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1. Purpose

The Purpose of CFD Lab 1 is to simulate steady laminar and turbulent pipe flow following the
“CFD Process” by an interactive step-by-step approach. Students will have ‘“hands-on”
experiences using ANSYS to compute axial velocity profile, centerline velocity, centerline
pressure, and friction factor. Students will conduct verification studies for friction factor and
axial velocity profile of laminar pipe flows, including iterative error and grid uncertainties and
effect of refinement ratio on verification. Students will validate turbulent pipe flow simulation
using EFD data, analyze the differences between laminar and turbulent flows, and present results
in CFD Lab report.
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2. Simulation Design

In CFD Lab 1, simulation will be conducted for laminar and turbulent pipe flows. Reynolds
number is 655 for laminar flow and 111,569 for turbulent pipe flow, based on pipe diameter. The
schematic of the problem and the parameters for the simulation are shown below.

Table 1 - Main particulars

Parameter Unit Value
Radius of Pipe m 0.02619
Diameter of Pipe m 0.05238
Length of the Pipe m 7.62
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Since the flow is axisymmetric we only need to solve the flow in a single plane from the
centerline to the pipe wall. Boundary conditions need to be specified include inlet, outlet, wall,
and axis, as will be described details later. Uniform flow was specified at inlet, the flow will
reach the fully developed regions after a certain distance downstream. No-slip boundary
condition will be used on the wall and constant pressure for outlet. Symmetric boundary
condition will be applied on the pipe axis. Uniform grids will be used for the laminar flow
whereas non-uniform grid will be used for the turbulent flow.



Table 2 - Grids

. . # of Divisions
Grid Grid Type X R
8 453 45
7 320 32
6 227 23
4 Uniform 113 11
3 80 8
2 57 6
0 28 3
T Non-uniform 564 15

Experimental, analytical and simulations will be compared. Additionally, detailed verification
and validation study will be conducted. All the studies are detailed in the Table 3. In this manual,
detailed instructions are given for the turbulent flow simulation and laminar flow simulations
using non-uniform grid and uniform grid 8 respectively. Figures and data that needs to be saved

are shown in Table 4.

Table 3 - Simulation matrix

Study Grid Model
V&V of friction factor and axial velocity profile 2,34
V&V of friction factor 6,7,8
V&YV of friction factor 0,2,4 Laminar
V&YV of friction factor 46,8
Axial velocity, centerline velocity 8
Axial velocity, centerline pressure, centerline velocity T Turbulent

All analytical data (AFD) for Laminar Pipe Flow and EFD data for turbulent pipe flow can be

downloaded from the class website (http://css.engineering.uiowa.edu/~me_160).



http://css.engineering.uiowa.edu/~me_160

Table 4 - Figures and data sets needed to be saved

Convergence
Grid | Flow Limit Figure | Data

T | Turbulent 1.00E-06 *

8 Laminar 1.00E-06 Residuals | **

8 Laminar 1.00E-05 Residuals | Wall Shear Stress
7 Laminar 1.00E-06 Wall Shear Stress
6 Laminar 1.00E-06 Wall Shear Stress
4 Laminar 1.00E-06 Wall Shear Stress
4 Laminar 1.00E-05 Wall Shear Stress
3 Laminar 1.00E-06 Wall Shear Stress
2 Laminar 1.00E-06 Wall Shear Stress
0 Laminar 1.00E-06 Wall Shear Stress

* Axial velocity profile with EFD data, normalized axial velocity profile at x=100D,
centerline pressure distribution with EFD data, “centerline velocity distribution”, contour
of axial velocity, velocity vectors showing the developing region and developed regions.

**\Wall Shear Stress, velocity profile (10pts), centerline velocity distribution




3. Open ANSYS Workbench Template

3.1. Start > All Programs > ANSYS 14.5 > Workbench 14.5
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3.2. Toolbox > Component Systems. Drag and drop Geometry, Mesh and Fluent

components to Project Schematic as per below.
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3.3. Right click on the upper corner of the components on the drop down arrow then select

rename. Change the names as per below.
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3.4. Create connections between component as per below. You can select components part
and drop it onto the target component part to create connections.
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3.5. File > Save As. Save the workbench file to H drive. The H drive is shared between the
computers in engineering labs.

328 View Tools Units  Extensions  Help

1] Mew Cirl+N
' 5 Open... cirl+0
| H save Crl+5

E\_ Save As...

ﬂ Save to Repository...

[4F Open from Repository...

s Send Changes to Repository

&% GetChanges from Repository
Manage Repository Project

e Launch EKM Web Client. ..

gl Import..
& archive...

@ Restore Archive...

Scripting 3

L] Export Repart...

1 H:\CFD\CFD Lab 1\CFD Lab 1 Student. wbpj

2 H:\CFD\CFD Lab 1\CFD Lab 1 Student V2. wbpj
3 H:\CFD\CFD Lab 1\CFD Lab 1 Solutions V3.wbpj
4 H:\CFD\CFD Lab 3\CFD Lab 3 V2.whpj

Exit Ctrl+Q

4. Geometry Creation

4.1. Right click Geometry and select New Geometry. (Since all the geometries are linked
together, only one geometry creation is required)
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4.2. Select Meter for unit and click OK.

Select desired length unit:

(=

™ Centimeter ™ Inch
" Milimeter

' Micrometer

r Always use project unit
r Always use selected unit
™ Enatle large model support

‘ ok I]

e —

4.3. Select the XYPlane under the Tree Outline and click New Sketch button.
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4.4. Right click XYPlane and select Look at.
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4.6. Select Dimensions > General. Click on top edge then click anywhere. Repeat the same
thing for one of the vertical edges. You should have a similar figure as per below.




