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Fig.1-1 Schematic diagram of fuel injector
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Fig.1-2 Comparison of valve needie seat wear
between gasoline and M85
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LTh M2 8B LI FEXRBRLIERTH L. XY /- VELY ) - VOGFEILS0
DFTHa. —F, V) ryOFFERZIOBEDN, ~NFHFL24 78 VITEL, 25—
EHV) VOGFRIKRELBEL TS, 29 HFEELRB LR THL. BELFE-
XY )= NETF ) —=NiE20~30L KEL, AV YRAFH L ORICKZII2METH S, &
BOKERBEEHETIIRE L OMICREERAFE 2O I CERBEERIRIFICR 20, BERILE
BRBRAE L TEREAFBESHESN TV 5.

222 EBEEFRRETHFERE

FARBRTH 2R FREBRABRE L HRABREZH T, XFRICAVIZHREO b7 4 KR
B2 B L TahZe, F2-3104R ) TRGREBRAR & BRI A TAWE, BTN, BEEE %
FLoERERYT. 72, H2-10 BB AVicmb28MEN L, R) FRXRBE LT
HRRABBOBEMEN*HE ETRBE LR TH S, FEELHEERARLEELAHHAKZ LV
KEREVZHELIOD, ) ANy — MEICEMEKRREFASEL NUVOEENMbAEI LN L.
() BEREBRRBEDORE

BI2-11ICHR D FREBEBWTH VYV EEM, A7 5 enFHThY, 25/ —nkxy
= VOBREERETHELERERT. EEREOUERRICELDENFALNI20C
BAME, B/AME, FHEO3IHEZERL. T2 TR, FRFROBEKD2STICBIT A8HE L
DHEFRETLEOTHE. BET—5 L LT, RBRBOFTHENICHEZ ANTICNT 4 DRETH
BRLBOBRBEHEZERTRLA. 779 Y EAFH T4 v OBBREIE NI (4 0RE & F%
LRVTHD, 8574 Y RFRACKZEOEEEIFEEICECENDDP L. AV ) v EEHMOEE
BEIZ0HET, H—HBDA T F Vv EAFHTFA VLN TORANSWEEZRT. —F, 2%
SNy )=V AV ERBEDEEBRETH 2. LrL, 28/ —NidRAFT -
LDHEFNRKRENILPPDOT, A7) — VLDV EEREIFIKELZoTWVS, ThiEAY ) —
VBRI )=V D BUEIKEL, RENOREEAIPEC BTV LDEEILND.
(2) 185 E e DM E

KIZ, HV) Vv EBMBIUAY /- Ve ) — VOMHERZ EHAUIRRBREL H T
WELEREZRYT. REITEEICHE, BE#EE 200rpm (TX0) #E 12cm/s) THREDHESR
WEIC1SEITo4. WMRISETEIRELL., BERROBIEHER XX 2-1212, WEROEE
RHZXM2-1313RT. 27 /= VEAVEEICIE3.2GPa TREBHREAT MMM L T &1
ED, AF¥ )= VTIid3.5Gpa THEM EAE L. $£72, #V ) »134.5GPa, Bl 5.5GPa T#
NENBERENEL, 2OLIICAT ) —VEZY ) —LDTLI=VIEH VYY) VICHELT
MHERDONELBRETHLIENDIE. A2 LAFHFH v OHEIED AT 7205, B
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BREIFEFTICAZSTCHELIDHETH S 2GPa TRAEFELTL E o 72

3) BRERMA D%

BREEZXETHLOORMA L LT, MEHEBEFS LTSNS, B REREERT
DEBFRHEZ T T2&E%, EIBREOMTERLHTT 21EEE2RT.

HEROMREERL7:0, ZORENLHEZRHOFI VA VBREAS /- VIZHEML THAZ.K
2-1413 2 8 ) = VICHA VA VEEE MR R OBEBREHRORM LR FRABRB TRARLERTH
5. XAF 7 —=VIZ00lwt.% DA LA YEEERMLZZZETT, BEERDP 0355015 NEERL
2. 8L ICA VA VEBEOTRMEBLZHEC L TALY, BEFREIEZFNINELI T Ad o7, &
LI, LA VEEEZRML-ROBREOMGIRIR ¢ MERABRBTHREL TAHA. 2ORBREH2-
ISITRT. AL A VBOFMIL ) ERFNRTE2ENHRETEZ. L L, BEOWHIZE
3 iwt.% BECTRAL .

