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Abstract
Background and Objectives

Spillway as a hydraulic structure is used to controlled release of water from a dam or levee
downstream. One of the types of spillway used in dams is vertical shaft spillway or the same as
Morning Glory spillway. One of the methods to increase the flow rate and reduce the occurrence of
vortex currents in the spillway is to modify the inlet shape of the spillways. In recent years,
spillways with Daisy, Piano key and Zigzag inlets have been proposed known as spiral spillways. A
review of the results of previous research shows that the common goal in the study of vertical shaft
spillways is to pass the flood flows with the highest possible discharge and the lowest water level
and reducing the destructive effects of vortex currents. In previous researches, issues such as the
effect of the inlet type of vertical shaft spillway and geometric parameters of the structure on the
discharge coefficient and conditions of vortex occurrence and hydraulic of vertical shaft spillway
flows have been studied. In this research new shapes of vertical shaft inlet in form of Bow-tied and
Spindle spillways were introduced and discharge coefficient of these spillways was investigated
using a series of experiments and the results compared with common shapes of vertical shaft inlet in
form of the Daisy, Morning Glory, Square, Hexagonal and Octagonal spillways.

Methodology

In this research, the effect of different input shapes on the flow hydraulics of vertical shaft spillway
was studied under the free surface flow. For this propose, models of Bow tie spillway with middle
and without arches, Spindle, Daisy, Hexagonal, Octagonal and Square with the same total length
were used and discharge coefficient of the models were calculated and the results were compared
with a Morning Glory spillway. The experiments of this research were performed in a metal cube
tank with 1.5 m length, 1 m height and 1 m width with transparent Plexiglas side walls in the
hydraulic laboratory of Department of Water Engineering at Zanjan University. In this research, by
preparing eight models of the studied spillways with a total length of 60 cm and considering the
hydraulic conditions (H/D), 63 experiments were run to investigate the effect of the geometric
shape of the spillway on the discharge coefficient.

Findings

The results showed that the Bow-tie without middle arch model cause to uniform the flow regime
and has a significant effect on reducing water head and increase the discharge through the shaft, so
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that Bow-tie without arch model has a higher discharge coefficient than other models. It has better
hydraulic performance (10%) compared to Morning Glory spillway and also has lower geometric
area (30%). Comparison of the Spindle, Daisy, Square, Hexagonal and Octagonal models with the
Morning Glory spillway shows that in low and high discharge, the Daisy and square models have
better performance, respectively (3and 5%, respectively). Also, the Bow-tie with middle arch model
did not have a significant effect on the discharge coefficient and its hydraulic performance
decreased in compared to the Morning Glory spillway (-2%), which could be due to low internal
surface and interference of downstream flows.

Conclusion

Comparison of the hydraulic performance of Bow-tie and Spindle models with the other shapes
shows that the model of Bow-tie without arch has the highest hydraulic performance and lower
geometric area. In the construction of reservoir dams, especially earthen dams, the major part of the
executive cost is related to the implementation of concrete structures of emergency spillway. In this
situation, by choosing models with optimal geometry, a suitable hydraulic performance can be also
achieved.

Keywords: Bow-Tie spillway, Daisy, Discharge coefficient, Morning Glory, Vertical shaft



Nls VY Jlo /A0 ) (gl ¥ oled YF il /Ky yaamg ST iils 4y

Y
(HWS)

s g 3 Jlio
Aiso (59959 SBISE b B jgu0 G 3w 30 b 32 (S g b Sl g axdliane

i‘_sﬂfl S gt crgswlg; S gRud ‘*V@&@n gb} c‘@lb | oo
VEOY/ WYY s ] VEN/P AT 8l s &

Ol o8l (g5, 5LiS 0l ¢ ol (slae sl Al Ll )8 Joamedll gl -
Ol 3 oS5 (65,5LaS 0 dSLiils (ol pdige 05, Leiils =Y

Oloni 3 ol K315 ((53,55LaS 0aSils (o pwdige 03,8 SLisls Y

o5 oL (53,5158 oSl (o g 055 (ol (slaesle (5 85 -t
ghmahtabi@gmail.com : 5 xSl gy (LG J shns

ouaisa

oot sl 59 Olioa Silgoua s Gl gugss sladSa 56 AKELT walllhs 4 38a3 (pl Lo
rlocudna (alogud (S5l (Sou Gl G 5 Sl LS b Panly sladwaia hie (pus ol Gl 26
Lasassm £33 Crl 08 Olisa (29 cuoed @bl Gl sugans 5 5 saliiad o)se sl saosm K Job b 2y
o Plie GLS o (Punl Jae S uls Glis @l ad wwlie 653500 Suse S L Jeola il 5 wlas
oaula 1y Sao 3 sosse (9 GB35 OT wa (EaS o ol 4 SBB g sad pes Olioa mi3s 0a S oAl
sSlae ol 58 (sl Suose b diwlie 5o g o ladae b 4 ol (YL (oo s s Sk
(SS9 sladae wwlie ail oo (1ass YY) AS pwdia calie ol e 5 (aesn V) Sl Silsoue
sla oo 0 5 (S Jae 1S gla oo Ho oS uls Glas 5850 Jue b alocita 5 alis il (o se (S K
@2 s s (ol QLS b (Sanl Jae rines (e 0 0 5 Y S 3 ) Wl s o Slee oas 50 Jue Sid
O ale oS (wajs —Y) @8l (alS 58500 Susm 4 cuws o (Silgoma o Slae 5 el cguuns 531 Glisa
b 0, slagloa JAIS 5 oS Al mla 055 g

