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SECTION A
[50 marks]
Instruction: Answer Two questions.

QUESTION 1

The following diagram is for a combined gas — steam power plant system.
Superheated steam is supplied from the steam generator to the steam turbine at 60
bar, 450°C and leaves as wet steam at 0.08 bar. The steam turbine has thermal
efficiency of 50% and output power of 10 MW, calculate:

() Assuming reversible adiabatic flows through the pump and turbine,
determine the enthalpies at the inlets and out lets of pump and turbine.

(8 marks)

(i) The flow rate of steam to the turbine. (6 marks)
(iii) The heat transferred to the cooling water of the condenser.

(3 marks)

(iv) The difference between the inlet and outlet temperatures of the condenser
cooling water for water flow of 6 T/h. (Cp for water = 4.2 x10° kJ/Kg).

(4 marks)
(v) The power supplied to from the flue gases to the steam generator.

(4 marks)
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Total 25 marks
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QUESTION 2

a) State the assumptions made in solving problems in heat exchangers.
(3 marks)

b) A counter flow double pipe heat exchanger is to heat water from 20 °C to 80 °C at
arate of 1.2 kg/s. The heating is to be accompanied by geothermal water available
at 160 °C at a mass flow rate of 2 kg/s. The inner tube is thin walled and has
diameter of 1.5 cm. If the overall heat transfer coefficient of the heat exchanger is
640 W/m?2.°C, determine the length of the heat exchanger required to achieve the
desired heating using the effectiveness - NTU method. Cph = 4.3 kJ/kg.°C ,Cpc =
4.18 kJ/kg. °C)

NTU == In (‘H)

gc—-1
(22 marks)

Total 25 marks

QUESTION 3
a) Define and explain the term Reynolds stress. What causes the friction factor to be
higher in turbulent flow? (5 marks)

b) Water at 15 °C (p = 999.1 kg/m3) and p=1.138 x 10-2 kg/m .s is flowing steadily
in a 50 mm in diameter horizontal pipe made of stainless steel of roughness ¢ =
0.002 mm , at a rate of 0.005 m3/s. Determine the pressure drop, the head loss,
and the required pumping power input for flow over a 60 m long of the pipe.

(20 marks)

Total 25 marks
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SECTION B
[50 marks]
Instruction: Answer Two questions.

QUESTION 4
For the control system is shown in Figure Q4.

R(s) K - 1 Cls)
2 Kp+5+Kps [ 52 {105 420 [ ]

Figure Q4

The controller is used in order to improve step response of the system.
a) For KI and KD are set to zero (controller becomes proportional
controller), determine the range of Kp to fulfill less than 5% overshoot
requirement.

(20 marks)
b) Design PID controller to achieve maximum overshoot less than 5%, rise
time tr less than 1 second and zero steady-state error for a unit step
input.
(15 marks)

QUESTION 5

a) Analyse the stability of the sampled control system as shown in Figure Q5,
when sampling time is
(i) T=0.5sec.
(i) T =1 sec.

(19 marks)

Question 5 continued over the page
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Question 5 cont’d...

Rrﬂ_*.(_:\ Eg 1— ¢~ 7= _Hl a X
% S | s(s + 2)
Figure Q5
b) If an 8 bits analogue to digital converter with the signal range between -5 V to
+5 V.
Find
(i)  the resolution of the AD converter, (2 marks)
(if) integer number represented a value of 2.5 Volts, (2 marks)
(iii) the voltage does the integer 100 represent. (2 marks)
QUESTION 6

a) Briefly explain the following three approaches for the analysis and design of
closed loop control systems

(i) Laplace transform. (2 marks)
(i) The frequency responses technique. (2 marks)
(iii) The state space technigues. (2 marks)

b) Consider the mass-spring damper system depicted in Figure Q6 .
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Figure Q6

Question 6 continued over the page
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Question 6 cont’d...