RIS, VVBEM U AFVERAY 7 =V 1Iwt.% % 5 I 10wt % &ML T, MEAOZHE % MER
KB THARTHAL. 2OBREH2-16 12777, MPIZREBEDOZOIZAY /=N, V)Y, B
HOBEREEHIT L. VBN AFVE Iwt% iR L THEBRROENE - TidHEHA
ol 10WwtB i 5 & BEREFEPIRIEC R oTH Y I YOV XIVIETEIE Lz, X
F )= VICBRERZRNL CTEEREZ T IT57201013, FEOBERILEE 2 5E0 D)o
7z,

AF )= VICHERERZRML, BREORELEINSE TEEZAGNTL2ELZEI LS. L
ML, AF - VZFOBUNKE L, BRETHHERLASRESND., —&09EEHICH
WOHNBFL T4 aR)T—RRY A7) L—bMIRAF )= VIZIZER LRV, 22T, 7
INTNI=NRr)E) v, REEEROF»S MY MU X BOFEEHOELL R T
Lyd &394 FEBERLT, BEHRZANTAL, R2-17CFN5 OIRMEE & EOMEG%
ALTHE. FROOHATEFFESHFOR)IF LA FH 4 F (PEO-50000) A% bRhEH
Hotz. L2L, ZOBFHFNIIAY ) — Vi TIEI0CLUTICR2 EBREVFRET L7720, EHBNR
FRICH L CTIRBEID L. ZOEE,S, 25/ VI T A EYLREERNZ B0 5E 3L
FTPRLVWRETHEEN DI o,
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Needle (SKH2)

\\

Body (SCM420)

Fig.2-2 Disel-type nozzle
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Table 2-1 Comparison of nozzle condition

Normal [Moment. | Needle| Partial | Area | Contact |Velocity
Nozzle force |ratio mass | force pressure
N g ratio [ mm® | GPa m/s
Diesel
5% | seat [1600- 05 |02
type 1 0.37 (427 |3.8-4.8 1
face | 2000 (60deg)
nozzle X0.1)
0.18
Seat | 600 - 0.64
0.36 0.27 24 (21-25| 05
Otto | face | 700 (80deg) (;
0.1)
type
nozzle
Guide \ 08
3-30 \ 08 | 0.04 50
face \ 1)
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Table2-2 Comparison of liquid fuel properties

Liquid fuel Molecular [Viscosity |Molecular |Boiling Dielectric
formula x10% m?/s |weight point C |[ratio
Gasoline C7.5H13.4 0.5 103 34—212 2
Light oil C16H30.4 3.6 222 170—350 —
Methanol CH30OH 0.68 32 64 32
Ethanol C2Hs0OH 1.37 46 78 25
Propanol C3H70H 2.49 60 97 —
n-Pentane n-CsH12 0.36 72 36 —
n-Hexane n-CeH14 0.45 86 69 —
n-Heptane n-C7H1e 0.58 100 98 1.9
n-Octane n-CsH18 0.74 114 126 —
Toruen CeHs-CH3 0.64 92 110 2.4
n-Hexadecane|n-C16H34 3.99 226 290 —
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Fig.2-3 Formulation of gasoline
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Methanol Ethanol

Gasoline Light oil

vy .
0.3 1 5
Viscosity v x10¢ m?/s

Hexane Octane

Fig.2-4 Comparison of liquid fuel viscosity
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X 10 mM2/s

y

Viscosity

10 ¢

e
T

0.1

-100 -50 0 50
Temperature C

Fig.2-5 Relation between temperature
and viscosity
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n mPa-s

10 |

Methanol

—h

Viscosity

01 1 1 1 1
0 0.2 0.4 0.6 0.8 1

Pressure GPa

Fig.2-6 Relation between pressure and viscosity
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Methano! Ethanol

Light oil
Gasoline < >
|

o Aooh 200 300 400
Boiling temperature C

Hexane Octane

Fig.2-7 Comparison of liquid fuel boiling point
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Ethanol
Methamol

Gasoline Light oil

v v

0 50 ztlod 150 200 250
T Molecular weight
Octane
Hexane

Fig.2-8 Comparison of liquid fuel molecular weight

Methanol
Ethanel
Gasoline
f * 1 T oo : T 1
1 10 50
Dielectric ratio
Hexane

Fig.2-9 Comparison of liquid fuel dielectric ratio
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Table2-3 Comparison of friction test condition

