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Abstract

The NOx Technical Code under the MARPOL 73/78 Convention ANNEX 6 specifies the NOx emission limits and has
determined the direct measurement and monitoring method for the on-board NOx verification procedure. But the
monitoring method might not have been established yet, since it is reported that some results of NOx emission values
measured on board exceed the 15% allowance even in the case of engines with certification. Since there are several
constraints in the measurements on board, the uncertainty is enhanced comparing to the measurements at a shop-test. In
this report an alternative index is proposed to reduce the uncertainty and simplify the on-board measurement. The index
is named as NOx13 that is normalized with oxygen concentrations and contains the correction factor for humidity and
temperature. The NOX emission value, NOx [g/kWh], is theoretically correlated to the NOx13 as in the following
expression and the correlation is experimentally confirmed.

NOx [g/kWh] = a;xa,xbe [g/kWh]xNOx13 [ppm]
oy, oy ; constant, be [g/kWh] ; specific fuel consumption

Furthermore, in this study, the NOx emission measurement, made on the same two-stroke engine, and with the same
gas analyzer, was carried out on three occasions. That is a shop test, an at sea trial and during in-service. The effects on
the NOx emission value are discussed with regard to the derivation methods of the exhaust gas flow rate. They are gas
concentrations in UOB (universal oxygen balance) and UCB (universal carbon balance) method, compositions of the
sampled fuel, stability of engine output power in operation, and the temperature & humidity correction factor Kyaics. The
coefficient of humidity term, for the factor Kygics, should be larger than that of Kugies as specified in the NOx technical
code. This correlates the NOx emission values measured at sea trial and during in-service. The temperature and humidity
should be measured in the engine room rather than in the steering house. The stability of the engine power can be
evaluated alternatively by using the C.O.V. of the oxygen concentrations. The NOx emission values on an actual vessel
do not agree to those at a test-bed due to the effect of the derived exhaust gas flow rate and the temperature of the

intercooler outlet air.
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—_ Fuel (Sea Trial) 0/./ 7
© o DM s
;: 25 | SRM_ ,./’ /,/, 15f’/3.
8 4 E3Cycle .03, o v,
7 Vd
2 . 09'/8 o
K

E 20 » 4 O O /./
; o A‘ O,/ ‘/'O
i‘ OOQ‘/O,’/ ‘/'/
2 /',&// ‘/'/

» 15T 04 7 C.O.V. [%]
x Syl o DM; 10.26
o > e o RM; 18.51
< (07 AE3;12.94

10 - L . ' . .
10 15 20 25 30
NOx, [g/kWh]_shop test
L ——
X-7 NOx & Hi #[g/kWh] T D
Be LB LA E RO MR
— 2500 . _
0 C.0.V. [%] o -
= 2250 | © DM 6.67 DALY

© ° RM; 12.98 ;o ‘g 15% -
> AE3; 529 o A |
¢ 2000 | ,

| Q(;) /gé /‘/
‘£1750 | RS
oY //2 P
4
L1500 | - N

o o // e e
L 250t ."83/ _7| Fuel(SeaTrial)
X S, 7 |0 DM
Q T |0 RM
> 1000 f, L E3 Gyole

’ a
750 L i i 1 1 )

750 10001250 1500 1750 2000 2250 2500
NOx13, [ppm]_shop test

B]-8 NOx13[ppm] T D =

HER A L EFR O g
DEEMHTIEDL LRV, HL, KEBEEOFHIE
MNAKEREICRDE, FOEEEGFHEL TN Z
LB,
4, EEEFBIEMESFALEOLER

BTEC NOx HEHI =8 & NOx13 i, BRI AENT &
VEBRBRENPSBVWHEBEBEERS D Z LTS

(133)

NI | -El ectronic Library Service



Nati onal Maritinme Research Institute

20

[ NOx [g/kWh]
223 NOx13 [ppm]

