POWER MACHINES N 512

{One 3-hour paper)
{(With effect from September 1986)

Heating and expansion of gases: Units of heat; the two
specific heats; the laws of perfect gases: the twe laws

of thermodynamics; heating of gases: work done by a gas

in  expanding:; the general law PVN=C.: Isocthermal and adia
batic operations. Simple energy equation.
Thermodynamics: Thermodynamics of gases and VApOUrs;

isothermal, polytropic and adiabatic exXxpansion and com-
pression; relation between pressure, volume and Temperature
of a gas expanding according to the law RV C; entropy,
general expression for the change of entropy of a perfect

gas when passing from the state P ViTltO PV, T temperature-

1 oVotos

gntropy diagrams.

Steam gensration: Short description of main types of
boilers and their applilications: methods of firing (oil
firing, solid coal firing, pulverised coal firing).
Calculation of enthalpy, volume and internal energy of
wet, dry and superheated steam; use of steam tables;
throttling of steam: measurement of dryness fraction by
calorimeter. Equivalent evaporation from and at 100°C. Use

of enthalpy-entropy diagram.

Condensers: Construction of jet and surface condensers.
Dalton's law of partial pressures. Calculation of con-
densing water reguired. Calcuations for cooling surface

regulred: logarithmic mean temperature difference.

Condenser pumps: Air pumps and air ejectors; extraction
pumps; air-steam ratio entering air pump: condenser and

vacuum efficiency; effect of air leakage.

Combustion:
Composition of solid, liquid and gaseous fuels,

Calorific values by chemical analysis and experiment.

Higher and lower calorific value.
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Minimum air required for complete combustion using basic
chemistry and formula.

Calculation of products o¢f combustion for minimum air
and for a given percentage of excess air.

Gravimetric and volumetric analysis of flue gases by
calculation.

Bomb calorimeter,

Orsat exhaust gas analysis apparatus.

feciprocating air compressors -~ single stage only with

and without clearance: veolumetric effeciency.

Governors: Watt, Porter and Hartnell types; simple calcula-

tions taking effect of friction into account.

The gas turbine - principle of operation; simple calcula-

tions and velocity diagrams. Single stage only.

Relevant Factories regulations in respect of boilers

and pressure vesssls,
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POWER MACHINES Ne22

{One 3-hour paper)
(With effect from September 1986)

THERMODYNAMICS

General thermodynamics of gases and vapours. Internal

and external energy, total heat and ntropy. Energy-

b

charts for gases and vapours including nressure - volume,
pregsure-~-total heat, temperaturs - entropy and total
heat - entropy charts. Enthalipy and change in enthalpy.
Steady flow equation. Reversible and irreversible processes:
throttling; isothermal, adiabatic and polytropic operations
and their representation on the energy diagrm. The Carnot
cycle and the Rankine cycle.

STEAM GENERATION

Roller efficiency and equivalent avaporation. Improvement
of efficiency by use of aconomisgers, superheaters and

ailr preheaters. Heat balance sheets for boilers.

NOZZLES

Theory as applied to steam or gas flow, critical throat
pressure; calculation of threoat and discharge areas for
a given flow rating; effect of reheat. Nozzle efficiency.

Convergent and convergent-divergent nozzles.

Diagram of change of pressure and velocity passing through
the nozzle,

STEAM AND GAS TURBINES

Principles of action of impulse and reaction turbines;
general features of construction; velocity and pressure
compounding - Dea Laval, Curtis, Ratteau and reaction
turbines. Velocity diagrams for impulse and re—-action

blading, word done per kilcgram of steam: diagram efficiency

The gas turbins - principle of operation: simple calculations

{cwo  stage only.) Power developed, diagram efficiency.
Axial thrust of turbine.
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INTERMAL COMBUSTION ©ENGINES

Air standard efficiency of Joule, Dissel and dual cycles.
Relative efficiencies of these c¢ycles, Ideal constant
velume Ottoe cycle and practical constant volume cycle;
indicated nower; prake power; mechanical efficiency;
indicated and braks thermal efficiencies. Heat balance

sheet for 1.C., Engines.

ATR COMPRESSORS

Two stage compression; intercooling; volumetric efficiency.
Calculations of work dene in multi-stage compressors;
adiabatic and isothermal erfficiency; power calculations.

Ratio of compression for maximum efficiency.

REFRIGERATION

The wvapour compression cycle.
Representaiton on T-5 and P-H charts
Co-efficlient of performance
Refrigerating effect and work done

Ideal and practical vapour compression cycle.
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KOELING

7.1 DIE DAMP-KCMPRESSIEKRINGLOOP

7.2 VOORSTELLING OFP TEMPERATUUR~ ENTROPIE- EN DRUK- WARMTEKAARTE
7.3 WERKVERRIGTINGSKOEFFISIENT

7.4 KOELINGSEFFEK EN ARBEID VERRIG

7.5 IDEALE EN PRAKTIESE DAMP-KCMPRESSIEKRINGLOOP
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rendement #n skwivalents verdamping. Yerbstering van rendement
gqebruil van hitteverhalers, ocoerverhittses en lugvoorver—
gre. Mittebalans fabel vir ketalz,

EUTTETUREE

@n gas viaei, kritisse keeldruk
vir ‘nogegewe vlasitempos  Die
rendement.  Konvergent an
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Heaginsels wvan ahqi& van impuls én reaksie turbines,

Alazmeng kenmerks van konstruksies  Znelheid en druk kompensering -
e Laval, Uuﬁtls, Ratteau en Reaksie turbines. Snelheidsdiacramme
i j k

ines
vir impuls en reaksie wieke, werkverrig per kilogram van Sty
Diagram rendement.

