Sy ol e 4,
\Aw \r*QOMU/¢335)M/ch€>¢JMJL«:

551 Sl 53 (W50 5 Bl Ko Slomis 3 Shos A& LT v
Jb sl Kad

LSk e s el sdrle stge 1A J g

YAV et o dy b YOV il s @)U)

e-\&

S o3l 3550 e b slowl 5 g 28I (51 5bss SWILS 53 45 Ais Gl i b Ol o g slasslu dboar 31 Jilo Kdces
A5 e Bl ol a5 (6351 0 Sgiams Ol gty 03U 5 B D) gty Ko Dlombs (55,54 Sl 4 4 b S
A8 513 DL gl ok plonit Ol (53,51 SNl gy 1 Bt b bl 3o s Sslise islo3T VA 1 cASl 350 0L (55 51 SOl
9 2510 LS Ko i & e e KBt sl b o8 5 0Lz (5551 Sl Sl ST e KEas 45
LS 5 PSS 4y RlEI L 8 (B Side a4 e bl (SEced 1 S L 93 a2 I o S5 1S
SNl (el (o Gl 7w G Sl Ml I S o 55T SNl 5 Cn il (o oo S Dlds RS A
5 Sete Dlords s et Jsb 5l (ol Ul 1) (B Site amis 4 e o3l blo (KSed Comd il (el oo 5 JS (o 55

] S Sl oo 1 ol b 3 ol S oo (gl .28 5 s o St I b

Sl (omd o b SECrd 4l (Kl aoeios oS s J b (6551 Sl s hS sas}lyg

A..G\Ja c@l) chJ;.@.a 9 Q;J LB LQ\JQ.Q 6’“"""«" a‘})f—\
daneshfaraz@yahoo.com : 55 xS Cn 1S J s o

VYV



VAR Okl / 3 05led / ool 5 oy Jlus/ su,gjf,\; P

sl sloml Clle glgml 5w S 15 s mhae )
3 C g5 o st 2Bl bt mhaw slgsl s
P B Ol e g5 JoS sbar S S Foses0
L3k el LSS D g

Pt b S s 4 OV) ST 52
Sheslal Ly Jobe gl Sacad Consimly 53 (Ssodes
s o 31 0L LT Slalllas s esls S sde
slooslo slp y (Sdasde Sy Jsb Ll 8 el (o
iy e il S

§3 i lin L (0) 0L Sen 5 o S5 5310
A sl 0l SISl 5 it bl (36 sl Sy
el bl St 4 b e (555 SVl o S

S 3 bl L 5 St Sl Sl eslinal 3
S S St glaesle cas b 5o ool ol
ety b 5 (65 eiS Slgns Olsens 5L sl )0
OIS Sbe s o8 8 1,5 3550 (VF) Sla
sl fu&_wulz.w Loy Yoo fodss s a5 ol
el G y3 O s 4 S (5 (8551 SOl
asly e L B St Dl B e 4 (1) ESI
Ol 551 SVl 53 (B3l 4y Zed a3 40 5 VO Fe
S =S8 assly aS sl QL G o] s o,
Ol 8550 SVl s glaade LB 5t Site St
G =S5 S als ol sy Sl s (A) LS sl
Sl il Bl el bk & soas BB Sl Dlis
S 5 Sl 2 58 3 L Ges 5 okt (555
EBIRHNE s Slmds s

SIS Q) 0L 5 ool Dlallias 3l
G55 O Wss lacsle sy 53 (B Sl i
ST S G s e S e e
Slods sl & Lsls OLES ppmean 350 B 5 (5 janee
S5 SOl G pann 5331 (Sdosden i b anslie o
Sl 3l Ko Do (5,513 e U 1 6 2

PRV

5 olal sladlls s iij hltes fole gla Kol
J=olss 0 e o UG gl )l falS sl pdy il b
53 S ool 3 1S e 13 eslinal 5550 6l S ey
Bl e SR Ol S 651 el cal Sl
sy e el Sl slaesla 56550l SRl sl
sdeS S Sl slassle 5l oy Side SDlin
Sasds glrele Cno il s el atll (5
O Sta sy g 3550 e Yoo Jlo 51 S ey S S
i asd8 Slads s ol ol il 4 S8
Los a8 o5 Sl 88 0L > blie )3 (5B & pon
S5l Sl s (SIodn o WSES 5 o
S5 SUnios Jay b Syl a5 L 5 o (5 Kedir
4 55 g Sidis Slmis g b Jle gla o
03 S5 SWgal oy 5 Bl aalllae Gua 1A (]
Seis Dlomdo ) g Ok 5 H 2> L Jle gbaSacd
el (36 5 Sl
S5 Sl g5, (VA) 81 ol _allas
Sldlae sl a1 dledS bty Ll gla (Koo
e s Bl Gl S e 5o el plx]
SSbead $us el el O0Y) S0 dA0A Jle s
(S5 SNl e o 5 el plail Slasile e
a5 L (Vo) Slsas 5 S &l 5oy of b Llss
s b bl (S s w53 B ey Candse &
5t bl o 4 e el b el e 3
O 5 ol Sl OLL Gee g anly oS B Cad
el eed 3, S i D 3C B A S0
S o Cn s S sl 5 sl S 5000
oo Sl STos el A g B oS 13
o3 il ) Cand 3 0l sl Clke slesl 5 o
2> g dals Bog s oy oS D13 e pla

