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Problem Specification

The purpose of thistutorial isto illustrate the setup and solution of an unsteady flow past a
circular cylinder and to study the vortex shedding phenomenon. Flow past a circular cylinder is
one of the classical problems of fluid mechanics. For this problem, we will be looking at
Reynolds number of 150. We know D =2 m. To obtain proper Reynolds number, we can
arbitrarily set p, V and p. For example to obtain Re=150, let's set p = 75 (kg/m?), V = 1( n/s) and
u = 1( kg/m.s). For other Reynolds number you should change these parametersto achieve a
proper value.

I mportant: don’t forget to save your work after each step!

Import Grid

Main Menu > File > Read > Case...

Navigate to the working directory and select the cylinder.msh file. Thisisthe mesh file
that was created using the preprocessor GAMBIT in the previous step. FLUENT reports
the mesh statistics as it reads in the mesh.

Also, take alook under zones. We can see the five zonesfarfieldl, farfield2,
farfield3,farfield4, and cylinder that we defined in GAMBIT.

First, we check the grid to make sure that there are no errors.

Main Menu > Grid > Check

Any errorsin the grid would be reported at thistime. Check the output and make sure
that there are no errors reported. Check the grid size:

Main Menu > Grid > Info > Size

The following info should appear:

Grid Size
Levedl Cdls Faces Nodes Partitions
0 14040 28308 14268 1

1 cdl zone, 6 face zones.

Display the grid

Main Menu > Display > Grid...

Make sure all 6 items under Surfaces is selected. Then click Display. The graphics

window opens and the grid is displayed in it. Y ou can now click Close in the Grid
Display menu to get back some desktop space. The graphics window will remain.
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Define Solver Properties
Main Menu > Define > M odels > Solver

Under Time, select Unsteady. We will use the default 1st-Order Implicit Unsteady
Formulation. Click OK.

BN soaer — i
| Soker Fopmulstinm
= Pressare Hased * Implicit
| © Density Based . Explicit
Space Time:
= 2D O Stendy
I Axisypmmetric * Unsteady
- J
r “ﬁ ke i Transient Controls
[ Won-Rerative Time Advancement
I Frazen Flax Formulation
Velncity Formulation Unsieady Formulation
= Absohie " Explic
| 7 Aelstive & 1st-Order Implicit
" 2nd-Order Implicit
Gradiant Dplion Pofas Farmilabion
* Green-Ganss Cell Based * Supedicial Velocity
7 Green-Gawse Node Based  © Physical Velocity
7 Leact Squares Cell Based
0K | Comcel| Help |

Main Menu > Define > M odels > Viscous

Laminar flow isthe default. So we don't need to change anything in this menu. Click

Cancdl.

Main Menu > Define > M odels > Energy

For incompressible flow, the energy equation is decoupled from the continuity and momentum
equations. We need to solve the energy equation only if we are interested in determining the
temperature distribution. We will not deal with temperature in this example. So leave the Energy
Equation unselected and click Cancel to exit the

menu.
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Define material properties
Change Density and Viscosity to proper value to approach the proper Reynolds number.

Click Change/Create. Close the window.

Define Operating Conditions

For al flows, FLUENT uses gauge pressure internally. Any time an absolute pressure is
needed, it is generated by adding the operating pressure to the gauge pressure. We'll
use the default value of 1 atm (101,325 Pa) asthe Operating Pressure.

Click Cancel to leave the default in place.
Define Boundary Conditions

WEe'll now set the value of the velocity at the inlet and pressure at the outlet.
Use the following table to set boundary type of each zone.

Zone Type

farfieldl velocity-inlet, V x=U m/s
farfield2 velocity-inlet, V x=U m/s
farfield3 velocity-inlet, V x=U m/s
farfield4 pressure-outlet

cylinder wall

Main Menu > Define > Boundary Conditions...

Select farfield1 under Zone. Change the Type of boundary as velocity-inlet. A

new window will pop up. Change Magnitude, Normal to Boundary to

Components under Velocity Specification Method. Input value U next to XVelocity. (U isthe
inlet velocity based on calculated Reynolds number). Click OK. Do the same for farfield2 and
farfield3.

The (absolute) pressure at the farfield downstream (farfield4) is 1 atm. Since the operating
pressureisset to 1 atm,

the outlet gauge pressure = outlet absolute pressure — operating pressure = 0.

Choose farfield4 under Zone. The Type of this boundary is pressureoutlet.

Click on Set.... The default value of the Gauge Pressure is 0. Click Cancel

to leave the default in place.

Lastly, click on cylinder under Zones and make sure Type is set aswall.

Click Closeto close the Boundary Conditions menu.
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Now we are ready to solve! Bout before it:

Set Solution Control

Main Menu > Solve > Controls > Solution...

Select PI1 SO from the Pressure-Velocity Coupling drop-down list.
Uncheck Skewnes-Neighbor Coupling.

