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WHAI DO WE STUDY ¢

+ Experimental combustion,
+ gaseous fuel,

+ premixed laminar flame,

+ 2D slot burner, wedged flame
+thermo-acoustic instabilities,

+ Impact of wall-temperatures
interaction on flame dynamics
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EXPERIMENTAL SET-UP

Bunsen burner, Helmholtz resonator
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Cooling System : () }|

Relative heat release fluctuatior

Thermography
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EXPERIMEN T
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EXPERIMEN T
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LITERATURE REVIEW

» [he coupling between wall temperatures and thermoacoustics IS
known from experimentalists in laboratories but also In industry

- some sdudies adrress the problem indirectly:
+ Rook (2002, 2003), + Kornilov (2009),

S iiceinam (2004, + Duchaine (2010),
S e (2007, + Kedia (2011),

+ Kaess (2008), C QU] (20 5

+ Noiray (2008), = @iy (200 S

+ Altay (2009)

* but no studies address It directly.
’
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OBJECTIVES

- Understand and anticipate when combustors will
be submitted to acoustically coupled combustion

instabllities.

» Quantify the influence of the combustion
chamber wall temperature on combustion

instabilities




THERMO-ACOUSTIC
INSTABILITY

Combustion i Combustion

Dynamics Noise

S
’ ’ . . (N \
(‘? - ~
/ m T e
L 'l . .
. .
- B
* .
'/ -‘ \ -\ . : ’I
q \ - //
. . - .. 2
N ~ 4
- -
\\ k' - - P
~ o \-—’f

/ p'd'dV >0

V

\ Burner
Acoustics

Cap

i~

vendredi 14 février 14



THERMO-ACOUSTIC
INSTABILITY

Combustion ./ i Combustion

Dynamics Noise
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- In order to understand and predcit combustion
instabilities we need a model !
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Combustion / ‘ Combustion

Aiz[;:;s / ACOUSTICS

Helthomtz resonator Wave equation
y U L, DL, e .. 1 9%p'
| i S v - 875]; =

p/(y,t) el F—l—ei(ky—wt) 4 F—ei(—ky—wt)
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Combustion ./~ ‘ Combustion

Dynamics
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Combustion ./~ ‘ Combustion

% . COMBUSTION
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* Crocco (1951) 5
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Combustion ./~ ﬂ Combustion
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Combustion ./~ ﬂ Combustion
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=zaed COMBUSTION
K K q, ﬂ)
» [ >0 ’
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=) 0q 3
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P (x, ) e |, o (%0,t — Tac)dV (%0)

* Strahle (1971)
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p'(x,t) =

* Compact flame,
* Perfect premixed combustion,

4 A

* Strahle (1971)




8 naurrsw’i(i:os O Nolijsseion
% 2w COMBUSTION
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e NOISE

— ] 0q *
: t) = ik / T — Tac
p(x,t) ppREEpRy i (X0, — Tac)dV (Xg)

* Compact flame,
* Perfect premixed combustion,

V A

* Strech and curbature are ignored,
* isobaric flame,

“ p/ea:t (t) =

N

Y Y * Strahle (1971)
12 + Clavin and Siggia (1991)
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DISPERSION EQUATION

Combustion ‘ Combustion

Dynamics Noise
: RO p(E = 1)SL dA
F(w) = Gw)el®® N
\ Burner
Acoustics
d2p/ dp/
dtzo + 20 dto + WiPH = WiPhat
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DISPERSION EQUATION

Harmonic perturbations

Combustion ./~ ‘ Combustion R S 4s B-1 ,

Dynamics Noise ) : L Anho
1 .
, ! 1+ C’—new] w? + 2idw —wi =0 |
F(w) = G(w)e) e At [dA ] [ § ?
Anr dt |, S e e
1 A,
Al
\ Burner
Acoustics
d’p! dp! , ,
T2 20—+ Woph = WoPeat

vendredi 14 février 14



DISPERSION EQUATION

Harmonic perturbations

Combustion ./~ ‘ Combustion R S 4s B-1 ,

Dynamics Noise ) T
’ 2
, 14 C’—new] w? + 2idw —wi =0 |
F(w) = G(w)e) e At [dA ] [ § ?
drr dt |, s — —e
1 A,
T he
\ Burner
Acoustics W = (W T L
d2p6+25dp6+ PR e N E i
s T WHPy = WoPeqyt w, — Freqguency ol resonance

w; — Growth rate

The system will develop combustion
instabilities if:

w; >0
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STABILITY CRITERIA

The system may develop self-induced oscillations when the acoustic energy produced by
unsteady combustion is fed into the system.

