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CH3080 Spring 2014 Problem sets 1 to 3
This problem set gets you thinking about applying your skills to concepts discussed in Chemical Engineering courses and provides an opportunity to learn new concepts.  One of the 2 seminars will be from this problem set. There cannot be an overlap of problems. Pick one problem each in 3 areas from Heat Transfer, Mass Transfer, Mechanical Operations and Fluid Mechanics.

State all assumptions in the problems you pick. Debate pros and cons. Use scientific language, models, and assumptions and label the dimensions in the equipment that you may design. Use sketches wherever appropriate.
205.  An oil having a density of 0.85 g/cm3 and a viscosity of 3.3 cp is pumped from an open tank to a pressurized tank held at 3.35 atm gage. The oil is pumped from an inlet at the side of the open tank through a line of commercial steel pipe having an ID of 3 in. at the rate of 12600 liters/h. The length of straight pipe is 122 m and the pipe contains two elbows (900) and a globe valve half open. The level of the liquid in the open tank is 20 m above the liquid level in the pressurized tank. The pump efficiency is 65%. Calculate the kW power of the pump.  What type of pump you recommend? Justify your recommendation. [1]
206. The flow rate of liquid mixture through a 50 mm ID pipe is to be measured continuously at 200C. The flow rate ranges form 1.5 to 4.0 m3/h. The following options are available:
(a) A standard sharp edged orifice 25 mm in diameter.

(b) A venturi meter with a throat of 25 mm in diameter

(c) A rotameter with a 38 mm ID glass tube and a float that weighs 0.05 kg and 25 mm in diameter at the largest cross section (density of float material is 8000 kg/m3)

Manometers connected across the venture and orifice contain an immiscible liquid (specific gravity of 1.56) in contact with the liquid mixture and the maximum possible reading on these manometers is 45 cm. State which flow meter you would recommend and why. At 200C, the density of the liquid mixture is 950 kg/m3 and its viscosity is 1.2 centipoises. How do you connect the recommended flow meter in the line? [1]
207. A centrifugal fan is to be used to take a flue gas at rest (zero velocity) and at a temperature of 350 K and pressure of 750 mm Kg and to discharge this gas at a pressure of 800 mm Hg and a velocity of 38 m/s. The volume flow rate of gas is 60 std m3/min of gas (at 295 K and 760 mm Hg). Calculate the brake kW of the fan if its efficiency is 65% and the gas has a molecular weight of 31. Assume incompressible flow. Design the centrifugal fan specifying all the dimensions. [1]
208. A baffled fermentor 2.5 m in diameter contains a nutrient liquor upto a height of 2.5 m from the vessel floor. It is aerated at the rate of 0.03 m/s superficial velocity based on the tank cross section and agitated with a six blade turbine impeller 0.85 m in diameter positioned at 1.0 m from the bottom of the tank. The temperature of operation is 250C and at this temperature, the specific gravity of the liquor is 1.10, viscosity 5.0 centipoises and surface tension 50 dynes/cm. Compute the agitator power required and the specific interfacial area. What will the gas holdup in the vessel? Provide the mechanical design of the fermentor. [1]
209. It is desired to crush 100 ton/h of phosphate rock from a feed size where 80% is less than 4 in. to a product where 80% is less than 1/8 in. The work index is 10.13. 
a) Calculate the power required
b) Calculate the power required to crush the product further where 80% is less than 1000 μm.
c) What are the suitable dimensions of the crusher? Provide mechanical design. [1]
210. A pump pumps 0.20 ft3/s of brine solution having a density of 1.15 g/cm3 from an open feed tank having a large cross sectional area. The suction line has an ID of 3.548 in. and the discharge line from the pump has a diameter of 2.067 in. The discharge flow goes to an open overhead tank and the open end of this line is 75 ft above the liquid level in the feed tank. If the friction losses in the piping system are 18.0 ft-lbf/lbm, what is the horsepower of the pump if the efficiency is 70%. The flow is turbulent.  Do the hp of the pump would be sufficient if three elbows (900) and a three fourths open gate valve is used in the line.  What type of pump would be suitable for this job? [1]
211.  An aqueous solution of methyl alcohol is to be pumped from a storage tank to a process department at the rate of 6.8 m3/h through a 32 mm ID iron pipe 440 m long. The line contains fifteen 900 standard elbows, five gate valves and 6 tees straight through. The process end of the line must have a pressure of 157 kN/m2 and is 6.7 m above the storage tank. The temperature of the line can be taken to be at 100C. Assuming 60% pump efficiency, calculate the output required by the electric motor to be used for this duty. At 100C, the density of the solution is 865 kg/m3 and its viscosity is 1.25 centipoises. [1]
212. A uniform discharge from a closed circuit jaw crusher is 200 t/h. The crusher feeds a wet rod mill such that 80% of the crusher product passes a 16 mm screen. The rod mill feeds a wet ball mill at a feed size of 1.0 mm (1000 microns) and produces a product with 80% passing a 150 micron screen. The rod mill is in an open grinding circuit. [1]
Determine:

(d) The shaft power of the rod mill

(e) The size of the industrial mill

Data: Laboratory Standard Bond Test: Rod Mill: Grindability Index at 10 mesh =13.5 kWh/t
213. A turbine agitator having six flat blades and a disk has a diameter of 0.203 m and is used in a tank having a diameter of 0.61 m and height of 0.61 m. The width is 0.0405 m. Four baffles are used having a width of 0.051 m. The turbine operates at 275 rpm in a liquid having a density of 909 kg/m3 and viscosity of 0.020 Pa.s. [1]
(f) Calculate the kW power of the turbine and kW/m3 of volume.