Friction test Normal force | Contact press. Velocity
N GPa m/s
Pendulum-type 1 1 0-0.5x10°
Four-ball 70 - 1600 2-6 0.6x10°-0.1

26




Friction Pendulum Four-ball

tester type type
Nozzle Otto-type Otto-type Diesel-type
guide face seat face seat face
[ _— I
l ! | . ] . ]
I T | T T t 1
0 2 4 6

Contact pressure Pc GPa

Fig.2-10 Comparison of contact pressure
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M

Friction coefficient

0.5

_ _ywithoutliquid - o _ _ _ _ _
04} -1 -y - -
0.3 |
A Gasoline
0.2 L | W Lightoil
O Methanol
Ethanol
0.1 F V Octane
Hexadecane
0 Ll l
0.1 1 5

Viscosity v x10® m?/s

Fig.2-11 Boundary friction coefficient measured
by pendulum-type tester
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Fig.2-12 Comparison of load carrying capacity
measured by four-ball tester
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Methanol
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Light oil

Contact pressure Pc GPa

Fig.2-13 Appearance of ball surface measured by four-ball tester
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0
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Fig.2-14 Effect of oleic acid content in methanol on
friction coefficient measured by pendulum-

type tester
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Fig.2-15 Effect of oleic acid content in methanol on
wear measured by four-ball tester
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0.7

—a— Methanol
06 L | Gasoline
—o— Light oil
< 0.5 —¥— Trimethyl-phosphate 1wt.%
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®
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)
O
O
c
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Mean contact pressure Pc GPa

Fig.2-16 Effect of trimethyl-phosphate content in metha-
nol on friction coefficient measured by four-ball

tester
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Fig.2-17 Relation between viscosity improver

and viscosity
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3.1 A v b= ATy HREESR

3.1.1 HABRAE

Ay b= A4 TRA5 )=V ARBEFFOMER BT 2701, TV I VAR, %
By Y v RBAEE L - BEAEARBET o7, REBEFFOEEIZI1I2H L 218T
BBV THS (M1-188). $/2, CORRICEHWAAY J — VEREHIME99.8%D X 5
=Nk 85%, A7 ¥ M0 DEBLF 2TV Y EISKBEEL-MISBRELTHVTNS.

IV VRBOLEMZRIVIIRT. ARIRAERBES (EFI) OEF] 4 X 1600cc DX ¥
JUERAVT, HEE— FT2008M0EEYTo 7. ZORBRTREBHFO=— FLVOEEE
Bz 28 X 106 MIZET 5.

I, COIVIVOBBERREAC CTHENSAREARRLT 4. 20RBREBOBHREZR
31, KRB EH 2R3 2R Y. CORBRCTIRRRBEFANOBRESN ZADORER LRI T V77—
ARSDTO—NA HADELEBINZ WEHETEREZTIENTE 2. BREBEFFZT I 2M
Bz L RAEZ BT 57200 100CICERMBA L7z, £L T, S0HzT3078EHL, 157D
BEWHIFA 7V EI00BMEVELL. CORBRTREBEHFAO - — FLOEEEEIZ12X10°
EIZET 5.

3.1.2 BRSO MERE

IITIER, VIV VREL I UEHFEARRY R CRBESFORE, = — FLOEET,
JANVOEERRELTMELT, A7/ — VBREFREEGFAERICGRIZEZHLPIZT 5.

KRB BROREEFHAORBZ B LR ERT. M3 20y IV RARRITo8K L, B
HRRBREFT o8RO BREBEHFORBRABEORBMEELRBE LA OTH L. BHIIHEE (Static
flow rate) & 1%/ AN % BH L RETREBHAFOMELFET 20T, / AVOBEOEED
EIL2FMTAENTE L. —F, BWHEE (Dynamic flow rate) & IZEREFESTF 2 BB S ¢
RETHEREZMALLNT, =— FUVDOLERBOE(LEZFMT 2FHTE 2. H3-205KRE
BhG, BUREICRRRINZICKELELRELZL, /VANVOBOERNPED > TV RVWEND
»h. LhL, BMNHECELTREBLALOBREBHNFATRERTAFELTEY, =—FLD
ERICESE L TV LENDR L.

