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Introduction

For a long time I've wanted to try and use CFD for a practical purpose and
compare it to real-world results, and now during my internship, | have the
chance to try it out. For all intent and purposes, I'm far from an expert on CFD
nor fluid dynamics, but | have done a few experiments and have a good
general idea of how things come together in fluid dynamics/CFD. What this
sums up to, is 'nothing is written in stone here' — There may be errors and the
setup is probably far from optimal, there is always room for improvement.

Here is a hands on case with Code Saturne without getting too technical.

/Claus Andersen, April 20th '09
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Goal

To create a computer model that corresponds to real world — with the goal of
further development of burner tube. This is an initial simulation to make sure |
can make Code_ Saturne emulate real world conditions. The goal is however,
not to be 100% physically correct, nor does time permit me to set up the
experiment to a laboratory grade.




Scenario

In a gas fire a burner tube is used to mix the fuel (in this case natural gas) with
oxygen using the Venturi effect. The pressurized fuel is sent from the high
pressure bottle, through a regulator and from the regulator through a nozzle
Into the burner tube. The gas jet from the nozzle creates a low pressure zone
around the base of the jet which sucks in air through the aeration port and
mixes it in the burner tube before it is sent into the burnerl.
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Scenario

- Among other things, the geometry of the nozzle and the velocity of the fluid
determines the shape of the jet and the magnitude of the low pressure zone. In

this case I've guestimated a discharge coefficient of 0.5, based on the geometry
of the nozzle and calculated the exit velocity accordingly.

The exit orifice has a diameter of
~1.9mm

In this study | wont simulate what happens inside the nozzle, nor will | concern myself

too much whether the shape of the gas jet is physically correct at the exit — That will be
discussed a bit more later on.




Scenario

Air-mixture port




Mathematical approach

Collecting data
For my simulation | need to input some data into the model, this was done in the

following manner:

« Measure volumetric flow rate of the gas going into the burner tube using a flow-
meter on the actual gas fire and compare it to the technical documents specified
by the test lab

. Guestimate a discharge coefficient for the nozzle using empirical numbers from a
table

« Acquiring physical properties for natural gas (using pure methane)

« Measure pressure differential on the regulator

. Calculate exit velocity of gas jet using above values

Result

Calculating the exit velocity at the nozzle has been done in two ways — using the flow
rate and using a theoretical approach. Both results equals ~38m/s but since | know that
that is a bit high considering the setup and the values used, | back it down a bit to

~33m/s for the simulation.
See Media: MathCAD PDF for calculation.
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http://www.caelinux.org/wiki/images/9/9f/Mathcad-dyse.xmcd.pdf
http://www.caelinux.org/wiki/images/9/9f/Mathcad-dyse.xmcd.pdf
http://www.caelinux.org/wiki/images/9/9f/Mathcad-dyse.xmcd.pdf
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Simulation approach

. Software
+ SolidWorks for modeling the flow domain
+ Salomé 4.1.4 for preparing geometry and meshing flow
domain
+ Code Saturne 1.4b for solving the simulation
+ Paraview 3.4.0 for Post processing

Everything besides SolidWorks is run on Ubuntu 8.10 Linux —
SolidWorks could easily be replaced by Salomé but laziness dictated |
| did itin SW at work.

The computer used is my trusty Zepto Znote 6014W, 1.7ghz Celeron,
1GB RAM
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Model description and preparation

The simplified flow domain consists of a cylinder (313mm, h 50mm) with a
simplified inlet (remember, | don't care too much about what happens near and
around the inlet).

Outlet
Walls

L1700 Inlet

113,

._.]'SD.'_:

DETAIL A,
SCALE 14 : 1

A

This is exported from SolidWorks in STEP file format and assigned groups in Salomé
geometry module, before it is meshed in the meshing module using the following
parameters
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Model description and preparation

NetGen 1D-2D-3D using the - Mesh computation succeed X
. 1 . 1 —Compute mesh

'settlng \_/e'ry fine' and - 8

guadratic' (2nd order) — the L

NetGen algorithm and F1ous

geometry makes sure that ~desh Infos

. . Total Linear Ruadratic

the mesh is refined around Vodes 155840

the inlet and coarsens Edges : 405 0 405

further up the flow domain. Faces : 5692 0 5692

This yields the following T o

meSh: Polygons : 0
Volumes : 111883 0 111883
Tetrahedrons : 111883 0 1118893
Hexahedrons 2 O 0 0
Pyramids : 0 0 0
Prisms : 0 0 0
Polyhedrons 2 0




