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Abstract

For the favorable performance of a D.L diesel engine, it is important to improve the mixture
formation process and the ensuing early stage of combustion process.

In the present paper, high speed photography was employed to investigate the effectiveness of
a cavity digged in a piston crown for some more useful utilization of air. The cavity would
function to improve mixing of fuel and air by the increase of turbulence of air and by the
impingement of fuel spray on the cavity wall

The results obtained are summarized as follows:

(1) From an aspect of thermal efficiency, it is effective to inject the spray tangentially to the
cavity wall to enlarge the area of spray evaporation.

(2) Some deductions obtained from previous investigations using a hot air stream duct are
supported by the present results. For example, it is effective for the quick development of flames
throughout the combustion chamber to mix the evaporated fuel of main spray with the interme-
diates brought about by the early stage of combustion of the preceded auxiliary fuel spray.
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Table 1 Details of various test conditions
Piston Effective Main injection nozzle Fuel, mm3/st Injection
. b *
type comp. ratio Holes Injection direction Main Auxi. duration
| . .
A 15.9 1 25° down (ga§50n) Main : 18°CA
B 15.7 1 25° down ( ga§5oﬂ)
o 28 8 Main : 15°CA
C 16.5 Z 57 down (gas oil) (gas oil) Auxi: 7.5°CA
D 19.8 2 5° down (gagsoil)
D 28 8
(gas oil) (n-heptane)

Others: Scavenging pressure; 0. 15MPa, Scavenging air temp.; about 35°C, Cylinder head temp.; about 80°C,
Piston surface temp.; about 100°C, Cylinder head surface; glass, Injection pump plunger dia.; 5 mm
(main), 4mm (auxi.), Injection timing; 23° BTDC (main), 65° BTDC (auxi.), Nozzle opening
pressure; 120 kg/cm? (main and auxi.),

* Mean duration measured at atmospheric condition
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Fig. 7 Schematic arrangement of experimental apparatus
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Fig. 8 High speed flame photographs of different injection-angle against cavity wall
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H gdo] ¢E IR 323 wel4, TDC o
Fo slgdaxiern FeE Jug upel o] 44
A el gdo] MAmz AdAv Frlo]l 44
2 Fig. 89 (@url 443 A4ad Ao g

Fig. 10014 A3 AL EBA L, sl 2E9 o)
= ME gl 2949 a4E AL F+ 9oy, d
£ Bl FEelr] A &d FKEHI £4E o
< F 9ol WY YA oA B £
A

Fig. 10| o3lad, odaAddel4 Hzz WAHE
BhEL 2R AR5 AT MHRY EHEI
ZEG A=l gy, o] £ d44ddE 4
k9] ZAsbel vlEo] Y] HAA A4 Tt Ve
5° ATDC ol A& 3tdde] A9 d44 £fi4e A%4s

-3¢ TDC

(a)

(pisten D)

(b)

(piston D)™

Fig. 12

A "ot 53] dstde G Tl e did g8 s
HHA BTt MEE Fe EE54 S, o K
BiRTel & RRBREY EY/F4E FA150] 3t
49 wg2 o webAeh @9, da49 FHfl
T4 d8% Fig 116 Jebil & uke} zro] AwiA

Flame of left spray- Flame of right spray

3rd frame 4th frame 6th frame

Fig. 11 Two kinds of flame illustrated from previous
photographs

Engine speed:l480rpm
Frame speed:3600frames/sec
35mm®/st

Engine speed:1380rpm
Frame speed:2400frames/sec
28mm’+ 8mm?

