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Effect of Nozzle Orifice Size on Soot Particle Size in a DI Diesel Engine

Masahiro ISHIDA*}, Daisaku SAKAGUCHI and Kenji ISHIBASHI

*3 Dept. of Mechanical Systems Engineering, Nagasakj University,
1-14 Bunkyo-Machi, Nagasaki, Nagasaki, 852-8521 Japan

The effect of nozzle orifice size on smoke emission was examined experimentally in a turbochar-
ged DI diesel engine. The nozzle orifice size was varied from 0.26 to 0.18 mm under various engine
operation condition. The rates of NO-formation, soot-formation and scot-oxidation were analyzed
by using the two-zone model based on the measured combustion pressure time history. The changes
due to orifice size in the excess air ratio of the burned zone, the soot particle size and the number of
soot particles were estimated. [t is shown that the soot size is primarily dependent on the orifice size
and secondarily but more markedly on the spray penetration for the ignition delay period, and the
number of soot particles is primarily dependent on the amount of fuel injected and secondarily on the

excess air ratio of the burned zone.
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Fig.4 Change in trade-off due to nozzle orifice size
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£ 900, SITEERE TREEREFB RIS A, B & USSR
MUY RBET, *HEEL, KWT, M6IRT 7R~
F ¥ — Mo THRTT RO HBEIERME & —&
B L) IBATHRETCRQPOTTRE TREL
7z, 703 L OIEREET BE B L UTNO A%
DOEBERE DTG % RS . MO T, IXRBER A AR
BE, T, XBEWNFERE T RRE, TOLRKRT ARE, *
7z, ANO/dO I NOAREEERT. WITNOAIIBW
T, BILEOHR/MIES ( BERBEROE» 2

TIX Y NOEREWREAI L TWBEZ EFDDS.
F72, H8@)B X U OIE T T D ERSEAS/A0),, Bb
(dS/d0), B & UTHIERR 33 8 [ (dS/d8),de s RfE
BRITERERT. 28, B LEIORTRBAERR
MBRECBVYT, FIRABBRERO VY — 7 E %
VEURBEDORIMEREAL L, 7, BRAERIR/IIRS
B % R TR E LTB/N2FEICIY
Wiebe DPRBERSEL TR L7z, IEBRT 3T REHBEED
KRR T e D WGREAHER S 15§ 9 3 (mg/eycle/

-284 —



74 — ¥ BBOT FRECRIET 2 AVIEFLED RS

NS
o
n

0.06 —
0inj
5°BTDC TDC 5°ATDC
0.40MPa ~—0— --a-- -3~
0.05 | 0.83MPa . A -m
2004} Eiaer-N TEEL
» L S
° 2\0-——0—0—0
0.03} e
LY SRR A e BN
o.
R SO I O--=- a
0.02 . , . . 1

0.18 0.2 022 0.24 0.26

Nozzle Crifice Size (mm)
Fig.9 Change in soot size due to nozzle orifice size

4

= 0inj
8 n 5°BTDC TDC 5°ATDC
< . 0.40MPa —O— --46-- -~
> 3r ‘. 0.83MPa —@— --A-- -m--
o A :
D
©
>
< 2
N
o
w
-4
0 . .

0.18 0.2 0.22 0.24 0.26
Nozzle Orifice Size (mm)

Fig.10 Estimated nuraber of soot particles

cylinder) T Y, ZOEIIEMNOPEETITRE —F
7.

ERoHR T IR EHES N TTRELANT,
KOG ST IR FEN, 2HE L.

S=p,(/6) d**N, (C)

HoHEESINLTIHEERL, $72, BI04
ROV THE SN T IRTFRETT. BIfB X
OMEST B -2 D RE RS T T XOVIETLE &
N B E, TTREFBEDT HEEMERLTN S, 4l
RBOPSR L7220 L T, TEB o FEH a9 30Tl
TR B Lo I B 5. EfLI R R X
TICEFAZR T N T B EEFLARER AT E L LSt ED
FEIIT 5. AEROBE, MBEOIEAILL o THE
FIERIEIL 45% IZEN S L 2 B I L DEESI NS DS,
2EREF N AVIRITIC X o TR ST TH
EORBATIT L 15%BETH L. KO LRIT, §
THAFRO LA, BILE L H DB OBTT B X UTEET
BRI O B bR E W, F 7, EFLELT0.20
BLU0I18mm DFPAITBNT, TIREIHML T
WDIEAHH HHT, T2 IR L S E SR

Soot size: dg
Fuel particle size: dy

[}
T

Amount of fuel Air entrainment
injected per

cycle : Gy

1 Excess air ratio of
the burned zone : A,

Penetration : 1
for ignition delay “Alig

Fig.11 Conceptual spray flame model

JEE=EEIEE O--——- Ea
g O fudd
2 6|
[
z
z
s Ar
[a]
g Ll
Z 2 Binj
=3 5°BTDC TDC 5°ATDC
- 0.40MPa—0— --a-- -4O--
o 0.83MPa—8— --A-- -B--

