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Figure 1. Schematic side view of turbidity current and different parts (1 and 5).
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Figure 2. Schematic side view of a laboratory flume.
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Figure 3. An example of created turbidity current.
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Figure 4. Array of plates for converge and Z shapes.
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Number of Volumetric Reynolds ,  Concentrations  Bed slopes Shapes Area(cmz) Arrays
experiments  Froude number number x10 (el™ (%)
dals
4 0.47-0.71 12823 20,40 1,2 0 0
Control
N
4 0.310.62 0.75-1.53 20,40 1,2 & 16 o
Square Parallel
4 0.31-0.56 1.03-1.93 20,40 1,2 e 16 o
Square Plaid
e
4 0.280.56 0.71-1.82 20,40 1,2 & 16 7
Square Converge
| 81
4 0.3-0.63 0.82.2 20,40 1,2 & 16 A
Square Diverge
57
4 0.36-0.63 0.99-1.99 20,40 1,2 & 16 S5
Square Z shape
N
1 0.25-0.45 0.97-1.62 20 1 & 36 o
Square Parallel
R N
2 0.25-0.51 0.96-1.84 20 1 : 16,36 o
Rectangular Parallel
e )
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Trapezius Parallel
e N
2 0.23-0.55 0.98-1.42 20 1 16,36 o
Triangle Parallel
MoVl g5l o 3l
2 0.2-0.56 0.79-1.3 20 1 St 16,36 e
Rhombus Parallel
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Figure 5. Dimensionless velocity variations of turbidity current head compared to smooth bed in different

shapes of plates.
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Figure 6. Height variation of turbidity current head in bed slope 1% and concentration 20 g.I"".
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Figure 7. Froude number variation in different shapes in bed slope 1% and concentration 20 g.I”.
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Figure 8. Richardson number variations in different shapes in bed slope 1% and concentration 20 g.1".
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Figure 9. Dimensionless velocity variations compared to slope and concentration.
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Figure 11. a- Froude number variation in different arrays in concentration 20 g.I" and bed slopes 1 and 2%.
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Table 2. The average percentage of reduction of Froude number in different arrays compared to smooth bed
in bed slopes 1 and 2 % and concentrations 20 and 40 g.I"".
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Figure 12. a- Richardson number variation in different arrays in concentration 20 g.l'1 and bed slopes 1 and 2%.
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Figure 12. b- Richardson number variation in different arrays in concentration 40 g.l'1 and bed slopes 1 and 2%.
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Table 3. Velocity coefficients of the turbidity current head in different arrays.

C=40 g.1" C=40 g.1" Cc=20 g.I" Cc=20 g.I" il
S=2% S=1% S=2% S=1% Arrays
dals
0.671 0.543 0.584 0.553
Control
3
0.425 0.360 0.505 0.443 s
Parallel
0.432 0.409 0.398 0.316 S
Plaid
<
0.432 0.357 0.496 0.421 7
Converge
| 3
0.437 0.404 0.463 0.450 A
Diverge
Y Z
0.447 0.429 0.498 0.485 S5
Z shape

ssbolen (A Wsged sdaline | Lk 0L > Slis
Sl s pSile sl Lasein 50 VW IS8 5 &S
Lg;gp.ﬂ@uﬁajga,\pjtu;,u@ﬂﬂls
sr dsb 03 JS3 8 Gl Sl e 4
A by 0w VL s 5 eld acule OL >
Dlssed 3 e slael) il sl esly LA IS
O s CLE)I ol ekasglis ( glig Cu:)\
el e (Al e Bl e b aals S
Lol 5SS w b Sl (i)
Ui S35 2 S AL ISl S o
Of e oS ol w3l Ol Sliy Co o 2alS
S Sl 4 4 LS O Sl Olss
L ez JUS S 55y 5S 5 edeld 5l adiysd
OLL;?OJAJUMBWOQJ?M&JLJESJ
Lol oy 3 Gin b oS0 cpl 4 Oy b lae
Spad b 1) gaeme dalsl IS &S e 5505 Cu;,\
s Sl sl gl L Sl e 2l
osed sdalin b g ol e Jliy o 5 5L
gl SalS Aoy e bogas b el 4 by s
RS e b S am Ol o Cbuws 53 3 2ue

I W CM‘Y\&}\F IS s 358 sue Al

YoA

2 G RGN Slimio ol
s LY S s il Ol sleeaiis
or 4 phldss Glaamio Coslie gla K
P 1 e in Bl T 51T ol 5 glanylie
Oswdjlamy 3de 5 353 dde Luj) o oSl
ol s oS boles i wtlsy ble Ol s Sl
TV a5l cole i b o3sd 0 sdalie IS
PRIV e S8 (loe sla IS5 0 e S
o S 3 1y U e A YIY L
o VN L i O OF Sl de cal azils
slaasy 5 M):V//\l{d:la;,,..“m):‘\/\/lfdf
ser o) VAL aized IS Ll I3 us
05,50 sll Jliy Copm S Ol 5 Sl
2 oCbes bl S AL sdalie oo ol
ol 45 02p Jie 55 Ob o Gliy (U1 Gl )
Colie 4 Cod Dlmio &) 04D 5L REE
Lol Opr datmion 3L5 gl il S S
oty eds WOT (5, 5 e Ol i b er
alia & ol sl SR 5L Ol Slay L
LoaS Wil (TY) id 5 [ pdil el amgs
glol RlBl 5 e Al i el Rl



