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Analyzing Flow in a System of Pipes USING FLOTRAN (Carnegie Mellon)
Last updated September 2008 — Allen Umali

Introduction: In this example you will model a system of pipes filled with water.

Physical Problem: Compute and plot the velocity distribution in the pipe system shown
in the figure.

Problem Description:
e The shape of the pipe grid is shown in the figure. (Each point is spaced evenly at
0.33m)Objective:
e To plot the velocity profile within the pipe.
e To graph the variation of velocity out the bottom pipe.
e You are required to hand in print outs for the above.
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STARTING ANSYS

= Click on ANSYS 11.0 in the programs menu.

MODELING THE STRUCTURE

B Go to the ANSYS Utility Menu
.. Click Workplane=>WP Settings
B e following window comes up



WP Settings

' Cartesian
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Grid and Triad

Gnid Only
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7 Triad Only
¥ Enable Snap

Snap lncr 0.33
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Spacing 0.33
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oK, | Apply |

Reset ‘ Cancel ‘

Help

Check the Cartesian and Grid Only buttons

Enter the values shown in the figure above.

If the Cartesian grid does not appear, click on Workplane>-Display Working
Plane-> Use the grid to create the key points.

Go to the ANSYS Main Menu

In this problem we will model the pipe grid and then apply fluid flow to it.

Click Preprocessor>=-Modeling-> and create the pipe grid as shown below.
Hint: You can use key points and then create the area
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The modeling of the problem is done.

ELEMENT PROPERTIES

SELECTING ELEMENT TYPE:
e Click Preprocessor=Element Type>Add/Edit/Delete... In the 'Element Types' window that
opens click on Add... The following window opens:

__I Library of Element Types

Library of Element Types Solid | |20 FLOTRAM 141
Shell |30 FLOTRAN 142
AMSYS Fluid
FLOTRAMN CFD

Magnetic Weckor
Scalar
Interface

Magretic - Edge ¥ Jzo FLOTRAN 141

Element tvpe reference number 1
O apply Cancel Help

e Type 1 in the Element type reference number.

e Click on Flotran CFD and select 2D Flotran 141. Click OK. Close the 'Element types'
window.

e So now we have selected Element type 1 to be a Flotran element. The component will now be
modeled using the principles of fluid dynamics. This finishes the selection of element type.



DEFINE THE FLUID PROPERTIES:

e Go to Preprocessor>Flotran Set Up>Fluid Properties.

e On the box, shown below, make sure the first two input fields read Constant, and then click on
OK. Another box will appear. Fill in the values as shown below, then click OK.

.

— | Fluid Properties

[FLDATALZ], PROP, DEMNS

............

Density Cons-ant LJ
[FLDATALS], YARY,DENS

Allow density wariations? [~ Mo

[FLDWATALZ], PROP, YISC

Wiscosity ]Cu:uns:ant LJ

[FLOATALS], WARY MISC

Allow wiscosity wvariations? ™ Mo

[FLDATALZ],PROP, COMD

Conduc:ivity ]Cu:uns:ant LJ

[FLOWATALE], WARY, COMD

Allow conductivity wariations? ™ Mo

[FLDATALZ],PROF, SPHT

Specific heak Conszant Lj
[FLDATALZ], WARY,SPHT

(0 Apply Cancel Help
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__I CFD Flow Properties

Density property bvpe CONSTANT

Constant value 1000

Viscosity properky bype COMSTANT

Constant value 1

-1: Implies conductivity need not be sek

Conduckivity property bype CONSTAMT

Conskant value -1

-1: Implies specific heat need nok be sek

Specific Heat Property Type COMSTAMT

Constant value -1

QK Cancel Help

= Now we're ready to define the Material Properties

MATERIAL PROPERTIES

e (Go to the ANSYS Main Menu
e Click Preprocessor>Material Props>Material Models. The following window will appear



Al Define Material Model Behavior

Makerial  Edit  Help

 Material Models Defined ~ Material Models Available

€ Material Model Murber 1

| ¥

Structural
Thermal
& o
Conductivity
@ sSpecific Heat
@ Density
@ Viscosity
@ Emissivity
Electromagnetics
Acoustics
| Fluids

(o Mimmmeleebeies

Density For Material Murmber 1

T1

Temperalires K]

DENS _ 10od]

Add Temperature | Delete Temperature | Graph

0k | Cancel | delp

e Fill in 1000 to set the density of Water. Click OK.
e Now choose CFD>Viscosity. The following window appears:



¥Yiscosity for Material Number 1 x|
Wiscosity For Material Mumber 1
- e
WISC 1
Add Temperakture i Delete Temperature | Graph
0k, ‘ Cancel ‘ qelp

e Fill in 1 to set the viscosity of Water. Click OK

¢ Now the Material 1 has the properties defined in the above table so the Material Models window
may be closed.

MESHING:

DIVIDING THE CHANNEL INTO ELEMENTS:

e (Go to Preprocessor>Meshing>Size Cntrls>ManualSize>Global>Size. In the window that
comes up type 0.025 in the field for 'Element edge length'.

