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0.35 :
0.3f--—-=-=—F=mmm oo Rt~ a
ok
0.25F-------- R
0 0.2f----—---ro-om L bommoooo bomm oo
L | |
WQAGF----mmm ok e bomm oo
0.14F----- . S AR AR
0.05} -~ 4Z- -t - - S S
o : | |
0 0.005 _,, 0.01 0.015 0.02
P'/p,

Dependence of the normalised fluctuating CH* level (E) upon the
normalized fluctuating pressure amplitude ((driving frequency 235Hz).

From:Active Control Of Combustion Instabilities In Low Nox Gas Turbines, Final Technical
Report, By Ben Zinn,Yedidia Neumeier,Tim Lieuwen
October,2002, DOE Award Number DE-FC21-92MC29061
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The Combustor Assembly (Cone- Different Discharge Orifice Configurations.

Cone Flameholder Configuration).
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Rayleigh index distribution along combustor
axis. Cone-cone configuration 60°, diameter 35
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Rayleigh Index:

G == [p(0)- QI el
TT L



160

|
140

Axial
distance
(mm)

1
120

100

60 80
Axial distance, [mm)].

40

20

Rayleigh Index ( arbitrary units)

Local Rayleigh index distribution along combustor axis. Cone-
cone configuration 60°, diameter 35 mm, sharp lip. Oscillation



To Control
Atomizer

Seeded Air
= —

To Combustor

Fuel
Tank

= Liguid fuel
||

L}
Seeded :Air 1
L}

:

Therfhocouple

A=

Electrical Heater

X
Shop air

Z Table

Combustor

Rotometer

N Telescopic

Tube

n Perforated
Disk

®_ Analog
& = wlachometer

“‘Delay” Tube

Sholi) air

Experimental combustor with air and fuel supply system.




=
N

=
o

Amplitude, [Arbitrary units ]

(00]

(@)

N

N

o

¢ 5/6 Hz
W574 Hz

571 Hz
568 Hz
¢ 566 Hz

® 563 Hz
® 560 Hz

0 45 90 135 180 225 270 315
Phase, [Deg.]

Variation of heat release modulation amplitudes (at the driving
frequencies) with phase between the driving pressure of the
control atomizer and the pressure fluctuations inside the
combustor.

360



:NIIpoN

N7 noina NOx nou*™o oy 1"va nan? niTnne
J'W7 Nx1IN D9IpNna 710127 nnna

DITNNA 2722 o1 AYo wixnae

D'7212' N71Y90 'NAN ¥ NPT AYpal Apyne
.NYSINN 'TNAN NX |'VPNT

N{790N NDIYNA D'"1I2'YI N1AN "12'Y NITYA [N
NN N'NIYNYN AINA 'UEn7 ,npant P7Tn
.NYSINN









¥ ASME Turbo Expo
i ASME Intermationsl Power for Land, Sea & Air

»

-

Dry low NOx systems
have significant dynamics
problems!
— Introduced by low
emissions designs
Some reasons:

— Operate near lean
blowout:

From Flamaebeat Fradoing Combustion Poablems fom

+ Small deviations R SN b AL A RN S, T OB INGH

Vet A5, 2002

from design
equivalence ratio

roduce very
arge oscillations
in heat release
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