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Introduction

Turbidity currents, or dense flows, occurs when a fluid moves within another fluid with different
densities, also Turbidity Current occurs when a fluid with a higher or lower density than the ambient
fluid enters a fluid with a different density. The main cause of this phenomenon is the effect of the
difference in density on gravitational acceleration; hence, Turbidity Currents are also referred to as
gravitational flows (Graf & Altinakar, 2003). Karamichemeh (2014) investigated the effect of slope
and concentration on turbulent flows in the submerged region along a straight path. To achieve this,
they conducted 60 experiments with four discharge rates ranging from 5.0 to 2.0 liters per second,
four concentrations with volumetric mass of 1013, 1009, 1006, and 1016 kilograms per cubic meter,
and three slopes of 8, 12, and 16 percent. The results of this study showed that with an increase in the
Richardson number (inverse of the square root of the densimetric Froude number), the intensity of
mixing decreases. Additionally, the intensity of mixing in the submerged region is greater compared
to the intensity of mixing in the body region. Given the limited studies on the movement of Turbidity
currents in curved paths, the aim of this research is to investigate the effect of bends on the Water
Entrainment in the plunging region.

Methodology

A three-bend flume with 90-degree bends and radii of 40, 80, and 120 cm, height of 60 cm, and
width of 20 cm, was used in the Hydraulic Laboratory of the Faculty of Water and Environmental
Engineering of Shahid Chamran University of Ahvaz. In this flume, the turbidity current from the
beginning of the flume entered a cavity with a depth of about 40 cm through a flexible and
removable pipe with a diameter of 10 cm, and after filling the cavity and passing through three net-
shaped relaxers, it entered the arch. At the end of the flume, clear water entered the flume; In such a
way that the volume of the output turbidity current is almost equal to the input clear water. In order
to create the immersion area, a 33% slope was created in the path of the arch by sand at the place of
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the arches (separately); Also, to reduce the roughness of the floor, a piece of polished wood was used
on the sands (Figure 1). In the current study, water and salt solution was used as a turbidity current,
and to make this solution and transfer it to the flume, the mixing system includes a tank with a
capacity of 2000 liters, a pump with a power of two horsepower in order to transfer the flow to the
head tank (Head Tank) and The shaft and propeller along with the two horsepower engine were made
to homogenize the water and salt mixture. The mentioned mixing system includes the mixing tank,
pump, pipes and connections, as well as the tank head, which was responsible for creating a constant
head from the turbidity current to be transferred to the flume.

Head Tank e -
Turbidity Current input Siphon Extraction concentration

Butterfly ’ ’
miver e
tank |
S water U (b (a

pump

Fig. 1- a) view of the flow transfer system to the flume and how to measure the effective
parameters b) A view of the Turbidity Current preparation and pumping system

Results and Discusspn

The maximum value of the initial mixing coefficient of the ambient fluid to the turbidity current is
0.4 which means that a maximum of 40% of the flow of the ambient fluid can enter the turbidity
current in the plunging region. By increasing the radius of curvature and reducing the effect of
centrifugal force, the transverse velocity (velocity perpendicular to the arc) decreases and this
decrease causes an increase in the longitudinal velocity (velocity along the arc). An increase in the
longitudinal velocity causes an increase in the momentum of the concentrated flow in the direction of
the arc and more collisions between the concentrated flow and the ambient fluid. Therefore, in the
third arc (the arc with a radius to width ratio of six) the highest longitudinal speed and the highest
intensity of mixing occurred.

Conclusions

The phenomenon of turbidity current occurs when a fluid moves inside another fluid due to the
difference in density. When the density of the fluid is greater than the density of the ambient fluid,
underflow occurs. In turbidity currents in the contact area of the flow with the ambient fluid, the
instability of the flow at the boundary between the two layers causes the ambient fluid to enter the
turbidity current. The submergence zone is one of the four areas of underpass turbidity currents,
which has the highest amount of ambient fluid entering into the turbidity current. In this research, the
behavior of concentrated salt flows in arches was studied. The results show that the increase in the
radius of curvature leads to a decrease in the centrifugal force and an increase in the speed in the
direction of the flow, and this causes an increase in the mixing intensity. As the density of the
turbidity current increases, the tendency of still clear water to penetrate into it decreases. Also, in the
context of the ambient fluid entering the turbidity current, a relationship has been presented that
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shows that a maximum of 40% of the ambient fluid discharge can enter the turbidity current in the
plunging region.
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Fig. 1- Schematic of a Turbidity Current
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Fig. 2- Schematic of the amount of Ambient Flow fluid entering in different areas of Turbidity flow
movement (Farrell and Stefan, 1988)

(Farrell and Stefan, 1988) — alé O > o8 > Lalisko (> 185 30 4 g0l g Sl 3939 Hlio iy -7 ICH

9 cud Sl adlas 4 (2014) Karamichemeh et al.
el oo 33 (5)9abot anl > Lo lagh e p clals
2 eSS VA g VWA AN F s pa L ocdale e
5 deols gl soby plosl aojd VF 9 WY A s dw g xSojie
e S2) Gy 28 Gl L oS s i e
b e H(F) JS6 b llas (RT oSS joguusd 398 das
Sy9dbos anl o M| Oud Criored D9 0 dwlS b
alaly byl ol 6y Hlade a0 4l > bW Cddy s
238 o e opl 2 1 (V)

»=0.00175Ri *** R?=0.66 ")

Gogdbos anl o eelyy Jhw M| ©ud aie; o
Stefan , Farrell cwl 433 &joo (o5 slaadlas
k= ea a5 bl b ol o5 L (1988)
Gog (lp ok Slasie 1) Jaly) ( Siail Juo plgiea
4 Orzped gl )8 ol bt ojbe 3 Il by <S>
(V) 55 @ilas Lade b 095 @ ool Sl 935 (2
S piogamuod 39,8 dde duglio b g widby (gygabse anl jo
. . ) U
(Y JS5) 8] Cowd 4 adgl bWS] s oy

y = 0.5(Fry; — 0.7) ()



\YY¥
DOI: 10.22055/JISE.2017.21656.1581 st b s ST S )y 0, 5

Q.25

020 -

als |-
Y = 0.5(f -0.7)—

[Alely o

INITIAL  MIXING COEFFICIENT, ¥

005

LN S
05 [+1:3 o7 08 0.9 FH
Fig 3- Comparison of initial mixing intensity coefficient with densiometric Froude number (Farrell
and Stefan, 1988)

(Farrell & Stefan, 1988)- < siogauid 39 9 3o b 49l LIS Dl o po 4wy o -1 <o

L I L
(K] Ll 1.2 13

0.03

0025 ae Y= 0.0175Ri01%

R2=0.6657

0.02

>0.015

0.01 e [
0.005

0

0 1 2 3 4 5

Ri
Fig 4- Relationship between Entrainment intensity and Richardson number in the Plunging
zone(Karamichemeh et al., 2014)
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Table 1- Range of data collected in the present study

description number of change states Parameter

straight path +§ = 2,4,6 1+3 Radius of relative curvature
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Fig 8- The change of mixing intensity coefficient against Richardson's number in the present research
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