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In-Cylinder Swirl Generation Characteristics
according to Intake Valve Angle

Inyong Ohm and Chanjun Park

Abstract.

Two engines, one is conventional DOHC 4 valve and the other is narrow valve angle, were

used to compare the characteristics of swirl motion generation in the cylinder. One intake port is deac-
tivated to induce swirl flow. A PIV (Particle Image Velocimetry) was applied to measure in-cylinder
velocity field according to inlet valve angle during intake and compression stroke. The results show that
the flow patterns of narrow valve engine are much more stable and well arranged compared with the nor-
mal engine over the entire intake and compression stroke except early intake stage, and very strong swirl
motion is generated at the end of compression stage in this engine nevertheless using straight port which
is unfavorable for swirl generating. In the normal engine, however, strong swirl motion induced during
intake stroke is destroyed as the compression progresses.
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Fig. 1. Schematics of PIV measurement.

I,

AN

nm, Spectra-Physics) HO}AH & o] &3t F 7H¢]
W FE ATAE T34 T84 2ARIY 2
A glolAel o] AdEe CCD 7heh(Kodak,
IKx1K)E #4950 PIV 237]|(Dantec)® HjA
A& AR (cross-correlation) o8 S8 A4ksit)
(32x32 pixel interrogation area, 25% overlap, and 5
X5 averaging area)

Algol ARS-E UK Al ¥ XE 548 Table 1
o JehiAZ 7t 278 & 9 A7) Table 201
ERAATE. Eng.1& B9 A8 g ©@rgeE
A2 20| Eng2e Eng. 13t 5U3 83< 71
o e Zink gej gt

Fig. 20 B il dzle] sHepes) HE Zbe
AoE Jelded HE 722 Y F

?l Eng2& ¢ WE7 Aol 7HA AFENSS
oju| g},
Aol 4 45 1800 RPM, §7]#e) gL

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 -3.3 22
Flow Tumble 2.12 -1.9
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Fig. 2. Valve angle and layout of engine.

Table 2. Measurement Position and Timing

Measuring Plane (mm from TDC)

7
19
41
77

Mesuring Timing (Intake ATDC)

60, 120, 180, 210, 240, 270, 300, 320
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Fig. 5. Velocity Field during Intake (ATDC 120° CA), (H1)
: 7mm , (H2) : 19 mm, (H3) : 41 mm from TDC.

30 20
X pmen]

-

157 ohFo] ZAw oAl F9 Wue
ok 2= ¢lr}. H3 HHe) trj=d
3 ol Fuls Jep o5
Adrie] Z4lol 9x5A D). okp
3 Mske A ARdAE WE S| PN
27 &% B o) F fFo] BAH T A
& Bxe) BFyo] AN okiel
ol z e orA Ay We
B2 3 AHseA 32 FEo| €

2 b
N
o

N
=

7( [e)

q

i
=

7

=
2 o

o

N,
i

2

£ B

1

o o 2
2

o
I

2
-

>

7

ooz N le o doopl

1B
b N ofi

o

G ool o
o
fijo

o

$- o] Al7]e] el28ME AJAE A
SHRE W3] FE fEol F716A
WS B 5 Atk 29
HH o] HZo 72 Falo] XA 3] A E
Qo wa vwd £5% Eng 13 g2l A B9
o] ALS & & Uk
AxH o2 oFe] FHE 7Y
FE BadEo S & 5 3

)=
oy
[e]

L L 1 L

T
X gy 10m/s

(Eng2-H1)

W\\\

FRFRREONS
e

(Engt"Ha) X" qom?  (Eng2-H4) X o
Fig. 6. Velocity Field at BDC, (H1) : 7 mm, (H2) : 19
mm, (H3) : 41 mm , (H4) : 77mm from TDC.

