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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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temperature, 7" and atomizing air flow rates, ., on flame
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Shatter speed: 1/20 s (Swirl), 1/80 s (Non-Swirl)
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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.

6. #EEE
ARFFRICBWTIE, FHEOIRET HLL2H X oWHA

WRHERR AT A & — &V RBERR O 1 B HICTE A mifk 9 % 3R

M35 e2MEL, EAMBERBILIREE BT 2 Mk

L~ (BRI E), BILRERANOER D50

A R 2SI, AR YR ASNOxHR B X OV

BN RIAT TR B AR L 2. BB oA, 1~

Yz & —PUCAEAELE S 2 BRIRE )7 3 o0 iR

RAL 7 22k ) B s, SHEROBIRF R 5 D284,

& REICIRBES N — 21N TS s e, 72, [

PRBEREE 2 W2 SR 2 &~ TR L TR %

R L, RO 25 AR O ESNOXHEI I KT T

Brd~iz,

FRRERIIUT oMY THh b,

(DFAbZ2 LU e m 2 A5 L Wil KoMkt 2 2 %
ML 786121%, NOxHEI I3t & ki Ak L v %2
ZERIMEDORBIZITLE AL R L, NOxHEE LN Vi
FEANAIBI B RIREZTTE T 5,

(2FER 25 L2 5a12iE, ) TRuEAEL ) HFIC
NOx L NV 225 SRR O #)3 i X D AR
WAL, BRI L ~OVIC & B EWIZIIRE IR S
NBDS, ZBEWMED LAY, ZoRBII NSk
D, MESEEEBALE[REETERL kb,

(INOxHEH IF ZB & E D LA I TRA L, ks
MEEBZ5R5E T, Bk KR EI450K T
1 ppm, 1800 K'T10 ppm (15%0:) O #@ENOxHE H
EREMMENFEIRTE L, TNTH, A7 VOFETFIR
AIRBEIC BT ANOxHE L NV #1505, % H
BPHE L TFRAAZOEEE X TA2HTTH 5,

WBRBOREE L VR ERBEICBNTALNT
NOxHEH 238 B RAL L NIV IZBWTHR/NE 2 5 &
W) FRR AL, RAL L OV OEWIT X B KSR

Download service for the GTSJ member of ID , via 3.137.214.24, 2025/05/02.



152 EHRRREFBRGR DB TIERICRIE TR LNV S SURRBEOTE HAARZ —EZFR5E

HOEIZL Y HHTE %,

(58 & PR KW FE T, IROBRFLE < F T
(BRBERNZ999% DL ) #MiFFC& 2, F72, MHERE
Hir A v P75 —ORREREIE, HHEWTOR
VBB b & BIENOXBBEDFEBUI K & 2 2 F0,
AWFFEDOFERIC LV, ZEAHMREERO 1 B HIZEA

FRBERE 2 BAT B 1 Hh 7o THWICHM LT — % W

BTHTENTE, TOBREEHL, TOFEHAMEIC

) 72028 %2 D TW L FETH o

B

AFFEZ R DI, WA L CRIGE TS
HBBE 2 T 725 U220 L B TR A — 35
eH, WaBRE &AL, 2 AV Y —RBYEL
THW RS RN R 2 5 IR ET -7 T ay
TOERRIEHE L LT 9 TARERT -5 OG
ZH72h, MIHEARE, hEERIIZERICH L TH
Wl EERCEILE L BT EY,

& E Xk

(1) C. E. Romoser, J. Harper, M. B. Wilson, D. W. Simons,
J. V. Citeno and M.Lal, E-Class Late Fuel Staging
Technology Delivers Flexibility Leap, GT2016-57964
ASME Turbo Expo 2016: Seoul, South Korea.

(2) S. Hayashi, and H. Yamada, 2000, “NOx emissions
in combustion of lean premixed mixtures injected
into hot burned gas,” Proceedings of the Combustion
Institute, 28:2443-2449.

(3) S. Hayashi, H. Yamada, and M. Makida, 2005,
“Extending low-NOx operating range of a lean
premixed-prevaporized gas turbine combustor by
reaction of secondary mixtures injected into primary
stage burned gas,” Proceeding of the Combustion
Institute, 30:2903-2911.

(4) N. Aida, T. Nishijima, S. Hayashi, H. Yamada, and T.
Kawakami, 2005, “Combustion of lean prevaporized
fuel-air mixtures with hot burned gas for low NOx
emissions over an extended range of fuel-air ratios,”
Proceedings of the Combustion Institute, 30:2885-2892.

(5) S. Adachi, A. Iwamoto, S. Hayashi, H. Yamada, and
S. Kaneko, 2007, “Emissions in combustion of lean
methane-air and biomass-air mixtures supported by
primary hot burned gas in a multi-stage gas turbine
combustor,” Proceedings of the Combustion Institute,
31:3131-3138.

(6)

12)

Download service for the GTSJ member of ID , via 3.137.214.24, 2025/05/02.

H. Fujiwara, M. Koyama, S. Hayashi, and H. Yamada,
2005, “Development of a liquid-fueled dry low
emissions combustor for 300kW class recuperated
cycle gas turbine engines,” GT2005-68645 Proceedings
of GT2005 ASME Turbo Exposition, Nevada, USA.

P. B. Robarts, J. R. Shekleton, D. J. White, and H. F.
Butze, 1976, “Advanced low NOx combustors for
supersonic high-altitude aircraft gas turbines,” ASME
paper NO. 76-GT-12.

M. K. Bobba, P. Gopalakrishnan, J. M. Seitzman, B. T.
Zinn, 2006, “Characteristics of Combustion Processes in
a Stagnation Point Reverse Flow Combustor,” GT2006-
91217, Proceedings of GT2006 ASME Turbo Expo
2006: Power for Land, Barcelona, Spain.

PSR, RORT, PATEERE, ILHTEE, MK, 2014,
VEA RS TRIRBELZ 51T 2 FESMERR I T T WS RE 5%
B, BRNBART A Y — ¥ oy W 2 R S
%, pp. 249-254

T. Saitoh. T. Nakasu, T. Hiroi, H. Yamada, S. Hayashi,
2016, “Emissions Characteristics of Combustion of lean
secondary premixed gas jets injected into burned gas
from primary stage by lean premixed combustion
supported by Reverse jet flame holding,” GT2016-
56826 ASME Turbo Expo 2016: Seoul, South Korea.
FRZRSESC, FEEIR, IUETFE, POX, W IR 5e— RIRBELC
L B IRBEN A " IR RS R OIRBELUS ISR L 72
TR X 2 BURNOx/EBY P K, 2016, H44[m H
ARA R Y — ¥ apgx e W SR SCE, pp. 227-234
T. Hiroi, T. Saitoh, T. Nakasu, H. Yamada, S. Hayashi,
2016, “Effects of Atomization on Emissions in
Reverse Flow Flame Stabilized Combustion,” Asian
Joint Conference on Propulsion and Power 2016,
AJCPP2016-163: Takamatsu, Japan.

A. H. Lefebvre, Atomization and Sprays, 1989, pp. 238-
272, Routledge.

G. Leonard, J. Stegmaier, “Development of an
Aeroderivative Gas Turbine Dry Low Emissions
Combustion System,” Journal of Engineering for Gas
Turbines and Power, 1994, Vol. 116/543.

T. C. Bowman, “Kinetics of Pollutant Formation and
Destruction in Combustion,” Progress in Energy
Combustion and Science”, 1975, 1: 33-45.


http://www.tcpdf.org

