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Chapter 1

CFD - An Introduction

1.1 What is CFD

Computational Fluid Dynamics or simply CFD is concerned with obtaining numerical solution to
uid ow problems by using computers. The advent of high-speed and large-memory computers
has enabled CFD to obtain solutions to many ow problems including those that are compressible
or incompressible, laminar or turbulent, chemically reacing or non-reacting.

The equations governing the uid ow problem are the continuity (conservation of mass),
the Navier-Stokes (conservation of momentum), and the enagy equations. These equations form
a system of coupled non-linear partial di erential equations (PDEs). Because of the non-linear
terms in these PDEs, analytical methods can yield very few sations. In general, closed form
analytical solutions are possible only if these PDEs can be ade linear, either because non-linear
terms naturally drop out (e.g., fully developed ows in ducts and ows that are inviscid and
irrotational everywhere) or because nonlinear terms are s@l compared to other terms so that
they can be neglected (e.g., creeping ows, small amplitudesloshing of liquid etc.). If the non-
linearities in the governing PDEs cannot be neglected, whil is the situation for most engineering
ows, then numerical methods are needed to obtain solutions

CFD is the art of replacing the di erential equation governi ng the Fluid Flow, with a set of
algebraic equations (the process is called discretizatign which in turn can be solved with the
aid of a digital computer to get an approximate solution. The well known discretization methods
used in CFD are Finite Di erence Method (FDM), Finite Volume Method (FVM), Finite Element
Method (FEM), and Boundary Element Method (BEM).

FDM is the most commonly used method in CFD applications. Hee the domain including the
boundary of the physical problem is covered by a grid or meshAt each of the interior grid point
the original Di erential Equations are replaced by equivalent nite di erence approximations. In
making this replacement, we introduce an error which is promrtional to the size of the grid. This
error can be reduced by making the grid size smaller to get an @&urate solution within some
speci ed tolerance.

1.2 Problem Solving in CFD using Equations

Computational Fluid Dynamics (CFD) provides a good exampleof the many areas that a scienti c
computing project can touch on, and its relationship to Computer Science. Fluid ows are modeled
by a set of partial di erential equations, the Navier-Stokes equations. Except for special cases no
closed-form solutions exist to the Navier-Stokes equatios, and this fact was one of the motivations

1



2 CHAPTER 1. CFD - AN INTRODUCTION

John von Neumann provided for the development of electroniccomputers.

Solving a particular problem generally involves rst the discretization of the physical domain
that the ow occurs in, such as the interior of turbine engine or the radiator system of a car. This
discretization is straightforward for very simple geometiies such as rectangles or circles, but is a
di cult problem in CAD for more complicated objects. Curren tly automatic ‘'mesh generators'
are simply not adequate, requiring extensive investment oftime on the part of the scientist or
engineer. This leads to problems in human-computer interfaes (HCI) and CASE tools, as well
as fundamental problems in graph theory since the resultingdiscretization gives a mesh that is
best dealt with as a graph.

On the discretized mesh the Navier-Stokes equations take # form of a large system of non-
linear equations; going from the continuum to the discrete &t of equations is a problem that
combines both physics and numerical analysis; for examplat is important to maintain conserva-
tion of mass in the discrete equations. At each node in the més between 3 and 20 variables are
associated: the pressure, the three velocity components,edisity, temperature, etc. Furthermore,
capturing physically important phenomena such as turbulerce requires extremely ne meshes in
parts of the physical domain. Currently meshes with 20,000 ¢ 2,000,000 nodes are common,
leading to systems with up to 40,000,000 unknowns.

That system of nonlinear equations is typically solved by a Newton-like method, which in
turn requires solving a large, sparse system of equations ogach step. Sparsity here means that
the matrix of coe cients for the linear system consists mainly of zeros, with only a few nonzero
entries. With 4.0e7 unknowns, clearly we cannot store the miix as a 2D array with 1.6el5
entries! Storing the coe cients requires development of e cient data structures which require
little overhead storage but allow the necessary manipulatns to be performed e ciently.

Methods for solving large sparse systems of equations are athtopic right now, since that is
often the most time-consuming part of the program, and becase the ability to solve them is the
limiting factor in the size of problem and complexity of the physics that can be handled. Direct
methods, which factor the matrices, require more computer ®rage than is permissible for all but
the smallest problems. lIterative methods use less storageub su er from a lack of robustness:
they often fail to converge. The solution is to use precondiibning; that is, to premultiply the
linear system by some matrix that makes it easier for the iteative method to converge.

CFD problems are at the limits of computational power, so pamllel programming methods
are used. That brings in the research problem of how to partiton the data to assign parts of it to
di erent processors; usually domain decomposition method are applied. Domain decomposition is
often expressed as a graph partitioning problem, namely ndng a minimum edge cut partitioning
of the discrete mesh, with roughly the same number of nodes ieach partition set. This is a hard
problem, so rapid heuristics are used to get quick and dirty slutions. An additional problem
with parallel programming is that the better methods for solving the resultant linear systems
often have inherently sequential characteristics, while jrallel solution methods are not robust
enough to tackle real world problems.

Once the solution is found, analyzing, validating, and pregnting it calls into play visualization
and graphics techniques. Those techniques are useful for m®than just viewing the computed
ow eld. Visualization can help with understanding the nat ure of the problem, the interac-
tion of algorithms with the computer architecture, performance analysis of the code, and, most
importantly, debugging!
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1.3 Governing (Navier-Stokes) Equations of Fluid Dynamics

1.3.1 General - Compressible and Viscous

1. Continuity
@ @, Qu), Qv), Qw)_
o" V@ Tex ey " ez .
2. Momentum
@u) _ @p @xx @yx , @z
@t +r (uV)= @x+ @x+ @y+ @z+ fx (1.2a)
@V) @p @xy @yy @zy
at +r (vV)= @y+ @x+ @y+ @z+ fy (1.2b)
@w) @p, @ @y, @
at +r (wV)= @z+ @x+ @y+ @z+ f, (1.2c)
3. Energy
_@ e+ V_2 +r e+ V_2 V = q_-}- _@ k@T +
@t 2 2 @x @x
@ ,@T @ ,@T @Qu) Qp awp,
@y @y @z @z @x @y @z
@u xx) + @u yx) + @u 2x) + @v xy) + Qv yy) +
@x @y @z @x @y
@v zy) L Qw )  @Qw yz) @Qw zz)
@z + @x + @y @2 \% (1.3)
1.3.2 Incompressible and Viscous
1. Continuity
@u @v @w_
rv= @X @y @z 0 (1.4)
2. Momentum
@@+ r V u= %E+ rou+ fy (1.53)
@ @
o’ V ov= @5+ rev+ fy (1.5b)
@@+ r Vv w= %S+ rew+ f, (1.5¢)
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Applications of CFD

CFD is interdisciplinary cutting across elds of aerospace mechanical, civil, chemical, electrical
engineering as well as physics and chemistry. CFD has been aély used in industry in the past
decade. It is certainly fun for uids enthusiasts, but where exactly can CFD be applied - the
following are areas of applications of CFD to date.

1.5

Automobile and Engine  Aerodynamics, Engines, Turbochargers, Intake/Exhaust Het-
ing/Cooling Systems, Brakes etc.

Industrial Manufacturing Aerospace, Aerodynamics. Gas Turbines, Rockets etc.
Mechanical Pumps, Compressors, Heat Exchangers, Furnaces, Nuclear Retors etc.
Chemical Mixers (multiphase), Chemical Reactors, Separators, Bogrs, Condensers etc.

Environmental Engineering Weather prediction, River and Tidal ows, Wind and Water-
borne pollution, Fire and Smoke spread, Wind loading etc.

Physiological Cadiovascular ows (Heart, major vessels), Flow in Lungs aml breathing
passages etc.

Naval Architecture Ship building etc.

Others Glass, Steel and Textile manufacturing , Food processing et

FAQs

What is CFD?

Computational Fluid Dynamics (CFD) is the science of prediding uid ow, heat transfer,
mass transfer, chemical reactions, and related phenomenaybsolving the mathematical
equations which govern these processes using computatidnaethods.

CFD is predicting what will happen, quantitatively, when u ids ow, often with the com-
plications of:

SimultaneousFlow of Heat

Mass Transfer (e.g., perspiration, dissolution).

Phase Change (e.g., melting, freezing, boiling).

Chemical Reaction (e.g., combustion, rusting).

Mechanical Movement  (e.g., of pistons, fans, rudders).

© gk~ wpn e

Stresses in and Displacement of
immersed or surrounding solids.

What use is CFD?

The result of CFD analysis is relevant engineering data usedh - conceptual studies of new
designs, detailed product development, troubleshootingredesign etc.

Knowing how uids will ow, and what will be their quantitati ve e ects on the solids with
which they are in contact, assists:-
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Building-services engineers and architects to provideamfortable and safe human en-
vironments.

Power-plant designers to attain maximum e ciency, and reduce release of pollutants.

Chemical engineers to maximize the yields from their reaors and processing equip-
ment.

. Land-, air- and marine-vehicle designers to achieve mawium performance, at least

cost.

. Risk-and-hazard analysts, and safety engineers, to préct how much damage to struc-

tures, equipment, human beings, animals and vegetation wilbe caused by res, explo-
sions, and blast waves.

CFD analysis complements testing and experimentation - it educes the total e ort required
in the laboratory.

What can CFD-based ow simulations enable?

1.

Metropolitan authorities need to determine where a polltant-emitting industrial plant
may be safely located, and under what conditions motor-vehile access must be re-
stricted so as to preserve air quality.

Meteorologists and oceanographers to foretell winds andiater currents; - hydrologists
and others concerned with ground-water to forecast the e ets of changes to ground-
surface cover, of the creation of dams and aqua-ducts on theuantity and quality of
water supplies.

Petroleum engineers to design optimum oil-recovery striegies, and the equipment for
putting them into practice.

Within a few years, it is to be expected, surgeons will conducoperations which may a ect
the ow of uids within the human body (blood, urine, air, the uid within the brain) only
after their probable e ects have been predicted by CFD methals.

How does CFD make predictions?

CFD uses a computer to solve the relevant science-based mamatical equations, using
information about the circumstances in question. Its compments are therefore:

1.
2.
3.

4.
5.

The human being who states the problem.
Scienti ¢ knowledge expressed mathematically.

The computer code (i.e. software) which embodies this kneledge and expresses the
stated problem in scienti c terms.

The computer hardware which performs the calculations ditated by the software.
The human being who inspects and interprets their results

Can CFD be trusted?
CFD-based predictions are never 100 percent -reliable, baase :

1.
2.

The input data may involve too much guess-work or imprecign.

The available computer power may be too small for high numscal accuracy (this is
often the case).
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3. The scienti ¢ knowledge base may be inadequate (so is thjs

The reliability is greater :

1.

a M e D

For laminar ows rather than turbulent ones

For single-phase ows rather than multi-phase ows.

For chemically-inert rather than chemically-reactive materials.
For single chemical reactions rather than multiple ones.

For simple uids rather than those of complex composition

Therefore, coal- red furnaces represent an extreme of unctainty; but CFD is nevertheless
used increasingly in their design because the uncertaintgeresulting from its non-use is even
greater.



Chapter 2

Welcome to ZNTutor-CFD

Welcome to ZNTutor-CFD! You now own one of the most educativeand e ective CFD software
tools available for beginners - and you've just taken a big stp toward learning CFD.

This Tutor is especially designed to train you to execute Conputational Fluid Dynamics(CFD),
interpret results and e ectively apply it in industrial pro blems. ZNTutor-CFD can be used by
anyone interested in learning CFD. As a rst time user, you are not expected to have undergone
any formal training in CFD, but it is assumed that you have completed at least one course in
Fluid Mechanics.

ZNTutor-CFD is a very versatile software. It provides you with many options to experiment
and learn CFD. Read on to nd out the various facets of ZNTutor-CFD.

2.1 What ZNTutor-CFD Does

Simulates Fluid Flow

ZNTutor-CFD is more than just a tutor. It can be used as a virtu al laboratory wherein one
can simulate a uid ow to “see' the motion of uid inside or ou tside a given shape. Flow
patterns, normally referred to as streamlines, can be cread and analyzed as a function of
ow parameters such as Mach number and / or Reynolds number fo any given 2D shape.

Executes CFD Problems

Many UG and PG engineering students are not provided any opton of studying CFD or
even executing CFD. ZNTutor-CFD can help engineering studets learn to identify what
goes into executing CFD and thereby improve their professioal skill set. PG students who
wish to undergo self-training can execute CFD problems in ZNutor-CFD. They can use
the links provided in the ZNTutor-CFD reference book to - read more about CFD, explore
the various topics in CFD, and learn while performing CFD experiments.

Demonstration and Validation Tool

ZNTutor-CFD provides multiple options at various levels in grid generation, simulation, and
post-processing. This makes it an excellent tool for demorgation of ow motion especially
as the uid model changes from simple to complex. ZNTutor-CHD can also serve as a
source for validating a code written by a novice. This makestia valuable validating tool
for developers.

Cost E ective CFD Tool
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Most often industrial establishments buy expensive CFD sdivare without the bene t of
the training required to use the software. This creates a mimatch in the pool of trained
manpower and the availability of the software. ZNTutor-CFD can be used as an extremely
cost-e ective tool for training manpower in CFD for industr y. Hence, highly professional
CFD software can be bought or obtained on lease only when theris a need to execute and
analyze a ow eld for a client.

Who needs ZNTutor-CFD and Why?

Engineers

ZNTutor-CFD provides an excellent solution for the trainin g of manpower to execute CFD,
interpret results and e ectively apply it in industrial pro blems.

Students

It would be ideal for engineering students to use ZNTutor-CFD while undergoing a Fluid
Mechanics course.

Professors

With the capability of visualizing the ow development, ZNT utor-CFD can be used as a
teaching aid and can potentially replace uid mechanics laloratories.

2.3 Installing ZNTutor-CFD

SYSTEM REQUIREMENT NOTE: Please make sure that you have the necessary system software

and

2.3

hardware before you buy ZNTutor-CFD.

