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Summary. This paper presents the solution of Lighthills equation
of the wave propagation in a non-homogenous environment for the di-
sturbances generated by a turbulent gaseous flame. There 1is shown
the possibility of diagnostic treating the flame noise spectrum as
a resultant effect of two factors: the time-averaged chemical ener-
gy release intensity in the flame and the state of certain flame
“turbulentness™.

1. Flame noise intensity

In spite of the fact that a flame noise spectrum is difficult for ana-
lysis it can be measured comparatively easily. So the estimation and under-
standing of an interdependence between the noise and some flame parameters
can give some information about the noise sources as well as about the
quantities characterizing the turbulent reaction zone which is still neit-
her known exactly nor described. Following Strahle £7], the considerations
of flame noise are presented here on the basis of a general form of the
Lighthill"s equation [3] for a wave propagation in a non-homogenous envi-

ronment :
o 1 ®2Pa 02 (u.u.o) fz
V pa R — + — ~n A 1A
p at,ot OxXi°*] at2 (9 at, (

where:

Pa - iInstantaneous acoustic pressure in medium of wave propagation,

, p - density and pressure of medium which generates disturbances,
an - sound velocity in the considered point in the medium which pro-

pagates the wave,
Xi<xj - space coordinates in i-th or j-th direction (i=1,2,3; J=1,2,3),
ui.uj - velocity of medium which generates disturbances,

t - time.
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Left-hand side of equation ") is determined by the acoustic parameters
of wave, right side regards to the parameters of medium generating this
wave. The first term of the right-hand side presents the quantity which
dees not take part in combustion noise generation, but it is the only
source of an aerodynamic noise [3J.[7J.

Non-homogenous form of differential equation "1} possessing the source-
-terms, suggests the possibility of the use of Green’s function for solu-
tion [¢].[1] - Taking into account the fluctuations inside a turbulent fla-
me as the wave sources, one obtains the following solution which determi-
nes the deviation Ap of acoustic pressure pg Tfrom the static pressure

Apfx.t "= PgX,t) - PN =

. Gix,y\ t-tj) dviyidtj (2)

where Green®s function satisfies the equation:

*2G-h N4 maBy - 6(t - i)
(©)]

G(y,0) = =0

For free, unbounded space the Green"s function is given by the Dirichlet"s
distribution M :

Gfx.y.tj-t) = (©D)
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burner

fcombustion zone)

Fig. 1. Geometrical data for vector distances
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For the acoustic pressure In so called "far field"” (7» ~y, Ix-y\ 3 17] )
after puting (4) to (2) and integrating in time tj with making wuse of
the Dirac’s delta 6 properties, the following solution is obtained:

Ap~X, th = 47x f ~ d 5
P I3t aiy. .t~ V) ®

where time-delay

71

cions which are valid for a multicomponent
and paying the attention only to the domi-

of the integral in formula (5), one obtains
[6]1:
Ap(x,t) f~ *x]  dyAy @)
! LfnZk 4k 7Y 9)
where :
wh - rate of production of speciesk by chemical reactions (mass

per unit volume per second),

ik,im - specific enthalpy of species k and mixture.

Considering the turbulent field where Tfluctuating quantities are correla-
ted only over the certian distance and using the equation for the noise
2

intensity 1(7) = - one obtains the intensity of flame noise:
S.
Kx) = - (8)
16
Y ¥ sk -
where :
Vgk - correlated volume, i.e. the smallest element of a flame in which

the quantities changing in time are pulsating in the same phase.
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2, Factors Influencing the flame noise intensity

Analyzing equation (8), it should be emphasized that the flame noise
intensity is generated not directly by an energy release rate ™ 1i w. in

a reaction zone, but by the magnitude of an amplitude of its pul
and deviations from the mean-time value.

The amplitude ai of the i-th pulsating component of an arbitrary
quantity F in aturbulentfield can be treated as a function depending
on a time-mean value f and, for example, on the parameter "z".which cha-

racterizes a certain field "turbulentness"

ai = ax(f,z) ©
when
7=7-f 10)
and suggested parameter "z’should take into account as well the vortex
configuration expressed withthe use of an assumption of any scale, for
example the Lagrange scale L”~, as a microstructure of vortices, - and

particularly their activity expressed for example with the use of a tur-
bulence intensity 6 :

z = z(L1( t) (11)

Pulsatory component f* can be
approximated by means of the Fou-
rier series or e.g. by simplified
series (Fig. 2):

Using (12),the time-mean square
of the rate of pulsatory component

Fig. 2. Characteristic quantities changes :
of fluctuation

Gt T2 1t/ <152« = ol 13
_T l

where T - period of approximated pulsation.
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On the basis of equations (8) (13) and (9) it appears that flame noise
intensity depends on a volumetric energy release rate averaged in time
and on the parameter =z

So the flame noise intensity can increase due to the increase of a ti-
me-mean intensity of chemical energy release rate or due to the increase
of a zone "turbulentness”™ or other way this effect can be the result of
superposition of both factors. Now, the way of changing of a noise inten-
sity with a certain substrate parameter should include the nature of chan-
ging of both factors mentioned above.

