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Abstract

The combustion process and the performance of a diesel engine are seriously affected by the
ignition delay period of the fuel used. Some methods for improving the combustion process in
the engine cylinder are to well match the strength of air swirl with the space of sprays in the
cylinder, to blend an ignition improver in the fuel, to inject a small amount of auxiliary fuel
prior to main injection and so on.

Recently, the improvement of fuel economy and the reduction of exhaust smoke and NO have
been successfully achieved by supplying diesel engines with emulsified fuel.

However, it is very difficult to know real combustion mechanism under such special conditi-
ons, because of many factors affecting on the combustion process in practical reciprocating engine.

In the present paper, the combustion processes of diesel fuel and emulsion fuel were tried to
improve and to ohserve by making contact with various lean pre-mixtures in the hot air stream
duct. This hot air stream method has an advantage that the spontaneous combustion process can

be observed under a simplified condition.
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Fig. 2 Spray flux in the hot air stream duct

Table 1 Specification of main injection nozzle
Type No. Pintle type, NP-DN8S1

Spray angle 8°

Needle dia. 5mm

Hole dia. 1mm

Nozzle opening pressure] 10MPa
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Table 2 Specification of photo diode

Type No. HAMAMATSU, S1352
Effective sensitive area, mm 2.5X33
Spectral response, nm 300~1, 100
Operating temperature —10~-+60

range, °C
Rise time, us 5
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= 2 [
I &
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Fig. 4 Transmittance curve of filters used

Tt —f-4T
T2
T1 : Practical ignition delay period
T2 : Ignition delay period in this experiment

Fig. 5 Example of measurement of ignition delay
period
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Fig. 9 Comparison of ignition delay distribution between diesel oil and emulsified fuel (10% water)
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Table 3 Dissociation energy (D) of C—H bond

(Kcal/mole)
Name Bond D
Methane CH;—H 103
Primary hydrogen CH.—H 92
Secondary hydrogen | CH—H 88
Tertiary hydrogen C—H 80
Ethylene C.H,—H 104
Propene CH,=CHCH,—H 77
Acetone CH,CO—CH; 70
Benzene CHs—H 102
Toluene CeH;CH,—H 85
Ethyl benzene C.HsCH,—CH; 63
Methyl alcohol H—CH,OH 92
Ethyl alcohol CH;,CHOH—H 88
Formaldehyde CHO—H 75
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Fig. 10 Standard free energy of hydrocarbons
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Fig. 11 Relationship between ignition delay and
carbon atom number for n-paraffin
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Fig. 12 Comparison of mean ignition delay period for various auxiliary fuels (diesel oil was used as a

main fuel)



636 ¥ BB - KEH %I

m3

igniticn delay,

tiean

A emulsified oil alone
aiesel oil
n-pentane
n- hexane
ethy! alcohol
gasoline

®
o
©
L
L]
©

900 950

Cuct iemperatyre, °C

Main fuel delivery: 95, 2mm?3/st
Fuel pump speed: 720rev/min

Auxiliary fuel delivery: 20.0mm?3/st
Timing of auxiliary injection: 15°CA before main injection

Fig. 13 Comparison of mean ignition delay period for various auxiliary fuels (20% emulsified fuel was

used as a main fuel)

& ol A& fated sikle] BB MEREHE 4
Aged, o RERE 9 FICEICHHS i v
2 B8 HaA A8

Sl b KOESEERE 20%9 AL FHESL M
BRE R Kl IEEE 949 REd 3= #
o] vl zd AR FHEEEHET J3c

Fig. 13- 2 #82 Jebd RAelch f3bad Rk
AL ZEKEE 3 8L Kihd MpEHis
Aw AL vsg HAS deold, n-lwg HEE
B Aol w4 o kg Huyd &, KR
BAA L ol =g =9 EHBEY BE=v 900°CE o
L BBAA FelE EfEERe] wWAHA R A%
5] 950°Coll Zall A e EEHREE Pl A Z
o B BAE doFvh aduR FEaAREX
2 BH WEE FICEREe] A Bkl WEPEHE 4
Aste A $edl e, EH Y BHNY RNE maEs
SR ohe ZRR FHAREHIY —%E + A=F
BEREEEEE S E Yoot doda 44"

(@) k&R 1 MEARIEA FHE

RERRESAS MigRE o8 A7 FRLRge
ERRE BAY R BERRL 98E ¥ 754
of AL olv] ERIGoW, 2d Bk 44

W9k AT & 2un Yol WREEE 3l

15 15
B ol >
3o S 05
N
0 0 20 30 0 10 20 30

Combustion period, ms Combustion period, Ms

(b) With n-heptane as an
auxiliary fuel, 850°C
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Fig. 14 Example of luminance diagram

(a) Main fuel alone,
884°C(115. 2mm?/st)
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