
THERMODYNAMICS EXAM 2017-18


1. QUESTION ONE / Closed System: (10 marks)
[bookmark: _GoBack]
A rigid container equipped with a stirring device contains 5 kg of water. The stirring device is switched on for 10 minutes. Determine the change of specific internal energy in kJ/kg during this time; knowing that the water container loses heat at a rate of 1 kW and 3 kW of power is applied to the stirring device. 


2. QUESTION TWO  / Open system, steady-flow process:  (20 marks)

A saturated stream of water at 10C is mixed with another superheated stream of water at 300 kPa and 250C in an insulated mixing chamber. The mass flow rate of the cold stream is three time that of the hot one and the stream exits at a rate of 15 litres/min and 300 kPa. Determine the temperature, the quality and the mass flow rate of the exit stream.
 = 10C
 = 3 
Saturated liquid water


Mixing Chamber



Water,
Sat liquid-vapour mixture  
 

, 



 = 250C, = 300 kPa

Superheated water








Assumptions: 
· This is a steady-flow process since there is no change with time.
· KE and PE changes are negligible.
· There are no work interactions.
· The device is adiabatic and thus heat transfer is negligible.
· Tables A-4, A-5 and A-6 are to be used.
· In a saturated liquid-vapour mixture, the mass fraction of vapour is called the quality and is expressed as:

Quality may have values between 0 (saturated liquid) and 1 (saturated vapour). It has no meaning in the compressed liquid or superheated vapour regions. In the saturated mixture region, the average value of any intensive property y is determined from:

where f stands for saturated liquid, g for saturated vapour and y stands for v, u or h.
· For specific volume, 


3. QUESTION THREE  / Open system, unsteady-flow process:  (20 marks)

An insulated rigid tank initially contains air at 500 kPa and 47°C. A valve connected to the tank is opened, and air is allowed to escape the tank until the pressure inside drops to 200 kPa, at which point the valve is closed. The air temperature during the process is maintained constant by an electric resistance heater placed in the tank. If the electrical work is 600 kJ, determine:
i. The mass of air that has escaped the tank during the process,
ii. The volume of the tank.
[image: ]

T1 = T2 = Texit = 47C

    u1 = u2

WElec

Assumptions:
· Air is considered as an ideal gas.
· The gas constant of air and the properties of air can be found in Table A-2 and Table A-17.
· Kinetic and potential energy changes are negligible.
· There are no heat and no boundary work interactions involved.
· The temperature of the air at the outlet is considered to be the same as the air temperature inside the tank.










[image: ]



	























[image: ]













[image: ]














[image: ]








[image: ]

Diwedd/End

Page 4 of 7	2017/2018	
image4.png
Paste

INSERT

DESIGN  PAGE LAYOUT

TimesNewRo -[12 ~| A A" | Aa~

= Format Painter

Clipboard

PAGE 10 OF 10

1312 WORDS

I U -ax, X

Font

=279 4,

REFERENCES

13

Page9-0f 10

MAILINGS

LI aaBbcel AaBbCad AaBbC AAB asebcer damscel dabcel

VIEW

EndNote X5

TTNormal | T No Spac

2016/2017

RefWorks

Heading1

MAX00386_Sem?_Exam_2017 18 [Compatibilty Mode] - Word

REVIEW.

Title

0

Subtitle

Styles

s

Subtle Em.

&

2

Emphasis

®

ENGLISH (UNITED KINGDOW)

Intense E

Armaud Marotin ~

i Find -
AaBbCdl |,
- | 85 Replace
stong % Select~
5 Edting

T ey

100%

File Edit View Window Help

Thermodynamic tables S - Copy.pdf - Adobe Reader N R N = (| )

x

o | QREZRES

892

waso | (=) @) [0 ]<] |

892 !