A low order model gives a stability criteria:
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IR0 sin(weT) < 0
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0 21 47t 6™ 81
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STABILITY CRITERIA

The system may develop self-induced oscillations when the acoustic energy produced by
unsteady combustion is fed into the system.

A low order model gives a stability criteria:
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STABILITY CRITERIA

The system may develop self-induced oscillations when the acoustic energy produced by
unsteady combustion is fed into the system.

A low order model gives a stability criteria:

C 20
if 0 7& 0 SiH(WOT) <0 ifo=20 —n sin(weT) < ——

T wo

=(C/r)n
(C/r)n

N
N=

|

T | T | T
0 21 47t 67 87 0 21 41 6

F

P =0T =g
To solve the proble one neds to determine:
r, 0, wo, n and T.
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METRHODOLOGY
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= |imited to one frequency
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Stabilizing the flame

21

IS to increase the length of the feeding
duct: This increases the acoustic
dissipation and decrease the
Helmholtz frequency bringing back the e
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METRHODOLOGY
=3

= |imited to one frequency

Experimentally

= \Wide range of frequencies
= Needs a stable configuration
for all cases.

Forced
oscillations

Combustion Analitically
Instabilities

Numercally

Stabilizing the flame p = 2m for # [, 27]

A simple method to stabilize the flame
IS to increase the length of the feeding

duct: This increases the acoustic §
dissipation and decrease the <
=

Helmholtz frequency bringing back the

configuration to an unconditionally

stable region. 0 o 4n 6 81
=W/t
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EXPERIMENTAL MEASUREMENTS

Need to determine Configuration

Combustion noise T Reacting BHG
Acoustics 0 wWo Non-reacting 307
Combustion dynamics A} 2 Reacting 315
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Need to determine Configuration

Combustion noise T Reacting BEi6

Acoustics 0 wWo Non-reacting 307

Combustion dynamics A} 2 Reacting 315

With flame, water Is used to cool the walls
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COMBUSTION NOISE

Validation of combustion noise theory
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COMBUSTION NOISE

Validation of combustion noise theory
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COMBUSTION NOISE
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COMBUSTION NOISE

Validation of combustion noise theory
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COMBUSTION NOISE

Estimation of the pinching distance "7
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COMBUSTION NOISE

Estimation of the pinching distance "7
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COMBUSTION NOISE

Estimation of the pinching distance
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EXPERIMENTAL MEASUREMENTS

Combustion noise r = 22 mm NO
Acoustics ) wWo

Combustion dynamics n ¥




BURNER ACOUSTICS

Harmonic Response

N\

Harmonic Signal

20

7
€$t) mazx

2

(0/Pest)”/ (P0/

%)

|
=
>
~=

0.5 o o e S R,
O | } | \ T T | I
0 0.5 1.0 1.5 2.0

vendredi 14 février 14



BURNER ACOUSTICS

Harmonic Response
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BURNER ACOUSTICS

Impulse Response
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BURNER ACOUSTICS

Impulse Response

PF=inrs R SN : :
\ o (0/2)t — HW signal

?T\/ — — -_ EXponential Fit

wa|
1]

~ ~ ~ ~ ~ ~ ~
\) A} \ A A} \ \
- - - - - - -
~ ~ ~ ~ ~ ~ ~
| N S N ~ N ~ N :

IJA. N LS ,AD

Al Ir:

e LA R ] Lo e

Impulse Signal 0 50 100 150 200

2

vendredi 14 février 14



BURNER ACOUSTICS
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BURNER ACOUSTICS

Impulse Response
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For the model (o :Zygfo and 6 IS an mtermedlate

value between the two methods.
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EXPERIMENTAL MEASUREMENTS

Combustion noise r = 22 mm NO
Acoustics §=16s"1 wy= 327 rad NO

Combustion dynamics n, ¥ Reacting
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COMBUSTION DYNAMICS

