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INSTRUCTIONS TO CANDIDATES:

There are FIVE questions.

Answer ALL questions in SECTION A
and only TWO (2) questions in SECTION
B.

All questions carry equal marks.

Marks for parts of questions are shown
in brackets.

This examination paper carries a total of
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numerical solution to a question
obtained by programming an electronic
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Appendix at the end of the paper.
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SECTION A [ Answer ALL questions in this section]

Q1.

a) Steam flows steadily through an adiabatic turbine shown in Fig. Q1(a). The
inlet conditions of the steam are 4 MPa, 500°C, and 80 m/s, and the exit
conditions are 30 kPa, 92 percent quality, and 50 m/s. The mass flow rate of
the steam is 12 kg/s. Steam tables are attached in Appendix 1 for reference.
Determine

(1) the change in kinetic energy, (5 marks)
(2) the power output, and (5 marks)
(3) the turbine inlet area. (5 marks)

P, =4 MPa

T, = 500°C

V), =80 m/s

|

|

P =30KkPa

Xy =092
V, =50 m/fs
Fig. Q1(a)

b) A hollow spherical iron container shown in Fig. Q1(b) whose outer diameter
is 40 cm and thickness is 0.4 cm is filled with iced water at 0°C. If the outer
surface temperature is 3°C, thermal conductivity of iron, K, is 80.2 W/m.°C.
The heat of fusion of water is 333.7 KJ/Kg at 1 atm. Calculate: -

(1) The approximate rate of heat loss from the sphere (5 marks)
(2) The rate at which ice melts in the container. (5 marks)

Question 1b continued over the page
Please turn the page
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Question 1b cont’d...

0.4 cm

Total 25 marks

Q2 a) Underground water shown in Fig.Q2(a) is to be pumped by a 78 percent
efficient 5-kW submerged pump to a pool whose free surface is 30 m above
the underground water level. The diameter of the pipe is 7 cm on the intake
side and 5 cm on the discharge side. Determine

(1) the maximum flow rate of water and (10 marks)

(2) the pressure difference across the pump. Assume the elevation
difference between the pump inlet and the outlet and the effect of the
kinetic energy correction factors to be negligible.

(10 marks)

L N
@

Fig. Q2(a)
Question 2 continued over the page. Please turn the page
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Question 2 cont’d...

b) A smoking lounge shown in Fig. Q2(b) is to accommodate 40 heavy
smokers. The minimum fresh air requirement for smoking lounges is
specified to be 30 L/s per person (ASHRAE, Standard 62, 1989).
Determine the minimum required flow rate of fresh air that needs to be
supplied to the lounge, and the minimum diameter of the duct if the air
velocity is not to exceed 8 m/s.

Fig. Q2(b)
(5 marks)

Total 25 marks

Please turn the page
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SECTION B [ Answer ANY TWO (2) questions in this section]

Q3 a) Consider the mass-spring damper system depicted in Fig. Q3.

X1 b'e
. i
ks | e F

TETTU— M

— T

b

Fig. Q3

(1) Derive the differential equations describing the behavior of the system.
(8 marks)

(2) Assuming that x,(0) = x,(0) = x,(0) = x,(0) = 0, determine the
transfer function  G(s) = X1(s)/F(s).
(12 marks)
b) With the aid of a graph, explain the different between underdamped and
overdamped response.
(5 marks)
Total 25 marks

Q4 a) Derive a transfer of a first order system having unit step response shown
in Fig. Q4.

y(t)
h

0.75

\ J

Fig. Q4

(8 marks)

Question 4 continued over the page
Please turn the page
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Question 4 cont’d...

b) Consider a system with transfer function ~ G(s) = —52+1255+7 _

(1) Determine stability of the system

(3 marks)
(2) Calculate peak time and peak value if a unit step input is given to the
system
(10 marks)
(3) Sketch unit step response of the system.
(4 marks)

Total 25 marks

Q5 Refer to the block diagram of a feedback control system with disturbance
shown in Fig. Q5.