Thermadynamics

Saturated water—Pressure table

mikg Kikg
Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat.
Press., temp., liquid, vapor, liquid,  Evap., vapor, liquid, Evap., vapor, liquid, Evap., vapor,
PkPa T,C v v u g u by hy hy s e S
10 697 0001000 12919 29302 23552 23845 29303 24844 25137 0.1059 88690 8.9749
15 1302 0001001 87964 5468 23381 23928 54688 24701 25247 0.956 86314 88270
20 1750 0001001 66990  73.431 23255 23989 73.433 24505 25329 0.2606 BA4G21 87227
25 2108 0001002 54242 88422 23154 24038 88.42¢ 24510 25394 03118 83302 8642l
30 2608 0001003 45654 10098 23069 24079 100.98 24439 25448 0.3543 82222 B.5765
40 289 0001004 34791 12139 22931 24145 12139 24323 25537 04224 80510 84734
50 3287 0001005 28185 13775 22821 24198 13775 24230 25607 0.4762 79176 83938
75 4029 0001008 19233 16874 22611 24208 16875 24053 25740 0.5763 76738 82501
10 4581 0001010 14670 19179 22454 24372 19181 23921 25839 0.6492 749% 81488
15 5397 0001014 10020 22593 22221 24480 22594 23723 25983 0.7549 72522 80071
20 6006 0001017 76481 25140 22046 24560 251.42 23575 26089 0.8320 70752 7.9073
25 6496 0001020 62034 27193 21904 24624 27196 23455 26175 0.8932 69370 78302
30 6909 0001022 52287 28924 21785 24677 289.27 23353 26246 0.9441 68234 7.7675
0 7585 0001026 39933 31758 21588 24763 317.62 23184 26361 10261 66430 7.6691
50 BlL3z 0001030 32403 34049 21427 24832 34054 23047 26852 10912 65019 7.5931
75 9176 0001037 22172 38436 21118 24961 38444 22780 26624 12132 62426 74558
100 9961 0001042 16941 417.40 20882 25056 41751 22575 26750 13028 60562 7.3589
101325 9997 0001043 16734 41895 20870 25060 41906 22565 26756 13069 60476 7.3545
125 10597 0001048 13750 444.23 20688 25130 44436 22406 26849 13741 59100 7.2841
150 11135 0001053 11504 46697 20523 25192 467.13 22260 2693.1 14337 57894 7.2231
175 11604 0001057 10037 48682 20377 25245 48701 22131 27002 14850 56865 7.1716
200 12021 0001061 088578 50450 20246 25291 50471 22016 27063 15302 5,598 7.1270
225 12257 0001064 079329 52047 20127 25332 52071 21910 27117 15706 55171 7.0877
250 12741 0001067 071873 53508 20018 25368 53535 21812 27165 16072 54453 7.0525
275 13058 0001070 065732 54857 19916 2501 54886 21720 27209 16408 53800 7.0207
300 13352 0001073 060582 56111 19821 25432 56143 21635 27249 16717 53200 69917
325 13627 0001076 056199 57284 19731 25459 57319 21554 27286 17005 52645 6.9650
350 13886 0001079 052422 58389 19646 25485 58426 21477 27320 17274 52128 6.9402
375 14130 000108l 049133 59432 19566 25509 59473 21404 27351 17526 5165 69171
400 14361 0001084 046242 60422 19489 25531 G466 21334 27381 17765 51191 6.8955
450 14790 0001088 041392 62265 19345 25571 623.14 21203 27434 18205 50356 68561
500 15183 0001093 037483 63954 19212 25607 64009 21080 27481 18604 49603 6.8207
550 15545 0001097 034261 65516 19088 25639 65577 20966 27524 18970 48916 6.7836
600 15883 0001101 031560 66972 1897.1 25668 67033 20858 27562 19308 48285 6.7593
650 16198 0001104 029260 68337 18861 25694 68408 20755 27596 19623 47699 67322
700 16435 0001108 027278 696.23 18756 25718 697.00 20658 27628 19918 47153 67071
750 16775 0001111 025552 708.40 18656 25740 70924 20564 27657 20195 46642 6.6837
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TABLE A-17