RM grade DM grade E3cycle
Fuel at Sea trial

-9 e RERBR G L BRI O ZER O s

Niz, TZ T EREE &M LETOHBIRERM
NOx13 Z AW T & D X 5 2 BRIZ2 2 & 3Tk 3)
EO8)DTF —2 % HIZELET S, A—HHE, F—4&
MRIZBITDHRBE LM LETO NOX $EH R0 B{E
ZKX-7 12, NOx13 [ppm] COBFE % K-8 12 ="4, =
T, RBRE ToOMEABENT DM BRHE, LT
BBz L >T DM #& (CH), RM #% (OH) #k¥
ZREALTWS, £AREIL 25, 50, 75, 100%
TOBREEFR LTS, NOX HEH S ITM E o F sk
BRATORBELY £EMICKEL, 215%0HE %
BRB5T—20B%Z\\, —F, NOx13 DE4L, 1FL
A ELT15%DEFEMNIZH 5, NTC NI H 5 EHEEEIC
M2 4 AR CTOHHRIZHT 5 ELA x EHHE
THDHEIVA I NVTCORRELHFETR-7TIZR LT,
X-8 {Z~9 NOx13 [ppm]DE&IziE, LTI RT
B & EHEE Az,

NOx13,, = )" W, x NOxI3, (14)

ZIT, Writ E3 A 7 L CORAREDEHK
#,, NOX13i I EATWRTHD NOXx13 Th 5, NOx13
THEMNOT— X TRD L, MEDERN 15%%
ATWIERLFEET DN, E3 A 7L L EED
THBEEITI 2 LI Lo C, ERBRE LM LT
DEITNEL BoTWD, HFE&ETHERLIRRE &M
LETCOZEEFMT B0, RUSICTESHEL KD
7=

2
COV = 1 2“: NOx13; - NOx13 (15)
n I NOx13;

nIZEHELEER, THREO LIZEEREE O, S
W ETORAMELRT, NOx HEHHETH R (15)D
NOx13 % NOx #EHZFEI A FE Lz EHE ORI T
fliLiz, TN FNOEBEROHERKELR-9IZRT,

(134)

NOX13 D 578 NOX HEHH R L 0 & BB R/ & 0
ZEBNDMNB, £, NOx13, NOx HeH=R & ¢
s T DM BIREL 2 W2 B A 0 5%, e -2
Re& DED/NE W, [ — grade BB TH LB 5
DX, 21 CH lZ 0By D& WO, # 1
T RM BB 265 U2 c BB 5 84 5
DX, Fuel NOX DE B bstE2 515,

5. EMEHR A&

WITHE EROYE EFHEITO NOX HEH R p s R
ZRAOLDIIT BDITIT o 23R DWW TRT,
B A EhE U2 I3 b o3 62,190GT, #HiEE
£ 21,417DW, £ %45 5,400 & @ B By 3L EH AL T,
FHEBEFE LA R-2 10T, MERENL, BAR G
) Dh Yy HR—VIZmd MR ER L
FrEEIREIIL 2006411 B 2280511 H 308 %
To 9 HM, HEEKIZ1E 48 (HL, 22
23 HIZ1E, 24 BIX#EROLHEL, 30 HIiX
3E), F25ETH D,

PV A REF B IIMANICE RIS L FiAR
NOx, O, (45 8 /ERT & /ERT 8 MEXA-720, Zr),
CO (B EH/ERTH CGT-7000, NDIR) % il L,
RETFHEEICERER L 7-, BB ACK
LTRETHAEEBELZHEAL, BEE, K
BE, ¥—RF vy =V v EEBERE, F—FRFr—
X F—E AN - HORE, BEH S (iS5
), BEEREE, MLy, =7 —J —FBHKA
0 - HOBE, 37 index, BEHE, BREHR
ExsBl Lz, XK&EE, KKIBE, HBE Iz
WL, MBEE, Tox, BIEE0 3 ST CEH
BZE2ITo 7z, HEAE, ¥ v & TIIHAKSE (7 X
U R TH-321), BAEE CRMANERES Y
ALK,

M EEEICAVWEY =7 (Zr) &K NOx - 0,
FHid Wet £ETH2, NOx & O 2 —o D& ¥
TRIBIZHATE ZERTEAHARD D, L,
L, Yrva=7r¥ix NOx BEESFTHIEL L
TIENTC IZIFREH I T\, 2 THER
WO, EERABRE COHBERICLER L

