Quiz 4
Chemical Engineering Thermodynamics
February 11, 2016

P4.2. Twenty molecules are contained in a piston + cylinder at low pressure. The piston moves
such that the volume is expanded by a factor of 4 with no work produced of any kind. Compute

AS/k in two ways, a) using four separated initial volumes and calculating the number of states in
the initial and final conditions, and b) by considering the ratio of the initial and final volumes.
Why do the two answers differ and why is one larger?

4.9. Airplanes are launched from aircraft carriers by means of a steam catapult. The
catapult is a well-insulated cylinder that contains steam, and is fitted with a fricuonless
piston. The piston is connected to the airplane by a cable. As the steam expands, the
movement of the piston causes movement of the plane. A catapult design calls for 270 kg of
steam at 15 MPa and 450°C to be expanded to 0.4 MPa. How much work can this catapult
generate during a single stroke? Compare this to the energy required to accelerate a 30,000
kg aircraft from rest to 350 km per hour.

R = 8.314 J/mole-K; Na = 6.022 x 107; Nakp = R;
1 Joule = 1 N-m = IMPa-cm’ = 1 kg m%/s* = 0.23901 cal



E.9. Properties of Waterl

I. Saturation Temperature
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IL. Saturation Pressure
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P=9.00MPa  (3034) =10.00MP2  (311.0) P=1250MPa (3278)

MO Mtk Uy HUkg) SKAK) m ek Ue) Y SKAEK)  TTO) i) Uy Hdig) SAEK)
3034 0.0205 27429 5.6M1 3110 00180 56160 3278 00135 250561 267431

350  0.0258 "724.9 25713 6.03%0 3% 0024 M.b 21’4.0 59459 350 00161 26248 28266 5 7l’
400 00300 28492 31188 62876 400 00264 28331 30974 6214 400 00200 27896 30400 60433
450 00335 2953 32580 64872 450 00298 945 3423 6429 450 00230 9137 314 62789
500 00368 30563 33874  6.6603 500 00328 30470 33750 6595 500 00256 30232 33436  6.4630
55 0039 31530 35120 68164 55 00357 31454 35020 67585 550 00280 31260 34765 66317
600 00429 32484 36341 69605 600 00384 32920 36258 69045 600 00303 32258 36046 67828
650 00458 33434 37552 7.0953 650 00410 33379 3781 70408 650 00325 BMI 302 692N
700 00486 34388 38760 7.229 700 00436 34340 3800 7169 00 00346 3420 3886 70539
750 00514 3BMH9 3913 73443 750 00461 35307 39920 72916 750 00367 35200 W¥Ws UM
800 00841 36320 41190 7.4606 800 00486 36282 41145 74085 800 00387 36187 41028 7297
850 00569 37302 4M19 75N 850 00511 37268 4278 735207 850 00407 37183 4275 74102
900 0059 38296 43657  7.6802 900 00535 38265 43620 7629 900 00427 38189 43829 151N
950 00622 39303 4406 77844 950 00560 39275 M8 77335 950  00H7 3906 HM2 76249
1000 00649 40324 46167 78855 1000 00384 40299 46138 78349 1000 00466 40235 46065 17269
1050 00676 41359 47440 79836 1050 00608 41335 4M14 7932 1050 00486 41277 4749 788
100 00702 42406 48727  8.0™%0 1100 00632 42385 48703 80288 1100 00305 42331 486435 79219
1150 00729 43468 50025  8I719 1150 00656 43448 50004 81219 150 00524 43398 49951 8014
1200 00755 44842 51336 82625 1200 00679 44323 51317 8212% 1200 00543 44477 51270 81065
1250 00781 435629 52660  R3508 1250 00703 435612 52642 83010 1250 00562 45%9 52600 81952
1300 00807 46729 395 R4 1300 00727 46713 SW979  RWM 1300 00581 46673  S3%41  R2819
P=1500MPa  (3422) P=1730MPa  (34.7) =2000MPa  (3658)

M0 Hm'kg) Ukikg) Hkg) SkikeK) TCC) Hm'ky) Ukikg) Mms) SWigK) 1O Hm'kg) UIUM HiJkg) SikgK)
3422 00103 24556 26107 53106 347 00079 23%5 5431 3658  0.0059 424 4915

35 00115 25209 26931 54437

400 00157 2406 29757 58819 400 00125 26843 29024 57200 400 00100 26179 28169 55525
450 00185 28807 31579 61434 450 00152 28454 314 60212 450 00127 28072 30617 59043
500 00208 29984 33108 63480 500 00174 9724 32767 624N 500 00148 29453 3M12 61446
55 00229 31062 34504 635230 550 00193 30858 MB6 64266 55 00166 30647 33961 63389
600 00249 32093 3580 6676 600 00211 31925 3613 638% 600 001 31733 BN0 63075
650 0028 33101 37121 68233 650 00227 32958 36938 67366 630 00197 32814 36753 66593
700 00286 34098 38390 69572 700 00243 33975 38BS 687H 00 00211 3580 378 6790
750 00304 35094 39652 7.0836 750 00259 34986 39517 70019 750 00225 34877 39381 69297
800 00321 36092 40911 72037 800 00274 3597 M3 71236 800 00239 3590 40675 70531
850 00338 3798 Q270 7318 850 00289 37012 42068 72 850 00252 36926 419%4 1105
900 00355 38112 43437 7428 900 00303 38034 43345 73511 900 00265 37957 4HB54 12189
950 00372 39136 44710 75350 950 00318 39066 H629 74582 950 00278 3¥WS M7 1599
1000 00388 40171 4592 76378 1000 00332 40107 4920 73616 1000 00290 40043 43847 7490
1050 00404 41218 47284 1MW 1050 00346 41159 47219 76617 1050 00303 41100 47154 7597
100 00421 42277 48386 78339 100 00360 42223 48528 77588 100 00315 42169 48469 76933
1150 00437 43348 49899 797 1150 00374 4398 49846 78531 1150 00327 4348 9IN4 17890
1200 00453 43431 51223 R0I92 1200 00388 44384 51175 79489 1200 00340 44338 5128 7882
1250 00469 45526 52557  RI083 1250 00402 45483  S21S 80343 1250 00352 45440 SM472 79699
1300 OMRS 46632 S390% RI9R2 1300 0MI6  46%92 864 K121 1300 003 46592 S26 RS