Flame Transfer Function
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COMBUSTION DYNAMICS
Flame Transfer Function
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COMBUSTION DYNAMICS

Flame Transfer Function
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COMBUSTION DYNAMICS
Flame Transfer Function
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COMBUSTION DYNAMICS

Flame Transfer Function
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COMBUSTION DYNAMICS

Flame Transfer Function
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COMBUSTION DYNAMICS

Flame Transfer Function
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COMBUSTION DYNAMICS

Flame Transfer Function
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COMBUSTION DYNAMICS

Flame Transfer Function
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COMBUSTION DYNAMICS

Flame Transfer Function
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EXPERIMENTAL MEASUREMENTS

Combustion noise r = 22 mm NO

Acoustics §=16s"! wy =327 rad NO

50 0.87 50 1.13m
Combustion dynamics E (90) ~ (0-77> o (90) ~ (1.0977) YES

120 0.75 120 1.057

L5




SOLUTION OF THE
DISPERSION EQUATION

[1 N o;new] 2 1+ i
] 2

Combustion Noise & [mm

Burner wo |rad/s] S w, — Frequency of resonance
~CEUBIEE 6 [s7] 16 w; — Growth rate
Combustion n [1] 0.87 0.77 0.75

SUCUIN © [rad] | 1.13m | 1.09m @ 1.05m

26
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SOLUTION OF THE
DISPERSION EQUATION

[1 N C’%new] 2 1+ i
| 20

Combustion Noise & [mm

Burner wo [rad/s| R w, — Frequency of resonance
~ERUBIeE 6 [s7] 16 w; — Growth rate
Combustion n [1] 0.87 0.77 0.75

SUCUIN © [rad] | 1.13m | 1.09m @ 1.05m

Case Observation

T50h 369 2.45 Instable

T90h 366 Cnll Stable
T120h 365 =11l 22 Stable

26
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SOLUTION OF THE
DISPERSION EQUATION

[1 N C’%new] 2 1+ i
| 20

Combustion Noise & [mm

Burner wo [rad/s| R w, — Frequency of resonance
~ERUBIeE 6 [s7] 16 w; — Growth rate
Combustion n [1] 0.87 0.77 0.75

SUCUIN © [rad] | 1.13m | 1.09m @ 1.05m

A T50h

. T90h. |..
L
T50h 369 2.45 Instable SHz
Ol 366 | 6.7 Stable =
T120h SEbeit 1122 Stable 0 | |
T 47t/3 51t/3 27
O=W)T

26
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SOLUTION OF THE
DISPERSION EQUATION

[
1120 e
Combustion Noise K& [mm] 22 4

Burner rad /s ST w, — Frequency of resonance
SOV 6 [s71] 16 w; — Growth rate

n 1] WESTE 0 7 R ONTS

o

Combustion

SUCUIN © [rad] | 1.13m | 1.09m @ 1.05m

- A low order model is able to predict the stability of
‘ the system! ’~’

o N

=

T90h 366 Cnll Stable

T120h 365 =11l 22 Stable 0

| |
T 41t/3 57t/3 21

26
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WHY COMBUSTION DYNAMICS IS AFFECT
BY THE WALL TEMPERATURE ?

I he combustion Instabilities are suppressed by the
combined effect of the wall temperature on both, the gain
and the phase of the flame response |

]
Y

ik




WHY COMBUSTION DYNAMICS IS AFFECT
BY THE WALL TEMPERATURE ?

I he combustion Instabilities are suppressed by the
combined effect of the wall temperature on both, the gain
and the phase of the flame response |

]
Y

Elongated flames
(EM2C)

' = f(A)
A

i
FTTTHHH

+ Baillot et al. (1992)

<+ Ducruix et al. (2000)

<+ Schuller et al. (2003)
wy




WHY COMBUSTION DYNAMICS IS AFFECT
BY THE WALL TEMPERATURE ?

I he combustion Instabilities are suppressed by the
combined effect of the wall temperature on both, the gain
and the phase of the flame response |

]
Y

Elongated flames Flat flames stabilized

o /
¢ = f(A)
o Y
0
000020 020 2020 2020 2020202020 20202020220 2%0%%2
LRI
LERERERRRLRERRELRRRERELRLLRLLRKLKY
RERERERERKERERLKLS LR

T T

/
@+M vV 4+ v

+ Baillot et al. (1992) * Rook et al. (2002)

+ Ducruix et al. (2000) VSEee] eal (Z002)

+ Schuller et al. (2003) + Rook and de Goey (2003)
o
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WHY COMBUSTION DYNAMICS IS AFFECT
BY THE WALL TEMPERA

]
Y

URE ?

