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General instructions:

() Read all instructions carefully before answering the questions.

(i)  This question paper consists of five pages.

(iii) Answer a total of five questions selecting at least two questions from each
Section A and Section B. All questions carry equal marks.

{iv} Required Tables of Thermodynamic and fransport properties of Fluids are
available on Pages 5, 6 and 7 of this question paper.

(v)  You may use the following data wherever necessary.
Universal Gas constant Rp = 8.314 kdfkmol K
Data for Air as ideal gas:
Cp=1.005 kd /kg.K, Cv=0.718kJ/kgK, R 0287kJ/kgK y=14

Q1.

Q2.

(a)

(b)

(a)

(b}

Section A

Show from the first principles that, for a perfect gas with constant specific
heat capacities expanding polytropically (i.e. according to the law pvn =
constant) in a non-flow process, the change of entropy can be expressed
with usual notation, by the following equation.

n—le P2
y—1ln p,

Gaseous methane is compressed polytropically by a piston from 259C and
0.80 bar to a pressure of 5.0 bar. Assuming an index of compression of 1.2,
calculate the change of entropy and work done, per unit mass of the gas.
The relative molecular mass of methane is 16 and y = 1.30.

Sketch the P(pressure)-V(volume) and T(Temperature)-S{entropy)
diagrams of an air standard diesel cycle and explain the processes.

In an air standard Diesel cycle, the compression ratio is 16, and at the
beginning of isentropic compression, the temperature is 15°C and the
pressure is 0.1MPa. Heat is added until the temperature at the end of the
constant pressure process is 14809C. Calculate the following.

(i) Cut off ratio,
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(i) Heal supplied per kg of air,
(iii)  Cycle efficiency, and
(iii)  Mean effective pressure of the cycle. -

Q3. (a) Write the steady flow energy equation for open system flow process.

(b)  Airatatemperature of 15%C passes through a heat exchanger at a velocity
of 20 m/s where its temperature is raised to 8009C. it then enters a turbine
with the same velocity of 30 m/s and expands until the temperature falis
to 6509C. On leaving the turbine, the air is taken at a velocity of 60 m/s to a
nozzle where it expands until the temperature falls to 500°C. If the air flow
rate is 2 kg/s, calculate the following. '

(1) Rate of heat transfer to the air in the heat exchanger,
- (ii)  Power output from the turbine assuming no heatloss, and
(iil)  Velocity at exit from the nozzle, assuming no heat loss.

Talke the enthalpy of air as h =cpt, where ¢p is the specific heat equal to 1.005k] /kg
Kand tis the temperature.

Q4.  Steam.at 20 bar, 360°C is expanded in a steam turbine to 0.08 bar. It then enters a
condenser, where itis condensed to saturated liquid water. A pump feeds back the -
water into the boiler.

(a)  Assuming ideal processes, find per kg of steam the net work and the cycle
efficiency. 7

(b)  If the turbine and the pump have 80% efficiency, find the percentage
reduction in the net work and cycle efficiency.

Section B

Q5. (a)  Define total force and centre of pressure of an inclined plane immersed in
a fluid. .
(b) A 3.6 m square gate provided in an oil tank is hinged at its top edge as
shown in Fig.Q5. The tank contains gasoline ( specific gravity = 0.7 ) up to
a height of 1.8 m above the top edge of the gate. The space above the oil is -
subjected to a negative pressure of 8250 N/m?. Determine the necessary
vertical pull F to be applied at the lower edge to open the gate.
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Fig.Q5
Q6. (a)  Write down the Bernoulli’s Equation for an ideal incompressible fluid flow

and state the assumptions made in the derivation of the equation.

M

[~ 10 cm dia

Fig.Q6

(b)  Fig.Q6 shows a pump P pumping 72 litres/sec of water from a tank.

(i) What will be the pressures at points L and M when the pump
. delivers 12 kW of power to the flow? Neglect the losses in the
system.

(i)  What will be the pressure at M if the losses up to the pump are
negligible and the losses between the pump and the point M are
equal to 1.8 times the velocity head?

