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HIE 1 2
. T | OBJECTIVES OF THE COURSE

o T0 PROMOTE UNDERSTANDING OF PROCESSES OF TRANSFER OF
CONCENTRATION, HEAT AND MOMENTUM, IN:

o ENGINEERING EQUIPMENT,
o THE NATURAL ENVIRONMENT,
o T0 FACILITATE QUANTITATIVE PREDICTION OF THESE PROCESSES.

o HENCE TO PERMIT DESIGNS TO BE OPTIMISED, QUICKLY AND
ECONOMICALLY.
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HTE 1 4 PROCESSES TO BE PREDICTED -
1 15 THE NATURAL ENVIRONMENT

o ATMOSPHERE: e SPREAD OF SMOKE FROM CHIMNEY;
o DISPERSION OF MOIST AIR FROM COOLING-TOWER;
o WIND FORCES ON BUILDINGS.

o HYDROSPHERE: e THERMAL POLLUTION OF RIVERS:
o HEATING AND COOLING OF LAKES;
o DISPERSION OF SEWAGE IN THE OCEAN.

o INSIDE SUTiRINGS. a HFATING AND VENTILATING:
o MOVEMENT OF SMOKE RESULTING FROM FIRES.

© BENEATH THE GROUND: e OIL RECOVERY;
o SOLUTION MINING.
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PROCESSES TO BE PREDICTED -
AEROSPACE

HTE1 | 5
1 15

® TURBO-JET ENGINES: e FLOWS IN COMPRESSORS, TURBINES.
¢ COOLING OF TURBINE BLADES.
o MIXING IN EXHAUST DUCTS,
o DESIGN OF COMBUSTION CHAMBERS FOR LOW POLLUTION,

® ROCKET ENGINES: o RADIATION FROM EXHAUST PLUMES.
o UNSTEADY COMBUSTION OF SOLID-PROPELLANT MOTORS,

o AIRCRAFT: o COOLING OF FUSELAGE IN SUPERSONIC FLIGHT.
o PREDICTION OF AERODYNAMIC FORCES.
o BOUNDARY LAYERS AT WING-FUSELAGE JUNCTION.
o AIRFRAME-ENGINE INTEGRATION AND INTERACTION,

HTE 1 6 PROCESSES TO BE PREDICTED -
1 15 SHIP HYDRODYNAMICS

o WAVE DRAG: e INFLUENCES OF HULL SHAPE, SPEED,
o INFLUENCES OF PITCHING AND ROLLING.

o FRICTION: o INFLUENCES OF WULL SHAPE, SPEED,
o INFLUENCES OF ROUGHNESS, BIOLOGICAL GROWTH.

o STEIN REGION: e PREDICTION OF VELOCITY DISTRIBUTION NEAR
STERN AND IN WAKE.
o DESIGN OF PROPELLERS FOR MAXINUM EFFICIENCY, LON NOISE.
o DESIGN OF RUDDERS.




HIE 1 7 PROCESSES TO BE PREDICTED -

1 15 COMBUSTION PROCESSES

HIEE1 | 9 PROCESSES TO BE PREDICTED -
1 15 DOMESTIC

o FURNACES: o HEAT-FLUX DISTRIBUTION AT WALLS.
o EFFICIENCY OF BURNING OF FUELS,
o INFLUENCE OF FLOW PATTERN ON POLLUTANT FORMATION,

o INTERNAL-COMBUSTION ENGINES: @ SPARK-IGNITION,
o DESIGN OF STRATIFIED-CHARGE GASOLINE ENGINES.
o INFLUENCE OF CHAMBER DESIGN ON DIESEL COMBUSTION.
o UNSTEADY FLOW IN AIR-INTAKE DUCTS.

o FIRES: o IGNITION AND SPREAD OF DOMESTIC FIRES.
o IGNITION AND SPREAD OF FOREST FIRES.
o EXTINCTION OF FIRES BY CHEMICAL MEANS.

