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1. noise
2. Rotor
3. Flare
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1. James Lighthill

2. Analogy

3. Lilley

4. Bragg

5. Direct method

6. Hybrid method

7. Linearized Euler Equation (LEE)

8. Acoustic Perturbation Equations (APE)

9. Stochastic Noise Generation and Radiation method (SNGR)
10. Runge-Kutta

11. Acoustic Perturbation Equations for Reacting Flow (APE-RF)
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1. Two-time correlation

2. Direct Numerical Simulatio(DNS)

3. Gaussian function

4. Actuator disk theory

5. Reynolds-averaged Navier—Stokes equations (RANS)
6. Sound source reconstruction algorithm
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1. Direct noise
2. Entropy noise
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4. Excess density
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2. Green’s function
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2. Large Eddy Simulation
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Table 1- Reference parameters for the reactive jet simulation

Parameter Value Units
Dref (fUEI) 8><1073 m
U ref (fuel) 42.2 m/s
a, 344.33 m/s
Pref (air) 1.169 kg/m3
Uret (fuel) 2.291x107° m2/s
aref (erl) 4.710><1075 m2/s
Coret (fuel) 1815.73 J(kgK)
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1. Lewis

2. Deutsches Zentrum fur Luft- und Raumfahrt (DLR)
3. OpenFOAM

4. Total Variation Diminishing

ARIA



6595 a ys gy el 038y yeiiie FxV 0T g ¥V o i [0 5l a8 SilyS sae cnile ks b sle alf eul oo
@QL@ QL.»}' ;SJ LES J.'> Lgoj)ﬁ )o u,ul.........c‘ s.\...]y st.v 9 IR oolo )‘)5 6&9)5 LS)J“ Jo).w )O ‘5>).>u LSLD)‘J.M wl...u‘).)
1| 00l JLA_C‘ Sy (69959 A ) 4.'4:4|) L|

u" =(1—0c)><u”‘1+oc><(uref +5xC, xuref) V)

U akaly cpl jo 0S8 e adgi (69959 40 slalug dawgie Jlade 4 Solad adlge G 0938l b g0 byl (]
G aS woax glog addse 3l saoye o caz e Hlade Uy 9 8 Sley a5 0 ol Jlaie UM wpas Sy pl8 5o lade
&$99y9 y° csl)au )JJLCLA L =L’>9) L|S | uL..uy S0 0 S 9 gol..a_a 4.&]5.@ u.u].a Crms ‘05'“(50 005)'51 (51"3 ‘vao) ‘blf )‘J.a.a
byo 5o Joanels SLbl g (29,5 Gl wgdee amslre J38la 5 bawgs (Solai ©jgoa C g ead Sl by

S lawgie I (YY) 5 (YY) Lalg, 4 a5 b codds solitnl Jo  miwions lp aS dopy] Luil )y 5 bawgio polio
5 (z/D=10) «(z/D=5) ghaits 4w 53, e a5ly slp S lawgin g "aals 3ok yee ploy plp Ve Gl o
el odal Cawsddy 55 oo 0030 -V S 0 45 (2/D=40)

outlet #280mm 4
lateral surface T
X
E
£
(=
=3
| #p=40
| z/p=10
—+— —— ——z/p=5
air —
fuel ‘E E E
@) (b)

Figure 2- (a) Schematic of the geometry which is used in the flame Large Ed@mulation, and (b) results extraction planes
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Figure 3- Non-uniform grid stretching diagram: radial direction (a) and axial direction (b)
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Figure 4- Turbulence power spectral densityat z/D=16 and r/D=2.21
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Figure 7- Comparison of measured10] and calculated mean and rms values of velocity and resolved stress at (a) z/P@) z/D=10
and (c) z/D=40
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Figure 8-Comparison of measured10] and calculated mean and rms valuegeemprature of at (a) z/D=5 (b) z/D=10 and (c) z/D=40
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Figure 9- Comparison of measured10] and calculated mean and rms values of CO2 and H20 mass fraction at (a) z/D$5) z/D=10
and (c) z/D=40
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In the present work, the noise of a turbulent non-premixed free flame is calculated. A Hybrid method with
Lighthill analogy along with a CFD simulation is used to evaluate combustion noise. In this way, the reactive
flow equations are solved by the Large Eddy Simulation and Partially Stirred Reactor model to simulate the
interaction of turbulence and reaction. Then the combustion noise source terms including heat release
fluctuation and non-isomolar combustion are extracted and used as the sources of Lighthill analogy. The
assumption of the compact flame is applied to the Lighthill equation and the Green function is used to
calculate far-field pressure fluctuations. It was shown that in low and medium frequency sound pressure level
is in a good agreement with experimental data. By the way at the high frequencies the pressure level does not
follow the experimental data. This discrepancy can be related to the compact flame assumption used in
analytical solution. The results show that this analytical method can produce acceptable results with a low
computational cost. Also, the noise emitted by the non-isomolar fluctuations is negligible against that of heat
release fluctuations and can be ignored.
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