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Abstract

The more stringent regulation related to exhaust emissions from marine diesel engines has been
continually enforced by the International Maritime Organization (IMO). In addition to NOx
emission standards, particulate matter (PM) or other substances may be restricted with regard to
the environmental impact of these engines. In this study, we focus on high cylinder pressure and
fuel injection control as a combustion technology for improvement of exhaust emissions.
Furthermore, influence on emissions of NOx and nano-particles of these techniques was
investigated.

NOx emission initially increases with the increase of cylinder pressure, then reaches a peak
value, and finally decreases with the elevation of cylinder pressure in various oxygen
concentration, fuel injection amount and fuel injection pressure.

In the nano-particles emitted from a diesel engine, the particle diameter with a bimodal
distribution can be represented by the sum of two log-normal distribution (small and large
diameter side), and the emission characteristics of small and large particles are examined with
the control of fuel injection pressure and pilot injection amount and timing. By higher fuel
injection pressure, the geometric mean diameter becomes smaller, and the total number of
particles increases. The sum of the total projected-area of the large diameter side distribution is
proportional to soot emissions. By the close pilot-main injection and large pilot injection amount,
it is possible to reduce the number of particles in the small diameter side.
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FRITIK-3.2 12”7,

PEEE N IR, 5 AR & MEXA-1600
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Displacement [cm?] 44232
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Engine output [kW/rpm] 185/630
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BHZE - EF T, MENAE U R T IER —EE &
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R, FEAER S, kLT 5 A R, KRR
572 T e < SEHR T L E ST ) o BN TRz
BIN/NEL o TNDHZ ENFERTE D, HL,
100MPa LI ECiXigE A EE bR, U
1Z 80MPa TE— 27 272> TW5, ik, ¥-3.7
IR OIS & 91T, BT OB L - TR
D F— KfE2 100nm 7> 5 30nm ~ DT D& H1 D
72, WE O FEENZEELL 2> TWnDH D
EMFRIKTH B, R 5k, FWRIEOKT &
HIZHEML TS, F7o. KNI B I3
Z-8.4 7 5-3.5, 1.5deg. ATDC |[ZZH L 7= Dk
BHLRL TS, BRI OBE T, PR, 1=

2 T T
>
_ Exp. 7...+1.5deg.ATDC |
ME — —- 1stmode P.,; 140MPa
L 15F p,30.0nm sum of two
Al G,,1.48 nm lognormal
%D N15.87x1051/cm3 distribution
: I i 2nd mode 1st mode ]
a D,,32.0 nm
Q
%) G, 1.51nm 2nd mod
% N,3.30x10° 1/cm’ némode
ZBos
=
o
0 P
1 10 100 1000
Mobility diameter D, [nm]
E-3.10 Soot R/IMFF(a)DRFESR
2 ————ry ——r—r—rrrrry
_ T,..-3.5deg.ATDC
= ——- 1stmode P.;68MPa
L L5 F p,350nm
bl G, 1.54nm
o) N,3.07x10"1/cm’
‘;' 'R S 2nd mode i
a D,,105.5nm sum of two
a) 6,,2.03nm IO_gnc_erz_ﬂI
k) N,4.48x10° 1/cm’ CEtioution
32 0.5 Exp. 1
= /
© /& 2nd mode
é 1st mode
0 ok

1 10 100 1000

Mobility diameter D, [nm]

K-3.11 Soot RmAEF(L)DHFE SN

(430)

HERAEZIRT, M FRA NS T 558, Lo
FE TS0,

2 Wk 12)2> 5. accumulation & — K OHL 1
ISR FBRLA DBRERTH D, o T, AE—7F
Ik - TEMEND Soot EATHDOFENDH S
EEZBNS, Soof[FSNIZ, AR E(Z 4 V4 %
WL TSI SN 2R BI(RKE, 25C)E 7+
IV Z RS D E)AS 405mm D HER DS 7 4 L X Z @i
L., HEMNRE L7 4 V2 OREFE R, &4
HEWDOIRNT 4 VB DREFE R, B FOKXT
koo Tns 29,

