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A Study on the Spontaneous Ignition of the Fuel Injected into
a Hot Air Stream
—Part I[ : Measurement of Flaming Duration, Effects of Auxiliary-Fuel Injection-Timing
and Turbulence on Shortening the Ignition Delay Period——
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Abstract

On the hypothesis that the unstable and stable intermediates vieled by the pre-reaction of
auxiliary fuel become an initiator or an explosive center which promotes the chain reaction of
main fuel, various organic compounds below C,, are injected as an auxiliary fuel prior to main
injection. In the previous papers, the effects of the auxiliary fuel additions on the ignition
delay period, the stability of flame, the NO concentrations in their exhaust gases have been
investigated.

In the present paper, to confirm where the most suitable location of lean pre-mixture for the
combustion of main fuel is, and how the lean pre-mixture is contacted with main fuel, the
effects of the injection timing of auxiliary fuel and the turbulence on combustion processes are
investigated.

Moreover, from the schlieren and color photographs of flame in the combustion field, it could
be found that the ignition nuclei are formed in a wider region of main spray, and that these
ignition nuclei promote the development of flame, which results in the reduction of flaming

duration.
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C : Schmidt circuit output

T; : Practical ignition delay

T : Ignition delay period in this experiment
Ts : Flaming duration in this experiment

Fig. 3 Example of measurement of ignition delay
period and flaming duration
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Fig. 5 Schlieren and color photographs of flame
in the combustion field (main fuel alone,
at 850°C)
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Fig. 7 Comparison of mean flaming duration among
various auxiliary fuel additions
Main fuel delivery : 49mm3/st
Auxiliary fuel delivery : 10 mm?3/st
Fuel pump speed : 720 rpm
Timing of auxiliary injection : 20°
CA before main injection
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Main fuel delivery : 49 mm3/st
Auxiliary fuel delivery : 10 mm3/st
Fuel pump speed : 720 rpm
Timing of auxiliary injection : 20°
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Table 1 Test conditions to apply the turbulence in the stream
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Flame holder dia., mm | |0 | 40 | w0 | 40
Distance from flame holder ‘ ‘ \ ‘

e 150

to main injection nozzle, mm

Auxiliary injection x without « without ‘ without k without g with with

(3) 40°fifell vz P25 3bd, FHEEH ERB P Kl A, ZLEF/ % HEARCG A4 20mm g}
Bt 22A 80 o8 45 Egolel E={xe] 40mm 2 -Fr«] EHE E£mE #iF 7Smm £
+ A Aoz daddel. 2AsAs] e K, #-ge 150mm 2] Ao} Az, EEFY L YA F5)
ok® HE 20°Ry ¥<txrl 0.5ms 4 welAlch 4 gliKE BLP_% ol 7t FET AAMNE ARY

(4) 60°R FAelj A EWHNA S %5 o 130mm . E D a g6l

off 4 oF 3d0mmeo] AA HEJRS EYrIs EAS
A Rk wleld Qe 2y FUHe L12dR
+ EEHY Tz TEsh EEZY Al A4

Qg w22 ek Fig 10604+ 3248427
Zkol 04 EAbol wle] <} 0.5ms wAHel g
A BEE THY f4ol e o] 2EAEY

%3
g7 £ w-EdA], ohd 3248 A&
ol g8 Frexst 450 HEd AR 4HA
Hr}.
(5) FhBhe]l =1 = fitko]l T EiHE 60°7f0] 2
Z2EAT AE, BPHREY B =27 Wi £

T7 o] TolAd mEr Tl FeisbAl @2 Fde

HEES e BEE T e YA gy
a4 7] d FEFLEAAI L n-dlge] 7 fo) v
& 0.5ms o} 4k w2},

3.4 FBICELHREL
o &

T 47170} R AEdrEe, dEEHY X
Helle A T4 U717 F45HA AAY F 7t
FASA Aol FFeh T HelAARAHE oS
PBA o Kl A8E R4S wolAE, ko)
ul 2]z RqF Ao EATY Frle did o &5

e Ul R jEke] dATE g9 e ALFF)
Ho] E4Ad4E dodA He el RS
BB 74 TAHZR 247" A, T'T-ioﬂ 3717k
HAE F J=55 3 & Hask 9o, dF 2)

