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Emission Reduction by Cylinder Wall Injection in Two-stroke Engines
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In two-stroke engines, short-circuiting of the fresh charge during the scavenging period
increases exhaust hydrocarbon (HC) emissions and fuel consumption. We investigated the
effect of in-cylinder fuel injection on exhaust emissions and fuel consumption using a Multi-
Point Injector (MPI) based low pressure injection system. The test engine was a crankcase
compression, two-stroke, water-cooled, single cylinder engine (displacement 430 cm®) with
the fuel injector installed on the cylinder wall. The injector was modified only at its nozzle tip.
Several types of jets were prepared to make comparisons, including one having two holes, on
the top and bottom sides, causing the fuel to spray toward the top of the piston and the cylinder
head. In our comparison of exhaust emissions and fuel consumption from a low load at a low
speed to a maximum output and while varying the injection pressure from 600kPa to 2.0MPa,
we found that injection pressure had less effect on emissions and fuel consumption.

In the case of an injection pressure of 600kPa, the rates of reduction of exhaust HC and fuel
consumption were 35-75% and 15-35% respectively. A lack of dynamic range of injection was
observed when the injection pressure was set under 600kPa.

We also studied the optimum position for the injector. In the axial direction the better result
was obtained with a closer position of the injector to the cylinder head. In the radial direction,
a scavenging side position led to the better result than an exhaust side position. The effect of
the number of injection holes and the injection angle were comparatively small. But when the
injected fuel went directly toward the exhaust port, exhaust emission quality deteriorated.
To solve the problem of irregular combustion at low load we tried using an exhaust butterfly
valve; a well-known device for correcting irregular combustion in two-stroke engines. We found
that exhaust emissions and fuel consumption could be further reduced with the more stable

combustion.

(L&l S
2AMA—7 VY VA RBO4AA =TT YRR e, L. iR - @it ey
BN S, DR RO2MGHEDTY VTV VR EOMFTHENTE R, L LED DS,
HIRERIR OB NS HZ &, RO E RIF AL AR DO ANRBIABEOREZREN S, TiEOHE
HARGN ST B ENETETH L Z>TETWS, ZT T, ZZ]‘D'—ﬁl/‘//@@?thq:ﬂﬂ
HIED U SPA ARE 2N 85701, 2 A a—7 T2 YV RINES B SIS HESE
INTEH, 1996 F05id, FERENES I ha—LEHWz< ) DHRRER T O VMR, &%
fEDBFHIEENT VD, TNEDWDONIIREIABES AT L2t/ L, )7 T EEARIESNC X5

YAMAHA MOTOR TECHNICAL REVIEW




JUVABREAEMICEZ 2 A—9 IV VDOHAR - BREER
- ‘ W= Emission Reduction by Cylinder Wall Injection in Two-stroke Engines
i o

R RIILT WS, EBODLEEA Y 7R WIEDORBEN AT NS U ZAY
RIZHOIIENTED, ZORDDONENA V2 IZARL I VEREILENTVS, —hH, AP
D2 VRO NI BV AT LBIRRENT WS, vV o7 ZhiE ORI &
N5z, RERFEOERENEETHZH, A>T 72RO - FERH AICEEERSh
BTN, ELBZEDNFAE LN LB, JAQHENR LTWBIREIE OO AT A
B AT LEIBUTHHI TEZ NN S S eh S, B EH R TESLHICIRA DI TA
U khdH -7z,

DS, FHESEFIVRICA I 220 MNF5 2 A a—o o) U2 RERINE S T ICEH
L. MPI (RIVFRAUVRA VT2 IR) N—Rb LA VT2 ay AT LZRFEUT, il
IV VTANE o, AT, ATV 20iE, EHIE, ELBIRDHER A, MENCE A%
WA LTRSS, NZTTAHPR VT 72 FOTABEIRBER R DA RIS DOV TR T %,

TR NI o A i S e ——————————————————————————

TAMCIE, PERE 430cm’® DY 527 )12 K1 IVIVHER
X ]‘U_77k7%$§%1\/?‘/“‘/%1ﬁﬂ% L/f:o jig Type Water_C90|ed 2—Stroke
R RVIORT, o, B IS AT LR SnoeondEr
rankcase Compression
9, AT TRE. VAU UE T SERVENER SYEIEm Loop Scavenging
Displacement 430cm?

