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THE STUDY OF COMBUSTION CHARACTERISTICS FOR
EMULSIFIED BLEND FUEL USING SMALL DIESEL ENGINE

Hiroaki SUGIYAMA

From the issue of CO,, it is necessary to achieve a low emission and low fuel consumption for diesel
engines. Therefore, the use of the alternative fuel is promoted with diesel engines. As the first step of
this study, experiments have been carried out to examine the influence of blend fuels and emulsified
fuels on combustion characteristics and exhaust emissions in small diesel engine. The fuel used in this
study are light oil (Standard), coconut 0il[CH,(OCOR;)CH(OCOR;)CH,(OCOR3), R;~Rj3: Higher
aliphatic hydrocarbon], blend fuels[light oil+coconut oil] and water emulsified fuels. Blend ratio of
coconut oil is changed the mixing volume of coconut oil in light oil. The range of blend ratio of
coconut oil is 0 to 20 vol%. And the range of blend ratio of water is 0 to 20 mass%. The maximum
burning pressure and total burning time are observed by measuring the pressure with piezoelectric
Kistler pressure transducer. Mean increasing rate of pressure is calculated from the value which
subtracted initial pressure from maximum burning pressure divided by total burning time. The data of

30 tests for each engine revolutions were averaged arithmetically.

The main conclusions are as follows:
1) It is possible to improve the combustion behavior by using blend fuel and emulsified
fuel for small diesel engines.
2) The maximum burning pressure for emulsified fuel increase at low engine speed
(1500-2000rpm) and high engine speed (3600rpm), respectively.

3) NOx emission of emulsified fuel is smaller than that of light oil.

Key Words: Diesel engine, Alternative fuel, Coconut oil, Emulsified fuel
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Table 1 7 1 —ENVEOPI N AHHN O CHEEA)
E2 AEE—F 5 49F | 50 | o |saE [ 57 | seE | 61E [ 63F [ mE | 2 | 4F [ 55 | 6 | o&F [ 105 | 145 | 158
BE 495 ~6E—F |CO 980 2.70 0.98
GVW=1.7t |63 ~10E—F [HC 670 0.62 0.24
54E ~10-15E—HNNOx (IDI 590 | 500 | 450 | 390 1.26 0.84 0.55 0.43
PM 0.34 0.14 0.11
N gEamams |2E | 50 40 25
S |HhEE |49FE~6F—F |[CO 980 2.70 0.98
v [1.7<GVW |55 ~10-15F—HHC 670 0.62 0.24
4 [=25t NOx (DI) 1000 850 707 610 500
- NOx (IDI 590 500 | 450 | l 390 350 182 097 068
A PM 043 0.18 0.12
2 mEmamE |2E | 50 40 25
EEHE |49FE~6F—FK |CO 980 9.20 3.46
25t<GVW [6EE~13E—F [HC 670 3.80 147
NOx (DI) 1000 850 707 | 610 | 520 7.80 5 80 499
NOx (IDI 590 500 | 450 | 390 | 350 6.80 ' '
PM 0.96 0.49 0.35
mamamz |2 \I 50 40 25
HEREE |[49F~6F—F |[CO 980 2.70 0.98
% |1265kg L {61 ~10E—F [HC 670 0.62 0.24
34 ~10-15E—HNNOx (IDI 590 | 500 | 450 | 390 0.98 0.72 0.55 0.43
PM 0.34 0.14 0.11
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PM 0.34 0.14 0.11
EATAME |RE 50 40 25
FREOBERESR (FA) 499 | 501 | 528 | 544 |57.10 | 588 [61.10 | 6312 | 110 | 210 | 410 [ 510 | 6.10 | 9.10 | 10.10 | 14.10 | 15.10

E1:GVW---ERKRES

2 Bifi---6E—FBF (ppm)
10E—KRU10-15E—FBF (g/km)
13E—REF (g/kw-h) . BIE (%)
JE3:DI---EEESTH, IDI---BIER
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H, b =R ETRERASE LB TV ) — = TN I SN TV A 5E

b2, T, MG HELZ IR, BbIn7T v 0, HC, PM 2 RET S
LObHdHDH, DPF OEfGEHAY AT AL LTE, BEDOYa Y -~ vt A #173 CRT
(e A7 ¢ /L Z —, Continuously Regenerating Trap) DA TEMLLIZH D
MIREHITH %, DPF FIBDF(LAREE CTHEN 291D NO Zf{b L T NO, & L, ZDFA
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(%4) RIFFJBTAE (Urea selective catalytic reduction)

TA—ENZ DU ORI AD L DT, BEFRIRE D @O EREE T NOx (2RI
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o E, REOT =T OLMBERMENER SN TV 5D,
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(2)  WIEREESIE  (B—C)

KBV OHIFIC AR, EEINTZRATAD S S, BAE O EIE O HE K
WURE D &, HENTITZL GRS K & KRBT LD . BFXEA R I S 4
ToATBRIE S T A3NF & A ERIFFZIEFANTIREES D720, v U U HFNDOET . IRE
BRI AR5, > T, Zo&EDENEFIE, £& LT, FAENWIM I
Sranigrtos, #b, EROMREOZER ERELOIREG e EICEA S, Z0H

MDDV CETIX, T E TITESR SR O REITREEL T L £ 9,
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(3) EABEHIE  (C—D)

C REMWMETH Y U HNASOBREOMEFHTIRE S 3. Wolc At ) o XN TEBED
WMEDEIED, BERE L EFT 5700, BABIELI 2D, Z0H, AV
OIS SN D IREHIZER S IRATIVUTE BITRET 5, Z OB, REEH B2
IS5 Z L0k » TREEZ BT 2 Z L R TE 20T, HIEREENRK & b Sbh T
WD,

(4) &IIBREEWIH  (D—E)

DR TY U U ENASOBRBIEF A0 0 | RIET ZIIRZIRT 243, D AR E TITRBEL
ENRD D T RBLOBREPRL -0, KL DEELIT L D 225 L HRE Lo 28572
EM D—FE OIZEITR TEK LIRA L TREET 2, ZORBIREEHIMAR < 8D LXK
RENE 20 BGhEMETT 5,

LI EOBRBERBTE 265925 & A& KEIVII] & WHRIE 101 ) I BERBE T ] oD i
HEBERD, $Tn. TA—ELT U DU OB TH D EBIREEIRE (EERBEL
) BT H72DIE, WIHIRBEIIMIC T 2 E) ER AR T2 2 LR EEL
WEEbND, BEIEREET + —E Lo Duid, —RICESRESM S EL . &
v b= (BF) A 7 TRV AT (E) $A 71 ThD,

1. 3. 2 FT4—BrzoPrDREE=R

T4 BTV OPRBEERITES SN TR B R LKIRASEAME L T 5
e, YU Sy ROWRAR— b ZRERTZIRIC L TU U W FRICRA SN D Z2ER
(A AR S D K HIC TR LT, BIEER T CEKYMOT AEREAFIAT 5 2
EREMTONTND, BIBEDHADNEEMFL LT, —RICKROFHEEZHIT D
ZENTED,

@O W SNTREE 72 5~ BRI R EMBES D Z &,
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EEEEN DR ENT &
RENE B AN SN L,

HEHERIZ IS 1T DRBEIRIEDS KL 2 &,
HEINES ThDHZ &,

©@ @ ® 0 ©

T4 =B IR L

1. 3. 3 BEEOEX
T4 — BNV ORBEEOENL, REL ST T2t bnd, —2Uid,
PRBE DS FRRBE SR B S D EHEH T, D — DX FRBERIC O HEIE
ICHEF SN DRIERNTH D, BlEAT, TicBRICEY ., TREER L sy
Tonb, Fo, EREXLHOINBETITEEBIEMA & LTFBEAI ATy, L

EEFLODETROLIICNRD,

HEA —— EBEEN T (Direct injection type)

EaE=R.  (Swirl chamber type)
gll=

TIREBEZE . (Pre—combustion chamber type)

ULED XD IZHBEND D, BIRBEEDFHEN D —BI/M= 223, s
ADBZ <AV LR, - KRB VA BEEER AN SRS TV 5,
[EEZLUSE I E
(1) BRSO R

—RIZT Y U F sy REER B EHERDMERIC L > TERBERO LB S,
WRBEEN TORRDEE IO T, 22K LRk L IRA &8 THERR TRIES ¥
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D, WMATEREMITR TR ZED . ZORITRE 2 BEEESN 252 Li2k-o

TIREL & ZERDIEE & 0 ITATV, BBEDM TN 5, EHEMSORMEIL, Fig.2 ©

LI ERARANCE AL TESN EAPMED L. FALIZBEOES) EFIEFEE b~ c

D D IZEHRBTIENT D,

(2) EEEHAXOR & EHT

R

O BBEERERD NS W2 DBEEN D7 < BUDEN R L 220 | RIBRE CEt )
BFoid,

@ VU HAy FOWENRHR T, UL 20T HBD 730,

©® EMFZEROBIBRN D 72 - O EME IR NS < TRV, £z, BAEA R
T OF IR TOMENL, FRHIRBELE L LA,

L

O BEtOBRbE L7570, 7 AVTEMRSAXEHHA L, 80 EHE
MBET, AoV a R PARKITEORENLE L 225,

@ BRBEE IR ENTeDBREBEE DR REL . T4 —BL ) v 7 BBEELLTU,
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c dmESHED )
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b
m%%wi/%x
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1. 4 T 4—EBVRE