I Thermodynamics

Ideal-gas properties of air

T u s T n u s

K Kk P Kk v, Kiikg - K K kikg B Kikg vy KI/kg - K
200 199.97 03363 14256 1707.0 1.29559 | 580 586.04 14.38 41955 1157  2.37348
210 209.97 03987 149.69 15120 134444 | 590 59652 1531 427.15 1106 239140
220 219.97 04690 15682 13460 139105 | 600 607.02 16.28 434.78 1058  2.40902
230 23002 05477 16400 12050 143557 | 610 617.53 17.30 44242 1012  2.42644
240 24002 06355 171.13 1084.0 147824 | 620 62807 1836 45009 96.92 244356
250 25005 07329 178.28 979.0 151917 | 630 63863 19.84 457.78 9284 246048
260 260.09 08405 18545 887.8 155848 | 640 649.22 20.64 46550 88.99 247716
270 270.11 09590 192.60 808.0 159634 | 650 659.84 21.86 47325 8534 249364
280 280.13 10889 199.75 7380 163279 | 660 67047 2313 48101 81.89 250985
285 285.14 11584 203.33 706.1 165055 | 670 68114 2446 48881 7861 252589
290 290.16 12311 20691 676.1 166802 | 680 691.82 2585 49662 7550 254175
295 29517 13068 21049 647.9 168515 | 690 70252 27.29 50445 7256 255731
298 298.18 13543 21264 6319 169528 | 700 71327 28.80 51233 69.76 257277
300 30019 13860 21407 621.2 170203 | 710 72404 3038 52023 67.07 2.58810
305 30522 14686 217.67 596.0 171865 | 720 73482 3202 528.14 6453 2.60319
310 31024 15546 22125 5723 173498 | 730 74562 3372 536.07 6213 2.61803
315 31527 16442 224.85 5498 175106 | 740 75644 3550 54402 59.82 2.63280
320 32029 17375 22842 5286 176690 | 750 767.29 37.35 55199 57.63 2.64737
325 32531 18345 23202 5084 178249 | 760 77818 39.27 56001 5554 2.66176
330 33034 19352 23561 489.4 179783 | 780 80003 43.35 576.12 5164 2.69013
340 34042 2149 2428 4541 182790 | 800 821.95 47.75 59230 4808 2.71787
350 35049 2379 25002 4222 185708 | 820 84398 5259 60859 44.84 2.74504
360 360.58 2626 257.24 3934 188543 | B4O0 86608 57.60 624.95 41.85 2.77170
370 37067 2892 26446 367.2 191313 | B60 888.27 63.09 64140 39.12 2.79783
380 380.77 3.176 27169 3434 194001 | 880 91056 68.98 657.95 3661 2.82344
390 390.88 3481 27893 3215 196633 | 900 93293 7529 67458 3431 2.84856
400 400.98 3.806 28616 301.6 199194 | 920 95538 8205 691.28 3218 2.87324
410 41112 4153 29343 2833 201699 | 940 977.92 89.28 70808 3022 2.89748
420 42126 4522 30069 2666 204142 | 960 100055 97.00 72502 2840 2.92128
430 43143 4915 307.99 2511 206533 | 980 1023.25 1052 74198 2673 2.94468
440 44161 5332 31530 2368 208870 | 1000 104604 1140 75894 2517 2.96770
450 45180 5775 32262 2236 211161 | 1020 1068.89 1234 77610 2372 2.99034
460 46202 6245 329.97 2114 213407 | 1040 1091.85 1333 793.36 23.29 3.01260
470 47224 6742 33732 200.1 215604 | 1060 1114.86 1439 81062 21.14 3.03449
480 48249 7.268 34470 189.5 217760 | 1080 1137.89 1552 827.88 19.98 3.05608
490 49274 7.824 35208 1797 219876 | 1100 1161.07 167.1 84533 18.89%6 3.07732
500 50302 8411 35949 1706 2.21952 | 1120 1184.28 179.7 86279 17.886 3.09825
510 51332 9.031 36692 1621 2.23993 | 1140 1207.57 1931 880.35 16.946 3.11883
520 52363 9.684 37436 1541 2.25997 | 1160 1230.92 207.2 897.91 16.064 3.13916
530 533.98 1037 381.84 1467 2.27967 | 1180 1254.34 222.2 91557 15241 3.15916
540 544.35 1110 389.34 1397 2.29906 | 1200 1277.79 2380 93333 14.470 3.17888
550 55574 1186 39686 133.1 2.31809 | 1220 130131 254.7 95109 13.747 3.19834
560 565.17 12.66 40442 127.0 2.33685 | 1240 1324.93 2723 968.95 13.069 3.21751
570 57559 1350 41197 1212 2.35531
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transfer is negligible. 4 Air is an ideal gas with variable specific heats. i
N Properties The gas constant of air is R =0.3704 psia.ft’/Ibm.R (Table A-1E). The properties of air are
(Table A-17E)