#-2 BT
SN 22 btmr—7
Bk 8
AT [mm] 600
A b a—27[mm] 2300
EREH T kW] 15540
EREEREE [rpm] 104
EEFFIET [MPa] 1.72
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1 LR SIS H8% H2s (P 204K Kl 9

#-3 REFZ

NOx 02

Casel | CLD({LZ:%E, dry) | B&k

Case2 | HCLD(M#EMLZERAX) | F A =EiEK

Case3 | Zr (VL= =7T=R) Zr
3
* Caset 8 11400 &
o Case2 4 Q.
acase3|R a 11300 =
i 11200 ©
. 8 =
3 A 11100 ~
_81.05} v
x A O
O o pd
> 1@
= A
6 o o

25 50 75 100
Load [%]

-10 FHREIZRIC X D HFHIE, RE~DOER

(CLD) &m#EbZ %% (HCLD) NOx & & [
AT VBRI U, RIS LABRRE
WDOWTIEANOXEDBERGEF &R TWDH D,
FNEFENIHBLTCWBAEBERFEZB WL, 35 —2X
DEBFROMLEbEEFE-3IZ Case1~3 £ LT
T, R-10 KB BICHT D NOXBEE (Wet)

LHAEL A Casel TO NOxHEHERE DL ETRT,

723, Casel ITE X &t BEREZB Y A4 H
BLTRLTWS, £72, NOXHEHZEEHO =D D
BEHAMBEERICEBREANAT VAEEZHHNTY
%, NOx X Casel 3k b < Case3 &R b IK
v, L#L, Case3 & Casel, Case2 Lt DEE =
R KRKTENEL 85 ppm, 35 ppm TH 5, NOx
HEHRIZOWTIE, NOXBE LV AMEBEEICH
W5 O IBEMNERT AN, Casel LEHELT
Case2, 3 X +5%LINICILE - T 5, £72, Case3
L Case2 & M #EiX, &% K 0.9 g/kWh, Case2 & Case1
LDEITHZEKRK09GKWh TH D, LLEL VW HIERE
THHBREESGE L TOREEELEZE L T Case3
D Zr A NOx - O 3+ & LB E, BEAR, L
EHMEBETHERAL, SO0 REEL LTUT
THRE%21T.

¥ Mes. Comp. No.1
0 Mes. Comp. No.2 o 3 :\8‘
v "
O 2
0.6 . 9 Q 1
:\5" 0.5} v
04 0o © O 3§
0.3 . . 4 . 11
o O (o} Ny
v ¢ {1052
v v T
. : : 10
— 87' O O o
= 86f y o
O 8s5f v v
1 1 5 v

11/22 11/26 11/28 11/30

B-11 BRBEOATRE R

6. FHABRRURE

6.1 NOx HEH=FIZB L 2 5HHIEE

NTC ®» NOx HEtH R o B HAUI (NI TR EN
TWAN, UTTE, ZoF»rbHklrAKE, H
77, Khdies IZ2 W THRETT 5,

6.1.1 HETAHREBCRIETTEEELREHSO
B

BT ARBELEET L HFERIRBEAT VRE
(UCB) & NT o 23k (UOB) b5, MiE
Z BT A - DI EMEFIC OB E & FIFFIZ CO;
BEGLFHB UL, £72, HeV A MBEEICITRE
MENEETHOT, BEHHER ST 21T o 7, £
B L72RBHE R — o mmiech 523, BRI H K
2L LTA4EERL, ESIA—Y 7
LT 2 # (No.1, No.2) THELSH E2IT- 7,
K-11 BB RE T, HEIHFER LA
FThB, B, BEFHBRHETRMEL T TH
ST DI IR LTVWARY, MELERID
11/30 OFiE KR, B#RH, oA —HIZLD
EFIFEAERY, LAL, REEERE, O
A—HIZEoTENTN 1%EERRD &, B
BMANEL RDENEL RBBEANH D &R
B, KBS A—BITE > THRK 0.5%#
ERRBERE o7,