RUCSEPPEI IS,

e b abls [ e o508 dals Sl s Ab Coles 18 amen Al e mn e Sl T
BRSNS g DYRL I RCEH Of cle oS ol wxils sde ol 2alS g3, 0 ool
sde all pl s s e OLES lssed j3 ) S g@LA‘Yk;)'\j;aJﬁ:j\,\g.mp@ L8 O S
Loy 5 255 2 Jals Sl A0 Ogensln Colg 0 s s i 5w SO S Sa

Al e e 0L Sl Firoap e JalS p ol i L oadsl

O3l 328 VW IS 4 5 L iomen Lles

M X=0.5m HX=1m mX=1.5m HX=2m HX=2.5m W X=3m

0.1 < /R0y
271%  36/8% _ 350, 3790, 2612%  4p30, 298% 26/4%

. oos 34/2%
2
5 0.06
= 004
>
0.02
1]
A e} _w? A8 ;A5 A f 5 5
Y K2 24 R ef W d‘.m’ 0’”# ‘Sﬂ.)-" 7_‘\.5,\1“' 5 o }_»/ ‘y,-/
co® u,;?- A€ X o5t RCN . 5 Rl <
EX [\ e ? A o™ o™ Saka nt Vo' ot
‘“‘AP “avz A At o o L 05 I\ _!(\G" :oﬁ".‘
WU qeo o™ we® e
Shapes
Lde 0L Sl ce e ol -
a- Velocity variations of turbidity current head
04
-41/3% /50,
03 -24/6% . it -19/7% -2416%
T / 5
=02
-
=
0.1
0.0
7 o W e 3 A Ay :
ao N e B R L 0"\‘)--" \“\_,\” ﬂ‘é’\f '1“5’# v‘ny’} 9 })V”
o™ A0 05 e ; iR ™ I\
W s N AN ™ oo nE nt \Gl ot
< a0® A <« L oF o N ‘ﬂos\l e
s J VG‘°'“ g\\‘°‘“ e et
Shapes
Lz 0L gl gl Dl eis -0
b- Height variations of turbidity current head
22/4% 22/3% 21/9% 5
o LtpAo, 23/6%
oz L35 39/1% 46/3% ?
0.4
&£0.3
0.2
01
a
* > :
cp“u Saka > < T e it ot Cile o '}eﬁn AN 5‘fvi\5’ sl )?”:(qf\ )’)’/
<29 g e <cve™ Lo t <N E ¥ o
< = e® $eé'ﬁ‘ a0
[Pt e
Shapes

e 04 Gl g ade Sl ki -

¢- Froude number variations of turbidity current head

] * - . | .35 . A A " "
“o\’ o =r < & @ Y < 5% o D ﬁ“\,)” " ‘5,\1” 48 é‘,!" : }/ o
co® 03¢ e st IRCA e ¥ o <
50 W o A 2 A2t a2 o Nt a2t
(a? 20% < <t Lk & @ s
b A\ g ue ™ 20%
O e T gedt
[P
Shapes

LBl Db Gl Dyl 2de Dk -2

d- Richardson number variations of turbidity current head

Lo 0l Gl sleasie s bamio p e Sl ¥ 51T Gl 55 T aglie VY IS
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Abstract

Background and Objectives: Nowadays, dams are one of the most important structures to
store surface water. Turbidity currents are usually the reason of sediment transport and
deposition in deep reservoirs. As the turbidity current is completely stopped in the middle
regions of the reservoir, sediment deposition reduces near the dam wall and as a result the main
tasks of the dam are not disrupted. So, it is important to study the phenomenon. Roughening up
or using obstacle the bed is a technique for changing the turbidity current hydraulics or reducing
of its velocity. Some researches have been studied at this field, however, it is necessary to
evaluate the effect of submerged impermeable plates on turbidity currents.

Materials and Methods: In the present research, the head velocity and height of the turbidity
current head were studied on the bed with submerged impermeable plates. For this purpose an
experimental, flume with 30 cm width, 10 m length and 46 cm height was used. The turbidity
current was entered into the flume with concentration of 20 g.I"" with 1 and 2 percent bed slopes
and concentration of 40 g.1" with 1 and 2 percent bed slopes. Impermeable plates which came
into two different areas (16 and 36 cm?) in five shapes (Square, rectangular, triangle, rhombus
and trapezius) were located across the current. Also, square impermeable plates were placed as
five arrays (parallel, plaid, converge, diverge and Z-shape) with an area of 16 cm’.

Results: Flow velocity was measured in 6 sections with distance 50 cm and the height of head
in 21 sections with distance 15 cm. Then, non-dimensional graphs of velocity, height, Froude
number and Richardson number of turbidity current head were drawn by using the data which
obtained by Buckingham dimensional analysis method. Dimensionless velocity during the
installation significantly decreased due to the collision of turbidity current with plates. Also, the
height of turbidity current head along flow path indicated that plates gradually reduced the
height of head at the beginning of the route. Height of turbidity current head was increased and
the current path Froude number was decreased at the end of the path.

Conclusion: Results showed that the development velocity of the turbidity current reduced
between 25-48 percent proportion to smooth bed in the condition of plate’s installation with
different shapes and also the height of head reduced between 5.1-18.4 percent. Also,
development velocity was reduced between 11.2-45.1 percent and the height of head was
reduced between 0.4-18.4 percent in different arrays. Converge array in the concentration of
20 g.I'" and Parallel array in the concentration of 40 g.1" were determined as the best array. By
changing the area of plates from 16 to 36 cm” between different shapes, the shape of rhombus
with 22.2 percent, showed the greatest effect in reducing velocity.

Keywords: Turbidity current, Submerged impermeable plates, Shapes and arrays of plates,
Velocity and height of head
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