(g) Scale up this system to a vessel having a volume of 100 times the original for the case of equal mass transfer rates.

(h) Present the mechanical design of the scaled up vessel.
214. Water is being pumped from an open water reservoir at the rate of 2 liters/s at 100C to an open storage tank 1500 m away. The pipe is schedule 40  3 and half in. pipe and the frictional losses in the system are 625 J/kg. The surface of the water reservoir is 20 m above the level of the storage tank. Is pump necessary for the flow? If so, what is hp of the pump required assuming an efficiency of 75%? How many elbows can be permitted in the line? What type of pump do you recommend? [1]
215. Oil with density of 883 kg/m3 and viscosity of 0.02 kg/m.s is flowing through a standard steel pipe 152 mm ID (wall thickness of 7 mm) at 1.22 m/s. What is the power required for 8.5 km pipe line taking 60% overall efficiency. What is the reading on a mercury manometer measuring the pressure drop 
(i)  Across a 63.5 mm diameter sharp-edged orifice

(j)  With a venturi meter with a throat 44.5 mm in diameter 

(k)  With a pitot tube with coefficient of 0.97 
Calculate the power requirement for the orifice. How do you fix the orifice in the line? [1]
216. A three-bladed marine propeller of square pitch is used to agitate a polymer solution of density 1500 kg/m3 and viscosity 15.0 centipoises in an unbaffled tank of diameter (Dt) 1.5 m and 2 m deep. The tank is filled up to a height of 1.5 m and the impeller (diameter = 0.3 Dt) is positioned at one impeller diameter above the vessel floor. Estimate the speed of the impeller if the power consumed to drive it is 0.425 kW. What will be the impeller speed if the tank is fitted with four longitudinal baffles each of width equal to 10 percent of tank diameter? Provide the mechanical design of the vessel and impeller. [1]
217.  A 3.5 m x 3.5m wet overflow ball mill was lined with 75 mm rubber lining. 40% of the mill volume was loaded and the mill operated at 17.6 rpm. The diameters of the grinding balls were 70 mm. Calculate: 
(l) The critical speed at which the balls will cease to cataract

(m) The optimum power consumption to operate the mill
Show the mechanical design of the ball mill. [1]
218.  A leaf filter is used to process a suspension (0.225 kg carbonyl iron powder per liter of 0.01 N sodium hydroxide). The slurry forms an incompressible cake (porosity of 0.40, average cake resistance of 1.386 x 1010 m/kg). The resistance of the medium is 0.254 cm of cake. Find the filter area needed to obtain 45.46 kg of dry cake in 1 hr at a pressure drop of 1.36 atm. What are different types of filter mediums used? Show the working principles of leaf filter. [1]
219. It is proposed to pump 10,000 kg/h of toluene at 114°C and 1.1 atm abs pressure from the reboiler of a distillation tower to a second distillation unit without cooling the toluene before it enters the pump. If the friction loss in the line between the re-boiler and pump is 7 kN/m2 and the density of toluene is 866 kg/m3, how far above the pump must the liquid level in the re-boiler be maintained to give a net positive suction head of 2.5 m? Calculate the power required to drive the pump if the pump is to elevate the toluene 10 m, the pressure in the second unit is atmospheric, and the friction loss in the discharge line is 35 kN/m2. The velocity in the pump discharge line is 2 m/s. suggest a suitable pump and justify. [1]
220. A slurry containing 25 percent (by weight) of solid particles(of specific gravity 2.5) in water is to be mixed in a vessel 2.5 m in diameter and 2.5 m deep, fitted with four baffles each of width 10 percent of tank diameter. A 100 rpm six-bladed impeller of diameter 1.0 m is set at one impeller diameter above the vessel floor. Estimate the minimum power required for keeping the particles in suspension. Assume that the particles are essentially spherical and are of average size 0.3 mm. Provide the mechanical design of the vessel. Estimate the power consumed? Provide the mechanical design of vessel arrangement. [1]
221. A 2.1 m x 2.1 m dry ball mill was charged with rock and 30 mm diameter balls of density 7.8 t/m3. At rest the porosity of the bed was 35% and the load was 45% of the mill volume. The mill was operated at 70% of its critical speed and required to grind at the rate of 35 t/h. The ball density is 7800 kg/m3 and rock density is 2500 kg/m3. Determine:

(a) The net mill power required to operate the mill

(b) The power required to grind the same mineral in a wet overflow mill
Show the schematic of the operation. [1]
Please check reference 2 for problem statement and reference 2 and 3 for solution methods
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