EBARFEZMERE VYRS b

HOSEI UNIVERSITY REPOSITORY

PDF issue: 2024-12-22

WEEZRAN %= i L 1= X B 1R 1gE3% T DIEFE A
BN EICEAY 2%

XM, 3B / MORIOKA, Koji

I_

2007-03-24

2007-03-24

B (I%)

SEFRE (Hosei University)



2006

A STUDY OF IMPROVEMENT FOR SPRAY COMBUSTION UNDER
STRATIFIED CHARGE COMBUSTION BY IMPINGING INJECTION

05R1141



T < N M M < IO O N~ O 1 MM < I 0 00 OO O O ©O 1 N N MO 0 o OO MM I~ <& 9 U0 un wuw wuw w
S T T T T T R T A B o A O A o A R VA S A S A Y I I I B

: : =
: : 2
: Il R ® -
: g 2
- )

=

NJ

N

~

™

o)

— N o™ — d N M < IO © N~ 0 O
gz Y

M MM ™

- N ™ < 0O O N~ 00 O
- -

- — D e B B B B |

D B B B B T B B |

10
1 10 1
1 10 2
1 10 3
1 10 4
1 1
1 12
1 13

—

2 1 10

N N N AN N N N N N N

1 14
1 15

N



.25

21 1

25
26
...26
26
27

2 1 12

28
29
30
.33
33
34

< 0O © © N~
N N N N N N

N N N N N N

...35

35
35
...36
37
37
39

(1)

— N M < 1O ©
333330&

N N N N N N

...40
...40

40
40
40
...40
40
41
41
41

— N M < IO © N~ ©
L B e s |

MmO MmO MO O O 0O 6O ™

.42
.42
.43
.44
.44
.44
...46



N



(Acid rain)
(G obal warm ng)

COs

EGR



PM Particul ate

Matter NOX
1) 2
PM - NQ



0.03

COq

15



Fig.1

kO FEHSEIL
———— = A3.5C 545 —

ﬂﬂ‘lﬁ{:ﬂ? e

\

FROBENBHE MBS

0000 2020 2040 2060 2080 2100
* BRI LY
Fig.2
IPCC 1995 1996
pH5.6



a(

NC2(

10

12

Fig.3

pH

NOX(

S(

47 4.9

(PAN



D
1

ERH
DB

—BLERNO ——3| ExmiLy

T EEFR-NO2— T A

:ﬁ“ﬂﬁ_l_ bk
E{%}E%ﬁ—- A A asvoen .

HUUS AR

FERATYS
FFIGI
AU (02) %
Eike T B EE
R AN

@7 ILTER
8FI0OLA

Fig.4

Gasoline/Petrol engine



NOx PM CO2

(Diesel engine)

CO2 CO
NOx PM



o7 AN TSR

EZ b




NOx



1 6 NG

NOx
NO2

N204

)Fuel NOx

NHi OH-<NO Hi:
NH; +NO <N H;O
NHi RCH-HCN RH;

)Thermal NO
Zeldovich
N O-NO N

N+02—>NO O
N OH-NO H

Zeldovich
Thermal NO
)Prompt NO
NO
NO

NO
N-O N20s3
N2Os
NOx
NO
OH o>1.0
HCN NzO
6 <07 -075
decomposition O. H. OH $>07-075
Route for Fuel-NO NO
NO

Q2 e, | o

N N

NO

0 V
Nz - N
A
Zeldovich NO CH

1800
(Promptly) prompt

10



NO Zeldovich NO
Zeldovich NO N2
prompt NO CH: N2 HCN CN NHi
Mz N . OH
— > NO
CH HCN I
CmHn Route for Prompt—NO
1 7 PM
99.9 100ppm
PM PM
1 2 000K
NO 1
Soot 1

PM

11



L ] | o

Fa — il F L AW EEH

PM C PM 60
P B Al Fe
Mg Zn Ca
PM
Soluble Organic Fraction SOF Insoluble
Organic Fraction ISF SOF
ISF Solid carbon
Soot Salfate
Soot PM
SOF
PM 80
Soot SOF
PM
CARB
TAC 40

12



HC (B b7k 3)

COz( bR &)
H:0 (#k)

D:(f %)

T4 —EILSEH A, PMOER

HC (PAH)

HC

13



10

NOx

PM

3.4

PM

14

NOx



Chiu

Fig.5
Fig.5

S
(1+0.276Re’2 Pr*®)( d

15



1010
10°
108
107

10°

W V)
= 5

107

Chiu

108 |

-G

¥ T i T ! )
24 24X10 2.4X10% 2.4X10° 24%10*

0.08 0.03

[ & /Ry 0.65 0.50 0.15

G=1(#
S\ FR IR e

S ER AR R

G=10"*

PR
ARERBE

1 1 | |

i 1 " i " L
107 10° 10 10° 10° 10710°

Fig.5

RITHERE (S
d R
Fig.6

Group Combustion Number G

Cu

G =1.50C,LeN(d/R, )In(1+ B)

G =1.50C,LeN?*(d/s)In(1+ B)

Le Lewis N

16



(b) PABREEAKE

(c) HERBEbE (d) Hhiee
Fig.6 4
[ ] Single Droplet Combustion Mode
G 1072
[ ] Internal Group Combustion Mode
102 G 1
[ ] External Group Combustion Mode

17



[

]

1 G 102
Sheath Group Combustion Mode

102 G
1 10 1 (9
LezgzE
Pr D
D a
A
a=——
C,P
1 10 2 )
Re:u—L
1%
u u L Ir

18

Le



1 10 3 ™

ooV
a
1 10 4 ®
<V
D
1 11
( ) X
( )
50MPa(500 )
( )
1 180MPa(1800 )
2,

19



Rail pressure sensor distributor link pressure control

jetting

*Common-Rail* valve

prefilter

$
P
lr . |
> filter i
© injectors
control 5ensors
fuel tank unit 7 ] g % %
engine  phase pedal  boost air cooling
speed (NW) value pressure temp. water
(kW) temp.

