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1. Tutorial introduction and objectives

The structure of these instructions are as follows.

In Section 1 the problem description is given along with all required information regarding geometry and
boundary conditions. Hence, all information required to solve the problem is found here.

In Section 2 the questions related to the problem, model accuracy and limitations are found, along with
instructions how to prepare a short report.

Section 3-5, contains instructions specific to the Ansys software; how to generate the CAD model, create
the mesh, run the simulations and do post-processing. All instructions are written for Ansys Workbench
13 and the software used are: Design Modeler, Meshing Platform, Fluent respectively.

In this tutorial a bluff-body stabilized non-premixed turbulent flame is studied, using the mixture
fraction/PDF and equilibrium chemistry models described in Chapter 5. The purpose is that you, in
accordance with best-practice guidelines, Chapter 7, learn how to:
e Generate: CAD and mesh files for the system (2D-axissymmetric model).
e Analyze: Mesh quality
e Define: Inlet, outlet, wall boundary conditions, turbulence model, mixture fraction/PDF model
and species for equilibrium chemistry calculations.
e Calculate: Look-up table, flow field, turbulence, mean mixture fraction, mixture fraction variance,
species and temperature fields.
e Judge: Convergence
e Evaluate: Numerical schemes, mesh independence.
e Analyze: Species composition, flame attachment and temperature, recirculation zone.
e Discuss: Validity of simulation results with respect to assumptions in the problem formulation,

limitation with the model, possible refinements.

1.1 Tutorial problem description

The gas combustion system considered in this tutorial is shown in Figure 1. As seen here the fuel and air
enters coaxially separated by a bluff body. The fuel consists of 100% methane, CH4 and is combusted in
air, 21%-molar Oxygen 02, and 79% nitrogen, N2.
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Figure 1. Schematic view of the burner (you generate a 2D-axisymmetric analysis to reduce the computational time).

Temperature measurement for the same geometry and boundary conditions simulated in this tutorial, are
found in:

J. Warnatz, U. Maas, R.W. Dibble, 2006, Combustion - Physical and Chemical Fundamentals, Modeling and
Simulation, Experiments, Pollutant Formation., Springer. Figure 14.8.

This measurement data allows the accuracy of simulations to be judged. You are strongly encouraged to
compare the measured values to the simulated ones. This book is found as an e-book on most university
libraries so you can easily get access to the data.

The turbulent flame is modeled using the mixture fraction/PDF modeling approach which is based on
solving transport equations for conserved scalars, i.e. mixture fraction and variance. Turbulence-
chemistry interaction is modeled using a beta-function PDF. Several chemical species, radicals and
intermediates in the combustion process can be included, e.g. CH4, N2, 02, CO, CO2, H20, NO, NO2,
CH20, H202, O, H, OH etc. These compounds are calculated from the predicted mixture fraction and
assumption of chemical equilibrium. Create your model according to the drawing in Figure 2, and use
boundary conditions given in Table 1.Note all dimensions are in millimeter.
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Figure 2. Drawing of the 2D-axisymmetric model.
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Table 1. Boundary conditions.

Fuel inlet Air inlet Comment
Velocity 21 m/s 25m/s
Turbulent intensity 10% 10%
Turbulent length scale 0.001m 0.01m
Mean mixture fraction 1 0
Mixture fraction variance 0 0
Species composition 100% CH4 21%02, 79%N2 Molar fraction

Boundary conditions for the inlet can be set to velocity inlet, outlet to pressure outlet.
Boundary conditions on the walls: no-slip, zero heat flux.

The axis should be defined as rotational symmetry not regular symmetry line, since the intention is to
model a coaxial flow of two gas streams.

1.2 Tutorial prerequisites

It is recommended that you have read Chapters 1-5 in the text book (Computational Fluid Dynamics for
Engineers) and solved Tutorial 1. Regardless of what CFD software you use, you will find all required data
in Section 1. The questions and tasks related to this tutorial is found in Section 2.

