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Examples of Wave Generating
Mechanisms

e Sudden Change at control structures:

0 sudden opening or closing of hydraulic gates;
0 dam break;

0 sudden increase/decrease in demand at a power
station;

a ship-lock operation.
e Surges
e Tides

e Large Runoff: Flood wave in rivers; sewer
surcharging.



Movies

Flooding in Greece

https://www.youtube.com/watch?v=b7OPQlzxrGo

Qiantang River Tide Wave, China

https://www.youtube.com/watch?v=ILi0 pixt Y

Various dam breaks

https://www.youtube.com/watch?v=LZDJ6zPHYAM




Saint-Venant equations

e 1D Saint-Venant equations

e X = distance along the channel, T = time, V = cross-
sectional averaged velocity, y = depth of flow, D =
A/T, A = cross sectional area, T = top width, S_ =
bed slope, S;= friction slope












































































































































































































Propagation of a disturbance in
subcritical, critical and supercritical flows
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Computational domain for a subcritical flow





























































































































































































































































































































































































































































































































































































Method of Characteristics (Cont.)
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Method of Characteristics (Cont.)

e Multiplying the Continuity equation (Eq. 1) by A = + g/c and
adding it to the Momentum equation (Eq. 2) yields

R+ (VXD £ 9(R4+(VERIY =
% o+ ,B)Dv_.c_{% (V292
3(35—33;)

e The above equation is a pair of equations along (. )
characteristics given by

SVt 248 = 9(SemSy); Moy dx_ya











































































































































































































































































































































































































































































V4

Metﬁ h oﬁ)l)\aracterlstlcs (Cont.)
e By multiplying equation (4) by dt and integrating along

AP and BP (see slide 6), we obtain
A\onj AP : C f \C’

VP-VA-"@.) (Jp-9a) = B(So-S.f) (Jq> LA)
Along BP:
VoV - (2)(3p~3) =3 (S ¥ (= %9)












































































































































































































































































































































































































































































































c = {9Y"
Method of Charaz?(gtlcs (Cont.)

oy Yev‘-am vlay or wi cha 938
F o Equatlgn (4) can be written as. ct

d(V42¢) = 9(Se- SL)[ P =vie
dt Ah:nj AP

ACV"‘ZC) = 3(30-3;) L =V=©
dk

Abvﬁ BP c




























































































































































































































































































































































































































































Method of Characteristics (Cont.)

e For a horizontal and frictionless channel, the
Characteristic system of equation becomes:

\/.\»2, - J* -‘L’S-=V+°:\ constands

(V285 37 [ v

Y iemann ?Y\VQ.Y{ QY\.'\' S

The constants VV+2c and V-2c are called
Riemann invariants


































































































































































































































































Method of Characteristics (Cont.)

Riemann invariants (For Circular channels):

(See Ledn, A., Ghidaoui, M., Schmidt, A., and Garcia, M. (2006). “Godunov-Type
Solutions for Transient Flows in Sewers.” J. Hydraul. Eng., 132(8), 800-813. ):

O = Usx + O =J" d—X:V+c
dt _
— Oy =UR — QR =J° d—X=V—C
dt _
/ / 1 —cos6 7
\/ — sin @) sin(%)
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Positive Surges in rectangular channels
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Negative Surges in rectangular channels
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Example of Application:

Water flows at a uniform depth of 5ft and VV_, = 3ft/s in a rectangular
channel. The outlet consists of a large estuary. The initial level of the
estuary is equal to that in the channel. The level in the estuary
commences to fall at a rate of 1ft/hr for 3hrs. How long does it take for
the river level to fall by 2ft at a section 1 mile upstream of the mouth? At
this time, how far upstream will the river level just begin to start falling?

Note: 1 mile = 5280 ft and 1 ft = 0.3048 m.
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Dam break problem and its solution

A sudden dam collapse results in a large flow at dam location, which in
turn leads to a positive surge downstream of dam and a negative surge

upstream of dam. _
Given (known) quantities are:
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Example of Application:

Stagnant water of depth 3.2 m is stored in a long rectangular irrigation
channel. A maneuver error resulted in the sudden opening of the gate.
Determine the solution of the water surface profile after 5, 30 and 60

minutes of gate opening.
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Example of Application:

The headrace channel in a hydroelectric power plant has a rectangular
cross section with a width of b =10.0 m. This channel has a bed slope of
S~ 0.002 and the coefficient of Manning is n = 0.02. During the normal
turbine operation the flow is uniform, having a discharge of Q = 40 m?¥/s.
Due to a sudden load rejection, the gate in the headrace channel is
partially, but rapidly closed, thus decreasing the discharge to Q; = 0.5

m3/s.

(i) Determine the hydraulics of the waves traveling downstream and
upstream from the gate; . )
(i) Determine the type of front for these waves; (boﬂzmsq""’e wavk
(iii) How long will it take for the wave to arrive at a station located at a
distance of 0.5 km upstream from the gate?
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