CHAPTER 108

THE INFLUERCE Of DUNE AND FLOW PARAMETERS ON THE
FRICTION FACTOR

by

J. Sﬁndcrmannq H. Vollmers2 We Puls

5

Taking for example the flow over a ripple, some results
of a hydrodynamic numerical model are presented and compared
with experimental.results. Special importance is attached to
the pressure. On the basis of the used equations the physi=-
cal reason for the horizontal pressure gradient is investiga~
ted. The influence of some dune and flow parameters on the
friction is examined.

Introduction

Less is known about tidal bedforms than there is known
about bedforms in unidirectional flow., Therefore, a project
having in mind the investigation of tidal bedforms must at
first be sure to give @ good description of the simpler con-~
ditions. The investigation, a part of which is presented
here, is divided into two branches: a hydraulic and a numeri-
cal one. The following only concerns the numerical model,

TFor sediment transport over dunes a special model has
been formulated and some calculations of bed deformations
have been performed (/1/, /2/). Before tackling the bed,
there must be a good knowledge about the flow over this bed.
The major work until now was concentrated on this subject.

Numerical model

The numerical model is two-dimensional (horizontal (x)-
vertical(z)). It calculates the pressure p, the horizontal
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velocity u and the vertical velocity w. There is a free sur-

face, and the natural bed is approximated by a rectangular
D

polygon (Fig. 1},
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Fig. 1 Grid and approximated bed

There are about twenty grid points in a vertical section,
Near the bed, the grid is refined. The grid is rigid, where-
as the bed can move within the grid. A variation of the bed,
caused by flow-induced sediment transport, in turn leads to

a variation of the flow,

The flow is calculated from the primitive equations (S = 1)

5T P USx tVYSz "9z \Avaz tex ¢ g
%% + u%% + w%% + %g = 0 2
du ., AW

i, 24 =0 (3

The eddy viscosity AV is calculated from a turbulence
model (/3/). It is variable both in the horizontal and in
the vertical direction. The turbulence model is a two-equa=-
tion model; the calculated gquantities are the turbulent kine-
tic energy k and the dissipation rate &, A, is a function of
k and ¢, The turbulence model has not only the task to cal-
culate Av' The knowledge of turbulence is an important tool
for the determination of sediment transport.
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Verification of calculated results

In order to be sure that one has a productive model for
the flow, one has to compare the calculated results with
measurements, For this comparison several experiments were
carried out in the hydraulic model and data from literaturc
was also used, The basis for the following comparison is an

experiment that was performed by Raudkivi (/4/, /S/).

A short description of the experiment: There is a chain
of ripples (length A~38cm, height Ax3cm) in a rather narrow
flume (mean water depth H=13cm). The flow is stationary
(mean velocity umaéiocm/sec). The topography of the rippled
bed as well as the measured gquantities have been taken from
drawings. Thié, of course, can be a source of error. Another
point producing discrepancies is the fact, that there are pe-
riodic conditions in the numerical model (also a question of
costs),'which«is not totally true for the experiment.

The comparison of measured and calculated gquantities is

shown in Fig, 2, 3, 4, and 5.
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Fig. 2 Comparison of horizontal velocities

In Fig, 2 a measured profile at x=23cm could not be
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taken, because the drawn values were obviously wrong

(/5/, TMige 12.13). The agreement of the other profiles

in Fig. 2 is quite good, except perhaps at x~15cm and
% ~30cm, where the calculated velocities near the bed
are too small,
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% Comparison of turbulent kinetic energy

Fige %: The measured quantities are T and w'*, where-

as the corresponding calculated quantity is k=(u'* + vV '=

+ W'™).0,5. For the comparison, it was supposed that

V7T = W', Tor the turbulent guantities, a quantitative

agreement can hardly be expected (due to both insuffi-

ciencies in measurements and calculations). So a differ-

The good

ence of 50% in some places is not surprising.
gqualitative agreement must be emphasizied, however.

The same is true for Fig. 4, with the additional diffi-

culty, that the identification of =u'w' with A, LR
problematic (turbulent viscosity concept of Boussinesq)e
It is interesting to see that near the bed there is a
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decrease of —u'w', contrary to the behaviour over a flat

bed,
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Fig, 4 Comparison of shear stress
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Fige 5: The agreement of pressures is satisfying. At
x~38cm the measured and the calculated surface pressures
were set to zero. Both for the water surface and for the
bottom pressure there are the same tendencies: the ampli-
tude of the calculated pressure is too small and there

is a shift to the right. Above all, this can be noticed
for the bottom pressure, The influence of the walls of
the flume had to be separated for the experimental curves.