I'IIJ_HCHXDN‘H'\ Y V&E.%LCF%ES‘L@‘%(‘/“/;&“/B Bore X Stroke 86mm X 74mm

) VIO AT LD KR EE D& 725 KBk Connecting rod Length 130mm

L7z, Compression Ratio 6.5

. . . Ext. Timi 97° A,BTDC
YV A&, TR MPLBER—AE L. (T5E i

Scv.Timing 120° A,BTDC
DOEFHUEEENB XS, Vet
PELTWE ) ZVF- T ZIEA LT LTz, Wit CH“ —gaition thitt—
D ZNVF v T id. WL 24T DR B
SR, MY R ST O™ IS AN & pre

AT, LA HALTHEBA E A b U THI T DI -~ -
IS 21 TERMEL, TNENERATA, & Regulator 2 Punp
Ry

AT BT T, HILOTE - ML - BliE - WAL
DRz U R (H% 00 CIRRE, kA,
W NZ—) BZLESE T, B2IA VeI R

K1 EHEIRTL

DRl E3 1) AL F T L2 DA, N @

Z & Utz MPI OB 3 & Ot FEPE 2 38 75 L 72 65 .

Y. WESHEE 2MPa FUE S LIRS BTz, 20 M @H

P OISR R LTz, 2
gDz, AT—)L )V THEFHEA 35° D 2 AUV RDEE

YAMAHA MOTOR TECHNICAL REVIEW




VIV ABREABHICELZ2A MO0 I I VOHAR - REER

Emission Reduction by Cylinder Wall Injection in Two-stroke Engines

W

AT 2RI ) EANY RICID Y, BFHEDY 01 o
D3 SAy RInBE A BT SIS e
RIS S 27 LEHE LT, o bz o ¢

IV VERZ. ICOMIA (FHE T 3EAEEGHE Type [A-0] A1 | A2 A3 A-4
##22) -5MODE TSNS EHSATDOhN 55 | ¢ 1(mm)| 035 | 050 | 035 | 021 | 0.16

o B o1 45° | 45° 45° | 45° 45°

RUTz, |2 ITEFESA 21T, o 20mm)| 083 | 061 | 071 | 076 | 078
62 | 55° 55° 55° 55° 55°

[Type-Al [Type-B]

I Skl — ¢T{:1(:n) Bo.-sg g._9c1> g._9c2> g._gg
31 AVITOIBY I IEDRE o 1 e [ [ & | 5%
AV ADVY VRO I LiEE, E4 I 3 JANF YT ETORT
RTESICE—EmETHE FA. B. C. DIcL7 =2 _ICOMIA-S\MOPEEE?E%#&ZJ:%
Byt BUEICES HC GRILKE) RN TR
WA LT, CORE. USRI B0 | MOPENe | o cciiom) | TorqueiNm)
Dr s RO RIVH—EEIE 60° ABIDC (13E . s o
A —Eel,. JROVZA—0ZHVWE, e 3 3,300 19.1
WEHEIE 600kPa &L, W, A/F (ZHALLD) | ;‘ 2;)%" 104

RUKIHI R EO#E 3T A— 213 HC Db k<&
BESICHELE,

HEROFEIZE 51RT, APz TZDADN]
i, 9 b BN AR AU S HERUNC B > TR
BT 5550, HC - MEHDRBEIRSC
LWV o,

RIS, A>Tl R— MINCEE L.
JRNE—b (42D RIHRD ) RV ) v B4 A>2xs 2mATHE
KI5 DEEDENCEBHIEHCOBRICOWTHE L, B6Ic. /ALE—hEE
Z60°, 74°, 93° ABTDC OfiiiEi& LizL %, MODE 1ELZ&M THEMNRHZ 2L S THEL
TR 2R,

150 600 660
D HC advance
BSFC _ ~ L -
. (EEBRAELEER) § 640 - Injection Timing
2 100 50 2 2
E E < retard
) 3 @ 620
2 o
T 50 400 &
600 | —O==  Inj.T 60°
——  Inj.T 74°
0 300 580 w —A—  InjT 93
A B C D 20 30 40 50 60 70
Location of the Injector HC(g/kWh)
5 AYY1 s SBUHIEORE 6 /RIK— FEEDORE

