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DEPARTMENT OF HIGHER EDUCATION AND TRAINING

REPUBLIC OF SOUTH AFRICA
NATIONAL CERTIFICATE
POWER MACHINES N6
TIME: 3 HOURS
MARKS: 100

NOTE: If you answer more than the required FIVE questions, only the first five
questions will be marked. All work you do not want to be marked, must
be clearly crossed out.

INSTRUCTIONS AND INFORMATION

1. Answer any FIVE questions.

2. Read ALL the questions carefully.

3. Number the answers correctly according to the numbering system used in this
guestion paper.

4, Questions may be answered in any order, but subsections of questions must
be kept together.

5, ALL formulae used, must be written down.

6. . Show ALL the intermediate steps.

7. Questions must be answered in BLUE or BLACK ink.

8. ALL the sketches and diagrams must be done in pencil in the ANSWER
BOOK. _

9. Write neatly and legibly.
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QUESTION 1

Air flows through the throat of a convergent-divergent nozzle at a pressure 325 kPa
and a temperature of 487 °C.

The velocity at the inlet is negligible.

There is a temperature drop of 321,86 °C throughout the nozzle.

Up to the throat the flow is frictionless and the efficiency of the divergent part is 80,7%.
The area of the nozzle at the exit is 2 613,806 mm?.

Take R for air as 0,287 kJ/kg.K and Cv as 0,718 kd/kg.K.

Calculate the following:

1.1 The value of gamma, the pressure in kPa and tﬁe absolute temperaturs at the
nozzle inlet (8)
12 The velocity in m/s, the actual absclute temperatures, the adiabatic absolute
temperature, the pressure in kPa, the specific volume at the exit of the nozzie
and the mass flow rate of the air in kg/min (11)
1.3 The velocity in m/fs and the specific volume at the throat of the nozzle 4
' ‘ [20]
QUESTION 2
During = trial on a four-cylinder petrol engine a Morse test was carried out.
When running at full load, all cylinders operating, the brake power was 25 kW. The
measured brake power when each cylinder was cut out and the load reduced to bring
the engine back to its original speed, were as follows:
Cylinder number 1 2 3 4
Brake power (kW) 16,3 18,7 17 16,8
The following information was also noted:
Calorific value of fuel =45 MJ kg
Fue! used per brake kilowatt hour = 0,3 kg
Air fuel ratio =201
Temperature rise of exhaust gases = 560 °C i
Mass of cooling water = 9 kg/mm
Temperature rise of cooling water =40°C
Specific heat capacity of exhaust gases = 1,05 kJ/kg.K
Specific heat capacity of cooling water = 4,2 kd/kg.K
Calculate the following:
2.1 The indicated power in kW and the mechanical efficiency (5)
2.2 The mass of fuel used in ka/min (2)
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23 The heat available in the fuel in kJ/min
24 The heat lost to the exhaust gases in kJ/min

25 The heat lost to the cocling water in kJ/min

2.6 2.68.1 The brake thermal efficiency
282 The indicated thermal efficiency

2.7 Draw up a heat balance in kJ/min and as percentage fto determine the
percentage heat lost to radiation. Assume that the heat lost to friction is
absorbed by the cooling water.

QUESTION 3

The pressure in the intercocler of a two-stage, double-acting, reciprocating air
compressor is 380 kPa. '

The clearance volume of the low-pressure cylinder is 5% of its stroke volume.

The stroke length of the low-pressure cylinder is equal to the piston diameter which is
450,9 mm.

The index for compression and expansion for both stages is 1,307.

Intercooling is compiete for maximum efficiency,

The pressure ratio is 3,8:1,

Calculate the following:

3.1

3.2

3.3
3.4

3.5

The inlet pressure and the delivery pressure of the compressor in kPa

The swept volume, the clearance volume, the cylinder volume and the
effective swept volume for the low pressure cylinder in m3/stroke

The volumetric efficiency of the low pressure cylinder
The work done on the compressor in kJ/cycle

The isothermal efficiency of the compressor
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QUESTION 4

The initial pressure and temperature for a gas-turbine engine working on the Joule
cycle principle are 102 kPa and 20 °C respectively.

After compression the gas has a pressure of 816 kPa and a temperature of 303,04 °C.
The heat received during combustion is 530,6 kd/kg of air.

The temperature of the exhaust gases is 425,47 °C.

Gamma for the air is 1,4 and Cp is 1,005 kd/kg.K.

The air flows at a rate of 50 kg/s.

The calorific value of the fuel is 44,24 MJ/kg.