< 1

| B2l DiXl= EEELHK

A 5ol BEE AX3 A4

g el A= EEF MEMES BEA
7ro] AA {AE + oz ﬁﬁﬁjﬂﬁ%vi B =
# ZE x|l zke] i G -%— 7k dEA=E A
Eg e}, Table 1] /g_%é_%zi—g,— vepdch = 2z
qdrede FEES 23 AEALE Y F 3
=5 EmE A3

Fig. 11 -2 247 Frhel] A3 HEBHELEREA 9
# ZER dd 2 MRS BAEE . £
o £x7 dats v} whEads AT 9hE Hel
BRI (recirculation zone)o] A H 3, it
wiejuldko = b=l el o k- TEHY HEs
o] °8‘°%‘°ﬂ ated ol st d4dtel, weld o] dg3 =
wAteldl B8 % HEe AdEFdAE RABESGES
B2 o] Ede] Fa R

Fig. 12+ 237 % 9 &R
1A Bl Qd3g dedA qi:tsh- e EFY
A Aziett. EiEES #FdE fhd Bike Fiol
2 ko] WAl E o] o] Eu} Kiarman jBFl(vortex stree-
ts) o] Y= 9-& ¢ F ek Fig. 12(a)el et
W wpe} zro] A FA Aol sl 20mm & F el w,
stx 37| 7ol A MFHRel T £ Tl 471

o] AXT HWiks #FF

End of
recirculation rcne
Vs

Flame front—\

Combustible
mixture

Flame ho|derf \Recirculation one ,

Fig. 11 General conception of rod-stabilized flame
in combustible mixture



374 BB KH B

injection

(a) 20mm flame holder (main injection alone,
49 mm?3/st)

5————- injection

(b) 40 mm flame holder (main intection alone,
49 mm?3/st)

Fig. 12

The color photograph of flame influenced
by turbulence

a o] gl d= ¥ oﬂ; oll
A4k, 28, Fig. 12(b)
40mm = Fe]Ad l&@‘df—]
g7 7ko] wHEH Fhe| ¥
ol &5 ¥ ﬁ%léc’l 7t
2 EHEe #Ad ¥4
Ad+E dERY L 992 AAF di“"sﬂr s
Zlsle] AEdA g HEAZe] Sk A 67
o, = Wit Fig. 5, Fig. 63 F;g 128 #9274
W ne mEHPd @l ge ASde A%

o] £5x ez
¢ EEA Ao
o] Karmén @A =
WAy ghoh, wiebA ol 4]
43 Aew Azl o]
BREHERC], B/

L
=
ot

Bl

A

3o AR As e AR Hsol Feakdl LAl
et o 4+ ok E o B REBES AN 2
245 Az, ola% el AR Rl A2

ble 19 *évdzmi | o8 AT =
i_}imoa;«m% vebdl Aelch. Fig. 136 s 2
< EfE A A wek 24 2 %%

sleh. A o] & 388 AR AN,

A AZA G Aol A HlE LEL 46&
#3pA 7225 A 2k A&
AR EEFeE Rid A MM kel WESH
& Fdell ARIt ee FAAA KM F
wigel vhal nzdest 2 HEE & A A

L m{ru -h«

e A7)

fo rloﬂHﬁ%oSf’m%Jfr#

0r —— Without auxiliary
injection
----- With auxijiary
lﬂ“‘"xlr"
9 \

v ) ‘

& 4

8 -

-

3.

5

S 7

z

=

-

T 6}

=z

5 b
870 850
Duct temperature, °C
Fig. 13 Comparison of mean ignition delay at

different turbulence conditions

= AFE 4+ Aok = AR ZolE =E3 AR
7t shAhe o) A Ay wEEzst ad &
W EME nzEAdtn, 2 ¢ld gdeaA ElE i

AR AR QA RE AFE pFLeh AL 2
zdaz %6 47 $5¢ FA4AE F244ES
EEF] EAR] 328 REHT, 4TS 35
whgol 270 FL ERe] WAT FHE Y A
oI,
4 hi=] %6
AR, A22dAL BRERE §Es old]

#2) Add J d4&343E eI S35 g
+ A5 vz, o9 A A4 7R
el 2ol A e HAKEY REXES S4o=2 T
AT o] ZEF F HEE G4 otelie F2
A3E A4l

2 43E add,

(1) BREERHEANA d435tE EEY deida g
Schlieren Akz & s3-&3gE 4 3

(7} dubdow FHe EMEY MEHD P L
Astxa, 2 RERE =F9 A=A TE% A gt

(v}) B ATe AR BBl z248:,

mE S BEshAEE A FA oﬂ m%é% ural

*‘&D}.



