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Fig. 1. Types of piano key weirs [6].
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Fig. 2. Geometrical specifications of a type piano key weir [6].
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Fig. 3. Trapezoidal piano key weir[13].
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Table 1. Geometric characteristics of trapezoidal piano key weir [13].

Parameter Value
Number of key of the weir (N) Y
Total width of the weir (W:m) QA
Width of the inlet key (Wi:m) <1AYO
Width of the outlet key (Wo:m) [+ 0N
Sidewall thickness (Ts:m) [y
Lateral length of the weir (B:m) -1
Upstream and Downstream overhang length (Bi and B, :m) AR
Height of the PKW crest (P:m) -IY
YA

Slope of the inlet and outlet key (Si and So: degree)
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Fig. 4. Time development graph of scour pit depth in 12 hours and scour equilibrium time [13].
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Fig. 5. Longitudinal scouring profile of trapezoidal piano key weir bed [13].
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Fig. 6. The grid used in the calibration model of scour downstream of the piano key weir with Flow-3D
software.
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Table 2. Longitudinal scour profile and temporal changes of scour depth in downstream of the trapezoidal piano

key weir.
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Fig. 7. Comparison of the graph of time changes of scour depth for three different grid types in the left Fig., and
three RNG, K-€ and K-o disturbance models in the right Fig..

Slojy e Candiml (St de iludde Gimgg cnl
9o bl Gos 5 (23 Sl Gl 4 lajsd 5 e gl A
S3loderd VA Sla B cpl s gy (61 48 )15 dusliio g (o)
Slasuio & cdply Gygo FlOw-3D léle 5 5l oolizel b (odae
t ol 48 ool (8) Jgia 1 48,5 & jgo (sla g jlurdunsd

{stze TRI slaiizod TRA) (silosnns 55 sjloand o)lod
(H) 5y b 4 of lis) (ht) Gl Goe (Q) sy 3l sopme 22
(AH) 52050 b 4 g oy Comdimly 0 O s (olis)) BB
Ll

Pl S gy @l BJse @ oad Jlesl adgl Lalys

WS (gla gy g il 5 CandVl Ol glis)) Jolis tlie o (leisjed

CadYl 53 g yie /YD 9 /YYD /Y Ol s Jolis comdymb jo it
CaosVU o 015 Jlas] ag) Loy A5l o st +/FY Ol s lis)|
038 oo ISl Il )3 (e g claBijed (2l IS oy
e Jio pd adgl buls el & bgyye o 5 STL cwp by

sl ord Slg3 Flow-3D

vy

N3l b il 1S (lagy)p Candinly (Sl oy sl

g io plo anaSed g9 Jold cowie olasuio | Flow-3D
adllas 4 1y gols o cSenp & Wil Saasl Jao g ol i
oy 93 5 OimgR ol > ledls 8 Lo jLasl o las 590 IS Ljl
Jodr 3 & Slasuie Jols A g slaiijed 5 (e gy 4lS
5 Candpmly Slgwy GogMedy y5Sio (glajy)pu A odlitul oal (F)
AULO Jlj3lp 5 5> glaiijed 5 dlie 31 £ 95 2 stV Ol oo
o Lsl L5 o 48 STL anp b yupr sy CAD 2022
A5 Slgal 3 Flow-3D jlj3le 5 ) g 0,55 cosl Flow-3D 133l
EWl @ s gy oMb (b gl M g

Sl awyp yobie 4 g Sleas &8lg Pd = +/vo m
b L sl awle Gl agly WS by cwsoml
phoilep e Jib s ol d= o/ VF M oSk
e Mg yio /YO W)l g /8 oy b i ) oy Camdimly
ad g al il yie ofF 5 /0 iy & by sVl O 5 JUIS Jobo
£ 93 (1) Ul oas Gl ogily AST glay e candYl 2U
Sligus) g sVl Of oz olam ay (claiijod g tlie (il 38 oy

3 o yisled 1y Cand by



YYA LYY axbaw NF-Y JL» &y b)meJ g 0,93 ;)g..s)m‘ LJ‘)"& L;u)._\a.g(a 4.1)..;;:

|| ——@—— Medium mesh size (RNG)
= Medium mesh size (K-Epsilon)

|| =———a—— Medium mesh size (K-Omega) |

——&——  Minimum mesh size (RNG) |
—————  Medium mesh size (RNG)
T ——4—— Maximum mesh size (RNG) |

Experi al - ——=e—— LExperimental

0sp———F——

ds/AH
ds/AH

225 25
S T S
35S 1 1 3.5
1 1 1 1 1 1 | | 1 1 1 1 1 1 1 1 1 1
0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1
X/L X/L

Je E9 a9 G Coomy S iliteo (GuisdSd £99 duw (5152 (9348 (glwdmsd i Yo (Ll 45 chmy g (Shandul Job Jadg py duunylio LA JSC5
Cowly Ceoms JSWG 55 03wl 3590  Sotind]
Fig. 8. Comparison of the longitudinal scour profile without unit, at the end of 20 minutes of numerical simulation for
three different types of grids in the left Fig. and three types of turbulence models used in the right Fig.
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Table 3. The measures of root mean square error RMSE, mean absolute value of error MAE and determination coef-
ficient R2 extracted for the selected numerical model.

