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QUESTION 1

A steam plant working at a pressure of 3 MPa that consists of an economizer, evaporator and
superheater is generating superheated steam at a temperature of 300 °C. The steam leaves
the evaporator 94.5% dry while the water supply to the steam plant enters the economizer at
32 °C and experiences in the economizer a 128.1 °C temperature increase from its original
temperature. If the plant is capable of generating 7835 kJ/h of superheated steam and has a

thermal efficiency of 75% determine:

1.1. What is the temperature of water leaving the economizer and the heat added in the
economizer per kg of water;
1.2. The heat added per kilogram of water in the boiler and superheater
respectively;
1.3. Determine the quantity of coal required per hour to drive the plant if the
lower calorific value of the coal available to the plant is 38.5 MJ/kg,
1.4. Calculate the equivalent evaporative capacity from and at 100 °C;
L.5. Reproduce and complete the heat balance for the boiler plant shown below,
kJ/kg of coal burnt
IN - OUT %
coal economiser
evaporator
superheater
unaccounted heat losses

()
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(3)
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UESTION 2
Steam at a pressure of 0.8 MPa is throttled to a pressure of 0.1 MPa and 100 °C.
2.1. Calculate the initial dryness fraction of the steam. Use Mollier diagram to check

your answer and make a sketch showing how the values were obtained.
2.2. Calculate the change in specific internal energy for the above process

)
(10)

[15]

QUESTION 3

3.1. A six cylinder petrol engine has a capacity of 4.2 liters.

Calculate the clearance volume per cylinder in em? if the compresston ratio is 20:1.

3.2. 1.8 m? of gas at a pressure of 100 kPa and a temperature of 94 °C is compressed
according to the law pV'?°= ¢, to a pressure of 900 kPa. The gas is then heated
at constant volume to a pressure of 2900 kPa.

Take R=0.29 kJ/kgK and cp = 1.005 kJ/kgK and calculate the following:

3.2.1. The mass of the gas;

3.2.2. The volume and temperature at the end of compression process, and at the
end of constant volume heating process;

3.2.3. The work done during compression,

€)
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QUESTION 3 (continuing)

3.2.4. The change of internal energy for both processes, and state whether

it is ¢ gain or a loss; (6)
3.2.5. Draw the pressure-volume diagram for the processes, indicating all values. (5
[23]
QUESTION 4
4.1. During a test on a surface condenser the following readings were obtained:
VACUUM ZAUZE PIESSULE ..vvvueerrreninneinnennanas 688.725 mm Hg
barometer reading .............cocoiiiiiiiiini . 760 mm Hg
condensate temperature ...........ooiiiiiiiiiii 37.7°C
condensate mass flow ...l ST 4000 kg/h
cooling water inlet temperature .............ccoeeneni, 13 °C
cooling water outlet temperature ......................... 28 °C
cooling water mass flow ............coociiiniiiiiinen. 2190 kg/min
specific heat capacity of water ............coovvviveininnns 4.2 kl/kgK
4.1.1. Determine the condenser pressure in kPa. 2)
4.1.2. Calculate the degree of undercooling using the steam tables (2)
4.1.3. Calculate the dryness fraction of the steam entering the condenser (6)
4.2. Name two reasons for using a condenser in a steam installation (5)
[15]
QUESTION 5

A combined separating and throttling calorimeter is used to determine the dryness fraction
of steam from the main pipe. Wet steam at 800 kPa enters the separator at a rate of

112 kg/h. While passing through the separator it loses 4.85 kg/h of moisture. Thereafter it is
throttle to a pressure of 300 kPa while the temperature after throttling is 150 °C.