Fig. 8 Common-Rail system

1 12

Stratified charge combustion

CO HC

11 17 1

NOx

20



55 1 EGR

Homogoneous oparation Stratified-charge operation

24

\l| /-

h ;f‘i i

r

Fig.9 Homogeneous combustion and Stratified charge combustion

1 13

21



Qc

14

15

0.9 0.98

Hi(=Hi-Qc)

(9)

(10)

Hi

N c=Qc/Hi

0.8 0.97
0.95 0.99

22

NOx



Fg 10 11

2 11
Hg. 13

PAD PC
HASC

HA4B-K

NFD10-M

100W SG

16
NFD10-M
30

SG

23

80mMm 100mm

HA4B-K

Fig.12

'SML 01 5(
1/5



300[rpm](50Hz )

0.29[kg m](50Hz )

2 1 3
OMRON ‘H3YN 2( )
AC100V 120V 0.1s 10min 1s 10s 1min
4
OMRON H5CX L8
AC100V 240V
2 1 4
n n
Table 1 Fuel Specifications
0.773
1.4345
[ 1] 135
226.4446
[ 1] 18.17
[ 1] 287
7.8
[mm?/s] 37.8 3.071
[mm?2/s] 98.9 1.263
2 15

C5HA(

24

7.1[Kg]

10min



2 1 6 PD

DBU-120A DBU-120A USB
NDIS
A-D
1Hz
20kHz
2 1 7
MITSUBISHI
2 1 8
DENSO GT COIL 2 4
2 \Y
2 109
12V G4L-BS
2 1 10
Tektronix 2211 Digital Storage Oscilloscope
2 1 1
2 1 12
99.9

25



10

30

10

26



10 1 3

Nozzle

Approach distance
Practical distance

Maximum distance (from nozzle to end of spray)
Fig.14 Spray behavi or (S ngl e spray)

27



Nozzle

W all

30mm 50mm 80mm

Hg.15 Soray behavior (Vél )

10 1

30mm 50mm 80mm

28




Fig.16 Spray behavi or (1 npi ngi ng spray)

2 2 5
99.9% CsHs
79vol% 21vol%
()
79 79
C;Hq +5{O2 +2—1N2}—>3CO2 +4HZO-|r52—1 N,
(1)
Va_ 1
vV, 0.042
(0} /
2 3 @

MM, w00
- (Pt _Pa)/Pa - (Pt _Pa)/Pa

29



o gk wh e

Pt Py

Pt Pp
= 0.042 P 5
1+0.042
%) @
30
2 6
n
n
n
C,H; + 50, =3CO, + 4H,0 + 2219 kJ/mol ]
1mol 5mol

5mol

30



1OQVd,@ 23.81mol]

21 vol %]
23.81mol

24.81mol

1mol 22.4]

0.8 1

T

mol |
224 2481

(p:

08

0.8

(6)
Quee = 0.65x 28 L [mol]x 2219k3/mol] = 2.0763KJ]
224" 2481
Qy, = 0.7x28 L [mol]x 22190k3/mol] = 2.236K]]
224" 2481
Qe =0.75x 28 L 1ol]x 2219[k3/mol] = 2.3957[KJ]
07 224 2481

31

0.8l

mol

mol

(6)

¢ =0.65 0.7 0.75



0.8
=0.8x ——x———[mol] x 2219 kJ/mol ] = 2.5554[ kJ
Qos 554 2481[ 1x2219kJ/mol] S4kJ]

®=13 14 15

0.8

~13x- 98 1 Imol]x 2219(k3/mol] = 4.1529[KJ
Qs 554 2481[ ]1x22190kJ/mol] 9 kJ]
Q. =14x28 1 mol]x 22190k3/mol] = 4.472K]]
224 2481
Q. =15x 28 1 Inolx 2219(Kk3/mol] = 4.7915K]]
224" 2481
® 0
n
Table2 n [kJ]
¢ =0.65 ¢ =0.7 ¢ =0.75 ¢ =0.8
®=13 2.0766 1.9169 1.7572 1.5975
®=-14 2.3957 2.236 2.0763 1.9166
®=15 2.7152 2 5555 2.3958 2.2361
n n

CyHa, + 2450, =16CO, +17H,0+10781[kJ/mol ]

n mol

——[mol]
10781

32




n 226.2[g/mol] 0.774 g/cm’]
X X
2= Jorgr < 220491 = gy ¥ 2262 W[g/ em’]
[9/cm®]=[g/ml]
n
Table3 n [ml]
®=065| ©=07 | ©=075| @ =0.8
=13 0.061 0.056 0.051 0.047
' 0.030 0.028 0.026 0.023
®=14 0.070 0.065 0.061 0.056
' 0.035 0.033 0.030 0.028
®=15 0.080 0.075 0.070 0.065
' 0.040 0.037 0.035 0.033
2 6
0.65 0.7 0.75
0. 036ml
1.036 1.087 1.136
2 7 2 ( )

