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ABCs, use in computer simulation 
of microwave heating, 115-116
 

absorption coefficient, 305
 
acoustic energy, 240, 241
 
acoustic impedance, 242-243, 244
 
acoustic intensity, 240-241
 
acoustic momentum flow rate, 256
 
acoustic properties, 31, 35
 

sound attenuation coefficient,
 
33-34
 

speed of sound, 32-33
 
acoustic radiation pressure, 241­


242, 242
 
acoustic streaming, 234, 248-250
 

and acoustic momentum flow
 
rate, 256
 

Eckart streaming, 250
 
high power, 255-260, 255, 257,
 

258,259
 
low power, 250-254, 250, 254
 
Rayleigh streaming, 249
 
Reynolds stress approach. 250­

251,250,252
 
RNW streaming theory, 251-252
 
sound absorption. 252-254, 254
 
sound attenuation, 252-253, 255­

256,255 

Stuart streaming, 245, 256-257
 
successive approximations
 

method, 250, 250
 
acoustics, linear, 235-236
 

acoustic energy, 240, 241
 
acoustic impedance, 242-243, 244
 
acoustic intensity, 240-241
 
acoustic radiation pressure, 241­

242, 242
 
boundary conditions, 243-244,
 

243
 
continuity equation, 236
 
harmonic waves, 237-239, 238
 
Helmholtz equation, 239
 
linear wave equation, 235-237,
 

246-247
 
plane sound waves, 239, 241,
 

243,243,244
 
rays of sound, 245, 245
 
sinusoidal waves, 237-239, 238
 
state equation, 236
 
velocity potential, 237
 

acoustics, nonlinear, 247-248
 
adsorption isotherms, 344-345, 344,
 

346,347-348,347,348
 
analytical solutions to Maxwell's
 

equations, 103-104
 

cylindrical coordinate system, 
104,104 

rectangular coordinate system, 
103-104, 104
 

spherical coordinate system, 104­
105,105 

ANNs (artificial neural networks). 
See neural networks 

annular UV reactors, 306, 307
 
artificial neural networks. See neural
 

networks
 
atmospheric freeze drying, 298
 

balancing equations, 62-64
 
biodosimetry, 317, 319, 320
 
boundary conditions
 

in high-pressure high-temperature
 
processing, 81-82, 81, 133
 

in microwave processing, 102­

103,113,141-142
 

in pulsed electric field processing,
 
211,217,217
 

in ultrasound processing, 243­

244,243
 

bubbles, effect on acoustic
 
properties, 32, 34, 35, 234,
 
259-260
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cell membrane rupture, in 
microwave processing, 8 

cellular reactions, influence of 
pressure, 60-61, 63 

CFD. See computational fluid 
dynamics 

chemical marker methods for 
determining microwave heating 
patterns, 113 

chromatographic separation 
technologies, 335 

adsorption isotherms, 344-345, 
344,346,347-348,347,348 

equilibrium dispersive model, 
341-342, 344 

equilibrium (ideal) model, 340, 343 
general rate model, 342, 343, 344 
ideal (equilibrium) model, 340, 

343 
modeling approaches, 339-340, 

340,341 
See also simulated moving bed 

chromatography; true moving 
bed chromatography 

circuit 
analogy, in ohmic heating, 159,160 
for pulsed electric field 

processing, 174, 174 
coaxial cylinders, in pulsed electric 

field processing chamber, 194 
co-field design for pulsed electric 

field processing chamber, 194­
195, 195 

coiled tube ultraviolet reactors, 
306-307 

colinear treatment chamber, in 
pulsed electric field processing 
chamber, 194-195,195,218­
219,219 

compressibility, and high-pressure 
processing. 60 

compression heating 
coefficient. 28-30 
in high-pressure high-temperature 

processing, 78-80, 79, 84 
computational fluid dynamics, 4, 16, 

69-70,70 
dimensionless parameters to 

express process performance, 
93-96,94 

and disinfection of liquid food 
using ultraviolet light processing, 
326-327,330,332-333 

and high-pressure high­
temperature processing, 76, 
80-97,81,83.87,88,89,90, 
91,92,93,94,95 

and high-pressure processing, 
57-59
 

and inlet velocity, 85-86, 87
 
investigations of impact of
 

process inhomogeneities on 
molecular/cellular systems, 
67-69,68,68,69 

and process sterility. distribution 
o~ 88. 90-93, 90, 91, 92. 93 

temperature uniformity/flow, 
prediction of, 84-88, 87, 88, 89 

and ultrasonic streaming, 257­
260,257,258,259 

and ultraviolet fluence, 310-311, 
311,318 

and ultraviolet light processing, 
304,307-321,308,309,311, 
312,31~314,31~31~31~ 

318,320 
validation tools for, 96-97 

computational grids. used in pulsed 
electric field processing 
simulation, 217-218, 218 

computational power, and 
Multiphysics modeling, 353­
354, 362 

computer simulation for microwave 
processing, 101-102, 125-126 

heating, 113-120, 114, 118, 119, 
120 

sterilization, 121-123,121,122, 
122, 123, 124, 125, 126 

conductivity 
electrical, 31 
thermal, 27-28 

constitutive relations, 132-133 
continuity equation 

in linear acoustics, 236 
in nonlinear acoustics, 247 

continuous chromatographic 
separation. See 
chromatographic separation 
technologies 

convective drier, in ultrasonic 
system for drying of food 
materials, 282-283, 284, 285, 
285-287 

cylindrical coordinate system, use in 
Maxwell's equations, 104, 104 

cylindrical radiator, in ultrasonic 
system for drying of food 
materials, 273-274, 274, 276, 
276,277 

