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Fig. 1- Introduction of the stair slope breaker and its components (Source: Moradi Sabz Kohi et al., 2019)

1F) Ll (90 0 Lo (050 9 S 090 d‘/’u}’ﬁr’by
g ole g 4ol Juad



ojlas 5 gl (859 SVl 3l 32 (3l Sy g SIS 0D o anenian i

=32 Ok (W
A) falling current

0 2 Ol (@
b) Non-falling flow

b Ob > (7

c) Interstitial flow

(VWAL gpme 9 (5y9m 1o ) (SU 2y 0w (59 51 QL2 SLapef) (ogos dwnid T S

Fig. 2- General geometry of flow regimes over a stepped spillway (Source: Suri and Mojtahedi, 2014)

Syl « (Fabian et al., 2003) clidss jolol p .ol

S gy Ol wl) b GBL bagypw 3 GGl s
Caol gl BB 55()) a5 JolS (Sgyien Sn

loaly 59y 4 odmma Cpgo 4 ol gy Gl w) 52
ol S'g5 w13y ol ,> (Amador et al., 2004) ub o oL >
S8 slogS (sl > mlei e Jos QI S (o ©pp0 &
S 4 (S Al g ol jpame byl ewd aly o
Ol w2 2 ojle (51 Sl I lodas coond 2,5 oo
a5

O (g S Sygeo 4 b8« B3y by wfy
Ol i) ol 2 ke & S e Joe bl 0 B

o s bgle g lom 55 Cor CanSis dlawly 4 ¢ 6551 S Mg
d9d e pll (2 (Sdgpdln by Sl L olyen by (55,
ok w2y S ek 4 (Chanson and Toombes, 2001)

D55 o JS5 I8 ol (ams g5)) g o5 (slad > (LB,
485 Gygo A5 ) by by w3y 9y b Clisies

VE+1 (ol co90 0 lous o5 3 Comans 835 db)uhr;“}f
Hpgy (oole g ol Juad



8 las g suclw

(Subcritical) il 5 by <l 5 () dad; 1 oozl
Y6) o e ioe ol T ae sl e
Ll slys (V) dlasly 51 ooliul Sygo 3 .39 nles Fr, =1

S9y O5b cud Soye8 il pie Wb 4 Slsu 568 Gl

JB Jley by Gee Gl | Yo g Jdoy
a8l > canaYl

.)..\.C5

)l (S ond > oo 3l Yi Bos (a9 (s (V)]

! USBR 5Jusbewl 55 abal, ool (White et al., 1943) s

2 b @l (V) dady 3l eolatel b .cusl o eslaiwl )b

o e Jpan 5 (F) ety 1 () 2y 5 s e

Show iy 2, (H,) O e Sl B by 5l IS

s Ol Lol cuds (B) abaly ©pgo 4y g5 (oo CamdVL,
AH _H. -H,

Jelﬁ[H‘ He ] oy § 55 b 550 SV

Jte 5 cldllles plosil s (2006) Wongwises o Chinnarasri
2 (el o815 b oISl 5 bl SIS liseo gls 8
5 5l SVl qwyp 4 wcalisee (S Dlaws b O W (49,
Ok &S 3l (Lt golis izl e Gl Ges b ol 4l
OBl S0 5 90 4 s (slalas Mo LB 51 olel ol L
(2011) Chanson 4 Felder .s)ls (6550 Mozl (595 »

9y S )l 4 sl oy (So3b Jae 95 2l
&y iz s 0 Ll Baiow > 60l plosl as > YIS s
o> sl 3 08la (3 (53 (i 5 25 48,5 i laal

355 650l 52y

591 Sl Bl 2 Gl Sy 9 (S G b dwia 36

4 O3 WS (g9 b 3l (b p o5 JWl A sl
Ui pp bas g baaly o (dlogS (sLad )3 jpame i > by

=05 (88 b bdes oS wlaiss pl ol 30,5 0 &g )]
odel Caawd 4;6)15\1) lyomo &9y |91b —o_.;l u>|9.$; oL &S

tisms 55 Sl ol o slas il L
a5 sals L (2013) Oronaghi 4 Salmasi b e i3l
gl SIS gz (xS SE 0258 L gy ) ks
o g esn buld il @ G Gl ) T

