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Effect of the Injection Parameters on Diesel Spray Characteristics
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The characteristics of the diesel spray have affected certain aspects of engine performance,
such as the power, fuel consumption, and emissions. Therefore, this study was performed to
investigate the effects of various injection parameters. In order to obtain the effect of injection
parameters on diesel spray characteristics, the experiment is performed by using a high
temperature and pressure chamber. The behaviors of the spray are visualized by using a high
speed video camera, spray angle, penetration, and various other things.

The results of the experiment are summarized as follows.

{1) The correlation of the spray penetration can be expressed as follows.

0t <ty ; S1=11.6284PFp, 7841357
<t S5e=7.4574P"p, 0 0508
(2) The correlation of the spray angle can be expressed as follows
To=293K  tan(8/2) =0.59(po/ )%
Te=473K  tan(6/2) =0.588 0o/ ps) "

(3} The measured macro characteristics that include the spray tip penetration and spray angle

corresponded with the established correlations.

Key Werds : Spray Tip Penetration, Ambient Gas Density, Ambient Gas Temperature,
Spray Angle

Nomenclature T: . Ambient gas temperature, K
P; . Injection pressure, MPa d - Spray angle, degrec
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1. Introduction
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various kind of fuel. In addition, it occupics an
important position in the automobile market be-
cause diesel engines have high durability and
reliability. [However, it has a serious drawback
because it causes air pollution by producing NOx
and PM ete.

In order to verily and solve the problem, it is
necessary to directly obscrve the internal com-
bustion chamber of a diesc! cngine. Many studics
have been performed in recent ycars to verily the
macroscopic and micrescopic behavior of the in-
Jjected spray of a static chamber because observing
it is not casy due to the difficulties of the experi-
ment.

Lee et al.(2002) investigated the spray char-
acteristics of a multi-hole and a single-hole diesel
nozzle, but the study shows a lack of evaluation
for the spray characteristics for high temperatures
and pressurc. A study and cxperiment are still
largely required to verify the correlation of injec-
tion parameters that will affect the spray char-
acteristics.

Moreover, a theoretical eguation for the sub-
ject is also still not perfectly defined vet due to
the complexity of the spray mechunism. In addi-
tion, there have been a number of proposals for
the equations of correlation through some experi-
ments.

Quoc and Brun {1994) suggcsted the develop-
ment ol the spray was govercned by the three
physical phenomena that are disintegration, evap-
oration and coherence. Zhac et al. (1995) and Lee
et al. (2002} have unalyzed the effect of injection
pressure on spray atomization characteristics by
using PDPA and spray visualization. Hosoya and
Obokata (1993} analyzed the spray characteris-
tics of the multi-hole and the single-hole nozzle
using a LDV, PDA system and suggested that the
two measurement system were cfficient for analy-
zing the unsteady dicsel spray.

Fiiroyusu and Arai {1990) investigated the dro-
plet size of the intermittent spray of the single-
hole nezzle und they concluded it decreased with
the increase in injection pressure. Aranco el al.
{1999} studied about the citeet of gas density on
the penctraion of a diesel spray and the entrain-
ment of the surrounding air and they explained

the spray behaviour and the reliability of existing
zero—dimensional models,

This study performs a spray experiment with
the conditions of the ambient gas densily and
ambient gas lemperature as a pavameter by de-
signing and producing a chamber, which has a
high temperature and pressure, to recreate the
conditions for the actual operation of an engine.
The spray characteristics, such as the spray tip
penetration, spray angle, and various other fac-
tors are examined. in addition, an experimental
cquation for the correlation, which will aficet the
spray characteristics by the applicd cxperimental
parameters is also produced.

2. Experinzental Apparaius
and Procedurgs

2.1 HExperimental apparatus

The experimental equipment used in this study
consist of a fuel injection device, high temperature
and pressure chamber, and visualizing system to
observe, record, and analyze the free spray of a
diescl cngine. Fig. | shows a schematic dizgram
ol an experimental sctup.

The fuel injection system consists of a fuel,
injection pump, position detection sensor, motor,
and solenoid valve, and some other things., In
addition, the fucl injection pump applied in this
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Fig. 1 Schematic diagram of experimental setup
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in-line PE
pump. A synchronized signal can be used by

experiment wus the 4-cylindered
detecting the top dead center of the motor cam
with a pump speed controller, and the luel is
injected one al a time using the rack operated by
the solenoid valve. Fig. 2 illustrates a detailed
drawing of the single-hole pintie nozzle that is a

commercial product with the hole diameter of

.02 mm, niddle 1ilt of 0.45 mm, and a lincar angle
ol 10° of the nozzle tip.

In addition, & high temperature and pressure
chamber, which can coatrol the maximum tem-
perature and pressure of 693K and 3 MPa rela-
tively, is designed and produced to observe the
spray characteristics [or similar conditions to an
actual diesel engine. Motreover, transparent quarts.
glass windows are installed on three faces ol the
chamber in order to make a visualization, and the
inside pressure of the chamber can be contrelled
using N; gus.