AR el WA Y

(h) HBymEH] ?qﬁd ErEe RS Hesh
sges wAST, of ks WAL T
A %’ﬂ 97 W =@ wg

ol kel FAH = B &4 ﬂi% [EiRR

FAY dadd s WAz, #eb d49 BTE
"?i?Jr“‘lD}-
) WEIEE Y ENTEE A

Aﬂﬂ%éﬂié

_z_—ﬁ’:* A 71 & 23t Aol Mm% 2AsiAq iy

26) st A o)k wekA Hilel °} A

o] mlz Brud R A FAAAE I TFE

o], B“ﬂiﬁwﬁ } ol EFAFH XelAE

2o ALE BAANE 2FERIE

7] Ae Adw Ha, EHEY A4E 44
(4) BHF7F A4t g HEE

o #Hl A BIREFRe] A7k o A%, o @

e BAY WAl FAHm, vTy dBiTe F

Aokel AERA g AEAge] gk wehd w
e R A2 A iUk

G) @eld LY FERGRAY 2xdze) ®
BRI R 22147 A

Ao, deE A7
Banshel WS A7l (RS2
Fo g0 g @l wAhn AHAAE 29F

el e

‘1) W.T. Lyn, E. Valdmanis, An Experimental Inve-
stigation into the Effect of Fuel Addition to Intake
Air on the Performance of Compression Ignition
Engine, Proc. Inst. Mech. Eng., Pt 24, 181-1,
1967

2) N.A. Henein, J.A. Bolf, SAE Paper, No. 67007,
1967

3) A. Andree, S.G. Pachernegg, SAE Paper, No,
690253, 1969

1) E. Valdmanis, D.E. Wulfhorst, SAE Paper, No.
700736, 1970
i) G.J. Mullaney, Ind. Eng. Chem.,

1959

51, p.779,

B HARRE] B R 375

(6) ML, K&, HiFIHFC X ARERFOSEABED
B (8 190, AR ARIE, B8 5475,
p. 2160, 1975

(7) B, KE, ST X

(562*’11), HA

LRBERGOE KB RO
’L)('}J—@n"a yf;y %42%2 /r5363’/1.,

p.3590, 1976

(8) NEE, A24, HEABBBE®HES, No 744-4,
p.1, 1974

(9) =8, 28, HAREESREER, No 750-6, p.
117, 1979

(10) E. Starkman, Trans. Am. Inst. Chem. Eng.,

42, p. 107, 1946

(11) R.W. Hurn, SAE Trans., 64, p.763, 1956

(12) B, 424, ERLERCET DBRHESEDOE
KB, HARBBEGRIE B4UE, 53459,
p. 1559, 1975

(13) Hé, 24,
p.222, 1976

(14) HFEE, KM, L-EF7)F F4bet £79 #hd
ool g AT(A 18), ABEESERIE #
84 % 4%, pp.321~327, 1984

(15) FEH, XH, Z2FT7F E4A8 £79 =d
od&oll BE AT (A 23), HLAATIHEEA, §
9% 5%, pp.627~637, 1985

(16) B.P. Mullins, Spontaneous Ignition of Fuels
Injected into a Hot Air Stream, Fuel 32, pp. 211~
252, 279~309, 327~379 451~490, 1953

(17) &M, F&, AWmtBEroIE, BERE, p.42,
1981

(18) 12, MiroikEdr xoT¥, BILE, p.159, 1963

(19) Y. Hirako, M. Ohta, Effect of Lean Pre-mixture
on the Combustion in Diesel Engine (2 nd Report),
JSME, Vol. 17, No. 104, pp.256~263, 1974

(20) Y.Hirako, M. Ohta, Effect of Lean Pre-mixture
on the Combustion in Diesel Engine (3rd Report),
JSME, Vol. 17, No. 109, pp.936~943, 1974

(21) R. Vichnievsky et al., Possibilité de la double
injection dans les moteurs Diesel, CIMAC Colloqu-
ium Wiesbaden, p.238, 1959

(22) E.E. Zukoski, F.E. Marble, Proc. Gas Dynamic
Symposium on Aercthermo-chemistry, p.205, No-
rthwestern Uni., 1955

(23) B. Lewis, G. Elbe,
Explosions of Gases, Second Edition pp. 439~440,

New York and London, 1961

HAARE€iis, No. 760-16,

Combustiorn Flames and

Academic Press Inc.,

(24) %, #lh, p.3, p.73, p.137,
1975