.1 Platform Requirement

Platform requirement of ZNTutor-CFD is tabulated in

2.3

Platform CPU / Model  Operating System

Windows Intel / AMD Windows 98, 2000, Xp
IBM 64 bit RS 6000 AIX 5.1 or never

Linux Intel Linux kernel 2.6 or newer
Linux 64 bit Intel / AMD Linux Kernel 2.6 or newer
SGI R5k, R8k, R10k Irix 6.5 or newer

.2 System Requirement

ZNTutor-CFD requires a minimum of 100 MB of Disk space and 512MB RAM on each machine.

2.3

.3 Graphics Requirement

ZNTutor-CFD requires an OpenGL accelerated card.

The mentioned system requirements are recommended for gogukrformance.
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2.3.4 ZNTutor-CFD - Linux Installation

Steps to install the software:

1.
2.
3.
4.

Log in as Root or Super User.
Insert ZNTutor-CFD CD in the CD-Rom.
The CD get mounted automatically if it does not then

Use this Command to mount:

mount /media/cdrom

. Install ZNTutor-CFD rpm with the command:

rpm -ivh  <ZNTutor-CFD-rpm-name >
To uninstall the ZNTutorCFD rpm use the following command

rom -e <ZNTutor-CFD >

. Write to support@zeusnumerix.com for the Registration Key and the license

Steps for License generation:

1.

4.
5.

Copy GenHostid.ZNTutor-CFD executable from CD in Home and then run this exe using
Command

./GenHostid.ZNTutor-CFD

The GenHostID-ZNTutorCFD.exe requires the user to enterthe user name and name of the
institution

Mail us the "zeushostid" le (for contact information ple ase see below)
The license le will be generated and sent to you

Copy the license le zeuslicense in the following directoy /usr/local/zeus/ZNTutorCFD/

2.3.5 ZNTutor-CFD - Windows Installation

Steps to install the software:

1.
2.

N o 0o b~ W

Log in as administrator

Insert ZNTutor-CFD CD in the CD-Rom.

Click on ZNTutor-CFD setup executable to install ZNTutor -CFD

A Setup ZNTutor-CFD screen will be pop up

Follow the installation instruction

To uninstall the software use Uninstall ZNTutor-CFD menu from start menu

Write to support@zeusnumerix.com for the Registration Key and the license



10

CHAPTER 2. WELCOME TO ZNTUTOR-CFD

Steps for License generation:

1.

Run the GenHostID-ZNTutorCFD.exe executable le located in Installation path/ZNTutor-
CFD/bin directory to generate the "zeushostid" (The Hostld ) le

The GenHostID-ZNTutorCFD.exe requires the user to enterthe user name and name of the
institution

Mail us the "zeushostid" le
The license le will be generated and sent to you

Copy the license le zeuslicense in the following directry Installation path/ZNTutorCFD/



Chapter 3

A First Look At ZNTutor-CFD

This chapter explains the two modes of ZNTutor-CFD - Wizard and Interactive. In Wizard, the
tutor lists the CFD cycle as a step-by-step process, therebycquainting you with the CFD solving
process. In Interactive, the expert mode is brie y describ&l here and a few exercises are provided
to help you navigate the Interactive application. The Screen of the ZNTutor-CFD software looks
like this. B

3.1 ZNTutor - Wizard

Title Bar
Includes the ZNTutor-CFD Control menu button, the applicat ion name (i.e. ZNTutor-
CFD ), and the Minimize/Restore/Close buttons.

Menu Bar
Application commands are listed in the menu bar. In Wizard, the tutor mode, the Menu
Bar is not active.

Tool bar
Contains icons of speci ¢ application commands. In Wizard node, the Tool Bar is active.
Place your pointer on top of an icon to read the tool-tip for that icon.

ZNTutor-CFD Wizard Panel

This is a specially designed panel that lists the CFD Cycle asa Step Method. In addition
to this step-by-step solving process, several solved sangproblems are given. On selecting
a problem a brief description of that problem is provided in the Panel. At the bottom of
the Panel there are two buttons - Quit and Next. Selecting Quit will exit Wizard and open
the Interactive application. On selection of a problem, forexample: Backward Facing Step,
click Next to start the CFD solving process.

Graphics Area
The graphics area is the drawing area where you create and gfay the entities. In Wizard
mode, this area is for viewing only.

Status Bar
Provides feedback of the internal processes. On the Left s&lis the Feedback of the last
event and on the right is the diplay of the position of the cursor over the display area.

11
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Title Bar —*{ ks

Menu Bar —*

Tool Bar —*

Wizard Panel —*

1D Wizard 2D Wizard l

EEHKDYe +mp LA BO

Select Problem
Define Geometry
Define Grid

Select Solver Control
Define Flow Condition
View Solution

Backward Facing Step
Forward Facing Step
Flat Plate

Straight Nozzle
Straight Diffuser
Ellipse

Cylinder

Airfoil

BACKWARD FACING =]
STEP

This problem is studied to
find out point of
reattachment. The i

Quit | ]ﬂext>>|Feedhack:ZD Wizard

X=-1.3334Be+01 Y=6.15367e+01

Figure 3.1: Main Screen(Wizard Mode)

f

Statns Bar (Feedback Information)

Graphics
area
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1D Wizard | 2D Wiz( - 1D Wizard | 2D Wiz:
Select Model Equation Select Model Equation
Define Numerical Schen Define Numerical Sche
Select Solver Control Select Solver Control
Define Initial Condition Define Initial Condition
View Solution View Solution

i Select Schemes

Select Equation

FDM - Scalar 1D Line| | Forward in Time Cel

FVM - Scalar 1D Line: Forward in Time For

1D Shock Tube Equat Forward in Time Bac
LInwind Scheme |

= P — | = = [— =

SCALAR 1D LINEAR FTCS

EQUATION- FDM This Scheme discretizes
time as : [u]" = (U™'-u™)
(deltaT) and space as :
[U]™ = (Uieq-u"q) /
(2*deltaX), for the first

This problem involves the
fundamental 1D linear
wave equation, u_t +
F_x(u) = 0 using Finite
Difference Method.

Quit | <= Bac| Next => Quit | << BacK Next >>

Figure 3.2: Select Model Equation Figure 3.3: De ne Numerical Schemes

3.1.1 The 1D Wizard Step-By-Step Method

The 1D Wizard is designed to help you learn the steps involvedn solving a 1D equation, To start
this mode you have to select thelD Wizard tab at the top of the Wizard Panel. The specially
designed Wizard Panel on the left hand side of the applicatia lists a step-by-step problem solving
process. To view the CFD problem solving process, click on # Next button (located on the
bottom right of the Wizard panel) to take you to the next step. A variety of 1D equations i.e. 1D
Linear wave, 1D Shock Tube etc., are solved step-by-step wlitthe help of Wizard using di erent
discretization techniques like FDM, FVM. Note : Click Next button located at the bottom right
of the wizard panel to move to consecutive steps.

1. Select Model Equation:

Select an equation type from the set of types of equations praded in the scroll-down box. A
brief description of the chosen problem appears at the bottm of the panel.Refer gurel32.

2. De ne Numerical Schemes:

In this step it is required to select the numerical scheme to le used to solve the equations.
It is very important to select the correct scheme because amiappropriate scheme can make
the solution divergent. A small description of the schemes hve been given below the selec-
tion list.Refer gure 831
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Figure 3.4. Solver Control Figure 3.5: Initial Condition Figure 3.6: View Solution

3.

Select Solver Control:

This step is used to give the various inputs to the solver. Theinputs include Domain
Information, Cluster Type, and other solver parameters. The term Domain refers to the
1D Grid, and Cluster means aggregation of the Grid Points towards one direction.Refer
gure 841

De ne Initial Condition:

Here in this step you specify the input that you are going to provide to the kind of equation
you have selected to solve and the parameters for the input. fere are various kind of inputs
available, namely Sine Wave, Cosine Wave, Square Wave.Refx gure BAl

View Solution:

This last step is to specify the way in which the solution is tobe displayed. There are three
modes of display i.e..Display the nal Result , Display Unknown at Every Iteration
or Display Analytical Solution .Refer gure B8.

Once the solution has converged arSolver Finished !''  message will appear, see gure,
you have to Save the Solution File  for example -BFS or some similar name.

Note: If at anytime you want to quit solving the problem while the solver is running, click
on Stop Solver and Quit . This will stop the solver and will display the solution at th e
last Display at Iteration.
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Figure 3.7: Select Problem Figure 3.8: De ne Geometry Figure 3.9: De ne Grid

3.1.2 The 2D Wizard Step-By-Step Method

The 2D Wizard is designed to help you learn the steps involvedn solving a CFD problem. To start

this mode you have to select the2D Wizard tab at the top of the Wizard Panel. The specially
designed Wizard Panel on the left hand side of the applicatia lists a step-by-step problem solving
process (i.e. CFD Cycle). To view the CFD problem solving praess, click on theNext button

(located on the bottom right of the Wizard panel) to take you t o the next step.Around 15-16 ow
problems are solved step-by-step with the help of Wizard.

1. Select Problem:

Select a problem from the set of problems provided in the scibdown box. A brief descrip-
tion of the chosen problem appears at the bottom of the paneRefer Figure 3.7.

2. De ne Geometry:

You can view the diagram and the parameters of the problem sekcted. You can experiment
and insert new values for the parameters, however, defaultalues are provided to guide you.
Refer Figure 3.8.

3. De ne Grid:

The rst step towards grid generation is selecting the Type of Grid (Structured, Unstruc-
tured) and the Quality of the Grid  (Coarse, Medium or Fine). It is at this stage that the
Boundary Type (Wall) is determined and the Boundary Edges (In ow and Out ow)
are xed by the Wizard automatically. Refer Figure 3.9.
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Figure 3.10: Solver Controls Figure 3.11: Flow Condition Figure 3.12: View Solution

4. Select Solver Controls:

You have reached a step in the CFD cycle called Analysis of theroblem. Here, you have to
select theType of Flow Model as Compressible or Incompressible, next select th&ype
of Fluid Model as Laminar or Inviscid, Type of Fluid as air or water and then select the
kind of solver to be used, which are Pressure based and Dengibased solvers, and select
the scheme, algorithm or order of scheme to be used. Refer kige 3.10.

. De ne Flow Condition:

Next, you have to de ne the Flow Condition for the problem. This refers to the In ow
Conditions (Velocity, Temperature, Pressure, Mach No., and Flow Diredion) and Out ow
Conditions (Pressure at Outlet). If you have selected the ow to be turbulent then you
have to specify the Turbulence Model in the lowest elds also inputting the Intensity
and the turbulent eddy viscosity ratio. You can change the vdues for any of the parameters,
however, default values are provided to guide you. Refer Figre 3.11.

. View Solution:

Once you have de ned the Flow Condition, click on Run button to trigger the solver to
begin the solving process. In this step you can monitor the dation while the solver is run-
ning. To view the solution in Mach Distribution select Mach under the Monitor section
in the Wizard Panel. Refer Figure 3.12.
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Figure 3.13: Interactive Mode Screen

Once the solution has converged arteration Completed message will appear,you have
to Save the Solution File

Note : You can also know if the iteration has converged from theResidual Plot if the
curves drop at a fast rate.

Note: If at anytime you want to quit solving the problem while the solver is running, click
on Stop Solver button. This will stop the solver and will display the soluti on at the last
Display at Iteration.

After this wizard mode let us now learn about Interactive Mode

3.2 ZNTutor-CFD Interactive mode

This is the expert mode to be used after you have undergone tiaing in Wizard and have explored
it entirely. In Interactive, you can create any 2-D shape andalso the domain in which the ow
eld is to be simulated. You have to follow the steps learned n Wizard to solve your created
2D problem. Given below is a brief description of the Interadive Application as seen in Refer
Figure 3.13.

You will learn to open ZNTutor-CFD Interactive, navigate th e Interactive screen and close
Interactive Mode below.
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3.2.1 Open Interactive

You have to Quit the Wizard Mode to open the Interactive Mode. Do the following exercise which
demonstrates opening ZNTutor-CFD in the Interactive Mode.

1. To the lower left of the ZNTutor-CFD Wizard application is the Wizard Panel. Click on
Quit button, located at the bottom of this panel.

2. Click your left mouse button.

3.2.2 Interactive Screen

The Title Bar
The Title bar is located at the very top of the screen. On the Title bar, you will see
"ZNTutor-CFD ".

The Menu Bar

The Menu bar is directly below the Title bar and displays the menu. The menu begins with
the word File and continues with the following: Create, Edit, Tools, Display, Geometry,
Grid, Analysis, Post Analyzer and Help. You use the menu to gve instructions to the
software. Point with your mouse to a menu option and click theleft mouse button. A drop-
down menu will appear. You can now use the left and right arrowkeys on your keyboard
to move left and right across the Menu bar options. You can usehe up and down arrow
keys to move up and down the drop-down menu. To select an optio, highlight the item on
the drop-down menu and press Enter. You can also use your moes- left-click to select an
option.

Do the following exercise, which demonstrates using the Iréractive menu.

=

Point to the word File , which is located on the Menu bar .
Click your left mouse button.

Move the right arrow key until Help is highlighted.

Move the left arrow key until Create is highlighted.

Move the down arrow key until Polyline is highlighted.

Move the up arrow key until Point is highlighted.

Move the right arrow key which opens a new menu.

Move the down arrow key until XY Coordinates is highlighted.

© 0 N o R~ WD

Press Enter to select theXY Coordinates menu option.

=
©

Point to Cancel and click the left mouse button to close the dialog box.

Tool Bar
The Tool bar provides shortcuts to the menu commands. The Tobbar is located below the
Menu bar. To use a shortcut from the Tool bar, do the following exercise:

1. Point to Zoom Out .

2. Click your left mouse button

3. Observe the increase in magni cation in the Drawing area

4. Next point to Default View
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5. Click your left mouse button to reset the default view.

The Status Bar
The Status bar appears at the bottom of the screen. It provides Feedback on the internal
processes. Here are some examples:

1. Move your mouse pointer around in the drawing area.

2. Notice the feedback given in the status bar

3. It shows the coordinate of the Mouse pointer at that instart

4. The status bar also gives feedback about any object selesd from any geometry.

3.2.3 Close Interactive

To close and exit Interactive:
1. Click on File , which is located on theMenu bar .
2. Move the down arrow key until Exit is highlighted.
3. Press Enter.

