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Statistical RNG k-&
indices 10 mm 9 mm 8.5mm 9 mm
R® 0.980 0.998 0.999 0.998
MAE 0.021 0.013 0.012 0.018
RMSE 0.022 0.014 0.014 0.020

Table 2. Statistical indices for validation of numerical model

H s, oo A ddsy) AT i € alaly ol 3
5 s Soled sl ol wis, S B oo gl
(0) UKo 53 (o8 Obar (3 aemles 53 50 sl el

NGV P VI COe] O

gy 25 dmbme Jites daly gla eyl 8 JS.&

VA

X
S
s

S
RORRRIRIRIRRE R LRI,

Fig. 5. Parameters of orifice equation

S5 e ST o AT
o e bl oS5 e S Soxe 22 S T
asls ey (Lol o) Sl Gose (25 5 o lsd e
dloms )55 22 S5l S S5 o e ST o
S del s 5 OY 5N by, pseme 5ok
) 55l g el OBl sade (luand

3550 83s0m e e GLIKT s a5l ()

ol o3lizad L5
1 3
O = /29 (NAHE + 2 LH,z) (¥-)
Q
C,= = \YoY
d Qtn ( )

G Jsb Le 3, S0 U O gyl H s, ool

sl i Say 1 JS gULIHp 5 0 g 32 e

19

Sldde oS 5 5 5> O o s amlis £ JSS
L;:J&)"gsl{iiuﬂ

14

y(cm)

-045 -030 -0.15 0.00

X(m)

0.15 0.30 0.45

—e— EXP(cm) NUM(cm)

Fig. 4. Compretion of water surface profile for combined
weir
520 S o 5ee dlail, —P-Y
() aasly Gl 53T s Slasim Sl Goms OLr 2
Le « 00T v b Cy alaly cpl 53 il o aeuloes LG
gLl Hy (7 a8l anw g Job) odisd o) Sye Jsb

sl s 3l o3 0L 23 Q 5 e G

3
Q = Caz[2gLcH,? an

€535 (93 dmlbs a 08 abal, V=Y
O el Sl ealisnl b )5 Ol (o3 i) e 8
gl T Ol 530 S > el dlone LB
Al sV JC@ b s, 55,0 5l abols 55
2 ol gyl Ol &, Sl Spe s s 3y
- B G o dbee SV s ol 5 YL
Sl AL s A g g3 I o b 3,8
ConnDOT ) ool S aiis Sldas Ctl 255 €53,

.(Drainage Manual,October2000

Q =CA,/2gH

v



OLen 5 gl il

P S Gla e (LIS ol e pls 45, G0

AU gileans 95 5l ol @Lu' anslio 53 s e OLES
H
SIS

St (ol s SRl L 5 o3 e op sz /)0

Sliges Lajlssed 5 o, Blis o (380 s
I STS) CUJ)‘ ol L e ol @L.o Al g i
Slr oS5 o GOAKT e /) S 4 ks

Al e A Ao TG /0 Gl T slacas

30 5 el sl 5 sl 6HIKT o alis YV KS

AN EEICS
0.75
0.65
& 0.55
0.45
0.35
0.1 0.2 0.3 0.4
H,/P
—@— down(D/y=10) - @ = up(D/y=1)

Fig.7. Comparison of (Cd) values for up and down single
orifice position

(ju;ugm')au;),,bsﬁ:u VT &
cf)ﬂWL)JoMbbu\ éw)bw,wbwwf
Slogls a3y, kb an L &fl::!'*-:'ks Ror eSS
Alae S5k Glacas glp 5 g /) 50 /0Y /g0
(ol S Sl L S el /0 5 e /a YO /)
R 85 b i U i, o Ses a8 L Olejes
Al S IR S s oSS e S
Shd s H /0 B e/aY0 SAE5L essdoee 3 yuizean
3 i e 3 B G Sl Cad RS s w5,
S|SBV JOWC GO IRVP) I T DR BN e
cilie ol glacnd sl SAs5l Cond Blie 53 S 5

el s dd e3ls b () IS s

S g s -y

S 4355 9 2SS 5 S 5 giledde )Y
Bl R S Y B A P g
Sl s Sl A e 53 28 5 il (g5l
v/e b0 dl.hj.la_; “ d\oﬁb 4.;)'_5) Y 6‘JJ 4Q§MJL. K:»ow'-?
G iay 5Som 5l 0/00 il oo 5 adly 585 55 0/0V
Vs O Pl gy B8 s b s e S
Gluazws (F) Jad> 5 o8 S rl?v.;‘ Ko golwans
Se 4355 5 2L e S5 e gladde

el s abjjT

2095 4595 5 @SS e S 5 Giledda YT
4 b 2Uss @) 5 erladdS s S5 sslede
AREPRVAR AVEL o -IPT WLt IPWIS TS I LR G > PPV PR
Slp @ 5T /o %;19544. ool slacas 5 a5l
S (V) S 238 el 50505 gl o
el s oo el 1y g e w2l 53 A5, 5ol a
ot 552 SABl Sl dtn 0B 5 55 L

b el (53l 4 g o

RO uli_);_;ll:}: 4.;)'}) L;iLulP-LgLu -\JS—’&

=0

%
I i o N -00>
E 2 \ 7‘ \| { :'K ) ‘;\:;\ .\"
T T _'uﬂ _ﬁLﬂL%‘jlﬁ_*"T' 'W!ﬁ'_ﬂ BN

