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_earning goals

Develop the numerical solution to a laminar pipe flow problem using Ansys
Workbench, ANSYS SpaceClaim, ANSYS Meshing, ANSYS Fluent and
ANSYS CFD-Post.

Assignment

Consider fluid flowing through a circular pipe of constant radius. The pipe
diameter D = 0.2 m and length L = 8 m. Consider the inlet velocity to be
constant over the cross-section and equal to 1 m/s. Take density p = 1
kg/m3 and coefficient of viscosity p = 2 x 103 kg/(m s). These parameters
have been chosen to get a desired Reynolds number of 100.

Each student should work individually on the tutorial and must submit the
requested files (.zip with workbench case file and folder and screen capture
Indicating the value of momentum balance shown in slide N° 71 of the
tutorial).
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Laminar Pipeflow
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Run Workbench: (start © - Workbench 2021 R1)
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Drag the Fluid Flow icon to the Project Schematic window
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Run Geometry (SpaceClaim Direct Modeler)
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1- SpaceClaim Direct Modeler

A:Laminar Pipeflow - Design1 - SpaceClaim
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Change units in SpaceClaim
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Modify Sketch Plane

Select New Sketch Plane
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Modify Sketch Plane

Move the pointer on XY Plane / L-Click
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Plane View

Display/Plan View or (Ctrl-6)
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Draw the Cylinder Section Based on Given Dimensions

Design/Line icon
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Draw the Cylinder Section Based on Given Dimensions

A Be careful in drawing straight lines!
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Fill the selected edges to create a surface

Design/select/select all the edges/Fill
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SpaceClaim Results
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2- Run Mesh (From Workbench)

Control Green checkmark of Geometry/Save the project
Run Mesh from Workbench
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Details of "Model (A3)"
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Face meshing

Click on Mesh at Outline window/Face Meshing
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Face Meshing

Click on the created surface (to make it colourful)/click on Geometry/apply
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Add Sizing

Click on the Mesh at Outline window/Sizing
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2- Add Sizing

Click on Edge selector/Select both bigger edges/Apply
Note! Use Ctrl key to add an edge/
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Sizing: Define Number of Divisions

Set Type to Number of Divisions/Set 100 Divisions
Set Behavior to Hard
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Add Sizing to Inlet and Outlet

Click on the Mesh at Outline window/Sizing

Click on Edge selector/Select the inlet and outlet edges/Apply
Set Type to Number of Divisions/Set 5 Divisions
Set Behavior to Hard
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Generate Mesh
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Create Named Selection

Click on Edge selector/Select the upper edge/R-Click on the edge
/Create Named Selection/Enter the name “WallPipe”

@ A: Laminar Pipeflow - Meshing [ANSYS Academic Preprocessing Tools] = X
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Create Named Selection for other edges

Click on the Edge selector/Select the lower edge/R-Click on the edge
/Create Named Selection/Enter the name “Centerline”

Click on the Edge selector/Select the inlet edge/R-Click on the edge
/Create Named Selection/Enter the name “Inlet”

Click on the Edge selector/Select the outlet edge/R-Click on the edge
/Create Named Selection/Enter the name “Outlet”

Control the Named Selections by clicking the names in the list
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Update Meshing at Workbench and Run Setup (D-Click)
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3- Fluent Launcher

Click on the Double Precision icon
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Check

Mesh

Click on check/perform mesh check
Check the given information

A:Laminar Pipeflow Parallel Fluent@wirepc9.intranet.epfl.ch [axi, dp, pbns, lam] [ANSYS Academic Research Mechanical and CFD]
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Setup/General

At the Tree Menu double click on General
Click on Axisymmetric Checkbox

n A:Fluid Flow (Fluent) Parallel Fluent@wirepc8.intranet.epfl.ch [axi, dp, pbns, ssthw, single-process] [CFD Solver - Level 2 - CFD Solver - Level 1]
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Setup/Models

