YY-£0 Lo/ VYAA ks /YA o,lend [T ala/ oiSR5 9 (55l (503l (cwiigee Wiliudos

AERI

S14 393 (2 93le WS (N> 3y g (9 w30 AR T (i y

T Hlo (i 3" bl (B ¢ 31w DI0Luliss

Ql).ll ‘O‘)‘QJ ‘Qlj.ﬁj oKisls AOIJ.A.C (s oaSuialy )b".bt.ml 9 56)55‘3 59,7;.13‘& w.t).nu -y 9 \
Il el «83,3LES gy 5 Ubyeel eliniod lojle s ol 5 S cbilis ouSimgy Losils -¥

VWAAYNY o gyl AFAVIVIY - il o o b

ouuS>

3

g oo B3l B 33 LA 9 (BLS SLAO] joe (g1 48 Wi (Sg i sloojle Wjy ) o

Sile (o JUEGT (5 lomo 8,l9m3 y3 (oo (ot 2 Oljlms dmy 4 Sidad B3y oo 1 (olS (S99 (Sl (G52 oo
1y o i J oS g (omtd oabild st YUy O e 48 ol g Wigmid omo (st Lol Lbailing, Ly U
23 M yily2 3 5l Cliblone g ol 2 Bl i (5L 55 M Byl g J )5S 0T 15 B an
Farw Jae VT L g (a8 dalejl bl )l )3 (3dod (Gl (ola Gja s 5w 3,873,190 503 51 ailis,
L oy 2 g2 a8 Tyl yin s5las Yo 9 90 ¢+ Crgliio £ 1 duw Ly A G (g1aciijob Lszgiley oulS

=D =S )l o (2 i (61415 ¢ /Y <H/P < /€ oy o Cumnd 53 PEYO CM L 3 ) pio 45 add 0 (ylils

D131, CM (5194 (=2 i o (3 it P=Y ¢ CM L 505 5mw HIP > ¢ /0 amy o Comnd 3 g Sl Cyp (59—
VW glatijed 610, K8 (ila 5y Lo (s1adijed (29l al (bl 52y 5l (698 (20 b damllle
295 3 O 5yt (13 il 22 110 (o (510 )5S il Gy 51 g ;= VIAY 9N/ i fam a2 N g a2

oimgim o)y g9 ol A ong B S0y Ol >
99 809dme 4y 399 | ey (St Lol >
Soid Lo Dadas (o LS slazls L3 5 )les
g SVl LSL“’C[—"' (s pad g Sg— 0
Bl cwline Sy y0e o Slae 8 oyl
g ) 9 il Buos e (LSS 0] o odle
S35 Ll s 6l s 0y S5 (o
S, 5l oo ISl ol i slaa
S e ogl oo S glan,, v s e
Sdgpid ol iilojl 5 dilf geSs 0 dnnte
oo a3l sl S oBiils i jla o g

o— o (Gandoshmin & Norouzi, 2014) <.l

B30 &

SolS sbo il

OL&:@ (S db cggi d‘)}d‘ a)'l.w

dolio
Sl ol glaojlow glodil 51 SO cils 3y
’ J/ S ‘r"‘s'b)
’ J/ S 98X
e oy g5 3l eilz sy 3l s Gl
(Askari & Vatankhah- c—ul s als L S

) SN LL S SN U

.ijrn )l_§4_’ s_:] C‘d

a5 sl wl_wl Mohammadabadi, 2108)
LS‘L‘"}.’.))—“‘ RUGLERIW Lg‘o)_iz_f Lgbbﬁ))_...; ‘@9.:1_._'
sl W5L3 sla,lgs 5l eolaiwl Ly el (glo , S
1

el S 9 s 5 .

http://doi. 10.22092/idser.2019.123695.1359

Yy

Email: minamfsj@gmail.com 2 g 505,55



YY-£0 5o/ IFAR o /YA o)lasd [T) ala/ i 5 (6 )l sboo sl witiges oligios

(Lempériere et al., o,los Slg,i D s i
S )0 gy gl Job Jioli8l x8lg ;0 2011)
el (2l o lilan g 5y e anlpl col o5e
o S il sz Baw hbgn ) w ol S5 (o0
(Anderson & Tullis, a5 o jiulydl oz 5, o

2012)

Loasbes «slo ) S8 by ) yuw OMS 1 iy ) s g9
09 9 O 510 Ceom o e 080
Tz bl eslsn oS Glag ) (S5 bas ol
ool L oyl Lgsl oglds S asies calise s
saaliia V S5 55 4S5 o belan ol gy
9 SVl sl Silg s SIS A G 09D e

;‘ < ;\u_._,l_,

o

TypeD

(Kabiri-Samani & Javaheri, 2012) o gily S 5 5 pw iiSro glgil — Y S0
Fig. 1- Different types of piano key weirs (Kabiri-Samani & Javaheri, 2012)

