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Abstract : In this paper, the fuel transport characteristics during transient condition was studied by using a Fast
Response Flame Ionization Detector(FRFID). The quantitative measurement method for the inducted fuel mass into
cylinder is studied. The inducted fuel mass into the cylinder was estimated by using calculated air-fuel ratio by
hydrocarbon concentration of cylinder and air flow model. 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( @, 8) 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-off.

To reduce an air/fuel ratio fluctuation during rapid throttle opening, the appropriate fuel injection rate was obtain from
the wall wetting model with empirical coefficients. Result of air/fuel ratio control, air/fuel excursion was reduced.

Key words : Fuel transport(d 5. 71-%), Transient condition(3} =3 €l]), Wall wetting fuel model(3 Fd 22 d),
Air/fuel ratio control (2@ 1] A o))

Nomenclature V  :volume, m’
A :area, m’ y  :H/C of fuel
Cp :discharge coefficient Y :residual gas mole fraction
[HC]: HC concentration, ppmC1 a :ratio of directly inducted fuel mass into cylinder
k :cycle number from injected fuel mass
m  :mass, kg A :ratio of indirectly inducted fuel mass into
n  :number of moles cylinder from wall wetted fuel film on the wall
P  :prssure, kPa 7  :specific heat ratio
R :gas constant of air Yc :compression ratio
T  :temperature, K ¢ : fuel/air equivalence ratio
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Subscipts
a air
cyl :cylinder
ex :exhaust gas
f  :fuel
ind : inducted fuel into cylinder

inj :injected fuel from injector
m  : manifold
n  :stroke index(1 stroke is 180 crank angle)
r : residual gas
S : steady state
th  :throttle
W : fuel accumulated on the wall
LME2

4 dle] sl glojA Hekgk Fdn] A
otz x4 FF L B E A A
i3] Fasith F7IXE BAL A ke A
29) A9, 71 Apol 2o BALE ARk 2 AUl
ERESEEE SRS SEI L EET L
HAASHA €t wetA AUUE fdH s AEF
& o1 Aol 2o BALE Azel Aol ARofe.
2RE U9 A5 g Fol Ak BAR A
BEF AUGZbZ flEe d8gd An gt
& F7199 EE 2 Yoo 2% B oe 29 o
s wakA Brh? gl e A BAE A8 S
AUHE v FYEE ARgs dunogy
B Fslo] A2 fY=E ATl Y
FAE 7] WEel A A5 g AYUuE
Qo] FAu] Aol7} vl A zheraie). shA e 3}
EAEQ A% BA A5F w2 FYHE 3%
g o utaro] WaAl o] BAG Am g AUy
2 9= ol Aolzk wAsA o) 2 A
FA7 S} B SR Hn, AE B3 PR
Az W Asrh wAstel mARsFa METS
F/AZIA Aot whebA] B Ee Fd) AlolE 9
A AR ASH Je FAM 2HL F

gk #|oj k31 2] F o) E g 3)Th
B AT FIHESA dRolFELE #4135
7] A8 &S vldesiai S FX|(Fast

Response Flame Ionization Detector)Z ©]-83}o] A}

ol2uz AAUY rdvslsEs FEE FHst
FAn 2 Faln, rdgoez AULE FYHE
F71%e dZeled 7 Afol 2z AU §95)
t duge FAA0H, 494 YEoR 7@
B RARRAG AHEEt F7HEA] FAH] Alo] A
de Fastan

2. AEFER|

B odAFe) AR dANe 4490, 158
DOHC 7}&d o], 1 3+ & Fig. 13 2t &
7] TEQH4H AUY dad 4EE ZA 7] 98
A Aiet AA(Kistler,4045A) 9} =2 Al A (Kistler,
6051B)E A&t Fdvs FIika AdA
(Horiba, Mexa-8120)& A}-&-3le] &3} on, A
B0 S 2437] A8A AE/FZFA(AVL,730)
£ AxsA -

49 AT w7|7taet AT njAgst
FAhFEE AN 2337 YA SHAIRE
o] 3~4msZ W2 FRFID(Cambustion Ltd., HFR
400) & AHESATH HAYE & ZEaRE= 203 2
a2 ol A H FAATNA oF TmmAY = Do
71 3o A%} w7|7bag ZERE 49 ulr]
W H 2 2E 50mm g o] Fe A X% ch

AT HHF ZEH 0] 7153 58 A(AVL, APA-
102)8 dx st on AAAAE HsiA AREAL
ZARR|(IC5160)9} PC-ECUS M3t A8
Z 7t Eel%2 AD ZWEd ) 1'Fe 2 &
=] o] PColl A€t}

In-cylinder FRFID

1. flame chamber MAP

UEGO sensor transducer

main sample tube
in-cylinder

Exhaust FRFID

Thermocouple

N Pyl

N
1 ;\ transducer

Transactions of the Korean Society of Automotive Engineers, Vol. 11, No. 3, 2003 21



Seunghwan Hwang - Youngseok Cho - Jonghwa Lee

Ao FAush 498 T HS Y ANE F
A4 T w

BN 2282 FUH 1S4 HUUE F
Hele 373 74017'} LYHE S 27 g B3}
Tgke FE 5k TR B GYRAL A
g3tel FUTIYL IR, B
Qo) AL T gl B kA A E
o] 100ms= FA 3 THv] ¥zle 21 1}
3 ALl Fo M AEF TANE SHE + ¢
22 AUy vdgstes FERYE FA8E
F3te] AHg3hsiet.