A RZA ARSI ORBE L TRD D
EFVBRBHERETEH L TW5D, 20T T VR
M E 2o HTRERE AW, £ UCB,
UOBEIZ L W B L7z NOxHEH & & Z D EHE
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10
— 1.5
L o Model fuel A
; v Mes. Comp. No.1] *0-5g/kWh
x 1.0 | [o Mes. Comp.No.2| ,
2 NOx,0,; Zr ,’/ @/
o 0.5} cosNDIR 7@ 2% oF 9
3 DO g
’><\ 0 ,’/ ’ //
O /// v///
Z| _05 | /// A ////
X
g 1.0 ¥ -0,./59/kWh
15 R
-1.5-10-05 0 05 10 15
(NOX-NOX) s [g/kWh]
B-12 BREGTIC L DHEV A EIED =
1.5 A
g e +0.59/kWh
1.0 s P
NOx,0,; Zr L’ i
=< CO,;NDIR v
2 0.5} Fuel;No.1
o 0 I ’/, ///
Z' ,// ,//
2 -0.5F .
E R o) s
X' e &
O -1.0Ff 7
= -O.%g/kVV
~ )
-1.5
-1.5-10-05 0 05 1.0 1.5
(NOx-NOXx) [g/kWh]

K-13 #BEtZ 7 ATORDIREDHE

NOx & DEZF L TR-12 12789, 3 D08k

DA TIE, No.2 Mm%z AV 8Eaa,

& b PR

RERESSFHEL TV 228, BB O Z TR E <

2V, BEV ABEEEIZOWT

I, T VBB

BROEHETE UOB & AV 72, No.1 4 DB A1z
UCB Z WO RENRET RELLFMEh TN
50, MBEOETN 25%RETHY, e EE
BIREDERIEIREL RV, ZORRIHET AKE

OHEEMBEENMEL Z LB L=
Do

(136)

& VeRK%TH

T
""; 1.04F Model fuel 2
= > UoB "
\g Mes. Comp. No.1

g 2 Uos

s1.02¢ MJSBComp. No.2 g
g ° UOB é 8
o o e} 2
N 1.00}----- ppc AT R By
= eg B
£ 8
ha
O (.98}
=

70 72 74 76 78 80
Load [%]

X-14 EMPCTOHPTRITEOER

SEIO 4 BOY 7Y v ZER—MHRE T
DB ONTG Y X 2S5 LIz Lichk b,
13 WZREHERR DT Y %25 NOX HEH A~ KIE

HEEIRT, BEIIEEY X R R L TV
HIcEB LB oMo mEREE2HVCE S
U7- NOx el & SEHE & o, fedIswic
BRI LB O STRE R (K-11 Ao 11/22)
ZARARLLUTHWTHRE LKL NOx =

(NOX first) & EHME L DEE R LTS, UCB,
UCB D L6 0REEEHAVWEEETY, BRE
MAELORBIEZ M - 72 NOx PEHIZEA K & s,
RELABEL > THL 2% BREDPETH Y, NOx HE
HERIZRETEZ VI ABREBEBEONRNT Y XD
BT AHEEBIZEIDEI D B REL 2,

B-14 15 EIFHEI L= AR 70~80%I23F5i) 5
MM H DS 0 A &2 EHMEICx+ 54
MEE LTaRT, EOBEBHRE, TARBEEEE
EFRAVWTCHHY AREICIIRE 2E X2, 1T
—EDHETH D, UCB TEHMEM O HEK 4%,
UOB T2%DENH 308, AH R 70~80% D &t
T, AWMEOB(BEME N Y0 DY R F
BA~RIETEERIREL AW,

6.1.2 REAWMDOEEE
REAMOLEMRIZELTIE, 14 K4 T
7Y 7 — b 1HzZ UL ET10 58 D&
BEITV, 2D C.OV.RE%BL T TRITNIERS
WL LTWS, SEIOFHECIZEH oW 7
Uy Z v — MNIEHFHOHIBIZEY 0.1Hz T
HDN, VRABEIT 1Hz TEHILE, 22T
REOEBHERLWMH D DL EMEIZTONVTEHR
D,

X-15 {271, NOx, Oz R E DRI 2k — 4]
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1B AN Z £ RIS

e
o
% 12500 ¢ Ave.; 11275 kW
o 3 C.OV.:223%
o = 11500 B5°
o X .
5, 10500
i =
W 115 3
e
i o~
— AAAAAM A A AN~ T O
£ ; : . : . ot 13
o 5
> 1150}
) . ‘ , .
= 1100
0 2 4 8 8 10
Time [minute]
(a) & EMEF
|
s
Ave.; 4720 kW
8 - 6000 C.0V.:10.3%
o= BS000FFIV% T 7T TN N TN LA
€ X, o I I
o :
b .
W {15 &
— ‘/J\//\/\//\/ 14
€ 1350 . 13
oY
& 1300} W
x
O 1250+ -
Z

