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Thermoacoustic instabilities increase emissions, decrease FLOW‘ @
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thermoacoustic instabilities AND DYNAMICS

Entropy waves are one mechanism that can cause FLOW‘ @
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Non-linear governing equations (Example: passive scalar transport)
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Closure problem is even more significant in remaining FLow‘ @

Non-linear governing equations (Example: passive scalar transport)

Conservative form Advective form

%
a;; -V - (puc) = V - (pDVe) 0% 4 pu-Ve=V . (pDVe)

Linear framework
p=0 u=0
Lin. transport equation, conservative form Lin. transport equation, advective form
—iwpc+ V- (puc) =V - (p(D + D) Ve)| |—iwpc+pu-Ve=V - (p(D+ D) V)
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Non-linear governing equations (Example: passive scalar transport)
dpc
;t IV - (puc)|— V- (DVe) =0

(

Linear framework

Technische Universitat Berlin Thomas Ludwig Kaiser (t.kaiser@tu-berlin.de) 26



INSTABILITIES
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Applying the new tripple decomposition technique reduces el
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New tripple decomposition technique significantly FLow‘_@
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reduces the closure problem AND DYNAMICS

i Non-linear governing equations (Example: passive scalar transport)
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Inserting the tripple decomposition leads to unclosed FLOW‘_@

Non-linear governing equations (Example: mass transport)

— +V-(pu) =0

d=0+ b+ P

Linear framework

/ unclosed term

a/\ P PR —
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Applying the new tripple decomposition technique leads FLOW@
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In the case of linear analysis of turbulent non-uniform density flows:

 Reynolds averaging leads to non-negligible F— — o’
additional closure problems in linear transport —
equations (analogous to RANS) ‘
O=3+ P+ P
* Closure problem can be simplified by — T _I; o~
performing new decomposition technique P — @ P — pe — pd
L P P

Hypotheses:

» Different variations of turbulence closure are (part of) the cause of mean
flow ambiguity (?)

* Addressing turbulence closure solves mean flow ambiguity (?)
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confinement (Kobayashi configuration) AND DYNAMICS
0 ¢ (SnapShOt) 1 0 hr (lmean)z.les Reference solution is a LES conducted at KIT

c = 0 :unburnt * Very low Mach number (Ma<0.015)
Re = 8000

¢ = 1 : burnt

* openFoam

* Smagorinsky turbulence model

* Progress variable, ¢, in combination with a
look-up table
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