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Fig. 1. Schematic view of labratory channel
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Label Run Q(l/s) Qairiming ~ H(CmM) Fr o (degreee) D/h Dso(mm)
Tyx-0-0 30,33, 36,39 - 11 0.37,0.41,0.45,0.47 - - 1.49
TB wxa6-0  30,33,36,39 46 11 0.37,0.41,0.45,0.47 90 0 1.49
TBxx-48-0 30,33,36,39 48 11 0.37,0.41,0.45,0.47 90 0 1.49
TBxx-50-0 30,33,36,39 50 11 0.37,0.41,0.45,0.47 90 0 1.49
TBuxas2s5  30,33,36,39 46 11 0.37,0.41,0.45,0.47 90 0.23 1.49
TBuxas2s  30,33,36,39 48 11 0.37,0.41,0.45,0.47 90 0.23 1.49
TBuso2s  30,33,36,39 50 11 0.37,0.41,0.45,0.47 90 0.23 1.49
TBxx-46-8 30,33,36,39 46 11 0.37,0.41,0.45,0.47 90 0.72 1.49
TBxx-48-8 30,33,36,39 48 11 0.37,0.41,0.45,0.47 90 0.72 1.49
TBxx-50-8 30,33,36,39 50 11 0.37,0.41,0.45,0.47 90 0.72 1.49

Table.1.Experimental condition
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Fig. 2. Plan view of the velocity measured point

182



744 JL&/Y AJL@J/M 09>

OF Oy 3l il 5 03,8 ablie w3 31 36 il 0L
ol adlaie O 53 ilep 5 ol odd Jsw e @
S 2l Ol g o e pilesl (658 aalin b uoman ool
ol s Gl Jax sl b sl aile 3 Bl b e SLe
VAN 5 MYV sy slael Gl el el bl sl
Sl ) 5 NS S G 8 0 Rl e She
AYIO 5 VN ials o go oy halosT L alie 53 5 2

.Qm\eﬁ@}ﬁ{w‘};&ibﬁjbé.)\w)}

Bos Al wo sy o Ayl Aol HST-Y-r

ST
SRS Yoo 8 ol Ul pl 2 Rasn nl 45
L o ol OIS E e BIS 5 ol i
SV A ALB Y s e dy 0T 8b e s
e sk osme DUl w5 Gam 58 O e Sl e
Solosl Gl 1y e B8 s (Cilt) K8 s s
5 () G S 5 Slher 8 G s 3> O3
~ s el gl Sl e SIS (f s -t)
A Y0 ho dol s oS 4 s d) S ol
Lase Ol Ly syl 53 e e Sl el
(R) 33 655 5 plad a4 S (53500 5 LI (Slay goms
P T 1S | P T T T K JRETRPRY
e psls el 5y (St Al Gas ey S Slies
Ogen ol Bl (208 (6 8 55b 4 e Rales]
A3 G B Syl s Gas ey SLe
o go o 3 5 e Bl 0/ 5T A OS5 bl
Sl 4 cad gdoys V0/N0 5 08/0 AV/A L 2alS
w5 b el 00 (T36:0:0) 2o 8l VA oy Sbo b o 1
5 o s s Jelsae ) S Gl bl s«
AL 5 Sosee (el sdd a0 5l Aol 0
5 e mle A Cndge j3 Wyl &S b3 3l e e
4l Gadl z Jl e 13050 odl (55550 Aol &
S Jedse 8 5 S ol by ol 13 S B 2
Ll ol 03,5 553 e Of Col s B

B Sl mge BOL ey M A

1383

@by oo -
st ST 5 oot b Sz 03l 43T ¥
o obomlol il s Jesn ol Gldal Giss gl
St S5 hen o o3l B s shate
Slagnbesl @l 035 e 4 b 5l ey s ol
el sl a3l e la bl s ke 4 Lo
Jedste ) gy Bile dlols Lonlel ol ale 55 a2
dol oomen S 58 Cul ek, Bl s 0
A s S e ) e Bl Y0 Ul Cab g > 4
A as S

