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1. a) Estimate the fixed capital investment required in 2006 for a proposed hydrofluoric acid

plant which has an annual capacity of 12x10° kg/yr. of 100% hydrofluoric acid, using the

data provided in Table 1.

( 5 marks)
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b) A large company has a plan to build a chemical plant from its own money and does not
want to borrow money from a bank. The project has details as follows. A piece of land is
purchased at a cost of $150,000 three years before the start-up of the plant. The plant is
then constructed for three years before the start-up. The construction costs are $250,000
for the first year, $200,000 for the second year and $100,000 for the third year. A
working capital investment of $250,000 is needed at the time when the plant starts
operation. The estimated useful life of the plant is 10 years. Salvage value of the plant is
$100,000.

The plant begins operation at the fourth year of the project at 80% capacity.
From the fifth year and thereafter the plant operates at 100% capacity. The estimated
annual production costs and the sales revenue are $420,000 and $2,800,000, respectively
at 100% capacity. The depreciation is a MACRS schedule as follows: 20%, 32%, 19.2%,
11.52%, 11.52% and 5.76%. The income tax rate is 35%.
Calculate the NPV of the project at 12% interest rate.
Calculate the %IRR of the project.

(20 marks)

Answer to Question 1



2. a)

Student Name: .........oovveiviiiiiiinnnen.. Code :

.................

A Thai chemical company has developed a new process for manufacture of a natural

product. The company has a plan to license its technology to Europe and Japan. The

decision tree diagram shows probabilities and present worth of the markets. Which

market should the company give license to?

Present Worh

($ million)

04 10

16

Sweden

4
Denmark -3
England 0.3 -2

5

. 3

O .

1.0
( 8 marks)
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b) A sugar refinery has four alternatives to select an evaporator. Cost estimates for the four
types are given in the table below. The company policy has been set to use 12% rate of
return. Determine which evaporator type offers the best economic choice.

(Do not use capitalized cost method because there are different annual operating costs)

Type 1 Type 2 Type 3 Type 4
Purchased cost, $ 5500 7800 9500 13000
Annual operating costs, $ 3300 2800 2500 1800
Salvage value, § 500 700 800 1100
Life, years 8 8 8 8
(10 marks)

Answer to Question 2
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3. a) The annual fixed cost, C; and the annual operating cost, C, for operation of a liquid-
phase mixed flow reactor in $/year can be expressed as a function of conversion , X, as

given below.

C, =40:000__ 346 000

(1-X,)°

C,= 250,000[1'XA)
X

A

The reactor volume, V in m’ is given as
|
Voo
06(1-X,)

Estimate the Optimum conversion and reactor volume.

(12 marks)

b) Sodium hydroxide is normally produced and stored and transported as 50-70 wt% liquid.
Suggest the materials of construction for handling and storage of this chemical for the
followings: storage tank, pump, piping, and gasket.

(5 marks)
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. a) A sieve-tray distillation column for separation of a mixture has flows and property
profiles of the mixture on tray number 3 as shown below. Assume that tray spacing is
0.61 m, foaming factor is 1.0 and A,/A, > 0.1. The surface tension for the mixture is 5
dyne/cm. Use A /A = 0.2. Estimate the column diameter at this tray location.

If there is high liquid entrainment, suggest two ways for changes of the column

design.

Conditions at tray number 3:

Liquid Vapour
Mass flow (kg/hr) 9800 1.850x10"
Molecular Weight 22.30 22.24
Temperature ¢o) 45 47
Density (kg/m’) 500 25
Viscosity (cP) 0.2756 9.219x10°
Vapour pressure (kPa) ~ ----- 1700

( 15 marks )

b) Propane and methane have the lower flammability limit, LFL values at 2.2 and 5.0
mol% in air, respectively. If the working environment in a factory contains a propane-
butane mixture at 4.6 mol% in air and the mixture consists of propane 40 mol% and
methane 60 mol%, determine whether it is safe for the workers.

