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IMPROVEMENT OF COMBUSTION BY MULTI-STAGE IMPINGING INJECTION
USING NORMAL DODECANE AND NORMAL HEXADECANE
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In recent years, internal combustion engines have been widely used in automobiles and power generators.
However, to realize a sustainable society, it is necessary to improve thermal efficiency by improving existing
internal combustion engines. As one of the methods to improve thermal efficiency, we are studying a multi-
stage impinging injection method. In this study, we investigated the effects of premixing and fuel atomization
by changing the fuel injection ratio on the combustion characteristics from the viewpoints of heat release ratio,
Ignition delay time(ID), Total heat release(THR), total burning time(TBT), and Maximum burning
pressure(MBP). The main conclusions are as follows:

e S

(1) It is possible to control combustion by the ratio of premixed combustion using multi-stage impinging

injection.

(2) When the multi-stage impinging injection is used, the THR is increased by up to 8% even at the same

overall equivalence ratio by controlling the injection amount and injection timing of different fuels.

(3) When the multi-stage impinging injection is used, the MBP is increased by up to 9% and the TBT is

reduced by up to 10% by controlling the injection amount and injection timing of different fuels.
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Fig. 1 Experimental apparatus

Fig. 2 Combustion chamber
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Table 1 Liquid fuel properties

Properties/Test fuels n-Dodecane | n-Hexadecane
Lower heat value | kd/mol 7515 9951
Density g/ml 0.749 0.774
Kinematic Viscosity | mmz/s 1.85 4.46
Autoignition point K 473 478
Flash point K 347 408
Boiling point K 489 560

Table 2 Experimental condition

Fuel Hexadecane / Dodecane
Overall equivalence ratio ® 0.95
Fuel injection pressure [MPa] 0.5

Prel10, Post10
39%, 61%
46%, 54%
54%, 46%
61%, 39%

Injection timing [ms]

Injection amount ratio of MFI
(Pre, Post)
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Fig. 3 The SMD on center position of different injection
conditions

BMEF LRI W C LB EZE S & AW HBE D
BRAROBIELX 4 177, BRAERIT, UTFORE)
EFRWTHEB S,

dQ C, dp

P @

T
dQrdt : FAFEA R

Cv: EA
R : KARER

P:/E7
Vo R BEE AR
ThD.

K 4077780, F5EMETORRBIFAERIIEHLL
ToREHEIRIZB D 53, B KOS EEIA TH L
KLU, ARETR/NE RS> TWVWAZ ENHERTED. AL
T CIXATMER OEF &N D72, +o7R TRELIEE
SNTRRIEDERICR -T2 B2 BND. 72, BSRHT
L TERRRENBE SN, R TiRE
RBEZ 1S T2 D D RAKIBOMWEH &2 Z OMICHFET D &
Exond. S5, F—OEFERGEEZ L ICHEL
ToBRITIE, MERRTE OBRBMEIRIC X O P R RIS AR 1T
FIFEECHDL I ENHERTED. 2NHDOZ E0n, RE
BREIFAN TIE, BT SRITE S 3 2 BB L 0 & E
BEGORBERIZIT VD EEbRS. 22T, 50
ms LAREDRBER ICE B35 &, BERICA~F YT

AR L7240 Tl 2 BEHBRBEIZ L 2 BV AR O MERH
WABBRTED., ZHEANFTTHURRT I L
L CHRBAENDRKEWVIREITH Y, 2 B H OBMENIE R/
STEZEITERLTWA EEZLND.

Pre-Dodecane / Post-Hexadecane

w
O
=1

ey
E
=

—A —B —C D

[
vt
=]

(8]
B
=}

Heat Release Ratio [J/ms]
E B '

J
;Gﬂﬁn!\*-%"wdf

0 10 20 30 40 50 60 70 80 90
Time [ms]

Pre-Hexadecane / Post-Dodecane

2 W W
=] £ =3
= =] =

(8]
£
=)

I~
=

Heat Release Ratio [J/ms]
g e '

40

:wmg »’,’\,i )-:‘w’l‘?\ﬂ;; v

0 10 20 30 40 50 60 70 80 90
Time [ms]

Fig. 4 Heat release ratio in time after spark ignition of different
injection conditions
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Fig. 5 ID and THR of different injection conditions
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Fig. 6 MBP and TBT of different injection conditions
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