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Effects of Atomization Level and Air Temperature on Emissions
of a Stagnation-Point Stabilized Spray Combustor
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Emissions characteristics of stagnation-point stabilized combustion of kerosene spray were investigated at

atmospheric pressure to assess its applicability for the first stage of a liquid-fueled, axially lean-lean staged low

emissions gas turbine combustor which is characterized by the reactions of ultra-lean to lean secondary mixtures

injected into the burned gas from the lean burn first stage. Kerosene spray prepared by a pre-filming twin-fluid

atomizer was injected into the stagnation-point reverse flow surrounded by the annular preheated air jet. The effects

of atomization level, swirl imparted to the atomizing air, and equivalence ratio on the NO emissions and combustion

efficiency were studied at air temperatures of 373, 473 and 573 K. Fuel vaporization and, therefore, premixing of fuel

and air were more enhanced at higher air temperatures. The NOx emissions decreased with increasing T. The NOx

emissions were less than 10 ppm (15% O:) when adiabatic gas temperature, Tp, was lower than 1800K. Emission

measurements were conducted also for partially and perfectly premixed methane-air mixtures to study the effects of

evaporation process of fuel droplets on the NOx emissions.

Key words : Stagnation-Point Stabilized Spray Combustor, Ultra-Low NOx Emissions, Fuel droplet evaporation, Fuel-

air mixing
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Fig. 1 Schematic drawing of combustion chamber.
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Fig. 2 Schematic drawing of pre-filming type twin-fluid atomizer.
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Fig. 3 Atomization and flow characteristics of pre-filming type
twin-fluid atomizer.
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Fig. 4 Photographs of spray showing effects of atomizing air pressure, P, or m, for m; = 6.0 g/s and m; = 0.26g/s.
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Fig. 5 Experimental setup.
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Table 1 Estimated SMD's for different atomization air flow rates.
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Fig. 6 Photographs of flames showing effects of atomizing air
mass flow rates, m,, on flame structure for 7,=7.2 g/s,
T = 373K and ¢ = 05.
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Fig. 7 NOx emissions and combustion efficiency vs. adiabatic
flame temperature, 7%, for different atomizing air mass
flow rates, m.. (T =373 K)
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[mam]
Maa, 8/S 1.0
Iy, K 1691
Swirl

4

1.5

1689

. Non-Swirl

Fig.10 Photographs of flames showing effects of inlet air

temperature, 7" and atomizing air flow

rates, m, on flame

structure for m, = 7.2 g/s and ¢ = 05. (T = 573 K)
Shatter speed: 1/20 s (Swirl), 1/80 s (Non-Swirl)

HESUA
W 2 K ST Tl 3 2 NOx B & O

RRBERD = DAL

2R T o B ORI HE N ZBZ 5 2 DZESIE
IZBWTIE, DD MR SN D 2O I RERAL L
NV DFENINOKIEEEIZIZE A EHEERZ 52 v, o

T, Swirl¥ 4 712 BT PR,
EWiTE, B0 EANOxRE IS
LGB EIIRENT,

28 S M U . JBE 70
52 %N

1000 o8 | 100
==
C.E. a 99.8 G
996 =
£ 100 - -
- 994 O
e " .o/é’) &
)
= o a & 99.2 -5
(o] —
o) =1 B =
= 10 Q’/ 199 W
o~ & m°=?.2 g;S c
D NOx _- T=573K { 988 ¢
X P B
o & 986 3
=z 1 <) Swil  Non-Swirl ':E:
% = = 98.4 £
m, @s 125 < —_ 98.2 o
1.5 O -
0.1 . . - 98
1300 1500 1700 1900 2100
Adiabatic flame temperatureT,, K

Fig.ll NOx emissions and combustion efficiency vs. adiabatic

flame temperature, Ty, for different atomizing air mass

flow rates, m,. (T' =573 K)

5.2 ZEHRERREOTZE
FEROEBRIZBWTIX, 22K

Mmo7.2 g/si

EENTW720, ALL NIV E2ZLEE 570105
b2 Em. 205 g/sh 515 g/sIZHi R E®72DI2pk

V2 R 6.7 557 g/sIHA LTV B, &

DLEACHIRBHETE DI, W ZER & DREA,

IEDE

FE% ol L CNOxD BRI KT 8IE, T Iufii62 g/s

WX LT 8WIEDHHTH L Z b Z ) KREL W

Download service for the GTSJ member of ID , via 18.97.9.175, 2026/06/12.



