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Abstract

The increase rate of the spray volume of diesel fuel strongly depends on the spray angle
whereas it determines the increase rate of air fuel ratio of the spray due to the air entrainment.
The internal geometry of the diesel nozzle plays a decisive role to the radial and tangential flow
velocity at the entrance of the orifice, thereby affects the spray angle. The authors devised a
nozzle with the internal geometry which was adjustable so as to control the radial and tangential
flow velocity. The internal geometry of the nozzle was described as a numerical variable by
introducing a concept of the nozzle shape factor. And the correlation between the geometry and
the spray angle was studied by a theoretical method and then backed up with experimental work.
The authors analyzed the factors which affect the increase rate of the spray volume, and
validated the analysis on the basis of the experimental data. It is suggested as a conclusion that
for a better combustion of the diesel engine the internal geometry of the nozzle should be
improved towards increasing the spray angle.
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Fig. 2 Velocity component in cross section of swirler
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Fig. 6 Cross section of nozzle geometry
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Table 1 Specification of nozzle and condition of

experiments

Diameter of orifice (4),
mm

of swirl
chamber (d;), mm

Aspect ratio of orifice
(L/d)

Height of swirl
chamber (4), mm

Gap around sack piece
(g), mm

Angle of swirler (y),
dego

Nozzle shape factor
(NS)

Injection pressure
difference (4p), MPa

Back air pressure (p,),
MPa

Penetration time (¢),

Diameter

ms

Specific gravity of fuel
oil

Viscosty of fuel oil
SUS at 38°C

Temperature of fuel oil

0.5(Sharp entrance
edge)

5.0

0.5, 2, 3, 4, 5.6, 8.9

0.3, 08, 1.3

03,08

0, 50

0.385, 0.625, 1.12, 1.22, 1.

67, 1.72, 1.79, 1.97, 2.36

15

0.1, 0.6, 1.1, 2.1

1.5

0.385

33.2

Room temperature
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Fig. 11 Effect of nozzle shape factor NS on spray
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Fig. 18 Effect of various influences on spray dispersion (swirl nozzie, NS=1.72, L/d=4.0)
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Table 2 Specification of nozzles E D

No. | Kind of nozzle NS L/d |
1 | Simple nozzle 0.76 0.5 10+

2 | Simple nozzle 0.76 4.0 .

3 | Turbulent nozzle — 0.5 r

4 | Radial flow nozzle 1.67 4.0 -

5 { Swirl nozzle 1.97 4.0 -

-

w

Kind of nozzles

Measured spray volumeVs cm?

Table 3 Operating condition of experiments o Simple nozzle | 0.5
- e Simpie nozzle 40
Injection pressure |8, 12,15 R « Turbulent nozzle | 0.5
difference (Al)), MPa 14 Ra}iial flow nozzld 4.0
~ a Swirl nozzle 4.0
Back air pressure (p,), | 1.1, 2.1 J o —
MPa 075,1.5 15,05 . 075
aptHd
Penetration time (1), |07, 0.8, 1.6, 1.9 oy e s
ms Fig. 20 Comparison of experimental data with spray
Measured spray angle | 0.187, 0.524 volume correlation
(28), rad.
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Fig. A1 Deviation and accumulative average value of
measured spray data

Table A1 Standard deviation and probable error
of 6 times measuring average

Standard Probable
Measured . .
data deviation error
% %
Spray angle(2 ) 7.7 4.2
Spray jet angle{26;) 10.5 43
Spray volume(V;) 9.3 5.2
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