YAMAHA MOTOR TECHNICAL REVIEW




VIV ABREABHICELZ2A MO0 I I VOHAR - REER

Emission Reduction by Cylinder Wall Injection in Two-stroke Engines

JRNVER—FmEA 60", 74° ABTDC Tid. WSz % L HC e BRI %,
CNREEXIG—TED I B 2500, MERIFBERTBILZRLTWD, e, JAVKR—M&aE
A 93° ABTDC T, MWtz ER[LTH I dm LRy, Thid, IREXIBRICE RS
WECZTEZ2ELTWS, FH—HNTR A IR0 XVE—MaEDNEmWEICH B, 7%
Hb ) VAR—DORHARHHD O AHCIHEY, 2078, MERIT LIRS KICRZMWNL S
i, SRV R=FRORIDENAGDBEN T EDDD S, TV ZEEESTIZ, EARICED /X
IWR=BDALSNTOAMIEHES T ERWed, M RO AME L R AEHN BHEROBUINSE,
J VA= FRIORHIER WA RRY, —F5, BBEHTADA D272 ZOVNAN\D iz il 58
BB, S ZVR=EDHOTOS BT 1) Y Z—H KOS OWREND B, il /) A
R—MRORNE, CORMZmIcT R FORIITH S, HIZIE, HHTE%Z 600kPa & LI G,
TAMIHW A P27 2 )V OMGENIEFEE 1.5MPa Th %, TAPLY YV TEmAMNLY
FCHESID 1.5MPa £ TTIK R 95 DIE 42 50° ATDC TH 578, ik / X)VHR—MaSidH 55°
ABTDC &7%%,

3.2 BEENEHORE
BN EDEWICKOEBRENED S0, IR « MERNUENEEZLGZ58DLEZIENS,
%ZZT. MODE 1554 X TOMEISEMNT, WHEICKDHA R « BMBENORE 2R, /A)ViE

A—0ZH, Z)ViR—MdRm AR —MUIT 60 ° ABTDC OOEICET Tz,

MODE 245 MODE 4 Tld., HCHRBIKL RS K/ \TA—2ZFE Lz, —/. MODE 1T
EIESIRFIC KOHC &I RIRFCZ LT 5728, HIDRAE S D 95% &75% X HITH#lR/ 85
A—R DTz,

B7ic. SHUEICHBIZPEHR - Bz R Dintake Pioe Ini. @O.6MPa [11MPa [12WPa EJ7WPa
T, HRORDETEI TMPa) LA

(255kPa) DFERERLIz, TTTE, MAEE
FHC BB i% 100% L L. #LORUHIEICHTS

80

60 H

HC(g/kWh)

WRHATELE. WOIEREEE HC O, IhT

g enanen, Ammsazn ()] = 1 H
ZIHWI5 A, 600kPa DIEETHHCIE 35%H MODE  MODES  MODEZ  MODE
575%., BAENE 15%H 5 35% LIk LTz, £TAT. Dlintake Pioe . [O&MPa []1MPa [J2uPa  E17MPa
2AMA—Y LYV TIEFEREED EOIZEME K ”
IO Z B0, NS TIREARIEEHC -
BB DK RN FL< RS, LhrL, 57Tk
MODE 10 HC % MODE 2 &0 £<%->TW5%, T
AU, MODE 143 I F-ONIS 21 X2/ 755 | | |

0
TWBIDTH S, MODE-4 MODE-3 MODE-2 MODE-1
7 BERHEHDIE

80 H —

60 H —

40 -

20 H —

Fuel Consumptionl(%)

YAMAHA MOTOR TECHNICAL REVIEW




VIV ABREABHICELZ2A MO0 I I VOHAR - REER

& X

33 BT AVIYIVDORE

AV ANE RIS, BT A2V arve
MERFPEG TR B 2525252505,
B 83, ZATAXNVOWEEREEZEZTREL.
WRER I & E A R TN 3 B R /) 2 22
fbXE iz ED HC Rtk ZmLT W05, TORE,
LEDHBOFNHFL 755 XS LIz, MODE 1,
A4t WBEESTICIAD S EFE D BRI
HC DK B2 R Uz, BBEEFmic b
T P ZANY RIS LT VDN Z
DEKEEZBNS,

