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Introduction

Gravity currents, also known as density currents, or buoyancy currents, are happened by the
density difference between the flow and its ambient fluid. Gravity current happen in geophysical
environments. One of the most important types of these streams that occur in large-scale nature is
density flow (Middleton 1993). These flows are happen due to gravity and its effect on the density
gradient. When the gravity current arrived to ambient fluid, in the position that density of both
gravity current and ambient fluid is equal the gravity current abandon the bed and flows in ambient
fluid horizontally (He et al, 2016). Some examples of gravity currents found in nature katabatic
winds thunderstorms, dust storms (haboobs), turbidity currents running down the continental shelf,
and advancing cold fronts (Thompson, 1986). Examples of gravity currents found in industrial
processes are the spread of heavy gases and also ventilation systems that utilize buoyancy to drive
horizontal flows along the ceiling and floor (Samothrakis and cotel, 2006). Other examples of gravity
currents that are encountered in nature include snow avalanches (Hopfinger and Tochon-Danguy,
1977) and pyroclastic flows (Valentine, 1987). There are also examples of man-made gravity
currents with industrial applications. Such an example is the instantaneous release of a dense gas in a
less dense environment, after the failure of a containment tank (Baines, 2001). Simpson (1997) has
detailed descriptions of these and other examples of gravity currents and also provides an overview
of the research performed on the subject

In dams reserve ambient fluid, usually has a vertical stratification. Therefore, the density current
into this reservoirs may flow as interflow. In this study, the density current was investigated in
ambient stratification fluid. For Experimental Investigation of velocity profile in interflow density
current at stratification ambient, experiments were performed by 4 discharge 1, 1.5, 2 and 2.5 liters
per second, and 4 concentrations 5, 10, 15 and 20 grams per liters on the bed slope 2.5, 3.25 and 4
percent. Stratification of ambient fluid was carried out by mixture water and salt with a deep
concentration gradient. To create density flow silica particles with an average diameter of 8 microns
was used.
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Methodology

The experiments are performed in an 8.8 meter long flume, 70 cm high and 35 cm wide. At
different levels and in the floor at the end of the flume, the pipes were installed for discharge. A gate
was installed at 80 cm from the beginning of the flume. To provide ambient fluid, first, the salt water
tank was filled up of water and then salt added to the reservoir. Its density was measured after
complete mixing. Flume was filled of ambient fluid in several times. After measure the density of
ambient fluid gravity current was flow to ambient fluid. In this station the concentration and velocity
profile was measured. The velocity was recorded by the DOP2000 velocity meter. The measurements
were performed on the central line of the flume and in 7 sections and at different intervals of the
entrance.

Parameters
In this work, we consider of velocity profile in interflow density current. For the series of
experiments performed in this study the Reynolds number is less than 2000 is defined as equation

2):

Uh 1
Re = — (1)
v

Where U and h are the characteristic velocity and height of the body of the gravity current v is the
kinematic viscosity of water.

The densimetric Froude number F,; is calculated from the average velocity U, thickness h and
reduced gravity g’ of the gravity current, as follows equation (2):

g U @
e v g'hcos(8)
Where g' = £ ;pw g, and p is the density excess of the gravity current at each position. Because

we know the gravity current velocity profile u(z) and its density excess profile p(z) we can calculate
the average thickness h equation (4), velocity U equation (3), and reduced gravity g’ equation (5) as
in Turner (1973).
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Equation (6) is the Richardson number based on the characteristics of the gravity current
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All parameters introduced before.

Results and Discussen

Study the velocity profile show the first, density current is underflow and due to high density
difference between density current and ambient water the velocity of density current increase. In this
state increase the discharge make the current body thickness and major velocity. When the density
current separated from the bed and driven to ambient water horizontally, the velocity of density
current decreases. In the next state density current formed as interflow and with the lower velocity
than before state. Because mixing at upper and lower interface was happened.

Increasing of concentration increase maximum velocity profile. At concentration of 5 grams per
liter, because the density differences between density current and the ambient fluid is low, the density
current at this section is separated from the bed and is driven in the ambient fluid, so the form of the
velocity profile in this concentration is different from other profiles.

Since there are several stratification with different densities and density current intrude between
them, the Richardson number can be defined in three different ways depending on the definition of
Ap. The first one, Ri(C_T), is defined by the density difference between the current and top layer
fluids. This definition of Ri number determines the velocity and height of the body of the gravity
current. The second one, Ri(B_C), is defined by the density difference between the current and
bottom layer fluids. After the separation, the gravity current encounters the bottom layer fluid and
their density difference is taken into account through Ri(B_C). Finally the third one,Ri(B_T), is
defined by the density difference between the bottom and top layer fluids. This definition of
Ri number represents the relative strength of the interface.