Dean flow, 309-310, 309 
density, 24-25 
dielectric breakdowns, in pulsed 

electric field processing 194 
dielectric materials, dissipated 

power in, 112 
dielectric properties, 30-31 
diffusion effects. and high-pressure 

processing. 63 
dimensionless parameters to express 

process performance in high­
pressure high-temperature 
processing, 93-96, 94 

direct measurements, in model 
validation, 17-18, 17 

disinfection efficiency. 329, 330, 
331,333 

disinfection of liquid food using 
ultraviolet light processing, 
325-326, 330, 332-333 

computational fluid dynamics 
modeling, used in, 326-327, 
330, 332-333 

disinfection efficiency of, 329, 
330,331,333 

reactors for. 325-326 
simulation of, 329-330,329,331, 

332 
ultraviolet fluence, 327-329, 330, 

331,332.332-333 
ultraviolet intensity field model, 

327 
dynamic mixers, used in ultraviolet 

light processing, 306 

Eckart streaming, 250 
ECP (elution by characteristic point) 

method of determining 
adsorption isotherms, 347 
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trasonic Eigenvalue method, and numerical
 

of food stabili ty, 109-11°
 
83, 284, 285, electric field processing, and ohmic
 

heating, 165-166
 

system, use in electric field strength, in pulsed
 

'ons, 104, 104 electric field processing, 176
 

ultrasonic electrical conductivity, 31
 

g of food and ohmic heating, 158, 159-160,
 

74, 274, 276, 166
 
in pulsed electric field processing, 

182,182,183,193 
electrical properties of foods, and
 

pulsed electric field processing,
 

s, in pulsed 182-183, 182, 182, 183
 

essing 194 electro-hydrodynamic field in
 

issipated colinear treatment chamber,
 
218-219,219
 

30-31 electromagnetic heating. See
 

high-pressure microwave processing
 
electromagnetic wave equations,
 

eters to express 102-103
 

ance in high- electroporation
 

mperature in microwave processing, 8
 

96,94 in pulsed electric field processing,
 

,in model 180
 

18, 17 in ultrasound processing, 233
 

y, 329, 330, elution by characteristic point
 
method of determining
 

food using adsorption isotherms, 347
 

processing, EM (electromagnetic wave)
 

332-333 equations, 102-103
 

'd dynamics emulsification, use of ultrasound
 

in, 326-327, processing in, 233, 261,
 
361-362
 

'encyof, 329, energy
 
conservation of, 81,213,236,
 

309
 

247-248
 

9-330,329,331, saving, and ultrasonic system for
 
drying of food materials, 297­

e, 327-329, 33O, 298, 297
 

333 transport of, 59-60
 

ity field model, enzyme inactivation 
~ in pulsed electric field processing, 
I 

186-187,187,188,210,214­

326
 

~ed in ultraviolet
 
Jig, 306
 216, 223
 
I in ultrasound processing, 233
 

equilibrium dispersive model, in
 

~aracteristic point) chromatographic separation
 

tennining technologies, 341-342,
 

~50 

344
'thenns, 347
 

equilibrium (ideal) model, in
 
chromatographic separation
 
technologies, 340, 343
 

ER (external resistance to mass 
transfer) models, 290-291,291, 
292,293,293,294 

Euler's formula, 238-239, 239
 
exponential decay pulses, 174-175,
 

175,178,179
 
external resistance to mass transfer
 

models, 290-291, 291, 292,
 
293,293,294
 

extraction, use of ultrasound
 
processing, 233
 

FDM (finite difference method). See 
finite difference time domain 
method 

FDTD method. See finite difference 
time domain method 

FEM method. See finite element 
method 

fiber optic probes, use in temperature
 
measurement (mapping) in
 
microwave fields, 135
 

finite difference method. See finite 
difference time domain method 

finite difference time domain
 
method, use in microwave
 
processing, 101-102, 105-110,
 
107, 113-114
 

ABCs, 115-116
 
communication algorithm
 

between electromagnetic and
 
thennal fields, 117-118
 

electromagnetic energy related to
 
microwave heating, 116
 

heat transfer equations, 116-117
 
model formulation, 114-115,114
 
source specification, 116
 
sterilization, simulation model
 

for, 121-123,121, 122, 122,
 
123, 124, 125, 126
 

validation of model, 118-120,
 
118,119, 120
 

finite element method
 
use in microwave processing,
 

101, 110-111, 110
 
use in pulsed electric field
 

processing, 196
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use in ultrasonic systems for
 
drying of food materials, 267­
274,269,271,272,273,273,
 
274, 274, 275, 276, 276-280,
 
277,278,279,280,281,282 

first-order microbial inactivation
 
model, 311, 312
 

flow fields, modeling of, 308,
 
319-320
 

Dean flow, 309-310, 309
 
laminar, 308-309, 308,312,312,
 

316-317
 
Taylor-Couette flow, 312, 312
 
turbulent, 309, 312, 312, 316, 317
 

fluence. See ultraviolet fluence
 
fluid properties, and pulsed electric
 

field processing, 216-217
 
frontal analysis method of 

determining adsorption 
isotherms, 347,347 

Gaussian jet velocity distribution
 
approach, used in modeling
 
ultrasonic streaming, 258-259,
 
258,259
 

general rate model, in
 
chromatographic separation
 
technologies, 342, 343, 344
 

GJVD (Gaussian jet velocity 
distribution) approach, used in 
modeling ultrasonic streaming, 
258-259,258,259 

