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ABSTRACT 

In fluid dynamics, vortex-induced vibrations (VIV) are motions induced on bodies interacting with an 
external fluid flow, produced by the motion producing periodical irregularities on this flow. The work here is mainly a 
review of the flow field that is aroused due to the phenomenon of vortex induced vibration on the horizontally placed 
cylinders. Many researchers have worked on it to dig out various other ways to get the flow fields related to flow past a 
cylinder. Main aspects here are to find out the related theories on which the works had been undertaken. From those 
researches it can be said that Acoustic Doppler velocimeter and Laser Doppler velocimeter have been a major tool to 
measure the velocities across the horizontal or vertical under water cylinders/pipes. Utilizing modern instruments such as 
Acoustic Doppler Velocimeter or Laser Doppler velocimeter the three dimensional velocities at every points around the 
cylinder (to take the measurement the cylinder is to be halted at discreet depths of the water channel) could be measured 
and the from the values of velocities the parameters such as vortex strength (vorticity and circulation), bed shear stress 
(which is important while dealing with the removal of sediments), turbulent kinetic energy and other relevant parameters 
by which the device could be further modified to harness more power. Consequently various stresses can also be found out 
in order to select appropriate cylinder and related structure in making of workable vortex induced vibration aquatic clean 
energy generator in shallow water channels, to access the positions of huge amount of silt depositions that may be diverted 
at the banks due to such hydrodynamic structures and many others related operations.  
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INTRODUCTION  

Studies unrevealing hydrodynamic forces around 
underwater pipes are increasingly gaining interest in view 
to its demand with respect to growth in technological 
invasion. Under water pipes are normally exposed to wave 
currents and they lead to the phenomenon of vortex 
induced vibration (VIV) that basically causes erosion of 
bed material beneath the pipes. Moreover, local scour 
underneath pipes rest on and across the riverbeds to 
convey oil, gas, water or any fluid frequently occurs by the 
adverse pressure gradient of flowing stream. Furthermore 
such effects is helpful in finding out the locations of silt 
deposition statistically and indirectly help in dredging 
process as found out by [1] along with transport of 
sediments/silts due to equilibrium scour was reflected in 
[2,3] against the damaging effects as viewed in reservoir 
and flow paths of river as elaborated in the research of 
[4,5]. The feature also gets much imperative when the 
discussion comes about estimating hydrological feasibility 
of a mini hydro power plant  which can also be termed as 
green energy was covered in [6]. Scour may lead to an 
unsupported pipeline over an extensive distance ensuing in 
fatigue failure due to flow-induced vibration by wake-
vortex shedding. Earlier many research had been carried 
out in the features of scouring by [7, 8] occurring at the 
base of the vertically mounted piers which are also related 
with the transport of sediments of the river beds from one 
locations to other locations in the disclosure of the works 
of [9-12]. In addition problem of vortex-induced vibration 
in the structures becomes an important issue in various 
fields of engineering, since it is cause of severe concern in 
the dynamics of riser tubes bringing oil from the seabed to 
the surface, in flow around heat exchanger tubes, in the 

dynamics of civil engineering structures such as bridges 
and chimneys, and situation relating to practical 
importance. 

Henceforth, the crucial feature of pipeline design 
is the forecast of the amount of scour underneath such 
pipelines. Thus the assessment of forces on cylinders 
along the range of water depth becomes a crucial topic of 
interest. In recent times, instrument named Acoustic 
Doppler Velocimeter (ADV) had thrown commendable 
impact in the area of fluid dynamics. Mostly to assess the 
three-dimensional flow field and turbulence in laboratory 
applications, as well as in rivers, lakes and the ocean 
ADVs are known to be a special gift. As in its 
constructions ADVs typically consist of one emitter 
surrounded by a number of receivers, each one of them 
measured one protrusion of the velocity vector that helped 
in the research of [13-16].  