Note: the LFL for a mixture can be estimated from:
-
= LFL,

where y, = mole fraction of component i

LFLmix =

( 5 marks )

End of Examination Questions

12
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Table 1 Capital cost data for chemical and petroleum processing plants (2006)"

103 kg/yr (10° ton/yr)

Acetic acid CH3OH and CO—<catalytic 9 x 10° (10) 8 0.68
Acetone Propylene-copper chloride catalyst 9 x 10* (100) 33 045
Ammonia Steam reforming 9 x 10* (100) 29 0.53
Ammonium nitrate Ammonia and nitric acid 9 x 10* (100) 6 0.65
Butanol Propylene, CO, and H, O—catalytic 4.5 x 10*(50) 48 0.40
Chlorine Electrolysis of NaCl 4.5 x 10* (50) 33 045
Ethylene Refinery gases 4.5 x 10* (50) 16 0.83
Ethylene oxide Ethylene——catalytic 4.5 x 10* (50) 59 0.78
Formaldehyde (37%) Methanol—catalytic 9 x 10° (10) 19 0.55
Glycol Ethylene and chlorine 4.5 x 10° (5) 18 0.75
Hydroftuoric acid Hydrogen fluoride and H,0 9 x 10° (10) 10 0.68
Methanol CO,, natural gas, and steam 5.5 x 10* (60) 15 0.60
Nitric acid (high-strength) Ammonia—catalytic 9 x 10* (100) 8 0.60
Phosphoric acid Calcium phosphate and H, SO, 4.5 x 10° (5) 4 0.60
Polyethylene (high-density) Ethylene—catalytic 4.5 x 10° (5) 19 0.65
Propylene Refinery gases 9 x 10 (10) 4 0.70
Sulfuric acid Sulfur—contact catalytic 9 x 10% (100) 4 0.65
Urea . Ammonia and CO, 5.5 x 10* (60) 10 0.70
103 m¥day (10° bbl/day)
Alkylation (H,SO,4) Catalytic 1.6 (10) 23 0.60
Coking (delayed) Thermal 1.6 (10) 31 0.38
Coking (fluid) Thermal 1.6 (10) 19 0.42
Cracking (fluid) Catalytic 1.6 (10) 19 0.70
Cracking Thermal 1.6 (10) 6 0.70
Distillation (atm.) 65% vaporized 16 (100) 38 0.90
Distillation (vac.) 65% vaporized 16 (100) 23 0.70
Hydrotreating Catalytic desulfurization 1.6 (10} 35 0.65
Reforming Catalytic 1.6 (10) 34 0.60
Polymerization Catalytic 1.6 (10) 6 0.58

*Adapted from K. M. Guthrie, Chem. Eng., 77(13): 140 (1970); and K. M. Guthrie, Process Plant Estimating, Evaluation, and Control, Craftsman Book Company of
America, Solana Beach, CA, 1974. See also J. E. Haselbarth, Chem. Eng., T4(25): 214 (1967), and D. E. Drayer, Petro. Chem. Eng., 42(5): 10 (1970).
*These power factors apply within roughly a 3-fold ratio extending either way from the plant size as given.
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Appendix A 10X Interest Rate Factors

