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Introduction Combustion Instability Mechanism

Pure Acoustic Modes

* To be burned in gas turbine engines, hydrogen and ammonia should | | + The most compact flames present ITA modes while the least
first be evaluated in terms of risk of thermo-acoustic instabilities. * When a flame heats a gas filled cavity, pressure waves are generated. These compact ones are stable.
waves are partly reflected at the exit boundary of the combustion chamber, from RD-100% RD-75% RD-50% RD-25%
where they travel back. This results in a standing wave at a frequency

 The overall acoustic response of a combustor Is composed of Its e |ncreasina the bulk flow velocitv from 8.3 to 9.7 m/s increases the
- - - : corresponding to an acoustic mode of the system. J . y . ' '
pure acoustic modes along with a thermo-acoustic mechanism P J 4 oressure peak frequencies: the time for a vortex generated at the

intrinsically linked to the flame (ITA). i
4 (TA * The acoustic frequency w can be calculated by solving the wave equation for the tohiseblj)II(thc?V\tlsrer;ce)cti(t)ybe convected to the flame front decreases with

pressure P with the appropriate boundary conditions:

 In this study, the acoustic behavior of a dual-swirl hydrogen-

ammonia burner Is investigated at atmospheric pressure. X 92P_ ., 92p + For all flames, a “broadband” peak centered at a frequency
Wave equation: otz ¢ ox2 corresponding the 3/4-wave mode of the combustor is observed,

* The shape of the flame and the presence of ITA modes Is studied regardless of the bulk flow velocity. o JoRoT00% T oA T o "30Hz Veworme]
by altering the mixing level between ammonia and hydrogen prior to o Jramangrped g
Injection into the combustion chamber. Boundar = ' . . . .

J Conditior%s {P(O’ ;)(L gw_xt)mum * The temperature of the burned gases, T,, IS calculated for w = ;2 b) RD-75%
' At 430 Hz by solving the wave equation: T, = 1263 K. %k wwmw | . =
i 75 I 1 y 1 T T
. % 50_:c) RD-50% _
Experlmental Setup « The average burned gases temperature was also measured: o259 s Wy
= w = w(Temperature, Length) B 2 0 i B S S —
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me;_fﬁlquouvivveée?fe%uo: 1.2 T . 7 _ ‘ ) * As T, = Ty eype » the broad pressure peak near 430 Hz Is indeed 7‘; | -
A ; . . _ _ _ _ " " &) RD-0% .
Gl Eqhence ol 063| ®O ¢ Water cooling Intrinsic Thermoacoustic (ITA) Modes the 3i-wave acoustic mode of this combustor 28 O M.
Vi = 8.3 m/s N 80 * e O A oo e . R At e T
Vou = 9.7 m/s Mixing tube + Perturbations in the bulk velocity affects the heat release of the flame. As a ° 0 P equency () > o
™ v consequence, acoustic waves are generated and feed back the velocity field,
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| e | * This mechanism is related to the flame itself and does not depend on the length | _ _
< | of the combustor. Instead, it is sensitive to the bulk velocity and the length of the * The acoustic response of the combustor iIs composed of pure acoustic modes plus ITA modes.
| 254 | 402 flame.
| " * Increasing the bulk flow velocity increases the ITA frequencies; decreasing the length of the flame increases both
frequency and amplitude of the ITA modes
Ho-Air premi . . :
2P 250 Hz-Alr premix Fluctuations
| In Flame © * It Is possible to alter the thermoacoustic behavior of carbon-free burners by tailoring the injection of ammonia and
S m; NNNIN Heat Release 0) hydrogen without modifying the global fuel composition or thermal power.
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