Index

a

absorption

-CO, 226

— coefficient 289, 291
—gas 311,313

activation energy 286, 307, 318, 379, 404
advection 148ff.

— chaotic 157, 175ff.

—delay 390

analysis

— curvature-corrected lubrication 18
— dimensional 14

— flexible-mesh finite element 18

— of connected networks 19
anode/anolyte 464

anodic

— half-cell reaction 460

— oxidation 460

— potential 461

— reaction 461

Arrhenius

— kinetics 285

— temperature 134

Avogadro number 257, 349

b

batch synthesis 147
bead-on-string instability 137
bends, see microfluidic networks
Bernoulli equation 42, 48
Bessel function 414
biomimetic  46f.

Bodenstein number 371, 374, 401ff.
boiling 61ff.

— convective  70f.

— explosive  74f.

— heat transfer 67f.

—nucleate 62, 68f., 76, 79

— onset of nucleate (ONB)  74f.
—pool 70

— suppression factor 79
Boltzmann

— constant 101, 257, 349
—equation 349

Bond number 7, 77, 81, 122, 135, 205
boundary

— condition 27, 134, 305, 401f.
— dryout 73

— interphase 304

—layer 70, 287, 305f.
break-up

- liquid film 224

— pressure-induced 11
Bretherton theory 27, 421
Brownian motion 101, 349
bubble

— break-up 208ff.

— coalescence  65f., 74, 210, 216
— detachment 210

— diameter 217

— discrete 26

— elongated 71, 79, 81

— expansion  74f.

—flow 26ff.

— formation 209f., 216, 219f.
— frequency 209, 216

- growing 62, 74f., 135, 220

— hydrodynamics 135
—non-Taylor 210

— nucleation 74

— pairing 210

— pressure drop 27

— segmented flow 309ff.
—size 216f., 220

— size distribution 220f.
—shape 135f,, 2091f.
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— suspensions 217, 220, 231
— Taylor 210, 216, 372
—vapor 65, 74

— velocity 65, 135, 210
- volume 209
burnout point, see critical heat flux

c

CAPEX cost 368

capillary

— diameter 355

— instability 10, 15

—number 7, 11, 122, 137, 205, 209, 421
— pressure 213

— thermo- 188f., 194

—vertical 410

capillary zone electrophoresis (CZE) 347, 353
catalysis

— heterogeneous 305

— phase transfer 341

catalyst 9, 286, 288f.

— heterogeneous 304, 317

—layer 403ff.

— porous material 403

—solid 375

—surface 405

—wall 289, 313, 317

CFD-ACE code 137f.

chaotic advection 148f., 157, 175ff.

— high Reynolds numbers 184f.

— intermediate Reynolds numbers 185f.

— low Reynolds numbers 186ff.

chaotic baker’s transformation mixing 18, 154
chaotic mixers, see mixing

charge density 349, 351

cathode

— catholyte 464

— three-dimensional
cathodic

— potential 461

— production of hydrogen 465, 477
—reaction 465

— reduction 460
CHF(critical heat flux)
— saturated 85

- subcooled 85
Chilton-Colburn analogy 133

Chisholm

—equation 410

— parameter 77

chromatography, see electrochromatography
churning liquid-vapor zones 65f.

coatings
— bilayer

467

62, 70f., 75, 82ff.

354

— catalytic 374

— hydrophilic  330f.

— hydrophobic 6, 223, 2391, 330

— non-uniform 403

— reversed-phase 356

— selectively 223

— spin-coated 6

collocated monolith support structures
(COMOSS) 358

combustion 283, 289, 291

— catalytic 287

— homogeneous 286f.

— propane-air 296, 299

— self-sustained gas-phase combustion 295

computational fluid dynamic (CFD)
simulations 41, 44f,, 48, 52, 55f., 1171f.

concentration  304f.

— distribution 159, 177f.

— equilibrium 307, 333

—field 130, 132f, 158

— gradients 151, 305f.
—maps 130

— profile  306f., 340
conductivity

—molar 352

— thermal 292, 295ff.
confinement 75, 77

—number 77

conjugate heat transfer (CHT) 126, 129
contact angle 6, 240

contactor, see microcontactor

continuum surface force (CSF) 125

convection 148f., 152, 157, 177, 285, 305
- plugs 230

—time 304f.

convection-diffusion equation 133
convective

— enhancement factor 79

—flow 285

conversion 285, 367, 371, 377
Coulomb force 350
Crank-Nicholson scheme 127
critical micellar concentration (CMC)
current

— density 461, 464, 476

—efficiency 462, 464, 471, 476

227

Curtis rearrangement 380
d

Damkohler number 305, 377
— first 398

—second 287

Danckwert’s intensity of segregation 130
Dean number 44, 128



Debye-Hiickel theory 350f.

deformation field 151f., 158

—lamellae 150

diameter

— hydraulic 7, 41, 44, 49, 62f., 75, 208, 214,
261, 304

— hydrodynamic 176

— transition 63

dielectrophoresis (DEP) 192

diffusion 148f., 212, 305

—axial 402f.