Cd ‘rgo ug‘)_.a - l_e‘a—‘ ).,..:T_: a4 c(_g)Lf\S (_gl_bx.A“ )

as e

ﬁ))_wdj)ou‘)_?‘bl 3“
[
[

Niy

o i S A o oyl o

(Mehboudi et al., |,lSe2 5 g5 a0y
Jepy— ‘5.6&._&.3.[40)'1 Slsllas ) Lo 2016)
Ao palime JUI 0 A o5 glaiiyed ogla oIS
)'IL:o)'.i))_m)'l@JQ_l\ Sy Shos 4S5 o, 4z (pl
Ao VY S J.._Ia.._...doslyL.., S sl
s— 2 L= (Qertel, 2015) |5 ,q .ol YL
o, oo gooc g B _iulejl

(=S Sy aoeS Gl an A G IS el oS

Yf

(Kabiri-Samani & Javaheri,

2012) P P
P @yl oS Glog, e (20 oo e sl
SOV PO { N SNV [y BN SR PRRCIN [ P8
o ol (20 a1 fhe (Sdgiae g pwaie
e o=l Gl lakaly 5 ose) cws slaialal
als ashl Gl > 5l el slodgasxe yo oo
L (Anderson & Tullis, 2013) udss g gl



e BBy (23 g (2ol
(Esmaeilpour et al., )l S5 5 Juclo—ul
$lo, S il 3w Sloasin () » 4 2016)
(Saghari )| ,LSes g (5 £l 5 a3, (glo jmlopns
ol slaijed 3w o, 4 £t al, 2019)
Ol 5 (c0s ) WSSy a8 0 geilg 0 IS
o 30 Sy =0 oo (Karimi et al., 2018)
s JUIS 55 1y iy oS il it
3,— (Mehri et al.,, 2018b) -l Sen g 5, 5
L JLE 0, C o esln ol (Hle sladsggs
(Slallas ay azgi L aso S wyp a0 ¥ o
JUb 4 o il Gjgoan A s o9l 0

Ao oo Ll [ A ol laijed oeiln 0S5 e

et 5 HIP<e 1N D 08 o oy ialydl s o
39 Sl lp oy e B9 A e 6l (0
aolio JB erul N <SHP < +/f aS a5
Gl gl lalllas il slagy, s (53, Cau
o 5 el Sl 59, L] it (s
(Emiroglu ) LSen g oLl ol ol a8 § & jg 0
Olg—sany lo, S a2 5, let al, 2009)
S92 b e g ooliiwl (Sl
5 gy D335 bl ) s 3l g5
3, —= (Roushangar 2017) o) L —Seon
5 ANFIS § GEP sLa Joos 3l oolii ol Ly |, (glo, 555
(Mehri 2018a) )|, —San g (6 —te

et al.,

et al,
21 C s ply odS ol glaigd 5w

"‘A—.’QJSL.S-“"))'? 4_’?)0\\" 5\‘“’ Lngu»ng_'Jl_tlf

(Mehboudi et al., 2016) A i (5148593 (293l SIS 35y 51 2lod =Y JSC
Fig. 2- Type A trapezoidal piano key side weir (Mehboudi et al., 2016)

&l c—wlie glaJolas (0,91 c a6l
O Ol Qo oo 288 1185 50 )5 sl ) o

a5 0 )9 (bl ) (59— (=0 w2 —2)

D) eSS
d}r_sﬂ_sf_(%)(%xq)
=)

Yo

Bodgy g g
5l iy ol

S e g5 5l (il Sy 0 Gy
Aol ol ol g9,y Sliddos ol (00 a5 L
2ol Sl 5 gl sz g5 Sl ) Akl ol
Lo sslwoslo 5l ool Ly a8 canl ol 1y 5

(De-Marchi, 1934) >, oo a5 Sl53,



YY-£0 5o/ IFAR o /YA o)lasd [T) ala/ i 5 (6 )l sboo sl witiges oligios

S el g el S, =0 58, =0 Ly S, =0 ARy
Sy ol ilaie (5,8 Sy aS was e i s e =Sp s Lol JLSIS S e =S

#lgp oS Cl e oy S Jolee S JUI (6355 ol = Q fJLI ol <A 155 ]
Cpod ySlga S s o WS Clig e s oy o s Ak = g Lol
0 55l gl b g S e S ST o (miless a8 Gls bl G Y 5 1
b, Yo olo b e azg L ool SO g5l il 3130 cnl Jols a8 57 L
PV A, IS b an b an by (Sols 5y Job el (g)5iie 5 (el JUIS

u_éj)_:m \‘5’>)l_,okso :\_b)‘) ao M_b)‘) U_") "\_’T(FA g.,\_wéyl.: c.bLa.A o= uam 6))_" 9 ol_:55 ‘5)l_a.5

ko BB 2B BV g [ESY I, e e ™
2c, | E-W \y- E-W

ol ).JbT ‘QT IR

ol—azin Jb s S8 Dl ek oy Jobo =B 5 16 9 (om0 o= =CM ) 5w
- e Ol —akie b0 > (Sdgyu o e

A S og— e Sl aie gy g JLlS Cewsdn gl ) ol Ceges 4y a g Ly

Py (e g 3 59) s A gl |, (Abrishami ol sad eoliiwl adaly ol 5 5 ]

2,5 olo & Hosseini, 2017)

O(Sy.B.B,P.LL.y,y,V:.9.0.6,1p0Cs) =0 \p

i S =0 e ey = sSedis o o5
> re=Ca g =Bitp,— Job B ol JLI s =5
Sy et V7 pl @RS T (5,555 el Loty gLl P ol Sly b Jo b
n L) Vil am L) yy o280, , 1 o Lo gojls =y 43, S5 Jybo =Ly (Sobb Job
ol e aw leiea s ML 0 L) p g LT o Ol e =yo e, w e woVb o O 5 ac
S5 L 0l g ol w5 WY L) 5o JU o s S =V 6 s Cn
i s ol sl ite Ly Ui S Sy o 5 gl = 5 i G 5, ¥l

plplo web oo Jol> om0 Sz =t sl Sy b A gly =6,

\td



e Bl 52w (23 G0 g (BREL0ST w1

2 n a

C,=0,[—.
. 1(33'1 Py, V.