6‘).5\9.‘:\:\:§):\.‘§‘wdﬁp‘éum‘@\m‘#‘k)ﬂ:‘s%ls6“03‘5


mailto:ghmahtabi@gmail.com

VoY Jlo /Y olos ¥ als / Sgysud g Ol Gils & s

Sl 5 b ¥

Saloodad s Sely S s JSgore b
Llad 51 5 agign @3B 500 0550 5 e Olisa
G155 a9 8053 e 4 ysie sl gulaiil
g3aaio SlEaas & 86 (Vo VY Gaaladl) wisls g 51aS
Sliogad 5 Of o A0, endoh el Lo
gl o8 (@9 e deaa 51 (Sdloua Ol
09 S ol WL oo alas b L) e
S e skl LagT B A s 4 <l

S8 Jae gt (Y01 1) GlKea 5 5580
S (S50 oo g5 dwaia Hudd 580 )
—otalesT aladl b LT aiials 5y (558 5k Doy e ldS
da 5 oy i ple L plad s e 555 Al sla
Sels Saoom g 098 (o Sin S ab,e
o g Ssdiee oo RS oy Gl
ad ols g st 26 alls S oo s (il
S Ol sl S5 suon © (Y010) sosas
L JSa S gugns b 36 Haae slad s o
o Jold lagile)]l cals,y ciline sladwaia
YAA 51 Gl 5 9 LLad @alS 5 s, @) a3
i (S5 o,y @l Gk ok aladl Gl
Olesaa 1) (SYsh 20 5o S g (S0l S a8
S Oboa @oSUCE 9 5al sl 5 S
ad GBS sae ¥ Lasyy ulaad o Sdiags 5 9 s oo
S 05505 086 (Y1) Sl s uS 5 poane
o0 @B Haae Suose wlds cudph s 1, S
09 b alanl b (Sl 5y s oS il 50 5 o ga
S0 S asdipe Bel (@S Glss oSS
qSJ‘JOLi\;LQ;“.@\m.MJfG‘Q‘BJJJJSJ-A-C“—.“):‘HJ
S YIVO L sl ol Sl 4 Sy Jsb e 5o
Cpoidis S Jolae il Hhad 4 5 gl s
wlee o 4 alyl alla Ho glsa oo cus
30 e e 6 90 5 Sk glasy slaxs Gl

S sosse (o9 e Gl 5o gldaadle Ll

Sl glassla 5l g lbual lass; uw
55T oo a8 O G Guls Bla g, G oaw 05
Jlaial € a8lge 5o abye o WlAS (gl sidw
3k ceal B sls wsa w g6 s o Sao
Fl1 5 (S TV oloa 5 STg) el Sl
9o slads, e daa Lo saliil o) 50 (slad
slaaw 5o ol Y L (g 550 (s, S L 31
b b 50Sle S 88 (nl e el
9 OalsS) gl o Al s By S ol G g s
(Y“ <8 O‘JlS.A.A
L sl s I8 S 5l JSate (55850 (sl e
Blas) B welyl Hu S el K& (55 gl Glag
sladsw oo oboa Slgyua wa S Juals
Slideas 5 lhs, Wyl das dw o (g8l
Sl oS il b slagbion @l wsdioe suuands
(gb gl R 5 B s, ol glis,l Ho Ho/R<0.4)
Sodien JOES 3asm g6 Gk 3 gose of Oloa
Ol b wles o Jae 5T cope 4 M cas
alla 4 alyl el 5 T o Slae (Ho/R>0.4) ST glas )|
g, Sidis GRlBdl b cules Hu s @l cose
c‘au.u ‘ss C.\L.lLa.ujl &L&\}i‘)‘).a.u 4;;\-6_.! JJS.LAL B (\‘\/\V
3o a3l ululy 5 9l WOl e las (T
g5 Ol Selsows colae 51 (S5 adil e g ol
IS el ol S slagbsa JSas dad s
L JRS 5 s ol @il Gl slagss,
Ol sl sad) sladle Lo adbi e Sussa a8
9 ol (SHE Gasss b dooe skl



gt gl )3 (b (Sgdee Sluogad ddllls

oo @ (YoV4) osolesS 5 Plola S
Ll ol jo il gloa Silyoua sla S5
oo obel b LT sl IS8 cu SHke g8
Ja Sl s m oo ol w sladiw
b 2L i s o (59500 S wu S saalie
ehie XSl b (VoY) oblKes 5 (Dl il
G909 S Bols plas alAY bl S L85l
Soda L Glioa @A cuss S alAVY plais
OB 3 S35 Sl gy 383 e LISl wm 5u Y
OlSes 5 eomal WS HE QeSS kA
1 obioa Ohase (gaae il ae 5l soliinl L (Y- TY)
2l a5 L Al gae (sla s s BlbI 5o
S saliil o ol plas mlB waga olwdae 1)
Sod8 ualS s ooSadn HS6 HB Haae Sy
ol Gl (9 s (Il (ol S e

