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Abstract

Experimental and theoretical studies on the air-assist coaxial atomizer have been continuously
carried out for a long time. But now the importance of the theoretical study is tending to increase
as with the development of computer. This study is concerned to the spray modelization, espe-
cially, the instability of the liquid jet surrounded by the air stream which flows with high velocity.
To study the phenomena of the break up, we used the linear theory based on the classical
Kelvin-Helmholtz theory for capillary wave at a simple interface and we investigated the
variation of liquid core radius. As a result, we obtained that the drop diameter and the variation
of the liquid core radius predicted by using our model are reasonable.
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Fig. 3 Cross sectional view of the coaxial air assist
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Tabel 1 Characteristics of LDV system

Model TSI backscattering
Focal length 480 mm
Distance of beams 82.5 mm
Half angle of incident 4.91°

beams

514.5 »m for green
488 »nm for blue

Wave length of incident
beams

Distance of fringe 3 um

Length 980 xm

Measuring volume .
Diameter 84um

Power utilised 3w

Number of particles

2048
measured

2600

Printer

Computer
Fig. 4 Schematic of the particle sizing system
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Tabel 2 Airflow velocities at the exit of the noz-
zle and at the measuring point

Us(x=0, r=0) Ucr(:i:n:m’
140 m/s 110 m/s
170 m/s 140 m/s
200 m/s 160 m/s
230 m/s 180 m/s
260 m/s 210 m/s
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Tabel 3 Measured decrement rate of liquid core raduis and calculated constant value

Us (m/s) -0 Covater — e Cherosine
140 0.3534 0.00980 0.5306 0.01300
170 0.2672 0.00620 0.5026 0.01030
200 0.4072 0.00817 0.3611 0.00640
230 0.3801 0.00665 0.5049 0.00780
260 0.4386 0.00680 0.5024 0.00688




1956 4 F

e Al WEr gled ol e kerosineo] ol
slof wlsoh Exigele] 7] wiel vlysh Hx
A ol 2R AF olex ) Hmiws} ¥
gozy Jlold = a

o slels ahedh by
Aag Ax HAEEe $HT F e AX W

Hell gt A7F S5k

g4 Co) ke 7 Z7 k] HFpoR A
sha elalol AR $lol o 0.008 FEUE o &
et

2R R BE Aol Lo 4 (35) A

Le _ uL< _EL)(_&>1’2
e=1.14 1= )4 (38)

3} 7ol s,

ENF

Chehroudi 5993 Arai S92 Az s
)

o AAF m LASUE o AF Aelel

o
Wiz dFan 4 dog L-c(L) e 24

Qe
shgieh,
3714 L& AF Ao, dv AFe z7HH C
& o)A ol e,
283 25e WANYE olF3tel AF Aol
2 A=3ta Co g A4rskgl e Chehroudi &
2 7.15, Arai & i

# BAY 4 A5 Fow AF7} gl ol
17 b ols 4o FelE AF Az 2T
o] WF w7 q7h TR

of slof @izel Aele (L))ol golel 44

C:= Chehroudi 9] ##el #A48E o 4 AUrh

1.2 2
2 oo T E2or a2 AFo ulF o
gl At AAS St FREA ol Fel g
3 =l e Auste] odE AL A4t =5F
F28E Ao wE AFe 27| wWHE AFd
oAt
A g 7Azkete] Bl wE Bafo] B lFolAl AtE
A 2] 73e Aol ofgt HA

I
|
4
-J
N
)
| =
fu
o
ek
il
2
O
=g
[e)
-
=
(=]
e
2
ojnt
o
2
1

O
o

f

10

o

2

i

ox

o

zZ

o oL,
B

<

e weke] 275

A7k A s|ofol & Aelch

w3k B o7 Al 23d dodellMe 4
FAaboll Aol dedl 27 279 HHdelA
$REHe odd Ho s HsMe 277 oE
M Zol ofa FEEt ARo I mHHoE

= 7
B ool7i 1993 %E e A TEATY A
Qoll o s A=A o= ofofl ZHAEF YT}

IRl

(1) Rayleigh, W. S., 1878, “On the Instability of
Jets,” Proc. Lond. Math. Soc., Vol. 4, p. 10

(2) Weber, C., 1931, “Zum Zerfall dines Flussig-
keitsstrahles,” Zischr. f. angew. Math.
Mech., Vol. 11, No. 2, pp. 136~154

(3) Sterling, A. M. and Sleicher, C. A,, 1975, “The
Instability of Capillary Jets,” J. Fluid Mech.,
Vol. 68, No. 3, pp. 477~495