This review study of the phenomena of vortex 
induced vibration for the underwater laying pipes is 
mainly concerned with the thought of ADV as 
measurement process as discussed in [17] that are 
helpfully appropriate for the assessment of flow fields and 
also computing and discussing velocity profiles happening 
due to flow pass through a horizontally placed submerged 
cylinder, that is placed before a hydraulic structure, i.e. a 
vertical plate and such types of  assessment  of the field is 
intensely worked out by [18,19].  

When a cylinder placed in a water channel then at 
the upstream the flow will undergo a turbulent boundary 
layer separation and consequently rolls up to form a 
horseshoe vortex system across the cylinder in the work of 
[20]. Such flow happens in a diversity of events, such as 
flow around bridge piers, around buildings and structures 
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(stacks, cooling towers, gas tanks), and at different types 
of junctions. 

Ever since Leonardo da Vinci first observed 
Vortex Induced Vibration (VIV), circa 1500 AD in the 
form of “Aeolian Tones,” engineers have been trying to 
spoil vortex shedding and suppress VIV to prevent 
damage to equipment and structures. Furthermore, Von 
Karman at Cal Tech proved that the Tacoma Narrows 
bridge collapse in 1940 was due to VIV. This fluid-
structure interaction phenomenon occurs due to the 
nonlinear resonance of cylinders or spheres through vortex 
shedding lock-in. VIV is also called synchronization 
between vortex shedding and cylinder or sphere 
oscillations. In this paper, the terms VIV, synchronization, 
vortex shedding lock-in, and nonlinear resonance are used 
alternating to refer to the same phenomenon. Many a times 
this phenomenon can be used to generate green energy as 
discussed in the works of [21-23] which aids to 
development of the rural India by the power of its 
electricity. 

In the condition of the constant Strouhal number, 
when the vortex shedding frequency for a stationary 
cylinder approaches the natural frequency of oscillation of 
the cylinder from below, the cylinder will start oscillating 
and vortex shedding will start to correlate along the 
cylinder axis. This leads to a large increase in the forces 
acting on the cylinder. By increasing the current velocity 
further, the vortex shedding frequency will finally jump 
back to the linear curve defined by the Strouhal number. 
The changes taking place in the vortex shedding frequency 
in the synchronization ranges. In this range, vortex 
shedding frequency and the oscillation frequency, collapse 
into the natural frequency of the system in flow. It is 
interesting to note here that sustained oscillations extend 
over a range of velocity values and the vortex shedding is 
controlled by the vibrating cylinder like types of research 
carried out by [24-26]. While discussing about the 
environmental aspects in the natural water channels then 
the knowledge of the sediment loading and scouring also 
comes into play where due to various types of obstructing 
piers the movement of river bed sediments are visualized 
in the series of works done by [27-30]. Today the scenario 
of the natural channels in the world specially in India is 
very critical since the water depths of such channels are 
decreasing day by day due to immense sediment loading. 
Works by [31-33] shows how to develop special types of 
fundamental open channel discharge measuring devices. 

Utilizing these types of devices shows that the discharges 
natural streams and channels have decreased with the 
water depth. So, the assessment of sediment loading 
becomes much important while viewing the environmental 
aspects in the natural water channels [34-37].  
 