3. Discussion of results of measurements

The parameter of substrates which had been changed during experiments
was a primary excess air ratio X . The time-mean chemical release rate E
as a function of X from theoretical point of view is shown in Figure 3
for kinetic combustion zone (solid line) and for after-burning diffusion

zone (dotted line). The maximal value for the kinetic front can

E
k msx
be Iar%er or smaller than the maximal value

of the flame:

E . for diffusion front
d” max

Ek max> Ed max

The diffusion zone disappeares at X= 1, and at X= 0 disappeares the Ki-
netic front, so:

0 1 | 0 1 A

Fig. 3. Scheme of combustion inten- Fig. 4. Scheme of suggested flame
sity for premixed flame turbulence characteristic
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Fig. 6. Examples of noise spectra of industrial diffusion flames

a) the changes of overall flame noise level versus X for various gas flow
rates b) the level of flame noise spectral component with Tfrequency
f = 250 Hz, c) the changes in the level of noise component from the fre-

quency range which is already generated partially by aerodynamic noise,
d) typical way of changes of noise components from the low frequency range
which are generated by the combustion
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4. Concluding remarks

1. On the basis of a level of flame noise spectral components it was
possible to estimate the parameters at which the maximal volumetric energy
release rate in a flame occurs, because at the same parameters was the
maximum of the level of some flame noise components. This agreement bet-
ween the maximum of combustion intensity and the flame noise intensity
can be noticed even at a strongly developed flame turbulence,which however
results in making this rule to appear not so explicit (for instance: on
the basis of a noise spectrum measurements when the gas and air streams
were not controlled it was possible to show out the state of X = 1 in the
kinetic flame front for a given gas flow rate).

2. The noise was generated mainly in a primary kinetic flame front and
not in a diffusion after-burning zone.

3. Silencing of the burners noise ought to be achieved first by the
reduction of a turbulentness z - where it is possible. Obviously, a high
level of turbulence in industrial flames must be kept in order to ensure
the intensive combustion, but there can exist some unwanted flow distur-
bances caused by the wrong burner constructive elements which should be
improved. Frequently suggested methods of a noise reduction by means of
the changes in mixture contents, burning velocity or decrease of K re-
sult rather in the decrease of the time-mean combustion intensity and this
reflects in the energetic parameters of a flame and its geometry.
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WPLYW TURBULENC31 1 INTENSYWNOSCI SPALANIA
NA SZUM TURBULENTNEGO, GAZOWEGO PLOMIENIA
KINETYCZNEGO

Streszczenie

Przedstawiono rozwigzanie roéwnania Lighthilla opisujacego rozchodze-
nie sie zaburzenia w os$rodku niejednorodnym, a generowanego przez turbu-
lentny ptomien gazowy. Wskazano na mozliwo$¢ diagnostycznego potraktowa-
nia widma szumu ptomienia jako wypadkowego efektu dwéch przyczyn: Sredniej
intensywnosci wyzwalania sie energii w ptomieniu oraz istnienia pewnej

"turbulentnosci™ plomienia.

BIIHHHHE TyPBYjIEHUHH H HHTEHCHBHOCTH rOPEHMH

ha myM TypEyjiEHTHoro rA30Boro khhethheckopo iuiamh

P e 3 jom e

IlpeAOTaBlieHO pemeHHe ypaBHemifl JlaftTHjia,KOTopoe onacuBaeT pa3npocTpaneHHe
b HeroMoreHHoft ope”e BO3MymeHna, Koiopoe reHepyeT TypdyjieHTHoe ra30Boe nza-
mh. noKa3aHO pa3aHtiHMOcTB AHarHOCTH”"ieoKOft odpadoiKH oneKipa nyMa nzaMH Kax
pe3yj IBTHpy IOTHFt  3<xDeKT JBOX npHAHH:  CpeflHei+ HHTeHCHBHOCTH OTKJIJOMeHHS SHeprHH
o iijismn n CyujecTBOBaHHH HeKOTopofl '‘TypOyjieHTHOCTH' noiaMH.



