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INSTRUCTIONS AND INFORMATION
1. Answer ALL the questions.
2. Read ALL the questions carefully.
3. Number the answers according to the numbering system used in this question
paper. R,
4, Write neatly and legibly.
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QUESTION 1
1.1 Regulation C99 of the Factories Act, refers to the returns of boilers.

State FIVE different occasions when a written notification and/or approval

must be sought from the inspector for such retumn. (5)
1.2 State FIVE advantages of a mechanical stoker in coal-fired boiters. (5)
110]

QUESTION 2

A certain gas at a temperature of 26 °C has a mass of 2,732 kg. This gas is
compressed, isothermally, to 4 000 kPa from 140 kPa. The gas constant for this gas is
0,3 kJ/kg.K. _

Calculate the following:.

) The volume befors compression . -

2.2 The volume after compression __ (3)

2.3 The work done in kilojoules . (3)

24  The heat gained or lost in kt!Ojoufes - | 3)

55 The change in entropy:':'({,_S'gﬁ';—"'E-:‘_n.j:ff:f;;j“_g @
gy Lk [15]

QUESTION 3

Water which has. a mass of 8,5 kg and a temperature of 40,3 °C is used to form steam

at a pressure of 980 kPa: The steam s then superheated to a temperature of 214 °C.

The specn‘lc heat capacny of superheated steam is 2,1 kJ/kg.°C.

Calcu!ate the followmg, with the aid of steam tables:

3.1 o ii-f_:'The sensible heat/enthalpy (4)

3.2 .The latent heat/enthalpy of evaporation (3)

3.3 The superheat (4)

3.4 The total heat required to superheat the steam : 1(;%
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QUESTION 4

4.1 A surface condenser has a vacuum-meter reading of 689,3 mm mercury and
a barometer reading of 757 mm mercury. Wet steam with a dryness fraction
of 0,93 is supplied to this condenser at a rate of 3 450 kg/h. The cooling water
enters the condenser at 20,5 °C and leaves at 32,4 °C and the condensate

has a temperature of 31 °C. The specific heat capacity of the cooling water is
4 187 J/kg. °C.

Calculate the following:

4.1.1 The pressure in the condenser _:.:"} (3)
4.1.2 The mass of cooling water required by the condenser §\_r_‘ery"r'ﬁ'i'ﬁﬁ:te (8)
4.2 The dryress fraction of wet steam is determined by, us"'i"r_tg a ééparating

calorimeter. For every 1,9 kg condensate which passes through the
calorimeter, 0,36 kg of water is collected in the separator. -

Calculate the percentage of vapour in the steam. (4)
: _ [5]

QUESTION 5
A sample of coal has the following analysssby mass:

Sulphur: 3%
Oxygen: 6%
Carbon: 84%
Hydrogen: 7%

The atomic masses of the elements are as follows:

» Hydrogen:. 1~ -
o Carbon: 12 il
e Oxygen: 16:.
 Sulphur; " 32" -

Ca[cuféf’e,. _t_h_e:fciiiowing for one kilogram of coal, from first principles:

5.1 T.ﬁe mass of each element (4)
52 The theoretical mass of oxygen required to burn the carbon {(2)
5.3 The theoretical mass of oxygen required to burn the hydrogen (3)
54 The theoretical mass of oxygen required to burn the sulphur (2)
5.5 The total mass of oxygen required for complete combustion {(2)
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5.6 The theoretical mass of air required for complete combustion (2)
[15]

QUESTION 6

A single-acting, single-cylinder air compressor takes in 1,05 m® of air, with a
temperature of 18,5 °C, every minute. The air is received at a pressure of 102 kPa and
delivered at a pressure of 720 kPa. The index of compression is 1,35 and the
compressor does not have a clearance volume. The compressor operates at a speed
of 325 r/min and it has a stroke-to-bore ratio of 1,45 : 1. The mechanical efficiency of-
the compressor is 90,5% and the gas constant for air is 0,287 kd/kg.K. -

Calculate the following:

6.1 The cylinder diameter in mm ) S ©
6.2 The stroke length in mm o U N
6.3 The delivery temperature in °C e o
6.4 The power required to drive the comp'!'zé.’SSOinfh;.ikW. “

A [15]
QUESTION 7

An impulse turbine rotates at -"éa=-:'Sbe_ed_,._of;5_0"rfé. and it has a nominal-blade diameter

of 668 mm. The outlet and- inlet blade angies are 31° each and the turbine develops

120 kW of power. The gas is dlscharged in an axial direction and the loss in velocity

due to friction is 9% i

74 Calculate the blad’é véibcity of the turbine, in m/s. 3)

7.2 Construct avelocity diagram in the ANSWER BOOK (landscape) and enter
ALL thé.%valués._(m/s) onto the diagram.

Use the scale 1tecm: 10 m/s

NOTE No marks will be given if the values are not indicated on the diagram and if the

“diagram is not constructed to scale. (9)

7.3 Determine the mass of the gas which flows through the turbine every minute. (3}
[15]

TOTAIL: 100
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POWER MACHINES N5
FORMULA SHEET
1. Q=W+ AU
2. AU =mC,AT
3. 0 = mC,AT
4. Q =mC,AT
V.
5. =PV, In-%
Q=AY v
6. AS = m[CU 1n-T+2+ R inﬁ]
LW
7. W = RAV
v
8. W =PV, In—=
4
9 w =i -5V

n—1

10. W
) }’-—_1
o C_y :
13. i U
I h
14. PV=mRT
15. BV, =BV,
16. P;V{’ = BVy
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I8,

19.
20.

2L

26.

27.

T145{EYN1D)T
2.._} n—=1
& _ & noo Vi
I \ R Va

L_(mY7 _(wY
I R Va)

h = hf n hfg =h .

- . V » ”.:_ 1 (hsllp - I 941)

P

sup. T
_ ? R

1%
X==t
VS

M
M+m

X
U=H-PV

1
§Zy+ U+ RV +-Cl + 0=

gZ, +U, +P;F/2+%C:,_2 + W

ma(hy — 1)
1=t
my CV

EF = m:(ha - )
my 2257

101,325
P= (Bm * M:rt)mfgg'_

Please turn over



(8120035%)

30.

31

32. HCV.=(CVe.C) + CVy, [Hz - %) +(CV,.5)
33, LCY.=HCV.- hy, (9H,)
, +m,)C, AT
34, HCV.= ty + o) Cp e
- 1— _q;:'\l”.___.u.
35‘ W _ Plve i _{?2_ F4] _ 1 _ HTRT] E)z —1
n=1;|1H _n*-l LA
36. .= Ye 100-~1—KE f?’-”—f =l+oz a:(r)”
37. N =?i.100 N
38. m(C oo cﬂ) |
39. mUiCWI (- CW)]
He CL”.-
al. U= zDN
42, mV = AC
43, (m+M)g=ma)2h
44, vs=Z DL

m = IOO[C8+8H2+S 0,
2313

C.H, +[x+i]o2 = xCOy + 2 H,0
A 4 277

4
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45.

46.,

47.

48.

49.

50.

-3-
6, =1 —1wi
8, =t —two
Log.temp.diff. = u
4,
fn —_
P,
Piso=FRYV, in [—‘]
A
a—1
Pact = — RV, Lenl -1
n- A
Niso =252 4100
act
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