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1.

2.

3. Number the answers accordtng to the n nber g system used in this question
paper. -

4. Write neatly and legibly.
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QUESTION 1

The volumetric expansion ratio of an engine working on the dual cycle principle is
1:9,6.

The clearance volume is 6,25% of the cylinder volume and the swept volume is
4 500 cm®.

At the beglnn:ng of the adiabatic compression stroke the conditions lndlcate a pressure
of &8 kPa and a temperature of 18 °C. :

The pressure after adiabatic expansion is 263,74 kPa.

Take gamma = 1,4, Cp = 1,008 kJ/kg.K and Cv = 0,72 kd/kg.K.

Calculate:
1.1 The cylinder volume, clearance volume and the olume before adiabatic
expansion in cubic centimetres : (8)
1.2 All the missing absolute temperatureg»_:\éiﬁﬁé_l ssuresun kPa at the principal
points > A ©)
1.3 The heat received and the heat re;ected durmg_} e"cycle in kJ/kg (4)
1.4 The thermal eﬁucrency of the cycle (2)
[20]
QUESTION 2
Air enters a convergent—dlve?gent nozzle at a pressure of 2 800 kPa, a temperature of
450 °C and a velocity of zero.
The diameter atthe throat of the ﬁozzie is 51 mm.
The pressure at the exit is 590;674 kPa.
Up to the throat he f!aw is ‘_rfctlon!ess and the efficiency of the divergent part is 96%.
kd/kg.K and Cv = 0,718 kJ/kg.K.
: Th_é:-?"\?atue of gamma (3)
2.2 The pressure in kPa, the absolute temperature, the velocity in m/s, the
specific volume in m¥kg and the area in mm? at the throat of the nozzle (8)
2.3 The mass flow rate of the air in kg/s (2)
2.4 The absolute iseniropic temperature, the absolute actual temperature, the
velocity in m/s and the specific volume in m¥kg at the exit of the nozzle {7)
{20]
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QUESTION 3

A two-stage, single-acting, reciprocating air compressor delivers air to a receiver at a
pressure of 1 200,5 kPa.

The low-pressure cylinder has a piston with a diameter of 245 mm and a stroke length
of 350 mm.

The volumetric efficiency of the low-pressure cylinder is 90%.

Tiis temperature at the beginning of the compression stroke for the Iow—pressure
cyimder is 30 °C.

The pressure in the intercooler is 343 kPa.
The compressor rotates at 355 r/min and the mechanical efficiencyi ig 85%
The index for compression and expansion for both stages is 1 3
Intercooling is complete for maximum efficiency. -

2

Take R for air as 0,287 kd/kg.K and Cp as 1,005 kJ/kg.K. -

Calculate:
3.1 The swept volume and the eﬁec‘r;,ve swep volumefor the low-pressure
cylinder in cubic metres - (4)
3.2 The pressure before compressu)n :n tha fow- pressure cylinder in kPa (2)
3.3 The work done in kW fer the- : and the power required to drive the
COMpressor in kW : {4)
3.4 The mass of air. de! / by ec'd' pressor in kg/s (2)
3.5 The absoiui& temp g ature of the air after compression (2)
3.6 The heat transfer "\o*--the mtercooier in kJd/s (2)
3.7 ____'__The he :___sferw__e"the water jackets in kd/s (2)
.The effective, swept volume of the high-pressure cylinder in cubic metres per
cycle (2)
[20]
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CUESTION 4

A boiler plant burns 5 750 kg of coal with a calorific value of 33 MJ/kg per hour.

It generates superheated steam at a pressure of 3500 kPa and a temperature of
350 °C.

At the exit from the boiler the steam is 97% dry with a pressure of 3 500 kPa.
The feed—water temperature is 24,1 °C and at entry to the boiler the water has a

The temperatures at the entrance and the exit of the air preheater are 25 °C and
150 °C respectively.

The thermal efficiency of the plant is 80,12%.
The air fuel ratio is 20 : 1.

The economiser receives 2 200 kJ/kg of heat.
The specific heat capacity of air is 1,008 kJ/kg.K.