If you use Ansys Workbench you should read Sections 3-5 in this manual to get detailed instructions on
how to setup the simulations. However, steps already explained in Tutorial 1 are not shown with screen
dumps. If you use any other CFD software you should use the data given in Section 1 to run the
simulations and answer the questions in Section 2.
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2. Tasks and report instructions
Turn in a report that focus on analysis of the simulation results and on the following questions:

e What does the Dahmkohler number describe? (Hint Equation 5.4)

e Why is the PDF needed to calculate the reaction rate for some reactions? (Hint Chapter 5.5)

e What do the mean mixture fraction and the mixture fraction variance describe, and how do they
affect the shape of the PDF? (Hint Figure 5.5)

e How is the PDF obtained in the CFD simulation? (Hint Figure 5.11)

e (Calculate the degree of segregation, I, (Equation 5.18) and show how the mixing progresses
throughout the system. (Hint: Fluent users can use Custom Filed Functions to define I, and plot it.)

e Are the boundary conditions for turbulence at the inlet appropriate? (Hint Best practice
guidelines, Chapter 7 in the textbook)

e How far into the system does the turbulent boundary conditions affect the simulation results?
(Hint: Estimate this using Table 4.1 in the textbook. )

e Two cold gas streams of methane and air are mixed, is it reasonable that they just start to
combust?

e  Which converged solution (in simulation loop nr 1-3) is the best one? How good is that
prediction? Judge this based on the measurement data in, J. Warnatz et al., Combustion - Physical
and Chemical Fundamentals, Modeling and Simulation, Experiments, Pollutant Formation., 2006.
Springer. Figure 14.8.

Note: All hints refer to the location in the textbook where you will find an answer.

Simulation loop nr 1

Simulate the system according to the specifications in Section 1.

Simulation loop nr 2

Try two approaches 1.) make the overall mesh denser in the meshing program and 2.) make an adaption
after finishing Loop nr 1 using gradient adaption, i.e. refining the mesh where it is most needed (e.g.
gradient of mixture fraction). (Hint: When you do mesh adaption you can view the new mesh at each time
you modify it. In Ansys/Fluent it is done Display->Mesh)

e s the number of nodes different?
e What is the difference between these results? Does the flame temperature and shape change? In
that case how much does it change?

Adapt the mesh using y* adaption on the nozzle walls.
e How these changes affect your solution?

Use a higher order discretization scheme.
e How does the solution/results change? Why?
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Simulation loop nr 3

Go back to 'Design Modeler' and change the geometry:

e decrease the inlet pipe dimension from 50 mm to 5 mm and
e decrease the outlet channel length from 50 mm to 5 mm.

Update the computational mesh. Run simulation to convergence.

e How does these changes affect your solution? Why?

Exercise

In order to show how the mixing progresses, and how the presumed PDF (beta-PDF) looks like during
different stages in mixing, calculate the beta-PDF at a few different locations downstream the inlets. Use
the CFD data and relevant equations in the textbook (Hint: Chapter 5.4.2).

Hint: It is not critical exactly where you select your conditions. But it is recommended that the locations
are significantly separated from each other in downstream location. It is enough to select 3 different
locations. You can do this plot easily in Matlab.

Optional questions (-physics of combustion )

e (Canignition of the two gases be simulated with modified model using CFD?

e What physics is lacking in the current model?

e What ignition source would be required?

e How is the minimum ignition energy (MIE) affected by flow and turbulence? Could this be
predicted by CFD simulations?

e Does the CFD model account for the fuel specific flammability limits?

e Determine the stoichiometric mixture fraction (reaction CH;+20,->CO, + 2H,0).

e What is a appropriate fuel rich flammability limit? What limit has been used in your simulations?
How does a change in this limit affect the solution? How does equilibrium calculations in the CFD
simulations change in regions where the fuel/air compositions is above the fuel rich flammability
limit?
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3. Instructions for generating the geometry (Ansys 13 Design Modeler)

The basic CAD operations where explained in Tutorial 1. Please refer to Tutorial 1 if you need to refresh
your memory.

