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Fig. 6: Normalized head velocity versus dimensionless previously mentioned, the experiments were conducted at
head height three slopes: 0.5%, 1.25% and 2%. The influence of bed

constant despite  of  growth  in  frontal  concentration. Figure 7. It is observed that dimensionless head velocity
The non-dimensional frontal velocity at 2.5 cm cylindrical remains almost unchanged over the range of slopes in the
roughness elements is less than their 1cm counterparts; smooth bed. There are some fluctuations in the
however, the velocity at 4 cm roughness is roughly the dimensionless head velocity at rough beds; nevertheless,
same as 2.5 cm cylindrical roughness. no particular trend is observed and therefore

The similar function of 2.5 cm and 4 cm cylindrical dimensionless head velocity seems to be nearly
roughness elements is due to a new phenomenon which independent  of   the  slope. For the sake of further
is going to be introduced in this paper and is given the analysis of the slope effects on the head velocity, the
name of “Head Rise” by the authors. It occurs when the sensitivity of normalized head velocity toward slope
size of roughness elements which is in interaction with alterations is investigated in the following part of this
head is less than its actual size due to upward movement paper.
of the head. As it was previously mentioned, density
currents can occur even with a minor density  difference Developing  an   Equation  for  Head  Velocity:  Using
of a few percent. Therefore, they can potentially rise when non-dimensional parameters, Equation 2  predicts  the
they faces roughness elements higher than a critical head velocity for rough beds.  Error  (E)  and  Coefficient
value. In the present study, the  effective  height of of determination (R ) are presented  for  this  equation.
cylindrical roughness elements lessens for 4 cm The error shows the amount by which observations differ
roughness and their performance is similar to 2.5 cm from their expected values and R  provides a measure of
roughness as it is observed in Figures 5. It seems that how well future outcomes are likely to be predicted by the
during the head rise, the head of turbidity current moves equation.
over roughness elements instead of moving among them
and hence the effective height of the roughness is less
that its actual height. The head rise is an extremely
important phenomenon that should be taken into (2)
consideration in possible practical projects for controlling
turbidity currents using artificial roughness.

Effect of Head Height on Head Velocity: Figure 6 shows
the influence of head height on head velocity for smooth
and rough beds. In the smooth bed, dimensionless head
velocity decreases with increasing normalised head
height. The normalised height for 1cm roughness
elements is similar to that of the smooth bed and it is
thought  that  the  similarity  is  due  to  the  minimal  size
of  such  roughness  elements. The normalised velocity
for  1cm roughness elements remains almost constant
even as   the    dimensionless    head    height   changes.
In contrast, for 2.5 and 4 cm roughness  elements,  the
normalized velocity decreases as the  dimensionless

height increases. The head enlarges with increasing
surface roughness. The experiments were performed at a
fixed   discharge    of  1  L/S;  consequently,  the  growth
in head height is attributed to the reduction of frontal
speed. It means that the head speed decreases due to
influx of fresh water into the head and hence the head
height increases.

Effect of Bed Slope on Head Velocity: As it was

slope on normalized head  velocity  is  illustrated  in

2

2

R =0.795 E=12.2%2

The results of sensitivity analysis of normalized head
velocity are shown in Figure 8. It is evident that the
normalized head velocity is only weekly dependent on
slope (S) and dimensionless head concentration .

Therefore, these parameters were omitted and Equation 3
was driven.

(3)

R =0.75 E=14.2%2
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Fig. 7: Normalized head velocity against slope 

Fig. 8. Results of sensitivity analysis 



World Appl. Sci. J., 19 (9): 1278-1283, 2012

1283

CONCLUSION 3. Kneller, B. and C. Buckee, 2000. The Structure and

This paper investigates turbidity currents head Recent Studies and Their Geological Implications.
velocity over artificially roughened beds with cylindrical Journal of Sedimentology, 47(1): 62-94.
roughness elements. Experiments were conducted using 4. Cesar, G.D., A. Schleiss and F. Herman, 2001. Impact
three rough beds as well as a smooth bed. The following of Turbidity Currents on Reservoir Sedimentation.
conclusions can be drawn: Journal of Hydraulic Engineering, 127(1): 6-16.
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4 cm roughness elements so that effective height of of Toronto.
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