4.7. Click on H1 under Details View and change it to 7.62 m. Click on V2 and change it to
0.02619 m.

[=]| Dretails of Sketchl

Sketch Sketchl
Sketch Visibility Show Sketch
Show Constraints? | Mo

[-|| Dimensions: 2

[ TH1 762 m
002619 m
I=I| Edges: 4
Line Lnl5
Line Lnla
Line Lnl7
Line Lnlg

4.8. Concept > Surface From Sketches and select the sketch and hit Apply.
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4.9. Click Generate. This will create a surface.



4.10.
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File > Save Project. Save project and close window.
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4.11. If you see the lightning sign next to Geometry in the workbench then right click
on Geometry and click Update as shown below. If you don’t see the check mark after
you update then you may have made a mistake when you created the geometry.
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5. Mesh Generation
5.1. Right click Mesh and select Edit.
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5.2. Right click on Mesh then select Insert > Mapped Face Meshing.
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5.3. Select your geometry and click Apply.
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5.4. Click on the Edge Button. This will allow you to select edges of your geometry.



P:unifnml grid 8 - ing [ANSYS Academic Teaching Advanced]
| File Edit View Units Tools Help |j =i | ofGenerateMesh T [ [A] 8] - (FFWorksheet in

[ R-REDR $-SCQARQEACR NGB DO

I|| 7 Show Vertices ’.@Wirefrqm [OEdge Coloring » A~ A~ A~ A~ A~ A || |#IThicken Annotations =3 Show
:]Msh ~/Update | @5 Mesh + B Mesh Control » | | ietric Graph

=

4

5.5. Right click on Mesh then select Insert > Sizing.
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5.6. Hold Ctrl and select the top and bottom edge then click Apply. Specify details of sizing
as per below.
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Turbulent

Details of "Edge Sizing" - Sizing a
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5.7. Repeat step 5. Select the left and right edge and click Apply for uniform grid flow and
change sizing parameters as per below. Change the sizing parameters separately for non-
uniform grid as per below. Make sure to select edges individually when changing sizing
parameters for non-uniform grid.
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Non-uniform Grid Right Edge
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5.8. Click on Generate Mesh button and select Mesh under Outline.
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5.9. Change the edge names by right clicking and selecting Create Named Selection. Name
left, right, bottom and top edges as inlet, outlet, axis and wall respectively. Your outline
should look same as the figure below.

Insert
GoTo

@ Hide Body
Suppress Body
. Isometric View

52 set

ij Restore Default
@)\ Zoom Te Fit
Cursor Mode L4
View 3
#9 Look At

;a!; Create Coordinate System

g Create Named Selection

& Select All

Update Geometry from Source

Enter a name for the selection group:

||

- Apply selected geometry
C Apply geometry itermns of same:
™ Size
Type
Location X
Location ¥

Location Z

ak. I Cancel




Uniform Grid 8 Non-uniform Grid
Outline Cutline
JFiH:EF. Mame JJFHter‘. Mame &
Project Project
B @ Model (B2) = @ Model (E2)
El ..... ﬁ Genmetry Elﬁ ':;El::ll-l-letr'!fI

Jf [ surface Body
= ;%‘ Coordinate Systems
_,;!.\ Global Coordinate System

= ‘,% Mesh

....... v . Mapped Face Meshing
....... ﬁ . Edge Sizing

....... ﬁ . Edge Sizing 2

= F Named Selections

------- AT wall

5.10.
Workbench if necessary.

b 1] Surface Body
|:_:|¢,§‘ Coordinate Systems

- v ,!., Global Coordinate System
=] 4§ Mesh

....... v BB Mapped Face Meshing
....... || Edge Sizing

....... A8, Edge Sizing 2

....... . Edge Sizing 3

= 3 Named Selections

....... Jil wall

....... axis

------- D inlet

....... Jil outlet

File > Save Project. Save the project and close the window. Update Mesh on
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6. Solve

Right click Setup and select Edit.

6.1.

6.2.
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Under options check Double Precision and click OK.

Fluent Launcher (Setting Edit 'Dn'[y}

- C -
1 . T
2 . Setup =2 A & o
3 B Soutis Edit...
— Reqister Startup Scheme File. ..
Impaort Fluent Case
53 Duplicate
- F Transfer Data From New
1 g
Transfer Data To Mew
ﬁ Setup
3| @ soutid 7 Update
turbulent Refresh
Reset
EE Rename
Properties
Quidk Help
Add MNote
L ] L |

Fluent Launcher

Dirmenzion Options
3D
Proceszing O ptiohs
Dizplay Options @ Serial
Dizplay Mesh After R eading () Parallel
Embed Graphics Windows
wiorkbench Color Scheme
[7] Do nat shaw this panel again
[ Show Mare Options
[ Ok ] [ LCancel ] [ Help -




Meshing
Mesh Generation
Solution Setup
Maodels
Materials
Phases
Cell Zone Conditions
Boundary Conditions
Mesh Interfaces
Dynamic Mesh
Reference Values

Solution

Solution Methods
Solution Controls
Monitars

Solution Initialization
Calculation Activities
Run Calculation

Results

Graphics and Animations

Plots
Reports

General

Mesh

6.3. Solution Setup > General > Check. (Note: If you get and error message you may have
made a mistake while creating you mesh)

[ Scale... ][

Check I [F‘.eport Quality ]

Solver
Type
@) Pressure-Based
(") Density-Based

Time
@) Steady
() Transient

| Gravity

Velocity Formulation
@ Absolute

() Relative

20 Space
@) Planar

) Axisymmetric
() Axisymmetric Swirl

6.4. Solution Setup > General > Solver. Choose options shown below.
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6.5. Solution Setup > Models > Edit. Select parameters as per below.