S a5 WL gla S S goda iy oS adlse

\YY



03y A St Dlonies 3 Shes AT

3855 A

L sy 9 ol
SOl 3 B 5 Bl St Slmio 6 ) slae
O 5 o Ol Spsten 5 e sl Saead 351
ol G sl bl S elnil il JlasT VA
o5 D Jb 4y (B e st b a8l 50 s
S S i 5l S s eyles Lo o/¥0 gl 5 e
TPER [ PR S N R PCIS PP JUR T B U
A eslial e mle /A Culies b aid i 4 pla
310 gLyl 53 5 5o VYo s Job WJUS (5 0s 4
e s YO 5 VYV YF/0F ol aw . Cmul e 5L YO
L Sl Jale (St et mlan sl 6
Ve dsb L sl ol i 4 Sl Do ) e
4 8 LS U (20 0n 5 e Bl | Cabis e Bl
Vs s S e mls sladissy ls Slbeio (pl L
0o 5 ¥o sl slaca s 5 (SIS Gl b e sle
Jele Sawd 055 e Gl (V8 A YY) Codl (g
o St 4 s Dlio ) (GBI Ste amdo 1
WP Slde amio 0213 )l 3 Cs ol s S Sl
VYO Aol 4 (B 5 0) Olen 5 5aiils Dladlas ilas 3
sl S S S b e ol ) 5l
oLz (V) JSs 3 ol s aRlesl Je 5l sl
RGIUOY PSS TSP

S 53 L s ey 035 s b el A
2l e (Sa s CwaVl o 0L
las bpsls (555 0l i la a5l eslinal b abo sy 5
Gos 0L Ll oI Sl e s e o a Y
S Sl Ladis gl Sl Gl 5 CadVL
Jilbe NSt 55 i Sl Sllo et e Jsb 5 el
CedVL Ges .Ul (5, S o3Il sl Siis amebs 40 3y
S lesla L (s 5 ¢

ub&:.:t_; 9

\YO

Ol 50 SOl Olse 53 (Sl G58 Ol o A s
aS Kol 0L 5 4 S s 0) OLes 5 31akls w s
o omed 55 SOl Rl e SGls amdos 3 s
RO PR RN

o eniny Syl 6558w U V) OlKes 5 5lLals
DR s s b s Sl 5o BB Sl Dlmis
Jiis U anslie 53 S5l lyls sladie & Wsls 0lis 5 ool
Al i 5 Sl S L Ol sl
(8 it 055 e L (F) O 5 51,0200
(Sl O8Ol Ll b cod B St Dl
DL el disls 13 o 3550 1 Ol 6558 S
350 ads Gl Gl e Sl Ges G0 0
L (%) OL,LSas 5 31,aisls ol e il 1 65,3 SOl
Ol b S ot s sVl s See Sl (6,580
53 Ll astls Ol 65580 SNl s 4 Sl oS 53
Slaad Ly hiss 5 5,80 Sl Dlbmdo Sl Dlalllas
oS sls ol Ll s S eslitul Ao y3 00 5 ¥ Jils
e Aoy Yoo s sl Uy s Sl Dlmis
o2ls olantl s s sta ladie a4 s | (6551 SOl
!

o dsS Sl o)l SO Olpsa B Sle Slio
5 JSis 3 O L (o BO sl] OGN L (555
DSt Cad s 53 LIPS e (Sssdes S S
woar g b pamen 5 (655 SOl 5 Eel Ll
St LSGoad 5 Sl Slmis 65,54 S
o eE o Ol sl 5 e b DT 1 0l L i)
ol 5 Wb sl Esl Ll 5 e Cn by JUS S
Sl b Gl sl 2l G 1 058 (6551 Sl
23 S5 Sl 5 (Sdssde sl il )
Slmio S S b ol s Sacwd cas by
Slod l 3t 5 5yl g B 5 B e
5 amlie 5y Jule laSiind G551 Sl s



VAR Okl / 3 05led / ool 5 oy Jlus/ su,%j‘.,\;. P

/0000000000000000000
©000D0D0O0D0D0D

~

o0 000D0D0DDO0O0 D
©0000CDO0DODOD
O 00O0OODOODOOD
©0000CDODDD
©000ODODOOD

S8 oy ySl

0000000000
000000000
0000000000
0 00000000
© 000000000
0 00000000
0000000000000000000
0000000000000000000
©000000O0D0D0D
0 00000C0D0D
© 000000000
0 00000D0D0DD
00000 OOODD

w8 oS!

