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QUESTION 1

An evaporator with an area of 149.3 m? is employed to concentrates 9072 kg/h of
salt solution. The feed contains 1.0 wt% salt solution entering at 311.0 K (37.8°C).
The vapor space of the evaporator is at 101.325 kPa (1.0 atm abs) and the steam
supplied is saturated at 143.3 kPa. The outlet solution contains 1.5 wt% salt
solution. Given the heat capacity of feed is 4.14 kJ/kg.K. Assume that the solution,
since it is diluted has the same boiling point as water.

a) Describe the process with suitable diagram (5 marks)
b) Employ mass balance and find L and V (4 marks)

c) Discover the latent heat of water and steam from the steam table (4 marks)

d) Compute the value of the steam used (S) (3 marks)
e) Solve the overall coefficient (U) in correct unit (4 marks)
QUESTION 2

a) An air-water vapor mixture going to a drying process has a dry bulb
temperature of 57.2°C and a humidity of 0.030 kg H20/kg dry air.

i) Use humidity chart to solve the percentage humidity, saturation humidity

at 57.2°C and dew point. Describe the method. (7 marks)
ii) Use appropriate equations to compute humid heat, and humid volume.
(4 marks)

b) The airin a roomis at 37.8°C and a total pressure of 101.3 kPa abs containing

water vapor with a partial pressure is 3.59 kPa. Compute the following in SI

unit:
i) Humidity (2 marks)
i) Saturation humidity (3 marks)
iy Percentage humidity (2 marks)

iv) Percentage relative humidity (2 marks)
2
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QUESTION 3

To achieve a 90% absorption of hydrogen sulfide (H2S) in a gas stream containing
1.0 mol % HsS in air in a countercurrent stage tower, it's necessary to determine
the number of theoretical stages required. The total inlet gas flow to the tower is
30.0 kg mol/h, and the total inlet pure water flow for absorption is 90 kg mol H20/h.
The process operates isothermally at 300 K and a total pressure of 101.3 kPa. The
equilibrium relationship for hydrogen sulfide (A) in the gas-liquid phase is given by
ya = 2.53Xa.

a) Compute amount of entering H.S and entering air (4 marks)
b) Compute amount of HzS leaving in Viandin L4 (4 marks)
¢) Find ya1and Xan (4 marks)

d) Use the Kremser analytical equation to determine the number (8 marks)

theoretical stages required for this separation

QUESTION 4

An enriching distillation column is supplied with a saturated vapor stream of 100
kg mol/h, comprising 40 mol % component X (A) and 60 mol % component Y (B)
at 101.32 kPa absolute pressure. The objective is to produce a distillate stream
with 90 mol % component X, while the bottom stream should contain 27.5 mol %

component X. The reflux ratio is adjusted to 4:1.

a) Compute the kg mol/h distillate, D. (3 marks)
b) Compute the kg mol/h bottoms, W. (2 marks)
c) Solve q and slope. Justify your answer. (3 marks)
d) Sketch g line and enriching operating line in equilibrium (6 marks)
diagram for component X and Y at 101.32 kPa (1 atm)
in page 9
e) Compute the number of theoretical trays needed. (6 marks)
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QUESTION 5

In a single-stage extraction of olive oil from crushed olives using ethanol, 100 kg
of olives containing 20 wt % oil is extracted with 100 kg of fresh ethanol solvent.
The value of N for the pulp underflow remains constant at 1.5 kg insoluble solid/kg

solution retained.

a) Solve B, Lo and No (6 marks)
b) Compute the total flowrate M, xam and Nw (6 marks)
c) Show the graphical solution of single stage leaching (4 marks)
d) Compute L1and V4 (4 marks)

End of question
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ATTACHMENTS
p, = Hx,
yu=H'x,
H'=H/P
L’( Ya0 }+ V’{ Yaz ],,: L 2| V’[ Yai }
-, 1=y, 1=y 1=y,
Vi=V(l-y,)
{
L = L
1-x,,
’
V=
1=y,
F=L+V

hy = Cpff(TF ~-T)
qg=S(H;—hg)=S8A
Fh, + S\ = Lh, +VH,
g=S(\) =UAAT

1802 p,
52897 P—p,
H
H, = 100—
r HS
~ 4
= 100—
§ Pas

¢, kI/kg dry air - K = 1.005 + 1.88H  (SI)
¢, buwlb,, dry air - °F = 0.24 + 045H  (English)
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. 2241 1 1
i Mg L1
vy g dry air = =23 {28.97 18.02

= (2.83 x 107 + 456 x 10~ H)T K

359 . (1 1
/16, diy =222 T°R|—— 4 —L_py
vy 1D, Ay =5 {28,97+ 18.02 ]

= (0.0252 + 0.0405H)T°R
Ly+V,=L +V, =M
Loyao +ViXan = Loy +Vixg = Mx,,

B=N,L,+0=N,L +0=N,M

- L _ L
mV. my,
A =
! mVNi—]
A= JAA,

Al9 Power

I hp = 0.74570 kW
1 hp = 550 It-1b/s
1 hp = 0.7068 biu/s

1 watt {W) = 14.340 cal/min
1 btush = 029307 W (wau)
1J/s (joulc/s) =1W

A.1.19 Temperature

F=32+18C
K=C+2732
R=F + 460

A.1-8  Pressure

1 bar = 1 x 10? Pa{pascal) = 1 x 10° N/m?
I psia = 11bgfin?
1 psia = 2.0360in. Hg at 0°C
1psia = 2311 1 H,0 at 70°F
1 psia = 51.715 mm Hg at 0°C (py,, = 13.5955 g/em?)
< lalm = 14.696 psia = 101325 x 10° N/m? = 1.01325 bar
1atm = 760 mm Hp at 0°C = 1.01325 % 10° Pa
latm = 29.92] in. Hg a1t 0°C
1atm = 33901tH,0a14°C

1 psia = 6.89476 x 10% g/cm - §*

1 psia = 6.89476 x 10* dynjem?