R R S N I
Tecplot 1550 o5 5l eslinal Ly wols cdls s
Sl et (7= 5 A7) S 4 e 5 360EX 2016R2
O3t R) e 58 55 0 plad & Connd 1) i SIS 508
e (Sl jsam 05) w5 sl bl 53 1 el Any
4 Ol > 55,5 Lol o OLAS/EY 5 +/TV 555 slael
SN0k bk e gl sz Mo 4 B J2
3 Dl e M e 5 el Gt ol s
25 LE OLalE sll s Sl 5 Sse B
JHI L oS e 5 Saslasly 450 gladl W5 ool
o3l O o sd 53 Sl g o Sk Ol L ol
18] spi 0 bl

s (gl £ ) s el Cad s il b
0 s Sy OF i Jy pud Jol e (Sesp
p95 da 53 el b s 5SLe B el Y B0 sgu
Sl b ol BB ol slnl b bl s 5 3
S Sl (2N 0L Gas 4 (Sontil e Sle
slael w0700 50/0Y (VIVE) Sl e o 0 S e
Y/0 Juolsh a5 /OF 5 o/TY e 4y o) 5 HYV sy
Slges i Sl G B 5l G Y
Sl Coslre 03 55 Sam e ) edd Al
i Slaeg 5 Bl e O s (ol S 5 5
Lol ol sl Lo ,s L2alS Lo g oS 035 sbol I
SIS dss sbcls Sl Glamis 5 Bl ojle Ca
LS ol bl (o5 Sasler 4 66 O (Y 5 -Yile



e S o b s e b bl ALl e

Ok s b bl £ sl (el Gee ey Sl s gl
(0) JSo )3 /80 555 sde sl Slhan b Lo ot
sl 0l =
dos 53 il b JssS (T36:00) oo Sibesl 3
VIYV Gos o Sle b p s (gLl B 8r wblie 5o 058 p o
b Sl Olgn 5 488 IS5 05 (olgal 53 (6 antln
4 3 e e ded a3 ol wibil el ledl
IS 4 S SIS g5 sl g b ls (g ri bl
TBs6-500 sla_islejl 2 K2 a5 L 5 03500 oS
o5k eVl @ il b Jir TBassos 5 TBss-s0-2.5
5 edd sl s Ve B Y slade Sl calie O s Ly
sy S Sl VO 5 0/Y 5 8 4 55 4 Of ey Sk

R

alolh (5L das e 0L Laphlesl bt s el
Olsee (ol A ay Jio S Gssm s 5l Joibsne o
Slesl 2 S Gl S @ anl JralS Sani] Ges ialS
s w e bl 4 oo (Senl Ji; TBasass
o 03 3 Sl (W) rames Ll sl P
s G iobosl 4 s TB3sa6:0 iulesl o5 J=ls
seile ¥ 5 edd eSS TBssass 5 TBasss-25
o W10 (11] OLGn 5 oS5 cpl 3 Lhe ool
oosd Ol s VAT B JUS s sdse d ) Lol
Dl aag ol Ol w1 e e Ve ol S

ISVEY

D=0 :(;_;)Lg-)\;'-)\ﬁsjl;il:éuy!fﬁ)‘&wﬂ.&,g;q-w)ré;-): Fr=v/80 o5l 05 () ¢y S 55 ol i Jse

o il D= A () 5 e sl D= Y/0:(2) e il

Max scour depth

YR

Max scour depth

A

15
b . ( (= )
14
12
1
&
> 08 Max scour depth
005
0
0.6 005
01
015
02
0.4 02
03
TEH e
Q=33Us
i |a=46Ls
02 05 [Fr=045
D=8 cm
0 0.5 1 15
XR
d.»)

