Contents

INtTOAUCHION ..ot 1
CHAPTER 1

Kinematics of Flow

1.1 INEOGUCLION ooviiiiiriii et cerer e eeeteee e st e s s s esab e s s santreee s e s esstanees 4
1.2 VelocCity Gradient TENSOT ....cocivcverireiiiiirieeieiireiesieeereeeeessestiesessnnsreseseeensnnes 4
1.3 Rate of Deformation TenSOT .........oooviviiiiririieiiiiiieieeeeee e eeeetrerer e 6
1.4 Analysis of Strain RAteS ......ccccvveeiiiioriieiiiiieieec et eeetaee e aeatneesanas 7
1.5 SPIn TeNSOT .ottt re e e e st a s bba e e e cernnnneaan 8
1.6 Curvature-Twist Rate TENSOTI ........ocoiieiiiiiiiiicieieeeee et e e e eveeeene 10
L7 ObJECtiVE TENSOTS ....c.ooveeverieeeiiieeiiiieeeeseerneceteseeseee e estaneseseessbeeessneeeensseesnees 12
1.8 Balance Of MASS ..u.ooooccerireiiiiiinieiee et ce sttt e s e s eresesbtree e e e s sareneeeeen 14
1.9 Concluding REMATKS ......ccooviioiiiviiiiceeceicteecee ettt e eeeee e enees 15
110 REFEICICES .ooveivieeiiiiiiicitriee et eere e e cti e e st ter s e s s e ssbsraesensansteee e sanseassan 16
CHAPTER 2

Field Equations

2.1 INEFOAUCHON .eooiiiiiiiiiiee e ceieeeettee e ettt st e et aseesbesereseeeabaeaeannessnanas 17
2.2 Measures for Mechanical INteractions ...........cccevevveviievierieririnieeeeeenerieeeenns 17
2.3 Euler’s Laws Of MOtiON ..ocoovviiiiiiinirieicriiiie et es e cernraeesesetreeeesesnsraeesessnnns 19
2.4 Stress and Couple SIress VECIOIS ....ccccvvviivcereicireeeeieeciiireeeeteeeseveesesresansrenns 20
2.5 Stress and Couple Sress TEMSOTS ..ocvoiieeeerereeeerereeeeeseeeeseeeereeeressesesereesessons 22
2.6 Cauchy’s Laws Of MOLOI ccocoevieiiiiiiiiirieriiie e ssrereeesariree e e e sertvnenessnens 25
2.7 ANALIYSIS Of SIIESS ovvvviiiiiiiiireeiee ittt et s e sttt e s essesne s e setbraeaessesaenes 27
2.8 Energy Balance EQUAtiOn ....cococoovviiiiiiiiiei et e saan e e 28
2.9 ENtropy INEQUALILY ...oeooviiiiiiiiiiiei e iiirert et ee e s sivaee s e e s seraesesesanaraeseseanres 30
2.10 Concluding REMATKS ....ccccoccviruiireriieieicienenirienreesreeesteessescsresssessenesaeensesnnense 32
2,11 REFEIEICES ..ovvieeiirieirie ettt ec ettt e ettt e e e e ettt s s earreeeteaeestaeesarsaesreaans 33
CHAPTER 3

Couple Stresses in Fluids

K I S £ 1 oY L0 1ol 4o ) s WU PO UR TR 34
3.2 Constitutive EQUALIONS ...ccvvveeriiiiiiiee ittt siee e reeceevessaassenese s senaneesaneans 35
3.3 Equations Of MOTOM ....ccvviieiiiiieiic ettt aees et vbee s snneeeareeans 37
3.4 Boundary Conditions ........cccecoviiivveeiciiieiiiiieeesreeveee e s eeeeseeesbseesansaeseaesans 39

|
Bibliografische Informationen digitalisiert durch F I HLE
http://d-nb.info/840885377 BLIOT


http://d-nb.info/840885377

X Contents

3.5 Steady Flow Between Parallel Plates ..........cccocovviiiiiiiiiieciiiiceseenieee e, 40
3.6 Steady Tangential Flow Between Two Coaxial Cylinders ...........cccoceeveernns 50
3.7 Poiseuille Flow Through Circular Pipes ......c.c.ccoovvvviiiiiiieiiiceiieesiiaeesieeeans 55
3.8 Creeping Flow Past @ SPhEre .......coccooviviiiiiieiiiiiicii e eeiv e e eieae e 58
3.9 Some Time-Dependent FIOWS ......cccococeoiiiiiiiiiieiee e eenvee e e 60
3.10 Stability of Plane Poiseuille FIOW ......cccccocinimniiiiriiiniiieie e cereeneeenenns 66
3.11 Hydromagnetic Channel FIOWS ........c.ccocoviiiiiiniieiiiieiesiiniieeieeeeeeeeeesreeereneeanns 68
3.12 Some Effects on Heat Transfer .........coooviiiieiiiiiie et 74
3.13 Concluding REMAETKS ...vceeiiiiiieierieiiieeieeniiesreetee et cvesaie s caeesreesnesereesneesanis 77
3,14 REFEIEIICES ...oveieeieieeeieeceee ettt e ettt e e et e e s sebre e e eereeesaaeeanssaeennas 78
CHAPTER 4