T4 —EALZ VT, AT ROBREFFS) EHINDHITEIC, SEIE
$E o S OB OB EE - BEI S B L Z N TE OMEE L CWVD, BTk TH
FOUEPLETH -T2 T 50, EEOBUERLAZHITFAR L TH7, BIEEITLT
WD T —BEICBERFREE WV ) B EMESER ST, BUF ISR
k%, [8]

1. 4. 1 NAFT 1 —EVRE

RAFF 4 =ML, T 4 — B oo 2 RRERRE, S F 0 BIARERETh 5,
NAFT 4 —EADFEHNE, THEWER (A A~ )] ThY., £ TP KRE,
BT U LWV o MR, 25 WITHEST — R o #tmiE ch D, il
I RAF O, “HALRFE, KERBTRLF—2 N TOEEREZITV., Ry
(ZAEPEFREZREIR - =R X—L LT|D 2 &N TE D, Fo, HmENFRZMbA
BREFE el U C, ERGB e THA TR XL X — | L L REINDHZ ENH D, 5lk
JR3 160~180°C & thikpmW e, BEFEDOHT Y Vo VU TIIEKRSEDL Z &R T
e, ZOEDH Y VAT DHZ LT TE ARV, TTREICBRRE ST
A= BN P TIEMERERT A2 ENTE D, M AT 4 —B T, HilE
AR U CHET Db AEL & B2 0 | RIS M £ 0 & ENRN 2D AME~DH]
WPEA D72, AR, B2 RAEAKSE (CL H) ORI DO &L T,
NAFT 4 — B/ S B RIEKFEICHESE (0) 25Tl DIZZ DFIG T2 FE
B (Il =) HMETNT 2R H 525, EREErETm B2, Zhid, 7ra—
JVIREL & B BERRIREHEEORHE TH 5,
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1. 4. 2 Kxz=nrTa e

WRARIRBE DAL 3 B DU D N3 BHFE L TW AR =~ Ly a &9,

KirORE ZT, HMETRZADIEE, 320 bEZ Llunl EOBAENEL L, 721 T

WINLTZDEHITHLS > TWD, FiFDORE IA Inm BETRMNT EEH=< L

Varbbih, RICENY g OREMEEROTDIC EDIRIAIZNZ 5L,

MIFFAEAT L KT, FmiEERIAER S D, Ko

X, O/WAEL Wi FickESB LI~ LY g AR WORL LR EET S, [9]

WCHESE Lo~ /LY g

Fig. 312 0/WHAL, W/ 0 R DF % ~7,

AL

OwW#!

(Water 1n oil) (Oil in water)

Fig.3 Emulsified fuel

TRIVY g UEREHT. BREDRL IS E D KRN, RERLFI2 & D KR8

PRBESR N O SR SR D P CRUNBETET 5 2 LI KD, BREPRL 728 & BT/ b S .

JEHDOEZE & ORISR L, BB 225 & DIRE DY B < 72 2 T2 DITRBERN 2R
L, TORR, RA 77 EDORBEIFHN~OBRR 2R E 2D TS, BBEF» 50
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BRI ZHD TE D, Fi2, Ko~y g UREHE, KB AEICEL., MUNERT S
BROK D LA K DIRBET A DIRE DMK T % 72 DI PERAAT A D Nox D %
TR TE D, £72, KETARISZ LY, PFRT AT DOAZLPHBELZ R TE 5, S
OAITH IO OBl 2 HIRELE L THAITE 228, REDRERFIENH

%, [10]

1. 5 BRBEES K OHER T R 5047

1. 5. 1 BEEES

TV OBRBERIEZ M D T2 OIIE T ) VA NDOIES IR R D EETH D, RIE
JEINTIEE T TEDOEALN B TH D202, EFHRES OFHEIFIH & 72
W, L7eA o T, —RINIZITESRREAFHIDNENFIH SN D, £, EFHNE
R DOPREE T AN BN D720, IREICHT AR LETH D, =T DR

JENOFBNCHIA SN D FEFHTIIRO L 50 bORH 5,

(a) FTRAFBER

TV OBBEOFRINCE S D OBUEE THEH SN TWDIENFTH D, BREEET)
R (XA 777 5) TRIFb, TONBREBOMGEIIE A b THENER
T, BRICL HHEOREOERZES — VT L o THRH LESRBIIC Lo THEE L,

Fonm Aa—77 Y CBlERT 5,

(b) BERIBER (Piezo—electric type pressure indicator)

K72 EOEBRTEFEH L, BBEENNC K> TR B2 508, BEHEDOH
B OIRBEIE ) Z5H S %, (EERF: a5 2 &Ik o TEMEREET 2E)
RAETHEEOHIEICIL, Fr—I7 r FRAVLNS, BRAFEERICHAS LN
THY | FAEEFFERN IS HEHA LT WRE R H 5, INUbLDToH & BiET v
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2 ETOENFORENREE R M TIEA KT T 7 ORI - DJEERE 2 HAWiZE
HEtfER S5, [11]

ERET ~
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Yi7754

Fig.4 EEXfBEFH
1. 5. 2 KT RAHGHT

BERH A%, BTN APREFHCHER T AR EBAT D Z LT L o THER T AREE NI
EIND, BRI ADSH HiEE L TICRT,

1. 0, : [BAERR

AN a=TikE

D =TT Ca0 R Y0, BIMMATZLEAT NV a =T 1%, MmEICT <, SRPICE
<&, UNa=7libmOBRBRREOEVNCEY . JET AR ORBERELN S Z &M
TE 5,
2. €0, CO,: HLYEIR — eIy O AR AR 1 (HE Rk 5 )

CO, CO,, CH, 72 E DRJF A5y -T2 D B A (RN & RS9 2 & 2 DEA D

IRE) M OEER O = )L F—WENOBEB N 2V | FrE DR ORI E I 5
FEZFIH LD TH D,
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I.=1.¢
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e (L) MR, TAOMHE: P X 5155

C: WA 1 HERELORS
ZOXUTHE - T, BENHORSZRET 52 LI TRAREPNETE 5,

3. WHERLFINE

—MRIZNO ZZ AT T A & 0, 2/ aNICIRET 5 &L NO X NO, & 72 0 2 D—Hf
& BhERBICH D, EIRRED NO, 73 F- 2N ERERBIC R D RIS, bt =L F—%
Jee LT %, 2ot S5t (L5500 & FHE, RUSHTOD NO 53§D &
B2, BIEOBREZWEST D Z LI2X 0 BB o NO OFRE A JIE TE %, NO, &,
ALN—=HF—ZBWTNOIZIETL L, LR UFETRES S, £ LT, NO & NOo, DF!

ZNox &9 5,
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2. 1 FEBREE

AWFZENAE I S 5 FZEEEE T, SRR, P 2 ptrds. kP A vnm
Aa—F T RTF I AE—TF = Lo THRIN TS,

PIRBEB DIRBES B 2 B122 9~ 21 21%, @E . BRBE=TRAR ORI 2> HABED Wik &
ITONTII KRB 2NN ME L 725, 22T, AR TIE, #BEBKE HE VN
TLAS THRRBEZ R T 5 2 L3 T& . EBROBEEIZ TV R E TRABERFM: 4 R4
THZLENRETH D ENE Y2 AT, BBEENOREEE S ORIE 21T 272,
Flo, PRETRBEIC K > TRAET DHR T A Z 0T 5 2 LI k> T, BREEAERD
-2 DB OV T OB AT o 1o, WHFSGR, IR, SR (14degBTDC)

79 VI EAR N DT L CTUVR U,
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2. 1. 1 {38
HEERBERAIL, Yo ~—8 L40A HEAUZEs 4 A 7 VHAET 4 —E AR THh 5,

#oLFR % Table 2 IZ/RT,

Table 2 Engine specification

Engine type L40A 4stroke cycle diesel engine
Combustion system Direct injection
Cooling system Air-cooling

Number of cylinder 1
Bore*Stroke 68.0mm*55.0mm
Displacement 199¢cc
Valve system OHV

Valve timing Intake Opening BTDC 25 deg.
Closing ABDC 59 deg.
Exhaust Opening BBDC 59 deg.
Closing ATDC 25 deg.
Injection timing BTDC 14 deg.
Injection pressure 19.6MPa
Compression ratio 20.0
Maximum output 3.1kw/3600rpm
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2. 1. 2 PeHRHHE

ABFFE TR LIz PR A ohrae % Fig. 5 [T, HASHICIBNTE, BifE
TR AT A I 251 (CGT-7000) K UMABEHE AT A NOx—0, Il i 25 (NOA-7000)
AL, 0,0 C0,0 CO, NOx % [RIFEISEE L CRIE L7z, BB A DT kL,
1.5 HER A AGHTCRTI@Y TH D,