T
Jo /s Gl cel s b bal sl 2l ol

@ lp g5 obyy & 2gdee A%IJ&U cel s 4 ¢f
b by by o bwly s sl 03905 48l)) o] 539] Cawd
deg ol midy €9 S ol @ b lagy gl g oS 0
G Ol )y 9dee 00l (b 025) ) £ el )1
aro Sl boolen gl s ()18 Clhogas gl
bulyd &Sl 4 dogi bl 08 55y gl Cleogas
Jes )l j18  Sielongyium b Gllug b cod (Las
-0t 09 dge izl b 4 ol gsdy Laulyd Sl cunlie
Sl @ g b (bas slbw)y » pbe Clegad
ool gpatte SleMbl L g odg8 piy Sl Soye5
=0 LR pad ) A8 )5 g S Ji5eS ol jo oS sl
o5 sl & Cwl o (bas gbr w)) calpl 8L
S99 (s Ol g8y Sl & (glodgioe 3 g SNgun 5o

D35 (gwp (Segd Jhe Lo b lalpd oo 0>

Iy (V) dasly 8> jlade Jool 5l oolil L (1943) Rouse

; /

39 38e TFry o]y a8 3905 )] Yo Yo Cnd (s >
2o lajiehl plo adlioe (S8 cud sVl ol
wxilis (K0 cud CandV 3 by, iy WG aba,

- -9
wi_,_ forsaepeey -
He =) (V) ksl

¢ 5 \yc

Yo _ (% 2Yu _ 2
= \[ (yu) +2FrE 2 — (2FrE 4+ 1) (V) e
V1 V2
ST (¥) e
Ye o 1/061+ /1/5+AZ/yC ’
Hy V2 AZ
i R +0/25 (1/061+J:+1/5> (F) e
Yo 1/061+ [1/5+8Z), re ’
He=AZ+1/5y, () akai,

ay

1F) Ll (90 0 Lo (050 9 S 090 d‘/’u}’ﬁr’by
g ole g 4ol Juad



8,las g guslw

g whdl Oygod by bptale]l 418 ) Sl @ ag L
o kit 3 gy pslite 43,8 o g s 11
@il (5531 Sl 13 o151 90 by Sgyan 9 oS5
WY olass IS 8b (Sdgyaem 5 utias (sl ol ly e Sl
oW Sl iz Sl L lapSid o (o3 S
eyl 90 o e il B oy 4 b Sd cud b asle
\4 9 O Y oluw Lg c\:Ya\!\/b cb}Lw W Y 5d)mL;DLw \w’ﬁ“’
VOO Ve diliste 0 F 0 b ialel adS s asle oKL
4 jlgnl oDl 35T oliily aBislojl pold 1> adli I Yo g
iz dibate )3 @Bly pio Bl £ Bas 9 B0 (o)s pe W Jobo
Lulyd ()l 8y g oad asle glaJde cuad jl 03 plox]
$Soilul as (580l ol i sl yialib SEuk
l)@m@amﬂb)h‘béjajﬁ)m)bubpéamfﬁ)b‘}cs
I 3 pSoiul Gl e85 ygo cpie oo NEE L 4
01 0,18 litlol 9, 51 8 4 a2 )3 £ e 5250 S,
S S 50 ond eolatwl Wlias 5 oles 0,5 eolitwl g
ol o o3l L (F) 5 (V)

AH
== f(N.g.p.V.u.yc.AZ)

AH yec
pr f(N.Re.Fr.AZ

% =1/, (J1+8FF - 1)
1

&35 Wil Glime 2 Olya S99 (S (S cand dwia 3

oxlosdly (5351 3 (o3bj Sl aly ol &S ol (lits lis 425
2o J Al Ve Gl o pe oS ) e Cwd ol
oblagdly (6550 sl 4zl glis) o slo V- ladly jI plas
Sl godimd L yol ek 9 D) Cawd ol 40 (55508
op B L 30l Wl o) p ol 3 65 55
2 Gl SNl Gl p gl (Sgphen Claside 56
5 plosl lSylol Ll 55 SISk (sl
b w9y 9Mge.Y

S5l SNl fge Jelge o dbaly (8L slaie 4
A5 bl Jae sbajiell 59y ol Jdos S oy
@ didly pite o Spgo @ P ) oy 351 Sl
P& g (P daly ) (Seolnd 5 (Slatow (i oo
P (LT 2w )b J& Olis og (o) ab slaw N 2o
Sl JUS s ol ey V(ML )aws ) oguasis p >
302 YC (MLITHaey (el (Sal> o it (ML) e
ST ] (55 s i £lis IAZ g (L) (sl e
sl % sl 551 S8l @l g 5o B9y slis 2 (631
A QLB Y dbaly @90 plgie SL Glag)

