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Wobbling bridge Fluttering aircraft wings

Third International Nonlinear Dynamics

Conference

Image source: vice.com (bridge), makeagif.com (flutter)
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Thermoacoustic instability occurs due to positive feedback between flame, flow and heat release rate
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»

Thermoacoustic instability can cause structural damage to gas turbine and rocket engine combustors

https://engineering.purdue.edu/CFDLAB/projects/combustor.html
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Passive Controls:

Helmholtz resonator Baffles
Advantages:
Cheap, simple components, reliable, low power requirements

Limitations:
Restricted range of operation, difficult to modify or replace

4/21/23
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Active Controls:

Input—»(%—b Combustor ——— Output Input '? g s > Output

Actuator Actuator Sensor

L Controller 4—1

Advantages:
Wide operative range, fast response, easy to replace

Limitations:
High power requirements, complex components, unreliable
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Delayed feedback control has been used to quench limit
cycle oscillations in various systems.
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Input Output
T >  System | | >
Sensor
|
Actuator Delay (7)
+ vt —
Amplifier (K) y(t—1)
K[y(t - T) - y(t)] _ y(t)

In delayed feedback, output signal measured a finite time ago is used to provide feedback to the system
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Delayed
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Delayed feedback has been used to quench oscillations in different oscillators
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Third International Nonlinear Dynamics

Conference

We propose a simple form of delayed feedback
called self-coupling to quench thermoacoustic instability by
disrupting the coupling between flame, flow, and heat
release rate in turbulent thermoacoustic systems.
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S CONG s Turbulent combustor
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Conference
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The magnitude of p’ during the suppressed state is almost same as that observed during the steady state.
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The dominant frequency corresponds to the acoustic frequency of the uncoupled combustor.
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Introduction of self-coupling decreases the dominant frequency of the p’ oscillations.
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As the length of the self-coupling tube is increased, the dominant frequency of p’ oscillations continue to decrease.
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Phase synchronization between p’ and q’ exists during the state of thermoacoustic instability.
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Phase synchronization between p’ and q’ exists for coupling under low values of coupling tube length.
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Thermoacoustic
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Spatial distribution of acoustic power sources is disordered and granular in nature during maximum suppression.

4/21/23

of intermittency:

of intermittency:

Instability

L. = 1400 mm

L, = 1400 mm

(i)

Loss of acoustic power structures

7000

' (Pa)

(V(.‘)") (vid)
)y /@)
(i)

-7000

.715 0.72 0.725 0.73

4000

0

' (Pa)

-4000

0.

1000

7' (Pa)

-1000

1000

7' (Pa)

|

W
AN

0.29 0.295 0.3
2.7: 2.745

85
2.73 2.735 2.74

-1000

2.055 2.06 2.065 2.07

1000

P (Pa)

-1000

i

7

1.85 1.855 1.86 1.865
t(s)

-3

P(t) ¢(z,y,t) (au.)

34



NODYCON 2023
é’m . II 11 % T

] T T
1000 1200 1400 1600 1800 2000
L (mm)

T
1 1.5 1.9
Le/Lavet

Suppression of thermoacoustic instability

4/21/23

Summary

35



NODYCON 2023

100

T T
| . e |
[ |
1 |
! |
. |
— - 1 |
=4 I |
& 50 i |
a I II |
& . | l
1 |
. i |
: : . . .
] L — *
1000 1200 1400 1600 1800 2000
L (mm)
T T T
1 15 1.9
Le/Lavet

Suppression of thermoacoustic instability

4/21/23

Summary

w
. - ]
-

Transition through intermittency

36



NODYCON 2023

Summary

100

T T
| e o
[ |
| i
1 i
. I
— - 1 |
=4 I |
& 50 i |
a I II |
& . | l
1 I
. i |
: : . . .
] L — *
1000 1200 1400 1600 1800 2000
L (mm)
T T T
1 15 1.9
Le/Lavet

Suppression of thermoacoustic instability

Coupled behaviour of p’ and q’ oscillations

4/21/23

AR
2% J|~ 19
LT ot A
~an
T
[FSPRUNGE - SO X

4 ..«v-/;"'h-mww'\..

R
o !
0 T T e ! Wy

O s

I

i -

w

. - ]
-

10

Transition through intermittency

37



NODYCON 2023 Summary

100

.
e
= |t o
£ 5 T
|Q< I II 11 F9 2l g %L ngu;“u, 5 -
5 0L L — et
g . o
H,«,../'*:'Wu/\\

] L — *
1000 1200 1400 1600 1800 2000
L (mm)

T T T
1 1.5 1.9

Le/Lavet

Suppression of thermoacoustic instability Transition through intermittency

6y, ™ 7 s 3

I » ) 't

gﬂv LWEJMEJ--

B T om om om 2
® : A‘“” e

o o 1
© ‘ng 1000 - E

$i8 ' lng

i

P(t) ¢(2,9,) (an)

Mpw B MH I
?WMH g IS )T

Coupled behaviour of p’ and ¢’ oscillations Spatial distribution of acoustic

4/21/23 power sources and sinks -




NODYCON 2023 Summary

100 ( =
I GO ;j- r The results are published in
C— I Sahay, A., Kushwaha, A., Pawar,
% il B i — S. A., Midhun P. R., Dhadphale,

Mitigation of limit cycle
oscillations in a turbulent
L. (mm) Y thermoacoustic system via
| 15 19 e R RS = ‘ delayed acoustic self-feedback.
Lo/ Lot Chaos 1 April 2023; 33 (4):
043118.

e W, o
3y ! MR
oh M.M‘\ o
It '
50 1
\
‘ | -

| | .
1000 1200 1400 1600 1800 2000

S
| 1 P2 L. = 1200 wum
| 1 3 2 .
| 1 111 . kA : = ‘ T =108 w R .o .
A et J. M., Sujith, R. I.;
. : : L e = 2 | it 2

o g e o (@) (i) o ) (vi) (vi) 3
ko A T
"epnJH IEER (ROIEER ]
it i L |
e ~—RER AT R R R
@g o - |
S Cea 1 WY = LI TL. 1 )

Thank you!

P(t) ¢(2,9,) (an)

4/21/23 39



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39

