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INSTRUCTIONS AND INFORMATION

1. Answer ANY FIVE questions.

2. Read ALL the questions carefully.

3. Number the answers according to the rum system used in this question
paper.

4, Write neatly and legibly.

Copyright reserved

Please turn over



(8190048) -3- T1320(E)(N18)T

Answer any FIVE questions
QUESTION 1

A gas turbine engine working on the constant pressure cycle has a compression
adiabatic efficiency of 85%.The ambient air pressure and temperature is 103,4 kPa
and 288 K respectively, the actual air temperature after compression is 515 K. 643 kJ
of heat is added per kilogram of air per cycle during combustion. Expansion adiabatic
efficiency is 82%.

Take gamma as 1,4 and Cp as 1 kJ/kg.K.

Calculate the following:
1.1 The actual and adiabatic temperatures.

1.2 The highest pressure in the cycle

1.3 The compression and expansion indexes

1.4 The heat lost during constant pressure hea

kilogram of air per
cycle.

QUESTION 2

was tested on a Prony brake. The brake arm was
balanced the brake at 2 000 r/min. The
0% and the brake thermal efficiency was
, The calorific value of the fuel was 44 200 kJ/kg.
The specific hea the exhaust gas was 1, 05 kd/kg.K with an exhaust gas

temperature rise Lhe heat to the cooling system was the same as the heat
to the exhaust gas per minute. ‘Assume g =10 m/s2

A 4 cylinder, 4 stroke petrot
1067 mm long and a:m
mechanical efficiency

25%. The air-fuelra

The.mass of fuel used per minute

2.3 e mass of exhaust gases in kg/min as well as the heat to exhaust gases in

kJ/min

2.4 The heat supplied by the fuel per minute and express this as a percentage by
tabulating a complete heat balance
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The last stage consisting of two rows of moving blades separated by a fixed blade row
has moving blade tip angles of 30° throughout.

The blade speed, the nozzle angle and the fixed blade angles are designed for a
nozzle discharge velocity of 500 m/s.

The relative velocity of steam to blades is assumed to reduce by 10% o
blading.

3.1 Use a length of 3 cm for the average blade speed to C0
diagrams for the turbine. Indicate ajl the lengths a well

all the angles on the diagrams and calculate:
diagrams.

3.2 Determine from the velocity diagrams:
3.2.1 The blade speed in m/s
3.2.2
3.2.3 The inlet flow velocity of the
3.24 The exit relat cloci

3.25

acting, reciprocating air compressor has a jow pressure cylinder

re and 300 mm stroke, The clearance volume of the low-pressure
-of the swept volume. Intake conditions are 100 kPa and 18 °C. The final
pressure is 1 500 kPa. Intermediate pressures are ideal and intercooling is
perfect. The compression and expansion index can be taken as 1,3 throughout,

Determine the following:

4.1 The intermediate pressures
4.2 The effective Swept volume of the low pressure cylinder
4.3 The temperature and volume of air delivered per stroke at 1 500 kPa

4.4 The work done per kg of air
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GIUESTION 5

A gas expands in a convergent - divergent nozzle from 500 kPa to 143 kPa.

The initial temperature is 537 °C and the adiabatic efficiency of the nozzle is 92%,.
Assume that all losses take place after the throat of the nozzle.

Take gamma=1,4 R =0,288 kd/kg.K and Cp = 1,008 kd/kg.K

Calculate the following:

5.1 The pressure and the temperature at the throat of the nozzle

5.2 The specific volume in m3 per kg of gas, the veloci
mm? per kg of gas at the throat of the nozzle

5.3 The adiabatic and actual temperatures at the exi't

54 The specific volume in m3
mm? per kg of gas at the ex

QUESTION 6

A coal fired boiler plant consists:of conomise
calorific value of the coal is 32,5 lJ/kg. Th
and there is no pressure -d

steam per hour with a tempey
plant uses 7 800 kg of coal.p
total heat to the economis
burned. The pressure a

» evaporator and superheater. The
; vaporator produces steam at 2 500 kPa
in the-superheater. The plant produces 70 200 kg of
ure ) °C and a specific heat of 2,75 kd/kg.K. The
our. feedwater has a temperature of 32,9 °C. The
is 2 349 kd/kg and to the evaporator is 21 287 kd/kg of fuel
mperature at the chimney base are 100 kPa and 250 °C
Mmperature is 25 °C. The fuel contains 4% of hydrogen
8 : 1 and the specific heat capacities of the water is
e gas is 1,045 kd/kg.K.

specific enthalpy of the water entering the evaporator, its temperature
m the tables in °C and the dryness factor of the steam leaving the
evaporator

