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I. INTRODUCTION

The problem of determining losses of available energy in meandering streams
has attracted considerable attention in the recent past. As a result, a number of
investigations have been undertaken aiming of o clearer understanding of the
effects of variows hydraulic parameters on the flow through channel bends. Such
investigations include those by Mockmoore (1), Shukry (2), Rozovkii (3), Hoyat
(4), Yen 8.C. (5), ond Yen C.L. (6).

Because of the complexity of the problem, most of the above studies have
deolt with channels of fixed cross=section and immovable beds . However, it was
pointed out in C. L. Yen's (6) investigation, in which he considered the affects of
a movable channel bed, that computations of energy losses in meandering rivers
based on information obtained in fixed bed studies lead to an underestimate of
these losses,

The energy losses in a channe! bend with fixed bed are primarily due fo an
asymmetrical water surface elevation cawsing asymmetries in the pressure distribu~
tion. In the case of a movable bed, which applies to meandering streams, it has
been observed that a point bar is commonly formed along the inside of the bed.
This bar increases the losses considerably since it acts as an abstacle to the flow,
with its uccumpnnying. backwater effects.

Corsidering the fact that adequate information exists concerning the losses
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due to the bend itself, it has been the aim of the present investigation fo study the
effects of a point bar on the flow and to obtain quantitative information with
regard 1o the additional energy losses due to the point bar.

The study consists of two phases; the experimental, in which the flow over
an obstacle in o flume was studied in the laboratory, and the analytical in which

a theoretical solytion is obtained fo the same problem.

H.,  EXPERIMENTAL INVESTIGATION

1. Physical Anglysis

It is ebvious that flow past a barrier or an obstocle can only take ploce at
the expense of available energy. Consequently, tﬁe existence of a point bar in
an alluvial stream will cause a reduction of the energy available in the flow.
Qualitative discussions of the phenamenon can be found in various texts on
hydraulics, Bachmeteff 7} and Chow (8), for example, describe how ; due to the
energy losses caused by an obstacle in the flow, in the supercritical regime the
water surface elevation rises over the obstacle while in subcritical flow the surface
eievotion drops .

The mechanism of the phenomenon can be understood by considering the flow
past the part of the obstacle, or point bar, which rises in the direction of low.
Because of the existence of the obstacle, the channel bed rises in the direction of

flow and, as a result, the water depth decreases. Consequently, the pressure at a



cross section immediately upstream from the obstacle ; 15 greoter than the pressure

at the top of the obstacle. One part of this differential pressure force is used to
accelerate the flow, while the remaining part is in equilibrium with fhe boundary
Feaction due fo the obstacle. The tangentiol component of this reaction increases

in the direction f flow on the rising port of the obstacle, while it decreases on the
falling part as the flow decelerates. The direction of the tangentia | component of
the reaction is everywhere opposite to the flow direction. The fiow ¢ therefore, must
do work equal to the tangential component times the flow velocity, thus losing part
of the available flow energy,

The tangentia! component of the reaction due to the obstacle, or point bar,
increases the channel bed shear siress to a magnifude which is greater than the
shear stress applicable to uniform flow over an equivalent length of level bed,
Additional energy is dissipated as the tangentigl compenent of the reaction is trans-
mitted into the flow by means of viscous and/or turbulent friction. The drop of
water surface elevation across the nbs_racle, in addition to that of uniform flow,
represents the additional loss of energy in this case. In case the flow seporates
from the boundary, an even greater amount of energy is dissipated because of
increased asymmetries in pressure distribution along the obstacle and the formation
of eddies, Finally, waves formed on the water surface because of the existence of

the obstacle reduce the available flow energy by means of wave drag.
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a, Frictional effects

The amount of energy dissipated through boundary friction is directly propor-

tional to the friction factor, f. In generol ¢ the friction foctor is function of the

Reynolds Number, Re , the relative roughness,

and the properties of the flow cross-

sectionel area, [n laminar flow, where viscous forces are predominant

inversely with Re. In turbulent flow,

s it varies

in the case of smootie boundaries, f decreg-
ses with Re~Chow (8}, Reinus 9.
in this investigation, all flows were well within the rurbufent regime .

