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An Study on the Optimization of Sub-chamber Geometry in CVC
with Sub-chamber
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Abstract

An experimental studv was carried out to obtain the fundamental data about the effects of
radical ignition on premixture combustion. A CVC(constant volume combustor) divided into the
sub-chamber and the main chamber was used. Numerous narrow passage holes are arranged
between the main chamber and the sub-chamber. The products including radicals generated by
spark ignition in the sub-chamber derives the simultaneous multi-point ignition in the main
chamber. We have examined the effects of the sub-chamber volume, the diameter and number of
passage holes, and the eguivalence ratio(®) on the combustion characteristics by means of buming
pressure measurement and flame visualization. In a CVC, the overall burning time including the
ignition delay became very short and the maximum buming pressure was slightly increased by
the radical ignition(RI) method in comparison with those by the conventional spark ignition(SI)
method. Combustible lean limit by RI method is extended by =025 compared with that by Sl
method. Also, In cases of changing the number and the diameter for the fixed total cross section
of the passage holes, combustion period increased significantly at a sub-chamber with a single
hole, but those of the other conditions had almost a similar tendency in the sub-chamber with 4
or more holes, regardless of equivalence ratio. Therefore, it was proved that a critical cross
section exists with the number of passage holes.

F271€8° (Key Words) : Radicals induced injection, Sub-chamber, Passage hole, CVC (Constant
volume combustor)
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Fig. 1 Sectional view of the constant volume
combustor and Schematic diagram of experimental
appardatus
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Passage hole/
12x213 =

4x021.8 8x21.8

(b) Dv=constant

Fig. 4 Varation of Ny, Dy, and A, for the
sub-chamber of Vy=4cc, Np=12 and Dy=1.8mm

Table 1 Parameters for the geometric shape of
sub-chamber (V,, and Dy)

Fuel n-heptane
Initial pressure(P;) 0.5MPa
Initial temperature(T;) 403K

Lean limit,
Equivalence ratio(®d) 0.8,

1.0
Volume of comb.[Main(Vy)| 487cc
chamber Sub(Vy) | 22, 4, Tcc
Number of passage hole(Ny) | 12(fixed)
Diameter of passage hole(Dy)] 1.0~2.4mm

Table 2 Parameters for the geometric shape of
sub-chamber (N, Ah, and Dy)

Volume of comb.[Main(Vm)| 487cc
chamber Sub(Vy) | 4cclfixed)
Number of passage hole(Ny)| 1, 4, 8, 12
Diameter of passage hole(Dy)| 1.8~6.2mm

3. 434% ¢ 13

31 A9 AFHV) 2 ARD)Y 98
B Adode @4 gzt §55¥ A HRadicals
induced Ignition, 3} RI) 71&2] B} Yaa 7

9E Aote] BAg AAD Y F FAYW EAs

WooAubrie
[

L]“: :" 1" Ayl o g

Lty s
HEG TR BRI 4 o

Aol aatzig st d el dS-(conventional Spark

Ignition. 13} SDell4 488 wWdlsled 1 AnE

ALGPNTAY AjttolH & metdly] gislo b

&3 ol Heolstdch Oms Algol HatA7)olni,

1 EdE AFAERAE 2l dr)]

M), aFagiEel e 4ssted AL

17H1i0), 1096904 90%574=)

e 285 AR FIALTIHI vl s

7t Aotk =Y AdAHILE(P) TEA
718 daFaAReR HEsAn”

u

z
T RI 4o dad &3t

~N

Fig. 5 & M4a7
A& 27124 Pi=05MPa, T=403Kel* SI =24
7} Rl W49 Ve=dcc, Dn=18mm¢ 2% F49
QA S vawsto} Lhehd Rolch

&

sl §

E -

f n
. 5

2 A

s “f g

3 " o4

2 LI NERAL

- o s

4 ® o 4 =2 D, = 1.8mm

= * o 4 s

€ Ll B n = R, ¢=1.0

3 = ooa 2 o R, @=0.8

] -3 N a sl e=10

LIt L &
L MAA 4 S, o=08
) A M 3 A A
0 20 40 60 80 100 120

Time after spark discharge, ms

Fig. 5 Comparison of exemplary combustion
characteristics of RI and SI method according

to equivalence

.84 Tghrle Fake] 0=08 1.0% 27
A S1 wAlel A4S HEAAZIZE 17t 24 2ms,
10ms A% 4wk Rl WAl A+ 747 5ms,

Palol A Hzol Hagx7t
2A URe 2PdE &8t 1 A7 74

SI wAut SEds A4S Fuske 271899

o

g
@

ot
it
2
T
fru
=
ok

$ 29 R WHel A

—)l\~7lz}(-[l’m:»\)'i°: SI uol)‘\lo‘] H] ‘8}'01 (D:OBB]' 100“}‘1

ot o S0%sh 5% WE AA BEEE ¢ 4
[2)

og AxHnerel



[ERNRRIRSE

In

ojgh ol

e

ke

T

phimat A

EEL

7]
a

7}

Sh Ao G al A 10 ¥ M2 (200575
>;/}

t

(o3

A6

2

(o]