grids, used in pulsed electric field
 
processing, 200-203, 201, 202,
 
203
 

harmonic waves, in linear acoustics,
 
237-239, 238
 

health of foods, 357-358
 
heat conduction losses, 247, 248
 
heat loss in high-pressure high-


temperature processing, 77,
 
78-80
 

heat transfer
 
balance, 80, 172
 
coefficient, 28, 83, 94, 183-184
 
equations, 80,112-113,116-117,
 

172,173-174
 
heating equations, in microwave
 

processing, 112-113, 133
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heating models, in microwave 
processing, 140 

boundary conditions, 141-142 
computational methods, 143, /44, 

145 
geometry, 140,141, /42 
initial conditions, 141 
material properties, 142-143 
model food cylinder, controlled 

heating of, 148-149, /48, 
149 

process conditions, 140-141 
simulated heating of chicken 

wing, 147-148, 148 
validation of simulation, 145, 

/45,146,147,147,149-150 
Helmholtz equation, in linear 

acoustics, 239 
HHP systems. See high hydrostatic 

pressure systems 
high hydrostatic pressure systems 

macroscopic model for thermal 
exchange, 50-51, 52 

neural networks, use in, 47-49 
simple representation/modeling 

of thermal processes, 49, 49, 
50,5/,52 

high-power ultrasonic streaming 
computational fluid dynamics 

modeling of, 257-260, 257, 
258,259 

and sound attenuation, 255-256, 
255 

Stuart streaming, 256-257 
high-pressure high-temperature 

processing, 75-80, 77 
boundary conditions, 81-82,81, 

133 
and compression heating, 78-80, 

79,84 
and computational fluid dynamics 

models, 76, 80-97, 81, 83, 87, 
88,89,90,91,92,93,94,95 

dimensionless parameters to 
express process performance, 
93-96,94 

heat loss, 77, 78-80 
heat transfer balance, 80 
integrated temperature distributor, 

94-96, 95 

physical properties of foods/other 
materials, 82-83, 83 

preheating methods, 78 
process uniformity, 94, 94 
and spore inactivation, 75, 88, 

89-96,90,9/,92,93,95,97 
and thermal conductivity, 82 
vessel, 76-77, 83-84, 86-88, 88, 89 
and viscosity, 82-83 

high-pressure processing, 5-7, 5, 
57-59, 69-70, 360-361 

balancing equations, 62-64 
and compressibility, 60 
and computational fluid dynamics, 

57-59 
control of process impact, 64-69, 

65, 66 
diffusion effects, 63 
limitations of, 6-7 
macroscopic model for thermal 

exchange, 50-51, 52
 
and mass, momentum, and
 

energy, 59-60 
mathematical modeling, 61-64 
molecular/cellular reactions, 

influence on, 60-61, 63 
neural networks, use in, 46-49 
numerical simulation, 61-64 
phases of, 66-67, 66 
scaling up, 64-67, 65, 66 
thermofluiddynamic phenomena 

under high-pressure conditions, 
59-61 

See also high hydrostatic pressure 
systems; high-pressure high­
temperature processing 

high-pressure thermal sterilization, 
6-7 

high-temperature short-time 
processing, 155, /56 

homogeneity of pulsed electric field 
processing treatment, 200-203, 
201,202,203 

HPHT processing. See high-pressure 
high-temperature processing 

HPP. See high-pressure processing 
HPTS (high-pressure thermal 

sterilization), 6-7 
HTST (high-temperature short-time 

processing), 155, 156 

ideal (equilibrium) model, in 
chromatographic separation 
technologies, 340, 343 

inactivation 
and determining distribution of 

process sterility, 88, 90-93, 90, 
91,92,93 

enzyme, 186-187,187,188,210, 
214-216,223,233 

microbial, 185-186, 186, 188, 
209-210, 214-216, 233, 303, 
307,311-312,3/2,317,318, 
319 

and numerical simulations in 
pulsed electric field processing, 
184-187, 186, 187. 188,221­
223,221,222 