Vol.46 No.2 2018.3

EHRRREBREE QP RMERICRE TRAMR LNV LU ERBREORE 149

EPENA, BMFERE LT, EEEHESEIC L
DA ENR T WSWIrly £ T vV 7 & — %R
L, ZeRMEmiEm %62 g/sIClE LzIRET, b
2R R m. % AL S THEH 2 FEM L 726

2RI TRIREST3 KIZB U B2 MI1212 R 9, K11
TIEWBCK SREE O &P I EH ) BRI Em.D 5%
BHELN VO LI, 225w —E TO
MR ERTHI2TIE, DAEWERDSDFELRARIRD
b b, NOxigRE X, @KEKREOHMPHICEH Y FbE
SRR EN IR P05 g/sTIlERdDE L, 10 g/s, H
AHW01F075 g/s ORFICH/IMEE & b0 ma = 125 BXL U
15 g/s TONOxiEE £ 1.0 g/sTOMED L, WK%k
D700 KE DKL R B IZ2oN TR L TWw b,
120m, =10 g/sOBED T — ¥ 1%, JeD L2250t Emol
ETONOXEEARTIKIIODDEH—TH %,

—75, R ILEESTS, 473 KIS B ) B 225 i it
BE—ETOMEE, 2R LTWRWD, FhE
N7, MR LB RiE—E TORREE Fk
NOXEE Im. = 075 g/sTHW/NE B 2 EDFER I
TWwh,

T, AWML E — € TONOxIRE & 2225
e E TONOXBRE & % [ —Wr# K 28R T L <
Hbo ma =125 BLULS g/sTIE, 225 MEHIREST3
KIZBWCTWEHIZE DO b T TEH 205 —EH L THE
Z Elo TW3 A%, Z25RE473, 373 KTIXiiZ 2 - T
Wb, T/, BlEZEAREND L, BRALIE V m,
= 05B L0755 g/sTld, BERITE—E TOME L 22
AR ETORBIIBITANOXEFEDOEIZE S
W&y

BALRLGMEDN0 g/s&k D 2 VI6, 22 it it =
—ETOEERMEZ, ERARE—EOHAELIV LS
<, M—WrEK IR TIE, 205, BREED B
LW, TOEINE L, MRALISHET 25 %112
RTINS W E2FE 2 B Lk b L ~<OVIEIR S
ThoHEEZOND, TDOZ LD, BILEKTEMNLO
g/s&k VLG, ERMEKE - EORBETIE, 4z
KRIMEDSEBERME OB & KL TL <, e
BLBNT 572012, ) VAU AT 5 B
ZBREMBHC X 2RI RS B E 2D, NOx2s
BWMsrEEZONL, LEALEND, BRAMITIRE
PERWEE T, fKARE - 2oRIcBWT, F#t
ZenE BN S 5 & AR E AT 572012,
BRI R — E DY & IR U CHE N0 AR BER 1
BRI LR, MRBHIC X 2RO A b —
WML, NOx S HiKkT 5L E2 N5, LdoT,
ZBEMEIIE DT W T = 573 KOS Clanis o il
VB AFAE T 2 RS B O RBAS, 22 R T i AV
WT = 373, 473 KO ClEka O HLKHIH O 5505
BEHRNOxDAERATH L CHBM 2 EBE2 RIZL T 5
LM E NS,

1000 ¢
100 ¢
£ :
a
a
’_;‘:l .
O 10 ¢
x i Z
"-‘_" (Lean flammability limity] O
4 05 A 7]
0 L 075 Vv 98‘6_3
= masals 1.0 o 4 984E
1.25 o 8
S5 g ] 98.2
0.1 98

1300 1500 1700 1900 2100
Adiabatic flame temperatureT,, K
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Fig.13 Effects of inlet combustion air temperature, 7.
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Fig.l4 Comparison of NOx emissions (15% O2) in liquid-
and gas-fueled mode operations.
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