I he combustion Instabilities are suppressed by the
combined effect of the wall temperature on both, the gain

and the phase of the flame response |

Flat flames stabilized

Elongated flames |
over pouros media

o /
¢ = f(A) " E
A /7 ¢g=Ff (C] z)

wf 0 i et
000020 020 2020 2020 2020202020 20202020220 2%0%%2
00 0020 0 22020 2 220 202020 2022020202020 % %%
LERERERRRLRERRELRRRERELRLLRLLRKLKY
RERERERERKERERLKLS LR

/
17—|—’U' vV 4+ v

+ Baillot et al. (1992) * Rook et al. (2002)

+ Ducruix et al. (2000) v e Bl 2002)

<+ Rook and de Goey (2003)
i

<+ Schuller et al. (2003)

Perforated-plate
stabilized flames
(MIT)

A q./:f(le/wA,)
s} N C—/ NS\

La

T

v+
<+ Altay et al. (2009)

<+ Murat et al. (2010)
<+ Kedia et al. (2011)
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IMPORTANCE OF THE
ANCHORING POINT DYNAMICS




IMPORTANCE OF THE
ANCHORING POINT DYNAMICS

Perturbed Flame Front

Flame root motion
contribution

Velocity perturbation
contribution

< Kornilov et al. (2007) <+ Karimi et al. (2009) <+ Cuquel et al. (2013)

28
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IMPORTANCE OF THE
ANCHORING POINT DYNAMICS

Perturbed Flame Front

Flame root motion
contribution

Velocity perturbation
contribution

< Kornilov et al. (2007) <+ Karimi et al. (2009) <+ Cuquel et al. (2013)

Fa(w) — Flame surface contribution

s Fp(w) — Flame base contribution
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EFLAME SURFACE
CONTRIBUTION

Flame front dynamics is controlled by two adimensional Stationary Flame Front
frequencyes that only depend on the stationay flame
geometry:

= T * Ducruix (2000)
" spcoso 2 vcosa t * Cuquel (2013a) ;
Fx = Wy COS° @ = ghf,* I hy
’ i
\ i ;/9 Axis of symmetry
A

W

25
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EFLAME SURFACE
CONTRIBUTION

Flame front dynamics is controlled by two adimensional Stationary Flame Front
frequencyes that only depend on the stationay flame
geometry:

A

- W W, w % <+ Ducruix (2000)
* — = — f7
Spcosa 2 V COS « *rCuqueI(2013a)
Ky = Wy COS” O = ghf,* hy

(%

If the flame surface contribution that is affected by the wall
temperature is because on of this parameters has
changed:

Y,V

Y

i/9 Axis of symmetry
* Flame geometry, -

* pulk velocity.

i

oy 2

D ¢

25
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PRE-HEATING OF FRESH
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PRE-HEATING OF FRESH

| GASEST

ﬁi < L\ — X : : i ;
J — T50c|

A SR T et T9OC ............ e
e |

— — B | ./. ...... - -

B15

150

T [°C]

1. Does it affects the bulk velocity ?

30
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PRE-HEATING OF FRESH

| GASEST

ﬁi < L\ — X : : i ;
J — T50c|

A SR T et T9OC ............ e
T o S

T

—-06 —-04 -02 0 0.2 0.4 0.6
B15

150

T [°C]

1. Does it affects the bulk velocity ?

TT9OC

,ETQOC = ,UT5OC U

T90c
Tu

30
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PRE-HEATING OF FRESH

| GASEST

ﬁi < L\ — X : : i ;
J — T50c|

A SR T et T9OC ............ e
T o T R

T

—-06 —-04 -02 0 0.2 0.4 0.6
B15

150

T [°C]

1. Does it affects the bulk velocity ?

TTQOC

,ETQOC = ,UT5OC U

T90c
Tu

v [ms™!]
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PRE-HEATING OF FRESH

| GASEST

ﬁi < L\ X : : i ;
J — T50c|

A SR T et T9OC ............ e
T o T R

T

—-06 —-04 -02 0 0.2 0.4 0.6
B15

21

150

T [°C]

1. Does it affects the bulk velocity ?

TTQOC

,ETQOC = ,UT5OC U

T90c
Tu

v [ms™!]
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PRE-HEATING OF FRESH
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150
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2. Does it affects the flame speed 7
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PRE-HEATING OF FRESH
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2. Does it affects the flame speed 7
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PRE-HEATING OF FRESH
GASES !