\@m

1.25m

/

o Gaios AEL5T Jue cpsled N S

e Jobe (SS90 a0 (55 Sl 5 sy
il Ol LB 5 ) gots (B 5 B Sils dmis 4
Ya-AE =11(1,p,2,9,AZ,6,p,y.. ¥y, Ey) M)
g ol o s e P (Swlos Corgdp @l ol s
FLil AZ (oo Aty 5 s oS ol
dmo [BAES Ll P SRt o 4l 0SS
AE (Sl Gos Yo (St SVl Gas Y, oS
=S 5B (AE=Ey —Ey) |5 5,1 SSleul
33 JS 5,50 Eq (Ey =AZ+1.5y,) Sodnd CasVl
St Sl G Va5 St Sl
Ll

Yu 5 8p ool olg&Kasl (o o) 8,5 s b
s G ol ol B e 5 (0SS sl el Ol gea
Joms sla sl 5l b s (655 STl 5 sy

g s ols J—.‘B ) 5 () Ly, Oy gods

y_d:f2 y—c,p,e,Fru: Yu

AZ AZ gYu (Y)
Re, = YuYuP _ WP _ dp,

TR T
AE y
—=13(=%,p,0,Fr,,Re ™)
E, 3z PO FruRew)

ug_\;g_,‘.:’_\; C,_wbyl_' J)JJ Sle Fru 7 % “}.‘él;- b\}) BE)

e 5 akaB VB0 3 e o) S35 b (glabak pnGas
50l (- Se3lal (Bh o 3 35250 WO @ an) 50
Jsb ds e S s olg Ges Olpoa Lol o g2e lde
ke S B b Sk Sl eslial b o e e
sladis 3l ol (M) 5 (1) sla ISCs s g Sl
s e LS | Sl a0 5T

s sl slize bl VAe S 53 sl oS s
shas AT e a5 s pldl a8 LT sladue
Ve s L s xIVeo Yoo aagdoma b oo f
OBt 4 by e GlesT VP Sl oS 35 ) g 4
Gl el VY (slize 4l a5 gl 55 Lesle hile
Jodss 5 L S S Slomis 4 jgmme bl (SSod
e Jobe (Sied 6l s BT VY 5 sl
el gl s s b il St Slomis

Jole Siad ol (S o3Il (sla e 03 5o
eud\)‘\J)J_?)bvjujgﬁ‘@quw

ol

sl 5JGT

et ) S AT Jie s S5 sla il

\YF



03y A St Dlonies 3 Shes AT

Q=500L/min
AZ=25cm
P=40%
0=45"

Q=600L/min
AZ=25cm
P=50%
®=33.7"

SR W SR AT

HG&,&AQWQ}WJ.:L«W%&WTJ@

Q}‘jMﬁ)bHGJﬂ‘&WQJ@MJ&‘A&%GM&JO}‘&‘GL&}:&JAJ}W\ d‘gb

oLl L5j2§°)“’\"‘ 6\Aﬁxﬁiﬁ 63 gl>ese

Lo s e sl Loy Foo filss ok (5 ,S 03Il (gl e

Y/44-5/Y) Y/44-5/Y) Y/AV-$/Y Y/AV-$/Y (em) S CensV Gos
\/PV-Y/VY o /VY-Y/0 IS o /VY-F/\Y (em) Sbwd Cosiml Gos
- VY/0-Y0 - \Y/0-¥e (em) Olio ol st ol sk

3 oamen (W) 58 S laich 0 Re, 51 015 o0l il Z_%JJ%L"KL.“L” VU s, sde Rey o bk
5 eVl 3 0L > 055 Sl s s 4 Fry Qlﬁjsb‘

LCMA‘ /YO U o/0Q )‘ QT 63 9d>=s 03 4 w».’ L;S‘fu (e
o OA) L5 B 0 (0.68<Fry <0.8) Of oS 03 5o