%0

o} zevh 94 Hidl M E I8 £ 28 R
737307 &% S LR

F-A1818 Eng.19] H1 3
AR F2E YERIL ). o] 2 nFo] Hol HZQl
Eng2¢l 7% -5 A7} Eng.19] ®le} 3HH o=
Rk F A vFERS-E ThA] $hH ER1E = Qlrh H3 ¥
Hel] =g f52 o= A& H=d duY o5 A
g HAF et 2 7R Bee s A
9] FAlo] o} A-T ] FAFEA AX|SA Kahal
7] EE Zo7 X9-HA o] FAErh

Fig. 6& F2~E°] BDCY =39S we &4



F @8 e uhE Ao W o w2l B4 83

Aspolth TglA B £ Y%
o] ARl #Yshs Hi, H2 BRA &15F0]7]& &}
Agr AFe] FHo] F WEe

o
o3|
=

0

s
ol
o
>
ru

Zoll A+ e frEol AFHIL AUtk 53] o] 3
Hell e A3 5 o] BF dxle] F59 A
332 Sich. H3 WA 27 T

Z4o] Al Adzle] E20= o] F3I AL ATDC 120°
CART} o] el {52 23|8 AEHE Je7t &
g BoFa Qe

g Ady A fE5HA)E FE Adst
7] FE FeE AU d=d 2N veldRel

A el F2 AP = oz T2 73

- To

e

A
* 2 73
9 FY 27 % F20 vlwd Z AN EY o
Sol §43] HAHIL USE BAFETh
Eng.29] 74 A7re & A= F71oA 1)
02 duHA FEe FE5Y HEEEY ol
A - dE diEeE B 5 &
o

A 8397 9l
Z
R
s
al

jan)
[\o]
o
g
2
X
s ¢
tot
)
ofN
af
o

Az1e] TS0 A%
o157 22|32 H3 FHAAE IR AFe)| F4lol
ox1gk obF7t #HAHY ded o]& ATDC 120°
CA0I|A 9} vl FAlgE xo|th B3 AT 9] 71
-9l HA HHoiMe 2 S0l A A-ue F
Aol e 2 ANE oFr FEET A ol F
2§33 28 Eng29) A5 F71 9% F AYd
) 9kFe] AFe] Al FR7) wghe] glo] & A4
A A2 2= AU o2 4rE eyt 5
ek o F77t EAE pAge] ALY olERE
o) AUE JAA) A Fo2eg oF f50l EA4
gt Wk

Fig. 7& &7] "B} A9
BDCE At} thA] 45312 2

Axle] &4 27ie] & Fa) A
RPM, &7 HdlY 50 kPa¥e
A} o] A717AlE F7] #doivt 5
718 £ S5 givkal Bolor & Aol Q3
7] Zo g ofzke] RVt WA el
214 o] - BDCoIA 9] &M slaE Rt ozt
33 1 9o Ay fEol HEE E W
& gl AFoltt. ozt A £ W o] A]71¢]

SIREL JEPS N

o o
2
lo,

i

5‘0 5
10m/s

UL
G

A
50

L I e B Y
(Eng1-H4) xem  joms  (Eng2-H4) xem  qomyg

Fig. 7. Velocty Field at Intake Valve Closing Timing
(ATDC 210° CA), (H1) : 7 mm, (H2) : 19 mm, (H3)
41 mm , (H4) : 77 mm from TDC.

= A7} BDCAAM 2] Al ZA thEA] ¢ 5
© 743 X

o2 ot BY o YUYL FFE F AT

2 Moo

S0 B¥7) BDCHETIE ZF O
Y8 A7 E3) H2 Bl 1 S40] A A
9 43 dAshe o7 B2 283 H3
W} He BH-E BDCSH o fARSH HI HH=
BDCelA9] HI, H2¢t w]% fARSith o|2Ro}



84 g -

BDCAME H2 HH ulg olfole & HAW o7
F&o] &gt Ao

Eng. 28] 7% v 224 H1 HHA o7 AFo] B
FE 3 o o] 9FE AR AT 1 H4e
A% 02 4] A¢AA ASE ¢ F Aok H1 F
oA A 2o] A 9F= BDCOIA o] HHe) o}
oA FHEHAD F-50] gL Aol wet o
HHoz 2y o FFH Aoz wodn) H,
H3 H4 BANAE 2 24 9xe 27 A g2x)
Al & HNE o FrE AT Qle o)gA HY
9] ofgf FEoAME & AsME 77 FAHE R
°] Eng.13} 72 Folgt & 4 Ut

3.2 8% 8 3 AR
Fig. 8& 5 £7] T4l ATDC 240° CA%A1 9]

£ Bxot}.

