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								    				    1. A test on an induced cooling tower was made and the data obtained were as follows: Inlet water - 1000 gpm at 110F Air inlet - 77F dry bulb; 62F wet bulb Outlet water - 85F Kya = 300 lb/hr.ft3.atm If the air is equal to the liquid rate and the liquid velocity is 1000 lb/hr.ft 2, calculate: (a) height of the tower; (b) minimum air flow; (c) temperature of exit air 2. On a particular hot day, a forced-draft cooling tower cooled water from 113F to 90F by countercurrent contact with air at 120F and 70F wet-bulb temperature. Outlet air was found to be 101F with a 96F wet-bulb temperature. Water flow rate was 1000 lb/hr.ft 2 of tower cross-section. Under more normal operating conditions, inlet air would be at 100 F with a 50% relative humidity. To what temperature could 113F water flowing at 1000 lb/hr.ft2 be cooled under these conditions? Assume air flow rates are the same for both particularly hot and normal operation. 3. As a new chemical engineer in a sulfur processing plant, you are asked to make a preliminary design of a plate type gas absorber in order to reduce the SO 2 content of a gas mixture containing 4.0% SO2 and 96.0% air to an effluent with only 0.4% SO 2. 1000 m3 per hour of the gas mixture will be treated at 25C and 760 mmHg using water as solvent entering the absorber at a rate which is 1.25 times the minimum. Assuming that the equilibrium relationship maybe expressed by the equation: Y = 0.8X where X is the mols of SO2 per mol of SO2-free water and Y is the mols of SO2 per mol of SO2-free air, calculate: (a) the water requirement in kilograms per hour (b) the number of plates needed. 4. Calculate the minimum water rate (in grams/minute) for a scrubbing tower with the following data: (a) Gas input is 8700 grams dry gas per minute containing SO2 with a PA of 28 mmHg. (b) Ammonia exerts a partial pressure of 5 mmHg at the exiting gas. (c) Tower is operated at 15C and atmospheric pressure. (d) Inlet water contains 0.15 mole% of SO2. 5. Carbon disulfide (CS2), used as a solvent in a chemical plant is evaporated from the product in a drier into an inert gas (essentially nitrogen) in order to avoid an explosion hazard. The CS 2-N2 gas mixture is to be scrubbed with an absorbent hydrocarbon oil which will be subsequently steam stripped to recover the CS2. The CS2-N2 mixture has a partial pressure of CS 2 equal to 50 mmHg at 75 F and is to be blown into the absorber at atmospheric pressure at a rate of 50,000 ft 3/hr. The absorber is a tower packed with 2”-ceramic Raschig rings. The vapor content of the gas is to be reduced to 0.5% CS2 by volume. The absorption oil has an average molecular weight of 180, viscosity of 2 cP and specific gravity of 0.81 at 75F. The oil enters the absorber essentially stripped of all CS2 and flows counter-current to the gas mixture. The vapor pressure of CS 2 at 75F is 346 mmHg. Assume isothermal operation. Use a gas to liquid ratio of twice the minimum and 50% of the flooding velocity. It is known that CS 2 is very soluble in the hydrocarbon oil and the height of a transfer unit in 2.83 ft. (a) determine the lb/hr of oil needed, (b) determine the diameter of the tower, (c) determine the height of the packing 6. Air containing 5 mol% ammonia at a total flow rate of 40 lbmol/h enters a packed column operating at 20 C and 1 atm, where 90 % of the ammonia is scrubbed by a countercurrent flow of 3000 lb/hr of water. Determine the superficial, gas-flooding velocity, the column inside diameter for operation at 70% of flooding and the pressure drop per foot of packing for a 1” metal IMTP packing 7. One hundred kmol /h of a saturated liquid mixture of 12 mol% ethyl alcohol in water is distilled continuous by direct steam at 1 atm introduced directly to the bottom plate. The distillate required is 85 mol%, representing 90% recovery of the alcohol in the feed. The reflux ratio is 3.0. Calculate (a) steam requirement, kmol/hr, (b) number of theoretical stages, (c) the feed stage, (d) the minimum number of theoretical stages and corresponding # of actual plates if the overall efficiency is 55% 8. An evaporator is used to concentrate 10,000 lb m/hr of 20% solution of NaOH in water entering at 60C to a product of 50% solids. The pressure of the saturated steam used is 25 psia and the pressure



