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Abstract

Basic aspects of a high velocity Diesel jet interac-
tion with small cylindrical obstacles are presented in
the paper. The phenomenon discussed in the paper
lies between cylinder overflow and jet impingement
on to solid wall. Especially the effect of high velocity
Diesel jet “destruction” and its distribution in space
are investigated in the paper. As shown, the domi-
nant role in this process plays a fist obstacle: its di-
ameter, distance from the nozzle outlet and injection
pressure play a dominant role in characterization of
the jet distribution in space. The jet spatial distribu-
tion bases on a multi-jet model.

By Diesel jet impingement on a single obstacle with
smaller diameter the distribution angle decreases
with increasing injection pressure. For bigger obsta-
cle the angle separating both jets increases being
almost independent of the injection pressure. This
angle does not change with time after impingement
process, however decreases with increasing dis-
tance between nozzle and the obstacle.

For Diesel jet impingement on more than single ob-
stacle, the jet distribution depends on the obstacle
geometrical configuration but not necessarily on the
number of obstacles. As shown in the paper quite
similar distribution has been obtained for three and
eight obstacles configurations. Presented phe-
nomenological model explains this observation.
There is possible to design such configuration of
small obstacles which permit very good charge ho-
mogenization in defined space (combustion cham-
ber).
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1. Introduction

One of possible strategies for Diesel mixture ho-
mogenization and de-coupling of combustion from
injection process would be late injection mode, what
requires very quick spatial distribution of the Diesel
jet and its homogenization in space. This could be
promoted by injection in a porous medium [8]. It
was observed that due to jet impingement on a
large number of pore junctions of a highly porous
3D-structure, the Diesel jet may very quickly be dis-
tributed in space across the impingement direction.
From one impinging jet a number of secondary jet
are forming according to a multi-jet splitting effect
described in [8,9]. The Diesel jet interaction with
such three dimensional highly porous structure
(see chapter 2 of the paper) may be simplified by
Diesel jet impingement on small cylindrical obsta-
cles giving similar effect for jet momentum distribu-
tion in space. This effect will be presented in this
paper.

High velocity jet impingement on a small cylinder
must be separated from the cylinder overflow,
where depending on the Reynolds number the
stream lines follow the cylindrical shape of the ob-
stacles to flow separation and Karman vortex street
behind the cylinder at higher Reynolds numbers.
The goal of in the present paper investigated jet im-
pingement on a small cylinder is to “destroy” the
high velocity jet momentum and to distribute the
mass in space. The process must also be different
from the jet impingement on the solid wall where the
axial jet propagation is quite blocked and only the
radial flow along the wall is possible [1-7]. So, the
phenomenon discussed in the present paper lies
between cylinder overflow and jet impingement on
to solid wall. This is the reason that, according to
the author knowledge, there are no data available in
the literature which describe investigated case, ex-
cept similarity to Diesel jet impingement on to po-
rous structure, as already described by the author in
[8-10]. Thus, the goal of this paper is to describe the
basic features and physics of a non-stationary high
velocity jet impingement on small cylindrical obsta-
cles for further application to mixture formation in
Diesel engines.

The test rig and measurement technique used in
present investigation are described in section 2, in-
dicating two different experimental conditions used
in the form of surrounding fluid: air and oil. Different
geometrical configurations characterized by number
of obstacles and their localization with respect to
the Diesel nozzle are also described in this section.
The section 3 presents data for Diesel jet impinge-
ment on a single cylindrical obstacle, for different
injection pressures (impingement velocities), cylin-
der diameter and distance from the nozzle outlet.

The next chapter (section 4) describes the Diesel jet
impingement on a number of obstacles: from 3 to 8
obstacles, depending on the investigated configura-
tion. These results clearly indicate that the jet im-
pingement on the first obstacle is a very critical fac-
tor for Diesel interaction with a number of small cyl-
inders. Additionally, a geometrical configuration de-
scribed by a relative location of obstacles defines
the impingement result. On the basis of performed
experimental investigations, a phenomenological
model of Diesel jet impingement on a series of ob-
stacles is presented in section 5 indicating the
mechanism of jet distribution in space. This section
also compares data of jet impingement obtained in
air and oil. Results are then summarized in section
6.