Appendix A 8% Interest Rate Factors

Single X " — Single Payment Equal-Payment Series Unik
. ) Eq ymeat Series Uniform Compound  Present- Compound  Sinking- Present- Capital Gradient
Compound  Present- Compound  Sinking- Present- Capital Gradient Amount Worth - Amount Fund Worth Recovery  Series
Amount Worth Amouat Fund Worth Recovery Series Factor, Faclor, Factor, Factor, Factor, Factor, Factor,
Factor, Factor, Facior, Factor, Factor, Factor, Factor, N (FIR4N) (PIE4LN) (F/IALN) (A/F 4 N) (PIA4LN) (AP L N) (A/G 4 N)
N_(FIBiN) (PIE4LN) (FIALN) (WELN) (PIALN) (WP 4N) (46 i, N)
1 1.10000 |  0.9090909 | 1.00000 |  1.0000000 |  0.9090909 | 1.1000000 | 0.000000p
LI | 1.08000 |  0.9259259 | 1.00000 |  1.0000000 | 0.9259259 | 1.0800000 0.0000009 2 1.21000 |  0.8264463 | 2.10000 |  0.4761905 |  1.7355372 | 0.5761905 | 0.4761905
2 | 1.16640 |  0.8573388 | 2.08000 | 0.4807692 |  1.7332647 | 0.5607692 0.480769 3 1.33100 | 0.7513148 | 3.31000 | 0.3021148 |  2.4868520 | 0.4021%8 | 0.9365559
3| 1.2597 | o.7938322 | 3.2440 | 0.3080335 | 2.5770970 | 0.3880335 0.9487432 ‘ 1.46410 |  0.6830135 | 4.64100 0.2154708 |  3.1698654 | 0.3154708 | 1.3811s7
4| 1.36049 | 0.7350299 | 4.50611 | ©.2219208 |  3.3121268 | 0.3019208 1.4039508 5 1.61051 |  o0.6209213 | 6.10510 0.1637975 | 3.7907868 0.2637975 |  1.8101260
| 1.46933 |  0.4805832 | S.86600 |  0.1704565 |  3.9927100 | 0.2504565 1.8464715 6 177156 | 0.5644739 | 7.71561 0.1296076 |  4.3552607 0.229607¢ | 2.2535572
6 | 1.58687 |  0.6301696 | 7.33%93 | 0.1363154 |  4.6228797 | 0.216315% 2.2763460 7 14872 | o0.513158 | 9.48717 0.1054055 |  4.8584188 0.2054055 |  2.6216150
7| 171382 | 0.5834904 | 8.92280 |  0.1120724 5.2063701 | 0.1920724 2.6936849 s 2.4359 | 0.466507¢ | 11.43589 0.0874440 |  5.3349262 0.1876440 |  3.0044786
s | 1.85093 |  0.54026809 |  10.63463 |  0.09%0148 5.7466389 .| 0.1740148 3.00852% ] 2.35795 0.6240976 |  13.57%8 0.0736405 |  5.7590238 01736405 |  3.3723515
? 1.99900 |  0.5002490 |  12.48756 |  0.0800797 6.2468879 | 0.1600797 34910327 10 | 2.5937 0.3855433 | 15.9372 0.0627454 |  6.1445671 09627456 |- 3.7254605
0 | 2.15892 |  0.4631935 |  14.48656 | 0.0690295 |  6.71008%4 |  0.1490295 3.8713139 1" | 2.85312 0.3504939 | 18.53197 0.0539631 |  6.4950610 0.1539631 | 4.0640544
n | 2.33166 | 0.4208829 | 16.64549 |  0.0800763 7.1389643 | 0.1400763 |  4.2395a30 12 | 3.13843 0.3184308 |  21.3828 0.0467633 6.8136018 0.1467633 |  4.3884022
12 ) 2.51817 | o0.397138 | 18.97713 | 0.0526950 7.5360780 | 0.1326950 | 45957 13 3.45227 0.2896644 | 2.5221 0.0407785 7.1033562 | 0.1407785 |  4.6987910
13| 2.71962 | 0.3676979 |  21.4953C |  0.0465218 |  7.9037759 | 0.1265218 4.9402067 “ 3.79750 0.2633313 |  27.97498 0.0357¢62 7.3666875 | 0.1357462 |  4.9955287
% | 2.93719 | 0.3404610 |  26.21492 |  0.0412969 |  8.2642370 | 0.1212969 5.2730508 1] 4TS 0.2393920 | 3177248 0.0314738 7.6060795 0.1314738 |  5.2789335
15 | 3717 | 03152417 | 27.15211 | 0.0368298 8.5594787 | 0.116829% 5.5944603 16 4.5%497 0.2176291 | 35.%973 0.0278166 7.8237086 0.1278166 | 5.5493407