0 2 4 6 8 10
Time [minute]

(b) it P& E ML
F-15 7, RERES

BT, () REREME CEHHSN 11275kwW,
C.OV. 2.23%), (b) TR EHEF CEHH N
4720kW, C.O.V. 10.3%) OFFEFETH D, (a) 1F—
ERETEMFTOT—2ThHY, FHE»S 5%
ERBZATF =13, (b) i, HEEIEYERMPI
HBLAET—Z2ThHY, HABREHNL £10%% 8
25T — A bbb, O REIZHAOEHIHTS
BREENS WV, ARAENT 3 & OB+ 52,
ThE, AWOBEIMICEVREIENBEERELSRD
—F, BEREIIF - URN BN ITIBTE
TERVWOTIRE—-ELRD, ZXBRERIEDT
B0 ThHDEELLND, FHIIK LT NOX ##
EiX O EIZE DB,

M-16 1 H P ¢ BFBERE DO COV.OEKRIZOVT
RY., —ERETEMPOLE D C.OVIIK 3%LL
FTThHhVEELTWNWS, HAOALBFERED C.OV.
WITBBREERH Y, VA PS4 TR T
D C.OV.BE%LUNTH S Z L iTxticT 28k
FEED COVIIHN1.25%LNTHD, ZhdD,
EMPOHBIZE O THAFBBEE TE RV
Wi O BEAZRAVWCHAIOE S 2R T L2 LN

& H2w (EE204EE) AR 11

3.0

L)
3‘2 2.5¢F ) //,
~ 20F el
O It
Y R
:
O
O

5.0% R?*=0.9378

"o é 4 6 é 10 12
C.0.V. of Engine power [%]

H-16 HAHL O EED C.O.V.0OM&%
TEBIENDLMND,

6.1.3 EEBEMESREOEL
EREMEGRRIIF, 2REBRINTER
10, 13)~15)8 ) NTCIZBWTA v ¥ —2—F (lIC)
x5 ¢ —F MBI A5 IREEMEREK
KHdies liﬁ(Z)fﬁéﬂTV\éo

£-17 (@M B A P O IR IR B A EAR L Khaies
ORRINTOEEFRT, BEANL VYV TR -V
D 9 ITHE - T Kudies IERE < 720, BLRIRRE
DOEREREBIZELLTHAER, f & —7 —
SHNTORBBIZEZ > TV, HEAE, 7 v %,
BEFEE TO Kugies ITRE S BAR D, MBEETOR
BREL/NEL, BTV, ZHEAMRIEER
iz ko THEE~BRET> TV D DICHE
Mz AROBRBESENSRLDI LD LELZD
nas,

