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What 1s ANSYS/Fluent

+ Acommercial CFD code with many applications in
many fields

o The CFD simulation pipeline:

GRID GENERATION I CFD SIMULATION I

+ The software features:

 Options for turbulence, acoustics, reaction flow, heat transfer,
phase change, radiation and more

» Multiphase flow and Parallel processing
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Computational Domain

517D | Channel wall (wall boundary condition)| (8,1.7)

L

; ' Duct (wall boundary condition)| E
[ :
2

— (-5,0.2) |Hub (symmetry boundary condition)] (8,0.2)

* The sample run in this power point presentation is for the
above ductat U = 1 m/s, with p =999.965 Kg/m?3 and u =
0.001519Pa sec.

 The CAEE’s water flume 1s 30 cm * 30 cm, and the radius of
the turbine blade is 10 cm. In the CFD model, the radius of the
turbine blade is 1 m, and the equivalent cylindrical channel has
a radius of 1.7 m (with the same section area).
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Step 1. Unzip the files

Download the package from the term
project website and unzip the files.

Right-click the “OE2023 PartA.zip” file

and click “Extract all”’ as shown 1n the
screenshots.

File descriptions:

fluent.msh: fluent mesh file

prepare.jou: journal file to set up and run
the CFD case automatically
run_fluent.bat: a DOS batch file to
automatically run the case

<

O @& ®& W

Open Enter

Open with

Share

J|® &

Extract All...

Pin to Quick access
Pin to Start

Add to Favorites

W SR VIRY

Compress to ZIP file

Copy as path Ctrl+Shift+C

Properties Alt+Enter

Share with Skype

B o %

WinRAR >

s

Show more options
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Step 2. Initialize Fluent case

+ Inorder to maintain an organized file structure, it is recommended to
create folders with descriptive names and subsequently duplicate the
specified files into these folders.

OE2023_partA X + [ U 1.0 x +
> M~ C© O > Or023patA > < & ¢ O > or023patA >|u1o0
® New - T ® New ~ T S
> Home Name > Home Name
i || fluent.msh
M Gallery U1.0 I | Gallery
| fluentmsh 1 > @ OneDrive - Persc =] prepare.jou

> @ OneDrive - Persc
|| preparejou (%] run_fluentbat

@l Desktop (%] run_fluent bat @ Desitop Ensure that the input files
L Downloads .  Downloads are located within the
2 Documents Input files 4 Documents working directory.

PH rictures

PN Pictures
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Step 2. Initialize Fluent case

|=| prepare jou E3 |

5 (define L £.28 )

= Sffilefread-case fluent.msh

fdefine/models/axisymmetric yes

fdefine/models/viscous/kw-3st ves

o fdefine/materials/change-create/air water yes constant 959,965 no no yes
10 constant 0.00151%

11 no no no yes

12 fdefine/operating-conditions/reference-pressure-location -4.90 0

L2 fdefine/boundary-conditions/velocity-inlet inlet mo yes yes no O no T no O
14 no yes 2 0.07

15 fdefine/boundary-conditions/zone-type 18 interiox

=l =

16 freport/reference-values area A density %5%5.%65 enthalpy 0 length 1 pressure 0
17 freport/reference-values temperature 278.15 welocity U wiscositcy 0.00151%
18 +24 is for coupled p-v-coupling

Fomm Twem § e 2 wr e T S e 70 A

+ Edit the input journal file to change the velocity
* Right-click on prepare.jou
 Edit with Notepad++
* On line 1, change the inflow velocity

* Very important: don’t change anything else in this journal file unless you are perfectly
sure what you are doing.
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Step 3. Run Fluent case

Double-click on “run_fluent.bat” will start the simulation. This DOS
window means that Fluent is running. Wait until it is automatically
closed. It might take about a few minutes to run one case.

