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A.Numerical Study of the Eccentricity Effect of the Intake
Valve on the In-Cylinder Flow Field
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ABSTRACT

Three dimensional numerical calculation carried out to investigate the eccentricity effect of intake
valve on the in-cylinder flow fields for the intake stroke and the compression stroke.

During the intake stroke, a corner vortex in the vicinity of the valve exit interacted strongly with
a toroidal vortex in the case of axisymmetric valve. But a weak interaction between the corner vortex
and the toroidal vortex occurred due to the eccentricity of the valve in the narrow region between
valve and cylinder wall in the case of offset valve.

During the compression stroke, it was found that a solid body rotation was maintained in the
radial-circumferential plane in the case of axisymmetric valve. But a weak secondary vortex was
formed in the radial-circumferential plane in the case of offset valve, because of the interaction between
swirl flows and inward flows towards cylinder axis.

The calculated turbulence intensity presented a similar trend with the experiental results but,
in spite of using the modified k-¢ model, it was found that the qualitative difference between the

numerical results and experimental results was large in the region where the velocity gradient is
substantial.

LI = - L R
P S
Cyy Ca, Cs, Cp, C/;, SRS R T Pr, Pr, ! 3% 9 OF ZHEF
1 R Ak Sty Skr S Se ¢ 2 Aol A A
J D AE e A AR v Duby whEk Sr A5
K 1 = u}eF X AlR} U; L EHEE @]‘EJEJ AR (GG=12 3)
k L+~rr-r of 1] U, AR WEY AR G=123)

Zdd gt 7 AFE s
s+ TAo) S 7)AFA, AN
wx A2 71AF 8, YEe
weex eI ER A



u : rms (root mean square )
X (=(3k/2)V)

4 DR HE S AR

w & g Sw 4 E

W, Y HAE &5

4 P E e 28

-

Hegr fE AR As(=Ept+p)
He D AR AR AF(=Cupk/ €
P D371 4=
et - WE EZFESF(=Pr+Pry)
0 0, * kSt eol WF FF ZFESF
0 FB A Ax
. M E
Wdzigel o5 e FYEES FYBE

9 4 2 AXNE 71T A dAH 3=
F83 AF AAFY sz DA dAT
AP AT g W o FAte
FES BHA g3 FdE AdH IR
Z3o] 3 d7Ae ookA g4 g4
Aot} &Y E(intake system)ol] < &)A
A AW WEF5EL 484 @)
o) Agfyd o3 BREA P dis
AL Al 8% adelth 53 &Y
TE P4 dE FTNMY RFEE uwl
A BAEE AAFe 275y AHEF
A7 #e] A$el Azs} 7l EF &
A A e vAA He] AxAE @

21714 %%ﬁﬁ%"ﬂﬂ *3"35]-‘5.— 2H/A HEF

AzAgsle fETERE WA HAE
B dRHe aﬂ] 7T Ao
d#HAA 1 ek

S L5 = Wi 2y AEdd s BA
A olr] g A¥H dFe FAH AT
Helshs Ay WE S AAEA
Azl shed ofe o] ma2A g, 54
E olF #&e Alzbsele] s olu ¥
2 E3A dediis fYEe F7E H
Aaef o] 7] f Bl AR o= A w03 4
g Ar|7h el et ohetd o EE

ozi ln: i r.qo ]

"iﬂn 7‘_—] _\_‘],5_

9] FRF dArEd A Add sl
A S A9AFES AAFo= ol gt
3 e ole Hl%}’k}*ﬁﬁ |4 Addsts 4
o] wdolzut ZAA Tl Hmg o FA
Aol AE Aol vl folst dPAF
o] 937} W2 =A @] @ ol

dird o 2= arle IR el
k-emd g olgatm vk ey THA
N AR stn Jlov ¥EsTE ol §et
T Ae k-exde ¢ @ o] YrEH
= Ay WERET AHA dEaAPeAdA
Aol A7t Frtele BeHoR ElgA X
29 = dAT A &4, A
5 a9 q % R WATR F
He dEwstE nede $YF koo 29
o] %]_u}-z_—] o= o]_ﬁg] 0) r;]_‘l—s)

2ol Sl MAA oz Ao o 5

a7sh 7I7ka B A%l WE A 2
s FA0 et FYRTol ok WA 5
= A9Y WRAER B0 BE uoh

gk olsf st F Jﬂr%‘—4 B zd, a8n
dEHAAM ] 5 Wl E ATE
3% Al glolA 25H asEe
AT glen, £3 &% BE9d 2 A
Bg A= THbd AN 2U 2 O
9ol A WS FANAA Bag 2
Az AF @ PR dzel @3 e
g8 ZAME s 434 A7t FeNED
AT

B Qo4
ol Adul WEFEF A m A ¢
d g FAME] st MR HAd"E A
9} HAEA ke ASo EQH4 B g
AN A HEFEHE HEE  3a4
ZZ | ste] y)|Re APAF OV T £33
s14] Aol B ElmA gy

