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Experimental study on diesel-ignited high-pressure direct injection

methanol combustion and emission characteristics

Wang Tianyou, Xiahou Minghao, Zhang Dongming, Lu Tianlong, Liu Haoye, Sun Kai

(State Key Laboratory of Engines, Tianjin University, Tianjin 300350, China)

Abstract: Based on a modified diesel-methanol dual direct injection single-cylinder engine, combustion and emis-
sion characteristics of the diesel-ignited high-pressure direct injection methanol combustion were experimentally in-
vestigated and compared with those of the methanol-diesel dual-fuel combustion with premixed methanol across a
wide indicated mean effective pressure IMEP) load range of 0.4—1.4 MPa. The results show that the diesel-ignited
high-pressure direct injection methanol combustion can achieve stable combustion at 90%—97% methanol substitu-
tion rates over the broad load range. The methanol heat release stage exhibits significant diffusion combustion char-
acteristic at medium to high loads, with the combustion duration during the post-combustion phase remaining
nearly constant as load increases. Carbon monoxide and unburned hydrocarbon emissions are both below
1g/(kW - h) at all loads, while nitrogen oxide emissions significantly increase with increasing load. Compared
with the methanol-diesel dual-fuel combustion with premixed methanol, the peak heat release rate of the diesel-
ignited high-pressure direct injection methanol combustion is only half of that, allowing combustion to commence
at earlier crank phases to get an increase of thermal efficiency by more than 4%. While soot, carbon monoxide,
and unburned hydrocarbon emissions in all loads are substantially reduced to less than 10% of that, and NO, emis-
sions are lower at low loads but higher at high loads.
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Fig.1 Schematic of the experimental setup system
1.2 R EHESNAE
1.2.1 RE7r %

I TALANER 2 FoR. RIS TESE 3 R 1200 r/min
AT AT, HRERYIBESR 1 60 MPa, 53 Y mBE S
FEJ12% 80 MPa, B H BER M I8 0.5 MPa,
W55} B 20048 5 7E-270° CA ATDC. 7E48R A %%
71 (IMEP) 4y 0.4 ~ 1.4 MPa 1) 5 67 faf PN HEA 745305 1164
e T LS PR SRR (01 5 S 1 T X LU, TR

TR -GS S A RE TI% . Ry 3 A i sy
T (OMEP & 0.4, 0.8 F1 1.4 MPa) #4756, 7Ek
A7 S35 AR w8 o S FHY IR e it 9 I, SR S8 5
WS | PR SE I I P W S S, S T M S ) 220 L R
10° CA; 7EH AT BEFUR & S5 A 52T, SR
S 1k BT B S S R . R bE Bk
PR A B RBPERR I 10% . 50% F11 90% ISf T X )7
B A E £ 20 B E SR CA 10, CA 50 1 CA 90. #iff
PRIl EWEEA S S CA 10 2 ia) iy i fa a1 e, 14
PRSI CA 10 F1 CA 90 2 [a] Y th ah %% £ 1)
B, TESEATIREG H, AR TO0 T 10 1A 3% S il A
P S RIS AR IS, S BREEAH. CA 50 353 9°CA
ATDC [fifr, 8% 17+ m 255 1.0 MPa/ (°) CA 1 I
BRL. Sy 5 [ w8 i L P ) B AR = AE 90% ~
97% . 1M HY TV 5 A5 5 T 5 LR A R AR i i
40% , PR FERT IS H e B0 SR i — 20 48 m AR
AR Nz =S L R PN e
%, FEIHCE TR, W s iz A i
PRSI P | R o e I, 4 R A
HELTE Wang SEURAFFE 45 SR rp, IR B TR &K
SmG R RO 40% . iXgerh, SR EE
e 32 £3) C, RAWLBHI KRS (80 +5)
C, MLiR EEEEHRIE (80 £ 5) C.
F2 KBRIRS

Tab.2 Engine operating conditions
S s | AR TR &<

2%

UG ESLEIES
B3 (r - min™) 1200 1200
0.4, 0.6, 0.8,
IMEP/MPa 0.4, 0.8, 1.4
1.0, 1.2, 14
- 0.12, 0.13, 0.14,
S J1/MPa 016, 0.18. 0.20 0.12, 0.14, 0.20
ST T A 22/ -18, -18, -20, 1
(°)CAATDC 22, 24, -24 T
ST E ST %0 %0
JEJ1/MPa
FH i I 60 -
JEJ1/MPa
HEAE H AT o 05
JEJ1/MPa )
e Seihsemt, HImE S 4 A
WA TEAHFIRG Yy 100 cA o AR
R % 90 ~ 97 40