I/
o

IR

22

it
o2

A

o
ANy s
i 8

7S

1172772,

NS s
e

RS

200

ELL LY Ié}///////
e

L

s L
50 3 50

(Eng2-H3) xim " qomid

(Eng1"H3) Xm o

Fig. 8. Velocity Field at Early Compression Stage
(ATDC 240° CA), (H1) : 7mm , (H2) : 19 mm,
(H3) : 41 mm from TDC.

20| XY HA Eng 18] HI HHo) Ays] 2
AEd f50] EATE & F ded ol AIDC
210° CASllA] H2 HHel EA8Ad f50°] 4= 2
ol we} o] FHR =93 AFZ AgEo v
A H2 B¥e] AS ==Aqd 50l 27 ZEH
A AFAE HAF At o] GA] o) Al7]e] #
ZAHAA Adr] st B f50] o] HA7A]
g2kl #2E Ao JuEy, Eojd AL FY B
7\17A A% of A HAFEA gghd Ady
oA 238 2 HEH o9 Aol BEHI

e Aol ole 2 Aaol wal Ay s
50l 57 Wake] Y AR TAE A 6}
B3} 2 Fo2 ZolE W dFE B tgo B
=21 53 S5 4¥o] 939 4Un Mg B 5
WA RE WP o= Wk

Eng29) A% oi7s] & HER 957} AUy A

SIAY 77t el of3l olF e Aog drkdr)
H3 F¥9] #-52 BDCSH M| 2® o) H=o] 2 |8 73
B2 e e 23 shHolA
o] vpg SO 7 o F Wk £x7
Fdo

Fig. 9o 0] A33] A" ATDC 270° CA &
743} BTDC 90° CAllA £ 3 475 TAstAT

o] A7l thE BT Al7]e] Hl3 FEle] PHEE
E7Jo] St} Eng.19] 74 H2E A5 R Aol
AR SN2 d=d o= AAY Sl EAsid
}F7F ofgt Fito] &l o3 o] HHIA] w3t
31 o] Pl ERstd o Fe H5ol Erled d=
o A4 %0 2 olF3H ] WEoE W) H3
WA= o] A719} viszgt Fejolu Qi F)
Zof|lA o]l ¥ F =)
o) wg}t 5] 54 B3I AR 32

2ol olal 5 3

*
N
jzu
)
% fru
fru
>

o
1o
4B
Hi
oX,
de
o
of¥
S
S
R R

EELS

Eng2¢] 7% 4%9l 9% A 4% W] o
6% FAL g & £ ek ool FHe
37) o) AEel Y ol dud ol e @
24 o] Fig2 of trehd wjs} o] wj7] 2] 7

—



NS v s

AN

SIS

T
SRS
et s

W
B oasssooe
P ey
el T

ISP I
s v PP

(Eng1H2) <immi~ som  (Eng2-H2) xmm  qomd

T TR T
56

e sy
(Eng1-H3) xem  qomiz  (Eng2-H3) X qomjg

Fig. 9. Velocity Field during Compression Stage (ATDC
270° CA), (H1) : 7mm, (H2) : 19 mm, (H3) : 41
from TDC