Sboﬂﬁﬂﬂ:(Z—j?]XJO G4
DFE VY, Soot X7 4 /L FITHIE I 7= Soot D
WWEE AN D D L HETE D, SMPS TEF
W E 7= ok 71, sk o v B3Ik - T
2ODKBEH DA TERINTNDHDO T, KAEE
l> 2nd F— N OKLF DKW 2 Ko,
Soot & DI A AT o 12, Z DFERNBK-3.9TH 5,
T2 TR BRI S E ) O (R SR A 28 L
TW5b,Soot & LTHIESNT 7 4 V¥ ORI
VX &% ORI L TT7 4 VX EITHDHERT
< B RVAE> THEELTWDL EEZEZLND
23, Soot & 2nd E— RO ELWm I IZHENH
DI ENDLND, MY ORI L > TEHR X
U3 Soot FIZHK L TH . MK 10> BB i A 28
B L TR ETEE WS, > T, 2nd E
— RO DA Soot DI IS L TWD
NN SootlZ k- T 2nd E— RORIF D
P2 P8 - FEME CE D AlREMEN H D Z E R L
TWb, KEBRNIZEWT Soot N/, K&
e o T REDRIR Iy A 1X-3.10, 3.11 IT5 5 £ Tl
RT, Soot MI/INDHAITIE 30nm [Z B — 7 A3,
HEROBAITIZ 100mm ICE— 27 3d 5,

B1-3.7 12" L7c K 91T, BOBHE ST ) &2 #n &
WD LIk o Ty IR DRI DS 2. KOBL
AN ORI T D, A BIOMENTTIiX, /b, KR
EERMBIERSAMATEHR L TWEZD, ZhiaH
AL TAERAD =X L LR PRI % #
Bliz, £7. R TOBREICHO WV THRHT 5, kL
FTOREIT 7T IV VREICIsTRENDL Z &
BEHNTWD, EFREICKIT 2 2 FEOR 1
DT TR D E SRR J[1/em® )i,

Jy=KNN; (3.3)
LRIND T, NIZMEERE, i, jlZ3ZzhZho
Bt &R, K7 7 7 o EE$EMEE >0 T, Fuchs
WCE>TCLUTO LIk bR N KRS 7Y
ThiHrLs5bhTWnd,



i bR EpTE B 13% H3 5 (PRl 25 ) #Ramd 49

I T I
T=25C )
10° p=1.0g/cm’ -
A=0.0686 um
D,=10 um 1=1.83x10"g/cms
- -3
mz 10°
€
=
<
10°
-10 " aasul aasul " 1 T
10 -3 -2 -1
10 10 10 1 10

Dp/‘ [Hm]

X-3.12 JSUVEEFRH

K, = 2n(D,+ 0,)D,+ D)

-1
D,+D, " 8(0,-/+ 0)
/2 ' (=, =2\/2
PR 0 N L Py
(3.6)
2 AN 8D
Kn,=2220, € = LLUN l=—= G7
D, Tm, né
g=—2 Ao, + 1y -1+ r)"}-0,  C®
Dp///‘
kT 5+ 4Kn+ 6Kn? + 18Kn] (3.9)
! 3nuD,\ 55— Kn+(8+m)kn}

Z 2 C. Kn ¥ Knudsen ¥, C (3ki+ 0 BEH)H
FE.DIET T 0 CIRHARE kXA LY <V E

m TR E &, TIXRE., [ A 13k, S50
T OFVHE BT, IRk chsr, 2k
0L S e SR SRR LR RO BRI e o T
WBZEnbnsd, K312 TFRICED TS
U URERE OB E R T, 7T U U BERIT,
BLARENEE L WERRIC R /NS0 Eh 12
WCENDH DR, REL RDZ ENRbND, it T,
KB L VK FRITEND O | b T HIBEEN KX
UWVRR | EFZERER A L BE LT VW it b,
ARERRIC L BB EDOFBIZ OV T, Ist, 2nd F—
R OBEEE % SR 2> TR LR %
X-3.13 [2R”RT, ZZTIE Ist T— KDk F¥ &
2nd €— ROKL 7%, FHREOBBEZRL T
5, WEEAOBINI L > T, Ist T— FDhi+
BOXEaIT 228, 2nd E— RORFEIZIFE AL

