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* Typical range of spatial scales

4> - Scale of combustor: 10 —100 cm
0(4) |- Energy containing eddies: 1 —10 cm

— Small-scale mixing of eddies: 0.1 —10 mm

— Diffusive-scales, flame thickness: 10 — 100 um
Molecular interactions, chemical reactions: 1 —10 nm

o Spatial and temporal dynamics inherently coupled
 All scales are relevant and must be resolved or modeled
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CFD-based Modelling Techniques

RANS (Reynolds Averaged Navier-Stokes)

Average the governing equations - model all scales
Modelling generally well developed
Inexpensive (relatively!) - remains standard for industrial problems

LES (Large Eddy Simulation)
Filter the governing equations - modelling required at the sub-grid scale
Combustion physics and chemistry tends to happen on sub-grid scales
Now becoming applicable to industrial problems

DNS (Direct Numerical Simulation)

Solve the governing equations directly - no modelling of the physics
Resolution of all scales required - high accuracy numerical methods

Computationally very expensive
Feeds modelling data to LES and RANS
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Kolmogorov's Energy cascade Theory: Energy is passed from eddies with larger wave numbers,
k2 park to eddies with smaller wave numbers.
vy = |3_ z;i —> = pCp? —> = ! aOF (1941 paper ‘The local Structure of Turbulence at High Reynolds Number’,
Y max(ajw, QF3) in which he sites T. Von Karman and G.1. Taylor)
Restricted © Siemens AG 20XX Sub-Grid Scale Turbulence Models are still required
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Global Reactions > One or more ‘reactions’ tuned to reproduce Thermo-Chemical effects

Reduced Chemistry > Keep Important Pathways...even add a little NOx!

( FUEL + Oxidizer - Products)

Detailed Chemistry - Chain-Initiating, Chain-Carrying, Chain-Branching...Chain-Terminating

CH CaoHg
N "'ughoﬁx l /o H.0,0H M
— 0% === ok o ouo T= obco—m Ok ~
l S
—_— c]-bo Cz"k : u-b,(:I-hO,CHO s
H,o,oul lH_G-I £l
— CHO Coks L-m,cngH%cmo. CHO —
0.0, M.H/
rct de T oo i)
o,on‘l W lu.o,ou' l 0/'1 0.0,
CoH CH, —% a cH
e+ Gl NG

Restricted © Siemens AG 20XX
Page 5 20XX-XX-XX Author / Department



SIEMENS

Old School — Uses information from Turbulence Models Where we need to be— More Detailed Chemistry
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Newer School — Flamelets
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2 3/2 —1/2 corrugated flamelets
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Flames
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Combustion Models (The Usual Suspects)

Global Chemistry
Westbrook-Dryer 2-step with Finite-Rate EBU

Detailed Chemistry
Reduced Reaction Mechanisms
Species Transport with EDC/ISAT Chemistry Model
Full Reaction Mechanisms
PDF/Flamelet Model

Equilibrium Chemistry
PDFs
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* 1/12 Sector model: to include 2 fuel injectors and mounting pin

*Full Combustion System from OGV to NGV

*Inlet Profile includes wake effects from OGVs

*Combustor Liner Thickness included - Conjugate Heat Transfer Modeled
Full details of Injector air passages modeled

*Fuel supply passage not modeled

sLiner Effusion Cooling Implicitly modeled

+All Chute Flows and Film Cooling Flows Explicitly modeled

*Steady-State Reacting Flow and Unsteady Reacting Flow

Restricted © Siemens AG 20XX
Page 9 20XX-XX-XX Author / Department



SIEMENS

Model Starts from
OGV exit plane

Blockage due to
NGVs is
modeled
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Fuel Flow from the Injectors

All Effusion Cooling Holes Accounted for
With exact Momentum and Flow direction

D

Pedestal Cooling Explicitly Modeled

Effusion Cooling flow colored by Temperature
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CNG
T,m,=-10C
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Fluid And Solid Meshed
Mesh ~500k cells
Similar Mesh Density as Combustor

Boundary Layers Used for Gas-Solid Boundaries
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Test-Case Temperature Field SIEMENS
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Experimental evidence of HTC enhancement due to cooling flow

Jet shear-layer
vortices
Counter-rotating
vortex pair (CVP)

Horseshoe
vortex \

Colours in a complex fluid flow - Giovanni Maria Carlomagno

Wake vortices

A turbulent jet in crossflow analysed with proper orthogonal decomposition
KNUD ERIK MEYER1, JAKOB M. PEDERSEN1 AND OKTAY O “ZCAN2
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HTC = q
(Tf_Tm)
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Thermal
+

CFD
input

Conjugate

Differences
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lFueI Flow

Air Inlet
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Flashback?
Autoignition?
Noise?

Restricted © Siemens AG 20XX
Page 22 20XX-XX-XX Author / Department



SIEMENS
Dominant Mechanism behind Combustion Noise

- )

change in Heat Releqse Pressure Waves

FAR fluctuationg

I

These originate from the presence of mixing ducts.
Can they be eliminated by passive design?
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[ 1 Perturbations

Time Delay
L Perturbations

e Fuel-air ratio |

* Mixing « Mixing

* Vaporization *Flow structure
*Flame anchoring

* Spray characteristics

Perturbations

Combustion Dynamics | 9

Combustor Acoustics
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A)CONVENTIONAL
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B) NEW APPROACH
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FAR Damping
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