33




0.65 0.7 0.75 0.8 1.3 1.4 1.5

1.3 1.4 1.5

34



2 31
n
2
2 3 2
PCD PC
WT-2
NO.4660 100kg/cm? 1kg/cm?
1/4cm?
5kg/cm?2 1kg/cm? 10kg/cm?
1kgf/cm2=9.80665 x 104N/m? 5kg/cm2 x 9.80665 x
104=490332.5N/m2 1Pa=1N/m? 490332.5N/m2=0.490MPa

35



12

Pressure [MPa]
o o o =
N (o)) [e) o

o
[\

0.0

3

y = 0.0501x + 0.259

m 5[kg/cm2]

& 6[kg/cm2] —
A T[kg/cm2]
X 8[kg/cm2]

X 9[kg/cm2]
® 10[kg/cm2]

® Average

4 6 8 10 12 14 16 18 20
Voltage [mV]

Fig.17 Pressure Calibration Equation

=0.0501 +0.2598
MPa

Fig.18
Fig.19

36



15mMm 25mMm
L L
Si
2 3 4
Tmax:
Tini:
2 3 5 (1

Fig.19 lonization probe

15mn

37

25m



dQ

PdVv

dU = dQ - Pdv

Q _pdv du
do  do  do

Cv T

u=c, T+c

d—Q: Pd—v+m cvd—T
de de de

dQ (1+&jpdv+cvvdp

do " R) d0 R do

38

au



Cv

av=0
@Q_c,, d
d R do
Table 4
[0) 0.65 0.7 0.75 0.8
cv [kJ/kaK] | 0.7408 0.7421 0.7433 0.7446
R [kJ/koK] 0.2844 0.2841 0.2838 0.2835

39




3 1
311
Fig.20

312
Fig.21

313
Hg. 22

31 4
Fig.23

315
Fig.24

mm

800

5%

5.8mm
mm

900mm

40

5.8mm



800 900mm

316
Fig.25

3 17
Hg. 26
( ® 1.036 1.087 1.136)

318
Fig.27
( ® 1.036 1.087 1.136)

41



3 2

3 21
Fig.28 1.3 1.4 15
Fig.29
(n-
(n-
)
800mm 900mm
Fig.30 1.3 1.4 15

@ 075 0.8

Fig.31

0.65 0.7

42



3 2 2

Fig.32 13 14 15
Fig.33 13 1.4 15
Fig.34 13 14 15
®=15

Fig.35

43



3 3
331
Fig.36

Fig.37

Hg. 38

3 32
Fig.40

1.3 14 15

1.3 14 15

Fig.39

1.3 14 15

44

1.3



Fig.41

Fig.42

1.3 14 15

®=13 14

Fig.43

(External grope combustion)

45

1.5



3 4

3 4 1
Fig.44 1.3 1.4 15
15mm 25mm 15mm 25mm:
Lis Los Lis Los
: T T
Fig.45 1.3 1.4 15
Hg. 46
® 1.5
n
Fig.47
d=1.5
3 4 2
Fig.48 1.3 1.4 15
Fig.49 1.3 1.4 15

46



FHg.50

®=14 15

47

Fig.51

® =0.75 0.8



3 5

3 51
Fig.52 1.3 1.4 15
Fig.53 1.3 1.4 15
70mm
Fig.54
n_
o 1
3
Fig.55
3 5 2
Fig.56 1.3 1.4 15

48



Fig.57 1.3 14 15

Fig.58

Hg.59

49



3 6

Fig.60

Fig.62

Fig.65

Fig.74

61

64 68 70

67 71 73

70

(0))

1.3 14 15

1.5

50

1.3 14 15

1.3 14 15



51



Fig. 75,76

¢ =13
3.155[kJ] ¢@=14 3.143[kJ] ¢@=1.5 3.130[kJ]
10%

®=15
©=0.75 0.8

52



1)

2)

3)

4)

5)

6)

7)

8)

9)

10)

53



1) 1994 pl7 p43

2) G 1966 p68 p89Y
3) 1977,p158 p160

4) 2001 p207 p210
5) 1977,p34

6) 1977,p34 p35

7) 1977,p34

8) 1977,p35

9) 1977,p156 p157

10) 1977,p52 p53

11) 2 67-660 B 2001 2141-2144

12) 2 68-670 B 2002 1821-1826

13) lwabuchi Y. et al. :Trial of New Concept Diesel Combustion System  SAE Paper
199-01-0185

14) Arai M. et a. :Inter-impingement process of diesel sprays ILASS-ASIA-99
P.27-32 (1999)

15) Chiba T. et a. :Inter-Spray Impingement of Two Diesel Sprays ICLASS200
P.1272-1278 (2000)

54



55

2007

3



poyraw uonoalul bulbuidw)| o1 614

AOOT OV~ — HOLIMS 9d
I TT T g
IE N | ——
S oARRLYd | —— = = i
L] — b H Y
]| [ @
100 ELo] )

56



poylaw uonoslul sjbuls 1161

AOOT OV — |~ HOLIMS 5d
T o T
= | aod O)
S smivg 0000s -
1 e H W .
¢ ==l

57




sulyoeN Aeads  gt1°614

AOOT OV | | ymwis ,@_3 mUﬁf;
O—0 |lo—O || [T JewiL
EmU/ ﬁw_c_ﬁ Mo
O] =y 2
weys — [ [0 m
e [ =
g |
O o -
Jiun @C_._mwm \\iq@: o) . 1030

dwnd >En_m\

3|zzou Aeids

an=adid

58



sagoad uoneziuoj g1 b14

\‘_wozﬁmc.m: 9JNSSald







[%]uonreinag

000

00T

00°¢

00°€

00'Y

00'S

009

Aeuds jo junowe e10] 0z 614

1abuni|d JO aourlsI
ww g wuwe 9 ww/ 9 wuwo L

[%] uonenaq —-
[lw] Aeids jo Junowe [e10| pum

000

100

<
Q
o

o
o
o
[lw] Aeuds jo junowe [e10]

