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Overview I%I
Niu

* |Introduction to CFD and tools in Ansys workbench
« Part 1- Problem Statement

« Geometry and Mesh details

* Boundary Conditions and solver inputs

* Results discussion

« Part 2 — Problem Statement

« Geometry and mesh details

« Boundary conditions and solver inputs

* Results discussion
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Introduction to CFD

» CFD is the science of Velocity
predicting fluid flow, heat . e
transfer, mass transfer and 1.9126+002
chemical reactions.

« Governing equations of
. r 6.374e+001
conservation of mass, I
momentum and energy are 0.0006+000
coupled.

* These are solved
computationally to obtain
approximate solution.
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Tools in Ansys Workbench I]',—H
Ny

* Two Independently developed solvers with many similarities.
« CFX - User friendly and easy to use.

* Fluent — Better approximation for multi-phase and radiation
models.

* They differ mainly in the way they integrate the fluid flow
equations and in their equation solution strategies.
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Mixing Pipe (Geometry)

Diameter of 0.04 meters

Length of 1.5 meters

Diameter of 0.02 meters
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Mixing Pipe (Mesh)

Physic Preference from mechanical to CDF

+| Display
Solver Preference to CFX )| Defaults
Physics Preference CFD
Solver Preference CFX
Relevance 0
dsizing
+ Inflation
s + Patch Conforming Options

-+

Patch Independent Options
Advanced

-+

-+

Defeaturing

-| Statistics
DTS : Nodes 9464
*u‘.w‘ ﬁ&ﬂﬂ#:#’;fg WAVAY. Elements 43114
. ; Mesh Metric None
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Mixing Pipe (Named Sections)

Inlet 2

QOutline o
Filter: Name v
@] Project

=l (@] Model (B3)

Inlet 1

Naming sections now makes assigning
boundary conditions easier.
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Mixing Pipe (CFX Setup)

= a::

E |§| Mesh
- =] SYS.cmdb Steady State or
i & Connectivity Transient QOutline Boundary: Inlet 1
“ |§| ilmulatnon Details of Inlet 1 in Default Domain in Flow Analysis 1
4 @3] Flow Analysis 1
® Analysis Type Basic Settings Boundary Details Sources Plot Options
E & Default Domain Flow Regime - Subsonic
i: Default Domain Default BO un d a ry Mass And Momentum =]
< et 1 Conditi Option Normal Speed v
VI JE Inlet 2 g onartions e
JE outlet Normal Speed 0.1 [ms”-1]
ﬁ Interfaces
4 [§ Solver Turbulence
Heat Transfer =

2" Solution Units
t_'\_ Solver Control
r"-ﬁl Output Control
,-‘\ Coordinate Frames
[§| Transformations
- LE‘TI Materials
8] Reactions Inlet 2:  Velocity (0.4 m/s) Temperature (50 °C)

b @I Expressions, Functions and Variables
4 & Simulation Control
2 . _ Outlet: Pressure (100 kPa)
|®] Configurations
)| Case Options

Solution Outputs

Option Static Temperature v

Static Temperature 25 [C]
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Mixing Pipe Tutorial (CFX Solver)

Turbulence (KE)

Momentum and Mass Heat Transfer

= - 1.0e+00 —
Solver Input File 2s\dpO\CFX\CFX\Steady State_001.res 5 ]

Global Run Settings

The residuals vs iteration

Run Definition Initial Values Partitioner Solver Inter 4| >, 7
Type of Run Full 1.0e-01 —
["] Double Precision i

Parallel Environment =

Run Mode Serial -

Host Name
tarvann-pc

\tariable \alue

Show Advanced Controls

1.0e-05 —
Save Settings ]
Solution Manager gives several e T
0 20 40 60 1
options to help optimize run Accumuiated Time Step
. — RMS P-Mass RMS U-Mom RMS V-Mom RMS W-Mom
tl m e : Run Complete
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Mixing Pipe (Results) e
_— NIy

Plane 1
! 3.232e+002 Details of Plane 1

View of the temperature Geometry | Color | Render | View
distribution in the ZX plane