Lgl_ad.k_n L;ﬁl_&j ).))'J_S}l.;) SAe 63 gh e 4_{&1\@4;-}3
3l Lic s 5 s3b—mesl—

03 5 wbOs Sl Ol 5 OToVA —IASY s sl

\YYV



VAR Okl / 3 05led / ool 5 oy Jlus/ su,yiw\; P

50 e -
I ¢ Plain inclined drop , 1=33.7° I
1 1
I —— moradi-sabzkoohi et al (2011) , 0=33.7° I
<
225 |
=
< o o
0 . .
0.06 0.14 0.22 0.3 0.38

YC/AZ

50
¢ Plain inclined drop , 0=26.56°
moradi-sabzkoohi et al (2011) , 1=26.56°
<
=
525t
<
0
0 0.08 0.16 0.24 0.32 0.4
YC/AZ

1) O, Kan 5 A58 5w 5310 Sl U bl 3o e3lu ile KBt o (5551 Sl Sl dglin ¥ IS
a5 YY/IV w505 (& 5 a0 YP/0F 4505 (A

DB s 5 Lom ime Dot 23 53 IS eed (855

sl 4 S

o3l (gl G0
Gl s ol s Gos ol o(F) il 5 5 s L
ol Ges blie 3 Sl Dlio 555 5 5 wsly 4w
el 0 0303 OLES (0) JSCd 3 oo

O Gl 35 e edaline (0) S 53 oS &S Olan
Goos il @B 5 B St i & e 5 o3l e
335 o Sl (o G RPN o (s S
Got Rl e (S5 5 ] S Slmis (5 50
ol sl Bl (St b il 53 il
5 Sl s Sl e s eale bl SEcd o
s e asls Rl L (Gl il b el s S
OLSen 5 (258 o (930 45 Al o (RI5 Cnmly
e L Uiles ;S 50158 1, 0l s e Slalas 53 55 (V)

©) 5 () Ll @y goas (7) 5 (V) Ll Ay o sl el

Yda Y
= =f,(—%,p,0 ¥
A7 4(AZ p,9) )
AE y
o (2, p,0 o
E, S(AZ p,0) )

o g s
IS o S5 A Sl ) 2 Gl S G
B S Slmio e et Ll la KAt
Sao sl sl s el (adaze slatbesl (56
=L LT3l ol s 5 as el sl file o SECS
Sy (V) OS5 A S 5w (300 Dladllas 5 ol
SOl (F) S Gilae (F JSC8) b S 1,5 avylie
Sl pln L aglis 55 ol Gaiod S o (6551
S5 s sl ghls (V) 0LSan 5 o85S e 93,0
S YPIOF oo e Llss 02 oS Gl S e 55 b
Wl 2V S s s iy a3 VYNV

Hrjﬁjﬂ\@wyw&bﬁwé\ﬂ

VYA



03y A St Dlonies 3 Shes AT

0.4
:- O Plain inclined drop , [1=33.7° i 10 Plail} inclined drop , [1=26.56° !
035 |1 ®Horizontal screen, p=40%, [1=33.7° 1 | @ Horizontal screen, p=40%, [1=26.56°|
"7 |t AHorizontal screen, p=50%, [1=33.7° | i A Horizontal screen, p=50%, []=26.56°
i . ! 1 © Vertical screen, p=40%, [1=26.56° 1
i O Vertical screen, p=40%, [1=33.7° | | A Vertical screen’ p=500/ ’ ﬂ=26.56° 1
o | L-ANextical screen. p=50%. 123370 | 03 [Le-rRETREAmaRtl B
’ °
8 $
N 021 5 N 02 | ¢ a
= $ 4 = ¢ o
= N Z = I\ A
0.14 | ééé ° Aaé o
[AY 8 o [ X o
i) 2 o 01 | A4
¢ §§ ° o 2 o
007 | o s &o° 6 A 500
8 g ®° i
8 < 8
0 : 0 .
0.06 0.14 0.22 0.3 0.38 0.06 0.14 0.22 0.3 0.38
YJ/AZ yJ/AZ
0.42 | -=
i OPlain inclined drop , 1=45°
E ¢ Horizontal screen, p=40%, _=45°
! AHorizontal screen, p=50%, _=45°
0.35 'i ©Vertical screen, p=40%, 1=45°
| __AVertical screen, p=50%, =459
028 - .
Nl ’ §
Son | 4
)
g g
A ©
0.14 | a0 A o
6 %2 0
&é Xg °
& °
007 | & 2 o0
8 o
8 C
0 . . . .
0.06 0.14 0.22 0.3 0.38
YJ/AL

sl oo (KEGad 5 (Bl 5 W56 St amio 4 oo file Scad sl (ol oo Ol O S

w55 Y0 a9l (g 5 453 YY Va5 (a3 Y9/0F w45 (A

Jmle (St 03 ebd e e b 4 Dl e (Sl
Jsb opl 48 aBlye 5558 oylil il ik amis 4 jgme
S 53 Ak ile St J3b Sl it ekd et
et sloml o bW 5 a8 b (655 (s S
drle (bt 53 65 8 8wt Ol e as e S5
Ll e G Pl (B St 4y g