(4) Reitz, R. D. and Bracco, F. V., 1979, “On the
Dependence of Spray Angle and Other Spray

und

Parameter on Nozzle Design and Operating
Conditions,” SAE 790494

(5) Reitz, R. D., 1987, “Modeling Atomization
Processes in High-Pressure Vaporizing Sprays,”
Atomization and Spray Tech., Vol. 3, pp.
309~337

(6) O'Rourke, P. J. and Amsden, A. A,, 1987, “The
TAB Method for Numerical Calculation of
Spray Droplet Breakup,” SAE 872089

(7) Taylor, G. L, 1963, “The Shape and Accelera-



o1 FA EAhxZ

tion of a Drop in a High Speed Air Stream,” The
Scientific Papers of G. 1. Taylor edited by G. K.
Batchelor, Univ. Press, Cambridge, Vol. 3, pp.
457~ 464

(8) Sellens, R. W. and Brzustowski, T. A., 1985, “A
Prediction of the Drop Size Distribution in a
Spray from First Principles,” Atomization and
Spray Tech., Vol. 1, pp. 89~102

(9) Sellens, R. W., 1989, “Prediction of the Drop
Size and Velocity Distribution in a Spray Based
on the Maximum Entropy Formalism,” Part.
Part. Syst. Charact., Vol. 6, pp. 17~27

(10) Ahmadi, M. and Sellens, R. W., 1993, “A
Simplified Maximum Entropy Based on Drop
Size Distribution,” Atomization and Sprays, Vol.
3, pp. 291~310

(11) Li, X,, Chin, L. P,, Tankin, R. S., Jackson, T.,
Stutrud, J. and Switzer, G., 1991,
between Experiments and Predictions based on

“Comparison

Maximum Entropy for Sprays from a Pressure

Atomizer,” Combustion and Flame, Vol. 86, pp.
73~89

(12) Knoll, K. E. and Sojka, P. E., 1992, “Flat-
Sheet Twin-Fluid Atomization of High-Viscosity
Fluids,” Part I:Newtonian Liquids, Atomization
and Sprays, Vol. 2, pp. 17~36

(13) Nayfeh, A. H., 1970, “Nonlinear Stability of a
Liquid Jet,” the Physics of Fluids, Vol. 13, No. 4,
pp. 841~847

(14) Wu, K. ], Reitz, R. D., Bracco, F. V., 1986,
“Measurements of Drop Size at the Spray Edge

.near the Nozzle in Atomizing Liquid Jets,”
Physies of Fluids, Vol. 29, No. 4 , pp. 941~951

(15) Chehroudi, B., Chen, S. H. and Bracco, F. V.,
1985, “ On the Intact Core of Full Cone Spray,”
SAW 850126
(16) Arai, M., Tabata, M. and Shimizu, M., 1984,
“Disintegrating Process and Spray Characteriza-
tion of Fuel Jet Injected by a Disel Nozzle,” SAE
840275

[=]
L

oA $% Jete] Exlmet 4ol A= Lal

o &2} xof Fadsiohed, 4 (22)olA o}
&3 Bol & 4 vt
pc(w—kﬁc)zlj{{(;],((l;% _.OL(a) kuL) 10/((’2(2))
+ak(k2— )zo (1)
0F w-twz HyshA
o (ka) _ Dlka) 7 .
k["C”GK (ka) ”L”Lfo'(/m]
Ko (ka) Lo (ka) T .
[pGKo’(ka) o Io’(ka)] (2-2)
| Ko(ka) L(ka) o Kolka)
‘“[ PSRy (ka) pLIo'(ka)} 001 ger ()
Lo(ka) ,_, Ko (ka) _ Lo(ka) 1!
Iy (ka) 4% [pGKo'(ka) Pr1 (ka) ]
+ ok (k—Lr) =0 (2-b)
A7A du=iic— @, ol ch
meke] o} e ez olfojq HEe
v Kolka) of go Jolka) o,
AT Rohy ~ 1O HE Py 10 ®
o},
et pe< s noish
wr:k(Pcﬁap‘Li'pLﬁLl (3-a)
a)?pL-k2pcu2+ok(k2—% =0 (3-b)

7HAE o g AR
(2-b)ol M dw,=02] 3

aeng




1958 % A & .M. Ledoux

2822 Jduvt & vldste dodelME, We>

J34 (=) s , , 737k 5b 3 1o 5k

0. =09 ol A= Hol Eobd wekol A A; :]H-’] A, 2, wr Z7e) i dAANE 7
e 2A

o Aok o71A Wee=Lot o)y,

v K=2T5 aqgsiel 4 (3-a), (3-b)el4

i _ 3rno
1 A— pCAuZ (7—3)
Lo Ko™t GK<K2_7>:0 (6-2) o 20cdu’ < P )%
T34 \o (7-b)
w _ K{pcitct+pieit) (6-b) 33 \ov
' or . K(psuc+prus)
“r oL (7-¢)

s ek,