Uiz Gasturtine -~ beginsels van warking: Eenvoudige berakenings -
tues tragpe allesnlik: Drvwing entwikkeling, diagram rendement.
Aksiale druk van “n turbine.

BIMNNEBRANTENJIN

fdesle rendement van Joule, diesel en dubbel brinalaon.
Relaticwe rendement van hierdie kringlope. Ideale kanstante
violume = Otto-kringleop an praktiese konstantes volume kringiaop.
Indikteurvermoe: Remvermods; meganiese rendements Indikteurs en
rem termiase rendement; Hittebalans tabel vir binnebrandenjins.

LUGEDMPRESSOR:

Twestrapkompressory  Tussenkoeling: Valumetrisse rendement
Baerekening van werkverrig in meertrappige kompe @ESOS, ﬁdlab#ti*ﬁé
en isotermiese rendementy Drywing berekeninge: Verhouding van

kompressie vir makszimum resndement.
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" POWER MACHINES N & &

(One 3-hour paper)
(With effect from Septeamber 1886)

Heating and expansion of gases: Unlts of heat: tne two

specific heats;” the laws of perfect gases; the two laws

of thermodynamics; heating of gases: work done by a gas

in  expanding; the general law PVN=C., Isothermal and adia
batic operations. éimple eriergy 2qguation.

Thermodyramics: Thermodynamics of gases and vapours;

isothermal, polytropic and adlabatic expansion and com-

pression; relation between pressure, volume and temperature

of a gas expanding according to the law PV’ = C; entropy,

general expression for the change of entropy of 1 perfect

gas when passing from the state PlvlTltO PEVQTg; temperature-
entropy diagrams.
Steam generation: Short description of main types of

bcilers and their applications; methods of firing (oil
firing, solid coal firing, pulverised coal firing),
Calculation of enthalpy, volume and internal energy of
wet, dry and superheated steam; use of Steam tables:
throttling of steam: measurement of dryness fraction by
calorimeter. Equivalent evaporation from and at 100°C. (se

of enthaipymentrooy diagram.

Condensers: Construction of jet and .surface condensers.
Palton's law of partial pressurses, Calculation of con-
densing water regquired. Calcuations for cooling surface

required: logarithmic mean temperature 4iffersnce.

Condenser pumps: Air pumps and air ejectors: extraction
pumps; air-steam ratio entering air pump: condenser and

vacuum efficiency; effect of air leakage.

Combusticn:

Compositicn of solid, liquid and gaseous fuels.

Calorific values by chemical analysis and experiment.

Higher and lower calorific value.



Minimum air required for complete combustion using basic
chemistry and formula.

Calculation of products of combusticon for minimum air
and for a given percentage of excess air.

Gravimetric and volumetric analysis of flue gases By
calculation.

Bomb calorimeter.

Orsat exhaust gas analysis apparatus.

reciprocating air compressors - single stage only with

and without clearance; volumetric effeciency.

Governors: Watt, Porter and Hartnell types; simple calcula-

tlons taking effect of friction into account.

The gas turbine - brinciple of operation: simple calcula-

tions and velocity diagrams. Single stage only.

Relevant Factories regulations in respect of boilers

and pressure vessels.
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Trl orendement en akwivalapbs verdamping.,  Yerbetaring van rendemen
inodie gebrgil van hitteverhalszrs, acrverhitfars an lugvanryer=
nitters, Hittzbalans tabel vir katz]
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Tearie so0s van tozpassing op stoom en 335 vioel, kritizse keeldruk.
SBerekening van keel en uitlaatareas vie ‘n Jegeue viosifempo:  Dis
pffen van herverhittir TE rendement,  Fanvergaat en
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=, TTIIM- EN AT TURBINES
Fovan aksie van impuls 2n roakzlse turbines:
Reramerbe van konstruksiz:s Snelheid en Aruk Kompensering -

Curtis, Rattaau en Reaksiz *1rh1nw;. Zneltheidsdiagramme
5oen reaksie wieke, werkverrig per kilogram van stoam
rerodement,
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Twes trappe alleenlik:  Drywing ontwibl celing, diagram rendement.
Akslale druk van ‘a turbine,
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& LUJGHOMPRESINRS

weztrapkomprassor: Tussenkoeling: Valumetriszse refdements

i #MIng VAR werkverslg o in meéertrapplge kompressors: Adiabatiese
E! dtermiese rezndementy  Orywing terebininge, Vertonding van
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KCELING
7.1 DIE DAMP*KOMPRESSIEKHINGLOOP
7.2 VOORSTELLING oP TEMPERATUUR- ENTROPICZ- EN DRUK- WARMTEKAARTE

7.3 WERKVERRZGTINGSKG@F?iSIéN?

7.4 XOELINGSEFFEK EN ARBEID VERRIC
7.5 IDEALE EN PRAKTTESE D.MPmKOMPRESSIEKRINGLOOP