LD
Q
o

900

61



(4abunyg) souelsiq Tz 614

._mm::_n_ JO aouUEsI[
LwiLig g L/

.!X

92UBlSIP ABIAS WN WIXE P il

Ajlsusp YB1Y 1O 80UELSI(] —gpm

00%

009G

009

00L

008

006

0001

[Ww] souelsI(]

62



(uonalur ajbuis) asueisip Aeads wnwixe zz b4

INY
ANy
Wwwog v
Wwog v
WWOg v

63



(uonalul buiburdwi) asuelsip Aeads wnwixe|y €z 614

LLILLI Om
1461y

o

wiwipg
16y

¥

1461y

LILIQE

191

XBN ¥
oAy B

Uy &

00

06

00l
006Gl
006
0°6Gé
00¢€
0'GE
00v

0GP

[Lw] souEsip AeJds LUNLUIXE|A|

64



uonaful sjbuls vz bi4

65



aanssaid buluing wnwixeN 9z 614

66



080

awin buluing eyoy 2z 614

auedold &
GL0 0.0 G9°0 090
Aeads Bulbuidw| m
Keids ajfuiS v
4 —
v
. —
O

0] 40

N
<
o

#
S
o

©
3
o

8r'0

050

[edIN] @inssaud Buluing wnwixep

o\
L0
o

¥S0

67



auedoid &

080 GL0 0.0 G9°0 090
0
Aeads Buibuidw| m ]
Keads ajbuis v 0z p
5
O
- 0€ 5
H =
0)7 M.
N
v v 0§ 3
v 09

o
M~

68



971

(suedouaq wnet) aanssauad Buruang wnuwixe gz b4

(auedoud) onel asusjeAInb3

QT VT cT ¢T
0€0
N
- G0
- 0¥0
O N

S¥'0

[edin] @inssaud Buluang wnwixe

69



(uonoalul bulburdw  wyet) aanssaid Buluing wnwixe O b4

(auedoud) ones aouajeAinb3

G8'0 80 L0 L0 90 90
6170
| (uonoslur sjbuIs) 5 T= m o 050 =
(uonoslur 8|buIS) ¥'T= b v o X
~ (uonoalul 9jBuIS) £'T= b @ 050 w
- 1908
® S,
o v 1 1508
] g
D
12509
- =
.. D
= 18 om
© = €650
]

€s0

70



(auedoud) onel asusjeAInb3
G380 080 GL0 0.0 G9°0 090

8¥'0

1@ -

(uonoalur bulbuldwy) G T=dbm

— (uonoaluil bulburdw)) y'I=b v 670 W
(uonoafur buibuidwy) €' 1= @ 3
—
: . 050 =
=3
118 om
<
¢ | €507
|

¥S0

71



(suedouaq wney) aunssaud Buruang wnuwixe zg b4

(suedoud) onel aousfeAinb3

G80 80 6.0 L0 G9°0 90
| LV0

(Reads Bulbuidw|) GT=p —
(Reads Bulbuidw|) y'IT= — s - 870 -
(Reads Bulbuidw|) €T=p — S 8
(Reids ojbuIS) GT=p 7 _ 6v0 m
(Reuds sjbuIsS) y'1=cb - _ - =3
o s 050 5
(Reuds sjbuis) €1=cb =
- «Q
150 3
wn
. 2
12502
=
) S,
s - - €50

1410

72



(uonwalul slfuls  wiey) ainssaid Buluing wnwixe £¢614

(auedolid) ones asusjeAinb3
Ga'T Q1 Qr'l Vi GET €1 GC'1
89°0
0 1 690

\
©
o

- 190
290
- €90
- 90
4990
- 990

\
N~
©
o

dA] @inssaad Buiuing wnwixep

O 89'0 =
690

73



(suedoud) ones aouajeAinby

G8'0 80 G0 L0 G9'0 90
, , L0
(uonoalur |buIS) GT= m ¢
(uonoslur 8|buIS) ¥'T= b v <
- (uonoslu gjbuis) €T=cb ® 2L0 .
° = =2
c
3
v 0 e
3
- " o
1 9L03
(=
3
1 8L0=
. 5

80

74



(uonoalul bulburdw]  wyey) ainssaid Buluing wnwixe v b4

(suedoud) onel asuaeAInb3

G380 8'0 GL0 L0 G9°0 9'0
0
— 1+ T0
(uonoalur buibuidwi) GT=p = =
| (uonoalur buibuidwy) ¥' 1= v 70 =
(uonoalur bulburldwy) € 1= @ =
S g0
S
4!
(@]
4+ 90T
2
° 190 m
- - E
o n [ - L0=
M S
u 80—