BIEZITIRDANS, HTIEEFATHD N, Z L, EaS8EMEL, 0,0 C0, €O,

NOx R REMEH L, #iEEZITROLEND D,

Fig. 5 IRMRAT R BERIEER ., BREEHED X NOx- O HIEEE

2. 1. 3 EHheY

JEJ1E a2 VT, BRBEERNOBRBEIE ) OBIE 21T -7, TR B RIThn 2
DML Zf/NRICINZ 5 2 ENTE, £ EBRDOBEERITITY IRRE T ORREERFE 2 5F
THIENTEDLRDTHD, [EHEHITF AT —tB oKk e = BITE T 25 #i
e U7z, B ' o O8G0 BB VLT o+ — B BB CTh 572,
WHIIZ T vy v anmy B WHS VT BRERES T e SIS TR LW LE T 5,
FE' Y% Fig. 6 IR,
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Fig.6 Pressure Transducer

2. 1. 4 FymRa—>r
RBEENTHELTZENT, BB P TERERER->T, 772 LTAHYr X
A—TOEEICRREIND, T T a2 LEDE, EIE o F0 b OESUE 52572
2O THD, -, HoNT-7T—% OBLH - 50821, Kyowa Electronic Instruments
CO. LTD. #lsensor interface PCD-320A, data logger and analyzer PCD-30A & VT

R—=YVF)arsa—x—ZHH LT,

2. 1. 5 J7VIAFLAIVITRIESL— RO

777 AMOREZ, 7T MERENIH DI LEN, XA I T RIET L— B
EROAAT T b7 THIEZ LTz, 74 b~ A 27 vk 233 SUNX
R PM-F24 F # A T &AL, Fig. T2 70782477 L— Nemrd,
Fig. 81274 h~vA 7 mtw oV amd, #A4 I 7RESL— M, ME RIZFig.
TOXRIBRUVREPFEANTEY, 7+ bvA 720 PR REICHEZFELZE X
WZEEPHISND X9 >TnD, HASHRZ, PCD Z T, =Y F v

a v a—H—IZHI LT,
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Fig. 7T 77 v BFAIVTRES L—h Fig.8 7% b~ 27 uak¥

2. 1. 6 ¥I/AXFyIRE—F—

VI XF I AL =T =L, TAUUBRS-ID AL, K=~y a VEREEE
RIRFIC, MREEE S LA L, v~/ T v 7 A ¥ —F —% 800rpm TR - R L
TWD & ZAIZBIMES DK R 2 ITIREG S8, 30 ATV, =<y a UK

B L2, ~ X F v 7 AH—F—% Fig. 91T~ 7,

Fig.9 ~J7XF v I RAF—F—

2. 1. 7 YUV UEAYFR
Fig. 10 O Fig. 11 IZE BV YR FASINTZE DY) v X~y RERT, JE
1 o OEEMBEIIERANC T v v 2 a s RROBREBIES 72 SIS T LAV E T

o,
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Fig. 10 Cylinder head 1 Fig. 11

2. 1. 8 Mg

Cylinder head 2

AR ZBR T DRBEE B S O P ABLE IR & Fig. 12 1377,

]

[coco & 0000 ]

O O
Amplifier )

‘ Water Oscilloscope

Pressure @austggzis
w\ transducer e injection
Water

-
I soss s s000]
Single cyl‘in(%er engine NOx Meter

CO Meter

Fig.12 Experimental setup
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2. 2 fERRE

AREBRTEER L72RBHE, 8, 23yl Ko~y g UREL A Lz,
2. 2. 1

BIE, YV o AZ U RRETHRIESNTWD, BEOBMAMH L, Blo
BRBMEIR % Table3 1ZRT,

Table 3 Fuel property of light oil

Fuel property Light oil
Cetane number 56
Net Calorific value (MJ/kg) 43.12
Density @288K (g/cm’) 0.832
Viscosity @293K (mm?/s) 4.7
C (Wt%) 87.3
H (Wt%) 12.5
o (Wt%) 0
Sulfur  (wt%) 0.04
Water  (wt%) —

2. 2. 2 aafFyIFAN

aatyYAANEF, IO L VRRSADMIET, bTTRE RIS
B D, W4, Y, @E, aafy YA A uE, AdA, B EDREE
LTHEHESNTEY, 247 4 VB EORM T V7 JREEM CREAFED FIHER
bOTHD, AFETIE, EREBEROKER_a a7y YA Vel Lz, a3ty
A A NV OREHAER % Table 412787,
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Table 4 Fuel property of coconut oil

Fuel property Coconut oil
Chemical equation CH,(OCOR)CH(OCOR;)CH,(OCOR3),
R;~R3: Higher aliphatic hydrocarbon
Calorific value (MJ/kg) 3.8
Density @313K (g/cm’) 0.910
Viscosity @3 13K (mm?/s) 30.8
Melting point 20-28°C (293-301K)
Coagulating point 14-25°C (287-298K)
Ignition point 277-279°C (550-552K)
Lauric acid ~ (wt%) 43-50%
Oleic acid (Wt%) 5-17%
Palmitic acid  (wt%) 8-10%

2. 2. 3 K== Ta URE

K=Y g UREHT, @E, B2 EOMICKEZREEDELZLOES 52,
EKRFRBEEDEDEMBEL TLEVRE LR, £ T, JLH & MEEN D,
EHRIZTRNT 52 LIk > T, BELTEAKT<LY 2 VIREBLZERIT 5 Z L AT
Do
AREBR T L7z S AN, B T3 § 7 = A X 0-201P (H.L.B.5.5)
R LT,

HLB (Hydrophile-lipophile balance) %, FLHENEMEAIDAK &l ~DFFM: O %
KIMETH D, HLBEIE, 0~20 ETOMEZHELY | 0 (TEWIE EBMMED & <L 20 (23T
VI EBUKMED @ < 72 %, AREBRTIE, MO PIAKKLFDNEAES 2 WO BRI AES 728
(2, BN e U3 <L WO RS 72 %, HLB A 5. 5 o S EMEA 26 L7,

A U 7= RIS A O R A LUFICik -~ 5,

C B A VA UERRD 7YY v

s R OOREDWE, DT TR R
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« o AbAM ; 145. 4
< WEERER (1) ®=4JE : 20ppm LA T

(2) BE  :2ppm AT

2. 3 BEIOEREGE

2. 3. 1 Blend ¥}

B, 23y YA LE 0~30vol % DIRFERIG TIRAT 5, /o, =23ty
YV AANDOEESEEE LT, BEOAFEIR, 23ty YA A vE T L RLTERE
IR 30°C—E & L=, 7 Lo RgkEHZ, 5, 10, 15, 20, 30vol % ™ 5 FEZ{#H FH L. Blend

5, Blend 10, Blend 15, Blend 20 Blend 30 & il 4 %,

2. 3. 2 Kz<=irvaBRE
IKZTINT HRETOBRE 2 _— 2B LT, _— 2 kBHE., #3il, Blend 5~30
EZAWD, KOWMEWIX, LTFO L IICERT D, 72 KOWIMFEIE, 0~20wt%

FTL L., KEKZHEH L,

Mass of water

100(9
Mass of base fuel>< (%)

W(%)=

FF RN—2REHZHULA 2 IwthilsIn L, ~ 27 % F v 7 A X —F —% 800rpm Cla]
i« LTV D & ZAICIINRG DK E R IR S, 30 oRIE#EE2IT o7,
e L RIERIZ, ~—2REHA Blend BREFO & DI, BEESZEE LT, KL% 30°C—

L L7, Fig 131cm~< Y a3 VKRB ERLEBRE A 79,
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O RN—=2BEHT AR 2 IR 5,

Q@ IR F v I AY =T =THRILEITIRD,

@ 2 HRBERIR LT oo, KEDLFORIMLTHE, Raiz@aha<i
P

@ 30 B EIT RV, LAAICELT %,
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2. 4 EBFHE

2. 4. 1 FH

(1)  BEEES

FERIZER L TET, @HEOBREICTH LM 2 L, (e 2 AR T+
(HESUERR 2 1T72 9, £ D%, RET28E 2t > F L, BAGKEBIZS W THTED
[EHREICEET D, RIS, A B Ra—T DN =2, v FE2FEATHZLIZLD,
WRIGEIE 77 Mo OMBRIERF R 22 HRI 5, FEBRSAR & LT BEBAMIER S 2 1600~3600rpm D

400rpm = & 2T —H ZHIE LT,

(2) Blend BRE. =< g LRE DBk ER

IRAWREHE, W ORRE & 2Lz, R—2RELEDHEL CLE S Z&RREE LTh
Fonsd, £ T, AERTIE, EBAFRECHoICEEEL LT, BRI
1600rpm & 3200rpm (Z331F % | 3 RF[H] ODEAEIEHR 21T - 72, 0~3 BFH D45 30 43 T & 12,

