Design Example

1. Sedimentation Tank: 

A conventional sedimentation tank is designed to treat raw water containing flocculent particle with settling velocity of about 0.5 m/h. The detention time is around 4 hours. The tank is a rectangular basin with length-to-width ratio: 3 to 1. The flow rate is 100 L/s. Density of water,  = 998 kg/m3, dynamic viscosity,  = 1.002 x 10-3 N-s/m2, kinematics viscosity,  = 1.004 x 10-6 m2/s, (water temperature is 20 oC), gravitational acceleration, g = 9.8 m/s2.

Determine:

1. The dimension of the sedimentation tank

2. The turbulence of flow in the sedimentation tank

3. The stability of flow during sedimentation

4. Instead of rectangular conventional sedimentation tank, tube settler will be applied to the same raw water as above. Compare both of sedimentation tank in respect to its dimension, turbulence of flow, and its stability. The height of tube settler, H = 1.2 m, width of tube, w = 5 cm,  inclined at  = 60o.

Solution:

Conventional rectangular sedimentation tank
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  or  A = 720 m2
Volume of sedimentation tank, V = Q t

V = 0.100 * 4 * 60 * 60

V = 1440 m3
V = A * h

1440 = 720 * h

depth of sedimentation, h = 2 m

A = 3w * w

720 = 3 w2
width of sedimentation tank, w = 15.5

length of sedimentation tank, L = 46.5

Dimension of the tank: 
L = 46.5 m






w = 15.5 m






h = 2 m 
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Ro = 15.5 * 2 / (2*2 + 15.5) = 1.6 m

R = 
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R = 5140 (R > 2000, turbulence flow) does not meet criteria for sedimentation

Froud Number, F = 
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F < 10-5, unstable flow, does not meet criteria for sedimentation

Tube settler
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A = 59 m2, the surface area of tube settler is much lesser than that of conventional sedimentation tank (A = 720 m2)

A = 3w * w

69 = 3 w2
width of sedimentation tank, w = 4.8 m

length of sedimentation tank, L = 14.4 m

Dimension of the tank: 
L = 14.4 m






w = 4.8  m






h = 1.2 m (height of tube settler)
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Ro = 0.25 * 0.05 = 0.0125 m
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R = 21 (R <<< 2000, laminar flow) satisfies criteria for sedimentation

Froud Number, F = 
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F > 10-5, stable flow, satisfies criteria for sedimentation

2. Final Clarifier:

Batch settling test have been performed using an acclimated sludge from water treatment plant to give the data in Table 2.

Table 2: Concentration, settling velocities, and solids flux for various tests

	Test
	C (mg/L)
	V (m/h)
	G = CV (kg/h-m2)

	1
	12,460
	0.125
	1.56

	2
	9,930
	0.249
	2.47

	3
	7,450
	0.469
	3.46

	4
	5,220
	1.000
	5.22

	5
	3,140
	2.940
	9.24

	6
	1,580
	4.180
	6.60


The design mixed liquor flow to the final clarifier is 160 L/s, the MLSS is 2500 mg/L, and the underflow concentration is 12,000 mg/L. Determine the diameter of the final clarifier.

Solution:

The settling curve showing the settling velocity versus solids concentration is shown in Figure 16. From the data given in Table 2, the flux curve showing the solids flux versus solids concentration is shown in Figure 16. A tangent to the curve drawn from Cu = 12,000 mg/L gives a GL = 8.90 kg/h-m2. Using scale-up factor 1.5 (safety factor for design) will give GL =  8.90 / 1.5 = 5.93 kg/h-m2. The rate at which the solids settle (applied solids rate), Mt, is equal to Q0C0, or, QfCf
Mt = 
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The applied solids loading rate, 
[image: image20.wmf]L

f

f

G

A

Q

C

£



[image: image21.wmf]93

.

5

1440

£

A


A = 242.8 m2
Diameter of the tank, D = 17.6 m

3. Flotation

A wastewater flow of 1900 m3/day has 200 mg/L suspended solids. Air flotation tests show that 0.05 mg air/mg solids gives optimum flotation. The design temperature is 20 oC, and as = 18.7 mL/mL at this temperature. The fraction of absorption is 0.5, and the overflow rate is 117 m3/m2-d. Determine the required pressure and flotation tank area. If the operating pressure is 3 atm, determine the recycle ration and the flotation tank area.

Solution:
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P = 2.82 atm


Plan area is:

A = 
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For a system where pressurized recycle is used, 
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R/Q = 0.82

Plan area = 
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