indirect measurements, in model 
validation, 17, 18 

inflow velocity boundary, in high­
pressure high-temperature 
systems, 81-82 

infrared imaging, 113 
infrared thermography, 135-136 
inhomogeneities 

process, 60. 67-69, 68, 68, 69, 
156 

temperature, 60 
inlet velocity 

and computational fluid dynamics. 
85-86,87 

at laminar conditions, 85 
at turbulent conditions, 85-86, 

87 
innovative food processing 

technologies 
and conventional processes 

modeling, 356-357 
and nutritionlhealth of foods, 

357-358 
process modeling of, 355-356 
and thermophysical properties of 

food, 23-36, 24, 358 
integrated temperature distributor, 

in high-pressure high­
temperature processing, 
94-96,95 

IR (infrared) imaging, 113 
IR (infrared) thermography, 

135-136 
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8, 90-93, 90,
 

87, 188, 210,
 

186, 188,
 
6,233,303,
 
2,317,318,
 

ations in 
Id processing, 
, 188,221­

,135-136 

68,68,69, 

esses 

f,355-356 
properties of 
358 
distributor, 

high­
ssing, 

isothermal pressurization, 60
 
lTD (integrated temperature
 

distributor), in high-pressure
 
high-temperature processing,
 
94-96, 95
 

joule heating, 171, 179, 180
 

kinetic models
 
for enzyme inactivation, 186-187,
 

187, 188,214,215
 
for microbial inactivation, 185­

186,186,188,214,215
 
Kohonen's self-organization map,
 

41---43,42
 

laminar flow fields, modeling of, 
308-309,308,312,312, 
316-317
 

lamps used in ultraviolet light
 
processing, 303, 318-319, 318
 

linear acoustics, 235-236
 
acoustic energy, 240, 241
 

,~;	 
acoustic impedance, 242-243, 244
 
acoustic intensity, 240-241
 
acoustic radiation pressure, 241­

242,242
 
boundary conditions. 243-244, 243
 
continuity equation, 236
 
harmonic waves, 237-239, 238
 
Helmholtz equation, 239
 
linear wave equation, 235-237,
 

246-247
 
plane sound waves, 239, 241,
 

243,243,244
 
rays of sound, 245, 245
 
sinusoidal waves, 237-239, 238
 
state equation, 236
 
velocity potential, 237
 

linear wave equation, 235-237,
 
246-247
 

liquid crystal foils, use in 
temperature measurement 
(mapping) in microwave fields, 
136,136 

low power acoustic streaming, 250­
254,250,254 

RNW streaming theory, 251-252
 
and sound absorption, 252-254,
 

254
 

and sound attenuation, 252-253
 
successive approximations
 

method vSo Reynolds stress
 
approach, 250-251, 250
 

low-pressure amalgam lamps, used 
in ultraviolet light processing, 
318-319,318 

low-pressure mercury lamps, used in
 
ultraviolet light processing, 303
 

LPAL (low-pressure amalgam 
lamps), used in ultraviolet light 
processing, 318-319,318 

LPM (low-pressure mercury) lamps,
 
used in ultraviolet light
 
processing, 303
 

macroscopic modeling, 49-51, 49,
 
50,51,52,53 

magnetic field coupling, in
 
microwave processing, 8
 

magnetic resonance imaging, use in
 
temperature measurement
 
(mapping) in microwave fields,
 
137-140, 137, 138, 139, 140
 

mass
 
conservation of, 80-81, 172, 213,
 

236, 247
 
transport of, 59-60, 291-298,
 

292,293,294,295,296
 
mathematical modeling, and high-


pressure processing, 61-64
 
Maxwell's equations, 102, 132
 

analytical solutions, 103-105,
 
104,105 

numerical solutions, 105-112,
 
107,110 

medium-pressure mercury lamps,
 
used in ultraviolet light
 
processing. 303
 

mercury lamps. used in ultraviolet
 
light processing. 303
 

method of moment (MoM), use in
 
microwave processing, 111-112
 

microbial inactivation
 
in pulsed electric field processing,
 

185-186. 186, 188,209-210,
 
214-216
 

in ultrasound processing, 233
 
in ultraviolet processing, 303, 307,
 

311-312,312,317,318,319
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microwave processing, 7-9, 131­
132, 361
 

boundary conditions, 102-103,
 
113, 133, 141-142
 

computer simulations for, 101­
102, 113-123. ll4, JJ8, 119,
 
120,121,122,122,123,124,
 
125, 125-126,126
 

constitutive relations, 132-133
 
electromagnetic wave equations.
 

102-103
 
and electroporation, 8
 
finite difference time domain
 

method, use in, 101-102, 105­
110,107
 

finite element method, use in,
 
101,110-111, llO 

heating equations, 112-113, 133
 
heating models, 140-143, 141,
 

142, 144, 145, 145, 146, 147,
 
147-149, 148, 149
 

limitations of, 8-9
 
magnetic field coupling in, 8
 
Maxwell's equations, 102, 103­

112. 104, 105, 107, 110, 132
 
method of moment (MoM), use 

in, 111-112
 
nonthermal effects, 8
 
nonuniformity in, 8-9
 
selective heating in, 8
 
sterilization, simulation model
 

for, 121-123,121,122,122,
 
123, 124. 125, 126
 

temperature distributions, 131­
132, 149-150
 

temperature measurement
 
(mapping), in microwave fields,
 
134-140, 136, 137, 138, /39,
 
140
 

temperature responses, 
measurement of, 113
 

thermal effects, 8
 
thermal modeling, 132-134
 

microwave radiometry, use in
 
temperature measurement
 
(mapping) in microwave fields,
 
136
 

minor disturbance (perturbation)
 
method of detennining adsorption
 
isotherms. 347-348, 348
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model food cylinder, controlled 
heating of, in microwave 
processing, 148-149,148, 149 

model substances, use in 
temperature measurement 
(mapping) in microwave fields, 
135 

molar absorptivity, 34 
molecular reactions, influence of 

pressure, 60-61, 63
 
molecular relaxation losses, in
 

acoustic energy, 247
 
MoM (method of moment), use in 

microwave processing, 111-112 
momentum 

conservation of, 81, 172, 213, 
236-237, 247 

transport of, 59-60 
MPM (medium-pressure mercury) 

lamps, used in ultraviolet light 
processing, 303 

MRI (magnetic resonance imaging), 
use in temperature 
measurement (mapping) in 
microwave fields, 137-140, 
137, 138, 139, 140 

