Environmental Engineering Il

Sewer Design

Wetted Perimeter, WP

Round / Circular sewers are most common

This space is kept open
to allow for gas
accumulation and ventilation

Full depth = diameter, D_

Wetted Area, WA

Partial depth, D,
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R = % ; R is the hydraulic radius
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n (MKS units)

How this formulae is/are derived is very simple (you do not need to memorise them for exams)
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X Sine of included angle
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Example: Determine the hydraulic radius of a circular pipe flowing half filled.

For half-filled pipe, 6 = 180°
Let the diameter of pipe = D
Wetted perimeter is the length of half cirlce, or by formula,

0 x180° nD
Wp=22 D= D=="
360° © 360° 2

Wetted area is the area of half cirlce, or by formula,

Dif 0 1, o) DY(x180° 1 0
4 \360° 2 4| 360" 2
2 2
_Dx 1, 4|=xD
4 2 2 8
Hydraulic radius:
WA nD°_ 2 D
R=—= X— = —
WP 8 "xD 4

For design purpose, it is safe to assume that the pipes will have half-filled flow. In such
cases the following analysis can be done for a flow of Q

2 1 2 2 1 8
1 3.2_aaD" _1(D\s ., _aVS 3
Q=AV= WA><;R3S2 =5 < 2)3 S*==3—=D" | If we design sewer for a area, we can
23 estimate the flow Q; the value of n can
be selected for pipe material, and, the
13 B 3 3 ot -
8 53 On 28 Q° n® existing slope of the land or the design
=D’ = /s =>D="—5"—— slope reuirement can be taken as the
TS 28516 value of S. (MKS unit system)

Do it yourself: Determine the hydraulic radius of a circular pipe flowing full.

Sewer analysis

Question: A 24" sewer with a Manning’s roughness coefficient of 0.015 is constructed
on a grade of 0.013. Please determine the flow rate when the depth of flow is 15".
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Flow, ft3/s
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Nomogram for solution of Manning's equation for circular pipes flowing full ( n = 0.013)
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Nomogram for solution of Manning's equation for circular pipes flowing full ( n = 0.013)
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Nomogram for solution of Manning's equation for circular pipes flowing full ( n = 0.013)
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Example :

A 30" sewer is laid in a slope 0.003; what will be the depth of flow and velocity when the flow is 6.2

fts/sec. (Use the attached graphs and put them in your answer script)
Solution:

Step-1, use nhomogram with data to solve Qg and Vfor given D = 30" and S = 0.003.
Qe = 22.75 ft3/s

Ve = 4.55 ft/s
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Step 2: Calculate the flow ratio,

Qp _ 6.2(from question)

= =0.27
Qr 22.75(from nomogram)

Step 3: Use the hydraulic element diagram to determine the depth ratio.
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(At first put the value of Q/Qr on x-axis and draw a vertical to the curve for Q. Than find the value of
D./Dr on the y-axis.)

Here Dy/De = 0.36

-~ Dp=10.36 x Dp =0.36 x 30 inch = 10.8 inch. (Ans.)

(Again, from Dy/Dy = 0.36 draw a horizontal line to reach the curve for V (velocity) to get V/Vi)

Vp/Ve = 0.86
0 Vp=0.86 x Vi =0.86 x 4.55 ft/s = 3.91 ft/s (Ans.)
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Example :
A 18" sewer with a Manning’s roughness coefficient of 0.015 is constructed on a grade of 0.013.

Please determine the flow rate when the depth of flow is 12".

Partial depth of flow (12")

Solution:
Ve As given in the question
_ 2D _
0=2cos'|1- P) =2 cos 1(1—2><12 = 218.94°
F Converting inch (in) to feet
18 (ft): divide the value by 12
0D ﬂ?><218.94><§
Wetted Perimeter, P, = L= = 2.866 ft
360 360
B
Difno 1 12] (7x21894 1
Wetted Area, A, = — L% —=sinf| = ~—— — —sin218.94| = 1.252 ft’
etted Area, A, 2 1360 2 sin 2 360 5 sin f
A, 1252
Hydraulic radius, R = — = ——= = 0.437
ydraulic radiu P~ 2.866 ft

2 2
3

2 1
Velocity of flow, V = % RS’ = (1).3?53 x(0.437)%x(0.013)

N | =

= 6.501 ft/sec

Flow rate, Q = AV = 1.252X6.501 = 8.137 ft3/sec (Ans.)
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