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Abstract : Since the liquid phase LPG injection (LPLI) system has an advantage of higher power and lower emission
characteristics than the mixer type fuel supply system, many studies and applications have been conducted. However,
the heat extraction, due to the evaporation of liquid fuel, causes not only a dropping of LPG fuel but also icing
phenomenon that is a frost of moisture in the air around the nozzle tip. Because both lead to a difficulty in the control of
accurate air fuel ratio, it can result in poor engine performance and a large amount of HC emissions. The experimental
investigation was carried out on the bench test rig in this study. It was found that n-butane, that has a relatively high
boiling point (- 0.5°C), was a main species of droplet composition and also found that the droplet problem was
improved by the use of a large inner to outer bore ratio nozzle whose surface roughness is smooth. The icing
phenomena were decreased when the an engine head temperature was increased, although a large amount of icing

deposit was still observed in the case of 87°C. Also, it was observed that the icing phenomenon is improved by using
anti-icing bushing.
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Visualization(7}A] 3}), Frozen ice deposit(o}©jA] o a]), Nozzle tip(EAHH)

LME LPG 48 7|42 LPGARE 7Iebsto] o
o FEZ FAE F o2 AAHE T3l nd AR
RAshe o nA, dder d8E EA)
Yo Ao BE7F F7ste] A ol F
gl BA =" v EA 10~15% &3t

1

A AAT 02 &7t AT S dAs Lol
nheh h4d R Tl A A3 B} LPG A o]
3 &7 FAE 83 H8) wiErk= A
7¥ 714 Agto] AAE] & 1 9)= A Aot} o
#71E el WS 87N HE AR OL 0 )2 e wE ks g EEe) BA
3 A 73ke) digte g LPG AA-EAKLiquid i
i . AA A E ol Atk B nYBALR U
Phase LPG Injection, LPLi) 7]&9] A &2 7]&9) oz o S} 25]0] 29 FolAle] WA
o =9 3L
LPGAFe] BARE AT BN FFEsh o THSTE SR T X e
= O F) A g2 s %/\é T’D:z'ﬂﬂ' _Or‘]uc]ﬁ ;ﬁ Qﬂ%_];g] EeA E‘ox_]_-zé}\é -
2 FAE U8 = e 2FR 7ol o 1-3)
A7t @43 AR FHel Yok

'Corrcsponding author, E-mail: cwpark@kimm.re kr



9ES - Ay - Amy - 2B
Zeuh e VIS eSS 26 LPGYF o oA AR BA =3 " 2919 FHAY L ofoly
RAEREA oz WE W dnel Jlagde]  AdS BEssl A8 44 duA2dg AHed

Sgstel, AR LA} 2B 7L Ys o] F9

7 F e
ol $H-¥lo] Qi Ro] Ao ofoly HA

4 2 Fig. 19] @47 7Azkmst o] dae] BAKRH
Qw7 71k A Foha TeubshA @olAt F4  gw fde] ARSA HAHE JdelA Sy
o] WASHE VAT Ak o)A olold BY AU dBst FFY & UEF 73 Fe)
S AR BAY] 7] G Fou dE BAF PHE 4% o Yas JEPL 507 JaF
ol WahE Yor)w, waiol AHE Agol A F Axde AT, QAAY SeholHE 043
240z WolA Uzto 2 AV WEAL F o dry)l BAHEE sholth
& An Qre) TR MBE o= T a A7) QAE L QA= Fol A ofo] o] A
Aol dare vAA ok ¢34 AR g wre pasy) 95t AW =S AL
S AL o]l o}o] A HAFS A7 8% AE 22 A zetgt AN HAZAL BAFSY
©2 2887 U As) Al =e) e @ A F7158 B TF
ojol] & ATl A= LPG A /gEAL Al g ol A & Hi 2o § o% 9 w0 2do| FP5Els
FARY %okl AHE A 7 FA A 2 go1p gl Aas T F DN E
HEA 7 L BA R EA S TN R o) gape) S Y obold olvIA e A5l 7}
otol A Ao Ezol & 4 &= V| RARE v =3 EE 59k

< APLLPG A 87 A3 0.8 FALE = el
21 HEFA A FHHE AEE APstel 1 JRE Ahaaz
EAPSLPL 9 FF A29e 48T A hEIYIGOE o3 #A8hL, LPGE7] 23

Fuel pressure
Regulator senisor
Fuel retum line

— Fuel s line
Shut off uppy
valve

LPi injector
& pod

Spark plug
oF

Fig. | 484X M=

10 sizxsxIZstsl=oF ®MisH MsS, 2007



LPG HAZAMY OIHE{ofA FXof 9|5t oto| 4!