On the whole, the comparison of the calculated and the
measured quantities Show, that the model is able to reproduce
sufficiently the flow over dunes. Other flows, like that over
a block or the flow behind a negative step have also been cal-
culated. They too were found to be in acceptable agreement
with experimental results.

Analysis of the pressure gradient
In principle, there are two methods to determine the

1

pressure gradient S of the flow over a periodic bed:

1 o P(Xﬂ'.A az—l) - p(x4,Z4> (/l.)
. 0= _A- ]

(x,, z, arbitrary within the fluid)
2. Measuring tangential and normal stresses at the bed; sub-

sequent determination of S,

In the case of a stationary flow, the two methods must
lead to identical results for S (principle of actio and reac-
tio). This was also a test for the correctness of the model,

Knowing 3, one is usually content. In this view~point,
however, the flow is like a black box. One knows S, but one
doesn't know it's origin. An advantage of computer calcula-
tions is the possibility to look at what happens in detail in
the flow,.

The flow is a result of the equations (1), (2), (3) (a=
part from boundary and initial conditions). We are interested
in ®p/dx which appears in (1). Every term A, B, C, D in (1)
represents a positive or negative horizontal acceleration of
the fluid. The spatial distribution of the effects of the
terms A and B can be taken from Fig., 6 and 7. Acceleration
means an acceleration in the positive x-direction. The
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dotted lines indicate the regions where the effect is highest.
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Fige. 6: The predominant effect of A is a deceleration
of the flow which comes from the trough between the ripp-
les. At the lee slope u is small, whereas at the luff
slope u is large. Apart from the eddy, the flow trans-
ports small u into a region of large u, which means de-
celeration. In the main flow we have both acceleration
and deceleration; the net effect in this part is rela-
tively small,

Fig. 7: In the lee of the ripple crest w has a great
negative and 2u/ 3z a great positive value, Thus the
vertical velocity transports large u into a region of
small u, which means acceleration, The opposite effect
is found in the 1luff region. On the whole, acceleration

is the predominant effect of B.

The influence of the diffusion term C can be imagined
from Fig. #. Due to C, there is a deceleration of u in the
most part of the flow and an acceleration near the bed. These
two effects nearly compensate each other.

Because Avau/b z = 0 at the water surface, we have the
following pressure gradient due to C over one ripple length
(h(x) = actual water depth):

A
Se = j% OSE%%T (AV'%% )Bd dx

As can be seen from Fig. 4, (Avalb/aZ)Bd is small every-

where. Sc is the value that is expected theoretically. Be-

. . . mod
cause of numerical influences the model gives a value Sco el,

that is different from Sc' This difference can reach &bout
50%, which is relatively large. But assuming the absolute
smallness of S,, it is not so bad. In the following, we will
use Sc’ so we have to put up with a small error.

Now we want to pass over to quantitative examinations.
For this we take equation (1) and integrate it vertically.
Now the single terms in (1) depend on x only. ZExpressing the
influences of the integrated terms A, B, C, D with pressure
gradient terms 3D,/ d Xysesy 2Dp/ D%, the curves py(x)yeee,bp(x)
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give an impression of the effect of the single terms (Fig. 8).
The pressure gradient due to A for one ripple length A is

s, = Pa (M) =B (©
£ J\' ‘
The corresponding is valid for the other terms, It is

SDM—SA - SB - SC ("N" because SC £ SIgO(ie]_)‘

Fig. 8 Representative pressures due to the terms of (1)

The vertical integration of (1) leads to an additional
difficulty. This can be seen from Fig. 9 (compare with Fige 1).
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Fige 9 TFor the explanation of effect E

The numerical integration of p in column j gives

~ .1z ~ : : . .
p =g vpe P acts on the u-points in column i. The u-
n="1
N ~ 4 3
points in column k, however, are only affected by p = 3 Zf Pne
n=1