ElEIEEEEEEEEIEEEE EEEIEEEIEIEL
0,105«

0,21

0.42 4
0,75

Fig.6. View of combined weir with double orifices

555 S NP Pl Sy p YF
G e 55 1) (5081 oo i Sl ges (V) 2

o/ s b glaisas VU s b el a3 gl



YA JL..«/Y A)ijz/v.hé)'j}e)ji

oo Ol jos owdige Sm s — oode ale

Elp oS 5 e G o s Sl ais Glalin s gal & K3
wUijéjikAéuﬁj})

0.8 Ht/P =
0.125

PKWOO
—@— Ht/P =

0.125

PKWCO
- @ —Ht/P=

0.250

J PKWOO
05 R —m— Ht/P =

0.250

PKWCO
- @ = Ht/P=

0.375

PKWO

Ht/P =
0.3 0.375
PKWCO

0.7

0.6

04 | P = =2

Fig. 9. Comparison of (Cg) values for single and double
orifices

Sl bl 5o 1) I oo ol ) IS
ola cilises ol glacs gl p hd 4 ol glacas
O35 L oS5 5o 3ld PKWCO s sad ol 5o s e
ol 253 355 b oS 5 oy 3Las PKWOO 5 i
S b sl e sdalin (4) S5 Jloges 53 &S jskailes
o SRIPL T e Sl ag, el a4 ol e
a3l Lgy 0 B Y esgds j3 5 2l Wy, (AT
S I o %= Volad 53 a5 5l

Al e Ly 3 e S 5 il

Sl Sl cad Jlie 53 30K s Sl A K3

Cilies ol gl

0.7

0/0/.
06 °

—e— Ht/P = 0.1250
—o—Ht/P =0.1875
Ht/P = 0.2500

o—o°

0.4 o ° —e—Ht/P =0.3125

—&— Ht/P = 0.3750

0.3
0% 2% 4% 6%

A A

0 W

Fig. 8. Effect of changing A,/A,, on C, for different water
head (H¢/P)

U9 sadisg) B0 gy -0-Y
Ad pamie leand Ol ol gode S a4 s L
g Sk G bis L laass, dol il
Qal gt DLy T il sl Ol ope (o Rl
S KT e (OF) daly b e s Al
Cod) S e 53 W3y 5 Aol Il L S S
55 don ¥ sl (0 kb 4 dols s 5 VYO T

Al e SRl e 45 b ales

3 e 0355 G ok plawil (g3 glaggsledits ¥ J o

D(m) 0.045 0.070 0.100
y(m) 0.0275 0.015 0.01 0.1
Dly 1.6 4.7 10 1

H(m) H,/P Numerical Models
0.650 0.1250 H650045 H65007 H65010-down H65010-up
0.675 0.1875 H675045 H67507 H67510-down H67510-up
0.700 0.2500 H700045 H70007 H70010-down H70010-up
0.725 0.3125 H725045 H72507 H72510-down H72510-up
0.750 0.3750 H750045 H75007 H75010-down H75010-up

Table 3. Numerical models of single orifice
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Abstract
Weirs are types of the hydraulic structures that are used in water supply systems and irrigation channels for
different purposes including; increasing the upstream water depth, to measure the flow discharge, to divert or
evacuate the excess water flow from dams and open channels. One of an effective and economical solution
in order to weir efficiency is using nonlinear weirs, Which can cause the increase of the flow over weir by
changing in geometric plan and increasing in weirs length in fixed widths of the channel. These structures
increase the water level and water storage volume in the reservoirs of dam. Piano Key Weir (PKW) is one of
the nonlinear hydraulic structures that its geometrical shape increases the discharge coefficient of flow over
weir. Discharge coefficient at these weirs is a function of upstream water head to weir height ratio (H/P).
In this study, the hydraulic performances of PKW has been simulated by using FLOW-3D software and also
it has been validated by the experimental model with 5 different discharges (75<Q<225 Lit/s).
For this aim the laboratory data of Machiels et al. (2014) is used to validate the numerical model. A PKW
located in a channel with (0.75 m wide x 3 m long x 0.8 m high) and was simulated for 2.5 units of a 0.3 m
wide PKW model. These researchers show that a PKW design with a height ratio P/Wu equal to 1.3, a keys
widths ratio Wi/W, equal to 1.25 and an overhangs lengths ratio B,/B; equal to 3 was found to provide the
highest discharge capacity when the L/W ratio is equal to 5. Therefore these ratios were used in this study for
numerical modeling.
In the following K-¢ and RNG turbulence models were used to select the appropriate turbulence model for
modeling of this PKW. For evaluating the simulation accuracy, three statistical indices of R?, RMSE and
MAE were used. Results revealed that RNG model presented the best responses for ratio of upstream water
head to weir height (H/P).
In the following, the discharge coefficient (Cg4) has been measured and evaluated with the creation of single

and double circular orifice on the heel of weir (P;), For the different water head and in relation to without
. . H Hy A, d

dimension parameters D'P Aw’D "

Findings shown with the expansion orifice diameter, discharge coefficient of combined weir -with the
maximum opening A,/A,, = 0.5- is increasing between 0.5 to 6% in comparison to without orifice PKW.,
besides, with the rise in the high of single orifice ,which has a fixed diameter, the discharge coefficient is
reducing. From the other side, the usage of double orifices increase the discharge coefficient in comparison
to the single type at the same opening size, in a way that by increase in the distance of orifices, at first, it
faces to the decreasing trend and then by reaching to d/D = 2 it starts revising. Maximum increasing in this
type for the best position is 9% in comparison to without orifice PKW. Finally, an equation is provided for

the estimation of the discharge coefficient by benefiting without dimension parameters with R? = 0.95 .

Keywords: Combined weir, Discharge Coefficient, Numerical Modeling, Orifice, Piano-Key weir.
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