Multiphysics modeling, x, 15-18, 
353-363 

complexity of, 354, 362 
and computational power, 353­

354, 362 
definition, 4 
and economics, 356 
and food structure, 359-360 
and kinetics (microbial, enzyme, 

quality, nutrient), 358-359
 
and nutritionlhealth of foods,
 

357-358, 359 
and product quality, 355-356 
and sustainability, 356 
and thermophysical properties of 

food, 23-36, 24, 358
 
validation, 16-18, 17
 

neglecting external resistance to 
mass transfer models, 289-290, 
290, 292, 293 

NER (neglecting external resistance 
to mass transfer) models, 289­
290,290,292,293 

neural networks, 51, 53 
basis of, 40-43, 40 
BP algorithm, 40-41, 42 
in chemical industry, 43-45 
in food industry, 45-51 
in high-pressure processes, 46-49 
history of, 39 
supervised learning process, 40, 41 
unsupervised learning process, 40, 

41-43,42 
weights, 40, 41 

Newtonian fluids, 26 
NNs. See neural networks 
nonhomogeneity in processes, 156 
nonlinear acoustics, 247-248 
non-Newtonian fluids, 26 
nonthermal effects of microwave 

processing, 8 
nonuniformity, 3-4, 6-7 

in microwave processing, 8-9 
in ohmic processing, 10 
in pulsed electric field processing, 

12 
numerical dispersion, and Maxwell's 

equations, 108-109 
numerical simulations 

and high-pressure processing, 
61-64 

of pulsed electric field processing, 
204-205,205,206,211,212­
223,217,218,219,220,221, 
222 

numerical solutions to Maxwell's 
equations, 105 

finite difference time domain 
method, 105-110, 107 

finite element method, 110-111, 
110 

method of moment (MoM), 
111-112 

numerical dispersion, 108-109 
numerical stability, 109-110 
Yee algorithm, 106-108, 107 

numerical stability, and Maxwell's 
equations, 109-110 

nutrition of foods, 357-358 

ohmic heating, 9-10, 155-156, 157, 
166-167,361 

circuit analogy, 159, 160 

and electric field processing, 
165-166 

and electrical conductivity, 158, 
159-160, 166 

equations in, 157-158 
limitations of, 10 
nonuniformity in, 10 
particle-fluid flows, measurements 

of, 163-164 
potential model, 159, 159 
and shadow regions, 160, 163, 

166 
simple models, 159-160, 159, 

160 
single-phase behavior, 160 
3D models, 161-163,161,162, 

163 
2D models, 160, 160-161, 161 
use in processing single-phase 

viscous liquids, 165, 165
 
validation of, 163-164
 
worst case, identification of,
 

162-163 
optimization of pulsed electric field 

processing, 211, 212, 214, 
223-227,224,226,227,228, 
229 

parallel plates, as design for 
chamber, 194 

particle-fluid flows, in ohmic 
heating, 163-164 

PATP (pressure-assisted thermal 
processing). See high-pressure 
high-temperature processing 

PATS (pressure-assisted thermal 
sterilization). See high-pressure 
high-temperature processing 

PEF processing. See pulsed electric 
field processing 

penetration depth, and ultraviolet 
light absorption in liquid foods, 
305 

permeabilization of cells, and pulsed 
electric field processing, 209, 
210,211 

perturbation (minor disturbance) 
method of determining 
adsorption isotherms, 347-348, 
348 

physical pr< 
materi; 
temper 
83 

piezoelectri, 
268-2~ 

plane sound 
243,2' 

Poisson's e( 
porosity, 25 
preheating r 

high-te 
78 
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high-te 
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high-tel 
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process para 
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process unifc 
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product qual 
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pulse energy 
pulse shape, 

process 
pulse width, 

process 
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boundary 
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circuit for, 
computati, 

218 
dielectric 



Index 371 

physical properties of foods/otheressing, 
materials in high-pressure high-

temperature processing, 82-83,
 
83
 

piezoelectric sandwich transducer,
 
268-271,269,271,272
 

plane sound waves, 239, 241, 243,
 
243, 244
 

Poisson's equations, 172-174
 
porosity, 25, 297
 ,159 
preheating methods in high-pressure, 160, 163,
 

high-temperature processing, 
78
160,159, 

pressure boundary, in high-pressure
 
high-temperature systems, 82
 or, 160
 

pressure-assisted thermal processing. 3,161,162, 
See high-pressure high-
temperature processing 161, 161
 

pressure-assisted thermal 

164

gle-phase 
sterilization. See high-pressure65, 165
 
high-temperature processing 

process impact, control of, in high­arion of, 
pressure processing, 64-69, 65,
 
66
electric field 

process inhomogeneities, 60, 67-69,
 212,214, 
68,68,69,15626, 227, 228,
 

process parameters, in pulsed
 
electric field processing, 219­
221,220ign for 

process sterility, distribution of, 88,
 
90-93,90,91,92,93n ohmic 

process uniformity in high-pressure 
high-temperature processing, ted thermal 
94,94high-pressure 

product quality, and Multiphysics e processing 
modeling, 355-356
 ted thermal 

pulse energy, 178-179
 e high-pressure 
pulse shape, in pulsed electric field e processing 

processing, 174-175, 176,176pulsed electric 
pulse width, in pulsed electric field
 

processing, 175
d ultraviolet 
pulsed electric field processing, in liquid foods, 

