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ABSTRACT

Scour is the main damage cause of abutments, piers, spur dykes and the hydraulic structure
in the river bed .Change in flow characteristics lead to changes in sediment transport
capacity, and hence to a local disequilibrium between actual sediment load and the capacity
of the flow to transport sediment. At times it is required to provide greater channel depth for
the purposes of Navigation as the depth available is less than the required depth.

The technique of Submerged Vanes helps in performing both the works simultaneously. The
technique of submerged vanes is a new, cost-effective and efficient sediment management
method in rivers. This method has positive environmental effects. The performance and

efficiency of a submerged vane is related to its shape.

In this dissertation, Submerged Vanes performance analysis is done with different attacking
angle in order to study the effect of scouring and deposition occurring due to different
attacking angles and thus developing their Bed Profile and Developing their Speed Profile in

the flume at various points.
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CHAPTER 1

INTRODUCTION

1.1 Submerged Vanes

Submerged Vanes is the latest technique which reduces the severity of floods. These can be
small, double, rectangular, curved, patented structures for sediment management in rivers for
better River Training works. They are designed for the protection of the river banks, maintain
navigation depth and flood flow capacity in rivers and control sediment at diversions and
water intakes during the severe times even. The Vanes are small, submerged ( to a depth of
one-third to one-fourth)flow training structures or foils designed to modify the near flow bed

pattern and distribute sediment load and flow within the channel cross section.

They are designed for small aspect flow training structures installed on the streambed, usually
oriented at 10° to 25° to the local primary flow direction. Vane height is usually 0.2 to 0.4
times the local water depth during the design flow conditions. In curves key to vane
performance is horizontal force that they exert against water flow and effects on circulation

induced in flow downstream from vanes and near bed flow.

1.2 River Training Work

River Training Work involves all the engineering works which are constructed in the river so
as to confine and guide the flow in the river channel, and to control bed configuration thus

ensuring safe and effective disposal of floods and sediment loads.

In a river at times it is required to provide greater depth than what is available for the purpose
of Navigation and whatever the Sediments get eroded from the banks of the river needs to be

addressed.

The technique of Submerged Vanes solves our both the above problem simultaneously as it
scours the bed where channel depth is to be increased and it deposits the sediments where

erosion on the banks occur.



In this dissertation we will be working Submerged Vanes for angles 10° and 15° and the
Vane height is .33 times the local water depth. With the course of this study we will be
studying the effect on the bed profile during the experiment and how much deposition and
scouring occurs due to Submerged Vanes. Also the Speed profile of the channel will also be
studied and assessed with the help of the instrument named Acoustic Doppler Velocimetry.



CHAPTER 2

Literature Review

2.1 Sediment management with Submerged Vanes

Sediment control in rivers may be required for greater channel depth for maintaining a certain
optimum flow depth so that navigation can be made possiable, prevent bed and bank erosion
due to action of water, improve non regime channel or divert flow from one channel to
another, or to a water intake. Many different techniques are available for that. They range
from construction of wing dams, jetties, dykes, and revetments to dredging. All these
techniques lacks of analytical tools for predicting their effectiveness and impact on the
channel and to what extent they simplify our problem which is quite important factor for the

study and analysis of any structure

Submerged Vanes is the new eco-friendly technique which helps not only providing greater
depth but also deposits the sediments where scouring is to be prevented by the process of
deposition. Submerged vanes can be made from plastic, concrete, wooden planks, wooden

piles, sheet piles etc.

Submerged vanes( by controlling the sediments) can be used for stream bank protection,
increasing channel capacity, maintaining a certain flow depth, realigning of stream etc. which

in turn can be effectively used in flood management.

2.2 Working of Submerged Vanes

The vane generates secondary air circulation in the direction of flow. The circulation alters
magnitude and direction of the shear bed stress and causes a change in the distribution of
speed, depth and sediment transport in the area influenced by the vanes. As a result, the
riverbed aggrades in one portion of the channel cross section and degrades from another thus
thereby providing erosion of the bed as well as deposition wherever it is required. The control
of the sediment load movement, scouring and deposition is one of the most difficult problems

faced by river engineers. Bed scours along the bank of the river curves frequently causing



undermining of bank and losses of soil which leads to subsequent flooding and bank breach

in the marginal area.