 in the vapor space of the evaporator is 7 psia. The overall heat transfer is 275 BTU/ft2-h- F. Calculate the amount of steam used, the steam economy and the heating surface required. 9. Twenty five thousand pounds per hour of a liquid feed containing 45% by weight benzene and 55% by weight toluene is fed to an intermediate point in a continuous distillation column. The distillate composition is 92%wt benzene, and the bottoms composition is 90%wt toluene. A reflux ratio of 50% greater than the minimum is used. The feed enters at 130 F. The atmospheric boiling point of the feed is 210F. The molar heat capacity of liquid mixtures of benzene and toluene in all proportions may be taken as 40 BTU/(lbmol)( F). The molar heat of vaporization of benzene and toluene may be taken as 13700 BTU/lbmol. The column operates at a total pressure of 760 mmHg. Determine the following: (a) the lbs/hr of distillate and bottom products, (b) the number of plates at total reflux, (c) the number of theoretical plates and the feed plate (d) the number of actual trays for a Murphree efficiency of 60% (e) the boil-up ratio, (f) the condenser and reboiler duties, (g) Calculate the pounds of steam theoretically necessary per hour if saturated steam at 35 psia ( s = 939.2 BTU/lb) is used in the heating coils, (h) The amount of cooling water (gpm) entering at 65°F and leaving at 100°F (h) EQUILIBRIUM DATA (as mole fraction of benzene): x 0 0.05 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 y 0 0.111 0.209 0.375 0.50 0.62 0.714 0.79 0.85 0.91 0.98 1.00 8 1 1 5 2 1 10. A binary system of A and B, A being more volatile, is to be separated by two techniques at atmospheric pressure. The equimolar mixture is to be flash distilled and differentially distilled. The first case is to use a feed at 30 C and vaporize 60 mole % of the total feed. For this case, find the vapor and liquid compositions as well as the final temperature. In the second case, again distill 60 % of the feed. Find the vapor and residue compositions. System data are as follows: Liquid T (C) 122 115 114 112 108 106 104 101 98.5 y 0.20 0.497 0.567 0.608 0.689 0.76 0.84 0.89 0.96 x 0.12 0.32 0.38 0.42 0.50 0.60 0.7 0.8 0.9 11. A leaf of tobacco as received from the storage warehouse contains 12% water. 10000 lb of this tobacco are stored in a “sweat room” for one week. The air in the room is maintained at 100 F and 85% RH. The tobacco removed from the “sweat room” at the end of the week contains 14% moisture. Assuming that only 5% of the water in the air is absorbed by the tobacco, calculate the volume of the air handled per week for the 10000 lb lot of tobacco leaf. 12. Spherical wet catalyst pellets having a diameter of 12.7 mm are being dried in a through circulation dryer. The pellets are in a bed 63.5 mm thick on a screen. The solids are being dried by air entering with a superficial velocity of 0.914 m/s at 82.2C and having a humidity of 0.01 kg H2O/kg dry air. The dry solid density is determined as 1522 kg/m 3, and the void fraction in the bed is 0.35. The initial free moisture content is 0.90 kg H 2O/kg dry solid and the solids are to be dried to a free moisture content of 0.45, which is above the critical moisture content. Calculate the time for drying. 13. A sample of porous, manufactured sheet material of mineral origin was dried from both sides by air in a laboratory drier. The sample was 1 ft square, ¼ in.thick and the edges were sealed. The air velocity over the surface was 10 ft/s, its dry bulb temperature was 125 F, and its wet bulb temperature 70F. There were no radiation effects. The solid lost moisture at a rate of 0.6 lb water/hr until the critical moisture content, 15% (wet basis) was reached. In the falling rate period, the rate of evaporation fell linearly with moisture content until the sample was dried. The equilibrium moisture content was negligible. The dry weight of the sheet was 4 lb.



 14. Estimate the time for drying sheets of this material 2 ft by 4 ft by ½ in. thick from both sides; from 25 to 2% moisture (wet basis), using air at a dry bulb temperature of 150 F, but of the same absolute humidity, at a linear velocity over the sheet of 15 ft/s. Assume no change in the critical moisture content with the changed drying conditions. The convective heat transfer coefficient, hy (BTU/hr.ft2.F), may be assumed to vary in direct proportion to the 0.8 power of the mass flow rate of air, that is: hy = KGy0.8 where K is a constant and Gy is in lb/hr.ft 2. 15. In the production of bean oil, beans containing 13.0 wt% oil and 87% solids are ground and fed to a stirred tank (the extractor) along with a recycle stream of liquid n-hexane. The feed ratio is 3 kg hexane /kg beans. The ground beans are suspended in the liquid, and essentially all the oil in the beans is extracted into the hexane. The extractor effluent passes to the filter. The filter cake contains 75% bean solids and the balance bean oil and hexane, the latter two in the same ratio in which they emerge from the extractor. The filter cake is discarded and the liquid filtrate is fed to a heated evaporator in which the hexane is vaporized and the oil remains as liquid. The oil is stored in drums and shipped. The hexane vapor is subsequently cooled and condensed, and the liquid hexane condensate is recycled to the extractor. Calculate (a) the yield of bean product (kg oil/kg beans fed), (b) the required fresh hexane feed (kg hexane/kg beans fed), (c) recycle to fresh feed ratio Liquid hexane
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