











® Sketch of steady flow in a channel
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. DEPTH (STAGE)

~ ® Depth (stage) — geometry diagram
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- Topwidth, depth and dA relationship 1in an arbitrary cross section
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B = Bottom width;
T =Top width;
vy = Depth







e Enginee
reasonabl
~ trapezoidal eq

* the geometry is |mpor ant ir

englneerlng

.

B

B = Bottom width:

I = Top width;

v = Depth;

m = Side slope (H:V), i.e. (m:1).

B + 2my

2uv'1 + m?

y( B + my)

2y 1 + m*



TRAPEZOIDAL CHANNEL

7\
< D> theodorel.ddns.net/mytoolb <& o th
an error "expect... Linux Delete Sy... Trapezoidal C... Account verifi...
N O Trapezoidal Channels Hydraulic
Elements (US Customary)

¢ Online Tool = Considers different side
~slopes.

-

* Example: LTI o
INPUT: B=5ft.,, m=6:1, y=3 ft.
OUTPUT: Ar eq — 69 Sq. f.l.. Computes hydraulic elements for a Trapezoidal Channel using:

Area = y*B + y*y*m_L/2 + y*y*m_R/2

° = Tt idth=B + y*m_L + y*m_R
\ Pe rl m ete r _ 2 6 ° 6 3 fT. Wetted P:rl;;;ter =B + gQ‘lgT(yl\zyﬂr;*m_L)AZ) + SQRT(y*2+(y*m_R)*2)

Hydraulic Radius = Area/(Wetted Perimeter)

Hyd. Radius = 2.59 ft. Fivaraulic Depth = Area/Topwidth

Enter Value for Bottom Width (b in feet) :

Esnter Value for Left Side Slope (m_L) :

]snter Value for Right Side Slope (m_R) :

I;Snter Value for Flow Depth (y in feet):
SSubm it

< theodorel.ddns.net/cgi-bin/ < o th

an error "expe... Linux Delete S... Trapezoidal... Account ver...

Trapezoidal Channel Hydraulic Elements (US Customary)
—

B Run Date : Wed Oct 19 17:51:05 2016

B = Bottom width; Bottom Width = 5.0 feet
T = Top width; Left Side Slope = 6.0 :1 (H:V ft/ft)
y = Depth; Right Side Slope = 6.0 :1 (H:V fv/ft)
m = Side slope (H:V), i.e. (m:1). - Flow Depth = 3.0 feet
| COMPUTED CHANNEL HYDRAULIC ELEMENTS
Top Width = 41.0 feet
Wetted Perimeter = 26.6333076528 feet
Flow Area = 69.0 square feet
Hydraulic Radius = 2.59074092109 feet
Hydraulic Depth = 1.68292682927 feet




J theodorel.ddns.net/myto

an error “expect Linux Delete Sy Trapezoidal C Account verif

Trapezoidal Channels Hydraulic
Elements (US Customary)

Computes hydraulic elements for a Trapezoidal Channel using:

Area = y*B + y*y*m_L/2 + y*y*m_R/2
Topwidth =B + y*m_L + y*m_R
Wetted Perimeter = B + SQRT(y"2+(y*m_L)*2) + SQRT(y*2+(y*m_R)"2)
Hydraulic Radius = Area/(Wetted Perimeter)
Hydraulic Depth = Area/Topwidth

Enter Value for Bottom Width (b in feet) :
E?ntcr Value for Left Side Slope (m_L) :
];ntcr Value for Right Side Slope (m_R) :
];ntcr Value for Flow Depth (y in feet):
theodorel.ddns.net/cgi-b [ 3

Linux Delete Sy Trape:z Account ve Submit

Trapezoidal Channel Hydraulic Elements (US Customary)

Run Date : Wed Oct 19 17:41:11 2016
INPUT VALUES

B Bottom Width = 5.0 feet
Left Side Slope = 0.0 :1 (H:V ft/ft)
) Right Side Slope = 0.0 :1 (H:V ft/ft)
= Bottom width; Flow Depth = 3.0 feet

. . COMPUTED CHANNEL HYDRAULIC ELEMENTS
Top width; Top Width = 5.0 feet
= De pth Wetted Perimeter = 11.0 feet

Flow Area = 15.0 square feet

Hydraulic Radius = 1.36363636364 feet

Hydraulic Depth = 3.0 feet




CIRCULAR CONDUIT

® Obviously common in sewer systems!