B M il LPGAR S 4% v wasi),
FHEG Bt SaiM AR RAIE Y 29
AR} 24z} vhE A7) o) WA RS 2= B
ArEE wAFEA WA E A5 49
AHEE the Wi - oAuel BAMHSl R
Table 13} 2t}

Table 1 A o] Y97 1)

=
17 o7 3mm | Smm | 10mm
(e}
1 mm 3 5 10
1.5 mm 2 33 6.7
2 mm 1.5 2.5 5

FA@L ok otol & B Y duE
AFAIZEO] Smsel A ol A vl 100msoFc) 138 B}
HEE o, d28d57 5 o) 8t T E

v B 2% 13°C, F7)68 200 ¢
/min, 50%°] FFEENE fFASIES a3k
AAFH 2] 25 30, 50, 70, §7°C & W3R 7]
FARA o] A o)) ute} @A) )= o} ol o] m) ]
& FA5sAnk

A A A A QAEE

Zro] ejabe] LPGA R} BAL

4 Foohual FEe gtol
7

o] FAlol LAt

a3 B Fig, 2
A F919) 7]

*“wz

s
&
%0,
5

2 g
0%
lo
P
~
2
Hr
>
>
i,
<
oy
=
5]
o
b or2
g
ot

Moo
>
2
o
B

A T
A gl LPGHEE 58 Zagy
FALo|™, 53] £ goaE Fe
t}. Table 20 A& AME-9 LPG
Jﬂrf—— HER AT FRAEE BT
AR 2 Uy oke:40)4] 7:39)
st 247k A E oFzke) fo} 7t gloj A,
£l @t 0.5°Colm o] kg
3+ 11.7 °C0]E} w}am galdom "olx o

B

oX oX
T oo AL NN
o

o fo

¢

Lo oo e & o2 0o
(R
-\‘irQL'HE
0,
R

of 2 iy
ox
o
H‘
5
4
%

0>
Jlrn
r&
4

Table 2 LPG& 7] A & £ (mol %)
C;Hs i-C4Hio n-C4Hio 71}
LPG &7] 17.99 18.17 62.66 1.18

85

80 |

85

50 |-
Prys
40 [
35 [

(%)

4 ﬁ#lawowt &
=l R el S ﬂ%LP

C2HE  C3HB  FCSH10 n-CAHID t2-C4HB 1-CAHB +CAHB c-2-CAHB HCEHI2 n-CEH12  CB

‘ﬂ] &o 1 oF20% 45

911:}.

®)
2 ;g

¢ (

Mro ot B
1z Kool o
(o]

M

~
-
>

1,
Lo

I

2

tlo

Transactions of the Korean Society of Automotive Engineers, Vol. 15, No. 5, 2007

ol
-

1




Cheolwoong Park - Changup Kim - Kyonam Choi - Kenyong Kang

Aol a0l mE SR

e

o W
o
HI

; 321 2AHEL] BHAHET| Halo o2 FX &4

BALPOT  RALPOT PO B ALPOT PGS 3| AR o] FHAAYE 24 3lo] H 28 BAF

Fig 3 $H8 dugol zzu 48 e AL A5 B FHARES Fig 63} 2] b}
At 9%e) 2APge] 2.2 8] Eeie) A

2 AHLPG1 2 ALPG2 B AHLPG3 2 AHLPGS LPGE 2

Fig 4 349 9852 o228 4R u|%

I fa) v |

Fig. 6 £AFE 9 A7)0l mh2 F484 vlal

FHAAE BAH S o) A A5 S wol Al
shon), st A2 We mek Fefuhs} mF Y

2 ALPGY ’ B AHLPG2 - BALPG3 : B ALPG4 ‘ LPGE 7| {‘—XH”B‘}H] 54‘]-—7’ o] FH oﬁ
Fig. 5 339 du%9 wiie i v g 5ol A AgskA W, o] 2 QX EXEH
o] Wolx|7} Wi £HADZ7E AX B, F4
e iAol LPGAE 7 BAFE WA v o] wre & Ato] uhAlEL AT
T2k} o] ¥ eke A 7] 8H5] o] Polrlal 73 AQA, 2] AR VV VTR HHER)
7bAE R & dojubA] s e ARl ol’deol A o2 Hwe7|= o HAIRE $4F
TE A A0 AL ol AA gads & ok

