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TIME: 3 HOURS
MARKS: 100

e S = =

==fy6d-ansver more than the required number o r of qtigstions; only the required - =
=2 ~~=number-wil be marked. ALL work that you d6"not wWant:fo-be-marked must be i :
. clearly crossed out. :

iAND ) INFORMATION

1. Answer any FIVE of the seven questions.
27 = ~-“Read ALL the questions carefully. — =
3. - -Numberthe answers according to the numbering system used in thls question -
paper.
4. Questions may be answered in any order, however, subsections of questions

MUST be kept together.

o - —-Aklssketches and diagrams must be neat, fully Jabelled and drawn in pencil in
the ANSWER BOOK.
6. ‘Write down ALL the formulae that you used. -
7. Show ALL intermediate steps for calculations.
8. Questions mus-t be answered in BLUE or BLACK ink only. B
9. Final answers must be approximated correctly to THREE decéimal places,

unless stated otherwise.

10. Write neatly and legibly.
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Answer any FIVE of the seven questions in this question paper.

QUESTION 1

A vapour compression refrigerating plant uses methyl chloride as a refrigerant and

operates at pressure limits of 289 kPa and 1 310 kPa.

At the entrance of the compressor the refrigerant is a wet vapour with a dryness factor

of 0,984.

At the exit.of. the,,compressor the refrigerant has a _,_‘t

'entha_,_\_lpy.-o;fg;_,‘_,,, g:

The refrlgerant is condensed but not undercooled.

i CD

T1400(E)(N29)T

perature J)f 12 °C and an

The &ooeling wa’ter—ﬂéws at a rate of 4 kg/s and its temperatire rises By 6 2C.

The specific heat capacity of the cooling water is 4,2 kJ/kg.K.

The following is.an extract of methyl chloride tables:

Copyright reserved

PRESSURE—|—SATURATION | SPECIFIC ENTHALPY | SPECIFICENTROPY
(kPa) TEMPERATURE | LIQUID | VAPOUR | LIQUID | VAPOUR
(°C) (hg) (hg) (S1) (sq)
289 -8 1445 1435 0,578 5,449
1310 32 332,9 1470 1,235 4,962
Use the data given above to calculate the following quantities:
1.1 The specific enthalpy at the compressor entrance
1.2 The actual coefficient of performance
1.3 The specific entropy at the exit of the compressor
1.4 The specific entropy at the entrance of the evaporator
1.5 The dryness factor at the entrance of the evaporator
1.6 The specific heat capacity of the superheated refrigerant
1.7 The mass flow rate of the refrigerant in kg/s
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QUESTION 2

A single-cylinder engine operating on the diesel cycle principle has a volumetric
expansion ratio of 6,25:1 and- a volumetric compression ratio of 15 : 1. The piston has
a diameter of 89 mm and a stroke length of 90 mm. The compression index, n¢ is 1,32,
while the expansion index, ne is 1,3. The temperature at the beginning of compression
is 28 °C.

Assume C;, for the gas as 1,005 kJ/kg.K and C, as 0,718 kJ/kg.K.

Thé swept” vqume in m*, correct to FIVE declmal places CeEEssS (2)
2.2 The cleara_rlce vqume in m?, correct to FIVE deCImal p:lag - (2)
hH
2.4 The volume after combustion in m?, correct to SIX decimal places- ———- (1)
25 ;;F_tﬁe—f;iSSIng abgcslate temperatures at ALL principal pomts N (4)
2.6 _Tr;e_heat received during combustion in kJ/kg gas h . (1)
2.7 The heat rejected during exhaust in kJ/kg gas (2)
2.8 The work done in kJ/kg gas - (4)
2.9 — The heattransferred during expansion in kd/kg gas - : 2(3%
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QUESTION 3

A steam boiler plant produces superheated steam at a pressure of 2 MPa and a
temperature of 350 °C from fuel with a calorific value of 32 MJ/kg fuel. The evaporator
absorbs 19 586,91 kJ of heat per kg of fuel burned, while the economiser absorbs
2 352 kJ of heat per kg of fuel burned. The air-fuel ratio is 18:1 and the pressure of the
flue gases at the chimney base is 100 kPa.

The atmospheric temperature is 20 °C, while the temperature at the chimney base is
200 °C. The mass of moisture formed in the flue gases is 0,6 kg/kg fuel burned. B

- =B -m-n‘-—-—-—r

“The specific-heat. Qam@zzﬂhe flue gases is 1,045 kJ/kg.K; Wbllé‘thﬁ
capacity of water is 4,2°kJ/kg:K.

of the plant is 78,75%. B ——:- =

3.1 Make use of steam tables only, to calculate the following quantities:
3.1.1-  The,mass of steam generated in kg/kg fuel burnt

3.1.2 -~ ——Fhe-specific-enthalpy of the feedwater entering- the evaporator,.and

hence the feedwater temperature from the steam tables, in °C
3.1.3 The dryness factor of the steam at the entrance to the superheater
314 The heat lost to the dry flue gases in kJ/kg fuel burned
"3.1:5— Theheatlost to the moisture in the flue gases in kJ/kg fuel burned

3.2 Draw up-aheat balance in kJ/kg fuel and also as a percentage; to determine
the percentage of heat that is unaccounted for. .