If’EI#‘ﬁ, the gradients ®p/ dx for the u~points in i and Xk
have not the same "basis" in j. This effect (which we call E)
leads to a difference between S from equation (4) and SD. B
is no physical effect, but a consequence of vertical integra-
tion. In accordance with Sy etee, SE is the pressure gradient
due to I for one ripple length. Then we have:

S = SD ~ SE
and SM-SA-SB-SC—SE

The total and the partial pressure gradients for Raudkivi's
conditions are given in the first column of the table. There
is also given the friction factor (Darcy~Weisbach), taken from

the law
oyl =[F [T Bls]

The results of the numerical model can be compared with
theoretical considerations of Yalin (/6/). Yalin gives ex~
pressions for the pressure gradients due to skin and form
effects, Deducing the formula for the form drag, he says,

that the pressure gradient over a dune is mainly due to the
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expanding part (lee slope), the effect of the contracting part
(luff slope) being negligible.

This seems to be too rough. from Fig. 8 we see that both
the expanding and the contracting zones are influencing the
behaviour of pressure. It is the net effect that represents
5. Compared with this net effect, the single contributions of
the expanding and the contracting zones are considerably large.

Yalin's formula for the form drag is:

A2
2p _1 8 (5)
GBX LQMI 2 T

Tor Raudkivi's conditions this gives 0.62g/(cm®s%*). Our

corresponding value is 8§; + Sy + Sp, which is also 0.62g/(cm¥s%).

Yalin's formula for the skin friction gives a pressure gradient
of 0.Mg/(cm®s?), whereas we get 5, = 0.085g/(cm¥s®). A re-
mark: Yalin assumes constant skin friction over the 1luff slope.
In the numerical model, the skin friction is about zero in the
lower part of the luff slope (reattaching and developing zone),
whereas it is relatively high near the crest (see the curve for
B, in Fig. 8).

Influence of the flow and bed parameters

The effects of the parameters oy H and A were investiga-
ted in the numerical model: Case I includes the original con-
ditions of Raudkivi; there are six variations of case I, that
can be taken from the table (all values of 8 in 10ﬂg/(cmzsz).

The table gives the total pressure gradient S, the par-
tial pressure gradients Sy Sgs SC, SE and the friction factor
f for the different cases,

In case II, u, gets a factor of 1.25 compared with case
I. As a result, every pressure gradient gets a factor of
about (1.25)l; f remains nearly constant. This is well known,
of course also (5) gives this dependance. Case II can be
thought to be a test for the model,

The cases III-V include three calculations where only H
differs from case I. Yalins formula (5) gives a proportiona-
lity to H™*, This can be noticed here too, though it is not

unequivocal. Approximately we have SA“JH"a, SBAJH-is, SE“JH"q
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Compared with ui nowever, the effect of the sum 3, + S, is
P3 o

=3

small, and thus the final result is nearly due Lo the effect

<0

of A alone. Of course this is a rough approximation, usab
perhaps as a rule of thumb.

A varistion of A is only examined for one case (VI).

Compured with case I, the bed height (see . 5) gets the

i

o

factor 1.%. 45 a result, the sum of By JB’ B 1s nesrly
E

proportional to A . 'The tendencies for the single terms, how-

ever, 13 quite different: SAl and. lBEI become larger, .BB

becomes smaller, This behaviour ic a result of the expansion
of the lece eddy. TFor the suame reason (expansion of the recir-
culating and the developing zone) the skin friction has de-
creased in casc VI. From this comparison of only two cases
one cannot say that SA + JB + GE ~ A 1s valid, but it is a
refzrence point, Yalin's formula (%) gives a different re~
sult: a proportionality %o o,

On the whole, from the numerical experiments we get the
rough formula for the friction factor (the influence of skin

friction produces an additionsal uncertainty):

Ja

£~ Iy (6)

The versions I1-VI are more or less small variations of
Raudkivi's original experiment. The dominating influence al-
ways comes from A. This i1s not true 1f we take the same jeo-~
metry, but a reversed direction of the flow (case VII). Here
the effect of B has the same sign as A, C, B, and together
with E it is dominating.

This investiguation does not take into account variations
of the length and the shape of a ripple. A tidal dune, for
instance, can lead to totally other results, which is indica~
ted by case VII. Thus the "law" (6) can be thought to be va-
lid for conditions like Raudkivi's only. What about the dew
pendence S ~4, which is contrary to Yalin, this work can
perhaps give an impuls for further investigations concerning
this point.
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