D(s)

1 Y(s)
5(1+0.25)(1+0.55)

A\ J

A (s+1)

Fig. Q5
(1) Derive the whole system’s output X(s) function.
(8 marks)
(2) Determine the range of K that make the system remain stable
(9 marks)

(3) Calculate steady state value of the system if R(s) is a unit step input and
D(s) = 0.
(7 marks)

Total 25 marks
END OF QUESTIONS
Please turn the page
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Appendix 1

Saturated water—Pressure table

Specific volume, Internal energy, Enthalpy, Entropy,

mikg klkg kg kg - K
Sat. Satl. Sat. Sat. Sat. Sat. Sat. Sat. Sat.
Press., temp., liguid, vapar, liguid, Evap., vapor, liquid, Evap., vapor, liguid, Ewvap., wvapaor,
PkPa T,"C Yy Uiy i Uy b by, hy 5 Sy 5
1.0 6,97 0001000 12919 29,302 23852 23845 29303 24844 25137 0.1059 8.B690 B.9749

1.5 13.02 0.001001 87.964 54.686 2338.1 23928  54.688 2470.1 25247 0.1956 86314 BE270
2.0 17.50 0.001001 66.990 73.431 23255 23989 73433 24595 25329 0.2606 B.4821 B.7227
2.5 21.08 0001002 54.242 88.422 23154 24038 B8B.424 24510 25394 03118 83302 86421
3.0 2408 0001003 45654 100,98 23069 24079 10098 24439 25448 0.3543 82222 B.5765

4.0 2896 0001004 34791 121,39 22931 24145 121.39 24323 25837 04224 B0510 B.4734
5.0 3287 0001005 28.185 13795 22821 24198 137.75 24230 2560.7 0.4762 7.9176 83938
15 40,29 0.001008 19.233 168.74  2261.1 24298 168.7% 24053 2574.0 0.5763 7.6738 B.2501
10 4581 0001010 14.670 191,79 22454 24372 191.B1 23921 25839 0.6492 7.4996 B.1488
15 £3.97 0.001014 10.020 22593 22221 24480 22694 23723 26983 0.7649 72622 B.0071

20 6006 0001017 76481 25140 22046 24560 25142 23575 26089 08320 70782 79073
25 64.96 0.001020 6.2034 27193 21904 24624 27196 23455 2617.5 0.8932 659370 7.8302
30 6909 0.001022 52287 289.24 21785 24677 289.27 23353 Z26E24.6 0.944]1 68234 77675
A0 7586 0001026 39933 317.58 21688 24763 317.62 23184 2636.1 1.026]1 6.6430 7.6691
50 81.32 0001030  3.2403 34049 21427 24832 34054  2304.7 26452 1.0912 65019 7.5931

75 91.76 0001037 22172 38436 2111.8 24961 38444 22780 26624 12132 6.2426 74558
100 99.61 0001043 16941 41740 20882 25066 417.51 22575 26750 1.3028 60562 7.3589
101325 9997 0.001043 16734 41895 Z2087.0 2506.0 41906 22565 26756 1.3069 6.0476 7.3545
125 105.97 0.001048  1.3750 44423 2068.8 25130 44436 22406 26849 1.3741 59100 7.2841
150 111,35 0.001053  1.15%4 466,97 20623  2619.2 467.13 22260 2693.1 1.4337 57894 7.2231

175 116.04 0.001057 1.0037 486.82 2037.7 26245 487.01 22131 27002 1.4850 6.6865 7.1716
200 12021 0001061  0.88578 50450 20246 2529.1 60471 22016 27063 1.5302 55368 7.1270
2253 123.97 0.001064  0.79329 52047 20127 25332 H20.71 21910 27117 1.5706 5.5171 7.0877
250 127.41 0.001067 071873 53508 2001.8 26368 &3635 21812 271656 1.6072 54453 7.0525
275 130,58 0001070 0.65732 54867 19916 2640.1 5&48.86 21720 27209 16408 53800 7.0207

300 133.62 0001073 060582 561.11 1982.1 26432 66143 21635 27249 1.6717 63200 6.9917
325 136.27 0001076 056199 57284 19731 25459 67319 215564 27286 170056 52645 6.9650
350 138.86 0.001079 052422 583.89 19646 25485 58426 21477 27320 L7274 52128 6.9402
a7s 141.30 0.001081 049133 594.32 19666 26609 &94.73 21404 27351 1.7626 651645 69171
400 14361 0001084 046242 604227 19489 26531 60466 21334 27381 17766 51191 68955

450 147.90 0001088 041352 62265 19345 26671 62314 21203 27434 1.8205 650356 6.8561
500 151.83 0001093 037483 639.54  1921.2 2660.7 640,09 21080 2748.1 1.8604 49603 6.8207

