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1.Units and Dimensionst] [J OJ [0 [0 1.1 Introduction] 0 1.2 Systems of units[] [ [1 1.2.1 The
centimetre-gram-second(cgs)system] [0 -00 -00 0 O O 1.2.2 The metre-kilogram-second(mks system)and the
Systeme International’Unites(SHO -0 0 -0 0 0 0 0O O O O O O 1.2.3 The foot-pound-second(fps)system(] -
0 -0 0 0O O 1.2.4 The British engineering system 00 O O O O O 1.2.5 Non-coherent system employing pound
mass and pound force simultaneously0 0 0 0 00O OO OO OO OO O O 1.2.6 Derived unitsCd OO O

(0 1.2.7 Thermal(heat)unitsC] 00 0 0 1.2.8 Molar unitstd O O O 1.2.9 Electrical unitst] O O O 1.3 Conversion
of unitsd O O O 1.4 Dimensional analysisC] [0 [0 0 1.5 Buckingham's O O theoremd 0O 0O 0 0 0 1.6
Redefinition of the length and mass dimensions] O O 0O 0 0O 0O O O O O O 1.6.1 Vector and scalar quantitiesC]
0000 1.6.2 Quantity mass and inertiamasst] 00 00 0O 00 O O O O 1.7 Further readingd O [0 [0 1.8
References [J [J J 1.9 Nomenclatured OJ [J Part 1 Fluid Flow O O O 2.Flow of Fluids——-Energy and
Momentum Relationshipsd O O O 000000000 O O 2.1 Introduction [J 2.2 Internal energyl] [ 2.3
Types of fluidd O [0 O 0O 2.3.1 The incompressible fluid(liquid)d O O O O O (O O )2.3.2 The ideal gasC] [
00 [0 2.3.3 The non-ideal gastJ [0 O 0 O 2.4 The fluid in motion O O O [0 2.4.1 Continuityl 0 0 2.4.2
Momentum changes inafluidD) O O O O O O 2.4.3 Energy of a fluid in motionJ O O O O O O 2.4.4 Pressure
and fluid headd O 0 O O O O 2.4.5 Constant flow per unitareall 0 0 0 O 0O O O [ 2.4.6 Separation [0 O
0J [0 2.5 Pressure-volume relationshipst O -0J O 0 O [0 2.5.1 Incompressible fluids O O O O [0 2.5.2
Compressible fluidsC] [0 O O [0 2.6 Rotational or vortex motioninafluidd O O 0O 0O O O O 2.6.1 The forced
vortex(] 0 O [J 2.6.2 The free vortext O [0 0 2.7 Further readingl) O O [J 2.8 Referencest [J [ O 2.9
Nomenclatured [J [J 3.Flow of Liquids in Pipesand Oven Channels0 O O 0 00O O O0O0O0O0OOO3.1
IntroductionJ [J 3.2 The nature of fluid flowd O O O 0 0 O 3.2.1 Flow over asurfaced O 00 0 0 [J 3.2.2
Flow ina pipel] 00 0O 0O O O 3.3 Newtonian fluidsC] [0 [0 [0 [0 3.3.1 Shearing characteristics of a Newtonian fluid
00000000000 3.3.2 Pressure drop for flow of Newtonian liquids throughapipe0 OO 0000 0O O
0 O O O 3.3.3 Reynolds number and shear stresst] O 00 O O O O 3.3.4 Velocity distributions and volumetric
flowrates for streamlineflowd O OO0 00 000 0O 0O OO O 3.3.5 The transition from laminar tO turbulent
flowinapipeO OO OOODODOODODOOOO O 3.3.6 Velocity distributions and volumetric flowrates for
turbulentflowD O O OO0 0O OO OO OO O 3.3.7 Flow through curved pipest] O O 0O 0O 0O O [0 3.3.8
Miscellaneous friction losses(] [0 0 O O O [0 3.3.9 Flow over banks of tubest] O 0 [J [ 3.3.10 Flow with a free