%1 Fejol7] g 5] Faol dEd AL
e} Eng29] A% oA A7l #FHU
Hgde] f52 olv] AL AYS Ao #
H3 99| 7% Eng.13 sRIZIAZ 9172
AU glovt AA] ol Alle] #Ydstid
¥t ol g BadaiieS ¢ 5 AUk o]l B
Eng.13} "B 2§45 X9l mE 3 o
B 2h 2 95 BE o8 =1 ek
B gy A el Sle & R ¥
o] P& 2 AHE AlgErh
Fig. 10 33 27]el siw3l= ATDC 300° CA(H
3} BTDC 60° CA) 8] X Fig. 1191 ATDC 320° CA
(33} BTDC 40° CAYlIX 9] 7% A8 A8t
Eng.1¢] 73-$- ATDC 300° CA°IA AT A HI
WA e A ASHA 5L 1 ok H2 ¥
Hol A ATDC 270° CAS} H3 B9 53 FA1% &

o8

H
[=]
ey
=
=
=

% I

85

AR N
¥ ot

JINRCNRANSY

JSSRMRTRANNY

il
56 80

(Eng1"H1) <l *  jom  (Eng2-H1) Xt ™ jomid

(Eng1-H2)  xtwi " qomd.

(Eng2H2) X" qomd
Fig. 10. Velocity Field at End Compression Stage

(ATDC 300° CA), (H1) : 7 mm, (H2) : 19 mm
from TDC.

I s

L
50

(Eng11zH1)zo R 15;;"75)“ (EngZ1fH1)m e 1.:.&;;

Fig. 11. Velocity Field at End Compression Stage(ATDC
320° CA), (H1) : 7mm from TDC.

Bje] f-Fo| UhHET}

I# 3 ATDC 320° CAAE 977 A"EAA
U o} okslA AF Tk T Al79] Aiket 39
ANE TS Eng. 19 S AF P4 2719 A
Al Aol g ofrE EAEl T HEE £
F 3 o F7E EAlEhY sPHClE oRUF A W
312 etk 4F T uet A Y AR o F
£ E=e dad 9oz olFsty e A%
oFgt o}y EAlsh 28w A oA
57t AT o] % o] 1§ FdFH @l =
s AAd e ohFEs Mak 2gEY o7 A
AAZ ZR91% = 2 AR o] BEHA] sk
ooz i ASE sheA ERAE gk Rk A



86 gt -

24 AAY e} 2] 9 Fol At ¥Fo] of
Ui #7] Yol o7|dle f-59 Helg F& dE
W 9 2uF Fo Fo] EXBIER o] 7Hdoz
oM 252 go) &HE Aoz A o] of 3}
o f5 ASsA 5% neE DA
ATDC 320° CAS] Z3=z F24) & u] Ay 4%
9] 957} okl o Bol Q3|F o] LEHY W
oz ALY ol oF AT iRl AoE

g

e o] £ Al7]ol Eng.20lME ¥ Awiel &
FRE S 73t o7 EaE o] Ao Ao 4
et $§ste] I3 BH Eng.29] $E Eng.134
2] §9 WINE A AU AA o F Asel
Exgit}. olo] S Z7)d AR oFE Az
YL AFol MAFox o] FRE WA A
4 A€k ATDC 320° CAIAME A= Ao
&8 R EAlsE A o2 Bol Aade] 2 |
etk 7Hd B3] oJ3) o)) Aol FalFSI=
E7st Aoy ofiFe] ofel 5% W] o
3 e R FAHEL Aok shd.

N

1) &9 271 9bF9] ok B459] dzlelA o
Z A

2) gzt oM e F9 F718 A 9F 8
Ei7F At e] AR vehdt

3) BDC =&3td gzl e 2 dg3l o /ot
A AA ] EAhT B A AAY G E
S+ FRoX e o Aol BEEARE sHtollA =
bR f50] TEEA e

4) FY B4 Drld 7 dRoM & 73
@3t o7t AU AAo) EA5h) B4 dA
Aol e} sholl Al g ol f A5 o] E413)
7F FEoe d=E Fele] ofs veRd).