o HEATING OF BUILDINGS: e HEAT LOSS BY CONDUCTION,
o USE OF SOLAR COLLECTORS.
o HEAT PUMPS AND THEIR SOURCES.
o DISTRICT-HEATING SCHEMES.

o AIR MOVEMENT: o PROMOTION OF DRAUGHT-FREE VENTILATION
BY JETS,
o CIRCULATION OF DEHUMIDIFIED AIR.

o EQUIPMENT: o COOKERS.
o REFRIGERATORS.
o AIR PURIFICATION,

HTE 1 8 PROCESSES TO BE PREDICTED -

1 15 INDUSTRIAL EQUIPMENT

HIE 1 o PROCESSES TO BE PREDICTED -
1 15 BIOLOGICAL

o HEAT EXCHANGERS: o STEAM CONDENSERS FOR POWER PLANT,
o COOLING OF WATER BY CONTACT WITH AIR.
o PRE-HEATING FUEL OIL BEFORE BURNING,
o PRE-HEATING AIR BY INDIRECT CONTACT WITH EXHAUST,

o MASS-TRANSFER EQUIPMENT: e DISTILLATION COLUMNS.
© LIQUID-LIQUID CONTACTERS.
o TEXTILE-DRYING EQUIPMENT,

o METALLURGICAL PROCESSES: e IRON-ORE REDUCTION,
o CONTINUOUS CASTING OF ALUMINIUM,

o WITHIN THE BODY: e OXYGENATION OF BLOOD.
o LOCAL SHEAR INTENSITY AT BLOOD-VESSEL WALLS.
o TEMPERATURE CONTROL BY CAPILLARY CONTRACTION,
o COOLING BY PERSPIRATION.

o EQUIPMENT: o ARTIFICIAL LUNGS.
o EQUIPMENT FOR EFFECTING LOCAL FREEZING,
o COOLING OF DENTISTS' HIGH-SPEED DRILLS.
o PROVISION OF CONTROLLED ENVIRONMENTS.




HIE 1 PROCESSES TO BE PREDICTED -

n
15 | NUCLEAR POKER

HTE 1 13
1 15

KINDS OF PREDICTION PROCEDURE

¢ GAS-COOLED REACTORS: e OPTIMUM COOLING-FIN DESIGN FOR
FUEL RODS ENCASED IN METAL.
o FLOW AND HEAT TRANSFER IN ROD BUNDLES.

o BOILING-NATER REACTORS: o RESPONSE OF SYSTEM TO SUDDEN
CHANGES (SHUT-DOWN; LIQUID ESCAPE).
o THO-PHASE FLON IN COMPLEX CIRCUMSTANCES,

o SODIUM-COOLED REACTORS: » INFLUENCE OF A BLOCKAGE ON
FLOW AND HEAT TRANSFER IN REACTOR-ROD BUNDLE.
o CIRCULATION OF SODIUM BY FREE CONVECTION IN VESSEL
SURROUNDING REACTOR,

TEST OF IDENTICAL EQUli’f’ENT AND SITUATION.

TEST OF COMPONENTS + NETWORK ANALYSIS.

TEST OF SCALE MODEL + DIMENSIONAL ANALYSIS.

TEST OF SIMPLIFIED SCALE MODEL + HOPEFUL APPROXIMATIONS,

SOLUTION OF DIFFERENTIAL EQUATIONS EMBODYING MATHEMATICAL
FMODELS OF COMPLEX PHENOMENA (UNIVERSAL?).

SOLUTION OF FUNDAMENTAL DIFFERENTIAL EQUATIONS.

