i bR BT IS 8L 25 (P20 4EE) HEHamsr 1

NOx fit EE =%V o 723 5 & 52l FiE L O
AL A SEA EHRNC BE 3 B W oE

A IERT, R BEATL A BT PR st

s

Alternative Index for Compliance Verification of NOx Emission Value Through
On-board NOx Monitoring and Study of On-board Measurement

by

Masahide TAKAGI, Atsuto OHASHI, Masaru IKAME,
Katsuhide HIRAOKA and Kiyoshi SHIBATA

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] = a1 xaxbe [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 Kygics. The
coefficient of humidity term, for the factor Kpgics, should be larger than that of Kpgics 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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g LR R AT, Ml OLELE LT, 35
ik Db O —EOEM T THR D Khdies D KE < oo in
21 (Khgies=1.222), Ta=320.15K, Pg=100.3kPa,
Ra=35%, Tsc=325.15K, Tscrer=312.05K % i\ T
W5 o Khdies=0.923 & 7¢ o - HE #EH) 72 5 % Casel,

Khdies=1.222 & 72 o T2 IEM P D% Case2 £ T 5,

FEEORKEME T, KRRAEE, B, I/IC Rk
FEDS NOX13 DR AT L TH 2% D %
EHZDZ Wb, LrL, T0OX D R
FERWTHKRREMHD NOX13 1252 5228 1%

BEHIMEE Y /< 2o TRY, BEFHREE

Wk 2 (CER204ERE) MRS 7
30 -
_ Fuel (Sea Trial) © .. vt
© o DM Y
= o RM_
o 2°[|a E3CYycle 4 0/’ o 37
(&} K4 0,/ ./‘
(Dl 7o ) A
—_ QO SO
c 20F 9’
= o AXROY 0
= Q.7 R K
= 080, e
2 /é// Va
s 1B e 7 C.0.V. [%]
X /@/ o ¢ DM; 10.26
@) R\ o RM; 18.51
pd o7 A E3 ;12.94
10 L L L
10 15 20 25 30

NOx, [g/kWh]_shop test

®-7  NOx Bk #[g/kWh] T D
Be b BB &0 b RH O Lk

2500

© C.0.V. [%] o//‘ .
© 0.V. _,
= 2950 | © DM; 6.67 2%
© o RM; 12.98 g 157
o [ AE3: 529 ,<> 2
¢/) 2000 | ‘
| i o /0 g
— o0 O, <
£1750 e
£ ?& -
/
21500 &
P I O /‘/ /7
™ | y 8:5’ < Fuel (SeaTrial)
— 1250 .
x ,/ // © DM
[ o RM
Sl S [k
- P ycle
750 4 ./'/| M R S T T

750 10001250 1500 1750 2000 22502500
NOx13, [ppm]_shop test

[X]-8 NOx13[ppm] TD [ -
R B & L3R o ik

OBEEMEFEDLL RV, AL, K& BHEHOFHE
NRERMEICRDE, FOEFIEITHL TV Z
Lz b,

4, PELFRIEMEERR L DB

B Z T NOx #EH =R & NOx13 1%, HmaIfiftr &
CEBRGERLPORWVHEBEBERRS D Z ERRS
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20

3 NOx [g/kWh]
NOx13 [ppm]

7

RM grade DM grade E3 cycle
Fuel at Sea trial

-9 b LRBR G & LA O 2 R o g

iz, T2 TR ERRE &M ETOFRFRL
NOx13 # W T ED X 9 2 BRIC 7 % % STk 3)
EORB)DT — X % ITELT D, F—H#HB, F—A
fRICBIT2RBRE &M ETO NOX HEH R B%
%[X-7 12, NOx13 [ppm] TOB% % K-8 2”7, =
2T, ABRE TOMEAKRENT DM BB, it BT
HEEAIZ L > T DM #% (OF1), RM ik (OHI) Bkt
EHEHL TS, E-AMET 25, 50, 75, 100%
TORREZRL TWD,NOX PEH RITA E oo 72k
B CTOMELY REMICKEL, £15%D&H %
BT —20B%\, —JF, NOx13 DL, 1F&
A EE15%DFEPFANIZH 5, NTC NI H 5 EHEIC
AWb 4 AR COPEHRICH T D EAAME FHHE
THHEITA 7 NLVTORELIHETH-7TITR LT,
K-8 12779 NOx13 [ppm]D &1L, UL TR
B A& SEYEE AV,