Gmlf.&g.l.oﬂ buxo

g SLs o bli> oaSdagh ;0 i

JULI S o Laiala;l plas g ol g5 50 (5,0 0]
Vo deban (bl e WS Sl
Sl ol ol oa i ol o o /F gl )|

50 oo S pl,T S sl aewaVU o ol o polsael

91 pye

)‘ ;.A_wbyl.: B ul_b)_'> 6)_.50)‘;\_:‘ 6‘)—’ “.,_MAQYL:
Sl om0 g a0, LS e 5y
oo ool wl oa 0 LS e et i 5y
u_:‘ 3O u_j 6.'4_,.«) J._dsj.: (_g)_ofo)‘A_" 6‘)—’ R
aals 5o Cawlus U mw by olBwo b Lialej]
3 Bios Gl jo el ool (g, Sejlasl £/ Y m
aSal a3 8 LSay Gla@iied A s oy Jow VP
\.\_$‘4_.3)§)|)J ) J)HY 5\ | PN 9o 40
Lol Cwls 5 adlos (udS Sl iz 5l g o
20 s o sl |y sail >l sla iole] Slasiv
63955 S 2lasd S35 (o s Ly 3o
)ogb_lbm‘_gs_w 99 )‘ u,wl_n)] o)H (_ng).’))_w
A S 5 il o5 ol JUIS ol cls
59959 J__.ols J.i.._»: ;L_) 6‘)16 99 > 959959
jé@f)ﬁagg)_j)‘JSZB_Z)fvag‘_{bJme‘
Cmbge P 3 e B S g o ol o>

Qe e i |, el

T Y v ;ﬂfﬁj
F'JiI’r‘ Yo v Ty Py W,

Yy

™

)

aa il ol 9 Gl sl JUIS Sy o

log i L aslio o comoy) slag s il il
ol Cunds Vs ol g oenl Sl g 5mls ]
G35 i 5l ol ata 8] &5 oay La JUIKS 4o
JUET TS
)Q GSB‘H )») >_>L]a_w ,M_w.s 69)_u ).ul._» 05_.»&;9
61_%:.&1_‘,51 4 ul;;l )‘I SV PR Y 6._,1_..;

(py;Vl) sodgn, sae lea Ly cemgy)

piiin o il ¥ 5l Ol 3ee oo a8 S a5 o
sae plea U e w oS 505 5l s aalys
; . S 4
(Erpicum et al., sgi o ,laild, o (W) =3
Ol—fixe >, 2013; Kazemi et al., 2016)
U Shenysleplo o aS e b S
e iiee i oSy 3L A o el il
)—b)éﬁd—”gr’duwu—*sfl—’w)é
Jols 0 dlal, ;S0 sla puiie yo Ll 5l 28,8

D9

2 oy SVl 35,8 S0 e o (S 500
ol 089 S 51 S oo ialosl slaJow 4o

R SewdVb o 1) (Sl Gl bl & a S
5 e L)



YY-£0 5o/ IFAR o /YA o)lasd [T) ala/ i 5 (6 )l sboo sl witiges oligios

Flow
. M———
w
™\ 1R
m%x/\
L /7 " wi
Wo Wo/2

Flow
—p..
Wo/2
Wi Wo
m

VLV,

w

V&l & 5y (05,8 Do - € UK

Fig. 4- Location of weir in case 1

VSl & o) (565,518 Bgpd -V USCS

Fig. 3- Location of weir in case 2

um
10m _ ,7/_ i
Sluice Gate L
g b 016
=0.6m
W=0.52m
A ! \—V-notch
- 6m 9} I ]
Piano Key Side Weir Regtangular Weir—
olSislojf byl o 51 o =0 JSL3
Fig. 5- Plan of the laboratory
ouwd 1y b i lo;l o Lo jlw Claswin —Y Joua
Table 1- Structures specifications and performed tests
. Jsb RLEW,  JUS i e DTSR b s .
=4 . . . 4 (5999 oals Sl < 9958 Sus
[N ¥ Foyw kel Py ) Cons¥l Froud
7" Length  Weir Width of Width of el LRt Sob D SO Number
Weir £ Wei Height Ch ! Ovpeni . Discharge
Type of Weir eig anne pening =9 oy
B (cm) P (cm) b (m) W (m) WilWo L/W Qi(L/s) Fr
PKSW 30 10,15,20 0.6 0.52 1.33-4 2.6-5.9 30-60 0.15-0.60
PKSW 50 10,15,20 0.6 0.52 1.33-4 2.6-5.9 30-60 0.15-0.60
PKSW 70 10,15,20 0.6 0.52 1.33-4 2.6-5.9 30-60 0.15-0.60
M_.»A‘od_wtrw)):(_g‘u)y)‘s:yl_ua_alsja))_w w’@m

oolaiwl  glae Lguub)_c L sl 3l glaiges
AP sla i o e ilw Ve anl 0 00l

Sl 00l ools yioled

YA

30 Gl oai o)Ll Y Jguz 0 a5 joblen

9 (P: Y+ NOY - cm) UBL.M :\._>L' dw (_9—"0'73 L)'_"