16 | 3.4259% .|  0.2018905 |  30.3228 |  0.0329769 8.8513692 | 0.1129769 .| 5.9046256 7 | 5.05447 0.1978447 |  40.54470 0.0266641 | . 8.0215533 01248641 | 5.8070072
17 | 3.70002 |  0.2702690 |  33.75023 |  0.029629 9.1216381 |  0.10962% 6.2037458 1’| 5.55992 0.1798588 |  45.59917 0.0219302 8.2014121 0.1219302 |  6.0525600
18| 3.99602 |  0.25024%0 |  37.4502¢ |  0.0267021 9.3718871 |  0.1067021 6.492028¢ 9 | 61159 0.1635080 |  51.15909 0.0195469 8.3649201 | 0.119569 | 6.2860050
" | 431570 | 0.2317121 | 41.44826 | 0.0241276 9.6035992 0.1041275 6.7696885 2 | 6.72750 0.1486436 |  57.27500 |  0.0174596 8.5135637 | 0.1174596 | 6.5080750
2 | 466096 |  0.2145482 |  45.76196 |  0.0218522 9.8181474 0.1018522 7.036%78 21 | 7.40025 '0.1351306 | 64.00250 0.0156244 B.6486%43 | 0.11562¢4 |  6.7188781
2 | S.03383 |  0.19M557 |  50.42292 |  0.0198323 |  10.0168032 0.0996323 7.29403 22 | 8.16027 0.1228460 |  71.40275 0.0140051 |  8.7715403 | 0.1140051 |  6.9188862
2 | 5.43654 |  0.1830405 |  $5.45676 |  0.0180321 |  10.2007437 0.0960321 7.5411812 s | 8.95430 0.1116782 |  79.54302 0.0125718 8883218 | 0.112578 | 7.10M831
3 | 5.87146 |  0.1703153 |  60.89330 |  0.0164222 | 10.3710589 | 0.0964222 7.77862604 % | 9.86073 0.1015256 83.49733 0.0112908 8.9847440 | 0.111299¢ |  7.2880537
% | 6.34118 |  0.1576993 |  66.76476 |  0.0%9780 | 10.5287583 | 0.0%9780 8.0066115 s | 10.83471 0.0922960 98.34706 0.010168% 9.0770400 | 0.1101681 | 7.4579820
s | 6.84848 |  0.1460179 |  73.105% |  0.0136788 | 10.6747762 0.0936788 8.2253815 2% | n.9818 0.0839055 10918177 0.0091590 9.160%55 | 0.1091590 |  7.6185500
2 | 7.39635 .|  0.1352018 |  79.9542 |  0.0125071 |  10.8099780 0.0925071 8.4351838 24 13.10999 0.0762777 121.099% 0.0082576 9.2372232 | 0.1082576 | 7.7704366
7 | 7.98806 |  0.1251868 |  67.35077 |  0.0114481 | 10.9351648 0.0914481 |  8.6362675 . ] 14.42099 0.0693433 134.2099 0.0074510 9.3065665 | 0.1074510 | 7.913763
2 | 8.62771 |  0.1159137 |  95.33883 |  0.01048%9 | 11.051078S 0.0904829 | 8.8288%%0 29 15.86309 0.06303% 148.63093 0.0067281 9.3696059 | 0.1067281 |  8.0482583
2 | 931727 |  0.1073275 |  103.965% |  0.0096185 | 11.1584060 | 0.0806185 | 9.0132810 30 17.44960 0.0573086 16449402 0.0060792 9.4269145 0.1060792 | 8.1762255
3 | 10.06266 |  0.0993773 | 113.28321 | . 0.008827¢ | 11.2577833 | . 0.088827% | 9.1%9n12s 3 19.19434 0.0520967 181.94342 0.0054962 9.4790132 0.1054962 | 8.2961737
3 | 10.86767 |  0.0920160 |  123.34587 |  0.0081073 | V1.349799%¢ | 0.0881073 | 9.35827% 32 2111378 0.047362¢ 201.43777 0.0049717 9.5263756 0.1049717 |  8.4090507
32 | 11.73708 |  0.0852000 |  134.21354 |  0.0074508 | 11.434999% | 0.0874508 | 9.519677 3 3.22515 0.0430568 222.25154 0.004499%¢ 9.5694326 0.10699% |  8.5151959
3 | 12.67605 |  0.0788889 |  145.95062 |  0.0068516 | 11.513888¢ | 0.0868516 | 9.673M16 3% 25.54767 0.0591425 245.47670 0.0040737 9.6085749 0.1040737 |  8.6149398