0.18 0.2 0.22 024 0.26
Nozzle Crifice Size (mm)

Fig.12 Change in ignition delay due to nozzle orifice size

DHBDFEDFN LFEEZARENDH BT L EJE LT
BY, b LRRREBRE EHZELTHNE, 77
FEGEIZEL EVICBI L-bDEHEESNS. T

Hbh, TR RIZTEILESEAO—RHEFO
R E 0L, ZRICIEDIBBENZEL, B 23RS KE
N EDZRHHEFOHEIRKENI L EZRELTY
3. —h, TTHFHOBIEMIMIET B, T
3R L7-HHEREOELE BB X ZHLULTEY,
F 7o, BRAE DAL & OARBASHEE S 1, WiFLEE0.22mm
DHHETHBMEDIZEIL LTS,

4-2 MWEBIBEM T INEONME  HILZ
Bt S N7 EBFXROMENE T NVERT. ETV
T3, PABEIREHE I SIS S L, O
FULERIZ IR ZE NI AT < 1T &N 2 B ERENN, (RE
EBIUT TR EPFEET 5 & 2 SIIRT 2D,
RPRIR L MR F BALICX S L7, B, TITRL
72UEB N AT T IVIE, Kazakov & Foster™iZ & - TR E
N7z DEBEI L7, ERONEIBBOREERT
3, EBIZAT VR AF v T DR VT CHgE
Wk +HIEMBTERVWTHA I L, T, HAE
NARVIBSIZIIEBNEA P ¥ v €7 1 OBEEIC
WET B E LT, T XD REMRFOBETHE KK

—285—



286 74 — RO T SRIEICRIZT / OVILE ML

OA %D
0in,

]
5°BTDC TDC 5°ATDC
0.40MPa © A 0

0.83MPa ® A L
Least square .

0.2 0.25 0.3 0.35 0.4 0.45
(At d )25 (ms o mm)®®

Fig.13 Effects of spray penetration for ignition delay period
and orifice size on soot size

TR S NFENT EAMEE SN D,

MmO RUEE W, EBIEENESRVIZENE
b EEZ, BI1210RF X918, ER OB KEN
(deg. CAYDSTEFLIER/MI L o THBENLZ LB H
Wrs 2 &, BILES/INC X » TR 2L OB
MWEEFIIFSENROERIC L > TEOBSHI»HEIHE 1
ImbDEEESND.

134, EFLECERITGIE S N T hE d/d IS &
1T ESINEESORE FRT. FNESODER)REIE
WIS LT, EHAKEBREAM A (ms)O RS ELERENE
Aty S ICHBIT 20T, MI3ofiihe LTI nfE:
BALTWE., 22T, S ILRIEEAET oy
3, MAEEIIEBEN TITh N, D OEBRER T A
ERENDLEELTWALDIIERORRLREZ S
o EINDICHIMS T, EILE, 'R, B X
UBWMORYL DI 4 D7 — 5 DFEEDS, Bl 2 Bl
EHROB R IIHALET S, WILERNMNCEoT,
SHENIMEL L ASLMEMNT 5205, 20 LIIEEHE
TENASLTEHR, METE, TIRELSDL
NS T HERFCH S, TTRARDEDE L HIHT
LHRFLLTHE, Lo X5, HXERIERS L
Ik, Tabb, EABEREREMEIE & o THEEH
OB EHINL LA EREEE SRS,
DL REBLILBRELT, He DIREDTICH
FEENTTRIFOMEE, YRR LEFDITLDEN
BT bR WIC b 53, MI13A9R Y REF 243 BB
3, T REANEILEE S TIZRBIBIRIC S 5 T, 20,
EBELEEE O £ D ICEFEMICES T L ¥
RLTWa,

4.3 TTRNTFHREREREZLZBEEOWHK
TYRTRICREY RIZTRF L LT, o3 i
BasEZ oD, HFREEN—EDHEITIE, HE

— 286"

10

8inj
Pme 5°BTDC TDC 5°ATDC
o4omMPa © & O
e A =
Least square

0.83MPa

Aso

Fig.14 Effects of excess air ratio of the burned zone and the
amount of fuel injected on number of soot particle

WL TR ESTHR V H L O3 d 5 206, 394
F-EAENT AFEEDE 2 A5, BEBHEFEIVN S W
I EHRDRE S NS DT THF L LTERFT 55
MR 2D, T2bb, HBEHOERSERET
NITEXENHIEWITE, N2 TRBER OB RIS
BWVITE, FIRARIE O MBI AMERE S 3
FTEAT s LA SR D, METHE, TIRT
BEXRTH> —RAMETFL L TESRERIEZ S
h, TROEFE LT, $THZOBA LR &
KEBNOEZ GRD. 2HIBETVERICIIUT, &
KENDBNE & &b IRz FBRITR A bR T
5L, E6I, BREERZERBRROHEML, KE)“H
WTBRBER OB RS E R HMEE DI &2y, §F
DEMLEIRET 5. Tabb, EXBNEBEIZED
2ODHEFFEET HWENERT & L TRIERZESE
TS A, BEA L7z, 1443, T8 F 8 Ns & AR
§HE G, (g/eycle/cylinden) B & URBEIRZE GLBTIZE A, &
DOMFEERT. R@ICBVTHET TR E LTCEHD
BHREEAVTW S 25, T3 RENE/NNHES
BAIIITIRTFESEmML-bDE LTHES N,
F— I DESITH IR SNVl H ST, K447
AT BIFRARRBARIE, TR FBARMTOEMS 5
VI HREE DS IEE TS RAEST RS IZIZE B L T
BINL, »oRREEIREFBF T OEN & HICERKIIC
WATHILERLTVS,