A “?,."'—33)‘3 (B: Yedde Ve Cm) A:le_ﬁ.uo ua)_c a__w



S 35y (20 G g (Aol gy 5

Bl 5 ol 0+ JUu b 3u, e iged ¥ JS3
ol )+
Fig. 7- Weir with 50 cm side wall length and
10 cm pier

Bl 9 el Vo JU U o, 0 Wige 1 IS5
ol 1e

Fig. 6- Weir with 30 cm side wall length and
10 cm pier

e

ol Ve Wl g po e Vo JUL L o) pu Biged —A JSS

Fig. 8- Weir with 70 cm side wall length and 10 cm pier

S > 1 5 VG < VA e /Y <HP < -/
AN<Co VY oy oo oyl [O<HIP < )
sloosls |57 jo o 8w P=VO AL 0 0w
LYV el 50 e slajialal 5l soasl cwsas
aS cosle 1y blawl ol fles oo @ Sl 4y ax g5
et Bl i (B) sy JUs e s 4z
s ol 5o g 9 e i 5 gm0
snlys (6 o e (30 ey Y <HIP < +/F
HIP> 10 i 51 48 i o5 a5 il
B 510 e oy 20lS Sae 320 LIS w05
YHIP <o 1% o 3 ol e il B il
HIP> 10 5l 5 VIYS L5 Y1) (s (6 ppmss atd o yd
sl B ST el e +[AA L VIY e Gy oo
Y <HIP < ¥ s o ol e il ¥

Y4

59 0ad eolaiwl am o sl ol )by glail A lie 4y
3l ooal Cmwsan slaosls 5l oslaiwl L Lo okl
Ll 0ol asBle py liize S0 sla bl wls
50 0o eals s basl Cewsas bl an azg b
a S s> wP=Veemasl gl 5y 4 IS
CM w)_.a u‘)_:.n ‘CA_JB:V*ijB:(Ncm
Sl 5l i (ol adaly 5l ooal Cwsas)
Vol 0w a S Gl jo oY <H/P < -/f
aS s 0 g VY <Cuy<)/ 0 0,5 |, 8 05>
N <Cy< VY e Jlade oy 1 +/O<H/P <)
)105_.@3 Y odl O yg—od 3y )0 S Sy o



Y¥-£o Lol

0= oy el S B jlaie , 51 e ilw P=VO 4L
boo S 55 65500 (23

FAA |l /YA 0,0 /Y /S 5 ()l G0l uoigeo oligios

L 187 e g Y &Il 5 Sse (o202
L5 VY ey G e HIP> <10 5 g el V/VY

3O 5= g 080 48 g blen ol i < /AY

2.5
®P=10cm @P=15cm @P=20cm
2.0
; o
15 o E, R
s o ¢sg g f
e | ... 3
10 o O Flfe...g Ereelgl
o e
t g 3
0.5
0.0
0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00
H/P

o ) Sl (655 51,8 8955 45 (5908 (23 i -8 S5O
Fig. 9- Discharge coefficient value for the weir in case 1

2L 0y coy—i STl oS o be 0,5

oae] Cwsds glaosols |5 o P=Y- cm &L o

Ju Brs Jsb azyp a8 o o5l (s e

P VF LNV s Gy oo a5 5,5 e ilo
aS Sles o ool Lo, ccdl g ccul lwg Jls
HP =Y o5 2> sB=Y.cm LB =0-cm
)LX_M U'_" d~_>‘5 A Sgd—> 9 IR 0 t) S

” 35 . <

e 5 (69— (0 oo WOl i (B) e
SLB=Yeem 31 .os o aly>

o Cn) S )9—se (25 5 /Y <HIP < /f

7

—

SRIRY

Ol 50 0gs aiaS el ;g g ol VYA LS VYA
ee JoB < /F 51 SYLLH/P days o 5l dSges

=S

s Sy ] 50 4 —
JSi) el Y el 5l S Y el 0 Cy ot

Hlaie a5 ad Saie ool 3o 1) ATl sl 00gu

O LY el &ygoan 5w asS s 0 Cy oo
2.5
®P=10cm @P=15cm @P=20cm
o
2.0
e
3 " | g4
R R o
1.0 . ............. ] . ....... ' ............... .
0.5
0.0
0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00
H/P

oy ¥ b 5150950 13 G ygee (25 s -0 S
Fig. 10- Discharge coefficient value for the weir in case 2

Y.