T P,, [MPa] -
~ o 68 €
-8.4~+1.5deg ATDC | & 28 | 50 =
o 100 =
=] 120 '8
A 140 - 80
€
L ©
.:nﬂm_ﬂ c
< Ja0 &
5 E a
E & 6 1 1 1 O E
o - ;
o v 2
c O
5X .18
o
Z 4 (m]
52 o 2N M
Ke)
Eo [CRO =2 lanl
s E L o
C ©
— c
S N 1 1 L
'9 0 2 4 6

Total number concentration
(1st mode) x10°[1/cm’]

K-3.13 1st, 2nd E— FOR FEERMZF DR %R

P, [MPa]
O 68 @ 120
@ 80 A 140

14.5

o 100 015
® L 8 S
(o] AO =
|5' o 1o e
| o Ty
T
. S AE el
-8.4~+1.5deg. ATDC)
S 16.5 L L L 0.05
H ,A¢’
g
g %0155 - _r -
t= o9 o _ o
2 0 Lo-T
> Il L Il
(%]

0.4 0.6 0.8 1.0 1.2 1.4

Increasing rate of total number
concentration (1st mode) [-]

BI-3.14 1st E—FHFHREFMERE, THC LOBR

EobRpWI Enbnbd, £z, 2nd E— FOKL
BTN ESLgoTWnD, ZNXVY, 2ndE—FD
B82S 1st B— ROk FHITHE_TAH R 2
2 2nd F— RORREB/NS 2D Ist T — ORI
BLDEL/NEL D720, 100MPa LA o & £
WL B & A7 Ist B — RORi 1%, RS
M=% BRBHE S E D MR WA K 0 b ROk
FATEE I NICK SR /MR FOFEFEAFL T
WhEHETE D,

(431)



50

Wz, 1st E— FORFDOERERIZOVTH
45, BAERE— FOEKRERIT, 3.1 12570
=L o IERERILKEEHREILEM THD, &
ZC, KMESE ST, AR R S LT
% -8.4deg ATDC 7% SLUE L L CHI 1408 E %2 IE 4R
L7k RO B L R PMERE L
THC O BI% % [M-3.14 12T, HEX P ht s e
LFoXnbRkdi-,

Weans X Qs (3.10)
qmew

Waan VERBE R BB & 53 3 [ppm]. @y 1 FIREHR &
[kg/hl. Gumew IEBEXE B[kg/h] TH 5, WSS
Ko T, R+ HoEnE T B 508, Pk ik
WECHEND DL Z Enbnd, ZhiZx LT,
THC & IZMBENZe W, B, THC NIZITA X >~
DEIHEETKEKDOE S bEENR TS Z &
M EEREME R AL KSR & O BRI O W TR R
MRAMBETH D, LDz nb, SEOFERT
D 1st & — N ORL 750 D HE T L HE K it 5 R B
NRESFEBL WD EHETES, 20, K
BHE R E S U < BT 25 5y ORI, £ 72 130
WIE) ERIC X AR ER BEOHEMNIC X > T st
E— ROM/PNRLADOAEBRERBTE D2 & &R
LTWa,

3.3.2 pilot EEtDELE

pilot M5 %17 o 7= RF DR E - P RFr It & B8 2E
RIZHOWT, ¥-3.15, 3.16 |ZRT, BRBHES E 5
DI L - T, NOx, BRE DM, Soot WIKT
T 5N, pilot EH AZ1T 5 Z & T, NOx, BE DR
BRI S AfREIC 72 B 2 bbb, NOx & Soot
O BRI pilot MEST R, WEHREH . WEHE I X
LIPUFIER M ECcEBETE 5, K-3.16 TiE
pilot "+ & m,;,,50mm’ . pilot-main " & [
Ti4.9deg. DO ENIGE AL H % pilot EH 21T D720
WA LB LTV D A, pilot HEIZTRAE—72
ZINEL L, MEENC L DEGEE~DRE L/
SLTHIENTEDH, £, -6deg. ATDC fli
\Z pilot BEHHZ K 2 ERAENHEFR TE . pilot B4
AT VWA L T main W & % BV 4
RPN 9 5 2 & IR B BE D B — 2 b
PEICH D Z BN bD,

