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Abstract: 
 

Computational Fluid Dynamics-CFD is the numerical study of the
behavior of systems involving fluid flow, heat transfer and other
related physical processes. Computational Structural Dynamics
involves the study of the dynamic behavior of structures.A wide
range of physical phenomena involves both fluid dynamics and
structural dynamics that influence each other. Typical Fluid-Structure
Interaction involves fluid flow affecting the structural response and
vice versa. In this thesis work, fluid-structure interaction problems
are studied using various remeshing conditions. Further to this study
codes are written to reduce the lead-time during analysis, minimal
use of resources and to improve new tools for remeshing. 
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1 Notations   

Α  Area 
 
F  Force 
 
G  Shear Module 
 
K  Stress Intensity 
 
U  Velocity 
 
L  Length  
 
T  time 
 
P  pressure 
 
V  Volume 
 
e  Internal Energy 
 
ρ0 density 
 
Γ  Diffusivity 
 
 
1.1 Abbreviations 

CFD  Computational Fluid Dynamics. 
 
FSI Fluid Structure Interaction. 
 
CSD Computational Structural Dynamics. 
 
CMD Computational Mesh Dynamics. 
 
FEM Finite Element Methods. 
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FVM Finite Volume Methods. 
 
MP Multi Physic.  
 
NSE Navier-Stokes equations. 
 
CHT Conjugated Heat Transfer. 
 
UL Updated Langrangian. 
 
TL Total Langrangian. 
 
UX displacement along the Global X direction. 
 
UY displacement along the Global Y direction. 
 
UZ displacement along the Global Z direction. 
 
Rotx displacement of Rotation about X-axis. 
 
Roty displacement Rotation about Y-axis. 
 
Rotz displacement Rotation about Z-axis. 
 
UCS User Coordinate System. 
 
GCS Global Coordinate System 
 
 
 
 
 
 
 
 
 
 
 



 7

2 Introduction 

Fluid-Structure interaction involves coupling fluid and structural 
mechanics. This plays an important role in many real-life and industrial 
situations. A familiar example can be found in the external flow over a 
deformable body causing vortex induced vibration. In the coupling between 
fluid and structure, deforming structure modifies the boundary condition 
for the fluid due to the motion of the fluid boundary and the fluid flow 
causes varying loading condition on the structure. In a coupled analysis, the 
boundary conditions are tranfered between structure and fluid. 
 

If the structural displacement is small enough as not to affect the fluid flow, 
one way coupling between structure and fluid is sufficient. However, large 
structural displacement is likely to affect the flow field. The structural 
deformation causes significant change in the fluid boundary. Such a 
situation calls for an adjustment of the fluid mesh - a process called 
'remeshing'. This process of remeshing could be very complex and time 
consuming in certain cases. One of the simpler methods for remeshing is 
the Laplacian smoothing of the fluid mesh subject to certain constraints. 
This can be implemented as a direct method or as an iterative process. This 
retains the topological connectivity of the fluid mesh while rearranging 
nodal positions for a smooth, acceptable mesh with good aspect ratio. 
Remeshing process has to take into account the fact that, while the fluid 
boundary at the fluid-structure interface moves with the structure, the shape 
of the external fluid domain may not change. Since remeshing is a 
computationally intensive process, it is useful to hasten this process by 
imposing/relaxing appropriate geometrical conditions on the fluid mesh. 
 

In the present study, I am considering simple 2D and 3D models for 
applying various conditions for remeshing and its effect on the fluid-
structure interaction problems are studied. Further to the study various 
improvements are done for new tools for remeshing.  
 
 
2.1 Background 

TRANSOFT INTERNATIONAL is a multinational company specialized in 
the development and commercialization of computer software using 
Computational Fluid Dynamics (CFD) and Computational Structural 
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Dynamics (CSD) techniques for simulation, analysis of environment 
pollution and industrial engineering problems. They carry out analysis 
work using the “Fluidyn” series of software packages. There areas of 
expertise are Environment Pollution (Air, Water, Soil, and Noise) and 
Multiphysics applications in Fluid and Structural Dynamics. 
 

This thesis work is carried out to identify the Fluid Structure Interaction 
problem of different simple 2D and 3D models with different remeshing 
boundary condition and thereby improving new tools for remeshing. 
 
 
2.2 Objective  

The Objective of this thesis work is to study the effects of various 
remeshing conditions during Fluid Structure Interaction. For the Simple 
models considered, geometric modeling, meshing are done using geometry 
modeler and meshing software’s (Fluidyn-CAD/Fluidyn-GEN). The fluid-
structure interaction problem is set up and run using the Fluidyn-MP solver. 
Further work in FORTRAN is carried out to improve the codes for 
remeshing. 
 
 
2.3 Requirements  

• Identifying a Fluid Structure Interaction Problem for Study. 
 

• Simulating different models with various remeshing boundary 
conditions and parameters. 

 

• Analyze the effect of different conditions and parameters. 
 

• Improve/device new tools for remeshing. 
 

• CFD and FSI tool to perform this work. 
 

2.4 Previous Work 

FSI is an active area of research work. There is ongoing research still in this 
area. The development of FSI algorithm and GUI was done earlier as part 
of the Fluidyn MP software. 
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3  CFD  Theory 
 
3.1 Introduction to Computational Fluid Dynamics 
 
Computational Fluid Dynamics (CFD) has developed rapidly as a discipline 
and is increasingly being used to complement the wind tunnel [2]. The 
ultimate goal of CFD is to understand the physical events that occur in the 
flow of fluids that occur within and around designated objects. These 
events are related to action and interaction phenomena such as dissipation, 
diffusion, convection, shock waves, slip surfaces, boundary layers, and 
turbulence, especially in preliminary design [1]. It is largely based on the 
mathematical foundations laid among others by Lax [2] and Godunov [3], 
CFD has come into its own in the last decade. Great advances have been 
made in the areas of spatial discretization, grid generation and solution 
strategies. Advances in computer architecture and networking speeds have 
contributed to the CFD significantly as well. By the mid 80's, many 
different groups around the world were able to compute three-dimensional 
flows over simple realistic aerodynamic configurations. The grids 
employed were of the body-fitted or structured grid type. One-dimensional 
models were extended to deal with multiple dimensions in a natural way 
because of the structure by using the so-called generalized coordinates [4]. 
In the field of aerodynamics all of these phenomena are governed by the 
compressible Navier-Stokes equations. Many of the most important aspects 
of these relations are nonlinear, as a consequence, often have no analytical 
solution. This of course, motivates the numerical solution of the associated 
partial differential equations and their applicability. 
 

Briefly, CFD is a computer-based tool for simulating the behavior of 
systems involving fluid flow, heat transfer and other related physical 
processes. It works by solving the equations of fluid flow (in a special 
form) over a region of interest, with specified (known) conditions on the 
boundary of that region. 
 

The Physical aspects of any fluid flow are governed by three fundamental 
principles. Mass is conserved, Newton's second law and Energy is 
conserved. These fundamental principles can be expressed in terms of 
mathematical equations, which in their most general form are usually 
partial differential equations. Computational Fluid Dynamics (CFD) is the 
science of determining a numerical solution to the governing equations of 
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fluid flow whilst advancing the solution through space or time to obtain a 
numerical description of the complete flow field of interest. 
 
 
3.2  Governing Equation of CFD 
 
Fluid dynamics is governed by conservation equations for mass, 
momentum, energy and (for inhomogeneous fluids) any additional 
constituents. These equations may be expressed in various integral or 
differential forms. 
 

Three basic physical principles, applicable to any continuous medium, are 
 

1. Conservation of mass. 
2. Newton's second law that force equals mass times acceleration. 
3. The first law of thermodynamics that total energy, in all its forms, 
must be conserved.  
 
 

3.3 Integral Equation used in CFD 
 
Integral conservation equations relate the rate of change of some quantity 
within an arbitrary control volume to the rate of transport across its surface 
(by advection or diffusion) and the rate of production within that control 
volume. 
 

Points: 
 

• Advection is “movement with the flow”. 
•  Diffusion is net movement due to molecular or turbulent 

fluctuations between regions with different concentrations. 
•    The rate of transport of something across a surface is called a flux. 

 
 

3.3.1 The mass or continuity equation 
 
Mass conservation: 
 

Mass is neither created nor destroyed. In fluid mechanics, the mass-
conservation equation is often termed the continuity equation. 
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Let V be an arbitrary control volume and A be any of its faces (across 
which velocity is assumed constant). Let Un be the component of velocity 
along the outward normal which is described in figure 3.1 below. 
 
Volume flux  : Q = Un.A   (3.1) 
 
Mass flux  : ρQ = ρ Un.A  (3.2) 
 
Mass of fluid in V : m.ρV   (3.3) 
 
 

 
 

 Figure 3. 1 mass or continuity equations. 
 
Mass conservation implies: 
 

 0.)( =+ ∑ Auv
dt
d

nρρ  

    
 Cell Face    (3.4) 
 
  
More mathematically, for an arbitrary volume V. 
 
 

 ∫∫ +
dVV

udv
dt
d .ρρ dA = 0    (3.5) 

 
Special case – steady, 1D flow show in figure 3.2:  222111 AuAu ρρ =  
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Figure 3.2  1D flow for continuity equation. 
 
 
3.3.2 Momentum 
 
Momentum principle: 
   
Rate of change of momentum = sum of forces 
    
For real fluids the momentum equation is referred to as the Navier-Stokes 
equation. For ideal (zero-viscosity) fluids the momentum equation is 
referred to as the Euler equation. 
 
Mass flux across A: ρQ  = ρUn.A   (3.6) 
 
Momentum flux across A: ρQU  = ρUn.AU   (3.7) 
 
Momentum of fluid in V: mU = ρVU    (3.8) 
 
 

The total “Rate of change of momentum” is the sum of The rate at which 
the momentum inside the control volume is changing + The net rate at 
which momentum is transported out of the control volume. 
 

Hence, the momentum principle implies: 
 

 )( vU
dt
d ρ + ).( Aun∑ ρ U =  F`                                                        (3.9) 

Rate of change of              Net rate of transport       Total Forces on 
Momentum with in V         across boundary               Volume V 
 

Special case – steady 1-d flow shown in figure 3.3 )( 21 uuQ −ρ  - F 
 
 



 13

 
 

Figure 3.3  1D flow for momentum. 

 
Fluid forces are of two types. 
 

(i) Surface forces:  
 

Proportional to area and expressed as stresses (forces per unit area) σ 
 
F(surface) = σ Α    (3.10) 
 
The principle ones are: 
 

• Pressure p always acts normal to the surface. 
• Viscous stresses t: arise when there is relative motion. They are 
the product of viscosity m and velocity gradients. For a simple shear 
flow there is only one non-zero component, whose magnitude is 
 

 y
u

∂
∂

= μτ  shown in figure 3.4.   (3.11) 

 

    
 

Figure 3.4 surface forces. 
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But the general expression is more complex: 
 

 
k

k
ij

i

j

j

i
ij x

u
x
u

x
u

∂
∂

−
∂

∂
+

∂
∂

= δμτ
3
2

   (3.12)

  
(ii) Body forces – proportional to amount of fluid, i.e. to volume: 
 
     F (body) = gv    (3.13) 
 
The principal one is: Gravity G =  ρ g = ρ  (0, 0,-g), for constant-density 
fluids the effects of pressure and weight can be combined in the governing 

equations as a piezometric pressure =
•

p  p + ρgz. If there is no free surface, 
any separate effect of gravity can be eliminated. 
 

Separating surface forces (determined by a stress tensor σ) and body forces 
(denoted by a general force G per unit volume); the integral momentum 
equation may be written as 
 

 udv
dt
d

v
ρ∫ + dAudA

dvndv u ⋅= ∫∫ σρ + Gdv
v∫   (3.14) 

 Surface force        Body force  

 

Where the stress tensor is given by 
 

 )
3
2(

k

k
ij

i

j

j

i
ijij x

u
x
u

x
u

p
∂
∂

−
∂

∂
+

∂
∂

+= δμδσ    (3.15) 

          Pressure Viscous Stress 

 
3.3.3 General Scalar 
 
The same type of conservation equation may be applied to any quantity – 
concentration per unit mass φ (e.g. concentration of salt, dye, sediment or 
some chemical pollutant) – that is advected with, diffused by and, possibly, 
created or destroyed within the flow. 
 

Diffusion occurs when concentration varies with position. For many 
scalars, Fick’s diffusion law applies [9] – diffusion is from high 
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concentrations to low, and at a rate proportional to the area and the 
difference in concentrations: 
 

Rate of diffusion = – diffusivity × gradient × area = – A
n∂

∂
Γ

φ  (3.16) 

 
(C.f. heat diffusion or Darcy’s law for flow in porous media) 
 

For an arbitrary volume v with typical face A (across which properties 
are assumed constant) 
 
Total amount in V:  = ρ v φ  (3.17) 
 

Advective flux across A:  = φρ Aun
  (3.18) 

 

Diffusive flux across A:  = – A
n∂

∂
Γ

φ   (3.19) 
 

Source (proportional to volume):  = S V  (3.20) 
 
Balancing these for an arbitrary control volume V yields the integral scalar 
transport or (advection-diffusion) equation 
 

 )( φρv
dt
d

+ ∑ ( φρ Aun
- A

n∂
∂

Γ
φ ) = SV   (3.21) 

 
Or, more mathematically 
 

 sdvdAvvdv
dt
d

vvv ∫∫∫ =•∇Γ−+
∂

)()( φφρρ   (3.22) 

 
The real value of (3.21) arises, however, when one realizes that, in the 

momentum equation, if the viscous force A
y
u

a ∂
∂

=Γ μ  is transferred to the 

LHS it looks like a diffusive flux; i.e. 
 