Model description and preparation

- SALOME 4.1.4 - [BurnerTabe]
File Edit View Mesh Controls Modificatien Tools . -

| ﬁ }( | | &k Mesh LI | @ B
?\V"*-":"Vﬂt;-v-&zs

T..
Value

GEOM

SMESH

Again, without getting too technical, a way to make sure your mesh is optimized for the

simulation, you can calculate the Courant number and adjust your mesh accordingly.
((u*deltat)/deltax)<C
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Preparing and running simulation

The mesh is exported in MED file format to the folder ~/Study/MESH/ and the
Saturne GUI is started from ~/Study/CASE1/DATA/ using ./SaturneGUI




Code Saturne GUI ...

Once the GUI has loaded, it is
time to enter the values (the
options/tabs not mentioned is
left at default if nothing is
stated).

Under Solution domain load
the mesh file exported from
Salome :

Code_Saturne user interface
Eile  Tools  Options

= @b &

Help

B fleda$a®y

Study name: | BURNER
Casze name: CASE1
AlL file name: | hurnertube zml

Calculation environmment
[ 1dentity and paths
[ pefinition of the volume zones

9 Thermophysical models
9 Physical properties
3 Additional scalars
Boundary conditions
] Definition of Boundary regions
] Dynamic variables bound. cond,
[ Scalars bowndary conditions
£3 Calculation control
£9 Humerical parameters
Calculation management
1 Memory Management
[ Start/Restart
[ Prepare batch calculation

MESHES|

FPERIQDIC | SYRTHES | STAND-ALONE
BOUNDARIES | COUPLING | RUNNING

List of meshes:
flows. med

Paste meshes: - on 4 off

Warp faces cutting: - on % off




Code Saturne GUI ...

Lal Code_Saturne user interface = B 2
Next go into Thermophysical e =eF
[ & o 9]
models and set the turbulence CROI-LE %%ﬂ B
model to k-epsilon — This is a caserome: |74
high Renolds number model | ——ru—r
since that's what | have here. | [ |5 ey adps N S
Initialization is set as seen B e o 2"
. [ Caleulation features
h e re ] S 'T“unrlt::ilzfer::::mdels L@ij.-’ et 2
e — [ N L
g :::i&tl::lnﬂl:r:t?:l;l’:s Welocity |1.E| mis
DB;:;:?E::T:’I:::::M regions
Sg::js::;cb::::ba::sc:::;i::nd. WelocitW IEI.EI tme's
Moo eters oo Eseation
Calculation management
ngzﬂnmrt::xwement Glohal initialization by reference velocity =

[ Prepare batch calculation

Reference velocity I‘I.IZI s




Code Saturne GUI ...

T
O Code_Saturne user interface = B &
File Tools  Options Help

E &l @ ¥ 8 & 2

Study name: | BURMER
Case hame: CASET

#ML file name: | burnertube =ml

Next the physical properties

of the fluid needs to be set:

= Calculation environment
[] 1dentity and paths Lensity
[ Solution Domain
[C1 Definition of the volume zones constant — | F{E\f;rligce B ID.EEE ko/m3
= Thermophysical models
[ Calculation Features
[] Mobile mesh
1 Turbulence models Viscasity
] Thermal model
01 nitialization constant — | Reference |, [T1e-08  kgmvs
Physical properties value
[ Reference values

[ Gravity, hydrostatic pressure Specific Heal
7 Additional scalars

Boundary conditions | Reference I—
] Definition of bowndary regions EEEE = value Cfp | zzeno gt

1 Dynamic variables bound. cond.
[] Scalars boundary conditions
£ Caleulation control
7 Mumerical parameters
Calculation management
1 Memory Management
[ StartRestart
[ Prepare batch calculation




Code Saturne GUI ...

Definition of boundary regions
are set next — the names of the
boundary regions corresponds
to the group names assigned in
Salome.