Y/R

a. (&

Max scour depth

C. ()

Fig. 4. The dimensionless bed topography; a,) with out non-phase jet and Fr=0.45, and with non-phase jet b) for D=0 cm,
c) for D=2.5¢m, d) for D=8 cm

134



744 JL.«/Y GJLMZ/M 09>

oo Olyes pwdige lagh — ade done

OF Olsme 31 o3l 325 b ialesl 55 Js ool baws
Jle 3 (mle Olge @ ol e 1) edd anulS
Ob o il gl sl 0L > s by a3 15 0L
A 595 5 kol 0L Ol il Cely g 5l LU 4 50
el ks pls wle 4 OF JUESl 5 Sam e Sl O
VI A (T3600) wr e Slesl 3 (Sl oo sSLe
et il spms b Sla il s At edalie gL
i S S (Ta50-8) Lilasl 55 b s and Sant]
s A shaie 53 5 e Sl VYl O Ol & o
Jowe 53 osle S by s T36:500 Lilesl s of weS
535 e Sle /0 Ol 4 &S sl ol ai Sy 5
3 i Aol s a3l Osls I3 L Ll am s Ve da:u
ek i O 5 Jols S 0l G 58

Al RS 0L wbs s 0T oUls
e 5o RlTE a0 e dblie Sl e BIS 55
50 (Sl Gas o it b blie (5l /E) 55
Bl g el ol esls OLES (V) ISE s axs Vo
5 s o o) edd Sl bl s dol Kl
ﬁ):.wlwwiﬁﬁbwddaw)w
Som B N e bl s il s Al slade 5
5ol aalsl OF 5 e mle £ Aol U L s 5 g,

ol e Sl £/YQ 5 /A 5 5 4 Of dicis

e bl (Sl Ges an Sl s sad alie 0 JSC
Sl Cils Jolss bosle s 53 gbe ilesT L (T360:0)
it

—T36-0-0 e« TB36-50-0
6 == TB36-50-25 ~ cccccee TB36-50-8

0 10 20 30 40 50 60 70 80 90
Lenght of bend (Degree)

Fig .5. Comparison of the maximum scour depth for the
reference experiment (Tss-0-0) and experiments with
non phase jet in different locations

ool L (T36:00) e SilesT Job L5 amlie 1V IS0

o g Sl e Lol L osla g o
T36-0-0 e+ T36-50-0

(').'4"" T36-50-8 == == T36-50-2.5
o ~.
o -<Cs —
N 0-2 A =N
N'04 ".o' '-.. .-.,.00..0-. e
-0.6
-0.8

0 10 20 30 40 50 60 70 80 90
Lenght of bend (Degree)

Fig .6. Comparison longitudinal profiles of the maximum
scour depth for the reference experiment (Tss.00) and
experiments with non phase jet in different locations

5 s (S ) gl Sk s
el sz 1 (V) S 53 0T 5l (g e Sl Y70 sls
o -l s bl Ll s K8 4 g L

5 Ol 5ok sl S 5l ol o el w3l 5 Ko

8V 5 0=t (mMin) s ol e ) Cilis Jold bosle sz 53 sla i1 L (Ta3.00) = oelesl o e b aslis VS
v © (@) s 10° (L) Fr=:

0 10 20 30 40 50 60 70

B(cm)

0.2

0 a.()

5 -0.2

-04

-0.6

0 10 20 30 40 50 60 70
B(cm)

| T33-0-0
= TH33-46-2.5

p——— ) E WL
......... TE33-46-8

Fig. 7. Comparison lateral profiles of the maximum scour depth for the reference experiment (Tz3-0-0) and experiments with non
phase jet in different locations in q=46(l/min) and Fr=0.47, a) cross section 65° , b) cross section 70°