12 sizExisxizsts|i==2z HisA ®ss, 2007



Characteristics of Icing Phenomenon with Droplet of an Injector for Liquid Phase LPG Injection System

g

1.5 mm

2mrn

Fig. 7 WA 3 & Zvjd 2 LPG A EEAE 9

322 BAIElS] Uj|Zu| #stol] mE SXaA
7T A o] EAE ) WAt 2] 7 o] w)&-2]
W ste] ME A4S v|arste] Fig. 70 ehh
ek EAFE O] #HA9 49 3 mme] F9-)F ) =
Z17F 1.5 mm ek 2 mm<l 739 52 5l ofo] ] F ko]
FAstH ot | mmel| A= B akA] eksirh 97
& 2717k s mm¢<l A= W9 2717k mmel 7
TE AL R Aol A A R ofol ] dagol
Al A= A
=, WAy o178 wrk oF 258 x5
Aol A9 vpehdx] edi=, ol 4
FEREAdEol Aoz W 94w
718kl o g S Al

o,
=
BT Uuxe] W

W

onl

off
W2 o

-
no

i
G
gl

ox n@ o rr n

o

Fig. 8 $7}4 9|79 LPG A RAIE ¢ 144 1w

Transactions of the Korean Society of Automotive Engineers, Vol. 15, No. 5, 2007

A} d 3
ot e HH] 7E 521 €17 10 mm o] A= F4
2 ool @bo] Ae] vheA] ergkrk 917 o] 10

=
o
O
o
)
=)
M
2
i
2
S
=)
e
L)
P
&
30
+

iy
T
S
)
it
o,
ol
2
N
)

2
il

EIa

N

e

&

rh
oo 2> oo

oX. (or
ol W

o L
o
€

o Y 2
Hl
N
AL
o

b
ox
i
o

o

O
&

O[UPI ©,

ol
o
2,
rr
o5

-
o
Hi
rlo
of)
Ju
oft

ootk 2
oo
MR

e re

o

et

2
v
N
N
)
r i
ox
ea
rJ
i

13



(=5 30 T)

s T
" Mo JL Wm O
G B 0
Emﬂia? @%.%%L
O_Mooﬁdl‘_ uAl,Aoqx_wxm
N T T BT mmm —
o o Moo L o RROGER =~ X
o P w S
o = ! = N B ﬂoAT N
Z = o 1ml1.uw.o ,L.‘_ &ﬁ Lu‘loroga b‘umldl
A il 9| o N o =K e o
4 o g oo do B gy T
H m o8 ROy R
TN P = X = o Moo gy X om W
j T X ) Gl ~
> = Wrua,augud oy B R
- ﬂ.s&lfr TR oW T T w
T omo RO Rl Euxﬁ]tﬁa
£ a ﬂmoﬂ S o) & 7T
~  E oA 9 < 2 )
h < Ll]oﬂoﬂl <ol R 71%
S s Prgli hrTIny
S8 Iz - PETEL T
i ﬂﬁmrr_,%ﬁﬂ E%ﬂrywﬂ
Ik - o ok o X B @ TR
= a_,/o o op ilﬂ 5 4 ﬁem,wof_
) uTﬂzudmeLe RN
mm do W Mo M‘L_ — ‘.mw_ — “mﬂ‘._ ,_.WE —~
— 9 —_— = X X Cgp—
~ H_,‘&c, xﬂ;/%fr%
oC. pOM.owJ mwoﬂAH
[l - —
) - x° o _— Z0 OT 0 jmyes \UIL " 5
o TN mg o= i 7o U< ol 4 B
= I - A A ur mﬁxedlmaueﬂ
! CTe R © KAV B
5 T g N%?P%ﬂﬂ%mmﬂmﬂ@r
- T LE 3w ER -
ogn g NN ﬂﬁjluo_eo_aﬂﬁ9ﬂﬂAT
R R E_fovﬁamogyéa_e
T oo o mr M.XQ]LEAOC,_EO
=F & w A
—~ _JH_%L T w X mﬂ&dr;oﬂﬁa
oo = A T X N = B _wﬂ g o <
@mlﬂr Noo_a,mﬂ K0 _nmoﬂﬁ,olPLq_olm M,‘W
T o K= o Wy ® ?@ry,w:/r_s <
e ‘ml‘lr,._lo IJIAT iﬂﬂ‘l‘n&l_/
— g 0 N X _._.EE ﬂ%ﬂo{ ZO‘JIIZ,.*
o o E C;_L.L ._.Alfﬂ_mﬁoE,loJIUr.o_EﬁEX\ur
oK 3 o W mm CE i 5
ZU,:AO m.ou%nxno uoo_#]oaﬂq__omﬂmﬂwdme
T ouE o) o A Moﬂmoardr.ww%mrhmf%
T b 2y ) -
3 2 Eﬂhﬂ” o__ﬂ%wmﬁmuﬂﬂﬂ@r
Mﬂaf o,ﬂmwwm zﬁuoowamoﬂnoﬂ%%
il ﬂv%_ﬁw_w N e T Do oo T o
o M doxe oA o B W M) %
. ‘m .\*Jio 0
2 o On W%

Q_}:

3

1, 718k7}
of ]

Ui LPG

]

7

Q

(e}

]

(o]

]

5 olu}
742 15%9k 5% B 3

H] 5]