Laminar flow
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Turbulent flow
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6.6. Solution Setup > Materials > air > Create/Edit... Change the Density and Viscosity
as per below and click Change/Create. Close the dialog box when finished.
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6.7. Cell Zone Conditions > Zone > surface_body. Change type to fluid and click OK.
Select Material Name as air and click OK.
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6.8. Solution Setup > Boundary Conditions > inlet > Edit... Change parameters as per
below and click OK. (Note: Change inlet velocity to 0.2 m/s for laminar flow)
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Dynamic Mesh

Reference Values
Solution

Solution Methods

Solution Controls

Monitors

Boundary Conditions

Zone

Zone Name

axis

outlet
wall

interior-surface_body

Solution Initialization
Calculation Activities
Run Calculation

Results
Graphics and Animations
Plots
Reports

6.9. Solution Setup > Boundary Conditions > outlet > Edit. Change parameters as per

Fhase

D

| mixture

Type I
- | [velogitynlet  +| |

Edit...

] Copy... Profiles...

[ Parameters.

[Display Mesh

] | Periodic Conditions... |

7

| inlet

Momentum | Thermal | Radiation | Species | DPM | Multiphasz| uDs |

5

Velocity Specification Memodlwmde, Normal to Boundary

Reference Frame [Abmlube
Velodity Magnitude (m/s) | 34,05 [oonslant ']
Supersonic/Initial Gauge Pressure (pascal) [ o [oonstant v]
Turbulence
Specification Method IK and Epsilon v[l
Turbulent Kinetic Energy (m2/s2) ['5. 01 [oonsmnt = I
Turbulent Dissipation Rate (m2/s3) [ 000294 [oonsmnt vl

(o] (concel] [0 )

'

below and click OK. (Note: Outlet pressure is 0 Pa for laminar flow)



Laminar flow

Meshing
Mesh Generation
Solution Setup
General
Models
Materials
Phases
Cell Zone Conditions
Mesh Interfaces
Dynamic Mesh
Reference Values
Solution
Solution Methods
Solution Controls
Monitars
Solution Initislization

Boundary Conditions

Breow L T

Zone Zone Name
axis | outlet

Calculation Activities
Run Calculation
Results

Graphics and Animations
Plots

Fhase Type jin]

|mixb.|re v| [presmre-ouﬁet v] |8

l Copy... Profiles...

| Edt...

Momentum | Thermal | Radiation | Species| DPM | Multiphase | UDs |

Gauge Pressure (pascal) I 0 I [oonsiznt v]

Backflow Direction Spedfication Method [Norma] to Boundary v]

Average Pressure Spedfication
Target Mass Flow Rate

Lok | [cancel] [ reb |

Reports [ Parameters... | [operating Conditions... | 1ot
(Diplay Mesh.. ] [ periocic Conditons.. | o 100 200 300 400 SO0 B
Turbulent flow
Meshing Boundary Conditions [ 1

Mesh Generation
Solution Setup

General

Models

Materials

Phases

Cell Zone Conditions

Mesh Interfaces

Dynamic Mesh

Reference Values
Solution

Solution Methods

Solution Controls

Moniitors

Solution Initialization

Zone Name

Calculation Activities
Run Calculation

Results

Graphics and Animations
Flots
Reports

6.10.

Fhase Type bio]
mixture v|[press.1re-ouﬂet v] |B
Edit. .. Copy... Profiles...

Parameters... [Dperating Conditions. .. ]

[Displav Mesh... ] | Periodic Conditions... |

outlet

Momentum |Therma|| Radiationl Speciesl DPM I Multiphasel uDs I

Gauge Pressure (pasal'}l 400 I [consiz:nt V]

Backflow Direction Specification Method [Norma] to Boundary v]

Average Pressure Specification
Target Mass Flow Rate

Turbulence
Spedification Method [K and Epsilon v]
Backflow Turbulent Kinetic Energy (m2/s2) | 1 [oonstznt - ]
Backflow Turbulent Dissipation Rate (m2/s3) | 1 [oonstznt v]

(ot | [Cancel] [rep |

T 1

Solution Setup > Boundary Conditions > wall > Edit... Change parameters as
per below and click OK.



Turbulent flow

Meshing Boundary Conditions
Mesh Generation Zone Zone Name
Solution Setup axis | wall
General inlet
Models interior-surface_body Adjacent Cell Zone
eterls r — ] 7
Phases

Cell Zone Conditions

Mesh Interfaces
Dynamic Mesh
Reference Values

Solution
Solution Methods
Solution Controls
Monitors
Solution Initialization
Calaulation Activities
Run Calculation
Results
Graphicz and Animations
Flots
Repaorts

6.11.

Wall Motion Mo

tion

@ Stationary Wall

| [V] Relative to Adjacent Cell Zone

(1 Moving Wal

Shear Condition

@) No Slip
() 5pedified Shear
Specularity Coeffiden

Phase

Marangoni Stress

t

Type
|mixb_|re vl [wall

Wall Roughness

Momentum | Thermal | Radiation | Species| DPM | Multiphase | Ups | wal Fim |

in)
v]|5

| Edit... I Copy... Prafiles...
Parameters... | | Operating Conditions...

Roughness Height (m) [ 5 5o5

[constant

Roughness Constant [ g

| constant

[Display Mesh... ] | Periodic Conditions. .. |

(el |

ok | [cancel] [hep |

Solution Setup > Boundary Conditions > Operating Condition. Change
parameters as per below and click OK.

Meshing

Mesh Generation

Solution Setup

General
Models

Materials

Phases

Cell Zone Conditions

Joundary Conditions|

Mesh Interfaces
Dynamic Mesh

Reference Values

Solution

Boundary Conditions

Solution Methods
Solution Controls
Monitors

Solution Initialization
Calculation Activities
Run Calculation

Results
Graphics and Animations

Flots
Reports

Zone

Pressure

{ Operating Conditions

)

Gravity

axis

inlet
interior-surface_body
outlet

97225.9

Operating Pressure (pascal)

@

Reference Pressure Location

x[ﬂ'l]|n 8
"’('Tl]|n 8
o .