MECHANISM OF VORTEX SHEDDING AND 

VORTEX INDUCED VIBRATION 

The most important feature of the flow regimes 
described for the vortex-shedding phenomenon is common 
to all the flow regimes for Re > 40. For these values of Re, 
the boundary layer over the cylinder surface will separate 
due to the adverse pressure gradient imposed by the 
divergent geometry of the flow environment at the rear 
side of the cylinder. As a result of this, a shear layer is 
formed, as sketched in Figure-1. As seen from Figure-1, 
the boundary layer formed along the cylinder contains a 
significant amount of vorticity. This vorticity is fed into 
the shear layer formed downstream of the separation point 
and causes the shear layer to roll up into a vortex with a 
sign identical to that of the incoming vorticity. (Vortex A 
in Figure-1). Likewise, a vortex, rotating in the opposite 
direction, is formed at the other side of the cylinder 
(Vortex B). It has been mentioned in the previous section 
that the pair formed by these two vortices is actually 
unstable when exposed to the small disturbances for 
Reynolds numbers Re > 40. Consequently, one vortex will 
grow larger than the other if Re > 40. The larger vortex 
(Vortex A in Figure-2a) presumably becomes strong 
enough to draw the opposing vortex (Vortex B) across the 
wake, as sketched in Figure-2a. The vorticity in Vortex A 
is in the clockwise direction (Figure-1), while that in 
Vortex B is in the anti-clockwise direction. The approach 
of velocity to the opposite sign will then cut off further 
supply of vorticity to Vortex A from its boundary layer. 
This is the instant where Vortex A is shed. Being a free 
vortex, Vortex A is then convected downstream by the 
flow. Following the shedding of Vortex A, a new vortex 
will be formed at the same side of the cylinder, namely 
Vortex C (Figure-2b). Vortex B will now play the same 
role as Vortex A, namely it will grow in size and strength 
so that it will draw Vortex C across the wake (Figure-2b). 
This will lead to the shedding of Vortex B. This process 
will continue each time a new vortex is shed at one side of 
the cylinder where the shedding will continue to occur in 
an alternate manner between the sides of the cylinder. 
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Figure-1. The shear layer on both sides roll up to form the lee-wake 
vortices A and B. [38] 

 

 
 

Figure-2. (a) Prior to shedding of Vortex A, Vortex B is 
being drawn across the wake. (b) Prior to shedding of 

Vortex B, Vortex C is being drawn across the wake. [38] 
 

In fluid dynamics, vortex-induced vibrations 
(VIV) are motions induced on bodies interacting with an 
external fluid flow, produced by - or the motion producing 
- periodical irregularities on this flow. 

A classical example is the VIV of an underwater 
cylinder. You can see how this happens by putting a 
cylinder into the water (a swimming-pool or even a 
bucket) and moving it through the water in the direction 
perpendicular to its axis. Since real fluids always present 
some viscosity, the flow around the cylinder will be 

slowed down while in contact with its surface, forming the 
so-called boundary layer. At some point, however, this 
boundary layer can separate from the body because of its 
excessive curvature. Vortices are then formed changing 
the pressure distribution along the surface. When the 
vortices are not formed symmetrically around the body 
(with respect to its midplane), different lift forces develop 
on each side of the body, thus leading to motion transverse 
to the flow. This motion changes the nature of the vortex 
formation in such a way as to lead to a limited motion 
amplitude (differently, than, from what would be expected 
in a typical case of resonance). 

VIV manifests itself on many different branches 
of engineering, from cables to heat exchanger tube arrays. 
It is also a major consideration in the design of ocean 
structures. Thus study of VIV is a part of a number of 
disciplines, incorporating fluid mechanics, structural 
mechanics,  vibrations,  computational fluid 
dynamics (CFD), acoustics, statistics, and smart materials. 
They occur in many engineering situations, such as 
bridges, stacks, transmission lines, aircraft control 
surfaces, offshore structures, thermowells, engines, heat 
exchangers, marine cables, towed cables, drilling and 
production risers in petroleum production, mooring cables, 
moored structures, tethered structures, buoyancy and spar 
hulls, pipelines, cable-laying, members of jacketed 
structures, and other hydrodynamic and hydro acoustic 
applications. The most recent interest in long cylindrical 
members in water ensues from the development of 
hydrocarbon resources in depths of 1000 m or more. 
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Vortex-induced vibration (VIV) is an important source of 
fatigue damage of offshore oil exploration and production 
risers. These slender structures experience both current 
flow and top-end vessel motions, which give rise to the 
flow-structure relative motion and cause VIV. The top-end 
vessel motion causes the riser to oscillate and the 
corresponding flow profile appears unsteady. 

