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Cold start firing behavior of electronically controlled injection

methanol engine with LPG as ignition improver
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Abstract: The transient firing behavior of a spark-ignition engine fueled with methanol blended with
LPG at cold start was investigated experimentally in a 125 mL single cylinder electronically controlled
fuel injection engine. The effects of the blended LPG amount, the injection timings of the methanol
and the LPG on the firing behavior and HC emission of the engine were studied by means of cycle-to-
cycle control technique. The results show that a propriety amount of LPG injected into the intake port
promotes the cold start of the methanol engine and the LPG amount affects the cold start firing
behavior significantly. Optimal control on the LPG injection timing improves the cold start reliability
and reduces the HC emission at the cold start.
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Fig.1 Sketch map of measurement system structure
WA A S AL EL R 2 (8. LPG HUE 4l B 3l
PR Hedie RS Bk v A i 5 6] LPG Rk
U T DU AR E MR BE WS K BE (3 ms) .
2 & HBEAT LPG W W %) 3t £ R 1k

0.16r

0.14f
2 0.2t
0.10F
0.08F
0.06
0.04
0.02f
0.00 L L . . |
0 20 40 60 80 100

g A Bk 9 /ms

Lagipvl

Ca) TP

M5 S /m L

=
T

4 5
W 55 ik B /ms

(b) LPG Wi
B2 HEEM LPG BEHRERN
Fig.2 Flow characteristics of methanol and LPG nozzle
L3 WikF7G*E
AR50l g A e A o L (R Sl R BILE B Kk
AL NHE 2 8 36 T 4 W 45 F B A1 PG, iF 58 A
ML S — U R B v A B 3 R . BE L PILYS 5 A
Ik AR 35 “CA L ECU R HI # L HLIE 5 7 Ry
il B B2 A LPG W5 1E I A4 fih & 15 o DL AE O 2k
i3 I S R D T S



¥ T TR F RIS T BRSNS R AL T A AR B KA < 17 .

2RI S5 R NPT
2.1 LPGBREREMNALENENISENZ I
K 3 Fon LPG 185 X% AS [\ B s s 5 bk v

3
3.0

AN K B

LPGHE 3 Bk %8 /ms

1 I I 1 I 1 1 1 ]
20 22 24 26 28 30 32 34 36 38

B S 45 i 98 /mis

24

B3 LPG 5 %EE X A [E B B2 5 ik
ETRENE NFEHFm
Fig. 3 [Effect of LPG blending quantity on cold start firing
behavior under different methanol injection pulse

widths

TR E KRR, X R EE R 11
CLWANIFEN 10%, s KR 12,05 V., i
iy 42 o) P A 3 08 PR R 4 L 1k AT R R MILA
5 FKJE WG, LPG R W8 S s [B] AE X5 B e i )
20 ms, M HRT LU B, 0RO I S X &
SIPLIE K PERERR A S . AH O LPG WS4t
TR 5 B Ok — 86, 2 LPG WSk SR AR T 2. 5
ms , BV ok FR 2 %) 5 5 kb A B Bl 3 A M
fE . XS PO Y PR % TR R RN S 4 A — s i,
T2 (10 28 2 T35 2 — 7 119, T LA AE [ 1 i) PN i %
HEASRT A H I A A g — 2 Y I B — R b 3
KW R & W 2 0 HC HEi. Bk EFE.
LPG AymE 3 0. 1 ms, FaE & K s 2y
FH 52 1 1% S50 1] AR ARG 2 s, 1) DL 3 H B K
BhHLEYE B P BE 7 1 . LPG B9 A/E AR 7 I 2 .

K4 8 5 430 LPG A [R5 58 v LR
JIR HC Hecsgm . IRl LA . 2 LPG
W% K 55 KT 2.5 ms BF L ERSE L T R SR E K
H2 % KGR A A5 55 DU 38, 55 W8 S e 20 58 —
TEIR Z R — DA E KTEIR A, X EHTH
Pt 7 IR B T AR 0 2% 10 28 kR R g, AR
LPG X 2 K (5% ) b 38 K R 2 A HE LPG [ f
oS AN DL K BT DL A5 3 25 DU A6 2R BL
PR B A0V B AE I AT 9 S R4 F R A B JE Ak
CEACE-P