Gravity

[Lox | [cancel| [ telp |

Phase Type (]
|mixt|_|re v“waﬂ vl |5
[ Edit... ] [ Copy... “Proﬁles... ]

Parameters... leaating Conditions... I
Display Mesh... | Periodic Conditions... |




6.12. Solution Setup > Reference Values. Change parameters as per below.

Laminar flow

Meshing Reference Yalues
Mesh Generation Compute from
Solution Setup -
General Reference Values
Models
Materials Area (m2) | 0.002154369
Phases
Cell Zone Conditions Density (kg/m3) | 117
Boundary Conditions
Mesh Interfaces Enthalpy /ka) | 0
Dynamic Mesh
LEﬂgth (ITI} | 0.05238
Solution
Solution Methods Pressure (pascal) | ]
Solution Controls
Monitors Temperature (k) | 298.16
Solution Initialization
Calculation Activities Velocity (m/s) | 0.2
Run Calculation
Results Viscosity (ka/m-g) | 1,872e-05
Graphics and Animations
Plats Ratio of Spedfic Heats | 1.4
Reports
Reference Zone
-




Turbulent flow

Meshing Reference Yalues
Mesh Generation Compute from
Solution Setup —
General Reference Values
Models
Materials Area (m2) |2. 15486923
Phases
Cell Zone Conditions Density (kg/m3) | 1.17
Boundary Conditions
Mesh Interfaces Enthalpy (jfka) | 0
Diynamic Mesh
Length {ITI} | 0.05238
Solution
Solution Methods Pressure (pascal) | ]
Solution Controls
Maonitars Temperature (k) |298.16
Solution Initialization
Calculation Activities Velodity (m/s) | 3408
Run Calculation
Results Viscosity (kg/m-s) | 1,87%e-5
Graphics and Animations . .
Plots Ratio of Spedfic Heats | 1.4
Reports
Reference Zone

6.13. Solution > Solution Methods. Change parameters as per below.



Turbulent flow

Meshing
Mesh Generation
Solution Setup

General

Models

Materials

Phases

Cell Zone Conditions
Boundary Conditions
Mesh Interfaces
Dynamic Mesh
Reference Values

Solution

Solution Controls
Maonitors

Solution Initialization
Calculation Activities
Run Calculation

Results

Graphics and Animations
Flots
Reports

Solution Methods

Pressure-Velodty Coupling

Scheme

|sMPLE

Spatial Discretization

Gradient

’Green—Gauss Cell Based

Pressure

[Semnd Order

Momentum

[Semnd Order Upwind

Turbulent Kinetic Energy

[Seoond Order Upwind

Turbulent Dissipation Rate

[Seoond Order Upwind

m

4

Transient Formulation

Mon-Iterative Time Advancement

Frozen Flux Formulation

Peeudo Transient
|:| High Order Term Relaxation
Default
Laminar flow
Meshing Solution Methods
Mesh Generation Pressure-velocty Coupling
Solution Setup Scheme
General [SIMPLE - ]
Models
Materials Spatial Discretization
Phases

Cell Zone Conditions
Boundary Conditions
Mesh Interfaces
Dynamic Mesh
Reference Values

Solution

olution Methods

Solution Controls
Monitors
Solution Initialization
Calculation Activities
Run Calculation

Results
Graphics and Animations
Plots
Reports

Gradient

[Green-Gauss Cell Based

Pressure

[Second Order

Momentum

[Seoond Order Upwind

Transient Formulation

Mon-Iterative Time Advancement
Frozen Flux Formulation

Peeudo Transient

[~ High Order Term Relaxation




6.14.

for all five equations as per below and click OK. (Note: for iterative error study you will

Solution > Monitors > Residuals > Edit. Change convergence criterion to 1e-6

need to use 1e-5)

Laminar flow

Meshing
Mesh Generation
Solution Setup
General
Models
Materials
Phases
Cell Zone Conditions
Boundary Conditions
Mesh Interfaces
Dynamic Mesh
Reference Values
Solution

Solution Methods
Solution Controls
Solution Initialization
Calculation Activities
Run Calculation

Monitors

Residuals, Statistic and Force Maonitors

Residuals - Print, Plot

Statistic - Off

Surface Monitors
Edit... | [Delete

olume Monitors

T

4

Options Equations
Print to Console Residual Monitor Check Convergence Absolute Criteria =
Plat continuity 1e-06
Window @ x-velodty 1e-06
1
v
y-velocity 1e-06
Iterations to Plot o
1000 % Residual Values Convergence Criterion
[] Normalize Ikerations [absolute T
(G
Iterations to Store =z
1000 o Scale
7] Compute Local Scale
l oK. l [ Plot ] [ Renormalize ] [ Cancel ] [ Help ]

—

Tubulent flow

Meshing
Mesh Generation
Solution Setup
General
Models
Materials
Phases
Cell Zone Conditions
Boundary Conditions
Mesh Interfaces
Dynamic Mesh
Reference Values
Solution
Solution Methods
Solution Controls
Solution Initiglization
Calculation Activities
Run Calculation
Results

6.15.