By directing the near bed current towards the outer bank, the submerged vanes counter the
centrifugal induced secondary current and, hence inhibit bank erosion. The vanes stabilize the
toe of the bank.

The vanes are laid out to make the water and sediment move through the river curve as if it is
straight. These vanes can be arranged in various combinations as per required by the
designers. Regardless of size small submerged vanes can also produce significant changes in
the distribution of velocity and depth in the river channel. By introducing relatively small
changes in the bed shear stresses, arrays of vanes can generate local changes in the bed

elevation of the order of vane height.

These vane changes the bed profile of the channel accordingly on the magnitude of the flow

and in the direction of Submerged Vanes being laid for the purpose of requirement.

2.3 Dimension and Shape of Submerged Vane for Sediment Management

The performance of the submerged vane is also related to its dimensions and shape. The
effectiveness of the Submerged Vanes varies from shape to shape and size to size .In curved
structure the changes are gradual whereas in Rectangular structures the variation in the bed

profile are quite abrupt.

Variation of Submerged Vanes for different requirements various accordingly
(1) Rectangular plates with various lengths and heights.

(2) Tapered plates with linear increasing or decreasing in length from the base to the

top

(3) Plates of parallelogram or other shape with the top of the plates swept backward

or forward.



Various model tests have been conducted for the calculation of transverse bed profile in the
cross section of a straight alluvial channel induced by a single submerged vane is induced.

The model is utilized to investigate the performances for three types of vanes

2.4 Effect of Angle Of Submerged Vanes

Investigation on scouring, deposition of the sediment load and determination of hole of
scouring are among the most important issues in submerged vanes designation with model
submerged vanes were measured in a laboratory flume with 10° under clear water.
Experiments are majorly conducted for attacking angles of attack 15, 20, 25 and 30 degree

with a flow for various Froude Numbers.

The result of the model study had indicated that the maximum value of scour and deposition
of bed load is highly depended on experimental duration. It was observed that, suitable
control at scour hole associated with angle 15 degree submerged vane. With increasing

Froude number the maximum scour hole increases.
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Fig 2.1 Experimental Setup

The experiments were conducted on four different Froude’s Number.

o 0.286
e 0.269
e 0.252
e 0.236

The scour occurring at a submerged vane is divided into three categories:

e General Scour
e Constriction Scour

e Local Scour

Local Scour results directly from the impact of submerged vanes on the local flow pattern.



Fig. 4: A submerged vang and scour hole (Plan)
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Fig. 5 Scour hole or diferent Froude number

Fr=(.2%

=
—_—
=

iR

=
=
o

=

=

=
1

A
5 030
5 e Angle of 3 degree
"0 .
% = Angleof 25 degree
% . - Angle of 2 degree
2 b3 o= Angle of 1 degree
gﬁ.l[]
£ 1513
R
2000

020 40 60 80 100 120 140 160 180

Location of submerged vane in the bend (degree)
L
%0.30 -
20 =t Mngle of 30 cegree
;m ~+ Aigeof ke
0 -+ Augeof degree
0§ _
§ \ &= Augleof [Sdkore
€
0
0
£
0
:
a

020 40 60 80 100 120 140 160 180
Location of submerged vang inthe bend (degree)

Fig, 6 Soour hole or different angle

3>

=
—_
=

Dimensionless scour holgw /Y
=
—y
o

fr =052

= Angef 3 degree
=+ Angleof 5 degree
4 Angleof 20 degree

= Angleof 15 dgree

\
-Mm

020 40 60 80 100 120 140 160 180
Location of submerged vane in the bend (degree)

fr =086

Dimensionless scour holdgw/ v ™ 3)

02040 60 80 100 120 140 160 180

Location of submerged vane in the bend (degree)