B1-3.17 124 BREHE 5 TR 71 T O pilot 4 & % 10,
50mm’, pilot-main "S5 FE % 4.9, 22.7deg. & L
T2 W ORI Sy AR & 7R 97, pilot ME & O V& S e
FEHIZ K- CL R OM BN ENT D ENbND,
pilot M5 &S HI A% main WEH B LBt TV D
22.7deg. D HEIZ 1T pilot i & 2 1T 72 WG A &
LT, 30nm Lok 7+8i1x%< b, Fiicxkt
L T. pilot-main OTHEES 21T 5 & ki1 HUTd

Sulfur concentration=

(432)

72 7%, pilot EE &% EE LT, EEHEE %
HI L2 EaB 25 & pilot EEENZ WKL
BROMOEADOEENRKEN, ZDO L5 7 pilot
WA R M SRR L BRI AR~ DR, 1S
FEHEZEFLTHIFEAEED LR, HHE
T & > TRRDAM N R > TWD DL, pilot
W S0mm®, W RE 4.9deg. DT, W E
77120, 140MPa Tl& 10nm i B — 27 R T& 5
25, 100MPa OBFC T E— 7 BB,

pilot & &} % 4T o 7= B ORI B 4 A D FEVEE ~D
WA X-3.18 IR T, HEicB T 2EHNER 0

m, [mm’] P, [MPa]
0 10 50

q O0—- -8 100
4 —0— —e— 120
4 - —o— 140 403

<40.2

Soot [FSN]

1
©
-

T

main

-8.4deg.ATDC

T, ———a 11 0.0

[ 4.9,9.8,22.7 deg.
20| QMO

230

BSFC [g/kwWh]

220 1 1 1 N 1
14 16 18 20 22 24

NOx [g/kWh]

B-3.15 pilot EETICLBMRE - BET I

4 -
Py Tnain
3 100 MPa -8.4deg.ATDC
oL T,.4.9deg.
. m,,,.50mm’
01
= 4
oy
kel 3
S~
2 2
fan)
5 1
S~
o 01
'C 4 L Il Il J
Pw /o pilot
3k —— w/o pilo
140 MPa W pilot
2 -
1 5
0
1 1 1 i ]
-25.0 -12.5 0.0 12.5 25.0

Crank angle [deg.ATDC]

K-3.16 pilot BHICLPHAFKEE



g B Ee 22 T FE T

IX pilot W # (TR no EREDORERAZFK L T
%, pilot BEH EN 2 > TH, pilot-main M&E 5§ [H
BRIC & D IRt RS, KT~ D RIS
WS B E 7 100MPa T O UT H2 M 5 1 00 S 49 4% % B>
TEMEMITIZE L AV EED LR, THEES 21T 5
LLOPEBRIRITNE L R Y . BB TR DR L R

P,,100 MPa Mot dT
T, -8.4 deg.ATDC ["Ig'] [fg']
— s L 7Z= e/l
ME g0 10 227
® — 50 4.9
= —-==-50 227
— — w/o pilotinj.
Qﬁ. 105 o -
[
L
E . .Pi!ot - M?in‘
% 10‘ | ﬁ) injection injection
2
E
s Crank angle [deg.ATDC]
10 1 L
1 10 100 1000
Mobility diameter D, [nm]
(a) P, 100MPa
P, 120 MPa Mo dT
7...-8.4 deg.ATDC [”1‘?] [fgg']
s ;
e CORE 10 22.7 3
= — 50 4.9
= \ —-—-50 227
) \\ —— w/o pilotinj.
Qﬁx 105 L S o
an
i)
el
~
2 4
< 10 F B
103 1 1 N 1 "
1 10 100 1000
Mobility diameter D, [nm]
(b) P, 120MPa
[ ' ' m, T,
F P, 140 MPa e
[ 7 -8.4deg.ATDC [”1‘?] [:gg']
s ]
mE 10°F 10 227
S — 50 4.9
— ——- 50 227
) —— w/o pilotinj.
Q& 105 - X -
[
2
kel
=
< 10'F 3
101 aaal " D
1 10 100 1000