75



G80

\WIC () TATIDD0AU vUlUAl Y WITHTWITATY\ Y VI

(suedouad

wiet) swil butuang eiol 9¢ b4

(auedolug) ones asusjeAInbl

80 6.0

L0

G990

90

(Aeuds buibuidw]) GT=p —
(Aeuds Buibuldw]) y'T= @ ==
(Aeuds Bulbuidw)) €T=cp —

(Aeads 9jbuIS) 1=

(Reads 9jbuIS) yI=cb
(Reads 9jbuIS) €=

090

990

76

To)
™~
o

o
N~
o
[ediA] ainssaid Buluing wnwixepy

080



(uonwalul sjfuls  wiyet) sawn buluing je1o0] L& 614

(auedoid) ones adusfeAinb3
Ga'T G1 Gr'l Vi GET €1 Gl

L
o o o o
Lo < o N
[sw] awn Buiuing [e10 |

\
o
O

o
N~

77



(uonoalul bulburdw  waet) swnl Buluang e1ol ge b4

(auedoid) onel asusjeAInb3

G8'0 8'0 G0 L0 G9'0 90
0
| g
(uonoslur sjbuls) GT=cb m
(uonaalu BjbuIS) ' 1= v —
— 0T S
(uonoslur sjbuls) € 1= ® &
3
e
3
|| ] =
. . O 02 2
v ® 0 hid
o Gz 3
< d
O 0€

Lo
(9]

78



680

(auedoud) onel aosuseAinb3

80 GL0

L0

990

90

(uonoalur bulbuildwy) G T=db m
(uonoalur bulbudwy) ¥' 1= v
(uonoalur bulbuildwy) €T=d @

<Dl

@

n O Lo o n o Lo o Lo
< < o o (Q\ (Q\} —i —
[sw] awn Buiuing [e10 1

o
Lo

79



(waet) awn butuang je1ol 6 b4

(suedoud) ones aouajeAinbg

G8'0 8'0 GL0 L0 390 9'0
| 0
(Aeads bulbuidw|) 1= —

1 (Reads Bultburdwy) y'1=cp — S

(Aeuds Bulbuidwy) €1=cp — 01
| (Reuds ajbuIs) GT=p -
1 (Aeuds ajbuIS) y'I1=db —— 1S
(Reuds sjbuIg) €T=cb S5
— 1 ozg
=)
1 9¢2
N
— — — D
— = S o~ T T — T g 7 mm_m_
" — s —_— )

" — T — - 0V

- Wity
~— 1%

80



GS'T

auedolq unez awn buluing je1ol O b4

(suedoud) onel aosuseAInb3
G1 Gr'l vi GET €1

\
o
(Q\|

\
o
9]

\
o
Lo

o
<
[sw] swiy Buiuing e10L

\
o
O

!
o
N~

o
00

81



G80

uonoalur sjpuis  wijez awn buluing 1ol T 614

(auedolg) ones asusjeAINb]
080 GL0 0,0 G9°0

090

(uonodslul 9jbulS) GT=p W
(uonoalur 8buls) ¥'1=cp v
(uonoalul 8buisS) €T=b @

Lo o Lo o
(@\ (Q\] —i —i
[sw] awn Buiuing [e10 1

\
(@)
(90)

L0
(90)

82



G80

uonoalul buibuidwi

wyez

awin buluing e1ol zy b4

(auedoug) onel asusfeAinbl

80 GL0

L0

990

90

(uonoalur bulbuidwy) GT=cb =
(uonoalur bulbuldwy) y'I= v

(uonoalur bulbuldwy) €T= @

\%
o

L S |

n o n o n o L o Lo
< <SS oo o0 NN
[sw] awn Buluing e10 1

o
Lo

83



G80

wiez  awil Buluang je1ol b4

(auedoid) onel asuseAinb3
080 GL0 0.0 G9°0

090

(Aeuds buibuidw)) g 1= —
(Reads Bulbuidw)) y'I=d0 —

(Reads Bulbuidw)) €1=d0 —
(Reads aibuIS) G1=cb

(Reads aibuIsS) y'7=cb

(Reads aipuIS) 1=

RN )

84



GS'T

auedold uwnel poaads swe|d i b1

(auedolud) ones asusjeAinb3
G1 Qr'l Vi GET €1 STA)

L Q
o o

o 1 o wuw o
M o N

[s/w] paads awe|4

wn QW
<t < o™

Q
Lo

85



G80

uonoalul sjbulis  wnet

(auedougd) oinels asuseAlinb3

80 GL0

paads awe|H gp°biH

L0

G990

90

(uonoalul 9jbuIS) G T=b @

(uonoalur 8jbuIs) ¥' 1= v
(uonoalul sjbuIS) €T=b m

W<
N

<

(30) (Q\|

q—

[s/w] paads awe|

86



G80

uonoalur buiburdwi

wyet

paads awe|H 9614

(auedoud) oneu adsusjeAinby

80 GL0

L0

G990

90

(uonoalur bulbuidw]) gT=db ™

(uonoalur bulburdw)) y'1=d v
(uonoalur bulbuidw)) € 1= @

<@

< (9] AN

[s/w] paads awe|

Lo

87



G80

wiel paads swe|d /B4

(auedoug) ones asusjeAinbl
80 GL0 L0

90

90

(Reiads buibuidw]) GT=p —
(Reads Builbuidw)) y'I=cp —

(Reads Buibuidw)) €T=cp —
(Reads ajbuIS) G T=cb
(Reads ajbuIS) ¥'I=cb ——

(Keads ajbuIs) € 1= — -

[s/w] pegrds eweﬁ

LO

88



G9'1

ST

auedold uwnegz poaads awe|4 81 OIH

(auedouad) onea aosusjeAinb3
Sv'T 71 GE'T o)