Parameter dsm Profile of Scour
RMSE YIvY AR\
MAE Yo <INFA
R2 < JAYYY <[AYYA

M Gyt A0l Je (198l S gy per Cowdpmly 43 Oligaw 9 5 StV OF gl bl A JSS
o (299l WIS 55 e 10 1A 595 (29l
Fig. 9. Initial water conditions upstream of the weir and sediments downstream of the modeled
piano key weir, a: trapezoidal piano key weir, b: triangular piano key weir.
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Table 4. Geometric characteristics of triangular and trapezoidal piano key overflow.

Parameter Values Weir
Trapezoidal
Triangular
Number of key of the weir (N) v Y
Total width of the weir (W: m) N4 Qg
Width of the inlet key (Wi: m) 100 A
Width of the outlet key (Wo: m) AR -
Sidewall thickness (Ts: m) [Ny <NY
Lateral length of the weir (B: m) A A
Upstream and Downstream overhang length (Bi and B,: i "
m)
Height of the PKW crest (P:m) <IVA <NA
Slope of the inlet and outlet key (Si and S,: degree) vy vy

3D-Flow 133105 b 8,5 & 90 (538 Sbas jlwdnd (Sg i Slasudio .0 Joaa

Table 5. Hydraulic characteristics of numerical simulations made with Flow-3D software.

Test No Test Names Q (Lit/s) ht (m) H (m) AH (m)
1 TRI 1 AN o[-0 o/ <J\Y
2 TRI 2 AN LRI o/ AR
3 TRI 3 AN <\ o/ <NY
4 TRI 4 ¥ e ef SNy
I TRI 5 < IY0 RYRAIN o/ AR
& TRI 6 AR <1\ o/ Y
v TRI 7 DAL LRI </ f AN
A TRI 8 DAL RN </ f AR
q TRI9 DAL <IN <-f NY
Yo TRA 1 AN QRN <-f AN
1" TRA2 AN VRN o/ AR
\Y TRA3 AN <1\ o/ N\Y
W TRA 4 A e ¥ Sy
\¥F TRA'S AR RN ol AR
10 TRA 6 AR <1\ </ f <\Y
\§ TRA 7 DAL QRN <-f AN
1% TRA 8 DA ol o[- AN
\A TRA9 AN RYRAIN o/ N\Y

\AR3
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Fig. 10. Time development graph of scour hole in 10 minutes for trapezoidal and triangular piano key weirs.
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Table 6. Comparison of the maximum scour depth simulated for two types of trapezoidal and triangular
piano key weir by Flow-3D software

Test No Maximum flow depth Maximum flow depth oL Aol S| s s
TRI-PKW (m) TRA-PKW (m) il

Q=25 litr , h=5cm SAVY YD YA/
Q=25 litr , h=7.5 cm SAYY Y \Y/L¥
Q=25 litr , h=10 cm SAYY AW YOILY
Q=35 litr , h=5 cm .Y MY YY/LY
Q=35 litr , h=7.5 cm N4 AN AR
Q=35 litr , h=10 cm NiYas ST \YILY
Q=45 litr , he=5 cm <INV AN /AR
Q=45 litr , h=7.5 cm JYe$ NiYas YAT/Y
Q=45 litr , h=10 cm Y NEYA YATLY
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Fig. 11. The graph of changes in the depth of the scour hole due to the increase in the depth of the footing and the
increase in the flow through the weir.
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Fig. 12. Longitudinal profile of scour downstream of trapezoidal piano key weir.
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Fig. 13. The diagram of scouring changes at the base edge of the trapezoidal piano key weir in exchange
for changes in flow rate and depth of abutment.
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Fig. 14. Longitudinal profile of the scour downstream of the triangular piano key weir in exchange for the changes in
flow rate and depth.
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Fig. 15. The diagram of scouring changes at the base edge of the triangular piano key weir in exchange for
the changes in flow rate and depth of abutment.
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Fig. 16. Transverse profile of the scour downstream of the trapezoidal piano key weir.
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Fig. 17. Transverse profile of the scour downstream of the triangular piano key weir.
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Table 7. Geometrical characteristics of scour hole downstream of trapezoidal and triangular piano key weir.
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Fig. 18. Flow lines for the flow through trapezoidal and triangular piano key weir.
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