(7) dal)
(V) dad,

(A) dal

Sy 1Y pald 51 oled -1 IO

Fig. 3- A view of the 13-meter flume

aA

VEo) oy liantl (90 0oy ooy § Coms 033 du‘y;’;(:"}f
»e .
Hpgy (oole g ol Juad



8,las g guslw

&35 Wil Glime 2 Olya S99 (S (S cand dwia 3

V¥ o § o Bl ¥o LGl ¥ b g 31 2o 8 U
Fig. 4- A view of the spillway with 3 steps, height 20 cm and slope 1:2

Fa LR

S5 Sl i 7 ol QI 3D oS s
Gos slde (23 Gl b 1 (A BB (slaJS5 )95 oo aialS
5 Sl o g il Glidl T e o el 5 e
ORIl A 390 a2 g5 (i 0 45 il pol () D95 o0 alS
S (ood 525 9 WL Gl oy Sl xge Gl Bes o
Cusd (ol 42y b aygly B caly g1 ) NCOSPID )5y
@ dag b abie (il dde (Syre (Sgpn S D
Ol e oy b onsitas dlaly F STSlas] (g oS
Fazeli )b o ials (650 Szl (o0 (al3dl b ol ply
(and Heidary, 2017, Taroumideh et al., 2018

Lo 8L sl Gl X asdo ke tolj] 4 wmen

A0 oS )ad (5551 (o Sl Jjee (201 sl
OB > (oo 351 S8l e 2 S 0las s 1
sbgiagh boawlie » ol Gis S
Chamani and Rajaratnam, 1994, 1999, ) L3
ol jlams e olis ]y Jglize mls (Fabian et al., 2003
2R bl Sl Gl pogad ) ond L)l Ly, o
ol a9 Jlod S 2 59y ol (Sgpin i £8
390 el 33 w5 o8 de (bl MBS e W o 43S & el
25 22l 35 gl 0ad QB A5 (glome o oS 12 AL,
o Gy g8y sl piY ks b8 o5 Job ams
2 b ol midy Sl o e 31, (KL e sy,
S9) 3P Sl &ly 53 sl wdlus @ald Sl Buid
F ot dl coond 9> Jols (oB50) by w2y 2 JBL 2
el 8L 35 55y Sk Gin 9 S 0L Sl )
5 s Jgl Ceond 15U oo s iulal b &S canl o
e (A) I (B) slo S 4y g L b als 1208 g o
ORI (55T (s Sl (e s QI L oS 29 00
aa

I oy Jre b 39 @S I Gliebl 1

g0 (23 B 28 5l o5 05 (23 0ld e g 08 JUb (5 STn
S il cual 4 dogi b0 )5 ol alie 3y cawdYl s
Yer Yar Y Yo cHo e gume sloglo o olise
a5l J8 (oS alols > Sl es £y 4 4o bl 813
Ol «oms Ol @ GxSoilul g cuwsVL )5 (S
&S el Cawd 4 (8) daly 5 Jde candVb 3 by (550
W)l AZc Jao o cusdVl o ol 551 JS Hesdal)
S il oo Jl me Gl Sl Ges Yo g Jbo » 35

2
S35 Olie 55031l b dgiien Juolsy =3[9l
g

Je (osin JS plgs p3l5 a4 W oo o & ol (55
Sl 5 5l Ol om lp el Gl 3 Gl ki
9 Y1 Ui 3l U Bes it (xS03lul Bg) 53 5l n S
D9 ge ol Y1 dpulons o Y2 by 49l Bes (gpSojll
g Felder Juo (L3 dize jlos j odlizel 4 4ol s
adol Bos padims (5,S0jlul 45" 3ly oL (2011) Chanson
g dhie cpl 3 Sl 398 Ol VL Cepw d g b oy
Ol dod by Jodo cde & Bos yudn (£pS0jlul gl
Oy Wl aalss Lis caably I iun 1y 03l (6551 S
oy LiblS 4y dngi b Y1 duolxe g Y2 (65505l ax pod
SMo g Ll (55885 (hoy lsie 4 U Ll 3 I S
oo las] abal, 8.8 18 b s 48 5 (65 Elislo
el (A) daly 90 42 B

H1 =yl +)c 550 daly Sa8™ @y Yy aslone 5l g
) Cowds 4 a5 b g W o cawts Hi s (V1%/2g
23,5 oo duwle AH =H t-H 1 jlade ¢ Ht e