e OLES Gadiy olBEas mlB 5 o0
@B Houe lay s dllbe jo Syide Bua S
9 OSee (@29 e b o slaghos alas
GhS Oloa Sl LS 5 OF maw 315 e ieS
O Gselon guanie olallas SE 5 adl e
08 OlasSy osll Gl ol 48 S aladl Lag s se
B8 5 Slegage 4 Gialay olidas ool i
slasiololy 5 @B Haae Suose o0y g LSE
£.580 bl (o (29 e 50 SOl (puia
Gada3 ool Lo adbie oloa Sgoaa 5 Ol S
P8 Hoae e sasos Glas Sl (Ssline JIKa)
(S99 OLS o 5 Pl OLS b (Sl S8 Jols
BSHRI8 pase 5 rldouia (Lo i (S 5K
clus s dagiled] o S alasl Lo sad
o8 S aallles Ly, g5 ool oo Ol
LIS cal Hssw dwdia Ko 530 Lagiabe)]
B 5 WS s (29 e s o2 o) e
G dsk bosola 6585l Sussm 4 cnnd Jeals
9 S delie (LS,

L(Y\Y) Aad o 15158l ool @3B 5 gae 055
OV las (s dalllas 4 sl0los 1 o) (Sae
L e g5 Llea -aiidlsy a3l oloa bbb cas
Lo o a5 s Glea (B g0 6 sk
oo Ahae asa 5 oss sl IS Ll
Ll 6wl Gl38l b oS uls plas mls ws S
Ofiaed wilbiee ORI Olsa Al (oo s
Oial8) 4 sate oS ST slasl s JSew slaas (il
@l ok oo wsde Oloa QS Cass Ol
o alass b glads o (oS8 Ol S cunsla ol
il oo a8 BB S
O dwsia L3l (V1Y) GlLles 5 K5,
Oo o b bty 5o (SIS0 5658508 a0 e (59550
P P S S VR SRR R N e
bl 5 gl 5 (20 (o85LS S 5l saldil
29 s Giul ) e SIS alla 5 suldil ¢ g
0o sl &I ol 3 4 il & o
2 e oo D) soliil (hiaas owal 5535
@ o (S8 Ola S slaas Sl ssliinl g5 byl s
ofal¥) el dalyid Grea 5o Gl Sas e
5 (YV) OlSar 5 i) wodipe (9
00 1 SIS slasialyly L3 (YAVY) GLKaa 5 oyl
LS uls gl T bl 5 Ba,S (puson W) e
i b on Ol (o0 o s S laas (il )
AEabesT Jus malu b (Y1V) pllu S
2 ool W gugss wedia 580 58S S5 e
S0 (29 s s Bl GlLl s 1) sassw gl
by WS Gusss @l Gl 5 wols 53 HL5)
Sosie (23 e Ol 5 Sl S L8 (hals o),
5 sleond Bosad (Brre calie (5585L0 (slad e
30 O3S SIS S Lol b (YY) lolKes
oo JS Huss b il Hlehl (glads s (o0 4alas
SLas anidie BB 5 oo 3 e 4 glol 3

S ge SRS G areuli 9IS lad g sud iy



VEY Jlo /¥ oled TF s / S o sl 0 e g o 5
o oae dalsy Lo ddasl a8 dnlie b
- - “ . “ La s ol
Ol Q=CaLHY?) b 5o S bylpd cas 0930 9 4
@alayl Jadas

Ll aadlas us5e LA ssw s (o0 s dal,
rendiss | ddsly o e
Cq = f5 (5, Shape) [
(Shape)  cewaia <& A 4agd b 348a5 pl o
Loy el N il (S b b ) e AliA
Shaxs (HD) glisa (Silsoaes bulyd (385 5l 50
Seor ewid JSB 3 s ooliie 4 Glale)T Y
oo daulae Hliie il aladl oo u s 550 2
eal Sasse daly ) plnledl 5a e (o9 s
ad eoliinl (Q=CaLHY?) b6 oSS Lylys
(YN OhlKen 5 s 80)

AEdle 3T Lol o
szl o bagibedl  38a3 ol Lo
S o olad)y s als O psige 55,5 Salgoma
o Ol @olS glasslsn b5l a5
Vooese g gl GieV/e Yok o Slad (uK oSk
© ) oo e S 5l ol () JSa) w alasl e
e ol Grae aols SlashS VY ey K alieus
Al 5 all Gl O3 4 ol sasuy sids Lo
b sl s Satie sladaion 3 olsa GuS
Bt S iy © o030 0 995 O S oT Obsa
Sl /Y 2B b paaa HES S b 5 s 9 palas
05 oloa wlas 5 wa S soSelil 4l
obd 4 (Hute Srosm Glsie ©) W6 il S b s
o 28 S Ssge ue) o e 4 Sle Bl VA
0 2 21 gL 03%e Lo Olios Bae s Se)lul
el it ol (helad gioac & 1 (H e
(D) W38 s 5l3 5 (b) GoAe S 5 A58 i plas |