• Each component of the momentum equation behaves like a separate 
scalar transport equation with diffusivity μ (“viscosity diffuses 
momentum”) and source equal to the remaining forces (mainly 
pressure) 
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• although each flow variable may have a different diffusivity Γ and 
source density S, each momentum component and any other 
transported variable actually satisfies an equation of the canonical 
form (3.21) 

 

• The momentum equation is special in that the velocity components 
are strongly coupled (i.e. appear in each other’s equations) – both 
with each other and with pressure. 

 

In fact, the integral conservation equations are equally applicable to moving 
control volumes, provided Un  is interpreted as the normal velocity relative 
to the moving surface; i.e. 
 
 nuuu surfaceflown

•−= )(     (3.23) 
 
Crucially, this enables the finite-volume method to be used for calculating 
flows with moving boundaries. For example, wave motion or engine flows. 
 
 
3.4 Incompressible Flow 
 
When the flow is highly compressible (e.g. high-speed flow of gases) it is 
necessary to solve a transport equation for the internal energy e. Density 
comes from the mass-transport equation and then pressure is derived by 
thermodynamic relationships such as the ideal-gas equation (p = ρRT,  
Where e = cvT). 
 

However, for almost all environmental and civil engineering flows, the 
fluid can be regarded as incompressible because the absolute pressure or 
temperature changes are small. An energy equation is not necessary. 
Liquids can almost invariably be treated as incompressible and this is also a 
good approximation in gases at speeds much less than of sound (Ma<< 1) 
 

Mathematically, the incompressibility approximation can be expressed, as 
“ρ does not change with the flow 
 

 0=
Dt
Dρ

     (3.24) 
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It does not imply that ρ is same everywhere (although this does happen to 
be the case in many hydraulics applications), but that ρ doesn’t change 
along a streamline. In practice, density differences are commonly 
developed in water due to salt content and in air due to temperature 
differences. These result in important buoyancy forces when elements of 
fluid are displaced into regions of different density. The incompressibility 
approximation means that each fluid element retains its original density as 
it moves. 
 

The most important consequences for fluid dynamics are the following. 
 

(i) For incompressible flows the mass (continuity) equation is no 
longer used to derive the density but is replaced by conservation 
of volume  0=∑ Aun (Flow out = flow in)Or in differentialform 

   

 
z
w

y
v

x
u

∂
∂

+
∂
∂

+
∂
∂ = 0    (3.25) 

 
The viscous terms in the momentum equation simplify to give (for uniform 
viscosity) 
 

 u
Dt
Du

p
2∇+−∇= μρ     (3.26) 

 
(ii) Pressure is not derived from a thermodynamic relation but from 

the need to satisfy simultaneously both mass and momentum 
equations. We shall see later that this leads to an equation for 
the pressure p. 
 

We shall assume incompressible flow throughout this course 
 
 
3.5 Non-Dimensionalisation 
 
Although it is possible to work entirely in dimensional quantities, there are 
good theoretical reasons for operating with non-dimensional variables. 
These include the following 
 

• All problems with the same dimensionless parameters (e.g Reynolds 
number) can be solved simultaneously. 
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• Non-dimensionalisation indicates which terms are significant and 
which might conveniently be neglected. 

• Computational variables are 0, yielding better numerical accuracy. 
 

Adopting fundamental reference scales U, L and ρ0 for velocity, length and 
density respectively, and derived scales T = L/U  for time and  Δ p = ρ0 U 2  

for pressure, together with a reference pressure p0, the dimensional 
variables can be written in terms of non-dimensional variables (designated 
by an asterisk *) according to 
 
 

p

pop
U
u

T
t

L
X putX Δ

−
=====

∗∗∗∗∗

,,,,
0ρ

ρρ , etc (3.27)

  
Substituting these into the mass (3.25) and momentum (3.26) equations 
yields, respectively 
 

 

z
w

y
v

x
u

∂
∂

∂
∂

∂
∂

∗

∗

∗

∗

∗

∗

++  = 0    (3.28) 

 

 u
x
p

Dt
Du ∗∗

∗

∗

∗

∗
∗

∇
∂

∂
+−=

2

Re
1ρ     (3.29) 

  
From this, it is seen that the key dimensionless variable is the Reynolds 
number 
 

 Re = 
μ

ρ ULo     (3.30) 

 
If Re is large then viscous forces would be expected to be negligible in 
much of the flow. 
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Note: 
 

(1) Having derived the non-dimensional equations it is usual to drop the 
asterisks and simply declare “working in non-dimensional 
variables” 

(2) In incompressible flow the absolute pressure is unimportant – only 
its variations are dynamically significant. 

(3) Other dimensionless combinations crop up in other types of flow; 
for example 

 

Froude number  Fr = 
gl

U  in buoyancy-driven flows or with a  

Free surface flows.    (3.31) 
 

Rossby number Ro = 
L

U
Ω

 in rotating flows. (3.32) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 20

4 Fluid Structure Interaction 
 
4.1 Introduction to FSI 
 
Fluid-Structure interaction is an important problem in the field of 
computational engineering. In general, this involves thermo-mechanical 
interaction between fluid flow and elastic, deforming structure. However, 
there are important subclasses of fluid-structure interaction problems 
involving thermal interaction alone, where mechanical interaction is absent 
or is negligible, and those involving mechanical interaction alone.  
 

Problems dealing with Fluid-Structure interaction (FSI) involve coupling of 
CFD (Computational Fluid Dynamics) and CSD (Computational Structural 
Dynamics). In an FSI problem, fluid pressure and traction on the structure, 
result in deformation and stresses in the structure. Thermal stresses could 
also result from temperature gradients following conjugate heat transfer. 
Fluid-structure interaction plays a very important role in many industrial 
applications such as aeronautical, automotive, biomedical, civil 
engineering, material processing, nuclear engineering and etc. 
 

Examples of such situations include. 
 

• Internal flows with deformable boundaries. 
• Flow-induced vibration in external flow over deformable bodies, 

such as offshore structures and heat exchanger tubes. 
• Thermal Deformation in coupled thermal/fluid/structure problems, 

such as casting. 
• Biometric deformable boundaries like vein and blood interaction. 

 
 
4.2 Mechanical Interactions 
 
Coupling between fluid and structure involves exchange of boundary 
condition data between the two. For FSI problems’ involving small 
structural displacements, the flow field is not affected by the structure; 
where as structural displacements and stresses are affected by the flow 
field. In fact, it is the fluid pressure that predominantly drives the structure. 
Only one-way coupling may be sufficient for this kind of problem to pass 
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fluid pressure/traction data to the structure. On the other hand, In FSI 
problems involving large displacements, not only does flow field affect the 
structure, but also structural deformations influence the flow field. The 
fluid-structure interface continuity requirement implies that the normal, 
directed displacement of the structure must be equal to that of the fluid. 
Consequently, a two-way coupling is required between the fluid and 
structure. Information about structural displacement needs to be passed to 
the fluid in the form of updated fluid mesh configuration and resulting grid 
velocity. In problems where fluid flow is sensitive to mesh movement, the 
fluid mesh must be adjusted after each update of the structural 
configuration. 
 
4.3 Remeshing Algorithm 
 
FSI uses a geometry-based remeshing algorithm to solve the remeshing 
problem. Whenever a boundary of a fluid mesh undergoes a significant 
displacement—for example, due to the deformation of a structure that 
borders the fluid region—the mesh must be adjusted to accommodate the 
new configuration. This requires that the fluid-structure interface in the 
original configuration be clearly defined with sufficient matching faces and 
nodes of fluid and structure. 
 
 
4.4 Coupling 
 
Modeling of FSI problems requires the concurrent application of techniques 
from the fields of computational fluid dynamics (CFD), computational 
structural dynamics (CSD), and computational mesh dynamics (CMD). 
Specifically, FSI problems require the mathematical coupling of the 
fundamental equations from each of these three fields. There are two basic 
types of coupling algorithms [5],[7],[10],[11], and [12]. 
 

In the Strong coupling approach, the equations describing fluid flow (CFD) 
and behavior of the structure (CSD) are treated as a single coupled system 
of equations and are solved simultaneously.  
 

In the Loose (or staggered) approach, the CFD and CSD equations are 
solved independently of each other. 
 

In this work loose approach is used for all FSI problems. 
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4.5 Solution strategies 
 
The loose approach used in this work, FSI enables employing different 
solution strategies for the fluid (CFD), structure (CSD), and mesh (CMD) 
domains. 
 
Fluid Domain 
 
The fluid solver module of FSI employs the finite volume approach to 
solve Navier-Stokes equation for compressible/incompressible fluid in 3D. 
In addition, a general convective-diffusive equation is solved for any scalar 
with source terms. Block-structured, Unstructured or hybrid, stationary or 
moving meshes may be handled in this module. 
 
Structural Domain 
 
The structure solver module uses the finite element method to analyze the 
structural displacements and stresses. The structural domain of an FSI 
problem typically exhibits nonlinear structural behavior. The stress-strain 
relationship describing the structural material may be nonlinear - such as 
for elasto-plastic behavior. Nonlinearity may also be geometric - in which 
the displacements and rotations are large. Material may also possess 
orthotropic property. Geometrically nonlinear analyses of structures are 
usually based on the most natural incremental Lagrangian (material) 
formulation referring to a known (prescribed or previously calculated) 
equilibrium configuration. Within this formulation, the Updated 
Langrangian (UL) method - in which all static and kinematics variables are 
referred to the most recently calculated configuration - is employed in FSI.  
The UL approach is the more computationally efficient than the Total 
Lagrangian (TL) method where the reference is to the original 
configuration. 
 
Mesh Domain 
 
For FSI problems that involve considerable displacements of an elastic 
structure, the fluid mesh must be regenerated after each update of structural 
displacement. To generate such meshes, FSI employs elliptic smoothing of 
the fluid mesh subject to constraints at boundary nodes. Fluid nodes on the 
wetted surface (fluid-structure interface) follow the displacements of the 
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structural nodes. The remaining fluid boundary nodes, while subjected to 
displacement constraints to maintain the integrity of fluid domain, are also 
sufficiently relaxed to make way for smoother mesh. 
 
 
4.6 Overall Fluid-Structure Interaction Strategy 
 
The FSI solution strategy used is based on a loose coupling of the systems 
of equations that describe the flow (CFD), the elastic structural body 
(CSD), and the dynamic mesh (CMD). The general strategy is as follows. 
  

• CFD—Solve the Navier-Stokes equations to get fluid velocity and 
pressure fields as well as any other primary flow variables. 
Calculate the traction at the wetted surface (Fluid-Structure 
interface) that constitutes the boundary between the fluid and the 
structure. 

 

• CSD—Apply the traction calculated in previous step as external 
loading on the structure. Use the Updated Lagrangian approach to 
solve for the displacement of the structure. Update the location of 
the wetted surface (Fluid-Structure interface). 

 

• CMD—Smoothen the fluid mesh subjected to boundary nodal 
displacements of the structure. Pass the new configuration of the 
fluid mesh and the mesh velocity field to the fluid solver in step 1. 

  

This general strategy provides an economical simulation of the motion of 
complex, three-dimensional elastic bodies immersed in temporally and 
spatially evolving flows. Figure 4.1 shows the flow chart explaining Fluid 
Structure Interaction process.  
 
Legends:  
 
  Start time   Start time of simulation   
  end time     End time of simulation 
  Cur time    Current time of simulation  
 dtFlu            Stable time step of integration in fluid solver 
 dtthr             Stable time step of integration in thermal solver  
 dtstr             Stable time step of integration in stress solver 
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FSI (Mechanical interaction) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
     
 
 
 
 
 
 
 
 
 

Figure 4.1 Fluid Structure Interaction solution strategy. 

Read Input Data

Initialize Arrays

Cur time < End time Exit 

Fluid Solver

dtFlu, Pressure at FS interface, tstr = 0 

tstr < dtFlu 

Stress Solver 

Save results for 
Contour/XY Plots 

Displacement at FS Interface 
Update tstr = tstr + dtstr 

No 

Yes 

Yes

No 

Pressure 
at FS 

Interface 

Remesh Fluid Domain New Fluid 
Mesh 

cur time = cur time + dtFlu

Displace-
ment at F-S 

Interface

New Fluid mesh, 
update Fluid velocity



 25

5 Remeshing  
 
5.1 Autoadaptive Remeshing  
 
In the case of Fluid-Structure interaction, the structure undergoes 
deformation due to pressure/temperature from the fluid. Consequently, the 
Fluid boundary at the Fluid-Structure interface is displaced.  
 

The objective of auto adaptive remeshing is to modify the fluid mesh so as 
to reduce the distortion and improve the mesh size and aspect ratio of the 
mesh, which has a direct bearing on the time step. 
 

The fluid mesh could become highly distorted if only the fluid boundary is 
changed. The mesh size at the F-S interface also could become as small as 
to hinder the progress of solution. Hence the fluid mesh is adapted by 
moving the nodes of the fluid mesh. 
 