\JE‘: 111 wmu s %z:;_]:

r[1 ]fp‘

-{o

2. XujE A

AA 2 WA dxgle ANA4(C gas
phase)-& 4ZaR wrle] ERHE dAAd
2ol geiH FrA WA FFE Wierh



R E J1A7 AR FHe B o]
HAdhs @4oz o A4L A4 Auy
Aol Bol=&(void fraction)& X9 3t
Agl & = 2th 9714 Boj=gold w9
Rl 717t A e Eyjel H2A Ao
Ao,

EA < o] 4 (two ohase) Alole BA AW,

NAADG a8l E5FAE 4ot
a2 AN E 92 R e A

9o & Yol ST Yoewg oy

3 FHFEE 1vsHA 23 ensemble -av -

eraging & 89 AR EL oo
ot

2 FEE WA

ap aCpU;)

Fr T Tk = S (1)

A BE A

9(pl) | 9CpU;1) :i<f1,ff 81‘)
at ax,- axj O off 7976,_
+5; (3)

Ui 2 FUA W PR

i \ok -aTJ
+ Sk (4)
9 2l U R 24kE WA

+ 90l _ ai("eff 65)

EEET®REE/ Vol. 14 No. 4 1992/ 41

=g R SR Ao gAde
Syv o g

Sy=Py — pCp€ (6)

B elsl gl Aan WRREY A
5 k-eRd g olgdE A YA
A& B¢ 203 = (length scale)7t =
lete BEdos B £ 2HE U4
AY FE vk wE B aFAE s

2AHE ABA) At H2ESY
& % Wyl FuiEe YEAHE wel sl
O BT S48 $IHE SO =
2 olg®th 44 k—e RS BF
BAUA SHE WEAS AU S€ o

or-10n|._u,

I3 2 oU;
2
— Cap i‘ (7)
BH WF 2FdA M43 B e oS
Fige
— ., (9V; U 2 ay;
P“*”‘(ﬁi,-_ M >5§‘ 3 PR3z
2 oU; ol
3 e ax %, (8)

Ao AFEdAA Alg"E Y
Table 14 ol g}k

F5EL

Table I Modifled k—¢ model constants

C“[l [ UE C, Cg Cs CD

009 1.0 13 144 192 —0.3733 LO

HEHog A9 A4 Fel2 1&g A
BAHY At #EA (¢ 4 2D 45EE



42/ X

A Cr, 6, 2) 2 AZADBAIIY ABAIA
A A e 28 Aok,

3. XY
31 My

z} RE A g F2ElE 8] 9
lae AA Aagde Ao HAulE HAFH
2 %3 AEe P vehle] BE AL
ARAHANA AGAE Fajor stedl 2 AT
A= AnAAE FAE 39 AAA &
Aolatn Z+ BE HAAE o AFHeM A
AArow AEst Al7l= 3 AHE (inite
volume method)-& o) &gl

A1 7red dol thalA e explicit scheme X
o} A]7beHA| (Gme step) ™ 2 TEE AlDF
& AT AEREL AA FE F U=
implict scheme & ©]-&310, F7tEHoll of
&A1= hybrid scheme & ©]-&3%t},

& Seo] gl = 4 e FEY 279
2ol QM= MZ o2 AojAg& o
oz dag v o FUlstn 2B E
T S AA AL AYded AR Tl
wEs e sAl g Ay £EHE Ad
g Eysat BIEe] 9. g gE A
PR ol gz H& AZE (staggered )
ARNAE o] g5t

TE ge -5 A2 BAES A=)
3] PISO ¢uE &% ol &3t Hed &
A FoljA] o] &H PISO ¢ugF e A4
F4.g ol m WEAM AFE £ F 3
e gz EozA & Ade 7 AEA
(time step) &< A< o =97 (predic-
tor step)9 2] EAGA (corrector
step) S 2= time marching el th

3.2 ARMM LU HAHZA

Fig.1o] Uehd 4711 44 F4el o
8 AAAE 7280 3AH(BDC) =
gyle o] dEadyd 2% dd4ad P HelMe
ANE ez gtk B 979 A4E

~Eel WF B g met AAT o5

7] W2ol WA Ziwe] wEt g EE Y B
Vool HAEHT Ato] gHe] A @
H g dxF g mE AAEsE A=
e ¥ ZRoPdA AFes zddc v
Hel] A28 W F AANH LS A A R/ A
et

Eivi R i

A
=
A% Atol7t Fhke WEHF

(a) Axisymmatric valve

(b) 0ffset valve

Fig.1 Calculation domaln

J=5 (14206

J=6 (14586 J=4 3714

Je3 71
J=7 (1.4857)