*

v

™ CAWINDOWS\system32\cmd. X +

C:\Users\Thomas\Desktop\OE2023_partA\U_1.0>"C:\Program Files\ANSYS Inc\ANSYS Student\v232\fluent\ntbin\win64\fluent.exe"

2ddp -g -tl1 -i "prepare.jou" 1>output.log
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Step 3. Run Fluent case

o  Left click “Cancel” if you see any prompt

i Windows Security Alert *

Windows Defender Firewall has blocked some features of this

s

Windows Defender Firewall has blocked some features of fi_mpi2310 on all public, private and
domain networks,

@ Name:
Publisher: Unknown

Path: C:'\program files\ansys incw231\fluent
Yuent23. 1.0Ywing4\2ddp_node'\fi_mpi2310.exe

Allow fl_mpi2310 to communicate on these networks:
Domain networks, such as a workplace network

[ ]Private networks, such as my home or work network

[ ]Public netwarks, such as those in airports and coffee shops {(not recommended
because these networks often have lithe or no security)

What are the risks of allowing an app through a firewall?

0 Allow access Cancel
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*

Step 3. Run Fluent case

Once the simulation is complete, several files will be generated, including:

1. fluent.cas (or fluent.cas.h5) | = v n 5

C J > OF2023 partA > U_10 Search U_1.0 Q

2. fluent.dat (or fluent.dat.h5)

® New - T Sort ~ 8= View - “ee (1) Details
3 . fo rce [ d at ey = fluent.cas fluentdat
Home —
B Ansys 2022 R2 cas File DAT File
- WA Gallery 238 MB x| 525 MB
4 . Ve I OC I ty. d a_t fluent.msh fluent-20231106-235745-20252.trn
> b OneD Pe MSH File TRN File
| 3.88 MB 22.1KB
5 . O u tp ut | force.dat outputlog
& Desktop DAT File Log file Source File
4 518KB < 218KB
L Download:
prepare.j = run_fluent.bat
= Documents JOU File o Windows Batch File
< 1.53KB 120 bytes
B Pictures velocity.dat
05_Course_M >a f Alre
0D KB

05_Publicatic
Waork
Thomas
PartA
0_mesh_gen

1_test

® Box
I This PC
W Network

@, Linux

~ ~ ~ ~

L 9 items

[m]
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Step 4. Check the results

The force.dat file contains the forces on both the duct and the channel, as
the boundary condition for the channel is also set to "wall.” In your report,
you should include only the drag coefficients and forces on the duct. These
results were obtained by setting the inflow velocity at 1.0 m/s.

] File Edit Selection View Go Run - £ Search

= forcedat X

C: > Users > Thomas > Desktop > OE2023_partA > U_1.0 > = force.dat
"Force Report"

Forces
Forces [N]

Zone Pressure Viscous

channel (e @ 8) (217.36064 @ ©)
(12.835676 @ @) (21.439784 @ @)

(12.835676 @ @) (238.80042 0 ©)

Forces - Direction Vector (1 @ @)
Forces [N] Coefficients

Zone Pressure Viscous Pressure Viscous

channel e 217 26064 217 .26064 e 8.85922E5557 ©.669225557
12.835676 21.439784 34.275459 ©.0048879378 0©.0068281956 ©9.610916133

¥2.835676 236.80042 25146361 ©.0046879378 ©.876853752 ©.08014169

friction drag total drag pressure drag coefficient friction drag coefficient
10
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Step 4. Check the results

+ The velocity.dat file includes the velocity profile at the actuator disk, which
represents the turbine. You will need to perform numerical integration to
determine the average velocity and flow rate using the data from this file.
The first column lists the radial locations, while the second column
provides the corresponding velocity at each grid point.

)] File Edit Selection View Go Run

= force.dat = velocity.dat X

C: > Users > Thomas > Desktop > OE2023_partA > U_1.0 > = velog

i (title "Axial Velocity")) .
(labels "Position"™ "Axial Velocity") Ig nore th e h ead er | Ines.