Fluid nodes may be classified as: 
 

  I) Interior nodes (interior to fluid domain) 
 II) Boundary nodes at the F-S interface 
III) Boundary nodes NOT at the F-S interface. 
 

During remeshing,  
 

I) The interior nodes may be moved anywhere within the fluid domain. 
II) The boundary nodes at the F-S interface follow the corresponding 
structural nodes. 
III) The boundary nodes, which are not at the F-S interface, may be 
modified, subject to the condition that the fluid domain boundary may not 
change. 
 

There are two modes in which this remeshing may be done which is shown 
in figure 5.1. 
 

a) DISPLACEMENT SMOOTHING: where the nodal displacement at all 
fluid nodes are computed based on the displacement at boundary nodes at 
F-S interface and is added to the nodal coordinates to get the new fluid 
mesh configuration. 
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b) NODE SMOOTHING: where the nodal coordinate’s at all fluid nodes 
are computed based on the new position of the boundary nodes at the F-S 
interface.  

 
Figure 5.1 Different types of node smoothing. 

 
 

5.1.1 Displacement Smoothening 
 
In the first mode (DISPLACEMENT SMOOTHING), the fluid boundary 
nodes at the FS interface has the displacements as determined by the 
structure boundary nodes at the FS interface. This is used to find the nodal 
DISPLACEMENT of the remaining fluid nodes.  
 

The nodal displacement at any interior fluid node is taken as the average of 
the displacement of the surrounding nodes. These nodal displacements are 
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then added to the nodal coordinates to get the final configuration of the 
fluid mesh. 
 

Figures below show in 5.2 is the original (undeformed) fluid mesh, 5.3 is 
Deformation at FS face before remeshing and 5.4 shows Fluid mesh after 
displacement smoothening. 
 

 
 
 
 
 
 
 
   
 
 

Fig 5.2 Original (undeformed) Fluid mesh 
 
 
 
 
 
 
 
 
 
 
 

Fig 5.3 Deformed fluid mesh (prior to remeshing) 
 

 
 
 
 
  
 
 

 
 

Fig 5.4 Adapted fluid mesh (Displacement smoothing) 
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5.1.2 Node Smoothening 
 
In the second mode (NODE SMOOTHING), the coordinates of interior 
nodes are updated as the average of the coordinates of the surrounding 
nodes.  
 

As in the case of displacement smoothing, the fluid boundary nodes at the 
F-S interface has the displacements as determined by the structure 
boundary nodes at the FS interface.  
 

In the case of node smoothing, the whole fluid mesh is smoothed. 
 

NOTE: In either mode of smoothing, a node lies inside the convex hull 
formed by surrounding nodes (faces). 
 
 
5.2 Remeshing Constraints 
 
By default, there is no restriction on the movement of boundary nodes of 
the fluid domain that are not on the F-S interface. It may, however, be 
necessary to restrict movement in certain directions so as to maintain the 
integrity of the fluid domain boundary. Instead of totally restraining 
movement of fluid boundary nodes, it may be expedient to allow some 
degree of movement to these nodes so as to get a better mesh size/aspect 
ratio. Both the modes of remeshing may be subjected to constraints on the 
nodes of the fluid boundary not on the F-S interface. 
 

Thus, boundary nodes lying on a plane may be allowed to move in the 
plane so long as they do not change the boundary edge. For instance, 
boundary nodes lying in a plane parallel to X plane may be allowed to 
move in Y and Z directions, by fixing only the X movement. If fluid 
boundary faces are not parallel to global Cartesian coordinate’s planes, 
constraints may be specified in the local (User Coordinate System) 
directions. 
 
 
5.3 Remeshing Frequency 
 
The boundary nodes at F-S interface are updated after the completion of 
stress cycles and before the start of the next fluid cycle. Where as, 
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remeshing of the fluid domain will be necessary if the fluid mesh size at the 
boundary has changed significantly. If the change in mesh size is small, it 
may not call for a remeshing of fluid domain. User can control the 
frequency of remeshing as follows:  
 

If the ratio of maximum nodal displacement at the boundary since last 
remesh to the reference mesh size (original mesh) exceeds a user specified 
value, remeshing is done. Figure 5.5 shows the remeshing process.  
 

   
 

Figure 5.5 Process of Remeshing Frequency. 
 
 

5.4 Iteration control 
 
During remeshing by displacement smoothening or node smoothening, the 
fluid nodal displacements/coordinates are updated by sweeping over the 
fluid nodes. This is an iterative process and iteration stops once the amount 
of displacement/coordinate correction is less than a user-specified tolerance 
value (specified as a fraction of fluid mesh size). 
 
  
 

Fluid Mesh Initially. 

Fluid Mesh distorted at FS face before 
remeshing.  

Remeshing without Constrains on Edge 
nodes. 

Remeshing with Constrains on 
Edge nodes. 
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6 Model I – Remeshing  
 
6.1 Geometry Idealization I 
 
In a simple 3D case considered here the fluid inside a rectangular enclosure 
is separated by a steel partition, this setup is said to be a Fluid Structure 
Interaction case, where “remeshing” is used as an important tool for all 
elements to have a good aspect ratio. This will also show the effect of 
Remeshing condition for this simple case. 
 

The geometry in figure 6.1 was modeled using fluidyn-CAD. The complete 
outer and inner domain has the flowing geometry. The size of the outer 
fluid domain was taken as 6.5 m length and 1 m breath, In the inner domain 
steel structure is consider for 2 rectangular hollow blocks with 0.3 equal 
distance on four sides.   
 

 
   0.5m            1m           0.3m   4.7m 
   
 
 

1m1m 
 
 
                6.5 m  

 
Figure 6.1 geometry of model I. 

 
6.2 Mesh I 
 
The geometric model is created using fluidyn-CAD. The fluid mesh is 
generated using fluidyn-GEN. Full geometry is considered for meshing to 
accommodate other cases of different (nonsymmetric) directions in 
subsequent simulations. The mesh consists of 3750 hexahedral elements, 
164 triangular elements and 16 spring elements. The mesh is a graded mesh 
that increases in coarseness as the distance from the axis increases. This is 
done so as to limit the total number of elements, yet have a relatively fine 
mesh between 2 steel structure boundaries. 

          
            1m  
        



 31

Figure 6.2 shows the 3D view of the complete fluid mesh with boundary 
faces. 
 

 
Figure 6.2 3d view of meshed model. 

 
Figure 6.3 shows the section view of the complete fluid mesh 
 
 

 
 

     Figure 6.3 2d view of meshed model. 
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Figure 6.4 and 6.5 shows the view with triangular shell element along with 
the complete structure mesh. 

 
Figure 6.4 structure Elements meshed. 

 

 
 

Figure 6.5 close view of triangular elements meshed. 
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Figure 6.6 shows the view of the springs, along the structure boundary 
faces. 

 
      

Figure 6.6 springs located on the faces of inner boundary. 
 
 
6.3 Geometry Properties I 
 
The Structural properties of elements are considers as triangular shell 
elements with the thickness of 0.1 m, the structural spring element have a 
stiffness constant of 4000 N/m. 
 
 
6.4 Flow Configuration I 
 
The fluid is assumed to be incompressible with a density of 1000 kg/m3, as 
specified for water. The flow is assumed to be viscous constant and 
turbulent, K-epsilon turbulence model is used. 
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6.5 Boundary conditions I 
 
The boundary conditions specified are as follows: 
 

• Pressure inlet at the X minimum plane with the following 
 conditions. 

 

o Pressure = 0 Pa 
o Temperature = 300 K 
o Velocity = 10 m/s 
o Velocity vector direction = (1,0,0) 
o Turbulent kinetic energy = 1e-8 m2/s2 
o Turbulent length scale = 1e-8 m 

 

• Pressure outlet at the X maximum plane with the following 
 conditions. 

 

o Pressure = 0 Pa 
o Temperature = 300 K 
o Effective distance = 1E+6 m 
o Turbulent kinetic energy = 1e-8 m2/s2 
o Turbulent length scale = 1e-8 m 
 

• Structural  Boundary nodes are fixed in all the following directions 
 

o UZ displacement 
o Rotx displacement 
o Roty displacement 
o Rotz displacement 
 

• Spring Boundary nodes are fixed in all the directions in order to 
 fix the structure. 

 

o UX displacement 
o UY displacement 
o UZ displacement 
o Rotx displacement 
o Roty displacement 
o Rotz displacement 
 

• No-Slip, adiabatic wall boundary condition on the boundary of the 
 model in y direction is taken. The wall is impermeable to flow, but 
 can exchange momentum, heat and other scalars. 
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• Symmetry is taken on the Z direction. Symmetry boundary is a 

 perfect reflector for all waves. At the wall, the following boundary 
 conditions are applied on different variables. 

 

Normal velocity component is forced to zero, but, tangential component 
is retained, Pressure, temperature, and all other variables are reflected. 
 
 

6.6 Initial conditions I 
 
The initial conditions in the domain were set as follows: 
 

• Pressure = 0 Pa 
• Temperature = 0 K 
• Velocity  = 0.001 m/s in x direction 
 
 

6.7 Simulations and Solver Parameter I 

The fluid solver used was the NSNT solver, which is a part of the fluidyn-
FSI Batch Solver code. The fluid solver scheme used for the calculations 
is the Upwind Differencing Scheme. The Flux Limiter scheme used was 
Van Leer smoothening scheme of first order. Transient simulation is done 
for 0.1 sec using time step of 0.001s. 
 
 
6.8 Remeshing Conditions I 
 

• The Remeshing mode is chosen as displacement smoothening in 
this thesis work, In this process, fluid nodal displacements are 
smoothed for remeshing. The smoothed values are added to nodal 
coordinates. 

 

• During remeshing process serial nodal displacement type is  used in 
order to update the nodal ids. 

 

• Remeshing Frequency is used for maximum value is 0.01Hz, 
Remeshing frequency is the ratio of maximum nodal displacement 
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at the boundary since last remesh to the  reference mesh size(original mesh) 
exceeds a user specified value, remeshing is done. 
 

• The Remeshing mode is Average. i.e., displacement at an interior 
node is the arithmetic average of displacement at surrounding 
nodes.  

 

• During remeshing by displacement smoothening or node smooth -
ening, the fluid nodal displacements/coordinates are updated by 
sweeping over the fluid nodes. This is an iterative process and 
iteration stops once the amount of displacement/coordinate 
correction is less than a user specified tolerance value (specified as 
a fraction of fluid mesh size). The value in this thesis work is 1e-5. 

 

The various Remeshing Boundary conditions are used to find the remesh-
ing effects of this model done in this thesis work are 
 

o REMX to  FIX_X 
 This condition refers to fix all the fluid nodes that are there 
 in inlet and outlet boundary. This remesh boundary 
 condition will constrain the nodes from moving along the  
 X-direction. 

 

o REMY to  FIX_Y  
 This condition refers to fix all the fluid nodes that are there 
 in inlet and outlet boundary. This remesh boundary 
 condition will constrain the nodes from moving along the  
 Y-direction. 
 

o REMZ to  FIX_Z  
 This condition refers to fix all the fluid nodes that are there 
 in inlet and outlet boundary. This remesh boundary 
 condition will constrain the nodes from moving along the  
 Z-direction. 
 

o SAMEX1 to SameX 
 In this condition a separate group of fluid nodes are selected 
 and this group is called samex1 and this samex1 is fix to 
 samex condition, In same X condition the fluid nodes will 
 follow a ghost node called F-S node along the same X 
 direction in order to keep the mesh from failure or deform.  
 

o SAMEX2 to SameX 
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 In this condition a separate group of fluid nodes are selected 
 and this group is called samex2 and this samex2 is fix to 
 samex condition, In same X condition the fluid nodes will 
 follow a ghost node called F-S node along the same X 
 direction in order to keep the mesh from failure or deform. 
 

o SAMEX3 to SameX 
 In this condition a separate group of fluid nodes are selected 
 and this group is called samex3 and this samex3 is fix to 
 samex condition, In same X condition the fluid nodes will 
 follow a ghost node called F-S node along the same X 
 direction in order to keep the mesh from failure or deform. 
 

o SAMEX4 to SameX 
 In this condition a separate group of fluid nodes are selected 
 and this group is called samex4 and this samex4 is fix to 
 Samex condition, In same X condition the fluid nodes will 
 follow a ghost node called F-S node along the same X 
 direction in order to keep the mesh from failure or deform. 
 

 
The figure 6.7 below shows 2D view and figure 6.8 shows 3D view of 
different remeshing boundary used for giving remeshing conditions. 

 
 

Figure 6.7 Different Remeshing boundary conditions in 2d view. 
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Figure 6.8 Different Remeshing boundary conditions in 3d view. 
 