One of the classical open-flow problems in fluid 
mechanics concerns the flow around a circular cylinder, or 
more generally, a bluff body. At very low Reynolds 
numbers (based on the diameter of the circular member) 
the streamlines of the resulting flow is perfectly symmetric 
as expected from potential theory. However as the 
Reynolds number is increased the flow becomes 
asymmetric and the so-called Kármán vortex street occurs. 
Much progress has been made during the past decade, both 
numerically and experimentally, toward the understanding 
of the kinematics (dynamics) of VIV, albeit in the low-
Reynolds number regime. The fundamental reason for this 
is that VIV is not a small perturbation superimposed on a 
mean steady motion. It is an inherently nonlinear, self-
governed or self-regulated, multi-degree-of-freedom 
phenomenon. It presents unsteady flow characteristics 
manifested by the existence of two unsteady shear layers 
and large-scale structures. 

There is much that is known and understood and 
much that remains in the empirical/descriptive realm of 
knowledge: what is the dominant response frequency, the 
range of normalized velocity, the variation of the 
phase angle (by which the force leads the displacement), 
and the response amplitude in the synchronization range as 
a function of the controlling and influencing parameters? 
Industrial applications highlight our inability to predict the 
dynamic response of fluid-structure interactions. They 
continue to require the input of the in-phase and out-of-
phase components of the lift coefficients (or the transverse 
force), in-line drag coefficients, correlation lengths, 
damping coefficients, relative roughness, shear, waves, 
and currents, among other governing and influencing 
parameters, and thus also require the input of relatively 
large safety factors. Fundamental studies as well as large-
scale experiments (when these results are disseminated in 
the open literature) will provide the necessary 
understanding for the quantification of the relationships 
between the response of a structure and the governing and 
influencing parameters. 

It cannot be emphasized strongly enough that the 
current state of the laboratory art concerns the interaction 
of a rigid body (mostly and most importantly for a circular 
cylinder) whose degrees of freedom have been reduced 
from six to often one (i.e., transverse motion) with a three-
dimensional separated flow, dominated by large-scale 
vortical structures. 

Consider the flow of fluid around a smooth 
cylinder. For velocities exceeding laminar flow, the inertia 
of the fluid starts to become significant and, as the fluid 
stream passes the topmost part of the cylinder, it is unable 
to negotiate the rear half of the cylinder. Hence the fluid 
tends to separate from the top surface and peel off in a 
clockwise motion as it approaches the rear end of the 

cylinder, ending up as a shed vortex (it will peel off in a 
CCW motion from the bottom surface). For a given 
velocity of flow, this model suggests the vortex formation 
time will be proportional to the distance around the 
cylinder (or its diameter) and thus the frequency of vortex 
formation will be inversely proportional to the diameter. 
Furthermore, if the flow velocity increases, the frequency 
of vortex formation will likewise increase, leading to a 
direct relation between the two. This is what Strouhal 
found empirically in 1878. 

The proportionality constant is called the 
Strouhal number and turns out to be a function of the 
Reynolds number. For that reason it is now known as the 
Strouhal-Reynolds number. It is very nearly equal to 0.2 
for a large range of Reynolds numbers. 

One can see the vortex shedding by shadow 
projection. Similar to a ripple tank, if a point light source 
is set up over the tank, then shadow patterns of the water's 
motion can be seen on the bottom of the water channel. 
Thus, not only can one demonstrate resonance oscillations 
of the cylinder, but one can also see the relative motion of 
the vortex eddies and the cylinder-they move in opposite 
directions. As with most fluid dynamics phenomena, the 
physics of vortex-induced vibrations is quite rich and very 
complicated-even in two dimensions. For example, 
various vortex wake modes are possible with fluid flow 
jumping from one mode to another. Additionally, the 
sideways motion of the object in the fluid affects the 
formation and/or shedding of vortices and can have a 
positive or negative feedback effect. Also, depending on 
the phase between object and fluid motion as well as their 
frequency difference, a lock-in or synchronization effect 
may or may not occur. Furthermore, the ratio of the 
object-to-fluid mass as well as damping forces have a 
significant effect, leading to parameters described in the 
literature as effective mass, critical mass, high-mass ratio, 
etc. is also an excellent resource for those that wish to go 
deeper into the subject matter and it can be quite deep 
indeed! 