1. Start Work bench and a new project.

2. Mark Geometry->Properties/Advanced Geometry Options/Analysis Type change to 2D

3. Open Design Modeler (select to generate your model in millimeter).

4. Go to Sketching/Settings/Grid mode and mark the check boxes: 'Snap (to grid)’, 'Shown in 2D’
5. Select the global coordinate system z-axis, to view the x-y plane.

6. In the menu select the x-y plane and add 'New sketch' (remember that symmetry axis must be aligned
with the x-axis)

7. Sketching /Draw, use Polyline and make a rough* drawing as shown in Figure 2 and Figure 3 below (Start
in origo with P snap. Use close end by right-clicking before you close the loop).

" you will later specify the exact dimensions according to Figure 2.

8. Sketching/Dimensions/General, define dimensions , specify the dimensions according to Figure 2.
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Hint: specify the dimension in a logical order, otherwise the lines may be distorted and cross each other,
also avoid making the sketch over-constrained.
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Figure 3. CAD model and dimensions.

Select the modeling tab to generate a surface based on the sketch.

10. Concepts/Surfaces from sketch, Select the sketch you just generated and push Generate

You should now have 1Part/1Body with the right dimensions and it should look like Figure 3 and 4.

11. Save the project
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Figure 4. CAD model.
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4. Instructions for generating the computational mesh (Ansys 13 Meshing
Platform)

The basic Meshing operations where explained in Tutorial 1. Please refer to Tutorial 1 if you need to
refresh your memory.

1. Start the Meshing program

2. Insert 'Inflations' , Right-click on Mesh->Insert->Inflation. Select the 2D model and the edges to which
your inflations should be added. Set appropriate values for first layer thickness and growth rate under
inflation options.

3. Sizing: On Proximity and curvature

4. Mark enties and group them into 'Named Selection’, (Right-click on the entity, Create Named Selection,
Give names -e.g. fuel_inlet, air_inlet, nozzle_walls, outer_walls, axis, outlet). To select more than one line
to a specific group use Ctrl-key.

5. Define the relevance center and relevance. You may need to repeat steps 5-7 a few times to get an
acceptable mesh.

6. Generate the Mesh.
7. Try modifying a few settings (maximum number of layers etc) and generate a new mesh.

8. Evaluate the mesh quality in terms of near-wall-resolution, cell skewness etc. The mesh should be
acceptable but it is not critical at this point since you later will do mesh adaption and evaluate if you have
a mesh-independent solution. Your mesh should look similar to Figure 5.
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Figure 5. Computational mesh.
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Figure 6. Mesh details.
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5. Instructions for running the simulations (Ansys 13 Fluent)

The basic Fluent operations where explained in Tutorial 1. Please refer to Tutorial 1 if you need to refresh
your memory.

1. Start Fluent in Double precision, 2D, Serial processing.
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2. Check that the dimensions are correct (otherwise these can easily be changed inside Fluent if
necessary, using scaling). You can also take a look at the mesh information. Mesh\Check and Mesh\Info

Define the model

3. General 2D space, change to axi-symmetric
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Define turbulence model

4. Models->Viscous->k-g, realizable, non-eq wall functions
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M Turbulent Schmidt Number -

none v s) |

- temperature table
- density table
- species mole fraction table
Read intermediate data
Read 16 species (sectioned c, 2D prepdf)
Read 2-stream adiabatic PDF file.
PDF file successfully read.

Setting surface_body (mixture) ... Done.

Setting interior-surface_body (mixture) ... Done.

Setting fuel_inlet (mixture) ... Done.

Setting air_inlet (mixture) ... Done.

Setting nozzle_wall (mixture) ... Done.

Setting outer_walls (mixture) ... Done.

Setting outlet (mixture) ... Done. =
Setting wall-surface_body (mixture) ... Done.