10-12,171-172,187-188, 
193-194,209-212,210,361cells, and pulsed 

boundary conditions, 211, 217,
 ocessing,209, 
217
 

circuit for, 174, 174
 disturbance) 
computational grids, 217-218,
 'ning 

218
erms,347-348, 
dielectric breakdowns in, 194
 

and electric conductivity, 182,
 
182, 183, 193
 

electric field strength, 176
 
and electrical properties of foods,
 

182-183, 182, 182, 183
 
electro-hydrodynamic field in
 

colinear treatment chamber,
 
218-219, 219
 

and electroporation, 180
 
and enzyme inactivation, 186­

187, 187, 188,210,214-216,
 
223
 

equations in, 172-174,212-214 
finite element method, use in, 196
 
and fluid properties, 216-217
 
and heat transfer coefficient,
 

183-184
 
homogeneity of treatment,
 

improvement in, 200-203, 201,
 
202,203
 

inactivation models for numerical
 
simulations, 184-187, 186,
 
187, 188,221-223,221,222
 

joule heating, 171, 179, 180
 
limitations of, 11-12
 
and microbial inactivation, 185­

186, 186, 188,209-210,
 
214-216
 

nonuniformity in, 12
 
numerical simulations, 204-205,
 

205,206,211,212-223,217,
 
218,219,220,221,222
 

optimization of, 211, 212, 214,
 
223-227,224,226,227,228,
 
229
 

and permeabilization of cells,
 
209, 210, 211
 

process parameters, 219-221, 220
 
pulse energy, 178-179
 
pulse shape, 174-175, 176,176 
pulse width, 175
 
residence time, 177, 20 I
 
and rheological properties of
 

foods, 181-182
 
specific energy, 177-179
 
steady-state simulation of
 

continuous processing, 199­
200,199,200,200 

temperature, 179-180,219-221, 
220
 

temperature-time profile, 184,184
 
and thermal conductivity, 181
 
and thermophysical properties of
 

foods, 180-181, 180
 
treatment chamber, 194-195,195,
 

205-206
 
treatment temperature, 179-180
 
treatment time, 176-177, 178,
 

221-223
 
turbulence simulation, 203-204
 
unsteady-state simulation of batch
 

processing, 197-198, 197,198, 
198, 199
 

and viscosity, 181
 
validation of simulations, 195­

197, 195, 197
 
voltage, 176
 

"quartz wind" (Eckart streaming),
 
250
 

Rayleigh streaming, 249
 
rays of sound, 245, 245
 
reactors
 

in simulated moving bed
 
chromatography, 339
 

for ultraviolet light processing,
 
305-307,309,309,313-317, 
313,314,315,316,317,320,
 
325-326
 

rectangular coordinate system, use
 
in Maxwell's equations, 103­
104, /04 

residence time, in pulsed electric
 
field processing, 177, 20 I
 

Reynolds stress approach, 250-251,
 
250, 252
 

rheological properties of foods, and
 
pulsed electric field processing,
 
181-182
 

RNW streaming theory, 251-252
 

sandwich transducer, 268-271, 269,
 
271,272
 

scaling up, in high-pressure systems,
 
64-67, 65, 66
 

scattering, and ultraviolet light
 
absorption in liquid foods, 305
 

selective heating, in microwave
 
processing, 8
 



;
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self-organizing maps, 41-43, 42 
series-event microbial inactivation 

model. 311-312, 312 
shadow regions, in ohmic heating, 

160, 163, 166 
shrinkage, 25 
simulated moving bed 

chromatography, 335, 336, 337, 
339, 349 

dynamic methods of determining 
adsorption isotherms, 347-348 

ECP (elution by characteristic 
point) method of determining 
adsorption isotherms, 347 

elution by characteristic point 
method of determining 
adsorption isotherms, 347 

frontal analysis method of
 
determining adsorption
 
isotherms, 347,347
 

minor disturbance (perturbation) 
method of determining 
adsorption isotherms, 347-348, 
348 

modeling of process, 342-344 
node model, 343 
parameters, determination of, 

346-348 
perturbation (minor disturbance) 

method of determining 
adsorption isotherms, 347-348, 
348 

reactors, 339 
separation volume theory of 

design, 346, 346 
simulation of, 348-349, 348 
static methods of determining 

adsorption isotherms, 347 
triangle theory of design, 345, 

346 
and true moving bed 

chromatography model, 342 
validation of, 349 
variations of, 336-339. 338 

single-phase viscous liquids, ohmic 
processing of, 165, 165 

sinusoidal waves, in linear acoustics, 
237-239, 238 

5MB. See simulated moving bed 
chromatography 

5MBRs (simulated moving bed 
reactors), 339 

SOMs (self-organizing maps), 
41-43,42 

sound absorption, 252-254, 254 
sound attenuation, 33-34, 252-253, 

255-256,255 
sound, rays of, 245, 245 
sound, speed of, 32-33 
sound waves, plane, 239, 241, 243, 

243,244 
specific energy, in pulsed electric 

field processing, 177-179 
specific heat capacity, 27 
speed of sound, 32-33 
spherical coordinate system, use in 