e Bl 52w (23 G0 g (BREL0ST w1

Pl =S (Sl e 50 Cw) e (0
Gy 4 S Sl < /AY L VIVY s (glaii34d
bt gl 0dS Ll s 0 ol il
S I 5l < IAD L5 VD s sy o
)o (CM) 6)9_..{: Lrn) w)_.o u.\_..ul.a H/P> */[3
LVYE e slaaiygd ogilon oS ols 5,
Sl oy 50 ol Al Cas jo a5 el < /AY
LS?.;L?}.{))_M:)O (CM) G5 (=2 w)_.a s
@5l 9dS il Gy ol aldie cod o
15 VYA LS VIVY s gy ool e
S b S SLHP > b a5 S~
gl 5 (> 5y 0 (Cw) 55—
S Lo /AY L VYV o

a4 ) 6“‘ 8;)‘55

S il 5y o Qi Al Ca i o

SadeosLB=Y-cm ,_SIP=Y-cma_L o
5 A0S o s [AY VP polie lea us Oy
B=Y-cm ¢B=0-cmas > oy ool oglss
B=b-cm¢4B=Y-cma 5 > o S35
NY c—wlB=b-cma_5 > o Cy co,—0
byl s Lo bl i gy (my 2
wlin (Kb
Ol 4l g (3odod (l Cono b 6l
39 ol o0 Al aline Wyl i U bl s
3 slatized gl oS e 5 St Jolaie
) S T S S Lo ol ol s VY s
8 el o Gadon al Glag w45 wes
00, S S Y <HP < /f _Sloaslas 8
oo bl e ¥l e | Je b aS S

2.0
L]
15 X e ®
M ..,ﬁ )
9:%2... %0
...,
2 10 ® of% CLoR.. °
O Say PR X ®
® o0 o o8 o b, o000
% ¢ '0 [}
0.5
0.0
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
H/P
®L=2(Karimi et al,2017) @ L=3.4(Karimi et al,2017) ® L=2(Present Study) ® L=3.4(Present Study)

(shlaimo 52550 U (5145595 32y pur ) Sl (6505 51,8 B2 43 (65908 (23 iy Amugllio -V ) JSUS
Fig. 11- Comparison between the coefficients values for case 1 of trapezoidal and rectangular weirs

¥



YY-£0 5o/ IFAR o /YA o)lasd [T) ala/ i 5 (6 )l sboo sl witiges oligios

ol ol e ie L VT ol Jeb lls
dlS” lm oy ;0 CW) S H9—e (20 o0
30 Sl VYA LSVIVY o o 8 ] i s
Gy (o= oy W SLHP > < /0 a5 Il >
O laiigd seiln oS Sl 5w ;0 (Cu)
I QT Ol _de Cad o a5 cl H/YY LS VN
coymo ol el gl 0 IS Sl n
y9—=E 50 Sladized gela oS 5w aS a0

e 4 Cons g 0 Nes Sl Gl o oo

ol i o |y Lagtalejl b A Y JSi

B Y cdl jo Gadod ol Gy ) 45 wes o
0, K S Y <HP < -/f Sl Sla_3 8
ol e ¥l e S ek 45 S

e G 5 a5 cal <8 L VAY s (glaiised

PR SO IR Y V- R VLV
ﬁ))_“” B (CM) Sy9—< ‘rgo w)_@ u.\_ml.: H/P>’/a
Js

el oy 50 ol aliie Cud j0 a5 cl

Sle ddatie oy, waS el Sl gl o A lis ol
2.0
e®
15 ’ °
& %-.... %
= ° o e 0 ...... *e
1.0 e O Y U, o0 (]
o <®. 0is.7 &
o V% & '.-.8..?..9 ..... “3_ 0 ®®
‘o.c.‘..
0.5
0.0
0.0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 1.0
H/P
o =2(Karimietal 2017) ®L=3.4(Karimietal,2017) ®L=2(Present Study) ®L=3.4(Present Study)

csins 52y s b (5183593 52 ¥ Sl (65551,8 3920 3 (55908 (o136 VY UK
Fig. 12- Comparison between the coefficients values for case 2 of trapezoidal and rectangular weirs

PHP o o e b i azg Lams o gl
Sy ;0 0asl e woa 1y Cy Jais oy,

a0 VY agly ol slaiiygd oels ods sl

ol eoal wsay bl e s aslis
GL.».A u»Lw‘ = u))j o)L,;”J Ui 4 u‘ysc as . }M 5

Lo pe gl ol (@) oy e dsly ol el )by

VO Jlaie g eS 10 g VYl fe cp i (0

Yy

k5 lo S5 il e Alie Ay o]



e Bl 52w (23 G0 g (BREL0ST w1

Slo XS gy i ;o polie p ol a S S0 o
Ol sl IV g [P S e (gladies
2 agly )0 G (8 e oo
VE S o —als o algs )l SV

o= a0 agly 0 60— 0 o

QS"’L} Lglb).s))_w B ).:OLM u—-l‘ 45(5’)9_40 3O !
S Sl IFY g < /ON 5 e glaied glo, S

VIV eyl ogln o dS glog ) v couiay

=By il aples o yiiin 0 jee oyl
e S Glop, w0 a SLHP< LY

P iy A >0 F A ly gl gla G559

V- Y SG NIV IR A VA Y K PR SN ST L § G KW
0.80
[ J
0.70 ®
~
0.60 Sa !"
0.50 O fae g, ®
' ° &g e Bad. el ..