((xv/kev/label "adisk™)

9.2 1.13768

©.233156 1.13793

©8.2643%06 1.13858

©.29531 1.13957

9.324425 1.14e82

©.352386 1.14232

8.379ees5 1.14402

©.40e4572 1.1459

©.429e55 1.14795

©.4525081 1.15e14

©.474952 1.15247

©.496452 1.15492

©.517e4 1.15748
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Step 4. Check the results

To check additional results, you need to open the  [aids

)

ANSY S/Fluent graphical user interface (GUI). -
You can find Fluent under ANSYS 2023 R1 in the [
start menu by following these steps:

1. Go to the Start Menu.

2. Navigate to ANSYS 2023 R1.
3. Select Fluent 2023 R1 to launch the program.

12

EnVe 2023 R1

EnVideo 2023 R1

EnVision 2023 R1

FENSAP-ICE 2023 R1

File Association 2023 R1

Fluent 2023 R1

Forte 2023 R1

Forte Monitor 2023 R1

Forte Simulate 2023 R1

MFL Validation Manual 2023 R1

Nexus Launcher 2023 R1

optiSLang 2023 R1

optiSLang Postprocessing 2023 R1
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Step 4 Start ANSYS FLUENT (V23.1)

 The first thing that you see is
the FLUENT Launcher.

B Fluent Launcher 2023 R1 . = X
1) For a two-dimensional AT -
- . Home General Options Parallel Settings Remote Schaduler Environme,
simulation, select '2D' from Capbiny vl pramum .
- - ea - imension olver ions

D I me nS I O n . Solution e::end = ) 3 DG) 2D DUUEII:tPrecisiun
—— o e e .fluent.cas _O& D
Parallel (Local Machine)

2) Ensure you also choose
'Double Precision' in the
Solver options.

3) Then select "Case and
Data' to load your case file.

4) CI i C k Sta rt (C) show Beta Launcher Options
4

-

Materials Processing Solver Processes 16 :

Working Directory
D:\UT_Austin\05_Course_Material\CE-358\TermProject\2023\PartA\OE2021_PartA  ~ |[g

Start Reset Cancel Help «
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Step 4 Getting started with ANSYS Fluent (V23.1)

* Again, click “Cancel” and close other prompts if you need to.

9 Windows Security Alert

Windows Defender Firewall has blocked some features of this

app

Windows Defender Firewall has blocked some features of 2310 on all public, private and domain

networks,
@ Mame: 2310
Publisher: nknawn

Path: C:\program files\ansys inciw231\fluent
Yuent23, 1.0wing2ddp_host\fi2310.exe

Allow 2310 to communicate on these networks:
Domain networks, such as a workplace network

[ ] Private networks, such as my home or wark network

[ ] Public networks, such as those in airports and coffee shops (not recommended
because these networks often have litte or no security)

What are the risks of allowing an app through a firewall?

E;‘.ﬁ.]luw BCCESS Cancel

l ANSYS Product Improvement Program >

ANSYS Product Improvement Program

AMEYE Produrt Inprovement Progrm helps mprove AMSYS products,
Fartiripating in this prozram is like filling out a sorvey, Without Intermpting woor
work, the softgans epoots anonymons nsage informnation such 88 erocs, maching
and solver statistics, featoes wsed, e, o ANSYS, We never use the dat o dentify
i comtact you,

The data dees NOT contain:

* Any pecronally identifiable inforrnation incloding names, P addess, file
TATOES, part narnes et
* Any informnation about your gecroety or design specific inpois,

Yom can $top participation at any time, To change your selection 2o w0 Help ==
AMSYE Produrt Inprovement Program,

s, Lo willing o participate in the ANSYS Product Inprovement Progrm,

@) Mo, Twonld not like o participate,
Fer more information about the ANSYS Privacy Policy, please check:

14
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Step 4 Getting started with ANSYS Fluent (V23.1)
Task Page < = ) )
=) To visualize the mesh and your
A results:
1’ X 1) Click on 'Display' found unde:
o e i the 'General' tab.
| | o Kl 2) In the prompt window that
B e = appears, click on 'Display’ to
I Mesh Display X proceed .
meﬁodﬁ Ed‘gegm Surfaces |Filter Text @
ol e

Shrink Facter  Feate Angle

0 20
|Outline| [ Interior |
2 | Disphay | Colors... | [ Close | | Help |

15
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Step 4 Getting started with ANSYS Fluent (V23.1)

To zoom in, click and hold the left mouse button and drag downwards to the right.

! fluent Parallel Fluent@ONGLAISOO [axi, dp, pbns, sstkw, single-process] = (w]] X
“ Domain User-Defined Solution Results Parallel Design Parametric @ B Ansys
Mesh Zones Interfaces Mesh Models Turbomachinery Adapt Surface
|U‘4 Display... E‘ Scale... &2} Combine + EEIl Delete... D‘ Append - @ Mesh (Zl Dynarmic Mesh Turbo Models % Turbo Workflow R@ Manual... F@ Automatic... + Create
- z -
® Info « Ly Transform  + D.—_fl Separate « EEI_ Deactivate... EEBi Replace Mesh... Turbo Create... 6“ Turbo Topology... 7 Controls...  /m Manage... .
fl# Units... Checler Quality ~ % Make Polyhedra Df' Adjacency... EE|+ Activate... O Replace Zone... @ EHE W Gap Model... L_ Spectral Content ™ periodic Instancing... £ Manage...
Outline View < Task Page < |7| B Mesh x |i|
case view oo Ansys
Mesh |.|
Filter Text 2023R1 | - |

[ Scale... ][ Check ][Reportquamy]

(] -
Solver [

" N Type Velocity Formulation
. = .
Cell Zone Conditions Pressure-Based (®) Absolute

+ B soundary conditions () Density-Based ) Relative T
" Mesh Interfaces -
@ Auxiliary Geometry Definitions
/ﬂ Dynamic Mesh
Reference Values

+ T/_’, Reference Frames

> cag
Display..
General By,

+) @ Models
2 &? Materials

2D Space

Planar

Axisymmetric |® |
Axisymmetric Swirl | |4o |

Steady
Transient

_fx) Named Expressions
- Solution
» Methods
.5 Controls
Report Definitions
+ @ Monitors
ﬂ Cell Registers
Q,'a\@ Automatic Mesh Adaption
.-1 Initialization
+ ® Calculation Activities
@ Run Calculation
= Results
. Surfaces
+) & Graphics
& |£ Plots

:. Scene

Gravity

=

«
|

o
B
o
A

[l

0 selected | all -

16
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Step 4 Getting started with ANSYS Fluent (V23.1)

To zoom out, click and hold the left mouse button and drag upwards to the left.

! fluent Parallel Fluent@ONGLAISOO [axi, dp, pbns, sstkw, single-process] = (w]] X

“ Domain User-Defined Solution Results Parallel Design Parametric G E MAnsys
Mesh Zones Interfaces Mesh Models Turbomachinery Adapt Surface
S 1 4 [ E
E‘ Scale... & Combine + g Delete... L Append - @ Mesh... (Zl Dynarmic Mesh... Turbo Models % Turbo Workflow  + i Manual... g Automatic...
Ly Transform  + D.—_fl Separate « EEI_ Deactivate... EEBi Replace Mesh... Turbo Create... 6“ Turbo Topology... / Controls... m Manage...

'U\’ Display...

®[nfo -

fl# Units... Checler Quality ~ % Make Polyhedra Df' Adjacency... EE|+ Activate... O Replace Zone... @ EHE W Gap Model... L_ Spectral Content ™ periodic Instancing... £ Manage...

