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Abstract
Fluid Structure Interaction is the non-stationary coupling between 
a fluid flowing through the flexible mechanical structure. During 
computation of Fluid-Structure Interaction (FSI) problems, the 
flexible structure and fluid models are required to interface. 
Few years ago this computational techniques was too difficult, 
expensive and unthinkable due to unavailability of soft skill, which 
has turn round to awaken an interest in fluid-structure interaction 
presently. This awareness is owed to the development in a field 
of aerospace engineering, aerodynamic and computational fluid 
dynamics. The interaction between incompressible fluid flows and 
immersed structures are nonlinear multi-physics phenomena that 
have applications to a wide range of scientific and engineering 
disciplines. This paper describes the fundamentals, application 
and various theoretical aspects of Fluid structure interaction
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I. Introduction – Evolution of FSI
In present era of advanced computing techniques, finite element 
methods are widely used in analysis of solid structure while 
designing most of the machine elements. Simultaneously the 
analysis of fluid flow is carried out as an important part of product 
design such as airplane, flow pipes etc. Fluid-flow analysis are 
useful for aerodynamic compressible f1ow analysis in the course 
of airplane design; while for incompressible and compressible 
flow analysis in mechanical engineering designs. Application 
of numerical simulation in mechanical engineering is widely 
known nowadays. Expenditure for flow simulation is lesser then 
for structural analysis, hence number of applications in fluid 
flow analysis is growing. This is mainly because of valuable 
analysis capabilities that are now available for many practical 
cases of fluid flow in mechanical engineering. This tendency 
will undeniably grow stronger. This new field of analysis is the 
fully coupled solution of fluid flow with structural interactions, 
which is commonly referred to as Fluid-Structure Interaction 
– abbreviated as FSI [1].

II. Fundamentals of Fluid Structure Interaction
Fluid-structure interaction is an interdisciplinary - multifaceted 
physic phenomena arising in a system where fluid flow impacts 
deformation of a solid structure which, in turn, changes the 
boundary condition of the fluid flow. Subsequently a flexible solid 
structure which comes in to contact with flowing fluid is subjected 
to a pressure which may cause deformation in the structure. And 
in return, the deformed structure alters the flow field. Ultimately, 
the altered flowing fluid, exerts another form of pressure on the 
structure, and the process repeats again. This kind of interaction 
is called Fluid-Structure Interaction (FSI).
Fluid structure coupling can occur in many fields of engineering, 
and is a crucial consideration in the design of many engineering 
systems. It exists in its various forms, both in natural systems as 

well as in man-made objects. The interaction such as leaves of tree 
with wind and groundwater interaction with the soil are typical 
examples in nature. Fluid-structure interaction for engineered 
systems occurs in modeling behavior of offshore platforms 
with the ocean, flight characteristics of aircraft, and dams with 
reservoirs. Although the nature and the interaction between the 
solid and fluid in these problems are different, all these problems 
falls under the Fluid-Structure Interaction (FSI).
More detailed practical examples of multidisciplinary interfacing 
are; stability and response of aircraft wings in aerospace engineering, 
flow of blood through veins in biomedical applications which is 
becoming more focused nowadays, response of bridges and tall 
buildings to winds in civil engineering, and oscillation of heat 
exchangers in nuclear industry and pressure vessels.
Though, these interface plays prominent role in most of the 
scientific and engineering fields, still an ample study of FSI remains 
a challenge due to its strong nonlinearity and multidisciplinary 
nature. Moreover, these problems are often too complex to solve 
analytically and so they have to be analyzed by means of numerical 
simulations. For the cases, where experimental validation and study 
is not economical, feasible and more time consuming process, 
numerical simulations of such coupled problems is increasing. 
These problems require large computing time and also requires 
a new stable and accurate coupling algorithms to solve problems. 
From past decades, new development in coupling algorithms and 
the increased performance of computer have allowed solving some 
of these problems, besides solving some physical applications 
that were not accessible in the past. In the future this trend might 
continue to address more realistic problems [2-3].
The use of numerical simulation can reduce the amount of time 
spent using experimental methods to evaluate a large number 
of design alternatives. A better understanding of the problem is 
obtained through a computational approach because of increased 
amount of information gathered during computation. There is 
continuous research in the fields of computational fluid dynamics 
and computational solid mechanics. Hence it has reached a maturity 
level to help in solving large industrial and academic problems 
that were not accessible in the past.
With the technological growth in past decades, it is visible that 
new development has increased performance of computer and in 
coupling algorithms which have allowed solving such interfacing 
problems, besides solving some physical applications that were 
not accessible in the past. A better understanding of the problem 
is obtained through a computational approach because naturally 
- occurring structures such as wings, arteries, and plants are often 
very flexible and adapt to a wide range of flow conditions.
Understanding how a flexible structure couples to its flow 
environment may present novel engineering insights, and help 
improve our understanding of many biological phenomena. Fluid-
structure interactions can be stable or oscillatory. In oscillatory 
interactions, the strain induced in the solid structure causes it to 
move such that the source of strain is reduced, and the structure 
returns to its former state only for the process to repeat [4, 8-9]
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III. Need to Study Interface
As interface of the fluid and structure is a crucial consideration in 
the design of many engineering systems, e.g. aircrafts, bridges, 
wind turbines, etc., sometimes this interfacing may also be the 
reason for the Flutter.
Flutter is a dangerous phenomenon encountered in flexible 
structures subjected to aerodynamic forces. This includes aircraft, 
buildings, telegraph wires, stop signs, and bridges. It occurs as a 
result of interactions between aerodynamics, stiffness, and inertial 
forces on a structure. In an aircraft, as the speed of the wind 
increases, there may be a point at which the structural damping is 
insufficient to damp out the motions which are increasing due to 
aerodynamic energy being added to the structure. This vibration 
can cause structural failure and therefore considering flutter 
characteristics is an essential part of designing an aircraft.
Failing to consider the effects of oscillatory interactions can 
be catastrophic, especially in structures comprising materials 
susceptible to fatigue loading [2, 14].

