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Proposal Study of High Efficiency and Low Emission Combustion
Method based on Fuel Design Approach
(2nd Report: Ignition Characteristics of Mixed Fuel)

Yoshimitsu WADA, Akihiro YAMAGUCHI, Jiro SENDA

Diesel engines are inherently high thermal efficiency. However, regardless of the ability to
mitigate the greenhouse effect, the major challenge of NOx and PM emission control to achieve future
emission standards has not been complicated. Thus, the authors proposed a novel combustion control
method by using the physical and chemical properties of mixed fuel. Although some potential exits in
this approach because spray and combustion phenomena are initiated by fuel, few studies similar to
this research have been conducted. Consequently, we have studied fundamental phenomena with
regard to mixed fuel. In this paper, the ignition characteristics of mixed fuel were investigated
through a constant volume vessel and analysis of results shows the physical and chemical effect of
each component consisted in mixed fuel on ignition processes.
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Tablel Test conditions through all experiments

Ambient temperature at injection [K] 800
Ambient density [kg/m3] 16.2
O, concentration [%] 21.0
Injection period [ms] 3.3
Orifice pressure drop [MPa] 70
Injection equipment Common-rail
I . d, =0.20 [mm]
Injection nozzle configuration L/d, =4
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Table2 Summary of fuel properties tested
Fuel Boiling Point| Density Octane
K] [kg/m?] number
i-CH,, " 301 615 92
n-C;H,¢" 372 680 0
i-CgH,g " 372 688 100
n-CyoHy, * 447 735 | 76 (Cetane num.)
n-C3H,5 " 510 756 | 88 (Cetane num.)
n-C¢Ha, " 560 770 {100 (Cetane num.)
i-Cy¢Hs, "™ 520 793 | 15 (Cetane num.)
*:298K, 0.1MPa  **:300K, 0.1MPa
5 :
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Fig.3 Pressure-temperature diagram of tested fuels
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Fig4 Apparent heat release rate of n-C3Hag/i-CgH)g mixed fuels



BB FRICLIIEHE - Ko I v v a VREEVEOREMRE (F 2 W)

BUTEE B & KM OIRIRE LU TEE 5%
Edp DU NTEMHLFFEOAERIC X DBREUE~DAT
(BENENITH Y, AREEBRFM T CIIEEITIT o4
78 DRADS e b ) T DEEEZFIRT 2R S
REToNDbOD, (KBEKMRGDSERINES

FIETHO TOEADTDIUABESND Z L3005,

5-2 BREBRHIZETELSEERIERSDENX
toeE

AEIORRZSEAT, REREPORBEKIER
DHEKIRET B LR D T OIRBEEMRNS &
By 88 LT, ZDREEEE My069 —ENE
ERBEEKMERSOBREEE L. SHEEGTIRES
KONBEIREID RnT OBGEARS LU L OIKIR
BRALEUS, BRBUSOFHAREAZX 5@), O~
ZIT, {KERMESUS OB 3B GEARMIEICR
DREFIBRAAR OB & L, BRSOV TITRES
PRBERFOFERDS 60ims AT & & LER LT, WX

& b IR B ARG O & A TREL TS,

HRROREL, IREEHE, (KRB RIS JUBR

JMZE D F CTOERBRLE) D OHIITE & ARDIET
WEEONERELTE. 22T, X So)DE»HX
5@DIEA S FIGBIREERIC OV TZE LW, EX
EFRRICRRE Y & TR AR 6 IORT. A7 F

g 18+ B Jow temp. reaction
p ® hot flame

2 15¢

8

g 12}

Gy

g 09} .
@ 0.6 J o

5 °® » ] .
o3t "

= 100 90 80 70 60 50

Cetane number [-]
(a) Pure substance

B low temp. reaction

E 18} ¢
p @® hot flame

S 15} »

E « ¢

=212+ @

5 09

g . o ¥
s 06F ™

5

S 03}

[}

£ o . . . . ,
= 100 9 8 70 60 50

Cetane number of high ignitability fuel [-]
(b) Mixed fuel

Fig.5 Time of onset of low temperature reaction and hot
flame for each pure substance and mixed fuel

DIRAIC XV IEERMEFUSOBIARNIT 03ns 13858
NTWER, ZOFRIRmBEEKERRS OB MEX
LP—ETHD. —F, B TIEmBE RSO
ZAWAS 100 235 76 F TIREAREL L Bismykelo
FOSBREGEREOZXIZIEFR U TH DA, 56 DA
ITFDERITREL otz (RBBEKMERSDIREIC
X AIRIBE LU BRSO L dE B B AR Sy
DOREFRAES GEEQKTAFEERTHY, &
BEKMERS OB L B0, L 258, BERL
72 X O IHRIBB LROS DR HLERIZE D T TOH
R HEIER LSBT D RBEH D\ NTTEM L
HREOERBIHAET D728,  HEHIE AMEDIRY Y&
Bl E BB MRSy & LI AIHhORMZH LT
DIRFERALAFREOEREMNMEONT, TOHRNE
LT oRER L ol

