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Question 1 (2 marks) -

A Txy diagram for methanol-water mixtures at 1 atm absolute is show below, the feed to
a vaporizer has a methanol mole fraction of x;= 0.4, use the Txy diagram to estimate the

minimum and maximum temperatures at which the given feed stream could be separated
into vapor and liquid fractions at 1 atm.
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r | Question 2 (8 marks)

Air at 90°C and 1.00 atm contains 10.0 mol% water. A continuous stream of this air
enters a compressor-condenser, in which the temperature is lowered to 15.6°C and the
pressure is raised to 3.00 atm. The air leaving the condenser is then heated isobarically to
100°C. Calculate the fraction of water that i 1s condensed from the air, the relative
humidity of the air at 100°C, and the ratio m® outlet air @ 100°C per m’ feed air @
- 90°C.
Antoine Equation Constants for water: A = 7.96681 B = 1668.21 C =228.00
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Superheated steam at 40 bar absolute and 500°C flows at a rate of 250 kg/min to an
adiabatic turbine, where it expands to 5 bar. The turbine delivers 1583 kW. From the
turbine the steam flows to a heater, where it is reheated isobarically to its initial
temperature. Neglecting kinetic and potential energy changes:

a. Write an energy balance on the turbine to determine the outlet steam temperature.

b. Write an energy balance on the heater and use it to determine the required heat
input (kW) to the steam.
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| @uestion 2 (10 marks) =

A hot gas stream containing 5 mol% CO, 10 mol% CO,,
ﬂc;ws_over the outside of the tubes of an adiabatic waste hea
is fed to the boiler and flows inside the tubes of the boiler.,
(kg) at 100°C can be produced from the boiler feed water
the boiler at 900°C and leaves at 450°C?

mo\ 0'1’ wol

5 mol% O, and 80 mol%N,
t boiler. Liquid water at 25°C
How much saturated steam in
f100 mol of the hot gas enters

\ g:g wol @/ wme!
(OON ' —
0°C =il M\\ 75:! , A
14 0.9 W ————-—-——‘()]00/(/
wa wr(z) 0‘06 Din l,*\\(
2hC o5 CO /n
0.1 ©1 ””“
100 0'9 oC
% mo| ‘150
ad i
\ \(% o\ A FIS\ » |
w A L I .()
n, H,. Now pat . @ g el
) '
J
O N i v 7 Lk e 7
v
e 5 |249] %
vk} 10 429y o
4?0@ y 1042 | A
NP il L Ll A
v HiOg | e (54 n
NG 4
n / H o r (\:u;
H 6" O’L . \Q ;;gthW ,ﬂ;ﬁ?
4’( z _ "?/
,,uﬂ";\s.t’}'"' W I/@ '
500 = ED

Hﬁ‘ ‘? gcz kxle!
[-12.32 e § e

«E3 3~

L

‘Scanned by CamScanner

a out )
L/L’/ﬂﬁ)+<t9-%)(io) + (21 a0y + (n)(26%)

(13.38)(6) 412.27

7 1) +V\“d"g)
e



. % 1 | _._.:_F.:%.m.znm 651
630 AppendixB = 3
Table B.7 Properties of Superheated Steam? ] Table B.7 (Continued)
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Appendix B

Table B.8 Specific Enthalpies of Selected Gases: SI Units

A (xI/mol)
Reference state: Gas, Prs = 1 atm, Ty = 25°C

7 Air 0, N, H, CO  Co,

H,O

0 -072 -073 -073 -072 -073 -092
25 0.00 0.00 0.00 0.00 0.00 0.00
100 2.19 224 219 2.16 2.19 2.90
200 5.15 531 513 5.06 5.16 7.08

300 8.17 847, 812/ 1.96 81%2 1158/ 957

400 1124 - 1172 11.15 10.89 11.25 16.35 1323
500 14.37 15.03 1424 13.83 1438  21.34 17.01 ’
600 17.55 1841 17.39 16.81 17.5 ; .