¢
)

o

31 &7 =4
WUE=E ArAR oz dAska AR EY

< A g35h9 4 (1) 2ol |k

L (1)
A ()N 225 B} 4L A3 FEY 2
G R ILANE S B3] 224 U
@Y S ES A Aol ZAYg

- _r _2 N7
My = CDAthPo( RTO) ( 7+1)

uhglo] sjUZE= ue] ol
A} Zgod fFe 23 HA 1
ol gt}

zage
4 ()3t 2

P 2 T
P’: = ( 7+1)
1 L
my = CpAuP, (RZTO)Z (7%)2 3)

17| AN & A gl 22 E Fh 9
AUE FFR BAE 2 AN FAHH

22 sZxSXIEE|=2F AH11AH H3S5, 2003

1/4A}0] 2 B9 2 LrEhl e 4 (4)9) o) LhEhd 5
sick.

Mg, n+1 Moyt nt 1=

Vo
m (Pm.n+l_Pm,n) (4)

F225) n¥) ntlof| A 1/4A}o] S B9 AEv =
A3t T7 ) mey)S U2 22 Heos 73
[e]

Poy, 1. P,
Moin = Rt (1) )
Py 7o P,
Moyl nt1 = ;eleH rc_l*(l—- P, n+1) (6)

)% 4 €& HIBE g B 402 3
I8 F 4 @el Y AEse n 1 e 4
At &

| KA A ()3 2ol frk
Vo »+ Vs PR M
Moy, n+1 mcyll,/m+ ‘jd PRm[h’ L (7)
of 7] ol A
_ Pc_vl' Y

FR= "9, D

2 6)3 A (NZFE vy Z2= A8l 2] 4H(Pn)
g Fohu 4 OonrE FYFNFE TU 5
ATt

3.2 FRFIDE 0|88 S¢d| £3H

Aacelq Eg7hash FH7 R sk
shabig 4 eRE A (8)2 2.

nl 1+ ’
nCH, . *(0y + 3.773Ny)

¢ ®
+ n,W,— Product

ndgstra] 2EE Ao 2R E

[HCly - 7 ©)

Y, = e (10)




A Study on Fuel Transport Characteristics in a Port Fuel Injected SI Engine during Transient Condition

2] (9)¢} (10)-& G elshdd oh53 o] #r.

4.773% 1+71V—
b= A=V an
rHeT,, 1
2] 2o A H/ICH] = 1.87%, Addd] v|dgt
3l B S(HC])x= FRFIDE A 308 AHE-3H
o} 277~ %e FRFIDE ARS-3lo] Qlzlo] A4t
Aoz AdE v SHE A die ndgsEs
2R D g AN EE B2 Adgy
o) AFIIATF BT AAS L ERUIvEeE A ¢]
Ao wel Ha FE o] Aol ZEE =246t

AEolF ANS HAEer] S w2 Fo] &
Fdl(Wall Wetting Model) ]
do A= AUhzE fFYdHe dage

ST AUEE A 74

M a k)= am L k) + Bm, L k— 1)

m (O=(1—aym B+ (1 - Bym,(k—1)

ol 1o

t rlo

32 10 gk boof of ok @
dg,
>, H ‘1'1 o
) va
o
o
}ﬂ
@
tlo
>
op
o
2
P
rﬁ
i)

P90, RAA ZHYA AR
2 2dz Faigon wjzrka
T = FRFIDZ AH&5be] 243}

o
i)
N2

cg Mo
i flo
o
EN
k>
o |

%
I
\J

N

S

o
-

_ ([HCl;~ [HCl 4oy e

: Yrm) M inj, s
ind ™~ 1—

1+ (13)

*11+4.773* s

3 AT 5 gl

ARLANE FOE T A AelTAN 37153 3
FrIEES L7t AL 7] Wl g7 43
el Ao 2rkn sbg st dav e fE A5
c2RE BB TEF ATk

p=- (14)

mw
AR e A o] A o 2 BALE g ) A
Uz ¢99 A @] Brin AZIe 4= Q) o]
A (12)0l ddstm Aelshd A (15)9) 2o] 9,
7)o 2oz RY F3 BE UYste] o« E 7
& 4= 9l oh.(Fig. 2)
a=1-m (15)

M i

2rr—rTT"Tr T T

/ injected fuel mass per cycle

! injection off
' ignition off
b -

Inducted fuel mass (mg/cycle)
[+
T

2 4 6 8 10 12 14 16 18 2
Cycle no.
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