s e Bl VI 5 Y sl s 4

Oboa (Salsoma slaially (388 Ll 50 b
29 bl (@8 il 5 Lad ) e pia sla Tl
Vel sose 0 Gl 1 Lk 51 (Q) susme
1o 9
Q=f; (D,H, g p,p,0,L,6) (V]
) e S osse (29 Q dasly ol Ho S
30 2 gELIH (Hio) wid 5b3 D (486 s aaSo
p (8B Hsdae 5 i) GBIS CLE g o Sie) Sassw
BoeaSe Sie 5 aSulS) Jhw opade aoa
GBS 0 (b5l 5 asSHLS) Sl )l
0 5 (520) Jpoom (IS Jsb L (53 5 (5558) (adaes
Ol ((Soa e Suml slasosw w5 Gl wsl)
GBS LB 5o b ol (as0) alooada o
5T 655580 b (p s H Q) !S5 slasiel,ly

Ol wam Ll Gassl caust 5 galal

:g.uil‘s.s
Q D Q pQ® L o) _
fz (HS/Zgl/ZIE ,m,@,ﬁﬁ) =0 [\']
H - Q .

fendigh ) oo 4 LY dal, Gl e
fy <#‘zg%,g,1&e,we,e>=o [¥]
2 dae W 5 Salsuy sae Reedasly ol o «S
Olioa lubyd sals 385 slagibedl o ailb o
sae g (We > 100) a5 sae 31 aS ws S anlals (5,4
9 ) some 29 seo » (Re>10%) Salg,
09 e Baa (VAVA G1LKaa 5 cua AAA ), K

Ao o @b ane gyl Bia LY dal,

il s Ol e

QR _ H
Tiheg e fa ) [¢]
L

Q=L H2g"/2 x f, (5) []



gt gl )3 (b (Sgdee Sluogad ddllls

S s o aa gl (P/D=1) wd olaml i il
AT Gloa ksl ((Bas3y ol 53 Seooe gl S

G g i
L il )T clualise 7y

3o gk kibd gls ¥ S
saaline aas oo olis 1) by gla oo Hu Wk e
5T cose @ oloa bUas ol Lo S s e
o9 el 51358 a5 e £ 5o Glisa JSES 5 asl o
ok hal ma g9 (Sl OLS G (Sl Joe
L oS adpe alag) BB ol 550 4 Losnly e
i oloa p3o SRS ol plae S5 (sl
CualS w4 pdls, slagbsa Jals o Gl
ey BoAR] 4 5500wl oo i ge el (S 3L
o Ol bl Gl oS b punl slad s
slagls 5 b, oo g0 Jold S 0 ol
Jae 51 o525 Olisa 59 5 BB cdd 5 lee Sls
Ol gl Gl b LB cdd o0 @ bag sl
5 oad oS aa 5l laca (pl dold o g0
sLaplsS pdhn, slaca sy ole ¢ Llogaa
@il o (st cad pah slaghos JA (Sl
Sod Jae Huad o saalde bu) Blaa) alla
Slasl el 4 Koo slagu 8 Jae B (odiay o g0
wsl) Jae O adipe laS 0558 50 eSS b g s
S oud olagl S S ca g8 55 ed & S

wadids oo oy |y Glisa Hsae

Ly e Jao csliadiiia

@alS bl dads s Jao calu Hsbie 4
ale gl WS 4 Sl I e b s Jae 5a
ool e e /1 celins b o35l l8 5,5 5l T
G0 2 oo Jie 58 a3, O8GE O Buy
sladd 5 Jlail Jas JolS gunol 5 cuns 236 cad
o ouid 38a3 Cpl o ad e aladl (PRY RN
So s Phe OLS L) (Paml Jold olite 55 5m
e oolile (SHK (Seu (Pl ol
IS8 o oo A 5 ala i ( alacuia
S

S50 L w0 bsise olisa ¥ JSE 5o
ol sad S50 T goLalal Al sl iea 4 Giule))
"ol Ol L Sl o S (JKE gl Gllas
5 4209 WY Slhe Pl G aly b (QIEY S
O ok S Sy bl b LS sk
Slee L) G wuly b (oY JSE) Toke ol
Do S el 4 ealie smly el 5 4an0 Voo
Voo kel pdal b b (¥ ISE) Toole (S5uK
ey b (o7 JK2) F(Sun oo S Sle Bl
Polecia Sose Sy odass Vor il gl
Job 5 o9\ s Ve Al s b (0-F JKa)
JSa) N aliaid e S e Bl Vo sl
sl Jsb 5 4an0 VN g Ve als auuly b (a-Y
el b (J-Y JS) ¥ (o se oo S SRa Bl V¢
ob8 L (oY JS2) M558 500 Do Ko 5 Sl Tl Vo
SIS Usk el S5 4 a0 Sl ag e Bl 14
Sl Vo il 5 Gy (L) Lads,sw <as
£ pli,) ke gy (w36 wid lams € 5 L/ 4=Y/0)

! Bow-tied with middle arches (A) spillway
2 Bow-tied without middle arches spillway
3 Daisy spillway

