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ABSTRACT

The presence of aquatic vegetation in irrigation canals retards water flow through additional drag
force. The aim of present study is to investigate the impact of water hyacinth on vertical velocity profile and drag
coefficient in irrigation canals. To achieve this aim experimental program was carried out in a circulating water
flume, using water hyacinth. Four different vegetation densities, three different vegetation root depths and three
different vegetation zone lengths were used with smooth and rough channel bed. The case without water hyacinth
was considered as comparative case. It was found that, for the case without water hyacinth, vertical velocity
profile was resembled for theoretical logarithmic distribution in open channel. For the case with water hyacinth
velocity vertical profiles became close to the theoretical velocity distribution in a closed conduit but did not reach
zero at water surface. Also vegetation density, vegetation root depth, vegetation zone length and bed roughness
have a significant effect on the position of maximum velocity. Also the vegetation drag force increases by
increasing vegetation density, vegetation root depth and vegetation zone length. In addition, equations were
deduced using multiple linear regression analysis to calculate vegetation drag force for both smooth and rough
flume bed.
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1. INTRODUCTION . . .
Mohamed et al. [22] carried out study to investigate

Aquatic vegetation in open-channel interrupts the the impact of water hyacinth on flow behavior in
flow through additional drag, and it causes a open channels in a laboratory flume. Results show
noticeable alteration of the turbulent flow compared that in the presence of water hyacinth water surface
to that in non-vegetated zones. The main influences profile rises before vegetation zone then goes down
of vegetation in open-channel are on horizontal and until reaches to normal water surface. Results also
vertical distributions of mean and instantaneous show that water surface profile influenced by
velocity, on turbulence quantities and Reynolds vegetation density; vegetation root depth; vegetation
stresses, and on transport of sediments and solutes. zone length and bed roughness. Also the effect of
Vegetation influences flow patterns depending on vegetation parameters (density, root depth, zone
stem density, frontal area, pattern of stem placement, length) on heading up, discharge and equivalent
depth of submergence and flexibility of the stem roughness coefficient was investigated and it is
[1,2,3,45,6,7,8,9,10,11,12,13,14,15,16]. found that these plants parameters have a great effect
Floating aquatic vegetation can be divided into on each of them. Multiple linear regression
two groups, rooted  vegetation with floating equations based on the dimensional analysis method
leaves (pondweeds, water lilies and American were deduced to calculate heading up, discharge and
lotus) and free-floating leaves  with equivalent roughness coefficient.

developed or underdeveloped roots (Water In the case of non-vegetated gravel bed river with
hyacinth, common bladderworts, and duckweeds) turbulent flow conditions, the velocity vertical
[17]. profile is often assumed to be logarithmically
Water hyacinth spread widely in all rivers and distributed [23,24,25,26].

water bodies and its ability to adjust and Tsujimoto et al. [27, 28, 29] have conducted several
reproduce causes many problems in waterways experimental and numerical studies using a modified
with related to both hydraulic and water version of the high Reynolds number k-¢ model,
quality issues [18,19]. with drag-related source terms that account for the
The presence of such rough covers (ice jam, presence of vegetation, to examine the impact of
floating vegetation and floating debris) changes simulated vegetation on the velocity and turbulence
the flow structure and velocity distribution [20,21]. fields in simple and compound channels they found
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a good agreement between the experimental
observations and numerical predictions.

LAU [30] investigated velocity distributions for
channel flows with floating covers using the k-e¢
turbulence model. The results indicated that the
computed velocity distributions show that the
velocity profiles are logarithmic only for about 60%
of the layer thickness. For the 40% of the flow near
the location of maximum velocity, the velocities are
less than those given by the logarithmic distribution.
They also found that the distance to the point of
maximum velocity increases as the difference in the
roughness of the boundaries increases.

Wilson et al. [13] investigated open channel flow
through different forms of submerged flexible
vegetation. They found that the additional drag
exerted by plants reduces the mean flow velocity
within the vegetated regions relative to un-vegetated
ones.