Vortex-induced vibrations are important in that 
they can have a strong influence in countless situations 
ranging from tethered structures in the ocean, pipes 
bringing oil from the ocean  floor to the surface, aeolian 
harps, tall buildings, and chimneys, to name but a few. For 
example, the tallest building in the world, the Burj Khalifa 
in Dubai, UAE, incorporates a variation in cross section 
with height to help ensure that vortices are not shed 
coherently along the entire height of the building. The 
Tacoma Narrows Bridge collapse is discussed in 
practically every introductory physics course as a dramatic 
example of resonance. Although vortex shedding is often 
cited as being the culprit, Billah and Scanlan say that this 
is oversimplified physics and posit that the real culprit 
was flutter-a non-linear phenomenon in which the motion 
of the bridge was the source of self induced periodic 
impulses. 
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FEATURE OF FLOW AROUND UNDER WATER 

HORIZONTAL CYLINDER/PIPE 

Having already discussed the importance of study 
of flow around a cylinder, discussion of flow field around 
the cylinder also becomes important which can be 
discussed in the following ways: 
 

 

 

Lift forces on submerged cylinders 
Knowledge of hydrodynamic forces on pipelines 

is of increasing importance in connection with the rapidly 
increasing number of off-shore pipelines. These pipelines 
are normally exposed to a complex wave-current climate. 
Furthermore, the seabed may be erodible so that scour 
takes place under the pipe. Thus the evaluation of forces 
on cylinders some distance away from the bottom 
becomes of interest. 

 

 
 

Figure-3. (a) Flow around cylinder, (b) Pressure distribution around cylinder. [39] 
 

From the potential theory it is know that due to 
flow separation the stagnation point which happens to be 
shifting as the gap between bed and submerged cylinder 
increase or decrease. Figure-3 visualizes the phenomenon 
of the flow and pressure distribution around the 
submerged cylinder. 
 

 
 

Figure-4. Drag and lift forces occurring in horizontal 
placed cylinder. 

 
From Figure-4 the distribution of lift and drag 

forces are shown. Here U is the velocity in the direction of 
flow, FD is the drag force and FL is lift force. It says that 
the lift force is always perpendicular to the water flow 
across the cylinder. 
 
CONCLUSIONS 

The work here is mainly a review of the flow 
field that is aroused due to the phenomenon of vortex 

induced vibration on the horizontally placed cylinders. 
Many researchers have worked on it to dig out various 
other ways to get the flow fields related to flow past a 
cylinder. From the above the total phenomenon and the 
reasons of vortex shedding and consequently leading to 
vortex induced vibration is discussed. This study opens up 
two aspects of such phenomenon, since from the review it 
can be seen that in many works the concentration was 
confined to sediment transport occurring due to such 
pipes. Efforts were also made in earlier researches to break 
the vortices which occur due vortex shedding and further 
leads to vortex induced vibration that may lead to 
detrimental effect to the victimized structure. On the other 
hand the same phenomena become much more important 
to build up green hydro power. This was also reviewed 
above, and also here main efforts were taken to increase 
the flow induced vibration. To access such phenomenon 
experiments of [40] were done to prove the above 
statement and also to find the flow around the underwater 
laying cylinder in addition to structures like vertical plates. 
Moreover a device of a new concept in generation of 
Clean and Renewable Energy from Vortex Induced 
Vibration caused in a fluid flow which can also be called 
as Vortex Induced Vibration Aquatic Clean energy 
(VIVACE) [41] is capable of generating electricity in 
shallow water channels of low discharges and may also 
remove sediments in the water channel if it is 
required. Whenever there is water flow over a blunt object 
like cylinder alternate vortices are been shed around the 
cylinder which creates asymmetry and oscillatory lift to 
the cylinder and as a result cylinder oscillates 
perpendicular to its axis and transversely to the water flow 
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direction. Here in this case the body or the cylinder is said 
to be under resonance i.e. the cylinder’s natural frequency 
equals with the vortex shedding frequency due to fluid 
flow. The body that undergoes resonance due to flow 
induced vibration transmits the mechanical energy 
produced due to oscillations of the cylinder to a generator 
for conversion to electricity or directly to a mechanical or 
hydraulic form of usable energy via a transmission 
mechanism. To assess the above phenomenon and also to 
get the optimum output the hydrodynamic study especially 
the knowledge of flow phenomenon is very much 
important that comprises of the knowledge of the behavior 
of the wake vortices strength and the adverse pressure 
gradient that is leading to the lift movement of the 
cylinder. Utilizing modern instruments such as Acoustic 
Doppler Velocimeter the three dimensional velocities at 
every points around the cylinder (to take the measurement 
the cylinder is to be halted at discreet depths of the water 
channel) could be measured and the from the values of 
velocities the parameters such as vortex strength (vorticity 
and circulation), bed shear stress (which is important while 
dealing with the removal of sediments), Turbulent kinetic 
energy and other relevant parameters by which the device 
could be further modified to harness more power. 
 