 
6.9 FSI Analysis and Result I 
 
The results obtained are shown in the form of plots. The plot shown in 
figure 6.13, 6.14 is speed plot describing maximum and minimum values. 
Figure 6.9, 6.10, 6.11, 6.12, 6.19 and 6.20 are velocity plot in x and y 
direction with maximum and minimum values. Figure 6.15, 6.16, 6.17 and 
6.18 are displacement and vector plots for maximum and minimum values. 
These plots describe the effects of remeshing condition on the model I 
analyzed. The tabular column 6.1 below and figures shown below gives the 
maximum and minimum values in 0.1 second and 0.2 second for different 
contour plots. With the help of the plots the effect of the remeshing 
conditions are found and compared with the theory available in reference 
[5][6][7][10][11]. 
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Contour Plots 

 
Time  
in Sec 

 
Minimum 

 
Maximum 

 
 
X-direction  Velocity Plot 

 
0.1 sec 
 
0.2 sec

 
-1.78 m/s 
 
-1.40 m/s 

 
1.52E1 m/s 
 
1.46E1 m/s 

 
 
Y-direction  Velocity Plot 

 
0.1 sec 
 
0.2sec 

 
-7.27E1 m/s 
 
-5.27 m/s 

 
7.27  m/s 
 
5.28 m/s 

 
 
Speed Plot 

 
0.1 sec 
 
0.2 sec

 
4.08E-2 m/s 
 
2.59E-2 m/s 

 
1.46E1 m/s 
 
1.52E1 m/s 

 
 
Vector plot 

 
0.1 sec 
 
0.2 sec

 
4.08E-2 m/s 
 
2.53E-2 m/s 

 
1.46E1 m/s 
 
1.52E1 m/s 

 
 
Displacement plot 

 
0.1 sec 
 
0.2 sec 
 

 
9.09E-9 m 
 
8.70E-9 m 

 
9.27E-1 m 
 
6.51E-1 m 

 
X-direction Line Velocity 
Plot 
 

 
0.1 sec 
 
0.2 sec

 
-1.40 m/s 
 
-1.38 m/s 

 
1.46E1 m/s 
 
1.52E1 m/s 
 

   
Table 6.1 Contour plots for maximum and minimum values. 
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Figure 6.9 X - Velocity plot on the XY Plane at 0.2 Secs. 
 

 
 

Figure 6.10 X - Velocity plot on the XY Plane at 0.1 Secs. 
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Figure 6.11 Y - Velocity plot on the XY Plane at 0.1 Secs. 
 

  
Figure 6.12 Y - Velocity plot on the XY Plane at 0.2 Secs. 



 42

    
Figure 6.13 Speed plot on the XY Plane at 0.1 Secs. 

 

 
     

Figure 6.14 Speed plot on the XY Plane at 0.2 Secs. 
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Figure 6.15 Displacement plot on the XY Plane at 0.1 Secs. 
 

  
 

Figure 6.16 Displacement plot on the XY Plane at 0.2 Secs. 
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Figure 6.17 Vector plot of Velocity on XY Plane at 0.1 sec. 

 

  
 

Figure 6.18 Vector plot of Velocity on XY Plane at 0.2 sec. 
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Figure 6.19 X – Velocity Line plot on the XY Plane at 0.1 Secs. 
 

 
     

Figure 6.20 X – Velocity Line plot on the XY Plane at 0.2 Secs. 
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Figure 6.21 Grid Movement plot on the XY Plane at 0.2 Secs. 

 

  
 

Figure 6.22 Grid Movement plot on the XY Plane at 0.4 Secs. 
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7  Model II – Remeshing 
 
7.1 Geometry Idealization II 
 
Another simple 3D Geometry is considered were the fluid inside a one side 
inclined rectangular enclosure separated by a steel partition, this setup is 
said to be a Fluid Structure Interaction case, were “remeshing” is used as an 
important tool for all elements to have a good aspect ratio. This will also 
show the effect of Remeshing condition for this simple geometry. 
 

The geometry in figure 7.1 was modeled using fluidyn-CAD. The size of 
the complete outer fluid domain was taken as 6.6 m length and 1 m breath, 
In the inner domain steel structure is consider for 2 rectangular hollow 
blocks with 0.3 equal distance on four sides. 
 
         
       0.5m     1 m     0.3 m  4.8 m 
 
 
                          
  
     
   
 
1 m                                                                                                              3 m 
 
 
  
      
 
 
 
            6.6 m 
     

Figure 7.1 Geometry of model II.  
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7.2 Mesh II 
 
The geometric model is created using fluidyn-CAD. The fluid mesh is 
generated using fluidyn-GEN. Full geometry is considered for meshing to 
accommodate other cases of different (nonsymmetric) wind directions in 
subsequent simulations. The mesh consists of 2332 hexahedral elements, 
100 triangular elements and 16 spring elements. The mesh is a graded mesh 
that increases in coarseness as the distance from the axis increases. This is 
done so as to limit the total number of elements, yet have a relatively fine 
mesh around the boundary. 
 

Figure 7.2 shows the 3D view of the complete fluid mesh with boundary 
faces. 
 
 

 
     

Figure 7.2 3d view of meshed model. 
 
Figure 7.3 shows the section view of the complete fluid mesh 
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Figure 7.3 2d view of meshed model. 
 

Figure 7.4 and 7.5 shows the view with triangular shell element along with 
the complete structure mesh. 

       
     

Figure 7.4 close view of triangular elements meshed. 
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Figure 7.5 3d view with structured mesh. 
 

Figure 7.6 shows the view of the spring elements, along the structure 
boundary faces.  

 
     

Figure 7.6 springs on the inner boundary of structure. 
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7.3 Co-ordinate System 
 
This is to define local axis of the user-defined coordinate system. This user-
defined coordinate system, which is different from the global coordinate 
system In this particular model the allocation of UCS (User define co-
ordinate system) is applied to local axis to use remeshing boundary 
condition, since the geometry is inclined in the model, which is not 
corresponding to the GCS (Global Coordinate system), hence the inclusions 
of 2 UCS is created on different axis. 
 

Find below Figure 7.7 having 2 UCS and 1 GCS    
 

 
     

Figure 7.7 3d view of different co-ordinate system. 
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7.4 Geometry Properties II 
 
The Structural properties of elements are considered as triangular shell 
elements with the thickness of 0.1 m, the structural Springs element have a 
stiffness constant of 4000 N/m. 
 
 
7.5 Flow Configuration II 
 
The fluid is assumed to be incompressible with a density of 1000 kg/m3, as 
specified for water. The flow is assumed to be viscous with constant 
viscosity and K-epsilon turbulence model is used. 
 
 
7.6 Boundary conditions II 
 
The boundary conditions specified are as follows: 
 

• Pressure inlet at the X minimum plane with the following 
 conditions: 

 

o Pressure = 0 Pa 
o Temperature = 300 K 
o Velocity = 10 m/s 
o Velocity vector direction = (1,0,0) 
o Turbulent kinetic energy = 1e-8 m2/s2 
o Turbulent length scale = 1e-8 m 

 

• Pressure outlet at the X maximum plane with the following 
 conditions 

 

o Pressure = 0 Pa 
o Temperature = 300 K 
o Effective distance = 1E+6 m 
o Turbulent kinetic energy = 1e-8 m2/s2 
o Turbulent length scale = 1e-8 m 
 

• Structural Boundary nodes are fixed in all the following directions 
 

o UZ displacement 
o Rotx displacement 
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o Roty displacement 
o Rotz displacement 
 

• Spring Boundary nodes are fixed in all the directions in order to 
 fix the structure. 

 

o UX displacement 
o UY displacement 
o UZ displacement 
o Rotx displacement 
o Roty displacement 
o Rotz displacement 
 

• No-Slip, adiabatic wall boundary condition on the boundary of the 
 model in y direction is taken. The wall is impermeable to flow, but 
 can exchange momentum, heat and other scalars. 

 

• Symmetry is taken on the Z direction. Symmetry boundary is a 
 perfect reflector for all waves. At the wall, the following boundary 
 conditions are applied on different variables. 

 
 

7.7 Initial conditions II 
 
The initial conditions in the domain were set as follows: 
 

• Pressure = 0 Pa 
• Temperature = 300 K 
• Velocity  = 0.001 m/s in x direction 
 
 

7.8 Simulations and Solver Parameter II 

The fluid solver used was the NSNT solver, which is a part of the fluidyn-
FSI Solver code. The fluid solver scheme used for the calculations is the 
Upwind Differencing Scheme. The Flux Limiter scheme used was Van 
Leer smoothening scheme of first order. Transient simulation is done for 1 
sec using time step of 0.01s. 
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7.9    Remeshing Conditions II 
 

• The Remeshing mode is chosen as displacement smoothening in 
this thesis work, In this process fluid nodal displacements are 
smoothed for remeshing. The smoothed values are added to nodal 
coordinates. 

 

• During remeshing process serial nodal displacement type is  used in 
order to update the nodal displacements. 

 

• Remeshing Frequency determines how frequently remeshing is 
done during the transient analysis. This is a nondimensional factor 
and is the limit on the ratio of maximum nodal displacement at the 
boundary since last remeshing to the reference mesh size (original 
mesh). Remeshing is done when  this ratio exceeds the user spec-
ified value. 

 

• The Remeshing mode is Average. i.e., displacement at an interior 
node is the arithmetic average of displacement at surrounding 
nodes.  

 

• During remeshing by displacement smoothening or node smoothen-
ing, the fluid nodal displacements/coordinates are updated by swee-
ping over the fluid nodes. This is an iterative process and iteration 
stops once the amount of displacement/coordinate correction is less 
than a user-specified non-dimensional tolerance value (specified as 
a fraction of fluid  mesh size).The value in this thesis work is 1e-5. 

 

• The various Remeshing Boundary conditions are used to find the 
remeshing effect of this model done in this thesis work are 

 

o REMX to  FIX_X 
 This condition refers to fix all the fluid nodes that are there 
 in inlet and outlet boundary. This remesh boundary 
 condition will constrain the nodes from moving along the  
 X-direction. 
 

o REMY to  FIX_Y  
 This condition refer to fix all the fluid nodes that are there in 
 the wall boundary with this remesh boundary condition will 
 be constrained from moving along the y-direction. UCS is 
 used in fixing REMY. 
 



 55

o REMZ to  FIX_Z  
 This condition refer to fix all the fluid nodes that are there in 
 the Symmetry boundary with this remesh boundary 
 condition will be constrained from moving along the 
 Z-direction. 
 

o SAMEX1 to SameX 
 In this condition a separate group of fluid nodes are selected 
 and this group is called samex1 and this samex1 is fix to 
 samex condition, In same X condition the fluid nodes will 
 follow a ghost node called F-S node along the same X 
 direction in order to keep the mesh from failure or deform.  
 

o SAMEX2 to SameX 
 In this condition a separate group of fluid nodes are selected 
 and this group is called samex2 and this samex2 is fix to 
 samex condition, In same X condition the fluid nodes will 
 follow a ghost node called F-S node along the same X 
 direction in order to keep the mesh from failure or deform. 
 

o SAMEY to SameY 
 In this condition a separate group of fluid nodes are selected 
 and this group is called sameY and this sameY is fix to 
 sameY condition, In same Y condition the fluid nodes will 
 follow a ghost node called F-S node along the same Y 
 direction in order to keep the mesh from failure or deform. 
 

The figure 7.8 and figure 7.9 below show different remeshing 
boundary used for giving remeshing conditions. 

 
 

Figure 7.8 2d view with different remeshing boundary conditions. 
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Figure 7.9 3d view with different remeshing boundary conditions. 
 
 

7.10 FSI Analysis and Result II 
 
The results obtained are shown in the form of plots. The plot in figure 
7.10, 7.11, 7.12, 7.13, 7.20, 7.21, 7.22 and 7.23 shows the maximum and 
minimum velocity and line velocity for 1 and 2 seconds. Figure 7.14 and 
7.15 explains speed plot at maximum and minimum values. Figure 7.16, 
7.17, 7.18 and 7.19 shows vector and displacement plots at 1 and 2 
seconds. The following plots describe the effects of remeshing condition 
on the model analyzed. The tabular column 7.1 and figures shown below 
gives the maximum and minimum values in 1 second and 2 second for 
different contour plots. With the help of the plots the effect of the 
remeshing conditions are found and compared with the theory available 
in reference [5][6][7][10][11]. 
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Contour Plots 

 
Time  
in Sec 

 
Minimum 

 
Maximum 

 
X-direction  
Velocity Plot 

 
1 sec 
 
2 sec 

 
-5.14 m/s 
 
-1.15 m/s 
 

 
1.30 m/s 
 
1.24 m/s 

 
Y-direction  
Velocity Plot 

 
1 sec 
 
2sec 

 
-7.75 m/s 
 
-6.95 m/s 

 
7.72  m/s 
 
5.92 m/s 

 
Speed Plot 

 
1 sec 
 
2 sec 

 
1.59E-1 m/s 
 
3.40E-2 m/s 

 
1.34E1 m/s 
 
1.28E1 m/s 

 
 
Vector plot 

 
1 sec 
 
2 sec 

 
1.69E-1 m/s 
 
3.40E-2 m/s 

 
1.34E1 m/s 
 
1.28E1 m/s 

 
 
Displacement plot 

 
1 sec 
 
2 sec 
 

 
0 
 
0 

 
2.61E-1 m 
 
3.12E-1 m 

 
X-direction Line 
Velocity 
Plot 
 

 
1 sec 
 
2 sec 

 
-5.17 m/s 
 
-1.21 m/s 

 
1.30E1 m/s 
 
1.24E1 m/s 

 
Y-direction Line 
Velocity 
Plot 

 
1 sec 
 
2 sec 

 
-7.77 m/s 
 
-6.97 m/s 

 
7.68 m/s 
 
6.07 m/s 

Table 7. 1 contour plots for maximum and minimum values. 
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Figure 7.10 X - Velocity plot on the XY Plane at 1 Secs. 
 