Urantinon et al. [31] investigated the effect of water
hyacinth on flow behavior in open channels, they
used water hyacinth with three different root depths
and three different densities, they found that water
hyacinth floating on the water surface behaved like a
solid wall since the velocity vertical profiles, with
different amounts of water hyacinth, were similar to
the theoretical velocity distribution in a closed
conduit with a zero velocity in the root zone. This
was due to the flow resistance at the water surface
caused by the plants. The results also indicated that a
denser and longer root depth of water hyacinth
caused greater flow resistance and slow down the
flow velocity.

Han et al. [32] modeled streamwise velocity of
vegetation covered flow. They found that the
vegetation covered flow structure is affected by the
roughness characteristics of the channel bed and
vegetation boundaries. So the vertical distribution of
velocity is asymmetric regarding the plane of the
maximum velocity because of the difference in
roughness of the two boundaries.

Li and Shen [6] used a wake superposition model
and the measured data by Petryk [33] to predict a
drag coefficient. They studied numerically the
effects of vegetation spacing and pattern on the drag
coefficient. They found that the drag coefficient
decreased slightly with the increases in the
vegetation spacing.

Klaassen et al. [34] measured the hydraulic data in
open channel flows with model vegetation of fruit
trees, and they computed the drag coefficient using
the Chezy formula. They obtained a higher value for
the drag coefficient than the value obtained by Li
and Shen [6]. They stated that the higher value of
drag coefficient might be caused by the higher
turbulence intensity in the fruit tree experiments.
Dunn [35] carried out some laboratory experiments
for vegetated open channel flows. He found that the
drag coefficient for rigid vegetation was not constant
in the vertical direction, but reached a maximum at a
distance approximately one third of the vegetation
height above the bed.
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Liu and Zen [36] investigated the drag coefficient
for rigid vegetation in subcritical open channel.
Based on dimensional analysis, they found that the
influence factors on Cp include hydraulic parameters
such as Reynolds number, Froude number; and
vegetation  characteristics such as  relative
submergence of vegetation, and vegetation density.
They concluded that the variation of Cp with
vegetation density is different.

The aim of this study is to investigate the impact of
water hyacinth, as floating vegetation, on vertical
velocity profile and vegetation drag coefficient in
open channel. To achieve this aim experiments
program was carried out in a rectangular, circulating
water flume located in the Irrigation and Hydraulic
Laboratory of Civil Engineering Department,
Faculty of Engineering, Assuit University, Egypt,
using water hyacinth which was harvested from
natural streams.

Four different vegetation densities, three different
vegetation root depths and three different vegetation
zone lengths were used with smooth and rough
channel bed. The case without water hyacinth was
considered as comparative case.

2. METHODS AND MATERIALS

2.1 Theoretical Derivation

Using the method of dimensional analysis and
multiple linear regressions with the variables
representing all the parameters involved in this study
to investigate equations used in calculating
vegetation drag coefficient in open channel due to
the presence of water hyacinth.

The general functional relationship for these
variables is given in the following form:
l:D = Q)(AV: Lv: Kv: Kb: Yo: U: P8 ll) (1)

Where Fp is drag force, A, is vegetation density, L,
is vegetation zone length, K, is vegetation root
depth, Ky, is bed roughness and defined by bed soil-
particle size at which 90% is passing, Y, is water
depth before vegetation zone, U is flow velocity, p is
flow density, g is gravity of acceleration, and p
kinematic viscosity.

Applying the Buckingham's "zn" theorem,
following non-dimensional form is obtained:

the

Fp 2 Ky Ly Kp U pUYo
PYgUZ_Q()\V Y'Yo'Yo'Yo'\/gYo' i ) @)
Where the term —— is the Froude number F. and

JEYo
the term 222 s the Reynolds number R,

1l
Eqgn. 2 was used in analysis correlation between
vegetation variables (density, root depth and zone
length) and vegetation drag force.