Maxwell's equations, 104-105, 
105 

spore inactivation in high-pressure 
high-temperature processing, 
75,88.89-96,90,91,92,93, 
95, 97 

square wave pulses, 174, 175, 178 
state equation 

in linear acoustics, 236 
in nonlinear acoustics, 247 

static mixers, used in ultraviolet 
light processing, 306 

steady-state simulation of 
continuous pulsed electric field 
processing, 199-200, 199,200, 
200 

sterilization, simulation model for, 
121-123,121,122,122,123, 
124, 125, 126 

streaming, acoustic. See acoustic 
streaming 

Stuart streaming, 245, 256-257 
subdomains, boundaries between. in 

high-pressure high-temperature 
systems, 82 

successive approximations method, 
250,250 

surface heat transfer coefficient, 
28 

sustainability, and Multiphysics 
modeling, 356 

symmetry boundary, in high­
pressure high-temperature 
systems, 81 

Taylor/Couette flow 
modeling of, 312, 312 
reactor, used in ultraviolet light 

processing, 307,313-317,313, 
314,315,316,317 

TCJS (turbulent circular jet solution) 
approach, used in modeling 
ultrasonic streaming, 258-259, 
258,259 

temperature distributions, in 
microwave processing, 131­
132, 149-150 

temperature, in pulsed electric field 
processing, 179-180, 184. 184, 
219-221,220 

temperature inhomogeneities, 60 
temperature measurement 

(mapping), in microwave fields, 
134 

fiber optic probes, 135 
infrared thermography, 135-136 
liquid crystal foils, 136, 136 
magnetic resonance imaging, 

137-140, 137,138, 139, 
140 

microwave radiometry. 136
 
model substances, 135
 
thermo paper, 136
 
thermocouples, 135
 

temperature responses, measurement 
of, in microwave processing, 
113 

temperature uniformity/flow, 
prediction of, 84-88, 87, 88, 
89 

temperature-time profile, in pulsed 
electric field processing, 184, 
184 

thermal conductivity. 27-28 
and high-pressure high­

temperature processing, 82 
in pulsed electric field processing, 

181 
thermal diffusivity, 27-28, 82 
thermal effects of microwave 

processing, 8 
thermal expansion coefficient, 29, 

30, 82 
thermal modeling, in microwave 

processing, 132-134 

thermallpressu 
application ( 

47--49 
macroscopic 

exchange. 
52 

thermo paper, . 
measurerr 
microwav 

thermocouples 
measurem 
microwav 

thermofluiddyr 
under higl 
59 

influence of 
molecular 
60-61 

transport of 
and energ 

thermophysical 
24,34-36 

acoustic proJ 
and balancin 
compression 

28-30 
density, 24-: 
dielectric pn 
electrical COl 
of foods, anI 

processin~ 

molar absoq 
porosity, 25 
shrinkage, 2: 
specific heat 
thermal con< 
thermal diffl 
thermal exp~ 

30 
viscosity, 25 

thin-film react! 
light proCI 

TMB. See true 
chromato~ 

transmittance, 
absorption 

treatment charr 
field proCI 
205-206, 
227 



312
 
traviolet light
 
,313-317,313,
 
317
 
ular jet solution)
 
in modeling
 

'ng, 258-259,
 

d electric field 
180, 184,184, 

,27-28 
high­
cessing, 82
 
field processing, 

.n microwave 

thennal!pressure processing 
application of neural networks, 

47--49 
macroscopic model for thennal
 

exchange, 49-51, 49, 50, 51,
 
52
 

thenno paper, use in temperature
 
measurement (mapping) in
 
microwave fields, 136
 

thermocouples, use in temperature
 
measurement (mapping) in
 
microwave fields, 135
 

thennofluiddynamic phenomena
 
under high-pressure conditions,
 
59
 

influence of pressure on
 
molecular!cellular reactions,
 
60-61
 

transport of mass, momentum,
 
and energy, 59-60
 

thermophysical properties, 23-24,
 
24, 34-36, 358
 

acoustic properties, 31-34, 35
 
and balancing equations, 62-64
 
compression heating coefficient,
 

28-30
 
density, 24-25
 
dielectric properties, 30-31
 
electrical conductivity, 31
 
of foods, and pulsed electric field
 

processing, 180-181, 180
 
molar absorptivity, 34
 
porosity, 25
 
shrinkage, 25
 
specific heat capacity, 27
 
thennal conductivity, 27-28
 
thennal diffusivity, 27-28
 
thennal expansion coefficient, 29,
 

30
 
viscosity, 25-27
 

thin-film reactors, used in ultraviolet
 
light processing, 306, 308, 308
 

TMB. See true moving bed
 
chromatography
 

transmittance, and ultraviolet light
 
absorption in liquid foods, 305
 

treatment chamber, in pulsed electric
 
field processing, 194-195,195,
 
205-206,223-226,224,226,
 
227
 

treatment temperature, in pulsed
 
electric field processing,
 
179-180
 

treatment time, in pulsed electric
 
field processing, 176-177,178,
 
221-223
 

true moving bed chromatography,
 
335-336, 336, 339, 342
 

turbulence simulation of continuous
 
pulsed electric field processing,
 
203-204
 

turbulent circular jet solution
 
approach, used in modeling
 
ultrasonic streaming, 258-259,
 
258,259
 

turbulent flow fields, modeling of, 
309,312,312,316,317 

ultrasonic effect on mass transport
 
phenomena, 291-298, 292.
 