R RBEE ) 2 E LT,

(3) HERH A

A PR BB IZ 35V T BARIA S 2 T D RIFEEU[E E L HERVE 0 R S 7z 8k
KA AD—EHZ e ZEAT S, Lo, @R A9 TlE, NOx 72 & DfbF
JEMAELCTLE I DI, ZNEIET D7-DIKGEEZHE Lz, DD, &
HreslEAT DRI, BERE D b OPER A A & WA 2em O/ A FITE AL, /34
T O, KEFE L, IWHEELEIC X0 |0 SAVBRBET A%, BiKEEEIZ X - Tk
INBRE ST, SHEREEFHT Z D NOx, €O, €O, O, JREEMNHIE 415, MmENLEE
DOKIRIE, —ETH D, HEEEEREE 1600~3600rpm D4 400rpm = & (2T — & Z

E L. WEREIL, A5 LI230 BRIE L. £ ORMEEEB AV b,
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2. b FEFGE

2. 5. 1 EEBREETES

JESE oI L OBREEIE /124 b 2R a—F TRIE L, [EMEITRR S OBREEE ) DRk
B % e RBEIE ) B, & UCHIE Lz, HIERBUIASRMAET LI 30 FREL, £0H
fESER AV BT,

2. 5. 2 2REERFLE

JESE oI L VRBEIE 1240 R a—7FCEIE L, [EM%OBIE N BlE s n

T bEmRBEE N BIE S D & TORR DR 2 RBER ] 7,,., & L THIE LT,

2. 5. 3 YEWEHERR
SEYIE ) BRI B EIRBEIE ) s BIERER D IERIET) Py 5O TAE 2 R IGERE

TR L CRIHSNTZbDTH D,

P.. —P

max initial

T,

total

2. 5. 4 ZEFEASE

TV ORRBRIRE AR T 5 R b HEFE LR ITEITIRBEE ST ORE TH L8, 22T
TITE R RRBEOFMIL T E 22V, £ 2 THRBEIC X 2B ERAEORFRIZ L, 372
H, VU DEEAIH L TED K ) RBIGTREEL T2 E WO B AEREZ RO D Z
ENHEETH D, BRAERL EMICEHET HIRBEICET 22 0omis LEE T 5
R, AREBR TR S B RFRGEE W,

VBRI ADRER—HETH D LIRET D L. Rl xx/LF—dU, BUg4d dQ,
45 PAV ORNIFIEAS 20— BRI K 0 IR Y 2o,

dU =dQ - PdV
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U AT ADERE m, BCEREHT- D ORI LFX—Zu b L, BgERE

T AEOIZL DM TEEIR,

dQ_pdv, du
do  do de

L7 b, W R X— | TERLEAE Cv, BEZ T, ©%E ¢ &1L,
u=Cv-T+c

ko TEREINDHEDT

4Q_,dv o dT
do do do

PiFoND, HBWIET 2 AR ORI TAEREZ RET 5 &,

Cp—-Cv=R

PV =mRT
L ZThvEAVIUE,

dQ [l+£XJPgX¥+CVVgB

40 U "R) d0 R do

DFFHI D, HEVCv (EMEIZITIREEIZ X > TET 520 . HAEBRITBREET A (I
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T\ IIARIR T R LIRBETT A DIRERIETH 203) OYMEENH/F LD, ENPIXT T
YIAEOREE L THRONLMEBTHY, VITT P Uit LIEEA D HIRE S
HOTEHREREZRDDLZENTE D,

TV TO AV 1, Y U HFNOEFREVE Y T 7/ dORIZIE, vV v
FEZd, Effilbe, 2> my RES1EZ T 7R r DAL ET D L IROBFRX
D%,

. 2
\ :%dz .{r(l—cosﬁ)+lr(l—1/1—511;29]}

TITAMIZI~MDOETHY . A> 1O THREEBE L, F2HETEL L,

v=24q’ -r{(l —cos0) +L(1 —cosZ@)}
4 4

L%, Lo T, ZORE 6 TH L TIROADBHGEL D,

dav L sin9+isin29
de 4 24

TV DT, BREEL 22D 0 B LIRS SIVIZKEDREET 5 DT, B

R K I DIEHRIC & > C A I BN L7205, o U o S BEICIES U C K Ze A

WINSLK IR 2R EICK VBT LM E D, [12]
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2. 5. 5 ZEE
FHRICE > THEIB L7, SEREIORBEDE% Table 5 (IR, EHbMND LD

W2, aaF Y FANERIIKERNTHZ LIk T, HELIHEAENMETT 5,

Table 5 Calorific value (calculation) of test fuels

Fuel properties | Calorific value | Fuel properties | Calorific value
(MJ/kg) (MJ/kg)
Light oil 43.12 Blend 10 (W10) 35.27
Coconut oil 3.80 Blend 10 (W20) 31.35
Blend 10 39.19 Blend 20 (W10) 31.73
Blend 20 35.26 Blend 20 (W20) 28.20
Blend 30 31.32 Blend 30 (W10) 28.19
Light oil (W10) 38.81 Blend 30 (W20) 25.06
Light oil (W20) 34.50

2. 6 THER

2. 6. 1 FEHEH

JENE B RbA e A a =T THRLNTREEE I OEIL, EE V] TRRSIND,
Z OB ZES) MPal i T S 72 h, MRSt I ERT R ARG T /)5 (B
WT-2, #¥& 45 NO. 4660, FmilRAET) 100kg/cm®, HAKBRET) lkg/cm?, T LW
5 1/4em’) ZHWTENRIEERZIT > 72, Fig. 14 ([ZHIEBESERE )G 2 RT,

LU B SR )5 0 EARBME Y M O 7 i 2 7797

EA by AL EEEE THREADMER 2R L, £UlsgEE) (BER o
R S) OMIEEEAE T 2R R FROMNES, MR, BREE SR O
PV T T E R A T EERVE R A2 A ST, BN oo LI AN T B D,
TEENMIL, ARFEERRIZ & o FAERGER T )5 O HEEFIPH2Y 1~100kg/ e’ D728,
LAY FAVHOIEAHNEE LS| IkmENZE A AT, B RIS E2 L &

(2. 2 ORI B ICIEER S DR DS LUy,
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O VAR VU CERPENEICRD KO AATT 2,

Q@ NURSTIZAH iz R AL, BERORE 2R PR Lo, EBOEE G % &
DATT %,

@ REENTHY T 2EmEA LR b Ry, Z0O&E, MOETEAMCOHEED
MEF %, BEEEOHEATNIR XS KREVEOETIZ, /IS bOZFIAR EIZER
THHERITHE A, BEME 2K ZEICT 2D K0,

@ N7 ZEPCHA ST S,

® RURTEAEREL TNEL, EEO T Y VAL 02 F A — MLk
U7 & EEICHEMEZ [FHR SR B E N2 R 725 X 10T 5,

© WARIEE TG ORE 2 A B D,

@D EHEOICRET &I, EA M EEHEN T Y & RITRTDeE TRUR S T 2R
BIEL, PoCBEESNTZ L 2O TENRBFTZ P> <D LB,
HEIZ 2L, EET2DRLEE LW, IR D EINIMEWET NS REITEWE & L,

IEEINCE Lk, WEBIZE) 2 T THEEDOREZ G D, HEEOFEEZ S -

T35, [13][14] Fig. 15 IZfERZ T,

Fig.14 EYEHEER T /15
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Fig.15 Pressure Calibration Equation

Kb BN IBIGEEL O— R ORIT, v=2.5107x-0.5676 L72-7=, = Txlit
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3. 1 =@ZaFvYAA/Blend Bt

3. 1. 1 H=BRBEES

Fig. 16 IZHm A BEE NIC RIETHAM KM TO 3 3T v Y A A VAN O 2 2 4
B D70, BRI ST D RERBEE 2 BEHERE T A —2 & LTR
T, ZOMMNGH L L 51T, Bl & Blend BAEHZE, RS LTIz EmW
RERBEIE AR TE 5, /2, 77 7R LTV 72 Blend 5, 15 IZBW T H [A]
BRAMEA MRS Uiz, 24T, Mo HEREBEOBEICL > T, EREBREIORE
PEES L, RAFRIRBEIC o7 b EBEZ BN D, [16]ZDZ Linb, aaf v

ANDEHEREEMSED ZEICLD, BERBATETH S Z LAVRIR SN D,

20

15m

Maximum burning pressure [MPa]
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—— Light oil
5 = Blend10 | |
—4— Blend20
—#-Blend30
0
1500 2000 2500 3000 3500 4000

Engine speed [rpm]

Fig.16 Maximum burning pressure
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3. 1. 2 Blend BREhiER

Fig. 17 & Fig. 1812, ==t vV 4 A /b Blend Rk} % FH T, e iEl L 72D,
BEIRBEIE DIC ST REBELZRET 5720, 30 02 LI R#R%L 1600rpm &
3200rpm O fe A BEIE /) % 3 RefHIIE L 7R R 2~ T,