Anisotropic Fluids

4.1 IRIrOAUCHION ..ooiereiiieeceieee ettt s eas e e st e snsaesnssraaans 81
4.2 Balance LaAWS .....cccoociveiiiiiiiiiieciee ettt ettt taesnr e e e nanesiaa e 81
4.3 Microstructure of a Dumbbell-Shaped Particle ..., 82
4.4 Field BEQUALIONS ....ccovveeiiiieie st eeee et se e s eene s e aeesenn e eneeeesabaneas 83
4.5 Constitutive EQUAtIONS ......coceeveveiiiierinitiecteieeeinecreeeeeeeeseeesvsesanssraeesseerneesns 85
4.6 Implications of the Second Law of Thermodynamics .........cccceervvveeriirevvnnenn. 87
4.7 Incompressible FIUIAS ....o.covoveveueeiieeee oot eete e ee e eeeer e reenen e ensereeae 88
4.8 Simple Shearing MOtON .........ccoceeeiivivenieeieneneire e eere e e s e ressenans 91
4.9 Orientation Induced by FIOW ......coooviiiiiiiiiiiiic et 94
4.10 Poiseuille Flow Through Circular PiPeS .....cccccoviviiiiiiiiiniiireeieeeseiseveereennne 101
4.11 Cylindrical Couette FIOW .......cccccoooiiiiiiiiiiiiiiie e eerre e e 109
4.12 Concluding REMATKS .....c..ccoeveviiiiiiieitieeiesccriie it seeseteeveeereeecesstaessnenanas 113
4.13 REFEIEICES ..cvvviiiiiiieeciii ettt eeete e crte e ettt s s s ta e e s esbre s s nneeetneseasstaeesnes 114
CHAPTER 5§

“Micro Fluids

S INEFOAUCHON .vvviiieieiiiiiiii it e e e ee st e ebee e ae e e e s seabbeaas e e s eambenene s rnbateeenaaen 121
5.2 Description of MICTOMOLON ...occooviiiiiiiiieieiiiiiiiiieeee e ieriereesssesemeeeseenmnssesenane 121
5.3 Kinematics of Deformation .......cocccocviieioienireiiiieeceie e ceveeesiee e e saeeas 127
5.4 Conservation of Mass .......ooceeieiieiiiiiiiiien e ie e sierer e s e s e srae e 131
5.5 Balance of MOMENLA ..cooooiiiiiiiiieieeeecciiiee et erree e e e semeeeee e enae 131
5.6 Microinertia MOMENIS ..........ooceeiviecireeirieieenensresneecveeaeesereessnesbestassssssnsessen 135
5.7 Balance Of ENEIEY ..ccccocviiiiiiirieiee e ceceiietesseiieeserrtee e eesevrae e e s s nereesseneenessseaa 137
5.8 EnNtropy INEQUALILY ....ooocoviiiiiiiiiiiieie et ietee et e e e evrraeseeeeeeneesaenes 139
5.9 Constitutive Equations for Micro FIuids .....c.cccocovvveiiiiiiiiiiicieenceeneneenneen 141
5.10 Linear Theory of Micro FIUidS ......cooooieiiiiiiiiiiiiiinec e iee et 146
5.11 Equations of MOTION .....ccoveeiiiiereiiiecicrien et snseeerneessnne s s 146
5.12 Concluding REMATKS ..c....ooviivririeeeiiiiiiiieeeerieteesirereeesseseivraesaseseseeeeesssrasaesens 148

5.13 REFEIEICES .....vviiieiieiniirieieeeererirerererrerereesseseinetnrarerrerereararererassessrarorosssssorasnne 149



Contents X1

CHAPTER 6

Micropolar Fluids

6.1  INITOAUCLION .oovvevvieiiieierieeeeeeecitieeeeeesertre e e sreees s rbr b e e e e s s beaseeesesbaneneeene snbeeean 156
6.2 Skew-Symmetry of the Gyration Tensor and MicroiSotropy .......c.cccevvvenee. 150
6.3 Micropolar FIuids ......cocooieiviiiiieiiieie 151
6.4 Thermodynamics of Micropolar Fluids ...........ccooiiiiiiniiieic e, 156
6.5 Equations Of MOLON ..vvioiiiiiiiiieieee et e ettt et eesete e e e ee s s iaaseee s 158
6.6 Boundary and Initial Conditions ......ccccceeeiiiiieiiiiiiiiier e ceiere e e seeeneeeens 159
6.7 Two LIMiting CaSES .......ccoveeiiiieeeririeeireeriieeiteeeeiteeeeettteesssveseeneesbbeeesnarerennne 159
6.8 Steady Flow Between Parallel Plates .....coooviiviiiieiiiiiiiiiiiiiiiesieieeeeeeeeernneeee s 161
6.9 Steady Couette Flow Between Two Coaxial Cylinders ..........cccceeeeeerinnnnnnn 167
6.10 Pipe PoiSEUIIIE FIOW ..cvvvviiiiiiiiiiieii ettt ee e ee e s srnae e e e e saeneeen s 169
6.11 Micropolar Fluids wWith StretCh .....coovieiiiiiiieie e rsreesrereer e 170
6.12 Concluding REMATKS .....ovvvirieiiiiiieiieiciieecrtrtee it e e stnreee e e e errseaesassaneaeees 174
6.13 REFEIEICES ....oeeiivveeiiiie ettt e e ee et e e st e ettt e etreeeeeteeeaeevbeeesasresssnaeeansbeesasens 175

APPENDIX

NOTALION ..ot 179
BIDHOZTAPRY ...t 182

SUDJECt INAEX ..o 207