NOx13,, = > W, xNOx13, (14)

Z 2T, WE X E3 A 7 L TOXANRDE» MR
%, NOX13; X5 AWM E TD NOx13 Th 5, NOx13
THLEMNOT —Z TR &, MEDZERN 15%% #
ZTCWBLHEPLFET DN, E3 A 7V ERED
SEHEEEITYO Z LIk o, e ERBRE LM ET
DEFNEL 2o TND, EEMTHRERRE &M
EToEEFMTHD, XAS)ICTEEREZRD
7z,

2
COV = lz“: NOx13,, — NOx13; (15)
n s NOx13,,

nIZEHILEE, FHTO LikkEERBRETO, ST
M EToFRMEE RS, NOx gEtH=®RTH X (15)D
NOx13 % NOx #EHRICEH LR Rz T
i L=, TNZENOEHEOHERFEE2X-9 IR,

134

NOx13 ™ J7 73 NOX HEHI =R L 0 A FE N /h I 1
ZENbnb, £7-, NOx13, NOx HEH =R L ¢
M £ DM SR EL 2 W2 A o 708, B EFHR
B L OEN/NE W, [Bl— grade BB THEET S
DX, B 21 CH S ORI OiE N, s
T RM FkEL 2 LB B RN+ 5
D%, Fuel NOx 08005522 6515,

5. EMERIAE

WAk R OE B3 T NOx HEH SR 75 R
EHOMNMIT D720 T 2FHlIC >V TR T,
S A& SEHE U 72 I3 S % 62,190GT, #iEE
£ 21,417DW, ¥ #%% 5,400 & © B B HEEMR A T,
FHEBEFE TR R-2 1R, M EFHENE, BA (B
) Do HR— T =i R Ic =L,
IR 20054 11 H 22 B 5 11 H 30 A %
To 9 HRM, FMEKIZ 1A 4E (HL, 22,
23 HIX 1|, 24 HiIF¥EPR OO L, 30 A1
3[E), B 25METHD,

BE A A 8 BE E A PN IS B K R 2 A &
NOx, O, (¥4 A AT W AF T i MEXA-720, Zr),
CO (B EH/ERTHRI CGT-7000, NDIR) Z ZHilll L,
B IE 3043 2 4 m) 32 i L 7=, B B AR L B
LTI TINERESRZER L, REE, X
BE, ¥—FRF ¥ — Y v EEEE, ¥—KRF v —
Py A —Er A0 - HORE, BEHA (S A
), EiREE, My, =T —7 —FHEKA
A« HAEE, H3F index, ABHGE&E, REHE
ExEFH L, RKEKE, KKEE, HxigEic-o
WTCIE, HBE, T v %, BIEEO 3EHTICCE
WEAT- -, HE=E, 7 v % TIHFRAERE (7 X
U b8 TH-321), Hefes CimmBHEies
fFH L=,
mEEBEICAWEY L a =T (Zr) & NOx - O,
Hix Wet & THho, NOX & O % —o D+
TRMICEHNT A 2N TEAHERH D, L
L, Yrva=7%r VT NOx EBESIEIEL L
TIE NTC ICiFgE#Easn T, T2 CTHER
Do, FEEREBRE TOHEC LR ER

#*%-2 BEBIRE T

VYA T 2A hm—7
AR 8
A7 [mm] 600
A b a— 27 [mm] 2300
TERGHFT kW] 15540
EME B ERIEE [rpm] 104
LA #hE T [MPa] 1.72