REFERENCES 

 
[1] Mukherjee B., Das S. and Mazumdar A. 2014. 

Statistical analysis to predict suitable dredging 
locations at the upstream of a reservoir. Seminar on 
Dredging: Equipment and Applications, EADA, 
Kolkata, India. 

[2] Das S., Das R. and Mazumdar A. 2012. Vortex flow 
field past a cylinder under clear water scour regime. 
International Conference on Applications of Fluid 
Engineering, CAFÉ, Greater Noida, India. 

[3] Das S., Das R., Kuila A. and Mazumdar A. 2014. 
Analysis of clear-water equilibrium scour around two 
eccentric circular piers to increase self dredging. 
Seminar on Dredging: Equipment and Applications, 
EADA, Kolkata, India. 

[4] Mukherjee B., Das S. and Mazumdar A. 2013. 
Mathematical Analysis for the Loss of Future Storage 
Capacity at Maithon Reservoir, India. ARPN Journal 
of Engineering and Applied Sciences. 8(10): 841-845. 

[5] Mukherjee B., Das S. and Mazumdar A. 2015. 
Environmental Study and Analysis of Silts Deposition 
at Maithon Reservoir. Indian Journal of 
Environmental Protection. 35(3): 177-187. 

[6] Das S., Ghosh S., Das R. and Mazumdar A. 2012. 
Clear water scour around two eccentric circular and 
square cylinders. National Conference on Sustainable 

Development through Innovative Research in Science 
and Technology, Kolkata, India. 

[7] Das S., Ghosh S. and Mazumdar A. 2012. Flow field 
past a Triangular Pier due to Sediment Transportation 
at Clear Water Equilibrium Scour Hole. International 
Journal of Emerging Trends in Engineering and 
Development. 7(2): 380-388. 

[8] Das S., Ghosh R., Das R. and Mazumdar A. 2014. 
Clear Water Scour Geometry around Circular Piers. 
Ecology, Environment and Conservation. 20(2): 479-
492. 

[9] Das S., Midya R., Chatterjee B., Ghosh R., Das R. 
and Mazumdar A. 2014. Bed Shear Stresses past a 
Flat Plate under Clear Water Equilibrium Scour State. 
Journal of the Association of Engineers, India. 84: 27-
35. 

[10] Das S., Mondal D., Das R. and Mazumdar A. 2013. 
Variation of Bed Shear Stresses in Clear Water 
Equilibrium Scour Holes at Single Piers. River 
Behaviour and Control, Journal of River Research 
Institute, West Bengal. 32: 1-12.  

[11] Khwairakpam P., Das S., Das R. and Mazumdar A. 
2012. A Study of Local Scour around Circular Piers. 
River Behaviour and Control, Journal of River 
Research Institute, West Bengal. 31: 11-22.  

[12] Khwairakpam P., Ray S.S., Das S., Das R. and 
Mazumdar A. 2012. Scour hole characteristics around 
a vertical pier under clear water scour conditions. 
ARPN Journal of Engineering and Applied Sciences. 
7(6):  649-654. 

