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Characteristics of In-cylinder Steady Flow using PIV for Different Intake
Port Geometries in a 4-valve Gasoline Engine
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ABSTRACT

Many researchers have developed the measurement technique of in~cylinder flow characteristics
and found the effect of intake port geometries on engine performance. The flow characteristics of
four-valve cylinder head were examined in a steady flow rig for different intake ports. Tumble in-
tensity of intake configurations with different entry angles were quantified with a tumble meter.
The velocity and angular momentum distributions in the tumble adaptor were measured under
steady conditions with PIV(Particle Image Velocimetry).

We have obtained the results that flow structure becomes complicated by valve interference at
low valve lift. As the valve interferences were reducing and the flow rates of tumble direction were
increasing according to valve lift increasing and incylinder flow pattern changed to large vortex
structure with tumble direction, intake ports with different entry angles have different tumble cen-
ters. Tumble eccentricity of intake port with low entry angle was large, so that the port had rela-
tively much angular momentum compared to others which was expected to improve combustion

performance.

Z 9 7)%48-0] ; Tumble Flow(8E¢%), Entry Angle(¥E $94=%=), Particle Image Velocimetry
(4734 fr%A), Tumble Center(28 F4), Eccentricity Ratio(#H418)
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Table 1 Engine Specification

Type Gasoline, 4 cycle
Combustion chamber Pentroof
Valve system 4 Valve DOHC
Displacement 1998cc
Bore x Stroke(mm) 86.0 x 86.0
Compression ratio 92:1
IVO BTDC 10°
Valve timing IVC ABDC 55°
EVO BBDC 55°
EVC ATDC 10°
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Fig.1 Port Configurations
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Fig.2 Visudized Test Section
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Table 1 Engine Specification

Type Gasoline, 4 cycle
Combustion chamber Pentroof
Valve system 4 Valve DOHC
Displacement 1998cc
Bore X Stroke(mm) 86.0x86.0
Compression ratio 9.2:1

IvOo BTDC 10°
IVC ABDC 55°

Valve timing EVO BBDC 55°

EVC ATDC 10°
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1. Nd:YAG laser 9. Surge tank
2. Cylinderical rens 10. Blower
3. Rotating mirror 11. By-pass
4. CCD Camera 12. Camera controller
5: Np gas 13. Synchronizer
6. Seeding generator 14. Rotating mirror
7. Port controller
8. Tumble adaptor 15. Host computer

Fig.3 Schematic Diagram of Experimentd
Setup
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Fig.4 Principle of Image Shifting for Flow Reversal Measurement
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Fig.6 Vector Distribution in Steady Flow
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Fig.7 Velocity Distribution at 25°

(b) 6mm

Port for Valve Lifts

=ZEZ Zt7t 3, 6, Im= vE

g

ZA ER
de] Fatg nezt. ¥E P=er} 3me A
+8 Avn

Ztell AHE-H
g AdE

o]t} Fig.6(b)ell

B

L
A

N
= g

)

¥

al

o]
b

1=
SO

dy#4

‘Ut‘E‘ Vi-q:l dX,
slEje] folth a,
o 9& F A

o] &3}

=i
\_.

A fréo] HE EF viE 9HE

(a)el

=
g
2},

&

A
=

gae] An @aE B9 f5& dUr wdd

g nol

AR of

A

Ang ol fete HAE

253 qYERd HEY WEe & F Sk

5] sFollAM

Hu7 dqggol Had B3

=i
L

ek,

#Hot o

3.

& 5% 498 Bl ok EE EEV} A

7 6mm¢] 735l

gawrake] frgol Fulei

.
i

A Sgo) ATl Ztegen dgaRsty 3

259 ¥E ZI%

=
L.