Monitors

e L ——

Residuals, Statistic and Force Monitors

Residuals - Print, Plot

Statistic - Off

Delete

Surface Monitors

Edit... | | Delete

Volume Monitors

Options Equations
Print to Console Residual Monitor Check Convergence Absolute Criteria -
Plot continuity 1le-6
Window [P =
— locity 1e-d E
= X-vel
: S
y-velodity i 7 1e-6
Iterations to Plot
1000 % K o6 I
Residual Values Convergence Criterion
Iterations to Store [ Normalize imlians [absolube -
1000 ry
= E -
Scale
[ compute Local Scale
l Ok l [ Flot ] [Renormahze ] [ Cancel ] [ Help ]

Solution > Solution Initialization. Change parameters as per below and click
Initialize. (Note: use 0 Pa and 0.2 m/s for laminar flow for pressure and velocity
respectively)




Turbulent flow

Meshing Solution Initialization
Mesh Generation Initialization Methods
Solution Setup ) Hybrid Initialization
General (@ Standard Initialization
Models
Materials Compute from
Phases [

Cell Zone Conditions Reference Frame

m

Boundary Conditions -
Mesh Interfaces @ Relative to Cell Zone
Dynamic Mesh () Absolute
Reference Values N
Initial Values
Solution
Solution Methods Gauge Pressure (pascal)
Solution Contrals 400
Manitors ) )
Solution Initialization Axial Velodty (m/s)
Calculation Activities 34.08
Run Calculation
Results Radial Velodty (m/s)
U]
Graphics and Animations
;Ints s Turbulent Kinetic Energy (m2/s2)
=her 0.09
Turbulent Dissipation Rate (m2/s3)
16

| Initialize || Reset || Paich... |

|Reset DPM Sources | |Reset Statistics |

1



Laminar flow

Meshing
Mesh Generation
Solution Setup

General

Models

Materials

Phases

Cell Zone Conditions
Boundary Conditions
Mesh Interfaces
Dynamic Mesh
Reference Values

Solution

Solution Methods
Solution Controls
Monitors

olution Initialization

Calculation Activities
Run Calculation

Results

Graphics and Animations
Plots
Reports

Solution Initialization

Initizlization Methods

() Hybrid Initialization
@ Standard Initialization

Compute from

Reference Frame

@ Relative to Cell Zone
() Absolute

Initial Values

Gauge Pressure (pascal)

| 0

Axial Velodty (m/s)

|u.2

Radial Velodty (m/s)

| 0

| mitialize || Reset ||Patch... |

Reset DPM Sources | | Reset Statistics

6.16. Solution > Run calculation. Change number of iterations to 1000 and click
Calculate.



7. Post Processing
Displaying Mesh

Display > Mesh

Display | Report  Parallel  Wiew Help

hesh.., l -

Graphics and &nimations..
Plats... I

Residuals...

Qptions..
Scene..,
Wiewws,..
Lights...
Colarmap...

Annotate..,

Zone Mation,.,

DTRM Graphics...

Irmport Particle Data,.

POF Tables/Cures..,
Reacting Channel/Curses...

flouse Buttans..,

Select all the surface you want to display, lines and points you create can be displayed here as

well.

Plotting and Printing Residuals

Display > Residuals. Click on Plot button then click on OK.

ANSYS Academic Teaching Advanced]

Display | Report Parallel View Help

Mesh...
Graphics and Animations...

Plots...

Residuals... l

Options...
Scene...
Views...
Lights...
Colormap...

Annotate...

Zone Motion...
DTRM Graphics...
Import Particle Data...
PDF Tables/Curves...

Reacting Channel/Curves...

Mouse Buttons...



© [Corves...) [nes..

Print to Console
Plat
| Window
| 1
Iterations to Plot
1000 ()
=]

Iterations to Store

[a]
1000 =

Residual Manitor Check Convergence Absolute Criteria =~ =
continuity 1e-06 |
x-velodity [1e-06
y-velodty 1e-06
k [1e-06

Residual Values Convergence Criterion I
Mormalize Ikerations [ME i ]

S
]
Scale
Compute Local Scale

J |

Plot

| (Renomaize | | cancel | |

Help

)

Scaled Residuals

50 75 100 125 150 175
Iterations

Jul 23,2013
ANSYS Fluent 14.5 (axi, dp, pbns, ske)

File > Save Picture. Using option as per below save the residuals.



File || Mesh Define Sclve Adap

Refresh Input Data

Save Project

Read 3
Write r
Import 4
Export 3

Solution Files...

Interpolate...

EM Mapping »
FSI Mapping [
Save Picture... I

Data File Quantities...

Close Fluent
r -
Save Picture l 2% ]
Format Colaring File Type Resolution
D EPS @) Colar @) Raster Width Taen (=)
e = 980
@ IPEG (7 Gray Scale Vector =
(TIPPM (7) Monochrome Height o @
= = ight | 72p
) Postsoript =]
i TIFF ) |
I PNG Options .
() VRML Landscape Orientation | 0900 Dump Command
Window Dump White Backaround | import -window Yow
Save... [ Apply ] [Preuiew] [ Close ] [ Help ]

Creating Points and Lines

Surface > Point. Change x and y values as per below click Create. Repeat this for other lines
shown in the table below.



( |

Point Surface

Options Coordinates

[] Paint Tool x0 {m) | 7

Y[]{m}||:l

°

[ Select Paint with Mouse
Mew Surface Name
| paint-1
Create [Manage... ] [ Close ] [ Help

—_— = —

Game | 0 | %0
point-1 7 0
point-2 7 0.005
point-3 7 0.010
point-4 7 0.015
point-5 7 0.020
point-6 7 | 0.021
point-7 7 0.022
point-8 7 0.023
point-9 7 | 0.024
point-10 | 7 0.025

Surface > Line/Rake. Change x and y values as per below click Create. Repeat this for other
lines shown in the table below.



o

Options Murnber of Points

10 =
[ Line Tool [IJnE—] | hd

End Points

x0(m) [ g 5238 x1{m) |n.5233

y0 (m) [ y1(m) [o.02619

2EI|{m]||,:, 21':ITII'||:|

( Select Points with Mouse

Mew Surface Mame
¥=10d|

I Create I [Manage...] [ Close ] [ Help ]

Surface X0 YO X1 Y1
Name

x=10d 0.5238 0 0.5238 | 0.02619
x=20d 1.0476 0 1.0476 | 0.02619
x=40d 2.0952 0 2.0952 | 0.02619
0
0

x=60d 3.1428 3.1428 | 0.02619
x=100d 5.238 5.238 | 0.02619

Plotting Results

Results > Plots > XY Plot > Setup. Select inlet, outlet, and the lines you created and change
setting as per below then click Plot.