4 Spindle spillway

5 Octagonal spillway

¢ Hexagonal spillway

7 Square spillway

8 Morning Glory spillway



VY Jlo /Y opleds ¥ als / S g O il 4y i s 5 Jb A

ol o
— | O S8
b oS gl JLog,

@ E ? (9) | 237 Y

8y 3

3 T

VI N O e

@Maﬁkgj(g)QTLS‘QJJ..:amg.ml‘}:w}u‘}l&43343333@&&54&1)&&4&39@}&3&»103&4—\ Jsui
(g) of Slide l3al of yaa da cASdle T Juo



csde gy 0 b (Sg)ae Sluogad ddlls

M13.0

ho OlaS (590 (3 galy 5 e (0 o Glas b (5 gl 5y eu (S

[-710.0
mo 0 @\/100
SPS R (E
130°

10 140°

Y,,//” 140°

O T |

Bl 53 5 e (DT 53 )y (
b e ~219.0
,/_/ \\\( o
/ — \
||I I'/ \ |
| . ]
5 \ ) J 15.0
\.\E_/ Y g
\\ //';
. — < I
SAS 53550 (o 220 o (d

(ol yio Siliu creun s alay) T s laial als ol yatr ds (isla 3T uy 90 (LA 3y da Lo g3 po Ll ja - Y JSub



VoY Jlo /¥ o)lods V¥ als / SB g O il 4y i

oh&ed 5 Jb Ve

o Lagas sl @ cas OT Olsa e 5o s
Yo o 98 5 aa o (H/D=-/AY) by oo 98 59
iaie el gl S Lu sk 31 Ll (H/D=1/¥+)
S Fomk Sle OlS puen Pumby Jae Jalk(po
SHE Jae Jab oo padie s S sladae
po 4 OtledT laps olad sugaas 5o (Sea
99 0l b soiolss Jae dwlie Ho 5 wlis S0
S5 Gaotds Gmly (9 o8 S apdipe saaline Juo
2 Gl by 85 5300 Jae 4 baga e O hans
W oo Babie aa 5 Jae 4w ol Jab oo Ssde
Sonlk 2oom) Joe Gerie bootsls Jae danlis
wnl (oo S oo 4S aase las (Sl Gl o
Sl OLS s (Samb o s eSO 35
ol o O i alsen b Gl 5 asSe LIS
(200 585k (sladae dewlie cusl a0 S e
as e olis SouS b alociia 5 alogid
9 09 Je Ll s Jak oo Gade oS (0 JSa)
R R e e R

ol ST oloa L Lo i 9 Slae

Bow-tied(A) Bow-tied

oot o0 ) e, slaca (S K Jae s
25550 b ol wlas alKia Hu g sud slaol 5,US
oo o2 ool B, GBI Ly was gHla oS
Jae 5ol (ol Cal 8 o) e 4 Glioa e
O Sa S o Dl 5 Kok oo o alagia
Laoa (S 950 b ol g ad JsSas o bl
Llss O o ot alaciia Jas Ho s s
BRIV e e v - PR PRVRP RS JE U
Ol oy Slea O s o Lles A s
Al © b ol e GBI L 5 as olal
GRS S 5o ¥ JSE Bolke ad bas od0s,
35 SAlES cose @ Onb (29 9 i slaca
sl sae Lioa Sy 595 o gl Gl L«
e ol S Ol JSaS & aie
S oo O USA aS ol osldl sl a3y
s Sumlb (Pl OLS b Sanly ladse il
Jaik s (fate 0 S8 5 (S (Sou Sl LS
wlio o aldonina (ald il (o e lad )
S osboles aasee Olas 1y gu8sld Susw b
sSlae e S L ity Jie apdge ssali

Spindle

a5 Gl (39 59 (i LAk daal el (slas Y Jsud



AN

gt gl )3 (b (Sgdee Sluogad ddllls

20 ~
18 ~
16 A
—~ 14 4
:
- 12 4
=
10 m Square
O Morning Glory
g S'x x Octagon
< Hexagon
6 T T T T T T 1
0 1/5 2/0 2/5 3/0 3/5 4/0 4/5
Q (Ls™)

D i o2 po (S1A 33 peu Juli- (9 S -0 i
SRS e by deslie jo albCuia g

oy Lo b wwlis wal oo aa & Sk
Saxs G5l b o€ wase ol alscuia 5 Gha
ol 8L A oo e HlBe e gL
©oouad e o Seosk o (VK4
sy sl 5 alacuia 5 ad glad e
(Y1) OlSen 5 &5, cal 3L o0 cused
AL o sl e Sase «S Ws S B)IS
GadaS () @B b S conl (53515 a0 o s
03 A e gl aas e plds psa clilas
L S GRS (9 s /WY ) 1S glaH/D
AV ) i gLaH/D Lu oSaly s L sSie Jue 4
5 Oid Jae 4o Jae Gl (o0 cuss sualie
boba Luls; Vo Josa wbiee Glidl alocuia
oo Alide gladas (oo coss ol G55
dan (gl st G50 haly, as aie olis |y Sl
cdy sanaglian ddasl sy R? uolie 9l (5l g3 LaJus
il e L] calie
9 Slooua s Slae (K winlie ¥ Jgun 5o
o & et Wi puiia calie ol s