F A4 —EPREEIC BV TIE, — 8890, BXEHD
FREREIIEERETH Y, BB IC B L T
BEEASHEIS % EEbN T2, ZOBEOHEDR
b, PREESTREOBEM, BRETRIE, RERGEED
WIS T TR FHOME ko7 DEEXLND.
AEBROBE, HRABMNY —FBBBRHETH S
W, BILER/INMS X o TIESHAM AL, $RICER



5 4 — CABEIOT THIEE RIZT 2 X MITLEOIE 27

JF T PR R A L CTHEAURRE DS EA T 2. 2o
Z Lk o T o Bl AT B A L, BRI AR
BIL D D KEXRPHEGBREI LN TS, £D
wEEr LT, I4ICRT L3, BANB X USEN
2BV TIRIRERERE D PRBEIRZE5ORRISRIC 2 o TB Y,
B DR b ERERLDS, B LM TR 9IS T
E7mLDLEEZLND.

5. &7

¥ — FBET 4 — B NVARB OB M IC BITFT ) X
JVBFLEERE N DS % EER & € FOVIRAT O > 518
sRL 7z, PRBEHRHBUR O MR R © 2 HikE 7L % A
WTTTORNEBIURFHEHEL, 71— B
BB AT T REL X UT TR T B ST S
W OB EBHEOC L.

() FTTRAEE, BTN CEWED L. dEEEE
EhICEERR IS & 0 MEE & 7 A KB AUE R o DS FlE
FREEOINCIEVWEAT 5. 2B, BEILESNNIE S
TIREORNDREIE KENERFIC L Y HEHI S h
5.

Q) TR HUL. PREESTHE & I TITIAIRIEIGRIC S
n, F/o, PEEEZESGAFEROBME &b IHEIZE
PE D, B, BIERENMI X o THRIRRZELUR =
HHEINT B 720, TR SEIIRST S,

G)PHERRE L, T3 REE TTRT]ROMCEE L

THEY, EILERANG L DHHEREOE T, T8

EOEDRRED LT TR THOBIICL B,
4) BEEDREFAFRIAMT, TITRBRASCLDLD
D, RREDAE O 2RI ED BB D0,

TR L CHE IR EE 0TI 5.

o, st ol (k) E2 e oRitic
2H0CHY, T, TR ) URFRIGIERERE
T H oA AT BE, ¥4 T —EL
(BR)), BAdd— (BIE, ZZEETE (BR), BRAFH
(B1E, WIFTHBE 3R)) SROHIIVb /22
FRLLTCHEL LT 5.

X 3

(D FRLWIEZ - 1E 2234, BiG, 64-618, B(1998), 613-620
(2) FE R A AERAE, #8355, 64-620, B(1998), 1268-1273
(3) Endo, S.,|3 744, SAE Paper, 970818 (1997)

(4) Verhoeven, D.D.. [ 4244, SAE Paper, 981069 (1998)
(5) Katoh, T.,}3 H*4 %, SAE Paper, 980806 (1598)

(6) BEEIRE - 1334, ik, 64-624, B(1998), 2737-2743
(7) Ishida, M.,13 %°2:&, Proc. 4th COMODIA, 51-56

(8) HHIEGL - 132234, #8ia, 64-619, B(1998), 961-968
(9) MM = - 1T 2%, $HiE, 64-624, B(1998), 2744-2749
(10) Takasaki, K.,¢X 2354, Proc. 4th COMODIA, 57-62
(11) Patterson, M.A, Reitz, R.D., SAE Paper. 980131 (1998)
(12) Mather, D.K., Reitz, R.D., SAE Paper, 980789 (1998)
(13) Montgomery, D.T. {3 22444, SAE Paper, 962002 (1996)
(14) JacobssonJ., Chomiak,J., SAE Paper, 972964 (1997)
(15) Hiroyasu, H. and Kadota, T., SAE Paper, 760129 (1976)
(16) Kazakov, A., Foster, D.E., SAE Paper, 982463 (1998)
(17) Ishida, M.,}37234%. JSME Intl. 1., 39-1(B), 185-192
(1996)

(18) Morel,T., Keribar,R., SAE Paper, 860445 (1986)

(19) Miyamoto, N.,1Z 7344, SAE Paper, 850107 (1985)
0) IR - B, ALK THFEEME, 19-2 (1955), 135
(21) FIEHERRR - 1234, B, 25-156 (1959), 820-826

—287—