1 LA 2 SR TR

#*-3 PR

NOx 02
Case1 | CLD({L73E3, dry) | =
Case2 | HCLD(Mn#b#3t=) | TN =EMmA
Case3 | Zr (¥ a=7=x) Zr

e Case1 g 11400
o Case2| @
A Case3 2 & 11300
L 11200
- 8
2 A 11100
_§1.05}
X
S 0 A
Z 1f--@---- & .--
] A
5 o o

25 50 75 100
Load [%]

P10 ERURRIC B BRI, B~ 0K

(CLD) &m#EbZ%3: (HCLD) NOx 7t & [q]FRF
FH A AT W BRI GE U 7o, [RIREICFH U 72 BE SR IR
WZDOWTIEE NOXFE R L it E > TN D7 ®,
FhEnIfE L CwWbsmBEHEHAVE, 375 —2X
DOFHAFXDOMAE & FK-3 | Case1~3 & LT
T, K-10 ICFARRICKHT 5 NOX E2EE (Wet)

LML 72 % Casel TO NOxHEHIER & D% R,

723, Casel XL & SRE DGR R A2 0 LIk Ici
BLTRLTWS, £72, NOxHEHHEREHDO =D
PN AR BEFEIEICIZBREANT VA EEZFH LT
%, NOx %1% Casel Mk b i < Case3 23k b K
VW, L72>L, Case3 & Casel, Case2 L D=
IR KTENZEI 85 ppm, 35 ppm TH D, NOx
PEH IOV T, NOX B B & B 7 2 it i RE 12 A
W2 Oy BENBEMHAT 50, Casel & #E L T
Case2, 3 L E5% NI E > T 5, £7-, Case3
L Case2 & ®7E1L, H& KX 0.9 g/kWh, Case2 & Case1
L DFEITHRK 0.9 g/kWh TH D, UL EL D HIESSZE
D NEHRE L ToOREMAEE LT Case3
@ Zr X NOx - Oz 7t & [ LB &, #E LA, #F L
EHFRECHEAL, Sh oo REZELE LTUT
THREEIT.

NOx (Wet)[ppm]

F8E Ho2m (EE204)E) IR 9
¥ Mes. Comp. No.1
0 Mes. Comp. No.2 o {3 §'
v %)
lo] 2
oo @
g 0.5 v
= 0.4} O O 6
0.3 L L L L 11
(@) (@) (@) )
v @ {1052
v v T
: : : 10
__ 87 O (o] (o)
X 86f y o
O 85} v v
. . . Y
11/22 11/26 11/28 11/30

B-11 BROBRI AT 66 R
6. FHAIMRRUEE

6.1 NOx HEHHi=RIZE b 5 5 HITH H

NTC @ NOx Bt o B H XXX (MNIc TR I
TWAD, UTFTIE, ZodmhodEr e, M
17, Khdies (2D W THFTT 5,

6.1.1 HEH AMEICKIETHEHE & BRER SO
2

BT AREEFAET D HIBFIRFENT AL
(UCB) &#E T 23k (UOB) b5, Wi
T 5 72 DI EMIFIC O R L [FIFIZ CO2
WELFHM L, 72, 7 A MEEEIC TSR
MR BT 20T, BB SIT 21T o 72, B
B U 72 BHE R — O R T d 5 23, BRELH IR
ZTOLTA4ERBL, & OIZE—F T it
LT 2 % (No.1, No.2) THEZHTZIT> 7,
-1 (ZREH AT RS R &2 R 3, ARSI E L 72 H
Thsd, 2B, BIEITFHRH TRMELUL T TH
SFEED I ZITIERLTWARY, ik 2513
11/30 O E 2B, EH, O A —HIckD
EITIFELEAERY, LrL, RI|ITHEA, S
A—=HIZE>TENEFNARERER 2D L,
BANELS b /NS RDHZBERRH D LN
D, KB A —HITE > THRK 0.5%FH
BRI DFER L o T,

HARTA ARG ORHAE L TRD S
ETFOVREHLR EZFRE L TV 5D, ZoTT VE
RERR & 2 DO D HTRE R & VN, F4LE 4L UCB,
UOBIC X W B H L7z NOx HEHH =R & % 0 il
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o