Fig. 1: Flutter in Bridge

Real Life Example: Tacoma Narrows Bridge (1940) is one of the 
most infamous example of large - scale failure. Aircraft wings and 
turbine blades can break due to FSI oscillations [17].

IV. Application of FSI
Fluid-structure interaction exists in its various forms in both 
natural systems and man-made objects. It is also important to 
note that the degree of severity in interaction between the solid 
and fluid varies between different problems. While many problems 
in which the solid may be considered to move as a rigid body. 
Very important FSI in man-made objects is aero-elasticity, hydro-
elasticity, flow-induced vibration, thermal deformation etc. One of 
the main application of FSI is the flow of air around an airplane 
wing which causes the wing to deform, and as the wing deforms 
it causes the air pattern around it to change.

Fig. 2: FSI in Aerodynamics [15]

A fluid flowing either inside or outside of pipes or vessels exerts 
steady or oscillatory pressure on the wetted surface of pipes or 
vessels, which may deform or vibrate them.

Flow induced vibrations in heat exchanger tubes. The induced 
vibration in these structures is caused by vortex shedding behind 
the bluff body of the heat exchanger tubes, the fluid-elastic 
instability and turbulent buffeting. The experiments shows that 
fully flexible arrays become unstable at a lower flow velocity and 
those tubes are more stable in steam-water flow as compared to 
air-water flow. It was found that the boiling water could have a 
stabilizing effect on fluid-structure instability.

The effect of the wind on civil structures such as bridges, suspended 
cables, tall structures like cooling towers or skyscrapers. Water-
hammer effect. Effect on dams of water movement in a reservoir; 
sloshing of a fluid in a tank.

In Biomedical - Flow of Blood through Arteries. The fluid-structure 
interaction in the cardiovascular system is the mechanism that 
generates pressure waves traveling from the heart to peripheral 
vessels and guarantees a constant pressure at capillary level.

Fig. 3: FSI Application in Cardio Vascular System [16]

In recent years patient-specific modeling of blood flow has matured 
immensely with the emergence of better imaging, modeling, 
mesh generation, computation and visualization technologies. 
State-of-the-art vascular modeling involves fully coupled fluid-
structure simulations of large portions of the human cardiovascular 
system.

A recent application of fluid structure interaction is the Energy 
Harvested by converting the mechanical strain of an elastic 
material, under the pressure of a fluid, into electric potential using 
piezoelectric materials. For example, a flexible plate fully coupled 
to a simple dissipative electrical circuit through piezoelectric 
layers could be an attractive candidate for flow energy harvesting 
if an axial flow through the plate produces self- sustained periodic 
oscillations of the solid body [10-12].

The pressure vessels and piping systems, which are typical structures 
involved in the power and process industries, are stationary except 
for their vibratory motions or thermal deformations unlike in aero-
elasticity.
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Fig. 4: FSI in Wind Turbine [18]

The fluid-structure interaction problems in pressure vessels and 
piping systems involve diverse mechanical failure mechanisms 
of stationary structures in a flowing fluid, moving structures 
immerged in a flowing or quiescent fluid, or stationary pipes or 
vessels containing cold or hot flowing fluid, such as flow-induced 
vibration, water hammer, thermal deformation and fatigue.
In a broad sense, fluid-structure interaction covers such subjects 
as aero-elasticity, hydro-elasticity, flow-induced vibration, thermal 
deformation, etc.

