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NOTE: If you answer more than the required FIVE questions,.onl th st Ve gu étions will

be marked. All work you do not want to be marked must b

INSTRUCTIONS AND INFORMATION
1. Answer any FIVE of the seven questions.

2. Read ALL the questions carefull

3. Number the answers accoré gtoth
paper.

system used in this question

Write neatly and legibly.
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OUESTIONA

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 cm3,

At the beginning of the adiabatic compression stroke the conditions indicate a pressure
of 88 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 kJ/kg.K.

Calculate:
1.1 The cylinder volume, clearance volume and the volume before adiabatic
expansion in cubic centimetres (5)
1.2 All the missing absolute temperatur
points 9
1.3 The heat received and the h (4)
1.4 The thermal efficiency of (2)
[20]
QUESTION 2
Air enters a convgggéﬁr;g—di“\/e?‘
450 °C and a velocity of zero.
The diameter at the throat of
The pressure at the exit i
value 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 isentropic 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%.

cyhnder is 30 °C.

The pressure in the intercooler is 343 kPa.
The compressor rotates at 355 r/min and the mechanical efficiency is 8
The index for compression and expansion for both stages is 1,3
Intercooling is complete for maximum efficiency.

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 effeo
cylinder in cubic metres

(4)
(@)

3.2 The pressure before compressi

33 The work done in KW for tf
compressor in kW

3.4
3.5

3.6

(2)
[20]
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QUESTION 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
temperature of 83, 7 °C.

The temperatures at the entrance and the exit of the air preheater
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 1,005 kd/kg.K.

4.1 Calculate by using steam tables only:

4.1.1 (3)
(4)
(@)
(4)

4.2 ance in kJ/kg and a percentage for each
percentage unaccounted for. (7)
’ [20]

troke eight-cylinder diesel engine was tested on a dynamometer
llowing information was obtained:

=7,1 MW
= 45,5 MJ/kg
=251
The indicated thermal efficiency =39, 01%
The mechanical efficiency =80%
The flow rate of the cooling water =1 200 kg/min
The temperature rise of the cooling water =65°C
The temperature of the exhaust gases =423 °C
The ambient temperature of the air =18°C
The specific heat capacity of the exhaust gases = 1,05 kd/kg.K
The specific heat capacity of the cooling water = 4,2 kd/kg.K
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Caleulate:

5.1 The brake torque in kN.m and the indicated power in MW (4)
5.2 The mass of fuel used in kg/s (2)
5.3 The brake thermal efficiency (2)

5.4 The indicated specific fuel consumption in kg/MW.h
55 The mass of the exhaust gases in kg/min

5.6 Draw up a table of the heat balance in MJ/min and pi
the percentage heat loss. Assume that the heat.to
heat consumed by the cooling water.

(8)

[20]
QUESTION 6
and 532 m/s respectively.
The outlet angle for the sec

(10)

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 moving 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
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6.2.9 The relative velocity at the exit of the second row of moving blades
in m/s

6.2.10  The diagram efficiency
(10x 1) (10)

[20]
QUESTION 7
Temperature of the refrigerant in the condenser
Temperature of the refrigerant in the evaporator
479 kJd/kg
= 462,8 kd/kg
=110,2 kJ/kg
= 51,6 kd/kg
Specific volume of dry satura aporator pressure = 0,168 m¥kg
The methyl chloride en
a dry saturated
undercooling.
ormance is 90,23% of the ideal coefficient of performance.
1 with a diameter of 128,5 mm, a stroke length of 1,2 times
(3)
specific enthalpy of the refrigerant at the entrance to the compressor in
kg and the dryness factor (5)
7.3 The swept volume of the compressor in m3 per stroke, the swept volume and
the effective swept volume in m¥s (5)
7.4 The specific volume of the refrigerant at the entrance to the compressor in
m¥kg and the mass flow rate in kg per minute (4)
7.5 The compressor power in kJ/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

I)a‘/(l = mRTa

PVv=c
PV® =¢

PVi=¢

Q=AU +Wd

m Cv.ln£2—+Cp.lnY—2~
B 4

Aszm.Cv.ln&
A

As:m.Cp.ln—Vl
1

As=m.R.1n—1——D—1—
2

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

T
S =S, +Cp.ln—jSi

s
Spg=S5g =5y

S=Sf +3’CSj‘g

hy, =hy +Cp (15, _.)
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ENGLISH GENERAL AFRIKAANS

i

L (hy, —1941)
hys =hy + xhg, V, =—L1

hyg = hyp + xhy,

Different formulae for

work done (Wd)

Verskillende formules vir

_arbeid verrig (Av)

n—1

R, (ry) " —1

X1
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ENGLISH GENERAL

Different formulae for
work done (Wd)

area of PV-diagram

work done first stage
+ work done second
stage + ...

Wd, ., =Wd, -Wd,

nert

Wd,ore = Qpent

T1280(E)(M31)T

AFRIKAANS

Verskillende formules
vir arbeid verrig (Av)

= area van PV-diagram

= arbeid verrig eerst.
stadium + arbeid v.
rig tweede stadium +

Different formulae for
air standard efficien-
cies (ASE)

Vefskzllende formules
vir lugstandaardrende-
mente (LSR)

; y-1
rple

[(r, =D+ 77 (1, = D]

warmte toegevoeg — warmte afgestaan

warmte toegevoeg

Swept volume
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Verskillende volumetriese
rendemente, 0,,;

_ Volume lug ingeneem

Slagvolime

_ Volume vrylug

Slagvoluime

Please turn over



(8190046)

ENGLISH

Different thermal
effiCienCieS’ Otlzerm.
Wd

" heat supplied

| B BP
Mhrake therm. = W
| B P

Nind. therm. = W

_myg (hs — hw)

GENERAL

T1280(E)(M3)T

AFRIKAANS

Verskillende termiese
rendemente, Gropm.
_ Av

warmte toegevoeg

RD
iy, e WW

'7 rem term. —

Nind. ter

Niherm. = mf < CV

pe ol
LT

| BP

Nech, = 7};'

Indicated efficiency ratio
_ Mind. therm.

ASE
Brake efficiency ratio

_ Nbrake therm.

- Indikateurrendementverhouding

_ Mind. term.
LSR
Remrendementverhouding

. 77?'(’”1. rernt.

ASE LSR
RD =27 Ll
60
RD = Prem gen. LANE
ID= Pintz" gem. LANE
ISBYV = Thlh
ID
RSBV = blh
RD
T, T
COP = KVW =
T, ~T, -1
RE E
COP=— KVW = VE
Wd Av
P=m. U.AVw D=m.U.AVw
Fpo=m. AV Fops. =m . AV,
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ENGLISH GENERAL AFRIKAANS

2.U.AVw
Vlz

4
p=pl 2 !
C—]y+1

T. =T 2
R PV

C.=y2%10% (b — h) + C?

Ndia. =

\2
I

J2X103 (I — ) + C;

gy =M (hy = h,,)

my, X2 257
Av;
771'so. = A 50
Vpoli.
Av
rank. = Deank. = _.Q__.
T
]7(,‘“)71. = 1 3‘%—
h=u+ pV
C'B C2
$Z+ Ui+ BVi+—-+0= 82+ Ui+ RV + -+ Q=
| c: 7
8Ly 1 v PV, 2 - Wl 82y + Uy + BV, + %“—— + Av
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