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Effect of Pilot Injecton on Diesel Combustion
(2nd Report, Improvement in Trade-Off between NO: and Fuel Consumption)

Masahiro ISHIDA, Zhi-Li CHEN,
Hironobu UEKI and Gui-Feng LUO

To reduce the level of exhaust emissions and to improve ignition characteristics, the effect of
pilot injection was investigated in a turbocharged direct-injection diesel engine. As a result, it is
found that the pilot injection shows some significant effects on reducing the ignition delay and on
improving the trade-off relationship between NO. and fuel consumption. The improvement in the
trade-off relationship by pilot injection is observed in both the low-cetane fuel and the high-quality
fuel. This simultaneous reduction in NO. and fuel consumption is caused by a slow rate of pressure
rise during the initial combustion which results in a higher mechanical efficiency and a lower cooling
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loss. In the short interval between pilot and main injection, a small amount of pilot injection is
rcommended to reduce both NO. and fuel consumption without increasing smoke.
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Cooling Loss, Trade-Off Relationship
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Table 1 Properties of test fuels

Name of fuel ADO60 | ADO40 | LCGO
Sp/Gr@15/4°C 0.8335 0.8914
Viscosity cSt@50°C 242 292 3.10
C.CR. W% 0.01 0.36 0.22
Sulfur  wt% 0.14 0.73 0.76

Net Calorific Value Mi/kg | 42.91 42.04 42,04
Distillation °C
183.0 193.5 2135

10% 219.5 236.5 247.0

50% 2725 292.0 2975

90% 326.0 351.0 353.5

E.P. 356.5 377.5 374.5
Cetane Index 57.1 40.1 35.6
C/H Ratio 6.39 7.32
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Fig.1 Flame temperature measuring system
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Fig.2 Change in engine performance due to pilot injection
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Fig.3 Change in engine performance due to pilot
injection (Fuel ADO 40, Pn.=8.30 bar)

Tw3, REETOHE2OERRLLT, ZThsDED
EERCTRT & 52, 284 0y PEROBE, BESHR
DHEEEH OB SR TR Y HESI A TWE I,
BETFoONDE, 12720, dor=31DHE, sS4y b
EE O REER D LD, HBHVITERLED

— 128 —



TA— VR BTS84 oy NEBEORR (B2

3527

o, BESIRORESRES L, E=DRKE L
LT 3-3HTHRB & 5 ICHAELDERIEZ SN
3,

3+2 HEAMBEICRIZTENEEROEZE BHX
REFZ AL TEKEBNEZEW LI5S, TRSRE
DE— 7 BREFEVFEEZEETINLZ L XEI<<D
Tl NO: DEFESE SN B, B3 DENHE &
UEZAHMNRT & 52, IR, & X I HHE
BEVSHEICHEMT 2RA2RT. BKENIERES
NBEETRBKEERE 40y NEHIIFAZETH S
B, HXEEFIC LD BEKTIRL 2> T HBRBESE T
HBTMLAWEE LD E NV EDS RV E, $4b
B, BEXKIEERIDBE 4 0y NEHROBE LY, MK
BRI R K 2 DILEURBEBI G K E v 2 L 23, HEE
BWEOMMERELEZSN S, IO i3, M3 o
K[IBE T. 5B KBERIC L > T T LMETFLA
W ENSLWETE D, i, BXEEFNC X 21
& BB EOWESR /N E WV,

33 MBERERET Kd4(a)~(c)iz, &
FEHHIN T 584 0y FES OMENREE TR
db. [%] %, £7:5 (a)~(c) 3PEKRBLERES
AT-To) [%], ®6 (a)~(c)i3pHHBLEREIS
4Q:.[%] #~¥. %B(a)id ADO 60 DIEER, (b)
¥ ADO 60 DE AR, (c)iz ADO40 DEEFDHS
EENEFNRL, &8, 84 oy FEE EEEES
OEMHZEERD 2DIZ, /34 0y b RS & B
OBV RICGEOEEMB Z b ELI 5N D
25, 84 0y NERIEH L ETRMBRLOTHD
BEEAMREIL S 0y PO FEHSTENTH B L DF

8in.: O 5 deg. BTDC

ZFhS, INEOETIZ A oy b OFEEE & B
TE 5 D BHIAREADY, 1EIZRI UBA O EREREE D=
ERDI. WTROBE T, BKEHOITS D21
O HEMAEDOHESEEN TV 5,
BNFZOBEL S THIE, RBOET, #5vhid
ESRBSHEDOMEIIIHETIBRDET, B & UhHHEk
DETREILFTTHS., £/, /81 oy MEFIZ
XD EBEKENIER SN, TREFHBRANRE  oh
i, 2Rt U CRBES TRHEZI R 2 0, HERIB%
DEAT B ERERDOIETHS, Lid-T, ©
5(a)~(C)ZBWTHS DL & 52, HERHAIE
WigE, BEFIZYE, £/, BEBEHmELE Sfoy b
BEEHC & 2B KBNERPIERIKE 0, S, ERBEX
DETEHEHKE W,
BEHHEEROEED: S, EHBEHKORES L U
BAA R 2518 L7z, #BIREIC R S iz 4 A
V7 — 7 BNEBBEHIKIC L - THEIE R B DT, HIK
HEO—FIIHHBEO—HL L TEENZ I Lk
3, HMADBREZEI/IS L, EREHEOM/NE %R
DB, T—FDOESIED ZBT SR 0LICH
bod, M6 (a)~(c)FnTFhoFEs, 1oy
MBS & D BHERPMER S A EAERLTY
3, ¥7bb, ADO 60 DFEHITIE, Pre B & UTEEEF
BAIC & 5, dor H° 3.4 mm TEHHIBEERZ TR/
12D, dop 3. 1mm D/ 0y MEHERKD L
EWZOEBBERERCE S, B, B6(c)D
ADO 40 T, HHHBREFEESBIFTME N T3
E3THBH, R dor=3.1mm THHBREHE
REFJFRICR S, Lzd>T, WFhORBEOHEY,

A Toc O 5deg.ATDC

0 r‘D T T T 0 —D T T T 0 —D T T T
O
2T O 1 2F 8 © O - 2 .
A =
6 A A ﬁ o
—~-4 4 _—afF . _at e} -
R O O 2 4 O R 4 o
) 0 o o AN
Qa a Qa
4-6 1 <-6f 1 <6 AN il
O
8f 1 8f 1 -8 [ H 5 .
-10 L 1 1 L -10 1 1 1 1 -10 L 1 L  —
Without P. 3.7 3.4 3.1 Without P. 3.7 3.4 3.1 Without P. 3.7 3.4 3.1
dpp(mm) dpp(mm) dpp(mm)

(a) Pne=3.97bar (Fuel ADO 60)

(b)  P..=830bar (Fuel ADO 60)

(¢) Pne=8.30bar (Fuel ADO 40)

Fig.4 Reduction of fuel consumption due to pilot injection
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Fig.5 Reduction of exhaust loss due to pilot injection
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Fig.6 Reduction of cooling loss due to pilot injection
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Fig.7 Improvement of trade-off between NO: and fuel consumption due to pilot injection
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Fig.8 Improvement of trade-off between NO. and fuel
consumption due to pilot injection or ignition
improver (Fuel ADO 40, Pn.=8.30 bar)
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Fig.9 Comparison of combustion time-history (Fuel ADO 60, Pne=8.30 bar)
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