     
Figure 7.11 X - Velocity plot on the XY Plane at 2 Secs. 
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Figure 7.12 Y - Velocity plot on the XY Plane at 1 Secs. 

 

  
 

Figure 7.13 Y - Velocity plot on the XY Plane at 2 Secs. 
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Figure 7.14 Speed plot on the XY Plane at 1 Secs. 
 

  
 

Figure 7.15 Speed plot on the XY Plane at 2 Secs. 
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Figure 7.16 Vector plot of Velocity on XY Plane at 1 sec. 

 

  
 

Figure 7.17 Vector plot of Velocity on XY Plane at 2 sec. 
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Figure 7.18 Displacement plot on the XY Plane at 1 Secs. 
 

  
 

Figure 7.19 Displacement plot on the XY Plane at 2 Secs. 
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Figure 7.20 X – Velocity Line plot on the XY Plane at 1 Secs. 
 

   
 

Figure 7.21 X – Velocity Line plot on the XY Plane at 2 Secs. 
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Figure 7.22 Y – Velocity Line plot on the XY Plane at 1 Sec. 
 

     
Figure 7.23 Y – Velocity Line plot on the XY Plane at 2 Secs. 
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Figure 7.24 Grid Movement plot on the XY Plane at 1 Secs. 
 

    
 

Figure 7.25 Grid Movement plot on the XY Plane at 2 Secs. 
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8 Conclusion 
 
Remeshing is a computationally intensive process. The remeshing 
considered here is smoothing of the mesh so as to retain a mesh of 
acceptable quality without changing the topological connectivity. The 
number of elements, their connectivity and nodes are the same, only the 
nodal coordinates are updated. Fluid nodes can be broadly classified into 
three categories: 
 

a) Boundary Nodes at the Fluid-Structure Interface. 
b) Boundary Nodes not at the Fluid-Structure Interface. 
c) Interior nodes. 

 

During simulation, the fluid boundary at the Fluid-Structure interface (a) 
follows the Lagrangian structural movement so that there is no gap or 
overlap of the mesh at the interface. The various remeshing conditions 
studied refer to the movement of the remaining nodes (b and c) of the fluid 
domain.  
 

Fluid boundary nodes not at the Fluid-Structure interface needs to be 
sufficiently constrained so as to retain the integrity of the fluid domain. At 
the same time, the conditions at these nodes need to be sufficiently relaxed 
so as to have greater flexibility in the node movement.  
 

The primary remeshing conditions FIXX, FIXY and FIXZ is applied on the 
boundary nodes. This fixes the nodal displacement in the global coordinate 
directions x,y and z. In case of inclined boundary, the condition needs to be 
applied in the local coordinate direction determined by the inclined 
boundary. This is achieved by defining a User Coordinate System (UCS) 
and fixing the displacement component normal to the boundary surface. 
 

The secondary remeshing conditions SAMEX, SAMEY, SAMEZ are 
applied on interior nodes of the fluid domain. This seeks to move a group 
of interior nodes enblock as a specified fluid node, usually on the Fluid-
Structure Interface. In other words, the group of nodes undergoes a ‘rigid 
body’ translation. Judicious usage of SAMEX condition reduces the 
number of remeshing iterations besides resulting in better mesh quality.  
 

The main objective of this thesis work is to study the effect of remeshing 
using various remeshing boundary condition. During this study the results 
obtain are shown in the form of plots shown in Model II and I. Moreover 
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the comparison of plots for grid failure and nonremeshing are show in 
figure 8.1 and 8.2, which is an example for improper remeshing and figure 
6.21, 6.22, 7.24 and 7.25 shown with proper remeshing condition, There 
are even other models studied which are not there in this report, which give 
failure result while studying remeshing condition, for those result there are 
ongoing research done. But for the models mentioned in this report were 
found to be result oriented, which can be referred in [5], [6], [7]. 
 

There are few animated files attached in this report from model I and II, in 
which you can find the remeshing effect, i.e. the movement of grid, vortex 
formation and velocity movement. 
 
 

 
 

Figure 8.1 Failure grid without Remeshing plot on the XY Plane. 
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Figure 8.2 Close view of Failure grid without Remeshing.  
 
 
8.1 Future Work 
 
The future work is to carry out the implementation of the study done in 
remeshing for developing new remeshing tool, which can perform more 
effective remeshing techniques, using difficult geometries and running the 
analysis effectively. The original work in this thesis is to write new 
remeshing algorithm and develop new tool for remeshing, due to time 
constrain this work is not done.  
 
 
 
 
 
 
 
 
 
 
 
 
 



 69

9     References 
 

1. P. L. Garner, P. T. Meredith, and R. C. Stoner, Areas for future 
CFD development as illustrated by transport aircraft applications. 
AIAA Paper 91-1527CP, July 1991. 

 

2. P. Lax, Hyperbolic systems of conservation laws and the 
mathematical theory of shock waves, vol. 11 of SIAM Regional 
series on Applied Mathematics, SIAM, Philadelphia, PA, second 
edition.,1973. 

 

3. S. K. Godunov, A difference method for the numerical calculation 
of discontinuous solutions of the hydrodynamic equations, Mat.-Sb., 
47 (1959). 

 

4. J. L. Steger, Implicit finite-difference simulation of flow about 
arbitrary two-dimensional geometries, AIAA J., 17 (1978), pp. 679-
686. 

 

5. Wilson,E.L. and Bathe,K.J., Numerical Methods in Finite Element 
Analysis, Prentice Hall of India Pvt Ltd, New Delhi. 

 

6. Cook,R.D, Malkus,D.S and Plesha,M.E, Concepts and Applications 
of Finite Element Analysis, John Wiley and Sons. 

 

7. Belytschko,T and Lin,J.I. (1984), Comp. Methods in App. Mech 
and Engg., v42, 225-251 

 

8. F. H. Harlow and A. A. Amsden, \Fluid Dynamics," Los Alamos 
Scientific Laboratory report LA-4700 (June 1971). 

 

9. Introduction to CFD II by Dr. David Apsely (2002). 
 

10. Belytschko,T and Hsieh,B (1973), Int. J Num Methods in Engg. V7, 
255-271 

 

11. Kennedy, J.M., Belytschko,T and Lin,J.I. (1986), J. Nuclear Engg. 
And Design, v97, 1-24. 

 

12. Yamada, Y, Yoshimura,N and Sakurai,S (1968), Int. J. Mech. 
Sciences, v10, 343-354. 

 
 



 70

10    Appendix 
 
A    Fluidyn MP Template – Model I 
 
###### 11/10/05 18:24:06 ###### 
################################################## 
*DESCRIPT 
To find the effect of remeshing conditon, vortex formation. 
################################################## 
################ GENERAL DATA ############## 
*TITLE=Remeshing Model I 
*UNITS 
m,k,s,K 
#### MESH EXTENTS (min x,y,z) x (max x,y,z) 
#### Structure = (0.2, 0.35, 0) x (1.8, 0.65, 0.25) 
#### StrSize (smallest elem nodal distance) =0.015) 
#### Fluid     = (0, 0, 0) x (6.5, 1, 0.25) 
#### FluSize (smallest elem nodal distance) =0.02) 
################################################## 
*MESHDATA 
#### TRIS-164, HEXA-3570, SPRN-16 % Different Elements 
  TOTSTRELEMS=180   % Total structural Elements 
  TOTSTRNODES=180   % Total structural nodes 
# TOTSTRBFACES=180   % Total structural Boundary faces 
  TOTFLUELEMS=3570   % Total Fluid Elements 
  TOTFLUNODES=7532   % Total Fluid Nodes 
# TOTFLUBFACES=7534  % Total Fluid Boundary faces  
##Total Elems =   3750, Nodes =   7712,  BFaces =   7714 
  TOTPOINTS=1 % Total Elements, Nodes & Boundary faces  
##Total Structural Mats  =      1, Geoms =      2 
################################################## 
*ANALYSIS 
   STRESS=IMPLICIT 
   FLUID=NSNT 
################################################## 
## Nodal Displacement smoothing 
*REMESH_MODE=DISP SMOOTH 
#### TOLERANCE FOR FS INTERFACE IDENTIFICATION 
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*FS_TOLERANCE      % Fluid Structure Tolerance  
NODTOL = -0.1, ANGTOL = -1, DISTOL = -0.1 
################################################## 
*TIMEDATA 
  START TIME = 0 
  END TIME = 6.5 
  IMPTIMESTEP = 0.001 (IMPLICIT/MODAL)  
  CONTOUR SAVE = 0.001 
  CONTOUR OVERWRITE = 2 
  RESTART SAVE = 0 
  RESTART OVERWRITE = 0 
  TRACE SAVE = 0.001 
################################################## 
*MISCDATA 
  OUTDIR = VIV_RESULT % Result save directory 
  FILE=ASCII,    % Mode of Saving Result File 
  SUPPRESS=GROUPDATA 
  REFTEMP=0    
  TEMPERATUREOFFSET = -273 
  SHELLBENDINGTYPE=BSC 
  STRCFL=0.8 
  QUAD=3 
  GAUSS=2 
  IMPBETA = 0.25 
  NTINPFILE=NTINP.DAT 
################################################## 
*EIGENDATA 
  EIGENVALUES=1, No of STRESS eigenvalues 
  MODES=1, No of Modes for MODAL ANALYSIS 
################################################## 
*ELTYPE   % Element Type 
    1,_TRISHELL  % Triangular Shell Element 
    2,_HEXA   % Hexahedral Elements 
    3,_SPRING  % Spring Elements 
################################################## 
*RCTABLE 
## Structural geometric properties (2) 
## TRIShell thickness properties 
  1, 3, 0 
0.1, 0.10, 0.10 
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## Spring properties (Spring Const, Mass, Min/Max Dist) 
  2,4,3 
4000,1,0,0 
################################################## 
*MATERIAL 
## Structural material properties  
############# MATERIAL 1 
    NAME, 1, 0, STEEL 
    EX    ,   1, 0, 2.1e+011 
    NUXY,   1, 0, 0.3 
    DENS,   1, 0, 7850 
################################################## 
*POINT 
     1, 1.000000000E+000, 0.000000000E+000, 1.000000000E+000,0 
################################################## 
*STRUCTURE START 
#################################################### 
#################### MESH DATA ##################### 
#################################################### 
*READ, STR.NOD % Reading the structural nodes 
*READ, STR.ELE 
*STRUCTURE_END 
*FLUID_START 
*READ, FLU.NOD 
*READ, FLU.ELE 
*FLUID_END 
*STRUCTURE_START 
################################################## 
#################################################### 
################# STR GROUP DATA ################### 
#################################################### 
### STRELEM GROUPS REQUIRED BY SOLVER ## 
###### STRUCTURAL ELEMENT GROUPS ###### 
*STRELEGRP 
### 
  STR_ELE, 180 
  1-180 
###### STRUCTURAL BOUNDARY FACE GROUPS ###### 
*STRBFCGRP 
### Group STR_BFAC, Area = 0.98286 
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STR_BFAC, 180 
  1-180 
###### STRUCTURAL NODE GROUPS ###### 
*STRNODGRP 
### 
  STR_NOD, 180 
  1-180 
### 
  FIX, 16  % fixing the node 16 
  2/4/5/8/9-15-2/18/20/21/24/25-31-2 
*READINQ, STR_ENT.GRP 
#################################################### 
########## STR/THR BOUNDARY CONDITION DATA ######### 
#################################################### 
########## 
*SPDISP 
   GRP=STR_NOD,UZ/ROTX/ROTY/ROTZ=0.0,UCS=0 
   GRP=FIX, ALL=0.0, UCS=0 
########## 
###################################### 
##   STRUCTURE OUTPUT CONTROL DATA ## 
###################################### 
###### 
*TRACE% Trace points of the nodes to find the results at interested area 
  1/6/7/10/12/14/16/17/22/23, UX, m 
  26/28/30/32/50/124, UX, m 
  1/6/7/10/12/14/16/17/22/23, UY, m 
  26/28/30/32/50/124, UY, m 
*ELEMSTRESS 
*STRUCTURE_END 
#################################################### 
################ END OF STRUCTURE DATA ############# 
#################################################### 
#################################################### 
#################### FLUID DATA #################### 
#################################################### 
###### 
*FLUID_START 
#################################################### 
############### FLUID GROUP DATA ################### 
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#################################################### 
################################################## 
###### FLUID ELEMENT GROUPS ###### 
*FLUELEGRP 
### 
  FLU_ELE, 3570 
  1-3570 
################################################## 
###### FLUID BFACE GROUPS ###### 
*FLUBFCGRP 
### Group FLU_BFAC, Area = 16.99 
  FLU_BFAC, 7534 
  1-7534 
### Group FLU_BFX1, Area = 0.25 
  FLU_BFX1, 30 
  7186-7274-11/7286/7301/7313-7409-12/7422/7437/7448-7525-11 
### Group FLU_BFX2, Area = 0.25 
  FLU_BFX2, 30 
  100-908-101/1058/1161/1263-2079-102/2230-3139-101 
### Group FLU_BFY1, Area = 1.625 
  FLU_BFY1, 126 
  2082-2229-3 
  3472-3514-3/5872-5974-3 
  5977-6019-3/7054-7069-3/7421/7425/7428-7434-3 
### Group FLU_BFY2, Area = 1.625 
  FLU_BFY2, 126 
  911-1055-3/1059 
  3427-3469-3/4702-4804-3 
  4807-4849-3/6922-6937-3/7285/7289/7292-7298-3 
### Group FLU_BFZ1, Area = 6.32 
  FLU_BFZ1, 3570 
  1-99-2 
  102-200-2 
  203-301-2 
  304-402-2 
  405-503-2 
  506-604-2 
  607-705-2 
  708-806-2 
  809-907-2 
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  910-1057-3 
  1061/1064/1066-1160-2 
  1163/1166/1168-1262-2 
  1265/1268/1270-1364-2 
  1367/1370/1372-1466-2 
  1469/1472/1474-1568-2 
  1571/1574/1576-1670-2 
  1673/1676/1678-1772-2 
  1775/1778/1780-1874-2 
  1877/1880/1882-1976-2 
  1979/1982/1984-2078-2 
  2081-2228-3 
  2232-2330-2 
  2333-2431-2 
  2434-2532-2 
  2535-2633-2 
  2636-2734-2 
  2737-2835-2 
  2838-2936-2 
  2939-3037-2 
  3040-3138-2 
  3141-3186-3/3188-3254-2 
  3256-3354-2 
  3356-3426-2/3429-3468-3 
  3471-3516-3/3518-3584-2 
  3586-3684-2 
  3686-3756-2/3759-3798-3 
  3801-3899-2 
  3901-3999-2 
  4001-4099-2 
  4101-4199-2 
  4201-4299-2 
  4301-4399-2 
  4401-4499-2 
  4501-4599-2 
  4601-4699-2 
  4701-4848-3 
  4851/4854/4856-4950-2 
  4953/4956/4958-5052-2 
  5055/5058/5060-5154-2 