4.1 Calculate by using steam tables only:

411 The mass of superheated e__’geém‘fg_en_\ aiéd.-:.-i_,__rg_\__\kg/h (3)

412 The specific enthalpy the@%;sdbﬁéfr_peated steam produced at

3 500 kPa in kd/kg fuel : (4)
4.1.3 The heat absorb : by the air prei_‘, eater in kJd/kg fuel {(2)
414 The thermal eff:c;ency of the plant if the super heater becomes
faulty andis d:scennected 4 (4)
4.2 Draw up a tab‘i@ th _\heat balance in kJ/kg and a percentage for each
componentitodetermine the percentage unaccounted for. {7}
, [20]

QUESTION 5

“twosstroke eight-cylinder diesel engine was tested on a dynamometer
| _.a% 240 r/mln:ea _d the following information was obtained:

The s ake power =7,1 MW
The calorific-value of the fuel = 45,5 MJ/kg
The air-fuel ratio =25:1

The indicated thermal efficiency =39, 01%
The mechanical efficiency = 80%

The flow rate of the cooling water =1 200 kg/min
The temperaiure rise of the cooling water =65°C

The temperature of the exhaust gases =423 °C

The ambient temperaiure of the air =18 °C

The specific heat capacity of the exhaust gases =1,05 kd/kg.K
1he specific heat capacity of the cooling water = 4,2 kJ/kg.K
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Caloulate:
5.1 The brake torque in kN.m and the indicated power in MW
5.2 The mass of fuel used in kg/s

5.3 The brake thermal efficiency

54 The indicated specific fuel consumption in kg/MW.h

5.5 The mass of the exhaust gases in kg/min
5.6

heat consumed by the coolmg waiter.
QUESTION 6

The average diameter of the moving: blacfés__:_' a two stage velocity-compounded,
impulse gas turbine, rotating at 2 107,5 /min is 1. A5 ma

The inlet and outlet angles for the first row.of movmg blades are 25°.

The relative inlet and outlet vetocmes forthe flrst row of moving blades are 560 m/s
and 532 m/s respectively. : i
The outlet angle for the second.row of-;movm 'biades is 28°.
The velocity of flow at entry to :sec_ d stage is 115 m/s,

6.1 Construct; yehmty:-'-"?" fagrarns for the turbine using a scale of 1 mm = 5 m/s.

Indicate:7all th { s as well as the magnitude of the angles on the
dlagram§

6.2 _‘_“_:_":_.wmg from the velocity diagrams:

1e nozzle velocity in m/s

The velocity of the gas entering the fixed blades 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

6.2.5 The angle at the entrance to the second row of maving blades
6.2.6 The angle at the entrance to the fixed blades

6.2.7 The angle at the exit of the fixed blades

6.2.8 The relative velocity at the entrance of the second row of moving
blades in m/s

(8)
{20]

(10)
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6.2.9 The relative velocity at the exit of the second row of moving blades
inm/s

6.2.10 The diagram efficiency
{(10x1) (10)

{201
QUESTION 7
A methyl chloride refrigerating plant operating between pressure hm;ts of 215 kP and
672 kPa is tested and the following information was obtamed
Temperature of the refrigerant in the condenser
Temperature of the refrigerant in the evaporator
ure, =479 kJ/kg
Specific enthalpy of dry saturated vapour &t*évap rator sjig_§_sure = 462,8 kJ/kg
= 110,2 kd/kg
= 51,6 kd/kg
undercooling. -
The actual coefftc ent of. perfh{m nce is 80,23% of the ideal coefficient of performance.
The compressor has a piston with a diameter of 128,5 mm, a stroke length of 1,2 times
the dlameter ofthe plston.____:_ ~volumetric efficiency of 90% and it rotates at 420 r/min.
Cg__!;g;a!ate |
“The ldeal coefficient of performance and the actual coefficient of performance (3)
G T _éig's?pecific enthalpy of the refrigerant at the entrance to the compressor in
“ikd/kg and the dryness factor (5)
7.3 The swept volume of the compressor in m® per stroke, the swept volume and
the effective swept volume in m3/s (5}
7.4 The specific volume of the refrigerant at the entrance to the compressor in
m3/kg and the mass flow rate in kg per minute (4)
7.5 The compressor power in kd/s and the power required to drive the
compressor in KW if the mechanical efficiency is 80% (3)
[20]
TOTAL.: 100
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POWER MACHINES N6
FORMULA SHEET
Any applicable formula may also be used.