5) 45 BA 270 7t AR AU e o}

p=

flo m
ol >

R

F A%l ZotHe v FAARL 4R 94F A4
2ol 2853 B ¢l 2R 238 ddd 5}

FollA obqrb A=

e

7 4% 2] Foh 49 g2 Aol Aad 4
Ro F T 9 SR EAsHE v B A
Aol e ole)sh S

8) UBHA B A= & AZANNE B A7
2 9% AFL Holt W T AWAME ht
Aol 2@ AL IS oksh] EAlGTE BeEc

n_)ﬂ

rot

=

1) Ohm, I. Y. and Cho, Y. S., 2001, “Mechanism of
Axial Stratification and its Effect in an SI Engine”,
SAE2000-01-2843, 2000 SAE Transaction - Journal
of Fuel & Lubricants.

2) Ohm, 1. Y. and Cho, Y. S., 2001, “In-Cylinder Fuel
Behavior according to Fuel Injection Timing and
Port Characteristics in an SI Engine : Part I-Without
Swirl”, Trans. of Korea Society of Automotive
Engineers, Vol 9, No. 2, 19-27.

3) Ohm, 1. Y. and Cho, Y. S., 2001, “In-Cylinder Fuel
Behavior according to Fuel Injection Timing and

Part I-With

Low/Medium Swirl”, Trans. of Korea Society of

Port Characteristics in an SI Engine :

Automotive Engineers, Vol 9, No. 3, 9-17.

4) Ohm, L. Y. and Cho, Y. S., 2001, “In-Cylinder Fuel
Behavior according to Fuel Injection Timing and
Port Characteristics in an SI Engine : Part 111-With
High Swirl”, Trans. of Korea Society of Automotive
Engineers, Vol 9, No. 3, 18-26.

5) Cho, G. B,, Jeon, C. H., Chang, Y. J. and Kang, K.
Y., 1997, “Characteristics of In-cylinder Steady
Flow using PIV for Different Intake Port Geome-
tries in a 4-valve Gasoline Engine”, Trans. of Korea
Society of Automotive Engineers, Vol 5, No. 5, 188-
196.

6) Lee, S. Y., Jeong, K. S, Jeon, C. H. and Chang, Y.
J., 2005, “Study on The In-Cylinder Flow Charac-
teristics of An SI Engine Using PIV”, Int. J. of
Automotive Technology Vol. 6, No. 5, 453-460.

7) Lee, K. H., Lee, C. 8., Lee, H. G., Chon, M. S. and
Joo, Y. C., 1998, “Spatial Analysis of Turbulent
Flow in Combustion Chamber using High Resolu-
tion Dual Color PIV”, Trans. of Korea Society of



9 9 7hd) e AU ) 9hf 2 54 87

Automotive Engineers, Vol 6, No. 6, pp. 132-141. 10) Park, J. H., Lee, N. H. and Choi, K. H., 1999, “Analysis
8) Lee, C. H, Lee, K. H. and Lee, C. S., 2005, “An of In-Cylinder Flow Fields using Particle Image

Experimental Study on the Flow Characteristics and Velocimetry”, Trans. of Korea Society of Automo-

the Stratification Effects in Visualization Engine tive Engineers, Vol 7, No. 4, 46~53.

Using the DPIV and the Entropy Analysis”, Trans. 11) Park, J. H,, Lee, N. H. and Choi, K. H., 1998, “Analysis

of Korea Society of Automotive Engineers, Vol 13, of Spray and Flow Fields for Development of Spark-

No. 1, pp. 9-18. ignited Direct Injection Engine”, Trans. of Korea
9) Lee, K. H., Ryu, J. D., Lee, C. S. and Reitz, R. D,, Society of Automotive Engineers, Vol 6, No. 6, 202-

2005, “Effect of Intake Port Geometry on The In-Cylin- 209.

der Flow Characteristics in A High Speed D.I. Diesel 12) Ohm, L. Y. and Myung, C. L., 2002, “In-Cylinder

Engine” Int. J. of Automotive Technology Vol. 6, Flow Measurement Using PIV” 2002 KSAE Spring

No. 1. 1-8. Conference Vol. 1, 80-87.



