principles 93–102
magnetic suspension balance (MSB) 2–10
– configuration and periphery 4–6
– experimental results 6–10
– experimental set-up 5
– single particle drying kinetics 2–4
Martin chord length 282
mass attenuation coefficient, X-rays 147–148
mass flow rate, dust 249–250
mass-related attrition coefficients 241–243
material bridges, between particle surfaces

307–308
maximum chord length 282
MD, machine direction, cellulose fibers 103
mean moisture mass fraction, droplets 59
mean particle porosity, droplets 59
mean residence time, definition 26
measuring volume, small optical 244–246
mechanical interactions, wet granular

media 252–254
mechanical stability, particles 236–250
melon, absorption spectrum 75
mesoporosity, measurement 302–304
microbalance seemagnetic suspension balance
microporosity, measurement 301–302
microslicer 83
microtomography, X-ray 156–157
Mie range 244
mixed lubrication 260
moisture
– quantitative analysis, procedure 30

– see also water
moisture balance, integral 19–20
moisture content
– and volume concentration 14
– change 11
– equilibrium 39
– measurement for justification of

linearization 17
moisture distribution
– at the outlet of a continuous fluidized bed

dryer 25–27
– experimental 37–41
– food, near-infrared spectral imaging 73–88
– particle systems 24
– soybean seeds 85–88
– visualization 83–88
moisture gradients, in cardboard samples

108–124
moisture profiles
– g-ray attenuation methods 91
– in a gel 130–131
– invasive an non-invasive methods 91
– MRI 91–137
– paddy rice kernels, non-intrusive

measurements 132–137
– transient, food and biological samples

128–131
mollified phase function 165
morphological characteristics, X-ray

attenuation coefficients 163–167
morphology of packing
– cylindrical hydrophilic particles 179
– spherical hydrophilic particles 178
moving particle bed, angle of repose 329
MRI see magnetic resonance imaging
MRI signal
– and moisture profiles 135–137
– conversion to water content 135
MSB see magnetic suspension balance
multiexponential sampling analysis 289
multiple detectors, spatial information

acquisition 79

n
nanoparticles, physical properties 279–283
near-infrared (NIR) spectral imaging 74–79
– hyperspectrum 76–77
– Lambert-Beer law 74–76
– moisture distribution in foods 73–88
– spatial information acquisition technique

78–79
– spectral information acquisition technique

77–78
– spectroscopy 74
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– visualization of moisture distribution
83–88

near-infrared (NIR) spectroscopy 74
– calibration curves 82
– second derivative spectrum 81
NIR camera 83
NMR
– and coulometry, combination 37
– basic 94–97
NMR spectroscopy
– biological and food products 126–128
– low-resolution 126–127
– moisture measurment 33–37
– rice kernels 132–134
noise correction, image processing 79–80
non-intrusive measurements
– moisture profiles in paddy rice kernels

132–137
– NMR preliminary experiments 132–134
– particle concentration measurements

201–208
non-invasive methods, moisture profiles 91
normalized drying rate, single particle 25
normally consolidated media, granular 261
nuclear magnetic moment 94
nuclear magnetic resonance see NMR
Nusselt number, thin film 57

o
OAS see optical aerosol spectrometers
off-line particle size measurement 194–200
– detection of particles 195
– outline of particles 195–196
– shape 200
– sieve correlation and fitting 198–200
on-line particle counter, attrition dust and

overspray measurements 243–250
one-dimensional acoustic levitation force

46
optical aerosol spectrometers (OAS) 243–244
optical microscopy, particle size distribution

281–283
optical particle detection 202–208
– bubbles 203
– digital image analysis set-up 203
– field of view 205
– illumination 204–205
– solids fraction 205–206
– see also fiber optical probe measurement

technique
optical volume limitation 247
overconsolidated media, granular 261
overspray measurements, with an on-line

particle counter 243–250

p
packed beds
– contact drying 176–180
– dew point measurement 11
– sludge 170–173
paddy rice kernels, MRI 132–137
paper, porosity scales 103
paper samples, MRI
– general data 102–104
– previous results 104–105
parallel beam geometry, X-ray sources 155
PARSUM probe 189
partially and fully saturated wet granular

media, mechanical properties 251–269
particle abrasion, measurement 318–328
particle adhesion 254–255
– adhesion force test methods 309–310
– comparison of adhesion forces 308–309
– measurement 307–312
particle bed movement, in rotary drums