The images of diesel spray are produced by
using a high speed video camera (FASTCAM
ultima 40K} with $0000ps where the video camera
can be operated by the synchronized source by
using 4 signal of the one time injection system.

2.2 Experimental procedures

Generally, the spray structure can be examined
by the measurcment of SMD, length of the spray,
spray tip penetration and spray angle as the im-
portant parameters that will allect the spray char-
acteristics are the injection nozzle, injection pres-
sure, ambient gas density and ambient gas tem-
perature, and various other things.

Fig. 2 Nozzle tip configuralion

We hus a lormer record of the project on the
effeet of injection pressure and speed of the injec-
tion pump for the injection characteristics where
this study. can be performed by the major para-
meters of the ambient gas density (18, 24, 30 kg/
m®) und ambient gas temperature (293, 473K)
under the lixed injection pressure {14 MPa),

3. Resulis and Examinations

3.1 Spray strueture

The spray structure defined in this study is
shown in Fig. 3. The spray tip penctration can
be defined from the nozzle tip to the end of the
spray lip after spraying, and the spray angle 7 is
delined by an angle between the outer most point
and the nozzle tip.

Spray core
oy
Spray aogle

Maximum
radius

distance (R)

Spray tip

penetration ()

Fig. 3 Definition of diesel spray characteristics
| x a ||
3

(1) Ta=293K. p=30 kg/m’

Fig. 4 FEffect ol the ambient gus lemperature on the

spray structurg
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Fig. 4 presents the images ol spray for the
ambicnt gas density of Ge==30 kg/m® and ambient
gas temperature T,=293K, Ty=473K, visualized
by using a high speed video camera. The time
interval between the sprays is 0.22ms, and the
images are produced for a total spray time of 2.22
ms. The sprays are to develop for the axial and
radial direction according to the passage of time,
and the increase of the axial direction is large in
its early stages and shows u slowness of spray
structure for the latter period.

Fig. 5 shows the images of the outer section of
the spray for each time (f=0.22 ms) by using a
kind of image processing method from the spray
images produced from the experiment. In the
case of room temperature and high temperature,

[
r Il
{ i
1 } |
Er )
E ‘h:'- ._- ’.
E: { : ' i
p, =18k mi
jlf 1 "I\
| i (d)
) {1
5 {
§ j A
g £
g L)
& I
51 A
\
1M ?
Fig. 5 Contour lines of dicsel spray by lime varia-
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it presents a structure that both cases show a
remarkable decrease in spray tip penetration and
an increasc of the spray angle according to the
large amount of ambicnt gas density.

3.2 Characteristics of the spray tip pene-
tration

The results of the experiment for the spray tip
penetration according to the changes of time
are shown in Fig. 6. It can be verified that the
gradient of the spray Lip penetration is decreased
around 0.6~0.8 ms. This section has been in-
vestigated by a break-up point that shows the
changes of spray types from a liquid column to
liquid droplets according to the studies on the
atomization mechanism.

1t shows that the spray tip penetratien is de-
creased by increasing the ambient gas density or
ambient gas temperature. This is because of an
interruption in the growth of spray due to the
increase of pressure in the chamber according to
the increase of ambient gas density. The reason
for the decrement of the spray tip penetration for
the increase of the ambient gas temperature is that
the kinctic energy of the atomized liquid droplets
decreased because the initial evaporation and
atomization of micro liquid droplets increased
fast.
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Fig. 6 Spray tip penetration at various operating

conditions
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Fig. 7 Spray angle in various conditions

3.3 Spray angle characteristics

The results of the experiment for the spray
angle according to the injection time are shown
in Fig. 7. The spray angle shows a tendency of
the constant values at the region of breakup even
though it has a large spray angle {18~30°) in the
early stage of the injection.

The spray angle for the ambient gas density and
increase in temperature is increased. k can be seen
that the growth of the spray is decreased by in-
creasing the ambient gas density, and the mo-
mentum of the liquid droplets 1s decreased by the
effect of evaporation due to the increase of tem-
perature for the ambient gas temperature.

4., Examinations for the Correlation
of the Spray

4.1 Correlation of the spray tip penetration

Fig. 8 shows the spray tip penetration for the
whole period of the injection for the each condi-
tion of the experiment as a logarithmic coordinate
where the spray tip penetration is increased by the
increase of time. Measurements of the spray tip
penelration were carried out under the experi-
mental condition of $=1.02 mm, F=14 MPa,
oe=18, 24, 30 kg/m*and T,=293, 473K. In addi-
tion, the spray tip penetration before and after
the stage of breakup {51, Sz} can be produced as

(em)
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Time (rom Injection {ms)

