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In-Cylinder Intake Flow Characteristics according to Inlet Valve Angle
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Abstract : A PIV (Particle Image Velocimetry) was applied to measure in-cylinder velocity field according to inlet
valve angle during intake stroke. Two engines, one is conventional DOHC 4 valve and the other is narrow valve angle,
were used to compare real intake flow. The results show that the intake flow pattern of conventional engine is more
complicated than that of narrow angle one in horizontal plane and the vertical component of in-cylinder flow is rapidly
decayed at the end stage of intake. On the other hand, the flow pattern of narrow angle one is relatively well arranged in
horizontal plane and the vertical velocity component remains so strongly that forms large-scale strong tumble. Two
engines also form commonly three tumble; two are small and bellow the intake valve and one is large-scale. The center
of large scale tumble moves to bottom of cylinder as the vertical velocity increases.

Key words : PIV(Particle Image Velocimetry, 9 X}<34}-7-2: 7)), Valve angle(*¥ B 2}, In-cylinder flow(-H H ] W
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Fig. 1 Schematics of PIV measurement system
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Table 1 Specification of engine

Eng.. 1 Eng..2
No. of valve(In./Ex). 2/2 <«
Intake valve angle 25° 6°
Valve timing 5/35, 43/5 «—
Combustion chamber Semi Wedge «
Bore(mm)/Stroke(mm) 75.5/83.5 «—
Steady Swirl -0.1 0.1
flow Tumble 1,2 -1.3

I
Normal engine(ENG1)

Narrow angle engine(ENG2)
Fig. 2 Definition of valve angle and layout of engine
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Table 2 Measurement plane and timing

Horizontal Vertical
Measuring plane Rear.valve center
(mm From TDC) 7,19,41,77 Cylinder center
Front valve center
Measuring timing 60,120, 130, 210 “—
(Intake ATDC)

Réir § ront
valve  Cyiindery,jye
Center Center center

Intake Side

Fig. 3 Measurement plane and basic coordination system
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Fig. 4 Velocity field at early intake stage(ATDC 60° CA),
(H1) : 7mm , (H2) : 19mm from TDC
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Fig. 6 Velocity field at BDC(ATDC 180° CA), (H1) : 7mm,

TO

X
_z__l

o
gl

—

A

o

%0

.E _l

ol
o
!
o

1|

2

o

2006

i’

Sl=27 H4A H3

}

=

A SA2S]

af

o]

146



o e E=
= ™~ ™~ TS e T
o o SORSNITRE IS\ Y
(] © o - \&%ﬁuﬂfﬂ/ﬂﬁ ©
o = NN R %.o
2 k) o — E&m\&m, i ﬁ )
1o =l Yo jo
= M e M??,Uﬁ? <
i MWt e
2 123 S NN AN -
" i I
=} =] :?/////////41\\\ =
N JN o N aadaatil o~
e s P
= = = IR
o TN T T
o
¢ s € TREEEEsE
Jo
R i~ R i<
©
ot - 3 3
Lawons = =3
2 S 2 o =
VLI
& .\.\S@M 1 3 < S S
HEAA =) = o
@ @\\&Ea s 33 i3 I
AN e
& o fier [RSASNNRYERRREETT g o — o o N
NS | ‘- N2 SRk
@ o -~ [ - o
- EES N I 2o | 2o | =
g i g
T IRTTT
e e gL 55 e 5" 6 o o« Fa S
~ © o ¢ ~ 0 1w M N o ~

PUNEE L L CERSCRPRPEY. L\
e AR e RN,
cesanseceses st R
R

:;5;5}7?&, .
RSRRANII=ES S NS

ST

i e
w\\\\&%\é;éﬁaﬁ
[t si
LI

Eng.2

Eng.1

(ATDC 210)

@
s

T
R

A
i 91t} Eng. 19]
il

/%_]
=k
=

o

%

7]

ol
H
yog of

4 Al

7IE
A

=
=

F(ATDC 60°

3
Nds

5

3

v

=

H ol
T

[e]]
=

faterend

A R o
AN

10 20 30 40 50 60 70

(Eng2

N BTN L il
Ar e e e
AN AN sttt 4 rmpgrrr v«
AR £t e bttt rr e <

A N

SRERESRIIN I

10 20 30 40 50 60 70

{Eng1

V)