"~ e Pipes flowing with a free surface are circular cross

N section open channels!
N
i )
- D = Diameter;
T = Top width;
\ i, y = Depth;
« = angle between vertical bisector

I and top width contact.



.~ CIRCULAR CONDUIT

'~ ~® Sweep angle definition matters, SOME Authors use 20.

7\

1 Acire (y) = T(Q — SINQ COSx)

\ D= Diamete;;; Rh ( ) %(Q — Sino COSC!)
T = Top width; YY)
y = Depth; e D o

e = angle between vertical bisector
and top width contact.




CIRCULAR CONDUIT

\ \ Online Tool =  Use circular and supply depth and e e
| diameter. Clruter Channele Hycraute
~ e Example:
INPUT: D = 6 ft., y=5 ft.
OUTPUT: Area = 25.17 sq. ft.
Perimeter = 13.8 ft.
g Hyd. Radius = 1.82 ft. o ——

Angle = ARCCOSJ1 - 2(y/D)] (in radians)

Area = (DA2/4)(Angle - SIN(Angle)*COS(Angle))
Topwidth = D*SIN(Angle)

‘Wetted Perimeter = D*Angle

Hydraulic Radius = Area/(Wetted Perimeter)
Hydraulic Depth = Area/Topwidth

Notes:
Entering y > D will generate an error
As y -> D, Topwidth -> 0, Hyd. Depth -> +INF

e T

< theodorel.ddns.net/cgi-bin/ < o i Enter Value for Diameter (D in feet) :
6

Enter Value for Flow Depth (y in feet):
s

Submit

an error "expect... Linux Delete Sy... Circular Cond... Account verifi...

Circular Conduit Hydraulic Elements (US Customary)

Run Date : Wed Oct 19 17:57:09 2016

€« D Diameter = 6.0 feet
| Flow Depth = 5.0 feet

. COMPUTED CHANNEL HYDRAULIC ELEMENTS
D = Diameter; Angle = 2.30052398302 radians
T = Top width: Top Width = 4.472135955 feet
y = Depth; ‘Wetted Perimeter = 13.8031438981 feet
‘ . ) Flow Area = 25.1768518022 square feet
o = angle between vertical bisector Hydraulic Radius = 1.82399401093 feet
and top width contact. Hydraulic Depth = 5.62971520891 feet
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\
) BUILDING CALCULATORS

‘e What such a calculator might look like

A B C
Crcular Pipe Flow Computations
US Customary Units Version

0

INTERMEDIATE COMPUTATIONS
Angle 1.571 <=Radians

CENOVAEWNM

aAred 0.393 <«Feet Squared
Perimeter 1.571 <~Feet
Radius 0.250 <=Feet
DISCHARGE AND VELOCITY
- J. 490 <c=Cub - ”r

1.247 <=Feet per Secondc

The designer supplhies values of flow depth, diameter. topographic slope. and Manning’s n.
These values are then used to determine the sweep angle a as a function of depth and
diameter. From this angle, the flow area and wetted perimeter are computed. Finally the
hydraulic radius i1s computed and the resulting discharge 1s returned.




BUILDING CALCULATORS

‘e What such a calculator might look like (displayed as formulas)

A
Circular Pipe Fh
US Customary |

INFPUT DATA

:

wwvmmawwno

INTERMEDIAN

Angle -ACOS{(1-2*B&6&/B7)

Area =B72%(B10-SIN(B10)*COS(B10))/4
Perimeter -B10*87

Radius =B11/B12

DISCHARGE A

=(1.49/85)*8B11*B13~(2/3)*8B88~(1/2)

= -
=

—_
)

—_
N

The designer supplies values of flow depth, diameter. topographic slope. and Manning’s n.
These values are then used to determine the sweep angle a as a function of depth and
diameter. From this angle. the flow area and wetted perimeter are computed. Finally the
hydraulic radius is computed and the resulting discharge 1s returned.
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N L I N E CA LC LATO R < 'heOdoredens-net,myt°°|b C = “
WA U an error "expe... Linux Delete S... Slope-Area... Account ver... -

Slope-Area Method (US Customary) for

N \ Discharge
* Slope-Area (A version of Manning’s equation) Model — =
e Supply: Manning’s n, otk e el st — i e
Flow Area, Perimeter, N socam s .
and Slope e e s
* Returns: Flow Rate ~ =

0.070
0.100

from "Chow, V.T., Maidment, D.R., Mays, L W., 1988, Applied Hydrology: New York, McGraw-

\ Hill.”