Q‘Jf:\il s JJJ; L):f‘ RCIVIN RSV 43‘)‘ (5)'9\91..“

20 A
18 A
16 -
'514 b
~12 A
= 10 & Spindle
| P OBow-Ti
8 e 4 ow-Tie
6 T T T T T T 1
/0 1/5 2/0 2/5 3/0 3/5 4/0 4/5
Q (Ls™h
Sl (o5 93 SLaG s b a3 ake -F S
SIS 9 S 8
(9 b O il

H/D 45 s (Ca) (9 cand Slpaad3 1 S

(So8 Pl OlS L s Puab sladae o
@ o (Co) (@8 qupd oluis V Ka y (SaK
5o aliscia (Al md a e sladse 5o H/D
LU Y K| Pi-A S - N\ (eI VR VIR PR PO k-9
o e HD Gl b alles 5,50 sl
OLS b (Sanly Jao e plis o2alS Wy, (o0
@9 o e (A Wdae ple 4 s Sl
Ladae nla 4 cund (S GLS G0 (Ponk Jae
cl S8 oLLa el ), oo s Hlale o il
9% Ponl Jao (o0 o Hlaie (Gub H/D o &S
Sl 5o a s bdae pla 4 cods gl oLS
ot Sonlk Jae @ e solie YL HD Lo
O oV JSE) ol sad ad nlo LB 2 e 5 LS
S S LaH/D o o585k 5 (S5 Ssu sladas
e S8 Jae g 4 s (S50 Jae /- AV/Y-
H/D ) 5 idas glaH/D o Sl osls 50 o0
o abee Rl (S5 Jae oo sl nole
olie bl 55 JSa (Sea (S5 oo 59 o0



Vet Jlo /¥ o)l YF sla / S g O il a4y,

oo 9 Jb \Ai

GoSUSE 5o 5L ol b a5l aas e Lsae
sSlee 4 o S spde el (S Gl
s (M85
sladas ool o oo ¥ Joas B 3iles
Sl LS b el Srome Smbs LT 5
Sl S 6580 s 4 cand wsyu A
1) adb e (o0 s AS Gl S
O pS sl) 5 (pab Bl e e (pl e (s 50
8353 (30 Oloa Sidus Jals et Ho 5 Lag sl
o9 il oo 3ot alla S G 4 s oS
s8kee lols Pl OLS o (Penly oo Sl
2abiee o8l Suoom 4 cuad YL (Sl
Sl Saom il (A o cabins 5 (sa o0 V)
s o Gl |y ae 0 VY GhalS g8l 5w
OLeS G Ssmly (slade) s i ()l 5 e psans 5o
Lalyd A pwdia calie glal Ges S

S o aals OT Hsae (sl 1) (molae (Sulgsua
0/9 -
0/8 -
0/7 1
0/6 -

0/5 A

0/4

sl g calie oludd wess 5 o9 e
aas e GLES (g8l Jae 4 a1 Lad e
G o alociia 5 ud gladee mlB el
o Slae Blad & Jus g0 ol aas oo las 5,8 6l0 Jas
Joo b (g grune ol potin calins 5 (il gusa
SHE 5 e Jae po il danlie ol 585k
Sl sy Joe (Selgoaas o Slae oS s oo olas
Jlae s Lol (smsa 0) wibipe i (SuE Joo &
ok calie (S5 Jao b aanlie 5o o250 Joo
calue yide WA G da s b (s, YY) oyl
00 Jae 4 S (o0 V0) (S Jas uaia
Jae g8 tnl (Salsoaan o Slae 5l oslis 3ok 51
oo & o (S5 Juo o Glgice (am V)
(V- 01) (Slolos S 5 (ooane il oo gl (25
Saooe wlaS cadsl s 1) JSa (S5uK sas 580
-SSR YEEVIRLN -t ISR EPIRVER. VRS ISP R
lagSs Koo b el Lo o ila opse o Shae b
son O o (29 LS OF plE,1 s suas
« Spindle

O Bow-Tie

4 Bow-Tie(A)

O Morning Glory
® Daisy

0/05 0/10 0/15

0/20
H/D

0/25 0/30 0/35

SAHD 9 S las g 9 GleS b (933l (S 99 SLa 33 50 59 HD a3 St (30 o b Ol pads -7 Jsud



gt gl )3 (b (Sgdee Sluogad ddllls

0/9 -
A Bow-Tie
A
0/8 - O Square
O Morning Glory
X Octagon
0/7 1 & Hexagon
=
Q
0/6 -
0/5 -
0/4

0/05 0/10 0/15 0/20 0/25 0/30 0/35
H/D

S A 9 ALDCuEA (i Glga iy pu o H/D do Covidds (a0 s b Ol jpadi -V IS

0 3ot BliAe (sladas (30 s pd Ol yaadd (5] g bglad sl g ) Jgua

Jae als oAl dal R2

Spindle Ce=-/y¥(H/D) "™ /a0
Bow-Tie(A) Ce=-/¥v(H/D)" "™ ./30
Bow-Tie Ca=+/v\(H/D) ¥ /a0
Daisy Cq=-/YA(H/D) "t VA
Octagon Cg=-/¥\(H/D)""™ /A
Hexagon Ce=-/¥\(H/D)" ™ . /a0
Square Cg=-/sY(H/D)"'™ .jay
Morning Glory Cq=-/¢-(H/D) '™ /Ay