1 dyn/em? = 2.0886 x 107 /I

1 psia = 6,89476 X 10° N/m? = 6.89476 x 10} Pa
11b/ft? = 4.7880 x 107 dynfem?* = 47.880 Njui?

I mmHg(0°C) = 1.333224 x 107 N/m? = 0.1333224 kPa
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A.2-9  Properties of Saturated Steam and Water (Steam Table),

S1 Units
Specific ¥olume Enthalpy Entropy
Temper-  Vapor (m/kg) (kJ/kg) (kJ kg~ K)
alure Pressure
(*C) (kPn) Liguid Sat'd Vapor  Ligud  Sai'd Vapor  Liquid  Sar’d Yapor
0.01 06113 0.0010002 206,136 000 25014 00000  9.1562
3 0.7577 0.0010001  168.132 12,57 25069 00457  9.0773
6 09349 0.0010001  137.734 2520 25124 00912 9.0003
9 1.1477 00010003  113.386 37.80 25179 01362 89253
12 14022 0.0010005 93.784 5041 25234 0.1806  8.8524
15 17051 0.0010009 77926 6299 25289 02245  8.7814
18 20640 0.0010014 65.038 7558 25344 02679 87123
24 2487  0.0010020 54514 B804 25399 03109  B.6450
24 2985 00010027 45883 100,70 25454 03534 B.5794
25 3169 00010029 43.360 10489 25472 03674 B.5580
27 3567 0.0010035 38774 11325 25508 03954  8.5156
30 4246  0.00)0043 32894 12579 25563 04369  8.4533
33 5034 0.0010053 28.011 13833 25617 04781  8.3927
36 55947 0.0010063 23940 15086  2567.1 05188 83336
40 7.384 00010078 19523 167.57 25743 05725  8.2570
45 9593  0.0010099 15258 188.45 25832 06387  8.1648
50 12.349  0.0010121 12032 20933 25921 07038 80763
55 15758  0.0010146 9.568 23023 26009 07679 7.9913
60 19940 0.0010172 7.671 25113 26096 08312 79096
65 2503 0.0010199 6.197 27206 26183 08935  7.8310
70 31,19 0.0010228 5.042 29298 26268 09549  7.7553
75 38.58 0.0010259 4.131 31393 26353 10155  7.6824
80 47.39 0.0010291 3.407 33491 26437 10753 7.6122
8BS 57.83 0.0010325 2828 35590 26519 11343 7.5445
90 70.14 0.0010360 2.361 376,92  2660.1 11925 7.4791
95 84.55 0.0010397 1.9819 39796 26681 12500 7.4159
100 101.35  0.0010435 1.6729 419.04 26761 13069  7.3549
A.2-9 SlIUnits, Continued
Specific Volume Enthalpy Entropy
Temper-  Vapor T {mikg) (& /kg) (kJfkg  K)
ature Pressure
°Cy (kPa) Liguid Sat'd Vapor  Liquid  Sat'd Vaper  Liquid  Sat'd Vapor.
1058 12082 0.0010475 1.4194 44015 26838 13630 7.2958
110 14327  0.0010516 1.2102 46130 26915 14185  7.2387
115 169.06  0.0010559 1.0366 48248 26990 14734 7.1833
120 198.53 0.0010603 0.8919 50371 27063 1.5276 71296
125 2321 0.0010649 0.7706 52499 27135 1.5813  7.0775
130 2701 0.0010697 0.6685 546.31 27205 16344 7.0269
135 3130 0.0010746 0.5822 56769 27273 1.6870 69777
140 3163 0.0010797 0.5089 58913 27339 17391 6.9299
145 4154 0.0010850 0.4463 61063 27403 17907 68833
150 4758 0.0010905 03928 63220 27465 18418 68379
155 543.1 0.0010961 0.3468 65384 27524 18925 67935
160 6178 0.0011020 0.3071 67555 27581 19427 67502
165 700.5 0.0011080 0.2727 69734 27635 19925  6.7078
170 1917 0.0011143 0.2428 71921 27687 20419 66683
175 892.0 0.0011207 0.2168 74117 27736 20909  6.6256
180 1002.1 Q.0011274 019405 76322 27782 21396  6.5857
190 1254.4 0.0011414 0.15654  B07.62 27864 2235 65079
200 15538 0.0011565 012736 85245 27932 23309 64322
225 2548 0.0011992 007849 96678 28033 25639 62503
250 ¥ 00012512 005013 108336  280LS 27927 60730
275 5942 0.0013168 0.03279 121007 27850 30208 58938
300 8581 0001043 0.02167 (3440 27490 172534 57045

Source: Abridged from L H. Keensr, .G, Keyes, PG Hill, and 1. G. Moo, Sieam Tables—Metric Units. New

New York: Joha Wiley & Soas, Inc., 1969, Reprinted by permission of John Wiky & Soas, Inc.
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Reminder: Plot q line and enriching operating line in this diagram and
submit together with your answer scipt.
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Mole fraction A In vapor, ya

4 | [ S ot 1
0 02 04 06 08 1

Mole fraction A in liquid, xa







