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Experimental Investigation on Flame Structure and Emission
Characteristics in a Lean Premixed Model Gas Turbine Combustor
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Abstract

The objective of this study is a qualitative comparison between line-integrated OH
chemiluminescence (OH*) image and its Abel inverted image to investigate the flame structure at
different phase of the oscillating pressure field. PIV(Particle Image Velocimetry) measurements were
conducted under non-reacting conditions to see the global flow structure and NOx emission was
measured to investigate the effect of fuel-air premixing on combustion instability and emission
characteristics. Experiments were carried out in an atmospheric pressure, laboratory-scale dump
combustor operating on natural gas. Combustion instabilities in present study exhibited a longitudinal
mode with a dominant frequency of ~341.8 Hz, which corresponded to a quarter wave mode of
combustor. Heat release and pressure waves were in-phase when instability occurred. Results gave an
insight about the location where the strong coherence of pressure and heat release existed. Also an
additional information on active control to suppress the combustion instabilities was obtained. For lean
premixed combustion, strong correlation between OH* and NOx emissions was expected largely due to
the exponential dependence of thermal NOx mechanism on flame temperature.
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Table 1 Emission limits for stationary gas turbine

NOx CoO
Country

(@15% 02) (@15% 02)
ECC 25 vppm Not stated
France 40 vppm 80 vppm
Italy 29 vppm 48 vppm
UK. 28 vppm 80 vppm
Japan (Tokyo) 28 vppm No limits
USA(California)| 9 vppm Not stated
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Fig. 1 Schematic of OH* image acquisition

system

- 7‘T Mirtor

' .
& Cylinderical Lens
Laser Sheet

Nd: YAG Laser

2K x 2K Kodak
ICCD Camera

!

|

I

J Test Section @
T

|

! S A |
1 i
LL

O e I
T j___'&t‘i—":v‘;ﬂk -{,.#,,,, -
Delay Generator
Fig. 2 Schematic of PIV measurement system

Fig. 201 A@A A0 digk MNF=g Jehid
t}, FYS NdYAG @lo)A 23 nzu9l 532mm
£, MFH 52 2kx2KY S =E 7HAlE CCD
Ftelets  AMgSigicl. dwtEos  stafEo
PIV SAd = SFA7 =5 o83 44900
Zol ARg-E =, 2 AddAe & 2dg
Argatdon FFAA 2melch AAE YA
A FF87) HE EFHIE AHESIga 2
F2 deojz2 zHol st5dit)

1l

o

o

e
Lo

goz, ¥ AFAME wnd Fuit Betn =
ol §ol OH'S FHUEFS Ayl wet =

°
ol

HsArh Fig 39 H9A 2GS 9@ 10D
pe=s

g AL F}EL 341.8Hz ¥ 29msY FIIE 7}
Axn WA Ed, 3 F7] 5% 2570702
Zt el A w=EAZE 1us2 50709 e HA
o 1739 FFE FHESG ddzae A

2|8l Table 29+ 2Tt

e 0.ARBSms

2.926 s

Fig. 3 Schematic of OH image acquisition

Table 2 Experimental conditions

Parameters Test range

Inlet temperature(Tine, C) 360
Equivalence ratio(g) 0.76, 0.82, 0.89
Mean velocity(V, m/s) 10

Phase angle(B, deg.) 0~360
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Fig. 4 Phase-resolved OH* images of a 341.8Hz combustion instability. Left half of the picture is the
line-of-sight image and the right half is the Abel inverted image
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