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Simultaneous Reduction of NO. and Smoke based on Port Injection of
Methanol/Water Blend in a DI Diesel Engine

Masahiro ISHIDA*?, Hironobu UEKI,
Daisaku SAKAGUCHI and Kiyoshi KUROKAWA

*2Dept. of Mechanical Systems Engineering, Nagasaki University,
1-14 Bunkyo-Machi, Nagasaki 852-8521, Japan

The auxiliary port injection system was built up using low pressure injectors installed on a
common rail. Methanol/water blend was injected into each suction port of a four cylinder turbocharg-
ed DI diesel engine by controlling the injection timing and duration electronically. The optimum
conditions of the injected amount of methanol/water blend and the blending ratio of methanol and
water were investigated to obtain simultaneous reduction in both NO. and smoke without increasing
fuel consumption. In the theoretical study, the effect of methanol/water blend on combustion and NO
formation was analyzed by using the two-zone model. The proposed auxiliary port injection of
methanol/water blend combined with the pilot fuel injection could be a feasible countermeasure.
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Table 1 Injected amount of water and methanol

(1) Water 100 %vol. (2) Methanol 100 %vol.

Pme || 8xw=Gw/Gar| Cw/ Guel || Axyy=G/Gar | G/ Gruer
(MPa) (kg/kg) (kg/kg) (ka/kg) (kg/kg)
0.006 0.284
0.010 0.459 0.011 0.583
0.40 0.020 0.922 0.016 0.971
- 0.029 1.341 0.022 1.536
0.010 0.313 0.009 0.288
0.83 0.020 0.629 0.016 0.603
0.030 0.915 0.026 1.169
0.034 1.783
(3) Water 75 %vol. (4  Water 50 %vol.
Methanol 25 %vol. Methanol 50 %vol.
Pme Alxw+Xy)  |(Gw+Gw)/Gral| Axwtxnm) |(Gw+CGu)/Girua
(MPa) (kg/kg) (ka/kg) (kgkg) (kgka)
0.011 0.539 0.011 0.531
0.022 1.107 0.022 1.198
0.40 0.033 1.673 0.033 1.990
0.045 2.344 0.041 3.033
0.017 0.529 0.017 0.565
0.83 0.034 1.106 0.033 1.235
0.040 1.341 0.044 1.767
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Fig.3 Change in exhaust emissions due to methanol/water (Without or with pilot fuel injection; (-)im,:TDC)
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Fig.4 Change in combustion history due to methanol/water (P_ =0.83 MPa; 8,,=TDC)
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Fig.5 Decrease in compression polytropic index due to
methanol (P_=0.83 MPa, ij=TDC)
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Fig.6 Ignition delay due to methanol/water blend
(P,=0.40,0.83 MPa, §, =TDC)
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Fig.8 Smoke reduction due to oxygen content
(P_.=0.40, 0.83 MPa, 8, =TDC)
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Fig.9 Combustion gas temperatures and NO formation rate based on two-zone model analysis
(P, =0.40 MPa; §,_=TDC)
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Fig.12 Change in combustion history due to methanol/water blend with pilot fuel injection
(Methanol/water=50/50 vol. ratio; ﬁinj:TDC)
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Fig.13 Improvement in trade-off due to methanol/water blend with pilot fuel injection
(Methanol/water=50/50) vol. ratio)

KT & AQ, ()& H— Mgt I A ¥/ — LB LT
IKZE R THER I BTN EBIEG v () & DFHB AR
T FREDT— I WEMDIFEHEIZH B EMNS, hiH
DEMNIFEFE LOBIRICH B 2 Db, 15E, G,
IFIKRE YA 7V 0 IS SN CBRAEAOERT
B, VZRAEADERBBRTHE. bbb,
A— MEF S NIGREBARDIE EL2TH, WEA— b
BEOIRSHR, EX N UEMm, V) 2 =Rt E D
HEFREEN S DB L D EALL TN B I EDIME. —
H, ZLOTFT—FZHEHE O EAIAIE LT
B EMNOHEET S &, MBS EADEIIZE 5T
WLHEHIZING Z EhEZSNB.

I AR — SIS SRR RDZE LA TR,
7335, MM FEABEHAE AR — NS LIS BE A ke

IZUAARERIERTH O, RERIRIEAR — AT ES
KEBNCELRDBDRKNERTEZ L TS, K
DFEHT, FYEHIEARE SRR A RS — Nt
BICE S SN L 72HA DERD B OHEEA S
HBTHD. HRDHDPAZNHRITAR— NESEORY
MEHTIRT MY T B0Y ZLDTF—Fi3M#
WTIEH BHHHRD EANTAEAE L, FBBRARESSED
WL TWS. 20 EDSHIEDBESEEIRI R HE
EIhsb.

