(&= &) SAE NO. 98370112

2 JlERl 2o &= olst njEst =2

Impinging Atomization of Intermittent Gasoline Sprays
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ABSTRACT

Experimental and analytical studies are presented to characterize the break-up mechanism
and atomization processes of the intermittent— impinging-type nozzle. Gasoline jets passing
through the circular nozzle with the outlet diameter of 0.4 mm and the injection duration of
10 ms are impinged on each other. The impingement of fuel jets forms a thin ligiud sheet,
and the break-up of the liquid sheet produces liquid ligaments and droplets subsequently.

-The shape of liquid sheets was visualized at various impinging velocities and angles using
the planer laser induced fluorescence (PLIF) technique. Based on the Kelvin-Helmholtz wave
instability theory, the break-up length of liquid sheets and the droplet diameter are obtained by
the theoretical analysis of the sheet disintegration. The mean diameter of droplets. is also
estimated analytically using the liquid sheet thickness at the edge and the wavelength of the
fastest growing wave. The present results indicate that the theoretical results are favorably
apreed with the experimental results. The size of droplets decreses after the im -pingement
as the impinging angle or the injection pressure increses. The increment of the injection
pressure is more effective than the increment of the impinging angle to reduce the size of
droplets.
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Fig.2 Experimental setup

Scattering image

Fig.3 Comparison of fluorescence and scattering images of a liquid sheet
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Fig.5 The effect of injection pressure on liquid sheet images at impinging angle is 60°

178 gz, A



120 —8— 1atm
1 —o— Zam
1004 —A— 3am
% . —— dam
g 8
o
5 "
- — [ ]
E . ~St=fes
E ol
z
0 -+ T v T — T
0O 22 40 & 80 10 120

Impingement angle, deg
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Fig.8 Variation of sheet length with injection
pressures at 28=60"
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Fig.7 Variation of sheet width with impingement
angles at Pn=3atm
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Fig.10 The half of sheet length calculated by
equation (4)

B A9 dui-Ee UF dANRELE 3R
ARFEOA =R e L@ I HEL
2 AZEck

Fig.109] 4(4)el =) Alitg E£ddol9] 1/2

28 7MY BT 38 9% rlgs 2 179



& e ©] 2¥E Fig6dt viasia &
EAETL 0% o)y, BAREEC 2719 o) delA
T A&Egdole A g% 4&Eddold
1723 23¥e & + A

4.2 oxol [

Fig.11% Fig.129] 4=2e] HhAlle o4
3] SA4% 4H9 PIFAZDE Fig6d 5%
gt A(7), ®)el dsted ARtE A u)
@k AHHE AL EAL F Oms, FEA
ofx ozt FAEE wet S0mm SHFAIA B
Aok Fig.1164 EARIHe] 3atmeo 43¥
0 FEAET S713 4Ae) FFAAHL tha
Aashe ARE Bola vk ARRE AH%T
2E Ae Bola ot @)l A% o] X
o A&gkel 28 YUtk

% 1.0,

5 o8]

[}

E

g 064

B

[=3

g 044

5

'—g 02

=]

Z 00 r v r y . v
0 20 40 60 80 100 120

Impingement angle, deg.
Fig.t1 Comparison of calculated droplet diameter

with experimental results at Pi=3atm

1.0

o
5 —u— Experiinent
. e Equation (7)
g 084 e Equation (8)
T o

)

[=}

Q

g 044

5 0.24

g

Z oo

0 20 40 60 80 100 120
Impingement angle, deg.

Fig.13 Comparison of calculated droplet diameter
with experimental results at Piy=3atm

Fig.12= #84%71 6022 dAas A
d4g WAL 9 HF DA ¥slE Jeh)
T Yk BAREEe] 7k wat BERge 7t
A3 Zha EL Fig 119 22t &7 u)
2 7t Zpu ank Az BAlstEel 157
ot olstolwl N&gtw} xlo|7} Ak 9)e] 9
M Azgst 2 AAskn ok FiglleA e}
alA7tA =2 A(8)d oJ%k Aagto]l A&gtel B
o} 2F ) ol ofgto] Bdse] A%H =
g A8 ¥n A dFo2 HE FAo| A
H29e PPz e, Bo) BEs) 2y
e HoletEd RANE sty Bars)

t Aol gasitt

Fig.13% Fig.l4: oi=gte] BaZe)E d&3t
& A8 BT AN FE 3ke) 122
33, AT @) A8l 7 4947 @

g 1.0 &
4 .::__ —=— Experiment
§ o % - Equgu'on(T)
g Y were e Equation (8)
E 06 -
3 %1 Nl
-g --------- o
0.4 2
5]
= 0.0