2. Test rig and measurement tech-
nique

In order to perform a basic investigation on Diesel
jet impingement on small obstacles a special test
chamber has been used having very good optical
access. The chamber has been built as a low pres-
sure system (1bar at ambient temperature), with two
different surrounding fluids to be applied: air and oll

(Fig.1).

Nozzle

Obstacle ./ Mal -

Test chamber

Figure 1: View of the test chamber with a Common-rail Diesel injection
system

Diesel injection in oil bath (as a surrounding me-
dium) has some additional features, very important
for investigations of wall jet impingement. Firstly, no
atomization may be observed during free jet forma-
tion and its propagation throughout the chamber
volume (single phase system).

Secondly, the fuel vaporization process in oil bath is
practically eliminated, and for applied temperatures
(approx. 20 to 25°C) is negligible. For high time re-
solved investigations, a black-white CCD camera
(PCO) model FlashCam has been used. The cam-
era can externally be triggered (synchronized with
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injection timing) with illumination time from 1 to
1000us; additionally, the signal phase may be
shifted with respect to the trigger signal in the range
from 1 to 1000us. For reported investigations a
constant illumination time of 100(Js has been ap-
plied.

Experimental configuration for Diesel jet impinge-
ment on a single or selected number of small cylin-
drical obstacles used in the present investigation is

shown in Fig.2.
/ ﬁ%écyndrca obstacles

Plate with cylindrical obstacles

Diesel injector

Injector holder

Figure 2: Experimental configuration for investigation of Diesel im-
pingement on small cylindrical obstacles

There are number of different experimental configu-
rations defined by a number of obstacles mounted
on the plate as well as a position of individual ob-
stacles. Distance between obstacles is twice of the
obstacle diameter. The most important investigated
geometrical configurations are detailed described in
Fig.3.

Besides already defined geometrical configurations,
the following measurement conditions have been
used in the present investigation:

= Surrounding fluid: air and oil (most of ex-
periments have been performed in oil)

= Injection pressure: 400bar, 800bar and
1200bar (for some experiments other pres-
sure have also been used)

= Constant injection duration: 1500us (for
some experiments 3000us has been used)

= Variable time after injection trigger signal:
from 0 to 5000us

= Variable time after impinging on the first
obstacle: from 0 to 5000us

= Three different view angles: bottom, side
and back-view angles

Configuration R1d1 or (R1d2):
Single obstacle in the first row, d=1mm or (d=2mm)

Configuration R2d1 or (R2d2):
Single obstacle in the second row, d=1mm or (d=2mm)

[ ]
[
Nyzle Ngle
Configuration R3d1 or (R3d2): Configuration 3d1 or (3d2):
Single obstacle in the third row, d=1mm or (d=2mm) Three obstacles mounted in the first and second row,
d=1mm or (d=2mm)
[ ]
[ [
[ ]
Noﬁzzle NEIe
Configuration 4d1: Configuration 5d1:
Four obstacles mounted in the first three rows, d=1mm [ ] [ ]
[ J
[ ] [ ] [ ] [ ]
b °
Ngle Noﬁzzle
Configuration 7d2d1: Configuration 8d1:
o o
o0 0 00O
[ [ ] [ ] [ ] [ [ J
o °
Nozzle Ngle

Figure 3: Specification of all investigated geometrical configurations

For the present investigations a special two-hole
nozzle has been used, as already described in [8].
Fuel is injected horizontally into two opposite direc-
tions with a spray angle of 16° in air under atmos-
pheric conditions.