HKEBOZYUMERTEZDODORI[BRE f 17—
REEEATT 1+ —EABBEOREE, L TOXRTE

b,
0.7 1.5
=% ()
Ps 298

Ps 1278 % KGE[KPa]TH b, WBEROT—F %
BAWTELE fa 2 R-17 17T, 4B 0GR
Mo fld, REVEFDREETH D
0.96~1.06"9Iz A - TV /=,

X-18 ICHERA=E S At = TR LRI E 2 H
W72 Kigies & NOX I2E DR EZRT, BWER
70~80%T? 18 HOMERDOLEFRL TN D, #
e 2 O FHEME 2 A O 72 Kugies (THEBIE O S G &
RTKEL, EORTYERKE W, BIREDOF
BMBIZIEECTHY, MEECTOREETR L
EChD, SRIOFHHEF CR—AREOHBICE
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200090009%90000000 :;g - F-4 Kugios O % B HIEH
14l 0000 _0:9453 Ha Ta Tsc
o Engine room v v7Y
1.3 b|v Garage deck PR L A KHhdies_imMo -0.012 -0.00275 0.00285
: * Wheel house .'v A\ A4
g 2 6 SUREIR 22004 FN Khgies 2 | -0.0175 | -0.000911 | 0.00804
:{I 1.1F b3 000000000000000
101 ¢ o¥ o
v [} Q. -:1-0.0120‘la~10,71)~0.00275(l'a»298)
0.9p %038 ™ commene & Kuges DBIR% WEICRT, M NOX &
2B 2 e nizs w29 130 i3 100 ppm U ED AT Y 2R85B Y, Loy iRIE
ERMEREICH L CHEE 255, —E0 NOX
BI-17 ¥ 30300 R 0 B B A IEAR B D 2 AL EESE ATV, NTC (X, BHRYHE
DEBE L EETFORBN HIITHOREN 2
STHRWVWI ERREBHEIN TS, 22 THEYX
1.3 > oo 70000 R 13) & AR 4[] 00 3RS 2 & E R A5 4T %
S Mo, 0 2r TV, AHBICE > 7 Kuges £R07, E-4 10
12y S~ Ha, Ta, Tsc DIRMkH 7 L, [©-19 1T LAS
o é’\\ L REOMTRY, B CIREEMTE 21T
g 11 "’. .Q\' &, NOx fIEMEIE KRR &M X 595 1230ppm
G - o T L7 B, A ER D I ERH (Kugies_o) 11,
10~~~~"~"~*q;~~69~" IMO # AR be = TR T 1.5 1%, IR K
® Engine room .\’\ 1/3 @{%éﬁ%ﬁ@:&ﬂ:fi@, 4 A bu—ray
0.9 F | _o wheel house (S = XEETORE VLR BEC ST AW
: - : : ERELSTOLERDSD LV ERIC T,
1100 1200 1300 1400 1500 1600
NOx [ppm] 6.2 WF LEBI LB LA OB L EROER Y
r
-18  RITEE RN IE O HE IR ~ D BB B E COBBHC L Y, EAE R Ok
LI o, LT CiEELRERE, B EART
DR EOHBEFTH .,
\ X-20 [ZH AWM EICTT S NOx HeH RO+
1.4} A 4 TR RBE, W L AR, EMETORRE TR,
— &: \v 2 Ko Khdies 13-4 1278 L 72 Kudies 2 Z AV T WS, 2
1.0} ; g Load; 70-80% TOREFRIIFE R (Zn CTITbhLTH
£ @ 1? Ky engine room 0, HEH APEEIL UOB THEIE LTS, Wit
¥ ool b vy P e DEHH A NOX ICEMRT 5 2 L BEER TS
i ) RSB OREEHRIIEERBRETO DM
oal O?o ' FARENT 0.19%, ¥ EAREFD DM, RM fRIAE
: : T 0.15, 0.2%, ¥ L5EHFET 0.42~0.47%Th
1100 12100 13'00 14.00 15'00 1600 5o NOX HRii#IT, \Bﬁi%i\tﬁﬁﬁ, e
BEOBENCE L, BE-RLEEERELL
Kiaies XNOX [ppm] TV 28, JEMP ORI ERRE, B LAR
RER D B8 2g/kWh BL E/hES W, Z OE X EH T
X-19 REEICL2BEHBERTEDOLE DA 70~80%IZ8 T % NOx HEH = 0 = (R

WTEA Y 2 0%, FiEE Tk

AT BB AL D 2

b, BAHAB Y DT 2ARE, BEAHOERE
EEZETDHEREEUMCRNEEZONSD,
-19 12 NOX R EEIZ Khgies # 3 U THHIE L 7= NOx &

(138)

# 0.37 g/kWh & HER2 L+ k&0,
ZORKEEZRAND 010, M-21 1o LRBRE,
LA, EREOARE 70~80% TD NOx HE
HEICHETAKEROE(ERT,
NOx BEH X, MW RT IS ICREEFBE
ENTZNOXBE (Kndies XNOX [ppm]) & BLfT M
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1B LA e SRR

- = K
¢ Testbed DM Engi}zme room

' ~0— Seatrial DM NOx, O,; Zr
—o- Seatrial RM UOB
OF 2 OnboardRM Fuel: No.1

NOX _NOX‘Test bed 75%load [g/kWh]
R

25 50 75 100
Load [%]