— coefficient 133, 148f., 177, 193, 369, 377

— constant 369

—equation 131, 414

— molecular 129f., 148ff.

—numerical 130f., 136ff.

—radial 371f, 402f.

— theory 176f.

—time 149, 285, 304, 371

diffusivity 285, 287, 292, 304

Dirac § function 372, 401

dispersion 220f., 333f.

—axial 228, 401

— coefficient 189, 371, 402

— degree of 212

- liquid-liquid  231ff.

- longitudinal 401

— water in oil-surfactant 232

dissipation

— mechanical 151

— power 154, 167, 169

— specific power 148, 151, 169

—viscous 261, 267f.

disturbances 10, 14f.

—acoustic 175, 192, 194

— dielectrophoretic 191, 194

— electrohydrodynamic 175, 191, 194

— electrokinetic 191, 194

— magnetohydrodynamic 175, 192, 194

— pressure-induced  190f., 194

— thermal field 175, 191, 193f.

Dittus-Boelter correlation 259

droplet 189

— aqueous solution 233

— bidispersed distribution 219, 233

— break-up 138, 232, 235f.

— coalescence  333f.

— dispersed  331ff.

— dripping  233ff.

— elongated 137f.

— electrohydrodynamic 137

—flow 26ff.

— formation 26, 137, 234, 236, 238f.

—jetting  233ff.

Index

— monodisperse 232, 240

— polydisperse distribution 233, 235, 238ff.
— quasi-stable 14

— segmented flow 309ff.

—size 229, 232f., 235f.

— transport  7f.

e

eigenvalues 313

electric

—flow 48

— potential 48, 349f

electric double layer (EDL)

- diffuse 349

— interfacial 348

—overlap 351

— thickness 351

electrochemical equipment 464ff.

—cells  465ft.

— inter-electrode gap  465ff.

electrochemical process engineering 462ff.

— batch recycle process 467f.

— process flow schemes  467f.

— process intensification mechanisms 469

electrochemical synthesis 459ff.

— microchannel microreactors 469, 471ff.

— microplate microreactors 469, 471ff.

— reactor model 476

— single-pass high-conversion
microreactors  471ff.

electrochromatography

— capillary (CEC)  347f, 350, 352fF.

—chip 356

— high-performance liquid chromatography
(HPLC) 347f., 352ff.

— micellar electrokinetic chromatography
(MEKC) 347, 354

— microemulsion electrokinetic
chromatography (MEEK) 347, 354

— monolithic capillaries  355ff.

— open-tubular capillary (o-CEC)

— packed-bed capillary 353

— pressurized flow (PEC) 355

electrocoalescence device 333f.

electrode

— coplanar interdigitated microband 470f.

— overpotential 461

— porous 467

— potentials 461, 463, 467

— reaction stoichiometry 459ff.

— segmentation 476

— surface 461

electrolysis 460, 462f.

electrolyte

121, 261, 269, 350

353ff.
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— composition 461
— concentration 352
— conductivity 464, 473

—flow 464, 467

— monovalent 350f.

electron charge-transfer 460
electro-organic synthesis 467, 473ff.

— microstructured single-pass high-conversion
cell 476

electroosmosis 183, 350

electroosmotic flow (EOF)

electrophoresis 350

— capillary gel 355

electrospray ionization (ESI) 354

electrostatic potential energy curve 348

electrosynthesis  464f., 468

electrowetting  6f., 188f., 192

electrowetting-on-dielectric (EWOD)
systems  6f.

eluent 349, 351

emulsion 231, 238, 331ff.

— coalescence 334

— oil-in-water 238f., 331f.

— soap-free 332

energy

— dissipation rate 42, 138, 150, 152

— efficiency 368

— generation 368

— kinetic 42

— mechanical

— potential 42

— specific energy consumption 463

enthalpy 461

entropy 132, 461

— Shannon 132

equaling-up 387ff.

etching 6, 17, 240

— Deep Reactive Ion Etching (DRIE)
183, 190, 194

— photolithographic wet-etching 17

— silicon wet 6

— wet chemical 224

Eulerian method 130, 132

extinction coefficient

—molar 448

extraction devices

— application  330f.

— droplet manipulation 325, 331ff.

— efficiency 325f., 332, 337f.

— liquid-liquid slug flow 325, 336ff.