3. Diesel jet impingement on a sin-
gle cylindrical obstacle

As an initial investigation, a Diesel jet impingement
on a single cylindrical obstacle is considered to rec-
ognize main parameters defining the jet distribution
in space. It must be noticed, that in the present
work the jet impingement on the cylinder but not cyl-
inder overflow are investigated. If the distance be-
tween nozzle outlet and cylindrical obstacle is too
large, i.e. the impingement velocity is relatively low,
there is no impingement observed instead of cylin-
der overflow. Such data are shown in Table 1 and in
Fig.4.
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Table 1: Conditions for cylinder “over flow”

Parameter Investigated configuration
(row number)

Distance from the 1 13 15 17
nozzle outlet m] | on 4 | (row5) | (rows) | (row7)
Free jet velocity in 63.6 57.8 52.9 47.7
oil [m/s]
Diameter of cylin- 1 1 1 1
drical obstacle
[mm]
Reynolds number 19569 17785 16277 14677

The diameter of the obstacle is small comparing to
the jet front surface area preventing from solid-wall
like impingement process [7,8].

Small cylinder

Increasing distance from the nozzle =

Figure 4: Cylinder overflow instead of jet impingement

In the first step configuration R1d1 is investigated
as shown in Fig.5. This figure shows Diesel jet im-
pingement on a single obstacle as a function of time
after jet impingement for injection pressure 400bar.
The effect of Diesel jet interaction with a small ob-
stacle in the form of two jets may clearly be ob-
served after impingement process. The distribution
angle between both jets is shown in Table 2.

Figure 5: Diesel jet impingement on a single cylindrical obstacle (con-
figuration R1d1) as a function of time after impingement for injection
pressure 400bar

For smaller obstacle the distribution angle de-
creases with increasing injection pressure. For big-
ger obstacle (d=2mm) the angle separating both
jets increases being almost independent of the in-
jection pressure.

Table 2: Distribution angle by Diesel jet impingement on a single cylin-
drical obstacle

Configuration | Distribution angle
o]

R1d1 at 400bar 93.2
R1d1 at 800bar 70.8
R1d1 at 1200bar 61.8
R1d2 at 400bar 1214
R1d2 at 800bar 121.6
R1d2 at 1200bar 118

This angle does not change with time after im-
pingement as indicated in Figure 6. The angle &
however decreases with increasing distance be-
tween nozzle and the obstacle. At large distances
from the nozzle outlet the angle « is still higher for
bigger obstacle as for smaller one. Picture pre-
sented in Figure 5 and 6 shows the jets at the bot-
tom view angle.

1000us

1400us

Figure 6: Diesel jet impingement on a single cylindrical obstacle (con-
figuration R1d2) as a function of time after impingement for injection
pressure 400bar

An influence of the distance between nozzle outlet
and the obstacle is shown in Figure 7, where Diesel
jet impingement on a single obstacle is investigated
for configurations R1d1 and R2d1at 1000us after
impingement and for 800bar injection pressure.
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Figure 7: Diesel jet impingement on a single obstacle for two different
distances between cylinder and nozzle outlet (configurations R1d1 and
R2d1) at 1000us after impingement and for 800bar injection pressure.

There are number of different parameters charac-
terizing Diesel jet impingement process on a cylin-
drical obstacle. First of all the parameters in a bot-
tom view angle may be defined, as shown in Figure
8a: jet length, jet width and jet surface area. Addi-
tionally, in the side view angle, jet height is defined
as shown in Fig.8b.

a) Jetwidth

Jet length

Cylindrical
obstacle

Diesel nozzle
b)

Cylindrical obstacle

Diesel nozzle

Figure 8: Definition of parameters characterizing jet impingement on a
cylindrical obstacle for two view angles: a- bottom view, b-side view.

The length of the jets is quantified for investigated
configurations and injection pressures in Figure 9.
The jet length increases with increasing injection
pressure, and is generally higher for smaller obsta-
cle (d=1mm). Additionally, data for a free jet are
also included in the picture.