4. Click on Yes, if you are prompted, "DO you want to exit ?"

All these Commands we are going to use while solving tutoria in the interactive mode.
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Chapter 4

Geometry

This chapter describes the various options available to theuser for the creation of various kinds
of 2D geometry and also describes the option available for etihg the geometries. There are
three types of entities that the user can form a geometry with viz., Point, Polyline and PBLS
(Piecewise Bi-Linear Surface). These entities are creatednd can be used for various kinds of
uses. There are also various mehods for creation of these @rgs. these methods are available in
the menu that comes up while selecting each of these types okgmetry objects. Each of these
methods have been explained below.

4.0.4 Points

Points can be created by using the Point option in the Create nenu. The points are like the basic
building blocks of a geometry. They can be used to build linesvhich is nally used to create the
whole geometry. additionally polylines can be used to crea PBLS. The methods for creating
points are mentioned below. (See Figure 4.1)

Figure 4.1: Point Create Menu

1. Point: With this option points can be plotted in the Display Area wit h the help of the
mouse. User just have to select the option and left click on tle area where the point is
needed. If multiple points are needed than user just have to @ntinue left clicking on the
di erent positions in drawing area where the points are neeed. If no more points are needed
then the user just have to Right-click his mouse in the Drawing area to stop creating points.

2. XY Coordinates:  Selecting this option brings up a panel where user can input &lues of
the X and Y coordinates of the points to be created.
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3. From Polyline:  Before selection of this option user have to select the polyie from which
points have to be extracted. When this option will be selectel then all the points making
up the polyline will be extracted.

4. From PBLS: Before selection of this option the user have to select the PBS fro which
points have to be extracted. When this option is selected tha all the vertices of a PBLS
will be extracted.

5. From Triangulation: This option extracts points out of all the vertices on the sekcted
triangulation.

6. Intersection of two curves: This option will extract point two curves (PLC's) intersect
each other.
4.0.5 Polyline

Polylines are created for representing domain boundariesThey are also used to make mapping
lines for structured grid so the resulting grid is uniform. The usage of polyline for that purpose
will be described later on in the manual. The options availalle for forming polylines will be
described below.(See Figure 4.2)

Figure 4.2: Polyline Create Menu

1. Polyline:  With this option the polylines can be created by using the mowse. To do that
rst select the option, then left _click on the area in the Drawing area at which the PLC
should start. Then consecutively left click on the positions through which the PLC should
pass. After creating the last point Right click on the display area so that the PLC is created.

2. From Points:  This option creates a polyline out of the selected points.

3. Algebra of N PLC:  Creates n number of PLCs between 2 PLCs (having equal numberfo
points) using interpolation. This option comes with a pop-up window which has entries as
follows:

No. of Copies : Enter the number of copies (including the existing PLC's) required.
U_ min : Enter minimum value for a variable (parameter) u. Default value is 0.
U_ max : Enter maximum value for a variable (parameter) u. Default value is 1.
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Algebraic Equation  : Enter the appropriate algebraic equation depending on theequired
distribution of interpolated PLC's. The default expressionisu c¢1+(1 u) c2.cl
and c2 stand for the rst and second selected curves respectively

4. From Expression:  This option creates a polyline using a user de ned expressiode ning
X and Y coordinate for the polyline.

5. From Polygon Boundary: This option extracts a polyline out of the boundary of the
last selected Unstructured Mesh.

6. Extract From PBLS: Before selecting this option, select two points lying on thesame
plane and then select this option to create a PLC out of the PBLS passing through these
two points.

4.0.6 PBLS

This menu is used to create PBLS using variety of methods. PBIS can be created and converted
to form structured grid. The opposite edges will always havesame number of points. The options
available for creation of PBLS are given below.(See Figure .3)

Figure 4.3. PBLS Create Menu

1. From Polyline: This option will convert more than one selected PLC's having equal
number of points into a PBLS.

2. From Expression:  This option brings up a panel in which expression for the cretion of
PBLS is to be speci ed.

3. From 2D Structured Grid: This option will convert the 2D structured grid into a PBLS.

4. Stitch PBLS: This option will join the overlapping edges of two PBLS. The caiteria of this
option is that the edges should exactly overlap each other ath the number of points on both
the edges should be the same.

5. Split PBLS: This option splits one PBLS into two. To perform this operati on we have to
select two consecutive points lying on a single line of the PBS.

6. Deform PBLS: Deforms a PBLS for a required range by providing an expressio for the
X and Y values in terms of the old values.
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Chapter 5

Grids

Simulation of eld equations in science and engineering regjre discretization of space. The space
variables for example - pressure, velocity, density, and tmperature are point variables and are
calculated at speci c points in space. In the parlance of CFDthis discretization of space is called
mesh generation or grid generation. This refers to the creabn of discrete points and their connec-
tivity (neighbourhood information) so as to input the geometry of the domain to the simulation
codes.

The most important quality of a computational grid is that it must de ne enough points to
capture everything that is going on of interest in the domain. If there are too few points, some of
the critical information about the ow may be lost. But if the number of points are way too large
then the time required for computation will increase dramatically.Some approaches are rather
simplistic and involve dividing the region into equally spaced regions. For complex geometries
this is not possible and the grid generation techniques usuly involve the solution to more di er-
ential equations.

The solutions to these are actually somewhat similar to thog used to solve the uid ow
equations themselves. In this chapter you will use two typesof grid generation techniques - 2D
Stuructured Grid and 2D Unstructured Grid. The quality of th e grid is also important and can
strongly in uence the solution - including whether or not a solution can be found at all. This
chapter discusses how to generate a grid and de ne the boundg edges.

Having de ned the geometry for a problem, the steps remainirg to be performed before it will
be possible to run simulations for the geometry are given belw:

1. Make adjustments in the PLC's points to make it ready for proper grid.
2. De ne Grid
3. Check Quality

4. De ne Boundary Conditions
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5.1 De ne Grid

Each of the two types of grid generation technique will be expained in the following subsections

5.1.1 2D Unstructured Mesh Generation

Before creating the mesh there are a few things that has to beaken care regarding the geometry
consisting of PLC's. They are as follows.

1. De ne the number of points on the PLC properly so that the delaunay triangulation creates
ne enough triangles near the boundary where there is goingd be abrupt changes in the
ow. ( Follow this step if it is required to make non-uniform mesh wkere the triangle sizes
vary.)

2. De ne points on the PLC on which mesh is to be created at unibrm distances if the required
mesh is to be uniform.

The Delaunay mesh is made by the Delaunay panel which opens upy using the following
menu command
(See Figure 5.1)

Figure 5.1: Unstructured Create Menu

Grid { > 2D Unstructured { > Create { > Delaunay
In the Panel that opens up select theLength radio button if an non-unifom mesh is required and
Area button if the mesh required is to be uniform. the funtionality and type of mesh created is
de ned below

Type Output Mesh  Usage

Length  Non-uniform In the length eld try various values
from 1.0 to 2.0 and pressPreview
button each time to view the mesh till
desired quality of mesh is obtained

Area Uniform In the Area eld try out di erent values
above 0 and presdreview button each
time to view the mesh till a fairly
uniform mesh is obtained.
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(After the above operation pressOK to close the panel and accept the mesh. If the panel is to be
cancelled pressClose)

There is one important point to consider when generating a Ustructured mesh and according
to this observation process is de ned. They are to de ne if

Internal ow inside a complex geometry

External ow over a geometry

Internal Flow

If we have this type of geometry to be meshed then the followig steps are to be followed

1. Make sure that the geometry that you have created from PLCS is a closed geometry and
have su cient number of points on it.

2. Select the closed geometry

3. Select the following option from the menu
Grid { > 2D Unstructured { > Create { > Delaunay

4. Using the Delaunay panel that opens up generate the apprajate grid

External Flow

External ows should have at least one PLC de ning the object lying in the ow and a domain
inside which the ow will occur. The steps to be followed for Mesh generation are

1. Ensure that the PLC supposed to be Flow boundary is closed rad other the other PLC is
opened or close as per the requirement

2. Select the interior PLC's at rst and the Boundary PLC at la st

3. Select the following menu command to open up the Delaunay gnel
Grid { > 2D Unstructured { > Create { > Delaunay

4. Using the Delaunay panel that opens up generate the apprajpate grid

(In case of complex geometries in which there will be objectgihg inside the domain of an
internal ow then a mixture of both the above type of processsi to be usej

5.1.2 2D Structured Grid Generation

This part will discuss about the structured grid generation about a geometry. Before initalizing
the Multiblock method it is necessery to plan how the Block Edges will be mapping the geometry.
For doing this it is necessery to have di erent Mappable PLC's having the necessery number of
points that will de ne the number of grids in the orthogonal d irection in the 2D structured Grid.
Having done that, it is necessery to plan out the topology of he 2D Multiblock and the edges of
the blocks which are to be mapped. After all this has been donenapping has to be done. All
this has to be done keeping in mind that there should be least oif possible no skewness of the
grid cells. To learn more about the 2D Multi-block grid generation try ou the tutorials named 2D
Structured Meshing  and Clustering over an Airfoil
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5.2 Boundary Edges

The cells adjoining the boundary of the domain, may not have aneighbour across one of its edges.
Such edges, may form a part of wall constraining the motion othe uid, or a boundary between
the domain (region where properties are being simulated) ad region where ow conditions are
assumed to be known. There are three types of boundaries uséil ZNTutor-CFD - Wall, In ow
and Outow. For Unstructured Mesh Only the In ow and Outow b oundary condition can be
set , and the Wall boundary condition is set to all the boundary layer where there is no in ow or
out ow.

5.2.1 Boudary Condition - Unstructured Mesh

To de ne the boundary edge of a triangulation follow the following steps.(See Figure 5.2)

Figure 5.2: Unstructured Boundary Condition Menu

1. Pick the 1st, Next and Last points  on the edge you want to select for setting boundary.
For example - to select an in ow edge for a Forward Facing Stepthe points will have to
picked on the left-hand vertical edge of the Forward Facing $ep.

2. Select from the main menu
Grid { > 2D Unstructured { > Boundary Condition { > Inow (for inow )
Grid { > 2D Unstructured { > Boundary Condition { > Outow (for outow )

After Boundary condition have been specied the Boundary cadition can be reviewed by
using the following menu option
Grid { > 2D Unstructured { > Boundary Condition { > Show Boundary Condition
A panel opens up which has options to display the boundary codition over the grid
5.2.2 Boundary Condition - Structured Mesh

Follow the following process to tag bounday condition for a $ructured Grid.(See Figure 5.3)

1. Select the Boundary edge to be tagged by using the Block tds from the toolbar.

2. Select the following menu option
Grid { > 2D Structured { > Boundary Condition { > Dene as In ow

3. The On Edge option opens up a panel, where in the boundary condition eldselect the
desied boundary type
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Figure 5.3: Structured Boundary Condition Menu

4. In the Label eld, give an appropriate label. (Preferrably Edges belonging to a single object
or same kind of boundary should be given same lapel

5. PressOK

After Boundary condition have been specied the Boundary cadition can be reviewed by
using the following menu option
Grid { > 2D Structured { > Boundary Condition { > Show Boundary Condition A
panel opens up which has options to display the boundary conition over the grid
This chapter discussed de ning grids and boundary edges fom problem. The next chapter
discusses solver controls and ow conditions for a problem.
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Chapter 6

Solver

The various options available for setting up and running the solver in ZNTutor-CFD is explained
in this chapter.

6.1 Fluid Model

Solver Controls comprise of numerical tools such as ow mods, uid models, and ow schemes.
The ow models and uid models are required to change the govening Partial Di erential Equa-
tions (PDESs) to Algebraic Equations for various types of ows (inviscid, incompressible, viscous,
compressible or a combination of the above) and the equationgoverning the ow are solved with
the aid of ow schemes.

6.1.1 Flow Models

The uid ow equations solved in CFD use properties of uid su ch as density, viscosity, gas con-
stant, speci ¢ heat constant volume, speci ¢ heat at constant pressure, etc. If all these properties
are included in the ow equations the accuracy of the simulaton is enhanced. But this increases
the computations as the uid ow equations have to be solved for each property as well as for
the interdependence of the properties on each other. In CFD hierefore, some properties of the
uid are neglected so that equations become less cumbersonte solve and are made manageable
within limits of existing computers. The following uid ow equations, often called 'Flow Models'
are popular. There are 2 principle types of ow models availdle in the ZNTutor-CFD. They are
as follows (See gure 6.1)

1. Compressible ow : In compressible ow model the properties of the the uid obey the
Gas Law, i.e., its density is allowed to change as a function fopressure and temperature.
This kind of e ect generally leads to productions of shock waes in compressible ows. The
main area of application of the compressible ow models are lie aerospace industries and
hydaulics. In general Compressible ow model should be rundr Air as the Fluid for Mach
numbers larger than 0.4.

2. Incompressible ow : In this model, the ow equation assume that density changes &
negligible and viscosity can be assumed to be zero. This moblis quite unrealistic for most
of the simulations. However, for air with velocities in the range of several tens of m/s or so
and shapes extremely thin aligned in the direction of ow, (viz, high Reynolds number ow
past airfoils) this model gives results away from the bounday.
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Figure 6.1: Fluid Model Menu

Any ow model can be further divided into many subtypes, they are the Inviscid equation
and the Viscous equations that contains the Laminar Flow Mocel and the Turbulent ow model.
The simulation of Compressible-turbulent uid is considered to be the most elaborate kind of
ow simulation, but it requires the most amount of computati onal e ort, so this kind of sim-
ulation is rarely done. Instead what is generally done is simlate for incompressible-turbulent
uid if the mach number is less than 0.5 ( for air ), and in the compressible case ( i.e. M>
0.4 for air ) the uid is considered to be Inviscous neglectirg the viscous e ect. Both this mea-
sures reduces the computational e ort necessery by reducipthe number of equations to be solved.

The next options present in the panel are either for the Presgre based Method, or the Density
based Method solver options. The de nitions of both the terms are given below.

1. Pressure based solver : This kind of solver is run for incompressible uid where all the
therodynamic relations between tempreature, pressure andlensity can be neglected. The
resulting solver solves for only two types of conservation guations:

(a) Mass conservation equation
(b) Momentum conservation equation

In addition the pressure based solver is more able to solve fadvection dominated ows,
thus solving for parabolic form of equations

2. Density based solver :  This kind of solver solves for all the three kind of conservaibn
equation taking care of the thermodynamic relations betwea temperature, density and
pressure by following the ideal gas law, thus making it usefuto be used for compressible
uids. In addition to solving for the 2 conservation equation as the pressure based solver,
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the density beased solver solves for the Energy equation as The resulting solver solves
for a Convection dominated ow, thus solving for hyperbolic form of equation.