2.2 Experimental work
The experiments program were carried out in a
rectangular, circulating water flume of dimension,
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10 m long, 0.3 m wide and 0.3 m deep, which is
located in the Irrigation and Hydraulic Laboratory of
Civil Engineering  Department, Faculty of
Engineering, Assuit University, Egypt. The covered
middle reach of the flume by water hyacinth
collected from natural streams and the study
variables are shown in figure (1).

Water Hyacinth Zone Length

Vegetation Density
7 hv
- ¥
Z

Figure (1): Definition sketch of water Hyacinth and
the study variables

The laboratory flume with the circulated water
closed system are shown in figure (2). The water
depth was measured by a point gauge and the
vertical velocity profiles were measured by Pitot
tube. Measurements was taken every 0.1 water depth
starting from bottom of the flume at vegetation
length reach with different densities and root depths
for smooth and rough channel bed. To study the
effect of density, depth and length of vegetation in
addition the effect of bed roughness on vertical
velocity profile and drag force, four vegetation
densities (1, =30, 60, 90,120 pieces/m?), three

vegetation root depths (K, =1, 3, 5 cm), three
vegetation lengths (L, =1, 2, 3 m) and four
discharges (10, 12, and 14, 16 L /s) with smooth and
rough channel bed are used as experiments variables.

p =0
2 i
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~

8- 2.00 m length tailbay

()

1- Flume body 5- 20 cm diameter suction pipe 10- Tailgate

2- Sump 8- Centrifugal pump 11- Screw

3- Storage tank 7- 20 cm diameter delivery pipe 12- Two rails

4- Collection tank 8- 1.50 m length forebay 13- Aluminum "U" shape

Figure (2). Schematic sketch of the experimental
flume.

3. RESULTS AND DISCUSSION

The results of experiments were analyzed and
discussed. The influences of density, root depth and
infected length of vegetation in addition to the
influence of bed roughness on velocity vertical
profile and vegetation drag force were investigated.

3.1. Vertical velocity profile
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3.1.1. Vertical velocity profile of flow

without vegetation

The vertical velocity profile for free water surface
(without water hyacinth) is shown in Figure (3) , its
value equals zero at the bed of channel due to bed
roughness and increase in the vertical direction
until reach its maximum value atthe free water
surface for both smooth and rough bed. So the
velocity vertical profile was similar to the
theoretical logarithmic distribution in an  open
channel.

1

09 4 w— yertical velocity profile smooth flume bed

== == yertical velocity profile rough flume bed

0.80 1.00

0.60

0.20 0.40 1.20

u/Umax

Figure (3): dimensionless vertical velocity profile
for both smooth and rough flume bed without water
hyacinth

3.1.2. Vertical velocity profile of flow

with vegetation

The dimensionless velocity vertical profile for free
water surface (without water hyacinth) and for
presence of water hyacinth with different root depths
and constant vegetation density in both smooth and
rough channel beds are shown in Figures 4 and 5. It
is clear these figures that, for both smooth and rough
channel beds, changing the water hyacinth density
and root depth alters velocity vertical profile of free
surface case which similar to theoretical logarithmic
distribution to a velocity vertical profile close to that
of close conduit water flow where the velocity at the
surface does not equal zero due to spaces between
vegetation roots and flexibility of these roots and its
value depends on the vegetation root depth.
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Figure (4) dimensionless vertical velocity profile for
different vegetation root depth and constant density
in smooth flume bed .
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Figure (5). dimensionless vertical velocity profile for
different vegetation root depth and constant density
in rough flume bed .

3.2. Effect of vegetation characteristic on

the location of maximum velocity

Vertical velocity distribution is asymmetric due to
location of maximum velocity which related to
roughness of the two boundaries [32].