Gl

\
™ (Q\|

[s/w] paads awe|4

|
ﬁ-

89



680

uonoalul ajbuis

(auedougd) oires aousjeAINb3

80 GL0

wyegz

L0

paads awe|H 61614

90

90

(uonoalur |buIS) GT=b ®
(uonoalur s|buIS) ¥ T=0b v

(uonoalul 3jbuIsS) €T=> m

m e
n-e

<@

Q
o

L0
o

Q
—

Lo
—

Q
[QV

Lo
Q¥

Q
™

L0
™

Q
#

[s/w] paads awel

90



uonoalul bulburdwy|] wyez poads swe|H4 0g B4

(auedoid) ones aduseAinb3

580 80 L0 L0 590 90
00
150
(uonoalur buibuidwi) 1= m

" (uonoafur buiBuidwy) v'T= o v 07
| (uonoalur Bulbuldw)) £T=d @ ¢T T
o -5
4+ 0¢o
- 2%
° &
| 2 om_M
. o 7 | el

v - 0

O 1 SY

Q
O

91



G80

80

wyeg

paads awe|H 15614

(auedoud) onel asuajeAinb3

GL0

L0 G990

(Reads Bulbuidw)) GT=cp —

(Reads Buibuidw)) y'I=p =—
(Reuds Bulbuidw)) €T=d0 —
(Reads ajfuis) g1=db

(Reads ajbuIS) y'I=cb ——
(Reads abuIS) €=

™

<

[s/w] paads aswe|-

LO

92



qq'1

uonoalur sjbuis

(auedoud) ones asusjeAinb3
g1 SY'T A GE'T

wlel paads swe|) uesiy £ 614

o) Gl

Q
o

\
N
o

| |
Q © X
o o o

[s/w] paads swej) ues|y

\
Q
—

N
—

93



G80

(auedolud) ones asusjeainb3
80 GL0 L0 G9°0 90

(uonoalur 8jbuIs) GT=cp m
(uonoaful 3ibUIS) ¥ 1= v
(uonoalur sjbuIs) €T=b ®

®
<@

o

L0 o L0 o
— —i o o
[s/w] paads awel) uesy

<
oV

Lo
[QV

94



uonoalul buibuidwi

wyet

paads awe|) ues|N S b4

(auedoug) ones asuseAINb3
G8'0 80 GL0

L0

G990

90

(uonoslul bulbuldw|) G T=db =
(uonoalur bulbuidwy) ¥' 1= v
(uonoalur bulbuidwy) € 1= @

LN

¥ N o o ©o <
— — —i o o o
[s/w] paads awey) uea

©
—

95



wlel paads sawe|) uesiy g5 614

(auedoliqd) olres adusfeAinb3
G8'0 8'0 GL0 L0 G9°0

(uonoslul uc_o,c_o_e_v SI=d —
(uonoalul bulbuldwi) y'I=cp —
(uonoalur bulbuidwy) € 1= —

(uonoalur sjbuis) G 1=
(uonoalur sjbuIs) ¥' 1= —
(uonoslu sbuls) € 1=

1
I
|1\
1Y
|1
L1
L1
L1y
i1
I
i1
i1

—
—
——

—
mm—
e

Lo
o
96

e
—

[s/w] paads awej) ues|y

Lo
—

<
Q¥

Lo
[QV




GG'T

paads awe|) ues|N LG B4

uonoalul sjbuls  wneg
(auedolid) oirel aduafeAlinb3
GT Sr'l A GET o) GC'1
:
, i
] i

N o 0 © < N Q
— — o o o o o
[s/w] paads awej) uesy

<
—

97



G80

(auedoud) oneu asusjeAinb3

80 GL0

L0

G990

90

(uonoalur sjbuIs) S T=d m
(uonoalur sjbuIs) 7' 1= v

(uonoalur sjbuis) € 1= @

m-o

00

Lo < L0
— —i o

[s/w] paads awe|} ueap

i~
Q¥

G'¢

98



uonoalul buibuidwi

wyegz

paads awe|) ues|N 85 b4

(auedougd) ones asuaeAinby

680 80 GL0

L0

G590

90

(uonoalur bulburldwy) gT=d m
(uonoalur bulburdwy) ¥' 1= v

(uonoalur bulbuldwy) €I=od @

<1 @

LN

<@

00

Lo Q L0
— — o

[s/w] paads awe|} ues|y

Q
Q¥

G'¢

99



wlez paads sawe|) uesiy 65 614

(suedoud) ones asusjeAinby
G8'0 80 GL0 L0 G9'0 9

(uonoalur bulbuidw]) g T=b —
(uonnoafur puibuldwy) 1= —
(uonnoafur fulbuldwy) €T=p —

Q
o

Lo
o

(uonoalul sjbuis) GT=p
(uonoalur ajbuls) ¥'1=d —
(uonoalul ajbuls) €' 1=

100

p—
_—
—

p—
—

\\

—_—
—
—
—_—

e
—

Lo
—

[s/w] paads awey) ues

<
Q¥

LO
[QV




auedo.d

wyet

[sw] awi)
0]%

ases|al 1eay Jo a1ey 0964

[sw/c] ases|al 119314 JO el,le‘é|

o™

#

101



08

auedold wiez

[sw] awi)
0L 09 0S 0]

ases|al 1eay Jo a1ey 19614

GT=0

T
Wi/ Vj fl
.y |

|

ST
,: ::,g\,, /|
|

pI=0

€T=0

({o]
[sw/c] asesjas 1eay Jo a1ey

o
—

AN
—

102



0S

uonoafur sjbuis  €1=0

wyet

ases|al 1eay Jo a1ey 2964

[sw] awiL
ov 0
55/
I
080=0
GLo=0
0/0=0
Goo=0h

O O N~ © 1IN < M N -+ O

(@)
—

[sw/c] asesjal 1eay Jo arey

103



0S

uonoalul sjbuls $'IT=d wiel oses|al Jeay Jo arey £9°614
[sw] awit
0)7 0€ 0¢ 0T 0
RO A Y
08°0= & — Ll
GL0=b .
0L0=0
G9'0=d —