V. Approaches for Fluid Structure Interaction Simul-
ation
Two Main Approaches for Numerical simulation of FSI problems 
are:

A. Monolithic Approach
The Monolithic approach treats the fluid and structure dynamics 
in the same mathematical framework to form a single system 
equation for the entire problem, which is solved simultaneously 
by a unified algorithm. The interfacial conditions are implicit in 
the solution procedure. This approach can potentially achieve 
better accuracy for a multidisciplinary problem, but it may require 
substantially more resources and expertise to develop and maintain 
such a specialized code [3, 5].

Where, Sf and Ss denote the fluid and structure solutions, 
respectively.
All the components are advanced simultaneously in time. It 
requires a code developed for this particular combination of 
physical problems. A Stable and accurate coupling algorithm is 
required. This is a unified approach, parallelizable, allows also 
for unified space-time discretization [2, 6].

B. Partitioned Approach
The Partitioned approach treats the fluid and the structure as 
two computational fields which can be solved separately with 
their respective mesh discretization and numerical algorithm. 

The interfacial conditions are used explicitly to communicate 
information between the fluid and structure solutions. Objective of 
this approach is to integrate available disciplinary algorithms and 
reducing code development time by taking advantage of numerical 
algorithms that have been verified and used for solution of multiple 
Fluid or Structure problems. The challenge of this approach is, 
however, to coordinate the disciplinary algorithms to achieve 
accurate and efficient fluid-structure interaction solution with 
minimal code modification [3, 7].

Where, Sf and Ss denote the fluid and structure solutions, 
respectively.
With this approach, the equations governing the flow and the 
displacement of the structure are solved separately, with two 
distinct solvers. Moreover, the partitioned approach facilitates 
solution of the flow equations and the structural equations with 
different, possibly more efficient techniques which have been 
developed specifically for either flow equations or structural 
equations [2, 6]. 
At the interface (boundary between fluid and solid), the exchange 
of information occurs according to the type of coupling technique 
applied.
As mentioned, the information is exchanged at the interface 
between two solvers, this process is defined as the coupling.
A fluid-structure interaction system is classified as either 
strongly coupled or weakly coupled system [13].

VI. Classification of FSI Coupled System

A. Weakly Coupled FSI System
If a structure in the flow field or containing flowing fluid deforms 
slightly or vibrates with small amplitude, it will affect negligibly 
the flow field because of the relatively low pressure. Even if 
significant thermal stresses in the solid may be induced by thermal 
gradients in the flow field, the flow field may not be greatly affected 
if the resulting deformation of the solid is too small. These fluid-
structure interaction systems are called weakly coupled systems 
if a thermo-fluid deforms a structure while the deformed structure 
hardly alters the flow field.
Typical examples of weakly coupled fluid-structure interaction 
systems encountered in the area of pressure vessels and piping are 
small thermal deformation or low amplitude-vibration of a pipe 
conveying a fluid and turbulence induced vibration of shells or 
tubes. For any of these systems, it is assumed that the force acting 
on the fluid due to the structural motion can be linearly super-
imposed onto the original forcing function in the fluid.

B. Strongly Coupled FSI System
On the other hand, the fluid-structure systems are called strongly 
coupled systems if alteration of the flow field due to large 
deformation or high amplitude-vibration of the structure cannot 
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be neglected. In such strongly coupled fluid-structure systems in 
which large structural deformation or displacement results in a 
significant alteration of the original flow field, both altered and 
original flow fields cannot be linearly super-imposed upon each 
other.
Two typical examples of the strongly coupled fluid-structure 
interaction system encountered in the area of pressure vessels 
and piping are vortex-induced vibration and fluid-elastic instability 
of heat exchanger tubes.

VII. Conclusion
The present study lightened up the basics theory behind fluid 
structure interaction. That includes various methods to solve FSI 
Problem, types of Coupling, different way to approach FSI & 
detailed applications areas of it. It can be said that FSI is very 
important criteria when designing any aero dynamics parts or 
other engineering component. The interface condition is required 
to consider for safe design.
Moreover using ANSYS Fluent & Structure simulation FSI can 
also be solved analytically by importing loads from fluent to 
structure. From results it can be suggested that either object will 
go in to plastic limit or will be up to elastic deformation. However 
the computing time is high for transferring data between this two 
modules.
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