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Item Value
Fuel M ethanol
Droplet size 145,175,120 mm (more than 80wt% within £10% of dia.)
Average spray veocity 0.5 0.6m/s (145,120mm),0.9 1.0 m/s (175mm)
Average air velocity 0.15 0.20m/s
Time-average fuel spray 0 0.06kgn3

concentration

Timeaverageg;_aseousfuel 0.006 0.12 kg/m3
concentration
Temperature/Pressure Atmospheric temperature/ Atmospheric pressure
Igniter High-frequency discharged spark system
(25KHz, 50ms, 0.8J)
Electrode Gap: 3mm, Tip: dant-cut
Ignition trial About 200-1000 times for each condition
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B
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B
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(1) Hiromitsu,N., Evaporation of spray, The First Symposium on Atomization (in JAPANESE),
1992, p.213-216
@)
( 2) (B ) 61-582(1995) p.394-400
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51

Item Value
Fuel Methanol
Representative Drop size 100nmm(more than 80wt% within + 10% of dia.)
Average spray vdocity 0.38 m/s
Average air velocity 0.16 m/s
Instantaneousfugl Spray 0-0.005 kg/m’
concentration
Time-average gaseous fuel 0.024 kg/n'

concentration

Temperature/Pressure Atmospheric temperature/ Atmospheric pressure
laniter High-frequency discharged spark system
9 (25K Hz, 50ms, 0.8J)
Electrode Gap: 3mm, Tip: sant-cut
L aser sheet Vertical plane, Thickness: 2mm, Pulse-width:
<25nsec
Image/ Andlysis area 76x 71/ 60x 60(Wx Hmm) Upper side of
dectrodes
Ignition trial 1000times

04 = 10
—_— {os =
2. 03 >
5 :
< 106 g
§ 02 L
L )
) i {04 2
= <
- :

01

o | S
02 5

N N 1 S 00

5 16 27 37 48 5 69 80 91 101 112 123 134 144 155 166 176

Drop size [nm]
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~
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Ignition Probability [%0]
N (o1
o1 (@)

Ignition Probability

AnalysisArea : Appropriate
-0 of approx. curve : DECREASE

v\A\pprox. by Cumulative
Normal Distribution Curve

| nstantaneous Concentration

in Analysis Area

52

Time-averaged Liquid Fuel 0.20
Concentration : 0.0067kg/m’
Mean V aporized Fuel

|_Concentration : 0.024kg/m?®

o
=
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o
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] Y

} b4 A Criteria2
; 54 —’—’_m e Criteria3
YR, ; ' - 0

Criterial | 0.05
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|nstantaneous Liquid Fuel Concentration [kg/m3]
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Standard Deviation of Ignition

Image Area

H c

-

I

a

.

b

>

NG
3 (b) Horizontal Directiori
(Side View

54

. M easurement position
i (a) Vertical Direction

Each 0.0045m on the center
of image area

(b) Horizontal Direction

Each 0.0045m just above the
spark electrodes

Analyzed Area
0.0045mx 0.0045m

0.16
0.14

| Criteria 3 |

Anayzed Area:

0.12

4.5°x 107

0.10

/ (b) Horizontal Direction |

0.08

0.06

(@) Vertical Direction ——

Probability Curves [kg/m’]

0.04 -
0.02 W
0.0 ! ! ! ! !
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Image Area - Spark Volume

<« E Distance between
greesrr s o s . tips of eectrodes
i ;4_-_— C Droplet moving
i greses s distance during
: i———B spark duration
A

Spark Volume |/ \
: : : : H i |

/ lectrodes
Side View

Standard Deviation of Ignition

AndysisArea W] H[m) Area[nf]
A 0.0046 0.014 64.4x 10°
B 0.019 0.024 456x 10°
C 0.034 0.034 1156x 10°
D 0.049 0.045 2205x 10°
E 0.063 0.055 3465x 10°
56 ( )
0.020
— Criterial
e A Criteria2
Ey) 0.015 e Criteria3
8 0.010
P
g 0.005 — = —s
x
0 1 1 1
0 0.001 0.002 0.003 0.004

Analyzed Area [n]
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- _10 l l 1
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8 10 ‘,gv o -
8 0 A Time-averaged liquid fuel concentration : 0.0067kg/m® ™
c Mean vaporized fuel concentration  : 0.024kg/m®
- _10 | | |

0 10 20 30 40
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4.2.2 CZAINSKI

CZAINSKI 2

h-1
H=

S h,random

h= V
rT]andom

Mandom = n(k - 1)/k

3 f2(n- 1
S h,random — n(k _ 1)

h
m
4.2.1 m )
S h,random :
Mandom
0
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2 S:)random
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D) [ f
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(4)

Chiu,H.H., KimH.Y., and CrokeE.J., Interna Group Combustion of Liquid Droplets,
Nineteenth Symposium(Int.) on Combustion, The Combustion Institute (1982), p.971-980

(B ) 62-596(1996-4) p,342-348
Chiu,H.H. and Su,S.P., Theory of Droplets (I1): Status, Structures and Laws of Interacting
Droplets, Atomization and Sprays, Vol.7 (1997). p.1:32
Czainski,A., Grancarek,Z., and Piasecki,R., Quantitative Characterization of
Inhomogeneity in Thin Metallic Films Using Grancarek’ S Method, J. Phys. D: Appl. Phys.
27 (1994), p.616-622
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Liquid Fuel