‘.
v

HE =

1

® R
o T A
: g ooy
i & A g 4 a
] = B- < (1 m E
ﬁ & 2 % < dids
® T oz o « D w m m
o) ) 2 oo N & Y
ny ‘ﬁ. . T
= w
“3 .m W/ ® N k, (@
m o] .:_ _17 ™ m =
e M e o b
g T 4w
= o
k= T 2T 3
m ‘md 0_ .mM -~
A B o
— "oRe = ™3
24 ¥
k=t an 2R L -
E Yo »
=R g
= T < g 8 3
s b} of ol SWL *UONKLND UOJISNqWO)) Sut ‘uo)ILINP UONSNQUIO;)
n a- G AW
¥
=
ur
|5
g g @M RT T YN BTN AT OHm o = T
g F . ® o & B W 7 OF M Tl — TN R o2 TR
. 6 LT mEPernR,, TH ST T g Ew T
g 05 TeFgy  TRITDT L, DM, ST
Pl 4 —_ h o 172 13
7 _ B ™ B B T V;,.“ R A= z .M_» gy = Ay TR )
O T f oo B R Ly YN E R e -
E T 2 E M ERT L e T e M Ny T
= Fo P T o~ W = 2 o o< i > i)
5 Pzl ¥A L _TFEhs X dvw e d I
- = oy DT F oo ST K T
- - = B S L, % L e Loy o R N o)
5 By % Jr X ™ wWgh P 5 o= ool o O
& = wom & Mo = e T t- I = iof
= —_ ‘_.r_v_ - mﬁ T o -.,,AT Ip) n.,.ru.w r e e \OLM .._lo.m w.ﬂ_ TO 4 X ok Mﬁ X
$ 3 BT 2 -l W T R #yw. T T R
E ¢ mﬂﬂﬂu@w@o};mwawf,mﬂa_ﬂ.:www@ﬂom
b o = T BT ow o N ol A Mo o2 o~ — 4
2 3 T g e T ﬂ woA o B e A o K EP T &
M 5 — T g mE ok ooy B N W N AR TR s o T o BT
Mm w o ™ .z_m nr B To A do = B Bl L= = 22 o g B
= Mo I B eI Vi B m‘_ S EE TS E D
5 by o L= g oo og e Moo= N
g g % o ok 3 T T o 5 <° s B oy T T 4 oW & o
s 3 Ema o e ™M@k o~ 08T ®E T B L
2 lf 2 LE_Rmadomodoa dE e xeE L g® X
) e S R FEa TR 2 _wwd oy
& 9 ET@womawawmEddq eyl T Ty
P S BRI T oMo B BT TT A Em A E R S B

RI1, Tcc

RI, 4cc

RI, 2.2¢c

Si

Q

gekd)o] wjgld s vhA o]

Q.
<

4%



6/= 2

Mg, 7 Betails of combiriion duranon with hole
diameter in each volume of sub-chamber

Fig. 82 RI W>ol #ut7taAg e} shidol n|
AT FE e el Swlate

A9 397t o gl 01~025 B Bs)

l" = O
e, ol 2 #HHe Fddy 11}2 o 3
7} &103*} A]-q]xlog Qoﬂxﬂ,}ﬂ‘_]ﬂ 71 SI uoL
Al o]

I oolal 24 JelA stgsl Wizt o3 Ay

Heol FolEa, PN 44D o LelifAlv}

FA W FLERIY &Y Fhel AFHoR ¥

w50 27isd wag sy wroz Az

"tk ol tiEe §Y F4A™AM DV F

£4% subvld it B3d: Age vk,

ol FY FAAHAM ANY 2o %9 3y

olgty ¥AgtE FHo HUELIY FIFE o

ARFe) A7 Faol A% FERLs o2 A

TEAT Aol gy gFde o8

frelsiA 23] geog Mg

N

Eorf A\‘i\ Al

£ : /A—A/ A A/ ¢ A

2 ; ;

P ovsL : ; \A/ B A/

= ' P i

% : : g

3 H , ;

] ost i i

CS S| ; R, V'=2.2cc,’ Vz=4cc | v=Tee
oabeuta 0 o4 N NN

D,=1.0 1.51.8 2.1 10 15 1.8 21 15 1.8 21 24

Fig. 8 Effects of hole diameter and sub-
chamber volume on combustible lean limit