File  Tools

Code_Saturnc user interface
Cptions

—

=1
Help

B aklafa®y

Study name: | BURNER
CASE1
AL file name: | burnertabe smi

Case name:

= Calculation environment

tC] Identity and paths

IC] Solution Damain

'[]] Definition of the volume zones
= Thermophysical models

] Calculation Features

IC] Mobile mesh

'] Turbulence models

] Thermal model

[ mitialization

= Physical properties

[l Reference values

L] Fluid properties

'[] Gravity, hydrostatic pressure

Additional scalars
] Definition and initialization

[] Physicals properties

Boundary conditions
] Dynamic variables bound. cond.
[[] Scalars boundary conditions

£ Calculation control
£9 Numerical parameters

Calculation management
] Memory Management

[] startRestart
] Prepare batch calculation

Defuniion of Dourkiary regions
Zone | Mature Localisation
twalls
inlet 1 inlet inlet
outlet 2 outlet outlet
I ]

Label Iwalls
Z0ne |3

Mature swall — |

Localization  walls

Create | hadify | Delete |

Import groups and references from Preprocessor listing @|

) —




Code Saturne GUI ...

Entering the calculated velocity
In the positive Y-direction in
Dynamic variables bound.
cond.

File  Tools

Code_Saturnc user interface =
Cptions

=1
Help

B aklafa®y

Study name: | BURNER
Case name: CASET

AL file name: | burnertabe smi

= Calculation environment

tC] Identity and paths

IC] Solution Damain

'[]] Definition of the volume zones
= Thermophysical models

] Calculation Features

IC] Mobile mesh

'] Turbulence models

] Thermal model

[ mitialization

= Physical properties

[l Reference values

L] Fluid properties

'[] Gravity, hydrostatic pressure

Additional scalars
] Definition and initialization

[] Physicals properties
Boundary conditions
] Defnition of boundary regions

[[] Scalars boundary conditions
£ Calculation control
£9 Numerical parameters
Calculation management
] Memory Management
[] startRestart
] Prepare batch calculation

e variiies Dol comnd

Lahel Zone | Mature Localisation
walls @ weall walls

inlet inlet inlet

Yelocity companents = |

U 0.0 mrs

WolEa0 mss

i

fintxdence

Calculation by hydraulic diameter — |

!

Hydraulic diameter |0.0073 m




Code Saturne GUI ...

Code_Saturne user interface o B 3

Since this is a steady state

condition, this is what | left it at in
Steady Management.

Post-processing every 'n' time steps = 1

Eile Tools  Opfions Help
el @8 823
Case name: ’E
KML file name: ’m
Elsdl::tlii?n:"::::s Dutput listing at each time step — | I—
Under Output control | Setitto | |Tocummm e ——
Post-processing every 'n' time 0 Tl ot
. . £ Physical properties uid domain post processin

as the output format (This is so [ eerence vles et postmeesss 8

= Calculation environment Y
{71 Definition of the volume zones
] Mobile mesh
step to 1 and select Ensight Gold | | ‘sz
[ Flvid properties Daain boundary post processing o

ParaView can post-process the D) Gravity, bydosttcpressur
resu |t) - ? Type of post processing far mesh fixed =

7] Definition and initialization
Boundary conditions -
I 7] Definition of Boundary regions Format Ensight Gald - |

[7] Physicals properties
] Dynamic variables bound. cond,
[ Scalars bowndary conditions Options
Calculation control :
[ Steady management farmat hinary = |
{71 Solution control polygans to display  —s |
£7 Numerical parameters
Calculation management .
[T Meinory Managenent polyhedra to display  — |

[ Start/Restart . .
[71 Prepare batch calculation big_endian W

el

R ——




Code Saturne GUI ...

Once everything is set up, theres

only one thing left: Load the

'runcase’ file under Prepare batch

calculation and press Code
Saturne batch running:

File  Tools

Code_Saturne user interface

Options

PR [=1
Help

E 5l @ & 81 2 3

Stucy name: | BURNER
Case name: CASE!
AL file name: | burnertake sml

= Calculation environnent

[ 1dentity and paths

[ Solution Domain

[ Definition of the volume zones
= Thenmophysical models

[] Caleulation Features

] Mobile mesh

[ Turbulence models

[ Thermal model

] Initialization

= Physical properties

[ Reference values

[C] Fvid properties

[ Gravity, hydrostatic pressure

Additional scalars
[ Definition and initialization

[] Physicals properties

Bouwndary conditions
[] Definition of boundary regions

[ Dynamic variables bownd. cond.