348–352
particle bed properties 328–348
– angle of repose 329
– bulk density and tapping density 328
– cohesive and compressible bulk solids

329–331
– direct and indirect shear testers 344–348
– physical 279–283
– preconsolidated cohesive powders 332–335
– press shear cell 340–344
– ring shear tester 339–340
– translational shear cell 335–339
particle breakage
– measurement 318–328
– testing methods 320–321
particle chord lengths 189
particle circulation time 224–228
particle concentration
– fiber optical probe measurement

technique 203, 228–236
– non-intrusive measurements 201–207
particle deformation, testing methods

320–321
particle density, droplets 59
particle detection
– off-line measurement 195
– optical 202–207
particle dispersions
– laser light scattering and diffraction

283–291
– ultrasonic methods 291–293
particle drying kinetics, comparison of

measurment methods 3
particle edge
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– correction according to iso 196
– determination 195
particle flow rate variation, parameters 38
particle formation, aqueous mannitol solution

droplets 63–66
particle formulation processes, measuring

techniques 187–270
particle image velocimetry (PIV) 201,

208–218
– cross-correlation analysis 209
– flow diagram 212
– image acquisition 208
– interrogation areas 209
– velocity vector maps 212–215
particle interaction apparatus, Butt 310–312
particle moisture
– as a distributed property 24
– cumulative number distribution 26–27
particle outline, off-line measurement

195–196
particle properties, physical see physical particle

properties
particle restitution coefficient,

measurement 312–318
particle shape
– definition 283
– off-line measurement 200
– parameters 200
particle size
– measurement 188–200
– parameters 197
– volume-related 198
– see also in-line particle size measurement;

off-line particle size measurement
particle size distribution
– analysis 280–293
– cumulative 279–280, 288–289
– density 248
– sum 248
particle stability
– during fluidized bed processing 236–250
– hydrodynamic 218–223
particle stresses 319
particle surfaces, bonding effects 307–312
particle systems, dew point measurement

10–11
particle tracking, positron emission 223–228
particle velocity 208–218
– fiber optical probe measurement

technique 228–236
particles
– acoustic levitation 41–66
– fine 279–283
– gas 42

– Hertzian 259
– morphology of packing 178–179
– rotating 351–352
– single see single particle drying
– spherical see spherical particles
– stiff, with soft contacts 333
pastes see soft solids
PCS-2010, measuring principle 248
pendular state, wet granular media 261
pendulum experiments, impact

measurement 316–317
PEPT see positron emission particle tracking
percolation 165
PFG see pulsed field gradient (PFG) NMR
PGSE, pulsed gradient spin-echo
phase encoding, NMR 99
phase segmentation, X-ray tomography

163–167
phase volume fraction 164
photoelectric absorption, X-rays 144–145
physical particle properties 279–352
– measurement 293–328
– mesoporosity 302–304
– microporosity 301–302
– particle abrasion and breakage 318–328
– particle adhesion 307–312
– particle bed see particle bed properties
– particle restitution coefficient 312–318
– pore size distribution 300–307
– pore volume 304–305
– solid density analysis 293–295
– specific surface area 296–300
– volume determination 294–295
PIV see particle image velocimetry
plastic zone, fracture of granular

materials 267
platinum resistance thermometer (PRT) 15
Polanyi theory 301
pore size distribution
– gas adsorption method 300–307
– measurement set-up 305–307
pore sizes, within fibers 121
pore volume, measurement 304–305
pore volume plot, cumulative 304
porosity
– fluidized bed 232–233
– mean particle 59
– paper 103
positron emission particle tracking (PEPT)

202, 223–228
powder flow analyzer, Shearscan TS12

346–348
powders
– classification 331
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– cohesive 332–335
– single particle drying kinetics 20–24
preconsolidated cohesive powders, flow

criteria 332–335
press shear cell, Reichmann 340–344
pressure difference, across droplet surface