ZON BN X H I, 1600rpm & 3200rpm DfEj 5 & b, 3 KEf] osdigE s O
R ) OB, BlEI R oTc, L L, RIFRTIX, 3 Kfi] OHEfHER: A
ARECH o7, TP UMMFEIEL TV AREET, KRS L, aaF v YA
ANVEBIMT, BBEL T LE D, SHIT, aat vV A A VORE KA, S 7dIZ,

RIMOEWRFZIE, BME-oTLEI ZEMRMERLE LTHIT N D,
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Fig. 17 Operation test of blend fuel (1600rpm)
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Fig. 18 Operation test of blend fuel (3200rpm)
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3. 1. 3 F¥HEHLERE

Fig. 19 [Z#EA M SR 31T DI PARIEAE 63 2 P4 ) LA 32 BREHER £ 3
TA=ZLLTURT, ZOMNGDLND K T, #il & Blend PABHZL, FERIRIERE D
BN, BFNCESE ) EAREIHM L TWD, E72. Blend BREHE, #H & [F)
B 2R LT DT, INRF o — PRI, a3y YA L EHNWD Z &

T, BRAFBRBRBENF SN TND Z &R0 D,

7
"o
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2 = Light oil
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-
1 -#-Blend 20 -
3

0

1500 2000 2500 3000 3500 4000

Engine speed [rpm]

Fig.19 Mean increasing rate of pressure
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3. 1. 4 ESHBEE

Fig. 20~Fig. 25 |2 MEAMSAFITI T 52 U U X NENCRIE T BRI 0 2
EHURT D720, 7T 0T A, VU U ERNENZ, REMERE T A =5 L
LCand, HEBARERE 1600~3600rpm D45 400rpm = &2 ENEIRT,
ZONL DD K HIZ, Fig. 20 0 1600rpm Tid, #EiHI KO Blend #REHE. EIES
fHE ClRERBEE D 3G b7z, LivL, BEBRMEEA MG 21224 T, L DK
HEERBEIENTEILEL TS, 72, aa Ty YAANVERNT 52 L8> T,
RERBEE NGB0 7 T 7 IR, BT~ TRIE S 2 m 3 Bz, FFiC
Fig. 25 0 3600rpm Tl&, EAMEITRE DL LF, 2720 B TRELTVD Z R
PND, AT I F AT, BT, SLKEDEWEDIZ, BEEKTHE

TS, TORBEREZET o120, TRAMFANRS 2D BN EANRBELL LS

ZHb,
20
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Fig.20 Pressure history (1600rpm)
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Cylinder pressure [MPa]
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Fig.21 Pressure history (2000rpm)
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Fig.22 Pressure history (2400rpm)
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Fig.23 Pressure history (2800rpm)
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Fig. 24 Pressure history (3200rpm)
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Fig.25 Pressure history (3600rpm)

3. 1. 5 ZFAER

Fig. 26~Fig. 31 |2 BEARTARAFITIS T HEIE A I KT T HEBE IR 5L oD S B 4 41042
THIZD, 7T BT D BIEERE | REHER A NNT A =2 L LTRT, B
B IE 5% 1600~3600rpm @ 400rpm = & (2 FNEHRT,

ZORNH LD L DI, EOMBIERREIZI T B Blend BREFO F KBV A 1T,
BRI & A% S L <IEmWERS Sz, F72. Blend BB e KEVIE A2 1%, 1600rpm
~3200rpm £ TDOZ 7 7Mbb LB BIEL THAET D,

L2 L. 3600rpm (ZBWTCIE, BVRAEDSLD B3 D M 5| Blend BREHIAWIZ E5H L,

BRI & BN TRRBFEAERDBIR LT,
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Fig.26 Heat release rate (1600rpm)
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Fig.27 Heat release rate (2000rpm)
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Fig.28 Heat release rate (2400rpm)
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Fig.29 Heat release rate (2800rpm)
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Heat release rate [J/deg.]
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Fig.30 Heat release rate (3200rpm)
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Fig.31 Heat release rate (3600rpm)
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3. 1. 6 BREHEERIOEREHEEER

Fig. 32 (AWM SRAFIZIST 5 BEBIIHAE 63 D IREHE B & 4 | JREHIEIR R T 2
— % L LORT, AEBREIAMNTIE, Blend20 £ THEREE BEOHRIE LT 7208, =
DB OB L H I, RO tE > T, REHEE BITHFHICHML Tk
D BEFRREREFI N EBIS TS L b d, Fig 31 0@y | 8l & 1 ZIEH U
MR L, EHEE RICBIT 22 bITIF L A LBETE o T,

F 72 Fig. 33 ICHEAM KIS DRI )T 5 KO E R A B E L7 TRk
WHEERZTT, J I CTORERENYE R LT, EBRICHE LR E &2 bFHIC X
DKOEREZZLGIWEEEER L, ZORKMLb»D X512, BB L RNaa)
Y FA N, KEIZEAVEE L TWRNWOT, FREHER &IX, Fig. 32 & OEWZ

A/AN
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Fig.33 Fuel consumption (Without water)
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3. 1. 7 NOx

Fig. 34 |Z A S T OB RIEEEN 63 5 Nox HEHEI G 2R, 2 OX» 5
SR L DT, EDOBREHTI W T b BEBIRER B DO BN AV NOx Bk HH & IR L
TV, FriZ, aaf YT A NVOEHEELZHEMEE T IZ2oN T, Nox (XN
HznR L7z, ZHUE,. BABBOMEICL Y RERFOBRFBRENEE S, %
PRBEL ST K oot BEX DD, £z, BEHCaa oY F A LV EZIRNT S 2
LICEoT ARKIBENEMLIZEEZ NS, 2O D, aaty Y i AL

DEABEZHNSELZ LIZL D, BERIEATRETHD Z ENTRREND,
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Fig.34 NOx emission
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3. 1. 8 CO
Fig. 35 (ZHEA ff S COMBARIREIC K92 CO BEHEIG 2T, ZOX»HH
SR X oIz, BRI OBEME o aF oY A A NVDOREEIG OEINIE- T,

CO DHEHEDIKB TR TX | Fig. 34 L IIWOEmMZ LT,
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Fig.35 CO emission
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3. 1. 9 CO,

Fig. 36 (ZHEAM ST ORBBIEESII 3T B PR A @ o, #lA %R, 20
760035 K 912, HBERIEEE OB, 00, A S HFCH ML T\ 5, =
Ak, BBEEEAE < D & BB AL IHET 2720, CO,IRER ML 72 b D
Th D,

Fo, aatF YA A NOERRICED, TNOOPEHEIC T TREIIHEZ I N
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Fig.36 CO, emission
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3. 1. 10 O,
Fig. 37 |ZHEA M S T OB R KT 2 R A D 0, B & Z2RT, ZDX
D HEBARIERE OMEANT A, 0, IR L=, £/, 2t oY A A LDE

HEICED, FNo0HHBEICKRITTHEIBEZIN ) o T,
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Fig.37 O, emission
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3. 2 Bz~ 1Ta RE

3. 2. 1 HE=EBRBEES

Fig. 38 (Tl mMABEE /I RAZ AR A TORBIMOEZ B LR T D720,
BRI 3 D e @R BEE ) & . BREHIEIR 2 X T X —H & LTRT, ZORMNDL
b B0 e~y g VEREHT REERER D 1600rpm & & lE]HRE 0O 3600rpm
FHETIE, B E Y b EWEBREIZTE, 2000rpm~3200rpm CTlE, JE/BE T L
Too ZHAUE, KEWINT 2 Z LI XD EBAEDRT & ARIEENMET L, FEEER
@< 725 &, mv Y a VIRENT MIRIRPASR R CEVE 521 2 W1 ANELAE S,
WUNBEIE MRS T FemRBEE NIRRT Lz L b s, Lo L, 3600rpm O
ARV CIE, R OBREHNERED Fig. 54 1T LB BEHER ESE KL

2 BBENE LS NI b D EEZXBND,
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Fig.38 Maximum burning pressure
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3. 2. 2 BT~ Yg L REhEESERR

Fig.39 & Fig. 40 1T, M=~ /L2 g UEREH A AW T, ERnER L2 | Femih
BN RE T B AR T 572,30 43 Z & BRI 3 1600rpm & 3200rpm D 5
FERBEIE /) % 3 IRERTIE L 72/ R & 7~ T,

ZOENHHMND X HIT, 1600rpm & 3200rpm D ST & b, 3 HE OEE il R O f R
BBEE I OEBNX, HE VBB S ol L L, =r VU EIR% e RE %
i L TR LRI, SBELTLE S Z LR I NIz, ZOMBEE RS 57
DOIZIE, ==y a rEMERFT D700 SEIEHERIOZEEREW S DT 5 4
R 5,
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Fig.40 Operation test of emulsified fuel (3200rpm)
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3. 2. 3 ¥HEHLERE