 76

  5157/5160/5162-5256-2 
  5259/5262/5264-5358-2 
  5361/5364/5366-5460-2 
  5463/5466/5468-5562-2 
  5565/5568/5570-5664-2 
  5667/5670/5672-5766-2 
  5769/5772/5774-5868-2 
  5871-6018-3 
  6021-6119-2 
  6121-6219-2 
  6221-6319-2 
  6321-6419-2 
  6421-6519-2 
  6521-6619-2 
  6621-6719-2 
  6721-6819-2 
  6821-6919-2 
  6921-6939-3/6941-7025-2 
  7027-7035-2/7038-7071-3/7073-7137-2 
  7139-7167-2/7170-7188-3/7190-7196-2/7199-7207-2/7210-7218-2 
  7221-7229-2/7232-7240-2/7243-7249-2 
  7251/7254/7256-7262-2/7265-7273-2/7276-7284-2/7288-7303-3 
  7305-7309-2/7312/7315/7317-7321-2/7324/7327/7329-7333-2 
  7336/7339/7341-7345-2/7348/7351/7353-7357-2/7360/7363 
  7365-7369-2 
  7372/7375/7377-7381-2/7384/7387/7389-7393-2/7396/7399 
  7401-7405-2/7408/7411/7413-7417-2/7420/7424/7427-7439-3 
  7441-7447-2/7450-7458-2/7461-7469-2/7472-7480-2/7483-7489-2 
  7491/7494/7496-7502-2/7505-7513-2/7516-7524-2/7527-7533-2 
### Group FLU_BFZ2, Area = 6.32 % selected Boundary faces 
  FLU_BFZ2, 3570 
  2-98-2/101 
  103-199-2/202 
  204-300-2/303 
  305-401-2/404 
  406-502-2/505 
  507-603-2/606 
  608-704-2/707 
  709-805-2/808 
  810-906-2/909 
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  912-1056-3/1060 
  1063-1159-2/1162 
  1165-1261-2/1264 
  1267-1363-2/1366 
  1369-1465-2/1468 
  1471-1567-2/1570 
  1573-1669-2/1672 
  1675-1771-2/1774 
  1777-1873-2/1876 
  1879-1975-2/1978 
  1981-2077-2/2080 
  2083-2227-3/2231 
  2233-2329-2/2332 
  2334-2430-2/2433 
  2435-2531-2/2534 
  2536-2632-2/2635 
  2637-2733-2/2736 
  2738-2834-2/2837 
  2839-2935-2/2938 
  2940-3036-2/3039 
  3041-3137-2/3140 
  3143-3185-3/3187-3255-2 
  3257-3355-2 
  3357-3425-2/3428-3470-3 
  3473-3515-3/3517-3585-2 
  3587-3685-2 
  3687-3755-2/3758-3800-3 
  3802-3900-2 
  3902-4000-2 
  4002-4100-2 
  4102-4200-2 
  4202-4300-2 
  4302-4400-2 
  4402-4500-2 
  4502-4600-2 
  4602-4700-2 
  4703-4850-3 
  4853-4949-2/4952 
  4955-5051-2/5054 
  5057-5153-2/5156 
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  5159-5255-2/5258 
  5261-5357-2/5360 
  5363-5459-2/5462 
  5465-5561-2/5564 
  5567-5663-2/5666 
  5669-5765-2/5768 
  5771-5867-2/5870 
  5873-6020-3 
  6022-6120-2 
  6122-6220-2 
  6222-6320-2 
  6322-6420-2 
  6422-6520-2 
  6522-6620-2 
  6622-6720-2 
  6722-6820-2 
  6822-6920-2 
  6923-6938-3/6940-7026-2 
  7028-7034-2/7037-7070-3/7072-7138-2 
  7140-7166-2/7169-7187-3/7189-7195-2/7198-7206-2/7209-7217-2 
  7220-7228-2/7231-7239-2/7242-7250-2 
  7253-7261-2/7264-7272-2/7275-7283-2/7287-7302-3/7304-7308-2 
  7311/7314/7316-7320-2/7323/7326/7328-7332-2/7335/7338 
  7340-7344-2/7347/7350/7352-7356-2/7359/7362/7364-7368-2 
  7371 
  7374-7380-2/7383/7386/7388-7392-2/7395/7398/7400-7404-2 
  7407/7410/7412-7416-2/7419/7423/7426-7438-3/7440-7446-2 
  7449-7457-2/7460-7468-2/7471-7479-2/7482-7490-2 
  7493-7501-2/7504-7512-2/7515-7523-2/7526-7534-2 
################################################## 
###### FLUID NODE GROUPS ###### 
*FLUNODSET 
### 
  FLU_NOD, 7532 
  1-7532 
### 
  SAMEX1, 62 % samex1 is a selected group of nodes 
  3476-3536-6/3537-3597-6/3668-3716-6/7242-7302-6/7303-7345-6 
  7351-7363-6/7434-7482-6 
### 
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  SAME_X2, 62 % samex2 is a selected group of nodes 
  1912-2512-50/2563-2971-51/3021-3421-50/5678-6278-50 
  6329-6584-51 
  6635-6737-51/6787-7187-50 
### 
  SAMEX3,62 % samex3 is a selected group of nodes 
  1582-1897-15/2562-2970-51/5348-5618-15 
  5633-5663-15/6328-6736-51 
### 
  SAME_X4,62 % samex4 is a selected group of nodes 
  1-1531-51/3767-4685-51 
  4736-5297-51 
### 
  REM_X, 124 % fixing all the inlet and outlet nodes in x direction 
  51-1581-51/3603-3663-5/3669-3699-6 
  3705-3717-6/3722-3762-5/3817-5347-51/7369-7399-5 
  7404-7429-5/7435-7483-6/7488-7528-5 
### 
  REM_Y, 500 fixing all the inlet and outlet nodes in y direction 
  511-560 
  1072-1121 
  1732-1761/2412-2461 
  2971-3020 
  3471-3476/3537-3542/3654-3657/3718-3721/4277-4326 
  4838-4887 
  5498-5527/6178-6227 
  6737-6786 
  7237-7242/7303-7308/7420-7423/7484-7487 
*READINQ, FLU_ENT.GRP 
*FLPROP 
  FLUID=h2o, PRESSURE=1e-006, TEMPERATURE=298 
############################## 
*FLUID_NSFLO 
   STATE = TRANSIENT 3-TIME-LEVEL 
   FLOW = INCOMPRESSIBLE/ VISCOUS/ TURBULENT 
   GRAVITY = NONE 
## HYDRODYNAMIC SOLUTION 
   CONVECTION = ON 
   DIFFUSION = ON 
   USER SOURCES = OFF 
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## No EOS for incompressible flow 
INCOMPRESSIBLE DATA, RHOC = 1000, CVC = 4180, XBETA = 0, 
EXPON = 0, TMPA = 0 
## Viscosity Data 
   VISCOSITY = CONSTANT, VALUE = 0.0001, PRL = 0.91 
## Turbulence Data 
   TURBULENCE = KEEPS 
   TURBDATA, CMU = 0.09, CEPS1 = 1.44, CEPS2 = 1.92 
   TURBDATA, SIGTKE = 1, SIGEDR = 1.924, PRT = 0.91 
   TURBDATA, CEPS3 = 0, C1DASH = 1.44, C2DASH = 1.44 
   TURBDATA, CEB = 0, REC = 122, SCLMAX = 1 
   AVERAGING = ARITHMETIC 
############################## 
*FLUID_NSDAT 
   SOLVER = UDS 
   CAPA    = THIRD 
   STAGES = 6 
   LIMITER = VANLEER 
   CFL = AUTO 
   DIFFUSION SCHEME = DEFAULT 
   CONVERGE_ACC = GLOBAL 
   CONVERGE_RESID_SMOOTHING = 0 
   CONVERGE_PRECOND = WEISS SMITH 
   NTDATA, BLEND = 1, BM = 0.1 
  WRAPDATA,LAST=1000,TIMLMT = 1e+006,DELTA = 0.1,ITERS= 10 
   WRAPDATA, ITREF= 2, DUMP= 10, SAV = 5000, STORE = 5000, 
DTSTO = 1e+006 
   WRAPDATA, TPS = 0, WRAP = 0, BETA = 0 
############################## 
#################################################### 
######## FLUID BOUNDARY AND INITIAL CONDITION ###### 
#################################################### 
###### {FLUID BOUNDARY CONDITIONS (6) ######  
*FLUID_BCS 
## BC 1 (PRESSURE INLET)  % Boundary conditions at Pr Inlet 
   GRP=FLU_BFX1, PRESIN, PRES=0, TEMP=300, SPEED=10, 
DCS=1/0/0, TURB_KE_LS=1e-008/1e-008 
## BC 2 (PRESSURE OUTLET) % Boundary conditions at Pr Outlet 
   GRP=FLU_BFX2, PRESOU, PRES=0, EFFDIST=100, TEMP=300, 
TURB_KE_LS=1e-008/1e-008 
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## BC 3 (WALL) % Boundary conditions at Wall 
   GRP=FLU_BFY1, WALL, 
TYPE=NOSLIP/ADIABATIC,TEMP=0,VEL=1/0/0,OMEGA=1, 
ROUGH=0 
## BC 4 (WALL) % Boundary conditions at Wall 
   GRP=FLU_BFY2, WALL, TYPE=NOSLIP/ADIABATIC, TEMP=0, 
VEL=1/0/0,OMEGA=1, ROUGH=0 
## BC 5 (SYMMETRY) % Boundary conditions at y directions 
   GRP=FLU_BFZ1, SYM 
## BC 6 (SYMMETRY) % Boundary conditions at y directions 
   GRP=FLU_BFZ2, SYM 
###### END OF FLUID BOUNDARY CONDITIONS} ######  
###### {FLUID INITIAL CONDITIONS (1) #####  
*FLUID_ICS 
## IC 1 (P_T_V) % Initial Condition Pressure, Temperature, 
velocity. 
   FLU_ELE, PRES=0,TEMP=300,VELX=0,VELY=0, VELZ=0, 
TURBKE = 1e-008, TURBLS = 1e-008 
###### END OF FLUID INITIAL CONDITIONS} #####  
###################################### 
######## FLUID OUTPUT CONTROL ####### 
###################################### 
###### 
*FLTRACE % Fluid Trace points to know the result at interested area. 
  7/257/1328/1486/1920/2480/2955/3456/3773/4023, PRESSURE, Pa 
  5094/5252/5686/6246/6721/7222, PRESSURE, Pa 
  7/257/1328/1486/1920/2480/2955/3456/3773/4023, VEL_X, m/s 
  5094/5252/5686/6246/6721/7222, VEL_X, m/s 
  7/257/1328/1486/1920/2480/2955/3456/3773/4023, VEL_Y, m/s 
  5094/5252/5686/6246/6721/7222, VEL_Y, m/s 
  5094/5252/5686/6246/6721/7222, VEL_Z, m/s 
  7/257/1328/1486/1920/2480/2955/3456/3773/4023, R_VEL, m/s 
  5094/5252/5686/6246/6721/7222, R_VEL, m/s 
  7/257/1328/1486/1920/2480/2955/3456/3773/4023, DX, m 
  5094/5252/5686/6246/6721/7222, DX, m 
  7/257/1328/1486/1920/2480/2955/3456/3773/4023, DY, m 
  5094/5252/5686/6246/6721/7222, DY, m 
## Fluid Variables to be saved in CONTOUR file 
## ONLY THE FOLLOWING VARIABLES ARE STORED  
*FLUVAR 
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PRES/ENER/DENS/VEL/TEMP/VISC/WALL/FILM/FLUX/BPRE 
TURB 
## Fluid Variables to be saved in HISTORY plot file 
*FLUHISVAR 
   FLUdt/RESID/PRES/DENS/TEMP/VEL/FILM/WALL 
*FLUID_END 
#################################################### 
################## REMESH DATA ##################### 
#################################################### 
*REMESH_DATA 
## Remesh Mode = DISP | NODE Smoothing 
 MODE = DISP SMOOTH 
    FREQ = 0.01 
## Remesh SCHEME = LUD | ITERative | AUTO (LUD/ITER) 
    SCHEME = ITERATIVE 
## Remesh ORDER = SERIAL (By Node ID) | FRONTAL (FS nodes 
onwards) 
    ORDER = SERIAL 
## Node NEIGHBOURS = Nodes of neighbouring ELEM | FACE | EDGE  
    NEIGH = FACE 
    AVERAGE = ARITHMETIC 
## ITERATION TOLERANCE  
    ITER = 1e-005 
*REMESH_CONDN 
    GRP=REM_X, FIXX 
    GRP=REM_Y, FIXY 
    GRP=FLU_NOD, FIXZ 
    GRP=SAMEX1, SAMEX=3716 
    GRP=SAME_X2, SAMEX=2869 
    GRP=SAMEX3, SAMEX=2970 
    GRP=SAME_X4, SAMEX=970 
###### 
*ENDDATA 
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B    Fluidyn MP Template – Model II 
 
