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A Study on Mixture Preparation in a Port Fuel Injection SI Engine
During Engine Starting
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Seunghwan Hwang, Jonghwa Lee, Kyoungdoug Min

ABSTRACT

As the emission regulations on the automobiles have been increasingly stringent, precise control
of air/fuel ration is one of the most important issues on the gasoline engines. Although many
researches have been carried out to identify the fuel transport phenomena in the port fuel
injection gasolines, mixture preparation in the cylinder has not been fully understood due to the
complexity of fuel film behavior.

In this paper, the mixture preparation during cold engine start is studied by using a Fast
Response Flame Ionization Detector.(FRFID) In order to estimate the transportation of injected fuel
from the intake port into cylinder, the wall wetting fuel model was used. The two coefficient( 2,
B) of the wall-wetting fuel model was determined from the measured fuel mass that was
inducted into the cylinder at the first cycle after injection cut-in. «( ratio of directly inducted
fuel mass into cylinder from injected fuel mass) and p(ratio of indirectly inducted fuel mass into
cylinder from wall wetted fuel film on the wall) was increased with increasing cooling water
temperature. To reduce a air/fuel ratio fluctuation during cold engine start, the appropriate fuel
injection rate was obtained from the wall wetting fuel model. Result of air/fuel ratio control,
air/fuel excursion was reduced.

Z Q7|48 : Fuel transport phenomena(<] £.0]434}), Wall wetting fuel model(™FH 52 4), Cold
engine start(\d A1), Air/fuel control(-F<IH] #|oi)

Nomenclature [ HC] . : exhaust HC concentration
[ HC] : in-cylinder HC concentration k : cycle number
M, - fuel massinducted into cylinder

- . _ M., :fuel mass injected from injector
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Fig. 1 Schematic diagram of experimental engine

& BEE 2T 4 (3)E AHEske] fUE 4
ZFo & gakate] Fabgt”
_ ( [HC] kT [HC] k~1,ex Yr,m)Minj.s
Mmd_ 1,_ )/lr
(1+%) - 4.773
1+—~——¢~_- (3
@A RHYA HF7ks BRge
2 Agate] Fatgl o, wl7) 7h 2ol ud g

T4 F 5= FRFIDE AH&-3ho] S48t
EdAr(e, B)= dae ¥yes 48 5
ATh AN L AZE R A AREALE & Aol 2
oA Am N M, )0l 0Ol ERE A (1) A
fg)l—.g EAE L g 98 et A Fch A
ol BlALS oo p7E et A
o B AREAE & F A Aol FA
2%y AY0E {99 dsFgoew

ar
4ok 2ol a B 7% % Sl

*R

4 ok

4 Mo opo 02:,%
S
Py

>
r&

£

M @

AT EA 3 F A} F A Alo)Fe] A
HE 9" d59] 2ol 3 AA) Abo] Zoll A
dHE fY994 2 Asdneziy F
o] YUY ARolBE A WA Alo] & F
A Ato]Ze] ARRFYFHE A5Aqutgon
Lol 4 (5)%h 2ol 8 & 3 5= 9 th(Fig. 2)

A= Minjw Ml.z'nd (5)

Aty oz FAH= Y] 7t B9
FArRAM R ZA e 9ot vy sta B
A7l SHAAAIZY] Fxoly, AZYy 7}
27 B 7)o Edele B¢ T3 E ] o o
Atol 3 FANE FHE 4 glo) =& Fd
AT 2 S AIZEe] 100msE ThA whE
Ao} H AT 0] HAgte} B AL LA
g Atol ol A e A e TAuE 248 gl

H10d M4z, 2002 17



353 o)F3 - Ay
12 T T T T T T T T T
injected fuel 1 4.773* 1+%
injes cle —
ol N perCy- o ¢ = Yr) 1 )]
[HC]

injection on

Inducted fuel mass (mg/cycle)
[0)]

St 1

2 4 8 8 101214161820
Cycle No.

Fig. 2 Illustration of method to calculated wall wetted
fuel mass, @ and A after injection on

7l 7 AW AFASY SRS e A
ARl e AE FA¥E FH43ted oA
wAAE 7FA 2 vk wEkA - AlF AL AL
o]2Y T H|= FRFIDE Addy ndest
F2 FEE SASA e Ao 2RY st
AR TH.

AdYuel A E719F F7EETF g5t
shshb A A & Vel 2 (6)3 2ot

oLty
nCHy + g (0, + 3.7T73Ny)
+  ngeWrg — Product ©)

n < ghslg o] BE S [HCA 9 251,

[HC] = % @)

n(l-l—*f)
n+4773*T + Rrc

FIrE B E(V,)H 2R,

Y, = . ®)
n(l+ —41)
n+4.773*T + npe

2 ¥ % Aok 4 (M7 A @O Pl s o

&3 2ol do

18 B2XEXZ o =2

99 A3t o] Peul i AL§ AR HCH
¢k, [HC], v, 9 $= Fojdr) o]u A8 9
H/CH 2= 1.873 83l 2.1, [HC]= FRFID
o og ZHGE A BRALDE A
Mol HaHoz g1 vel AAriue v
WEEL s YHUTVE FL F A
Wel ARAAT BE AARD Y RoR
AAHE o 2 }'E'EX]'ETE'] T8 5 951‘:}'7) o]
o E3%H719] & @A) (homogeneity), £ (crevice)
o Bol7hAY, 27} 2ol Hi S A7
57] 95kl AR ZRF ALE ol &3
o ZA 319 o)