The various options available in the two di erent section of the Fluid Model panel are given
below

6.1.2 Pressure based Solver

In this section there are options to be selected for the di eent Advective Schemes  and Solu-
tion Algorithms

There are the following option avalable for Advective Schenes
1. Central Di erence

2. Ist order Upwind

3. lind order Hybrid
The solution algorithms available are
1. SIMPLE

2. PISO

6.1.3 Density based solver

In Density based solver section you can select options of th€onvection Schemes and the
Scheme Order

The options available for the Convective Schemes are

1. HLLC : It is an approximate Riemann solver type scheme which perfan better at high
mach ows. It is recommended for Viscous Supersonic calcutan

2. Stegar Warming :  This is a Flux Vector Splitting Scheme where Eigenvalues anduxes
(f) are split into f+ and f-. The f+ is discretized with a backw ard di erence and f- with
a forward di erence. In this particular scheme uxes are split based on the sign of eigen
values.

3. Preconditioned : The compressible schemes show sti ness at low speed which ects the
convergence. this occurs due to di erence in magnitudes oftte eigen values. To overcome
this sti nes and solve Incompressible ows with the compressible solver a preconditioning
matrix is applied to the scheme which assists the convergemcof incompressible ows. This
method is called as Preconditioning and the name of the scheenis Pseudoweiss scheme

The solution schemes can be solved ifst order or by the Iind Order Muscle  scheme

6.2 Flow Conditions

In this panel various ow parameters can be solved. Also we ca specify if the geometry and the
grid created is for an axisymmetrical case by selecting theaxisymmetrical option at the top
of the panel. The Scaling Factor can be specied in the Scaling Factor Field. Apart from the
above two options this panel has the following sections. (S& gure 6.2)
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Figure 6.2: Flow Condition Panel

In ow Conditions

In this section there are various elds for specifying condiions of the in ow boundary. They are
given below

1.

Velocity Magnitude (in m/s)

. Temperature (in K)
. Static Pressure (in Pa)

2
3
4.
5

Mach Number

. Flow Direction (in Degrees)

6.2.2 Out ow Conditions

This section gives eld to enter the Static Pressure for the out ow boundary condition.

6.2.3 Turbulence Model

The turbulent ow models in ZNTutor-CFD consists of two kind of turbulence models.

1.

Standard k- Model : Itis atwo equation turbulence model derived from RANS modeing:
Ensemble Averaging. Here k is turbulent kinetic energy and is turbulence dissipation rate.
The Turbulence viscosity is derived from k & and its e ect is modeled in momentum
equation

. SST Model : Itis a blend of two most successful model in two-equation modl regime.

K-!' and k- model are blended in such a fashion that it behaves like k-onga model near
wall and like k- model in free shear layer zone. It requires about 10 grid pois inside
boundary layer and 1st grid point at y+ of 1-3

There are elds available in the Turbulence Model section that species the Turbulence
Intensity  and the Eddy Viscosity Ratio
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6.3 Execution Setup

Figure 6.3: Exeution Setup panel

This panel contains the nal set of parameters that are to be &d to the solver before running
it and also has the Run Solver button. which starts the execution of the solver. The Panel

contains the following sections.(See gure 6.3)

1. Flow Initialization : The ow eld initial condition can be set by two types, they ar e the
following
(a) Based on Boundary Conditions: This option sets the ow parameters in the ow
domain equal to the parameters that are set for the in ow boundary

(b) From Existing Solution : This option has a button towards its right side, where it
is possible to specify a CGNS le containing a previous solubn over the same grid as
the present grid

2. Implicit Solver  parameters: This section has 3 elds which are explained below
(&) Momentum Relaxation

(b) Pressure Relaxation
(c) Linear Solver Convergence

the type of linear solver to be used is to be specied in theLinear Solver section. The
options available for linear solver are

(&) Multi Grid Method
(b) Gauss Siedel
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(c) LU Decomposition
3. Explicit Solver parameters: In this section the following 3 parameters can be set

(@) Time Marching : Either Local or Global time marching can be chosen.

(b) Rungekutta : Here the order of the time marching scheme ca be set and be given a
value between 1 to 5

(c) CFL : The CFL number can be set here
4. Execution parameters: This section de nes the execution parameters. They are

(a) Desired Residual Fall : This parameter de ne the residud value upon reaching which
the solver will stop execution

(b) Number of Iterations : This eld speci es the maximum num ber of iterations that the
solver should execute before terminating

The nal button present in this panel is the Run Solver button that should be pressed after
all the ow parameters have been properly de ned. On pressimy this button the Solver will be
red with the speci ed conditions

6.4 Monitor Simulation

The ZNTutor-CFD enters the Post-Processing mode immediatdy after you press theRun Solver
button in the Execution Setup Panel of the Analysis menu or the Run button after setting up
a problem in the Interactive Mode . The Post Processing mode is actually a runtime visualizer
which is instrumental in visualizing the development of the ow till the iterations are completed.
On entering this mode the Flow domain will be displayed in thedisplay area of the main window
having the color legends of the ow parameter selected shown to the right of the display area,
a Post Processor, Flow parameter selection panel will open lnere the parameter to be displayed
in the diagram area is to be selected in theSolution parameter box at the bottom of the
panel. And a Window containing the residual plot of the solve is also displayed that displays the
variation of parameter after each iteration. The update of the values of the post processor occur
at the value speci ed at the Display at Iterations eld in the Execution Setup panel.



Chapter 7

Post Analyser

7.1 View Solution

The rst step to view the solution written in the CGNS le, sav ed after the completion of the
iterations you need to open the le\Post Analyzer".

Click on the Post Analyzer on the Menu bar and from drop down menu selectOpen as
shown in gure 7.1

After clicking on the Open, a question will appear on the screen as shown in gure 7.2.
Click on Yes.

An Choose a le to open window will be opened. Choose the CGNS le for Post pro-
cessing as shown in gure 7.3

A pop window will appear as shown in gure 7.4

The Post Process Window will be opened. Various types of plat which can be obtained
in the Post Analyzer are shown in the side pannelPost Processing Tools . (Refer gure
7.5.)Post Analyzer has di erent plots as,

1. Scalar Mesh Plot : On selecting this option the Mesh of the solution will be digplayed.
To display the proper mesh, press the Button to the right of the option. This opens up a
panel namedMesh Plot .

2. Vector Plot : On a 2-D plane of data are often represented as arrows that pot in the
direction of the vector, with a length proportional to the ma gnitude. To view the entire

Figure 7.1: Open the CGNS File Figure 7.2: Geometry Mode ON
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Figure 7.3: Window to open the CGNS File

Figure 7.4: Interpolation Question

Figure 7.5: Post Processing Tools
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domain, arrows are placed at the location of each data elemén

Color Plot : On selecting this option the variation of a selected ow parameter according
to color will be visible in the display area of the main window. To enable this option, rst

select the option and then press the button to the right of this option. This will open up a
panel namedColor Plot

. Contour Plot : On selecting this option the lines connecting the regions othe ow domain

having equal values, thus displaying contours of equi-valad regions of Flow domain. To
display the contours, press the Button to the right of the option. This opens up a panel
named Contour Details

Shade Plot : This plot paints the ow domain with the specied color. Aft er enabling
this option, press the button to its right which opens up the Select color Box where the
required color should pe chosen and then pres9K

Streamtrace Plot : Streamlines are used especially when the particle itselisinot repre-
sented. It shows a path through the vector eld for a static moment of time.

. Boundary : Enabling this option displays the outline of the ow domain by showing the

boundary of the ow.

Legend : This option enables the legend related to the ow parameterbeing displayed.

CFD results are represented by the use of surface colors. Rétot" areas indicate high values

and blue "cool" areas represent low values. Also the blue "col" colors indicate low speed ow
and the red "hot" indicate high speed ow. Another interesti ng method of displaying CFD results
is to show the particular path of particles in the ow. This te chnique is used when the ow eld
away from solid surfaces is of interest.

Contour plots of mach number, pressure, temperature, etc. g often used to present CFD

data so that it can be visually interpreted easily.
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Figure 7.6: Post Process Tools:Scalar Mesh Plots

Figure 7.7: Mesh Plot Option Window Figure 7.8: Select Variable

7.2 Example Problem: Forward Facing Step

We recommend that you go through the sample problems listedn the Wizard Panel. Once you
are familiar with the CFD Cycle step-by-step solving proces, you can move on to the next section
of getting familiar with ZNTutor-CFD Interactive.

1. We will take an example of Forward Facing Step. First of allwe will see about Scalar Mesh
Plot. There is a Post Processing Tools window on the right hand side. Click on the left
side box of the Scalar Mesh Plots as shown in the Figure 7.6.

2. Then click the box which is on the right side of the Scalar Mesh Plot . A new window
will be shown on the screen as shown in the gure 7.7. Click onhe Select.

3. Again new window will be seen on the screen for selecting ¢ghvariable for which we want
to see the scalar mesh plot. From the drop down menu select thgariable you want say
Pressure as shown in the gure 7.8. Click onOK . Then click on the OK in the Mesh Plot
Options Window.
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Figure 7.9: View Solution - Scalar Mesh Plot Figure 7.10: Vector Plot Option Window

Figure 7.11: Velocity Vector Plot

4. We will get the Scalar Mesh Pressure Plot as shown in gure ®

5. Next is the Vector Plot. Uncheck the all other plots and switch ON the Vector plot only.
Then click on the right side box of the vector plot, then a window will appear on the screen
as shown in the gure 7.10. From the drop down menu of this wincdw select two di erent
vector x and vector y quantities. Then click on the Color by Magnitude  option. Click
on OK . Refer Figure 7.11

6. Next is the Color Plot. First of all switch OFF the all other plots by clicking on the left
hand box if they are ON. Switch ON only Color Plot. Click on the right side box of the
Color Plot. Thus the Color Plot window will be seen on the screen as shown in the gure
7.12. Click on the Select.

7. Then again Select Variable option will be seen on the window. So from the drop down
window, select the variable for which you want color plot as fiown in gure 7.13 and click
on OK . Then click on OK in the Color Plot window.
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Figure 7.12: Color Plot Option Window

Figure 7.14. Temp. Color Plot Option Window
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Figure 7.13: Select Variable

Figure 7.15: Contour Detail Winow
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Figure 7.16: Mach No.Color Plot Figure 7.17: Select Color Window

The color plot for the required variable will be shown on the screen as a Temperature color
plot is shown in the gure 7.14

Next option is the Contour Plot . Again switch O all the plots and switch on only Contour
Plot. Then click on the right hand box of the Contour Plot. Thu s a window will be opened
as shown in the gure 7.15. Select a variable from the drop dow menu is this window. In
this window we can Reset the levels upto the number we want or else we can give the new
levels. The selected levels will be shown on the left hand boaf this window. Thus click on
the Done .

Thus the selected variable say Mach number Contour Plot Wl appear on the screen as
shown in the gure 7.16

Next on the line is Shade Plot . This changes the color shade of the geometry of our
solution. This lIs the colour we choose within the boundary of our geometry. Click on the
box on the right side of the Shed Plot . It will be as shown in the gure 7.17. Click on
the required color and OK .

Then if we Check any other plot say contour plot with the new color obtained from shade
plot then it will be as shown in the gure 7.18

Next option is Stream Trace plot. It will show the streamlines of the Flow.

By using option Boundary we can see boundary of the solution geometry in the colors we
want.

Legend option will show the Magnitude of the variable for di erent c olors on the lefthand
side of the plots.
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Figure 7.18: Mach Number Contour Plot with Di erent Shade Color



Appendix A

ZNTutor-CFD (Interactive Menu)

This chapter explains the commands on the Menu bar and the Tobbar.

A.1 The File Menu

This menu contains all the le operations.

Open(See gure A.1)

Figure A.1: File Menu

Use Open to open only a saved geometry or grid. To open a le, do the folbwing.
1. open theOpen le panel by selecting the following
File { > Open
2. In the Open File panel, Select the directory inLook In eld, select the le and click
on OK .

Note: If you want to open a completed iteration le or a Saved Solution File |, click on
the following
Post Analyser { > Open
Here select the le you want to view and click on OK .
Save
Used to save a geometry or Grid le.

1. Select the following from the menu

File { > Save
2. Select the Directory you wish to save the le, in the Look In eld.

45
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3. Select the type of le you want to save in the File Type eld. Note: If the leis a
"geometry only" le then select the File type as ZEUS(*) . And if only "Grid" is to
be saved selecCGNS(*.cgns)

If the le contains both Geometry and Grid then the le have to be saved once as
ZEUS(*) and once asCGNS(*.cgns)

4. Enter the le name with which you want to save the le follow ed by a "dot" and the
extension as you have selected in th&ile Type eld.

5. PressSave button to save.
Exit
To exit ZNTutor-CFD Interactive follow this step.

1. Click on the following in the menu
File { > Exit

2. In the dialog box titled Quit ZNTutor-CFD , when prompted Do you want to
Exit? click on OK .

A.2 The Create Menu

This menu have many submenu to create geometry. Geometry cahe composed of any one of the
following items available as submenu.

1. Point
2. Polyline (PLC:Piecewise Linear Curve)

3. PBLS(Piecewise Bi-Lenear Surface)

Point submenu (See gure A.2)

Figure A.2: Point Create Menu

1. Point
After selecting this option we can put any number of points in the Drawing Area by
left Clicking the mouse at the required potitions where the points are needed.
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2. XY Co-ordinates
You can enter the coodinate values in the panel at which we wanthe point in the X
and Y elds and pressOK . PressClose to exit the panel.

3. From Polyline
This command will extract all the points any 'last selected' polyline.

4. From Triangulation
This option will extract all the points from any triangulati on which have been last
selected.

5. Intersection of Two Curves
This option will craeate points on the intersection of the last selected 2 PLC's selected.

Polyline submenu (See gure A.3)

Figure A.3: Polyline Create Menu

1. Polyline
After selecting this option we can Left Click our mouse over ay spot in the "Drawing
Area" any number of time required to plot the PLC. To end plott ing points we have
to right click our mouse over the drawing area.

2. From Points
This option will draw polyline that falls over the last selected points. The number of
points must be greater than 1.

3. From Expression
This option opens up a panel in which we have to enter the follwing values to create
a polyline using a formula.