é) CD — —
o o o o

(NOX-NOX) yos [9/kKWh]
o o

-1.5

- |o Mes. Comp. No.2 ’

o Model fuel A
v Mes. Comp. No.1 +0'€’.9/kWh

e e
' 7/
NOx,0,; Zr ,’/ O 9’9
L CO,; NDIR O ov
//o 7
//// ///
v
e 4
4 7/
e 7
e //
// d
-0.5g/kWh

v

7’
7’
¥

-1.5-10-05 0 05 1.0 1.5

(NOX-NOX) s [a/KWh]

-12  BREF O ATIC K D0 A HEETE D &

1.5
e
= 1.0
4
~—
D2 0.5
<
@)
<
2 -0.5
><I
O -1.0Ff
<

-1.5

NOx,0,; Zr ’ e

- Fuel; No.1 e e

o

Iy
o UoB +0.5g/kWh

v UCB

CO,; NDIR R e

-0.5g/kWh

4

-1.5-1.0-05 0 0.5

1.0 1.5
(NOx-NOXx) [g/kWh]

X-13 BB 2 7 N TO R RAE O B8

NOx & DEZ & L TKR-12 1273, 3 D DOBREHI
DWW TIE, No.2 Mz MnizHas, mbikt
FaRESFHMLTWD 2, BB DO ZE TR E <

RN, PET A

EAEEEICOWTIE, £ 7 VB

KO A 1T UOB & AWV 728, No1 Ry oAk
UCB ZHWERDORERDEFRESFEMEI TN
LN, MEOEITN 25%RETHY, PETAEE
BICEBERIIREL R, ZORRITHEST R
DEEME FRME L i Lmwmy PeRETH

50
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'L'D 1.04}F .MSggl fuel 2
< a UOB -
~ Mes. Comp. No.1

2 4 UCB

% 1.02F AM%SBComp No.2 g
2 > Uos &8 &

()
N 1.00f----- - é—--ﬁ-“—--
T 2%% i &

£ )

O 0.98f
zZ . . . .

70 72 74 76 78 80

Load [%]

14 LT T OHEH R B D 2 R

AE D 4 [\OY T Y TRl R E T
OBEHEE DO R T Y X 20 L Z L1272 5,
A3 ITHREBHER DR T %28 NOX HEH R~ IE

B A R, BEEIIRHE A R BRI R b TV
BB L 72 R EE O MR A AT s SR 2 W TR
L7- NOx =R &S & D2, #thhERE oI
BREC L 72 DML T s 5 (I)K-11 N oD 11/22)
FREELTHWTHELZ NOx #E M=

(NOX first) & FH)fE & D #E% R L TWW5,UCB,
UOB O XL 5 0REEEZHWIEHZATY, BE
FHLAR D AR A % 4 o 72 NOX HEHI SR A K 2 Vs,
KESRHEL->TH 2% REDETH Y, NOx Bt
HBRICKIETH v 7 WBREHLR O T Y 0%
BIIHED A EIEICLDEL D B REL 20,

BJ-14 (24 BIGHAI L7z B 38 70~80%I2 317 %
A AR " eIk - S = N O R R 1
KHEE LComRd, EOBEHAR, 7R EREE
EFROTHHET ARSI RE 2321370, 12
—EDHRETHS, UCB TEHMEMN LK 4%,
UOB T 2%D3ENH 513, AR 70~80% D #i [l
TlX, AWEOLELNEAH IS 720 OPT A
BARIETHEBEIRE L 2V,

6.1.2 BREATDOLEE

BROEAMOLEMEICEL T, A4 K74 T
Y7V 7L —hM1HZ U ET10 458 Bt
W ZITV, 2D C.ONV.MBE%LLFTRIiFNIER S
e LTWD, SRIOFHN I oW
Uo7 L— MZEEDEHOHIRICLY 0.1Hz T
BHDHN, HAPREEL 1Hz TEHEIL7Z, =2 TiX
WEOEER L D OZEMIC OV Tk
5,