BEE LPG &b it ik . e s Bk be Ik ) d il

4.0
35)
30rF
25T
20t
15F
1.0
0.5

0.0
0.5 0 1000 2000 3000

i fir°CA
(a) FPBEAK 22 ms, LPGREH3 ms

L f1/MPa

4000 5000

SURLIE F1/MPa

50 1000 2000 3000 4000 5000
i Ay /eCA
(b) FAREAK %24 ms, LPGHE %2.9 ms

os0 10000 2000 3000 4000 5000
A CA
(c) R 5824 ms, LPGlIK 2.8 ms

AL 1 /MPa

05 [0 1000 2000 3000 4000 5000
’ il M /°CA
(d) ALK B30 ms, LPGIK 2.7 ms

AL S/ MPa

SO = =k N
SDhohhowkolk o

05 1000 2000 3000 4000 5000
4 Fr 2CA
(e) LA %32 ms, LPGRK 362.6 ms

0.5 ] 1000 2000 3000 4000 5000
) 4l fi1°CA
( ) FHREH 9834 ms, LPGRK 2.5 ms

4 LPG AEBREMSKEENHHIN
Fig.4 Effect of LPG blending quantity on cylinder

pressure histories



* 78 . THRRXRFFRCTF R) % 38 &
3500 2
3000} g5
(34) =
25000 *\\\\,_,,»4————4"”*ﬂfH732’ g25
bznnu- IS CONED! @4 ié"s
2 1500} - ¥ A
$ LA A A A
1000¢ 050 1000 2000 73000 4000 5000
500+ ' th % fi1°CA
e (a) LPGHI Bt 4
24 25 26 27 28 29 30 3.l el
LPGHk % /ms :
£ 3.5¢
B 5 LPG REHBKEEX HC HER K 2 an
Fig. 5 Effect of LPG blending quantity on HC emission ;’j\ -
v aH & 157
IR XU IR G R E A LPG 85 & i r
; 0.5
I A L M 72 68 LPG T L] 5 3 .

2oL N ORE ik e i

LPG Wt 5 &8 Ky 2. 5 ms W}, i T 35 2 g,
HC HEAR &5 . 35 3 3000 X 10 °, 3k — 25 184 i g
SHiE T & K HC HiilcH — & B0 TR
SRR B, HC HE A 2 1R &, 0 B B & LPG
Ble i iy 38 K, HC HEilct A fr B TE. i st HC
HEBCEE v 0 I PR 32 R B T W S B 20 A B T
AT LA 5 BOA — 3 40 RORE (8 4 2
LPG) 78 (Wi 51416 30 FL & K AE A Z [ 1)) — KR &
KAE R B R HE
2.2 HEES LPG BiStHZIX @S E NI

E‘I]I']

#Bhe LPG #1746 B A 2h i 19 HC HE ik L id
1 WA 7 vk R s it ) HC HERCRE TR —
X R RER THBENZEMAR SRR,
FH Al H EE A LPG — B B0 TR & Uk B IR AN 2]
B R RSy LPG 185 =106 #1bifi 2 A HE
N HC HEco s . '/ 6.8 7 43l LPG A H
W% SR I 280 %o AT R 3 A HC HE R A9 52 i (T 2
2 ) W55 G HsF 220 A ok &A% 5 S5 100 ms, U EERT LPG
B T 55 Bk 8 4351 4 30 ms Fil 2.8 ms)

NE H R LLE )L Y LPG R s R A
B, BT LPG RmE g & 5 <0 T, H LPG i
B WRAS RS 1 R Y B T e — 2,
H—EB5r LPG EAE KIS =G PR < HE
55 VUG R A AR B IR AN B3 ) AR L B
IR M, HC HEBGE 2] T 2830 <10 °,

5 5 I 20 HE3R 20 ms LA LR LPG
AR DUAEER (A5 55 DU R TR A AR IR B & K
i B, & KLy, HC HEt A i T B . Wi 459 s Z1
HE— D HEIR B 25 P B 80 ms., # HE 48 O}
IEH KT EEM: . ZERT 60 ms A1 80 ms A HC HE

|
o
n

=
n
1

i b % f 2 CA
(b) LPGHif 5 I BE20 ms

@ 3.5
(-1
2 a5t
e
é 1.5t
<05
05 1000 2000 000 4000
Ml feCA
(c) LPG#if J& B B240 ms
4.5
£ 3.5¢
R 25}
&
B 15}
osh_ A A A4 A
050 TI000 2000 3000 4000 5000
i M /2CA
(d) LPG#iFJ FB260 ms
4,51
2 35F
=
:‘? 2.51
é 1.5r
¥
Tosh A A A4 A
50 1000 2000 3000 4000 5000