— mass transfer in slug flow 339ff.

— microchannel  326ff.

— modification of channel geometry 329

— multilamination mixers 332f.

347f., 350ft.

158

6, 179,

304, 325ff.

— multilayer flow 328

— parallel flow of two immiscible phases
325ft.

—time 328, 338

f

Faraday

— constant

—law 460

Feind correlation 225

Fick’s law 306, 401

film

— dryout 71

— evaporation 62, 69, 71, 75

— fluid-fluid microstructured microreactor
(MSR)  416fF.

—liquid 224f, 308f., 312

— lubricating 14, 18, 310f,, 313f.

— quasi-static liquid 74

— resistance 313

— saturation time 311

—theory 307f., 315f.

351

— thickness 27, 70f., 80f., 135, 210f., 224f.,
308f., 313f., 416f.

flow

—annular 66, 71, 206f., 307ff.

— bifurcation 128

— bilayered 375f.

- boiling process  72ff.
— boundary condition 135
—bubbly 64f,, 71, 206fF.

— bubbly/slug  64f.

— chaotic  154ff.

— churn 207

— closed-streamline axisymmetric
— co-flow configuration 210

- configurations 25

- confinement 223

— convergent 46

— divergent 44

— droplet 26, 137

— electrokinetic 183, 187, 192

— electroosmotic 121, 123, 192
— equipartition 214, 220

— focusing geometries  234f.

- gas-liquid 15, 226, 228, 315, 372, 410
— Hagen-Poiseuille- 121, 135, 352, 406
— intermittent 208

—laminar 7, 41ff.

- liquid-liquid  13f., 226, 228

— macro-to-microscale transition 62f.
—maps 14f, 19

— multiphase  306f.

— multistream laminar

313

241



—no-slip 42

— organic-aqueous segmented 230
— oscillations  72f., 127

- plug 372, 375, 401

— pressure-driven 192, 3471, 351f.
— profile 43, 352

—radius 44

- segmented 9f., 12, 26f., 208, 308ft.
- semi-annular 65

—shear 150f.

—sheath 181

— single-phase, see single-phase microflows

—slug 65, 71, 206ff.

- slug/semi-annular 65

— stratified 227, 229

— streamlines 209, 213

— surface tension-dominated 20

— Taylor 207f.,208f.,212f.,230, 312, 314, 410,

412
— three-exit fork flow structure 378
— transitional 44, 46

— turbulent 42f., 80, 119, 148, 150, 177

— two-phase 16, 19, 25, 61f.,, 76

— two-phase vertical capillary 411

— unbounded viscous 10

—velocity 41, 43, 55, 107

—viscous 303

— visualizations, see microscale flow
visualizations 73

flow instabilities 10f., 17, 25

— two-phase  72ff.

flow patterns  13f., 63f., 208, 227

- gas-liquid-liquid 431

— microscale channels  63f.

— two-phase  63f.

flow rate  10f., 13f., 48, 224, 226f.

flow regimes 10, 12ff.

— heterogeneous 412

— transitions  14f,, 27, 43, 61ff.

fluctuations  15f.

— concentration 148

fluid
— axial heat conduction 261f.
— density 120

— elasticity 16

— homogeneous 398

— heterogeneous 147

— maldistribution 395, 403

— immiscible 9, 11, 25, 181, 188f., 241, 303f,,

325ff.
—paths 30, 51
— phase distributions  5f., 8, 10
foam 216ff.
—aqueous 216

— formation 221

— mass transfer 317f.

— monodispersed 216

— suspensions 220

forces

— capillary 25, 224

— centrifugal 44

— gravitational 7f., 122, 205
—inertial 7f., 25, 122, 205

— interfacial 5, 7f., 41, 205f., 209
— Laplace 228

— momentum 41

—shear 217, 229

—surface 7, 41

— surface tension 137f.
—viscous 7f., 41f, 122, 205
Fourier

—analysis 181

—number 311, 372

— series technique 313
friction

— coefficient 351

— factors  42f,, 51, 68, 119f,, 273, 412
— Fanning friction factor 412
—force 350

— multipliers 76f., 410
—viscous 176

Friedel correlation 77
Froude number 77f., 120

g

gap size 284ff.

gas constant 351

gas-phase chemistry 283f., 294
— axial diffusion 285

— heat capacity 286

—radicals 283f.

Gibb’s free energy change 461
glass 175, 221f.

Gnielinski correlation 259
gradients in microchannels

— axial thermal 285ff.

— concentration 287

— spatial  284f.

— transverse external thermal 287f.
Gouy-Chapman layer 121
Graetz

—number 313

— problem 297, 305f., 313

h

Hagen-Poiseuille equation 151, 411
Hagen-Poiseuille flow, see flow

Hatta number 305, 408

Index
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Hausen correlation 259

headers 54ff.