293,294,295,296
 

ultrasonic horn reactor, simulations!
 
modeling of, 245-246, 246,
 
257-260, 257, 258. 259
 

ultrasonic systems for drying of
 
food materials, 265-267, 266,
 
267
 

acoustic behavior, 276-282, 278,
 
279,280,281,282,283,284,
 
287,293,296
 

behavior of system during drying,
 
286-287,286,287
 

computational analysis, 287-298,
 
288,290,291,292,293,294,
 
295,296,297
 

convective drier, 282-283, 284,
 
285, 285-287
 

cylindrical radiator, 273-274,
 
274, 276, 276, 277
 

diffusion models for analysis of,
 
288-291,290,291
 

digital power meter, 285-286
 
empirical models for analysis of,
 

287-288,288
 
and energy saving, 297-298, 297
 
external resistance to mass
 

transfer models, 290-291, 291,
 
292,293,293,294
 

and freeze drying, 298
 
future trends in. 298
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impedance matching unit, 285
 
neglecting external resistance to
 

mass transfer models, 289-290,
 
290, 292, 293
 

numerical study of constituent
 
elements using finite element
 
method, 267-274, 269, 271,
 
272,273. 273, 274, 274, 275,
 
276, 276-280, 277. 278, 279,
 
280,281,282 

and porosity of food product, 297
 
prototype, 280-283, 283, 284,
 

285
 
ultrasonic effect on mass transport
 

phenomena, 291-298, 292,
 
293,294,295,296
 

ultrasonic power generator, 283,
 
285
 

ultrasonic vibrator, 268-273, 269,
 
271,272,273,273,274,275
 

vibration behavior. 270-271
 
ultrasonic vibrator, in system for
 

drying of food materials. 268,
 
272-273,273,274,275
 

mechanical amplifier, 271-273,
 
273,273
 

piezoelectric sandwich transducer,
 
268-271,269,271,272 

ultrasound processing, 12-14,233­
234,260-261,361-362 

acoustic momentum flow rate, 
256
 

acoustic streaming, 234, 245,
 
248-260, 250, 254, 255, 257,
 
258,259
 

boundary conditions, 243-244. 
243
 

and electroporation, 233
 
emulsification, use in, 233, 261,
 

361-362
 
enzyme inactivation, use in, 233
 
extraction, use in, 233
 
and heat conduction losses, 247,
 

248
 
limitations of, 13-14
 
linear acoustics, 235-246. 238,
 

239,242,243,244.245,246
 
microbial inactivation, use in, 233
 
and molecular relaxation losses,
 

247
 2-134 
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ultrasound processing (continued)
 
nonlinear acoustics, 247
 
Rayleigh streaming, 249
 
simulations/modeling of
 

ultrasonic hom reactor, 245­

246,246,257-260,257,258,
 
259
 

sound absorption, 252-254, 254
 
sound attenuation, 252-253, 255­


256,255
 
Stuart streaming, 245, 256-257
 
and turbulence, 234, 251, 252,
 

255
 
and viscous losses, 246, 248, 249
 
See also ultrasonic systems for
 

drying of food materials
 
ultraviolet f1uence, 330
 

computational fluid dynamics
 
modeling of, 310-311, 311, 318
 

and disinfection of liquid food,
 
327-329,330,331,332,
 
332-333
 

field, 327-328
 
value handling at reactor exit, 

328-329
 
ultraviolet intensity field model, 327
 
ultraviolet light processing, 14-15,
 

303-304, 320
 
computational fluid dynamics
 

modeling, used in, 304, 307­

321,308,309,311,312,313,
 
314,315,316,317,318,320
 

and Dean flow, 309-310, 309
 
and disinfection of liquid food,
 

325-330,329,331,332,332­

333, 333
 

efficacy, factors affecting, 303-304
 
future research needs, 320-321
 
limitations of, 15
 
lamps, 303, 318-319, 318
 
microbial inactivation in, 303, 307,
 

311-312,312,317,318,319 
optimum geometry (gap width),
 

calculation of, 312-313, 313,
 
317
 

and properties of liquid foods, 
304-305
 

reactors, 305-307, 309, 309, 320
 
ultraviolet light absorption in
 

liquid foods, 304-305
 
ultraviolet radiation, modeling of,
 

310
 
unsteady-state simulation of batch
 

pulsed electric field processing,
 
197-198, 197, 198, 198, 199
 

UV processing. See ultraviolet light 
processing 

vacuum freeze drying, 298
 
validation
 

of computational fluid dynamics
 
models, in ultraviolet light
 
processing, 317-320, 318, 320
 

direct measurements, in model
 
validation, 17-18, 17
 

of finite difference time domain
 
method, 118-120,118, 119, 120
 

indirect measurements, in model
 
validation, 17, 18
 

of microwave heating models,
 
145, 145, 146, 147, 147,
 
149-150
 

and Multiphysics modeling,
 
16-18, 17
 

of ohmic heating models,
 
163-164
 

of pulsed electric field processing
 
models, 195-197,195, /97
 

of simulated moving bed
 
chromatography, 349
 

tools, for computational fluid
 
dynamics, 96-97
 

velocity potential, in linear
 
acoustics, 237
 

vessels for high-pressure high­

temperature processing, 76-77,
 
83-84,86-88,88,89
 

viscosity, 25-27
 
and high-pressure high­


temperature processing, 82-83
 
and pulsed electric field
 

processing, 181
 
viscous losses, in acoustic energy,
 

246,248,249
 
voltage, in pulsed electric field
 

processing, 176
 

water content
 
effect on specific heat of foods,
 

27
 
effect on thermal conductivity of
 

foods, 28
 
worst case, identification of, and
 

modeling ohmic heating,
 
162-163
 

Yee algorithm, and Maxwell's
 
equations, 106-108, 107
 