At the Tree Menu double click on Models
Double Click on Viscous - Choose Laminar

Select Laminar

and OK

A:Laminar Pipeflow Parallel Fluent@wirepc9.intranet.epfl.ch [axi, dp, pbns, lam] [ANSYS Academic Research Mechanical and CFD]
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Setup/Materials

At the Tree Menu double click on Materials
Double Click on air (Fluid)

Change Density to 1 and Viscosity to 2e-3
Click on Change/Create then Close
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Setup/Boundary Conditions

At the Tree Menu double click on Boundary Conditions
Left Click on Centerline
Change Type to Axis then OK
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Setup/Boundary Conditions

At the Tree Menu double click on Boundary Conditions
Double Click on Inlet

Change Velocity Specification Method to Components
Chanae Axial-Velocitv to 1 m/s - Aoplv
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Setup/Boundary Conditions

At the Tree Menu double click on Boundary Conditions
Left Click on Outlet
Check if the Type Is Pressure-outlet
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Setup/Boundary Conditions

At the Tree Menu double click on Boundary Conditions
Left Click on WallPipe - Check if the Type Is Wall
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Solution/Methods

At the Tree Menu double click on Solution/Methods

Change the Scheme to SIMPLE
Check if the Momentum Is Second Order Upwind

B:Copy of Laminar Pipeflow Parallel Fluent@wirepcS.intranet.epfl.ch [axi, dp, pbns, lam] [ANSYS Academic Research Mechanical and CFD]
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Solution/Monitors (Residuals Control)

At the Tree Menu double click on Monitors
Double Click on Residuals
Change all the Criteria to 1e-6
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Solution/Initialization

At the Tree Menu double click on Initialization

Change the Initialization Methods to Standard Initialization
Change the Compute from to Inlet

Click on the Initialize icon
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Solution/Run Calculation

At the Tree Menu double click on Run Calculation
Set the Number of Iterations to 100

Click on the Calculate icon
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3- Control residuals
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Run Results from Workbench
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4- CFD-Post (Objective: Velocity Vectors)

Click on Z axis to get x-y view
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CFD-Post (Objective: Velocity Vectors)

Click on Vector icon then OK
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4- CFD-Post (Objective: Velocity Vectors)

Set the Location to Periodic 1 then Apply
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File Edit Monitor Session Insert Tools Help

ERE RN 90 HE S Buew JERIF S HIPO xEEERNS OM# /% E 8 6

Ouine _ Vrtes _ Bxpresors_ Caldtors_ T % SrQaQ® F 0 %
b @ Cases ~
v (@ Laminar Pipeflow '
v @ fff_surface
[P% centerline
OPE inlet
D€ outet
OP€ periodic 1
[P+ periodic 1 shadow
9% walpipe
v |83 User Locations and Plots
i Default Transform
M [} pefault Legend View 1
%3 vector 1
M@ wireframe
v (&) Report
M &> Title Page
> [ & FieReport v

De! 1
Geometry  Color  Symbol  Render  View \

Al Domains ¥ =]
De
Locations N periodic 1 v |1|
Samping  Vertex -
Reducton  Reduction Factor -
Factor [10 |
Variable IHodtv vl lIJ ;‘ o Y —_— e —
Boundary Data Hybrid ®) Conservative 5 0.0 “, 000!

0 0.150 0.300 (m)

0.075 0.225

Sewet H e 3D Viewer  Table Viewer  ChartViewer ~ Comment Viewer  Report Viewer




CFD-Post (Objective: Velocity Vectors)

At the Details Menu click on Symbol
Change the symbol size to 0.1 and Apply
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CFD-Post (Objective: Velocity Vectors)

At the Details Menu click on Color
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CFD-Post (Objective: Velocity Contour)

Click on Contour icon then OK
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CFD-Post (Objective: Velocity Contour)

Set the Location to Periodic 1
Change the Variable to Velocity, then Apply
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CFD-Post (Objective: Creating Chart)

Location/Line
Change the Name to Outlet, then Ok
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CFD-Post (Objective: Creating Chart)