Fig. 41 [ZHEAMT RIS DHERERIHREI k3 2 A ) B R 3 % JREHER &2 X
TA=L L LTORT, ZORNLLND LI, BilEkz~Y = UREHE, FERE
IR DA B EES ERRIFIML b, 72, Kkovrya v
PREHE, &30 & [ ZRE 2R LT D728, ANET ¢ —B AR, K=~y a

YRB IOV ZE T, BREFRIENE LN TWD Z LR D,
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Fig.41 Mean increasing rate of pressure
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3. 2. 4 JESHBRE

Fig. 42~Fig. 47 |2, EEAMEIFICIIT DY U FWEINRIE TR O 8%
BT 5720, 77 7Sk T 5, VU U EANENZ, BEHERE T A —& L LR
9, HERARI#EEL 1600~3600rpm @ 400rpm = & 12 FNFIRT,

ZDORNSDND K DI, BB OHEINT 2z o T, YV U FRAEOE
— I PEIEL T DT R0 5, LU, KREGBI LT~ LY g URREHT, (K[E
HAREI D, B R b=V ENDEIE L TWAD Z ERNonDd, £z, KIMEOHEK
WZEoT, =2 NPT D2 RN bnd, 2L, BEOmRLEFETHRINLTND
F 2T, KOKULBBIZ L D IRARIREDIK TIZ LY | & KENHIF OWREE R KL
el bZEZ2bd, [10] 207, KERMT 2 Z LIZXko T, HEAkOIHINEZ D

ZEBDND,
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Fig.42 Pressure history (1600rpm)
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Fig.43 Pressure history (2000rpm)
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Fig.44 Pressure history (2400rpm)
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Cylinder pressure [MPa]
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Fig.46 Pressure history (3200rpm)
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Fig.47 Pressure history (3600rpm)
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3. 2. 5 EFAER

Fig. 48~Fig. 53 |2 BEARTAAFITIS T HEIE A ST KT T HEBE RIS oD S B 4 41042
THID, 7T BT D BIEAERE | REHER A NNT A =2 L LTRT, B
B [El#E3% 1600~3600rpm @ 400rpm = & (I ENEHRT,

ZOMNSDLNL L DI, EOREEEEICK N TS, BT~ /1Y g VREBIO K
BRART, B L FED L IHMRWRRBEAERPG O, £, Bllz~v 1Y
a VIREL ORI AERIL, 77 70 bbnd EB 0 BE L TRAT HEANH 5,
L2> L W20 BRH =~ L = R EHE, 1600rpm~2000rpm (23T AKOEIMZ LV |
ENENHBNEL 00 . SRR IR AL LB LT,
3200rpm {23V TIE, AKOBIMFEOHINC K- T, R REIERITEIET 5,
F 72, 3600rpm [TV TIE, BT~ /L Y g VREHTI AW R L, gl & BETR
ERBGEAERDPIEAE LTz, Z O RIS (3200rpm & 3600rpm) T, D Fig. 54
ICRT LB BREHEEEDR L TWD Z &, =v Ay a VIRERER O X 7 m g%
ICEE LT, BUAEROERBBEINZEEx N,
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Fig.48 Heat release rate (1600rpm)
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Fig.49 Heat release rate (2000rpm)
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Fig.51 Heat release rate (2800rpm)
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Fig.53 Heat release rate (3600rpm)
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3. 2. 6 REHHEE

Fig. 54 |ZMEARSIIZIT 5. BBEIRIESEII ) 2 B BHE B B h . REMER T A — &
ELTRT, ZONHDNL L DI, BRSO - T, BBHH R EITHHIC
HIML TRy, RARBEMERNEBR SN TS EBbivd, W0 =~ /Ly g UREHT, 8
MED HLOTPDICEZVREREE ETH o728, W20 T~ /by 3 UEREFCIE., & L < REREE
BEOHRKLTWD ZENDND, ZHUE, KOBINMZ LT, BEAENMELS RoTolod,

HRABEZMO2DIC, ZLOBBEZHEL TLE-TLLEZLND,
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Fig.54 Fuel consumption
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3. 2. 7 ZEREHEE

Fig. 55 \CHEAMARIICISIT 2RSS 2 KD EREZ BE L2 EREHE T =
Y, ZORNHDND K DT, W0EHE, T OB TR & IXIER U
fEEZR L7z, L2l W20 TiE, 2800rpm < HWVE T, M E OEF/NZ WA, Hial
BABEIIC BV T, B L < ERBRHE BITMAL TV D, FRENEEROENDEZD
&L W0 v a VREHT, B E B D b W EREHNEE & T H o 72 1600rpm TO
BRBEEDDNRIME D bEmN I END, I 7 aBERICE o T BB ERAE L T
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Fig.55 Fuel consumption (Without water)
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3. 2. 8 NOx
Fig. 56 (ZHEA M 5 TOMMRREEIZ T2 Nox HEHEIG 2R d, 20X S
SR I DT, EOBRBHI B W T BRI O fE V. Nox HEHH S IR L T
Wb, B, KOFHEEZBEMSETWUI2T, Nox [FEREM AR Lz, Zh
I, AKORINZ X > TRIGREDMERL L. RBERITEH STk & 22—k &

NTIRBET D72 JRFTRY 2 mill ik 23 D722 < 72 0 | Nox MR L 72 & B A b D,
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Fig.56 NOx emission
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3. 2. 9 CO,

Fig. 57 | AR St C OMBIREEUC KT D HER T A @ O, FIGE RS, 2D
7B d K912, BRI OB EE Y, CO, JEENHEFITHM L TW5D, =
ME, RS m < 2D &0 BB Z L HBET 5720, CO,RENREMLIZb D
Th o,

Flo. KOGHERICLD, ZhbOHHEICRIFTREBIBE SN ) o7,
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Fig.57 CO; emission
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3. 2. 10 O,

Fig. 58 |Z A fif et T OMEBARIEEE T+ 25T Ao 0, B G 2”7, ZDK
G, BRI OB, 0, BT Lz, £, KOoBARICLD, Z
o OHHEICRETREBITBE SN R T,
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Fig.58 O, emission
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3. 3 Blendl0 ==/ ¥ = VB
3. 3. 1 mEBBBEES

Fig. 59 (ZHmABEE NS KT T AR TOaaF v F A b L KIRIN DR
AR D720 HRBHRIEAEIT R T 2 e m R BEIE ) & . BREMER 2 N T A —2 L LT
T, ZOMMPSDNLLEBY . KBRS 2800rpm £ £ T, Bl & LT
BEE DR ABE Sz, Lav L, HEBERERE 3200rpm~3600rpm 5 Tk, il X
D b RIRBEIE ) OB KRB BIEZ S iz, ZiuE, Fig 38 D=~ LY 3 VRE L [H
CHATH D, Ziud, 23ty F AV EKREZRNTHZ EICXVBEEDKT &
KRIBENMET LD EB L HND,

L72xL. 3600rpm O EHEHIC ISV TIX, BROBREREE ED Fig. 75 [T L B0 |

IREHH B B R LToTo ) BREBENTEME (LS h b D LEZ BN D,
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Fig.59 Maximum burning pressure
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3. 3. 2 Blendl0 ==/V¥ 3 VRENE G EiL
Fig.60 & Fig. 61 |2, Blendl0 —m~ /L2 3 L kEZ W T, HEHER Lo, &
ERBEE I RITTRELZET A7, 30 4 7 & IR RIS 1600rpm & 3200rpm

D ABEE ) & 3 RFRIE L7 R 27

ZOENSDNA L 92, 1600rpm & 3200rpm DOl & b 3 R O EkEERL O &

RRBEIE I OB, HEVBIE SR T,
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Fig.61 Operation test of emulsified blend10 fuel (3200rpm)
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3. 3. 3 ¥WEHEAR

Fig. 62 |CHEA MM DB 5 P ) ERR & REHER £ <
TA—RELTORT, ZORMNSLDDD X HIZ, Blendl0 =~ /LY 2 UREHT, HEBS
[EHREL DNV BRI BRI L T 5, £72, Blendl0 =~ /L
Vg UEREHT. L R 2R LTV AT, ANET ¢ — PRI, KT~

NV a BRGNS Z LT, REFRRBENGONTWD Z L3D2 5,

o

N

/gi/
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Engine speed [rpm]

Fig.62 Mean increasing rate of pressure
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3. 3. 4 ESRE

Fig. 63~Fig. 68 |2, MEAMTEAFICIIT 2 U » X NEINC KIE TR ERE DR 8
EHURT D720, 7T 0T A, VU U ERNENZ, REMERE T A =5 L
LT, HEBAMREREL 1600~3600rpm @ 400rpm = & (2 Z N F AT,

1600rpm D> HHH3% LFV | Blendl0 T~ /L2 a UIEMITRREZIC, BHLD b
FIE L C, BRI ERBSEZ 5, i, i~y g R Rk 7R %
R LT, Flo, KOEHRHENELL 72513 L, Blendl0 TIHESOE— 7 13 Lz,
L2 L. 2000rpm~3600rpm O 7 7 7 xbHbonnd L0 | #RifE, #EEFRE ORI
KoT, JENOE—7 PBIELTWAN, Blendl0 =< /Ly a UREHT, EHOE—
IR, RFERERTHELND Z R0 Db, £io. mEEFER T, BME D bJES