Take cp for superheated steam, 2.24 kJ/kgK

Determine the dryness fraction of the steam in the main. [10]
QUESTION 6
The analysis by volume of a sample of gaseous fuel reveals the following percentage:
Cco H2 CH4 02 CO2 N2
3 40 40 5 2 10

Determine the minimum volume of air required for the complete combustion of this fuel and the
percentage excess air if the air supplied is 5.62 m3 per m® of fuel
(Hint: for combustion of methane CHs +2 O, = CO, +2H,0)

[12]




Useful formulas IMT 2111
n—1 n——l-
LA == (2)"
T T, Fl B ;2- Ty D1
T V.
AS =mc,In2+mRIn-2%
I, |
Q = mcAt W = pAV
Vs, V2
AU = mc At Wio=pVin==mRT In-2
PiVi—-pVo _ MR (T4-T,)
Wio = =
n—1 n-1
T —T,
T]carnOT — n,;, 2
m
_ mgx Ah ) EEC = mg x Ah
nBo"er_mfoCV —mfx2257

7’] Rankine = hb _hf_wp

Specific volumes

VX=XXVg VSUD— P

Specific internal energies

Ux:hx'pVx Ug:hg_pVg

Wy = (Pb-Pe) X Vi

Usup = hsup — PVsup



Properties of Water and

Saturaied Steam

p £ v h, o h, S S,
kPa °c m?3/kg kifkg | kd/kg | kifkg | kd/kgK | kd/kgK
1,0 7.0 129,20 29 2485 | 2 514 0,106 8,977
15 13,0 87,98 55 2471 | 2526 | 0,196 8,829
2,0 17,5 67,01 74 | 2460 | 2534 | 0261 8,725
2,5 21,1 54,26 89 | 2452 | 2541 | 0312 8,644
3,0 24,1 45,67 101 2445 | 2546 | 0354 8,579
3,5 26,7 39,48 112 | 2439 | 2551 | 0,391 8,523
4,0 29,0 34,80 121 2433 | 2554 | 0423 8,476
45 31,0 31,14 130 | 2428 | 2558 | 0451 8,434
5,0 32,9 28,19 138 | 2424 | 2562 | 0476 | 8,306
55 34,6 25,77 145 | 2420 | 2565 | 0500 8,362
6,0 36,2 23,74 152 (2416 | 2568 | 0521 8,331
6.5 37,7 22,02 158 | 2413 | 2571 | 0541 8,303
7.0 39,0 20,53 163 | 2410 | 2573 | o559 8,277
7,5 40,3 19,24 169 |'2406 | 2575 | ‘0578 8,252
8,0 41,6 18,10 174 | 2403 | 2577 | 0503 8,230
8,5 42,7 17,10 179 | 2401 | 2580 | o608 8,208
9,0 43,8 16,20 . 183 | 2308 | 2581 | 0822 8,188
9,5 44,8 15,40 188 | 2395 | 2583 | 0636 8,169
10 45,8 14,67 192 | 2393 | 2585 | 0649 8,151
11 47,7 13,42 200 | 2383 | 2588 | 0674 8,118
12 49,5 12,36 207 | 2384 | 2591 | 0,696 8,087
13 51,1 11,47 214 | 2380 | 2594 | 0717 8,059
14 52,6 10,69 220 | 2377 | 2587 | 0737 8,033
15 54,0 10,02 226 | 2373 | 2599 | 0755 8,009
16 | 553 9,433 232 | 2370 | 2802 | 0772 7.987
17 . 56,6 8,911 237 | 2367 | 2604 | 0788 7,966
18 - 57,8 8,445 242 | 2364 | 2606 | 0,804 7,946
19 59,0 8,027 247 | 2361 | 2608 | 0818 7,927
20 80,1 7,650 252 | 2358 | 2610 | 0,832 7,909
21 61,1 7,307 256 | 235 | 2812 | 0845 7,893
22 62,2 6,995 260 | 2353 | 2613 | 0858 7.876
23 63,1 6,709 264 | 2351 {2615 | 0870 | 7881
24 64,1 6,447 268 | 2349 | 2617 | 0882 7,846
25 65,0 6,204 272 | 2346 | 2618 | 0893 7,832
26 65,9 5,980 276 | 2344 | 2.620 | 0904 7,819
27 66,7 5,772 279 | 2342 | 2621 | 0915 7,806
28 67,6 5,579 283 | 2340 | 2623 | 0925 7,793
29 68,3 5,398 286 | 2338 | 2624 | 0,935 7,781
30 69,1 5,229 289 | 2336 | 2625 | 0944 .| 7.770
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