—inlet 75

heat capacity 120

heat flux 46, 61, 65, 68f., 265, 291f., 298

— critical, see CHF

heat loss

— coefficient 286, 296f.

— transverse 294

heat of reaction 134, 255, 289

heat sink

— geometry 76

— multichannel 76, 78, 83

heat transfer

—internal  288f.

- longitudinal 285

—rate 48, 61, 119, 127, 260

— transverse wall 285, 292ff.

—units 384

heat transfer coefficient 62, 691, 73, 79, 255,
266, 293f.

—all-liquid 79

- boiling 61

— convective 266

- single-phase 79

heat transfer effects

— conjugated  260f., 265ff.

— electric double layer (EDL)

— entrance region 269f.

— measurements accuracy 270

— microchannels 261ff.

— scaling effects 261

— surface roughness  266f.

— thermophysical properties

— viscous dissipation 267f.

heat transfer enhancement 127ff.

heat transfer in homogeneous systems

— continuum assumption 256ff.

— microfluidic systems 259ff.

heat transfer in macroscale tubes and
channels 270ff.

Helmbholtz layers

269

268f.

348, 350

heterogeneous systems  205ff.
— contacting 205

—mixing 205
high-throughput 228, 283, 351
—analysis 228

— of emulsion 332

hot spots 283, 379, 385f., 395
hydrodynamic 164, 210, 371

—flow 472

— focusing  179ff.

— resistance 16

hydrogenation 315, 317f., 424, 427, 4291f.

hydrophilic 6, 25, 123, 348
—path 241

— silicon nitride 239
—wafer 213

hydrophobic 6, 25, 123
— coating 223, 239f.
—path 241

— silane solution 241
—wafer 213

i

inertia 27

— centrifugal 19

—low- 19

injection

—method 230

—unit 372

inlet

— configuration  228f.

— funnel-type 229

— geometry 13, 208ff.
—junction 209f.

— temperature  293f.

— velocity 48, 285, 295ff.
ionic

— charge 349

— liquid synthesis
— species  348ff.
— strength  348f.
interfaces 5

— curvature 5, 18
— discontinuous
—fluid 8

— fluid-gas 134
— fluid-fluid 10, 18, 25

— gas-liquid 26, 134, 308f., 396, 408, 448
- liquid-liquid 241

— oil-water 450f.

— pinning 5

—solid-fluid 123

—solid-liquid 348

— stable fluid 307ff.

— static fluid 6

— stationary/solution 350

interfacial

—area 151, 213, 225

— concentration  349f.

—energy 6

— instabilities 8

— potential 349

— reagent concentration 462

— specific interfacial area 330, 333

— surface area 130

—tension 5, 17, 231, 233, 239ff.

379, 385

135



J

Joule heating 464

k

Kapitza equation 224f.
Kelvin-Helmholtz (KH) 12
keystone effect 357

kinetics 7, 134, 379, 386, 397f.
— constant 162, 461

— intrinsic chemical 283

— Langmuir-Hinshelwood 452
— Tafel law 461

Knox equation 352

Knudsen number 123, 257f.
Kolbe-Schmitt synthesis 384
Kozeny-Carman equation 351

I

lab-on-chip 147, 356
Lagrangian method 131f.
lamellae thickness 151f.
Laplace

— boundary condition 20

— length scale 16, 64

— pressure difference 26f.
Laplace-Young equation 71
lattice Boltzmann method, see model
lipophilic ~ 347f.

liquid

— flow maldistribution 226

— low-viscosity 27

—slug 79ff.

liquid-liquid systems 240

— non-miscible 226, 228, 231, 240
lithography 6, 17, 309
Lockhart-Martinelli 410f.
lubrication analysis  26ff.
Lyaponov exponent 131, 157f.

m
manifold 54ff.
— design, see microfluidic networks

Marangoni

— convection 27

—effects 135

mass transfer 208

— boundary layer 472, 477

— coefficient  212f,, 215, 225, 292f., 306, 314,
407f., 472

— continuous phase 313f.
— correlation 133

— disperse phase 314ff.
— effects 135

— efficiency 133

Index

— enhancement 304

— external 287f.

— fluid-fluid  303ft.

— fluid-fluid microstructured
microreactor 416ff.

— fluid-solid microstructured
microreactor 404ff.

— fluid-solid  303ff.

- gas-liquid 311, 408

—internal 288f.

— laminar-flow  305f.

— limitation 303, 305, 316, 447, 452, 471ft.

- liquid-solid ~ 313f.

— parameter 416

—rate 307, 316, 318, 325, 408, 465f.