Option Description

0-Open/1-Close This eld should be 0 if the curve is to be close
by joining both the ends, otherwise it can bel
for the curve to remain open.

No of Points Specify the number of points that the curve is
to be made of.
U_min This eld speci es the lowest value of the

variable.
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U_max This eld speci es the maximum value of the
variable.

Expression for x This eld gives the formula according to which
the curve is to be made in the X direction.

Expression for y This eld gives the formula according to which
the curve is to be made in the Y direction.

Press Apply after entering the required values in the elds and pressClose if no
furthur Polylines are to be created using a formula
4. Algebra of N PLC  Creates n number of PLCs between 2 PLCs (having equal number
of points) using interpolation. This option comes with a pop-up window which has
entries as follows:
No. of Copies : Enter the number of copies (including the existing PLC's) required.
U_ min : Enter minimum value for a variable (parameter) u. Default value is 0.
U_ max : Enter maximum value for a variable (parameter) u. Default value is 1.
Algebraic Equation . Enter the appropriate algebraic equation depending on the
required distribution of interpolated PLC's. The default e xpression isu c1+ (1
u) c2.cl andc2 stand for the rst and second selected curves respectively
5. From Polygon Boundary
Using this option the boundary of any Polygon can be extracta in the form of Polyline.
We have to select the Polygon before using this option
6. Extract from PBLS
This option can extract a PLC from any PBLS. to use this option two points lying
consecutive on a PBLS is to be selected rst

PBLS submenu (See gure A.4)

Figure A.4: PBLS Create Menu

1. From Polyline
This option will create a PBLS containing all the selected pdyline that have equal
number of points.

2. From Expression
This option creates a polyline from expression
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3. From 2D Structured Grid
This option converts a 2D structured grid to a PBLS

4. Stitch PBLS
This option merges the edges of the last two PBLS that share tkir edges to form a

single PBLS

5. Split PBLS
This option splits a PBLS along two points selected by the usethat lie side by side

6. Deform PBLS
Deforms a PBLS for a required range by providing an expressiofor the X,Y values in
terms of the old values.

A.3 The Edit Menu

(See gure A.5)

Figure A.5: Edit Menu
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Open / Close Curve
To open or Close a curve

1. Click to select the curve you want to open or close
2. Select the menu item to open or close the curve
Edit { > Open/Close Curve

Delete Point on Curve

1. Click on Pick a Point on the Tool bar .
2. Click on the point in a curve which you want to a point.

3. Click on the menu option
Edit { > Delete Point on Curve

Stitch Curve

1. Select the the two curves you want to stitch
Note: Ensure that both the curves have a common ending or starting int at which
you want to stitch. Also ensure that the direction of the curves are the same by pressing
the Show Direction button. And ensure that you select the curves according to tte
direction (selecting the curve ahead rst)

2. Select the Menu option
Edit { > Stitch Curve

Split Curve

1. Splits a PLC into two PLCs at a previously selected (picked point. This option creates
two PLC's along with the original PLC, giving 3 PLC's in all.

2. Select the Menu option
Edit { > Split Curve

Join two curves

1. Select the two curves keeping the following points in mind
Note: This option will join the last point of the rst of the curves t o the rst point of
the last selected curve

2. Now select the menu option
Edit { > Join Two Curves

Reverse Curve

1. Check the direction of the curve by pressing theShow Direction  button
2. Select the curve that you want to reverse direction of

3. Select the following menu option
Edit { > Reverse
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A.4 The Tools Menu

Copy
This Command lets us make copies of objects after performingranslation, Rotation, Scaling
or Mirroring
1. Select the Copy command
Tool { > Copy
2. From the Panel select the values
Field Description
Top Selected To make copies of only the top selected entity
All Selected To make copies of all selected entities
Translation  Changing the position of the entity speci ed by the X, Y coordinate translation values
Rotation Rotating the copies by the speci ed angles along the speci es axis
Scaling Scaling the entity by the speci ed factor along eachoof the coordinates
Mirror Making mirror image of the entity along the given coor dinates
No of Copies Speci es the number of copies to be made
Move

This Command lets us move objects by Translation, Rotation, Scaling or Mirroring

1.

Select the Move command
Tool { > Move

From the Panel select the values

Field Description

Top Selected To move the top selected entity

All Selected To move all selected entities

Translation  Changing the position of the entity speci ed by the X, Y coordinate translation values

Rotation Rotating the copies by the speci ed angles along the speci es axis
Scaling Scaling the entity by the speci ed factor along eachof the coordinates
Mirror Making mirror image of the entity along the given coor dinates

Polyline Equal Arc

This option divides a PLC by equal divisions

1. Select the curve on which you want to perform this operatim

2. Select the option

3.
4.

Tool { > Polyline Equal Arc
In the panel enter the number of points you want to place on his PLC
PressApply

PLC equal arc Preserving the Corner

This option divides the PLC into the speci ed number of points and preserves the corners
if there are any
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1. Select the curve to perform the operation

2. Select the option
Tool { > PLC equal arc Preserving the Corner

3. In the panel enter the number of points required

4. PressApply

Quality
Used to check the quality of a 2D Structured Multiblock Grid

GUI Properties
Used to change the properties of the GUI (Graphical User Inteface)

A.5 The Display Menu

All Points
Displays All the points on a PLC or PBLS or an unstructured Mesh

Boundary Points

Displays only the boundary points of an Unstructured Mesh

Direction ON/OFF
Displays the Direction of the PLC

Default View

Use this option in conjunction with Zoom Out , Zoom In , Zoom to Window or Pan.
To reset the default view, do the following.

Fit to window

This option sets the view of the drawing area so that all the etities are shown in the drawing
area

A.6 The Grid Menu

2D Structured There are a number of submenu's here. These menu's contain tpns to
perform various operations on 2D Structured Grid.

1. Create
(See gure A.6)

This menu contains various options that creates 2D Multiblock grid
{ Init Block :  This option opens up a panel in which there are Fields LabeledX
and Y. Enter the Desired block size in the elds and PressOK

{ Insert Vertex : This option splits a block into 4 di erent blocks at the place
inside a block on which you left-click your mouse.
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Figure A.6: 2D Structured Create Menu

{ Insert Slit :  This option creates a slit inside a block. To do it, press the ption
and Left-Click and hold the mouse button inside the block ove the point at which
you want the slit to start and drag it to the point at which you w ant the slit to
end and release the mouse button.

(Note: The block's having the slit as an edge will banpasted meaning that there
will occur no ow through them and will act as a boundary. To awid this from
happening the next option is used

{ Insert Dummy slit : This option creates a slit in the same way as above option,
the only di erence being that the block's present on both the sides of the slit will
be pasted

{ Insert Box :  This option creates a hollow square boxiie. having no grids inside
inside the required block. To perform this operation rst select this option and
then Left-Click and hold the mouse button inside the block ower the point at which
you want the box to start and drag it to the point at which you wa nt to have the
diagonally opposite corner of the box and release the mouseution

{ Insert Dummy Box : This option works in the same way as the previous option,
the only di erence being that the box is not hollow (i.e. the box contains grid$

{ Input Values :  This option opens up a panel by using which the currently seleted
block can be partitioned in a variety of ways using coordinat values as input. Each
Option is explained below.

Note : In all the options the coordinate values must lie inside a sigle block

Option Description

Vertex : Creates a Vertex at the speci ed point

Hole . Creates a Hole having one corner at (X,Y)
and the opposite corner at (X1,Y1)

Slit . Creates a slit starting at (X,Y) and ending
at (X1,Y1)

Box : Creates a box having one corner at (X,Y)
and the opposite corner at (X1,Y1)

Cut | Dir . Splits a block into 2 horizontal sections at
the point (X,Y)

Cut J Dir . Splits a block into 2 vertical sections at the

point (X,Y)
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Figure A.7: 2D Structured Convert Menu Figure A.8: 2D Structured Edit Menu

{ On Block : This option creates a block inside the current selected bldc having
unique edges and vertices

{ On Edge : This option creates a block inside the current block having me of its
edges lying on the currently selected edge of the block

{ On Vertex :  This option creates a block inside the current block having me of
its vertex common to the currently selected vertex

{ Cut I Dir :  This option creates a horizontal section. After selecting his option
left-click at the point at which a horizontal section is requied.
{ Cut J Dir :  This option creates a vertical section. After selecting ths option

left-click at the point at which a vertical section is requied.
2. Convert (See gure A.7)

{ Four Open PLC :  This option creates a block of structured Grid with four open
PLC. Each PLC having their end points overlapping the next PLC's rst paint.
Also the Number of points on the alternate PLC must be same.

{ PBLS to Block : This option converts the last selected PBLS surface to a
structured grid

{ Paste Edge : This option pastes the edges of the block that overlaps the ege of
a nearby block having same number of grid points and are unpdsd.

{ Unpaste Edge : This option unpastes an edge between two blocks.

{ Paste Block : Pastes the selected block with neighbouring blocks

{ Unpaste Block :  Unpastes the selected block from the neighbouring blocks
{ Paste All Blocks :  This option pastes all the blocks in the present interface.

3. Edit (See gure A.8)
{ Collapse Block :  This option Collapses the selected block and lls up its posiion

by bringing together the vertices of two adjacent block.
(Note : This option is to be used with care because it can sometimes foem the

ow domain
{ Delete Block : This option deletes the currently selected block
{ Edit Operation : This option brings up a panel which can be used to perform

Move, Scale, Rotate and Deform operation on either all blocks, currently
selectedblock, Edge or Vertex . Brief description of each option is given below
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Operation . Description
Move can be performed on all-blocks, selected
block, edge or vertex. Values to be
entered in the elds is the amount of
movement required along each axis.
Scale can be performed on all-blocks, selected
block or edge. Values to be entered in
the elds is the amount of movement
required along each axis.
Rotate can be performed on all-blocks, selected
block or edge. Values to be entered in
the elds is the axis-of-rotation and the
angle of rotation (in Degrees or Radiang
{ Change Grid Points : This option sets the number of grid lines falling on the
selected edge. Enter the number required ilfNo of Points eld and press Apply .
{ Generic 2D Smoothener : Smoothens a 2D grid.Select maximum no of itera-

tions are given in the command box, rest values are taken as dault.

4. Clustering (See gure A.9)

{ All Blocks :

Figure A.9: 2D Structured Clustering Menu

This option clusters the grid lines falling on the edge and dlthose

edges that these grid lines pass through. This option bringsup the clustering
menu. its options are mentioned below. To use this functiont is rst needed
to select the edge on which clustering is to be done and then ket the vertex in
whose direction the clustering is to be done and will be de né.

Field

Clustering

Function

Clustering

Type

Description

: Describes the function according to which
the grid lines have to be distributed.

: De nes if the clustering is to be done only
towards one direction or towards both the
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direction (i.e. the begining and end of the
edge selected

Total No of : You can set the number of grid points
point Desired present on the selected edge

% of total : This value de nes the distance at which
Distance the rst grid point should lie from the

selected vertex on the selected edge

{ One Block : This operation performs the same clustering operation as th above
option but does it only over the selected block

{ One Edge : This option also perform clustering operation but on only the selected
edge

{ Remove Clutering : This option removes the clustering from the edge that is
selected and all the consecutive edge that are intersectinthe same grid lines.

{ Remove OneEdge Clustering : This option removes the clustering from only
the selected edge

{ Distance First Point : This option displays in the status bar the distance of the
rst grid point on the selected edge from the selected vertex

5. Map / Unmap (See gure A.10)

Figure A.10: 2D Structured Map/Unmap Menu

{ Map Vertex :  This option bring the selected vertex of the selected block wer a
selected point.

{ Map Edge : This option brings the selected edge over the selected PLC. fis
option brings up the mapping panel in which the label of the magping is to be
speci ed. after it is done pressApply and then Close
(If nothing happens then try selecting the following optiond change the mapping
order
Grid { > 2D Structured {> Map / Unmap { > Change Mapping Order)

{ Unmap Vertex :  This option will unmap the selected vertex if it is mapped
{ Unmap Edge : This option will unmap the selected edge if it is mapped
{ Retrive Topology : This option unmaps all the vertices, edges and all faces in

a 2D topology and gives us the 2D topology
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{ Change Mapping order : This option changes the order of the structured block
so that the mapping will be proper

6. Boundary Condition (See gure A.11)

Figure A.11: 2D Structured Boundary Condition Menu

{ Dene a Inow :
selected edge.

{ Dene a Outow :
selected edge.

{ Show Boundary Condition : This option brings up the Show Boundary

Condition panel that can be used to view the boundary condition set on tke 2D
grid boundaries

This options is used to set the boundary condition on the

This options is used to set the boundary condition on the

2D Unstructured

1. Create (See gure A.12)

Figure A.12: 2D Unstructured Create Menu

{ Delaunay : This option is used to create 2D Delaunay triangulation for aclosed

geometry. The option opens up the delaunay triangulation me&u. There are two
types triangulation available
Length Delaunay : This creates a triangulation that depends

on the spacing between the points on the

PLC and thus creates a tiangulation that

looks like some kind of clustering
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Area Delaunay : This triagulation make somewhat equal
area equilateral triangles in the ow
domain.

2. Edit (See gure A.13)

Figure A.13: 2D Unstructured Edit Menu

{ Smoothen : The Delaunay triangulation created by default are not geneally
uniform enough and not smooth enough, so to make the triangwtion smoother
the Smoothen option is used to make the triangle shape closer to being egiteral.

{ Min - Max : 2D Unstructured grid (triangulated surface) is smoothenedby min-
imizing the maximum angle of all triangles.

{ Delete point : Display all grid points of a TRSP. Then select a point to be
deleted. After selecting any point on it, click on this option to delete.

{ Delete edge : Display all the grid point of a TRSP. Select two points on it th at
make an edge, the respective edge can be deleted.

{ Swap edge : By selecting the two points of the edge, it can be swapped in dter
direction. The edge however should not be a boundary edge.

{ Degenerate Edge : Collapses an edge from a the triangles whose edge is chosen.
{ Degenerate Face : Collapses an Face from a the triangles whose edge is chosen.

{ Insert Point : Inserts a point inside a triangle. The triangle is selected i se-
lecting 3 vertices. Also the point is inserted at the centrod of the chosen traingle.