J)_bds_fa.l_:twdj_b&". '\l_s an aé\_b..s\‘)

-

AR

Cewd s e lls agsly a2 s VJLB&M.A
Ko Dlmi o 4 e bl (KA & Cd 00
ol Gee Sl L gl an o s comes Lol 8
Olio 4 e file sla SECLS Jde 33 8 (Gl ¢ oo
Soo5 ety Cawd by (oo Gos olie ‘diéljrjﬁ&i.p
Sl e sl S el gl Al L g e g
35 B 53 Cewdml e Gos palie O o5l LYs



VAR Okl / 3 05led / ool 5 oy Jlus/ su,%j‘.,u. P

Dbt b amglia 53 @6 5 A Kota ko 4 e Jile (KEGd 5l sl o (e SI51Y s

&:MD'“E wwbﬂjub J‘i"‘

(1) Canspmls Gas ooms il 58

\—iwo-‘.:. Oldn }?J?u ”‘M)J

A3 Do Jslss s o ko Sbot 4l
S i HSebs | GBSk S i
" " m " 0=26.56°
WY A 10 oy 0=33.7
- - 0 A 0=45°

Jlss s bS5 ((Sdes dsb fal) s
ol Ak e R el (e Gas (St Dlmdes
e bl e ¢l () dadr s &Sl Jb s
Jodos cd falS gl Rl L S0 Sl i
s ol Bl Al el e Ges (Sl amds
Goe pdlde 53 Dold ab iy o sLalss 5o Al ol
L3Ol St S ol esle Jilo SE Gt sl (o
G SRl A e el ile (St asly GRS
et e ol e S0 ln e S mly (o
S i 4 e Jile (St ARLST sladds
YPIOF assls Lol Jole (Siind & S R 5 o3
el 25 S A S g el el a3
Aoy g e (SCh o oS Aas e DL il
STYNV X208 GLilss sl o Yo Joilss 5 o3l Ko
a3 YPI05 a3 L osl Jole oS & S 453 YO
Y/oX 5X/0¥ YoV lavsie jobasl) Gl ol Gos
Sde Do do 3 00 s 53 das o 213l sy
sl Lol ol bt & Sl 3 Olse ) 58
S sl doys YVEY 5 YN Yo YAV (i Say s Y5/0F
S b st mao asls 4 dms e 0L slie
dmio dn e Jole (SAd sl (o oo
e Jbe Si S Gl s LS S

Job) amsly e &S sl J5s cplals Ll (S
23 ety e G I G U (S
2 B Sl Dlmis 4 ez Bl (S

L o0 5 il St Slomis (65,54 45 bl )
b Sbad Gl 53 (B3 T 1 5l
tplle 53 Cend oy (pod Gos R i se 5 02l Sl
Gos il Ay I ccmal sl esl b (SaC S L
0 B St ks e bl S
12 1 ol s s ble S 4
sl 0l 03551 (Y) Jsds

3l o o Gl Ao 53 03551 st gl
o i B 5 @SB Sl a4 e Ll (Sl
rl o oslizal 3 adaly 3l esle bl o Saoud

il G gmd Ll 3 Lo y=( DX /DP)x100 (£)

dmbe St iy (s Goe DXC(P) il
et o8 DP gma gl b (1L (5B Silds ambs 4 s
el Mgl Lesle Ll (S el
SBgd aS 5,8 bl Ol 5 e (Y) o zolie S
ol oS0 b alis 53 5 S aomis & s
St Sz mly (oo oo A S i 4 e
St 53 el o3l 218 glaase LB o s |

db&dﬁ)(}&\ﬁ\@cﬂ\@wyﬁu&b



03y A St Dlonies 3 Shes AT

o (B Kot domi 4 o oo KBS () Sl o a8 200 ) ol X g

bl slaslas

(F) oty ol ol

Jibe bt ¢ 5
NRMSE (%) R? e d c b a
\/AQ °/445 RN S/YYOO  —e/e)AY /N4 o /AT B Sta amdis 4 e
dia% °/44Y o/°\0 —o/OVOA LIARR V/AYA \/Yavy il Sl dbs 4 e

2 Slbio 5l 5o 5 ansly s Gllas 5 s Sl
Sy e odalie () IS5 5 .ol sl esls OLLS (F) IS
e Rle (S s el bl (S S l S
SNl ¢ gmd (Sl G Sl 5l L (oS8 Sl amin
St Slmis (6,580 5 b o 2alS S b (555
S S s 555 Sl S 5B e (S5
Sl S il Jlo sl il sdd el Ll (SEC0s
sl A gy ¢ o Komin i & e hlo SEnd
e ot G el 53 1S o 55, S
Ll G500 5 a5 Losen 5 ey CHES

