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¢ Friction slope: S, = (hl-hz)/Lw
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. ~ GRADUALLY VARIED FLOW

e Energy equation has two components, a
specific energy and the elevation energy.
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. ~ GRADUALLY VARIED FLOW

e Energy equation has two components, a
a "_I specific energy and the elevation energy.
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. ~ GRADUALLY VARIED FLOW

.. «Before getting to water surface profiles, critical flow/depth needs to be
~  defined

e Specific energy:

e Function of depth.
e Function of discharge.

e Hasaminimum aty._.




. ~ CRITICAL FLOW

.. e~sHas a minimum aty..

Necessary and sufficient condition
for a minimum (gradient must vanish)

Variation of energy with respect to depth;
Discharge “form”

Depth-Area-Topwidth
relationship
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ot hand term is a mber. Critical flow occurs
hen Froude number is unity.

o/Froude number is the ratio of inertial (momentum) to gravitational
rces
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.~ SUPER/SUB CRITICAL FLQY
-~ ~e Supercritical flow when KE > "*‘;‘,’f,;.,, esberiria s

O KE

C.
e Subcritical flow when
1 KE<KE_

&
Y

e Flow regime affects slope of

@ energy gradient, which

/’\ determines how one
\ O integrates to find HGL.
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. ~ FINDING CRITICAL DEPTHS

Corns/cler < e fos y«net S Sy

Substitute functions

Compare to Eq. 3.104, pg 123)
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. . FINDING CRITICAL DEPTHS

M — S)cle SIP <

Depth-Area Function: Depth-Topwidth Function:
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. . FINDING CRITICAL DEPTHS

M — S)cle SIP <

Solve for critical depth,
By trial-and-error is adequate.

Can use HEC-22 design charts.
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.~ FINDING CRITICAL DEPTHS

M — Syl sIP <

hl-and-error:

Guess this values
Adjust from Fr
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FINDING CRITICAL DEPTHS

\ I
s i ehcw P ls) Sere-77ean The most common sewer geometry
(see pp 236-238 for similar development)
Depth-Topwidth:
Tq) = OSinac
N 74
plig Depth-Area:
_ D=
@, 4{7) - %—(f’d/ﬂf(‘wa[)

Remarks:
Some references use radius and not diameter.

If using radius, the half-angle formulas change.

DON’T mix formulations.
These formulas are easy to derive, be able to do so!




. ~ FINDING CRITICAL DEPTHS

G he L Fhns) SeeF7enn The most common sewer geometry
(see pp 236-238 for similar development)

Depth-Topwidth:

7{—7)3 Dsin ac

Depth-Area:

A{7‘) —(f‘dzf7f(WJf)

Depth-Froude Number:




. ~ GRADUALLY VARIED FLOW

e Energy equation has two components, a
specific energy and the elevation energy.
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. FLOW PROFILES

.. & All flows approach normal depth
0O e S2 profile.
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WSP ALGORITHM
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. . EXAMPLE
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. EXAMPLE

.. «-Energy/depth function




. ~ EXAMPLE

, e Start at known section
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. EXAMPLE

. e&Start at known section
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. ~ EXAMPLE

. e Use tabular values and known bottom elevation to construct WSP.
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. ~ GRADUALLY VARIED FLOW

e Apply WSP computation to a circular
conduit
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DEPTH-AREA RELATIONSHIP

The most common sewer geometry
(see pp 236-238 for similar development)

Depth-Topwidth:

7{—7)3 D sin ac

Depth-Area:

=

'4{7) - %— (df—o”m/‘(*wa()

Depth-Froude Number:







GVF Worksheet -- Variable Step Method
Q(cms) 11
g 0.02

Section Depth Diame Alpha Area Pw Rh Velocity Energy Friction S| Bottom Delta x Bottom WSE Station
1 8 10 2.2143 67.4 22.14 3.04 0.163 8.001 2E-06 0.001 (0] 0] 8 0]
2 7.8 10 2.1652 65.7 21.65 3.04 0.167 7.801 3E-06 0.001 -200 0.2 8 -200
3 7.6 10 2.1176 64 21.18 3.02 0.172 7.602 3E-06 0.001 -200 0.401 8.001 -401
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. ~ VARIABLE STEP METHOD

. . ~e Compute Delta X, and move upstream to obtain station positions.

I

GVF Worksheet -- Variable Step Method

Q(cms) 11
n 0.02 ‘L

Section Depth Diame Alpha Area Pw Rh Velocity Energy Friction S| Bottom Delta x Bottom WSE Station
10 2.2143 67.4 22.14 3.04 0.163 8.001 2E-06 0.001
.001 -200 . 8 -200
.001 -200 .001 -401
.001 -200 .001 -601
.001 -201 .002 -802
.001 -201 .002 -1002
.001 -201 .003 -1203
.001 -201 .004 -1404
.001 -201 .004 -1604
.001 -201 .005 -1805
.001 -201 .006 -2006
.001 -201 .007 -2207
.001 -201 .008 -2408
.001 -201 .009 -2609
.001 -201 . 8.01 -2810
.001 -201 . 8.011 -3011
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Station Distance (meters)






