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INSTRUCTIONS AND INFORMATION

1. Answer ANY FIVE questions.

2. Read ALL the questions carefully. - ..

3. Number the answers according to thenumbe i g system l;;ed in this question
paper. o

4. Write neatly and legibly.
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Answer any FIVE questions

GUESTION 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%. R

Take gamma as 1,4 and Cp as 1 kd/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 pressuré heat re ection pef kilogram of air per
cycle, R 2 iy

QUESTION 2

A 4 cylinder, 4 stroke petrot-engine was tésted on a Prony brake. The brake arm was
1067 mm long and a:mass, ofi k@, balanced the brake at 2 000 r/min. The
mechanical efficiency atthis speed was 80% and the brake thermal efficiency was
25%. The air-fuekratio. was19 to®1. The calorific value of the fuel was 44 200 kJ/kg.
The specific heat capacity. of the exhaust gas was 1, 05 kJ/kg.K with an exhaust gas
temperature rise‘of 520:2C The Reat to the cooling system was the same as the heat
fo the exhaust gasiper minuteAssume g = 10 m/s,

it

The s ass of fuel used per minute

2.3 T he mass of exhaust gases in kg/min as well as the heat to exhaust gases in
kJ/min
24 The heat supplied by the fue! per minute and express this as a percentage by

tabulating a complete heat balance

(9)
(3)
(6)

(2)
[20]

(8)
(4)

(6)
[20]
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QUESTION 3

A velocity compounded steam turbine has blading designed in such a way that the
discharge steam would flow axially from the [agt row of moving bladegs.
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. s,

The relative velocity of steam to blades is assumed to reduce by 10% over each. row of
blading.

3.1 Use a length of 3

diagrams. | whn bt (10)

3.2 Determine from the velocity diagrams;

3.2.1 (1)
3.2.2 (1)
3.2.3 (1)
3.2.4 (1)
3.25 (3)
3.2.6 (3)
[20]
QUESTION 4*
A :_thﬁee-stage';*‘siﬁ'g:_, racting, reciprocating air compressor has a low pressure cylinder
of"450 _mm-’bore and 300 mm stroke. The clearance volume of the low-pressure
""cg]:_ind@g(is 5% af the swept volume. Intake conditions are 100 kPa and 18 °C. The fina
delivery 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.
Take R=629 kJ/kg.K
Determine the following:
4.1 The intermediate pressures (5)
4.2 The effective Swept volume of the low pressure cylinder (5)
4.3 The temperature and volume of air delivered per stroke at 1 500 kPa (5)
4.4 The work done per kg of air (5)
[20]
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CGUESTION 5

A gas expands in a convergent — divergent nozzie 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 foltowing:

5.1 The pressure and the temperature at the throat of the nozzle
52 The specific volume in m3 per kg of gas, the velocity in m/s and th

mm? per kg of gas at the throat of the nozzle
5.3 The adiabatic and actual temperatures at the exit of the ozzle

5.4 The specific volume in mé per kg of gas,ithe veldci /s and the area in
mm? per kg of gas at the exit of the nozzle: :

QUESTION 6

A coal fired boiler plant consists.of ane
calorific value of the coal is 32,5 Md/kg: _
and there is no pressure -drop,in the superheater. The plant produces 70 200 kg of
steam per hour with a temperatu £0f 300 °C and a specific heat of 2,75 kd/kg.K. The
plant uses 7 800 kg of cé%_lﬁ_perﬁ}g_qur. The'feedwater has a temperature of 32,9 °C. The
total heat to the economiser is 2 349 kJ/kg and to the evaporator is 21 287 kd/kg of fuel
burned. The pressure and.temperature at the chimney base are 100 kPa and 250 °C
respectively. The boiler:room, temiperature is 25 °C. The fuel contains 4% of hydrogen
by mass. The, air-fuel ratio 18718 : 1 and the specific heat capacities of the water is
4, 2 kd/kg.K and.thatof th flue gas is 1,045 kJ/kg.K.

géﬁ'ﬁbmisef, evaporator and superheater. The
The evaporator produces steam at 2 500 kPa

Calgulate the following:

The "stf';":_f___t—;f_cific enthalpy of the superheated steam and the plant efficiency