(i) Derive the differential equations describing the behaviour of the
system. (8 marks)

(i) Select the state variables and transfer the differential equations
obtained from Figure Q6 above to the relevant first-order differential
equations. (2 marks)

(iii) Determine the state space equations of the system. (9 marks)

Total 25 marks

END OF QUESTIONS
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1- Steam Tables
- SATURATED STEAM: PRESSURE TABLE

Volume, m'/kg Energy. kg Enthalpy, ki/kg Entropy. kJ/kg K
P, MPa 7.°C €, v, “, “, h, b, h, 5, 5, s,
0000611 0.01 0.001000  206.1 0.0 23753 00 25013 250013 00000 91571 91571
0.0008 38 0001000 159.7 1S58 23505 IS8 249285 25083 00575 9.0007 90582
0.001 7.0 0001000 129.2 293 2385.0 29.3 24849 25142 0.1059 88706 R9765
00012 9.7 0001000 1087 40.6 23887 20.6 24785 25191 01460 KT7639 S99
00014 120 0.001001 9392 sS03 23919 50.3 2473.1 25234 0.1802 86736 88538
0.0016 140 0.001001 82.76 589 23947 589 2468.2 2527.1 0.2101 85952 8.8053
00018 1538 0.001000 7403 66.5 2397.2 665 24640 25305 02367 55259 87626
0.002 175 0001001 67.00 738 23995 73S 23600 25335 02606 84639 87245
0.003 241 0.001003 4567 1010 24085 1010 24445 25455 03534 82240 8BS783
0.004 29.0 0001004 380 121.4 23152 1214 24330 25544 04225 BO0529 R4754
0.006 362 0001006 2374 1515 24249 1518 23159 25674 05208 78104 83312
0.008 41.5 0.001008 185.10 1739 24321 1739 2303.1 2577.0 05924 7.6371 82295
001 458 0.001010 14.67 1918 24379 1918 23928 25846 06491 75019 R.Iis510
0012 494 0001012 12.36 2069 24427 2069 23841 25910 0691 7.3910 BO0s71
0014 526 0001013 10.69 2200 23469 2200 23766 25966 0.7365 72968 80333
0.016 555 0001015 9433 23185 24508 2315 23699 26014 07719 7.2149 79868
0.01% 578 0001016 445 2419 24538 2319 23639 26058 08034 7.1425 7990
0.02 60.1 0.001017 7639 2514 2456.7 2514 23583 2609.7 08319 7.0774 79093
0.03 69.1 0.001022 5229 289.2 24684 289.2 2336.1 26253 09439 68256 7.7695
003 759 0001026 3993 3175 2477.0 3176 23191 26367 10260 66449 76709
0.06 859 0.001033 2,732 3598 24896 3598 22937 26535 11455 63873 7.5328
0.08 935 0.001039 2.087 3916 24988 1916 22741 26657 1.2331 6.2023 74353
0.l 99.6 0001043 1694 4173 25061 4174 22581 26755 13029 60573 7.3602
0.12 1048 0001047 1.428 4392 25121 4393 22442 26835 L3611 59378 7.2980
0.13 1093 0.001051 1.237 458.2 2517.3 4584 22320 26904 14112 SS8360 7.2472
016 1133 0001054 1.091 475.2 2521.8 4753 2221.2 26965 14553 5.7472 7.2025
oS 1169 0.001058 0977s 490.5 25259 490.7 22101 27018 14948 56683 7.1631
0.2 120.2 0.001061 0.8857 5045 25295 S04.7 22019 27066 15305 55975 7.1280
03 1335 0.001073 06058 s61.1 25436 S61.S 21638 27253 L6722 53205 69927
04 1436 0.001054 04625 6083 25536 o047 21338 27385 L9770 S.1197 68967
0.6 1589 0001100 03157 6699 25674 6706 20862 275638 19316 48293 67600
08 1704 0001115 0.2404 7202 25768 721.1 20480 2769.1 20466 46170 6.6636
I 1799 0001127 0. 19343 761.7 25836 7628 20153 27781 21391 44482 65873
1.2 1850 0001139 0.1633 797.3 25888 7986 1986.2 278438 22170 43072 6.5242
14 195.1 0.001149 0. 1408 $28.7 25928 8303 1959.7 2790.0 22847 4.1854 6.4701
1.6 2014 0001159 01238 8569 25960 R8S8S8 19352 27940 23436 40780 64226
1.8 2072 0001168 01108 8$82.7 25984 8848 19123 2797.1 23986 39816 6.3802
2 2124 0001177 009963 906.4 26003 9088 1890.7 27995 23478 38939 63417
3 2339 0001216 006668 10048 26041 10084 1795.7 28041 26462 35416 G6.IR7TS
B 2504 0.001252 004978 10823 2602.3 1087.3 17141 28014 27970 32739 60709
6 275.6 0.001319 003242 12054 2589.7 12133 1571.0 27843 3.0273 28627 S5.8900
R 295.1 0001384 002352 13056 25698 13166 14404 27580 32075 25365 57440
10 31 0001452 QO0IS03 13930 254443 1076 1317.1 27247 33603 22546 56149
12 3248 0.001527 001426 14729 25137 14913 11936 26849 34970 19963 54933
14 3368 0.001611 001149 15486 24768 1571.1 1066.5 2637.6 3.6240 17486 S5.3726
16 3474 0001711 0O09307 16227 2431.8 16500 930.7 25807 37468 14996 52463
18 357.1 0.001820 0007491 16989 23744 17320 777.2 2509.2 3.8722 1.2332 S5.1053
20 365.8 0.002036 0005836 1785.6 2293.2 1826.3 5837 24100 40146 09135 49281
22088 374136 0003155 Q003155 20296 20296 20993 00 20993 34305 00000 44305