Iﬂ;i 3 % REQUIREMENTS OF PREDICTION PROCEDURES

HTE
1

A . COMPONENTS OF COMPUTER-BASED PREDICTIONS

o TRUTH, I.E. AGREEMENT WITH EXPERIENCE,

o SPEED, WITH ALLOWANCE FOR: LEARNING TIME, SET-UP TIME,
EXECUTION TIME, INTERPRETATION.

o ECONOMY, WITH CONSIDERATION OF ALL COSTS.
o ACCESSIBILITY,
o FLEXIBILITY,

15
| prediction I___I optinisaﬁalﬁ—._l design —I
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[ differential equations ] special conditions
geometry
Taws models properties
conservation turbulence operating
flux radiation circumstances
source kinetics
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CURRENT STATUS OF PREDICTIVE ABILITY

HTE 1 1 LECTURE 2, CONSERVATION LAWS,
2 15 INTRODUCTION,

TRUTH: GOOD ENOUGH FOR MANY PURPOSES; BUT CONTINUED
RESEARCH ON MODELS IS NEEDED.

SPEED: EXECUTION TIME SATISFACTORY. LEARNING TIME, ETC.,
MUST BE REDUCED.

ECONOMY: EXECUTION COSTS OFTEN TOD HEAVY; REDUCTION
EASILY POSSIBLE.

ACCESSIBILITY: GENERALLY POOR; MECHANISNS ARE BEING CREATED.

FLEXIBILITY: GOOD, AND IMPROVING,

CONTENTS: o MASS CONSERVATION.
o MOMENTUM "CONSERVATION",
o CHEMICAL-SPECIES "CONSERVATION".
o ENERGY "CONSERVATION",

NOTES  : o “CONSERVATION" = BALANCE OF FACTORS EFFECTING
CHANGES .
o THESE LANS ARE ENTIRELY RELIABLE (MORE SO THAN
TRANSPORT LANS, ETC.).
o VECTOR, AND CARTESIAN-TENSOR, FORMS WILL BE
PROVIDED,

HTE 1 2

2 3 MASS CONSERVATION (OFTEN CALLED "CONTINUITY").

o IN WORDS: RATE OF INCREASE OF DENSITY = NET RATE OF INFLOW
OF MASS INTO UNIT VOLUXE,

o 1N VECTOR NOTATION:

o NOMENCLATURE: o = DENSITY (MASS/VOLUME).
i = VELOCITY VECTOR = MASS CROSSING UNIT AREA IN UNIT

+ DENSITY. S=surface Tz unit
normal
t = TIME, N7
aiv i = lim 1 f 2.4 as
Va0 V ds Vzvolume




HIE 1 3 MASS CONSERVATION;
2 15 CARTESIAN-TENSOR FORM,

CONTINUITY EQUATION: %‘{. . g-;x (ouy) = 0.

NOTATION: e x; STANDS FOR x,, x5, x3 (x,¥,2),

uj STANDS FOR uy, uy, ug (u,v,w),

i STANDS FOR 1, 2, 3,

IF IKDEX APPEARS TWICE, SUM OF 3 TERMS IS IMPLIED.
REPEATED INDICES ARE CALLED "DUMMY SUBSCRIPTS".
TERMS WITHOUT DUMMY SUBSCRIPTS ARE SCALARS,
TERMS WITH ONE DUMMY SUBSCRIPT ARE VECTORS.
ILLUSTRATION: %‘E’ 5 g;l (pug) + %;2 (oug) + g;

5 (oug) = 0.

HE1 | g MASS CONSERVATION;
2 15 “BULK-CONTINUITY” FORM,

o REARRANGEMENT PRODUCES:

o NOTATION: o - 28 4 fgrad s = L ﬁx >

o D= "SUBSTANTIAL DERIVATIVE" = RATE OF CHANGE FOR A
BT PARTICULAR "PARCEL” OF MATTER.

IMPORTANCE: o FOR MANY FLOWS,Rus = o EVEN THOUGH » VARIES
WITH ¢ AND x,, E.G. 2 LIQUIDS.

o OFTEN p(2op)/ptIS EASIER TO CALCULATE THAN ITS COMPONENTS.
N.B. = = ANY SCALAR. "




