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Elucidation of nonlinear dynamics of combustion instability based on dynamical
system theory
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This report shows the availability of nonlinear time series analysis based on
dynamical systems theory to deal with nonlinear dynamics of combustion instability in a laboratory-scale
gas-turbine model combustor, which is one of the most fundamentally and practically important combustion
systems. The results obtained by the local predictor to extract the short-term predictability and
long-term unpredictability characteristics suggest that with decreasing equivalence ratio, periodic
thermoacoustic combustion oscillations transit to low-dimensional chaotic intermittent oscillations owing
to the intermittent appearance of burst. The principle investigator successfullﬁ proposes a novel online
detection method using translation error for problematic limiting phenomena such as lean blowout. It
allows us to prevent lean blowout without knowing the actual lean blowout limit.



1
2.
1
3.
( 19
mm, 30 mm)
p' [kPe]
20 mm
(JTEKT
PD104K-10kPa) , 5 kHz
U 5.0 m/S, 5.8 m/s QCH4
¢ 075 0.49
R
. OH ,

( C10880-
03F) (Photron  FAST CAM SA3
)

, Takens
, P
y5(31=1,2...,N)
D

p(t;)=(p'(t). Pt +75)..... P (t; +(D-1r,))

p(tl) » Ts
D

2 " Ip)-pa)I i
2 binary plot
, 2
()P ’ (
[5]). : 2
, 256
o 2 lp)pl ot ol ],
! Hp(t') } _Hp ptl}mm
pt) . T P(ty+ ToA?)
. , Pty p(t)
P+ To?) L PHTA) Pt P
» Pyt TAl)
. Pty Ted)
( [5).
K
2Pt + T,At) exp(-[p(t,) - p(t)))
p(t, + TAt) =+ —
> exp(-|p(t,) - p(t,)|)
k=1
, k , At
Ts , k=1000, At = 02msT-1

- : » () = (P'(t), P'(ti -1,
p'(t -(D-1)ty)

. » p(t)
pt) k=1, 2...., K)
T p(te-TAf)
. V(t)(=
p(tk+TAt)'p(tk)) Etrans

. , V(t
. V()



p(ti) M Etrans

, 100 ms
( [5D.
K 2
E_ - 1 ZHv(tk) v
rans K+1 ~ N 2
.k T k=5,
T=8, M=100
4.
1 ¢ p'
. ¢ =075 s ,
¢ 0.61 s
¢ = 0.51
2
¢ .
¢=0.75 , 170 Hz
1/4
( (2.
Damp
, 2
R >

ROGY) = [ POl (X Y)ck

> P()

,T 1
, lomsabel (6 X Y)

3

0.2 T v
g 0.1
= 0 }J-p'*,)‘,-h;‘”I“‘"'-,v"-‘fﬂ\g b ‘;-.-""}..M'\"’d
kL
-0.2 . .
251 — 25.2
i : —

2.0 . . .
20.1 t(s) 20.2

Fig. 1: Temporal evolutions of pressure fluctuations p'
for different equivalence ratios ¢
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Fig. 2: Power spectrum distribution of pressure
fluctuations p' for different equivalence ratio ¢
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Fig. 3: Spatial distribution of pseudo-Rayleigh index




Fig. 4: Recurrence plots (RPs) composed of 50000

x50000 points for intermittent pressure fluctuations.
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Fig. 5: Changes in the correlation coefficient C between
the actual and predicted dynamic behaviors in the
intermittent pressure fluctuations as a function of the
duration tp of the actual pressure fluctuations added to
the library data. Changes in C for increments of Ap'(=
p(ti+1)-p(t)) are also shown as a function of tp.
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Fig. 6: Changes in the correlation coefficient C
between the actual and predicted dynamic behaviors of
pressure fluctuations close to lean blowout as a
function of the duration tp of the actual pressure
fluctuations added to the library data. Changes in C for
Ap'(= p'(ti+1)-p'(t)) are also shown as a function of tp.
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Fig. 7: Quantification of short-term predictability and
long-term unpredictability characteristics.
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Fig. 8: Variations in tp; and |dInC/dIntp| as a function
of equivalence ratio ¢.
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Fig. 9: Time variations of pressure fluctuations p',

three-dimensional phase space (p'(t), p'(t+zs), p'(t+27)),
and translation error Egpas. The amplitude of p'
drastically changes with the onset of intermittency.
Etrans responds to the drastic change in p'.
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Fig. 10: Standard deviation of pressure fluctuations p'ymg
and translation error Ey .. as functions of equivalence
ratio ¢.
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Fig. 11: Time variation of equivalence ratio ¢ with
decreasing volume flow rate of main fuel Qcpg main.
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Fig. 12: Time variation of equivalence ratio ¢ with

decreasing and then increasing volume flow rate of main

fuel Qcna,main-
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