Select Second Order Upwind from the Momentum drop-down list in the
Discretization group box. Click OK to close the Solution Controls panel.

B Zoicton Controls gll
E i il pe i #| =/ Under-Aelxenfion Factods
1 Presswe (g g ¥
| Density 1
Body Fomes [y

Marsantum ‘g 7

Pressere-Yelacity Cospling Discralizafion

T j Pressurs (S ndand - =
| Bkewacis Correctien e 3 :

g 2| Secand Ocdes Upwind ]
N_llnllilrfurr\e:lhn

IRE i'

{ [ Bkewnaee-Meighbor Caupling

ok | Detaor| cancel| Hew |

Initializing

Main Menu > Solve > Initialize > Initialize...

In the Solution Initialization menu that comes up, choose farfield1l under Compute
From. The X Velocity for all cellswill be set to U m/s, the Y Velocity to O m/s and the
Gauge Pressure to 0 Pa. These values have been taken from the farfield1 boundary
condition.

Solution Initialization M
Compute From Reference Frame )
farfield1 ~| | & Relative to Cell Zone

 Absolute
Initial Values

A

Gauge Pressure [pascal] jg
X Velocity (m/s) jpruper value
Y Velocity [m/s] jg

Initj Reset‘ Applyl Closei Helpl

Click I'nit. This completes the initialization. Close the window.
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Patch Region

We will patch the upper region downstream of the flow to create asymmetry so that we
can obtain stable oscillation of vortex shedding faster.

To do this, we will create aregister to patch the Y velocity in downstream of cylinder.
Main Menu > Adapt > Region...

Region Adaption [&
Options ~ Input Coordinates
& Inside X Min [m) X Max [m]
| © Qutside J1 ]1”3
Shapes | % Min [m) Y Max [m)
 Quad ]ﬂ |1li
" Circle oV I
© Cylinder |a i {mj Ia 13 [m)
Manage... ’—
a
Controls...
Select Points with Mouse J
Adapt] Mark J CIuseJ Help I

Enter 1 and 40 for X Min and X Max. Enter 0 and 10 for Y Min and Y Max. Click
Mark. FLUENT will print the following message in the console window:

5416 cells marked for refinement, O cells marked for

coarsening

Close the Region Adaption panel.

We will now patch Y velocity in the registered region.

Main Menu > Solve > | nitializate > Patch...

Select hexahedron-rO from the Registers to Patch. Select Y Velocity from the
Variable selection list. Enter 0.3 for Value. Click Patch.

Reference Frame Walue (mis] Zones to Palch B[ =
@ Relative to Cell Zane  |9-3 fluid
" Absolule —
[ Use Field Functian
Yariable !
Preasane

> Ve loei Registers to Palch B =

Patch  Close| Help |

To check whether you have patch the region, plot contour of velocity in the y direction.
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Main Menu > Display > Contours...

Select Velocity... and Y Velocity under Contours of drop-down list. Make sure to
check the Filled under Options. Click Display.
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Ascan be seen, the Y Velocity is zero everywhere except for the patched region, we
have Y Velocity of 0.3 nvs.

Set Convergence Criteria

FLUENT reportsaresidual for each governing equation being solved. The residual isa
measure of how well the current solution satisfies the discrete form of each governing

eguation. We'll iterate the solution until the residual for each equation falls below 1e-3. You can
change it to make the solution more exact.

Main Menu > Solve > Monitors > Residual...

Default value for Convergence Criterion for continuity, x-velocity, and yvel ocity
isle-3.

Also, under Options, select Plot and Print. Thiswill plot the residuals in the graphics
window as they are calculated.

Click OK.
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Monitor also the lift coefficient on the cylinder:
Main Menu > Solve > Monitors > Force...
Force Monitors L&J ‘
_thions Wall Zones =| =| Force Vector _ Plot Windu:]w
¥ Print . X]ﬂ | 11 %
¥ Plot Ax
v Write Yl1— £
™ PerZ Curves...
; er Zone | N
Coefficient I |
Lift - ]m
File Name
‘cl—history
AppIyJ Plot ‘ Clear‘ Close‘ Help ‘

Fluids Mechanics 11

Under Coefficient, select Lift. Select cylinder under Wall Zones. Under Options,
select Print, Plot and Write. Note that Plot Window is 1. Click Apply.

Set Reference Values

The reference values are used to non-dimensionalize the forces and moments action on

the wall surface.

Main Menu >Report > Reference Values...
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EY Reference Values @
Compute From

farfield1 -

Reference Yalues

Area [m2) 12

Density (kg/m3) [fluid density

Depth [m) 11

Enthalpy [j/kg) o

Length [m) 11

Pressure [pascal] 13

Temperature (k) 1233 16

Velocity (m/s) ]pruper value(U;

Viscosity (kg/m-s) 1F1uid visc.