T, =580R —— ;; =138.66 Btu/lbm

T,=580R —— 1, =98.90 Btu/lbm

T, =580R —— u, =98.90 Btu/lbm

Analysis We take the tank as the system, which is a control volume since mass crosses the boundary.
Noting that the microscopic energies of flowing and nonflowing fluids are represented by enthalpy /# and
internal energy u, respectively, the mass and energy balances for this uniform-flow system can be

expressed as
Mass balance:

My = Moy = Amsystem — M, =1y — 1y

m
Energy balance:
Ein - Eout = AEsyslem 75 psia B
Net energy transfer Change in internal. kinetic, o
by heat. work. and mass potential. etc. energies 120°F
Wein —mohy = matty —myuy (since O = ke = pe = 0)
The initial and the final masses of air in the tank are
)% 75 psia )60 ft*
m =2t (_ ps‘i)( ) =20.95 Ibm
RE, (03704 psia - ft’ lbm-R |580 R)
) X% 30 psia )60 ft*
my =2 = (0 psiafoo °) =838 Ibm

RT, (03704 psia - ft* bm-R |580 R )
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Assumptions:

o Air is considered as an ideal gas

o The gas constant of air and the properties of air can be found in Table A-2 and Table A-
7

Kinetic and potential energy changes are negligible

There are no heat and no boundary work interactions involved.

The temperature of the air at the outlet is considered to be the same as the air temperature
inside the tank
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TABLE A-2

Ideal-gas specific heats of various common gases

(a) At 300 K
Gas constant, R c, c,

Gas Formula kikg - K klkg - K kl/kg - K k

Air — 0.2870 1.005 0.718 400
Argon Ar 0.2081 0.5203 0.3122 667
Butane C4Hyo 0.1433 1.7164 5734 .091
Carbon dioxide CO, 0.1889 0.846 0.657 .289
Carbon monoxide co 0.2968 1.040 0.744 400
Ethane CyHs 0.2765 1.7662 4897 .186
Ethylene C,H, 0.2964 1.5482 .2518 .237
Helium He 2.0769 5.1926 3.1156 667
Hydrogen H, 4.1240 14.307 10.183 .405
Methane CH, 0.5182 2.2537 .7354 299
Neon Ne 0.4119 1.0299 0.6179 667
Nitrogen N, 0.2968 1.039 0.743 400
Octane CgHig 0.0729 1.7113 .6385 .044
Oxygen 0, 0.2598 0.918 0.658 .395
Propane C3Hg 0.1885 1.6794 4909 126
Steam H,0 0.4615 1.8723 4108 327

Note: The unit ki/kg - K is equivalent to kl/kg - °C.
Source: Chemical and Process Thermodynamics 3/E by Kyle, B. G., © 2000. Adapted by permission of Pearson Education, Inc., Upper Saddle River, NJ.
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Helium He 51926
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Armaud Marotin ~

i Find -

I} Select~
5l Editing

T ey

" Replace.