6.3 The heat lost to the moisture in the flues in kd/kg of fuel
6.4 The heat lost to the dry flues in kd/kg of fuel

6.5 The percentage unaccounted heat lost by tabulating a heat balance in kd/kg

(6)
(4)

(6)
[20]
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(4)
(3)
(3)

()
[20]
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QUESTION 7

A vapour compression refrigerator uses ammonia as a cooling agent and operate
between temperatures of -12 °C and 30 °C. The ammonia is dry saturated at the end

of isentropic compression and saturated liquid at the outlet from the condenser (No
undercooling).The following data is supplied:

Heat after compression

il

1468, 9 kd/kg
Heat after condensation = 323, 1 kd/kg \‘
Liquid heat at evaporator pressure = 126,2 kJ/k
Latent heat at evaporator pressure =
Entropy of dry vapour at condenser pressure

Entropy of liquid at evaporator pressure

' produce 1 000 kg of ice at 0 °C in 24 hours
i 5°C.Take the specific heat capacity of water as
kJ/kg: and the latent heat of fusion as 327 kJd/kg.

TOTAL:
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FUOWER MACHINES N6

o g
g‘i
FAR S

TULA SHEET

Any applicable formula may also be used.

ENGLISH GENERAL AFRIKAANS

PV =¢
PV"™ =¢
PV'=¢

Q=AU +Wd Q=AU + Ay

AS:m.Cp.lnXZ—
Vi

Aszm.R.lnfl—

p)

Fa

O=m.Cp.AT
O=m.Cv.AT

Ss,tzsgﬂucp.m%

5
Spg =Sy =S,
S=S;+xS,

hg, = hy + Clg? (te ;)
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ENGLISH GENERAL AFRIKAANS
n—1
T (hsu —194 1Y)
Mes = hp + xhy, Vo =12 7 My = hyp + xh fe
S
|%
Vi =V, r= S; Y Vys = XV,
4
V,=Za2x1
P2 = -‘/Apl X P3
o=+ P.\‘—l—l
Ps })]

Diﬁ"erentformulaefbr

work done (Wd)

Verskillende formules vir

rbeid verrig (Av)

Copyright reserved Please turn over



(8190046) - T1320(E)(N18)T

ENGLISH GENERA AFRIKAANS
Dijferent formulae for Verskillende formules
work done (Wd) vir arbeid verrig (Av)
= area of PV-diagram = area van PV-diagram
= work done first stage = arbeid verrig eerste
+ work done second stadium + arbeid ve
stage + ... rig tweede stadium +

Wd g =Wd, —Wd,

Wid

nett = Ynert

Different formulae for
air standard efficien-
cies (ASE)

‘erskillende formules
vir lugstandaardrende-
mente (LSR)

[(r, =D+ 77 (. = D]

heat added - heat r

warmte toegevoeg — warmte afgestaan

Ry ( ﬁ — 1) B warmte foegevoeg

heat added

Verskillende volumetriese
rendemente, 0,

Volume lug ingeneen

Slagvolume

_ Volume vrylug

Slagvolume
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ENGLISH GENERAL

Different thermal
efficiencies, Onerm.
Wd

~ heat supplied

BP
’nf/S xCV

n[)rake therm. =

P

Mind. therm. =
in 1erm ]7Ifls >< CV

‘ g (hs — hw)
Thherm. =

T1320(E)(N18)T
AFRIKAANS

Verskillende termiese
rendemente, Oyppy,.
_ Av

warmte toegevoeg

17 rem term.

)Tlf xCV
=20
L -1
| BP
Thwech. = “IF

Indicated efficiency ratio
. Mind. therm.

ASE
Brake efficiency ratio

_ nbrake therm.

"~ ASE

ndikateurrendementverhouding

- Uind . term.
LSR

Remrendementverhouding

77]‘8]72. term.

ISR

T
COP=—-!
T, -1,
COP - RE
Wd
P=m.U.AVw
Fpy=m. AV,
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RD =27 el
60

RD = })I'(,’))l gem. LANE

ID = Pinz[ . gem. LANE

ISBY = Tbli
ID

RSBV = Tblh
RD

T
KVW = —-!
I -1,
_VE
Av
D=m.U.AVw
Fups, =m . AV,
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ENGLISH

2
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GENERAL

_2.U. Avw
Ndia. = “—“;[2*-—“

7
2 -1
y+1
2
T =T

=

C. =~2X10° (hy - h) + C

Ucarn. =l-—=

h=u+ pVv

EV

T1320(E)(N18)T

AFRIKAANS

g (hy - h,)

my, X2 257

— Aviso.

771'30. -

Avpali.

Av

777'(1/1/{. =

0

2

ng+Ul+I)l‘/l +%I:+Q:

2

gZZ +U2+P2V2 +~C—212_—+AV



