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Development of Low-NOx Fuel Nozzle with Eccentric Pilot Fuel Injector *

Takeshi YAMAMOTO *', Yoji KUROSAWA*' and Kazuo SHIMODAIRA **

Abstract

Research of combustion technologies to reduce NOx emission level of aero engines below 20% of ICAO CAEP4 Standard
is progressing in JAXA TechCLEAN Project. To realize such low NOx level, it is necessary to use not conventional
combustion system but advanced one which utilizes lean premixed combustion. Many research projects of the premixed
combustion have been conducted for many years. But it is not in practical use yet, because it has many problems, such
as low ignition performance, flashback, auto-ignition and combustion oscillation. We contrived a new fuel nozzle concept
aiming at high ignition performance. First we made an ignition test of the fuel nozzle and it was confirmed that the fuel
nozzle offers high ignition performance. Next we tested it in the conditions up to pressure of 800 kPa. From the combustion
test results, it is understood that the fuel nozzle has possibility to realize low NOx emission level, but it has not reached the
target that is 20% of ICAO CAEP4 Standard.

Keywords: Aeroengine, Combustor, NOx, Fuel nozzle, Ignition, Fuel staged combustor
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EIHC, EICO, g/kg
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EIHC, EICO, g/kg
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EINOx, EIHC, EICO, g/kg
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Fuel mass flow rate, g/s
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BIROZEAERL TS, 254 0y MRROEIA Z &
B> TCOMWA U, BRBENED E £ AN H 5
2%, NOx & HCOPRRBUKIZIE ~ETH 5., /510y
FMRRIOEIA EED B T LI K BREIED LRSS
2500, NOxOPEHIERBIZIEETHE I EH 5,
A4V OKRENIA Ty b OPLEUK S & RIFEE O NOx
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#61 TaTVYVLTOHA 2 ILDOREMIZHE T 3P ER

Combustion efficiency EINOx EIHC EICO
LTO cycle o
% g/kg g/kg g/kg
7% MTO 98.8 3.2 3.1 38.1
30% MTO 99.6 5.7 0.3 13.7
85% MTO * 98.7 7.2 3.7 39.9
100% MTO * 99.0 10.3 2.3 33.0

* Pressure is different from LTO cycle condition of ECO engine.

#6.2 CAEP4F:ME(E & o Fhifig

NOx HC CO

Comparison with CAEP4, % 39.8 56.0 117.3

B3 PHIEBIE, 7% MTO &0 Tld 5 — 2 5 5 N1,
30% MTO Tid sS4 a v MRROAZEH LD XD T
— 225 HhHF, 85% MTO Tid 54 1 b+ IREHEI4 135
%DF — 4, 100% MTO TI3/54 17 v | 2.5g/sDF —
ANBIEL TRD 72, 72771, RIRBERERD IS4
HiPH 2 800kPall FTH B Z 75, 85% MTO ¥ & O
100% MTO & ic Wz ax ¥ v OS54
ZLTELT, ENOEEIEVEDEUEL TS,
#6213%615» 53KD7~LTOH 4 2 )LDNOx, HC,
CODHHEHE % | ICAO CAEP4 D JEUEH & Hlg L 72 3
DTH5, NOxiZzTaxT Vv HEMTH % CAEP4
FEHEB D 50% 2B LT3 A, KBS TE D H
Td B HUED 20% DRI 25 & %5 > Tr b, HCIdHkHE
AWML L TN E A, HaIHIRAETS 2 & BpBET
Hb, COIFMEM AL L TH56F, ThaMmeesh®
DOREEFINT NS, CODHIKD 7280 121F CO, DR
LD 70 O UFAREE A TR T 2 BB H D, ZD7=IC
FRBES RO UGE RSB TH 5, 4 4 VFHERIZIR
DEHERRBER 7 4 T ANOZELKILEIN & D iRhGD
HIEH AT HS LA LTS,

7. £

FOENOx 1 RE & B AMEREDT . A B & LT3 4
Oy MEOARE , ZLa v S P EAER L, £T,
ZOAVE T MIHEDE | X4 VICEIES AR
BRRE, A0 &3 fE L, KKUETOE KRB, 800kPa %
TOMRBERER A2 LR L 72, ZOME, BIEHEIEOK
WA TEOE KSR AREL 22, 2320900

LTO ¥ 4 2 )LD 7% MTO » 5 85% MTO D 414 T B
RN THENTE, A4 Y PRATRNTRED
W ENBEMENH BT ENFhr o7, RIS, Thb
D E R R, FAKRREOEE£2175 &4k,
BAEEHDO R 7 XA DN TR TH K ERE, 7
% MTO UhJE S TIRISERN R - ik 294 2 BRI O G+
EiT o7z, ZTORR, BAWITHE L TBRE XL P2
+S1+M3+E32 S PEREA W Z &2V - 72, X 612,
ZOBE ) DT aT Y VvOLTOY 4 2 ILIZB T
U7 ZVERED R & 17 > 72 Z DGR, SHRMEHEF
IZBWTRBEIENAE T 5 Z &, NOxD Pl 13K
VLD HEE AL LEWZ E RStz 2L,
SO TIXE N 2 AK800kPak L7728, T3
VY VD85% MTO, 100% MTO SFIZiED A% ED
BEZLIZHESTVD, [ENIAES Z LXK DIRBD
PRIAL R R & ORAIRENZELTED T, IELOFHI
EATD 720120, HEMETORBET I BERH B,
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