ZIC, BMREORT LAREEFAFO = - FVOESHRIRE & 6 125 ICHA . K3-313
BREIE ST 12 2ms D EREG/ SV A (Input pulse) ZEIINL T, BREMESGH E/EH S €O BREE
BHEO=— FLOBEFRLTWS, KREESAF IR SV AOENMERZ? S ERISRN THE
DTCEBAIEL. A VT2 VAL ABRMEBNEZ - FVEREZ 70D ITRPFET S
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O, =— FIVIZEREI/SVADEINMAP S iIms BEEBNTE X4, 1.6ms TREICHFT S, T7-,
BB SV APRT LTHERNOBEIIRHLZET L0, - FLVOMAIFBIZEITICL
0.5ms BEZETH. BEI/SVADEHM? 56 =— FVDPEEICHAT 5 T TORE 4 EHrRN
(Opening time) , ERE) SV A DT 5 = — FUFEEIIHAFT 2 T TOBEM 2 BB (Closing
time) LFPR. BMHEDET L 72RE S (Deteriorated injector) B FERRIZELIZ 2 W D
OO0, ARBEIVEROBREMESHF (Normal injector) I(CHEBELTELL ZoTWArEN LI 5,
R, AAEHOLAPRL Z2ERELEL -0, BREEHA-—- FLOBHHOBELZITo
7. ZORBERBEOHMREFK3-4IRT. TOEBIZ/ AVEBOLEALLEY24LCa—-Fx
VCZ— FLVOBHAZHMETEL L)L LDTH S, BEHHER ICIIESFOBRE AT
POEALZZOY FEAVWT, 2 - FLVOERNEDHEL TWE. 20X 2 FETEOR = —
FVOBE N ZH3-52RF. MMl =— FVENE, ##BHHIZN-oTH5. EROBKEME
SHfECiE, =— FU 23T H20NERT (7.8N) 2 B EREPL = - FLOBHIBET > TV 5.
F 47 (Opening stroke) & BFFF1T#2 (Closing stroke) & Tt =— FLDOBEIHIZIT L AL EIR
Aohewv., —F, BHRESET LAREEFHARZRARTALZ L, == FLVOEERBERON
BIENL N RECZoTWBE L, RATRELAMTEOBHNOEZIKREVAZDIZLRAT Y ¥
ABEL TS, ZOFBEDPL, X5/ - VBEHAZROCTES S ERBBRFRATIE, =—Fu
DWENEMOBKE L Lo TV EFENDLNL. LAL, TOHEHERED S IZREREF O B IS
ROIFERLBEHIZELLIIR o TRV,

FIT, BREEE AL S RET - FUVOEE ZEHT 2B KA, =— FLICIRE
TEABIOORNE (needle guide) FEITOENTBY, TROEDHED KT 4 AHE & # L CHE5

LTwa., Z—FLVOFEHELRTANEHEOMBIE2 y mTH 5. =— FIUELIICIEERAME
BEBETA27IFaT7HFRMFTORTEBY, 2OT7IFaT7eNy Ty 7EEDOMEIZ100 4 m
HbH. 2FD, = FVIEBEEOKEVWTIF 2T 2 EHICHEOLD, —— FLPEHTHEIC
ENDPELLTRERELGD L.

CITRARBBEHFONY DV VI 120EBICRERT T, 3502 EN v HEXT 7 4
NEFALT, BEBHALZEHSLELRETTIF2T NIV TROMBOELZREL
7. FOHKREX3-61IRT. A, B, CEEFRFhOELyHOEAEZERLTEY, +HIZEIBESK
EnolHEE, —BHBINEBoFERLTVA, $7:, BEBESHFICMEE LY T4
o3 T, =— FLVOBBAREL2HAL TV, BRIZED R >T=— AP LERT L L+
YHADNMNBEOBMBIELAEAVIINECLEY), Y FBECEONUEBEOHMBIELZWVIZKREL  2-
Fo. S FUHEFIGELTELETS2E, A, B, COMBIRELLAEL kot 512, =—F
VOETETAHFTRIIBVTY, - PP EHFCELTELLABOBBEZHEFL TV L
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ML, - FVDBTHIZELTHARPETTHEENOOBBIXEFIOREIIE-7. Thb
DIERD S, AHAFITRICBITIAZ = - FLVOLEEEHML TAH L. 20REL X 3-7I2EAHITR

L == FABEBIEEORE LTV F a7 TN TO S A>TV 2H, B
== FLEREE ZNCET AR TAAOMBE 7~ F 27 EOMBARLLHENS, =~ F
VIR TEEL TV LEAOND (a). == FLORNERERT 5 £ 512, EHES

