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ABSTRACT

In a small high-speed D. 1. diesel engine, the injected fuel spray into the atmosphere of the high
temperature and pressure is burnt by go through the process of break up, atomization, evapora-
tion and process of ignition. These process are important to decide the emission control and the
rate of fuel consumption and out put of power. Especially, in the case of injected fuel spray im-
pinging on the wall of piston cavity, the geometry of piston cavity gives great influence the
ignitabiltiy of injected fuel and the flame structure. Ordinary, the combustion chamber of driving
engine have unsteady turbulent flow be attendant on such as the change of temperature, velocity
and pressure. So the analysis of spray behavior is difficult.

In this study, the spray was impinged on the wall of 3 types of piston cavity such as Dish, To~
roidal, Re-entrant type, in order to analyze the combustion process of impinging spray precisely
and systematically. And hot wire probe was used for analyze non-steady flow characteristics of
impinging spray, and to investigate the behavior of spray, the aspects of concentration ¢(t), stan-
dard deviation ¢(t) and variation factor(vf) was measured with the lapse of time.

F8.7]a-49] : non-steady flow(8]A48%), hot wire anemometer(@4-#-<4), impinging spray
(Z28EY5), variation factor(%A<),- concentration(F%), piston cavity (¥ A8
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1. Micro computer 7. A/D converter
2, DIO interface 8. Step motor controller
3. Pressure chamber 9. Step motor
4. Helium gas bomb 10. Carrier
5. Hot wire probe 11. Vacuum pump
6. Hot wire anemometer 12. Mator

Fig.1 Schematic diagram of experimental
set up
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Fig.5b Represent of coordinate system.

Injection gas Helium
Ambient conditions Room temperature & pressure
L Diameter 1.6mm
Injection nozzle
Length 32mm
Pressure 0.199MPa(2.03kgf/cm?)
Pressure chamber
Volume of chamber 0.48 % 107 *m?
Injection periode 20ms
Cavity type Dish Toroidal’ Re-entrant
Dimension{w % 1% h) 200%200% 78 | 200% 200 % 83 (200 % 200 % 100
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Fig.9 The modeling of spray with cavity types and the expression of b

W3z glAIRE, 9~1%7Ae B S AAE 7t
Ak, F, s B AdFdAe Tt
EoAstL AAAA IIeFE FH7IA 9
o] FAHHA T 7} Feldvhe A
£ ¢ 4 Atk £H D, T-typed 25 cavity
B o]F= IR FFH HA) o3
TExe AASEe] gkolAY, R-types] A% U
HoMe FEMle Fd ARNMHe D, T-
typedl ¥ A} o]z UR|AH PFze
entrainment 2] F7d) ot f¥goz way
o, ol FY9 &AM D, T-typesiv|s} R-
type?] cavity®H4 SA4o] 48 -3 EFS &
A A-g ojv g,

Zt cavityFAel A ¥F 38 FHEL 7ige
2 8 FFE wE ( ¥ —dgker st
€ 79 F57 Jx2 =ddle A7ARE
BErgdoe] bE FHEAY cavitydEAY w
gZo] bE XAF Wl tia) Fig.9el ey
Nom, Fig.l0ol 2 cavity@Ado] QlolM A7k
o wg EREEAEE el AFeM
© D-typedll H]3] T, R-type?] %7} 54 A
el Aol BHRAGdel|rt A, ojAe T, R-
typed] 7 A=Y} Adow ] g
oF |9HY, R-typed] A¢ w3 £F
A Ho)7} 27)ole T-typed} 5 AFPL W
o}t 8ms o] Foll= ZAFth ol EF7 U
& 9% dde AFRF FE7t ge] Wy
vhg Qg TART, Ao A RHEEUF
o] FH7|At HEFozM BRI o

{ direction
Fee0 D type

. T : T —
0 5 10 15 20 25
. Time from injection, ms

Fig.10 Spray radious(b) versus time after
the impingement for each cavity
model
bp=69.71 #* In(t) —69.10
by=72.71 %In(t) —64.81
be=60.06 ¥*in(t) —45.43

gl Ao o) AT AWEA €. By
7} 438t cavity || FEG Fel= cavi-
tye] UR- ¥ cavity $4 W3oz 4337 o
Fo| 27 wtawgo v doj7t Ao g #
o}z)= Aoz gy oz AR
D-typed] §¥E&Ztw7}t T, R-typeol vj3] =
7] W&o 2 ZAelrt AA Jehdrl. gl &
cavityg /ol A9l E5o] ARAdo|e} A|7tFtg
w22 EHEH



218 oM T - PEE - 5EE

30

. 10"

Spray volume man’

Bl Luwne rakiv

0.00 T T T T

o
o

\
[

(=TT
=3

T T T T T T
3.0 10.0 13.0 20.0
{njection Pericd. ma

bt
=]