700 20.80 - 218  20.59 19.81 20.82  31.88
800 2410 2535 2386 2285 2413 37.36
900 2746  28.89 2719 2593 2749 - 4294
1000 3086 3247 30.56  29.04 3091 48.60
1100 3431 3607 3399 3219 34.37 54.33
1200 37.81 39.70 37.46 35.39 37.87 60.14
1300 4134 43.38 40.97  38.62 4140  65.98
1400 4489  47.07 44.51 4190 4495 ~ 71.89
1500 4845 50.77 48.06 45224851 77.84

-0.84
0.00
o254
6.01

24.92
29.05
33.32
37.69
4218

46.78 .

51.47
56.25
61.09

Table B.9 Specific Enthalpxes of Selected Gases:
American Engineering Units

H(Btwlb-mole)
Reference state: Gas, P,y = 1 atm, T,,f = 77°F

T Air 07 N2 H, CoO CO,

H,0

32 —312 -315 -312 -310 —312 =304

77 . 0 ] 0 0 0o 0
100° 160 162 160° 159 160 206
200 858 875 857 848 859 1132
300 1563 1602 1558 1539 - 1564 2108
400 2275 2342 2265 2231 2276 3129
500 2993 3094 2976 2925 2594 4192
600 3719 3858 3694 3621 3720 5293
700 4451 4633 4418 4319 4454 6429
800 - 5192 5418 5150 . 5021 5195 7599
900 - 5940 = 6212 5889 5725 5945 . 8790
1000 6695 7015 6635 6433 6702 - 10015
1100 7459 7826 7399 7145 7467 11263
1200 8230 8645 8151 7861 8239 12533

- 1300 9010 9471 8622 8581 . 9021 13820

1400 9797 10304 9699 9306 9809 15122
1500 10550 11142 10485 10035 10606 16436
1600 11392 11988 11278 10769 11409 17773
1700 12200 12836 12080 11509 12220 19119
1800 13016 -13691 12888 12254 13036 20469

1900 13837 14551 13702 13003 13858 21840

2000 14663 ~ 15415 14524 13759 14688 23211

—-361

185 -
996 -

1818
2652
3499
4359
5233
6122
7025
7944
8880
9831
10799
11783
12783
13798
14831
15877
16941
18019
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Table B.5 Properties of Saturated Steam: Temperat