WNEL o THROLPIIZ>TEY, FNOLOMIIBELLREIZR>TWE., F020, &
WARNT =NV 5| LT NAERAL TS Z— FLVORFIFIBENLFICR L. REINDHHET
IZONT=Z= FLIERATEEFonsds, ZOBEBT=—-FLIO@EEERESNS (b). MR
TRTLFORESNIEENRENLZLOD (¢), BEELFERBIZIZ—- FLAFABEB. 00X
IRZ—=FLVOEBA*EZLET, BABHOADENLIBEHLHETLENTE S,

RICEFOREFASNTAHL. BICHI212H V) v EMSBE2FRLBEN— FLy —
NEOERRREZRLZ., A% /- VEBEEZRAVES, V- NEOBREREIIE —ORBEET
bELEL L, H3-813Y— MNABBORDIKELHFEN - FLDOSEMEETHA. ¥— MM
By m2 o Ty mOKRKESOSHOMMMBRLN, P — MEL LB L IZONTHMMOK
EEIDWRSL b EEPRDLND.

K, BEEOBHERRERARTAL, K3-92H V) Y MSSBREZHEH LB E0EHHE
DEHRKRLETRT.COETOAY ) — VBB EZHCI ARV Y VA VEEMEEL TS, L
L, Y- MEADOHBELRLRoT, BERAOEHMIII/NES 2o THERIZEBL TS, L
T, NoHABHEOTTHINTAMBECHAEIKEEELTVLIRRIEETE, =—F
VHAECZRETEH L TW2EEZ )00 bETWn5,

H3- 101X RHEHAFOBNREOERLL Y- MEABLUHEHHICB T2 RRERESOBERE
RLIT T T7THA. ZOFERPL, MEETE/ ANVEZLICHEER D L2EN DI L. £
T, REESFICEEINGSREBLT, HERTOUEESG Ly YV AREBEAEARBRTH
NTH7, FOFEREZE3-1IIRY. F1RBHEOEELZIH T L0 IBHHEHEL 2512 L
RRBERTHL. E2 - FUBIURFAIIPVDEXAVWTTIN:RI—F 1 v 7 LB
HERETHD. . E3301IwWtBDF LA VEEEAY ) —VIZEMLTRBE2ToERTHL. T
NOFHELRMERICHB L THHREDEEEINS L o TV EIENDYIS. LrL, B
GOBERTHLMELNEZ L3R EZ 2L V) EELFLTEITE Loz,

DLERNRZZE T, A%/ —VEBEEHVAEE ) ZVOBEREIET L THREMESF OMEEA
BT 2EN DD S,
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Table3-1 Engine dynamometer test condition

Fuel M85
Engine type 4cycle, In-line4
Engine displacement 1587cc

1000 -6000rpm
(regular driving mode)

Total test time 100h

Engine speed
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Heater
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C Fuel pump

Fuel injector

313

Heater l'—'l lu =

31?_/

_ k T

Fig.3-1 Injector bench test apparatus
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Table3-2 Injector bench test condition

Fuel M85
Injector temperature 100C
Injector back pressure 60kPa
Frequency S50Hz
Total test time 100h
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Fig.3-2 Flow rate change of Injector
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Normal injector/,

Qlosing time
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Fig.3-3 Comparison of valve needle lift
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Rod —T 2
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Injector—=1 @i = | e,
i Valve
Y needle
t -Pin
= . Load cell

=

Micrometer — -

%Motor drive

Fig.3-4 Slide force measuring apparatus




Opening stroke
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Spring force 4 -
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= - Injector A “ilﬁ Spring
o 4| Deteriorated =1 A\ /alve
O A injector T ) needle
o 21 tE Eim |
0 Y ¥ Ly Load cel
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Valve needle lift MM

Fig.3-5 Comparison of slide force
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| Input pulse
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sensor XA
output * L~ ~ ——
(relative scale) B =y
N Housing !
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C— v sensor
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Needle lift /’m “
A Tms
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Fig.3-6 Valiation in clearances
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Fig.3-7 Valve needle movement
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Seat line

Work track Wear track

S0um

Fig.3-8 Valve needle seat with M85
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(a) Gasoline (b) M85