— transverse 292f.

membrane

— emulsification 236

— hydrophobic 17

— ion-exchange 464

— silica-based  356f.

— transmembrane pressure 239

micellar electrokinetic chromatography
(MEKC), see electrochromatography

microchannel

— aspect ratio 17, 290ff.

- boiling  61f., 66ff.

— classification  62f.

— cross-section  17ff.

— diameter 14f.,47,49,62f.,, 75,208, 214, 261,
304

— evaporation 61f., 66, 69

— friction factor 42f., 51, 68, 119f., 273, 412

— geometry 10, 13f,, 15, 17ff.

— heat transfer 256f., 261ff.

— hydrophilic 6, 227

—inlet 14, 19, 76, 82, 208ff.

— multichannel systems 235ff.

—networks 7,9, 14, 17, 44

— overlapping  240f.

— packed-bed 19, 317f.

—ridges  240f.

— serpentine 18f., 230f.

— silicon-glass 227, 260

— spatial gradients, see gradients

— thermal radiation  289ff.

— two-dimensional 128

— unbounded system 17

—walls 4, 10, 285f., 329

— wetting  6f., 14, 308

microchemical systems

— gradient 283ff.

— transport time scales

microcontactor  205ff.

285
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— bubble suspension 206, 216ff.

— continuous-phase 206

—design 205

— dispersed-phase 206

— falling film microchannel 223ff.

— foam suspension 206, 216ff.

- gasliquid  207ff.

— geometry 206, 210

- liquid-liquid dispersion 231ff.

— micromesh 206, 221ff.

— overlapping microchannel 206, 221ff.

— packed microchannel 206, 214{f.

— power input 421

— segmented flow 208f., 228

microelectromechanical systems (MEMS)
17, 175

microemulsion 137, 347

— electrokinetic chromatography (MEEK), see
electrochromatography

microfabrication techniques 17

microfluidic devices 9f., 52, 95f.

— microscale cooling systems 73

— modelling 117ff.

— parallel 52ff.

— plate stack  54f.

— macroscale thermal systems

— surface acoustic wave (SAW)

— twin-screw extruders 158

— two-phase heat exchanger cooling device 61

microfluidic networks

—Dbends 44f.

— bidirectional network 47

— bifurcation 47

— branching levels 47, 49

— channel network 44, 46

— combined 46ff.

— dendritic channel system 48

—design  46ff.

— fluid mechanics

— manifolds 49ff.

— parallel scaling 28f.

— prediction methods  76ff.

— pressure drop in segmented-flow 28

— segmented flow properties  28ff.

— Tjunction 12f, 15f., 44ff.

— undirectional network 47

micromixer (MIX) 46, 491, 96, 98f., 109, 369f.

—active  175f., 190ff.

— based on chaotic advection 184ff.

— fabrication 175, 194f.

— laminar static mixers

— multilamination mixers

— parallel lamination 177

— passive  175f., 177ff.

72,74
193

411f.

154
220f.

— serial lamination 183f.

— staggered herringbone mixer (SHM)

— three-dimensional 186, 194

microreactor (REAC) 13, 61, 369f., 396

— catalytic  56f., 296ff.

— ceramic-frame 286

- continuous-phase microstructured 4271,

— dispersed-phase microstructured 428ff.

— fluid-fluid  4071f.

— fluid-solid  398ff.

— gas-liquid  408ff.

— gas-liquid-liquid microstructured 430f.

- focusing (FF) 217f., 374, 376

— high-temperture 384

- liquid-liquid  418ff.

— microburner 293ff.

— micro heat exchangers (HEX)

— microstructured (MSR)  398ff.

— multiphase 305ff.

— packed bed 353, 395, 430

— photomicroreactor  451ff.

— stainless-steel-based 286, 308, 447

— tube bundle heat exchanger 54f.

—tubular 398, 400f., 407

microscale flow visualization 21f., 93ff.

— brightfield microscopy 21f.

— confocal laser scanning microscopy
(CLSM) 24, 93, 107f.

— confocal microparticle image
velocimetry 103f.

— cooled CCD detector

— flow sensors 24

— holographic particle tracking velocimetry
(HPTV) 105

— laser-induced fluorescence (LIF)
microscopy 21f., 95, 106f., 111

— magnetic resonance imaging 24f.

— microparticle image velocimetry
(u-PIV)  95f,, 99ff.

— mixing processes 110ff.

— multiphase flow 102f.

— particle image velocimetry (PIV)
95ff.

— stereoscopic microparticle image
velocimetry  104f.

— total internal reflectance sensing (TIR)
24

— X-ray tomography microscopy (XTM) 25

microstructured reactor (MSR)  398ff., 404ff.,
416ft.

mixing 147ff.