St bl Smin amds 4 yemme bl Sdd
3 Fs5 el 50 4 YTV 5 YPIOP sl mhaw sLlss
L amsly oo 2 50 (Hop 4l ol e sdalis (63520
Slsad mha Ll (655 As Lo oS )b wlsl ol
Jsb alsdl a8 ccawsVL 55 3 s Julssl boss ) e
S O i 535 0 e Slomds 0l ot oo
ol s S gl o e Bl e ) A
U s e o b 5 a0l 515 S8l o 5 Bl
ol ($3 00 o3l 53 (55 SVl Rl el ol en
el

(95 el A 5 a3 YO bl mhau 4l ¢l
@ bsp $3pmo Jol 4l s sd e sdalie o5 5 3 5me
S St mhe s s S S Sl A
S S sl s Ik ks a5 YO 455 &5 sl
33 a S a3l ol 3 MU el S0 sl 53 4

.b)‘bé};)job}bu ijwelayﬁ e)'kfji.:.b 4.:_5\)

AR

Sl Gl o Yo s o 50 Bl Sl amio
a3 YPIOF an sl ool e (Sl 4 555
VEE A0 a5 g jsbar | sl (ol Gos
Sli o Ao 3 00 s 53 das e Aaldl dsjs VAY
Lol blo oS0 & ol SRl Ol a8 Sl
Aoys VST 5 V/EA PV s Ses s Y5I0F s
b S e Ol e sl i a5 Ll e
s e S mh sl Gl L e S
el 4Bl 25

5 i St ok ol e G 0055 S
18 S ks 55 ) sen el U155 e 056

A=A O () e

7 V)

oslizal L oS dien 2l ol € sd b @ G aaly s
b SKid Jde g3 a (gl ST s Solver | geas
Jador 53 5 edal Cozay (56 5 81 Sikia Slonds 4 s
S sy O sl S il S50 Y el 0k S1 (1Y)
Sl e Sle Sl Glax 5 el 5 2Ll glaslns
A eslanad sl (g5l 5
Jids 53 o (sl o o ealie 4 a0 SOLea
3oy b BB olie s obsol laslns L;“KQL‘}I
ol G Jaléiil.aﬂ Slaesls 31w ys eesS LSl S e

IS o 55 SHgl

Gas blie 53 S ed (655 SOgal golul SJUT il



VAR Okl / 3 05led / ool 5 oy Jlus/ su,yiw\; P

AHorizontal screen, p=40%, /=33.7° AHorizontal screen, p=40%, _=26.56°
OHorizontal screen, p=50%, [=33.7° OHorizontal screen, p=50%, 1=26.56°
@ Vertical screen, p=40%, [=33.7° @ Vertical screen, p=40%, _=26.56°
AVertical screen, p=50%, _=33.7° AVertical screen, p=50%, _=26.56°
# Plain inclined drop , ©=33.7° # Plain inclined drop , 0=26.56°
100 100
[} —t a ;5.”
& * & o
75 f - [i)
5 6@& N P?S 'YW .
= & A g 8 % = [iY 8
< o)
< o 8 8 o g
50 6  ,ha 50 - 6 L, 4 A A
g oo 6 4% o o ©
& 9]
s | * »s
. .
‘. *,
‘e * e
* o - . . *es o . . .
0 L L L L 0 L L L L
0.06 0.14 0.22 0.3 0.38 0.06 0.14 0.22 0.3 0.38
YJ/AZ YJ/AZ
A Horizontal screen, p=40%, _=45°
O Horizontal screen, p=50%, _=45°
@ Vertical screen, p=40%, _=45°
AVertical screen, p=50%, _=45°
¢ Plain inclined drop , C=45°
100
[A) 4
é C
75 | b WA
= %ad 8
3 Fiy
= Iy A A AA é @
< 6 % o ooo 3
50 |
.
.
25 | 0’
.
”’
.
* * -
0 L L L L
0.06 0.14 0.22 0.3 0.38
YJ/AL

sl ol oSEond 5 1 5 WU Kot amis 4 e bl KBt o (5551 Sl Sl ks £ S
(ﬁ

a3 Y0 4l (C" a3 V¥V a5 (O cam 0 YP/OF w4l 5 (A

Uil ] B Se amis 4 sgme bl S s

3ol maw J b Jals o Sl e 45
amdo odd ot Db R e S s RalS
sl sl SRl L e ol o 1 s e St
s o S s s i 2alS 5 s
Sl b Rl s a8 S I8 B e )

s e Blal 53 Gl ol 35 e 5351 S

5B a3 (655 Ohr s 4 bge o5 pss 4l
3l ‘;7‘5}.’ (et 4—?'U BERCACER )‘593—53 CEM LM«JJ..:L.
a5 b s s Bl e s s S S bl
Sl o s (551 amd Sl Gos (Rl L oSy
My 20l iy IS e 551 Sl W el o Sl
o e 5 ol bl (At Al W) Gilks) S s

