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NOTE: If you answer more than the required number of. questlons “only he
required number of questions will be marked. All work you do not want
be marked must be clearly crossed out. )

INSTRUCTIONS AND INFORMATION

1. Answer FIVE of the seven questions.

2. Read ALL the questions carefully.

3. Number the answers according to e nui berin system used in this question
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QUESTION 1

The intake conditions for the low pressure cylinder of a three-stage, double- -acting,
reciprocating air compressor running at 340 r/min are 103 kPa and 29°C.

The pressure in the second intercooler is 1 632 kPa.

The clearance volume is 4% of the cylinder volume.

The swept volume for the low pressure cylinder is 0,0084 m®,

The index for compression and expansion is 1,32.

1.1 Calculate;

1.1.1 The stage pressure ratio, the pr
the delivery pressure in

first intercooler and

1.1.2 The cylinder volu’ :'e the c arance olurge and the effective swept

e hea extr gted per intercooler in kJ/s if the compressor
6 kg of air per hour and Cp for air is 1,005 kd/kg.K

he volumetric efficiency of the low pressure cylinder
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QUESTION 2

The following information was obtained from a test on a steam boiler plant:

The rate of evaporation = 7 350 kg/h

The pressure in the evaporator and superheater = 3 O00kPa

The temperature of the superheated steam 250°C

The temperature of the feed water 7,7°C
The temperature of the water at the economiser exit 99,6°C

The mass of the coal used

750 kg/h
The temperature of the flue gases at entry to the e 353,33°C
The air supplied per kg fuel burnt = 18 kg

The specific heat capacity of the flue a;j;iseé = 1,045 kd/kg.K

The thermal efficiency of the plan

= 80 %

= 0,975
(2
2
he total heat to the superheater in kJ/kg (3)
e calorific value of the coal in kd/kg (3)
The equivalent evaporation from and at 100-C (2)
The temperature of the flue gases at the chimney base in °C (3)

2.2 Draw up a heat balance in kJ/kg and as a percentage for each component of

the plant to determine the heat unaccounted for. : ég;
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QUESTION 3

A four-cylinder, four-stroke petrol engine with a piston diameter of 75,15 mm and a
stroke length of 90,18 mm was tested while running at 4 800 r/min.

The brake mean effective pressure was 1 250 kPa.

The brake specific fuel consumption was 0,288 kg/kW.h.

The mechanical efficiency was 80%.
The calorific value of the fuel was 39 062,5 kJ/kg.
The clearance volume was 5% of the swept volume.

The value of gamma was 1,41.
3.1 Calculate:
3.1.1

3.1.2
3.1.3

3.1.4 n ratio, the air standard efficiency and

| y ratio

QUESTION 4

ssure is 475,454 kPa, the area is 1 534,6 mm?, the actual
>18.131,11°C and the velocity of the air is 398,801 m/s.

a for air as 1,4 and Cp as 1,008 kJ/kg.K.

4.1 Ignore the velocity of the air at the inlet and calculate:
4.1.1 The absolute temperature and the pressure in kPa at the inlet
4.1.2 The absolute isentropic temperature, specific volume in m%kg at
the throat and the percentage heat loss before the throat
4.1.3 The absolute 1sentrop|c and actual temperatures, the velocity in
m/s and the area mm? at the exit. Assume the specific volume to
be 0,4154 m¥kg

414 The Mach number at the exit

(6)

(6)
[20]

(6)

(8)
(1)
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[20]

GQUESTION 5
A single-cylinder, single-acting engine working on the diesel cycle rotates at 300 r/min.
It has a piston with a diameter of 187 mm and a stroke length of 233 mm.

Fuel cut-off occurs at 10% of the swept volume after T.D.C.

At the start of compression the pressure is 106 kPa and the temperature is 22,5 (

The index (n) for compression and expansion is 1,32,
The cylinder volume is 17 times the clearance volume.

R for air is 0,287 kJ/kg.K.

5.1 Calculate:

5.1.1 The swept volume, the « >arance volum

e, the cylinder volume and
the volume after combustion i ;

612  The missing absol
principal points

513
51.4

QUESTION 6

rs the compressor as a wet vapour and after compression the
perature of 52,8°C.

- the refrigerant is undercooled to saturated liquid with a temperature

rant flows at a rate of 18 kg/min.

The specific heat capacity of the superheated refrigerant is 2,5261 kd/kg.K and that of
the saturated liquid refrigerant is 5,42 kd/kg.K.