e S o b s e b bl ALl e

—— (0/Q)=0.019

St S35199390 3 198 3155 (20 T 1Y
EA AT GouF o ¥ s omsler oilu s Lo gla bl
day O 1o ges (A IS0 s el aads o aloe
OLas /8Y 55,5 sae p3 b3l ¥ gl 1y Jsb s
S oS il laolie Xy, Jebs 4w A das s
asls 5l edd S alie GG s Wl Ll s dis
03 sk Gl B ar o Ve 5l s el ol 2S a5 Ve
S 0T Ol cdals lesl s (Saeal ey L 0
OB L ml e s bl e ) de a Jy el
Olpe ol s o5 ol o Ipa G5 (0
CodB e G55 05 SRR L edd alls Aol
Ol st S L s Gl T 51 30wt 0L
osly Jlazl (ajlé e @ 5 o0 o =l Sl ol
Oliee o8 Gu5 23 SWlpl b ocwd ol 5o 5
B el wle (355 S Cul et wagpl b
Sl W OF 5255 SRl 5 o2 (sl o sllas
Soisl Gos gy Slo 5d GlalS blest s S sen
SN Co o aads o 1l 0r g A BT 58 s s
AVY Ol 0 OF llie a3 55 e sl +/4 5 VA

T Y sy s e bl bl b by (i) A UK
&JJ%UAJJ@%TW&)SLAM&)\J}a&(%}).&i\)ﬁ
g;.“M;LS‘}"‘&‘,)};

(9/Q)=0.020 —e— (q/Q)=0.021
0

()
- 02

N a.
0.4 .

-0.6

0 10 20 30 40 50 60 70 80 90
B(Degree)

—o—0=70° =i (=65°

0.4
_03
J 02 (&)
0.1 b.
0
0.018

0.023 0.028 0.033

a/Q
Fig.8.(a)longitudinal profiles of the maximum scour depth for
Fr=0.47,and experiments with 3 air discharge,(b)Non-
dimensional diagram of the maximum scour depth relative and
the relative air discharge

186

b ol Sl e gl jio Al L ol Galesl s
WLt Aol s D.b? Wle 4 dslu b dls TB33.460
cblis o OF Ol 5303 U3 Gosm b 3 5l
TBa3- ilesl 53 5 e sle v/0 5 V) waz 3 Ve 570
O posSle 5 0 Dol (g b il b ol 554625
ol Ju:;‘ASQ.A\;SA{r)'Y el ol Jize ol aile 4
Sasn onl sl sl 53 oS p gl b 4 JIssS
e oS o3y gl opl sllae LT ) edd sl
RIA Ll s boasd e gt B 1P
TBas-g6-8 (lesl 53 Ssm s 3l ol ) dols
o5 ot Sl iy ekt S S e B L8 b sl
doss B0 Ulpe w0 Som r SSP 0 Saedl
5 e ahob s ole s rames el w015
Ao YO s VN 1y (Sl pas Sle Joms (5 el V/0
S (S el A OG5 5 Sl o3 5a0 0 adsl OIS
(V) s L3 el 03l 55 oo ol i 3 (6 Sair
Vo ablie gl OF J2alS doys 5 (Santil e Sle Ol e
BV G5 0 U AT s sl s A0 5 A
Sl Gas Al o Sle ol ol 0351 aids 2
03 5 0/80 355 sde 53 ablie nl (sl L iobosl oles s
SUATAYAY CS 5w e Sl A 5 Y/0 Gin Jolp
8] 0lKon 5 & S 5 ol 5l i el AoV E
Sl alS aiy [7] Koy 5 [10-14] S50

JLJ‘; Lo 3 00 a5 VAY w}_a 5 1y el U'i\ Ja.w)s

A S
4,3 A0 AT VO ablis Sl s o2 Sl alis Y e

Test Fr  0(deg) Zmax Reduction of

scour depth(%

T36-0-0 0.45 75 6.6 -

T36-0-0 0.45 80 6.2 -

T36-0-0 0.45 85 6.2 -
TBs6-46-0 0.45 75 15 77.3
TBs6-46-0 0.45 80 0.6 90
TB3s-460 0.45 85 1.2 80.6
TBsgs-46-2.5 0.45 75 1.5 77.3
TBss-46-2.5 0.45 80 2.1 66.1
TBsgs-46-2.5 0.45 85 3.1 50
TBso0-46-8 0.45 75 4.9 25.7
TB3s-46-8 0.45 80 5.6 9.6
TB3s-46-8 0.45 85 5.7 8