0.30r

E 0.90+

g

§. 0.75F o "

g

§ 0.60 B low temp. reaction
Eﬁ 0451 @ hot flame
5

]

<

o)

&

Time difference between mixed

o
=
»

100 90 80 70 60 50
Cetane number of high ignitability fuel [-]

Fig.6 Comparison of time until start of each reaction between
single component and mixed fuels

5:3 EBERBICTEFNLSEEEIMERSDEX
HELUEREDOEE

AEBR CIHREABEIFICE TN IRBE MR D
YRR - (LRI DR S IREIEZ D& K RIE
THEERARD L #BME L. HEREHT 4ED
LBV THY, KEEAMESDREERESFEL 060
—EE Uiz X 7IZ8BD RANT DBGEAREZRL,
RTEIDEZD HIROT-BREIDIRIREA VEUS, BRI
SRR A 8 1T~ T

KB B KRS ERE LTREIOIRIBES LIS DR
BAREAN o B U T VBRI BT O B E AN
HOHNEAREEIOZRINIEA L. 22T,
9 (KB LSBT R R ER & T &
FIREADIEREESR TR ArEZER A~ EE
BT v RO 7o 7 v iRE L TRBY, B
B LIRS THD. KXy RV 7T TEE)
LFER S%UT & LROT-EERBRE S 2HEEL T



BEBRHFECIIEHR - BT I v v s VREBEBEOREIE F 2 #)

W5, ENENHFORHUTER LT, BREBEIT
e b )T & A BFNEDS FHRBINBTL T
Wh. Eiz, TRICK Y EER OO FH

L

G= Zizlxi 'Ii/”zi=1 If
G: BEEED, x: ) ANVEENOALVy V2 fEll E
DOREEEZATH 7 B)VE CTOMERE, [ EEEE,
n: HEEEZHETHE T AL

’

g840- S n-(c:”gm/ C\H
= 720 T T D-Uylhe/1-Uy g
. == n-Ci3Hpg/i-CsH,,
s600- o n-Cy3H,¢/i-CgH g
[}
g 480r
2360t
51
<= 240
gt
g 120
% 1 1 1 1 1 1
05 10 15 20 25 30 35
Time after start of injection [ms]
Fig.7 Apparent heat release rate of n-tridecane
and mixed fuels
2 14}
& 12} *
3
S 1.0F
Gy
°
p=
0.8+
% . ] L .
S o6 ®
g B low temp. reaction
§ 04+F . @® hot flame
= ! | T I
n-C3Hy P‘Cmst/ fl'stst/ ?‘C13H28/
1-Cy6Hay i-CsHy, i-CgH,g
Fig.8 Time of onset of low temperature reaction and hot flame
for each fuel
E
£
.g > F
2 < <
N
g :
‘;L”‘?f."' -
S :
3=}
Q
=
3
E —T———
.8 185 0 18.5 185 0 18.5
é radial distance from nozzle exit [mm]
(a) n-Cy3Hyg (b) n-Cy3H,4/4-CsH

Z DFFEE L R & B E N TV ER R IR R
WIAtd 5 Z LT X D BBRELOE KNLE L EFRIEIR L
OBREH Uiz, BEHRERZR 10 (TRT. #has
BVNTH AT ) F U R RBE KRG & LTSE,
n b U T h EYR L R LERED B REALE I TRE
EXLASEOMETELEATS—HT, LVas
B 7 2, iU U TRAREIOE O
MNOBEN-THIIE L, S DITEZEIDRTS<.
ARFFETITIZ NLIRMT LF EBREATV, BRAEIESE
O _EFTER TIERRDIE BB ELFEL, ELY
T IR OB SRR ORZD B CTh D
ZEERALMILTNAS —nZ Lk, KEEX
YRS DB AR BB KR L TRV MES,
Z R CIIEREDRBEE ARSI LV EBEXNE
EODFIREND Z L TEAEDT O, @EEAE
RS DIEEEDSE N TR IO TRUSONETR & 72 o 77,

IOV T HIKE BRSO X DTSV

11 13RI BREARF O LS8 B 3 S L MEZE D
¥ RS TEETHD. THUTOWTHIEEELD
FEHL, (KRR CRSBIARFOMERE L) OFE)

1.0

® Reacting location

0.9 HE Liquid length

rs

0.8t

0.7 ¢

Normalized location [-]

0.6

0.5

n-Cj3Hyg  n-Cp3Hyy/ n-Cp3Hyy/ n-CoyHyy/
i-CygHsq  i-CsH, i-CgH,g
Low - .

Volatility

Fig.10 Reacting location and liquid phase penetration normalized
by spray tip penetration for each fuel

x;,+ Liquid phase penetration
0

100

xliq

185 0 185 18.5
radial distance from nozzle exit [mm]

(c) n-C3H,¢/1-CgH 4 (d) n-Cy3H/i-Ci6Hag

0 18.5
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