{ Deform : The TRSP is deformed by feeding in the equations for deformaon.
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3. Boundary Condition (See gure A.14)
Figure A.14: 2D Unstructured BC Menu
{ De ne Boundary as Wall Viscous To use this option rst pick 3 points from

the boundary of the triangulation. The rst point is require d to be the rst point
on the in ow boundary, the second point should lie in betweenthe boundary and

the third third point should be the last point of the boundary .After selecting the
points select the De ne as Wall viscous  option.

{ Dene as Inow : To use this option rst pick 3 points from the boundary of
the triangulation. The rst point is required to be the rst p oint on the in ow
boundary, the second point should lie in between the boundar and the third third

point should be the last point of the boundary. after selectng the points select the
Dene as Inow  option.

{ De ne as Out ow : To use this option rst pick 3 points from the boundary of
the triangulation. The rst point is required to be the rst p oint on the out ow
boundary, the second point should lie in between the boundar and the third third

point should be the last point of the boundary. after selectng the points select the
De ne as Outow  option.

{ Show Boundary Condition : This option opens a panel that has option to view
the boundary conditions set on the triangulation.

A.7 The Analysis Menu
Fluid Model

(See gure A.15)

This option opens a panel titled Fluid Model where the ow typ e, the uid properties and
the solution scheme is to be selected. The option to be selead are as below. By default

the Pressure based solver is enabled if the Mesh is unstructured andDensity based
solver is used when Structured Grid is used.
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Figure A.15: Fluid Model Menu Figure A.16: Flow Condition Panel

{ Flow Model :  (Compressible / Incompressible ) This option de nes if the com-
pressible set or incompressible set of equations are to be et

{ Fluid Model : This option lists out the type of simulations to be performed, viz.
Laminar, Turbulent and Inviscid.

{ Fluid : Select the type of uid to be simulated. It can either be Water or Air.

{ Solution scheme and algorithm : The pressure based and the density based meth-
ods have their unique solution schemes and the solution algthm and the Scheme
order to select from. A description of these have been givennithe Solver Control
chapter.

Flow Conditions  (See gure A.16)

In this panel user can input the various ow parameters. Few d those are mentioned below

1. Scaling Factor : This value speci es the factor by which the grid has to be scatd.

2. In ow Conditions : The in ow Conditions section contains the following options.
{ Velocity Magnitude : Enter the inlet velocity here in units of meters/sec.
{ Temperature :  Enter Inlet ow temperature in units of Kelvin.

{ Static Pressure : Enter the inlet static pressure in Pascal.
{ Mach Number .  Enter the inlet Mach number.
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{ Flow Direction : Enter the inlet ow direction.

3. Out ow Conditions : This section receives the out ow boundary conditions. Ente
the out ow static pressure in this section in units of Pascals.

Excution Setup
(See gure A.17)

Figure A.17: Exeution Setup panel

A.8 The Post Analyzer Menu

These menu options have been discussed in details in thHeost Analysis chapter.

A.9 The Help Menu

(See gure A.18)

Figure A.18: Help Menu
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About ZNTutor-CFD

ZNTutor-CFD is developed by the [ITZeus Group in the Indian | nstitute of Technology
-Bombay. ZNTutor-CFD is a software designed to train manpower to execute CFD.

Tutorials
There are two tutorials in this section:

1. Flow through a Forward Facing Step.
2. Flow Past a Cylinder.

Search

Wizard-De nition
Wizard the CFD Tutor

Context Sensitive Help

A.10 Tool Bar

Open #

Use Open to open only a saved geometry or gird. It does not open &aved Solution
File . To open a le, do the following.
1. Click on Open on the Tool bar
2. In the dialog box titled ZNTutor-CFD File Open , Select the directory, select the
le and click on OK .

Note: If you want to open a completed iteration le or a Saved Solution File , click on
Read Solution File  command from the Post Analyzer menu on the Menu bar . Select
the le you want to view and click on OK .

Save H
Use Save to save geometry or grid. To save an incomplete le up to the gemetry or grid
stage, follow this step.

1. Click on Save on the Tool bar .

2. In the dialog box titled ZNTutor-CFD File Save... , Select the directory, input a le
name in the Selection box and click on OK .

Show Wizard =

1. To go from Geometry mode to Wizard mode click onShow Wizard on the Tool bar .

Geometry Mode 2

1. To go from Wizard mode to Geometry mode click onGeometry Mode on the Tool
bar .
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Zoom Out #

1. Click on Zoom Out on the Tool bar to magnify the view of the geometry created in
the Graphics Area.

Zoom in

1. Click on Zoom In on the Tool bar to reduce the view of the geometry created in the
graphics area.

Fit to Window &

1. Click on Fit to Window on the Tool bar

2. Left click and drag your mouse to draw a window around any vetex. To stop Zoom
to Window - release left mouse button.

3. To get the default view, click on Reset Default View on the Tool bar .

"

Reset Default View 1

1. Click on Reset Default View on the Tool bar .

Pick a Point #%

Click on Pick a Point on the Tool bar .
Place pointer over the desired point to be picked and left ick mouse.
Repeat steps 1 and 2 as many times as required.

The Pick a Point option remains active until another tool has been picked fran the
Tool Bar.

AP wnhpE

Picking points one after another in sequence, in the same déction to follow a curve, can
change the direction of the curve.The points have to be pické in the above-mentioned se-
quence, especially if one or more points have been inserted a curve.Picking the points in
sequence, will ensure that the direction of the curve is maitained.

Use Pick a Point to de ne edges for in ow and out ow for Unstructured mesh. Pi ck the

1st, Next and Last points along the edge to be de ned as Inow. Repeat the same
along the edge to be de ned as Out ow. These three points mustbe picked along the same
line on same edge. Do not pick a corner point that maybe commorto two edges. Also, if
you pick points from bottom to top along one edge, repeat the ame to de ne any other edges.

Show curve direction %

1. Select the curve whose direction is to be checked.
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2. Click on Show curve direction  on the Tool bar .It will show the curve direction.
3. Again click on Show curve direction  on the Tool bar to hide curve direction.

Pick an Entity %

1. Click on Pick an Entity on the Tool bar .

2. Place pointer over the desired entity to be picked and leftclick mouse.
3. Repeat steps 1 and 2 as many times as required.

4. Click on Pick an Entity  on the Tool bar

Select All

Use this option to select all entities. Note: If you have useda Deselect All to Select a
particular entity, then you have to reselect all the geometry using the select all option.

1. Click on Tools on the Menu bar , from the drop-down menu, click on Select All

Deselect All

You have to deselect all the geometry if you want toSelect a particular entity to work on.
To deselect all, follow this step.

1. Click on Tools on the Menu bar , from the drop-down menu, click on Deselect All

Hide/Show Axis

1. Click on Hide/Show Axis on the Tool bar to for hide and show axis.

Show All Points ¥ To see all the grid points on an entity, do the following:

1. Click on Show All Points on the Tool bar

Show Boundary Points HH 10 view the boundary points of an entity,
1. Click on Show Boundary Points  on the Tool bar .

Note: If there is more than one entity, then Pick an Entity  from the Tool Bar and select
the desired entity and follow the above-mentioned step 1.

Delete All

This option clears and refreshes the screen.

1. Click on Edit on the Menu bar and from the drop-down menu, click onDelete All

2. In the dialog box titled ZNTutor-CFD Warning , If prompted Are you Sure? click
on the appropriate response.
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Delete Selected *

You have to deselect all the geometry and select only the geoetry you wish to delete.You
can use this option If you have created two or more entities ad would like to delete one or
more of these entities except the most recently created one.

1.

Click on Tools on the Menu bar and from the drop-down box, click on Deselect
All .

Click on Pick a Point from the Tool bar .

. Pick a point on the deselected entity to be deleted
. Next Click on Edit from the Menu bar and from the drop-down box, selectDelete

Selected .

. Repeat step 3 and 4 as many times as there are entities to beelected and deleted.

The Delete Selected command will stay active or current until you select another
command.
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Appendix B

Tutorial - 2D Structured Meshing

In this tutorial, you will learn about making a Multi-Block

square block inside a ow.

The steps involved are as follows:
1.

2.

To begin this tutorial, you must rst open ZNTutor-CFD in the

De ne Flow Domain

Divide The Domain

. Place Square Block

View grid

Change Number of Grid Points

. View grid

. De ne Boundary Edges

Check Boundary Edges

Saving The File

(Structured) grid generation of a

Interactive mode. Click on the

word Quit , located at the bottom of the ZNTutor-CFD Wizard panel.

B.1 De ne Flow Domain

To de ne the ow domain the following steps are to be performed.

1.

In the Main Menu select

Grid { > 2D Structured { > Create { > Init Block

(See Figure B.1)

2. Enter X =1000 andY = 200

in the Init Block panel.
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Figure B.1: Initiate 2D Multiblock Figure B.2: De ne the size of the Flow Domain

Figure B.3: The Flow Domain
3. PressOK
(See Figure B.2)

The domain will look like the following gure B.3.
Note: To reset the view to show all the gure press thd-it to Window  button"

el
LnJ

B.2 Divide The Domain

To divide the Flow Domain we have to make a vertical cut in the ow domain.

1. In the Main Menu select
Grid { > 2D Structured { > Create { > Input Value
(See Figure B.4)

Figure B.4: Input Values menu item

2. In the Input Value panel, selectCut j dir option
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Figure B.5: Input Values panel Figure B.6: The Domain after Division

Figure B.7: On Block menu item Figure B.8: Edit Operation menu item

3. Enter X =200 andY =1

4, PressOK

(See Figure B.5)

The domain will now look like the following gure B.6

B.3 Place Square Block

A Square Block is to be placed in the initial Part of the domain.

1. Select the Left Block by pressingSequential Block Traversal Button # the required
number of times.

2. Now Select the Following in the Menu Bar
Grid{ > 2D Structured{ > Create{ > On Block
(See Figure B.7)

3. To make the block smaller relative to the domain select fron Menu Bar

Grid { > 2D Structured { > Edit { > Edit Operation
(See Figure B.8)
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. The Edit Operation  panel opens.

. In the Operation section selectScale.

. In the Scale section enter0.25 as the factor .

4
5
6. In the Select section selectBlock .
.
8. PressApply .

9

. PressClose to close the panel.

(See Figure B.9)

Figure B.9: Scaling selections inEdit Operation  panel

10. Select the following items from theMain Menu
Grid { > 2D Structured{ > Edit { > Delete Block
(See Figure B.10)

Figure B.10: Delete Block menu item

B.4 View Grid

1. To view the Grid formed press theShow Grid in All Blocks button
(See Figure B.11)
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Figure B.11: Grid View after placing the box
2. To hide the Grids pressShow no Grid button H

B.5 Change Number of Grid Points

Since the Current Grid does not look dense enough so we have tthange the number of grid
points on the edges

1. Select the Right Block by pressingSequential Block Traversal button ® the required
number of times.

2. Select the Lower Edge by pressing=dge Traversal button E the required number of
times.

3. To set the number of points select in theMenu Bar
Grid { > 2D Structured { > Edit { > Change Grid Points
(See Figure B.12)

Figure B.12: Change Grid Points menu item

4. Enter the value of 80 in the eld of No of Points

5. PressClose to close the panel (See Figure B.13)

Figure B.13: Change Grid Points  panel

6. Similarly set the grid points according to the following values
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Block Edge Number
right block Right Edge 20
left block  Top Edge 20
left block Left Edge 20
left block  Bottom Edge 20

B.6 View New Grid

1. To view the Grid formed press theshow grid in all blocks  button B | the Grids will look
as in Figure B.14.

Figure B.14: View of the newFine Grid

2. To Hide the Grids pressShow no Grid button

B.6.1 De ne Boundary Edges

Now the boundary edges have to be tagged one by one.

1. Select the left edges of the left Block with the help of the Bock tools in the toolbar (see
gure B.15).

Figure B.15: Multiblock Toolbar buttons

2. From the Main Menu select the following options

Grid { > 2D Structured { > Boundary Conditions { > Dene as Inow (See Fig-
ure B.16)

Figure B.16: On Edge boundary condition menu item
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Block Edge Boundary Condition Name
Left Block  Bottom Edge BCWall wall
Left Block  Top Edge BCwall wall
Right Block Bottom Edge BCWall wall
Right Block Right Edge BCOut ow out ow
Right Block Top Edge BCWall wall

B.7 Check Boundary Edges

To con rm that the boundary edges have been correctly taggedwe have to follow the following
steps

1. Select the following options from theMain Menu
Grid { > 2D Structured { > Boundary Conditions{ > Show Boundary Conditions
(See Figure B.17)

Figure B.17: Show Boundary Condition menu item

2. In the Block section selectAll Blocks

3. In the Boundary Conditions section select each options one by one to see if all the
Boundary edges are marked properly.(See Figure B.18).

Figure B.18: Boundary Conditions Veri cation

4. Close theShow Boundary Condition panel
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Note: the boundary edges for which no condition is specied is autmatically marked as
BCWallViscous . The Block Edges for which no property is speci ed is automatcally marked
as BCTypeUserDe ned

B.8 Saving The File

1. Select theSave File button 8 from the Toolbar or Select the following from the Main
Menu

File { > Save
(See Figure B.19)

Figure B.19: Save File menu item

Select the Directory in which to save the le
Select theFile type as CGNS(*.cgns)

Give aFile Name ending with .cgns extension.

a N

PressSave Button
(See Figure B.20)

Figure B.20: Save File window
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Tutorial - Clustering over Airfoil

This tutorial Covers the complete Structured Grid Generation process over an Airfoil. The Airfoll
to be used is a standard NACA0012 symmetrical airfoil which 8 among the simplest series of
NACA 4 digit Airfoils. The 0012 represents the ratio of the Chord to the thickness of the cord.
The steps involved are:

1. De ne Geometry and ow domain

2. Build the Structured mesh over the geometry
3. Cluster the geometry over the Airfoil

4. Tag Boundary Conditions

5. Save Grid

Pre-requisite:  User should have solved the Tutorial titled Multi Block Grid
Note: Start the Program in the Interactive Mode

Note: Keep viewing the Multiblock Grid intermediately to ensure that the processes are
giving correct result by pressing the button Show Grid in all Blocks L

C.1 De ne Geometry and Flow Domain

The main geometry is of a "NACA 0012" airfoil and is generatedfrom the formula of the airfoil.
The domain or the Topology of the ow is a "C" topology.