+ Create
-

Outline View < Task Page

Case View Genexal

Mesh

~

Mesh x

Rilegrext [ Scale... ][ Check ][Repoﬂ: Quamy]

S Scup Displa Units. m .
General B
Solver [

+) @ Models
Type Velocity Formulation

2 &? Materials
+ iti -

[0 cell zone Conditions Pressure-Based (®) Absolute
() Density-Based ) Relative

+ EE Boundary Conditions —
" Mesh Interfaces = -
@ Auxiliary Geometry Definitions
/ﬂ Dynamic Mesh
Reference Values

+ T/_’, Reference Frames

2D Space

Planar

Axisymmetric |® |
Axisymmetric Swirl | |4o |

Steady
Transient

_fx) Named Expressions
- Solution
» Methods
.5 Controls
Report Definitions
+ @ Monitors
ﬂ Cell Registers
Q,'a\@ Automatic Mesh Adaption
.-1 Initialization
+ ® Calculation Activities
@ Run Calculation
= Results
. Surfaces
+) & Graphics
& |£ Plots

:. Scene

Gravity

=

2
:
| (E00
N
-
/

«C

o
B
o
A

[l

0 selected | all -

17
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1

2.
3.
4.

The pressure coefficient is

defined as

_ P~ P

1
jpué

Cp

where p is the pressure, p
IS the density, ps, and uy

are the pressure and
velocity far upstream.

Step 5 Plot Pressure Coefficient

To generate an XY Plot of pressure and pressure coefficient distributions over the duct:

f Named Expressions
- Solution

2., Methods

.= Controls

Report Definitions
+ G Monitors

@ cel Registers

=

t=p Initialization
+ # Calculation Activities

O Run Calculation
- Results

O Surfaces

+ & Graphics

- I_ Plots

|2, xv Plot l

E Profile Data
1* Interpolated Data
FFT
|_ Cumulative Plot
::ﬁ Scene
* |:| Animations

+ [] Reports
+ Parameters & Customization

i Automatic Mesh Adaption

1

Navigate to 'Results' -> 'Plots' -> XY Plot' and double-click.

Under 'Y Axis Function', select 'Pressure' and ‘Pressure Coefficient'.
Choose 'duct' from the 'Surfaces' list.
Click on 'Save/Plot'.

Density-Based Eelative O

\
Tima N Craen e ey ———
=
I Solution XY Plot =
0¥ Flot Mamae E
x®y-plot-1 t
Options Flot Direction ¥ Axis Function =5
| Node Values XN Dracsurs S -
| Pesition on ¥ Axis 10 =
Pesition on ¥ Axis Z(n Pressure Coefficient i 28
Write to File 2 AL meten |
Cirder Points Direction Vector - |