Z2@s AR AT A3 H &dx1
AA FRRLAME ST AN WY
W rldgstes =258 AL g8 Fig 3

Aol F A3 E AR g A
o o 4= 9t}

4. AE 2 Y D

MEd Ao A4S o8 B3lsh EFER
TR gl durA o ® FZ o) 7| gtel A 7t
&9 dgo 29eri= 30~200Co| Y 2

20

=
4

AF UEGO
- - - AFFRFD
10 N 1 1 L 1 1 N
0 20 40 60 80 100

Cycle No.

Fig.3 Comparison of A/F measured by UEGO and
estimated from the HC concentration by FRFID



JFINLE

M

ApgA o] ZHE QoA BAEA ERY] B #d A7

22 e 2o up
HalA =of A8 ol
ol }E AR o]FPLE dolr ] s 900
rpm, & 71} 0.3barol A W2k 2=E 30, 50, 70,
90CZ B 7MY, dEEALES Tmg/eycle=
AASA HAINA dndaZds gope W
st AE E T oluf EAMAI V= G F A
& 71# 0% BTDCI20° 2 stg o 53] wkE A
g 3t

Fig. 40 7z} 2o wet 53] ZA g 85 A
o] Ha ghS YER AT}

Az AaFe 25 o v g st FUtshE %
g Holi glow, Wz 2E7130T Q1 A5
T AR EAEFY F 178 A Q] Ao R ey
o Wz 257 90T Y W of 7o) AEE 3
0 CHTE 1 o] ¢ 2/52 AR BEHA
el A HAE3H 7] B FY 27 A FH
LA E = GFF 7] 2R wol Al A
SRUH & o g JEgE Aog At

7} g0l e o B 53] FA FIgE
T3lod Fig. 59l YER At}

a9 BEF YLE 2571 F7 & o vl H st
o F7tsta lon, ¢ 9 Z$-30C Y d 0389
#e e e, 90T A $-= 30THRT}H of
1.3 ZA Yetdoh go] A9 E 2l BE A
A VHERSE

120 L T 1

gt AzALE, a8V}
o] WatA At 2%

—

Wall wetted fuel mass (mg)
3 8
T T
[ ]
1 1

8

0 i 1 " 1 " 1
20 40 60 80 100

Engine coolant temperature (°c)

Fig. 4 Wall wetted fuel mass as a function of engine
coolant temperature at 900rpm

08 T . . 0.18

05} e 7015
“—e *

04 o 4012

s 03 4008 @
L J
02} 4008
. ¢ —

o1F ¢ 4003
1 1 1 " 0.00

005 40 60 80 100

Engine coolant temperature (°c)
Fig. 5 @ and 3 as a function of engine coolant terature at
900rpm

W] A Aie} o] A AlFA AH &
7 7] wiEol FAMS dEo AR {YdHE
2 ARE BAASA &&= A5 A8 SAsHA
"t A AlF AEHE ZAE] fEiA 900
pm, Y24 &% 30T, §7)¢ 0.3barZ 2 H
Btrh Al 5 38 F FH ) 14.60] = A5
7. Tmg/cycle S FALEvh 2 A ¥ A3 Fig. 6
o YeRg Yt

AEEALSF A ALO]EA BALS AR A
Frro] f4so] Adgd vdedFs FE
7b A JEtG R ok 2 F A g A ukeke] 01
of Mt 125E FIEH {YHE A8 Fol
Bobd Advll s=7t FtetE AE 4 5 9
th o 6ALO] EF A A4vt dojton, A4t
dojrtr] M7 Aol s AU EF
7v27F 2 wjE =] w77t vdes)
T4 FE7EA JErY A o R A4 g
G Ato] E o] o m BREALS} A5t HEA
o2 dAste w7] 7txe] ndgEss FE
7t A et 9l

Fig. 70 #9924 el Addul njdest
FTEZEE AL F48 2 JeElgd g
Aa7t dold 6 A Abo]Fo] FAn|zt
0 EE YEY L Q). 1 o] FoE AF A

i
8 b

ok
=

ulero) Y oz SuH eko} Tn st
sl Uehte AL 2 5 Ak o9 pe

AH108 mM4%. 2002 19



ool A R AxF
7 A AL %S
HANEAN L 54
&7k dojir] A7 E

om, @27} oyt Fol £ AT ) vl A}
Sa FERTE AN Avuch sesl o

JN {‘_?E

% 87 2ot 9l
]

1rs{ injected (;ycle C '
o @« first fired cycle

Cylinder pressure (bar)

(HC] v (pprCy)
24
]
1

I
7
ES

0.0E+0
1.2E+5 T T T T

misfired or partial burned cycles

‘é 8.0E+4 [ ]
2
4.0E+4 |
2
0.CE+0 L X 1 L
8 12 16 20 24 28
Cycle No.
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