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The influence of Mixture Flow and the Ignition Conditions
on the Initial Flame Propagation Characteristics
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ABSTRACT

Initial flame development and propagation were visualized under the new ignition system
developed to estimate the effects of ignition characteristics on the engine performance in a port
injection SI engine. Effects of intake air flow characteristics were also investigated by three
different kinds of the swirl control valve.

Experiments were performed in an optical single cylinder engine modified from a commercial
engine. Flame images were captured through the quartz window mounted in the piston by the
high speed video camera and analyzed to corapare intial flame development.

Results show that IMEP tends to rise slightly as the ignition duration gets longer. The
direction of flame propagation is decisively govermned by the in-cylinder flow motion. Every
flame grows toward the exhaust valve forming a kind of turbulent flame. Initial flame
propagation characteristics are very similar to ones analyzed from pressure dafa.
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v | Exhaust valve g'fse 10 dei. ATDC
"' Cuien Ot/ Fosarect ! Stroke volume (cc) 4995
[= 0] I -
As"vij:f;' g\z:: Bore X Stroke (mm) 86.0 X 86.0
Fig.1 Schematic diagram of experimental apparatus Compression ratio 92:1

58 PR




st Z1ENEE ALGElEoh ) FdY) A%
< 9sld FHAAAM(UEGO Sensor, NGK
Spark Plug Co.)& wi7]t}7]| @] A5l w7
7t Fo] Ak R ME AYE F¥sie ¥

71-dg EFulg T mea des gy
BEQ ol ATRS AMEEET.
2) JtAlsh DI¢

d24 e SgAANRE SN 5] st
o AR ﬁ]EEﬂﬂ] A T4 20mme] A
@ MY fFEAE AAEE dad W st
47 34mm£ 03}“"\%)_ il
A2 16%eltt ole A H4

7§
H4E 74435 517) 8 Aer a4 a};;g 5
ol 457 ZER HAE WHAEE el 3y
§ ¥3u 0

AW ARG 2y dxd A
= H g el 72 MEMRECAMCE,
Max. speed 2,000fps, NAC inc.)& At&ate
TEULE HYPUrt. AT AoE PCE
28 g 5718 Aado] FEEW 1000fps
o] £E2 108] Alo]lEwe] slge] ARE M1
glo] Agg F Bt go]Zo] E=3leit), g4
A A A ¥Y]e FAHHEE ARgsle] iz
g 42 AFHd 7|FeH, o] AL 3

99 37] % AFL L45e ALE.

3) A o

A7), AREARAL g3 % 47k
ANEE AR gt £eslar, ARTAN
FAEE ANE R, RARE AT Eﬂ(real

time clock:122us) o2 Aolstdct Aol & AE

HAM ZEadg daA7d deselas B
sle] 285 A3F7 AAEHAE A A7

£ TEAZIY o] W, dIHEEH TDCY CA

AZ7 AdEH | AE B AL AFHE ¢
YA o CAvfG Z2a9 x7)7 44 g3
21 ue] Z84 Z’r vlmste] zp Ao]u4-9]

AL B4 AxE EPRT,

123 A53AYe §aEgr)d) Mg
18 43A] HeZae) BEAd) t48)e] B2t
e B, & B HEE o] S84
UR7L sEE A Z7[9] £ 39 4
NE=E FFAP] I2og dE5H0R 294 B
HR| 2 o] ""S—-'ET%}-E NaE Agstgc 2 A
A A @ wAr| 7y xiom 7}

7] W5l & oux %
7l % HAZsE ¥l g

L
ek

&
30
o
Jn
0x
1o
g
.IEE

)
ok
oz
ﬂl‘O
rE
I
il
o
[>
[Hr2A
5,
~
A
i,

™~

)

- o,

o, o

il
il
rlo
Fo
ol

e
2
o
Rl
A
i,

o on

.
do &
o “E
ol

l].,H

L

e
N oﬁEl

= rir

ol
&)

_E|}_|,|'

|
1
S I R T

o 8
=
re
W
ol

N
o
€3]
O
<
iy

T
L)
ol

o &

|
we
fasl

Lowe
T,
E:
i
1}

[ T

1% 2o o

[s1}
-

oil ot e
4O o
M do &

(g ok
ar & £
r.

g
i1
e
bath
54|
ik

N,
Y
I
o T ot
>~
v N g oft

o
LA
b
i
5

,_3
jui )

o
oy
[\
rir

*
B
ey
i,

e
_\0
ul)
e
=
el
2]
)
0
f
fii:
g
=2
N
2
oo
A
i
e
Ly
(T

22t e,

A
t

1

Ao,

2

il
‘9,

h
o)
T
2,
2
o
> offt @
loi:

ol oy
B
B e
i,

iy
T
i
T
Bl
ol
A,

IEJZi}:JJOr

R

oo
fu

B Hi

of rlo
ol
i
X,
o
>
.[53 [
=
il
b
rie
I
0,
b
e,

oh
e
_iod
It
0}'14
do W
i
L

A 3
ool
§
=
5
2%
]
a.
=)
ik
—

95 High tumble and
medium swirl#(e]st HTMSE A%, €8

glg} 2yt 2R 9e A$E Medium
tumble and medium swirl¥(e]st MTMS=Z

FAE)0 =2 T A &4
(YR

(AHT Type (BYHTHS Type (OHTMS Type (DYMTMS Type

Fig2 Shape of swirl control valves

4719 9% L DRG] i 2rlgad AvEy 59



Table 2 Swirl and tumble ratio of SCV's

. Tumble | Swirl | Open | Tumble
Configuration 1atio ratio ratio angle
HT .
( High tumble ) 2.054 0.000 100% | 900
HTHS
(High tumble | 2138 1182 55% | 65.5°
high swirl )
HTMS
(High tumble | 2224 0.341 55% | 159
medinm swirl)
MIMS
{Medium (umble| 2.016 1.088 37% | 615
medium swirl)
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Fig.9 Images of the flame propagation process
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