.(ij5 Sle dmidon

\YY



03y A St Dlonies 3 Shes AT

Average of energy loss

Average of energy loss

d?.’ﬂ(sg,;VSU(J‘:&J@WQ%&b#%6|ﬁwdjj‘61@|bﬂy‘}$&

Sl 55 (55 1 SVl iy 5 xSl b
el 0308 Bl (g p3 00 s L ko

S S e
S35 sz lasl VA fa—eime 53 Bl G s
WS 5 B St i 0 s 5 03l blo S
5353 laghlesT s el 0L (6550 SOl e 12
sl e 5 Sidas dmdo S Sl 53 (Sl i
B s B Sl i sl Ble (S Sl
UHH@J,\_‘);J_MUA}@L";)M@,?#);
olasl sy e Jdos 55 53 .8 S 18 L)l s anlis
e G Rl e (s (Sl G Rl
S Gl e aly il s sd e cs il
Sl S s S5 Sl 5 sl (s G
L s 2l (B S a4 jgme Lo (o
2 bl s e (Sete Dl s Ao Rl
My lademSte Job il sl sl Bl Saead b anslio
B St i e Bl S Gl S
5 st s a5l Sl L S ek (5351 SS
oS Al e il Sl Dlmio ks Aoy hals
T sl 03 S el 55 SVl o il oS

J.:elw éw‘ LSM): ¥o &M‘ Jw)b 9 4o Y0 )‘J&T"f‘i’

\YY

e fole G0 bl 53 oS el gl S VL
3 Sl S5 Oly el i (30 St s
S B S amdo @ peme file (SIS o
Ol e JS 03l 50 Sdis Slmiis ol o J b
G Kbt s e sl kS oS S
P S a4 e bl (SO0 (6551 Szl
J b St amin 5o (6551 SVgnal o iy 5 andl
e bl oS sl blie 3l e B! L s O
sl 3 550 SOlel i (B St i 4,
Fo Sto i Jolis o3 5 s YO s b
Al e G| L

Sl oo 5 St 4y b e S5 el
Ui (S s (8551 SVl Olgn 3 o6 5 BB St
Amlos e (o e 3lie aleS slila LT Jan e
el ol 03ls OLES (V>J§..i).>)a.)\..fb

S5 Sl oy iy S 353 e sdalie (V) S5 s
Jsdss s a8l Site Slomds 40 pgoee bilo oSl 5o
Opmomad ol a3 YO SCECd 4l Lo s Fo
Sl s J2alS 5 asly Jiulil b S 553 e bliza
G Al e il 65,0 Sl ade pl s Koo
bl 53 I St ami o g Blo (K3
OSd a sl Sl Dlomts 5 93 a3 oS 550 00



VAR Okl / 3 05led / ool 5 oy Jlus/ su,yiw\; P

Jsb 3l i Sin SOlmiw odd st Jsb 4 ol Ol Ol o BBl S ammin s jgme hibo (Sad Gl
AL Sl 55 Sl il Sacd Ohr 655 SOl il el Sl Ges K 3 S5 S
L}SﬁZWJ)ﬁ)@QWede}bwmb

oalaul 2,40 cLA

1. Aslankara, V. 2007. Experimental investigation of tailwater effect on the energy dissipation through screens
(Doctoral dissertation, MS thesis, Middle East Technical Univ. Ankara, Turkey).

2. Balkis, G. 2004. Experimental investigation of energy dissipation through inclined screens (Doctoral dissertation,
M. Sc. Thesis, Department of Civil Engineering Middle East Technical University. Ankara. Turkey).

3. Daneshfaraz, R., S. Sadeghfam and A. Ghahramanzadeh. 2017. Three-dimensional numerical investigation of flow
through screens as energy dissipators. Canadian Journal of Civil Engineering 44(10): 850-859.

4. Daneshfaraz, R., S. Sadeghfam and A. Rezazadeh Joudi. 2017. Experimental investigation on the effect of screen’s
location on the flow's energy dissipation. Irrigation and Drainage Structures Engineering Research 17(67): 47-62.
DOI: 10.22092/ARIDSE.2017.109616.