Fig. 8 The effect of time on spray tip penetration

a function of time as presented in Equation (1)
and (2},

0ty Si= g™ (n

fe<tf 5 52:.“0.548 (2)

where « can be presented by the functions of mo-
mentumn of the spray, ambient gas density, vis-
cosity, and temperature. This figure shows the
resulls of Hiroyasu & Arai (¢=1.1 mm, FP:=10,
Fe=1MPa, T,=295 423, 593K), Arregle &
Ruiz (=111 mm, I’>=30 MPa, p,=10, 20, 30
kg/m®, Ty=296K) and Gupta & Poola (¢=
0.173 mm, ;=120 MPa, p,=— 1.2, 34.6, 54.9, 74.5
kg/m?, T,=296K} together, The results show a
similar result as a qualitative aspect for this study
but are different from the viewpoint for its quan-
titative aspcct. The different results of these are
expected because the cach cxperimental parame-
ters, conditions, elc. are dillerent.

The function presented in this study is ==
F{Py. Fr Ty po). Beeause of these experimental
parameters, the values of & for each experimental
condition are different for each other. The effect
of the ambient gas dcnsity on the spray charac-
teristics can be produced by the relationship of
functions between the value of £ and the density.
The effect of the ambient gas density before and
after breakup is illustrated in Fig. 9. comparing
with the results of Gupta & Poola and Arregle &
Ruiz.

The equations of the correlation from these
results are presented in Equation (3} and {(4).
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0 <Ly k=fK1pa ™™ (3)

—0.382

fo<t DK R {4)

The effect of the ambient gas temperature for
the spray characteristics is considered an ambient
pressure by transferring it. In addition, the rela-
tionship of function is expressed by the differences
between the injection pressure and the ambient
pressure. The values of AP for each experiment-
al condition are presenied in Table 1. 4 can be
presented with ZF as Equation (5],

= P (5)

Fig. 10 shows relation of between x and AP
I'rom this result, the index before and aiter the
stage ol break up can be find 0.485 and 0.523.
This ligure shows the results of Hiroyasu & Aral,
Arregle & Ruiz and Gupta & Poola together.
The results show a similar result as a qualitative
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Fig. 10 The cffect of the pressure drop on spray tip

penetration

Table 1 Pressure drop between the injection pres-

surc and the ambient pressure (1%

La 293K

Pa

(148 (MPua)

1244 (MPa)

l?iwkig/m3 !
24 kg/m¥ D192 (MPa) 10.64 (MPa)

30kg/m* | 114 (MPa) 9.8 (MPa)

aspect for this study but are different from the
viewpoint for its quantitative aspect. The dillerent
results of these are expected because the cach
experimental parameters, conditions, cte. are dil-
ferent.

From the cxaminations for each experimental
parameter, the spray tip penctration presents the
correlation before and after breakup as shown
in Eguation (6) and {7). In addition, the experi-
mental results and arithmetic calculations are

presented in g, 1L
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0< <ty Si=11.6284P%% 5, 048137 ()

fn<t ; 5‘2:745741130.5230&" 0.382 40.5:8 1)

4.2 Correlation of the spray angle

The important parameter that will affect the
spray angle of diesel spray is the ambient gas den-
sity. There have been a number of studies pro-
cessed by using the ambicent gas density as ¢ major
parameter.

The spray angle has a large valuc in the ini-
tial stage of the injection but it shows a constant
value when approaching the last stage of the
injection.

The correlation ef the spray angle is examined
by the basis of the average values of the spray
angle after spraying (0.89 ms<{). Fig. 12 illu-
strates the correlation between the spray angle
and the ambient gas density.

Fig. 12 The effect of the ambient density on the

spray angle

The experimental equations of the spray angle
for each temperature arc presented in Equation
{8) and {9).

7>:{]‘59< fa )0.437 ()

Tw=293K ; tan('
Or

2

g ‘O 0,404
To=473K : tan(- -):0.588(-- “) (9)
2z or

5. Conclusions

This study examines the effects of the ambient
gas temperature and ambient gas density for the
spray characteristics. This study was done in or-
der to verify the free spray characteristics of the
pintle nozzle of a diesel engine by using the 4
cylindered in-linc PE pump, high speed video
camcra, high temperature and pressure chamber.
The results obtained here arc summarized as
follows :

{1) Generally, the spray tip penetration shows
two types of gradient based on the breakup and
presents the correlation as follows.

O< # <ty ; Si=11.6284F018 5, 047811557
tb< ji : SZ;:7l457AP0.523pa—0.382zx.U.548

(2) The spray angle has a large value in the
initial stage of the injection and converges after
the breakup. The correlation for each temperature
can be expressed as follows.

T.=293K ; tan{#/2) =0.59(p./ 0, >
To=473K ; tan{6/2) =0.588 ( 0o/ ) 40

(3} The ambient gas temperature and zmbient
gas density are verified as the major parame-
ters for the characteristics of the diesel injection
through the experiment. In addition, it can be
examined that the equations of the correlation
proposed in this study corresponded to the results
of this experiment.
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