DE—7 BHR LT,
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Fig.63 Pressure history (1600rpm)
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Fig.64 Pressure history (2000rpm)
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Fig.65 Pressure history (2400rpm)
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Fig.66 Pressure history (2800rpm)
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Fig.67 Pressure history (3200rpm)
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Fig.68 Pressure history (3600rpm)
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3. 3. 5 EFRAR

Fig. 69~Fig. 74 |2 BEARTIRAFITIS T HEIE A 21T KT T HEBE RIS oD S B 4 41042
THID, 7T BT D BIEAERE | REHER A NNT A =2 L LTRT, B
B [El#E3% 1600~3600rpm @ 400rpm = & (I ENEHRT,

ZOMMNB LMD L OIT, EOBREEEEICIBW TS, Blendl0 =v /L = EREL
D REGEARIE, B & [FES L IEEWERRBIE A LN H 7, FFIZ, Blendl0

(W10) 1F, #FH L < RPEAERNER LT,
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Fig.69 Heat release rate (1600rpm)
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Fig.70 Heat release rate (2000rpm)
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Fig.71 Heat release rate (2400rpm)
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Fig.72 Heat release rate (2800rpm)
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Fig.73 Heat release rate (3200rpm)
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Fig.74 Heat release rate (3600rpm)
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3. 3. 6 REHHERE

Fig. 75 \ZHERAM SIS D HEPAEMAE S or 3+ D REHE R & 4 | BREHEIR R T A
— X2 L& LTRT, ZOMMNLDMND X DI, HEEREER OB L T, RS &
IXHFHICHINL TR Y | BAFRREIEFR N EB ST\ & Bbivd, Blendl0(W10)
PREHZ. 1600rpm~2800rpm {+/3L % T, B AN TREHER &R S LTS, L
77U, 3200rpm LAREIE, BREHHEE B ITBGIZ A~ THE R L7,
F 72, Blendl0(W20) BAEFTiE, & L <RBHHBEEDOIR L TS Z LD 5, T
X, KON L5 T, HBEENMEL o7/, HBEEZM O 7212, £ < OBRE
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Fig.75 Fuel consumption
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3. 3. 7 EREHHEE

Fig. 76 \CHEAMRIICIIT 2 BBEEEEIT T 5 KOERELEE LR R &%
R, ZONGDNDH L DI, Blend10(W10) BAEHZE, 3T ORI RIEA S T & kb
AT, FEREHNE BRI L 7=, F 72, Blend10 (W20) #REHT, (K[RIEEHEIRIZ 35\ CHEH
CNRIEASE 7R TR R B A BIE2 Lo, Zhud, KRS Tk, ~ ) v AN @EIRE
R CEAZ T AHBNE VD, =P VREIOWBWIRAEL 2, I/ 0ig
FEMEL, 207 BRI E o TREFE BRI L L TRBET 5720, KiZk b
RBEIRER RGBTz,

72, ZORMPLKOEHEROBENIC L - T, FREHEEEITH AL TV 28, 5l

R~ LY g UREFE BT Blend10 (W10) 13, 22 L < SEBRBHNEE B L 7=,
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Fig.76 Fuel consumption (Without water)
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3. 3. 8 NOx
Fig. 77 | A ST OB R A5 I %52 Nox BEHEIG Z2~T, Z ORI 5
S E 9T, EOBEHIRB W T LR RS O LV NOx BEH B IS L

TW5, ZHit, KOTINZ L o> TRRIBEMER L, BREESITES S vz ki &

i

KB AL S TRBET 27280, JRFTHY 72 diRAEIR 23 0 22 < 72 0 | NOx 2MEJE L
TeEEZILND,

72, Blend BREIOFER LY, 23t v YA A NVOHEIRNT HZ E12 5T NOx
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Fig.77 NOx emission
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3. 3. 9 CO,

Fig. 78 \ZHEAfif Sk T ORI RIEREIC KT T~ D HER T A D CO, G E RS, ZD
250D K92, BRI OB, CO,ENERICHEML C\D, 2
Ak, BBEEEAE < D & BB AL IHET 2720, CO,IRER ML 72 b D
Th o,

Flo. KOGHERICLD, ZhbOHHEICRIFTREBIBE SN ) o7,
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Fig.78 CO; emission
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3. 3. 10 O,
Fig. 79 (T HEA M S C OB RIREEIC KT 2 5 A @ 0, & 2R3, DK
N, BEBARHREL OB, 0, IR L7, £, KOEFERIZKLD, £
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Fig.79 O, emission
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3. 4 Blend20 ==/ = VRE
3. 4. 1 HE=EBRBEES

Fig. 80 \TH@ABEIE NIC R IFTHAM G TO I 3T Y A L L KEIMO 2
AR T D720 BRSBTS D R mRBEE ) & L RBHER 2 T A —2 L LT
AT, ZOMMNLDLNS EFBY, Blend20 (W10) (%, KEHAGIK THE L < &R BEE
NOBRPBE STz, —J7, Blend20 (W20) I, FERIEI#E%K 2800rpm f3T £ T, #%
& AN THREmBRBETE DR TR SN, LA L, Blend20 =~ /L a UIREHT,
B BA R4 3200rpm~3600rpm F TIE BRI L 0 &SRB E /) D R BLE S Tz,
AU, Fig. 38, Fig. 59 D=~ /LY 2 Y RELE Blendl0 =~ /Ly a VIRELE R U
i Ths, Tk, aaF oY FANEKRERNTHZ LIZE D RBEEDOKT &k
RIBEMET L7cleEEZ BN 5, —J7, 3600rpn O mEHEAHIZ VTR, % OK
BHHE#F B Fig. 96 (I d LB 0, BEHHE BN R Lo, BRENTEE LS

bDEBEZADLND,
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Fig.80 Maximum burning pressure
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3. 4. 2 Blend20 =<,V 3 VRENEES EiZ

Fig.81 & Fig.82 |2, Blendl0 =~ /Ly g VRELZ FIVW T, HEaERE Lo, &

EREEIE I RIFT B AR A 78, 30 45 2 & SRR [R5 1600rpm & 3200rpm

P =

DI BREEE ) % 3 BREREIHAIE Lo R 2R3,
ZORNS DD L DT, 1600rpm & 3200rpm O T E H . 3 HRE O E T
PREEE I OEENT., HEVBIRIN o7, £/, aaF YA A 1D

LThH, TP UEIRBICZ ALY g VIRBIOSBEITE - 57,
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Fig.81 Operation test of emulsified blend20 fuel (1600rpm)
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Fig. 82 Operation test of emulsified blend20 fuel (3200rpm)
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3. 4. 3 ¥WEHEFRE

Fig. 83 ICHEAMARIICIS T 2 BRSBTS 5 FHET) ER-EE | BREHER 2 3
TA=HELTrT, ZORNLDLND X 51T, Blend20 =~ /L = UEEHE, FERIH]
HREL DN PR, AR ERBITEM L TWa, F72, Blend20 =v /LY =
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Fig.83 Mean increasing rate of pressure
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3. 4. 4 FESHEE

Fig. 84~Fig. 89 |2, MEAMRIEIZIT BV X NEINT J AT T HERI Rl D 528
EHURT D720, 7T 0T A, VU U ERNENZ, REMERE T A =5 L
LT, HEBAMREREL 1600~3600rpm @ 400rpm = & (2 Z N F AT,

ZOXEMN SN D L HIZ, BT~y g VREHE Blendl0 =< Ly g VBRELE [F]
FRICUJEN O E— 2 3 IS TRIE L T D 2 & 230755, #88H5° Blend20 (W10)
BREHT, EAESHIZEN LR ZEZ LT A5I2b 20 57, Blend20 (W20) #REH T,

2800rpm & 3200rpm (ZIBWTC B AZIZES) ERITEZ 59, ERRSfHECEIOR

— 7 BB LT,
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Fig.85 Pressure history (2000rpm)
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Fig.89 Pressure history (3600rpm)
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3. 4. 5 EFAER

Fig. 90~Fig. 95 |2 BEARTAAFITIS T HEIE A 21T KT T HEBE RIS oD S B 4 41042
THID, 7T BT D BIEAERE | REHER A NNT A =2 L LTRT, B
B [El#E3% 1600~3600rpm @ 400rpm = & (I ENEHRT,

ZOXNBHND X DT, Blend20 =LY 3 v DERKEGEARIL, BRI TH
KU, BIET AN, £7-. Blendl0 =~ /L2 g VREBLE REEIC, KOEH

RPN 22 LI o T BERBEGEERPSHIZEBET S Z LD,
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Fig.90 Heat release rate (1600rpm)
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Fig.91 Heat release rate (2000rpm)
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3. 4. 6 REHHEE