— acitive mixers

— chamber 236f.

— channels 151, 181

109

369f.

109, 111

23,26,93,

21f,

147



— chaotic  154ff.

— chemical methods 161f.
— efficiency  158f., 375

— homogeneous 220

— macroscale 176

— multiphase 206

— passive mixers 147
—path 177,179, 181

— performance  166ff.

— physical methods 159ff.
—radial 372
— section geometries 217, 231

— shear field 150

—time 152f, 165f,, 370, 375

model

— arbitrary Lagrangian Eulerian (ALE) method

— axisymmetric pore model 19

— Bretherton’s model 211

— CFD model 117ff.

— chaotic mixing model 156ff.

— Chisholm/Lockhart-Martinelli
correlation 77

— cylindrical pore model 19

— 2D model 180

— 2D elliptic model 293

— 3D model 428

— discrete ordinates (DO) radiation model
291

— dispersion model 371, 373

— finite-element method 313

— finite-volume (FV) scheme 20, 291

— flow pattern prediction method 66

— flow resistance method 48

— Gouy-Chapman statistical model 349

— heat transfer flow boiling model 78

— Helmholtz model 349

— homogeneous model  76ff.

— hydrodynamic/mass transfer model

— IEM (interaction by exchange with the
mean) 165

— kinetic model 134

— lattice Boltzmann model 20, 132f., 136f.

— lumped element modeling 48, 55

— microscale heat transfer model 79, 81

— network-of-resistances model 19

— one-dimensional model 72

— penetration and surface renewal model
316, 416

— pore conduit model 19

— pseudo-2D model 293, 298ff.

— residence time distribution (RTD) model 373

— semi-implicit (MPS) method 137

— separated-flow model 76f., 410

— sphere pack model 19

133

Index

- stagnant film model 416f.

— surface-to-surface model 291
— tank-in-series model 212

— three-zone heat transfer model
— two-phase flow model 139

— two-region model 212

— VOF model 20, 125, 135ff.

— Wilson plot method 68
modeling of microfluidic devices 117ff.
— advanced solution methods 126f.

— chemical reaction 133f.

— electric effects  121f.

— gravitational effects 120

— heat transfer enhancement

— laminar flow 118

— mass transfer 133f.

— mixing 129ff.

— Navier-Stokes Solvers 124ff.
- non-continuum effect 118
— single-phase simulations  127ff.
— surface roughness 118

— surface tension effects 122

— viscous energy dissipation 120
— wall slip effects 123

molecular weight distribution 368
monolithic

— hybrid organic-inorganic 356

— polymer-based  355f.

— silca-based  355f.

Moody diagram 68

multi-lamellae

—flow 160

— structures 148

multiphase flow regimes  12ff.
multiphase microchemical systems
multiphase microflow 3f., 7ff.

— characterization  20ff.

— dynamic behavior 9ff.
multi-step synthesis 383

Murray’s law  46f.

791t

1271t.

3,9

n

nanofluidic system 7

Navier-Stokes equations
130, 137f,, 179, 2571

Navier-Stokes Solvers 124{f.

— heat transfer simulations 126

— interfacial surface location 125f.

— numerical diffusion 124f.

— parasitic currents  125f.

Newman-Kuart rearrangement 38

Newton

— Newtonian droplet 138

— non-Newtonian fluid behavior 258

27,42,119,121,123,
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— type law 461

non-linear effects 178

nucleate boiling theory 75

nucleation activity 76

nucleophilic 450

number of transfer units (NTU) 472ff.
numbering-up concept 368, 387ff.
—external 389

—internal  387f.

Nusselt number 80, 127, 133, 2591t
— correlation for microchannels 261ff.
—equation 225

— profile  295ff.

o

ohmic

—drop 463f.

— penalty 473, 477

— resistance 476
Ohm’s law 464
oxygen

— saturation 448
—singlet 448, 450
oxygenation 448, 450

particles 8

— diameter 351

— dielectric 192

- grazing 397

—solid 188, 397

Peclet number 131, 148f., 153f., 156ff.
—axial 285, 371

- longitudinal 285

penetration theory 307f., 312
permittivity 349

phase

— breakthrough 223

— contacting  427ff.

— continuous 9, 226, 228, 231ff.

— discontinuous 228, 232

— dispersed 15, 18, 228, 232ff.

— immiscible 9, 226, 228, 231, 240f.
—inert 303

— micellar 347

— mobile 304, 347, 352

— monolithic  355f.

—0-CEC 353

— pseudo-homogeneous translucent 347
— separation 16

— stationary 304, 347, 352ff.