<

5.Models->Species->Select non-premixed combustion and go through each 'Tab' (shown in the Figure
belowl)

v' Chemistry: Adiabatic/non-adiabatic (start with adiabatic and in loop 2 test non-adiabatic)
v Boundary: change to molar fraction, set CH4 molar fraction to 1 for fuel.
v Control: Remove NO and NO2 from excluded list (so that it gets included)
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6. Define the boundary conditions according to Table 1.

Note: for turbulence use turbulent intensity and length scale.
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ANMSYS FLUENT 121 (axi,

Feb 17,2011
dp, pbng, pdflB, rke)

up table

rations

g .
ted

atic PDF file.

1y read.

y (mixture) ... Done.
rface_body (mixture) ... Done.
(mixture) ... Done.

mixture) ... Done.

(mixture) ... Done.
(mixture) ... Done.

ture) ... Done.

e_body (mixture) ... Done.

le: Adiabatic Table (Two Streams)

PDF Table successfully generated?
Haximum of Hean Temperature{K) is 2.231614e+883 and occurs at HMean Hixture Fraction
Minimum of Mean Temperature(K) is 3.080000e+802 and occurs at Mean Mixture Fraction

A

5.817534e-002
8.0006000+000

i I

7. Solution Methods / retain the default settings and change them later to higher order scheme
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Fluid Flow, (FLUENT) FLUENT [axi, dp, pbns, pdf16, rke] [AN!

File Mesh Define Solve Adapt Swface Display Report Parallel view Help

(G d BO|C[PRA A® (8O-

I Solution Methods 1:Mean Temperatrelk) v
General Pressure-Yelociky Coupling
Models
Materials Sthene

Cell Zone Conditions

Boundary Condlticns Spatial Discretization

Mesh Interfaces FESI -
Dynamic Mesh |standard v
Reference Yalues Momentum

Sclution First Order Upwind v

Turbulent Kinetic Energy

Sclution Controks [Fist Grclr Upwind v -
”;T‘:_WS i Turbulent Dissipation Rake
alution Initislization
v
Calculation Activitiss ‘F"Sl Crcer Upwind ‘
fun Calculation Mean Mixture Fraction
Rosuls ‘Fn’st Order Upwind v ‘

Mixhire Frartion \ariance

Graphics and Animations
P Transient Formulation

Plots
Reports
Hon-Tterative Time Advancement
Frozen Flux Formulation

L,

Mean Ternperature(k) Feb 17,2011
ANSYS FLUENT 12,1 (axi, dp, pbns, pdfi6, rke)

Read 2-stream adiabatic PDF file. =
PDF file successfully read.

Setting surface_body {(mixture) ... Done.

Setting interior-surface_body (mixture) ... Done.
Setting fuel_inlet (mixture) ... Done.

Setting air_inlet (mixture) ... Done.

Setting nozzle wall (mixture) ... Done.

Setting outer_walls (mixture) ... Done.

Setting outlet (mixture) ... Done.

Setting wall-surface_body (mixture) ... Done.

Generating PDF lookup table

Type of the PDF Table: Adiabatic Table {Twe Streams)

Calculating table .....

Performing PDF integrations.....

651 points calculated

16 species added

PDF Table successfully generated?

Maximum of Mean Temperature(K) is 2.231614e+003 and occurs at Mean Mixture Fraction
Minimum of HMean Temperature(K) is 3.060008e+082 and occurs at HMean Hixture Fraction

5.817534p-002 ;|
0.000000e+000

<

8. Solution Controls/ retain the default values for under relaxation factors to start with, modify them later
if required.
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= A:Fluid Flow (FLUENT) FLUENT [axi, dp, pbns, pdf16, rke] [ANSYS Academic Research]
File Mesh Define Solve Adapt Surface Display Report Parallel View Help

|- d-@e]/S[Haa 2@ o

1: Mean Temperature

Problem Setup Solution Controls
General inder-Relaxation Factors
Modsls -
Materials Pressure =
Phases ’0.3—
Cell Zone Conditions
Boundary Conditions Density 1
Mesh Interfaces ’1— =
Dynarmic Mesh
Reference Values Body Forces
Solution 1 l |
tlun Method ——
Moritars o
Solution Initialization S
Calculation Activities Turbident Kinetic Ener gy, )
Run Calculation 0.8 1.00e+03
v
Results &
Graphics and Animations 8.00e+02
Plots ¥
= sonesc2
4.00e-+02
e, 2.00e+02