Fig. 96 [ZHEA M AAFICIT D HERAEMAE S or 3+ D REHE R & 4 | BREHEIR R F A
— X2 L& LTRT, ZOMMNLDMND X DI, HEEREER OB L T, RS &
IXHFHICHIN L TR Y | BAFRREIEFR N EB SN T2 & Bbivd, Blend20(W10)
PREHZ. 1600rpm~2000rpm f+3T % T, B AN TERENER &M LTS, L
73U, 2400rpm LAREIE, BREHHEE B ITBGHIZ A~ THE R LT,
F 72, Blend (W20) BAEFTId, 35 L SERHBE BEDOR L TV D Z b2 5, ZHu,
KO LT, BEENMEL IeoTelod, FEEZM O 72012, < OBRENETH
HBLTCLEDEEILND,
T VY a RE e @RI CIEER 21T O & RIEE T SR O R EAT
LN ELS o TLE I DOIT, X7 @R MEEET ., 72 SADOBRBIZHE T
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Fig. 96 Fuel consumption
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3. 4. 7T ZERHHEE

Fig. 97 |ZHEARTLATIZ IS T D HEBARIEEEN T T~ 2K D E R A B JE L 72 FERERE &
BAERT, ZORNLLND K DT, Blend20 =~ /LY 3 URENT, il & T
1600rpm~2000rpm i % T, FREHHE REITMR L7, Lo L, MBIREREA R L
TV & ERENEERITIMK L., 2ok, FBEIZ, BREOEZHNTLES
7M. T OFERREREE RIE, FEEICHEBI A B LTZBRICHER LB ko ER %
ZLBIWEZEEBEKRLTWARED, EblZaaty YA Lz LG IWTREEE
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Fig.97 Fuel consumption (Without water)
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3. 4. 8 NOx
Fig. 98 \ZHE A 17 S T OMEBIRIERE T /T 2 NOox HEHEI G 27”7, Z DL
Be R 91T, EDBREHZI W T SRRSO BNV NOx HEH B3I L
TWVD, ZOMRIT, Bil=~< /1Y a VR Blendl0 =~ /L = REL & [FIEE7ZR
fERzE R LTz,

ISy FANDHEOERIMNT L - T, NOx [$HK L7223, Blendl0 =< /LY 3 v
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In practical diesel engines it is necessary to achieve a low emission and low fuel consumption

with high load operation. Several techniques were developed for reducing the emissions and fuel

consumption from diesel engines, such as EGR (Exhaust gas recirculation) and blend fuels.

Nevertheless, there are only very few data available for reducing the emissions and fuel

consumption in small diesel engines (100-250cc) by using blend fuels. As the first step of this

study, experiments have been carried out to examine the influence of blend fuels on combustion

characteristics in small diesel engine. The main conclusions are as follows: 1) The maximum

burning pressure for water emulsion oil is smaller than that of light oil. 2) NOx emission of light

fuel with coconut oil is higher than that of light oil.3) It is possible to improve the combustion

behavior by using blend fuel for small diesel engines.

Keywords: Diesel engine, Alternative fuel, Coconut oil

1. INTRODUCTION

Combustion characteristics of blend fuels and emulsified
hydrocarbon fuels are very important from the view point
of energy saving of fossil fuel and low pollution for diesel
engines [1][2]. Furthermore, it is well known that the
emulsified hydrocarbon fuels are represented the
micro-explosion and puffing. A large number of studies
for reduction of combustion products from diesel engines
have been conducted by using medium and large type
diesel engines (500cc to 6000cc), but very few date for
small type diesel engines because of the limitation of
combustion chamber and measurement method. As the
first step in this study, experiments have been carried out
to determine the influence of blend fuels on combustion
characteristics in small diesel engines. The combustion
behaviors, such as maximum burning pressure, mean

increasing rate of pressure and NOXx concentration in

SETC 2007

exhaust gas, are observed.

2. EXPERIMENTAL APPARATUS AND
PROCEDURE

Figure 1 shows the experimental set up employed in this
study. It consists of a small diesel engine (Yanmar Co.
L40A: 199cc, 4stroke ) and a analyzer of exhaust gas
(Shimazu Co. NOA-7000 and CGT-7000, NOx:
Chemiluminescence, CO and COz: NDIR, O2: Zirconia).
Table 1 shows the specifications of the engine in this
study. The maximum burning pressure and total burning
time are observed by measuring the pressure with
piezo-electric pressure tranceducer(Kistler). The mean
increasing rate of pressure is calculated from the value
which subtracted initial pressure from maximum burning
pressure divided by total burning time.

The data of 25 tests for each engine revolutions were

averaged arithmetically.
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Fig.1 Experimental apparatus

Table 1 Engine specifications

Engine type L40A 4stroke cycle diesel engine

Combustion system Direct injection

Cooling system Air-cooling

Number of cylinder 1
Bore*Stroke 68.0mm*55mm
Displacement 199¢c
Valve system OHV
Injection pressure 19.6MPa
Compression ratio 20.0

Maximum output 3.1kw/3600rpm

The fuel used in this study are light oil(Standard), coconut
0il[CH2(OCORI1)CH(OCOR2)CH(OCOR), Rl ~ R3:
Higher aliphatic hydrocarbon], blend fuels[light oil +

coconut oil] and water emulsion fuels.

3. EXPERIMENTAL RESULTS AND DISCUSSION
Figure 2 shows the maximum burning pressure against
engine speed as a function of fuel properties without
engine load. Two blend fuels were used:
where
Blend 10:90 vol% light 0il+10 vol% coconut oil
Blend 20:80 vol% light 0il+20 vol% coconut oil
From this figure it can be seen that the maximum burning
pressures are obtained with the engine speed of about
from 2500 to 3000rpm at any fuels. Furthermore, the
effects of blend concentration of coconut oil in light fuel

on the maximum burning pressure seem to get mollified
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Fig.3 Maximum burning pressure
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Figure 3 shows the maximum burning pressure against
engine speed as a function of fuel properties without
engine load. In this experiment, six blend fuels with water
were used:
where
Light 0il($10%): 90 mass% light o0il+10 mass% water
Light 0il($20%): 80 mass% light 0il+20 mass% water
Blend 10(B10%): 90 mass% blend 10+10 mass% water
Blend 10(B20%): 80 mass% blend 10+20 mass% water
Blend 20(B10%): 90 mass% blend 20+10 mass% water
Blend 20(B20%): 80 mass% blend 20+20 mass% water
As can be seen from this figure, for the Light oil with
water and Blend10 with water fuels, the maximum
burning pressures are smaller than that of light oil

Furthermore, it is interesting facts that the maximum
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burning pressure for Blend20 with water shows the
significantly higher level than results using light oil fuel at
low engine speed (1500-2000rpm). This fact may be
explained by considering the dispersion of fine daughter
droplets and increasing turbulence in the combustion
chamber caused by micro-explosions for difference
boiling points in the droplet components.

Figure 4 and 5 show the mean increasing rate of pressure
versus engine speed for blend fuels and emulsified fuels,
respectively. In this study, the mean increasing rate of
pressure is calculated from the value which subtracted
initial pressure from maximum burning pressure divided
by total burning time. From these figures it can be seen
that the mean increasing rate of pressure for all blend fuels
and emulsified fuels monotonically increase with
elevating the engine speed.

Figure 6 shows the NOx and CO concentrations in
exhaust gas against engine speed. From this figure it can
be seen that the NOx concentration decreases with
increasing the engine speed for blend fuels and the NOx
concentration increases with increasing the addition of
coconut oil. On the other hand, CO concentration
decreases with increasing the addition coconut oil at any
engine speed. This fact can be readily explained by
considering the increasing flame temperature caused by
addition of coconut oil in the fuel. Furthermore, the
coconut oil contains the oxygen, the reaction mechanism
may be changed for CO.

Figure 7 shows the NOx emissions versus engine speed
without engine load for emulsified fuels. As can be seen
from this figure, NOx emissions of all the emulsified fuels
show the remarkably smaller than that of light fuels at any
engine speed. These results indicated that, it is possible to
reduce the NOx emissions in small diesel engines by using
emulsified fuels.

Figure 8 shows the ratio of NOx emissions at constant
engine speed (3200rpm) versus water addition rate

(0-20%).
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From this figure it is found that the ratio of NOx
emissions decreased with increasing water addition rate at
high engine speed (3200rpm) without engine load.

Figure 9 and 10 shows that the O, and CO, concentration
in exhaust gas against engine speed for blend fuels and
emulsified fuels, respectively. As seen from this figure it
can be seen that the effects of fuel properties on O, and
CO, concentration are not much difference in this

experiment.

4. CONCLUSIONS
Experiments have been carried out to examine the
influence of fuel properties on combustion behavior in
small diesel engines. The main results are as follows:

1) The NOx concentration decreases with increasing the
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concentration increases with increasing the addition of

coconut oil.

2) The maximum burning pressure for Blend20 with
water shows the significantly higher level than results

using oil fuel at low

(1500-2000rpm).

light engine speed
3) It is possible to reduce the NOx emissions in small

diesel engines by using emulsified fuels.
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