In case of infected flume with water hyacinth, the
upper part of flow is affected by vegetation
resistance and the lower part of flow is affected by
channel bed resistance. The maximum velocity is
located between the vegetation cover and the
channel bed and influenced by both roughness. So
when there is equal roughness between vegetation
cover and channel bed, the location of maximum
velocity is in the middle between vegetation and
channel bed. When the roughness of both vegetation
and channel bed, or one of them changes, maximum
velocity moves toward the smooth surface. In figure
(6) values of dimensionless vegetation root depth
K,/Y, is plotted versus location of maximum
velocity as dimensionless Z,,. /Y,, the figure shows
that when K,/Y, increases Z,,,./Y, decreases and
when the values of Z.../Y, is plotted against
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dimensionless vegetation density A, *Yo? , as
shown in figure (7), which illustrates that Z,., /Y,
also decreases with increasing in A, * Yo% . it is
clear from figures (6) and (7) that the location of
maximum flow velocity is affected by flume bed
roughness since its position is near to the more
smooth boundary for different values of vegetation
density and root depth.
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0 0.05 0.1 0.15 0.2 0.25 03
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Figure (6) dimensionless location of maximum
velocity for different dimensionless vegetation root
depth in both smooth and rough flume bed.
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Figure (7) dimensionless location of maximum
velocity for different dimensionless vegetation
density in both smooth and rough flume bed.
3.3. Effect of vegetation characteristic on
vegetation drag force
Figure (8) Illustrates the relation between

dimensionless vegetation drag force (Fp/p Yo? U?)
and dimensionless vegetation density for different
vegetation zone lengths. The figure shows that the
values of dimensionless vegetation drag force
increases with the increases of both dimensionless
vegetation density and the length of vegetation zone.
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Figure (8) Variation of dimensionless vegetation
drag force with dimensionless vegetation density for
different vegetation zone lengths

Also the dimensionless vegetation drag force
increases when both the dimensionless vegetation
root depth (K, /Y,) and the vegetation zone lengths
increases as shown in Figure ( 9).
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Figure (9) Variation of dimensionless vegetation
drag force with the dimensionless vegetation root
depth for different vegetation zone lengths.
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Two equations for calculating vegetation drag force
were derived using multiple linear regression
analysis one for smooth flume bed with a coefficient

of determination R? = 0.82 as follows.
Fp _
p Yo2U?

0.33 + 0.0068 A,Y,? + 0.057*-0.0005 * —
6.82F, + 1.87 x 1075R,  (3)

And the second for rough flume bed with a

coefficient of determination R? = 0.93 as follows.
Fp _
p Yo2u?2

2.51 + 0.0067 A,Y,2 + 0.031 s—
28.22" — 3.76F, 4)

o

4. CONCLUSIONS

The presence of aquatic vegetation in irrigation
canal retards water flow through additional drag

- 0.0011 = —
Y,

o
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force and causes many problems in waterways such
as water flood and irrigation water shortage at the
ends of irrigation channels. In this study, a series of
laboratory  experiments were conducted to
investigate the impact of water hyacinth, as floating
vegetation, on vertical velocity profile and
vegetation drag coefficient in open channel. The
main conclusions drawn from this study can be
summarized as follows:

1. Water hyacinth density and root depth have a
significant effect on vertical velocity profile where
changing in water hyacinth density and its root depth
alters vertical velocity profile of free surface which
similar to that of close conduit water flow but the
velocity at the surface does not equal zero due to
spaces between vegetation roots and flexibility of
these roots.

2. Water hyacinth density, its root depth and bed
roughness change the position of maximum velocity
where increase of vegetation density and vegetation
root depth, moves maximum velocity down toward
channel smooth bed, and when channel bed became
rough, maximum velocity moves up toward channel
surface.

3. The vegetation drag force increases as the
vegetation density, vegetation root depth and
vegetation zone length are increased.

4. Two equations were developed using
dimensional analysis and multiple linear regression
analysis for calculating vegetation drag force at both
smooth and rough channel beds.
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