3% | 13.69013 |  0.0730453 |  158.62667 |  0.0063041 | 11.5869337 | 0.0843041 | 9.8207532 35 28.10244 0.0355841 271.02437 0.0036857 9.6441590 | 0.1036897 | 8.7086032
35 | 14.7853% |  0.0676345 |  172.31680 |  0.0058033 | 11.6545682 | 0.0858033 | - 9.9610718 3% 30.91268 0.0323492 299.12681 0.0033431 9.6765082 | 0.103343% |  8.7964970
3% | 15.96817 |  0.06262¢6 |  187.10215 |  0.0053447 | 117171928 | 0.0853447 10.0%2967 37 34.00395 0.0294083 330.03%9 0.0030299 |  9.7059165 0.1030299 | 8.87%9220
7 | 17.24563 |  0.0579857 |  203.07032 |  0.00492¢6 | 11.7751785 0.08492¢4 10.2224638 38 37.40434 0.0267349 364.04343 0.0027469 |  9.7326514 0.1027469 |  8.9561685
38 | 18.62528 | 0.0536905 | 220.31595 |  0.0045389 | 11.8288690 0.0845389 10.3440053 » 4114478 0.0243044 £01.44778 0.0024910 9.7569558 0.1024910 | 9.0285162
39 | 20.11530 | 0.049713%4 | 23894122 |  0.0041851 |  11.878582¢ 0.0841851 104597493 1] 45.25926 0.0220949 442.59256 0.00225% 9.7790507 0.10225% |  9.0962342
40 | 2172652 |  0.0460309 |  259.05652 |  ©0.0038502 | 11.9246133 | 0.0838602 10.5699192 42 54.76370 0.0182603 $37.63609 0.0018500 9.8173973 | 0.1018600 | 9.2188038
42 | 5.33%8 | 0.03%641 |  304.2¢352 |  0.0032863 | 12.0066987 | 0.0832863 10. 7744086 7] 97.01723 0.0103074 96017234 0.0010415 9.8969255 | 0.1010415 |  9.5000807
€8 | 40.21057 |  0.0248591 |  490.13216 |  0.0020403 | 12.1891365 0.0320403 11.2758404 S0 117.39088 0.0085186 1163.90853 0.0008592 9.91481S 0.1008592 | 9.5704130
56 | 46.90161 | 0.0213212 | 573.77016 |  0.0017429 |  12.2334846 0.0817429 11.4107136 0 304.48164 0.0032843 3034.81640 0.0003295 9.9671573 0.1003295 |  9.8022%5
6 | 101.25706 | ©0.009e759 | 1253.21330 |  0.0007979 | 12.3765513 0.0807979 11.901538 ) TO.74606 |  0.0012662 7887.46057 |  0.0001268 9.9873377 0.1001268 | 9.9112516
TO | 218.60641 |  0.00457¢4 | 2720.08007 |  ©0.0003676 | 12.4428196 0.0803676 | 12.1783183 r 955.59362 |  0.0010465 9545.93818 |  0.0001048 9.9895353 0.1001048 |  9.9245753
72| 25498251 |  0.0039218 | 3174.78%0 |  0.0003150 | 12.4509770 0.0803150 | 12.2165159 L] 1271.89537 |  0.0007862 | 12708.95371 |  0.0000787 9.9921377 | 0.1000787 |  9.9409855
TS | 32120453 | 0.0031133 | 4002.55662 |  0.0002498 | 12.4610840 0.0802498 12.2657747 20 2048.40021 |  ©0.0004882 | 20474.00215 |  0.0000438 9.9951181 | 0.1000488 |  9.9609261
80 |  471.95483 |  0.0021188 | 5886.93543 |  0.00016%9 | 12.4735144 0.0801699 123301353 90 | 5313.02261 | 0.0001882 | 53120.22612 | 0.0000188 |  9.9981178 | 0.1000188 | 9.9830573
9 | 1018.91509 | 0.000981¢ | 12723.93362 |  0.0000786 | 12.4877320 0.0800786 12.41158%0 100 | 13780.61234 |  0.0000726 | 137796.12340 |  0.0000073 |  9.9992743 | 0.1000073 | 9.992729
00 | 2199.76126 |  0.0004546 | 27484.51570 |  0.000036% | 12.4943176 0.0800364 12.4545198
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Appendix A 12% Interest Rate Faciors Appendix A 15% Interest Rate Factors
Single Payment Equal-Payment Series taiform Stngle Payment Bquab Payment Series Untform