High speed flame photographs with and without auxiliary injection



EEEHR ol o] AHES RETURA Kigd B 51

AR 7R = EFY FTAluko] wElw, 48A AR
Bl ojx AX o] YAl FHAe 22} o) Hq
%, EfiEEE He EE25d Vot BEBEKL

3t A&7t 28 B dd QA4S LRS-

"4?44 6~79AY AAelA E 4 gRe] HAH
el A44 AAY B 1/34= wA7 F34 Ao
=eba] o] HEEES AL AA At

Fig. 129 (a), )+ S 2EEET FHEY 44
+ Ags] A kS-S 3 7o $E3Ae]l F&n-
3 ek (n-heptane) & Zfl¢ £Fdlnk w8 FHEHHEH g
7489 dasigolh

Fig. 129 @) 438hd, EEHE T 39 ¥
e FWEEL AY FAd 2 279 wiggs
P43 = 2 UYHAE, Fig 134 el 8t
2} o] HFHANA AHFELI S 498, Wi s
Detail.l

™y Suitable mixture zore
d SR
~-* for the ignition

Mixture zone

Lean mixture zone

Ignition nuclei

Fig. 13 Ignition nuclei and suitable mixture zone
imaged from high speed flame phtoographs

4 Al FL T4 w4, o YAE o H
A8 i, T eEs B BRALTA O =
3% 1y 5° ATDC 779 st e, 4dddve T
Bl A 9X HEd 3 A, FHEEL A
Hp oz Gtz . 2Yd; 7T~8Ae b
ZMM £ o d=o] HEFRM &2 2Fuy Fo
A4l 24E £33, s BRAEE 84939
711 HR=, o] FEL o] AR ¥z mERE
= go} gtk
@, Fig 129 ()9 A4 L0 HohgE
4 HEBEARCL v AT ASd e, Jus] £
PEES] FXoE wy dejdreh = waide] WAy E}
= EEHS @ A 2o ¥4 g, w3l
7b Aol sl HE HY TG ddo] nEd B o
A WA8 WAEY LS & 4 o=
ol 4 R kst ko], AL FUF =AY Q44

L
‘t‘n'r

Well 27tete] E5-5 BAEZ, o 4y 2% &
¥ 45ty o ﬁ‘szhllol wde e 2L 8
Fo] B AdHupy-E, Fdl o)2r Ay 2Ao)
Y Q479 E 9, AE}EE Iy Py §
vieleh vl o] e, e wuad = HEm
A5 A, AdAsu e g ua s Ay 23
o WA AL T goen® ddy e wAFHL
g R R (BABAR) - FMEY T E 3
4 bl gl Aol gk

3.2 BAEEWHKCl Rolofl 2UEt HEREMAEC]
FE
ol W] 45¢ Hrbdel glolde 7|
4 9 ur%E, vﬂﬂ—% , WAt 435 3
Aae A7 nko. Ay A4 P4 Aol
& ARG Hrbole WAE(es) ) B BERB

T HRAC, A dadye] e T 9

& WA $ES F2
R E -

of AL, HoANRY MBS FHE o o
$3%, BAPAAFE Yol SRS rdss s Hote
4 3hedd T sk ALY EH] RAE 2Abshe
#4e g

Fig. 14+ MET 5359 J2ee 4884, o
£4Y4 Aolel Wk ABE R4S Jr Hx
Feixl £7hE 2AHE Holvh

A )
/(

|

FHLE He BHRERE I

73

g

RN

e

Engmé speed, rpm
NN
N

/ /
4
1
0 4 5
The time olapsed after injection

start, sec
@o—o (e G
Qe—s Qe
Fig. 14 An evaluating method of engine output with
different combustion chamber