C.1.1 Draw the Geometry

1. Select the following item from the Main Menu
Geometry { > Polyline { > From Expression
(See Figure C.1)

2. In the Polyline From Expression panel set the following values. Refer Figure C.2

Field Value
0=Open/1=Close 0
No of Points 100

75
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Figure C.1: Select PLCFrom Expression menu item

U_min 0

U_max 1

Expression for X 10*u

Expression for Y  10%(0.12/.2)*((0.2969*u0.5)-(.126*u)-(.3516*u2)+
(.2843*u8)-(.1015*ud))

Figure C.2: PLC Expression Window

(Note: Here the value oft is a fraction of the cord "u here" and for the NACA 0012 Arifoll
it is equal to 0.12)

Now we have to Flip the airfoil curve across the X-axis to gethe full airfoil

Select the following item from the Main Menu
Edit { > Copy
(See Figure C.3)

In Select section selectTop Selected
SelectMirror in Transformation  section
SelectX in the Axis section.

Keep the No of Copies value asl.

PressReset Matrix then Set Matix and then pressApply then Cancel C.4.
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Figure C.3: Copy Option Figure C.4: Mirror Panel

10. Now select from theMain Menu
Edit { > Stitch PLC
(See Figure C.5)

11. Now Draw aPLC by the following menu option
Geometry { > Polyline { > From Expression

12. Enter the following values

Field Value
0-Open/1-Close 0
No of Points 2
U_min -10
U_max 10

x Expression 1

y Expression u

1

Figure C.5: Stitch Curve Option

Note : This line is made to get 2 points on the airfoil to split the Airfoil for mapping.

13. View the points on the Airfoil PLC by pressing the Show All Points  button

14. Zoom the view by pressingZoom In button (or Z key on your keyboard) and using the
mouseLeft Click and dragging to view see the intersection of the upper part othe Airfoll
and the vertical line till individual points of the Airfoil a re clear.(The X key can be used to

Zoom Out )

15. Select thePick Entity tool



78 APPENDIX C. TUTORIAL - CLUSTERING OVER AIRFOIL

16. Select the rst point on to the right of the vertical line a nd split that PLC from that point.
17. Repeat the above 3 steps for the Lower part of the Airfoil.

18. For the 3 PLC's change the number of points as 50 for the leding PLC and 55 each for the
other PLC's.

The Complete Airfoil will look like the following C.6.

Figure C.6: NACA 0012 Airfoil Geometry

C.1.2 Initiate Multiblock - Flow Domain

1. Initiate 2D Multiblock by selecting the following from the Main Menu
2D Structured { > Create { > Init Block
(See Figure C.7)

Figure C.7: Selectlnit Block

2. In the new Init Block panel enter values:X = 200 , Y = 100

3. PressOK

C.2 Build the Structured mesh over the geometry

Now we will select the Airfoil to be inside of the 2D Multiblock so that there will be ow over the
Airfoil. and that there is enough space behind the airfoil sothat any ow characteristic following

the interaction of Fluid with Airfoil is properly visualise d following the airfoil. This is the reason
why the 2D Multiblock is initialised to be so many times bigger than the geometry itself.
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Figure C.8: SelectMove Figure C.9: panel forMove  Figure C.10: Selectinput Value

C.2.1 Move the Airfoil inside the domain

1. Select the following from the Main Menu
Edit { > Move
(See Figure C.8)

2. In Select section selectAll Selected
3. selectTranslation in Transformation section

4. put the values X=45 and Y=50 (See Figure C.9)

C.2.2 Dividing the Block for Mapping

1. Select the following from the Main Menu
Grid { > 2D Structured { > Create { > Input Value
(See Figure C.10)

2. Enter the following values in the Input Value panel

Selection XY

Cut | Dir 1 51
Cut | Dir 1 49
Cut J Dir 55 1
Cut J Dir 45 1
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Figure C.11: Panel forInput Value Figure C.12: SelectCollapse Block

(See Figure C.11)

3. For each of the corner blocks to the left of the domain seléceach one by one and run the
following tool from the Main Menu
Grid { > 2D Structured { > Edit { > Collapse Block
(See Figure C.12)

After collapsing the block the view looks like the Figure C.13

Figure C.13: Collapsed Block View

4. at last select the block that lies over the Airfoil and Delee it using the following selection
in the Main Menu
Grid { > 2D Structured { > Edit { > Delete Block
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Figure C.14: SelectMap Edge Figure C.15: SelectReverse Curve

C.2.3 Mapping the Blocks onto the Airfoll

1.

Select the Block Over the Airfoil by pressing theSequential Block Transversal button =

Select the lower edge by Pressingdge Transversal button #
Select the upper PLC of the Airfoil

Select the following from the Main Menu
Grid { > 2D Structured { > Map/Unmap { > Map Edge
(See Figure C.14)

In the Map Edge Panel enter an appropriate name for the edgenapping ( put Airfoill
here)

Note: If this doesn't work, try selecting the PLC and pressing
(Edit { > Reverse Curve )
(See Figure C.15)

. Similarly repeat the above 3 steps for the rest of the two PIC's and the respective blocks.

Select the long horizontal block behind the trailing edgeof the airfoil. And select the Right
Block of it (the gure has to be zoomed in to see the thickness of the bloak fselecting the

edgg
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8. From the Main Menu select the following
Grid { > 2D Structured { > Edit { > Edit Operation

9. In the new panel selectScale in Operation section, Edge in the Scale section and enter
value .001 as the Scale Factor
(See Figure C.16)

Figure C.16: Scale Operation panel

C.2.4 Changing Grid Points

1. Select the Right-lower hand Block. In it select the Lower Edge.
2. select the following item from the Main Menu
Grid { > 2D Structured { > Edit { > Change Grid Points
(See Figure C.17)

3. In the panel Change Gid Points enter 155
(See Figure C.18)

4. Now perform the above operation for the Right-hand Edge fo the same block for a grid
Point number of 50.

Figure C.17: Edit Operation panel Figure C.18: Change Grid Points  panel
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C.3 Clustering The Grid over the Airfoll

1. Select the Lower-Right block in the domain
2. Select the Right edge in the Block This edge needs to be clustered in our domajn

3. Select the Vertex on the side of the selected edge in the diction the clustering is to be
dense.(n this Domain the Vertex is to be selected above the edge

4. Select the following item from the Main Menu
Grid { > 2D Structured { > Clustering { > All Blocks
(See Figure C.19)

Figure C.19: SelectOne Edge for Clustering

5. Let the default selections remain in the Clustering paneland enter the value 0.005 for the
space of% of length
(See Figure C.20)

Figure C.20: Clustering panel

6. Repeat the same steps for the Lower Edge and entéb of length asO0.1
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C.4 Tag boundary Edges

Normally what is done is to label the left Edges as In ow, Right Edges as Out ow and Top and
Bottom Edges as Wall. But Since we have to keep the possibilit to create the ow at an Angle
of Attack so here we will tag the Left and Bottom Edges as In ow and Top ard Right edges of

the domain as out ow.

1. Select Left-most Edge of the domain and Tag a8CIn ow
Grid { > 2D Structured { > Boundary Condition { > Dene as In ow
(See Figure C.21)

Figure C.21: SelectOn Edge for Boundary Conditions

2. Similarly Select Left Lower Block Edge and Right Lower Block Edge and tag asBCIn ow
3. Tag the Right Edges of the doain asBCOut ow
4. Tag the Top Edge asBCOutow . Now view the Grid. See Figure C.22

Figure C.22: Select Boundary Conditions

C.5 Save File

1. Select theSave File button & from the Toolbar or Select the following from the Main

Menu
File { > Save
(See Figure C.23)

Figure C.23: Save File menu item



C.5.

a c N

SAVE FILE

Select the Directory in which to save the le
Select theFile type as CGNS(*.cgns)
Give aFile Name ending with .cgns extension.

PressSave Button
(See Figure C.24)

Figure C.24: Save File window

85
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Appendix D

Tutorial - 2D Unstructured Meshing

This tutorial will teach you how to generate an unstructured mesh over a geometry. Our Flow
domain for this tutorial will be a cascade of cylinders presat in a heat exchanger. Similar
geometry can also be used for simulating high speed compréislke ow over multiple cylinders.

1.
2.

Create Cylinder
Create the Pipe Array

. Create Flow Domain

3
4.
5
6

Create Mesh

. Set Boundary Condition

. Save File

D.1 Create Cylinder

The Cylinder to be created will have a Diameter of 20 units andnumber of points on the PLC of
the cylinder will be 40. There will be a cascade of 10 Cylindes. These cylinders will be placed
in a ow domain of dimension 300x300 units.

1.

3.
4.

OpenPLC From Expression  panel
Geometry { > Polyline { > From Expression

. Enter the following values in the panel

Field Value
0=Open/1=Close 1

No of Points 40
U_min 0
U_max 2*pi

Expression for X 10*cos(u)
Expression for Y 10*sin(u)

PressApply Button

PressClose button to close the panel

87
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D.2 Create the Pipe Array

The Pipe array will be created by copying the cylinders onto \arious locations.

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

OpenCopy panel
Edit { > Copy

In the Copy panel enter the following
In Select section, selectTop Selected

In the transformation  section, selectTranslation
(This option is selected because we want to move the PLC alonfjand Y axis)

In the Translation section, enterX =0 , Y = 60
Let the No. of Copies remain asl
PressReset Matrix  button then Set Matrix button and then press Apply button

PressClose button to close the panel

. Repeat the above 4 steps for the following values

X Value Y Value

0 -120
30 30
0 60

Open Entity panel using Tool Option.
PressDeselect one button twice

OpenCopy panel
Edit { > Copy

In the Copy panel enter the following

In Select section, selectAll Selected

In the transformation  section, selectTranslation

In the Translation section, enterX =60 ,Y =0

Let the No. of Copies remain asl

PressReset Matrix  button then Set Matrix button and then press Apply button

PressClose button to close the panel

Note: View the Geometry now. Figure D.1
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CREATE FLOW DOMAIN

Figure D.1: Cylinder array

D.3 Create Flow Domain

1.

OpenPLC From Expression  panel
Geometry { > Polyline { > From Expression

Enter the following values in the panel

Field Valuel Value2 Value3
0=Open/1=Close 0 0 0

No of Points 2 2 2
U_min -100 -100 -150
U_max 200 200 150
Expression for X u u 200

Expression for Y 150 -150 u

PressClose button to close the panel

SelectStitch command twice.
Edit { > Stitch Curve

SelectOpen / close Curve
Edit { > Open/close Curve

Select the new PLC
OpenPLC Equal Arc panel Edit { > PLC Equal Arc

Enter the value 300 and PressApply and then Close

Entire geometry View in gure D.2
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Figure D.2: Cylinder array

D.4 Create Mesh
D.4.1 Before Meshing
While Creating an Unstructured Mesh it is essential to keep tree things in mind.

1. It is important that the direction of all the PLC's are same . If that is not the case then the
Grid will degenerate and be formed outside the Geometry.

2. We have to select the inner Geometries rst and the Outer gemetries at the end.

3. It is essential to check if the Geometry is closed or it is opn as desired.

D.4.2 Meshing the geometry
1. Select the Interior PLC's one-by-one rst and then the Outer PLC

2. SelectDelaunay Grid from Menu
Grid { > 2D Unstructured { > Create { > Delaunay

3. There are two types of Delaunay grids that can be generatedThey are explained below.
The Length Delaunay Triangulation is used to create grids that have triangle sizes according
to the points on the geometry and thus useful in creating a ctiered kind of grid. The Area
Delaunay Triangulation is used to create a very uniform kindof grid over the entire ow
region
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4. In this tutorial we will be using Length Delaunay triangulation since we need more cells
in the vicinity of the cylinder.
5. Ener a value of 1.7 in place of the length

6. PressPreview to view and accept the grid by pressingOK or try other values of length or
else cancel triangulation by pressingCancel

7. Delete all PLC's from the entity panel.

View of the Mesh. Figure D.3

Figure D.3: Cylinder array

D.5 Set Boundary Condition

D.5.1 Tagging the Boundaries

1. View all the boundary Points of the Grid By pressing the
Show Boundary Points  button
2. Select three points from the left edge of the Domain

(&) The rst Point should be the one from where the boundary starts
(b) The second point should be one in between the starting andhe end of the boundary
(c) The third point should be the end point of the boundary

(d) Now select the item De ne as Inow  for Unstructured Grid
Grid { > 2D Unstructured { > Boundary Condition { > Dene as In ow



92 APPENDIX D. TUTORIAL - 2D UNSTRUCTURED MESHING
3. Similarly repeat the above steps for the Right hand bounday to be tagged asOut ow
Boundary Condition

4. Select the itemDe ne as Outow  for Unstructured Grid
Grid { > 2D Unstructured { > Boundary Condition { > De ne as Out ow

D.5.2 Checking Boundary Condition

1. Open Show Boundary Condition panel for Unstructured Grid
Grid{ > 2D Unstructured{ > Boundary Condition{ > Show Boundary Condition

2. Select rst BC Inow and then BC Outow to check the positions of the in ow and the
out ow boundaries in the Mesh.

3. After checking pressClose button

D.6 Save Mesh

1. Select theSave File button 8 from the Toolbar or Select the following from the Main
Menu
File { > Save D.4.

Figure D.4: Save File menu item

Select the Directory in which to save the le
Select theFile type as CGNS(*.cgns)

Give aFile Name ending with .cgns extension.

a c N

PressSave Button. D.5.

Figure D.5: Save File window
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Tutorial - Flow Over a Forward
Facing Step

In this tutorial ow simulations over a Forward Facing Step w ill be run This is a standard test
case to validate large number of numerical methods schemesd algorithms.
Information about the problem

Geometry. The wind tunnel is 1 length unit wide and 3 length unit long. Th e step is 0.2
length units high and is located 0.6 length units from the let-hand end of the tunnel. We
assume here that tunnel has an in nity width, or in other word s we consider two-dimensional
planar base ow.

Boundary and initial conditions. The test has the following boundary conditions: ow
inlet conditions at the left (basically so-called pressureinlet conditions are used) and at the
right all gradients are assumed to vanish. Since the exit velcity is always supersonic the exit
boundary conditions has no e ect on the ow. Along the walls of the tunnel BCWalllnviscid
boundary conditions are applied. Initially wind tunnel is lled with a inviscid gamma-law
gas ( = 1.4) which everywhere has density 1.4, pressure 1.0 and v&tity 3. Gas with such
properties is continually fed in from the left-hand boundary.