Compound  Present- Compound  Sinking- Present-  Capital Gradient Compound  Present- Compound  Sinking- Present-  Capital Gradient

Amount Worth Amount Fund Worth Recovery  Series Amount Worth Amount Fund Worth Recovery  Series

Factor, Factor, Factor, Faclor, Factor, Faclor, Factor, Factor, Factor, . Factor, Factor, Factor, Factor, Factor,
N _(FBAN) (PIE4LN) (MALN) WELN) (PALN) (WP 4N) (AG 4N) N _(WR4N) (WELN) (WALN) WELN) (PIALN) WR4N) (WG 4N
- 112000 | 0.7 | 1.00000 | 1.0000000 |  0.852857 | 1.1200000 0.0000000 1 1.15000 0.8695652 1.00000 1.0000000 0.8695652 |  1.1500000 0.0000000
2 | Vaswo | oremew | 21200 | o.eTiseen 1LeMs10 | 8.516R0 pypasoen 2 1.32250 0.7561637 2.15000 0.4651163 1.62570 |  0.6151363 0.4651163
31 veows | oz | 3370 0. 2963490 20018513 | 0416390 0 92¢00s 3 1.52088 0.6575162 3.47250 0.2879170 2.232251 | 0.43%770 0.907127%
4] 1STIS2 | 0.6355181 | 4.77933 0.2092344 3.0373495 |  0.3292344 1.3588521 ‘ 1.74%01 0.5717532 4.99338 0.2002654 2.854978 |  0.3502656 1.3262573
s | vreme | osenas | eses papitpted sexrres | o.277e0er o 5 2.01136 04971767 6.T238 0.1483156 3.3521551 | 0.2083156 | 1.7228149
6 | 1.97382 |  0.50663%1 | 8.11519 0.1232257 4.1114073 0.2¢32257 2.172047% ¢ 2.31306 0.4323276 8.7537¢ 0. 1142369 3.7044827 | 0.2642360 | 2.0971904
7| 2.21068 | 0.452%92 |  10.08901 00991177 45637565 | 0.219M77 2.5514654 7 2.66002 0.3739370 11.06680 0.0903604 4.1604197 | 0.240360% 24498497
s | 2.4759% | 0.4038832 | 122990 0.0813028 4.9676398 | 0.2013028 29131439 s 3.05902 0.3260018 13.72682 0.0728301 4.487m3215 | 0.2228501 2.7813286
o | 2.77308 | 0.3606100 |  14.77566 0.0676789 s.3282498 | ©0.18767% 3.257167 ’ 3.51788 0.2842626 16. TS84 0.0595740 4.7715839 | 0.2095740 3.0922258
10 | saoses | osawemz | 1r.sam o sseracs pproveindll Bilabnsbiind bl 10, 4.04556 0.2471847 20.30372 0.0492521 5.0187686 | 0.1992521 3.3m31958
n | 3.47855 | 0.287%1 |  20.65458 00484154 5.9376991 0.1684154 38952546 n s.6529 02149432 2.34928 0.041065%0 5.2337118 |  0.1910690 3.6549412
1”2 | 3.8059 |  0.2566751 | - 2¢.13313 0.0414368 | - 6.143742 | 0.1614368 41996526 12 5.35025 0.1865072 29.00167 0.0344208 5.4206190 |  0.1844808 3.9082046
B e | ozeme oot o sserre o | o 135677 piprtieins 3 6.152m 0.1625280 3.35192 0.0291105 $.5831470 | 0.1791105 41437604
Wi cmm | o fagpeitiy papinbls S emries | oyearre Pyt ™ 7.0m7 0.1413287 40.50471 0.0246885 |  5.72¢4756 |  0.1746885 4.3624076
w1 sersr | o vaseees ooy ppeonibis ok | o rieans pigidinsss 15 8.13706 0.1220%5 47.58041 0.0210071 57701 | 0071017 45649614
16 | 6.13039 |  oc.1631217 42.75328 0.0233900 6.9730862 0.1433900 5.2146643 od 9.35762 9- 1068648 35.71767 0.0v7477 5.9542349 016777 4.7522063
7 | 6.86606 |  0.1456443 48,8837 0.0204567 7.1196305 0.1404567 5.4352069 v 10.76126 0.0929259 65.07509 0.0153669 6.0¢71608 | 0.1853689 4.9250889
w1 rewsr | oisme T papitaiadd kvl B haeinad i 18 1237548 0.0800051 75.83636 0.0131863 6.1279659 | 0.1631863 5.0843122
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Tau C= capacity parameter of Souders and Brown
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Taw d, = droplet diameter
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C,, = drag coefficient
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uaztﬁe tray spacing Lﬁuﬁu
U; ﬁ'l%’“luaumi ) ‘f:based on entire column cross-sec area, A
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Y F; = surface tension factor = ((5/20)0'2
F; = foaming factor = 1.0 for nonfoaming systems
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A
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A, = vapour hole area
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v o do . .
molal vapour flow rate, Hanudunusiu flooding velocity Tagauns
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Tay M, = mol.wt. of vapour

Hay A = total column cross-sectional area
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