Conclusions

Experimental results were presented that examined the velocity profile in interflow density
current, the results of this study are follow as:
At a constant concentration, with increasing discharge, the thickness and current velocity increase.
As the current flows, velocity decreases at higher discharge than the lower ones.
In a constant discharge with increasing concentration the maximum velocity increased.
As the discharge or concentration increases, the Richardson number decreases.
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Table 1- The distance of the velocity measurement probes from the inflow gate

Prob’s number 1

3 4 5 6 7

The distance of the
(cm) gate

95 185 275 385 480 550 620
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Table 2- The range of densimetric Froude number and Reynolds number

F.p Re

Max Min Max

Entrance (under the inflow gate)
In the whole of the flume

0.26 2695 6738
1.6 1669 11395
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Table 3- Experimental run characteristic

Test series for 2.5% slope

Test series for 3.25% slope

Test series for 4% slope

mm i s mm i N mm ;
U ol ™D Rl oy v Rl ol g R
Q1C5 6.5 1004.16 2750 1.09 4.13 1002.67 28.00 146 493 1003.17 32.64 424
Q15C5 474 1003.6 36.85 142 429 100278 41.12 134 463 100299 4241 3.44
Q2C5 3.76 1002.45 4359 1.03 4.65 1003 43.18 3.7 3.88 100252 45.33 2.95
Q25C5 426 1002.76 51.87 0.83 4.23 1002.74 45.37 3.02 450 100291 49.7 2.86
Q1C10 8.95 1005.69 38.05 2.63 6.79 1004.34 3891 125 7.40 1004.12 39.06 1.91
Q15C10 10.27 1006.52 4476 127 9.05 1005.76 5291 129 821 1005.29 45.45 0.93
Q2C10 8.57 100546 52.08 0.88 9.31 100592 60.24 128 7.96 1005.08 48.45 3.23
Q25C10 956 1006.08 6196 0.95 8.78 100558 62.50 193 8.78 100558 56.24 1.08
Q1C15 12.8 1008.01 39.15 154 1456 1009.21 52.36 0.94 11.46 1007.27 448 3.04
Q1.5C15 12.45 100788 56.75 1.13 13.73 1008.68 50.92 3.87 13.33 1008.43 53.19 1.56
Q2C15 13.03 1008.24 5945 0.88 13.30 1008.42 62.50 1.3 12.60 101042 55.56 0.79
Q25C15 13.01 1008.24 69.96 1.11 13.14 1008.31 72.46 1.26 11.69 1009.67 57.47 15
Q1C20 1951 1012.3 4405 1.17 16.41 101036 46.90 5.72 13.33 1011.02 53.25 3.29
Q15C20 16.6 1010.29 63.13 054 17.73 1011.19 71.43 1.28 14.74 101219 58.89 1.12
Q2C20 20.71 101306 77.76 0.48 1849 1011.66 7255 0.64 15.70 101299 5214 0.87
Q2.5C20 1891 101193 86.81 0.72 1543 1009.75 52.58 2.15 16.88 101396 73.75 4.85
400 Probel Probe2 Probe3 Probe4 Probe5 Probe6 Probe?7
300 Q \
] N S
T
S A S

. (]
0 100 200 300X(mm) 400 500 600

Fig. 4-Interflow’s velocity profiles
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Table 4- Percentage of deceleration between probes

Test series for 2.5% slope Test series for 3.25% slope Test series for 4% slope
Test U,—-Uy U, = U, U, - Uy U; - U, U,— Uy U; - U,
) (Fg) C)r e o) Ca)ro Co) Ca):

Q1C5 180 42.69 3.17 244 35.56 11.39 300 1.88 11.40
Q15C5 267 48.28 32.8 192 37.19 13.95 193 3.64 2.08
Q2C5 192  30.94 12 216 6.11 12 205 2.19 39.13
Q2.5C5 144 3354 15.39 202 7.43 6.87 157 16.21 1.21
Q1C10 232 49.04 32.34 203 45.42 14.68 225 52.62 31.22
Q15C10 167 52.44 8.27 155 41.88 29.30 153 0.71 34.14
Q2C10 139 50.78 10.94 120 2.3 20.67 176 13.82 14.05
Q2.5C10 112 40.39 39.81 119 19.77 23.31 133 28.89 29.81
Q1Ci15 215 57.93 33.18 131 3.72 34.46 187 31.70 25.8
Q1.5C15 131 44.76 23.06 221 35.37 4.73 144 25.72 30.8
Q2C15 111 44.99 38.45 108 18.47 25.12 117 17.07 15.29
Q2.5C15 108 40.53 26.21 103 14.10 28.23 127 47.57 1.35
Q1C20 178 58.11 5.04 217 36.80 7.73 190 47.42 33.11
Q1.5C20 106 49.42 43.36 98 28.18 56.85 119 93.42 15.70
Q2C20 91 49.34 39.58 101 47.08 60.89 146 55.60 1.18

Q2.5C20 88  43.98 35.63 151 56.04 13.84 96 24.54 2.08
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