Fig.7(a), (b)2} Fig.8(a)



Fig8

PIVel o|@ 49E sl&d7|@e) F71ZE Yoo g8 J4H%F A4 193

20

40

et i i = e e e
=

\
3
ao&} Ft**
" .40
Q
- .
i
LAY
nil
AERNY)
20 Q\\\\
ML
\\\s\
Wy
AN
1y
R
il BRI
SR
NS .
HAR i
L REER NN vy
PRI N
RIS v
YNNI \
A )
AR 3
80 FARNIN T
-40 -20 [+] 20 40
(b) 20°
0 -
T
S
il
Ay / [
20 N \i ;4;;{\:
Vi l‘\\\‘
11 Py
A Py
R
N
a0y I ERREE
\ ‘\\\\‘
IR RN
IR RERRRR]
ST
\\\k AVALVANY
A R R
AR
L ELAANAANNNY
I AN
IR
sof AN
PRI
-40 -20

Velocity Distribution at 9mm Valve Lift
for Different Port Angles

EAAE 490 SR A dojun =R o8
o ARE A&HA e Ay Y ze
ImolME HE FEo] FFE o]FUM dgE
Do) 5ol FH8 Aastgen oz Ao
& Fze 57t A4EE 83 ¥ 4 ok u
M7 ¥ LEO MR tha o= glou v
<8 Aol BAAAT.

Fig8(a), (b), (c)= WHIAZE Imelr
15, 20, 259 ¥EAEE 2t AUY H=9 F
ArBdeel e SRR¥E el Rolt. A
A A BFE qREe] f%5o| HERgos
s21} dA2A% FYTES FYA=sL wzA
& 259] A9l 151} 209) M8 xr) ge o
HEF7 #2390 o) BEEY B ¥EO
Zt=7b A7) qge] FES} ¥H AoEE gi=
ZEREo T8 o] AdFer AN e
T A9Rrt o] awy] @Relck. Figs
(a)9] 8 RRAM FEFS} dRBo| FAl
FEET gou AEEe st HERY &
9w gegevde & 4 ok ojzRy o
HEF7 AiiF e HaEge v oFstuz W
Uzl Eetn FHoz HASHEA R
BRo g4 Tln UeAE v AR
B MAURL ¢ 4 Uk ol dAge A
A 71ge] obd AdAelste] AY-HEABYH]
Wol7] W] dojuicin Az, Tein
Fig.8(b), (c)o} vimaInE XES Ztes} wol
A4S od AFL FoAH 459 Huw
Ao FAYA HES FARL ¢ 5
0. %] B BEFe] WiAeA TEY Z
=7} Roldeg Bl 2o AAr|e] FAl
A Bolg & BAES gk o)zle] 21 YL
EEZES} woldoan AHE fF5ol Pad
o YEAEe] FVhE Fo Ao Fadrh
waty S =@e] slrte] HEo] Y4 o
BEE, o)A AN 24E 2= gEe 4
AN FEFHANA A dFHRez W
g 4 7] WEd dze 275HY W@t F
ol e 7l ¥ Aoz 4dd



194 Z40-AE-F9F- 408

32 A2ESUZE

F99 37 APE @FNUAE Fobol 9
3 2t §71EES Ae5F RES TAAT &
gL §EAF A8 FRAUAR 9
B5o] Azl Be FFS vIAY] AR T
342 I/} e eEFE ANToA ¢
$o QAAES oIS T FA%. AEFFL 2
AgelAe) SEs £59) FANA AH2L7
Ag A Fo2 AYE F don vy d
2450 e £FUAS 2E L 212

ARA 2 FFeoz oty 4 gk

(b) 6mm ' (c) 25°
Fig.9 Angluar Momentum Distribution at 25° Fig.10 Angluar Momentum Distribution at
Port Angle for Different Vave Lifts 9mm Valve Lift for Different Port

Angles



PIVe] 9% 448 sl&w7| 39
1.0 T T T
&
¥ osl 4
- - ]
b i ]
2 oaf -]
5 b o
E ¢ ]
E o4 N
2 f
E L ]
2 ool 3
poloams R ) . A ,
10 15 20 b3 an

Port angle(deg.)