Properties of Selected Compounds

Heat capacities are values for ideal gas at 298 K and should be used for order of magnitude
calculations only. See appendices for temperature-dependent formulas and constants.

I.| P p o6 | a | B
ID Compound © |MPay| @ | g | M Cp¥IR s, (g |5
902 HYDROGEN 333 1297 |=0215| 020 2 3507 20 0 0
905 NITROGEN 1261 339 | 0.040 | 088 | 28 | 3.500 53 0 0
W8 CARBON MONOXIDE 1329 3499 | 0.066 | 0.88 | 28 | 3.505 63 0 0
99 CARBON DIOXIDE 3042) 7382 | 0228 | 1/8 | 44 | 4456 146 1.87 0
Nasty gases
1922 HYDROGEN SULFIDE  [373.5] 8937 | 0081 [095| 3¢ | ans | 180 | 309 | 309
1938 CARBON DISULFIDE ss2 | 7800 [ ons 126 76 | 4109 | 204 | 030 | 033
1904 HYDROGEN CHLORIDE | 324.6] 8200 | 0120 | 1./9 | 365 | 3.551 20 70 0
1771 HYDROGEN CYANIDE  [4568| 5320 | 0407 [ 068 | 27 | 4330 | 248 | 300 | 300
Miscellaneous compounds
1051 ACETONE 5082| 4701 | 0306 (079 | 58 | 8% 196 0.00 .14
172 ACETONITRILE s455| 4833 | 0353 |08 | 44 | 628 | 241 | 349 | g8
1252 ACETIC ACID 5927| 5786 | 0462 | 104 | 60 | 1501 | 190 | 2403 | 750
1911 AMMONIA 4066] 11270 | 0.252 | 068 | 17 | 429 292 21 844
1921 WATER 6473 22120 | 0344 [ 100 | 18 | 404 | 979 | soa3 | 1506




ANSWERS Quiz 4
Chemical Engineering Thermodynamics
February 11, 2016

(P4.2) Initial ( each x represents 5 molecule)
XXXX

Final
X X
X X
Create a space with a three empty boxes for the initial state. The number of molecules is
too small to use Stirling’s approximation.

pl =20!/(20!0!0!0") =1

p2 =20!/(5!5!5!51) = 20*19*18*17*16*15*14*13*12*11*10*9*8*7*6/(5%4*3*2)"3 =
11732745024

AS/k = In(p2/p1) =1In(11732745024) = 23.18

This can also be calculated from the volume ratio,

AS/k =20 In(V2/V1) =20 (1.39) =27.7

The increase of 4.53k in AS is due to release of the constraint of confinement of the groups of
five atoms in the four boxes.

(4.09) Airplanes are launched from aircraft carriers by means of a steam catapult.

Solution : It cannot generate more than the adiabatic reversible result. But in principle it could
gencrate at most the adiabatic reversible result.

Energy Balance : d(mU )~ Q + W =W
Entropy balance : AS =0

State 1 : U, = 2880.7 State 2 : Sat lig U —=604.22 S= 1.7765
S, —6.1434 Sat Vap U =2553.1 S _(a.&‘)if 7
V,=18.5cm'g vl =08 em'/g, VIV =462 em’/g

Therefore, work done by gas
q - (6.1434 - 1.7765)/(6.8955 — 1.7765) = 0.853
U, ~ 0.853 * 2553.1 + 0.147*604.2 2266.6

W, = 2266.6 — 2880.7 = -614.1 ki/kg
W, = 270 *(-614.1) = -165,800 kJ

Some of the work is done on the ulﬂnm\‘phcrc. need Py AV
V= 1.085 +0.853(461) — 394 cm’/g
Wi am = PV~ V') = -0.1MPa*(270E3g)(394-185) - 10.139 kJ

Net work (ignoring acceleration of piston - mass not given) = -165,800 + 10,139
-156,000 )

For the Airplane, calculate the KE necessary at 350 km/h

Ws = [ d( m(v*/2))

— m(v')/2 = 30000kg*( 350000m-hr/3600hr-s)*/2
141,782 kJ

156.000 > 142.000 Therefore the catapult can generate enough work to launch the plane.
Or. one could calculate the final plane velocity for 156,000 kJ.
Sqrt((1.56E8 1)*2/30k3kg) = 102 m/s = 367 kmv/hr, plenty of speed.