5. Daneshfaraz, R., S. Sadeghfam and A. Tahni. 2019. Experimental investigation of screen as energy dissipators in the
movable-bed channel. [ranian Journal of Science and Technology, Transactions of Civil Engineering, doi:
10.1007/s40996-019-00306-7.

6. Daneshfaraz, R., S. Sadeghfam and V. Hasanniya. 2019a. Experimental investigation of energy dissipation the
vertical drops equipped with a horizontal screen with the supercritical flow. Iranian Journal of Soil and Water
Research. doi: 10.22059/ijswr.2019.269301.668053. (In Farsi)

7. Daneshfaraz, R., V. hasanniya, R. Mirzaei and A. Bazyar. 2019. Experimental investigating effect of positive slope
of the horizontal screen on hydraulic characteristics of vertical drop. [ranian Journal of Soil and Water Research
doi: 10.22059/ijswr.2019.283685.668238.

8. Hasannia, V., R. Daneshfaraz and S. Sadeghfam. 2019. Experimental investigating on hydraulic parameters of
vertical drop equipped with combined screens. Amirkabir Journal of Civil Engineering. doi:
10.22060/ceej.2019.16431.6223.

9. Kabiri-Samani, A. R., E. Bakhshian and M. R. Chamani. 2017. Flow characteristics of grid drop-type dissipate.
Flow Measurement and Instrumentation 54: 298-306.

10. Kindsvater, C. E. 1944. The hydraulic jump in sloping channels. Transactions ASCE 109: 1107-1154.

11. Moradi Sabz Koohi, A., S. M. Kashefipour and M. Bina, M. 2011. Experimental comparison of energy dissipation
on drop structures. JWSS-Isfahan University of Technology 15(56): 209-223.

12. Peterka, A. J. 1958. Hydraulic design of Stilling Basins and Energy Dissipaters Engineering Monograph No. 25. US
Bureau of Reclamation, Denver Colorado.

13. Rajaratnam, N. 1976. Turbulent Jets (Vol. 5). Elsevier.

14. Rajaratnam, N. and K. I. Hurtig. 2000. Screen-type energy dissipator for hydraulic structures. Journal of Hydraulic
Engineering 126(4): 310-312.

15. Sadeghfam, S., A. A. Akhtari, R. Daneshfaraz and G. Tayfur. 2015. Experimental investigation of screens as energy
dissipaters in submerged hydraulic jump. Turkish Journal of Engineering and Environmental Sciences 38(2): 126-
138.

16. Sadeghfam, S., R. Daneshfaraz, R. Khatibi and O. Minaei. 2019. Experimental studies on scour of supercritical flow
jets in upstream of screens and modelling scouring dimensions using artificial intelligence to combine multiple
models (AIMM). Journal of Hydroinformatics 21(5): 893-907.

17. Sholichin, M. and S. Akib. 2010. Development of drop number performance for estimate hydraulic jump on vertical
and sloped drop structure. International Journal of Physical Sciences 5(11): 1678-1687.

18. Wagner, W. E. 1956. Hydraulic Model Studies of the Check Intake Structure-Potholes East Canal.

\YY



Journal of Water and Soil Science
Vol. 24, No. 2, Summer 2020, Isfahan University of Technology, Isfahan, Iran. o

Experimental Investigation of Performance of Horizontal and Vertical
Screen on Energy Dissipation of Inclined Drop

R. Daneshfaraz’, M. Majedi Asl and A. Bazyar?

(Received: July 29-2019; Accepted: October 2-2019)

Abstract

Inclined drop is one of the supercritical flow producers used in open channels to reduce slope and elevation of the
ground. Given that the application of horizontal and vertical screen in the downstream of this drop as an energy
dissipater can be effective in the n energy dissipation of flow, in the present study, 180 different experiments were
performed to investigate the energy dissipation of flow. The results showed that the angle of the drop had no marginal
impact on energy dissipation and the relative depth of downstream of inclined drop equipped with a vertical screen, but
increasing the porosity of screen caused enhancement in both parameters. Also, for the inclined drop equipped with a
horizontal screen, by increasing angle and decreasing the porosity of screen, the energy dissipation and relative depth of
downstream were raised. Also, for inclined drop equipped with a horizontal screen, by increasing the angle and
decreasing the porosity of screen, the energy dissipation and relative depth of downstream were enhanced. For a
constant relative critical depth, the relative depth of downstream and the energy dissipation of the inclined drop
equipped with a horizontal screen considered the function of the wetted length of screen and length of the drop. For
vertical screen, it is only a function of screen porosity.

Keywords: Energy dissipation, Wetted length of screen, Angle of inclined drop, Relative depth of downstream.
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