Mobility diameter D, [nm]
() P,

nj

140MPa

X-3.17 pilot lEBEHCLRRBELFADEL

% OFEI13E 35 (CEAL25 ) RemE 51

%, pilot-main M RN EEN D IZHE-> T, 2D
HIERF LN 720  pilot & 21T Do T
WRBISES W T <, HHET) 100MPa, pilot "
SR SOmm® O PEMEHIC B W CTOREHEB K E L
72D DiE, K-3.17(a)l s Lz & 9 S /IVkE ARl o
KA N DR o THDENLTHD,
INBLEAN DR F BT DO W TR T 5720, st
E— ROR THOLBEIT -T2, ¥-3.19 124
pilot V& &t . pilot-main "EH B E TO Ist T—
DRLFEOENERT, B35 L LT, ¥K-3.20 I
" 4f 1 7) 100MPa, pilot "4 i SOmm’, pilot-main
W BR 4.9deg. TORIEE S AT % 1st, 2nd E— R

_c_ M0

o O~

s £ 75

gL

S5E9 s P, [MPa]

c C | inj

T —O— 140

s 29 25 |

+— S Q . | -0— 120

2 8 ol L Llzom oo g
| T nain €
: -8.4deg.ATDC =

q M itor 10 mm’ 420 bh
a
9 %
— 40 L 1 15 ©
£ |
AEI d I
Q3o
=
= I
O 20 I A 1 i '} i J
0 10 20 30
Injection dwell T,, [deg.]
(@) m,;, 10mm®
10
c

o 0T

Ke) E g 7.5

ESS

c C 5 |

©

£S%>[ P, [MPa]

F O o L s L l—o— 140 |4 —_
| —0— 120 €
| —o— 100 25 £
l o
(m] <4 2.0 o

9 s
(G)
— 50 A L A Il 1.5
E | T
S af ) -8.4deg.ATDC
Q’ : m,,. 50 mm’
o 30F
2 20F |
(U) 1 1 1 J
0 10 20 30

Injection dwell T,, [deg.]

(b) m_,, . 50mm3

pilot

X-3.18 pilot B (CLBM/MNLFHFMEBEOLE L

(433)



52

P, [MPa]
—— 140
—0— 120

3
m,. 50mm

3
m,,. 10mm

Total number concentration
(1st mode) x10°[1/cm?]
(o]

o '} 'l J
0 10 20 30

Injection dwell T, [deg.]

X-3.19 pilot FE5f(CLD 1st E—RFRIFHDEL

P,; 100 MPa sum of two
T, -8.4deg.ATDC Exp. lognormal
— m,,, 50 mm’ distribution
™ 10" F 7,.4.9 deg. E
c )
O
S~
= ! —
a \
Q \‘ D, 12.5nm
<_°3° 10'F \ G,,1.22nm i
s | 1stmode  n 0.21x10°1/cm’
) |
2 e
< i D,,65.0nm
‘| G,,2.30nm
1 N, 1.3x10° 1/cm’
103 1 1 1
1 10 100 1000

Mobility diameter D, [nm]
X-3.20 EERIFHEEDHHEEADE HH]

W T T2 REDRERZ T, ZORMEOREIC, FEBR
BT ol TR bR A ENR DL le o T D, T
BV 24T 9 & | pilot ST &1Z L B 9ORL T B
DL, WEHEEREAR Z & T pilot MHA21TH AR
WIF DR FEICIE SN TN 2 ERbnbd, 2h
1L, X-3.18 12" L2 R Ok 145 & [A) U 7]
ZRLTW5S, pilot 232V 50mm’, MW E
FI MK 100MPa @ 5 N/ NI AT B+ 2 &
MNTEDH, Eiz, pilot 'R Z{THLRVWEGE THIE
FHED DR T PR BT 72l o T D,

4. FEH
AT+ — BB b O A PR AR

DI OBBELE M & L Tom@mmaibis L5
i E IR PR AL & REHE RIS E B L NOx L%

(434)

