Name Student ID

CHEE 2331 Exam 2 — April 6, 2015

State all assumptions, show all work. Credit will not be given for unsupported
answers. Please note the UH Academic Honesty Policies are in effect.
There are 3 problem statements/questions.

When done with your exam, do not leave your seat. When time is called, turn
your exam over and remain seated until the exam is collected.

1. (30 points total) You run a reactor to form CH3OH from a 2:1 molar feed ratio of H,:CO.
The feed gas to the reactor is compressed to 50 MPa (abs). A single pass conversion of
25.0% is attained with the reactor running at 700K. Your boss tells you to produce 54.5
kmol/h of methanol. Estimate the volumetric flow rate that the compressor must deliver
to the reactor.






2. (40 points total) Air at atmospheric pressure, 38°C and 97% relative humidity is to be
cooled to 18°C. The gas stream is then fed to a plant at a rate of 510 m3/min. The gas
stream to the plant can be considered ideal. In the cooling unit, how much water
condenses? What is the cooling rate in the unit?

Note: the specific enthalpy of air at 18°C is -0.204 kJ/mol and at 38°C is 0.378 kJ/mol.









3. (30 points) A liquid stream composed of 12.5 mol% n-butane with a balance of a heavy
nonvolatile hydrocarbon is fed to the top of a separation column, where it is brought into
contact with an upward flowing stream of nitrogen, which entered the column pure. The
residual liquid leaving the bottom of the bottom still contains 5.00% of the butane that
entered, all of the entering heavy hydrocarbon and no nitrogen. The column is isothermal
at 30°C and isobaric at 1 atm. Find the minimum flow rate of nitrogen, in mol/s, required
to accomplish this separation.









Critical Constants Antoine’s Equation Constants
Molecule T¢ (K) Pc (atm) A B C
H, 333 12.8 Not provided | Not provided | Not provided
CO 133.0 345 Not provided | Not provided | Not provided
CH3OH 513.2 78.5 7.87863 1473.11 230.0
Nitrogen 126.2 335 Not provided | Not provided | Not provided
Oxygen 154.4 497 Not provided | Not provided | Not provided
Water 647.4 218.3 7.96681 1668.210 228.000
n-Butane 425.17 37.47 6.82485 943.453 239.711

Newton’s correction for critical Tand P, Pc* =Pc+8, T =T+ 8
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Table B.5 Properties of Saturated Steam: Temperature Table®

V(m*/kg) U(kJikg) H(kJ/kg)

T(®C) P(bar) ‘Water Steam Water Steam Water Evaporation Steam

0.01 0.00611 0.001000 206.2 zero 23756 +0.0 2501.6 2501.6
2 0.00705 0.001000 179.9 8.4 23783 8.4 2496.8 2505.2
4 0.00813 0.001000 157.3 16.8 2381.1 168 2492.1 2508.9
6 0.06935 0.001000 137.8 252 23838 252 2487.4 25126
8 0.01072 0.001000 121.0 336 23366 336 2482.6 2516.2

10 0.01227 0.001000 106.4 420 23893 420 24779 25199
12 0.01401 0.001000 93.8 504 23921 504 24732 25236
14 0.01597 0001001 829 588 23948 588 2468.5 25272
16 0.01817 0.001001 734 67.1 23976 671 2463.8 2530.9
18 0.02062 0001001  65.1 755 24003 755 2455.0 253453

20 0.0234 0.001002 57.8 839 24030 839 2454.3 2538.2
22 0.0264 0.001002 51.5 922 24058 922 2449.6 2541.8
24 0.0298  0.001003 459 100.6 24085 1006 24449 25455
25 0.0317  0.001003 434 1048 24099 1048 24425 25473
26 0.0336  0.001003  41.0 108.9 24112 1089 24402 25491
28 0.0378 0.001004 36.7 1173 24140 1173 24354 25527

30 0.0424 0.001004 329 125.7 24167 1257 24307 2556.4
32 0.0475  0.001005 29.6 1340 24194 1340 2425.9 2560.0
34 0.0532 0.001006 26.6 1424 24221 1424 2421.2 2563.6
36 0.0594 0.001006 240 1507 24248  150.7 24164 2567.2
38 0.0662 0001007 216 1591 24275 1591 24117 2570.8

40 0.0738 0.001008 1955 1674 24302 167.5 2406.9 25744
42 0.0820 0.001009 1769 1758 24329 1758 2402.1 25779
44 0.0910 0.001009 16.04 1842 24356 184.2 23973 2581.5
46 0.1009  0.001010 1456 1925 24383 1925 23925 2585.1
48 0.1116  0.001011 1323 2009 24409 2009 23877 2588.6

50 01234 0.001012 1205 2092 24436 2093 2382.9 25922

52 0.1361  0.001013 1098 2177 2446 217.7 2377 2595
54 0.1500  0.001014 1002 2260 2449 226.0 2373 2599
56 0.1651  0.001015 9.158 2344 2451 234.4 2368 2602

58 0.1815 0.001016  B380 2428 2454 2428 2363 2606
60 01992  0.001017  7.678 251.1 2456 2511 2358 2609

62 0.2184 0.001018 7.043 2595 2459 259.5 2353 2613
64 0.2391  0.001019  6.468 2679 2461 267.9 2348 2616
66 0.2615 0.001020 5947 2762 2464 2762 2343 2619

68 0.2856  0.001022 5475 2846 2467 284.6 2338 2623




Table B.7

Properties of Superheated Steam®
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FACTORS FOR UNIT CONVERSIONS

Quantity Equivalent Values
Mass 1kg = 1000 g = 0.001 metric ton = 2.20462 lb,,, = 35.27392 oz
1lby = 160z = 5X 107* ton = 453.593 g = 0.453593 kg
Length Im = 100 cm = 1000 mm = 10° microns (pm) = 10 angstroms (A)
= 39.37in. = 3.2808 ft = 1.0936 yd = 0.0006214 mile
1ft = 12in. = 1/3yd = 0.3048 m = 30.48 cm
Volume Im® = 1000L = 10° cm® = 10° mL
= 353145 ft = 219.97 imperial gallons = 264.17 gal
= 1056.68 qt
16 = 1728in? = 7.4805 gal = 0.028317 m® = 28317L
= 28,317 cm®
Force IN = 1kgm/s* = 10° dynes = 10° g-em/s® = 0.22481 lb;
11bs = 32.174 1b, ft/s® = 4.4482 N = 4.4482 X 10° dynes
Pressure 1 atm = 1.01325 X 10° N/m? (Pa) = 101.325 kPa = 1.01325 bar
= 1.01325 x 10° dynes/cm?
= 760 mm Hg at 0°C (torr) = 10.333 m H,O at 4°C
= 14.696 Ib/in2 (psi) = 33.9 ft H,O at 4°C
= 29.921 in. Hg at 0°C
Energy 1J = 1N-m = 107 ergs = 107 dyne-cm
= 2.778 x 1077 kW-h = 0.23901 cal
= 0.7376 ft-lb; = 9.486 X 10~ Btu
Power 1W = 1Jis = 0.23901 cal/s = 0.7376 ft-Ibg/s = 9.486 x 10™* Btu/s
= 1.341 X 103 hp

Example: The factor to convert grams to lby, is (

2.20462 Iby,
1000 g