Q7. (a} Show that from the basic principles with usual notations, the actual
discharge (Qac) of a horizontal venturi-meter shown in Fig. Q7 is given by; :

A1z

Qace = Ca X e X2
2

(41 -

Page 3 of 7




Where; Ar= cross sectional area of the pipe at point 1,
Az= cross sectional area of the pipe at point Z(throat)
h = Differential head
(1 = co-efficient of venturi-meter

ey

d — - d,
._.._}.. -
T anver- D
L gent l\crgcn[ pdrl
Inlet part (= 1. S(f)
Throm
Fig.Q7

(b) - A horizontal venturi-meter with inlet diameter 200 mm and throat
. diameter 100 mm is used to measure the flow of water. The pressure at
“inlet is 0.18 N/mm?2 and the vacuum pressure at the throat is 280 mm of
mercury. Find the rate of flow. The co-efficient of venturi-meter(Cs) can be

talken as 0.98.

Q8. (a) . Write down the major and minor energy (head) losses in flow through

pipes.

(b)  Water is pumped at the rate of 0.02 m3/s to an overhead tank using a pipe
~6f 150 mm diameter and length of 300 m long. The pipe discharges water
into the tank at a height of 15 m above the pump. If the friction factor is

0.0075 for the pipe, determine the following.

(1) Pressure developed by the pump on its delivery side, and

(iiy  Power delivered to water by the pump.

Draw also the hydraulic gradient line from the pump to the tank. Assume
that the first 285 m of the delivery pipe is horizontal and the rest is vertical.

##% ALL RIGHTS RESERVED***
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Saturaied Water and Steams ’p}:}’- z&% ﬁ 14 Sy S 6 %
h : ho '

—- T_ A *Z}x% ! N o St Sy o W
) [bar] [m*/kg] [kJky] o [klkp K]
001 0006HIZ 2061 0* 25008 25008 it 9455 0155
[ 0006566 1926 42 24983 15025 0015 93 913
2 0007054 1799 g4 24959 25043 AXCA VI X SN [T
3 0007575 1682 126 24936 13062 0046 9010 G076
4 GH08T20 1573 164 24913 250K.1 0061 BYRY 9050
5 0008789 1470 0 24839 25099 0076 8948 90
6 0009346 1378 252 24866 25118 wovr  BOUR  RwYY
7 0.0100 179.1 04 24343 25137 0106 8868  ©974
3 201072 1210 336 M8L8 2515 021 BRI® B949
- g 001147 i3 378 MME 25174 0136 8788 891
10 0.01227 105.4 420 24712 25492 -1 0051 8749 €900
il 0.01312 99.90 462 4749 25210 0066 B710 8476
12 0:01401 3333 S04 24725 25229 | 0480 8671 8ASI
13 0.01497 8817 546 4702 25248+ D95 4633 KD
14 0.01597 82,89 S8&  METR 252646 0210 8504 404
(5 0.01704 7797 629 24655 25284 0234 RS56 8780
16 0.01817 73.38 671 246301 25302 0339 RSIE KT8
i1 0.01936 69.09 713 24608 25321 0253 R4S 8724
18 0.02063 6508 755 24584 25339 0268  Bddd 8712
19 002196 6134 797 24%0 25357 0282 $407  8.689
20 0.02337 571.84 £1.9 24537 2537.6 0296 §.370 8.6006
11 002486 54.56 BEO 24514 23394 0310 ¥33d deds
22 002642 51.49 927 4390 25412 0325 %297 8422
2 0.02808 48.62 964 24466 25430 0339 8361 8600
24 002982 4592 1006 24442 25448 | 0353 8226 8579
25 0.03166 4349 1048 - 24418 25466 | G367 BI90 8557
26 0.03360 41.03 1089 243935 25484 0381 8335 R3
27 0.03364 38.81 1134 24377 25503 0395 8120 &515
28 0.03778 36,73 1173 24348 235520 0409  BOES 8494
29 004004 3477 1205 24324 25519 0423 8050 8473
30 0.04242 3293 1257 24360 25557 0436 BO0l6 8452
3 0.04754 2957 1340 24253 25593 0464 7948 B4I2
4 0.05318 26.60 1424 24205 . 25629 049! 7881 8372
36 0.05940 2157 150.7 24158 25065 0518 7814 812
3 006624 1163 1504 24110 25700 | G545 7749 8294
40 0.07375 19,55 1675 24062 29737 ¢ 0572 1684 8256
42 0.08198 1769 1758 24014 25772 0598 7620 8219
44 0.09100 1603 184.2 23966 258038 0625 7557 BIB2.
46 0.1009 14.56 1925 23018 25843 0651 7494 8143
44 0ll6 1323 2000 23870 25879 067% 7433 RILI
‘50 00233 12.04 2093 /AT 25914 0704 7371 BQIS
55 2,1574 5573 2302 23701 26003 0768 1223 TN
60 0.1992 7678 BLL 23579 26000 083F 7074 7909
&5 0.2501 6.201 2720 23457 26117 0803 6037 7.830
. 90 03116 5043 2030 23333 26263 0955 6800 7755
75 0,3855 4.133 339 23208 26347 1015 6666 1681
80 04736 3408 3349 22083 26412 1075 653 7411
25 0.5780 2828 3559 2956  265LS L1344 6410 7.544
Ko 07011 2,361 1769 22828 26597 1492 6285 74TE
95 0.8453 1.982 3980 27698 26678 1250 6180 —— 4TS \
100 101325 1673 4191 22567 26758 1307 6048 7358