(3)

3)
(4)
(3)
(3)

(4)
[20]
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QUESTION 4

A three-stage, single-acting, reciprocating compressor rotates at 516 r/min while
delivering 583 cm? of air per cycle to-the aftercooler. The index for compression and .
expansion is both 1,32 and the pressure ratio for all stages is 3,6:1. The initial pressure
and temperature for the low-pressure cylinder is 100 kPa and 26 °C respectively.

Intercooling is perfect for maximum efficiency and the clearance volume for the low-
pressure cylinder is 4% of its swept volume.

Take C; for air as 1 005 lekg K and.R for air as 0,287 kJ/kg.

Calculate

4.1 The absolute dellve_ry temperature

— 4 2—~:Fhe massefawdehveredﬂﬁkgis

4.3 The power reqmred to drive the compressor in kW - (3)
4.4 The heat absorbed pe.r_lgfe;cooler in kd/s N T (2)
4.5 The heat absorbed by the water jackets per stage in kJ/s - | (2)
4.6 For the low pressure-cylinder:
4.6.1 The effective swept volume in m*/cycle (2) -
4.6.2— The clearance volume in m¥cycle, correct to SIX decimal places (3)
4.6.3 — Theswept volume in m*/cycle, correct to \E,QUR decimalplaces (1)
46.4 | The cylinder volume in m3/cycle, correct to FIVE décimal places [2(31)
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QUESTION 5

The volumetric compression ratio for an engine operating on the dual cycle principle is
15:1.

Compression and expansion are both adiabatic and the initial conditions are
101,1 kPa and 27 °C respectively.

The temperature after expansion is 1,271 times the initial temperature and the total
heat supplied during one cycle is 171,832 kJ/kg of gas.

. -~ ’;

e

Two-thlrds of the totaf;heat-" ;ed at constant volume and-the- rest Lésupp:t[ Tox
constant pressure. Take R for air as 0,287 kJ/kg.K and C, as 0,718 kJ/kg.K. o

T L .

54 ——TFhe: value of- ganfm—a

5.2 The missing absolute temperatures at ALL principal points

5.3 “The missing presgure:; ﬁk_Ta ai ALL principal points | ?5)
5.4 “The heat lost through"tﬁé exhaust in_kJ/kg gas Mt (2)
5.5 The air standard efficiency (2)

[20]
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QUESTION 6

A velocity compounded, two-stage, impulse gas turbine consists of two rows of moving
blades with a row of fixed blades separating them. The inlet and outlet angles for the
first row of moving blades are both 24°, while the inlet and outlet angles for the second
row of moving blades are both 30°.

The exit angle of the fixed blades is 17° and the velocity coefficient of friction for ALL
blades is 0,96.

Use the data above to answer.th.e,

6.1 Use a Iength of 36k:r»nm forthe average blade velocity and constrect veIOC|ty
diagrams for thé turbine in the ANSWER BOOK. Indicate the lengths of ALL
the Tlines as weII as the ma mtude of ALL the angles on the dlagrams '

6.2 -Calculate the sca!e ﬂﬁherelatrve veleei’tya{—theﬁuﬂetﬁﬁrom the%rrsketageﬂe—“—

575 m/s. 1)

6.3 Determine from _the_veloc;i_t_:ﬁ(_dié@iams:_ —
6.3.1 ——-The nozzle velocity-in-m/s— SR S —— .
6.3.2 The velocity at exit from the first stage in m/s (1)
6.3.3 The velocity at exit from the turbine in m/s (1)
6.3.4 The velocity g,t. entrance to the seeond stage in m/s - 1
6.3.5 The relative velocity at inlet to the first stage in m/s (1)
6.3.6 The relative velocity at entrance to the second stage in m/s- (1)
6.3.7 The relative velocity at exit from the second stage in m/s (1) r
6.3.8 The angle at which the gas leaves the turbine (1)
6.3.9 The axial thrust developed i—n the turbine in N/kg : 2(3%
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QUESTION 7

Air exits a convergent-divergent nozzle at a pressure of 700 kPa with a velocity of

- 714,87 m/s and enters the nozzle at a pressure of 3 485 kPa and a temperature of

495 °C. The diameter at the throat of the nozzle is 67,151 mm and the overall
efficiency of the nozzle is 90%.

Ignore the velocity of the air at the inlet to the nozzle. Assume gamma for air as 1,4.