Set the Point 1 to (8)(0)(0)
Set the Point 2 to (8)(0.1)(0), then Apply

& A6: Laminar Pipeflow - CFD-Post
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CFD-Post (Objective: Creating Chart)

Click on Chart
Change the Name to Velocity Out, then Ok
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CFD-Post (Objective: Creating Chart)

At the Details Menu click on Data Series
Change the Location to Outlet, then Apply
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CFD-Post (Objective: Creating Chart)

Change the Variable to Velocity

At the Detalils Menu click on Y Axis
Change the Variable to Y, then Appl

Close the CFD-Post software
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CFD-Post (Objective: Wall Shear)

Double click on Solution from Workbench (Run Fluent)
At the Tree Menu double click on Reference Values

Set Velocity and Density to 1

A:Laminar Pipeflow Parallel Fluent@wirepc9.intranet.epfl.ch [axi, dp, pbns, lam] [ANSYS Academic Research Mechanical and CFD]
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CFD-Post (Objective: Wall Shear)

At the Tree Menu double click on Run Calculation
Click on the Calculate icon
Select Use setting changes for current and future calculations, then OK
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CFD-Post (Objective: Wall Shear)

Double click on Results from Workbench
Location/Line

Change the Name to PipeWall, then Ok
Set the Point 1 to (0)(0.1)(0)

Set the Point 2 to (8)(0.1)(0), then Apply
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CFD-Post (Objective: Wall Shear)

Click on Chart/Change the Name to Wall Shear, then OK

At the Detalls Menu, Click on Data Series, Change the Location to PipeWall
Click on X Axis, then Change the Variable to X

Click on Y Axis, Change the Variable to Wall Shear, Apply
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Fluent (Results Reports)

Double click on Solution from Workbench to open Fluent
At the Tree Menu select Results/Reports/Fluxes (D-click on Fluxes)

Select centerline, inlet, outlet and wallpipe, then Compute
Mass Flow Rate will be calculated and appeared at Console box
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CFD-Post (Objective: Expressions, Momentum Difference)

Click on Expressions tab, then Ok
R-Click on Expressions, then click on New

Change the Name to LHS, then Ok
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CFD-Post (Objectlve Expressions, Momentum Balance)

R-Click on Detalls of LHS and select Functions/CFD- Post/LenghtInt
R-Click inside the bracket lengthint(here) and apply the formula as below

Define: “ lengthInt(Density*(Velocity u*2-1[m”2 s*-2])*2*pi*Y)@Outlet “

Note that the Density, Velocity u and Y are Variables and it should be
selected by: R-Click/select Variables/...

Note that the Inlet/Outlet are Locations and it should be selected by: R-
Click/select Locations/Inlet or Outlet
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CFD-Post (Objective: Pressure Force)

Location/Line, Change the Name to Inlet, then Ok

Set the Point 1 to (0)(0)(0) and the Point 2 to (0)(0.1)(0), then Apply
Click on Expressions tab, R-Click on Expressions, then click on New
Change the Name to RHS, then Ok
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CFD-Post (Objective: Expressions, Momentum Balance)
R-Click on Detalls of RHS and select Functions/CFD-Post/Lenghtint

Define:
lengthInt(Pressure*2*pi*Y)@Inlet - lengthInt(Pressure*2*pi*Y)@Outlet

Note that the Pressure and Y are Variables and it should be selected by: R-
Click/select Variables/...