Manning’s n Tables Manning's n values for Channels. Closed Conduits Flowing Partially Full, and
Corrugated Me1tal Pipes.

Manning’s n Table TXDOT Manning's n Table

< theodorel.ddns.net/cgi-bin/: (3] i >>

Estimates discharge in US customary units from

an error "expe... Linux Delete S... Slope-Area... Account ver... —4- Qh= (1.49/n)* A*(A/PYN(2/3)*SM1/2)
where:
Q is the discharge (cubic feet per second)
n is Manning's roughness coefficient (read from table)
A is cross sectional flow area (square feet)
P is wetted perimeter (feet)
S is friction slope (often the channel slope is substituted)

Discharge by Slope-Area Method (US Customary)
Run Date : Wed Oct 19 18:08:22 2016

Manning’'s n =0.013
Cross Sectional Flow Area = 69.0 square feet
- Wetted Perimeter = 26.63 feet
Friction Slope = 0.005 dimensionless
weeeee COMPUTED DISCHARGE
Discharge = 1054.94291205 cubic feet per second
| Hydraulic Radius = 2.59106271123 feet
Mean Section Velocity = 152890277109 feetv/'second

Enter Value for Manning's n: 0.013
Enter Value for Area (sq. ft.): 69
Enter Value for Wetted Perimeter (ft.): 26.63

Enter Value for Dimensionless Slope: 0.005

Submiz







ID-10-T-US-CIRCULAR

CE 3372 - Water Systems Design SPRING 2017 CE 3372 — Water Systems Design SPRING 2017

CE 3372 — Water Systems Design
ID-10-T-US Circular

Purpose: Compute discharge in a circular section using Manning’s equa-
tion assuming normal (uniform) flow
Required Tools: Calculator /Shide-Rule, or Logarithmic and Trigonometric Tables . Copy the result from Line [8], A =
Input Data: Manning’s n; Conduit Slope, Sp. (dimensionless);
Flow Depth, d, (in feet); and Conduit Diameter, DD, (in feet) )
Output Values: Discharge, Q. (in cubic feet per second) - Copy the result from Line [10], Ra =
Use: When on-line tools or spreadsheet tools are unavailable.

. Copy the value from Line [1]. n =

. Copy the result from Line [4], S5 =

1. Manning’s n —

. Compute square root of Line [14],
. Flow Depth d —

VS =

. Conduit Diameter DD —

. Compute Li 13] raised to the 2/3-rds power;
. Conduit Slope Sg = P ne{13] /

2,
R =

. Ratio of flow depth to diameter; & —

. Compute cos(a) =1 —2 x & = . Multiply Line [16].Line [15], and Line [12];

. Compute the inverse cosine of the result in line [6] in radians. Enter the result below. R}® x J/Sagx A=

cos"(l—?x%):a:

. Multiply Line [17] by 1.49;

. Compute the flow area using
1.49 x RIP x VS x A=

- %’— x (x — sin(a)cos(a)) =

. Divide Line [18] by Line [11], result is discharge.Q.
. Compute the wetted perimeter

Py —ax D= . Q:%xR:/ax\/%xAz cubic feet per second.

10. Compute the hydraulic radius, Ry —

ID-10-T-US Circular ID-10-T-US Circular Page 2 of 2




ID-10-T-SI-CIRCULAR

CE 3372 — Water Systems Design SPRING 2017 CE 3372 — Water Systems Design SPRING 2017

CE 3372 — Water Systems Design

ID-10-T-SI Circular . Copy the value from Line [1]. n —

Purpose: Compute discharge in a circular section using Manning’'s equation as-

suming normal (uniform) flow .
Required Tools: Calculator/Shde-Rule, or Logarithmic and Trigonometric Tables - Copy the result from Line [8], A =
Input Data: Manning's n; Conduit Slope, S;. (dimensionless);

Flow Depth, d. (in meters); and Conduit Diameter, D, (in meters) . Copy the result from Line [10], Rs =
Output Values: Discharge, Q. (in cubic meters per second)
Use: ‘When on-line tools or spreadsheet tools are unavailable.