###### 01/12/05 14:20:39 ###### 
################################################## 
*DESCRIPT 
To find the effect of remeshing conditions, grid movement 
################################################## 
################ GENERAL DATA ############## 
*TITLE=Remeshing Model II 
*UNITS 
m,k,s,K 
#### MESH EXTENTS (min x,y,z) x (max x,y,z) 
#### Structure = (0.2, 0.35, 0) x (1.8, 0.65, 0.2) 
#### StrSize (smallest elem nodal distance) =0.0375) 
#### Fluid     = (0, -1, 0) x (6.5, 2, 0.2) 
#### FluSize (smallest elem nodal distance) =0.035) 
################################################## 
*MESHDATA 
#### TRIS-100, HEXA-2332, SPRN-16 % Different Elements 
  TOTSTRELEMS=116 % Total Structural elements 
  TOTSTRNODES=116 % Total Structural nodes 
##  TOTSTRBFACES=116%Total Structural Boundary Faces 
  TOTFLUELEMS=2332 % Total Fluid elements 
  TOTFLUNODES=4954 % Total Fluid Nodes  
##  TOTFLUBFACES=4956% Total Boundary Faces 
##Total Elems =   2448, Nodes =   5070, BFaces =   5072 
 TOTPOINTS=1%  Total Elements, nodes, boundary faces and points. 
##Total Structural Mats = 1, Geoms = 2 
################################################## 
*ANALYSIS 
   STRESS=IMPLICIT 
   FLUID=NSNT 
################################################## 
## Nodal Displacement smoothing 
*REMESH_MODE=DISP SMOOTH 
#### TOLERANCE FOR FS INTERFACE IDENTIFICATION 
*FS_TOLERANCE 
NODTOL = -0.1, ANGTOL = -1, DISTOL = -0.1 
################################################## 
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*TIMEDATA 
  START TIME = 0 
  END TIME = 6 
  MAXTIMESTEP = 0.01 (EXPLICIT)) 
  IMPTIMESTEP = 0.01 (IMPLICIT/MODAL)  
  CONTOUR SAVE = 0.01 
  CONTOUR OVERWRITE = 2 
  RESTART SAVE = 0 
  RESTART OVERWRITE = 0 
  TRACE SAVE = 0.001 
################################################## 
*MISCDATA 
  OUTDIR = INC_BLC  % Result save directory 
  FILE=ASCII,    % Mode of Saving Result File 
  SUPPRESS=GROUPDATA 
  REFTEMP=0 
  TEMPERATUREOFFSET = -273 
  SHELLBENDINGTYPE=BSC 
  STRCFL=0.8 
  QUAD=3 
  GAUSS=2 
  IMPBETA = 0.25 
  NTINPFILE=NTINP.DAT 
################################################## 
*EIGENDATA 
  EIGENVALUES=1, No of STRESS eigenvalues 
  MODES=1, No of Modes for MODAL ANALYSIS 
################################################## 
*ELTYPE   % Element Type 
    1,_TRISHELL  % Triangular Shell Element 
    2,_HEXA   % Hexahedral Elements 
    3,_SPRING  % Spring Elements 
################################################## 
*RCTABLE 
## Structural geometric properties (2) 
## TRIShell thickness properties 
  1,3,0 
0.1,0.1,0.1 
## Spring properties (Spring Const, Mass, Min/Max Dist) 
  2,4,3 
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4000,1,0,0 
################################################## 
*MATERIAL 
## Structural material properties  
############# MATERIAL 1 
    NAME, 1, 0, STEEL 
    EX    ,   1, 0, 2.1e+011 
    NUXY,   1, 0, 0.3 
    DENS,   1, 0, 7850 
################################################## 
## User Coordinate Systems (2) 
*UCS 
1, 6.5/-1/0.25/5.8705/-0.89928/0.25/6.5/-0.46/0.25 
2, 0/1/0.25/0.26/1.0385/0.25/0/0.86/0.25 
################################################## 
*POINT 
     1, 1.000000000E+000, 0.000000000E+000, 1.000000000E+000,     0 
################################################## 
*STRUCTURE_START 
#################################################### 
#################### MESH DATA ##################### 
#################################################### 
*READ, STR.NOD 
*READ, STR.ELE 
*STRUCTURE_END 
*FLUID_START 
*READ, FLU.NOD 
*READ, FLU.ELE 
*FLUID_END 
*STRUCTURE_START 
################################################## 
#################################################### 
################# STR GROUP DATA ################### 
#################################################### 
### STRELEM GROUPS REQUIRED BY SOLVER ## 
###### STRUCTURAL ELEMENT GROUPS ###### 
*STRELEGRP 
### 
  STR_ELE, 116 
  1-116 
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###### STRUCTURAL BOUNDARY FACE GROUPS ###### 
*STRBFCGRP 
### Group STR_BFAC, Area = 1.26845 
STR_BFAC, 116 
  1-116 
###### STRUCTURAL NODE GROUPS ###### 
*STRNODGRP 
### 
  STR_NOD, 116 
  1-116 
### 
  FIX, 16  % fixing the nodes 
  17-32 
### 
  STR_FIX, 100 
  1-16/33-116 
*READINQ, STR_ENT.GRP 
#################################################### 
########## STR/THR BOUNDARY CONDITION DATA ######### 
#################################################### 
########## 
*SPDISP 
   GRP=FIX,ALL=0.0,UCS=0 
   GRP=STR_FIX,UZ/ROTX/ROTY/ROTZ=0.0,UCS=0 
###################################### 
##   STRUCTURE OUTPUT CONTROL DATA ## 
###################################### 
###### 
*TRACE % interested area for finding the result 
  33/40/44/48/49/50/67/72, UX, m 
  33/40/44/48/49/50/67/72, UY, m 
  33/40/44/48/49/50/67/72, UZ, m 
  33/40/44/48/49/50/67/72, RDISP, m 
  33/40/44/48/49/50/67/72, RVELO, m/s 
*ELEMSTRESS 
*STRUCTURE_END 
#################################################### 
################ END OF STRUCTURE DATA ############# 
#################################################### 
#################################################### 
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#################### FLUID DATA #################### 
#################################################### 
###### 
*FLUID_START 
#################################################### 
############### FLUID GROUP DATA ################### 
#################################################### 
################################################## 
###### FLUID ELEMENT GROUPS ###### 
*FLUELEGRP 
### 
  FLU_ELE, 2332 
  1-2332 
################################################## 
###### FLUID BFACE GROUPS ###### 
*FLUBFCGRP 
### Group FLU_BFAC, Area = 29.5474 
  FLU_BFAC, 4956 
  1-4956 
### Group FLU_BFX1, Area = 0.2 
  FLU_BFX1, 28 
  3-30-3/96-117-3/176-200-3/204 
### Group FLU_BFX2, Area = 0.6 
  FLU_BFX2, 24 
  4044-4071-3/4306-4315-3/4927-4954-3 
### Group FLU_BFZ1, Area = 12.8184 
  FLU_BFZ1, 2332 
  1/5/8-35-3/37-53-2/56-74-2/77-95-2/98-119-3/121 
  123-151-2/154-202-3/206-224-2/227-241-2 
  243/245/248-266-2/269/272/274-288-2/291/294/296-310-2 
  313/316/318-332-2/335/338/340-350-2 
  352/354/357/360/362-376-2/379/382/384-398-2/401/404 
  406-420-2/423/426/428-442-2/445/448/450-460-2 
  462/464/467/470/472-486-2/489/492/494-510-2/513-531-2 
  534-552-2/555-567-2 
  569-573-2/576-594-2/597-615-2/618-636-2/639-657-2 
  660-672-2 
  674-678-2/681-699-2/702-720-2/723-741-2/744-762-2 
  765-777-2 
  779-783-2/786-804-2/807-825-2/828-846-2/849-867-2 
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  870-882-2 
  884-888-2/891-927-2/930-948-2/951-969-2/972-986-2 
  988/990/993-1011-2/1014-1032-2/1035-1053-2/1056-1074-2 
  1077-1091-2 
  1093/1095/1098-1116-2/1119-1137-2/1140-1158-2/1161-1179-2 
  1182-1196-2 
  1198/1200/1203-1221-2/1224-1242-2/1245-1263-2/1266-1284-2 
  1287-1301-2 
  1303/1305/1308-1326-2/1329-1353-3/1355-1411-2 
  1413-1511-2 
  1513-1611-2 
  1613-1641-2/1644-1668-3/1670-1684-2/1687/1690/1692-1706-2 
  1709/1712/1714-1724-2 
  1726/1728/1731/1734/1736-1750-2/1753/1756/1758-1772-2 
  1775/1778/1780-1794-2/1797/1800/1802-1816-2/1819/1822 
  1824-1834-2 
  1836/1838/1841/1844/1846-1860-2/1863/1866/1868-1882-2 
  1885/1888/1890-1904-2/1907/1910/1912-1926-2/1929/1932 
  1934-1944-2 
  1946-1950-2/1953-1971-2/1974-1992-2/1995-2013-2/2016-2034-2 
  2037-2049-2 
  2051-2055-2/2058-2076-2/2079-2097-2/2100-2118-2/2121-2139-2 
  2142-2154-2 
  2156-2160-2/2163-2181-2/2184-2202-2/2205-2223-2/2226-2244-2 
  2247-2259-2 
  2261-2265-2/2268-2286-2/2289-2307-2/2310-2328-2/2331-2349-2 
  2352-2364-2 
  2366-2370-2/2373-2391-2/2394-2412-2/2415-2433-2/2436-2454-2 
  2457-2469-2 
  2471-2475-2/2478-2496-2/2499-2517-2/2520-2538-2/2541-2559-2 
  2562-2571-3/2573-2577-2 
  2579-2677-2 
  2679-2777-2 
  2779-2821-2/2824-2842-2/2845-2863-2/2866-2880-2 
  2882/2884/2887-2905-2/2908-2926-2/2929-2947-2/2950-2968-2 
  2971-2985-2 
  2987/2989/2992-3010-2/3013-3031-2/3034-3052-2/3055-3073-2 
  3076-3090-2 
  3092/3094/3097-3115-2/3118-3136-2/3139-3157-2/3160-3178-2 
  3181-3195-2 
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  3197/3199/3202-3220-2/3223-3241-2/3244-3262-2/3265-3283-2 
  3286-3300-2 
  3302/3304/3307-3325-2/3328-3346-2/3349-3367-2/3370-3388-2 
  3391-3405-2 
  3407/3409/3412-3430-2/3433/3436/3438-3454-2/3457-3475-2 
  3478-3496-2/3499-3511-2 
  3513-3517-2/3520-3538-2/3541-3559-2/3562-3580-2/3583-3601-2 
  3604-3616-2 
  3618-3622-2/3625-3643-2/3646-3664-2/3667-3685-2/3688-3706-2 
  3709-3721-2 
  3723-3727-2/3730-3748-2/3751-3769-2/3772-3790-2/3793-3811-2 
  3814-3826-2 
  3828-3832-2/3835-3853-2/3856-3874-2/3877-3895-2/3898-3916-2 
  3919-3931-2 
  3933-3937-2/3940-3958-2/3961-3979-2/3982-4000-2/4003-4021-2 
  4024-4036-2 
  4038-4042-2/4046-4073-3/4075-4147-2 
  4149-4247-2 
  4249-4305-2/4308-4317-3/4319-4335-2/4338-4352-2 
  4354/4356/4359-4377-2/4380-4398-2/4401-4419-2/4422-4440-2 
  4443-4457-2 
  4459/4461/4464-4482-2/4485-4503-2/4506-4524-2/4527-4545-2 
  4548-4562-2 
  4564/4566/4569-4587-2/4590-4608-2/4611-4629-2/4632-4650-2 
  4653-4667-2 
  4669/4671/4674-4692-2/4695-4713-2/4716-4734-2/4737-4755-2 
  4758-4772-2 
  4774/4776/4779-4797-2/4800-4818-2/4821-4839-2/4842-4860-2 
  4863-4877-2 
  4879/4881/4884-4902-2/4905-4923-2/4926-4953-3 
### Group FLU_BFZ2, Area = 12.8184 
  FLU_BFZ2, 2332 
  4-34-3/36-52-2/55-73-2/76-94-2/97-118-3/120/122 
  124-150-2/153-201-3/205-223-2/226-242-2 
  244/247/249-265-2/268/271/273-287-2/290/293/295-309-2 
  312/315/317-331-2/334/337/339-351-2 
  353-359-3/361-375-2/378/381/383-397-2/400/403/405-419-2 
  422/425/427-441-2/444/447/449-461-2 
  463-469-3/471-485-2/488/491/493-509-2/512-530-2/533-551-2 
  554-568-2 
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  570/572/575-593-2/596-614-2/617-635-2/638-656-2/659-673-2 
  675/677/680-698-2/701-719-2/722-740-2/743-761-2/764-778-2 
  780/782/785-803-2/806-824-2/827-845-2/848-866-2/869-883-2 
  885/887/890-926-2/929-947-2/950-968-2/971-987-2 
  989/992/994-1010-2/1013-1031-2/1034-1052-2/1055-1073-2 
  1076-1092-2 
  1094/1097/1099-1115-2/1118-1136-2/1139-1157-2/1160-1178-2 
  1181-1197-2 
  1199/1202/1204-1220-2/1223-1241-2/1244-1262-2/1265-1283-2 
  1286-1302-2 
  1304/1307/1309-1325-2/1328-1352-3/1354-1412-2 
  1414-1512-2 
  1514-1612-2 
  1614-1640-2/1643-1667-3/1669-1683-2/1686/1689/1691-1705-2 
  1708/1711/1713-1725-2 
  1727-1733-3/1735-1749-2/1752/1755/1757-1771-2/1774 
  1777/1779-1793-2/1796/1799/1801-1815-2/1818/1821/1823-1835-2 
  1837-1843-3/1845-1859-2/1862/1865/1867-1881-2/1884 
  1887/1889-1903-2/1906/1909/1911-1925-2/1928/1931/1933-1945-2 
  1947/1949/1952-1970-2/1973-1991-2/1994-2012-2/2015-2033-2 
  2036-2050-2 
  2052/2054/2057-2075-2/2078-2096-2/2099-2117-2/2120-2138-2 
  2141-2155-2 
  2157/2159/2162-2180-2/2183-2201-2/2204-2222-2/2225-2243-2 
  2246-2260-2 
  2262/2264/2267-2285-2/2288-2306-2/2309-2327-2/2330-2348-2 
  2351-2365-2 
  2367/2369/2372-2390-2/2393-2411-2/2414-2432-2/2435-2453-2 
  2456-2470-2 
  2472/2474/2477-2495-2/2498-2516-2/2519-2537-2/2540-2558-2 
  2561-2570-3/2572-2578-2 
  2580-2678-2 
  2680-2778-2 
  2780-2820-2/2823-2841-2/2844-2862-2/2865-2881-2 
  2883/2886/2888-2904-2/2907-2925-2/2928-2946-2/2949-2967-2 
  2970-2986-2 
  2988/2991/2993-3009-2/3012-3030-2/3033-3051-2/3054-3072-2 
  3075-3091-2 
  3093/3096/3098-3114-2/3117-3135-2/3138-3156-2/3159-3177-2 
  3180-3196-2 
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  3198/3201/3203-3219-2/3222-3240-2/3243-3261-2/3264-3282-2 
  3285-3301-2 
  3303/3306/3308-3324-2/3327-3345-2/3348-3366-2/3369-3387-2 
  3390-3406-2 
  3408/3411/3413-3429-2/3432/3435/3437-3453-2/3456-3474-2 
  3477-3495-2/3498-3512-2 
  3514/3516/3519-3537-2/3540-3558-2/3561-3579-2/3582-3600-2 
  3603-3617-2 
  3619/3621/3624-3642-2/3645-3663-2/3666-3684-2/3687-3705-2 
  3708-3722-2 
  3724/3726/3729-3747-2/3750-3768-2/3771-3789-2/3792-3810-2 
  3813-3827-2 
  3829/3831/3834-3852-2/3855-3873-2/3876-3894-2/3897-3915-2 
  3918-3932-2 
  3934/3936/3939-3957-2/3960-3978-2/3981-3999-2/4002-4020-2 
  4023-4037-2 
  4039/4041/4045-4072-3/4074-4148-2 
  4150-4248-2 
  4250-4304-2/4307-4316-3/4318-4334-2/4337-4353-2 
  4355/4358/4360-4376-2/4379-4397-2/4400-4418-2/4421-4439-2 
  4442-4458-2 
  4460/4463/4465-4481-2/4484-4502-2/4505-4523-2/4526-4544-2 
  4547-4563-2 
  4565/4568/4570-4586-2/4589-4607-2/4610-4628-2/4631-4649-2 
  4652-4668-2 
  4670/4673/4675-4691-2/4694-4712-2/4715-4733-2/4736-4754-2 
  4757-4773-2 
  4775/4778/4780-4796-2/4799-4817-2/4820-4838-2/4841-4859-2 
  4862-4878-2 
  4880/4883/4885-4901-2/4904-4922-2/4925-4952-3/4956 
### Group WALL, Area = 2.63059 
  WALL, 190 
  2/33/54/75/203/225/246/267/270-358-22/399-487-22/490-889-21 
  928-1159-21 
  1180-1327-21/1666-1776-22/1817-1927-22/1930-2539-21 
  2822-3431-21/3434-3833-21 
  3854-4043-21/4336-4924-21/4955 
################################################## 
###### FLUID NODE GROUPS ###### 
*FLUNODSET 