tuands are chosen to be zero for saturated liquid at the triple point.
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Superheated Steam™

- »/{bar] Tooas0 250 M0 350 400 4500 . 500 600
{(T.A°CD ] -

v, 03748 ¢ 04252 04745 05226 NST01 06172 06641 07108 08040

5 w, 2562 2644 2725 2804 IRE3 2963 3045 3¢ 3300

(151.8} h, 249 hoo 2857 2962 3065 316y 3272 3377 3484 3702

5, 6822 s 708D 7ATI 7460 7633 7793 7944 BD08T R3S

v, 03156 ¢ 03512 02940 04344 04743 05136 05528 05919 0.6697

§ u, 2568 v 2640 2722 2801 2881 2962 30ad 3128 399

{158.8) 2157 BoO28SE P95R 3062 3{66  3IT0 1376 3481 370

T, G761 s 6968 7383 7373 7546 1707 7858 8001 8267

7, Q2728 s 03001 (L3364 03714 04058 04397 04734 05069 05737

i w, 2573 w2636 2720 2800 2880 2961 3043 3127 3248

(185.0) by 2764 ho TH46 2955 3060 3I64 3269 3374 3482 3700

5, 6709 s 6588 706 7298 7473 7434 77R6 7929 8195

e, 02403 o 02610 02933 03242 01544 03842 04118 04432 05018

8 u, 3577 w2631 2716 2798 2878 2960 3042 3126 3298

(170.4} h, 769 F 2840 2951 3057 342 3267 1373 MBI 3699

s, 6.663 s 6817 7040 7233 409 7571 1323 7866 8132

v, 0.2149 ¢ 02305 032597 02874 03144 03410 03674 03937 04438

9 w, 2581 v 2628 714 2796 2873 2059 3041 3126 3208

{1754 h, 2774 Ao 2835 2948 3055 3160 3286 3372 3480 3699

5, 6623 s 6753 6980 776 7352 7515 66T RBUL 8077

v, 01944 ¢ 02061 02328 02580 02825 03065 03303 (2540 04010

10 u, 2584 u o 2623 2701 2194 MEIS 2957 3040 324 3297

{179.9) h, 2718 L 2829 2944 3052 3158 3264 3370 3478 3698

s, 6.586 s 6695 6926 1124 1301 74864 T617 2761 ROR

r, 00317 ¢ 04324 01526 01497 01865 02039 02191 02351 02667

15 u, 2595 w2397 2697 2784 288 2952 3035 3120 394

(198.3) h, 2792 Bo2796 2925 3039 3148 3256 3364 MTI 36W4

5, 6445 s 6452 6711 6919 700z 7268 7423 7569 7818

‘ ¢, 0099 ¢ 00015 01255 0138 01511 01634 0.1736 0.4995

20 w2600 u 2681 2774 2861 2946 T 3030 36 3291

(212.4) b, 2799 h 2004 3025 3138 3248 - 3357 3467 3690

5, 6.340 s 6347 6768 6957 7126 7283 7431 1701

g, 0.0666 v 00706 00812 00905 00993 CGI07% GIl6 01324

30 w, 2601 u 2646 2751 2845 2933 3020 3108 3285

{233.8) B, 2803 h 3858 2995 3117 3231 3343 MS6 1682

s, 6.186 3 6269 6341 6744 6921 7082 7233 7.507

¢, 0.0498 v 00588 00664 00733 00800 00864 00988

40 6, 2602 u WM 2828 2920 W00 3099 M

(250.3) h, 2801 h 2963 3094 3204 3330 3445 3674

5, 6070 E 6364 6584 6769 6533 7089 7368

. v, 00394 e 00453 00519 00878 00632 00683 00786

S0 w, 2597 u 7007 2810 2907 3000 30907 3273

(263.9) B, 2794 h 2027 3078 3196 3316 333 3666

5, 5973 5 6211 6451 6640 6818 6975 1258

p, 00324 ¢ 00362 00422 00473 00521 00566 00652

40 w, 2590 u W70 2792 2893 2988 J0B1 3266

(275.6) h, 2734 h 2837 3045 AT 3301 M2L 0 36s7

5, 5890 § 6071 6336 6541 6719 6879 1146

p Q0274 | omikgl 00295 00352 00399 G041 00481 00556

70 w, 2381 wikdfkg] 3634 2772 2879 2978 3073 3260