Problem Setup

General

Models

Materials

Phases

Cell Zone Conditions

Boundary Conditions

Mesh Interfaces

Dynamic Mesh

Reference Values
Solution

Solution Methods
Solution Controls
Manitors
Solution Initialization
Calculation Activities
Run Calculation

Results
Graphics and Animations

Reports

XY Plot > Setup > Curves. For Curve # 0 select the Pattern as per below and click Apply.

Plots

Flots Options

XY Plot Node Values

Histogram Position on X Axis

Elleﬁl [ Position on Y Axis
rofiles: = ;
Profile Data - Unavailable Wr‘l:lhe to I.:Ile
Interpolated Data Order Points

FFT

B5E

File Data

x’o—

Y

Plot Direction

' Axis Function

’\c'alocity...

’Am'a] Velogity

¥ Axis Function

2"0

| Free Data |

[New Surface » ]

l Plot ][Axes...] [Curues...] [ Close ] [ Help ]

Repeat this for all the curves 0 through 7.

|~ |
Curves - Solution XY Plot E

Line Style Marker Style
Pattern Symbaol
= z)| | (@ -]
Colar Color
e ) o -
Weight Size
| 1 | 0.3

| Apply | [Close | | Help |

Download the data for the Simulation from the class website
(http://www.engineering.uiowa.edu/~me_160/).

XY Plot > Setup > Load File. Select axialvelocityEFD-turbulent-pipe.xy and click OK.



http://www.engineering.uiowa.edu/~me_160/

5.00e+00

0.00e+00 3
0 0.005 0.01 0015 0.02 0.025 003

Position (m)

Axial Velocity Mar 11,2013
ANSYS FLUENT 13.0 (axi, dp, pbns, ske)

Results > Plots > XY Plot > Setup. Change Y function to Pressure... and select axis then click
Plot.

Mode Values
Position on X Axis
DPnsitinn on Y Axis
Write to File
[Jorder Points

File Data EE=

Pressure Profile (C:\Usq

Load experimental data for the centerline pressure.



SRR
'6.00e+02

4.00e+02

Position (m)

Static Pressure Mar 11,2013
ANSYS FLUENT 13.0 (axi, dp, pbns, ske)

Select axis and change Plot Direction as per below. Then plot the figure.

Mode Values
Position on X Axis
|:| Position on Y Axis
Write to File
[ ] order Points

File Data EE=

Velodty Magnitude {C:Y

350e+01

340e+01
0 1 2 3 4 5 (i 7 8

Position (m)

Axial Velocity Mar 11,2013
ANSYS FLUENT 13.0 (axi, dp, pbns, ske)




Exporting Data

Select Plots > XY Plot. Then change parameter as per below and click Write. This will export

the shear stress along the wall of the pipe. You will need this data to compute the shear stress

coefficient at the developed region.

Problem Setup Plots
General Plots
Madels XY Plot
Materials Histogram
Phases File
Cell Zone Conditions Profiles:

Boundary Conditions
Mesh Interfaces
Dynamic Mesh
Reference Values
Solution
Solution Methods
Solution Controls
Monitors
Solution Initialization
Calculation Activities
Run Calculation
Results

Graphics and Animations

Reports

Profile Data - Unavailable
Interpolated Data
FFT

Solution XY Plot

Options Plot Direction

¥ Axis Function

[¥]Mode values

[¥] Position on ¥ Axis
Position on Y Axis

Wirite to File

Xll—
Ylo—

’Wall Fluxes. ..

’Wall Shear Stress

X Axis Function

[ order Points 2 || 0

| irection vector

BE

File Data

Surfaces

axis

inlet
interior-surface_body
outlet

x=100d
x=10d
x=20d

|

Plotting Vectors and Contours

Results > Graphics and Animations > Vectors > Set Up... Change the vector parameters as

per below and ¢

lick Display.

Free Data
lWribe... ] [ Axes... ] [Curves...] [ Close ] [ Help

Problem Setup

Graphics and Animations

General Graphics Options Vectors of
Model; | Mesh Global Range [VEIOCit‘.I' V]
r:te”a = Contours Auto Range Color by
=S " - Clip to Range ;
Cell Zone Conditions Pathlines 7] Auto Scale [Velouty... v]
Boundary Conditions Particle Tracks [ raw Mesh —
Mesh Interfaces [ al Velocity ']
Dynamic Mesh Style T¥lin (s, T (mys)
Reference Values
- SetUp... [arrow =] 2247792 4161796
Solution Scale Sip i @ E]
Solution Methods o lli ’0— = ur_ Ces
Solution Controls Animations [x) |axis -~
Monitors e b
Solution Initialization gclenﬁe "“”A:_a“"t’.‘ Playback L Oplions. :uﬂzfr-sur =_mody
) . olution Animation Flayba
Calculation Activities Custom V < wal
Run Calculation %x=100d
Results . x=10d 2
jGraphics and Animations) ELHEER R I .
Plots | Match Mew Surface
-SetU
Reports 2 Surface Types EE
axis -
. dip-surf
[ Options. .. ] [ Scene... ] [ Views. .. ] exhonst-Fan (H
[ Lights... ][Colormap... ][Annomte... ] fan i

Help

[Display ] [COH‘IDUtE] [ Close ] [ Help




3018401
2.92e+01
2828401
2.73e+01
2.63e+01
2.53e+01
2.44e+01
2.34e+01
2.25e+01

Velocity Vectors Colored By Axial Velocity (m/s)

Results > Graphics and Animations > Contours > Set Up... Change the vector parameters as

per below and click Display.