Hatio of Specific Heats 11 _h

_Fleference Zone _
fluid :j

0K ‘ Cancel] Help]

Select farfield1 from the Compute From drop-down list. FLUENT will update the
reference values based on the boundary conditions at farfield1l. Change Area to 2.
Click OK. Density and viscosity depend on material properties that define earlier.

Set Animation Control (optional)

Let's set the animation to observe the vorticity magnitude.
Main Menu > Solve > Animate > Define...
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B solution Animation LiE-J
Animation Sequences 11 __:J
Active Name Every When —J

& er Wi']m Define...
-
-

sequence-4 |1 é] lteration 1
sequence-5 |1 i] Iteration 1

0K I Cancel‘ HeIpJ

Increase the Animation Sequencesto 1. Enter 10 for Every. Select Time Step
from When drop-down list. Click Define... for sequence-1 to open the Animation
Sequence panel.

E Animation Sequence M
Sequence Parameters Display Type
Storage Type  Name & Grid
T In Memory ]sequence—1 ‘; Contours
& Metafile ) Pathlines
Wind = ;
' PPM Image i le2 Ej Set| || © Particle Tracks
' " Vectors
Storage Directory XY Plot
" Monitor
Residuals -
Properties...
OK ‘ Cancel‘ Help ]

Increase Window to 2 and click the Set button to open a graphics window. Select
Contours from the Display Type list to open the Contours panel. Select Velocity...
and Vorticity Magnitude from the Contours of drop-down lists.

Disable Auto Range and Clip to Range from the Options group box. Enter 0.0001

and 2 for Min and Max, respectively. Select Levelsto 50. Click Display. Click OK to
close the Animation Sequence panel. Click OK to close the Solution Animation

panel. Thiswill save .nmf file after every 10 time steps. We can later create an animation
in the form of movie clip using these files. Save the case and data files.

Main Menu > File > Write> Case & Data...
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B Contours LﬁJ
Options Contours of
¥ Filled |‘.I"£:Incity... L]
¥ Node Values = =
¥ Global Range |Vumt:|ly Magnitude L]
[ Auto Range Min Max
[” Clip to Range |g_ggg1 |2
[ Draw Profiles
[~ Draw Grid Surfaces = =
cylinder -
Levels Setup default-interior :
o 2[1 2 |farfieldt =
farfield2 i

Surface Name Pattern | farfield3 -

Surface Types = =

axis -
Match clip-surf i

exhaust-fan

fan -
Display I Compute I Close Help

| terate Solution

Main Menu > Solve > Iterate...

Y ou will have to input the time step size for iteration. Smaller time step means more
accurate result but more computational time. We need to find the balance between
accuracy and computational time

Calculating Time Step Size
The Strouhal number for flow past cylinder is roughly 0.183 as reported by
Williamson .

St =fU£=O.183® f = 0.183)

In order to capture the shedding correctly, we should have at least 20 to 25
time steps in one shedding cycle. Let's use 25 for our case.

For our case, D = 2.

For example if U=1 (m/s) then

f=1
t

Therefore, shedding frequency isf = 0.0915
Cycletime:

t=1=109
f

Therefore, Time Step Size = 10.9/25 = 0.436 sec ~ 0.4 sec



J. Ghazanfarian Project 2 Fluids Mechanics Il

Enter 0.4 for Time Step Size (). Enter 30 for Max. Iterrations per Time Step.
Enter 800 for Number of Time Steps. Click Apply. Click Iterate to start the
iterations.

Ci

Fhenw Tafrse

We can see a clear sinusoidal pattern, a sign of sustained vortex shedding process after
40s. Stop the iteration after about 350s.

Save the case and solution.

Main Menu > File>Write > Case & Data...

Use the default name (Mesh's file name "cylinder™) and click OK.

Analyze Results
Calculate Shedding Frequency And Strouhal number

To accurately calculate the shedding frequency, open the cl-history file (saved previously in the
same location where the original mesh was read) and plot the data using excel for better data
representation and graphing option. Take an average of 10 shedding cycles (e.g 10 CL peak).
An example of Lift Convergence Plot plotted using excel is shown below:

Lift Convergence Plot
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Reviewing Animation

We can review the animation created after we are done with iterations.

Solve > Animate > Playback...

To write in MPEG format, go to Write/Record Format, select MPEG. Click
Write.

Note that you don't necessarily get a good format when exporting to MPEG. It
is advisable to use the available playback option.

Display Contours Of Vorticity Magnitude
Under Contours of, choose Velocity.. and Vorticity Magnitude. Disable Auto

Range and Clip to Range from the Options group box. Enter 0.0001 and 2 for Min
and Max, respectively. Select Levelsto 50. Click Display.

This figure shows clear vortex shedding process. Zoom in the view around cylinder.

White Background on Graphics Window

To get white background go to:

Main Menu > File > Hardcopy

Make sure that Reverse Foreground/Background is checked and select
Color in Coloring section. Click Preview. Click No when prompted "Reset
graphics window?"