File e (00 S12128 - sutes it e | [ [K) [T) (5
—  |LoadFile..| adisk
Free Data

inlet
int_fluid
outlet

[New Susface .|

SE

18
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& Solution XY Plot X
To export the plotted data for use with other L Pt
plotting software: Options Plot Disecton Y s Fuion
| Mode Valoes XN Pressure._. x
. . - ) ¥
1. ChOOSE 'erte tO Flle' v Ei::ononXA};:s Z(? Pressure Coefficient v
. ' . ' I | Wirite to File # duis Function
2. Clle WI'ltC. ce o T Dirder Points 7 Direction Vector =
3. Specify the directory and file name (for File Do 1001 == [E] s Fieted | (B) () (F) (B
- —  |LeadFile...|  adisk
example, cp.dat), then click 'OK". Lt
Free Data duct
hub
inlet
int_fluid
outlet
8 [New Susface |
B select File ? X B2 [:xc5- ) (Cuves...] [Close | [He |
| Lookin: C:\Users\Thomas\Desktop\OE2023_partA\U_1.0 OO0 0 @ E] E]
g My Computer Name 4 Size Type Date Modified - H H H H H
Thomas IZ] cleanup-fluent-OMNGLAISOO-4988.bat 575 bytes bat File  11/7/2...:29 PM The resu |t| ng fl |e IS In plal n teXt format'
|-] debug.log 182 bytes log File  11/7/2...:29 PM
B fluent.cas 2.30 MiB cas File  11/6/2...:58 PM =l cp.dat E3 |
|| fluent.dat 5.25 MIB dat File  11/6/2...:58 PM 1 ||:t-j.t-lE "pDressure Cnefficient"]
=] fluentmsh > MiB mSh_F”e 11/6/2..:02 PM 2 {labels "Position"™ "Pressure Coefficient™)
[ fluent-20231106-235745-20252.trn 2215 KiB trn File  11/6/2...:58 PM )
[ fluent-20231107-132912-16444:trn 668 KiB trn File  11/7/2...:45 PM :
[ forcedat 2.59KiB datFile  11/7/2...:08 AM 4 { (2v/key/lakel "duct™)
E] outputlog 21.80 KiB log File  11/7/2...:00 AM 5 0.298357 —0.0E455495
=] prepagou 1.53 KiB jou File  1/6/20...:50 PM & 0.298258 -0.04718595
IZ] run_tluent.bat 120 bytes bat File  11/6/2...:50 PM il = S oo - e ——
. 0,29813%9 —-0.0471209
e | | cp.daf | J“ , : 0.298002 -0.046919%
Files of type: | All Files (*) b _Eanl:el] g 0.257842 -0.0466514
Filter String Filter | |

19
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Step 6 Plot the Velocity Profile Along y Direction

. fluent Parallel Fluent@ONGLAISOO [axi, dp, pbns, sstkw, single-process]

To create an iso-surface at a specific pe  voman [pnysis  vservemed  souron[NECONN |

- - - Surface Graphics P 1
location along the x-coordinate in T o Bimmed
- . " tours » i Particle Tracks Dashboard... | [ill Histogram... FFT...
the fIUId Zone' i:rr‘]tiilc;n... tors + [E@ HSFFile... %% Residuals... & Profile D
1. Go to 'Results' -> 'Create' -> i — |__
1 1 € Line/Rake... General E
Iso-Surface'.
. . Quadric... [ Scale... ” Check HRepor‘t uali ‘
2. Under 'Surface of Constant’, Moo 3 e -
select 'Mesh' and then choose o — e e
'X-Coordinate'. T | v | & o

3. From the “From Zones” T . 20 Space

dropdown, select 'fluid' and then | & iso-surface

X
click 'Compute' to display the 7 From Sufce Fiter Tox & EE &
maximum and minimum values === adisk .
of the x-coordinate. o 4 = | I

4. To plot the profile at x=0.0, enter == s Em_% R
‘0’ in the 'Iso-Values' field. o v ' *Prort Zones Filtsr Text & E EF]E]

5. For 'New Surface Name', [U‘ -
provide a different name for Sufues
each new surface you create. : =

6. Click 'Create'. -
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Step 6 Plot the Velocity Profile Along y Direction

To create an XY plot of velocity
profiles at the surface created
previously:

1. Go to 'Results' -> 'Plots' -> 'XY
Plot' and double-click.

2. Set the Plot Direction to X=0,
Y=1.

3. Under Y Axis Function', select
'‘Velocity' and 'Axial Velocity'.

4. Choose the surface you named in
the previous step (e.g., x_0.0) from
the 'Surfaces' list.

5. Click 'Save/Plot'.

6. If you wish to export the data,
click "Write to File', then 'Write'.

For 2D-axisymmetric simulations in Fluent where the

= SolJtion

2., Methods

.= Controls

Report Definitions

+ @ Mmonitors

@ Cell Registers

h,: Automatic Mesh Adaption
t=o Initialization
# Calculation Activities

+
Ruf§ Caleulation
- Results

aces
+ & Graphics

= I_ Plots

|+ |2, xv plot I

[T Histogram

E Profile Data

14 Interpolated Data
FFT

I_ Cumulative Plot
3\ Scene
+ |:| Animations

& D Reports

+ Parameters & Customization

0.
Ti AT T Praceciira
I Solution XY Plot X |2
Y Plot Mamne
xy-plot-2
Options 3 rection [em—
| Mode Values Velocity... - 7
| Position on % furis 4
i Auxial Velocity b "
7 =
Chder Points Direction Vector - L1
—_— FIEIE. subers [FiterTen | (%) (5] (%) (5
— —  |LoadFile..| | channel -
) ’ duct
Free Data hub
inlet

int_fluid

y

;;;;;;;;;;;;;;;;;;;;

direction corresponds to the radial

direction, repeat the steps outlined on pages 21 and 22 to plot velocity profiles at different axial

locations.

21
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Step 7 Exit

File -> Close Fluent or Close Without Save - fluent Parallel Fluent@DESKTOP-E7E3PIN

Fil Domai ;
Note: It may ask you omain

Read 4 Mesh
1
Write ’ - Sk
B Question X Parametric Project * é’) 28T
The current case has nat been saved. Import L 4 Quality « N
OK to discard? Export >
' . <  Tas
[ ox  HEEN Export to CFD-Post...
Table File Manager... So
Solution Files.., Pn
Just click OK Interpolate... S
Fsl Mapping 4 {
B
. Save Picture... !
If you want to save the surfaces created in Step Data File Quantities..
- - . S
6, you can save the case file to over-write the Batch Options... | i
- . Idle Timeout... )
pI‘EVIOUS f||e nditions L
Preferences...
Les Fi
Start Page... " E
icati ’
Applications lues M
2 o Named Expressions Tu
= Solution :
22 9 Msthndc :
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Running new velocities

1. Adjust the inflow velocity for your simulation by modifying the first line in the
prepare.jou file, as detailed on page 6 of your instructions.

2. Before running a new simulation with a different inflow velocity, make sure that
you delete the output files generated by the previous run. Failing to do so will
cause Fluent to encounter errors when executing the journal file due to the presence
of existing files.

3. To avoid this issue and to keep your results organized, it is strongly
recommended to create a new folder for each simulation run. Naming the
folder appropriately will make it more convenient to locate and analyze the results
afterward.
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Pressure and Friction Drag

Pressure drag force is generated
by the pressure acting on the

_——— e

duct surface in the normal — T T
direction. The different — e
pressures around the surface

result in drag. ——{Shear stress

the frictional force is acting on

the duct surface. This can be \_/////
seen by observing the flow M//
velocity slow down when the Totl drag

layer of fluid is close to the wﬁﬂ/

surface. (right on the duct wall, ___ Pe— 00—
Pressure Friction

velocity equals zero.) drag drag

Due to the viscosity of the fluid, \J\u////////
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Pressure and Friction Drag Coefficient

In addition to the actual pressure, friction and total drag, the drag coefficients are also
presented in the force.dat file. The drag coefficient is defined as the drag divided by

%pUzA, where p, U, and A are the density, inflow velocity, and area.

The area is defined as
2T X1 X 2C

Where r the turbine radius is equaled to 1, and C the chord of the duct is equaled to 0.5.
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Numerical integration (trapezoidal rule)

A
Generally, x(x) \\
g NTICORIIET
A +1

| rean~ Y TR ”

a i=1 Si
In this case, the flow rate Q is ! -

/ _ - > X

Xi Xi+1
+ u(ri41)7i4+1
2

Thub Thub

Thlade Thlade s u(r)r;
Q = f u(r)dA = an u(r)rdr = 2w z [ X (Ti41 — ri)]
i=1

The average velocity is

ave(u) = 1
where A is the area of the hollow circular disk (don’t forget to subtract the hub).
This ends the tutorial. Have fun using ANSYS/Fluent !
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