Mono-Dispersed .
Atomizer Alr
Swirler <«
|
|
|
.. |
Mixing i
Chamber |
|
|
|
!
L
-t —
Lt Pulse Laser
YA
o awh
e /7 : N\
7 d Electrodes
/ ccD
43
41
Ex
peri Condition 1 Condition 2
ment
Fuel Methanol
Droplet diameter D3p: 127 nm (Dyp: 123 mm)
Average spray velocity 0.55-0.6 m/s
Average air velocity 0.2m/s
Time-average fue 0.0060 kg/m® 0.0042 kg/nr?
spray concentration
Temperature/Pressure Atmospheric temperature / Atmospheric pressure
Laser sheet Vertical plane, Thickness: 2mm, Pulse-width; <25nsec
Image/ Analysis area 76x 71/ 60x 60(Wx H mm), Upper side of electrodes
Trial About 300 times for each condition
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Standard deviation of SD

Standard deviation of SD
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Standard deviation of RSD

Standard deviation of RSD
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Standard deviation of drop
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6-10

6.4

(1) ! 1 1
, (B ),55-516(1989),p.2517-2525
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6-1

Experiment Condition 1 Condition 2
Fuel Methanol
Droplet diameter D3,: 127 nm (D4o: 123 nm)
Average spray veocity 0.55-0.6 m/s
Average air velocity 0.2m/s
Timg-oa:\]gnatgr%t flgﬁl spray 0.0060 kg/rr? 0.0042 kg/m’

Time-average gaseous fuel
concentration

0.032 kg/m® (f 4 0.17)

Temperature/Pressure Atmospheric temperature / Atmospheric pressure
; High-frequency discharged spark system
gniter (25KHz, 50ms, 0.8J)
Electrode Gap: 3mm, Tip: dant-cut
Laser sheet Vertical plane, Thickness: 2mm, Pulsewidth: <25nsec
Image/ Analysis area 76x 71/ 60x 60(Wx H mm), Upper side of electrodes
Ignition trial About 300 times for each condition
10 p . : 25
| L i =
- | | ——Condition1 SD ; 2
8 8 |%---{ —m—Condition2 SD 2 1 20 % 8
-% 8 \: —e- Conditionl RSD | | : 3
= & 6 || Condition2 RSD I RSN SO BT =3
S 2 1 : : ° £
S -
T 5 : 5§ 2
B S 4 ks, ] 10®
S Qo \ o &
g 2 Y > 0
»° |8 8 2
2 | 15 © %5
\!;\ D:
0 a2 0
0 30

6-1

Ieﬂ%asurement s%gle [mm]
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6-3

(o]

Inhomogeneity index H
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Inhomogeneity index H

6-4
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Ignition probability [%0]
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Relative signal intensity [-]

Relative signal intensity [-]
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Cumulative flame detection ratio
I nstantaneous flame detection ratio
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Inhomogeneity index H

Inhomogeneity index H

N

N

-&- Conditionl Success < Conditionl Fail

L& /. ; ; :
%Er Fuel spray concentration : 0.004-0.005kg/m’

-m- Condition2 Success 1+ Condition2 Fail

Vapor concentration : 0.032kg/m?

10

20 30
Measurement scale [mm]

6-9

-e- Condition1 Success <- Conditionl Fall

-{-=- Condition2 Success 1 Condition2 Fall

Vapor concentration 0.032kg/m’

] L

0

0.005 0.010 0.015 0.020
Instantaneous fuel spray concentration [kg/m°]

6-10

99
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7.2.2 PDPA
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7.3.2

7-6 78
1 0.0082kg/m®
2 0.0044 kg/m® 76% 66
0.002 kg/m’
2
1
79 0.002kg/m*
2 1 2
7-4
7-10 7-4(e)(f)
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2
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7.3.3
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1 2
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2 1 2
0.010kg/m*
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7.3.4
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2 1
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7.4

8.3mm
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-1

ITEM Condition 1 | Condition 2
Fuel n-Decane
Drop Size (D3y) 113mm 115mm
Time-averaged fuel spray 8% 10° kg/m3 4.4x 10° kg/m3

concentration

Time-averaged fuel vapor
concentration

0.048x 10° kg/m’

0.013x 10° kg/m’

Average spray velocity 0.24 m/s 0.21 m/s
Average air velocity 0.11 m/s 0.08 m/s

Temperature / Pressure

Atmospheric Temperature/ Atmospheric Pressure

Igniter and Discharge
duration

Discharged spark system, 50ms (0.8J)

Ignition trials

500times

0.25

0.20

0.15

0.10

0.05

Relative Frequency [-]

0 kb

50

7-1

e

100
Drop size [nm]
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Ooms 33ms 67ms 100ms

133ms 167ms 200ms 233ms

267ms 300ms 333ms 367ms

7-2
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Inhomogeneity index H [-] Inhomogeneity index H [-]

Inhomogeneity index H [-]
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Inhomogeneity index H [-] Inhomogeneity index H [-]

Inhomogeneity index H [-]
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Inhomogeneity index H [-]

Inhomogeneity index H [-]
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Inhomogeneity index H[-] Inhomogeneity index H[-]

Inhomogeneity index H[-]
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Maximum luminous

Luminous flamlet number Inhomogeneity index H[-]

flamelet area[mm?]
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Total luminous flamelet area
[mm?]

L uminous flamlet number

Maximum luminous
flamelet area [mm?]
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