(SAH Jao da Gt (0 s Ol puadt s jo Jacu gis =Y Jgan

CALMQ‘MM‘)J MwJ%FQ‘&ﬁMJJ
das pls o GRS Jao 4 s A Jao 1
(EM7) 535500
Spindle VoA/A —$8/Y Yy
Bow-Tie(A) VEA/A A Al
Bow-Tie ARRVL -Y-/a +\./¢
Daisy VAN/A =YV +Y/o
Octagon yoy/a —\\/- -\
Hexagon YA/ -0/4 A
Square Yvo/- =YV/- +o/+

Morning Glory YAE/A —_— —_




Vet Jlo /¥ o)l YF sla / S g O il a4y,

oo 9 Jb VY

onl Jae S ol plas e585L0 Suse b dallas
Oeoidas sl Ldae pla 4 cond (Sle (LS G50
Ol Bob O adibipe (esn V) (Silsouea o Slac
(roos YY) i pwaid calae gl Sy
Somly S0 5 il oo 086 Suse & s
G o oo ol (Selgowas o Shee (Sl LS L
O ale wdlbipe Somb wenn Voodsls e
5 i sbgboa Jals 5 pab Wl e dls
5 obd gladae adl Jao ool A8 Jals pla
Jae aiiils (5585L0 Juo ol (g Slae alscuiia
e Sl o Kae ol SuK 5 o
oiid calae Jba gl b aos o8l @ cad

el g2 50 Jus 5 1S (S K Jae

S S pSdasis
GLasm (o8 Jae cals b GadaS ol o
wlllee & oylite (gug,s clas K& L S6
b Galy Wl oo o oluis aKaul)]
S Ush ) aline JK3I U e Jas A alass
PAEalT olalie i o (o LS
Gl o9 48 ol plas (Sl OLS G (Sl Saoom
Os08 & oumby dae O ploa el ca 5o e
s 515 Gl 1 e s asibge slasl 36 it
S adipe sualiie B35 Glos pds SRS O
wdl e BAL G Gae) Sns cage 2l Gl
Do (a3l b epn cns slagate bt Bullas
iy oaalS W, o9 weys bJas 4ea s HD

e oow sl (S o Slee wnlis

ouldicil v,y g0 C.;Ll.a

Anonymous, 1987. Design of Small Dams. 3rd Edition, U.S. Bureau of Reclamation, USA.
Anwar HO, Waller JA and Amphlet MB, 1978. Similarity of free-vortex at horizontal intake. Journal of

Hydraulic Research 16(2): 95-105.

Bagheri A, Bajestan MS, Jahromi HM, Kashkooli H and Sedghee H, 2010. Hydraulic evaluation of the flow
over polyhedral morning glory spillways. World Applied Sciences Journal 9(7): 712-717.

Coleman HW, Wei CY and Lindell JE, 2004. Hydraulic Design of Spillway. McGrawHill, New York.

Djillali K, Abderrezak B, Petrovic GA and Sourenevna BE, 2021. Discharge capacity of shaft spillway with

a polygonal section: a case study of Djedra dam (East Algeria). Water Supply 21(3): 1202-1215.
Jain AK, Raju KG and Garde RJ, 1978. Vortex formation at vertical pipe intakes. Journal of Hydraulic

Division 104(10): 1429-1445.

Kabiri-Samani AR and Keihanpour M, 2020. Hydraulic characteristics of swirling flow at shaft spillways
with the marguerite-shaped inlets. Journal of Hydraulic Research 59(5): 1-15.

Lashkar-Ara B and Sheikhi Y, 2017. Introduce of crown wheel spillway and study of its discharge
coefficient under free flow regime. Irrigation Sciences And Engineering 40(2): 209-221 (In Persian with

English abstract)

Mojdemi MJ and Kabiri-Samani AR, 2016. Investigation of the effect of daisy-shaped inlet on free-flow
hydraulics in vertical circular spillway. Journal of Civil Engineering Modares 16(2): 202-191 (In

Persian with English abstract)

Nasiri S, Kabiri-Samani AR, Asghari K and Bagheri S, 2021. Numerical modeling of the flow field around
vertical circular spillway with piano-key input. Water Management 173(5): 53-63.

Noruzi S and Ahadiyan J 2017. Effect of vortex breaker blades 45 degree on discharge coefficient of
morningglory spillway using Flow-3D. Journal of Irrigation Sciences and Engineering 40(1): 191-200.

Novak P, Moffat AIB, Nalluri C and Narayanan R, 2007. Hydraulic Structures. 4th Edition, CRC Press.