X-15 12 77, NOx, Oz i o RFfEZ Ak o — 1)



g L2 e SE T

} S
)
g 12500 Ave.; 11275 kW
o C.0.V.;2.23%
o= _
£X
o i ; i i i i
(=
w 5
14
— AA NN MNAAN AN N\ANNAANS @)
e " N s " . N 13
Q
& 1200 MMW
< 1150
@)
= 1100 .
0 2 4 6 8 10
Time [minute]
(a) & IEHF
—
2
Ave.; 4720 kW
8_,_ 6000 C.0.V;10.3%
o= 5000
e N
Sy 4000
2 i i ; ; ; : _
L {15 %
_ -’/\/\/\//\/ 14 3
£ 1350 . . : : 13
Q
2. 1300} M/W
B
O 1250t
z

Time [minute]
(b) i Y6 16 it ey

B-15  tH77, e EERHES

o9, (a) ILEFEIEMNE CE¥M 11275kW,
C.O.V. 2.23%), (b) (X B@EEME (CFHHH
4720kW, C.0.V. 10.3%) DO#ERTH B, (a) T—
EWECEMTOT—FTHY, FHEIDL 5%
EHZDT =213, (b) 1, BEBIE - HEfF i
HFH LT —2ThY, HAOWREEDNE E10%% B
25T —2bHD, O WEITHIOEBICXT S
BREPEAR BV, ARAHIINT 5 & O 133 528,
I, AW OEIMIEVREIENENRKEL 2D
— 7, EREBITZ - UM EEICITBER
TERVOTIRIE—E LY, ZZRBRIRN A
D7D THDHEELZLND, ZhIZx LT NOx
FEIX O JEBEIE & OBREMEIZ 20,

XK-16 \ZH ) L FEFRRE O C.ONV.OBEfRIZONT
TR, —EBETEM T OO C.ONVILK 3%LL
TTHUVRZELTWD, HHEMERED C.OV.
WIBRIEBMR RN H 0, A RIA4 o TROSATW
LD C.OV.BE%RLUNTH D Z LTkt DlR
FPED C.ONVITH 1.25%UNTH D, “hkb,
P OFH RN B W TH DRI B T & A VR
Wi O BEZHWTHAIOEB 2R T 52 &N

F8E Fo2hE (20 4FHE) s 11
3.0

§ 25¢F 7

~ 20} el
o ///
Yy— //
© 1.5F 125% -0
> PEe

» 10 B //
)
O 05}9590

5.0% R*=0.9378

0.0
0 2 4 6 8 10 12

C.0O.V. of Engine power [%]

B-16 HiJ)& Oz E D C.O.V.0 %
TELHTENbND,

6.1.3 IR EH IEARE DAL

TR EAR I 2 R e S h T & 72
101 19~18) 58 NTC leB W TA > % —2—F (1/C)
f1&F 40— ¥ BB H W 2 IEE E M IE %
Kudies IZ(2) TR SN TV 5,

[X-17 23 Mt i 300 o 1T A EAR 2 Khaies
ORI TOEERT, BRNDL VY HHR—IL
WD D IZHE > T Kudies IR X < 72 0, doEfR[E
NOEBEREBICELLTWAEN, f VX —7 —
THTORMBITEZ o TRV, HEEE, 7 v
BAEE CTOD Kugies (TR E S B0, EBEECOR
BENREB/NEL, BN TWD, ZAVIEAHR S 8 A
BIZL > THBEE~HKKAEITo TWNDT-DITH
BMELAKORBBESGENRERIIZDESZ XD
"o,

REBOZYMEEZ RT DO RKRGKSEE fa 134 —
NS T « — BB OGS, U TORXTE
b,

)
Ps 298

Ps 1218 & K&E[KPalTH B, HBE=EDT —4 %
AWTE Lz fa 217 1277, 401
Ml o f, X, KRB @ Tb D
0.96~1.06" 1z A>T 7,