Fig.3-9 Comparison of valve body guide wear
between gasoline and M85
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Fig.3-10 Relation between flow rate change and wear
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Fig.3-11 Effects of countermeasures
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32 TA—Y¥V¥ 4Ty IyBREESFHF

32,1 RABRFE

KETIE, FA—ENVIATAS )= VvV VAREENROBERE BT TS, 22Tl
A5 ) —=V100%DBEEHWTWE, FUEDIZ, TA4A—EBLIALATRAY ) - VIT YT %3008
L& L BROBEENROBRERR AL ERLBET S, H3- 123X Biio=—F1oD
SEMEE L ZOREMEERL TS, == FLVIE Y — MIEDS 100 x mBEOIETHNIEA
HRLTWED, TR/ ANy —MHEIZHKZD 2D 57D FRIES I E-BICERK SN
bDTHD., ZOTHMICEHAMNLZEALAT, HEH5O 1y mBEORSOMIEN EZ > Tnb
BFPBRETEE. —F, H3-13@3 I VHABRICI D 27X 100MBEOMBAZ KRV EL 2= —
FVOSEMEE L ZOREHEZRLEZIDTH L. V= 25 TH1.2mmDME £ THNLEMN
HRELTZOLDPZEAICERBLTEY), 2ZORAICEHT20BE y mBEOIETI LY IEL
TV, 2O/ ANVTRZ— FVAFROBRIZBREOBEFUIANES LD, BREOWMBEARARIAL
TWwi:.

DR, TA—ENVIA TV I VT Y =S4TV IV ERBRICAY ) — V2B
VB ERREES S ANy — FVEICEBESE LT, BEFRESELATIE DS, 22T, &
BOBELREBFFOERRROBMRERANLZIEICLZ. ThODORBRITZ VY VIZHY i
LRTVABBERRZEREICHKEL, 20U v FVOBRE BRI T, SOBMITo 7. B
B3xXE /=N, 25—V, ¥V, BEETHVZ. B/ AVOREREROTTICLLD
DE, LI VOBRKBEWHEMEZHEL TISOCICERMA L - 02 ¥R L. FOREBEM
ZR3-3IRT. BEFORFEIL28MPa, BB E 12 50mm¥/stiZFEE L, K ¥ 7HEH % 800rpm
ElL7:. COBBAEERBREEIR, - FLVEXRT/AREOEM S ORIE & LFEMEIC
LBEBELITV, FROOERERRERAE L 7.

322 BEOEELEFEOBRE

XY=V, 25—V, VY, BOABEOBRE A CTEFAEERRBRETY, / X
VOBRKRZTFMLBERERI-14 L K3-1513R 7. H3-1413=— FLERF 1% REH S E
THELERTHE. /JAVOERE Y - I » o FTRAMCELHIRICETS A, 22 TIRE
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Fig.3-12

Needle valve seat before engine dynamometer test
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Fig.3-13

Needle valve seat after engine dynamometer test



Needle
displacement

Line pressure

Valve opening pressure |28MPa

Flow rate 50mm®/st
Pump speed 800rpm
Nozzle temperature 25C./180C
Test time 50h

Table3-3 Injector bench test conditions
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Fig.3-15 Nozzle wear with several fuels
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Fig.3-16 Nozzle wear with several fuels
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Fig.3-18 Time passage of wear track width in methanol
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Fig.3-19 Needie valve seat surface
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Fig.3-20 Appearace changes of seat surface
on needle valve
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Table3-4 EPMA results on seat surfaces

Time Si \Y Cr Mn Fe w Mo S P
Oh 0.2 0.9 4.8 0.4 71 14 0.3 0.1 -
4h 0.2 0.9 5.7 0.4 81 11 0.2 0.2 -
50h 0.2 0.8 5.6 0.4 77 13 0.2 0.3 -

Time Cl K Ca | Zn Na | Al Ba o) C
Oh - - - - - - 0.8 0.3 5.5
4h ] . ] - - - - | 06 | 03

50h - - - - | 04 | 04
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Fig.3-21 Time passage of nozzle seat
contact pressure in some fuels
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Fig.3-22 Nozzle wear by methanol with additives
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Fig.4-1 Friction measuring plan
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Fig.4-2 Schematic diagram of impact tester
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Fig.4-3 Photograph of impact tester element
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Table4-1 Properties of test pieces

Ball Plate
Material SuUS440C SUS440C
Diameter 3/8in. 30mm
Thickness 8mm
Hardness HRC59~66| HRC58~60
Surface roughness | 0.005 xmRa 0.04 xmRa
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50mV

