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Session Goals

 Understand the gradually varied flow (GVF);
 Understand the surface slope;
t

e Understand the bed slope;

e Understand the water surface profiles;

e (Calculate the water surface curve length.
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Gradually Varied Flow (GVF)
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Bottom slope (5,) not necessarily equal to surtace slope (S
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Gradually Varied Flow (GVF)

Energy equation for nonuniform, steady flow with basic assumption that the
change in energy with distance is equal to the friction loses
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Gradually Varied Flow (GVF)

By dividing the equation by dx:
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Gradually Varied Flow (GVF)

d (V- _ —Q’ =—Ff
dv\2g) gA°D
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Therefore, the governing equation for gradually varied flow:

dy Sl’] B Sf

[

dx  1-F°
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Where the variation of depth y with the channel distance x is
shown to be a function of bed slope S, Friction Slope , S;and the

flow Froude number F, .
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Gradually Varied Flow (GVF)

Gives change of water depth with distance along

channel

For GVF calculation please note:

* S, and S;are positive when sloping down in direction
of flow

e yis measured from channel bottom

e dy/dx =0 means water depth is constant

e y=y iswhen SO=Sf
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Water Surface Profiles

There are five slope classifications: e
» Mild slope (y,>,) S
¢ 1n a long channel subcrnitical flow will occur M 000

u Stﬁﬁp 51013"3 (yn{zyc)

o 1na long channel supercritical flow will occur

= Critical slope (v,=v.)

o2
o 1n a long channel unstable flow will occur E{ e
. T___ Criical Stope
= Horizontal slope (S,=0) w_——
o y,undefined (infinity) Lo
= Adverse slope (S, <0) o e
o Y, undefined (infinity) S
Autverss Sope
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Water Surface Profiles

When there is a change in cross section or slope or an
obstruction to the flow, the qualitative analysis of the flow
profile depends on locating the control points, determining
the type of water surface profile upstream and
downstream of the control points, and then sketching
these profiles. It must be remembered that when flow is
supercritical (F. > 1), the control depth is upstream and the
water surface profile analysis proceeds in the downstream
direction. When flow is subcritical (F, < 1), the control
depth is downstream and the computations must proceed
upstream. Water surface profiles that result from a change
in slope of the bed are shown in the next slide:

© Mohamed Elsanabary, Ph.D. Page 10 of 21



www.PDHcenter.com PDHonline Course H146 www.PDHonline.org

Water Surface Profiles

I#n.”ﬂ"'ﬂ" ‘-; Sla e
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Water Surface Profiles

Example:

A 16 ft wide, rectangular channel goes from a very steep grade to a
mild slope. The design discharge is 875 ft3/s and the normal depth and
velocity on the steep slope were calculated to be 1.0 ft and 49 ft/s,
respectively. On the mild slope, the normal depth and velocity were
calculated to be 9.71 ft and 5.51 ft/s, respectively. Determine the type
of flow occurring in both channels. If a hydraulic jump occurs, evaluate
the depth downstream of the hydraulic jump, the location of the jump,
and the water surface profile classification.

Potental vwater surface Potential water surface
profile 2 (S1) / peofie 1 (M3)

Q=875R"s \

E

.71 Mt

Mid Slope
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Water Surface Profiles

Find:

1. Find the critical depth, ye, on the steep siope.

W

1
]z
g q = Q/B where B is the channal width

1 1
_liamsf _| (87518 F _
Ft_[ g T ‘f¢—[—32 2 —452“

Oin the steep slope, the nommal depthis 1.0 fl. Since v < y,, supercritical flow ocours on the steep
slope. Mote that the unit discharge (q) & the same for the mild slope and hence, ve, 15 the same for the
steep and mikd skope sections. On the mild slope, the normal depth is 9.71 ft. Since v > v, subcritical
flow accurs on the mild slope, Therefore, a hydrawlic jump should occur

2. Next, determing if the jump will occur on the steep slope or on the mild slope.

To determine if the hydraulic jJump ocowrs on the steep or mild slope, calculate the sequent depth (vs)
for the steap slope vy depth using the hydraulic jump equation. IT yz from the hydrauiic jumg s larger
than the normal depth yg from Manning's eguation on the mild slope, then there will be an M3 curve on
the mild skape undil the yo equals the critical depth. If v; is smaller than yg on the mild slope, then the
jump may ocour on the steep slope and an 51 curve will ocowr 1o connact with the normal depth al the
control section

=t (e -

W 49

Fr= Fr= =864
Jay JB22(10)

'5"1 = 1}_':'[*“_'_3(8 ﬁ‘”i -i]- 11.?2 ﬁ

Compare parameters and determine the type of water surface classification

Since the sequent depth (v3) i greater than the mild slope normsal depth (Le,, 11.72 > 9,71}, the mild
siope channel will have an M3 curve until the hydraufic jump occurs.
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© Mohamed Elsanabary, Ph.D. Page 13 of 21



www.PDHcenter.com PDHonline Course H146 www.PDHonline

Water Surface Profiles

M%a_te >
Steep slope 7 ==

.org
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Water Surface Profiles

Horzontal

\";—T____ SU-Sf

1-Fr? dy/dx

Adverse

Honzontal
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Computation of GVF

In the Direct Step method, the location where the specified depth, yq occurs s

determined, given the location for the occurrence of depth, y,. Consider the channel

shown in figure

In this channel, say depth y, occurs at a distance x, from the

reference point. Discharge, Q, channel bottom slope, So, the roughness coefficient, n
and cross - sectional shape parameters (which relate A, P and R to y) are also known