surfacel] 0 0 0O 0O O O O 3.4 Non-Newtonian FluidstJ (O [0 0 [0 [J 3.4.1 Steady-state shear-dependent
behaviourd O 0 0O 0O 0O 0O 0O 0O O 3.4.2 Time-dependent behaviour [J O 00 00 O O O 3.4.3 Viscoelastic
behaviourd O O [0 3.4.4 Characterisation of non-Newtonian fluidsC] [0 00 00 0 O O O O 3.4.5 Dimensionless
characterisation of viscoelastic flowsJ [J [0 0 00 00 00 O 0 O 3.4.6 Relation between rheology and structure of
materialJ O O 0O 0O 0O 0O 0O O O 3.4.7 Streamline flow in pipes and channels of regular geometryd 0 0 O O O
0000000000000 3.4.8 Turbulent flowl [0 3.4.9 The transition from laminar tO turbulent flow [J
00000 DO 3.5 Further reading [ 0 O 3.6 Referencest U [0 [0 3.7 Nomenclature[d O O 4.Flow of
Compressible FimdsC] [0 0 O O O O O 4.1 Introductiond O 4.2 Flow of gas through a nozzle or orificed O [J
O0000OLO4.2.1 Isothermal flowd O [0 [0 4.2.2 Non-isothermal flowd O O OO 0 4.3 Velocity of
propagation of a pressure wavel] [1 [0 00 00 O O O 4.4 Converging-diverging nozzles for gas flowd [0 00 00 00 O
0000 04.4.1 Maximum flow and critical pressure ratiol] [0 [0 [0 00 00 O O O 4.4.2 The pressure and area for
flowd OO OO O O O 4.4.3 Effect of back-pressure on flowinnozzleO OO O O OO OO OO O4.5 Flowin
apipe0 000000 OO O4.5.1 Energy balance for flow of idealgasCd O O O OO0 00 00O O4.5.2
Isothermal flow of an ideal gasin a horizontal piped O O O OO0 000 0O 0O OO O O 4.5.3 Non-isothermal
flow of an ideal gasinahorizontal pipe0 O 00O O OO0 OO0 OO OO O 4.5.4 Adiabatic flow of an ideal
gasinahorizontal pipeD D 000000000 DO OO O4.5.5 Flowof non-ideal gasesd O O O 0O 0O 0O 0 4.6
Shock waves(] [0 [0 4.7 Further reading] O O [0 4.8 References] [0 [0 [J 4.9 Nomenclature[d (I I 5.Flow of
Multiphase Mixtures] [0 O O O 0O 00 [0 5.1 Introductiond [ 5.2 Two-phase gas(vapour)-liquid flow (O )-O
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00 0 05.2.1 Introductiond [0 5.2.2 Flow regimes and flow patternsJ O 0 0 O 0 O O O O O 5.2.3 Hold-up
0000 O5.2.4 Pressureld momentumU and energy relationsd O 0 0 00 00O 00O O 0O O5.2.5 Erosiond
[0 5.3 Flow of solids-liquid mixtures] -0 [0 [0 0 00 O 0 5.3.1 Introductiond [ 5.3.2 Homogeneous
non-settling suspensionst] O O 0O O O O O 0 5.3.3 Coarse solidst] O O O [0 5.3.4 Coarse solids in horizontal
flowd OO OO OOOOOS5.3.5 Coarse solids in vertical flowd [0 00 00 0O 0 O O O O 5.4 Flow of gas-solids
mixturest] -00 0 O O O O O 5.4.1 General considerationsd [0 [0 [0 5.4.2 Horizontal transportd] [0 O [0 5.4.3
Vertical transport] [0 00 O 5.4.4 Practical applicationst] OO O [ 5.5 Further reading] O [0 [0 5.6 ReferencesC]
0 0 05.7 Nomenclature( [ [0 6.Flow and Pressure Measurementd 00 00 0 0 00 0 O 6.1 Introductiond [J 6.2