Ball

100Q

Plate

Fig.4-4 Contact voltage measurment circuit

Table4-2 Electric conductivity

Electric coductivity

Q'-cm’
Steel 1~2 x10°
Methanol 2~7 x10°
Ethanol 1 x10°

Toruen 1 x10"
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Fig.4-5 Experimental appartus system
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Fig.4-6 Syncronization of experimental signals
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Fig.4-7 Peak collision load on one cycle
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Table4-3 Spring strength

Spring constant | Max.impactload | Impact speed
N/mm N m/s
100 920 0.6
50 500 0.3
10 180 0.2
1000
713
m— 100N/ &
800 | m G
> e 50N/mm %,
— 10N/mm @
9 600 g
o a
5 3]
§ 400 g
S 12 8
&
200 )
=
11
0
0 0.1 0.2 0.3
Time ms

Fig.4-8 Collision load history
with passage of time

91



Impact
tester

Friction
tester

Nozzle

Pendulum Four-ball
type type

Otto-type Otto-type Diesel-type
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Fig.4-9 Comparison of contact pressure
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Fig.4-10 Depth of indentation history with
passage of time in methanol
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Fig.4-11 Diameter of indentation history with
passage of time in methanol
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Fig.4-12 Time history of plate surface with metanol
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Fig.4-13 Comparison of indentation depth
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Surface roughness

Fig.4-14 indentation on plate with methanol
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(@) 100 pm

(b) 50 4m

Fig.4-15 SEM photograph of plate with methanol
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 Surface roughness

Fig.4-16 Indentation on plate with ethanol



(@) 100 um

(b) 50 xm

Fig.4-17 SEM photograph of plate with ethanol
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Surface roughness

Fig.4-18 Indentation on plate with gasoline
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(@ 100 g m

(b) 50 um

Fig.4-19 SEM photograph of plate with gasoline
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Table4-4 EPMA results on hard plate surfaces

Si \" Cr Mn Fe w Mo S P

Before test 0.3 | 01 25 0.3 74 - 05 - -
indent | 0.3 | 0.1 21 0.3 74 - 0.3 - -
Methanol
flat 0.3 | 0.1 23 | 0.3 75 - 0.5 - -
After indent | 0.3 | 0.1 21 0.4 75 - 0.7 - -
Ethanol
test flat 0.3 | 0.1 21 0.3 71 - 0.3 - -
indent | 0.3 | 0.1 22 | 04 73 | 0.1 04 | 01 0.2
Gasoline
flat 0.3 | 0.1 22 1 0.3 75 | 0.1 05 | 01 0.1

Cl K Ca | Zn Na Al Ba O C
Before test - - - - - - - 0.1 1.2
. - - - - - - - 3.1 0.7
Methanol indent
flat - - - - - - - 25 | 0.7
A indent | - - - - - - - 15 | 0.7
fter Ethanol inden
test flat - - - - - - - 0.7 | 0.6
indent - - - 07 - - 02 41 1 O
Gasoline
flat - - - 0.7 - - 0.1 19 | 0.8

(Figures show rate of X-ray intensity.)
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Fig.4-20 Collision load and contact rate history
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Fig.4-21 Characteristic of collision load - contact rate
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(a)Spring constant 100N/mm  (b)Spring constant 50N/mm (c)Spring constant 10N/mm

Fig.4-22 Contact rate history with passage of time in methanol
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Fig.4-23  Contact rate history with passage of time in ethanol
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Fig.4-24 Contact rate history with passage of time in propanol
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Fig.4-25  Contact rate history with passage of time in pentane
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Fig.4-26  Contact rate history with passage of time in hexane
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Fig.4-27  Contact rate history with passage of time in heptane
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Fig.4-28 Contact rate - mean contact pressure characteristic
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Fig.4-29 Impact load distribution at boundary lubrication
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Fig.4-30 Mean of contact rate - herzian contact
pressure characteristic
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P= 7 +V-R2-1/h3

P : pressure

7 :viscosity

V .velocity

R :radius |

h :film thickness

Fig.4-31 Squeez film equation
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Fig.4-32 Comparison of relative viscosity at 1GPa
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Impact load carrying capacity Pc GPa
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Fig.4-33 Relation between viscosity and
impact load carrying capacity
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Fig.4-34 Relation between fuel viscosity
and impact load carrying capacity
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