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Temperature Measurement with a Conditional Two-line OH-PLIF Technique

in an Actively Controlled Coaxial Jet Flame

Yu SAIKI*}, Naoki KURIMOTO, Yuji SUZUKI and Nobuhide KASAGI

*Department of Mechanical Engineering, The University of Tokyo
7-3-1 Hongo, Bunkyo-ku, Tokyo 113-8656, Japan

A novel flame temperature measurement technique based on two-line OH planar laser-induced
fluorescence (PLIF) is presented. In order to measure temperature of an unsteady flame using a single
excitation laser and a single ICCD camera, a new conditional image processing method has been
introduced. In this method, ensemble-averaged OH fluorescence intensities at the flame front, which
are taken by two excitation lines, are used, and the mean temperature at each streamwise position is
calculated. The present thermometry is applied to a methane/air coaxial jet flame, which is actively
controlled by periodically driven magnetic flap actuators. The uncertainty interval at 95% coverage
is estimated as +130 K and -120 K at the mean flame temperature of 2000 K. The measured mean
temperatures of controlled flames coincide with the theoretical adiabatic flame temperatures within
the uncertainty intervals. When the stoichiometric mixture is supplied, the mean flame temperature is
the highest (~ 2200 K), and thus CO emission is drastically reduced. On the other hand, when a lean
flammable limit mixture is supplied, the mean temperature is decreased to 1600 K, and this results in
the increased CO emission.
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Fig. 1 Coaxial nozzle equipped with eighteen miniature magnetic

flap actuators.
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Table 2 CO emission characteristics of jet flames.

Equivalence ratio p=0.72 0= 0.48
Strouhal number | Natural St,=0.7 St,=14 St,=1.1

151£5.8 71£4.1 95%4.1 946 £ 18

CO
[ppm@15%0 )

goooog
gb0nrROMooOo20b00boboooboooobon
gboooboobobooobooooboooonoo
gooobooobmooboobgoooobooon
0300000 ooboobooboobooonbooo iz
oooooboboboobobooobooboooonbo
gooobgoobobbooHOOobDoooooDooo
ooooooooobzb,~200000 T'~1700 K
ooooooooooooooooozb,~2.700
oo r~2000KO00000000000000OO
OzD, ~20000000000000000000
goooboobooobo RODooooobooo
goHOOOODOOOOODOOODOOoooOooDooo
oooooooobzp,~200000000000
gbooobooboboooboobooboobon
OpBood0ooPLIFODOOOOOO®OOOOO
ooooooooooooozooooooo z,
=0.0260 00000000 Z=00910000000
gbomoboobomobobooboobon
gooobboooooobobobobooooooooo
O003a0000000zD ~2000000000
gobooboboboooboboboobooobooo

0.12
R | —— Natural jet
0.10 Rich flammability limjt o Sta= 0.7
St,=14 -

0.08 = St,=1.1

IN 0.06

0.04

0.02

Lean flammability limit

0.00
0.0

riD

Fig. 14 Radial distribution of mean mixture fraction of methane at

o

upstream region of a flame holder.

1.0
0.9/,
0817
0.7
0.6

Fluorescence intensity

0.5

0.4 1 1 1 1
2.0 2.5 3.0 3.5 4.0

Fig. 15 Streamwise mean fluorescence intensity distributions taken
by P (7) and Q,(11) excitation lines for controlled flame with St =
1.4.

0 1000



1685

odo2000 OH-PLIFOOOOOO0OOOOOOOOODOOOO0OOogn

goo

0402000 0000000000 20000000
goooboboooboboboocoonooon (15%0O
goooboHoobOOe=0720000000000
oooooo s, =o07000000co0O0n 71
ppm 0000000000 O0OODO0OS0% 0000
oooooooooogooon s =1400000
ooocoooooooooooos =o0700000
ooooooodobbe=040000008=1.1
goooobboooooobobbboooooon
gooobcooobooboobooobgon

o0 40ogobgopLiF0bOo0oobooonDon
U @b =14H0000000000000000 (O
oooooo)yooooods,=070000000
gooboobbooooobobobbbooooooo
BOooooOd0oooo0oooooooooooooo
oos=14000000000000000000O
gooooowmpoooooooooboboooo
gbooooobobooboobooobooboobo
oos =1100o0o000o0oo0ooooooooo
oooopooooooobooboobooooobooo
gboooooooooo
goooboooboobobobobooobmoboon
2000 OH-PLIFO OO OODOOODODODOODOO
0430 00000000000000000000
1508 =14000000000000P(7)00O0
Qunbbooooooooooooooooooon
noogQanooioiooooooonoogoo
gooboooboobobobooboboobooonb oH
goooboooboobooboboboboboboobon
goooboobooobobboobomobonooon
goooooooo
doOle00ooboobooooooo20oonogon
uoooooooooooooooooogoaos:, =
o70b0oo0O0ooOooOooboobobor~2200Kk000
gooobooobooooboooboobooooo
gboo @ 4yoobooboboobooboobo
oooooooooooooooooooon St =
1400000 @ H000D0O0DO0OOT~1850
KOOoooooods, =1.1000o0000oood
goooor~tle00KOOODOODOODODODDOO
gooooboo @0 ooboobooboooo
goooboobobobooobboobgoobon
goobbobobooboooboobooDmoboobooo
goooboooboobobobobooobmoboon
~2200K,~ 1800 KO OO ~1500KOOOODOOODO

goooboooobooboomooooboon
oooobooboobgoobobooobooo
gopoocoobobonooooobooobobooon
oooos, =07000000000000cCo0O0
gooobooboboooboobmooboon
oooooooooooooos, =11000000
gogogbcoubopoboobobpooboooboon
goooboobooo

O0o0o2000 OH-PLIFOODOOODOOODOODO2
goooboobooboobgoobobboHboOn
goooooboobooboboooobobooon
goooegooooooooboooooHOOOO
gooobooboboobomoooboobooon
gboooboobobooo@mobooboooon
cobbgobgoobobobboobooobooboon

~
o
~

24001 1|
2200 b a5
< 2200 Tt
2 2000
<
£ 1800
£
D
= 1600

1400 Lt L L L

2.0 2.5 3.0 35 4.0
D,
(®) 2400
-4 St,=14

g 2001
£ 2000|
£ Jll!llmllllu Sl
£ 1s00] iy
5 18004 LTI
£
5]
£ 1600

1400 L ! ! !

2.0 25 3.0 35 4.0
D,
(©) 2400
-8- 8t,=1.1

— 2200}
Z 200
%]
5 2000
5
5
2 1800
£
]
& 1600

1400

Fig. 16 Streamwise mean temperature distributions in controlled
flames : (a) St, = 0.7, (b) St, = 1.4 and (c) St, = 1.1.
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