Time [ps]

Figure 9: Jet length after impingement on a single cylindrical obstacle
as a function of time for three different injection pressures and different
surrounding fluids (configuration R1d1 and R1d2)

The next parameter characterizing the effect of jet
impingement on the obstacle is the jet width, shown
in Fig.10. The bigger the obstacle and the higher
the injection pressure the wider distribution of im-
pingement jet in space (jet width).
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a0 =T R1d2 1200bar
_ . R1d2 800bar
T 35 —w——t=d=%_ 0141 1200bar
E 5 "L'/o‘r{f"r — R1d1 800bar
= Y [ """ L o085 Rig2 400bar
g2 L R1d1 400bar
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0
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Figure 10: Jet width after impingement on a single cylindrical obstacle
as a function of time for three different injection pressures and different
surrounding fluids (configuration R1d1 and R1d2)

However the effect of the obstacle diameter on the
jet distribution is weaker as it was observed for jet
length. Both figures indicate, that in order to get
short and wide jets a bigger cylindrical obstacle
should be used for impinging Diesel jet. The final
parameter characterizing Diesel jet impingement on
a small obstacle from the bottom view angle is the
jet surface area (Fig.11). In this case, the jet surface
area measured from the bottom angle is bigger for
smaller obstacle and increases with increasing in-
jection pressure.

Above presented data for Diesel jet impingement on
a single obstacle have been analysed from the bot-
tom view angle. At the side view angle the jet im-
pingement looks different, as shown in Fig.12.
There are three injection pressures investigated in
this figure for configuration R1d1 (left) and R2d2
(right) at time of 800us after impingement on the
cylindrical obstacle. Bigger obstacle makes jet dis-
tribution across the impingement direction bigger
(side view angle).
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Figure 11: Jet surface area after impingement on a single cylindrical
obstacle as a function of time for three different injection pressures
and different surrounding fluids (configuration R1d1 and R1d2) (bottom
view)

This pictures show also, that the impingement mo-
mentum is so large that the long cylindrical obstacle
(especially with d=1mm) may significantly bend.
The holding of this obstacle should be change to
get a stable and stiff geometry.

R1d1 R2d2

400bar

400bar

800bar

Figure 12: View of the jet impingement on a single cylindrical obstacle
at a side view angle for three injection pressures, both investigated
obstacle diameters at t=800us after jet impingement

The effect of jet impingement on a single obstacle
from the side view angle may be characterized by
the jet height as shown in Fig.13. As shown, the ef-
fect of the injection pressure on the jet height is
clear for smaller obstacle, only. The jet height is
bigger for bigger obstacle (d=2mm) and increases
with time until reaching the maximal value. The last
parameter to be used for characterizing of jet im-
pingement on a single obstacle is the jet surface
area at the side view angle (Fig.14). This jet sur-
face area increases with injection pressure and with
obstacle diameter.

Surface area [mm?]

20 l
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Figure 13: Jet height after impingement on a single cylindrical obstacle
as a function of time for three different injection pressures and different
surrounding fluids (configuration R1d1 and R1d2)

The data presented in above figures were obtained
for configuration R1, i.e. the obstacle was mounted
in the first row in the holding plate (see also Fig.6).
It has been found for geometrical configurations R2
and R3 that with increasing distance between noz-
zle outlet and obstacle the length of the jet in-
creases and the jet width decreases.

400
350 -
4 R1d1 1200bar
300 Lt T30 f RI2 12000
250 = . !
A? ff 8 3 Rid1 800%er
200 /f“/./" -~ | o o= RId2 800bar
150 o oot sk R1d2 400bar
i e o
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*
. et
0
0 1000 2000 3000 4000 5000 6000
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Figure 14: Jet surface area after impingement on a single cylindrical
obstacle as a function of time for three different injection pressures
and different surrounding fluids (configuration R1d1 and R1d2) (side
view)

Also the jet surface area reduces with increasing
distance from the nozzle. Additionally, with increas-
ing distance from the nozzle the effect of the obsta-
cle diameter is significantly reduced.