[13] Das S. and Mazumdar A. 2015. Turbulence flow field 
around two eccentric circular piers in scour hole. 
International Journal of River Basin Management. 
13(3): 343-361. 

[14] Das S. and Mazumdar A. 2015. Comparison of Field 
of Horseshoe Vortex at a Flat Plate and Different 
Shaped Piers. International Journal of Fluid 
Mechanics Research. 42(5): 418-448. 

[15] Das S., Das R. and Mazumdar A. 2013. Circulation 
characteristics of horseshoe vortex in the scour region 
around circular piers. Water Science and Engineering. 
6(1): 59-77.  

[16] Das S., Das R. and Mazumdar A. 2013. Comparison 
of Characteristics of Horseshoe Vortex at Circular and 



                                VOL. 13, NO. 6, MARCH 2018                                                                                                                 ISSN 1819-6608 

ARPN Journal of Engineering and Applied Sciences 
©2006-2018 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
                                                                                                                                               2314 

Square Piers. Research Journal of Applied Sciences, 
Engineering and Technology. 5(17): 4373-4387. 

[17] Das S., Das R. and Mazumdar A. 2015. Velocity 
profile measurement technique for scour using ADV. 
International Conference on Testing and 
Measurement: Techniques and Applications, TMTA 
2015, Phuket Island, Thailand. pp. 249-252. 

[18] Das S., Midya R., Das R. and Mazumdar A. 2013. A 
Study of Wake Vortex in the Scour Region around a 
Circular Pier. International Journal of Fluid 
Mechanics Research. 40(1): 42-59.  

[19] Das S., Roy D., Mazumdar A., Chowdhury S. and 
Majumder M. 2012. Hydrological feasibility of a mini 
hydropower plant on Tiljuga River, Bihar, India. 
Water and Energy International. 69(12): 30-37.  

[20] Das S., Ghosh S. and Mazumdar A. 2014. Field of 
Horseshoe Vortex in a Scour Hole around Two 
Eccentric Triangular Piers. International Journal of 
Fluid Mechanics Research. 41(4): 296-317. 

[21] Mukherjee B. and Das S. 2016. Ways of extraction of 
power from vortex induced vibration. 103rd Indian 
Science Congress, ISCA, Mysuru, India. 

[22] Mukherjee B., Das S. and Mazumdar A. 2016. 
Electrical Energy Generation by Enhancing Flow 
Induced Vibration. 2nd International Conference on 
Control, Instrumentation, Energy & Communication, 
CIEC 2016, Calcutta, India. pp. 368-371. 

[23] Mukherjee B., Das S. and Mazumdar A. 2016. 
Sustainable Electrical Energy Generation Technique 
in Shallow Water Channels. 2016 IEEE Students’ 
Technology Symposium, Kharagpur, India. 

[24] Das S., Das R. and Mazumdar A. 2014. Vorticity and 
Circulation of Horseshoe Vortex in Equilibrium Scour 
Holes at Different Piers. Journal of the Institution of 
Engineers (India): Series A. 95(2): 109-115. 

[25] Das S., Thakurta S., Das R. and Mazumdar A. 2013. 
Turbulent Flow Field in Clear Water Equilibrium 
Scour Hole at Triangular Pier. International 
Symposium on Sustainable Infrastructure 
Development, Bhubaneswar, India. pp. 401-411. 

[26] Voskoboinick A.V., Voskoboinick V.A. and 
Voskoboinick A.A. 2008. Junction flow of three-row 
pile grillage on a flat plate. Part 1. Horseshoe vortex 
generation. Applied Hydromechanics. 10(3): 28–39. 

[27] Das R., Khwairakpam, P., Das S. and Mazumdar A. 
2014. Clear-Water Local Scour around Eccentric 
Multiple Piers to shift the Line of Sediment 
Deposition. Asian Journal of Water, Environment and 
Pollution. 11(3): 47-54. 

[28] Das S., Das R. and Mazumdar A. 2014. Variations of 
clear water scour geometry at piers of different 
effective widths. Turkish Journal of Engineering and 
Environmental Sciences. 38(1): 97-111.  

