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Abstract

This study describes the combustion characteristics under various condition of air excess ratio

and ignition timing in a 2-valve gasoline optically accessible engine with swirl control valve(SCV).
It adapted three different types of SCV(open ratio 72.5%, 78%, 89%) to strengthen a swirl flow.
Pressure data were acquired using pressure sensor to investigate the effect of swirl flow on

combustion, and from these pressure data, IMEP(indicated mean effective pressure) and

MFB(mass fraction burnt) were calculated to explain burn rate and flame speed. From acquired

flame images, inspected the flame propagation direction, flame area, and flame centroid. Flame

propagation direction was shown different tendency between with/without SCV, and flame area

with SCV was faster and larger than that of conventional engine. Finally, the representative flame

images at each crank angle were acquired by PDF method to verify flame growth process. It is

found that strengthened swirl flow is more beneficial for faster and stable combustion

. A B

AEA 4D GRold FHHE §57 A4 e
dmo BREAD} KR s %e FAKE R &
24 g4 AANM 7 FasHA AFE e A
QAFS shtelnh. A2 o) AEAY A A7
34 S-alu) 7} 7 2o 23 SR A7 A ZEA o)

*&tﬂf—f}ﬁ Eﬂzﬂr% Z1AZeIH A oy Y 2000 1049)

* % %’—’é}tﬂ‘%“’ VAR, AV AT A

ol Wa} A 27| F = 24 Ay 71wy B
Aol A 238 7| Holvt A4 7hEdT| B o
g A7 EsA APE I gk o] A F2
A& el 237 8E FHAT BAl o
L) dF F=E SN TELE HE
(tumble) 2 9 (swirl) 5 AP E 2 d3 o &
otk AR AUy fE5L 59 W

(115)



116  EEMAMBIEEE, F25% £ 1K 2001

37 FAT F=ddoly v FRFol7] W
of Aol =4 gl & Hdo] FHsiA ™
glo] Al gon, o Ao] Aie {3 el
W= ol gA s FHEH A ¥ A5
a7l FFRAEE 2A 3] A 298
o @il ESAY Felsive ARt 2R
I e HbE, W2 o8] AE dRe ¢
HEE AAE LAY 22HAN 292 HH
HEA A& dFE YEAA Do AAH7EA]
FAEE A FANAEHE 2oE ol o
B2 opz o] g3 FYo] o] FoJAA] &2 4%
ojtt.r®
A, & AT
of e AxdFE THn dadlel FU)F
sti ld HEo 2488 Z3A
st 29 FF0 A&
g el e o E I,
As e A3 st

2.1 4¥A|

Fig. 12 2 439& #3437 98 AxxA 4
A E Gt At FL371FS S 87 9
gtel 7] Wy E= 7ol fFZ4 71 (Laminar
flow meter)E 2319 L. AA4e Fr|AYE
£ Aojstr] et F F717%YE A (Bosch
type)& vl 71 o7l o)l Akt AsA 7] 24
< 93}y Programmable ECUZ Ao 7} 713}
A stdeh Aad R 7HA 3t st R & T
2B AAUYE AR, A% A28 A
FHol A s & Abd st st A4
dd& #2E 5 UA st & 4o AHEE
7hx Bkl R 9] 8 A Y& Table 19 VERAT

AazdFe 14313 F A (Hamamatsu,
High-speed gated image intensifier)7} ¥ 2% 7}
vl 2toll oj3 2Hd& FAHIUL, ol g FAl A&
Aol ste & 437 sl aat=a Felad 4
A A (Optrand A}, Model C21265)E A}-&3t T},

@ o

Invert circuit =]
—— e — CJF

= Counting board
- E
Laminar flow meter
]

e
DU‘:E Camera

Image intensifier
Image intensifier

Controller
l—:l = l.:I =
g h
Programable ECU

Film scanner
(MOTEC)

Air excess ratio Wide-band Encoder
from lambda sensor O sensor

DCmotor  DC motor
controller

Fig.1 Schematic diagram of experimental
apparatus

Table 1. Base engine specification

Specifications Resources
cylinder 4
bore (mm) 80.60~80.63
stroke (mm) 88
General displacement (cc) 1796
specification compression ratio 8.9
idle engine speed (rpm) 750+100
idle spark timing (deg.) | bTDC 5°+1°
D ]
Valve intake open bTDC 19
closed aBDC 57°
open-closed
.. open bBDC 57°
timing exhaust
closed aTDC 19°

20

SCV  SCV  S8CV
A B C
89% T725% T8%

open ratio

Fig. 2 Locations and configurations of SCV
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Table 2 Experimental condition
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Experiment items Type Fuel control Engine speed Air excess ratio | Ignition timing
Conventional
Pressure measurement SCV A Programable 09~12 bTDC 15°
SCV B ECU 900rpm bTDC 25°
Image acquisition SCVC (MOTEC) 1.0 bTDC 25°

Atk SCV A 74 F &) 89%c]:, SCV B&
72.5%, SCV C+= 78% o] t}.

