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ABSTRACT

Velocity distribution over pronounced rough surfaces shows a deviation from
log- law for small values of y. In the case of duned bed, this distance may be 0.5
to 2 times the dune height. The concept of additional mixing length was used to
obtain a log- law which shows deviation in velocity from log- law near the bed
and constants appearing in the equation were evaluated using experimental
data from flume studies.

INTRODUCTION separation of flows behind dunes, its
) o reattachment, and redevelopment of
Basic work on velocity distribution the flow from the point of

in hydrodynamically smooth and
rough pipes was carried out by
Karman and prandtl who gave well
known log- velocity distribution
lows. Keulegan(1) used these velocity
distribution laws and determined the
constants in volocity distribution

reattachment to the crest of the
dune. Overlooking these complications,
Einstein(2) suggested that if u. in the
velocity  distribution  law  was
replaced by, u. the shear velocity
corresponding to grain roughness,

and resistance -laws using Bazin’s
data.

When these velocity distribution
laws were used for alluvial channels
with pronounced bed roughness in
the form of dunes, certain difficulties
were encountered primarily due to

the velocity distribution law for
plain bed can be used for duned bed.
However, since  then many
investigators have attempted to
verify  Einstein’s equation for
velocity distribution over duned bed
using laboratory and field deta and
have found large deviations from the
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low. The deviations are primarily
due to Karman constant, k being
different from 004 and due fo
variation in additive constant and
length scale.

Earlier studies by scveral
investigators had shown that for
relatively large values of relative
roughness, i.e height of roughness to
depth ratio, there was a departure
from  log-velocity  distribution
relationship near the bed. It is
expected that similar situation would
peeur in case of Now over duned bed.
The problem is further complicated
by the separation of flow behind the
dune and the reattachment of Mow
from the point of reattachment up to
the crest of the dune. In the latter
portion, the velocity distribution will

be gradually changed along
upstream face of the dune,
Thus prediction of veloeity

distribution over duned bed 18 a very
complex problem. A few attempts
have been made to determine the
velocity distribution law by making
some simplifying sssumptions. One
of these attempts, using additional
mixing length approach, was earlier
used by Singhal (3), and Garde and
Kaka (4) for rough beds with
uniform  roughness.  Here, the
deviation from log-law was attributed
to generation and  diffusion of
additional turbulence caused large
roughness and was accounted by
introductive an additional mixing
length, l,.

In the present research, this idea is
extended to the case of flow over a
duned bed, by first defining an

average  velocity  distribution
between point of reattachment and
dune crest and then determining the
parameters in the velocity distribution
law from the analysis of experimental
data.

EARLER STUDIES:

Few attempts have been made
earlicr to describe the velocity
distribution over duned surface.
Einstein (2) gave an equation for
velocity distribution over smooth, in
(ransition, and rough beds in the
form

K| e "L
e 5.75 log (30.2 - Yorus (1)

In which:
u= Velocity at a distunce y from bed
u.=Shear velocity corresponding to
grain roughness
dis= Size of bed material such that
65 per cent of material finer than
this size.
x=Function of de/ @
&=Thickness of laminar sublayer.
Since shear velocity
corresponding to grain roughness
has been wsed instead of wu«the
equation is supposed to be
applicable to duned bed also.
However, verification using Mume
data have shown large variations
between computed and observed
velocity distributions.
Garde(S), and Garde and
Paintal(6)have studied variation of x
and  in Eq.2 using Mume and feld

data.
U 2307 y
o= =1 1ol — s (2)
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They related vuriit’ion of k tﬁ
and variation of -+ { *

And —u——-__-
‘ilf_d Iy / Pl’}d

Argd

Here

To= Average shear stress on the bed
P—=Mass density of the fluid

Ar= Difference in the specific weight
coefficient. sediment and water

d= Median size of the sediment
Earlier studies have indicated that
Karman - Prandtl velocity distribution
equations were not valid close to the
boundary when surface roughness to
depth ratio is relatively large. This is
attributed to gemeration and diffusion
of large scale turbulence near the
bed. Therefore, Singhal(3)assumed
that mixing length | is given by.
UYL et D)
Where |, is the additional mixing
length.

Using this equation for the mixing
length, the following equation for
velocity distribution was obtained

e - ¥ ly
u. e k l“ { k} + k.ki )+B| T r[4}
in which

K.= Height of the roughness element
B=constant of integration
He collected experimental data on
velocity  distribution  over closely
packed uniform sand, particles on
the bed of the flume. His analysis
indicated that additional mixing
length in dimensionless form lg/k.K,
decreases with an increase in D/K,
.He obtained B, as7.50. Here v is the
depth of flow.
Garde and Kaka (4) conducted
experiments on resistance to fow
with artificial roughness which was

formed by spheres arranged in
different concentrations. They also
confirmed the deviation from log -
law near the bed for the velocity
profile. Integrating the velocity
distribution law in the from ol Eq. 4
they obtained the following equation
for average velocity in the vertical
direction as follows:

u o > 5 e
o VT~ % Wk Mee
|
(%+ k_&”{“"{"]"""ﬁ}

where [ is friction factor, Using the
above equation, they found that
(l¢/K,.M) decreases with increase in
D/K,

where M is a function of concentration
of roughness. Constant B, in the
above equation was also found to
vary with the concentration of the
roughness spheres but did not seem
to be a function of shape of the
roughness element.

Mendoza and Shen (7) have used K-
€ turbulence model and compared
the observed velocity distribution at
different sections along dune length
with the observed oncs for one run.
They found pgood conformity
between them.