OO O M~ © IO < MO N+ O

o
—

[sw/] ases|al 1eay Jo arey

104



uonoalul sjbuls g T=¢p wiel oses|al Jeay Jo arey 9614
[sw] awi)
0S v 0€ 0¢ 0T
| 080=0
1 SL0=0
1 0L0=0
1 G90=0—

S 0O N~ © IO < M N A O

o
—

[sw/c] asesjas 1eay Jo arey

105



uonoalur bultbuldwy] €T=d wiel oases|al Jeay Jo arey G9'bi4

[sw] swi]

OF o€ 0z . :
080=0 ) |
we LIl
0L0=0d / Z\ ,\

G90=0 IR

106

[sw/] ases|al 1eay Jo ayey

O 0O ™~ © IO < O N+ O

o
—



0S

uonoalul buibuirdwj

¥

vi=o

0€

[sw] awit

wyet

0¢

ases|al 1eay Jo a1ey 99614

0T 0

080=b

G/ 0=0b —

0,0=0
Go'o= b —

O O I~ © 1IN < M N+ O

o
—

[sw/c] ases|al Jeay Jo a1ey

107



uonoalul bulburdw

0S oY

GT=cd wWwier ases|al jeay Jo arey /9614

[sw] awiL
0€ 0Z

0T 0

080=0
GLOo=0
0L0=0
G90=0

O O i~ ©O 1O < oo N +d O

o
—

[sw/c] ases|al 1eay Jo arey

108



0S

uonoafur sjbuls  ¢€1=0 wWieg

[sw] awi]
o 0¢ 02

g0=0

Gl 0= 1)

L0=0

Goo=0

ases|al 1eay Jo a1ey 896

0 O© < N O

o O <t AN o
— — — — —
[sw/Y] ases|al 1eay Jo aiey

o
(Q\

109



0S

uonoaful sjbuls v I=0 wieg

[sw] awiL
0%

ases|al 1eay Jo a1ey 69614

4

0€ 0

o

ol

1 7
\ /
| J
\ /
|
\ I
\ |
W r
,/ /
/> /, z,\,
| |
| [
| |
| \ /
\ /
\ /
|

e ) (o) < (V] o
i i i i i
[sw/ry] asesjal 1eay Jo a1ey

o
N

110



0S

uonoalul ajbuis

¥

GT=d wieg

[sw] awiL
0 0C

0T

ases|al 1eay Jo a1ey 0/ 64

,5,

g0=0
GL0=0 —

L0=0

Goo= —

0O © < N O

(o] © <t (Q\] o
— — — — —
[sw/Y] ases|al 1eay Jo arey

o
(Q\

111



0S

uonoalur bultburldwy] €T=d wWiez oses|al jeay Jo ayey 1,614
[sw] swiL
oy 0¢ 0¢ 0T
/), - [N \,«,?\/\
| - | A \\
N\ ,,,,\\ Vv
080=0
GLOo=d
0L0=0
G9'0=d —

[sw/c] asesjal 1eay Jo a1ey

112



0S

uonoalur bulbuldwy] $'T=d wWiez oses|al jeay Jo arey g/ biH
[sw] awit
0)7 0€ 0¢ 0T 0
\\,\ VIV | N
x,\,,, -V m
\ yay
J L9 m,
r | @ w
=1
- 0T3
D
AR
D
A
080=0 W
GL0=b 912,
0,0=0
G90=h — 8T

o
(Q\

113



0S

uonoalur bultbuldw] gG'T=d wWiez oses|al jeay Jo ayey ¢/ b4
[sw] swi
0)7 0€ 0¢ 0T 0
i ; f,,L\,., O
4, S R
v IR
| i m
8 3
| ,, ,,, | O.ﬂ m
080=0 AR
GL0=0 r1'g
0L0=0 o1 3,
G9'0=d — -

o
(Q\|

114



ST

0¢

GT=d wieg

gy [swlawnL o

asea|al 1eay Jo a1ey {7/ bi14

Aeads Buibuidw]

Aeuds a|bfuis

(ee] (o] <t (q\] o
— — — — —
[sw/c] aseajal 1eay Jo a1ey

()
N

115



STl=d

wyet

& ones asuajeninba e1o0]
Vi=d

Anuenb yesH g7 614

—
I

V7%

7

7% %%

N

%%

(Buibuidwy) 80= d
(Buibuidwy) G2°0= b m
(Bubuidwy) 20= b
(Buibuidwy) g9'0= hOm

auedold m
(e16uIS) 8'0= O
(86uIs) G2'0= b N
(e16uIs) £0= b
(e16uIs) G9°0= b

%,

- 0§
1 00T
B Om._” H
D
100z &
2
E 0S¢ ]
- 00

0g€ =
00
05
005

116



E2is

Fese
Dk

5E5E

s

zRZn7/ N/ | 7
%

o O O o o o O o O

o O O O O o o O

‘C_|)CDOOI\© o0 N -

[c] Anuenb yesH

117

b=14 =15

Total equivalence ratio ®

$d=13

Fig.76 Heat quantity

2atm



EUROPEAN KONES 2006

EXPERIMENTAL INVESTIGATION OF COMBUSTION
CHARACTERISTICSFOR SPRAY COMBUSTION BY IMPINGING
INJECTION IN A CLOSED VESSEL
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Abstract

Internal combugtion engines are the major source of air pollution. Especially, compression ignition
engines in today’s automobiles contribute the most to particulate emission and soot, and it is recognized that
these emissions have a detrimental effect on human and earth environment. So, an improvement of spray
combustion for diesel enginesis of urgent necessity.