— transfer reaction 450

— two-phase stream 14
photocatalyst 444, 451ff.

photochemical

— continuous production 447

- reductive coupling 445

— transformation 446

photochemical reactions 441ff.

- single-phase  442ft.

— multi-phase 443, 447

photochlorination  448f.

photocyanation 450

photocyclo

— addition 445f., 449

— oxidation 447

—reversion 446

photodecomposition  452f.

photodegradation 452, 454

photoinduced electron transfer 450

photolithography 241

photolysis 447

photoreactors ~ 441ff.

photoreduction 453

photosensitizer 448, 452

pLIC (piecewise linear interface
construction) 137

plugs 228f.

—aqueous 230

— flow field 230

—length  228f.

—size 229f.

point spread function (PSF) 105f.

Poiseuille flow 151

Poisson-Boltzmann equation 349

polarization phenomenon 348

polydispersivity index 368

polymer materials 175, 183, 185ff.

polymeric fabrication 176

polymerization 368

—insitu 355, 357

Prandtl number 129, 297

prediction methods  76ff.

— critical heat flux 82ff.

— frictional pressure drop 80f.

— heat transfer  78f.

pressure

—ambient 5f.

— breaking 16f.

— capillary 5f,, 16

— gradient 76

— hydrostatic 224

pressure drop 27f., 49f,, 211f., 399f., 410ft.

— flow pattern-based 78

— fluid-fluid microstructured microreactor
410ff.

— fluid-solid microstructured microreactor
399f.



— frictional  76f., 411

— gradient measurements 73

- liquid-liquid microstructured
microreactor 418ff.

— two-phase flow 19, 66f.

pressure

— fluctuations  15ff.

— saturation 70

— steady upstream 16

— two-phase pressure factor 412

process

— engineering benefits 368f.

— intensification 283, 368f., 390, 473

— parameters 371

— reation-separation 380

—safety 283

processing

— high-temperature 368

— high-pressure 368

— multi-scale 390

—time 367

r

radiation 289ff.

radiative transfer equation (RTE) 291

radical-driven chemistry 283

Rayleigh-Plateau instabilities

reactions

— Barton reaction 447

— consecutive 341, 377

— continuous 147

— Diels-Alder 385

— endothermic 286, 294, 404

- engineering benefits  367f.

— enthalpy 404

— exothermic 283, 292, 296, 341, 369, 379,
386f., 404

— fluid-solid microstructured
microreactor 404ff.

— first-order 304{f.

— gas-liquid 305, 307, 408f.

— gas-liquid-liquid 424, 427, 430f.

— gas-liquid-solid ~ 424ff.

— heterogeneous catalyzed hydrogenation
315f, 367

— heterogeneous multiphase  395ff.

— homogeneous 3671ff.

— hydrolysis 340

— iodide-iodate test 162ff.

— kinetics 162, 397, 407, 409

- liquid-phase 134, 228, 367, 370

- liquid-liquid microstructured
microreactor 422ff.

— Menschutkin 385

26, 233, 236

Index

— neutralization 162

— nitration 230

— phase-transfer synthetic 330

— photoreactions, see photochemical reactions

— pseudo-first-order 316

—rate 134, 287, 405, 409

—redox 162f.

— solventless 385

— Villermaux-Dushman 148, 162ff.

— zero-order 407

reaction-convection-diffusion equation 304

reagent

— concentration 476f.

— conversion 471f.

—flux 471

recirculation

— patterns 226

—region 310f, 315

residence time 8, 226, 259, 285

— fluid dynamic 371f.

residence time distribution (RTD)
3714t

—curve 373

— fluid-fluid microstructured microreactor
413ff.

— fluid-solid microstructured microreactor
400ff.

— gas-phase flow 374f.

- liquid phase 372ff.

- liquid-liquid microstructured
microreactor 421ff.

resistance

—electric 48

— fluidic  48f.

— pressure 49

retention factor 352

Reynolds number 7, 10, 41ff.

rotation field 150f.

336, 367,

s

scale

—down 283

—out 283, 367, 387

—up 283, 389, 397

scaling law 178

Schmidt number 148, 153, 400
sedimentation 8f., 350
segmentation 191

segregation 131f., 1471f.
—index 164ff.

— intensity 159

—scale 151f,, 160

— patterns 131

selectivity 164, 371, 375f.,, 398, 448

491



492

Index

— catalyst 397

—regio- 446

— product 462

self-assembled monolayers (SAMs) 241

— photocleavable 241

separation 16f., 213, 329, 331

— capillary zone electrophoresis (CZE) 347

— enantiomeric 355

- liquid-liquid 17, 336f.

— liquid-phase separation technique 347

—mode 348

— phase 380

— post-reaction 303

— pressureless 352

— two-phase  337f.