Fig 2.3 Graph-2

= Angleof 30 degreg
== Augl of 5 deored
- Angleof 20 e

|

=+ Angleof 13 degreg




2.5 Bank Attached Vanes for Bank Erosion Control and Restoration of River
Meanders

Spurs or Groynes for bank protection have few limitations that a considerable part of the
width of the channel is blocked. Large reverse eddies are formed behind these structures
creating embayment or causing excessive siltation which can adversely affect instream
biodiversity .Prescribing the optimum angles, relative to the tangent at the bank, and the
location for such spurs on the outer bank of an eroding bend are major challenges. Similar
problems also exist in case of submerged vanes due to the variation of angle of attack of the
flow as stage levels change. In rivers with finer bed materials, scour around the base of
individual vanes can affect their structural integrity ( Odgaard and Spoljaric).The bank-
attached vane, on the other hand, is a spur-type instream structure. They have been advocated
for bank protection and habitat improvement. Vanes have also been proposed for reducing
Local Scouring near bridge abutments. However, the flow patterns induced by these vanes

and their working principle, needs further clarification.



CHAPTER 3

Submerged Vanes

It is a hydraulic structure which is built across the river so that the severity due to floods can
be minimized. These vanes works by producing secondary air circulation which tends to
distribute the flow and the bed stresses of the river as per the requirement. Due to generation
of reverse eddies in the flow the river beds gets aggraded from one side and degrades from

another.

Submerged Vanes is a new technique which helps us in keeping check on river bank erosion
as well as providing channel depth for navigation purposes simultaneously thus two problems

are solved by Submerged Vanes.

Depending on the requirements these vanes can be arranged in various shapes or order. For
example Four Vanes can be arranged in a horizontal line or the same Four Vanes can be
arranged in a zig-zag manner or any other pattern such that the requirements are full filled.
These vanes are laid to certain angles to the direction of flow .These angles can vary from
10° to 30° which are assessed as per the designer. Generally it is observed that for attacking
angle of 15° the best results are attained. The performance of these vanes is independent of its
size. These vanes introduce small-small changes to the river bed conditions. These vane
changes the bed profile of the channel accordingly on the magnitude of the flow and in the
direction of the Vanes are laid.

10



These vanes can be very easily be made up of from various sources like from Plastics, Wood
(bamboo), Concrete, Sheet Piles etc. although for quick installation and working Bamboos
are preferred cause they could be directly embedded into the river bed without any extra

requirements.

These vanes are embedded to a depth of One-Third to One-Fourth of its height and the flow
of water maintained in the river is three times its depth in water such that the secondary

currents can be generated.

Due to all these various benefits and its eco-friendly aspect Submerged Vanes are fast
developing its name in the field of Hydraulic Structure as it very convenient to install and use
with good performance. Various projects regarding Submerged Vanes are initiated in India

and are in progress.

11



CHAPTER 4

River Training Works

It is a wider aspect which deals with the Engineering works which are constructed on a river
so as to safely allow the passage of the water in the river without changing the bed condition

such that the flow direction and the Shear Bed Stress does not affect.

4.1 Importance of River Training Works

River Training works guides and ensures the flow in the river channel and to control and
regulate the river bed condition such that scouring in the bed or at the banks is minimised if
not stopped. Thus outflanking is avoided with the help of them they also ensure safe disposal
of the sediment bed load thus ensuring unnecessary deposition or scouring. They also provide
navigational depth. Its chief aim is to provide ultimate stability to the river with its help and

measures.

4.2 Objectives of River Training Works

e Prevent rivers from changing their direction of flow thus avoiding the outflanking of
structures.

e To provide flooding of surrounding area by providing a safe passage for the flow
without overtopping.

e To protect the banks by deflecting the river away from the banks.

e To effectively dispose of sediment load.

e To provide sufficient depth for Navigation purposes.

12



4.3 Methods Adopted for River Training

e Levees

e Guide Banks

e Submerged Vanes
e Groynes or Spurs
e Artificial Cut Off
e Pitched Islands

e Bandalling

e Pitching of banks and provision of Launching aprons.

e Miscellaneous Methods

4.4 Classification of River Training

Depending on the nature of the River Training Work, these are classified into following

categories :

1. High Water Training or Training for Discharge
2. Low Water Training or Training for Depth

3. Mean Water Training or Training for sediment

13



4.4.1 High Water Training

This type of training work primarily works on the purpose of flood control. Thus it aims at
providing minimum river cross-section for the passage of Maximum River Flood & is
concerned with making the adjoining place flood-proof by construction of levees or dykes
etc.