3.2

2

gE M), FATAHE (A) 2
73

(Do) 3%

Fig. 9= 4379 7Mest 1% ¢ aad o
FE B Betstyl A Visdeo, Na=l2
Dn=18mmel 21§ 71¢oz d5F dxya
2ol T(A=305mm")& A AtejelA Aty
Mg WY BH@ aFF
1.8mm)& LYY HejdlA AsE %73?! 3%
(bl dial) 28T AaE 2FA4EZ Jehy
At (are) Hge] e S g

>

rlr

Hohe @417
o] #ovt 2 zo| vgjME Ai7|7ro] By
a7 Zoj=zla lizd] ol @bl vt Ao

Zobd W opuler Habiol
Hoy welry 1efu vkE
: Ae|shay dakuiol duglo] SI walel uis)
2

= A
d A7E 2 5 Yok

o

[

0.2

A =constant

Veace
P=0.5MPa
o T=403K

Mass fraction burned, MFB

i L H
) 20 ) 50

0o

Time after spark discharge, ms

(a) An=constant=30.54mm’

Mass fraction burned, MFB

i

1] 20 40 60

Time after spark discharge, ms

(b) Dy=constant=1.8mm

Fig. 9 Mass fraction burned with the number
of passage holes in cases of Ap=constant and
Dn=constant



Ao Y ety A10d A2 3(2005)/7

TR TR X _ g FYMTRTTEH T RO BT K
o K B m m Jae o B B T oIk R RO 4 o Mo R TOUY G R
- " ~ ¢ ST T s e ~
R4 _ SN £y Lehapfedcy JAFluv®dx ks
Q e Lol [ k-2 p —~ fi —_— (]
S 1 ] 8 g — o — =
ot g O T R § o 3 x B9 As £ EE =TT _Mn 2 Mo e o WD CH)
< om a2 81 3« 5 8 © ! J = T odo ™ OR do
S0 & W2 E Te8] of < 117 232 wRpgIx FTETMTFELE 2T+
n.\u Ho TN % = >"a e Evoo2 o’g o 2 W & h[ i @ru wo NF W ol _5“__ ol m.. 7 @ .M_ N m’ \N‘M
; _— . - wa B @ -, - - XL —_— A I~ -+
B T G : of | X & S & T W A ook g T o T 7o S| i T oy 7
™ < W T Kl 2 = % hri P_a T . — ™~ e julind ﬂi .AT
woSg ™M : L 1M & o2 TR _®wuTFTRXIgU g NT o
‘‘‘‘‘ f : : _= _— —_ .
_W_Ll%u,m,mllu. m /A -am.m g & AT%m.mﬂ_.%Lﬂw*naoMHQMHNNM@‘LMLM]ﬂ
- N = b Ay : o 2 o T = T ._t | zT = = } - T == A
2 = w0 B H | 5 ; T > o 3 T B o R
n@ﬁoﬂlﬁﬁ w A/ 14mh.m mm ﬂ%%m;%;ﬂ%ﬁ%ﬂ%qmu.dtl1m
I A N S : : < 3 o O - ) ol O# ol = ) _ L N..o ) = T 9
P - R m cq 4z 3 _mn.mrﬂ'@ g o unv o W oo m W 8o R L oo Mam
W ooy 8 : p g BNE LT o T4 w oY
SN X = v #& £ 05 R 1 BN TN = ST AR R < T W & N+ = w —
Tg W e AT ,_ , _ Sy L@l BIEVaRFE DS
- gk e~ o= o RO _. N —_ — ! —_ - [A R
FR R I : 5 & 3 ST T e - U S
] ) M - i v 7
I R 1wy uea| AqusRquo;) 2% LT LEL Ts gy o G
R < - B 2 Emam T F ¥ axmom oo d T E ¢ odoo
) i) At il il wp U CHEC aQ Uy — X J.M \ﬂ Dl Ay D e o= m ~ :
S om oW H o m 8 W oM 3 Mo Mk U o B RS W W 2w T RN D
SORE CRR VRl - AR .m o oY
sy =y KO Bo— % g = - B J
A B £ 5 © qeoyy W
SEES N TSP - B
T Twg B o iz iz EE 3 S
o N ) s g N g 3 i MEoo -
L 2o ol = - © 2 B | 2 | + T =
R ey — o = = L - ol T
— K K F 0 © » ) ! T oy =
T ¥ # 22 ® N B
L= T oo T o 2 . i o ° m U oK o=
T T T b oRg O s F s T & g TR By
e e T & - - — =
O m, 2o __ N 5 m & 5o o o 8 T X .mo mﬂr_h e
m ' . » 2 —_ - 2
- YEs e 28w R it 3 f: gy
I A = . oo s W, 3 ~ W, Nu w—  ® » i N =
ol ne T o = P <« Z < o @ . o ol <
oo o = =,y X n o 20 T T o
T §8 ExT %4
o + —_— —_ fm « LB KX B
W a = G4 o c& [ ol oF o 3
Trd ey =N L N 2= B gy
oy Oy Mo o M % = ma o 7 AT P
M,,o Lo .m_u vd M_ mw ....W Sw ‘uoherap uonsnquio) Sw ‘uoyeinp uoysnquo?) w 4 i oar o
Wook o 4 AF AT oF = & £) o

ce s
Folg

{5
T

o

=

8 53, ol&yaduolAl v

L

.