8 0.40 8 “a

0.30

0.20

0.10

0.00 T T T T T )

0.00 0.10 0.20 0.30 0.40 0.50 0.60
H/P
® Peresent Study Crookston(2013-a=12°-LTW)  ®Omer Bilhein(2016-0=12°-LTW)
a3 VY Qgly wlw! 31 (65908 (25 o o danny o — VY JSUS
Fig. 13- Comparison between the discharge coefficients based on 12 degrees angle
1.00
Peresent Study ~ ® Crookston(2013-2013-0=6°-LTW)

0.80

0.60
© 3 ~
© ‘Q.. TS

0.40 N S -

.-’ = -
~'-....'..’~ -~
0.20 @500 s~ _5
0.00 T T T T T )
0.00 0.20 0.40 0.60 0.80 1.00 1.20
H/P

a3 T &gl wlwl g (6y988 (95 b Ao -V E SIS
Fig. 14- Comparison between the discharge coefficients based on 6 degrees angle

vy




YY-£0 5o/ IFAR o /YA o)lasd [T) ala/ i 5 (6 )l sboo sl witiges oligios

ﬁ))_w‘s‘{‘)QH/P>‘/a)dd_§‘5?)9_¢a)o
ol 4 jeblan acul 00,5 Ty rals il>
2 0 slasizegd oela adS 5w cawl oad oslo

Q

sy 0 e gl 0 IS L

3 Soge (om0 S e dlie N0 S

5 el el g sladiied ool adS 5
olis |y (o gl 85598 ool oIS 5w
WDgb e 030 JS b o aS 5 bles aas s

Cd o y—o Jlad0 + /Y <H/P < +/f ., L

BTN o Sl VLSRN YN )—.")-.’ VA gs"’u Ry
2.50
2.00 Y
[ ® 0o
1.50  ~ ) ‘
. () ;
- o Sxada, e °
© .a. {. R ®...9 ® L
1.00 ® o0 S~
0.50
0.00
0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90
H/P
Peresent Study ©® Mehboudi(2016-TPKW-L/W=6.54)
©® Mehboudi(2016-TPKW-L/W=4.91) ©® Mehboudi(2016-TPKW-L/W=4.59)
Mehboudi(2016-TPKW-L/W=2.98) Cicero(2013-PKW)

Ggliio LW (wilw! p3 (65908 (25 ot 3o dmglio — V0SSO
Fig. 15- Comparison between the discharge coefficients based on different L/W ratio

SO R A L

kS Gl ) 3 ey 2l o A5l
S 0 S o ol |y laied il o9l
S VI VL Vi W IV CU S WIS RIS S gy
i S el s ol B S s g A

Jol sl—as5 ,—1 ol;

54

1‘ )‘\))5 ‘L;.Q L..

9 < >y s =N }‘ )—"L>
| oA_.oi e dd " w‘)_»o o 0‘9_’(7"

- ‘O O‘,

Yf

Cd e (=5 co 2 (e Ao N7 IS

Bz e 5 Slo XS (i (Sl ) e
S i bilan el gl s iyl a S
HIP slacaus solos )0 i o 000 jlogad 1o
@l =5 = 5y Cd b lode

)_:‘).: \/0 <3y, £ 30 5¢6|0J U

& S



e Bl 3y (23 G S (A LST oy

3.00

s
2.50

2.00 i
38 150 ' ‘l . 1 : ®
0‘“ 4‘ 'aﬁao OIS Bl '84 > . ‘

1.00

0.50

0.00

000 010 020 030 040 050 060 070 08 090  1.00
H/P

®Peresent Study @ Aydin(2013-L/B=1-L=0.5,4=60°) Aydin(2013-L/B=1-L=0.5,a=45°)

ko (610,55 25y 9 (ko g (614195 (293l WS 22y pw Gy9E (2O e P Aunglio VP S
Fig. 16- Comparison between the discharge coefficients of the labyrinth triangular side weir
and side trapezoidal piano key weir

S5 5 el ey Sl e s 3l 1) Q = 24 /28CALHYS A la jlou 4l
HIP > 10 5l 5 e tls sl S0 S Ly (o8 ) daly 51 ot 5 (Sl oy sVl o

Sl i g Sl o cal o e S sas e i | i ) )0 ()l adolaw)

S| u‘g‘)s R )...A‘)l_a > g N Cwdd )‘Qj_od d,«.'a

0.4
0.3
£
= 0.2
L
0.1
0.0
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4
E1(m)

oy 49l g adsl (65 511V &
Fig. 17- Primary and secondary energies of the weir

Yo



YY-£0 5o/ IFAR o /YA o)lasd [T) ala/ i 5 (6 )l sboo sl witiges oligios

25
2.0 o‘
L)
o eV g0 o o o °
¥ore ¢
15 ) ‘ PY
s ¢ o
(@]
1.0
05
0.0
0.0 05 10 15 2.0 25 3.0 35 40
cd