()

(8)

(4)

[20]

6.1 The following are extracts from carbon dioxide tables:
Saturation Specific enthalpy (kJ/kg) Specific entropy (kJ/kg/K
temperature
(*C) Liquid Vapour (hg) Liquid (sf) Vapour (sg)
(hf)
-4 81,4 318,6 0,312 1,183
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T 28 11786 [263,8 | 0, 638 0,922 ]
Calculate:
6.1.1 The specific entropy in kJ/kg.K after compression and the dryness
factor of the refrigerant entering the compressor (5)

6.1.2 The specific enthalpy of the refrigerant at the inlet to the
compressor and the specific enthalpy after compressingiin kJ/kg (6)

6.1.3 The specific enthalpy of the refrigerant before thi‘btﬂing:@ [ I/Kkg,
the refrigerating effect in kd/kg, the work done. in kJ/kg, and the
actual coefficient of performance ~

6.1.4 The power required to drive the-

W
mechanical efficiency is 83%

if the

HINT: Entropy after compression = Entropy ry'é}'aturated vapour

at

28°C + Cp. In (2)
[20]
QUESTION 7
A two-stage, velocity-comp 3¢ steam turbine consists of two rows of
moving blades separated b blades.
ot from the first row of moving blades is 436 m/s.
second row of moving blades is 30°C.
harged axially from the turbine.
loss of velocity across all the blades due to friction.
7.1 Use the length of 35 mm for the average blade velocity and construct velocity
diagrams for the turbine in the answer book and calculate the scale. Indicate
the lengths of ALL the lines as well as the magnitude of the angles on the
diagrams. (10)
Copyright reserved
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7.2 Determine from the velocity diagrams:

7.2.1 The average blade velocity in m/s

722 The nozzle velocity in m/s

7.2.3 The velocity of the steam leaving the first stage in m/

7.2.4 The velocity of the steam entering the second “‘stag\ n m/s;;

7.2.5 The velocity of the steam leaving the turbine inw

7.2.6 The nozzle angle

7.2.7 The energy developed by the turbir

7.2.8 The blading efficiency |

Copyright reserved
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(10)
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FORMULA SHEET
Any applicable formula may also be used.
ENGLISH GENERAL AFRIKAANS
PCIV(Z = mR’I‘(l
R=Cp-Cv
_o
r= Cv

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

T,
S =S8, +Cp.In —%ﬂi

5

S =S¢ = Sf
S = Sf + Xng

hSlI = hg + Cp (tsu _ fs) PTO
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2.
ENGLISH GENERAL AFRIKAANS
—= (hy, —1941)
Byg =hy + xh, Vi = P
Vi =2V, r= Vst Ve

Different formulae for

work done (Wd)

Verskillende formules vir

arbeid verrig (Av)

PTO
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ENGLISH GENERAL AFRIKAANS
Different formulae for Verskillende formules
work done (Wd) vir arbeid verrig (Av)
= area of PV-diagram = area van PV-diagrar
= work done first stage = arbeid verrig gersi

+ work done second stadium + arbeid ver

stage + ... rig tweede stadium:

Wd oy =Wd, —Wd

Wd, 0, = Opent

Different formulae for
air standard efficien-
cies (ASE)

erskillende formules
vir lugstandaardrende-
mente (LSR)

.
1T

o, =D+ 97 (= 1D)

warmie toegevoeg — warmte afeestaan

warmie toegev()eg

Verskillende volumetriese
rendemente, O,y

_ Volume lug ingeneem

Slagvolume
_ Volume of free air Volume vrylug
Swepr volume Slagvolime
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ENGILISH GENERAL

Different thermal
e]ﬁciencies, Orhenn.
Wd

 heat supplied

BP
mpys XCV

MTorake therm. =

IP

Mind. therm. = —————
in 1€FH, f}‘lf/s >< CV

‘ my (hs — hw)
Thherm. = W

T1280(E)(J28)T

AFRIKAANS

Verskillende termiese
rendemente, Oy,
Av

warmte toegevoeg

T, -1,
T -T,

=

BP
Maech. = '}F’

Indicated efficiency ratio
_ 77iirtl.t/1erm.

ASE
Brake efficiency ratio

_ Morake therm.

Indikateurrendementverhouding

_ n ind. term.

ISR

Remrendementverhouding

— 771‘6}?1. tern.

ASE ISR
BP =27 Z]Y— RD =271 ﬂ
6 60

T

COP=—~!
, T,

Wd
P=m.U.AVw

Fpe=m. AV,

Copyright reserved

RD = Prem gem, LANE

ID = Pind. gem. LANE

ISBV = bih
ID

RSBY =Zblh
RD

7
KVW = —-1
T, -T,
KVW :.Yg_
Av
D=m.U.AVw
Fups. =m . AV,
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ENGLISH GENERAL AFRIKAANS
2.U.AVw
Ndia. = —'_'_Vl—j-_

Y

y+1

2
y+1

V2X10° (- ) + 6

g (hy = h,)

EV
my, X2 257
Av;
771'50. — A 150,
Vpoli.
Wd Av
Trank. = —‘é“ Trank. = ‘é"
L
Ucarn. - Ti
h=u+ pV
Copyright reserved
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. C2
LU+ AV +—-+ 0=

2
2

C
8§27 +U,y + PV, toy twd

e
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2

821+U1+P1V‘+—C21—~+Q:

8Zy + Uy + PV,