—I Global Element Sizes

[ESIZE] Global element sizes and divisions {applies only
ko "unsized” lines)

SIZE Element edge length 0.025

NDIY Mo, of element divisions -

- {used only if element edge length, 3IZE, is blank or zero)

I |

[a'4 Cancel Help

e Click on OK. Now when you mesh the figure ANSYS will automatically create a mesh, whose
elements have a edge length of 0.025 m.

e Now go to Preprocessor>Meshing>Mesh>Areas>Free. Click Pick All. The mesh will look like
the following.
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BOUNDARY CONDITIONS AND CONSTRAINTS

e (Go to Preprocessor>Loads>Define Loads>Apply>Fluid CFD>Velocity=0n lines. Pick
the left edge of the block and Click OK. The following window comes up.



—_ Apply VELO load on lines

[OL] Appy Melocity Constrainks on lines

Apply V¥ load as a ]Cu:uns:ant value ﬂ
If Constant value then:
Wi Load value 0.5

Apply vy 10ad as a ]Cu:uns:ant value ﬂ

If Constant walue then:

WY a Load value

1

Apply VZ lnad as & |C|:|n5:ant value ﬂ
If Constant walue then:

WZ Loadwalue

1

Apply to endpointsy v Yes
Maving wall? I Mo

MOTE: Bank values not interpreted as 0's 11

(04 | Zancel Help

Enter 0.5 in the VX value field and click OK. The 0.5 corresponds to the velocity of 0.5 meters
per second of air flowing into the pipe grid.

Repeat the above and set the velocity into the upper pipe as -1 meter/second. This is
because the flow is traveling to the left, or the negative direction.

Then, set the Velocity to ZERO along all of the edges of the pipes. This is because of the
“No Slip Condition” (VX=VY=0 for all sides)

Go to Main Menu=>Preprocessor>Loads>Define Loads=>Apply>Fluid CFD>Pressure
DOF=>0n Lines. Pick the bottom pipe outlet and click OK. The pressure window comes up.
Be sure the Pressure applied on the lines are at Constant Value and click OK.



x

[OL] Apply PRES on lines as a

If Constant walue then:

PRES Pressure value

Apply ko endpoints? ¥ Yes

(] 4 | Apply | Cancel | Help |

Once all the Boundary Conditions have been applied, the pipe grid will look like this:
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Now the Modeling of the problem is done.

SOLUTION

Go to ANSYS Main Menu>Solution>Flotran Set Up>Execution Ctrl.

The following window appears. Change the first input field value to 50, as shown. No other
changes are needed. Click OK.



_ISteady State Control Settings

[FLDATAZ],ITER Iteration Control

ExXEC Global iterations

on

11

OMER, L ifl File overwrite Freq

APPE .tfl file append freq

[FLOATAI], TERM Termination Criteria

W Melociky component

=
=
=

Wy Welociky compaonent

=
=
=

W2 Melociky component

=
=)

11

PRES Pressure 1e-008

TEMP Temperature 1e-003

EMEE Turbulent kinetic energy 0.0l
EMDS Turbulent dissipation 0.01
Moke: Termination check is ignored for a DOF

if its termination criterion is negative
[FLODATAS],QUTP  Cukput Options
SUMF Qukput summary Frequency 1

f

I, Zancel Help

e Go to Solution>Run FLOTRAN.
e  Wait for ANSYS to solve the problem.
e Click on OK and close the 'Information' window.

POST-PROCESSING

e Plotting the velocity distribution...
Go to General Postproc>Read Results>Last Set.
Then go to General Postproc>Plot Results>Contour Plot>=Nodal Solution. The
following window appears:



mtnntnur Modal Solution Data

— Item ta be contoured

Favorites
@ Modal Solution
g DOF Solution
i Pressure
G #-Component of Fluid velocity
g Y-Cormponent of Fluid velocity

g Turbulent kinetic energy
EE¥ Turbulent energy dissipation
Other FLOTRAM Quantities

w

— Undisplaced shape key

Undisplaced shape key | Deformed shape only

Scale Factar Auto Calculated

xlJo

Additianal Options

@|

(] Apply

Cancel |

Help |

e Under Nodal Solution, click on DOF solution
e Select Fluid Velocity and click OK
e This is what the solution should look like:
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TETM CATIR)
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I L T0Z2258 1.405 z.107 2.809
351129 1.053 1.756 2,453 3.18

Next, go to Main Menu>General Postproc>Plot Results>Vector Plot>Predefined.
The following window will appear:



— Vector Plot of Predefined Vectors

Item Veckor item ko be plotted

Mode Yector or raster display
Loc Yector location For resulks

Edge Element edges

[MSCALE] Scaling of Wector Arrovs
W window Murnber

VRATIO Scale Fackar multiplier

KEY  Wectar scaling will be

OPTION Vector plok based on

OFK

[PLVECT] Wector Plat of Predefined Wectars

Apply

DOF solution i |Melocity

elocity

{+ Veckar Mode

" Raster Mode

f+ Elem Centroid

(" Elem Modes

[ Hidden

J Window 1 ﬂ
1

JMagnitude hased _v_j
|Undefnrmed Mesh Lj

Cancel

)

Help

Select OK to accept the defaults. This will display the vector plot of the velocity gradient.
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