Cm 9Ca (20 ol s - VA Ji
Fig. 18- Discharge coefficients of Ca and Cm

D9 indm (2l A oy (] 40 B0 s
aS bl d )0 e L N0 AL L e &S Sl
e e B L e R .
> =2 Ol (it glils /Y <HIP < /¥
HIP > -1 oyt G 5 3 Gl C=Y)) (6 y5is
> =2 Sl e il Y AL L 5y
S5 (=0 Ol (e L Cu=IVA (5590
30 9 Sl Bolo 30 ¥V ol o polie ol .cl
15 ol 5o 5 V0 AL gl 5y 45 U
e ity Sy o IY <HIP < /¥ aay s s
HIP> 10 dxy s G o 3 ool Cu=YIY (g j5ie
o bl el Ve dnl Lo e
G252 = Ol it Sl Cu=VIFY (5550

S 5 A
Sl el s alg o slaied o9l oS
loy S5 slog ) 4 S (lin 3 Sl
aS oloa_slae oo sl a il e g glaisyed
oyt Al jo (el A8 5 O g0 Fdd pl yo
sladised @gile wlS (o )i il 6yee (0
£ Glo, NS gaz>,0 VY lo, S Ll —w Lo
S 3l s VAV VY e ey (slaiijed azr o
50T i 0l VO il (o, K5 ol
B (o0 jgeE S9>

Sl 93 ;2 )0 laiyed silay wlS )

s ) 0 i e o9l 0 IS Lt e

0

Abrishami, J., & Hosseini, M. (2017). Hydraulic Open Canals. Mashhad University Press, 19

Ed. (in Persian)

Anderson, R., & Tullis, B. (2012). Piano key weir: Reservoir versus channel application. Journal

of Irrigation and Drainage Engineering, 138(8): pp. 773-776.

Anderson, R. M., & Tullis, B. P. (2013).

Piano key weir hydraulics and

labyrinth  weir

comparison. Journal of Irrigation and Drainage Engineering, 139(3): pp. 246-253.



e Bl 52w (23 G0 g (BREL0ST w1

Askari, R., & Vatankhah-Mohammadabadi, A. (2018). Theoretical and laboratory study of lateral
trapezoid lateral overflow in underwater conditions. lIranian Journal of Soil and Water
Research, 50(5): pp. 1169-1181. (in Persian)

De-Marchi, G. (1934). Saggio di teoria di funzionamente delgi stramazzi laterali. Energia
Elettrica, 11(11): pp. 849-860. (in Italian)

Emiroglu, M. E., Kaya, N., & Agaccioglu, H. (2009). Discharge capacity of labyrinth side weir
located on a straight channel. Journal of Irrigation and Drainage Engineering, 136(1): pp.
37-46

Erpicum, S., Silvestri, A., Dewals, B., Archambeau, P., Pirotton, M., Colombié¢, M., &
Faramond, L. (2013). Escouloubre piano key weir: Prototype versus scale models.
International Workshop on Labyrinth and Piano Key Weirs II-PKW, Nov. 20-22, Paris,
France. CRC Press.

Esmaeilpour, L., Farsadizadeh, D., & Hosseinzadeh-Dalir, A. (2016). Investigation of hydraulic
characteristics of one-side semi-circular labyrinth side weir. Journal of Water and Soil
Science, 26(1.1): pp. 187-195. (in Persian)

Gandoshmin, A., & Norouzi, B. (2014). 3D hydrodynamics of curved piano key overflows on
plan. Journal of Hydraulic, 9(3): pp. 61-79. (in Persian)

Kabiri-Samani, A. R., & Javaheri, A. (2012). Discharge coefficient for free and submerged flow
over the piano key weirs. Journal of Hydraulic Research, 50(1): pp. 114-120.

Karimi, M., Attari, J., Saneie, M., & Jalili-Ghazizadeh, M. R. (2018). Side weir flow
characteristics: Comparison of piano key, labyrinth, and linear types. Journal of Hydrology
Engineering, 144(12): pp. 1-13.

Kazemi, J.,, Sanei, M., & Azhdari-Moghadam, M. (2016). Scale effect of the water surface
profile on ogee weir with curvature in plan and training walls. Journal of Applied Research
of Irrigation and Drainage Structures Engineering. 17(66): pp. 119-136. (in Persian)

Lempériére, F., Vigny, J. P., & Ouamane, A. (2011). General comments on labyrinths and piano
key weirs: The past and present. International Workshop on Labyrinth and Piano Key Weirs
I-PKW, Feb. 9-11, Liege, Belgium. CRC Press.

Mehboudi, A., Attari, J., & Hosseini, S. A. (2016). Experimental study of discharge coefficient
for trapezoidal piano key weirs. Journal of Flow Measurement and Instrumentation, 50, pp.
65-72.

Mehri, Y., Soltani, J., Saneie, M., & Rostami, M. (2018a). Discharge coefficient of a c-type
piano key side weir at 30° and 120° sections of a curved canal. Journal of Civil Engineering,
4(7): pp. 1702-1713.

Mehri, Y., Soltani, J., Saneie, M., & Rostami, M. (2018b). Discharge Coefficient of type-c piano
key side weir in 30-degree sector of a channel having longitudinal curvature. Journal of
Agricultural Mechanization and Systems Research, 19(70): pp. 133-148. (in Persian)

Oertel, M. (2015). Discharge coefficients of piano key weirs from experimental and numerical
models. 36" IAHR World Congress, Jun. 28-Jul. 3. The Hague. The Netherlands.