 92

### 
  FLU_NOD, 4954 
  1-4954 
### 
  REMY1, 192 % fixing the nodes at y1 direction 
  105-145-10/211-255-11/486-695-11/919-974-11/1437-1567-10 
  1577-1727-10/2187-2477-10/2582-2612-10 
  2622/2688/2699-2732-11/2963-3172-11/3396-3451-11/3914-4084-10 
  4094-4204-10/4664-4954-10 
### 
  REMY2, 192 % fixing the nodes at y2 direction 
  1-45-11/146-190-11/256-465-11/843-898-11/975-1118-11 
  1129-1294-11/1728-2047-11/2478-2511-11 
  2522/2623/2634-2667-11/2733-2942-11/3320-3375-11/3452-3639-11 
  3650-3771-11/4205-4524-11 
### 
  REMX, 108  % fixing the nodes at x direction 
  1-11/56-63/96-105/2047-2057/2174-2177/2468-2488 
  2533-2540/2573-2582/4524-4534/4651-4654/4945-4954 
### 
  SAMEX1, 144 % fixing the nodes at x1 direction 
  147-155/158-166/169-177/180-188/202-210/213-221 
  224-232/235-243/2624-2632/2635-2643/2646-2654/2657-2665 
  2679-2687/2690-2698/2701-2709/2712-2720 
### 
  SAMEX2, 180 % fixing the nodes at x2 direction 
  844-852/855-863/866-874/877-885/888-896/910-918 
  921-929/932-940/943-951/954-962/3321-3329/3332-3340 
  3343-3351/3354-3362/3365-3373/3387-3395/3398-3406 
  3409-3417 
  3420-3428/3431-3439 
### 
  XUCS2, 8  % fixing the nodes at x direction in UCS 
  146-179-11/2623-2656-11 
### 
  XUCS1, 8  % fixing the nodes at x direction in UCS 
  211-244-11/2688-2721-11 
*READINQ, FLU_ENT.GRP 
*FLPROP 
  FLUID=h2o, PRESSURE=1e-006, TEMPERATURE=298 
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############################## 
*FLUID_NSFLO 
   STATE = TRANSIENT EULER-IMPLICIT 
   FLOW = INCOMPRESSIBLE/ VISCOUS/ TURBULENT 
   GRAVITY = NONE 
## HYDRODYNAMIC SOLUTION 
   CONVECTION = ON 
   DIFFUSION = ON 
   USER SOURCES = OFF 
## No EOS for incompressible flow 
   INCOMPRESSIBLE DATA,  RHOC = 1000, CVC = 4180, XBETA = 0, 
EXPON = 0, TMPA = 0 
## Viscosity Data 
   VISCOSITY = CONSTANT, VALUE = 0.0001, PRL = 0.91 
## Turbulence Data 
   TURBULENCE = KEEPS 
   TURBDATA, CMU = 0.09, CEPS1 = 1.44, CEPS2 = 1.92 
   TURBDATA, SIGTKE = 1, SIGEDR = 1.914, PRT = 0.91 
   TURBDATA, CEPS3 = 0, C1DASH = 1.44, C2DASH = 1.44 
   TURBDATA, CEB = 0, REC = 122, SCLMAX = 1 
   AVERAGING = ARITHMETIC 
############################## 
*FLUID_NSDAT 
   SOLVER = GAMMA 
   CAPA    = THIRD 
   STAGES = 6 
   LIMITER = VANLEER 
   CFL = AUTO 
   DIFFUSION SCHEME = DEFAULT 
   CONVERGE_ACC = GLOBAL 
   CONVERGE_RESID_SMOOTHING = 0 
   CONVERGE_PRECOND = WEISS SMITH 
   NTDATA, BLEND = 1, BM = 0.1 
   WRAPDATA, LAST= 1000, TIMLMT = 1e+006, DELTA = 0.1, ITERS 
= 10 
   WRAPDATA, ITREF= 2, DUMP= 10, SAV = 5000, STORE = 5000, 
DTSTO = 1e+006 
   WRAPDATA, TPS = 0, WRAP = 0, BETA = 0 
############################## 
#################################################### 
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######## FLUID BOUNDARY AND INITIAL CONDITION ###### 
#################################################### 
###### {FLUID BOUNDARY CONDITIONS (5) ######  
*FLUID_BCS 
## BC 1 (Pressure Inlet) 
   GRP=FLU_BFX1, PRESIN, PRES=0, TEMP=300, 
SPEED=10,DCS=1/0/0, TURB_KE_LS=1e-008/1e-008 
## BC 2 (Pressure Outlet) 
   GRP=FLU_BFX2, PRESOU,PRES=0, EFFDIST=100, 
TEMP=300,TURB_KE_LS=1e-008/1e-008 
## BC 3 (Wall) 
   GRP=WALL,WALL, 
TYPE=NOSLIP/ADIABATIC,TEMP=0,VEL=1/0/0,OMEGA=1, 
ROUGH=0 
## BC 4 (Symmetry) 
   GRP=FLU_BFZ1, SYM 
## BC 5 (Symmetry) 
   GRP=FLU_BFZ2, SYM 
###### END OF FLUID BOUNDARY CONDITIONS} ######  
###### {FLUID INITIAL CONDITIONS (1) #####  
*FLUID_ICS 
## IC 1 (P_T_V) 
   FLU_ELE, PRES=0, TEMP=300, VELX=0.1, VELY=0, VELZ=0, 
TURBKE = 1e-008, TURBLS = 1e-008 
###### END OF FLUID INITIAL CONDITIONS} #####  
###################################### 
########  FLUID OUTPUT CONTROL ####### 
###################################### 
###### 
*FLTRACE % interested area to find the fluid result 
  155/215/326/345/479/703/742/874/932/982, PRESSURE, Pa 
  985, PRESSURE, Pa 
  155/215/326/345/479/703/742/874/932/982, VEL_X, m/s 
  985, VEL_X, m/s 
  155/215/326/345/479/703/742/874/932/982, VEL_Y, m/s 
  985, VEL_Y, m/s 
  155/215/326/345/479/703/742/874/932/982, DX, m 
  985, DX, m 
  155/215/326/345/479/703/742/874/932/982, DY, m 
  985, DY, m 
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## Fluid Variables to be saved in CONTOUR file 
## ONLY THE FOLLOWING VARIABLES ARE STORED  
*FLUVAR 
     PRES/ENER/DENS/VEL/TEMP/VISC/WALL/FILM/FLUX/BPRE 
TURB 
## Fluid Variables to be saved in HISTORY plot file 
*FLUHISVAR 
   FLUdt/RESID/PRES/DENS/TEMP/VEL/FILM/WALL 
*FLUID_END 
#################################################### 
################## REMESH DATA ##################### 
#################################################### 
*REMESH_DATA 
## Remesh Mode = DISP | NODE Smoothing 
 MODE = DISP SMOOTH 
    FREQ = 0.01 
## Remesh SCHEME = LUD | ITERative | AUTO (LUD/ITER) 
    SCHEME = AUTO 
## Remesh ORDER = SERIAL (By Node ID) | FRONTAL (FS nodes 
onwards) 
    ORDER = SERIAL 
## Node NEIGHBOURS = Nodes of neighbouring ELEM | FACE | EDGE  
    NEIGH = FACE 
    AVERAGE = ARITHMETIC 
## ITERATION TOLERANCE  
    ITER = 0.001 
*REMESH_CONDN 
    GRP=REMX,FIXX 
    GRP=REMY2, FIXY,UCS=2 
    GRP=REMY1, FIXY,UCS=1 
    GRP=SAMEX1, SAMEX=699 
    GRP=SAMEX2, SAMEX=839 
    GRP=SAMEY, SAMEY=839 
    GRP=FLU_NOD,FIXZ 
###### 
*ENDDATA 
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