Fig.11 Tumble Moment

Fig.9(a), (b) 25%E2] YE %A Imn, 6mm
o el 7 £EF LEE YEh Aol 98
%, = WAATEE gl o e %
Yol AgFHe BEE (—42, 003 (42,
84)8 ol A4l Al WAz Uehbd 9
& Yo SFE YN 24T Ak 3me
Agole e AAue) 28 2eEol
A o] AeERe A5 UHe W B
TE ¢ 4 A weol Halud) wAARe
Zese BEE Addes 455} g ¢
4 itk W PRel Z7HR bmolME AlAY
ae] 24§l EANAT 3mo) vle) Aw7}
oYelul shapdlol WAARYs] Zego] W
2Eslo W PRol FrHdlmet Guael
S50 29EE ¢ 4 Uk

Fig.10(a), (b), ()& 2 FrIEEd] g %
5% BXE ekl Relr). Fig10(a)oA
e AeEde 2= 459 fAE dad
2BZ YIAN PEolgHe Huuy B
ZHoigth. ol §/1EES 24E7} e XE
of vis) 27] dgel YRR AHBRY W
g AAW) Aol olE 1) Fhew) R
A4 ZeEFel Fe AL 4YA I f=
#gE8 AU 0|tk Fig.10(a)dl 4t
¥= UTAE AdSne FeEEe) Fe BB
o YA BEHIEE ¢ & Atk

3.3 gHERHE

FA7E AT EFAIAE AFHor Hu

F71ZE YA g AAHF A4 195

37] 918 HERES ANy HERUES
043532 7HAE 494 dA JEFP Aol
th. Fig.11& 92 o83 9md ©f 2 RE of
# 42 ddon ¥E Axr} ReldFE ¥
Bo| o] Ads = sl7tolo] A7) o
£ gEolHE e vl AdA JHon 2
e F % Ztevh den gE 29 AR
Yol A gdds] 292 Wge] €2 g REH
& ol HEE7] g7 HEFAe] o Wel A
Ag 1587} & 828 ZHEE JHFnn g
gk

4. &8 £

71X E i mE AUl HERF T
& veotely] 9ot £ERY, d25H 2¥
g gEBEdEE 439 o e FdEL
v},

1) f&o] wzn B3¢ yARF FE2E 7
Ae 7tEd 7f%e Addy FEH A
PIVZ1&e NE4 Qe Ade Hosd,
NBAAA e F43 ries LG T
A Helstac

2) Y% XESYA T u FuFHA W
HEaEe AAE FAGME fF5 W
g B o] ko] AA BFE FAhg 2EA
ok Wy okgoe] ZUERE GYE Wt
F5d vE dE88ee] 5ol FHE o
B8 & 4 A9

3) o) WEAAgN LEQ FUdTd w2
YEAFS 457t 4248 Fe 4
g Holn] gHEAFe FHT AU
Z9oA Eol BAEE & 5 AUTE

4) ¥E #4Z4%d g dEFHFEES 79
4z RoldE g Fio] AHYUH
FA A Pejx]r] A8 JoHoz B
& AT JHHosA HAZ|He 4
LAl GRAES] Frke) gd¥ ERV
ZAe &dog FEAs Hdd AL
2 q4ateict.



196 E-AE5E-FAE 0%

% 7|

B A7E BeleAdA A8 5HAT A
abedol S 438 Ashe] A¥eiuch
g 2e s

1. C. Arcomanis, Z. Hu, J. H Whitelaw,
“Steady flow charcterization of tumble-
generation four-valve - cylinder heads”,
IMechE proc Instn Mech Engs, Vol.207, pp.
1~9, 1993.

2. A4, o)7s, WAH, “HE- 9 AP
Yarol FURE FA3d vA= A%, T
FAEAEeE] =23, A2, A5, pp.66
~73, 1994.

3. D.R Reuss, R. J. Adrian, C. C. Landreth, D.
T. French, T. D. Fransler, “Instantaneous
Plannar Measurements of Velocity and
Large-Scale Vorticity and Strain Rate in

an Engine Using Particle Image
Velocimetry”, SAE Paper Series No.
890616, pp.1~ 126, 1989.

. Y. A. Hassan, R. E. Canaan, “Full-field

bubby flow velocity measurements using a
multiframe particle tracking technique”,
Expreiments in Fluids, Vol.12, pp.49~60,
1991.

. A. Cenedese, A. Paglialunga, “Digital di-

rect analysis of a multiexposed photograph
in PIV”, Experiments in Fluids, Vol.8, pp.
273~280, 1990.

. R. L. Hardy “Multiquadric equations of to-

pography and other irregular surfaces”, J.
Geophys. Res. 76, 1971.

. R. J. Adrian, “Particle-image techniques

for experimental fluid mechanics”, Annu.
Rev. Fluid Mech.,, Vol.23, pp.261~304.
1991.