. Copy the result from Line [4], Sy =
1. Manning’s n =
. Compute square root of Line [14],
2. Flow Depth d =
VS0 =
. Conduit Diameter D —
. Compute Line[13] raised to the 2/3-rds power;
. Conduit Slope Sp =

2/3
. Compute ratio of flow depth to diameter; & — R™ =

. Compute cos(a) — 1 —2 x & — . Multiply Line [16].Line [15]. and Line [12];

. Compute the inverse cosine of the result in line [6] in radians. Enter the result below. R;‘:ﬂ x /Bag x A=

—1 _ dy —
cosT(1-2xgH)=a= . Multiply Line [17] by 1.0;

. Compute the flow area using
1.0x RP xS x A=

A =L x (a — sin(a)cos(a)) =

. Divide Line [18] by Line [11]. result is discharge.Q.
. Compute the wetted perimeter

Pow—=—ax D= - . QleoxR:ﬂx‘/%xAz - cubic meters per second.
10. Compute the hydraulic radius, Ry

ID-10-T-SI Circular ID-10-T-SI Circular
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Crcuar Pipe Flow Computatons
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DIMENSIONLESS DIAGRAMS

D E F | | .

£ 700 0.500 <254 . : DESS) 27.625 .0E5
2.850 0.sso] 2.691 : 0.855| 27.852

3.00C 1.coc] 3.1a0 . S.41 0.750] 2s.932] 1.

Fow Cepth Retio [y/0)

0500
Discharge Racio (Q/Orul)




chart. For 0.75 full

* Multiply the dischqrg“ra"’""”xfm'l‘l pipe discharge fraction to recover’|

the discharge for the particular depth of flow. Q ., = 0.911Q;, o

)/ /7




DIMENSIONLESS CHART (NCEES)

HYDRAULIC-ELEMENTS GRAFPH FOR CIRCULAR SEWERS

Values of- <. and 1.
fe ny

1.6 1.8 20 22 24 26 28 3.0

—— N, f variable with daptn
-« <-~=n, f constar: |

—{— — Indepeandant of n, f

\J ]
Darcy-Weisbach
Fricton factor,

olo
]
§
S
<
[=%
=
o
5
2
]
o

* -
~

~he

0.4 0.5 06 o.7 0.8 0.9 1.0

Hydra ements:!-.g-.i.andﬁ
yvdraulc E| V' Qf Ar Ry

® Design and Constucion of Sandary snd Siomn Sewers, Wister Pollubon Coninal Fedenstion and American Socety of Cavll Enginesrs, 1970.







OTHER DIMENSIONLESS CHARTS

* Trapezoidal channel

]
~

7N\

1.1.4 HEC-22 Trapezoidal Channel Depth-Discharge Chart

* FHWA HEC-22

Trapezoidal channels also occur frequently enough in practice that their design is often

facilitated using charts

these charts are not dimensionless in the usual sense.

Figure 11 is a tool to estimate the flow depth given a discharge and Manning's n.

The following procedure outlines how to use this chart®

1.

2.

The analyst /designer must specify the channel width, B. the side slope, Z. the longi-
tudinal slope, S;., the material properties, n. and the discharge, Q.

Locate the value of Sy on the first vertical scale from the left of the chart.

Compute Q < n. Locate this value on the second vertical scale from the left of the
chart.

Draw a line connecting these two values that also intersects the third vertical line in
the chart (called the “turning line™ ).

Locate the value of B on the fourth vertical scale from the left of the chart.

Draw a line connecting the intersection of the first analyst drawn line with the turning
line and the value of B just plotted, be sure the extent the line to the side-slope scale
on the right of the figure.

At the intersection of the side-slope scale and this line. draw a horizontal line across
the side slope scale.

Read the depth to width ratio for the appropriate value from the side-slope scale.

Multiply the depth by this ratio to recover the flow depth for the channel.

CHART 14B

~ ; o~
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Soumon 10 Mannmng's Equaton noels of Vanous Sioe Siopes - Erglsh Units

CGn axis extrapolated one additionay log-cycle to accommodate shallow flow as

observed in laboratory expernme

Figure 11: Trapezoidal Channel Discharge-Depth Chart (from FHWA HEC-22)