4.4.2 Low Water Training

This type of training work primarily works on the purpose of providing minimum depth in
the channels during low water periods. It is attained by concentrating and improving the flow

in the channel by closing other rivers.

4.4.3 Mean Water Training

This type of training work primarily works on the purpose of providing at efficient disposal
of bed load and sediment load and thus preserves the channel in good shape. The maximum

accretion of a river occurs near the dominant or water discharge.

Thus the changes in the bed are tried as per the stage of the flood flow. This type of training
work is one of the most important of all and also forms the basis on which the earlier two are

planned.

14



CHAPTER 5

Acoustic Doppler Velocimetry

Acoustic Doppler Velocimetry is an instrument which measures instantaneous velocity in all
the direction for a point with a relatively high frequency. This technique is based upon the

Doppler Shift Effect.

5.1PROBE & TIP

The probe consists of one transmitter and three receivers which are placed at an equal
distance with each other so that when the particle crosses between any two receivers the

velocity of the particles can be measured.
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Fig 5.1 : Acoustic Doppler Velocimetry

The velocity measured can be either positive or negative depending on the direction of the
probe. The ADV signals also compute the noises generated by machines, turbulent shear and

15



other nearby noises. These data has to be eliminated so that a better data can be analysed.

These variations are called Spikes and are removed by various techniques.

The height between the Sample Volume and the Probe tip is generally maintained around 5
cm and if the difference varies from this range then the position of the Probe is slightly
changed so that the correct difference can be attained.

The Probe Number used in the experiment of Submerged Vanes is A1047.

This ADV instrument is connected to a computer system from where the data regarding the
velocity is collected and converted to MS-Excel sheets.

These sheets are developed after completing the run fully for 6-8 hours, so that the velocity
profile around the Submerged Vane can be developed.

Image 5.1 Showing ADV Probe and Tip while taking a reading

16



CHAPTER 6

Experiment Procedure

The experiments were conducted for 10° and 15° attacking angles of Submerged Vanes, in
which they were placed at an angle of 10° and 15° to the direction of flow of water. The
starting point of the vane was placed at the centre of the flume which is 3m X 0.5m at an
angle of 10° and was embedded into the bed to a height of 3cm such that 4cm height of the

vane is above the bed of the flume.

o
All =

R W\ <
Sl
1)
)

i -
—1‘ ~ -

-
® =
g g O

4 - ol

Wig

- A

Image 6.1 Showing collection of readings during the experiment
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Water was allowed to run in the flume and a constant depth of 12cm was maintained
throughout the experiment. The bed profile was viewed regularly at constant interval of time
period and after Six hours of Duration the Velocity Profile of the channel was developed with
the help of Acoustic Doppler Velocimetry.

The ADV was placed at 5cm upstream side of the Vane and was moved laterally in three
different positions and at each position three readings were taken by changing the depth of

the reading gauge.
For ex

Reading 1: 5cm Upstream at a distance of 3.25cm in lateral direction at a depth of 77cm.

Reading 4: 5cm Upstream at a distance of 0 cm in lateral direction at a depth of 77cm.

After completing 9 readings for 5cm Upstream the ADV was shifted to 3cm Upstream of the

Vane and 9 more readings were collected in a similar manner.

The Velocity Profile of the channel was generated with the help of ADV which was

connected to a system and the profile was developed in MS-Excel Sheets.

After developing Velocity profile of the Channel with the help of ADV the bed profile was
developed after emptying the flume and depth of the bed was taken at several location

throughout the surrounding area of the vanes and the graph was developed

Image 6.2 Showing flowing of the water in the flume

18



Then the Submerged Vane was again set up for 15° of attacking angle to the direction of flow
of water and similarly the Vane was embedded into the bed to a depth of 3cm and 12cm

depth of flow was maintained throughout the experiment.

The same procedure was followed as it was done during 10° of attacking angle and the bed

profile for it was generated.

19



CHAPTER 7

Experimental Work

The experiments were conducted in the River Engineering labs of IIT Roorkee under the
guidance of Prof Nayan Sharma and Lab in Charge Beer Singh Chauhan Sir.