0 01 02 03 04 05 0B 07 08 09 1
Mean Mixture Fraction

Mean Temperature Feb 17,2011
ANSYS FLUENT 12.1 (axi, dp, pbns, pdf16, rke)

Material (co . pdf-mixture): ~
Changing method of "Density" to “constant" -- data required.

Material (ch2o . pdf-mixture):
Changing method of "Density" to “constant" -- data required.

Material (02 . pdf-mixture):
Changing method of "Density” to "constant” -- data required.

Material (n2 . pdf-mixture):
Changing method of "Density" to “constant" -- data required.

Material (ch4 . pdf-mixture):
Changing method of "Density" to “constant" -- data required.

Generating PDF lookup table

Type of the PDF Table: Adiabatic Table (Two Streams)
Calculating table .....

Performing PDF integrations.....

651 points calculated

16 species added

PDF Table successfully generated?

<

Before you start simulations you need to initialize the solution

9. Solution Initialization, Initialize

Solve/Monitor/residual Edit-> / you can accept the default values and may add new monitors you find

useful.
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[Hprict to Console:
et
i
Goil x-relocky =
Sokion Certrdls =]
[ e o —
Soution Iritaleation IerationstoPt A
o 4] & 0.001
oot [=_J4
Greaz...] ot
Resuls Residusl vakes Comvergence Crierion
e and dnmaers S [lcrmakzs atsolse |
s ST -
[ scake
N R = e
Mesh Feb 17,2011
ANSYS FLUENT 12.1 (asi, dg, pbns, pdf16, rke)
reversed Flow in 3 Faces on pressure-outlet 9 B

159 1.4G9e-B4 9.8288e-B5 .1937e-B5 1.6752¢-83 1.3223e-63 1.2001e-B4 1.3199e-63 0:00:08 &1

reversed Flow in 3 faces on pressure-outlet 9.
160 1.4151e-04 9.0049e-85 4.0725e-65 1.0466e-63 1.2638e-03 1.1598e-04 1.2648e-03 0:00:06 40

reversed Flow in 3 faces on pressure-outlet 9.
161 1.380%-04 3.040ke-05 3.8620e-65 1.6120e-62 1.1048e-63 1.1505e-04 1.1740e-03 0:00:05 39

reversed Flow in 3 faces on pressure-autlet 9.
162 1.3535e-04 8.9304%-85 3.7001e-65 9.8000e-04 1.1178e-83 1.8937e-04 1.1092e-63 0:00:04 38

reversed Flow in 3 faces on pressure-outlet 9.
163 1.3661e-04 8.8670e-05 3.4515e-85 9.5099e-64 1.0276e-03 9.6140e-05 1.036%e-03 0:00:03 37

reversed Flow in 3 faces on pressure-outlet 9.
164 1.2800-04 9.5711e-65 3.29850-65 9.2013e-64 0.4400:-BY4 $.H664e-65 1.0001e-03 0:00:02 36

reversed Flow in 3 Faces on pressure-outlet 9.
* 165 solution is converged
165 1.2557e-04 9.4757e-85 3.2403¢-65 8.9650c-B4 8.7853¢-B4 7.7400¢-65 9.1520e-B4 0:00:02 35

10. Run Calculation, these simulations will reach convergence very fast, typically within one minute.
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% A:Fluid Flow (FLUENT) FLUENT [axi, dp, pbns, pdfi6, rke] [ANSYS Academic Research]