[X]-18 |ZHERI = & Bt = CaHll L 72518 E % H
W72 Khdies & NOX IREOBR 277, AMEN
70~80%T?D 18 ROFRDOIZERL TWVD, #
FEEOFHEME Z H W 72 Kudies ISR E DA L b
NRTREL, HORTYFRKE W, {RIBEDH
HWALEIXEE CTH Y, FEB=E T ORI EFHA 22
FECTH D, SBEIOF AT TR —AMFEOFMHIZK
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1.10 w
060000000920000000 s o #-4  Kudies D # H LR
0000 1 ©
14l looa ™~ Ha Ta Tsc
o Engine room . vy
. 1.3} N \?Vif(gehgﬁglé :,Vv'vv Khdies_imo | -0.012 -0.00275 0.00285
b - L 2 X3
g 12 1!., o" toe Khdies 2 | -0.0175 | -0.000911 | 0.00804
2 B 00004 .0 o
!I 1.1 “300000 oo%000
1.0F-6®- R o e
:v -’O cEgd K:m =1-0.012(Ha-10.71)-0.00275(Ta - 298)
0.9 ,°_3§, L4 Ly, toowmssc-Te.) JE & Kudies DR Z WHIT/-RT, #lilE NOx i &

11725  11/26  11/27  11/28
«—> —> «—>

-

X-17

11/29 11/30
> >

e L FHR P o0 R A E AR B D 221k

1.3

1% 100 ppm UL EDO AT Y 2R/, L IR
EMEREKICR L CTHEE2RH, —ED NOx
EEAE SR TW2ARW, NTC (2i, BERYFES
DEBEEEETORRN ST M O MM IE X% M#
STHRWI EREHEINTWDE, T2 TEEX

> P ik 13) & RIS A8 0 3RS A S TR 547 %
D 4 NOx, 0. 21 710, RHBBITE 57 Kuges ZRDT, %rd IS
12 V% Ha, Ta, Tsc DR¥%& % L, [H-19 ICHiTE L7
> e &N L7 2 ORI TR, 800 TIRIB M IE 217 9
s 11 @7 ® L, NOx MiEMIE KRS £ 534 1230ppm
i o \&. TIE & 2B, AR 72 EAR K (Khdies2) 13,
] I ey O IMO i 1E4R 017 EL -~ T I EE T4 1.5 £, IR TR
* Engine room e 13 DRI EFH-SZ LRy, 4 A ha—ray
0.9F| © Wheelhouse [ X4 B TR DL E T IC T B
1100 1200 1300 1400 1500 1600 ERSSTOBERDHD LN I RRICE ST
NOX [ppm] 6.2 M LEHH & e RO bl b s R O B Sy
i

[-18 ki FE 2 A7 18 00 B (2 FE ~ 0> B 28 I E CORMBHT L0, SEHTHEEHR 0 4k RE A3
LACi oz, UTF T ERBRE, EART

DFERL OB EIT S,
4-20 Ic & ARFICKT 5 NOX HEH R bk E
111 L A\ Ko KR, Wi AR, SRR T O R  A fF e TR
_ 09:@ v ° Kiger2 Khgios 1176-4 1275 L 72 Kugies 2 IV TV 5, &
o 1.0} : - Load; 70-80% TOWEMIEE L (20 K THbATH
£ @ v 23:5_25éi2r:eroom 0, BEX AT UOB THEL TW5D, EH
¥ ool & VY Pone e DEF SN NOX ICEHT 5 2 L RHMEN TN S
] Y OB O % FHE A R ITEE ERBRA TO DM
o:© KB T 0.19%, 1 FARKFFO DM, RM f&ELFE
0.8f ! T 0.15, 0.2%, I LA T 0.42~0.47% Th
1988 1708 0B 4460 1680 1600 5. NOXBFHI(L, b ERIA, HiF 1 ARIFCIS
BREF DT L B, 1ZIE B L RS DA
Kiiges X NOX [ppm] CUNB S, AL O RITE LRIRE, 1A
LD 60 2 g/kWh DL/ XU, = 0035 A Sl A o
B1-19 R EE IS X % Pk EE A IE 0 %) R D ETHE T0~80%I 35 1F 5 NOX ki 00 18 4 fr