Calculate the following:

4.1 The adiabatic temperature after compression and the compression
adiabatic efficiency (4)
4.2 The temperature after combustion, the adiabatic temperature after
expansion and the expansion adiabatic efficiency (8)
4.3 The heat rejected by the exhaust in ki/kg of air, the thermal efficiency of the
turbine, the power developed by the turbine in kW and the mass of fuel
used in kg per second (7}
4.4 The air-fuel ratio if Cp for the exhaust gases is 1,045 kJ/kg.K (3}
{20
QUESTION §
The blades of a two-stage, velocity compounded impulse gas turbine has an average
diameter of 978 mm and rotates at 3 131 r/min.
The velocity of flow at the inlet to the first stage is 225 m/s.
The velocity of flow at the inlet to the second stage is 100 m/s.
The outlet angle of the first row of moving blades is 25°.
The outlet angle of the second row of moving blades is 28°.
The gas leaves the turbine at an angle of 80°,
There is a 4 % loss of velocity across all biades due to friction.
51 Construct velocity diagrams for the turbine in the ANSWER BOOK by using a
scale 1 mm = 5 m/s. Indicate the lengths of ALL the lines as well as the
magnitude of the angles on the diagrams. (10)
52 Determine the following from the velocity diagrams:
5.2.1 The nozzle angle

522 The inlet angle fo the fixed blades

5.2.3 The outlet angle from the fixed blades
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5.2.4
3.2.5
5.2.6
5.2.7
528
529
52.10

5.2.11

QUESTION 6

e T1500(EXN21)T

The inlet angle to the second row of moving blades

The inlet angie to the first row of moving blades

The nozzle velocity in m/s

The velocity of the gas leaving the first siage in m/s

The velocity of the gas leaving the fixed blades in m/s

The velocity of the gas leaving the turbine in m/s

The relative velocity of the gas at inlet to the first stage in m/s

The blading efficiency (10)
[20]

- During a test on a coal-fired boiler plant the following observations were made:

Steam pressure = 3 MPa

Temperature of superheated steam = 400 °C

Temperature of feed water at economiser inlet = 54 °C

Temperature of feed water at evaporator inlet = 130 °C

Steam generated per kg of coa! = 9,5 kg
.Pressure of flues at chimney base = 150 kPa

Temperature of flues at chimney base = 200 °C

‘Mass of combustibles in a kg of fuel = 0,98 kg/kg coal

Boiler room temperature = 25°C

Percentage of heat absorbed by plant = 72,125%

Percentage of heat lost through wet flues = 3,642%

Percentage of heat lost through dry flues = 10,78%

Specific heat capacity of flue gases = 1,045 kJikg.K

Specific heat capacity of water = 4,2 kdikg.K

Calculate the following by using steam tables only:

8.1 The calorific value of the coal in MJ/kg and the equivalent evaporation from

and at 100 °C of the boiler (5

6.2 The mass of the moisture in kg/kg fuel in the flues 4
6.3 The air fuel ratio for the plant (7)
8.4 The temperature of the flue gases at the inlet to the economiser (4)

[20]
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QUESTION 7

A vapour-compression refrigeration plant using ammonia as a refrigerant operates
between pressure limits of 236 kPa and 915 kPa.

The refrigerant enters the compressor as a wet vapour with a dryness factor of 0,98
and it enters the condenser at a temperature of 58 °C.,

The refrigerant is condensed to a saturated liquid but not undercaoled.

The specific heat capacity of the superheated ammenia is 4134 kdfkg.K.

The motor driving the compressor has a rating of 18 kW and the mechanical efficiency
is 88,79%.

The plant must produce ice at 0 *C from water at a temperature of 18 °C.

Take the specific heat capacity of water as 4,2 ki/kg.K and the latent heat of ice as
336 kd/kg.

The following are extracts from ammonia tables:

Pressure (kFa) Saturation temperature Specific enthalpy Specific entropy
°C) Liguid Vapour Liguid Vapour
(hf) (hg) (s (sg)
g15 22 2847 1 464
236 -15 112,3 1426 0,457 5,549

Calculate the following:

7.1 The specific enthalpy of the refrigerant at the compressor inlet, the specific
enthalpy at the condenser outlet, the work done by the compressor in kJ/kg,
the refrigeration effect in kd/kg and the actual coefficient of performance

7.2 The dryness factor and the specific entropy of the refrigerant after throttiing

7.3 The mass flow rate of the refrigerant in kg/min

7.4 The mass of ice produced by the plant in kg/h

TOTAL:
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POWER MACHINES N6
FORMULA SHEET

Any applicable formula may also be used.