100%

Thermodynamic tables S - Copy.pdf - Adobe Reader N R N = (| )

Edt View Window Help

x

o | QREZRES

890

@ofs0) | (=) @

100%

890

I Thermodynamics

‘Saturated water—Temperature table

sat. Sat sat. sat. sat. sa sat. St sat.
Temp., press., liquid,  vapor, liquid, Evap., vapor, liquid, Evap, vapor, liauid, Evap., vapor,
TC  PukPa vy v u s U hy hg by s sy 5

001 06117 0001000 20600 0000 23749 23749 1 25009 25009 00000 9.1556 0155
5 08725 0001000 147.03 21019 23608 23818 21020 24891 25101 00763 89487 9.0249
10 12281 0001000 10632 42020 2366 23887 42022 24772 25192 01511 87488 88999
15 17057 0001001 77.885 62980 23325 23955 62982 24654 2583 02245 85559 87803
2 2332 0001002 57762 83913 23184 24023 83015 24535 25374 02065 83606 86661
2 31608 0001003 43340 10483 23043 24001 10483 24417 25465 03672 81895 85567
30 42469 0001004 32879 12573 22902 24159 12574 24298 25556 04368 80152 84520
35 56201 0001006 25205 14663 22760 24227 14664 24179 25646 05051 7.8466 83517
0 73851 0001008 19515 16753 22619 24294 16753 24060 25735 05724 7.6832 825%
45 05053 0001010 15251 18343 22477 24361 18844 23940 25824 0638 7.5047 81633
50 12352 0001012 12026 20033 22334 24427 20034 23820 25913 07038 7.3710 80748
55 15763 0001015 05639 23024 22191 24493 23026 23698 26001 07680 7.98%8
60 19947 000107 76670 25116 22047 24559 25118 23577 26088 08313 7.9082
65 25043 0001020 61935 27200 21903 24624 27212 23454 26175 08937 7.80%
70 31202 0001023 5039 29304 21758 24689 20307 23330 26261 09551 7.7540
75 3507 00010256 41201 31399 21613 24753 31403 23206 26:6 10158 76812
8 47416 0001029 34053 33497 21466 24816 3302 23080 26430 1075 76111
8 5788 0001032 28061 3559 21319 24878 35602 22953 26514 11346 75435
90 70183 0001035 23503 37697 21170 24940 26596 11929 74782
95 84603 0001040 19808 39800 21020 25001 26676 12504 74151
100 10142 0001043 16720 41906 20870 25060 26756 13072 7.3542
105 12090 0001047 14185 44015 20718 25119 26834 13634 7.2052
110 14338 0001052 12004 46127 20564 25177 26011 1418 7238
115 16318 000105 10360 48242 20409 25233 26086 14737 7.1829
120 19867 0001060 089133 50360 20253 25289 27060 15279 7.1202
125 23223 0001065 077012 52483 20095 25343 27131 15816 70771
130 27028 0001070 066808 54610 19934 25395 27201 16346 7.0265
135 31322 0001075 058179 56741 19773 25447 27269 16872 69773
140 36153 0001080 050850 58877 19609 254956 27335 17392 6.9004
145 41568 0001085 044600 61019 19442 25544 27398 17908 6.8807
150 47616 0001091 039248 63166 1927.4 25501 27459 18418 68371
155 54349 000109 034648 65319 19103 25635 27518 18924 6.7927
160 61823 0001102 030680 67479 18930 2567.8 27575 19426 6.7492
165 70093 0001108 027244 69646 18754 25719 27628 19023 6.7067
170 79218 0001114 024260 71820 18575 25757 27679 20817 66650
175 8960 0001121 021650 74002 18394 25794 27727 2.0006 66042
180 10028 0001127 019384 76192 18209 25828 27772 21392 6.5841
185 11235 000113 01730 78391 18021 2580 27814 21875 65447
19 12552 0001141 01535 80600 17830 25890 27853 22355 65059
195 1398 0001149 014083 82818 17636 25017 27888 22831 6.4678
200 15549 0001157 012721 85045 17437 2542 27920 23305 6.4302
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