SCV 83 9 £dzxdd g Ax5ge W
€ sl fd A8 48221 E& Table 29
Wb S

2,2 A2y

)

ox & 1o

A2 Mg 98l 71 2AQA a2y A=
71 A& AA 7] Al gie A1 EA
(Conventional, ©]3} Conv.Z Z¢|) ¥ 3717 3
9] SCVE Aztale] ZAJA. FA 53 b dlo]
He Ato| 2 ¥le S 38 st Zhzte] ddzelA
50rfol Zel Rt o2 Rt dAagE &
o] &3 AAEEE | Ey] A AFALES
(MFB ; mass fraction burnt)& #|4+atgd .

¢

Ap=Ap.~+ Apy o))
ViVt

v=pi—pi=pill=—] —1 2

App;p‘p[(vj) ] (2)
mai 24P

mb(total)z ﬁAp 3
S c

a7lel A dAiAdUe AAGHGsEE Al

B N L EEEE!

of e grevslael oz yepd. A4 s

oA ¢ ¢HMRE FgEes JPo e
o (el Gzl o9 FAHSEE TE 5
Stk Eg AhgsPol AT WE Aoel A
°g P70 AaFYPSEe] 0o 8 WS I
29 FRAHOE AP etel 4@l g8 A2A
FEES ANSYG T8, 24 2o wtE Ax
Y E FHE] Aol 2 Apo| 2o ENHF
#EYHIMEP) ¥ 5302 Ao
drspge Axle EHAE B Azro)A
SYSHE 2B 7H2E A2 A PG A

218 AMEiNa 233t 239 33& F
Sttt A Y s 7| -& o] &3k 512
512 g4 9 djolB U 2 HEBH ). o] 3} Fo)
O gl 718E& FaA st Ay s
EAGToZHN AFNH i3 sFo) A3
1 9lE A (Normalized-frame area)e T&
Ut BAFA S o) F& vimar) A& Y 49
Qb A =4l & ot 4] & ALg-3te] A4kl

1
XE_ Nt ingi
Y=ot $ v 5
=, 2 Y (5)

o714, X, Yeu HAHS] 24 & JERIY Ne
512x512 /o] A Aol N2 gdHe R
AEE fE gA4-E B30 28 X, Ve
HA A AR o] 2 HE Vet

Aazde] Aol W E& aelste] ZF 24a
Zte 30 3t ol & HEAH o, & gt
ZAEe BEXE e 3, 30 Afo] Eo
A Btgel F2 EAstE X E vhetsty] 9l st
ztzbe] g A3 & % 84 (Probability Density
Function, ©] 3} PDFE Z)& A ALt t) ol &
vl o 2 A g PDF gtollA 1 o]4do] g ¥
& glgdo] EAste Ao R HFsla, ol sk )
Ao g 233 FFdrsa s B8 slgo] &
At A4S Tty

3. AgZznt g

p.og
=

]

3.1 BT B0 me elsetey U
AL B4
dadue Ao WAV, BAAY] 2en
SEDIE R L BEEGER B
o] @7t} ol 7o} ALKAL Thetatr] 9

(11n



118 #BIMAMEEEEE, 5258 %15 2001

F1g 3° Conv.<l 2l o) A A 34 7] 7} 15° bTDC,
AR 3] A 900rpm] B¢ F7|HY B ©hE
YUES vepdch 271308 09404 743 e
FEHzE Bojn Futg 27 Fr|AYd Bl ¥
ol A& GHF L Folxa slon Hugyol
el Al717F 234 =83 & B 49

Fig. 4& Fig. 39| A H#EF J‘Q’ﬂE.—E: °
o F7)1HYEN GE FFALEES EMD A
ﬂqnlﬁﬂﬂéﬁwﬁ}ﬂmﬂé¢%%ﬂi
CAolM AZFALEE] FolAle AL & +
th oA & FUIFHY Bl ARFE ALVt AAE
e AL Yugn ded, 977 St A4
5 27|48 o] FrlEa o]e SE ATl A
Fo g st g AFE JAs dE

°F°
ol
L

off o]efg @ /dol vetdtt i Abg E .
10

- Air excess ratio
e 8f 0.8
f, 1.0
o gl 1.1

" -1.2

@

-

S 4}

- ¢

o /

. 2 /’
¢ F..,..«:‘/ SN

0 L L . L N L L
-1§0 100 50 O 60 100 150 200 250 300
Crank angle CA(deg.}

Fig. 3 Cylinder pressure by air excess ratio at
900rpm, 15° bTDC spark timing (Conv.)
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