72 0.37 g/kWh &l 5 &4y k&0,
FORNZFHRD 72012, K-21 12 ERBR A,
W BB, EMIFFO AR 70~80% T D NOx HE
HRIZET285HEOE(LERT,
NOx HEH 1L, KNI L D IR EMIE
S 472 NOX R (Khaies X NOX [ppm]) & HL{7 M

WTEALT B 01, BiEE TICalk 72 BB B o 28
b, BALH Hdb-0 oy 2 ik, REARNDLE
ErEETLZLREBEDNMIRNEBSZILND,
-19 12 NOX IR 12 Khdies & % U TAHHIE L7 NOX i
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g L2 e SE T

22— K
—— Testbed DM E;:Ssi}zle room
—— Seatrial DM NOx, O,; Zr

—o— Seatrial RM

OF 4 OnboardRM voB

Fuel; No.1

NOX -NoxlTestbed 75%load [g/kWh]
)

25 50 75 100

Load [%]

[%]-20 Khdies Z ffi 1IE L 72 HEHE T D

Bz b — g b5 o ek

F14 =0 OPET AR [kg/kWh]oFETREN 5,
COME LB TS L, NOX HEH R TIXIFIER UM
W7ot LB A L AR ORERIL, BE, Bk
HAFTEE LR ->TNDZ ERb2 5, M LR
Bl EAROEROLEL L HIENIFE OET, B
PMHDIYZ0 O ZFED TN K E W, i EAR
THENRRKEL Lo TWVEDIX, F—FRF v —V %
OFREEEEo romliZ bR TE D, M EARKIX
EHIFL VR 10%KE WV, 2o\ E LT, # L
ARN S A B OEMMEFOFHE TH 1 F28810E L
TWABZLICLE- T, =Y 7L —RDOjFEhrit
I, Z—EVEEREENHD LD Thd B X
Hd,

B E3BRB COBAMH Y20 OPEY X i &%
TEMEFORR L LR TREWD, ¥ — o nldn#HE
GEMBEEEIFEAEEDL RV, 2k, kT2
X-22 129 K 9ok ERBREEO S KIBE XS 10
~20CIRL, BEMNETRKRELS Lo 2 &R, F—
R BEEMBET A DI NER X — A g
EROESELERO -2t EZLND,

PLEoZ &%, AR of EER RO FHNE, 225,
%ﬁXﬁ%@ﬁ_kwT@Lﬁ%m&U@LQﬁ
R L ITE— SIS TEHRAIT ATV RN & &R
LTWa,

e ERER G CORMEER E NOx 1 B i3 fth o &1k
WCHRTEWEEZRTH, ZOBEAZAL DX
-22 17 Khdies.2 & HIEERBOBHOBEBF 2 RT,

KHdies_2 ILEMEED Ha, Ta, Tse Z HW TSRO T

FH8EK H2m (P20 FRE) il 13
:_; & Testbed DM
B & Seatrial DM
ON' 1.28} oSeatrial RM

6‘ P 1.20 AOnboard RM A %

- §1.12 Am&”

o) . . 14.8%¢
& 8 A &% -
' Py 14.0 3

2 spn B .

— 55 L L 8 L L

If 50}

= 450 Amwa 10 2000

A0 e 2% mag {4002,
350 3
300+

_ ToAMMA LA MAA (250 :

g 11000} °

'S 10000 AW & o 2008 =

' ' 3 ' 10

g Uop A 2N NN 2

Fuel;l\llo.1 . . . ‘—'ﬂ
% :]Iggo NOx, O,; Zr . 6 ;
L \3

S i200f B 4 WA :

X 1100 — . O
" 70 72 74 76 78 80

f Load [%]

X-21 [k, ¥ EA, @EHHEHRED

FHH N OV I E o e
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