1200

2

i



52

Fig. 144 &35 7a459]
e} 24 geld g & 5 ddh & =
EE AEE At B4R FH 43 =01
A5 v, FEY2ES A4 AE S5
Ho] gmlslel, o] A& Fig. 124]4 w4t 6l
L & 7FF | o 27} Bl = B .éli—
Ady] WHECE e BRE A1
BEo) Mt d& Asucd Fasge 7401 F43 1_
2 449 23y FEYLAEE, HEHEED o
ZFHEBERY d4£F BEAD F$e = A= S
SxA5go] Aok, I MEE sk 31*5—4
e, 453 O TAHE 274 g8 L)
MEE 538 o) == MERAAY S¢840] =
A5e] EAAA 2 -rsi FA3] ARAEES A5t
2] MR BEES ol §814 R¥l EESES
o Afge 27 ¢ @ £¥7 4940 gy
Ha, agjdl d47tc0 MEs Lo FHdg =y o
AR E A58 izt £351 YAl = s 5
224, PEHYAEY] A4S 3 AdLz=44540] o
A8 ForAlth webd 5EIEY Q44 dald sk
F53 daFAYE ALE &+ doh = o= Q8
T BAE BEe R (REA57] R My
THoR (A7 Ho] 279 k] z3s
olgtm ¥ + et = slake] £H L #AkA )
Ao vkgA sheban Y 2E e BREREE 25 d4
A 2 2+ A velE, RERKY #ad
Aol A8 RMRES BREE d4£4 2R HEA A=
o], AAcfuly Frlo] 489 HEE WYL &

A5 MF

to
zﬁl—b‘f
2

N,

ARl = AT Ao PzHr
4. ¥ B
& Hgeel A w, BEAde] 44e]F9 HolAr e

2 4o} F Schnirle FEHTRo 2 FEs WHRAKNS
R A, S ZEEEMIRY Roldl gt Migsiz
B{-s 245 g93tn, 2 gd4ien By o
AQEAE 2.

HREEE ok,

1) d&dd WEHE abEe] 2AAS Wg4s,
BAZE 29470 w4 shE MR BRI E A
7 gk = oY d&stas MRe —‘f—E{ —Iir-'f‘a—%
= del v REBIETE Kl mHEE 2% 5%
#e LA D, §5] d449 B ¥ o]%
A #Aeul fE st

E O# - OKE B

@ &8 2401275 AY 20| wAHS] ol
& B AL, £F A6l feEese oA Fu
A, REEEETC] WS B SEdA Y +
A e BEaRe A4de 33
2 % Yk o] A4 94RAL 14T Sdabale
36 Bgs & AS, B9 BEe dartze
Aol A FEelAA W2, = 2242k
shelo] s,

3 AZEEHY ol G
=EL 2444 Eﬂ‘%«l HfEal o3 i
& A, MEA QE fld 248 ERE Bko
23 E4¢) 39 %%E wzd, 28y, o
R LR MHE Y 228 e 0
A = (RS sHdo) Hol wEne Qs o)
SEER

W S 2EEHS FHE d44d) 232 ¥4
$7 2 BE LFAE vl BYEHE & A, W
PR BHRESRT BN BT BAR
s wze, = A% REREE 2 5TY
o 2 oo} ol AaTHE LEEeD F4
77 ke 294% FFSA HEMe: T1Y
4 #2471 wol Awe MK HHEL
TY 4 vk

PR

2 £ x ®

(1) HEE, KHBRE, BRzE Es BEY 5
e A3 R, KEEBBEHRTE H8E,
4 5%, pp. 321~327, 1984

(2) FEE, KEH®RY, BEEANY HHL EE 8
Rhgse) 43 PO (), RERBEEHE, §
94, 5%, pp.627~637, 1985

(3) HEHE, KHEBRHE, SRTHEM EHET EEY 8
Rikgdl A WREE IS, AEEREeRVE,
#1048, # 35, pp. 367~375, 1986

(4) J.F. Alcook and W.M. Scott, SOME more Light
on Diesel Combustion, Proc. Instn. Mech. Engrs.
(AD), No. 3, pp.179~200, 1962~1963

G) A& B4, Ml BHEEH - REOUFHCIHT
4 —EL BB OBGER £, PIRER, Vol 22, No.
276, pp.3~9, 1983

6) A& B4, BE, 5TERFT 1+~ LA BROBE
MEE LR, HAREBBEGRIE, Vol 25, No. 160,
p.599, 1959