53
pressure drop fluctuations
– spectral analysis 202, 218–223
pressure nodes, effect of droplet size 54–55
primary acoustic streaming 48–53
process zone see plastic zone
projections
– fan beam 151–152
– X-ray image reconstruction 149–152
PRT see platinum resistance thermometer
pulp samples, self-diffusivity 123–124
pulsed field gradient (PFG) NMR 127
pulsed gradient spin-echo (PGSE)

technique 119–124
pure water droplets, acoustically-levitated

61–63
pushbroom method, spatial information

acquisition 79

q
quasi-elastic light scattering (QELS) 286–287

r
radio frequency excitation, MRI 94–95
Radon transform 149–150
ram extrusion 265
rate constant, definition 26, 40
Rayleigh-Debye equation 285
Rayleigh-Gans-Debye theory 284
Rayleigh range 244
Rayleigh theory 284
refraction, Snell�s law 228–229
regions of interest (ROIs), spectral information

acquisition 81, 84, 86
Reichmann press shear cell 340–344
relaxation, and NMR signal 95–97
repose angle, moving particle bed 329
resorcinol-formaldehyde xerogels, drying

optimization 173–175
rice kernels, moisture profiles 132–137
ring shear tester, Schulze 339–340
ROI see regions of interest
rotary drums, particle bed movement

348–352
rotating particles, discrete element

method 351–352
roughness regime, capillary bridges 258
Ruiz-Cabrera method 130–131

s
SAPDF see spectral analysis of pressure drop

fluctuations
scanning electron microscopy (SEM), particle

size distribution 281–283
scattered light detection, 90� 247
scattering, laser light, particle dispersions

283–291
Schulze ring shear tester 339–340
Schwedes biaxial shear tester 344
SE see spin-echo
second derivative spectrum
– NIR spectroscopy 81
– soybean seeds 87–88
secondary acoustic streaming 48–53
segmentation algorithms, X-ray attenuation

161–162
self-diffusivity, pulp samples 123–124
shading correction, image processing 79–80
shear cell
– Jenike translational 335–339
– Reichmann 340–344
shear force-displacement curves 338
shear testers
– direct and indirect 344–348
– Schulze 339–340
– survey 348
shear testing technique SSTT 337–339
Shearscan TS12 346–347
Sherwood number 51
SIC
– desorption curves 8
– pore diameter 6
sieve analysis, off-line particle size

measurement 198–200
signal intensity, MRI in cardboard samples

111
simulation of rotating particles, discrete

element method 351–352
single droplet drying
– aqueous mannitol solution 63–66
– drying rate 55–57
– water 59–63
single particle drying
– general remarks 2–4
– normalized drying rate 25
– powdery material 20–24
single point detectors, spatial information

acquisition 79
sinogram see Radon transform
slice selection, NMR 99–100
sludges
– convective drying 167–173
– individual extrudates 167–170
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– packed bed 170–173
slump test 251–252
slurry state, wet granular media 261
small droplets, acoustic levitation 41–66
small optical measuring volume 244–246
Snell�s law 228–229
sodium benzoate granules 319
sol 251
solid bodies, impact 313–318
solid density analysis, HE-pycnometry

293–295
solid-liquid dispersions, flow

characteristics 341
solids
– soft 251
– wet granular 251
solids fraction, stagnant bed 205–206
solvent droplets
– acoustically levitated, drying rate 58
– spherical, drying rate 55–57
sound pressure
– definition 42
– infinite levitator 45
sound pressure boundary layer 50
sound pressure field
– change of droplet size 53–55
– deformation of droplet shape 48
– interactions with droplets 47–55
– primary acoustic streaming 48–53
sound pressure level (SPL)
– definition 42
– effect of droplet size 54
– effective 47
sound pressure wave, frequency 43–44
sound velocity level (SVL), definition 42
soybean seeds 86–87
– moisture distribution 85–88
– second derivative spectrum 87–88
Spalding transfer number 57
spatial filtering velocimetry 188–189
spatial information acquisition

technique 78–79
spatio-temporal evolution, contact

drying 177–180
specific surface area
– BET-model 298–300
– gas adsorption method 296–300
spectral analysis
– absorption bands
– of pressure drop fluctuations (SAPDF) 202,