- 3.169e+002 Mode Variable

Variable Temperature
- 3.106e+002

Range Local
Min 298.072 [K]
- 3.043e+002
Max 323.205 K]
Boundary Data (®) Hybrid (") Conservative
2.981e+002
(K] Color Scale  |Linear v
Color Map Default (Rainbow) v Rl v
| Apply | Reset Defaults
I
7 This controls the variable that
I . is observed.
0 0.300 0.600 (m) X
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Mixing Pipe (Results)

aﬂl'-

Velocity
Plane 1

ﬁ 5.057e-001

- 3.793e-001

- 2.528e-001

- 1.264e-001

I 0.000e+000

=Sl
““\“\:\\_ The velocity distribution is very
S — jagged near the wall. Perhaps the
— — - P — model can be refined to improve
, the solution.

(8
0 0.300 0.600 (m) I_, X
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Mixing Pipe (Improvements)

Details of “Inflation” - Inflation

-/ Scope
Scoping Method Geometry Selection
Geometry 1 Body
-|| Definition
Suppressed No
Boundary Scoping Method | Geometry Selection
Boundary 2 Faces
Inflation Option Smooth Transition
Transition Ratio 0.1
Maximum Layers 5
Growth Rate 1.2
Inflation Algorithm Pre

This determines how much
inflation there will be.
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These are the 2 surface
boundaries.

This greatly increases density
at the wall.




Mixing Pipe (Improvements)

Momentum and Mass Heat Transfer Turbulence (KE) [X)
1.0e+00 —

1.0e-01

Mesh Convergance

0.00008

0.000075 10e02 3

1.0e-03 —

0.00007

\ariable \alue

0.000065 1.02-04

Velocity residutal

0.00006
1.0e-05

1.0e-06 —

0.000055 ) \

T T T T T T T T T T T T T B T ——
0 50 100 150 200 250 300 350 400
Accumulated Time Step

0.00005 | —— RMS P-Mass RMS U-Mom RMS V-Mom RMS W-Mom

0 20000 40000 60000 80000 100000 120000 140000 160000

wn Complete

Number of elements

Changing the size of the mesh affects when the residual graph will converge. Run the simulation for more
iterations will also help increase the accuracy of the solution.
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Mixing Pipe (Improvements)

Velocity
Plane 1

.- 5.143e-001
- 3.857e-001
- 2.571e-001

- 1.286e-001

' 0.000e+000

[ms™-1]/ -
/ g
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The velocity distribution is
much smoother.

aﬂﬂ



Mixing Pipe (Transient)

4 [ Mesh

@] sys-1.cmdb
@ Connectivity

4 (@] simulation
4 @ Flow Analysis 1
@ Analysis Type

4 & Default Domain

This controls the total
time of the simulation and
the time step.

P& Default Domain Default
PE inlet1

VI PE inlet2

[ 2] 4

't=0 Initialization

Outline Initialisation (% |
=tails of Global Initialization in Flow Analysis 1

Global Settings

.3 crraces
4 &) solver

2% Solution Units
t}: Solver Control

r‘fi_}] Output Control

,‘rf\ Coordinate Frames
] Transformations
\El Materials
8] Reactions
4 \XI Expressions, Functions and Variables

This controls how much
data is recorded and how
often.

(%] Additional Variables
@] Expressions
£] User Functions
sut| User Routines
E @I Simulation Control
[ﬁé‘j Configurations
' D:I Case Options
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[ ] coordinate Frame
Initial Conditions =
Velocity Type Cartesian -
Cartesian Velocity Components =
Option Automatic with Value -
U 0 [ms~-1]
v 0 [m s~-1]
w 0 [m s~-1]
Static Pressure =
Option Automatic with Value v
Relative Pressure 100 [kPa]
Temperature =
Option Automatic with Value -
Temperature 25 [C]
Turbulence =
Option Medium (Intensity = 5%) v




&

Torerabirg
Center )

H 3.232e+002

- 3.169e+002

- 3.106e+002

| I 3.044e+002
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Part 2 — Single Stage Low Pressure Turbine

a=3

* Problem Statement — To study changes in physical properties
of steam as it is driven through turbine using steady and
transient conditions.
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Geometry Details

Solidworks used for modelling turbine.