(285.8) W, 2772 Rilkd g 2841 20i8 3158 3287 3410 3649

5, 5814 sAkIkg K1 5934 6231 6448 6632 6796 1088

¥ Sec footnoleon p.6.
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Q0251

Further Properties of Water and Steam

B
LAt Hy K Rr .

10 femms] D10 vewm K] | P 18

0006112 0.10002 4210 186 1 1732 849 1 365 163 1296 097

0068719 010001 4204 186 | 1501 %66 | 51 167 10,92 056

001227 010003 4103 186 . 1300 ¥RY | SET 111 920 096

00704 010010 sigh 1RT | 3136 200 . NS 113 799 096

. £02337 00018 aig3 187 | 1002 9ak o603 179 695 0%

00366 00030 4181 L8R %0935 | 611 183 609 0.96

004242 010044 4179 (8% w7 952 | 68 187 535 0.96

005632 0.10060 4178 148 718 930 | 625 19 LR0 096

. Q07375 G0 417 L8Y 651 987 | 632 198 43 096

009582 0.10099 4180 189 594 10.0 638 199 389 095

01233 0.1012 4182 190 544 102 643 204 154 095

0.0574 01015 418Y 190 301 10.4 648 208 323 095

0.1992 01017 4185 191 163 106 65y 212 297 093

0.2501 0,1020 4188 102 430 107 858 216 334 085

03116 01023 1 4091 193 400 109 62 220 253 096

0.3§55 G.1026 €194 194 (L1 b6 225 236 096

04736 01029 1 4198 195 35 103 676 229 220 096

0STRO 010327 | 4200 186 30 114 673 233 206 096

07011 01036 | 4208 197 31416 676 238 194 096

04453 0.1040 4211 199 94 18 &78 243 183 097

101325 01044 4219 201 %120 68t 244 173 097

1.20% 01045 426 201 | 265 122 683 253 164 098

{413 0.1052 4231 205 352 124 6k 258 156 099

1601 01056 4240 207 i 126 | oe8e 263 149 099

1,985 0.1060 4248 209 P30 128 L 64T 268 42 100

2321 01065 1426 212 20 136 647 273 136 101

2701 0.1070 427 215 20132 688 278 131 142

303 01075 a2 218 204 134 688 383 £26 103

3514 0.1080 42 22 195 133 &8k 288 122 104

4155 01085 430 228 188 137 87 294 118 1S

4.760 0.1091 432 229 181139 687 300 14 507

6181 0.1302 435 2.3 69 142 84 313 107 109

7.820 6.1114 438 2 159 146 681 126 10 LR

10.03 01128 442 262 149 150 676 34 097 115

1255 01142 446 276 1l 153 61 357 094 118

1545 0.1157 451 291 1 13 157 665 375 oMt 122

19.0% 01173 45 07 L 127 160 637 304 088 125

2320 6.1190 463 325 120 163 648 415 086 128
17,98 0.1209 470 345 e 167 639 439 085 131 :
3148 0.0229 478 6K 11171 628 46,5 084 13§ ;
250 978 0425 487 394 W7 175 616 495 085 139 ‘
260 46.94 0.1276 498 422 103 179 603 S52R 0x5 143 ;
270 55.03 0.1302 510 435 99 183 39 56.6 086 147 ;
280 64.19 0.1332 524 498 96 188 54 SL0 088 1.53 |
g 290 7445 0.1366 542 546 93 193 558 660 090 16D i
300 8592 0,1404 565 6.8 90 19.8 541 720 94 170 5
320 1129 0.1499 ! : |
340 146 0.1639 | ;
- 360 1867 0.1§94 ;

e 2105 3.2225

IS 2212 0.317 i

The values {or saturated water cun be used with good accuraey above saturalion pressure. The values for
satusated steam can be used with only moderate necurucy below saluration pressure st temperalures greater
thar 200°C.
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