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1. The effluent from a secondary clarifier has a pH of 8.3, an ammonia (NHs)
concentration of 34 mg/liter, and is dosed with 10°M HOCI. The reaction is
reversible but assume conditions are such that only the forward reaction must be
considered:

NH, + HOC! — NH,Cl+ H,0

d[NH,] _
dt

Where k=5.5x10° liters/mole sec at 40°C.. If k=1x10° liters/mole sec at 15°C. What .

is the activation energy? (20 %)

“ It has arate law, —k[NH, |[#oct]

2. 7 25°C T fru NasHPO, 77k # 5 4838 JE 2 107M Ky=7.5x107 1 K=6.2x10"
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4. (10 points) A block of weight W slides down an inclined plane while lubricated by a thin
film of oil, as in Fig. 4. The film contact area is 4 and its thickness is A.
Assuming a linear velocity distribution in the film, derive an expression for the
“terminal” (zero-acceleration) velocity ¥ of the block.

Liquid film of
thickness &

> Block contact
area A

G .
e Fig. 4

5. (20 points) In Fig. 5 both the tank and the tube are open to the atmosphere. If L = 2.13 m,
what is the angle of tilt & of the tube?

6. (20 points) Oil (SG = 0.89) enters at section 1 in Fig. 6 at a weight flow of 250 N/h to
lubricate a thrust bearing. The steady oil flow exits radially through the narrow
clearance between thrust plates. Compute (a) the outlet volume flux in mL/s
and (b) the average outlet velocity in cm/s.

D=10cm
h=2mm

Fig. 6
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