404 o\ .............

TS V/\VV
777> <
<
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> «

> <
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> <

<

%i» <
> <

B15
2. Does it affects the flame speed 7

T50h T90h
hy=21.58 m hy=21.00m

Iy =2391m e = 23.29 m
a=13.05° a=13.39°

21

g

150
ke
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PRE-HEATING OF FRESH

| GASEST

ﬁi ¢ L\ ; : : i :
] —— T50c

A SR T et T90c ............ e
13 | ?

— — B B | ...... ......

B15
2. Does it affects the flame speed ? %/

T50h T90h -
hy = 21.58 m hy = 21.00 m FTF at fex —LS Hz

ly =239l m lf =23.29m 0.90

o = 13.05 ° a=13.39° ]

21

150
ke

T T T T | T T T T | T T T T | T T T T
0.380 0.385 0.390 0.395 0.400
s, [ms™!]
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PRE-HEATING OF FRESH
_J\  GASES?

T D ja A T50h
B $ e T90h | .

x T120h
T B |
0 | |

. B15 T 47t/3 5n/3 21
2. Does it affects the flame speed ? P =0T
T50h T90h FTF at fex — 58 Hz

hy=21.58 m hy=21.00m

o =13.05° a=1339°

T T T T I T T T T | T T T T | T T T T
0.380 0.385 0.390 0.395 0.400
s, [ms™!]
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PRE-HEATING OF FRESH

Ts Gl \S ES | |
T, L A T50h
v 3 ) 0T90h
| x T120h
TL3/~— Q |

| 0
B15 T 47I|/3 5n|/3 2n
2. Does it affects the flame speed 7 ©=wW,T

T50h T90h FTF at fex = 58 Hz

hy=21.58 m hf =21.00 m
ly =23.91 m lf =23.29m
a=13.05° a=1339°

- Phase decrease with 7; is due to the increase on the
 flame speed by the effect of the pre-heating of
fresh gases.

e el
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2. FLAME ANCHORING POINT
CONTRIBUTION

Analytical Model

Perturbed Flame Front

Flame root motion
contribution

Velocity perturbation
contribution

<+ Cuquel et al. (2013)
)
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2. FLAME ANCHORING POINT
CONTRIBUTION

Analytical Model

Flame speed flutuation at the flame base model: Perturbed Flame Front
4 - —1 % }
7 SL(¢;,) or (14 (1—40) /2 Flame root motion
S(w) = V0o 0) == [1 T sinh (W r)e 7 (14 ) )] ) contribution
fo = A

Velocity perturbation
contribution

e V' ($£0,t) = ST(3p,0) (F);

Flame base transfer function

£(0)/(w, /2 (R 1N e .
E(dj) = g( )/A(U_J / ) — _45*A—(w) (1 s Z—ﬁ COS2 o (1 A 25*\ij tana)) ez%w\l'f cos acsin o
”U/U 2W COS ¥

49, <+ Cuquel et al. (2013)

&)
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2. FLAME ANCHORING POINT
CONTRIBUTION

Analytical Model

Flame speed flutuation at the flame base model: Perturbed Flame Front
4 - —1 % }
7 SL(¢;,) or (14 (1—40) /2 Flame root motion
S(w) = V0o 0) == [1 T sinh (W r)e 7 (14 ) )] ) contribution
fo = A

Velocity perturbation
contribution

e V' ($£0,t) = ST(3p,0) (F);

Flame base transfer function

£(0) /(w2 I — S 1% e .
E(dj) = g( )/A(U_J / ) — _45*A—(w) (1 s Z—ﬁ COS2 o (1 A 25*\11f tana)) ez%w\l'f cos acsin o
U/U W COS (¢