J=2 (100007

J=13 <1.0000Y

J=8 (14857
J=12 (117142

J=9 (L4586
J=11 1.3714)
J=10 (14286

Flg.2 Mass fHlow rate distribution of the
Intake valve periphery considering
offset valve confinement



Ay Aozt 9E Bop ddHoz g 0
ot uwelr] olgl o wivol wAEH
zE ot WHEE F3F d ZFiake] W=
F Fig.2 9 &2 #¥2 WHe d4
7 A& dMY S Aag o] 7Pt
9—1 ArAddEct Ad 148578 Fx A
o] FU/PBIESE Aglon], Eg PYH
of mepE WH &AM fEFRE
7 g =8 A= gk

Fig.3& WE Ao ufg YHE T&
FHEg ez slth Hag0] A E
At Aol AZHY FYAAAA =
2] W aABe] Aol did WEFEE
Hatef] =A Oﬂ?ﬂ—: oA o, oA’ F
Foz FYWY WdME 2EE F% F
719 9F842 2 7 duh

811 o|Esl= AA el ] A~E #Hew 1 o
2T B& gule AHuls, EdaAdAlede A
2Ee WAL F uhE AEn] J fep Wy
Ao} Al 2JsiA WHE Fa&l F7|7}
FUAH=E Shed £2H& w30 AAHAA
o £xE (o2 AHgon, ¢l =
HaE dle 9 e dwe] AAEAS g2
T Huderl AAzALR FARNEE A
st HaEBe] AEFEES F5F W
aHIFET, 2 F4EH A HAE =g
HEE 002 Ayse Aol ddsiA= 2
AekE 7RgolAY MRS I ad 0.5
=2 A4S Ave ¥z 122 44§
A9l #Me a7t F£3] 3, YHE T

o off Mo 1B U ap =
~
_0.

o do IR

"

o '}""

0.
P
L’I. %03
boowd
; [TH

L] —
—eg A r—r-—v—-r——r — T T

[} « w 00 "w
cronk angleldul

Flg.3 Mass tlow rate through Intake valve

BEBEIT#EEE/ Vol. 14 No.4 1992/43

EFYe-Fol AAl FEA el AMAA FF
m)X 7] mRel o &3 AE AA ¥
a'iOi A 2y

mlo to rgk

EQFEE 9 wWHo
B3t 310 Bol mebd ARIRE LAEA
B B $A NE ATl 4FEY &
= W@ @R £Ee vizA FARe
dopE 4z 27 4Assn. o
WAWY SRk FYURE S fYHE
A Feael] o8 ZPHL,

4 HitED B DE

B g3 A+ Table 29 A3 A=} Fig.
19] 4717 944 942 Adgdez )
A3l FYPAH 2 d2PAF +FF 9
glo] mlA= ¥WHo AYEHE ATstnA
o, o7 HAE de=rt FFe B
el flgeabel Zbkol] tjel 156X 14
x 229 AAAR FAHHHE, HE-FiE I
zo] AL 15X14x309 AAAR T4
Ho, 2ed 2 el AMEE dFEY
APOLLO DOMAIN 4000 e2& 15X14X
308 B E—-s=F o] AR A &
A9 50 A1ZF elake] MARAIZEe] g Eo]
HAAE A Bdl= del o3 g-e] A9l h

FH E ddAe AlEES =48 Az
1 =(rpm 250021 -+ 0.000066667 sec)=
A ed AEEE 9§ AEs 3=
z} 0.5 =(rpm 250041 4% 0.000033334sec)
Q1 RS9} ulwate] e FErof Ao o]
7F EE BIE & A

FAsa ARete] HlwES 9T AYARE
WH 7l HAEA] ot ALel= Bicen 5%
o g7, ¥Hy)} H4"H A $ole Arcoum -
anis 'V ¢ A%E o] &3}, o714 Bicen
59 dF287= d¥E=7F 200 rpm ©l 1,
WHYekgo]l 6mmyl ZPFZH ATDC 48 =
dof AU J=2Re FHEeZ 15mm
dolzl vk Hdelxe] £ ST
2 WFZEE JeEhi®, Arcoumanis &
o] A3 dFE45%=2} 1000 rpm 3 2500rpm

b



4/ X -

Toble 2 Engine Specification

Flat Piston

Bowl Piston

Bore (mm]) 73.5 73.5
Stroke (mm) 70. 0 91. 53
Connecting rod length [(mm] 130. 0 130. 0
Compressing ratio 74 7. 4
Clearance height (mm) 10. 9 10.9
Engine speed (rpm] 1000, 2500 1000, 2500
Inlet valve opening [deg]) —14° BTDC —14° BTDC
Inlet valve closed (deg] 228° ATDC 228° ATDC
Maximum valve lift (mm) 8 3125 8 3125
Valve seat angle [deg) 45° 45°
Valve diameter . (mm ] 33. 25 33. 25
Piston bow! radius  [mm) 16. 625
Piston bowl depth  (mm) 16. 625
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