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Analysis of the Fuel L1qu1d Thickness on the Intake Port and Combustion
Chamber of a Port Fuel Injection Engine
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In this paper, the authors have developed a new measuring method of the liquid fuel film thickness on walls, such
as intake ports and the combustion chamber of a Port Fuel Injection engine. Using this method, we analyzed the
formation process of the fuel film thickness on the walls of a PFI engine during cold starting (coolant temperature
of 25 °C), and clarified the influence of intake cam configurations at cold start on the liquid fuel behavior using two
different intake cams.
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Fig. 1 Fluorescence intensity ratio
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Table 1 Engine specifications

Type Four-cylinder, in-line
Cylinder head DOHC 4valves
Displacement 241L
Bore x Stroke 88.5 mm x 96.0 mm

Comb. chamber Pent roof type
Compression ratio 9.6
Fuel injectior 12 hole type, SMD: 80 um

Table 2 Intake and exhaust valve timing

*Intake valve opening

Intake valve timing **Intake valve closing

IVO* IVC** Lift Opening time
High lift cam 3 BTDC |60 ABDC |9.4 mm 243° CA
Small lift cam |40 ATDC| 16 BBDC |1.4 mm 124° CA

***Exhaust valve opening
****Exhaust valve closing

Lift | Opening time
8.7mm| 228°CA

Exhaust valve timing (Common use)

EVO** | EVC***
45 BTDC| 3 ABDC

Conventional cam

Table 3 Running conditions at cold starting

Coolant temp. 25°C
Oil temperature 25°C
Cranking speed 200 r/min

Starting position #1 Cylinder compression TDC

Injection timing
(Intake TDC origin)

150 BTDC
60 ATDC

1 cycle : Start
2 to 6 cycle : End

Exhaust side

Intake side

Fig. 5 Location of the optical fibers
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Fig. 6 High lift cam liquid film behaviors at cold starting (Cranking to 6cycle)
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Fig. 7 Small lift cam liquid film behaviors at cold starting (Cranking to 6cycle)

—49 -



10
High lift cam
£ B N
g N\ \V4 N
o =~ 6
g \ | /
e= 4 \ Smdll lift cam \
S 2 /’ \_
0 T~
16 :
© 12 High liftcam Small lift cam A
g 8 [ &5
25 W Et"
<D 4 ™. =L
= oo
2 /]
@© 0 -
= G 3
-4 yg‘g
300 - A-c
Small lift 36
2 200 mall lift gam E'§
o =0
3 " < 55
>
3 = -108 W N\ %z
i  High lift cam 88
-200 v
-300
o 0 High lift can] 7
§>" 100 F— \ Z/
0] (2]
e} \
Q © \/
S ©
'§ Ec; 50 Small lift cam
.g
0
-450 -360 -270 -180 -90

Crank angle (° CA)

Fig. 8 Gas flow difference at intake valve seat
between high lift cam and small cam

5. &R
PLEOGHIRER K O, TacoRN 2157,

() W% +5%CTatlltE %7 7 4 )N LIF %
PR L 72, ZOFEORIE, B L — 928kl
442 nm-He-Cd v —# & HOEDERE A L L 722
&, 1 ARDNT 7 43 TL —9Winik & HED 2
IO, IR EM LG22 8, EHIT¥T 4
LA CHOGRRIZ T 253HF 2 K5 icL2&T
H5.

(2) WA — F O FBRRNE, #68) 6 4 4 2 L8
TN & 5. F 72, Wk VL 7 BB DOIR %55 L Rk
TR LOZESIINC KD, WKL T FEO SR
PIREL L, WEFE A ZE U 22K — b Rl 1 & JF
WIRIER TR S 5.

Q) FRINOWSRMEER T, K — SR O BEHiFi
12K o TREEREE TR L, BRI 36 & O PR MR
T3/ A £5I2 K 2RI O S A Kmic & -
TSR — MFE IR 2 —5USRINIZTRA L 72354
2T 5.

—-50-

FTUY—=T =AMLY~ Vol.13 No. 1 2008

@) MBI OPEN HC IKIK D 7291213, W S0 7B
BRSO SRR AR AE Lk A350012F
LBZENEBETHS.

<ZEXW>

1) Werner Hentschel, Andreas Grote and Olaf Langer,
“Measurement of Wall Film Thickness in the Intake
Manifold of a Standard Production SI Engine by a
Spectroscopic Technique/SAE Technical Paper”,
SAE, 972832 (1997).

2) T. Johnen and M. Haug, “Spray Formation
Observation and Fuel Film Development
Measurements in the intake of a Spark Ignition
Engine/SAE Technical Paper”, SAE, 950511 (1995).

3) Goran Josefsson and Ingemar Magnussson,
“Measurements of Fuel Film Thickness in the Inlet
Port of an S. I. Engine by Laser Induced Fluorescence
/SAE Technical Paper”, SAE, 952483 (1995).

4) S. Park and J. B. Ghandhi, “Fuel Film Temperature
and Thickness Measurements on the Piston Crown
of a Direct-Injection Spark-Ignition Engine/SAE
Technical Paper”, SAE, 2005-01-0649 (2005).



S

NN NGSLPNLPNLG NG SLP LD NS LP LGS AD LN AG LN NG LG LG AL S LI NGAG S LPNP NG NLNT

<F &>

2y N

(=23 WXV A)

(Bk) H A B S s S A 22 i
72 188
HINVYVIVIVDII vy g Y

(A T e 8 U= i

g HE—

(e WHINBH)

==L ACS)

287 — L — ViRIEIBRFEED
HIYV VLD VDL vy g/

(R Bl 8 L2 0

_51—

iR

(¥ kLOA)

(Bk) H A E B L0 S AR A 22T
W 18

28T b v A VB OMERRFE IS
eF