V)
Fig. 7 Velocity field at intake valve closing (ATDC 210°

(H1) : 7Tmm, (H2) : 19mm , (H3) : 41 mm, (H4) :

]

CA)

77mm from TDC

ol M=

2ol 7

£ HERAIT

o) 23}

o1
folm
B
N

e

of A|A18HA]

ot

Ao} gl

Transactions of the Korean Society of Automotive Engineers, Vol. 14, No. 3, 2006 147



Inyong Ohm - Chanjun Park

2
B\
g

lo

1w
e,
Iz
ol
el
a0
)
1o
Jo
of
o
1
X

il o

< 5
Iy
lo
il
ol
oo
ol
=
b
iR
P
N

N
ok
jines
Lo ¥

A
fo
i o g ot ofb o O of ot off |

N
2
‘orl"
R
ik
r
n
o e
)
Y
o
ll
ir
iy
[

Jo r
olft -
o

A

[e)

e
)
=
i3
_b, ol
Jo Jo
ot off

91tk BDCS} §7) 2
wels) 53} fARH 2
]3] A

N
LU U O A i)

g

g Hr ol Fo

(RO
i

L A A o O T P
o 0

o 4 do
ot mfo ofy
i % o
o
2
o
2
ot
o
Flr
=
o
1 o
e

oo
Jo
ot
o
Anj
=
[t
=

-
1
(oo mx off -
In]
hints
o
i)
oo
frs
>
fa
i ¢
B
ofi
ol
oo g [T

N
N
Kn}
k)
N
ok
N
2
oY
)
>
as)
m}l_l’
0
nm
o
®
D

=

=)
'y
ofjt
o>
ny
g
o
n
E‘w JE
¢
iz o

N
Fﬂmuérﬂ.

£

)
b o
i%
oA

lo
fru
oft
oz
X,
‘0

2 off
J
¢
[\

O - )
NGy e
(Lo g HT o

o 2 o M onl g
0 do i

T
&3

aQ
S
m
flo

. ot
=
hu
it
ey

B S ST

2

[\
o
oX
o
il
)
-
2
lo
f

¢

o>
o
£
>, I rr

o?,‘_. Jo

o lo

T ol ot

(2o =

i Jo M

e ot X
o
o m of)
N B oo

e K o rE &L oax

ez olN
(2 ol

Jg P
(DS
oz o
e of
§ Jr >

g

]

I

wh71]
5o] 8413 1
% Eng. 1R.T} wa] ey
CH(ATDC 60° CA) & o]o] Ay
F59 A 0) FHAHA T T 2E 5 (ATDC 120°
CA - BDC) o]0} F¢) 5§50 o3 uj$- = 27
deo] FHE frEo] FAEh o] E 2AY HELS
T AR WA BeA EASL D8 FA
2 BDCAlAE Add F4 B3t A7} wlzaht
Y 2Vl A¥Ud 4] dell vis ddv e 4
2 23 o158 18-& & 4 ek Eng 29 o]
& 52 4% W SA = Fig. 99] =A83

Eng. 2 4¢- €& F4902 X7} Eng. 13} &7
WA= HE ] SHo] At sl 914

EEPUEEREEEEE S ES BN
B Bolt

iz
Lo
ofi
i

Eng.

-

m
f

0o 2 X do 2
il
Jo

o

tlo
o,

+

M 30 g N oo & ¢

=

n= A

i

A
xo K

30,

[o
ies 2

5]

m)v
e
o
4z ¢
=2
ol
et
i)

tr

g wol:
heITh Eng. 29] %5 e % wake] f3o]
27) Wil §9) FrEe] whe A7k el 2 2

B2 HEe FAo] AL olefe] =
AT QY FRG FEo] YRES] P9} S
WA f2o) Asko) MDY FADNE P8

148 sizxi=aimstsl=27 A4 MBS, 2006

Small Scale Tumble Below Intake Valve

Center of Large Lare Scale
Scale Tumble Tumble
Normal Narrow Valve Angle

Fig. 9 Tumble Pattern of Engine during Intake Stroke
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