Hol

2.
=z



Qlehy whz] Foletar gt

2
(o3
dA Fig. 9biet 22 271213 0=10,
Di=1.8mme] 29 NoF 29} 308 wgAs

w7} ?2‘*“3}?2@ g L8 71E9 25mm

b

!

T 1
¥ e Py m 01*&4 Aol 142
47} Heg e yasa aug dolv
B oug 89 el a3 gao] gl
o% g7gTh
N

VAR 2 Iy NFE GEN=DoR i
Shar dAekg 2 3(DWE 36%E 62mm7hA] Z7HA]
HAl HES Fasialnt o71A D=36mm (A,
:10.2nm’-’>‘—;— Fig. 9belr 4oz sigl
mme) 7332} A H(AL=10.2mn1)
& 7]'—_&_‘-0 81337, Dy=6.2nmt= Fig. 9a)olA

122 A4E Dhvs6.2mm Ny=l Hgelrt 2 2

o

Fig 12& Ny=1¢ w D=50mmel 2% ¥
Dh=b4mmel 45 33hdd ol FHo] At
H2E 7 58] AAst] JEbA Sloth 1yl
= F A%el Dyv54mmel Z$E A vt
ST 23S Hele W Dy=50mme} Z ¢ ul
B HAQY FagE e B oy @4
< Dh=403} 422 F MR vjReA vehga
109 F 2~3¢ ARE IS Fwslgrt ol
= gl A e REvt 7hsd dgd
o 27L& 54mm BRI AAQ] AL ot

40

Combustion pressure, MPa
N
o
L]

0 20 40 60 80 100 120
Time after spark discharge, ms

Fig. 12 P-t diagram for Dy=5.0mm and
Di=54mm in the case of Ny=1

GO Uiasel edotal
IS S S HERS ;

f |)ﬂ
VOWEAIRAL A5Y Eie) dages o)

A g vrhd Fojrt

>
[=}

."Dfl.ﬁ:Misﬁm

Combustion pressure, MPa

e Lt I i

0 20 40 60 80 100 120

Time after spark discharge, ms
Fig. 13 P-t diagram with D, in the case of Ny=1

Dn=50mm ol&h= Fig. 12014 A3k ule}
Hol GE Bl Ertssiez AutEed
A7), @l HEG ARG dlojEE e
Atk Dy=36< A= A3EAn, a2 oA E
Dy &7 o) Wt tpnut® A8 Py 27181
= A%E =
7 glvke 2E B 4 ok g FAATIY

71&71 %, 4= o€r(dP/dt)° 2 Zolgel Q)

>
N
r

R vk gA 2
el 44 el

e ERY ALAEEE T AdETle
ey

D 2ol fEdta

}
AEH7Ie) Gl 08 HAAHA doc, BB



ol A
oA 319}
* . S1
L oy o

o

3ol S-S whrg Fele) she

& Bolizd) whale] RI wale 27]d477
Q- F Fdddel GFs1gdds EgEel
SUE P

6) dstE e /MEAA HADE nYsn
gl A 2 dAGAEHE $AA A9 7
Zte] A7) AA A"

P dasroh M2 A} H4E fele
Edfojuo X FAE nuth

F 7

¥ ATE uABATEe AT BE
AFAR )3} FgsIgon, AR el g)
A=Y

D

=Y Ay iatA] A4 10d M2 2(2005)/9

T. Ma, H. Zhao, J. Li, N. Ladommatos,
Experimental Investigation of Controlled
Auto-Ignition Combustion in a 4-Stroke
Multi-Cylinder Gasoline Engine and Dnive
Simulations,” IFP  International
Congress/Rueil~-Malmaison, 2001.

Cycle

2) P. Higelin, C. Robinet, C. Mounaim—Rouselle,

O. Pajot, B. Moreauy, “A New Combustion
Concept for Internal Combustion Engines,”
Proceedings of the 15th Internal Combustion
Engine Symposium (Intemational) /Seoul,
9935761, 199.

3V J. S Pak, H S. Choi, M J. Lee, T. W. Leg, J.

4)

Y. Ha, S. S. Chung, “A Fundamental Study to
Improve the Igmitability of Lean Mixture by
Radical Induced Injection in a Constant
Volume Chamber,” FISITA/Helsinki, 2002.

J. B. Heywood, Intermal Combustion Engine
Fundamentals, pp.376-390, McGraw-Hill, New
York, 1988,