Problem Setup Graphics and Animations
General Graphics
Model; Mesh
Materials
Phases Vectors
Cell Zone Conditions Pathlines
Boundary Conditions Partide Tracks
Mesh Interfaces
Dynamic Mesh

Reference Values

SetUp.

Solution

Solution Methods
Solution Controls
Monitors Sweep Surface

Scene Animation

Solution Animation Playback

Animations

Solution Initialization
Calculation Activities
Run Calculation

Results

Set Up.

[ vghts... |[colormap... |[Annotate... |

Mar 11,2013
ANSYS FLUENT 13.0 (axi, dp, plns, ske)

£ Setup interior-surface_body
& 1 &) |outlet
’ﬁ = = |lwal

Surface Name Pattern

x=100d

Contours af
Velodity...
Mode Values = =
Global Range fatalifladhy
Auto Range I4lin /s Tax {mj's)
[ clip to Range || 0 | || 41,6179 |
Draw Profiles
Draw Mesh Surfaces 28
axis -
inlet

Mew Surface =

Surface Types

axis
dip-surf
exhaust-fan
fan

[0y 1| [conpute] [“Giose ] [~ |

6 24e+00
4168400
208e+00
0.00e+00

Contours of Adal Velocity (mis)

Close window and save workbench file.

Mar 11,2013
ANSYS FLUENT 130 (24, dp, pbns, ske)




V&V Instructions

V&YV Instructions for Velocity Profile

Right click Solution > Select Edit...

2 @ Imported Mesh

Grid 6

2 @ Imported Mesh

Grid 4

2 @ Imported Mesh
Grid 3

2 @ Imported Mesh
Grid2

2 @ Imported Mesh
Grid 0

Create reference points

Results > Plots > XY Plot > Set Up...

- D

B

— o2 @ setp
& Solution v 4

Laminar {1e-6)

- F

.

——22 @ setp v,

3|ﬁ Soluh'ﬂ__ L

Laminar (1

A

&3

- H

X
2 | @@ setp
& Solutior

Laminar (1

Ok

——a2 @ setp

Continue Calculation
Import Final Data. ..
Duplicate

Transfer Data From New
Transfer Data To New

Update

Clear Generated Data
Refresh

Reset

Rename

Properties

Quick Help
Add Note

3
3

3 Solution

Laminar {1e-6)

- M

: B

—#2 @ setp
3 Solution v 4

Laminar {1e-6)



B:Laminar {1e-6) Fluent [axi, dp, pbns, lam] [ANSYS Academic Teaching Advam
File Mesh Define Solve Adapt Surface Display Report Parallel  Vie

Afs-d-mefsHaasfanE-o-l

Meshing Plots
Mesh Generation Plots
Solution Setup *Y Plot
General Histogram
Models File
” Profiles:
Materials Profile Data - Unavailable
Phases Interpolated Data
Cell Zone Conditions FFT

Boundary Conditions
Mesh Interfaces
Diynamic Mesh
Reference Values
Solution
Solution Methods
Solution Controls
Monitors
Solution Initialization
Calculation Activities
Run Calculation Set Up...
Results

Graphics and Animations

Repaorts

Change parameters as per below and click Write... Make sure to select points 1 through 10.

Solution XY Plat Co)
Options Plot Direction Y Axis Function

Node Values || velodity... -
Axial Velodty

X Axis Function

|Direction Vector

Surfaces

point-3
point-4
paint-5
paint-6
point-7
point-3

jint-9

Load File,.. ==

| Free Data | [New Surface = ]

I‘ | Write... I [ Axes... ] [Curues...] [ Close ] [ Help ]

[ —

Name file according to which grid solution you are using.



Lookin: ||, CFD Lab 1 - @7 M-
P Name . Date modified Type
L"-'y 1. CFD Lab 1 Template_files 7/11/201311:58 AM  File folder
Recent Places . .
. Student CFD Lab 1 7/12/201310:12 AM - File folder
|
Desktop
i.i__‘
Libraries
A
Computer
| ) « i | 3
Network
XY File Velocity Profile Grid 4| - | 0K I
Flesoftype:  [XY Files v] [ Caneal |

[

Open file using Wordpad, copy points to input into V&V Excel file.

E=SEEAT ) Y
File Edit Format View Help [E] Picty

(title "axial velocity™) - | F B vide
(labels "pPosition” "axial velocity")

|| Vel Grid 4 -

((xy/key/Tabel "point-1") Com
= B
0 0. 306712 =
) Undo
({xy/key/label Cut
0.025 0.035273
) Copy
((xy/key/Tabel Paste
0.005 0. 38354
) Delete
((xy/key/label Select All
0.01 0. 3399¢
Right to left Reading crder
‘ Show Unicode control characters
Insert Unicode control character b

Open IME

Reconversion

Paste value into V&V Excel file according to its y position and its grid number. Use the Keep Text Only
paste function by right clicking in the cell and selecting it from the paste options.



1.4142136
Grids 2,3,4
Eg21%] FEg3[%]  EgA[%]
o 0.396713 0.400000 | ####H##H#H### | 100.000000|100.000000
0.005 0.385000 |#H#HH#HH###|100.000000(100.000000
0.01 0.342000 |##H##H#E###E|100.000000(100.000000
0.015 Paste Options: 0 |###HHHA## | 100.000000{100.000000
0.02 o 0 |##HHHA## | 100.000000(100.000000
0.021 A ) 0 |###EHEE## | 100.000000(100.000000
0.022 ! 0.118000 |#####H#HAE## | 100.000000{100.000000
Keep Text Only (T)
0.023 0.052000 |##H#H#HH###|100.000000(100.000000
0.024 0.064000 |#H#H##HE###|100.000000(100.000000
0.025 0.036000 |#H#HH##HE### | 100.000000{100.000000

Repeat this process for the remaining y location points and then the two remaining grid solutions. All
yellow cells should be filled.