Fie Mesh Oefirm Sobw Adipt Suface Diplsy Report Parsiel View e

F-d-28 S |reas/fImM-0-
Problem Sebup Run Calculation 1t Hoghy &
-y
Matarials
e mamm] Reportiog Inkeeve
Cel Zone Conditons lzm ]1:} ! {::
Boundary Conditions
Dynanic Mesh 1 il
Refererce Vaues
Sobbon Data Fie Guantbes, g
Schution Methods
]
Moritors.
Schuton Inbalzabon |
Calodation Activities @
0
Results
Graghics and Animations
s INEERN RN sy munl
Reports
Mesh Feb 17,2011
ANSYS FLUENT 12.1 {axi, dp, pbns, pdfis, rke)
reversed flow in 3 faces on pressure-outlet 9. ~
159 1.4450e-04 9.0280e-05 4.1937e-05 1.0752e-03 1.3223¢-03 1.2001e¢-04 1.3199¢-83 0:00:08 &1
reversed flow in 3 faces on pressure-outlet 9.
168 1.85151e-08 9.0049e-05 4. 0725e-05 1.0466e-B3 1.2638¢-03 1.1598e-08 1.2668e-03 0:00:06 &6
reversed flow in 3 faces on pressure-outlet 9.
161 1.38080-0% B.0A0%e-05 3.86200-05 1.01200-83 1.19h60-03 1.160050-04 1. 175%-03  0:00:05 39
reversed flou in 3 faces on pressure-outlet 9.
162 1.3535e-04 B.9304e-05 3.7091e-05 9.8098e-84 1.1178e-03 1.0937e-04 1.1092e-03 0:00:05 38
reversed flov in 3 faces on pressure-outlet 9.
163 1.3661e-04 B.B670e-05 3.4515e-05 9.5099e-04 1.0276e-083 9.6146e-05 1.0369e-03 0:00:03 37
reversed flow in 3 faces on pressure-outlet 9.
166 1.2890e-04 B.5711e-05 3.2985e-05 9.2013e-04 9.440%¢-04 8 ho6he-05 1.0001¢-03 0:00:062 36
reversed flow in 3 faces on pressure-outlet 9.
* 165 wolution is converged
165 1.2557e-0% B.A757e-05 3.2493e-05 8.9050e-04 8.7053e-84 7.7099e-05 9.1529e-04 0:00:02 35
b
< >

You can modify the view by mirror the computational domain using the symmetry axis.

11. Display/Views/Mirror planes (select your symaxis) Click Apply. Rotate the view if you prefer to see the
flame vertically.
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ostence(g 0:g0:e8 A1

reversed flow in 3 faces on pressure-outlet 9.
160 1.4151e-04 9.0049e-05 4.0725e-05 1.8466e

 AiF luid Flow (FLUENT) FLUENT Laxi, dp, pbns, pdi16, tke] [ANSYS Academic Research]
filo Mesh Defrm Sobyo Adept Suface Dbplay Report Paralel Wi Hop
GFrd-Eme | SHaa 2 Qlm-an-
Froblin Sebis Run Calculation 1: Mesh ]
General
IModels
Materials
Cell Zone Conditions.
Boundary Conditions:
Mezh Interface:
Dynanic Mesh
Reference Vahies
Sahsion
Sahgion Methods
Sokution Controls
Meeitors
Sokution Iritakzation
Caladation Adtiviies
Graphics and Anmations
Plots Viws Adtions Mrror planes & )
Reports [back | R ¥ARRERARNMEEEICEEEIEEEEEY
foot
|
(Coowe ]|
[osms ) | (oefmmpime.. ]
Save Name ‘ = | ;
— | Lo ) || (oee.. |
Meg -  r— Feb 17,2011
| (axi, dp, pbns, pdf16, rke)
[ sopty ] [comera...) [[Gose ) [ Heb ] | | —
FeUErFEE FIOW T FACES ON preSSUFEtuTIeTT e . | -~
159 1.4459e-04 9.0280e-05 4.1937e-05 1.0752e-|

0:00:86 48

reversed flow in 3 faces on pressure-outlet 9. @ (Cecan]