The problem now is to determine the location Xq

1r——-—_._.____‘_‘_‘_h‘_
_\-‘-H?""--_\_‘_
Yu [krerami)
Flaar
—_—
lrr‘_'__‘—‘—‘_.___-__]
[kmwm:u 2z

k.

ya (knowm) Water Surface

— Floer

Datum
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Computation of GVF

| Example A very long trapezoidal canal has b= 18 ft, m = 2.0, S, =0.001,
and n =0,020, and it carries O =800cfs, The canal terminates at a free fall,

Calculate the water surface profile.
To solve this problem, we need to predict the type of profite. First, we should

calculate y. and y,, and determine whether the channel is mild, critical or steep.

w=3.16ft and
. = 3.45ft. Because, y, > y.. the channel is mild.
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Computation of GVF

Mormal degth line

Wialer Surface

E Mz f ! Soction 1
a3 . .
S N —— ) W
Critical doplh line alr &1, !
! I il =
4 ! i “
T
i
Frwne 412 Dineet Channel bottom | 1.18M D4t
stegn oot ol exaunpibe —
For subweritiead Mow 1.59H

We know that far away from the free fall, the flow will tend to be normal,
In a mild channel, the normal Now is suberitical. It is known that when suberitical
flow approaches a free Fall, critical depth ocours near the brink, For practical
purposes, we atsume that ¥, occurs at the brink. Thus in this example an M2
profile will oocur, and the Now depth will change between 51601 and 3451t as
shown in Figure 412,

The ealculmions are best performed in tabular form as shown in Table 4.1,
where the entries in the first column denote the section numbers. Because the
flow is subgritical, the calculations will start at the downstream end of the
channel and will proceed upstream. Referring to Figure 4.12, let us consider
the most downstream reach — the reach between Sections 1 and 2. For this reach,
we already know that yp=y.=345M. This value is entered in eolumn 2 of
Tahle 4.1 for Section 1. Then, by using the expressions given for trapezoidal
channcls in Table 1.1,

Ap = b+ myplyp = [180+ (20)3.45))(3.45) = 85.91 1*

Fo=b+2pdl+m* =150+ 2{3-;5:,,-"1 +{20) = 33430
Rn=ApiRp = (85913343 = 2570
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Computation of GVF

Vn = Q/Ap = (800)/(85.91) = 9.313 fps
VR (0.020)%(9.313)°

S =3 A = oo eoa s = 000444
PR RS T (1497257
2 i 2
Ep=yp+ % =(3.45) + % = 4.796606 ft

We are now ready to choose a value for y,. We know that for an M2
curve, yy=yp and y, =y =y.. Thus we choose y,=3.50ft. This value
is entered in column 2 as the flow depth for Seetion 2. Knowing the
flow depth, we can calculate all the flow characteristics at the upstream

Tast A1 Sumimary of direct st twthesl caletlativits for saleritical o

Varialdes bor section § Variabiles far reach between sections { and £ 1

[ TR T Py W Vilw Bl Al=Ep=Ly il & N So= S AVily - ZAVil
| R N 10 VI B T (| B | RS el ' 000444 1

d K| B0 RTINS o) =015 UOHZ s =0kl 4] 04l
A0 Bn s BT 2ew o BV 40T =Nkt D040 (LKHIT =adt] 114 10
i K171 oTH 100 RA{T)] AAB 40750 =G 11,0030 L] =(1,01XK) 20 R1T]
5ooodG o LMY A Zow faed 48150 =075 0msel oMl =071 241 il
TN e N T v | 51 N 151 ULV D003 D0 =000 R 1130
S T Y S ¥ e I | B R A} =02 LT 111, 4 T [ AT 401 153
8 S0 07 LT B 04 =144 A2 NS0 =000k [ 140
L T T SN ) | R A T R ¥ =015 OI207 DMK =004 pE b
O VA [ 17T I Y B4 A 1 B ] =i DOUZES D =Do0pt T AT
1 105 [N YY) L] T 44051 =170 (LT KT =007 1014 4752
12400 M0 A9 2R Tem 4631 =193 026 00 =001 170 s
[ 1 110 Y ST FL AN I R S L] LR TP 111, R 11 el (K] T2
1+ 40 07420 Sodkls 20 THT O 44 =i E D02 DN LY Y] 1541 ik
B4l WA X0 W TE 4% =00R G0ES D0 =00 e Y
T N 1T P O 11 T Y 114 LN ] [T | 11 111 1 A 1250
1745 1265 W7 R T SOdNT =15 [T T 1141 § I T 1] o} 14640

© Dr. Mohamed Elsanabary

www.PDHonline.org

Page 19 of 21



www.PDHcenter.com PDHonline Course H146 www.PDHonline.org

Assignment

In the sketch below, the wide rectangular channel shown has a Mannings n = 0.024
(everywhere) and the upstream depth y,, = 2 m. The upstream portion of the channel
has a slope S = 0.003 and the downstream portion a slope of S5 = 0.03. Determine
the flow per unit width in the channel and specify, as completely and quantitatively
as reasonable, the profile of the water surface.

EGL
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Assignment

In the 10.0 m wide rectangular channel shown below, the original upstream depth v,
is 2.5 m, the original downstream depth is y2 = 0.5 m and the flow 10.0 m?/s. Thé
discharge is suddenly decreased by 50%, creating two surge waves, one that propagates
upstream and a second one downstream from the gate, Estimate the height of both
surge waves y3 and g4 and their associated speeds of propagation.

. Yy ' '.
7777577777777777%/ /7TT77777777777777

© Dr. Mohamed Elsanabary

© Mohamed Elsanabary, Ph.D. Page 21 of 21



