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EXAMPLE OF PAST CFD APPLICATIONS
IN ESTIMATING HYDRAULIC DOWNPULL
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Figure 3.4 Mesh around the gate
1
o
Figure 3.5 Mesh around gate and parts of upstream and downstream

Figure 3.22 Velocity magnitude distribution for {A) 8=26_57 v=04 Q=000 7 m'/s, (B) 8=26.77
=04, QD=0 000 T s, () 824477, v=04, Q=0 0955 m'/s, ([ 0=51 67, v=0.4, Q=0.0953 m's

Uysal (2014)
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Dpz’]r'w. K]_.A.H

where

Dp = Downpull force on the gate
vw = Specific weight of water
Ky = Downpull force coefficient
A = Cross-sectional area ¢

H = Operating head on th:

Uysal (2014)
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- CFD vs. EXPERIMENTS

a Lip A (Computational)
& Lip B (Computational)
v Lip & (Computaticnal)
(s Lip D (Com putational)
Equation 2.5
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Figure 221 Downpull coefficient as a function of the gate lip angle and the gate opening

{Computational and experimental comparison)
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EXPERIMENTS
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0 i o Lip A (Experimental)
& Lip B (Experimental)
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Figure 2.14 Downpull coefficient as a function of gate opening and gate lip angle (Aydin

et al., 2003)

Table 2.1 Gate lip angles

Lip Symbol n (cm) Lip angle, 8 (degrees)
A 2 26.5
B 3 367
C 4 44.7
D 5 51.6
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Another Erosion Potential Check: Location of the
Hydraulic Jum o
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R. Musalem
] &1 Zeng(2012)
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Application of CEDIto estimate sedimentation; |

infchannel’Bend Q

Evolution of channel bend bathymetry and velocity
magnitude from flat bed initial configuration Evolution of water depth at

to equilibrium 1} crosssection42® Scour takes place
N of on the outer
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Overall view of channel bend
with bathymetry levels

J. Zeng (2006)
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Model Verification and Analysis

Water depth changes at representative sections

DISTRICT

Advection-Dispersion
Eqgn. and Van Rijn (1987)
Model are used

for modeling

sediment transport

L5
Cyx =0.015 dsol

Equilibrium bed load rate

0, =0.053(Rg)* (LT )/(D2?

Non Dim. Excess shear stress

I= [Tr* Ty ]/Tcr :[1.(”!* /}2 _1./”*{:}' )2 _.-? /1./”*5}' /}2

R = p./ p—1is the reduced gravity.

the non-dimensional particle-size diameter is D+-=ds,/Rg/*]*"
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Measurements

ffffffff ke total load (Wu et al. 2000)
— — — - ko-SST-SED_bed_load
ko-SST-SED_total_load

— — — - SA-SED_bed_load
SA-SED_total_load
SA-SED_total_load-G=0

* The newly developed model predicts well the change of water depth in various sections along the channel.
+ Sparlat-Alimaras (SA) model with total load give a slightly better predictions compared with other simulation results.
« Without considering the bed slope effect, the outer bank scour inner bank deposition are over-predicted.

For 6>20°
triangular
Shape

Short sand
bar observed

near inner
bank

Maximum scour
0~500

J. Zeng (2006)
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Dynamic Pressure Field Analysis with DES model"@r S-3"’

Pressure (PSI) Pressure (PSI) -
W ‘. T T

40-312243-04 05 14 23 32 41 50 03] 221504 08 1.4 23 22 4]

N — 20 50 10 20 3
Duhmfrmﬂumm Distance from the gate (f)

Pressure fields in the culvert barrel at the times when the minimum
(right) and maximum (Left) fluctuations occurred at a point 11 feet from
the Gate

J. Zeng et al. (2009)
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Damage analysis—Sand/soil erosion:
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The seepage and inner negative pressure lead to the loss of the
sand/soil foundation after the joint failure.

J. Zeng et al. (2009)
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SVF=20%

(89 cylinders)

SVF=10%

(44 cylinders)
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-MIT experiment for an emergent
patch (Nepf, 2012)

-Solid Volume Fraction (SVF)=13%
-37 cylinders

-H/D=0.55, d/D=0.06 H=0.12 m
-Re=30,000 Re,=60,000

-Flat bed & Equilibrium scour

Main questions: Chang & Tsai (NHPC, Taiwan)
G. Constantinescu (Univ. of lowa)

-What drives scour within and around the patch? |:||:||:::::| r?i ‘

-Do necklace vortices form and do they play an important role in development "/¢oience & Engineeing oo )0\ 2016)

Ef iiﬁur hole?




Flow past a surface-mounted porous cylinder
Equilibrium bathymetry

2

| ' SVF=13%
1k 8.3
Maximum scour occurs | o} 0
inside porous cylinder 5 g
. .pn . _2:. '
:g:;%?gff::ssg;ﬁ;é:r . ;_ Chang & Tsai (NHPC, Taiwan)

G. Constantinescu (Univ. of lowa)

B S S A '
x/h

Hydroscience & Engineering

(RiverFlow 2016)

Bed friction velocity (FB) Mean Bed friction vel Fluctuations at the bed (FB)
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