Souwces: Keenan, Keyes, Hill, and Moore, Steam Tobles,

Classioml The rmodynamuics, Wiley, New Yok, 1973

ley, New Yook, 1969: G J. Van Wylen and R.

E. Soentag. Fundamentals of
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P=6MPa Pe=TMPa P=8MPa
T b i h H T b i h H T b i h i
€ wihg Wiy Ky KhgK ' why Kk Kk kK ‘¢ whg Wiy Why kkgK
sat 000244 25607 27843 58801 st 002737 25605 27721 58132 sat 002352 25608 27579 57431
300 003616 26672 28842 60673 300 002047 26321 28384 5.09004 300 002426 25009 27850 5.795
350 004223 27806 30430 6333 350 003524 27693 30160 6.2282 350 002005 27477 20873 6.1300
400 0730 28028 31772 65407 400 003903 28786 31581 64477 400 003432 28638 31353 6.3633
40 005214 2680 23018 67192 450 004416 20770 32870 66326 450 003817 20667 32720 65550
500 005665 30622 34221 68802 500 0.04814 30733 M103 6.7974 500 004175 0643 33083 6.7239
550 006101 31746 35406 7.0287 550 0.05195 3167.2 35309 6.9486 550 004516 31598 3521.0 68778
600 006525 32660 36584 T7.1676 600 0.05565 32607 36503 7.0804 600 004545 02544 36420 T7.0205
700 007352 4532 38043 T42M 700 0.06283 34486 38884 7.3476 700 005451 34440 38825 72812
800 0.08160 36431 41327 7.6566 800 006981 36396 41283 7.5822 800 006007 36361 41238 75173
900 008058 34378 43753 78727 000 007660 38350 43718 7.7001 0900 006702 138321 43683 7.7350
1000 000749 40678 46227 K.0751 1000 008350 40353 46198 80020 1000 007301 40328 46169 79384
1100 010536 42433 48754 82661 1100 0.00027 424090 48728 81933 1100 007806 42386 48703 51200
1200 011321 44540 51333 84473 1200 0.00703 44517 51309 83747 1200 008489 44404 51285 83115
1300 02106 46606 53960 861N 1300 0.10377 46673 53037 85472 1300 000080 46650 53015 84542
2. The Moody chart )
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3- Laplace and Z transform table.

Laplace transform

Time function

z-transform

Modified z-transform

f(s) fly >0 f(@) flz;m)
1 z 1
s (0 z—1 z—-1
l Tz mT 4 T
# ! G- 17 -1 (z-1y
2 Tz(z + 1) o[ m 2m + 1 2
§ ‘ (z-1) ! ((2_1)_(2—1}2+(2—1]3)
1 u z e—am]"
s+a ¢ z—c_"'-lr Z_e—ﬂT
1 e Tze ™7 Te~T(e =T + m(z — e='T))
(s + a)? (z — e T)? (z — e97)?
a | — o z(1 — e’ | eamT
(s + a) (z—=1)(z— e (z—-1) z-e™l
1 1 (e~ —h:) 1 -4 B z 1 e T _ e bmT
(s+a)s+b) (b-a) e (b —a) (z -e T z- e‘”) b-a (z -e T z- c'”)
a 1 _a Tz (1-e"N): T amT - 1 et
sHs + a) T (1= (z-1?% a(z- 1)(z-e"N (z-1¥ a(z-1) " a(z — e7)
a in(ar) z sin(aT) z sin{f@amT) + sin(1 — m)aT
st + a sinia 22 — 2z cos(aT) + 1 2> — 2z cos(aT) + 1

Step response formula

m

R L —

T oaafa-2)

PO=100g7" 11"}

Tr:z.wgw.so

4
gm x
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