ISR TR T DB SN TRF L, DL F oM R
o
c WEFRPEE TO NOx ERkiIc o\ T

AEEmMEBEZH T, FHKIEN Z

5.5~14.5MPa £ TEHE L, ZHKT S, BRkhng

B F7. BRI A NOx AR & OB Is A =k

WCRIET B OWTIHAT,

(1) KK OBEHE 2D IT, BI AR REL
FAEE, NOx ERi&E LV b, COER&EIT
zhb,

(2) CO &1F & A AR L2 VWiEE  THRIAK
FE &N S E A, NOx X R IAKUE )
EHEIMESEDIFEKTT 5,

(3) FHRE I OEMIT, BB EED TIRAW
RRBEBI A AW S D, — . kKE
FEMEE E S AL S KK FE TOMERETE <
72 % 12 K5 DIFAENL & A3 WAL 3T <
R0 KRRIERITNEL 2D,

(4) PRBIVE S & WERE ) L SRPEUNE SRR E &
B LI, FEKENCK T 2 AL
BHEEH 720 O NOx ERKEIX4 TH UM
MR L, JEJ]OEMIZ X - T NOx 135
mu. HHEHNTRKREICR SR, K
T35, ZOFENIENOx 2 ik AL T
RRICRDZETHY, FEKEIHM
WX 2EZENELBEEO ML - T
WE T PN O R R BRI AR V) L BE
FICAEEBIC > TN 72D Th D,
F7o.CO AT v XNz R
WX - CEBITX 5,

(5) FPARERFIRE O Fix, KRB EHEE
WAL D AKRECOEMERELS T2, F
7oy RERFEARYITEL ., KEEEITK
x5,

< JROBHE S AN X B UL T O BEHIZ DWW T
MHAT 4 —EABBIC W TERIEES, pilot
W A AT o 7RO T R PR R I DWW C
T,

(1) REP=7oa e L TclnshTn
%2 OOXMBER SO AEHE ST, T
4 — BV & HEH S B kL T
bimodal 2RI A F Lz, 2D 2OD
REECIEHL o3 A7 O REMEAE A > T, K/MRL
BOWEZMNT T2 LN TEI,

(2) BRBFESE J1 O VAL SEBPRLR & /R R
IbL., B FEREEMSE s, 2.
10~30nm & 70~100nm (2K -5t D & — 7
WAH O, EHEHEZENTH 2 LIk
> T 70~100nm @ K. 7 % D &



g B Ee T 22 T FE T

10~30nm DR T ZHEMIE LK N H 5,
(3) 2 DD EEH /0 A O KR D R+ 1z 52
W T8 A D AR IE . Soot HEHI BT 5,
(4) pilot "& 5 % main "EHHCUTHE L TITV, D
O pilot " A K& T 52 LT, /KL
B OR T HEZRDTHENTE D,

#HOO#

3EDT 4 —EBNBRBED BT D kRO AL ERE

WCHWEERE T I onTix, &t v s

Do T,

1))

2)

3)

4)

5)

6)

7)

8)

9)

IR LTHEELET,

ZE XM

5] 21X J. D. Naber, D. L. Siebers, Effects of Gas
Density and Vaporization on Penetration and
Dispersion of Diesel Sprays, SAE paper 960034
ek FRbE. fi 3 4. ST T O FEREBE
[ZH 1T D NOx ERIT B9 2 JERER AT JE . B A
FEM 5 SCEE B W 72 & 713 75 (2006),
pp.202-207

NERE, fill 5 4, Wk - AU —VIRE - R
BHE I E H 8T ¢ — B VM O R E R L O
BEIC RE T B B BRI A SR
Vol.40 No.3(2009). pp.755-761. 20094382

S. Kobori, et. al., A study of ignition delay of diesel
fuel sprays, Int. J. Engine Research, Vol.1 No.l
(2000), pp.29-39

NG MUEEE. ®iERT 0 — BB
DFEKRBICET 2058, H A Y2
£ B 69 & 684 5 (2003), pp.1966-1971

C. Crua, et. al., Diesel autoignition at elevated
in-cylinder pressures, Int. J. Engine Research,
Vol.5 No.4 (2004), pp.365-374