Singular point. The corner of the step is the center of rarefaction fan and hece is a
singular point of the ow. Frankly speaking the ow is seriou sly a ected by large numerical
errors generated just in the neighborhood of this singular pint if nothing special is not
undertaken. The modern study shows that the presence of suchoint in ow may lead to
phase time delay [3]. Generally there are two ways to reducerceliminate this point. The
original idea was proposed by Woodward [2] and consisted ofpplying special boundary
conditions near the corner of the step, which is based on thessumption of a nearly steady
ow in this region. The density was reset here so that the entopy has the same value as
in the zone just to the left and below the corner of the step. The magnitudes of velocities
(but no their directions) were reset also, so that the sum of athalpy and kinetic energy per
unit mass has the same value as in the same zone to set the entyo More sophisticated
and accurate approach may be applied to solve this problem apresent. One can make a
little llet to avoid the straight angle in the step corner. R obust unstructured meshes allow
additionally preparing some grid re nement in this region.
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The steps innvolved in this numerical simulation are
. Build Flow Topology
. Set Flow Model

1
2
3. Set up ow Conditions
4. Setup Execution

5

. View and Analyze solution

E.1 Build Flow Topology

The Topology is built in Multiblock system. The steps involved are:

1. Build a Block having X=30 and Y=10 using the following menu options Grid { > 2D
Structured { > Create { > Init Block

2. Divide the Block at X=6 and Y=2 by using the following menu o ptions Grid { > 2D
Structured { > Create { > input Value

Selection X Value Y Value
Cutldir 1 2
CutJddir 6 1

3. Delete bottom right 2d Block for required 2D Multiblock To pology. Grid { > 2D Struc-
tured { > Edit { > Delete Block . See Figure E.1

Figure E.1: 2D MultiBlock Topology

4. Setting boundary conditions.

Left Edge = BCIn ow
Right Edge = BCOut ow
Rest of the Boundaries takes Boundary condition by default & BCWall Viscous.
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Figure E.2: Fluid Model Panel Figure E.3: Flow Condition Panel

E.2 De ne Fluid Model

We have to de ne here the type of ow that will be taking place i nside the domain. We will be
simulating here an inviscid Compressible ow in the Square tock.

1. Select from MenuAnalysis { > Flow Model
2. Select the Fluid model asCompressible , Inviscid and Fluid type as Air

3. Inthe section for Density Based Methods  selectConvective Scheme asStegrerwarm-
ing and Scheme Order aslind Order Muscle

See Figure E.2

E.3 De ne Flow Conditions

All the Default Conditions as shown in the Figure will be kept as it is.See gure E.3.
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E.4 Execution Setup

Most of the Default Values as shown in the Figure will be kept & it is except for the Number of
Iterations which will be set as 5000. The execution setup isfsown in the gure E.4. After all the
values have been set properly, press thRun Solver button to start the execution of the solver

Figure E.4: Execution Setup Panel

E.5 Monitor Execution

As soon as the solver is run the program enters the post procegsig mode where colour graphics
are diaplayed showing the development of the ow eld as the rumber of iterations increases. In
this mode a panel opens up that has a menu to select the paramets to be displayed in the display
area. Also a Panel titled Residue Plot will be displayed. This panel displays the graph of the
residuals of the parameters for which equations are being 8e@ed. Each dependent variable of each
equation will be represented by one residue plot. We have totep execution of the problem if the
residual plots falls continuously.
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When the speci ed number of iteration have been completed bythe solver, or the solver have
been stopped by the user then a dialogue box will ask if the sation needs to be saved. There
pressOK and save the solution with an extension of .cgns and selectqhFile Type as CGNS in
an appropriate location.

E.6 View Solution

To view solution enter the Post Analyzer mode by following the instructions given in the chapter
titted Post Analyzer . In this case it is impotant to view the location of the various shock
waves and the way in which the shock wave interacts with a wall This interactions creates shock
re ections which ultimately travels out of the domain. The o utput of the Forward Facing Step is
shown below in gure E.5.

Figure E.5: Create Menu: Select 'Quit' to enter Interactive Mode.
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Appendix F

Tutorial - Sudden Expansion in a
Pipe

In this tutorial, you will learn to simulate a ow in a Suddenl y Expanding Pipe.

The steps involved are as follows:

1. De ne Geometry

2. De ne Grid

3. Select Solver Controls

4. De ne Flow Conditions

5. Run Solver and Monitor Simulation
6. View Solution

This tutorial can be executed in ZNTutor-CFD's Wizard mode.

In the Wizard mode, choose the Suddenly Expanded Flow proble. See gure F.1. A brief
introduction has been provided in the bottom of the panel.

Now, press 'Next' in the options located in the bottom of the panel. The geometrical details
about the problem will be displayed gure-F.2.

Press 'Next' to discretize the domain. ZNTutor-CFD provide s options for De ne grid and
Grid quality ,Select Unstructured Grid and coarse grid quality.(The use can choose any of the
above three grid quality)see gure F.3
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Figure F.1. Wizard mode: Select 'Suddenly Ex- Figure F.2: Geometrical details
panded Flow ' to enter the simulation.

Figure F.3: Grid details
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Figure F.4: Solver Control Details Figure F.5: De ne Flow Conditions

Press 'Next' to set the Solver controls. see gureF.4

1. In the Wizard panel, select the following options:

Flow Model : Incompressible
Fluid Model: Laminar
Flow Scheme:HLLC

2. Select the options and click onNext to de ne the ow conditions.

F.1 De ne Flow Conditions

1. Flow Conditions - Initial Conditions and Boundary Condit ions

F.1.1 Flow Conditions - Initial Conditions and Boundary Con ditions

1. In the ZNTutor-CFD's Wizard panel, default values are provided for Initial Condition
and Boundary Condition . Click on Next - see gure F.5.

F.2 Run Solver and Monitor Simulation

1. Set the Monitoring Parameter.
2. Run Solver

3. Monitor Simulation

4

. Save Solution File
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Figure F.6: Set the Monitoring Parameter. Figure F.7: Run the Solver

F.2.1 Set Monitoring Parameter

1. The Wizard provides a set ofMonitoring Parameters like Velocity, Pressure, Temprature,
etc. to be selected from.(-see gure F.6).

F.2.2 Run Solver

1. Click on Run button on Wizard to Run the Solver. (see gure F.7).

F.2.3 Monitor Simulation

There is a list of visuals you can choose from to monitor the snulation while the solver is
in process. For example,in the Interactive monitoring pané, click on Pressure and view the
Pressure ow simulation. See gure F.8

F.2.4 Save Solution File
On completion of the iteration process, you must save the saltion le.

1. In the dialog box titled: ZNTutor-CFD Warning - "4000 Iterations completed. Save
Solution File?' Click on Yes. Enter the File Name as: Suddenexpansionsol.cgns

F.2.5 Magnify and Zoom to Window
1. Click on Zoom Out in the Tool bar to magnify the Sudden Expanion Step.

2. Click on Reset Default View
3. Click on Zoom to Window in the Tool bar .
4

. Left click and drag your mouse to draw a window around any vetex, to stop Zoom to
Window - release left mouse button.
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Figure F.8: Pressure Plot

5. Click on ResetDefault View in the Tool bar .

F.2.6 Close File

1. Click on Geometry Mode  in the Menu bar .
2. It will ask PostProcessor is on.Proceed with Geometry Mode
3. Click on File in the Menu bar .

4. From the drop-down menu, click onExit see gure F.9.

The gure will appear as follows - see gure

5. Click on Yes if you are prompted: Are you sure? .
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Figure F.9: Select Exit

then click Yes
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Appendix G

Tutorial - Flow Past a Cylinder

The ow around a (geometrically) two-dimensional circular cylinder is case that has been used
both as a validation case and as a legitimate research case.t Aery low Reynolds numbers, the
ow is steady and symmetrical. As the Reynolds number is inceased, asymmetries and time-
dependence develop, eventually resulting the famous Von Kanann vortex street, and then on to
turbulence. In this simulation it is easy to 'see' the separdion of the ow.

The steps involved are as follows:

1. De ne Geometry

De ne Grid

De ne Boundary Edges
Set Flow Model

Set ow Conditions
Execution Setup

Run Solver and Monitor Simulation

® N @ oA ®w N

View Solution

G.1 De ne Geometry

To De ne the Geometry for the Cylinder,

G.1.1 Create the Cylinder

1. Create the cylinder using the following option of Polyline From Expression
Geometry { > Polyline { > From Expression

2. Enter the Following Values in Polyline From Expression panel

Field Value
0-Open/1-Close 1
No of Points 100
U min 0
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U max 2*pi
x Expression 10*cos(u)
y Expression 10*sin(u)

G.1.2 Create Flow Domain

1. The ow domain will be created by plotting points by coordi nates and then joining the
points to form a PLC.

2. Select the option ofPolyline from points  from menu
Geometry { > Point { > XY Coordinates

3. In the Point from Polyline panel enter the following values

X Coordinate Y Coordinate

50 50
50 -50
-50 -50
-50 50

4. From the Menu selectPolyline From Points  option
Geometry { > Polyline { > From Points

5. Close the new PLC formed by using
Edit { > Open/Close Curve

6. Divide the PLC into many parts by using the following menu option
Edit { > PLC Equal Arc

7. In the panel that opens enter 200 This divides the ow domain into 200 points)

G.2 Dene Grid

We will create a triangulation over the ow domain.
(To nd out more about Unstructured Meshing over a domain, chek out the create Mesh section
of the 2D Unstructured Meshing tutorial )

G.2.1 Create Grid

1. SelectDelaunay Grid from Menu
Grid { > 2D Unstructured { > Create { > Delaunay

2. There are two types of Delaunay grids that can be generatedThey are explained below.
The Length Delaunay Triangulation is used to create grids that have triangle sizes according
to the points on the geometry and thus useful in creating a chered kind of grid. The Area
Delaunay Triangulation is used to create a very uniform kindof grid over the entire ow
region
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3. In this tutorial we will be using Length Delaunay triangulation since we need more cells
in the vicinity of the cylinder.

4. Enter a value of 1.7 in place of the length

5. PressPreview to view and accept the grid by pressingOK or try other values of length or
else cancel triangulation by pressingCancel

G.2.2 Smoothen the Grid (Optional)

1. From the menu selectGrid Smoothner
Grid { > 2D Unstructured { > Edit { > Smoothen

2. This step is not absolutely necessery.

The view of a Lengthwise Delaunay grid is shown in gure G.1.

Figure G.1: 2D Unstructured mesh

G.3 De ne Boundary Edges

In this problem the left hand ow boundary edge should be set &in ow and the right hand ow
boundary edge asOut ow

1. Display the boundary points by clicking the Toolbar Butto n Show Boundary Points
Note: To nd out rules about creating boundary conditions check ot Set Boundary Con-
dition section of the 2D Unstructured Meshing

2. Select 3 points of the in ow Left Edge boundary

3. Set its tag asIn ow
Grid { > 2D Unstructured { > Boundary Condition { > Dene as In ow
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4. Similarly do the above step for Right Edge and set agOut ow
Grid { > 2D Unstructured { > Boundary Condition { > De ne as Out ow

5. Check the boundary conditions usng theCheck Boundary Conditions panel
Grid{ > 2D Unstructured{ > Boundary Condition{ > Show Boundary Condition
G.4 De ne Fluid Model

We have to de ne here the type of ow that will be taking place inside the domain. We will be
simulatin here an inviscid Compressible ow in the Square bbck.

1. Select from MenuAnalysis { > Fluid Model
2. Select the Fluid model asincompressible , Laminar and Fluid type as Air

3. In the section for Pressure Based Methods select Advective Scheme aslind Order
Hybrid and Solution Algorithm  as SIMPLE

See gure G.2.

Figure G.2: Fluid Model Panel
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G.5 Set up Flow Conditions

The Flow Conditions are to be set up according to the followirg values

Field Value
Scaling Factor 0.1
Velocity Magnitude(m/s) 149
Temperature(K) 277
Flow Direction 0.0
Static Pressure 3.11

G.6 Execution Setup

1. Here set theNo of Iterations as 10000.
2. Keep the other elds with default values.

3. PressRun button to run solver.

G.7 Monitor Simulation
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There are various parameters to monitor while the solver ism process.For example, in the Inter-
active monitoring panel, click on Mach and view the Mach distribution of the ow simulation.

G.8 Save Solution File

On completion of the iteration process, you must save the saltion le.

1. In the dialog box titled: ZNTutor-CFD Warning - 'Solver completed' Click Ok .Save

Solution File?' Click on Yes. Enter the File Name as: Cylinder.cgns

G.9 View Solution
1. Read Solution File
2. Pressure Plot
3. Visual Options

4. Close File

G.9.1 Read Solution File

1. Click on Post Analyzer in the Menu bar .

2. From the drop-down menu, click onOpen

Note: Question will be asked that "Geometry Mode is ON Do You want to Continue'.

Click on Yes. Then you will enter in the les window.
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3. Select th CGNS le- Cylinder.cgns and Click on Open .
Note: Interpolation question will be asked 'Solution Location = Cell Centre. Interpolate
Solution from cell centre to node?' Click onYes

G.9.2 Post Processing

1. Various types of plots which can be obtained in the Post Andyzer are shown in the side
Window Post Processing Tools

Scalar Mesh Plot
Vector Plot

Color Plot
Contour Plot
Shade Plot
Streamtrace Plot
Boundary
Legend

G.9.3 Visual Options

1. To obtain pressure plot , click in the Color Plot box in PostProcessing Tools . Then
click on the button besides it. Refer gure G.3

2. Color Variable  window will be opened and selectPressure click on OK .

3. Similarly we can obtain various types of plots mentioned in the Post processing tools..

G.9.4 Magnify and Zoom to Window
1. Click on Zoom Out in the Tool bar to magnify the Forward Facing Step.

2. Click on Reset Default View
3. Click on Zoom to Window in the Tool bar .
4

. Left click and drag your mouse to draw a window around any vetex, to stop Zoom to
Window - release left mouse button.

5. Click on ResetDefault View in the Tool bar .

G.9.5 Close File
1. Click on File in the Menu bar .

2. From the drop-down menu, click on Exit
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Figure G.3: Pressure color plot
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