ENGLISH GENERAL ' AFRIKAANS

PV, =mRT,

R=Cp-Cv

_Cp

¥= Cv
PVt =¢ PV? =
PVT =C . PV‘I :k

n-1 f:l

L_(AY _[&)»

L \n A

AU =m.Cv. AT

Q=AU +Wd Q=AU + 4v

As=m C’v.ln—-&+Cp.1nfg—
A g

Mmm.C‘v,Infg-
A

As=m.Cp.ln"2

by = hg +Cp Ugu_y,)
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ENGLISH

hws = hf + thg

Vs =XxV¢

GENERAL

n-1

(hy, —1941)
VSZ! =

'PS ¢

TI500(E)NN2NT

AFRIKAANS

hns = hf + thg

Vus =ng

Different formulae for
work done (Wd)

Verskillende formules vir

arbeid verrig (4v)
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ENGLISH

Different formulae for
work done (Wd)

= area of PV-diagram

= work done first stage
+ work doné second
slage + ...

Wd gy =Wd, ~Wd,,

W o1t = Orene

GENERAL

T1S00(EXN2N)T

AFRIKAANS

Verskillende formules
vir arbeid verrig (4Av)

= greqa van PV-diagram

= arbeid verrig eerste
stadium + arbeid ver-
rig tweede stadium + ...

AV oy = Av, — Avy,

AVyeyr = Opey

Different formulae for
air standard efficien-
cies (ASE)

Verskillende formules
vir lugstandaardrende-
mente (LSR)

r-1
1 Tple
=1 r
A (G VE S AN ]
_ heat added — heat refected 1 ﬁ ¥ -1 _ warmie toegevoeg — warmle afgesiaan
heat added r -1 Xy ( ,B - 1) warmie foegevoeg
Different volumetric Verskillende volumetriese
efficiencies, Ry rendemente, Iyo
_ Volume of air taken in Volume lug ingensem
Swept volume - Slagvolume
- Volume of free air _ Volume vrylug
Swept volume B Slagvolume
1
=]-
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ENGLISH GENERAL AFRIEAANS
Different thermal Verskillende termiese
efficiencies, Iherm. rendemente, Nierm,
= wd _ Av
" heat supplied warmre loegevoeg
BP RD
Tlbrake therm. = m Trem term. = m
_ IP n. __ D
Tind. therm. _— cv ind. tarm. s X WW
_ms (hs = hw) . _my (hs —hw)
Mherm. mf < CV term. =7 m;x—W- -
-1 T -T. T, -1,
7?(.' = .....2_..——1- T'I + = _3.—-;"- nk = __2——-—-1-
T, T, T, -1, T, - T,
BRP RD
Tinech. = '}'ﬁ' Tneg. = ‘}B‘
Indicated efficiency ratio Indikateurrendementverhouding
- Hind. therm. - Tind, term.
ASE LSR
Brake efficiency ratio Remrendementverhouding
- Tbrake therm. - Nrem. term.
ASE LSR
BP=2?T~T£ T=Fxr RD=2:rI-1\-[-
60 60

BP = Pbrake mean LANE

IP= R‘nd. mean LANE

[Spczin_f_'.{f’_
IP
BSFC = 2Lt
BP
COP = h
T, T,
cop=EE
wd
P=m U AVw
Fpo=m. AV,
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RD = Fem gem. LANE

ID = By, gem, LANE

1spv = Motk
D

RSBV = bk
RD

0
T, -1,

xw ="E

Av

D=m.U.AVw

KVw =

Fops, =m . AV
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ENGLISH

EE = ur (k_,.. —hw)

7?1‘5‘0 = Wd;‘so.
T d ol
i
rank. 0

=

Copyright reserved nov 2012

GENERAL

2.0 . AVw
ndia.zT

2 Y-
P =B ——
< l(},+1)

2
T, =T <.

T1500(EXN2T)T

AFRIKAANS

C, =+/2x103 (4 - ) + C?

Cy=2%10° (B — ) + C?

C,=2x10°xC, (f; ~T,) + C?

C2=1/2><103><Cp @G -T)+CE

2= —

mv
G
5i-T,
5 -1,

[+
T, =T
T,~T
=T,
n~T

Ac=ch
CC
;7—_--—____hi—hf =l e
hl—hc
h,—h
g=t "2 n=
h, —hy
h—h
= 1 ? 77=
by ~hy
)
Mearn, =1~ =5
carn. Ti
h=u+ pV

_mg {(hg ~h,)

EV
mp x 2257
Av;
flisa, = e
AV pon,
Av
Heank, = _5'

=
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2

A

g7, + Uy + B + 24 0=

Cz
gZ, + Uy + PV +-—22—+Wd
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2
gZZ+U2+P2V2 +%2"+44.V
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