T{}éﬁ'{gpecific enthalpy of the water entering the evaporator, its temperature
" from 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 kJd/kg of fuel

8.4 The heat lost to the dry flues in kd/kg of fuel

=
5

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

{4)

(6)
{4)

(6)
[20]

(5)

(4)
(3)
(3)

(5)
[20]
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THEZSTION 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 = 14868, 9 kd/kg

Heat after condensation = 323, 1 kd/kg

Liquid heat at evaporator pressure = 126,2 kJ/kg

Latent heat at evaporator pressure
Entropy of dry vapour at condenser pressure

Entropy of liquid at evaporator pressure

7.2.2 Thepow equired o' produce 1 000 kg of ice at 0 °C in 24 hours
. from water at"25°C.Take the specific heat capacity of water as
- 4,187 kg.K and the latent heat of fusion as 327 kd/kg.

TOTAL:
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{5)

7

(8)

[20]
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FOERYIILA SHEET

Any applicable formula may also be used.

ENGLISH GENERAL AFRIKAANS
PaVa = mR}:{
R=Cp-Cv
_Cp
7= Cv
PV=c
PV" =
PVi=¢
Q=AU +Wd Q=AU+ Ay

¥r?1.Cv.ln£2~
A

As=m."C‘p.li'lﬁ
4

As=m.R.ln—5—
PZ

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

So =S, +Cp.111;&

Spe =S8, =5,
S=Sf +.\'ng

%x%+%mhg
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wNGLISH GENERAL AFRIKAANS

1—1

—— (A, —1941)
hys =hyp + g Vou =2 P Pas = by + xhg,

LY
VWS = ng = V‘; VC Vns = th
C

Different Jormulae for

work done (Wq)

Verskiltende formnles vir

rbeid verrig (Av)
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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 +

Wi g =Wd, —Wd,

deerr = Qne.'r

Different formulae for
air standard efficien-
cies (ASE)

Verskillende formules

vir lugstandaardrende-
mente (LSR)

M, =0+ 77 ¢, -1

heat added ~ heat reje warite foegevoeg — wanmte afgestaan

Warnife loegevaes

Verskillende volumetriese
rendemente, Oy,

__ Volione tug ingeneem

Slagvolume

_ Volume virviug

Slagvolume
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Different thermal
efficiencies, Operm,
Wd

" heat supplied

-10-
GENERAL

T1320(E)N18)T
AFRIKAANS

Verskillende termiese

rendemente, Oyppm,
Av

warmte toegevoeg

RD
My s XWW

'?rem ferin, —

I? _ “ ID 7 .
ind. .'erm...;: mg.\t“ ~

mq (hs —hw)

" _ BP
brake therm. mf” < CV
. _ IP
ind. therm, mf,!s % CV
n _mg (hs — hw)
therm, mf < CV
-1
===
I, -T,
| BP
Thecn, = :};;

Indicared efficiency ratio
. Ning. therm.

ASE
Brake efficiency ratio

_ ??bmke therm.

© ASE

ndikateurrendementverhouding

_ ‘qfnd . tern,

LSR

Remrendementverhouding

_ I?rem. ferm.

"~ LSR

COP =
I, -1
COP—E—E
Wd

P=m.U.AVw
F.=m. AVf
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RD=2x E
60

RD = R'em gent. LANE

ID = ‘F}nd. gem. LANE

ISBY = ["blk
ID

RSBy = Tbih
RD

T,

KVW =

VE

Av
D=m.U. AVw

Faks‘ =m. ﬂVf
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ENGLISH GENERAL
o 2.U.AVw
Ndia. Vlz

e
2 =

y+1i

T =T 2
i

T1320(E}N18)T

AFRIKAANS

Co=2x10° (hy — 1) + C2 -

Cy =42 10% (jy — i)

ct

Trank, = ==

Q

??Cﬂ!?i'. =

h=u+ pV
c?
821+U1+5V1+_21*+Q=
c?
322 ‘i‘Uz +P2V2 +—2:‘-+Wd
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_mg{h, ~h)

EV
Av,
Diso, = i50.
Avpoh'
Av
Rrank. = 'E

o2
8Z; + U, +1°1V1+—2I“+Q=

2

8725 +U, + AV, +%+Av