Fluid pressure[J [0 [0 [0 6.2.1 Static pressure[] [1 6.2.2 Pressure measuring devices[d] [0 00 00 00 O 6.2.3 Pressure
signal transmission——the differential pressure celld O O O 0O 0O 0O O O O O O 6.2.4 Intelligent pressure
transmittersC] O 00 O O O 0 6.2.5 Impact pressurel] [0 [0 [0 6.3 Measurement of fluid flowd O O 0O 0O O
[16.3.1 The pitot tubeJ [J [J 6.3.2 Measurement by flow througha constriction0 O 0 0O OO0 0O OO

[0 6.3.3 The orifice meterd 0 [0 [0 [0 6.3.4 The nozzle O O 0 00 6.3.5 The venturi meter 0 [ [ 6.3.6
Pressure recovery in orifice-type meterst] 0 0 O O O O O O O O 6.3.7 Variable area meters——rotameterst]
000000000 000ODO6.3.8 The notch or weirld 6.3.9 Other methods of measuring flowratesC] [ O [
0000 0O6.4 Further readingd [0 O 0 6.5 Referencesl] O O [J 6.6 Nomenclature[d 0 O 7.Liquid Mixing[
000 7.1 Introduction——types of mixingl] 0 O O 0O O O O 0O 7.1.1 Single-phase liquid mixingl O 0 O O
[0 7.1.2 Mixing of immiscible liquidsO O 0 0 O O O O 7.1.3 Gas-liquid mixingd -0 O O 7.1.4 Liquid-solids
mixingl -0 O 0O 7.1.5 Gas-liquid-solids mixingJ -0J -0J O [0 7.1.6 Solids-solids miXin8 -0 O [0 7.1.7
Miscellaneous mixing applicationsC] [0 O O O O O 7.2 Mixing mechanisms[] O [ [J 7.2.1 Laminar mixingd [J
(0 O 7.2.2 Turbulent mixingl O O O 7.3 Scale-up of stirred vesselsC] [1 [0 00 O O O 7.4 Power consumption in
stirred vessels(] 00 00 0 0 0 O O O 7.4.1 Low viscosity systems[] [0 [0 [0 [ 7.4.2 High viscosity systems [ [
00 O 7.5 Flow patterns in stirred tanks(] [0 0 0 O 0 O O O O 7.6 Rate and time for mixingl 0 0O 0O 0O O O

00 7.7 Mixing equipment [ O 7.7.1 Mechanical agitationJ [0 [0 [0 7.7.2 POrtable mixers00 0 0 0 00O 7.7.3
Extruders] [0 [0 7.7.4 Static mixers(] 00 [0 00 O 7.7.5 Other types of mixerd O 0O O O O O [0 7.8 Mixing in
continuous systemsd O O O O O O 7.9 Further reading] 00 0 O 7.10 Referencest] O O [0 7.11 Nomenclature
0 O O 8.Pumping of Fluidstl 0 O O O 8.1 Introductiond O 8.2 Pumping equipment for liquidsCl 0 O O O O
[18.2.1 Reciprocating pumpl [0 [ 8.2.2 Positive-displacement rotary pumpst 00 [0 [0 [0 [0 [1 8.2.3 The
centrifugal pump] O [ 8.3 Pumping equipment for gasest] [1 [ [0 [0 [J [0 8.3.1 Fams and rotary compressors[]
0000000 O8.3.2 Centrifugal and turboeompressorst] (I O O 0 [0 [0 [0 [J 8.3.3 The reciprocating piston
compressorl] 0 O 0O O [0 8.3.4 Power required for the compression of gasest] [0 [0 [0 00 0 0 O O 8.4 The use
of compressed air for pumpingl) O 0O 0 0O 0O O 0O O O 8.4.1 The airlift pump O O 8.5 VaCHUmM pumpsd O
[1 8.6 Power requirements for pumping through pipelinesC 0 O 0O 0 0O 0O O 0O 0O O 8.6.1 LiquidsO [ 8.6.2
Gases[] [J 8.7 Further reading] [0 [J [J 8.8 Referencest] O O [J 8.9 Nomenclature(d [ 00 J
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