Please turn the page
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Appendix 1 continued

Superheated water (Continued)

T v i h 5 W u h 5 W u h 5
“C mike  klkg kg klkg - K| mikg k)fkg klikg kikg - K| mikg klfkg klfkg  klkg- K
P = 4.0 MPa (250.35°C) P = 4.5 MPa (257.44°C) P = 5.0 MPa (263.94°C)

Sat. 004978 2601.7 28008 6.0696 | 0.04406 25997 27980 6.0198 |003945 2697.0 2794.2 59737
275 0.05461 26689 ZBE7.3 62312 | 004733 26514 28644 61429 | 004144 26323 28395 6.0571
300 005887 2726.2 2961.7 63639 | 005138 27130 29442 67854 | 004535 2699.0 2925.7 6.2111
350  0.06647 28274 30933 6.5843 005842 28186 30815 65153 (006197 28095 3069.3 64516
400  0.07343 29208 32145 67714 | 006477 29142 32057 67071 | 005784 29075 3196.7 6.6483
4650 008004 3011.0 3331.2 69386 | 007076 30058 33242 68770 |006332 30006 3317.2 6.8210
500  0.08644 31003 34460 7.0922 0076562 3096.0 34404 70323 | 0.06858 30918 34347 69781
600 0.09886 32794 36749 73706 | 008766 32764 36709 713127 | 007870 32733 3666.9 7.2605
700 011098 34624 39063 7.6214 | 00980 34600 32033 7.5647 |008852 34577 39003 7.5136
BOO  0.12292 36506 41423 7.8523 (010916 36488 4140.0 77962 | 009816 36469 41377 7.7458
900 013476 38448 43839 B.0675 | 011972 38433 43821 B8.0118 | 010768 38418 4380.2 7.9619
1000 0.14653 40451 4631.2 82698 [ 0.13020 40439 46298 82144 (011715 40426 4628.3 81648
1100 0.15824 4251.4 48844 84612 | 014064 42504 48837 84060 |0.12665 42493 48821 83566
1200 0.16992 44635 51432 86430 (015103 44626 51422 85880 (013592 4461.6 5141.3 B.5388
1300 0.18157 46809 5&407.2 88164 (016140 46801 54066 87616 [0.14527 46793 6405.7 87124

P = 6.0 MPa (275.59°C) P = 7.0 MPa (285.83°C) P = 8.0 MPa (295.01°C)

Sat. 0.03245 25899 2784.6 58902 (0027378 2581.0 27726 L8148 (00235256 25705 27587 57450
300 003612 26684 28856 6.0703 | 0029452 2633.5 28399 59337 | 0024279 25923 2786.5 57937
360 004225 27904 30439 63357 | 0035262 2770.1 30169 62306 | 0029975 27483 2988.1 6.1321
400 004742 28937 31783 65432 | 0039958 28795 31592 64502 | 0.034344 28646 31394 63658
450 005217 29899 33029 6.7/219 | 0044187 2979.0 3288.3 6.6353 | 0038194 29678 32733 6.5579
500 005667 3083.1 34231 68826 | 0048157 30743 34114 68000 | 0041767 30654 33996 6.7266
550 006102 31752 35413 7.0308 | 0051966 31679 35316 69507 |0.045172 3160.5 3521.8 6.8800
600 006527 32672 36588 7.1693 | 0055665 3261.0 3650.6 7.0910 | 0048463 32547 36424 T.0221
700 0073655 3453.0 38943 7.4247 | 0062850 34483 35BEE 3 T.3487 | 0054829 34436 3BB2.2 72822
800 008165 36432 41331 76582 | 0.069856 36395 41285 7J5836 | 0061011 36357 41238 75185
900 0.08964 38388 43766 [F.8751 | 0076750 38357 4373.0 18014 | 0067082 38327 43693 77372
1000 009756 404001 46254 B0786 | 0.0B3571 40375 46225 BO0065 [0.073079 40350 4619.6 7.9419
1100 0.10543 42471 A4879.7 8.2709 | 0.02034]1 42450 48774 81982 | 0079025 42428 48750 81350
1200 011326 44598 513594 8.4534 | 0.097075 4457.% 51374 83810 | 0.0845934 4456.1 51355 83181
1300 0.12107 A&77.7 54041 86273 | 0103781 4676.1 54026 85651 (0090817 46745 5401.0 B.4925

END OF PAPER
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