34 NA oy FEFHOREE [12(a) & (b)Y
PRI MBI I BT 31 0w MRS DR B AR
9. KII A Z ) — VKRR A LEERHI50/50% vol. D15
AT, RAERES AR LTS, /Sf oy Mg
GHZ I HRBEDS T BRBEIT IS > TEFEAEFRANAR |1

—333—




2254 X3 )=« AR & B 7 4 — €SB NO. + HHBIRIEHEH,

TAREICBIN TR O, EESBIAEINC S oy Mk
MEAET B IoDICEEHO B /BN TSN, K
fif, WAME S, TEHBEEHIERIIE A I ES B D
BN & - TR EREAZI L. F/o, SM oy b
BRENESHZ K 0, TIRAHREED SR RO AN
45 B UERIBIZR Ltk 0 BHEITER L 75 5 TS,

0k, KBOEMMAEITRLUICKSIZ, THC, NOxks
FUREDORABAES I L BIRRRIZ S oy b
PRENESHC & - TIR ERE AT IT T, fo2L,

%A Ty MREIESHT X 5 THRAMBER DD L

FESHH IS HEBUABER SN~ 2 729, HEEMERERIZA
VA ENZ TN - T3

K13()d BN, A &/ —IU « IKIBOEEA A — b
WESHIZ/ A Ty MRENESEE DR U o8BS D HELE -
NOx¥ L Uk # - NOxDE K [FE AR, 50/50 %ovol.
DIRA AR ESHT X > TNOx & HEE AR K IR X
N, (RESTB LOEAEMOTIICE N T HNOX - HEE
DOE BRI FZ I SEEINDE Z ENA0 5. i

AN TIITHCLX MR E DBIINAE DT, Rt -
NOxDHF % b FRICHE I N B0, KA TIEA
5 ) — VD ARFEEIRBED T HTHCHMEM L, £D7%H
ICHBERBE DI 5. ok, ZhoORERDHK
HITFEELTAY J — )b« IKEHIESHZES L D
T, 731 0y MARMESHIRES R UG U4
hE. 73 oy MEFHITR A IUAESH IR 5
KENDYEE SR AIGIT B 7o6d, HIIDIRED - &
FAEMGTE I EICHFHT B,

4. LIV

A7 )=« KOREALLEERE LT DL S
T 1 — BB, Bkt KOPERBIZE R B gl
EEBRINTHN, LT OREEBL
W AF /= LOMEHICE->T, K- BAMED
HEEEI IR IR S N 5. BRI OBESHRIO% T
#180% DHEFAMER S 41, BEREARIITTHM LT
Bk 5.

Q) BAMTIL, A7/ —ILTFRAKINIITTERIRBE
T B cHTHCOBNI/NE {, BBEREOHING S
V. —, IKBMTI, A ¥ —ILTFRAKDBREN
RSERTLI, A7 ) —IViESHEE & HICTHCH
LBk B D44 5.

B KA &7 J — WEKHDEAT BHIEAR T, NOx
{RIFZNRAVKBIIES DIBE L D K& L, #h0.02ky
kg DRATARIBIES I L ONOxDERH X4 5. NOx
B L UHHEDS0% FIHEIRD 12D D A 7 ) — U7k KR
RAII25/ 75 TH 5.

@) BZHAMTIE, A ) —ILDIREIZ X O NOXKiRE)
RAVKHEIES DIGE X Dl 5. NOxd LUHE
FEDS0% [FIHEID 785D A & 7 — IVIKIFREIR A LI
SO/50FHETH 5.

G) A%/ —Ib, KBLUZNSDEABIADA— k
EHHI K O FICENDEINT B, 231 oy MRS
ghick 0, RABUATBIEST IZED < NOx - HERER]I
IRIRI R AL S Z ERCHEKRBREEHETE 5.
6) A 7 J —Ib « KIREBARDIE S I3 HBEE EED & 24
5 TRALT 5708, BB DK EHRAIMER S
5. Fio, BABATIENEOEEHIGISIIRAZE
K[OERFENERNRD T 5.

N WFNOHFIIBNTH, A5/ —)L - KIBEHE
ARAENEEHZ & O HEE - NOxk L UMk % - NOXxDH
PR EE I E S N

BDIZ, AIROEMZKD, G €788
34 Oy NESFORMDHD -2 &, (WD KR
FHTIREE A M E D SFRBIR NS -2 &, F
72, YR KFERFRFETH > 1SHAKRE (B
{E, FA/NYF 4 —EI (BR) ) Difind-71cl &
Z L THEEET 5.

X [

(1) T A - 13024, F G, 29-4 (1998), 35-40

(2) Hashizume, T.,|374°34%, SAE Paper, 980505 (1998)

(3) RFHEZ - 130244, HEGH, 29-3 (1998), 55-60

(4) Uchida, N.,iZ4'345 , SAE Paper, 982679 (1998)

(5) Yoshimoto, Y.,iZ#°34%, SAE Paper, 982490 (1998)

(6) Boot, P., Proc. 20th CIMAC, Paper No.D67 (1993)

(7) LR ZES - 13A°54, #iR, 61-590, B(1995), 3548-3553
(8) 1M = « 13D 24, iR, 64-624, B(1998), 2744-2749.
(9) 45 H B #k+ 1T H 342, B3k, 61-586, B(1995), 2320-2326
(10) Ishida, M., |Z/34%, Proc. 22nd CIMAC, Vol. 4, 879-893
(11) S AL 1Fh A4, B, 64-620, B(1998), 1274-1280
(12) Seko, T.,1F4H 24, SAE Paper, 980531(1998)

(13) 51 (E5L 13 H 444, HkiR, 60-573, B (1994), 1845-1851
(14) T HEESCH « L1, BEER, 95-559, B(1993), 880-885

—334—