Yy



YY-£0 5o/ IFAR o /YA o)lasd [T) ala/ i 5 (6 )l sboo sl witiges oligios

Roushangar, K., Alami, M. T., Majedi-Asl, M., & Shiri, J. (2017). Modeling discharge
coefficient of normal and inverted orientation labyrinth weirs using machine learning
techniques. ISH Journal of Hydraulic Engineering, 23(3): pp. 1-10.

Saghari, A., Sanei, M., & Hosseini, Kh. (2019). Experimental Study of one and two-cycle
trapezoidal piano key side weirs in a curve channel. Water Science & Technology Water
Supply, 19, do0i:10.2166/ws.2019.029.

YA



Irrigation and Drainage Structures Engineering Research/Vol.21/No.78/ Spring 2020/P: 23-40

AERI

Laboratory Investigation on Discharge Coefficient of Trapezoidal
Piano Key Side Weirs

M. S. Seyedjavad®, S. T. Omid-Naeini and M. Sanei

* Corresponding Author: Ph. D. Student, Faculty of Civil Engineering, University of Tehran, Tehran,
Iran. Email: minamfsj@gmail.com.
Received: 12 October 2018, Accepted: 7 May 2019

Extended Abstract

Introduction

A side weir is one of a variety of water diversion structures. The flow passing through a side weir is a variable
flow with a decreasing flow rate. Labyrinth weir is the basis for piano key weirs. They are often constructed
with vertical walls and are much more efficient than the linear weirs. Nevertheless, the flow, especially the
bottom flow, enters this type of weirs and passes through two vertical walls of the side crests. Then it becomes
squeezed and therefore the upstream and downstream crests come up with inappropriate hydraulic behavior.
Also, the most outstanding disadvantage of this type of weirs is the large foundation area needed for
constructing them on the concrete dams. The piano key weirs are a modern type of the nonlinear weirs which
have been developed by Hydro coop Institute of France and the Hydraulic and Environmental laboratory of
the Biskara University of Algeria. In general, these weirs comprise 4 different types that the difference
between them lies in the presence or the absence of slope in them. Type A is sloped both upstream and
downstream, Type B is sloped upstream, Type C is sloped downstream and Type D lacks any slope. The
present study investigates the effective geometrical parameters on the hydraulic performance and discharge
coefficient (CM) of the trapezoidal piano key side weir (TPKSW). The type of flow and its variations in a
side weir, which can be considered as the C_M of the side weir by use of the simplifications and assumptions
made by De-Marchi in 1934 to obtain suitable equivalents for side weirs.

Methodology

All tests have been conducted in a closed-loop rectangular Plexiglas flume in Soil Conservation and
Watershed Management Research Institute (SCWMRI), Tehran, Iran. The study canal is10m long, 0.6m wide
and 0.6m high. All tests have been carried out on the 0.6m wide canal. To prevent flow turbulence upstream
of the canal, tranquilizing racks were used at the upstream. A calibrated triangular weir was also applied to
measure the flow at upstream. Also, a calibrated rectangular sharp-crested weir was used downstream. The
water surface profiles were measured longitudinally. For this purpose, a digital depth profiler with 0.1 mm
precision was used. The profiler accuracy is valid for a nearly stable water surface but may decrease in highly
turbulent flows. An electromagnetic velocity meter with 0.001 m/s precision was used for velocity
components to obtain parallel (Vx) and perpendicular (VY)to the side weir. The profiler and the velocity

meter could move on a rail in both X and Y directions. Flow rates at the main and the collection canal were
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measured by a calibrated 90° V-notched and a rectangular weir, respectively. Figure 6 shows a general
view of the laboratory. In this research, 16 models of Type-A trapezoidal weirs have been studied in
two cases of 1 and 2. The weirs had 3mm thickness made of Plexiglas. The tests were carried out
preventing the effects of viscosity and surface tension over the weir and considering the height of more
than 3 cm.

Results and Discussion

In this research, for investigating the effect of a number of inlet cycles, the weirs were tested at two
different directions of the side weirs located in the main canal. The results show that the weirs with
15cm and 20cm have the highest discharge coefficient CM in dimensionless ratios of 0.2> H/P> 0.4 and
H/P>0.5 respectively. Having reviewed previous studies, it could be concluded that the trapezoidal piano
key side weir is capable of releasing a flow 1.2 times more than that of the linear trapezoidal labyrinth
weir with 12 degrees angle and 1.87 times more than the one with 6 degrees angle, and 1.5 times more
than that of the triangular labyrinth weir.

Conclusions

The result of the present study has shown that trapezoidal piano key weir can perform well on the side
of trapezoidal and triangular labyrinth weir. In the comparisons made in this study, in comparison with
the discharge coefficient of the side weir overflow, the trapezoidal piano key with the lateral overflow
of the 12-degree Congress and the 6-degree trapezoidal labyrinth is equal to 1.2 and 1.87, respectively,
and 1.5 times the lateral overflow of the triangular labyrinth weir. Although, the trapezoidal piano key
weir in both lateral and direct modes is 1.55 times higher than the rectangular overflow of the direct
piano key of the discharge coefficient. The trapezoidal piano key side weir in the dimensionless ratio of
0.4> H / P> 0.2 has the highest discharge coefficient flow.

Keywords: Discharge, flow, water diversion structure
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