218–223
spectral data
– acquisition 81–82
– pretreatment 81–82

spectral illuminator 83
spectral imaging, near-infrared see

near-infrared spectral imaging
spectral information acquisition technique

77–78
sphere indentation, wet granular media

263
spherical particles
– capillary forces 256–258
– diametric compression 253–254
– morphology of packing 178
– Young�s modulus 253
spherical regime, capillary bridges 258
spherical solvent droplets, drying rate 55–57
sphericity/circularity, particle shape 200
spin-echo (SE) sequence, NMR 101–102
spin-lattice relaxation see longitudinal

relaxation time
spin-spin relaxation see transverse relaxation

time
SPL see sound pressure level
spout-fluid bed
– particle circulation time 227–228
– spectral analysis 219
spraying rate 17–18
spring balance method, adhesion force

testing 309–310
squeeze flow, wet granular media 265
SSTT, shear testing technique 337–338
stagnant bed, solids fraction 205–206
standing acoustic wave, forces 43–47
Stefan flow 57
stiff particles with soft contacts, model 333
strain energy release rate 268
surface area
– BET-model 298–300
– gas adsorption method 296–300
surface-related attrition coefficients 241–243
surfaces
– bonding effects 307–312
– pressure difference across 53
SVL see sound velocity level
symmetry, particle shape 200
synchrotron X-ray microtomography 157

t
tapping density, particle bed 328
Tardos Couette device 346
temperature, drying air 65
temperature protocols, moisture

distribution 30–32
tension tests 268
test methods
– adhesion force 309–310
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– breakage 320–321
– pore size distribution 305–307
thin films, Sherwood number 57
thin layer method (TLM), packed beds 11
three-point bend method 267
time-domain NMR see low-resolution NMR

spectroscopy
TLM see thin layer method
total amount of water, MRI calibration 113
total light absorption, definition 76
transient moisture profiles, food and biological

samples 128–131
translational shear cell, Jenike 335–339
transport phenomena, agricultural and food

products 125–126
transportation, particle stress 319
transverse relaxation time 96–97
triaxial tests 267
Trouton ratio 265
tunable filter, spectral information

acquisition 78

u
ultrasonic levitation see acoustic levitation
ultrasonic methods, dense particle

dispersions 291–293
unassigned voxels, X-ray attenuation 163
underconsolidated media, granular 262
uniaxial tester, Enstad 344–346

v
van der Waals forces 309
velocimetry
– particle image see particle image velocimetry
– spatial filtering 188–189
velocity see particle velocity
velocity vector maps 212–215
ventilation gas stream, acoustic levitator 52
vibration method, adhesion force testing

310
viscous force 258
visualization
– constituent distribution 82
– moisture distribution 83–88
volume concentration, andmoisture content

14
volume determination, using gas

pycnometry 294–295

w
wastewater sludges see sludges
water
– absorption bands 83–85
– hyperspectra 84

– single droplet drying 59–63
– sorbed in cotton fibers 121
water concentration profiles, MRI

calibration 112–113
water content
– conversion of NMR signal 135
– see also moisture
water droplets, acoustically-levitated 61–63
web, cellulose fibers 103
wet filter cake, press shear cell 340–344
wet granular media
– adhesive interactions 254–255
– cohesive interactions 256–259
– elastoplastic measurements 262–266
– failure properties 266–269
– frictional and lubrication interactions

259–261
– interparticle forces 252–261
– mechanical interactions 252–254
– mechanical properties 251–269
wet granular solids 251
wet sample gas
– particle concentration 240
– velocity 239–240
– volume 239
width/length aspect ratio, particle shape

200
wire cutting 268
wood samples, MRI, general data 102–104

x
X-ray attenuation coefficients 147–148,

158–163
– morphological characteristics 163–167
X-ray macrotomography 155–156
X-ray microtomography 156–157
– synchrotron 157
X-ray sources, geometry 154–155
X-ray tomography 143–181
– applications 167–180
– fundamentals and principles 143–153
– geometry of CT systems 153–155
– image processing 157–166
– image reconstruction 148–153
– instrumentation 153–157
– large-scale 155–156
– packed bed, contact drying 176–180
– physical principles 144–148
– resorcinol-formaldehyde xerogels, drying

optimization 173–175
– sludge, convective drying 167–173
x-y scanning, spatial information acquisition

79
xerogels, drying optimization 173–175

Index j373



y
Young�s modulus, smooth spherical

particles 253

z
ZD, z-direction, cellulose fibers 103
zeolite 4A
– adsorption 9

– desorption curves 7–8
– mass determination 10
– pore diameter 6
zeolite granules
– breakage probability 324–325
– cyclic stressing test 323–324
– force-displacement behavior 321–323
Zimm plot 285–286
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