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NOTES

1.

If doubt exists as to the interpretation of any question, the candidate is urged to submit

with the answer paper, a clear statement of any assumptions made.

The examination is an open book exam. One textbook of your choice with notations

listed on the margins etc., but no loose notes are permitted into the exam.

Candidates may use any non-communicating scientific calculator.

All problems are worth 25 points. At least two problems from each of parts A and B

must be attempted.

Only the first two questions as they appear in the answer book from each section will be

marked.
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PART A: UNIT OPERATIONS

Al. Ethanol flows through a 60-mm diameter pipe in a refinery. The pressure drop across the
nozzle meter used to measure the flowrate is to be 4 kPa when the flowrate is 3 x 10° m’/s.

Determine the diameter of the nozzle.
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Re = pYDiy

Coefficient of Discharge (C,) vs. Reynolds number (Re) for Nozzle Meters

“Measurement of Fluid Flow by Means of Orifice Plates, Nozzles, and Venturi Tubes Inserted in
Circular Cross Section Conduits Running Full,” Int. Organ. Stand. Rep. DIS-5167, Geneva, 1976.

DATA: Density of ethanol = 789 kg/m®
Viscosity of ethanol = 1.19 x 107 N.s/m*
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A2. A Swenson-Walker crystallizer is to be used to produce 1 ton/hr of copperas (FeSO4.7H,0)
crystals by cooling a saturated solution that enters the crystallizer at 120°F. The slurry leaving
the crystallizer will be at 80°F. Cooling water enters the crystallizer jacket at 60°F and leaves
at 70°F. At 120°F, the saturated solution contains 140 parts of copperas per 100 parts of
excess water, and the saturated solution at 80°F contains 74 parts of copperas per 100 parts of
excess water. [t may be assumed that the overall heat transfer coefficient for the crystallizer is
35 BTU/hr.ft2.°F. There are 3.5 ft of cooling surface area per foot of crystallizer in length.

(a) [15 points] Estimate the cooling water required in gallons per minute.
(b)  [10 points] Determine the number of crystallizer sections to be used.

DATA: Average specific heat capacity of initial solution = 0.70 BTU/Ib °F
Heat of solution of FeS04.7H,0 at 80°F = 28.5 BTU/Ib
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A3. A 6-inch plate-and-frame filter press using two frames, each 2 inches thick and having a total
active filter area of 1 ft%, is used to filter a slurry of calcium carbonate (CaCO3) in water, and

the following experimental data was obtained for constant-pressure filtration at a pressure

difference of 30 Iby/in’ across the press:

Time of Filtration, in seconds Weight of Filtrate, in pounds
0 0
26 5
98 10
211 15
361 20
555 25
788 30
1083 35

Determine the following based on the data obtained:

(a) [15 points] The values of volume of filtrate and time required to form the cake.

(b) [4 points] The value of the mean specific cake resistance.
(c) [3 points] The value of the mean porosity of the cake.
(d) [3 points] The value of the filter-medium resistance.

DATA: Weight ratio of wet cake to dry cake = 1.473

Density of dry cake = 73.8 lby/ft?

Weight fraction of CaCOj3 in slurry = 0. 139
Viscosity of filtrate = 2.07 lbw/ft.hr

Density of filtrate = 62.2 Iby/ft’
Density of filtrate = 164 lbw/ft?
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B1. In a batch reactor, 2.5 m’ of wastewater solution containing 0.25 kg of phenol/m3 is mixed

with 3 kg of granular activated carbon until equilibrium is reached.

experimental values were determined in a laboratory:

(@)
(b)

(©)
(@)

Ca, in g/cm’ Cas, in grams solute per

gram of activated carbon
0.004 0.026
0.0087 0.053
0.019 0.075
0.027 0.082
0.094 0.123
0.195 0.129

[5 points] Plot an adsorption isotherm.

[10 points]

Determine the

parameters/constants.

[8 points] Calculate the steady-state values of Ca and C4 s in the batch reactor.

type of isotherm and calculate

the

The following

isotherm

[2 points] Calculate the percentage of phenol that is recovered by the activated carbon

adsorbent.
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B2. A baich of sand was tray-dried with superheated steam and the following experimental data

were obtained:

Drying Time, in hr Total Moisture, in Ib
0.00 4.57
0.25 4.29
0.50 4.05
0.75 3.84
1.00 3.60

o 1.25 3.37
1.50 3.12
1.75 2.91
2.00 2.68
2.25 2.47
2.50 2.24
2.75 2.02
3.00 1.79
3.25 1.56
3.50 1.39
3.75 1.18
4.00 0.95
4.25 0.78
4.50 0.60
4.75 0.48
5.00 0.36
5.50 0.26
6.00 0.14
6.50 0.07
7.00 0.02
7.50 0.00

Obtain the drying-rate curve based on the experimental data.
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B3. An air stream with an absolute humidity of 0.011 kg of water per kg of dry air is dried to a
humidity of 0.002 kg of water per kg of dry air in an absorption tower packed with 2-inch
Raschig rings. A 50% by weight sodium hydroxide (NaOH) solution is used. The equilibrium

data for this system are presented in the following table:

X Y
(mole of H,O/mole of NaOH) | (mole of H,O/mole of dry air)
[ 0 0
1 4
2 11
3 28
4 67
5 100
6 126
7 142
8 157
9 170
10 177
12 190
16 202

If the flow of the absorbent solution is 25% larger than the minimum and the height of one
transfer unit is 60 cm, calculate the height of the tower in order to carry out this operation.
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