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1. Introduction

One of the most important phenomena in the nature with many undesirable effects for the environment is density
current. Density or gravity current is a flow with a density of p, , which is higher than the ambient fluid with density
of p,. This density difference causes a reduction in gravity g in the formof g' = g (A p / p, )- A schematic figure
of a density current is shown in Fig. 1.
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Fig. 1. Schematic representation of density current

There are many research works in the literature regarding the transport mechanism and characteristics of density
currents like Xu [1], Gladstone and Pritchard [2] and Islam and Imran [3]. In this research the effect of roughness
and bed slpoe on the velocity and concentration profiles of sedimentary density current in subcritical regime was
investigated. Equations were developed as a function of relative roughness for determination of coefficients and
powers of empirical equations of velocity profile in jet and wall zone. Also the percentage changes of characteristics
of velocity and concentration profiles considering relative roughness comparison with no roughness condition were
calculated.

2. Methodology

Experiments were conducted in a tilting flume with 780 cm length, 35 cm width, and 70 cm depth. The variables
in these experiments were: four roughness height ( ks) including 0, 0.5, 1.0 and 1.5 cm, four bed slopes (0, 1.5, 2.5,

3.5%) and two sedimentary density current concentrations including 10 gr/lit (o, = 1008 kg/m®) and 20 gr/lit
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(p, =1017 kg/m®). Discharge was kept constant and equal to 0.7 lit/sec; in total 32 experiments were planed and
carried out. Flume and its apparatus are shown in Fig. 2.
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Fig. 2. Experiment setup

It should be mentioned that before starting the main experiments, one experiment was done with the bed slope of

3.5%, p, =1017kg/m*, and without roughness to determine the minimum h__ , so the maximum height of the

roughness must be smaller than this h,__, . In this experiment h,_.. was calculated 1.7 cm, and thus the maximum

ax

K, was set to be 1.5 cm.

3. Results and discussion

A total of 32 time-averaged velocity profiles based on different bed slope, roughness and density were provided
and shown in Figs. 3 and 4. These figures show that the velocity profile structure for the density currents is strongly

influenced by the roughness height. h,., /h, u,, /U ,and h /h are the main three dimensionless parameters

describing the shape of the velocity profiles. These parameters for the bed without roughness (ks =0) were

obtained as 0.29, 1.41 and 1.54, respectively (average of 8 experiments). The measurements for the other
experiments (the rest 24 experiments) showed that increasing the bed roughness has had the maximum effect on

hmax / h with an average of about +96% in comparison with the experiments without bed roughness. However, the
other dimensionless parameters for the same conditions have not changed too much for the bed with roughness in
comparison with the bed without roughness (for u.. /U about +2%, and for h, /h about -5%). The constant

values of the dimensionless velocity profile for the wall and jet regions (i.e. n, m and ¢, ) were specified for each
considered bed roughness. The following relationships (Egs. (1)-(3)) for these coefficients were derived using
regression analysis as the functions of the relative roughness (K, /h) as:

n= 0.23:95'27(kst ()

ks) 2
a, = 1.75e72'74[%J 3)

4. Conclusions

Bed roughness was found to be very effective on wall region of the velocity profile, but less on jet region of the
profile. The thickness of wall region was sharply increased by increasing the height of the bed roughness, whereas
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the maximum and average velocities decreased. The coefficients of the well known relationships for the wall and jet
regions of the dimensionless velocity profile for density current were modified and instead using the constant
values, three equations were developed in which those coefficients were specified based on the relative roughness

(K, /'h,.,), and the predicted profiles by these equations were successfully verified.
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