161 1.3808e-04 8.9494e-05 3.8620e-05 1.0120e-03 1.1946e-03 1.1605e-04 1.1749e-03 0:00:05 39

reversed Flow in 3 Faces on pressure-outlet 9.
162 1.3535e-04 8.9304e-05 3.7091e-05 9.8090e-04 1.1178e-03 1.0937e-04 1.1092e-03 0:00:04 38

reversed flow in 3 faces on pressure-outlet 9.
163 1.3661e-04 8.8670e-05 3.4515¢-05 9.5099¢-84 1.0276e-03 9.6146e-05 1.0369¢-63 09:00:83 37

reversed flow in 3 faces on pressure-outlet 9.
164 1.2890e-04 8.5711e-05 3.2985e-05 9.2013e-B4 9.4409e-05 B.4664e-05 1.0001e-03 0:00:02 36

reversed Flow in 3 Faces on pressure-outlet 9.
t 165 solution is converged
165 1.2557e-04 8.4757e-05 3.2493e-05 8.9050e-04 B.7053e-04 7.749%9¢-05 9.1529e¢-04 0:00:92 35

Analyze: Mean Mixture fraction, mixture fraction variance, temperature, species composition. Plot vector
field, look for recirculation.

Hint: You can use scaling factors on vectors to make certain zones more clear.
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:Fluid Flow (FLUENT) FLUENT [axi, dp, pbns, pdf18, rke] [ANSYS Academic Research]
File Mesh Define Sove Adapt Surface Display Report Paralel Wiew Help

|E-d-me|s

Problem Setup
General
Models
Materials
Phases
Cell Zone Conditions
Boundary Condtions
Mesh Interfaces
Dynamic Mesh
Reference Values
Solution
Salution Methods
Salution Controls
Monkars
Solution Initialization
Calculation Activities
Run Calculation
Results

Reports

aaslenE-o0-

phics and Anil

L: Contours of Static Temper v

Graphics

,@

Vectars
Pathiines
Particle Tracks

Animations

Scene Animation

Salution Animation Playback B.12e+12

Options Contours of

[IFiled [paf...
Node Yalues
Global Range:
Auto Range
lip ko Range -
Eg;;; profes <t Disspation
POF Table Adiabatic Enthalpy

'DF Table Heat Loss/Gain
Fuel_irlet
Lewels inkerior-surface_body

3] nozzle_wall
outer_walls
outlet

[ M=an Misture Fraction

(B [

Feb 17,2011

ANSYS FLUENT 121 . dp, pbns, pdflG, rk
(i 4. o, Pt )

~

Surface Types
L bsure-outlet 9.

P37e-05 1.8752e-83 1.3223e-83 1.2661e-64 1.319%9e-03 0:80:88 1

exhaust-fan
v |psure-outlet 9.

¥25e-05 1. 1. 1. 1. 8:808:86 48

Fsure-outlet 9.
20e-05 1.0120e-03 1.1946e-03 1.1605e-04 1.1749e-03 0:00:05 39

reversed flow in 3 faces on pressure-outlet 9.
162 1.3535e-84 8.9384e-05 3.7091e-05 9.8098e-64 1_1178e-83 1.8937e-84 1.1092e-03 0:680:04 38

reversed flow in 3 faces on pressure-outlet 9.
163 1.3661e-84 8.8670e-05 3 _4515e-05 9.5000e-64 1.8276e-03 0.6146e-65 1.0369e-03 6:66:83 a7

reversed flow in 3 faces on pressure-outlet 9.
164 1.28908e-64 8.5711e-05 3.2985e-085 9.20813e-84 9_44080e-084 B.4664e-05 1.0081e-03 B:60:62 36

reversed flow in 3 faces on pressure-outlet 9.
t 165 solution is converged
165 1.2557e-04 8.4757e-05 3.2493e-05 8.9050e-04 8.7053e-04 7.7499e-05 9.1529e-04 0:00:02 35

<l I ] >
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