L) <+ Cuquel et al. (2013)

5 *x Rook et al. (2002)
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2. FLAME ANCHORING POINT
CONTRIBUTION

Perturbed Flame Front
Agelvaliezl MeeE]

contribution

Flame speed flutuation at the flame base model: /
b 1 .9L+§L%;Z/V\+V'(’f/f/fo) b .\y\p,,/’b.
5 : 3 WP L tbuion
S(w) = o) [1 B sinh(Wy)e _\I’f(1+(1_4w)1/2)] ) h » | :
V(@) S

>
| G5 =EWw T |

0¢(0) s =ag|Ew 1)) =
o = ¥ Wr0nt) = 810 (0); s
S

Flame base transfer function L e

0 50 100 150 200
f [Hz]

<+ Cuquel et al. (2013)
5 *x Rook et al. (2002)

- W T — S e o .
U/U W COS (X 49,
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2. FLAME ANCHORING POINT
CONTRIBUTION

Experimental

Stationary Stand-off distance

Vol

ElS




2. FLAME ANCHORING POINT
CONTRIBUTION

Experimental

Stationary Stand-off distance 4os g <Tad T, + T, - Tu> |

Vol

ElS




2. FLAME ANCHORING POINT
CONTRIBUTION

Experimental

(0 215 10g< Lad = 1y )
Stationary Stand-off distance SRR G )

T T | T T T T | T T T T | T T T T | T
300 350 400 450
T [°C]

The flame root location is chosen as the intersection of the crest of light intensity with the
ISO-contour at 65 % of the maximum pixel value over the whole image.

ElS
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DYNAMICS OF THE FLAME
ANCHORING POINT

Experimental

5%/
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DYNAMICS OF THE FLAME
ANCHORING POINT

Experimental




DYNAMICS OF THE FLAME
ANCHORING POINT

Experimental
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DYNAMICS OF THE FLAME
ANCHORING POINT

Experimental

54

y' [mm)]

y' [mm]

z' [mm]

0.2 1

—0.2

—— T50h
el R T
\ ..................... T120h

: Flame : ; .
..... normal ,

. T | T . T | T
0 /2 s 3m/2 o
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DYNAMICS OF THE FLAME
ANCHORING POINT

Experimental

L U7 = Ew, T
oy = arg[E(w, T)|)

54

T T | T T T T T T T T
100 150 200
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DYNAMICS OF THE FLAME
ANCHORING POINT

Experimental

Gr

_ E0)/(ws/2)

v' /v

L 07 = 2w, T §

pp = arg [E(w, To) ) |
“ ﬁ
S i |
T T T T | T T T T | T T T T | T T T T
0 50 100 150 200
q'/q
)= vh /v
1
>

@ [rad]

0I i I50I = Il(l)()I fo I150I R I200
e 7l

vendredi 14 février 14



DYNAMICS OF THE FLAME
ANCHORING POINT

Experimental

the higher frequencies on the flame root response
to velocity perturbations.
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COMPARATION

&
T50h 96 105
g T90h
S T120h | |8 120
OI = ISOI e IlOOI = IISOI e |200
f [Hz]
— Model

— Experimental

55
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FTF

Where to measure the velocity fluctuation ¢

~N HW Zoom on the slot

142 mm

TR R0
/\/
/\/

Air: Reference
point

Air

Y

Harmonic Signal

36
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FTF

Where to measure the velocity fluctuation ¢

2_
>
~N HW Zoom on the slot
0
2n
? 1| —— T50c f,,=50.Hz
= —  T50c f,,=130 Hz
g -
S o
! ! ! ! ! ! ! ! —i()T MDY _\5 : (\)
LT T y/wy
/\/
/\/

:Air Air: Reference

s |

Harmonic Signal

36
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FTF

Where to measure the velocity fluctuation ¢

2_
> /
N HW Zoom on the slot —_— h\&
V4 77 * 0
£ \ 2n Z
& 2 e =0 iz \
4 : = 1| == T50c £,,=130 Hz /
4 b g TY0C f,=50 Hz &
[ A \ E t | T90c f,,=130 Hz /
| ! |
| : | g 9- 04 e ——————————————————————————————————l T
. \\ Y, /I " ! ‘ ‘
LA \ : / ik 22 2
\\ : // y/wf
“ N N 4 ]
—] 1 e _)Y— o
:Air Air: Reference

e

Harmonic Signal

36
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FTF

Where to measure the velocity fluctuation ¢

TR R0

/\/

* r » r r r r
, ’, 4 ’ ’ ’ ’
Ay A A A A A
— 5
n n
1 1
! !

