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IntroductionIntroduction

Objective:Objective:
�� Evaluate the performance of several Evaluate the performance of several 

RANS turbulence models in a nonRANS turbulence models in a non--
premixed combustion situationpremixed combustion situation

Methodology:Methodology:
�� First step: non reacting caseFirst step: non reacting case

–– Turbulent flow structureTurbulent flow structure–– Turbulent flow structureTurbulent flow structure
–– Boundary conditions effectsBoundary conditions effects
–– Quality of the RANS predictionQuality of the RANS prediction
(1(1stst and 2and 2ndnd order models)order models)

�� Second step: reacting case Second step: reacting case 
–– Laminar flamelet model (50%Laminar flamelet model (50%--50% 50% 

CH4CH4--H2). H2). 
–– Results compared: Results compared: 

�� Velocity components & fluctuationsVelocity components & fluctuations
�� Mixture fraction & fluctuationsMixture fraction & fluctuations
�� TemperatureTemperature

SANDIA, non-premixed bluff-body burner



Modelling approachModelling approach
Non-reacting case

- Classical Favre Averaged Navier Stokes equations resolved for:

U = longitudinal velocity u’ = longitudinal velocity fluctuation

V = Radial velocity v’ = radial velocity fluctuation

u’v’ = Cross correlation Reynold Stressu’v’ = Cross correlation Reynold Stress

- Turbulence models used: 

2 equations: κε, κω, SST;  Reynolds Stress: LRR, LRR-mod1, BSL

1. G., Li, B., Naud, D., Roekaerts (2002), Flow, Turbulence and Combustion , 70 pp.211–240.



Modelling approachModelling approach
Reacting case

- Mean Velocities, fluctuations & Reynold Stress: U, u’, V, v’

Temperature, Mean Mixture fraction (Z), Mixture fraction fluctuation (Z’)

- Turbulence models used: 2 equations: κε, Reynolds Stress: LRR

Where: Y = mass fraction of fuel and oxydizer

s = mass stoichiometric ratio 

Modelling hypothesis

� Flamelet Regimes, Fast chemistry (large Damköhler number)

� Unity Lewis numbers for all species Le=1 (Dt/Dk)

� PDF Beta assumed shape

� Predefined flamelet library (CH4/H2)

– CFX-RIF (C1C4 model)

– 49 species, 108 reactions



Experimental setupExperimental setup

•Non-reacting case :
Vj = 61 m/s  

Vco = 20 m/s

•Co-flow = air

•Jet flow = air

•Reacting case :
Vj = 118 m/s  

Vco = 40 m/s

•Co-flow = air

•Jet flow = 50%-
50% (CH4-H2)

SANDIA, non-premixed bluff-body burner



Mesh caracteristicsMesh caracteristics

Boundary conditions

Red arrows: Symmetry

Blue arrows: Opening

Grays arrows: 

air input

gaz input

RANS 2 equations models
(first order)

RANS Reynold stress models
(second order)

gaz input

Black arrows: No slip, adiabatic 
wall

Jet diameter: 3.6 mm

Bluff diameter: 50 mm

360 789 Nodes 1 721 789 Nodes



Non reacting flow resultsNon reacting flow results
(Streamline for 1(Streamline for 1stst and 2and 2nd nd order)order)

Recirculation zones
• Recirculation zones present for both

2-equations & Reynold Stress models

• Recirculation zone length:

a) 2-equations: 0.95 DB = 4.8 cm

22--equations equations 
turbulence modelsturbulence models

Reynold Stress Reynold Stress 
turbulence modelsturbulence models

B

b) Reynold stress: 1.14 DB = 5.7 cm

2-equations models are more dissipative
than the Reynolds Stress models !

→ Closer look at the cross-corelation 
stress u’v’(responsible for transport) 
is needed



Mean Velocity and cross correlation radial evolution

Main Highlights :

•Extended domain: Better

prediction of initial mean flow.

•u’v’ stress is only correctly

predicted by Reynold Stress

U               V            u’v’

10 mm

predicted by Reynold Stress

models.

•Discrepancy close to bluff-

body corner.

• & * = Experimental data,  ___ = SST predictions,  --- = κ-ε predictions
__ __ __ = LRR predictions,  __ _ __ _ = LRR-mod predictions

20 mm

40 mm



Reacting flow resultsReacting flow results
(Velocity streamline and temperature (Velocity streamline and temperature 

for 1for 1st st order model)order model)

Recirculation zones & temperature
• 3th recirculation of size 0.63 DB (3.13 cm) 
appears downstream @ 1 DB= 5 cm

• Total recirculation zone length

•Κ-ε: 1.67 DB = 8.3 cm

Velocity streamline Velocity streamline 
for for κκ--εε modelmodel

•Κ-ε: 1.67 DB = 8.3 cm

• Maximum temperature : 2320°K

Temperature profile Temperature profile 
for for κκ--εε modelmodel



Mean Velocity and Reynolds Stresses evolution

U              u’              V              v’

5 mm

• & * = Experimental data, --- = κ-ε predictions

30 mm

65 mm

* Cross corelation experimental data for reacting case not available on TNF website.



Mean Mixture fraction Mixture fraction fluctuation and 
Temperature

Z                Z’               T

15 mm

Main Highlights :

•Scalar transport: Good pre-

diction at the vicinity of the

bluff-body.

30 mm

45 mm

• & * = Experimental data, --- = κ-ε predictions

•Poor dynamic prediction: (u’v’)

z deviates from experimental

results.

•Temperature generally over

estimate over the domain



Conclusion and Future workConclusion and Future work
•Inflow jet developping section helped to reduce the effect of the choice

of boundary conditions on the flow field.

•2nd order models correctly reproduces u’v’. 2-equation models used do

not allow for a correct prediction. Boussinesq hypothesis is not valid.

•Further attention for the representation of the boundary layer at the•Further attention for the representation of the boundary layer at the

annulus side.

•Computations are under way employing 2nd-order models with the

reactive case. An enhancement of the predicitons is expected, based on

inert flow results.

•Comparisons will be performed with experimental results of OH-PLIF

obtained at PUC-Rio.



Thank you for your attentionThank you for your attention

Any questions ???Any questions ???Any questions ???Any questions ???