Furthermore, for each obstacle the geometric properties of the flow areo were kept

constant, while the channel and obstacle surfaces were hydraulically smooth .

b. Seemﬁnn

Rapid changes in boundary allignment, in general, cause local pressure

gradients in excess of the pressure gradient of the main flow, if the pressure gradient

Is positive in the direction of flow, the pressure forces in combination with the shear

forces tend fo reduce the momentum of the flow,

aiready zero at the boundary,

from the mean flow is lost equivalent to the amount of work done in counteracting

the form drag.
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C. ﬂuw. dn::g_

Open channel flow past an obstacle is clossified os non~uniform. The pre~
sence of the obstacle causes waves to form on the water surface, The characteristics
of these waves depend on the Froude Number, Fr, and the flow geometry. In the
subcritical regime, which is the one examined in this study, the waves extend up~
stream resulting in changes in the depth of flow. The varigtions in water-surface
elevation cause assymmetric pressure distributions across the obstacle which, in tum,
“result in drag.

The part of the drag which generates and maintains the surface waves is the
wave drag. As the Froude Number increases the wave drag is expectad to increase,
The reason for this is that with increasing Fr, the wave celerity approaches the
magnitude of the flow velocity. As a result, the wave will extend a shorter distance
Upstream as Fr increases. Consequently, the asymmetry in surface elsvation and

pressure increases with Fr, which leads to greater values for the wave drag.

¢ 3 Dimu__rgionul Amlzgin

The most imporfant parometers involved in open channel flow past an obstacie
are the fotlowing:
H; = energy per unit weight of fluid (head) lost due fo the obstacle,

V = mean flow velocity,

h = meon depth of flow,




d = obstacle height,

YV & kinematic viscosity of water, and
g * acceleration due to gravity,

Applying the principles of dimensionai analysis to the above variables

F(HL;V) h;dJVJg)zo

one may write

The fundamental dimensions in f gre length and time. Hence four dimensionless

T groups may be formed by the six variables in f, which may then bhe written as-

Hy h V
3:(\,:/23 ) Tr@f -‘-’;'-’-):O

Using the definitions

H .y
CL:V’/:g - 1055 Coe {'T:Cicnt)

— -yv_-_; = Fr“oud-e Numbar:, .Cll"ld

|
Qf_:"- *@—*:Rtyno Hs Numb&r

the function g, can be transformed

Cp® F Re, Fr,b)
d

The Reynolds Number affects Cy through its inflvence on separation and

surface friction. Experiments were conducted with obstacles of various shapes unti!

no separation could be detected by either inspection or by means of dyes introduced



"

in the flow. Furthermore, the loss due to friction for an equivaient length of channel
was subtracted from the total loss of head. In that way the influence of Reon Cp is
expected to have been minimal. Thus the objective of the experimental investigation
- has been to determine the dependence of the loss coefficient, Ci, on the Froude
Number, Fr, and on the relative depth h/d, for obstacles over which no separation

effects were present,

3. Equipment and Procedure

a. Equipment

Experiments were conducted in g rectangular, tilting flume located in the
Laboratory of Fluid Machanics of the University of Puerto Rico at Mayaguez, The
flume has @ width of 18 inches and is 25 feet long. As shown in figure 1, the walls
of the flume are made of glass while the bottom is steel which has been painted to
avoid corrosion and to minimize the frictional retardation of the flow, A mil gate
gt the flume exit serves to control the flow. Water is circulated by means of o
pump, which drives the water into a supply tank located at the upstream end of the
flume. The supply tank serves as an aid to the uniformity of flaw, The amount of
flow can be varied by means of a valve at the discharge end of the pump. Flowrates
Ore measured in a volumetric tank located of the flume exit as shown in figure 2.

A number of piezometer holes were drilled at the bottom of the flume and were

connected by means of plastic tubes to an air-water manometer shown in figure 3.