B9, 2L/ RIVALEWEHNE AN VTHIEIC
M CHES ENSHAL VB IR LIZE DT
HB, WHREMON 45° (AR EFE
EICH DR, EHEHEA M HUOLEREE IS M4
) KO KENZATB—2, B—3D/HEATA
—0&D HC hdizwy, Fe, fREMN35° DX A
TB—1D%HIE. A TA—0XD HC BERLT
W5, Thid. BEHEDPEAR EHEETIEA L
I MCHFRICMRZHRIFZ7-:HTH %,

PLEXD, WIS TER TR Y) R0
KR OTMINETH BT o, &TA
T, WHEETEANTHEIICRL LIS A,
IRV Z e, KoEmnig—
HNMEENZEDLFTES, UL, X1 7B
T24L. 3L/ RNzl L THAL/ AL bl L
fzblh, BE—RRAVINTHA R - BEEFFEIC
FEAEEDNHENIED) STz, B 1017 AMIHW
T L2 R

34 BERINZ2T75A4NIVT I KB IRRE

HC(g/kWh)

HC(g/kWh)

BSFC(g/kWh)

[ ] mope-1

B vope-4

Emission Reduction by Cylinder Wall Injection in Two-stroke Engines

40

30

20

100

il

Type of the nozzle

X 8

EILEESE

501

A-0

600

B-1

B-2

Type of the nozzle

B-3

500

300
A-0

B-1 B-2 B-3

Type of the nozzle

9 MEHAERE

¢
[Type-C]

~_
[¢7

[Type-D]

Type

C

D

¢ (mm)

0.64

0.52

ML

2

3

6

50°

50°

a

45°

70°

= 10

EEIUTHEBR 27 - 37L/ XIVEZFDRETT

RINIESR T —ABE D B & ARERI TAEIABED FEA: 9%, ANRIABEEIC 5105 8k HC (&,
IR OME R R E RN KO RBO T TP T NSNS KOMRE NS, KKK ZH
BREMDMENEERELED, DX, MDTEROWAMTEK T, MERTFDOAZESESTE
T HCRENR 213 5 T e HRA, ZTTAEBMPERELT, £E—2—0AINVERET

YAMAHA MOTOR TECHNICAL REVIEW




VIV ABREABHICELZ2A MO0 I I VOHAR - REER

Emission Reduction by Cylinder Wall Injection in Two-stroke Engines

T b

MAENTHIRIAAD D 232 T TP IV T 2L, ZDORBESEN R 2T, BT IV TR
&, B 12! MODE 4ic%1J% HC 25 TITBEZ B R 2179, HF50 LT ZHIV% & HC % 20% LA
HRIRTE, LN T A2 b S, £, A/F VEETAHBEKRIEICILN>TWVS,
TDEIT, HERNRTFTAININTIT KB A H 150
PRBERIER D, RINMESHC BT A MCIERT
BTENMERTE 2, PRIV T BB LIS
D, B HE 600kPa I 3513 % ICOMIA E—RHEH A
(HC+NOx (ZZHBALYD ) MUOBEIE, WAEH
FHTH L TZNZENEK 7T0% 1k EHI 30%Ik TH -7z, 0 ‘ ‘ ‘ ‘ ‘

14 16 18 20 22 24 26
A/F

=== Not installing Ext.Valve

= Installing Ext.Valve
100 -

HC(/gkWh)

50 -

== === Not installing Ext.Valve

(e |nstalling Ext.Valve

HC(/gkWh)
N
o

14 16 18 20 22 24 26
A/F
11 BERNZ2 TSNV T 12 BER/NILT & BHEA R - REWE

Bbyic
il MPI N—AD ) VAR S AT LERIFEL, 30 430cm® B2 A a— 2TV
(E13) ZHOTHH R « MEEIRIIRZEFCHE U, ZORE. WY k2 REbdsce
2 & D, 600KPa &5 7 HURIHHIE /1 T b, '.

ARV T g FIVE2 ANA— ST Y il LT,

PEA A - B2 KIBIAKIK T E A HDN T h o7,
7z, REWESHTHRR LTI X5 REEBREIK

W5 Lic k., IKEmEE T L HEN
Z - MBS NS LI, bt elte i

BT ENTES,

mEE

13 22 bA—02 U ZBRFHAERTI YDV

YAMAHA MOTOR TECHNICAL REVIEW