BRASIC, VEHEZE. ERRBEEEICL DT 4 —
BB ORBEIC BT 28 2 W RbE
BE 2R T AT O REIERH . & I kRIEAE
BRIZHOWT), BAMMAKEREES. Vol.12
No.12 (1977). pp. 873-880

B, i 3 4, BEEMPIREEICLDT
A — B VRBEICBI T DAF5E ¢ B 1 &l
L O RBEFRMEICE T 2R AER, B AK
W2 CE B M 57 & 534 5 (1991).
pp.-740-743

INEEYR . MARRAE, T — BV o KA
PRIE FEBR 0 7 b 0D 2 i M AR 25 [ oD B %8
A AR 2 2 5 SCHE B 625 593 5 (1996),

ey

=

10)

11)

12)

13)

14)

15)

16)

HI3E FHI3

(AR 25 4RJE) e Bms 53

pp.392-397
HRE. oA, MTT 1+ — BB D HE
SR IRE (PM) OFHAI & 2 D Pk
Rfh, e L H i R . B 11 B 2
B (EAL 23 ), pp.91-110
TR, M6 4. M7 4 —EBrz v
DT APICEEN D6 EDE BT D504,
g b B e A . 11 B 2 5(CF
B 23 4FEE). pp.111-126
D.B. Kittelson, Engines and Nanoparticles: A
Review, J. Aerosol Sci., Vol.29, No.5/6(1998),
pp. 575-588
H. Jung, et. al., The Influence of Engine
Oil on
Emissions and Kinetics of Oxidation, SAE paper
2003-01-3179
Z. G. Liu, et. al., Influence of Engine Operating
Diesel Matter
Relation to Transient

Lubricating Diesel  Nanoparticle

Conditions on Particulate

Emissions in and
Steady-State Conditions, Environ. Sci. Technol.
41(2007), pp 4593-4599

DRE—. 34, 71 —BrEmPEH T/
R DA RCRFE . B AR 25 SCEE B i 72
% 723 5(2006-11), pp. 2612-2618
DARE—Al, #l 4 4, B PEHBEIEME T R
FOFEMPTE. AR 2mICE B W 72
% 723 %5 (2006-11), pp. 2619-2625

17) V. Scheer, et. al., Composition of Semi-volatile

18)

Particles from Diesel
2005-01-0197
A. Kasper,

Exhaust, SAE paper

Particulate Emissions from a
Low-Speed Marine Diesel Engine, Aerosol

Science and Technology, 41(2007), pp. 24-32

19) U. Mathis, et., al., Influence of Diesel Engine

Combustion Parameters on Primary Soot Particle
Diameter, Environ. Sci. Technol., 39(2005), pp.
1887-1892

20) T. Ldhde, et. al., Effect of Fuel Injection Pressure

21)

22)

23)

on a Heavy-Duty Diesel Engine Nonvolatile

Particle Emission, Environ. Sci. Technol.,
45(2011), pp. 2504-2509

M. Stumpf, et.
Concentration and Particle Size Distribution on
a Single Cylinder Diesel Engine, Proc. ASME
ICEF2007, paper No. ICEF2007-1709

D. L. Siebers, et. Flame Lift-Off on
Direct-Injection Diesel Sprays Under Quiescent
Conditions, SAE paper 2001-01-0530
FoEHERER, Ml 3 44, 7 ¢ — B /LB BRI

HOBERBECE T D58, B AR Y2

al., Investigation of Soot

al.,

(435)



54

SCHE 25 %8 156 45(1959). pp.820-826

24) J.H. Seinfeld, et. al., Atmospheric Chemistry and
Physics, 2nd Edition(2006) John Wiley & Sons
Inc., pp.370

25) PRI, 1A, Tao—Brz YU a
EFEUL— VAT AQR), VT aY
—. 5%& 1% (2003). pp.94-99

26) ISO 10054: 1998, Internal combustion

(436)

compression-ignition engines — Mesurement
apparatus for smoke from engines operating
under steady-state conditions — Filter-type
smokemeter

27) J.H. Seinfeld, et. al., Atmospheric Chemistry and
Physics, 2nd Edition(2006) John Wiley & Sons
Inc., pp.596-603



