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Abstract : One of the most important subjects to develop a LPDi engine is to suppress the bubble generated inside the
liquid LPG direct injector. For the purpose of this, the analogy visualization injector to visualize the generation and
behaviors of bubble is manufactured, and the bubbling phenomenon and behaviors of bubble are visualized and investi-
gated according to the change of the temperature around an injector wall, fuel pressure and a needle configuration. As
results, it was found that the bubble inside the injector is generated around an injector hole and after rising by buoyancy
it disappears around the top of a nozzle. The number of bubbles generated is little changed regardless of the lapse of
time but it remarkably increases as the temperature around the injector increases. Also, it was known that as the sac
volume in LPDi injector decreases the generation of bubble is more active and the rising velocity of bubble generated is

increased.
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Nomenclature o : surface tension, N/ m

A : area, m’

. 1. A 2
C : specific heat, kl/kg - K
k : thermal conductivity, W/m - K LPG 8+ HAZ 7tA~d524 AL 2 A
ks : Boltzmann constant oA HA dAo g A Jsety )£ 7HEd
L : thickness of visualization window, m 715 o) B e Ao aUE ALE £ 9=
m : mass, kg A o] glrt o] #H 3 LPGE AT o] HAo 7
N : number AR AR 4 9 371 € Tdule] g4
Q : quantity of heat transfer, W Ao} gahel Ag 9] 7|8t Fdof of sk AAaie] Y
re : radius of bubble, m

'Corresponding author, E-mail: pivboy@dreamwiz.com

2 53 5o 29 0 Avle 4 49 HE
A

Hzol Ade B8 d 5 Qrk ojst o], oy

—



w713 - ol ZH|

LPG #7 EAMY(LPD)S 71317 4 % §7)
SO0 Wa] s b w7 o))
olg ddsty] SlalA L AT TaHo

A

)
)
S R =

3], oA E] W 7)1 E2A-L vapor lock A} &
3t OJEH/‘}QJ 2ot s °F7]3}—’ A5 &3}
o] g2le] H

o e Eskeg 7%]E}ﬂﬂﬁ
LPDi 7)2ke] Rk $1ah 4] ol ke 1A
W7 X e D AU Fe] 415 02 sl
Aok g,

B Aol A s AL e o) A
B9 LAY § /2 L AL A sela o
A5fo] LPDI 719H9] Q14 U] 7| £ gd g 2 o
AL kA 3l

=13~}

2 MBI U

2.1 JIA|SHR ARA} QIFIE]
Fig. 12 145 Ul WSl /1245 7}
Natehiz A s AL AAE ) ke ek
Aol

Spring

Needle
LPG in —»
Thermocouple

Injector

heating Visualization

window

e Oil in

|
Fig. 1 The schematic diagram of analogue visualization
injector

Oil ont LPG out

2 sIRxiSAZstsl=2F Mi4A Mes, 2006

B 2 7 EAEE AP sE] A8 A
W UE A R B AEE S5 99 s
A el QAAE T 2% WSS A4S ol

H Mg RE A En
ZIX 3L 70x70x130(wxbx £)2] quartzE =) &+
sl on 7hx) 3] Zbe- A& 30mme] UE &
37Jr ﬂ‘jroﬂ 6mm 2] F-x}-go] ik Q1 AE UE9 A
< dE5asE st HEES ARSI
HAF LPG 9] &5 B 1] o] =(top feed)ut2] o] oz Y
A A8 2 FE AA ST
= v 2eAd o] A3 A g A] 2
oZTh REAL LS9 B 3
sz ol o3t JhAEFe]

fio J}E
. m{o

Folg A5 1A 29 2
A YA FFATE AREE 242 600K o] o]
28} 5 %] ¢ Do A)-f-0]

[3%]
[\ ®)
o Ik
v g
fr o
Rl

>,
ofl o

o
o
Qg

o0,
i)
N

bl oy

:{IL

N

=

1e

et

o

e

ok

o II.iJ

=

aa

[\]

2
SO oy
e

o

E

o

o
o ® g
Eg ﬂl]o 02_’,

of¥

0

>,

o

>

>

-0,

X

vk

i o

o

o
o

£z

HU oH
e
o o
ol
Al
o2
e
o
o 2
wh
=
=
o
RS

xo

[ to nt
A QY
e)
Q\L.

=R
a
=

)

Rl oox % o 1 X L ool
il o
2,

Y
L)
4r
32
X,
ol
=)
32
ko
0%
v
>
0,
2

Ruigeh NGRS
)
HE o H
>
e
Itm
(r
19
Im
i)
A
it
__&)‘
£
Lo
= ¢
oZ



Fig. 2 Photograph of experimental apparatus
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Tw=348 K, Pe=0.5 MPa

Fig. 4 Behaviors of bubbles with the lapse of time at
Tw=348K, P=0.5MPa
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Fig. 5 Behaviors of bubbles according to temperature around
injector wall at Pf=0.5MPa
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where, n : bubble number per volume

4 ARREAZEE=27F M4 H6S, 2006

N : molecule number of liquid per volume
o : surface tension

r, : radius of bubble

k, : Boltzmann constant
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