Injection pressure, atm

Fig.12 Comparison of calculated droplet diameter
with experimental results at 26 =60°

-
=]
J

o

% —E— Experiment

2 s - e Equation (7)
g e B Equation (8)

:

e 06

E -

5 ] iy A
-g y A “‘
E 0.2

'E '

S 00 ;

Z 1 2 3 4 *

Injection pressure, atm

Fig.14 Comparison of calculated droplet diameter
with experimental resuits at 2 8=60°

180 9%, QA=



€ &3 vy 2eloh Fig.10014 ¢t o 2. Huang, J.CP., “The Break-up of Axi-

A@)olX TE gte] 122 d&g BdZe)rt 4 symmetric Liquid Sheets”, J. Fluid Mech.

30 & ¥ ok BAgEeY $E4%0 & Vol 43, part 2, pp. 305~319, 1970.

2 FYAME AME FHAH e AF 2F 3. Weihs, D., “Stability of Thin, Radially

3 Z A sl #UE Bk AN 4 Moving Liquid Sheets”, J. Fluid Mech.

8)9] dE ¥wshd 2(7)2 A5@Rg ok Vol 87, part 2, pp. 289298, 1978.

2 32 3B g FL FE HoFm 9k 4. Weihs, D. and Frankel, I, “Equilibrium
Shape and Stability of A thin Liquid

h. 4 2 Cylinder in Cross Flow at Low Weber
Numbers”, J. Fluid Mech. Vol. 116, pp.

HE5E 71Ed B5o AuidE AL FE 393~409, 1982.

Ztzg) BARIES WEA7|HA, 23149 delA 5. Ibrahim, E.A. and Przekwas, A.]., “Im
of7] PPpHoz Pakdert =F duke] 2y pinging Jets Atomization”, Phys. Fluids
Folot ¥E F FHE 949 H#AFE A& A3(12), pp. 2981~2987, December 1991.
e Zdg ANET 2 d7es dojn 2 6. Anderson, W.E, Ryan, HM. and San-
= aoka oea 2 toro, R.]J., “Impinging Jet Injector Ato-

1) Z2E2t%9l HAQFE o] 27jd4E oupz mization”, Liquid Rocket Engine Com-
ol Fislm, dut £ FrEhg 287 bustion Instability, pp. 215~246, ATIAA
%o Wzt upe upo)o} Zo] Wslgro] inc., 1995.

BARIE w2 Azs 2o A, 7. BA 4 24, “Urv) oERABNESN RO

2) FE2Zx o} BAH ) F/leE ) 1 BRI LIRS 2 A5, BARKREE
AL A2, B 7 we #HsE (B4R 584 5524% pp. 26072611,
TAa Fo] 1y At} 1992.

3) [FBEFEEFY N2 IFGFolY, & 8. Naber, ].D. and Reitz, RD., “Modeling
ddole UFHeq AXSEHTA N Engine Spray/Wall Impingement”, SAE
kA o|Rd o3| dFH= FEdeld 12 Trans. 880107, 1988.

A olt}, 9. 94X ¢ 19, “ZErEd £5F9 F59

4) 38 FEEFO £9 F d3BFL 94 F g v]gst FRe B A7, FFAEA}
B8¥0) A1y HEe] Bolgo)d| Feh3] Astes =53, Vol I, pp. 85
ZAY ¥4 ZYEYEH 95| stk ~90, 1997.

10. 9193, “LIFYS o] &8% 7k £59 7}
k- 4 p/| AN, FZAFAEE] AU
' Vol. 2, pp. 39~44, 1996.
ol gL 19974% FEXBAS FEAA 11. B A 1%, “V-Fi- ik A EBETE
@l gtel AT MWL, AABSREEREBII 624
o 59957, pp. 28612866, 1996,
duzd 12. AN 9 27, “FEAEY HFLE R &
. 599 B3 A9y 97" dAgE=
1. Lai, M.C. et al, “An Experimental and 22 (B) '21]2114 ALE, pp. 9~112, 1997.
Analytical Investigation of the Spray 13. $M2 9} 19, “938 dutsdd] og o
Structure from Automotive Port Injec- A 37) &, FZelAuPalsaA] &) 2
tors”, SAE Trans, 941873, 1994, A A 118, pp. 8~17, 1997,
74 M el 2o ¥ vHa # 181