Experiments have been conducted to obtain essential data on spray combustion influenced by impinging
injection in a closed vessdl. The effect of the impinging injection on maximum burning pressure, total burning
time and flame speed is investigated at the condition of 300 K of initial temperature and 0.1 MPa of initial
pressure. The travel time of flame front is measured by ionization probes located at two different positions from
the center of combustion chamber.

Keywords: Impinging injection, Spray combustion, Combustion characterigtics
1. Introduction

It is very important to achieve the low-particulate and low-NOx emissions under
high-load operation conditions in practical diesel engines. Several techniques for reducing the
particulate and NOyx have been proposed and a large amount of experimental data has been
published [1-3]. However, accurate data on combustion of practical diesel engines for
reducing the particulate and NOy are scarce to difficulties inherent in the conventional
measuring techniques. It is well known that the flame behavior in practical diesel engines is
strongly influenced by the behavior of injected droplets. Furthermore, the direct injection
system has a problem of fuel deposition on the wall of the combustion chamber.

As the first step of the study, experiments were performed to provide basic data on
maximum burning pressure, total burning time and flame speed under the influence of the
impinging injection method in a closed vessel [4].

2. Experimental apparatus and procedure

Experimental setup is depicted in a schematic diagram shown in Fig.1. It consists of a
cylindrical combustion chamber which is equipped with pintle type injection nozzles on each
of the opposite walls along the length of the bomb. The size of combustion chamber,
machined from a solid block of S45C, is 80 mm in diameter by 100 mm in length and its
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volume is approximately 500 cc. The diameter, pressure and angle of injection nozzle are 0.8
mm, 15.7 MPa and 15°, respectively. The Bosch type fuel pump is provided to each injection
nozzle. The combustion chamber is fitted with a piezo-electric pressure transducer for
measuring the pressure during combustion process. The experiments were carried out at
condition of 0.1-0.2 MPain initial pressure and 293 K in initial temperature, and fuel is used
hexadecane (CigHs2). In this study, we call it “single spray* when the injection is performed
by one nozzle and we call it “impinging spray* when the injection is performed at the same
time by two nozzles facing each other. The nozzle distance for impinging spray is defined the
distance between the nozzle and the opposite nozzle and the distance employed are 70 mm.
The combustion behavior of impinging and single fuel spray, which are ignited by a spark
ignition. The travel time of flame front is measure by ionization probes located at two
different positions from the center of combustion chamber.

EIG\ITEFH@L
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Fig.1 Schematic diagram of experimental apparatus
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Fig.2 Maximum burning pressure vs. equivalence ratio

3. Reaults and discussion

Figure 2 shows the maximum burning pressure versus equivalence ratio (the
equivalence ratio of propane-air mixtures before the injection) as a function of injection type,
where the overall equivalence ratio after injection is about 1.08. From this result it can be seen
that the maximum burning pressure decreases with decreasing equivalence ratio (before the
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injection) for both single and impinging spray. Furthermore, for the impinging spray,
maximum burning pressure is larger than that of the single spray at the same equivalence
ratio.

Figure 3 shows the maximum burning pressure versus equivalence ratio (before the
injection) as a function of the overall equivalence ratio (after the injection) by using
impinging injection. From this figure it can be seen that for a overall equivalence ratio ® =
1.5, the maximum value of the maximum burning pressure can be observed at equivalence
ratio (before the injection) ® = 0.8. Thistendency is observed at overall equivalence ratio ® =
1.4. On the other hand, at overall equivalence ratio ® = 1.3, the maximum value can be
observed at equivalence ratio @ = 0.75. This results suggest that the equivalence ratio (before
the injection) of propane-air mixtures is a very important factor to achieve the improvement
of spray combustion by impinging spray.
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Fig.3 Maximum burning pressure vs. equivalence ratio
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Fig.4 Total burning time vs. equivalence ratio
Figure 4 shows the total burning time versus equivalence ratio (before the injection) as
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a function of overall equivalence ratio (after the injection) by using impinging injection. As
seen from this figure the total burning time decreases with decreasing the equivalence ratio
(before the injection). The total burning time increases with increasing the overall equivalence
ratio (after injection) at the same equivalence ratio (before injection). This phenomenon
probably means that the fuel distribution near the stoichiometric conditions depends on the
amount of fuel injected during impinging injection.

Figure 5 shows the mean flame speed versus equivalence ratio (before injection) for
impinging injection. From this figure it can be seen that the mean flame speed monotonically
increases with increasing the equivalence ratio at any overall equivalence ratio.

Figure 6 shows the flame speed versus equivalence ratio (before injection) for
impinging injection. The flame speed is measured here by ionization probes located at two
different positions from the center of combustion chamber. It can be seen that the flame speed
increases with increasing the equivalence ratio at any overall equivalence ratio. Furthermore,
this tendency is relatively larger for equivalence ratio of ® = 1.5 than that of ® = 1.3 and 1.4.
It is very interesting fact that the combustion of impinging injection is very effective for
increasing the flame speed.
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4. Conclusions

The experiments have been conducted in order to obtain the essential data on spray
combustion by impinging injection in a closed vessel. The main conclusions are as follows:

1) The maximum burning pressure for impinging injection is larger than that of the single
injection at the same overall equivalence ratio;

2) The total burning time increases with increasing the overall equivalence ratio (after
injection) at same equivalence ratio (before injection);

3) The combustion of impinging injection is very effective for increasing the flame
Speed.
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