122 HByHhronik
FMHE (d0/d6) WA TR A
@o_y dr 1 ,d
a0 7176 71 ae M
Kt 0 HERECH I v R EEERLEE, B E R H



- 196 - A o

Hl

= Fa3E 3

P TR 5 S LA v BRLE <0 T B b 5 K i T
PR, PO HE R 5 Y s ST s A 22
S, DRI 7E S8 9 5 R e i W A FR AR 58 vh B R
1.37, 1 IR & S 5 R B T IBUE ) 1355 1
BRI SELARTH; p LN R
TRARPCE n; RIEHE S DRI AR (8 PRI AL BT
AT AR, B
m =W,/ (myHy, +myHy) (2)
X Wi AR )5 mp B NG TEFE R SRR
5 Hp S SEHIRA 2AE ; my W MG IEFE R FH R
FRRRE 5 Hyv oA F IS L
BREEE G CO 1 HC (HVE TR, Bk
ARPESE T SRR HVE, A
N, =1=(meoH oo +mycHye )/
(i Hy 1 Hyy) @
K : meo M myc 43 5AHESH CO Fl HC (T ;
Heo Ml Hye 43058 CO F1 HC AARA .
2 A (MSR) 8 F B RE £ 5 S RE B2 19 1L
151], AR PR} U e A A4 S
MSR = (mH,,)/
(myH, +myH,,) 4)
HI T AVL 439 MHEETHAL T soot HFiL , i
A (S) ~ (7) TR BRI HERL .

N =100(1 - efOASk) -
M. = 0.001x22 FSN. 06 2PN,
0.405
(mair + mfue]) 1
1.2929 P (7)

ik i AVL 439 ESRIOEREG N A
BE; P R SIFLIIE ; my, R TIR R ; mue HER
BHHFER ; FSN WUR4CIHEE , FLAEJE R (6) AU,

2 HR5HR

ARG T M5 S EE B ARtk 5 HE
i

WFIE T TR G far T 48305 19K v s B R A 4R
LS HERCREE. AR R B, e Y R
PEHT 10° CA, BEMEIRAS B R RS 1 F B R 5 R
R E R R, R, I8 rP AR 2R R ST
RIS SR ES) 20 L T PR 10° CA, 38 3 38 71 Sy A R
P R B S 1 s S A2 il & SR e AES. CA 50 #E 9°
CA ATDC M, LAPRIESS B far 00T & shHLA ) 6g
FIHAIE. R B ST 5 |4k i e Bt AR e 1 S B 7

2.1

FH G BREFE, AARIEA [F G T A 51 R i —
2, GIBRSE I B IS5 s 07 FK 58 23 5 R4 4E 80 MPa
F1 350 us AN, S ik VA FP A M 558 ok S A R 4
ATy N N o0 NI € 5 T SR 1 B A R i 0 ol O <
WX L et R R ) I KR 1 T i RN T
1.0 MPa/(°) CA.

Bl 2 25 R RIFE R 396 U Bk e e
XTE. B IMEP 340, e ok e Bt sk be
(1) B AR | e KR ) TR A3 R R R A
235l (CoV) #9754k, FiatIe Fh AR RRSE i A W5 R )
FKTEAAE , AT BT T00F Se A me i i A
FHTE] , Bt 5 & Sh ML A A 156 T, PR T2 1) 406 A0 W G 44
i, HEERACR T &, FER T IMEP 0.4 MPa
T, WEEAA RN 90% , 7 & i fii IMEP 2k
1.4MPa T, FIFERENTIE 97%. [RIIRfE i A
0.4MPa | 1.4 MPa B Ll FEH, i K ) T %1y
/NF 1.0MPa/(°)CA, H CoV KT 1.5% , FK L%
5 6k i B R SR R AR e FE AN AE I DU |
SRR Z 1 ) A

100 162 7140
—0 Q
_—° = {35
96 ./° - -
x / “— 13.0
o7 [ ) A * -
£ oo A £ 1258
i A 082 2.0 2
B o8 A I #17°
& ——JEATER | 4 15
84 | * *- ,,\—-— CoV ER o
R .
f——K R
80 —— |y, ¥ s
04 06 08 1.0 12 1.4
IMEP/MPa
B2 AREIETEHERE TR ST

Fig.2 Combustion characteristics under different IMEPs
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Fig.7 Comparison of indicated thermal efficiency under
different IMEPs
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