[ Scalars boundary conditions
Calculation control

[] Steady management

] Output control

[ Solution control
Numerical parameters

?D Equation parameters

[ Global parameters

Calculation management

[ Memory Management
[ StartRestart

Compuiler Sefeciion

\Workstation — |

Select the batch script file @| mncase

FPrepare Baich caleoeiion

Mumber of processors |1 ﬂ

User files &l

sdvanced options ?|

Code_Satume
batch
running




Code Saturne GUI ...

This launches the calculation and outputs the temporary results in
~/tmp_saturne and the finished results in ~/Study/CASE1/RESU
As the calculation runs, issueing the terminal command

tail -gf ~/tmp_saturne/Study.CASE1.date/listing

will give info on the progress and convergence of the calculation:

If everything went smoothly, Code_Saturne rewards you with a “Normal
Simulation Finished” and one can move on to...




Post processing . . .

Fire up ParaView and select

File — open — Study/CASE1/RESU/CHR.ENSIGHT.date/chr.case
Click 'apply'
and select

Filters — Alphabetical — Cell data to point data

and

Filters - Common — Slice and de-select show plane select Z Normal —
click apply

Cell data to point data will give a much more smooth representation of the
flelds and allow showing the velocity field as streamlines.
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Post processing . . .

Images are captured at timestep 200 where we have a reasonably steady state:

Pressure

Pressure
0.082427

-5,4765

IHO35

-16.594

22,153
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Post processing . . .

Velocity




Post processing . . .

Turbulent
energy

TurbEner
18.962

14,222
2.4815

47411

0.00050341



Post processing . . .

Turbulence —
magnitude

turb. _vi
Q. 1e01

6.8e-01

4.6e-01

2.3e01

7.4e-07
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Post processing . . .

ParaView set up with Plot over line to show values along the X

axis:
r" w——;
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Post processing . . .

So after post processing the simulation, what conclusions can be drawn?

Velocity is indeed 33m/s as was the initial condition. The low pressure zone around the
base of the jet is ~-22Pa, this is what I'm interested in, since this is what | plan to
measure later on in the practical approach. The zones for turbulence and turbulent

energy isn't that surprising at all — I'll keep that in mind for when | have to modify the
burner tube later on.
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Practical approach . . .

So now I've gotten the simulation to finish and have reasonable
derivatives(?), | proceed to do a practical test on the burner tube. First | want
to measure the gas flowing into the burner tube; this is done with a flow
meter connected between the gas bottle and the regulator. The results of the
measurement is used in the MathCAD document both to hold up against the
technical document on the gas burner and to control my theoretical
calculation.

In this image the middle flowmeter is used and if you squint, you can see the
ball hovering at around 6[I/min].
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Practical approach . . .




- Practical approach . . .

During the run of the flow measurement, | attach a manometer to the low pressure
side of the regulator to make sure it has the proper inlet pressure: 1[kPa]




Practical approach . . .

Next up is the actual measurement of the burner tube. | have attached a
small fitting to the aeration port and sealed the ports with electrical tape.
This should hopefully emulate the simulation setup.

Turning on the gas and letting it flow free through the burner tube with a
micro-manometer attached, gave the following reading:




Conclusion

Goal archived, | have a model on which I can build further on.

Code_Saturne can be a harsh mistress. I've have spent many many hours

tweaking the shape of the mesh for a seemingly simple numerical analysis.

Especially the inlet takes much care to model — the initial 'backlash’ of the fluid

as it enters the tube (as seen in the animations) has given me much grievance.

The trick in this case since | was only interested in low pressures zone in the

steady state, was to let the inlet protrude into the chamber to allow for the

'‘backlashing' — otherwise | got wildly inaccurate if any, results.

CFD requires you to know exactly what you want to retrieve from the

simulation and under what conditions. It simply does not converge if you don't

have some idea of what mesh size, inlet velocity etc. etc. to apply. This takes

| much experimentation, at least for me since | don't have a formal background
In fluid dynamics.

Don't do CFD on a 1.7ghz celeron if you have the choice — it will wear you out.
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