—time 338

separator 213, 380

— gas-liquid 16, 380

- liquid-liquid 380

shear rate 151, 158f.

shear stress 12, 47, 209

sheath

—flow 181

- liquid 189

Sherwood number 133, 292f., 296f., 306f.,
314f., 406f., 415, 472

— profile 297

silicon 175

—chip 47f.

— substrate  221f.

simulations  134f.

— droplet 135

— gas-phase reactions 133

— multi-phase 134

— Taylor bubble 134f.

— transient mass transfer 135

single-phase

— heat transfers 62, 256, 261

—liquid filling 74

- liquid flow 372

— liquid pressure drop 211

— microflows 7, 10, 41, 208

—pseudo 76

— streams 10

slug

— aspect ratio 315

— formation 228, 310

—length  312ff.

Smulochowski equation 351

solubilization capacity 347

solution

— dilute 350

— perfect mixed 376

solvent reflux temperature 386

squeezing

— mechanism 216, 219f., 228
—regime 209, 231
stability transition lines 75
steady-state condition 461
Stern layer 121, 348
sticking coefficient 293f.
Stokes flow 19, 150
streaming potential 350
stretching  151f., 154f.
striation thickness 157
subcooled  82f.

— critical heat flow 85

- liquid 76

—region 70ff.

substreams 177, 214
surface

— charged 348

— contact 179, 88

— homogeneuos 5

— hydrophilic 6, 123, 227
— hydrophobic 6, 123

— microchannel  6f.

— microstructured 5, 7

— porous silicon 317

— potential  348f.
—roughness 6, 75, 118, 213, 261, 266f.
—solid 6f.

— solvophobic 123

— specific surface area  307f., 317
— tension  5ff.

— wetting 6

surfactant 12, 14, 227, 231, 331
— concentration 27, 227
—ionic 347

— polymeric 354

susceptibiliy 15

syringe pumps 16

system

— competitive consecutive 161f.
— competitive parallel 161f.

— source-sink 190, 193

t

T-junction, see microfluidic networks

Taylor

— bubble 210, 216, 372

— cone formation 11

—flow 207f, 208f,, 212f., 230, 312, 314, 410,
412

— instability 64

temperature

— fluctuations 74

—ignition 294



— profile  285f., 289ff.

— saturation 73, 83f.
thermal

— cooling load 61

— diffusivity 285

— efficiency 48

— fatigue 73

— resistance 260
thermocapillary 188f., 194
thermodynamic

— first law 42

— vapor quality 70, 83
Thiele modulus 305
time

- cooling 369

— diffusion 403

— heating 369

— mixing 369

—reaction 369, 398, 405
— transfer 398

tracer 415f.

— concentration-time profile 401
— injection  401f., 416
transition lines 228
transmission 448
transmittance 373
transport coefficient 148
transport phenomena 176, 283ff.
—external 287f., 293

— time scale 285

— transverse 285, 293
turbulance 176, 303
two-phase

— friction multiplier 76f.
— gas-liquid flow 76

— mixture density 78

— mixture viscosity 78

v

Van Deemter plate height equation 352

vapor
—layer 72

-plug 74

— quality  69f.

—slug  79ff.

velocity 7f., 12f.

— component 98f.

— convective 121

— distribution 105, 151

— dynamic 120, 152

—field 150, 160

— field-entrance region 98f.

— gradients 96, 98, 120, 1501, 158, 413

Index

— gravity equivalent 411

— linear 312

- liquid 208

—mass 69f, 73, 82

velocity profile 180, 225, 306f.
— parabolic 371, 402

—radial 406
velocity
— pulsing 190

— superficial 14, 25, 135, 208, 210, 308f., 311,
373,411

—total mass 64

— transport 46

— two-phase mixture 411

—vector 42

view-factor 290

Villermaux-Dushman reaction, see reaction

viscocapillary regime 211

visco-inertial regime 211

viscosity 7, 148

— characteristic 148

—dynamic 43

—fluid 7

— kinematic 41, 148

— kinetic 176

- liquid 351

vortex 42, 44, 46, 179

-3D 179

—Dean 127f.

— double 44

— multiple laminar 149

—toroidal 208

w

Wagner number 476
Weber number 7,77, 122, 205, 208, 213, 411
wettability 13, 122, 208, 226
—surface 122f.

—wall 208, 228

wetting  5ff.

— dynamic 7

—electro- 123

— microchannel 6f., 14, 308
— phase 12, 223

4
yield 368, 376, 398, 462, 467

—quantum 368
— space-time 371, 395, 463, 465, 473
Young-Laplace equation  5f., 223, 240f.

r4
zeta potential 350ff.
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