Injection quuslity

Fig.11 Injection quantity, mixture ratio
and spray volume with the lapse of
time in each cavity model

Fig.11-2 Z} cavity@ el AolM A7t ZAs
of w& EAFH 7} cavity#gd B/ AA
2 AEF FH71A %Y AHEFUNE Jepd.
Al 7)ol ME BALEE 0.20 X 10'mm?/ms=E 5ms
9 @ 1.09, 10msY ® 2.18, 20ms¥ w 4.37
x10'mm*® AIZFA el th3led 24 F7}
& Rold, E7AHL A7 A g} A4F
T2 5718 epdth. R-typee] 3¢ 5msy
o, D, T-typed} A gh2 Belv} 2 gre]
27 vehtx, 20msy W 2 3|7t BE A
Atk T A oM E2FAHL] T2 R
-typeo] D, T-typedll v|3] AL cavityd -y
S4¢ URAM AFEFe] Fe2 FRAdgy
2 AH7E F7|Y A& Joerz, JEA
ol A ez F7}8l F71¢] entrainment
o] Zddly] WEeR dugc) gl BRx
719] AREFHAM FHR F719 dPo=
20ms¥m} D-typeo] 30, 32, T-typeo] 32.45,
R-typee] 43.54x10'mm’e 2 A3 A =}7)
A vepdt}h, £3 EARe] dig 2FA A o
2 REH AHEF = R-typed] A47}
cavity@4 549 93} entrainmentFe] F7}

I
&

2 AAEQ AXRELE s & e, 3719
9] Tol & o]FAAT YL & F A

FY ERZAF MM A7e] A FRY
a7 A=} vwEte Rd, £F%7]9 R-type
2] Aol AN AHEFY| /T Yo, w3k
029 i Efo] e AL R-types] 2z
717 M2, o EFdAgke] AL dARE I &
dE Fo gt o)z 27| 9&7174F Soot,
CO, HCF9 #317t~7) @o| BA 3= AL 7
st R-typeel D, T-typeol] wjal o &g<d
AFo] Zto} frafulE b A gl ARHY Ao
2 A, =g 20msy 9] R-typed] #-F-
Aol dAom AL R-typeo] T A4
Ale] Akdrier) wal 80% HAAEEAZIZL W
20, 90 F71313 dR N Fe] FL2 @Y
g 7 93 it 2%, A oA R-
typed] AFETPH7L LA 27|FE FEAA
2A Yehdes AL Y AZACA 279
71l A APE SEM(Scanning Electron Mi-
croscope)Ab& ol A R-typeg] Dry-soot7} A
ZEAAM 7 AA el ddel & AR
ATH.

4. 4 g

37}7) ¥Ae] HA<E cavitys AFEe] cavi-
ty Hodl B SEEFY 3 FsTREES I
A8 dae i g
1) e FER7Y A% 59 A=
AR A9 HAS B/ 2ol
7o Aol HAAY7| 7] EAdaL #
Bezd A1 BAVY. TF BF
o 4ol ek ¥R doiEe @
T AT

2) R-typed] A% D, T-typeel] ¥)3}q cavi-
B4 5420 URAA &7 w24
q7o] sl AFATHE SUMEE
& 4 AT

3) R-typed] A4 ¥7el 4% Yo7} Ak
79 g7l de URs He3E T4
0¥ g ¢+ AUk L3} cavity F

Ju de o



Piston Cavity §4] & $E259 2% AF 219

Aol wE BF 4Ado] bE ui ¥¥
Ho= vepd £ gkt
bp=69.71 xIn(t) —69.10
br=72.71 xIn(t) —64.81
br=60.06 X In(t) —45.43

4) Y EARERAAAN 7 cavityd] ©E EF
o] AHL& R-typeo] Algte] A @42
08 37188 ¢ ¢ 941, ol F9714
9] entrainment”} T}E cavity ZA4 1|

o 1S gudte Juu.
#1e

1. 3-8, o4 929, “F&4 HarigdA
8] Cavity®go] A4 547 wjEngdaiel
A 9%, d=AEA} TRz Vol 12,
No. 6, 1990.

2.

o)y, A8, A4, sEE, AN A
FEF FESA % A7, dFYA Y
3} A3 Se7dE=E3, pp. 134~142,
1994.

. G. L. Brown and M. R. Rebollo, “A small

fast-response probe to measure composi-
tion of a binary gas mixture”, ATAA J.
1972-5, P649

. Tanabe, Ohnishi, Fujimoto and Sato, “Ex-

perimental study of the transient hydrogen
jet using a fast response probe”, Int J.
Hydrogen energy, Vol. 7. 1982-12

. Yuzo Aoyagi, etal, “A Gas Sampling

Study on the Formation process of Soot
and No in a D. I. Diesel Engine”, SAE
Trans. 800254,