The water was allowed to run through the Flume and the Submerged Vane made of plastic

was placed at the middle of the flume at different angles to the flowing water.

The Bed Profile for two different attacking angles was studied near the Vane at different time
intervals and velocity profile was also studied with the help of Acoustic Doppler

Velocimetry.

Flume Dimensions = 3m X .5m

Vane Dimensions = 7cm X 14cm

Positioning of the Vane = 1.5 m upstream

Vane bedded to a Depth of = 3cm

Depth of Water maintained in the Flume = 12cm

Discharge Maintained = 10 litres/sec

Image 7.1 Plane Bed Profile Initially

20



7.1 Deflecting Angle 10°

Bed Level at 1m Upstream =50.47cm

Bed Level at 2.9m Upstream = 49.55cm

Slope of the Bed = (50.47 — 49.55) /190

=0.00484

=1in 206

Discharge = 0.01m*/sec

7.1.1 Bed Profile

Head of the Submerged Vane is considered to be the origin and all the values are taken

accordingly
Table 7.1 : Bed Profile Values for 10°

Cms -13.5 -10.5 0 3 4
-2 0.40 -0.46 -1.06 -0.13 0.05
-1 0.52 0.78 -1.09 -0.13 0.04
0 0.62 0.84 -1.23 -0.14 0.02
1 0.41 0.44 -1.20 -0.15 0.05
2 0.19 0.28 -1.10 -0.14 0.07

21




m 0.5-1
m0-05

m-0.5-0
m-1--0.5

m-1.5--1

length

Fig 7.1 : Showing Bed Profile for 10° Angle
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7.1.2 Speed Distribution

7.1.2.1 Speed Distribution from 5 cm upstream of the Submerged Vane

Table 7.2 : Showing Mean Speed at 5cm Upstream

o Cr:atera' ?ﬁ?""v”;:ﬁef{cﬁ 3.25 0 3.25
77 7.5814 6.1062 6.3700
76 8.3811 3.2851 6.7471
75.5 4.6974 7.8982 7.1790

7.1.2.2 Velocity Variation at 5 cm Upstream and 3.25 cm away from the Vane

Run 2

M Seriesl

M Series2
Seriesl

W Series3

Fig 7.2 : For 77 cm depth

23




Run 3:

20

0 M Seriesl
L ", M Series2

~ Seriesl
-20 i I Series3

Fig 7.3 : For 76 cm depth
Run 4

M Seriesl
M Series2

Series1
m Series3

Fig 7.4: For 75.5 cm depth
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7.1.2.3 Velocity Variation at 5cm Upstream and 0 cm away from the Vane

Run5

M Seriesl

M Series2
.~ Seriesl
 Series3

Fig 7.5 : For depth 77cm

Run 6

M Seriesl
M Series2

m Series3

Fig 7.6 : For depth 76cm
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Run 7

Seriesl

M Seriesl
M Series2

M Series3

Fig 7.7 : For depth 75.5 cm
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7.1.2.4 Velocity Variation at 5cm Upstream and -3.25 cm away from the Vane

Run 8

M Series1

" M Series2
Seriesl
W Series3

Fig 7.8 : For 77cm depth

Run 9

W Seriesl

M Series2
Seriesl
W Series3

Fig 7.9 : For 76 cm depth
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Run 10

M Seriesl

M Series2
Seriesl

L i Series3

Fig 7.10 : For 75.5 cm depth

28



7.1.2.5 Speed Distribution from 3 cm upstream of the Submerged Vane

Table 7.3 :Showing mean speeds at 3 cm Upstream

Lateral Di -
Depth of L ?rlga\‘?acﬁef(z% 3.25 0 3.25
Water in cm -
77 7.3389 3.2558 5.0149
76 5.2886 6.2747 8.1889
75.5 11.1790 5.4614 5.2068
7.1.2.6 Velocity Variation at 3cm Upstream and 3.25 cm away from the Vane
Run 11
M Seriesl
M Series2
Seriesl
i Series3

Fig 7.11 : For 77 cm depth
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Run 12