Rostami H, Heidarnejad M, Purmohammadi MH, Kamanbedast A and Bordbr A, 2016. An experimental
study into discharge coefficient of labyrinth weirs with rectangular-shaped plans. Fresenius

Environment Bulletin 25(12): 5138-5144.


https://www.routledge.com/search?author=P.%20Novak
https://www.routledge.com/search?author=A.I.B.%20Moffat
https://www.routledge.com/search?author=C.%20Nalluri
https://www.routledge.com/search?author=R.%20Narayanan

Vo e ogde sl 3 b (Sdgys Sluogad adlas

Rouzegar J, Kamanbedast AA, Masjedi A, Heidarnejad M and Bordbar A, 2017. The experimental
investigation of flow hydraulics in zigzag morning glory spillways. Journal of Water and Soil Science
26(3): 2389-2396 (In Persian with English abstract)

Sayedzadeh F, Musavi-Jahromi SH, Sedghi H and Khosrojerdi A, 2020. Pyramidal vortex breakers
influenceson the flow dishcharge of morning glory spillway. Ain Shams Engineering Journal 11: 455-
463.

Schleiss AJ, 2011. From Labyrinth to Piano Key Weirs. Ecolepoly Technique Federal de Lausanne,
Switzerland.

Shemshi R and Kabiri-Samani AB, 2017. Swirling flow at vertical shaft spillways with circular piano-key
inlets. Journal of Hydraulic Research 55(2): 248-258.

Shirali M, Kamanbedast AA, Masjedi A, Bordbar A and Heidarnejad M, 2017. An experimental
investigation on the effects of the shape of the cross section in morning glory spillways. Fresenius
Environment Bulletin 26(11): 6532-6542.

Teymori A, 2015. Investigation of eddy current characteristics in vertical circular spillway with daisy-shaped
inlet, MSc Thesis, Isfahan University of Technology. (In Persian with English abstract)

Zeraat B, Heidarnejad M, Masjedi A, Kamanbedast A and Hasoonizadeh H, 2017. Hydraulics of arch plan
labyrinth weirs with two different cycles. Fresenius Environment Bulletin 26(4): 2862-2867.


https://www.researchgate.net/profile/Seyed-Habib-Musavi-Jahromi?_sg%5B0%5D=txM8SpUP998ulp-CvLlrY3Wf0y8gitHv0LymGj-fIY80LJEIOilRmGQ0xSpIIVBHey8YapI.HfwekvHpuE273E6rcrRxoaz8Xoihz0iCMjPey8HyI29vEotokIpew5ssu455Au4-VhShxQ4chLeT6GtcCjOFGQ&_sg%5B1%5D=pBs4_UiIPKUf2qm6vyzj9okw8pm0ZMysEQ_r2kmJDuM8VQ9ThiKvY5x0RsXzAoO3EnoAj-g.gPCCsdXRPuUDHH4UhJwbl7DJzWtt7KpILELJWJzpBzlzjJ1YJPU-m-dJOuSdptxJPrJ-ZW0_OFEV0RbzsJaT-Q
https://www.researchgate.net/scientific-contributions/Hossein-Sedghi-2166517820?_sg%5B0%5D=txM8SpUP998ulp-CvLlrY3Wf0y8gitHv0LymGj-fIY80LJEIOilRmGQ0xSpIIVBHey8YapI.HfwekvHpuE273E6rcrRxoaz8Xoihz0iCMjPey8HyI29vEotokIpew5ssu455Au4-VhShxQ4chLeT6GtcCjOFGQ&_sg%5B1%5D=pBs4_UiIPKUf2qm6vyzj9okw8pm0ZMysEQ_r2kmJDuM8VQ9ThiKvY5x0RsXzAoO3EnoAj-g.gPCCsdXRPuUDHH4UhJwbl7DJzWtt7KpILELJWJzpBzlzjJ1YJPU-m-dJOuSdptxJPrJ-ZW0_OFEV0RbzsJaT-Q
https://www.researchgate.net/profile/Amir-Khosrojerdi-4?_sg%5B0%5D=txM8SpUP998ulp-CvLlrY3Wf0y8gitHv0LymGj-fIY80LJEIOilRmGQ0xSpIIVBHey8YapI.HfwekvHpuE273E6rcrRxoaz8Xoihz0iCMjPey8HyI29vEotokIpew5ssu455Au4-VhShxQ4chLeT6GtcCjOFGQ&_sg%5B1%5D=pBs4_UiIPKUf2qm6vyzj9okw8pm0ZMysEQ_r2kmJDuM8VQ9ThiKvY5x0RsXzAoO3EnoAj-g.gPCCsdXRPuUDHH4UhJwbl7DJzWtt7KpILELJWJzpBzlzjJ1YJPU-m-dJOuSdptxJPrJ-ZW0_OFEV0RbzsJaT-Q


   f 1


    σ


  θ


   f 2      (  Q     H   5 2 g   1 2 ,    D H   ,    Q  υ H ,   ρ  Q 2  σ  H 3 ,  L H ,   θ ) = 0                      


   Q     H   5 2 g   1 2  


   H L


   f 3      (  Q      L   H   3 2 g   1 2 ,    H D   ,    R e ,    W e   ,   θ ) = 0                                                               [ 3 ]    


   R e


   W  e  


   W e > 100


     R e > 10 4


   Q      L   H   3 2 g   1 2


   f 4


   H D )


    L      H   3 2 g   1 2 ×


   f 4


   H D )


  Q =  C d L    H  3 / 2


   C d =  f 5


   H D ,   Shape )


  Q =  C d L    H  3 / 2


    ℓ


    ℓ