AE g Alo)

il
2007

k=1

| @skeh o197 AAE Qe ofo]y
=P A

[<}
) 153 Hs
Aa2sts|=ax A1s5H
A SASE S| =

bl

Alo] urAy

14



2 (38 4 (5
Fig. 10 242 F2ek A Ae) %oﬂ*ﬁ oteld BHAE
(FAF71-2%13°C, 7] 2200 £ /min, 2713

3)

4)

LPG AEAI

W] £ AL VYV TR o4k

Q1 A9, BAR WY €749 W7 25E

SRR ERESERDET FSXTEE

A AzA CRE }%o}o% ofe]
AAF =9 &%

el g + a3, @

7t g o2 g olo]Al
o 4 ole) AZeol
st 27 A =] S
7t Ee o4 e okol g ol

7H87°CY W A

=

}\4]

)

il

!

Al %
=
— =
Jj/}-’
Z} o

[e)

I

mh
o o

iy

23t

ox MY

_)E]'

b -{>
o f
H-l —{O{A
E
o

z O

—~

aL

o= ]
AX

i
o r?‘J

P‘L
o
ot (o

g
Mo oo
o, oo}

)

3

o

ol
-

)

&

F

In
ro
t

ekl
2l
N
N,
oo

d
914
o 5
tlo dx

o N o oox
L

T
z

2
fo

|3

—_

ol
2
Ol
ol
o &
4 b
oX
il

o

2
0%
oft
ot

e to &

o,

ox O
2,

Do
o

ol

R

o

Mg

sfo] 4]

e}

nz do

» i

o

2

i)

ro,

2

i)
oo o N

0>,
L
i
g
i
Le
)
2

{u

o
o
o
By
52

32
£

N

N
ot

9,
—E‘_‘m —{E
Z,
==
—

o)
et
o
o

ECO-STAR A}
| A% Ee 2

2
lo
2
-9,
2

bou)

References

1) C. U. Kim, S. M. Oh and K. Y. Kang,

“Characteristics of Icing Phenomenon on
Injector in a Liquid Phase LPG Injection SI
Engine,” Spring Conference
KSAE, pp.419-424,2003.

Proceedings,

2) C. U.Kim, C. W. Park, S. M. Oh and K. Y.

Transactions of the Korean Society of Automotive Engineers, Vol. 15, No. 5, 2007

(base)

oIHE{olA S=lo| ©|3t ofo|Al

3)

4)

3)

6)

7)

8)

Al
(=]

EA
=

§ ot

(98) (103
°C, F 5 = 70%)
Kang, “Leakage Characteristics of LPG

Injector with Low Viscosity LPG Fuel,” Journal
of ILASS-Korea, Vol.10, No .4, pp.8-15, 2005.
W.S.Kim, J. C. Park, S. S. Park, J. S. Yoo and
J. H. Lee, “A Study on the Development of
Icing by Injection of LPG in the Liquid Phase
around Injector (I),” Transactions of KSAE,
Vol.11, No.1, pp.87-94, 2003.

K. Y. Kang, D. Y. Lee, S. M. Oh and C. U.
Kim, “A Fundamental Study on a MPI LPG
Engine for Heavy Duty Vehicles,” SAE
2001-02-1958, 2001.

B. R. Lutz, R. H. Stanglmaier, R. D. Matthews
and J. Cohen, “The Effects of Fuel Compo-
sition, System Design and Operating Condi-
tions on In-System Vaporization and Hot Start
of a Liquid-Phase LPG Injection System,” SAE
981388, 1998.

J.P.Yi, J. H. Lee and J. I. Park, “A Study on
Icing Phenomenon on LPLi Injector Tip with
Shut-off Valve,” Fall Conference Proceedings,
KSAE, pp.798-803, 2005.

J. C. Park, W. S. Kim, J. H. Lee, B. O. Lee and
K. S. Park, “Visualization of the Icing at LPLi
Engine Injector and the Effect of the Inflow of
Ice Particle into Cylinder on the Combustion
and the Exhaust Gas,” Transactions of KSAE,
Vol.12, No.2, pp.39-44, 2004.

C. U. Kim, S. M. Oh and K. Y. Kang,
“Characteristics of Icing Phenomenon on
Injector in a Liquid Phase LPG Injection SI
Engine,” Journal of ILASS-Korea, Vol.8, No.2,

15



Cheolwoong Park - Changup Kim

pp.1-6, 2003.

9) C. U. Kim, S. M. Oh and K. Y. Kang,
“Investigation of Icing Phenomenon in Liquid
Phase LPG Injection System,” Vol.8, No.1,

16 smxExiZats=27 MI5H Hs5S, 2007

» Kyonam Choi - Kemyong Kang

pp-9-15, 2003.

10) R. Cipollone and C. Villante, “A/F and Liquid
Phase Control in LPG Injected Spark Ignition
ICE,” SAE 2000-01-2974, 2000.