Paris (8) subdivided the entire low
region into two layers. The thickness
y. of lower region in dimensionless
from y/h seemed to be related h/L,
where h and L are height and length
of undulations. The velocity
distribution in both layers was
assumed to be logarithmic.

Xiaonan and Don Guoren (9) assumed
a complex logarithmic distribution
and determined the constants in the
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cquation using the experimental data,

DATA

Extensive  experiments  were
conducted in a 2.5m wide flume bed
materials with median sizes 0.19 ,
0,27 , 0.32 , 0.45 0.47 and 0.93 mm
were used. Of these experiments,
data pertaining to dunes only were
selected and used in the present
research. Velocity observation were

made along the depth at three
locations across the width of the
Mume. All available velocity profiles in
the region between section of
reattachment and crest of the dune for
selected runs were used . Other details
such as depth, slope, height and
length of dunes etc. were also noted.

ANALYSIS OF DATA AND
DISCUSSION

The above mentioned welocity
distribution data have been analyzed
using Eq. 4 with characteristic
length as the dune height h, i, ¢

Wiy < B

Typical velocity distribution
from selected runs are plotted on
semi- log paper as w/u. versus v'h as
shown in Fig. 1.
it can be seenm that wvelocity
distribution deviates from the log-
law below certain values of y'h
which in case of Fig.l varies from
yvh= 05 to about 2.0. Similar
tendencies were observed in  all
other runs. For a given velocity

profile, the wvalue of Karman's
constant was determined as follows:

2 2.307
~ Slope of straight line over one cvcle

It mav be mentioned that k values
are normally determined from the
lowest 10 to 15 percent of the depth.
However, since in the present study
the deviation in  the velocity
distribution occurred in the lower
positions was determined from the
upper portion of the velocity
distribution data.

Average values of (/k.h) were
determined for a given run from the
lowest 2 or 3 points which deviated
from the straight line relationship.
Lastly, for y/h values much greater
than {(ly/lk.h) the latler was neglected
and B, was then determined from
known values of (wu., and k.

Taking a clue from earlier studies of
Singhal, and Garde and Kaka , u
was assumed that k, I/h , and B,
would essentially depend upon the
geometric characteristics of the bed
undulations. Fig2d shows the
variation of k with Uh , It was seen
that for very large values of Uh (i.e.
when the bed becomes essentially
plain) k approsaches 0.37, a wvalue
close to the one obtained for flow in
pipes and channels with sand grain
roughness. It was increased to about
0.58 as L/h tends to zero.

In order to systematize the scatter, k
was also plotted against D/h as
shown in Fig. 3, where similar
tendency was noticed. Combining
the results of Fig. 2 and 3, the
following equation was obtained for
the variation of k with D/b and I'h

k- b= 0.19 .'I-;’—:""'- 0.001 {—:-rrn
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Where k, is the limiting value of k
which equals to 0.37. With known
values of Kk,ly/h, which were
computed for all velocity data, and
the influence of variation in D/h and
I/h on l¢/h was studied. It was found
that effect of variation in L/h on ly/h
was relatively insignificant compared
to the effect of D/h ,Therefore, Ly/h
was related to D/h only as shown in
Fig.4.

It can be seen from Fig.4 that ly/h
increases as D/h increases from very
small values up to a D/h value of
16.Beyond that value, J¢/h seems to
decrease with increase in D/bh
however there were not enough data
points to establish a mathematical
relationship. Therefore, Eq. 8 gives a
variation in I/h with D/h such that
lo/h reaches maximum value of 0.16
where D/h equals16.

—],f'— =0.16(1-e*""%%™) ..., (8)
With the avaiability of additional
data for higher values of D/h ,this
equation may need modification.

Similer analysis was also carried
to study the effect of vartiation in
D/h and L/h on the additive
constant B, . Here, the effect of D/h
on B, was found to be much smaller
than that of L/h .Fig 5 shows
variation of B, with L/h which can be
expressed by the following equation:
B=8.5+5(1-¢ %My ... (9)

It my Dbe noted that as L/h
approaches zero, the constant equals
8.5 as in the case of conventional
semi-log velocity distribution law
and with increase in L/h the constant
increases and attains a value of 13.5.

The above information can be
utilized for predicting the velocity
distribution over a duned bed if the
depth of flow, slope, and height and
length of the dunes are known. This
method was applied to three runs of
Barton and Lin (11) (sediment size
0.19mm) and two runs of Lauresen
(12), (Sediment size 0.01lmm) having
dune Dbed configuration. It was
noticed that the predicted velocity
profiles overestimate the velocity at
any elevation by about 10 percent,
The scatter on Fig.5 indicates the
possibility that may depend on some
other flow parameters; one of the
parameters can be (u..d/y) (13). This
needs further study.

CONCLUSION

Effect of dunes on velocity
distribution in alluvial channels was
examined. Extending the concept of
additional mixing length as proposed
by Singhal, and Garde and Kaka to
flow over duned beds, Eq.6 was used
to analyze the velocity distribution
data of Guy et al. _the estimated
parameters in the velocity
distribution law were related to the
roughness characteristics i.e. to L/h
and, D/k, Karman constant k was
found to be function of L/h , and
D/h, while ly/h was function of only
D/h and B! only a function of L/h . A
very limited verification of the
cquation  indicated  that  the
possibility that may be a function of
some flow parameter such as
(u*.d/y)
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Fig.(2) Variation in K with L/h.
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