ENGLISH GENERAL AFRIKAANS

}){IVQ‘ = F”RY;I
R=Cp-Cvr

_tp

yC‘v

PV=c¢
P E1=C

PVYi=c¢c

Q=AU +Wd Q=AU+ Av

Ag=m|Cv.ln L) +Cp.ln L3
P v

As=m.Cv.1nf—2—
|

As=m.Cp.1r1ﬁ
Vi

,f.'§5=m.1'{.lr1i
)

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

Tl
Ss =S, +Cp.1n~—;a’—

5
Spg =3¢ =3¢
S=S;+xSp

fy, = hg +Cp (1, ”fs)
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ENGLISH GENERAL AFRIKAANS
1
272 (b, ~194D)
hws = hf + ‘thfg V.S‘H = PS” h”.‘_ = hf o+ thg
V., =1V, r=tetVe
: v,
V,=Z a4’ xL
4
P2 = P| X P3
- P\‘+l
ps T 2

Different formulae for

Verskillende formules vir
work done {Wd)

g}'beid verrig (Av)
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ENGLISH GENERAL AFRIKAANS
Different formulae for Verskillende formules

work done (Wd) vir arbeid verrig (Av)

= area of PV-diagram = grea van PV-diagram

= work done first stage = arbeid verrig eerste’

+ work done second staditim + arbeid ver-
stage + ... rig tweede stadium +.

Wd ., =Wd, ~Wd,

nett

Wd,,or = Onenr

Different formulae for Vef'skzllende Sformules
air standard efficien- vir lugstandaardrende-
cies (ASE) ‘mente (LSR)

warmte toegevoeg — warmie afgestaan

warmie loegevoeg

Verskillende volumetriese
rendemente, O,

fficiencies;

_ Volume lug ingeneem

Slagvoliume

: _ Volume vrytug
Swept volume Stagvolume

c1-te (f%]”q
Vs [\ A
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ENGLISH GENERAL AFRIKAANS
Lifferent thermal Verskillende termiese
efficiencies, Oyporm. rendemente, oy,
- Wd _ Av
heat supplied warmte toegevoeg

n . bBp . _RD

hrake therm, mf 1o X cv rein ferm. mblpxl;V}V
i _ P

ind. therm. M < CV
_ _mg (hs — iw)

therm, = 7 Ayr

iy X CV

_nh
e T, -1,
n _BP

mech. 1P

Indicated efficiency ratio Indikatenrrendementverhouding

_ Mind. therm.

ASE

_ ﬁind . term.
LSR

Brake efficiency ratio Remrendementverhouding

_ Norake therm.

© ASE

_ nﬂ?ﬂi. fernl.

LSR
pp=27 TeFxr RD =27 ¥
60 60
RD="P LANE

rem gei.

ID = F:'Hd . gent. LANE

1sBy = Zoih
ID

RSBy = Molh
RD

cor=—" Kvw = !
T, - T, L, -T
VE
COFP = —I‘E—E- KVW =—
W Av
FP=m U AVw D=m. U . AVw
Fa\. = AV[ Faks. =m, ﬂVf
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ENGLISH GENERAL
N = 2.U.AVw
dia. Vlg
}(

F = 1(_2 }:/_1
y+1
2
=T
(}/+J

T1280(EXM31)T

AFRIKAANS

C, =y2%10% (y - )+c, -

Cy =2x10% (g ~ hz_)_+ C;

C. = \/2><103><c (T T3+

Cl s .

h
Hearn. =1 — ‘,i“
h=u+ pV
gL +U + AV + +0=
2
gZ—i P?' V,_ 2 4 e
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_mg (hy —hy)

EV
my, X2 257
Avi,
nfso, = A —
vpohi
Av
Rvank. ™ E

C2
ng+U]+ﬁV]+—;-+Q=

C?
822 +U2 +P2V2 +"‘"i="+ Ay