X-20 Kpgies ®FIE L7ZHEHIETD
fe b — ¥ BRI o

FHEF- 0 OHET X RE [Kg/KkWh]DFETEIND,

TOmMET R BT S &, NOX BEHH R TIHIZIEFE UE
WwholoEERBRE LELAROKER, BE, 8
HAREE DR -TWVWEZ ENbn5, LR
L ELAROEROLYL L LEMBLEOENT, B
MY O ARBEO TN KE W, AR
THRENVPKELLRoTVHDIF, F—FRF¥r—T¥x
OEEEEo [rpm]icbENR TR Y, B EARRRT
EHMEL DV 10%KREWN, ZOHEB L LTI, BLE
ARPLESEOEMEOFHAE TH 1 ERFEL
TWAZEIZE»T, #—E 7 L—RDiERIE
B, B—C HEBEENRO L ThDEEZ
L3,

EERRETCOBEMB ALY 0BT AFHEEIX
BHEBEORBR LR TREWE, ¥ — ¥ U RIEGEHEE
ITEMEEIEEAEEDLDL R, ThiX, iET2
(-22 \ZRT LI ERBRREOLESKIEEIITSN 10
~20CIEL, BENRETRELL RoT2Z W, F—
HEBEAPHBTAEDIILELREZ — v EEGREE
ERWAOESEIBERDO —DIholtEBEZLOLN 5,

PEoz b, S0 EEREOFENL, 25,
A ARBEOBIIB W TELERARE XOE EAR
ML B —RECTEHBRITZTWARNWT & 2R
LTW3,

Be FEEBRE TOIREEMIE NOx B it o &4
WHRTEWMEEZRTY, TOHHZAL7Z2HK
222 17 Kngies2 EHERBOKEHOBEFREZ T,
Khdies_2 IZIEMEF D Ha, Ta, Tee ZAWVTROD T

wek H2B (R 20 FE)

EwmsL 13

L‘; & Testbed DM
F O Seatrial DM
«~ 1.28F oSeatrial RM 8
QC? 1.20 AOn board RM A &%
3112 op 5
o o : 14.8%
B = A h St
< A
9 A @ 14.0 g
—_ 55 * o
T R
< =
TR oA {4005
300F
TLAMAA L AA MM §250 ¢
= : . -
g 11000} o
S 10000  AAwA @ on 08 =
' ’ 3 ' ' 10 =
4
E_ UOB:&% 200 MO 8 2
Fuel; '0.1 . »—:
% :ggg NOx, O,; Zr . 6 ;
1 2
O 00 ‘Fa o Wb .
X 1100 : ; ; - NG
g 70 72 74 76 78 80
v Load [%]

-21 Bel, ¥ RO, EHLF RO
FHE R VR HIE B O gk

20T, EEOEE, BEIT Kidies 2 (2K LT
EREICSH LTINS L RERTE S, BER
Bai L L AR TORHERERIE Kigies 2 DR %
BHTABICAWTOWARWYE, B EARKROMIT
EHEOEA—EREEHD, TNICHLT,
fe ERBREHEOMBITERD DI, Kudes2 T
METETWRWNWILERLTWD, Kudies_2 1
Ha ; 4~20 g/kg, Ta; 27~39C, Tsc; 51~53C
OHmETRODLONERERTHY, TOWHEICEE
NARVEERRE COMEIIAFO&MMIM2
D, RLLTCELIHEINTWVRY,

F-22 [ZIXRBICHBEBRE NOX BRETH D
NOx13 Z 8 TR LTWS, NOx13 12X (8)TE
#EE&ND, NOX13 DHFATHRERRE TOR
BIEHERLENSRELIANTVWEIDIZILT,
FARBEORKRIL, ENROBRL LTS,
“hil, M-21 R LB ERBEEICE T SHE
(02_sur-0.13)/(O2_sur-O2_exn) NEME LD KEW
DR LT, BREHTE NOx BEX/DNEL,
BRELTHAEIHEBINDI LD THDS, HL,
=22 ® NOX13 1% Kudies 2 IR L T E 8-> TH

(139)
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14
 ®Testbed DM Load: 70~60% T
| ©Seatrial DM %, Oy Zr
o Sea trial RM . _ 1800 2
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