Note that the Inlet/Outlet are Locations and it should be selected by: R-
Click/select Locations/Inlet or Outlet

3D Viewer Table Viewer Chart Viewer Comment Viewer Repart Viewer



CFD-Post (Objective: Drag Force)

Double click on Solution from Workbench to open Fluent
At the Tree Menu select Results/Reports/Forces (D-click on Forces)

Click on Print, Results will be calculated and appeared at Console box

Write down the Total Force as shown in picture and close Fluent
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CFD-Post (Objective: Drag Force)

Double click on Results from Workbench

Click on Expressions tab, R-Click on Expressions, then click on New
Change the Name to Fshear, then Ok
Paste (write) the copied number and define a unit [N], then Apply
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CFD-Post (Objective: Momentum Balance)

Click on Expressions tab, R-Click on Expressions, then click on New
Change the Name to MomBalance, then Ok
Add the copied number for Total Force and define a unit [N], then Apply

Define: (RHS-LHS-Fshear)/Fshear*100

Definiton ~ Plot  Evaluate

(RHS-LHS-Fshear)/Fsheaxr*100




CFD-Post (Objective: Results Optimization - Mesh Resolution)

From Workbench, R-Click on Mesh and Click on Duplicate
Double click on new duplicated Mesh

From Outline Menu Click on Model/Mesh/Edge Sizing 2
Increase the Number of Divisions to 10, then Click on Generate Mesh
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CFD-Post (Objective: Results Optimization)

From Workbench, R-Click on duplicated Mesh and Click on Update
D-Click on Setup

At the Tree Menu double click on Solution/Initialization,
Change the Compute from to Inlet then Click on the Initialize icon

At the Tree Menu double click on Solution/Run Calculation then Calculate
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CFD-Post (Objective: Drag Coefficient)

At the Tree Menu select Results/Reports/Forces (D-click on Fluxes)
Click on Print, Results will be calculated and appeared at Console box

Write down the Total Force as shown in picture and close Fluent

Filter Text

- Setup
@ General
+) @ Models
+ £¥ Materials
+ [] cell Zone Conditions
+) [ Boundary Conditions
£* Mesh Interfaces
2| Dynamic Mesh
[7] Reference Values
+) 17, Reference Frames
£+ Named Expressions
- Solution
2 Methods
Controls
= Report Definitions
+ @ Monitars
@ Cell Registers
2% Initialization
+ # Calculation Activities

(&) Run Calculation
- Results

& surfaces
+) & Graphics
" Plats
2y scene
+ [ animations
o Reports
+) 4~ Discrete Phase
Fluxes
{) Forces
4> Surface Integrals
@ Volume Integrals

+ Parameters & Customization
+ Simulation Reports

+

Run Calculation

Check Case... Update Dynamic Mesh T

Parameters -
Number of Iterations
100

Reporting Interval
1

Profile Update Interval O
1

L
4P

4h

Solution Processing =

Statistics a

Data Sampling for Steady Statistics

| Data File Quantities... ' )

Solution o

I Options Direction Vector e — === (=

|_ ® Forces e Wall Zones |Filter Text |.- ||— ||- ||- |
Moments vo wallpipe

Center of Pressure -

Save Output Parameter...

» m [Write...] [(Iose] | Help |

H

r

Console

Forces - Direction Vector (1 0 0)

Forces [HN] Coefficients
Zone Pressure Viscous Total Pressure Viscous Total
wallpipe 9.0310811e-15 0.408494¢ 0.4084946 1.8062182e-14 0.8le9892 0.8l69892

Het 9.0310811e-15 0.4084946 0.4084946

ANSYS

2021 1

0 selected all -



CFD-Post (Objective: Drag Force)

Double click on Results from duplicated Workbench
Click on Expressions tab, Click on Fshear and Modify the amount
Paste (write) the copied number and define a unit [N], then Apply
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CFD-Post (Objective: Drag Force)

Click on MomBalance, then Apply
Check the differences of MomBalance In two cases

Submit the screen capture including the value of MomBalance

LHS lengthint(Density “(Veloty u*2-1[m*2 5*-2]) *21
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Assignments

Submit the workbench case file and folder, and the screen capture (as
shown In the previous slide, Including the value of MomBalance)
within a .zip. The submitted .zip must be named as follow:

<StudentLastName>_ <StudentFirstName>_Tutorial.zip

tuto files

LastName_FirstName_Tutorial.zip «— || capture.png

" tuto.wb o]
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