ure Table

?(m/ke) O(kI/ke) A(kIlke) -
i team
7(°C) P(bar) Water Steam Water Steam Water Evapora:on =
| 0.01 0.00611 - 0.001000 206.2 zero 2375.6 +o.2 58;-3 o055
2 0.00705 0.061000 179.9 g4 23783 8 g 2508.0
4 0.00813 0.001000 157.3 16.8 2381.1 1638 préy Te12.6
6 0.00935 0.001000 137.8 252 23838 252 .3,4 82-6 frer
8 10.01072 0.001000 121.0 336 23866 33.6 . 105
10 0.01227 0.001000 106.4 420 23893 420 2477.9 -
) 4 24732 2523.
12 0.01401 0.001000 93.8 50.4 2392.1 50. s
14 0.01597 0.001001 829 58.8 23948 58.8 2468.5 2530.9
16 0.01817 0.001001 73.4 '67.1 -2397.6 671 2463.8 .
18 0.02062 0.001001 65.1 75.5 24003 755 2459.0 2534.
20 0.0234 0.001002 578 839 2403.0 839 24543 25382
22 0.0264 0.001002 51.5 922 24058 922 2449.6 2541.8
24 0.0298 0.001003 459  100.6 2408.5 100.6 2444.9 2545.5
25 0.0317 0.001003 43.4 104.8 2409.9 104.8 24425 25473
26 0.0336 0.001003 41.0 1089 24112 108.9 24402 2549.1
28 . 0.0378 0.001004 36.7 1173 24140 1173 2435.4 2552.7
30°  0.0424 0.001004 329 125.7 2416.7 125.7 2430.7 2556.4
32 0.0475 0.001005 29.6 134.0 24194 134.0 2425.9 2560.0
34 0.0532 0.001006 26.6 142.4 24221 1424 2421.2 2563.6
36 0.0594 0.001006 24.0 150.7 24248 1507 2416.4 2567.2
38 0.0662 0.001007 21.6 1591 24275 159.1 24117 2570.8
40 0.0738 0.001008 19.55 167.4 24302 167.5 2406.9 2574.4
42 0.0820 0001009 17.69 1758 124329 1758 2402.1 2577.9
44 0.0910 ~0.001009 16.04 1842 2435.6 1842 2397.3 2581.5
46 0.1009 0001010 1456 . 192.5 24383 1925 - 23925  '2585.1
48 01116 0.001011 1323 2009 24409 200.9 23877 2588.6
50 01234 0001012 1205 2092 2443.6 2093 23829 25922
‘50 01361 0001013 1098 2177 2446 2177 2377 2595
54 01500 0001014 1002 2260 2449 2260 2373 2599
56 01651 0001015 9.158 2344 2451 2344 2368 2602
58 01815 0001016 8380 2428 2454 2428 . 2363 2606
' . 0.001017 7.678 2511 2456 251.1 2358 2609
' 2(2) 3_3333 0.001018  7.043 259.5 2459  259.5 2353 2613
64 02301 0.001019 6468 2679 2461 2679 2348 2616
66 02615 0001020 5947 2762 2464 2762 " 2343 2619
68 02856 0001022 5475 2846 2467 2846 2338 2623
70 03117 0.001023 5.045 2930 2469 293.0 2333 2626
72 03396 0.001024 4.655 301.4. 2472 301.4 2329 2630
74 03696 0.001025 4.299 3098 2474 309.8 2323 2633
76  0.4019 0.001026 3.975 3182 2476 3182 - 2318 2636
. 78 0.4365 0.001028 3.679 3264 2479 3264 ° 2313 2639
- 80 04736 0.001029 3.408 334.8 2482 3349 2308 2643
82 05133 0.001030 3.161. 3432 2484 3433 2303 2646
84 0.5558 0.001032 2934 3516 2487 351.7 2298 2650
86 0.6011 0.001033 2727 3600 248% 360.1 2293 2653
88 0.6495 0001034 2536 3684 2491 368.5 2288 2656
90 0.7011 0.001036 2.361 3769 2493 377.0 2282 2659
92  0.7560 0.001037 2200 3853 2496 3854 2277 2662
94 0.8145 0.001039 . 2.052 393.7 2499 393.8 2272 2666
96 0.8767 0.001040 1915 402.1 2501 402.2 2267 2669
98 09429 0.001042 1.789 410.6 2504  410.7 2262 2673
100 1.0131 0.001044 1.673 419.0 2507 419.1 2257 2676/
102 1566 427.1 2509 427.5 2251 2679

1.0876 0.001 045
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UNIVERSITY OF-JORDAN

CHEMICAL ENGINEERING DEPARTMENT

CHEMICAL ENGINEERING PRINCIPLES (2) -0905212

] Name m Exam Second Exam

Section Date Wednesday, 30/4/2014

University ID i i ﬁ Instructor Eng. Shuruqg Shawish

Q_uestion 1 (7 marks) P

Use the psychrometric chart to estimate: 4(

1. The absolute humidity, wet-bulb temperature, humid volume, dew point temperature and
specific enthalpy of humid alr at243°§]an olrelative humidity.
2. The mass of water in 100 m? of air at these conditions.
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[Question 2 (13 marks)

4 at 80°F is mixed with pure H,0
removed per | Ip

at 70°F. How much heat was = Of final solution?

Component C, (Btu/Ib,,.°
H,O 1

20 | — ]

s N s

| HoSO44, (20%) 0.8307

r AHm
(Ib-mol H,0/Tb-mo} H,S0,) (Btw/Ib-mol H;S0O.) at
77°F

L 5 -2499 455

L 10 -28867

B 25 -31137.036 e
H, 594 s b ’A H @
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