Calculate the following quantities:

== 71  Theabsolute adiabatictemperafure at the nozzle exit
7.2 The absolute actual"cemperatﬁre at the nozzle exit
7.3 The value of Cplin kJ/kgK: ¥ o = e
7.4 T_r_le value of R in kJ/kg.K | - 3)

7.5 At the throat of the nO;Z_Zle; CE R

754— ThepresswreinkPa——— . S iy ) W—
752 The absolute temperature ‘ (1)
753 The velocity in m/s (2)
75.4 The specific volume in m*/kg, correct to FOUR decimal places ~ (2)
7.5.5 The area in mm? (1)
7.6 The rate at which the air flows through the nozzle in kg/s ' (2)
T The Mach number of the nozzle - -(1)
[20]
TOTAL : 100
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FORMULA SHEET
NOTE: This formula sheet may not necessarily be complete.

Any formulae utilised by candidates which do NOT appear on this list, must be written
in full in the ANSWER BOOK.

ENGLISH GENERAL AFRIKAANS
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ENGLISH GENERAL AFRIKAANS

n—1
— (A —1941
n ( SU )

hws = hf + 'x'h]fg V;u =. P hm = hf + thg
u's:XV r=V;+V V;‘S=.7CV
) V.

verskillende formules vir

= e arbeid verrig (Av) = e
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ENGLISH

Different fogmulae for
work done (Wd)

= arca of PV - diagram

___=work done first stage

3 T1400(E)(N29)T

GENERAL AFRIKAANS

Verskillende formules

vir arbeid verrig (Av)
= area van PV - diagram

= arbeid verrig eerste
stadium + arbeid - e

verrig tweede stadium +.. ¢

___Diffetent formulae for

~ ir standard efficiencies (ASE)

_ heat added — heat rejected

heat added

-8 Paten)) xg/{,ﬂ—;l.),

Verskillende formules vir
lugstandaardrendemente (LSR)

T el | St S . =«
:1_(1J
S K

—| o - ("c)(y_l)

@ 1;,(7_1) [(rp —]) +y" (r( —l)]

" W

—_———— -

b -1 . warmte toegevoeg — warmte afgestaan

warmte toegevoeg

“Different volumetric

efficiencies, 77

vol

_Volume of air taken in

Swept volume

_ Volume of free air

Swept volume

VT?rskilllende volumetriese

rendemente, 7,,,

_ Volume lug ingeneem

Slagvolume

_ Volume vrylug
Slagvolume

A
e
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ENGLISH GENERAL AFRIKAANS
Different thermal Verskillende termiese
efficiencies, 7,,,, rendemente, 7,

3 Wd B Av
heat supplied warmte toegevoeg
» __ BP _RD
”brake therm. m-f‘/s % CV Urem term. mb/s % WW
P .
= e My X W _
: - _ ms (hs - hu');
e = oy x WW
o y AL
7 == 4' 7, = 2—1
LT, L, -1,
. _RD
o [ndikateurrendementverhouding
— nind . therm. > . nmd‘. term.
ASE LSR
Brake efficiency ratio Remrendementverhouding
— nbrnke therm. = ! 7)-em. term.
= ASE. = LSR et
BP=27rﬂ T=Fxr RD=2ﬂ'ﬁ
60 . 60
BP =P, 1, een LXAXNXE RD=PF, . LXAXNXE
IP=P, — LxAxNxE ~—ID=P,; 0y LXxAXNXE
M
ISFC=—1% 158V = Mo
P - ID
M
. BSFC=—1“% e _RSBY. = Mo
BP RD
cop =1 KVw =1
Tz - Tl 274
COP = RE KVW = VE
wd Av
P=m.U.AVw D=m.U.AVw
F,.=m.AV, Fupo=m. AV,
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ENGLISH GENERAL AFRIKAANS
— T "2 < 10° (/= )£ (CY -
= C, = 2%10° x CG{T-—T2) F(C ==
C, = :;2><103 xC, (T, -T,)+(C)’
_Er. T e A, = m.' £ I S =.,m~V7"'_ o
— —— - - CC s SO 62_ ) S
——— . -1 — hy=h, S — I =T
- "=k, "TTor
h,—h, T -7
T = )7 =
h.—h' I=0
’7=hl_h2, ”:7;_772‘
[ hl - ]?2 A— -V Z-l' T‘Z:'Z
(b —h : (. —h
_EE=mS( s W) ; EVzms( 5 w)
m,x2 257 m, x2 257
77 — Wdiso. ’7 — Aviso.
o Wd poly. w Av poli.
wd Av
nmnk. = —Q_ - nmnk. = E

Y
'7011’7!. 7-{

h=u+pV

C 2
ng+U1+RV1+( 2‘) +0=

C 2
gZz+U2+f;V2+( 22) +Wd

C 2
ng+Ul+P1Vl+( 2') +Q0=

C 2
gZZ+U2+P2V2+( ;) + Av
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