VEo) oy liantl (90 0oy ooy § Coms 033 dh’u;’;r:"y
"o ’
Hpgy (oole g ol Juad



8 las g suclw

Sl zalS e (2014) Shahheydari et al.

ooy )3 &S K390 4295 K95 (nlly (23 Wl S 2 55
P9 29de Febie gl laalS (o3 (RIBEIL sl
P 20 b iy 3 935 0 S (Sibdl (55, ans
Colda Cawd (ol Cuow 4 by g odd ST gjlre S
@ 2)b hld b ) FSesS (@ by 3 bl 9 o0
Sibre S Sl nl > cnlpl 35 S5 By b
Ol Cuow & dy B 35 5l e Gl g oS S
e aly S by )58 0 S5l 9o Jitie Cuw
285283 oo LS gl (ioned 9 s Yl (5551 Sl
s St liee 1 aly 2as (Rl L (ppme 39,8 330 S
S 290 oo 455 ol Glpien ) el pl 2gd e wlS (5]
OiblS aly o elarl ¢ S s ol gl )l SO po Al isliel b
Wy 29000 S gl plp )3 cunglio ) dly 13U 5 il
=l Vo 0S8 G ol o ialS (655 s S gl
el b oo 4 baye (g5l Sl (e i sy
bgrye o opyieS 9 (Ve JSS)aly ¥ olawi b +/VY (o )ljp0 40 222
dol Cowdy Al Y olawi b /84F lie 2715 cod b Jo

&35 Wil Glime 2 Olya S99 (S (S cand dwia 3

Syl 2L Pa5 CawdVWh dog il doya Bly 1> 0L o
5 Ay ol (2l o e g bon GBI (oo (5550
Sl GBiapE by A n) B2 Obe o
Yl a5 s 3l sl o)L, (2018) Taroumideh et al.
P89y p e Ol S 150 0l dlnl Wb & by e

Sl (i) mey by 4l

Sl G55 (s Sl e i G (il

9 IVEVie a4 (gyte il Yo gli)l 9 772 s b e
9Z=1.5 s b Jae (sl (650 (o Sl lime (0 508
25 orizzed ol Casdy /5F lie 4 (g te il Vo gl
2 il 0aiS lo a8 59,8 dae ialihl bools oL Lles]
S )k o SRS (65l (grmd SVl 30 13l oo Sl 2
&9y 2 ub)> ufm & ‘_')l?'i‘_gn ) )nl Oﬁl cle .(\Y G sla
» ly; (Haji Azizi et al., 2016)culs Loye aly plow
uf)b'él L;l)b ub)> 9 03¢ yldu ub)> Cae puw ¢yl LSL“’u?J
OR5 RalS & oxie ol 3 g 0ad dy maw (g5 2 g yeS
ol (5305 51 Sl s (23 Gl Bl S)ls 4 0980 (D
Moradi Sabzkohi et al., ) >45 0 (i3l SMgzwl

AJs) (2011
0.750
*
+ 0.700 * - #N=3,2-=15
T - .
~ |
T | mN=5,7=15
< 0.650 A A 7 -
AN=7,7=15
0.600 . . A .
0.150 0.200 0.250 0.300
yc/Az
S o Ve S 57715 b b Jho Sl X 4 e AH—K: Ol gk —0 Y
Fig. 5- Changes of AH/Ht compared to yc/Az for the model with a slope of z=1.5 and a height of 20cm.
0.750
* .
- 0.700 | ~ : * & N=3,7=2
= A A .
0.650 - =
E A A W N=5,7=2
0.600 A N=7,7=2
0.550 T T )
0.150 0.200 YC/AZ 0.250 0.300
(S 0 Gl Vo BN 9772 s b oo S50 % 4 o 1 D e NS
Fig. 6- Changes of AH/Ht compared to yc/Az for the model with a slope of z=2 and a height of 20 cm
Voo

VEo) oy liantl (90 0oy ooy § Coms 033 UL’L‘J”’("U{
R oole g ol Juad



o las g gaslw SiP! SYegiws! Gl 9 ol SWgyad 9 (S N s dwid 5l
0.800
0.750 * *
0.700 m MEPS
= 0650 A P :
T - A A
T 0600 #N=3,2=1.5
g 0550 mN=5,7=15
0.500
0.450 AN=7,Z=1.5
0.400 : : : .
0.000 0.050 0.100 0.150 0.200
Yc/AZ

H

S0 Bl T B 97715 b b Joho Sy 2o 4y Coud T O g Y S

Fig. 7- Changes of AH/Ht compared to yc/Az for the model with a slope of z=1.5 and a height of 30 cm.