Fig 7.12 : For 76 cm depth

Run 13

20

1o \i I Jl AL H' ll" ll | '| L1l ’lulllul,llqlz”l'ﬂml U”W

-20

Seriesl

M Seriesl
M Series2
m Series3

Fig 7.13 : For 75.5 cm depth
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7.1.2.7 Velocity Variation at 3cm Upstream and 0 cm away from the Vane

Run 14

M Seriesl
M Series2

 Series3

Fig 7.14 : For 77 cm depth

Run 15

M Seriesl
M Series2

m Series3

Fig 7.15 : For 76 cm depth
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Run 16

M Seriesl
M Series2

W Series3

Fig 7.16 : For 75.5 cm depth
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7.1.2.8 Velocity Variation at 3cm Upstream and -3.25 cm away from the Vane

Run 17

M Seriesl

M Series2
Seriesl
 Series3

Fig 7.17 : For 77 cm depth

Run 18

20

10 HHECLEL
o N?v'- .HL“ e lm W”"‘.HIN mwllmw HW‘IIM“IHH n wmrrl:‘ilﬂ w W Series1
-10 “.lﬁlk_'a'.u:'_in-ul'ﬂ'.“l%lﬁh:iu'ﬁi JMLI ,5' ‘.” ‘- ‘ I,J:: Seriesl lSer?esZ
1 TR J:llj.'."‘\'g.‘ lj'l{i:m'_‘j.ﬂ " series3

-20

Fig 7.18 : For 76 cm depth
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Run 19

M Seriesl
M Series2

 Series3

Fig 7.19 : For 75.5 cm depth
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Different Images of Bed Profile for 10° Attacking Angle

Image 7.2

Image 7.3

Image 7.4
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7.2 Deflecting Angle 15°

Bed Level at 2m Upstream = 50.34cm

Bed Level at 1m Upstream = 49.95cm

Slope of the Bed = (50.34 — 49.85)/100
=0.00490

=1in 204

Discharge = 0.01m*/sec

7.2.1 Bed Profile

Head of the Submerged Vane is considered to be the origin and all the values are taken
accordingly

Table 7.4 : Bed Profile VValues for 15°

cms -13.5 -10.5 0 3 4

-2 0.44 0.9 -1.17 -0.13 0.05
-1 0.57 0.96 -1.24 -0.14 0.06
0 0.72 0.91 -1.33 -0.16 0.07
1 0.51 0.73 -1.26 -0.15 0.05
2 0.33 0.49 -1.22 -0.14 0.04
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O ~+~ T o O

length

m0.5-1
m0-0.5
W -0.5-0
m-1--0.5
m-15--1

Fig 7.20 : Showing Bed Profile for 15° Angle
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Different Images of Bed Profile for 15° Angle

Image 7.5

Image 7.6

Image 7.7
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CHAPTER 8

RESULT & CONCLUSION

The bed profile for two angles that are 10° and 15° is generated with the help of MS-Excel
and is observed that in the case of both the angles near the Starting of the Submerged Vanes
the soil bed gets eroded and near the far end of the Vane the soil gets deposited along the
Vanes, Furthermore it was observed that the degree of bed erosion and deposition is more

prominent in the case of 15° Angle.

The Speed profile of 10° Angle is generated with the help of Acoustic Doppler Velocimetry.

The bed profile changes in the both the angles which were visualized at various interval of
time and it was observed that the bed profile changes starts at a good speed in the beginning
but gradually it starts decreasing and then after 3-4 hours the bed profile changes becomes
constant or it does not change at all although the experiments is supposed to run for Six

Hours.

The Speed profile which is developed with the help of Acoustic Doppler Velocimetry
consists of various noises generated from turbines, machines etc. thus they are removed in the
MS-Excel sheet and the Speed Profile is developed of the reduced number of particles. A
lower and a higher value was set up of the velocities of the particles and only the desired
values were computed for generating the Speed of the flume at various location at the

upstream side of the Submerged Vanes.
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The graph for the individual location was generated by depicting the velocities in three
different directions with Series-1 indicating velocity in x-direction, Series-2 indicating

velocity in y-direction and Series-3 indicating speed in z-direction
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