UL S/ MPa

i faocA
(e) LPGHif J5 FE¥R0 ms

4.5

3.5F

25T

1.5

0.5

0507 10000 2000 3000 4000] 5000

il A1 °CA
( ) LPGHf /5 FHEZ100 ms
6 LPG 7 [ M 5 B 2 X S ELIE 1 B9 22 M

Fig. 6 Effect of LPG injection timing on cylinder

pressure histories



3 ) TR, EF BB TELDNBIRRN G AR E KR

e 70 o

3000
2500F
2000

/%10°

1500

gbIlll

1000

500F

0 20 40 60 20 100
LPGAH % B A HER B (8] /ms

1]

7 LPG 7R [5) 5 4F B 2 3¢ HC HE 7 9 % M
Fig.7 Effect of LPG injection timing on HC emission
HUAE 4350 87010 “ A1 820X 10 ¢, 33 1H 4~ Wi 5
Ao ZI) i 8 i — 1 B0 R 46 L 1k Sl R A S B
160 ms Fl 180 ms, & &% 5 —1F B Ay #E 1 61
ZJa M REORIE LPG 76 55 DU AR 8 2 50 2 ik ke
Fr LA HC HERCH) 22 51 2R B &

TSRS SR 5 22— 2P HE IR 2 P 5 B B 100
ms, 2 1 AR UAE S LPG it & A B, WS IR
JIih e AT LUE B 5 DUOE IR I A & k. HORTE
S HAEAA AR F S B KB4 HC il B
FF T 2500 X 107 A Ay, B LAud. FHEE AT LPG
4 5 S Fsf 221 XoF 2 Sl AL A 3 P R A AR K A S )

3 %45 B

(1) 2R A kST W3 5 3 5 LPG Al i F it
SIHLARTE T SC BT ke 5 .

(2)LPG $Bhe it H i & sh WL e sh % K 4y
PEAREER N, Y LPG Wi ke T 2.5
ms B B oA F s Ay 55 S5 2 s AN i A0 HY I
BHLI & K HERE .

(3) A g6 LPG  mg 53 i 21, fff FY st A
LPG P Rl 76 R — 7 20 i A\ ACBL 35 31 % k3
B, T 45 e e 3l ) S L BRI HC HERL .

SE 3k

[ 1] Karwa M K,Hill F B,Biel P J,et al. Integration of
engine controls, exhaust components and advanced
catalytic converters for ULEV and SULEV applica-
tions[ CJ// SAE Paper 2001-01-3664.

[ 2 ] Fulcher S K,Gajdeczko B F ,Felton P G ,et al. The
effects of fuel atomization, vaporization, and mixing
on the cold-start UHC emissions of a contemporary
S L. engine with intake -manifold injection[ C]// SAE
Paper 952482.

[ 3 ] Pioth Bielaczyc, Jerzy Merkisz. Cold start emissions
investigation at different ambient temperature condi-
tions[ C]J // SAE Paper 980401.

[ 4 ] Cheng Yong,Wang Jian-xin, Zhuang Ren-jun, et al.
Analysis of combustion behavior during cold-start
and warm-up process of SI engine[ C] // SAE Paper
2001-01-3557.

(5] XGEELAFHOL X EW, 5. BT HRE KGRI

G % & S R a5 ()] MR B2 SR,
2005,11(4) :374-378.
Liu Zhi-min, Li Li-guang,Deng Bao-qging,et al. Cold
start characteristics at low temperature based on the
analysis of the first firing cycle[J]. Journals of
Combustion Science and Technology, 2005, 11 (4) .
374-378.

[ 6] Tony K, Quay BD, Zello] V, et al. Fuel volatility
effects on mixture preparation and performance in a
GDI engine during cold start[ C]// SAE Paper 2001-
01-3650.

[ 7 ] Lang K R,Cheng W K. Effects of fuel properties on
first cycle fuel delivery in a SI engine[C]// SAE Pa-
per 2004-01-3057.

[ 8 1 E&F. oy 4 W5 5 50 0 =X 5 2 2 Bl kS 3l 1 g T 5%

(D] KA 3 MRS 4 TR BE . 2007.
Wang Shu. An investigation on the start perform-
ance of a SI methanol EFI engine [ D] Changchun:
College of Automotive Engineering.Jilin University.
2007,

91 BKULAEE. KAKF, % B LPG KNP EE

ISR L) ], W PROR 2 24 4l . T, 2005, 35
(3):272-276.
Gong Chang-ming, Deng Bao-qing, Zhang Yong-
ping,et al. Cold start characteristics of first cycle in
an electronic controlled LPG engine[ J]. Journal of
Jilin University ( Engineering and Technology Edi-
tion) ,2005,35(3) :272-276.