0.800
0.750 * o .
0.700 | *
= 0.650 - A Y n
= A *N=3,7=2
E 0.600
<] 0.550 BN=5,7=2
0.500 A"N=7,7=2
0.450
0.400 T T T )
0.000 0.050 0.100 0.150 0.200
Yc/AZ
G50 (Pl EWH 9772 capd b St Sy T 4 e % Oyl —A S0
Fig. 8- Changes of AH/Ht compared to yc/Az for the model with a slope of z=2 and a height of 30 cm
0.750
0.720 L 4
* . 4 N=3,7=15
T 0690 - *
> u mN=5,7=1.5
I ]
g 0.660 A A
A = AN=7,Z=15
0.630
0600 T T T T A'_\
1. 1. 2. 2. . .
00 50 00 Frl 50 3.00 3.50

- o —-— £y A . AH - s &
S0 Gl Ve G5 97515 apd b Joho (51 39,9 SUS & i T O sl ~A S

Fig. 9- Changes of AH/Ht in relation to the Froude number for the model with a slope of z=1.5 and a height of 20

AR

cm

Vo) (sbiamsls g 0 3bosd (oS § Camst 090 dL’u;’;r;"Jf
»e M
Hpgy (oole g ol Juad



o kas 5 guslw S35 W] ol 2 Ol Slg i 9 (I (S s awid 56

e —_— - - . e p — - a - . AH . .o -
&L‘U)]BZ—ZMLJ-\&d‘)J(\\)‘JSuds d)“"g;"“*’v' &Lﬂg)lsz—l.5wngML5|)g35)£)Asdgw EU‘M(\’)‘JSM
S o s 1y (gt Bl Y

0.720

0.700 * ¢

7 ]

0.680 L M *
o 0 N u ®N=3,27=2
I 0.660
J A n c o
I 0.640 A B N=5,7=2
< A

0.620 AN=7,27=2

0.600

0.580 T T T T 1

1.00 1.50 200 Fpp 250 3.00 3.50

. AH R .
S0 (Flo Ve EEN9Z72 b b Joo Sl 398 S0 & i 1 Ol ud -1+ SO
Fig. 10- Changes of AH/Ht in relation to the Froude number for the model with a slope of z=2 and a height of 20
cm

He

o
~
8
rEe
J-Jv
>Ee

®N=3,7=15

0.550 mN=5,7=1.5

0.500 AN=7,7=1.5

0.400 T T
0.00 1.00 .0 3.00 4.00
Fre

S0 (o T SIS 97715 o b Jobo (STt 398 308 ) o T Dl i1

Fig. 11-Changes of AH/Ht in relation to the Froude number for the model with a slope of z=1.5 and a height of

30cm
0.800
0.750 * o .
0.700 : n .
= 0.650 Al n
I A ®N=3,7=2
T 0600
5 0550 mN=5,Z=2
0.500 AN=7,7=2
0.450
0.400 . . . . .
0.00 1.00 200 Fpq 3.00 4.00 5.00

. . N . . AH . R
S0 (Pl Ve a1 9772 Cair b Joo (Sl 398 308 4 S 10 Ol 1Y IS

Fig. 12- Changes of AH/Ht in relation to the Froude number for the model with a slope of z=2 and a height of 30
cm
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Abstract

Due to the simplicity of operation, Stepped Chutes are among the most common water buildings to reduce
water flow energy in irrigation systems. So this research has studied the impact of structure slope, the number
of stairs and structure height on energy dissipation rate in stepped chutes. Experimental models used in 2, 20
and 30 cm height, 26.5-degree slope channels (1: 2) and 33.3 degrees (1: 1.5) and in 3, 5, and 7 stairs were
built. All tests were done in 4 different rate discharges 10, 13, 15 and 20 liters per second in the laboratory

flume, Islamic Azad University of Ahvaz. The results showed that by increasing the amount of g the energy

dissipation rate will be reduced. It can be also seen that for a certain value of g , the increase in the humber

of stairs reduces the amount of relative energy dissipation. Also Results showed that increasing the slope,
the relative energy dissipation rate increases. In this study, the maximum amount of relative energy
dissipation for a model with a slope of z = 2 and a height of 30 cm obtained and the minimum amount of
energy dissipation for a model with a slope of z = 1.5 and a height of 20 cm obtained. Results showed that
increasing the Froude number, the energy dissipation rate will be reduced.
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