[29] Das S., Das R. and Mazumdar A. 2014. Scour 
Mechanism around Piers at Clear Water Equilibrium 
Condition. International Journal of Advance 
Engineering and Research Development. 1(10): 88-
94. 

[30] Das S., Das R. and Mazumdar A. 2016. Comparison 
of Local Scour Characteristics around Two Eccentric 
Piers of Different Shapes. Arabian Journal for Science 
and Engineering. 41(4): 1199-1213.  

[31] Das R., Nayek M., Das S., Dutta P. and Mazumdar A. 
2015. Design and Analysis of 0.127 m (5") Cutthroat 
Flume. Ain Shams Engineering Journal.  DOI: 
10.1016/j.asej.2015.07.017. 

[32] Das R., Pal D., Das S. and Mazumdar A. 2014. Study 
of Energy Dissipation on Inclined Rectangular 
Contracted Chute. Arabian Journal for Science and 
Engineering. 39(10): 6995-7002. 

[33] Nayek M., Das R., Das S., Dutta P. and Mazumdar A. 
2016. Open Channel Discharge Measurement Using 
0.127 Metre (5 Inch) Long-Throat Flume. Asian 
Journal of Water, Environment and Pollution. 13(2): 
29-38.  

[34] Jaman H., Das S., Kuila A. and Mazumdar A. 2017. 
Hydrodynamic Flow Patterns Around Three Inline 
Eccentrically Arranged Circular Piers. Arabian 
Journal for Science and Engineering. DOI: 
10.1007/s13369-017-2536-9. 

[35] Das S., Jaman H., Chatterjee A., Das R. and 
Mazumdar A. 2017. Hydrodynamic behaviour of flow 
past three typically arranged circular piers on different 
horizontal planes. International Journal of Fluid 
Mechanics Research, Accepted. 

[36] Jaman H., Das S., Das R. and Mazumdar A. 2017. 
Hydrodynamics of flow obstructed by inline and 
eccentrically-arranged circular piers on a horizontal 

http://www.submission.begellhouse.com/tasks/todo.html?art_id=19421
http://www.submission.begellhouse.com/tasks/todo.html?art_id=19421
http://www.submission.begellhouse.com/tasks/todo.html?art_id=19421


                                VOL. 13, NO. 6, MARCH 2018                                                                                                                 ISSN 1819-6608 

ARPN Journal of Engineering and Applied Sciences 
©2006-2018 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
                                                                                                                                               2315 

bed surface. Journal of the Institution of Engineers 
(India): Series A.  DOI: 10.1007/s40030-017-0187-1. 

[37] Das S. and Mazumdar A. 2017. Evaluation of 
Hydrodynamic Consequences for Horseshoe Vortex 
System developing around two eccentrically arranged 
Identical Piers of Diverse Shapes. KSCE Journal of 
Civil Engineering. Accepted. 

[38] Sumer B.M. and Fredsoe J. 2006. Hydrodynamics 
around cylindrical structures. Advanced Series on 
Ocean Engineering, World Scientific Company 
Publishing Company Private Limited. 26: 7-8. 

[39] Fredsoe J. and Hansen E.A. 1987. Lift Forces on 
Pipelines in Steady Flow, Journal of Waterway, Port, 
Coastal, and Ocean Engineering, ASCE. 113(2): 140-
153. 

[40] Mukherjee B. and Biswas R. 2017. Flow Fields for 
Underwater Laying Hydrodynamic Structure and its 
Environmental aspects. ARPN Journal of Engineering 
and Applied Sciences. 12(4): 1002-1007. 

[41] Bernitsas M.M., Raghavan K., Simon Y.B. and Garcia 
E.M.H. 2006. VIVACE (Vortex induced Vibration 
Aquatic Clean Energy): A New Concept in 
Generation of Clean and Renewable Energy from 
Fluid Flow. Journal of Offshore Mechanics and Arctic 
Engineering. 130(4): 041101-15. 


