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‘There are 3 (three) questions. Answer all the questions. The symbols have their usual meanings.
Marks of cach question and corresponding CO and PO are written in the brackets. Assume the
reasonable values if required.

1. (@) Aninsulated piston-cylinder device contains 5 L of saturated liquid water ata (10)
constant pressurc of 175 kPa. Water is stirred by a paddle wheel while.a current  (CO2)
of 8 A flows for 45 min through a resistor placed in the water. If one-half of the - (PO2)
liquid is evaporated during this constant pressure process and the paddle-wheel
work amounts to 400 kJ, compute the voltage of the source. Also, show the
process on a P — v diagram with respect to saturation lines.

(b)  An oil pump is drawing 44 kW of electric power while pumping oil with p = (10)
860 kg/m’ at a rate of 0.1 m¥s. (€O2)
em and 12 em, respectively. If the pressure rise of oil i the pump is measured to - (PO2)
be 500 kPa and the motor cfficiency is 90 percent, compute the mechanical
efficiency of the pump.

2. (a) Ethylene is heated at constant pressure from 5 MPa and 20°C to 200°C. Using  (10)
the compressibility chart, determine the change in the ethylene’s specific volume (CO2)

as a result of this heating (®02)
(b) A piston-cylinder device contains 0.6 kg of steam at 200°C and 0.5 MPa. Steam ~(10)

is cooled at constant pressure until one-half of the mass condenses. (€02

(a) Show the process on a T — v diagram. ®02)

(b) Find the final temperature.

(©) Calculate the volume change.

3. () “The deviation of a gas from ideal-gas behavior is greatest in the vicinity of the ~(07)
critical point” - justfy the statement using cither compressibility chart or T = v (CO1)
diagram. (PO1)

=

Distinguish between critical point and triple point (©3)
(con
(PO1)

Page 1 of 4



(©

@

®

@

()

Show the P — v diagrams for the substances contracting and cxpanding on
freezing indicating the distinet zones corresponding o all three phases of matter

A person exited a well-insulated room afier turning the fan on. He retumed after
a while and entered the room, which was airtight when the door was closed. Is
he going to feel any change in the temperature of the room? Justify.

Differentiate between organized and disorganized form of energy in terms of
utlity with example.

Explain Zeroth law of thermodynamics. How can this law be used for measuring
temperature?

Is work a path function? Justify in favor of your answer with neat sketch of
process diagram.

Define the followings:
i Isolated System

i, State Postulate
iii.  Sensible Energy

Nelson-Obert generalized compressibility chart

NELSON — OBERT
D
COMPRESSIBILITY CHARTS

i [ (i3 (R T R ]

Pr—
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TABLE A
Saturated water—Pressure table
Speciic volume, Tntemal enegy Enthaipy, Entropy.
g g g X
s sa St sa S sa St sat
Press, temp. liquid,  vapor,  lqud, Ewp, wpor, liqud, Ewap. vapor, lioud, Ewap., vaper
PYPs 1wy, Y P s n P
175 11604 0001057 1003 4858 20577 26245 48701 22131 27002 148% 56865 T7IE
200 12021 000i0s) 088578 450 2025 25251 S0471 22016 21063 15302 55968 71270
225 12397 000106 079329 52047 0127 25332 52071 21910 27117 15706 SSUL 79877
250 12741 0001057 071873 3508 20018 25368 53535 21812 27165 16072 54453 70825
275 13058 0001070 065732 54857 19916 25401 1720 2720, 53800 70207
30 13352 000073 060582 S6LI1 15821 25432 6143 21635 27249 16717 53200 6917
325 13627 000076 056199 7284 19731 25459 57313 21554 21286 17005 52645 69650
3% 138 1079 052622 19646 25085 58426 21477 27320 17274 52128 63402
375 14130 000081 043133 59432 19566 25509 59473 21404 27351 17526 51645 63171
00 14361 000108 046262 60422 19489 25531 21334 27381 17765 51191 68958
450 1790 000088 041392 62265 19345 25571 62314 21203 27434 18205 50356 68561
50 15083 0001083 037183 63951 13212 25607 64003 21080 27481 49603 68207
S50 15546 0001097 034261 65516 19088 25639 65577 20966 27524 18970 48916 678%6
60 15683 0001101 031560 66972 18371 25653 67038 20858 27562 19308 48285 67593
50 16198 0001104 029260 68337 18861 25694 8408 20755 27596 19623 47699 67322
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Superheated water

e g tang g | mng g ng_inex | mong_ine _tung

P 050 WPa (151850 P - 050 WPa (15885C) £ =080 ups 170.410)

S 03743 29607 27481 68207 | 031560 25663 27562
42503 26433 28858 70810 | 035212 26394

72725 | 039390 2721
Tasla | Dazaz 26014 30620
75306 | 4razs 20815 3i6st
77956 | 051374 29625 32708
s0as3 | 0ssa0 31282 saas
83514 | 0ceors 32993 37017

3781
88240 | Osaesy ses32 41579
So2| 090179 3881 43962
92364 | 057893 40538 6411

263 | 108603 42885 8524
96071 | 113309 4698 51496
97797 | 121012 asesa_seizs

7593 | D2s03525760 27683 6816
& 02608826311 28398 68177
71833 | 029821 27155 20804 70402
73740 | 0321627975 30865 72385
7461 | 03saa2 28786 31622 74107
7.7007 | o38az0 29602 32677 75735
50041 | Daszsznzes 3813 78852
52695 | 050186 32987 37001 81354
85132 | 05601134772 39253 83780
573% | Oelez0 36625 41570 Be06l

96985 | 090761 46s6) 54122 95625

T it pont propertes

constant, | Temperature, _Pressure
_Rugke | K wes
02870 1325 377 ooss
0. 055 128 o072
02081 151 486 00789
01068 s62 432 02603
00820 1038 01358
01430 azs2 380 02547
1889 3042 739 0ose3
02968 133 50
005405 5564 as6 027
01173 a7 771 o122
CHe 0.06%4 6 547 02
oradiiuoromethane (R~12) CCLF, 12091 006876 7 a0l o2
Dichiorofiuoromethane (R~21)  CHCLF 10292 o 517 517 olen
. CHy 30070 02768 3055 448 0180
Ettyl alcchol Ciion 4607 01805 516 63 01673
o G 8058 029 2824 512 01202
Halum He 4003 20769 0z 0078
n=Hes Cofa 86179 00%a 507.9 303 03677
Hydrogen (normal) H 2016 41260 333 1% o
Koy K 009921 4 550 00920
“ 16043 08182 1911 464 00993
Methy! siconol CHoM 32082 02895 5132 795 ol
o chycl 50488 O 463 68 0143
e 20183 04119 s 273 ooar
N, 28013 02 1262 33 0089
Ntrous oide No 013 Olsms 7 721 00%1
3 31999 02598 1548 508 00780
Propane Gt as097  oless 370 226 1958
G 42081 01576 365 ag2 01810
S sb, 64063 01298 1307 788 01217
Tetraflsoethane R-134s)  CF.OMF 10203 008189 3742 405 Ol
Trichioroforamethane (R-11)  CCLF  137.37 006052 2 a3 02478
water 0 18015 it 6471 2206 o
x 13130 006332 2898 588 018
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