V&YV Instructions for Friction

Right click Solution > Select Edit...
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Results > Plots > XY Plot > Set Up...

B:Laminar (1e-6) Fluent [axi, dp, pbns, lam] [ANSYS Academic Teaching Advam
File Mesh Define 5Solve Adapt Surface Display Report Parallel Vie
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Change parameters as per below and click Write...
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Name the file according to grid number and save to project folder.

Lookin: | Fluent - G _" ® '
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Files of type: XY Files - [ cancel |

Open file with Notepad and copy wall shear stress at the x location of 7.62m.
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Paste the value into corresponding cell in the V&YV template.
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Make sure when pasting you select Keep Text Only and you select the proper cell corresponding to the
grid number.
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Repeat this process for the remaining six grids. Each yellow cell should be filled.



8. Exercises

You need complete the following assignments and present results in your lab reports following
the lab report instructions.

*1-4 and 6 are for laminar flows, 5 is for turbulent flows

8.1. lterative error studies: Use grid #4 and #8 with laminar flow conditions. Use two
different convergent limits 10™ and 10 and fill in the following table for the values on
friction factors. Find the relative error between AFD friction factor (0.097747231) and
friction factor computed by CFD, which is computed by:

Factor., — Factor,.,
Factor,,

x100%

To get the value of FaCtOr., , you need export wall shear stress data. Then use the wall

shear stress at the developed region to calculate the friction factor. The equation for the friction
factor is C=8*1/(r*U"2). Where C is the friction factor, t is wall shear stress, r is density and U is
the inlet velocity. Discuss the effect of convergent limit on results for these two meshes

Mesh f (10™) F(10°)
No.
4 (%) (%)
8 (%) (%)

NOTE: (1). X and R should be NX+1 and NR+1. So, when you can create mesh manually,
you need use NX, NR (112x10) for mesh 4 and (452x44) for mesh 8.

e Figure need to be saved: residuals history for mesh 8 for two convergent limits.

e Data need to be saved: the above table with values.

e ANSYS case need to be saved: mesh 8 with convergent limit 10°®

8.2. Verification study for friction factor of laminar pipe flow: Run the simulations
with the meshes shown in the table. Using mesh 4 as the “fine” mesh, and run
verification with grid refinement ratio 1.414 and convergence limit 10°. Compute the
parameters in the table (Refer to class website for V&V instructions). Using Mesh 8 as

the “fine” mesh and repeat the above procedure using the same grid refinement ratio
1.414,

Meshes Pg Cg Ug(%) Ugc (%)

2,34
6,7,8

Which set of meshes is closer to the asymptotic range (i.e. Cg close to 1.0)? Which set has a
lower grid uncertainty (Ug)? Which set is closer to the theoretical value of order of accuracy
(2nd order). For the fine mesh 8, also compare its relative error of the friction factor (the one



using convergent limit 10°° in the table in exercise 1) with the grid uncertainty for 6,7,8, which is
higher and what does that mean?

e Figure need to be saved: Figures and tables from V&YV spread sheet.
e Data need to be saved: the above table with values

8.3. Effect of grid refinement ratio on verification results (friction factor): still

use mesh 4 and 8 as the “fine mesh”, but run verification with grid refinement ratio 2 for
laminar pipe flow and convergence limit 10°°.

Meshes Pg Cg Ug(%) Ugc (%)

0,2,4
4,6,8

Compared to results in 2, which set of meshes is sensitive to grid refinement ratio? Why?
e Figures need to be saved: Figures and tables from V&YV spread sheet.
e Data need to be saved: the above table with values

8.4. Verification study of axial velocity profile: Use mesh 4 as the “fine mesh”, use
grid refinement ratio 1.414 and convergence limit 10°. Follow the V&V for velocity
how to in the post processing section. Save the figures and discuss if the simulation has
been verified.

e Figures need to be saved: Figures showing Ug, Ugc with |E|. Discuss which mesh
solution is closest to the AFD data, why?

e Data need to be saved: None.

8.5. Simulation of turbulent pipe flow

Run simulation with convergence limit 10° and compare with EFD data on axial velocity
profile and pressure distribution along the pipe. Export the axial velocity profile data at x=100D,
use EXCEL to open the file you exported and normalize the profile using the centerline velocity
magnitude at x=100D. Plot the normalized velocity profile in EXCEL and paste the figure into
WORD.

e Figures need to be saved: Axial velocity profile with EFD data, normalized axial velocity
profile at x=100D, centerline pressure distribution with EFD data, “centerline velocity
distribution”, contour of axial velocity, velocity vectors showing the developing region and
developed regions.

e Data need to be saved: Developing length and compared it with that using formula 6.6 in
textbook.

8.6. Comparison between laminar and turbulent pipe flow
Compare the results of laminar pipe flow using mesh 8 in exercise 1 (convergent limit 10°°)
with results of turbulent pipe flow in exercise 5. Analyze the difference in normalized axial
velocity profile and developing length for laminar and turbulent pipe flows.
NOTE: (1). Since you have finished laminar simulation using mesh 8 in exercise 1, you
can just open the case file you saved and output the figures and data you need.



e Figures need to be saved: Axial velocity profile with AFD data, normalized axial velocity
profile at x=100D, “centerline velocity distribution” for laminar flows.

e Data need to be saved: Developing length for laminar pipe flow and compared it with that
using formula 6.5 in textbook.

8.7. Questions need to be answered in CFD Lab report
8.7.1. Answer all the questions in exercises 1 to 6
8.7.2. Analyze the difference between CFD/AFD and CFD/EFD and possible error sources.
8.7.3. Analyze the difference between ANSYS predictions and your own calculations (using
formula in CFD lecture) for order of accuracy and grid uncertainties.