No. of blades — 15

Material — Steel

Overall Dimension—®4x6.2m (Including enclosure)

Fluid
Region\

Turbine
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Mesh Details h‘%’]
NIy

« Combination of Tetrahedron and Hexahedron.
« Coarse mesh due to limitation of elements (Limit 510,000)
 No. of elements — 345,244. No. of nodes — 79,316
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Boundary Conditions and solver details I]',—H
i

e Fluid — Steam

* Inlet Conditions — Velocity Inlet -1.5 MPa, 623K, 10 m/s.
* Qutlet Conditions — Pressure Outlet — 5KPa, 305K,

« Wall — No-slip, Stationary wall.

* Pressure-based, steady state solver with standard k-¢ turbulence model and
energy equation.

« SIMPLE Scheme

Solid (Turbine)

Outlet
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Results - Steady Condition

aﬂﬂ

| 1: Scaled Residuals v ‘
. Residuals
congnul
e
¥-VE 0OC| 1e+10
nergy
ensilon 16408
1e+)6
1e+04
1e+02
1e+10 L
1e-04
1e-06
1e-08
1] 200 400 g00 800 1000 1200 1400 1600 1800 2000

lterations
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Results - Steady Condition

Turbulence Kinetic Energy —— Pressure
Volume Rendering 2 Contour 1
il 1.997e+005 3.374e+004
' 2.943e+004
- 1.497e+005 - 2.512e+004

- 2.081e+004
- 9.983e+004 - 1.650e+004
- 1.219e+004
- 4.991e+004 - 7.876e+003
- 3.566e+003
. - _7.435e+002
1.000e+000
[J kg"-1] . -5.053e+003
-9.363e+003
[Pa]
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Results - Steady Condition

Velocity
Streamline 1

. 2.550e+002

Temperature
Volume Rendering 1

il 6.234e+002

- 5.438e+002 - 1.912e+002

- 4.642e+002 - 1.275e+002

- 3.846e+002 - 6.374e+001
I 3.050e+002 I 0.000e+000
[K] [m s”-1]
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SN
‘-‘,1

- 1.912e+002
- 1.275e+002

" 6.374e+001

i 0.000e+000

[m s7-1]
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Results — Transient Condition

aﬂﬂ

1 1: Scaled Residuals v ‘
. Residuals
CONQnLY
i
¥-ve 0l 1e+00
NErgY
ensilon

1e-01

1e-02

1e-03

1e-04

1e-05

1e-06
0 250 A00 750 1000 1250 1500 1750 2000 2250

lterations
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Results — Transient Condition

Turbulence Kinetic Energy
Volume Rendering 1

- 1.158e+005
- 8.686e+004
1 5.791e+004

 2.895e+004

. 1.000e+000

[J kg™-1]
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Pressure
Contour 1

l 3.872e+004
3.182e+004
- 2.492e+004
- 1.801e+004
- 1.111e+004
- 4.206e+003
- -2.697e+003
- -9.600e+003
- -1.650e+004
. -2.341e+004
-3.031e+004




Results — Transient Condition

Temperature Velocity

Volume Rendering 2 Streamline 1

H 6.232e+002 i 3.678e+002
- 5.436e+002 - 2.759e+002
- 4.641e+002 - 1.839e+002

V/
" 3.845e+002 /\ / - 9.196e+001
3.050e+002 \ [ I 0.000e+000

K] [m s”-1]
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Videos

VelocilY Veloci

Streamline 1 Streamline 1

H 3.678e+002 H 3.678e+002
- 2.759e+002 r 2.759e+002
- 1.839e+002 - 1.839e+002
- 9.196e+001 - 9.196e+001

0.000e+000 0.000e+000
[m s7-1] [m sA-1]
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Videos

e
6.232e+002
F 5.914e+002
- 5.595e+002
- 5.277e+002
- 4.959e+002
- 4.641e+002
" 4.323e+002
- 4.005e+002
3.686e+002
l 3.368e+002

3.050e+002

(K]
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Thank You!
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