Y

Harmonic Signal

Zoom on the slot

142 mm

Reference
point

36

Go

¢, [rad]

—— T50c f,,=50 Hz
1| =—— T50c £.,,=130 Hz
T90c f.,=50 Hz

T90c £,,=130 Hz
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FTF

Where to measure the velocity fluctuation ¢

Air Air:

Harmonic Signal

Zoom on the slot

zZ N ‘
\
\
\
\
\
i E
: 1| &
1 ! g
yl / ~—
! /
/ : / /
1 /
1 /
Y Y
Reference
point
36

Go

¢, [rad]

Go

P, [rad]

—— T50c £,,=50 Hz
—— T50c f,,=130 Hz
T90c f.,=50 Hz
T90c £,,=130 Hz

°®
o’
.
)
®
o00®
o
o®
o®
..
o‘.'
oo®
....
OOOOOOOOOOOO
ooooooooooooooo

0 50 100 150 200 250 300

T T T T ‘ T T T ‘ Tl ‘ T ‘ [t ‘ Tl

f [Hz]

vendredi 14 février 14




FTF

Where to measure the velocity fluctuation ¢

Air Air:

Harmonic Signal

Zoom on the slot

<

o(-==--

| I
\ /

/

/

/
/
7
//
142 mm

Reference
point

36

Go

¢, [rad]

Go

P, [rad]

24
0
2n
—— T50c £,,=50 Hz
1| =—— T50c £,,=130 Hz
Lyl T90c f,,=50 Hz
T90c f,,=130 Hz
O% c = = a - = = = I u = = =
T T T T { T T T T {
-10 =9
y/ wr
1.5~ w
] S
)
- /‘.’
/8
——— y=10 mm
ooooooo y:—20 min
PTR D Lag)
0 s
.’.."‘b—.
“‘n-v‘--f‘\.nt"ﬁq,
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0 50 100 150 200 250 300
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FTF

Where to measure the velocity fluctuation ¢

Air Air:

Harmonic Signal

Zoom on the slot

—_

N =¥

=
: 1| €
1 | g
y! // -
, /
1 /
1 /
M 4 v

Reference

point

36

Go

P, [rad]

Go

@, [rad]

—— T450c¢ f.,=50 Hz
e T'50c¢ f,,=130 Hz

T90c f,,=50 Hz
T90c £.,=130 Hz

——  y=0 mm
=== y=-10 mm

IIII{IIIY‘I{I

50 100 150

f [Hz]

TY‘III

250 300
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FTF

Different Flame Transfer Functions

y = —10 mm y = 0 mm
S
T e F)
el | z | z z z .,
S S
0 50 100 150 200 250 300 0 50 100 150 200 250 300
f |Hz| f [Hz]

5/
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CONCLUSIONS

Do wall temperatures modify the..

|, Combustion Noise: NO,

). Aceusies IN@)

3. flame dynamics: YES.
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the combustion chamber walls,
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* A low order model is able to predict the stability of the system,

- self excrted modes as well as the FTF are highly affected by the temperature of
the combustion chamber walls,

» studies based on forced flame response allow to eliminate certain
explanations. The most likely mechanisms controlling the impact of the wall

temperature are:

+ local modifications of flame speed in boundary layers,

+ modification of the flame base dynamics.
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CONCLUSIONS

* A low order model is able to predict the stability of the system,

- self excrted modes as well as the FTF are highly affected by the temperature of
the combustion chamber walls,

» studies based on forced flame response allow to eliminate certain
explanations. The most likely mechanisms controlling the impact of the wall

temperature are:

+ local modifications of flame speed in boundary layers,

+ modification of the flame base dynamics.

* the place where the velocity fluctuation is meassured Is a key
barameter In for an acurate measure of the FTF
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Mercl de votre attention

Questions !/

Premixed laminar flame
$ =0.95
Ub=1.7 m/s

AAAAAN

Daniel MEJIA
dmejia@imft.ir
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