Table 2. Comparison of the maximum scour depth in cross
section 75° ,80° and 85°
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Absract

Some events such as scour and deposition in rivers may endanger the stability of the outer bank’s bend and
reduce the navigable width of them. So far, different techniques have been developed to control this
phenomena such as bottom vanes, submerged groynes, bandal-like structures. In the present study, the
influences of non-phase hydraulic jet usage on bed scouring and deposition in a 90 bend has been investigated
experimentally. Experiments were conducted in a experimental channel to measure the variations of bed
topography under a clear water condition. The90 bend is connected to an upstream straight reach 5 m long
and a downstream straight reach 3 m long. The channel was rectangular having 70c m width and 280cm
radius of bend to centerline. (R/B=4; where R=radius and B=flume width). Four Froude number values
including 0.37, 0.41, 0.45 and 0.47 with a constant flow depth of 11cm under clear water condition were used
for each test. Bed topography was measured with a laser meter and contour lines were plotted with the Tec
plot360software. The scour geometry in a bend depends on channel geometry (channel width, channel , radius
and bed slope), flow conditions (depth and discharge or velocity), non-phase hydraulic jet characteristics
(length, angle with bank, location in bend), sediment properties (specific gravity, grain size), and fluid
parameters (density and viscosity). Therefore, by Using the Buckingham theory and after eliminated the
parameters with constant values, the important parameters were q/Q, D/h , Fr and a. Three-dimensional (3D)
velocity components were measured using the electromagnetic velocity meter JFE ALEC model ACM3-RS in
tests with and without an installed non-phase hydraulic jet. The sampling rate was 20 Hz and time of
sampling was 60 seconds. So the minimum 1200 data were collected for each point and their mean was used
for determine the 3D flow pattern. The results showed that with installing non-phase hydraulic jet, the
maximum scour depth is reduced as much as 77%, 82.7% for Froude numbers equal to 0.37 and 0.41,
respectively. It was also found that generally the scour depth occurs away from the outer bank and it was
shifted toward the middle parts of the section in the main experiments, which can positively result in the
increase in the navigable width and also sediment deposition was observed at the outer bank in some
experiment. The results show that non-phase hydraulic jet significantly modified bed topography and reduced
the maximum scour depth in outer bank. In this paper to evaluate the effect of space between porous tube and
outer bank , three different space (D=0,2.5 and 8 cm) were used. It was found that by decreasing the space
between outer bank and porous tube the amount of scour decreases and the maximum scour depth reduced as
much as 87.9%, 54.5% and 15.15% for space equal to 0, 2.5 and 8 cm, respectively and it is most efficient
when it placed on outer bank. Maximum scour was usually saw near the outer bank, and attributed to the
maximum stream wise velocities that occur near the toe of the bank , also the analysis of data have shown
that the presence of non-phase hydraulic jet caused uniformity in the velocity distribution at upstream and the
high velocity zone moved toward the center of the channel and inner wall. The installing a non-phase
hydraulic jet on the outer bank of bend, by its rising velocities, generated a secondary flow that rotates in the
sense opposite to the curvature-induced secondary flow. The jet-induced secondary flow cell causes an
inwards shift of the cores of maximum streamwise velocity and maximum vertical velocity impinging on the
bed, that both of them play an important role in the cour in the outer bank.

Keywords: River bend, Non-phase hydraulic jet, Scour, sedimentation, Secondry flow

190


mailto:*ja_ahadiyan@yahoo.com