4. Diesel jet impingement on multi-
ple-cylindrical obstacles

The next geometrical configuration to be investi-
gated in this paper is characterized by three obsta-
cles (configurations 3d1 and 3d2). General over-
view of the jet impingement on three cylindrical ob-
stacles is given in figure 15 for three investigated
injection pressures at different times after impinge-
ment on the first obstacle (R1d1).
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400bar 800bar

1200bar

400pus

800us

1200ps

1600ps

2000us

Figure 15: Jet impingement on three cylindrical obstacles for three
different injection pressures at different times after impingement on the
first obstacle (R1d1)

Obviously a third secondary jet after impingement
on the first obstacle may be observed. This third jet
is not clearly present in the case of bigger obstacle
(Fig.16).

1200bar

Figure 16: Jet impingement on three cylindrical obstacles for three
different injection pressures and d=2mm at 1600(s after impingement
on the first obstacle

This figure shows Diesel jet impingement on three
cylindrical obstacles of diameter d=2mm for three
investigated injection pressures at 1600us after jet
impingement on the first obstacle. This is a result of
geometrical configuration to be investigated. Im-
pingement on a single obstacle for d=2mm indi-
cated the angle ¢ on the order of 120 degree mak-

ing impingement on two additional obstacles
mounted in the second row unimportant. The distri-
bution angles for three obstacles are defined and
summarized in Table 3.

Table 3: Distribution angles by impingement on three obstacles (con-
figuration 3d1)

Configuration Angle B, [°] Angle [, []
3d1, 400 bar, t = 1400 ps &1 20,8
3dH1, 800 bar, t = 1200 ps 51,4 23
3d1, 1200 bar, 1 =800 ps 59,6 25,8

5. Phenomenological model of Die-
sel jet impingement on small cy-
lindrical obstacles

A three jets observed for configuration 3d1 indi-
cated necessity of putting an additional obstacle on
the way of the middle jet to get a good distribution in
space (configuration 4d1). This effect is indicated in
Figure 17 (left) presenting jet impingement in con-
figuration of four obstacles. The first insight in the
impingement process indicates similarity to the al-
ready analysed jet impingement on three obstacles.

The middle jet will clearly divided in to two jet giving
together four singular jets to be recognized in the
system. For more information on the role of obsta-
cles mounted in rows 2 and 3, the system of 4-
obstacles is modified to the eight small cylinders
(8d1). This configuration consists of configuration
4d1 plus four additional obstacles in the row 3. Re-
sults of Diesel jet impingement on eight small ob-
stacles is shown in Fig 17 (right) indicating quite
similar impingement process to the configuration
with 4-obstacles.

This “unexpected” similarity is clarified in Figure 18.
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8 obstacles

4 obstacles

400bar

1200bar

Figure 17: Jet impingement on four- and eight-cylindrical obstacles for
three different injection pressures at t=1200us after impingement on
the first obstacle

This figure also explains why the middle jet is more
compact for 8-obstacles configuration than for 4-
obstacles case (see Table 4).

o
O
O
@)

8 - obstacles

4 -obstacles

Figure 18: Model comparing jet impingement on four and eight cylin-
drical obstacles

This similarity is also clearly given analysing the jet
length, width and surface area for both geometrical
configurations.

Table 4: Distribution angle ﬂ2 by impingement on 4- and 8- obstacles

Configuration Angle B2 [°]
4d1, 400 bar 34,8
4d1, 800 bar 34,8
4d1, 1200 bar 31
8d1, 400 bar 16,6
8d1, 800 bar 18
8d1, 1200 bar 16,6

The jet length by impingement on 4- and 8-
obstacles for three investigated injection pressures
is compared in Fig.19. As indicated in this figure the
jet length after impingement on 4-obstacles is prac-
tically the same like after impingement on 8-
obstacles, independently of injection pressure.

50
45
=40 : 4d1 1200bar
£ e TR 841 1200bar
£ 35 %
= 30 el s o g & 4d1 800bar
= 5 S ]
5 LT T " 8d1 SOOFar
o N 1Y sl x5 8d1 400bar
g 20 o el e 4d1 400bar
) a %,
15 7
A€
1012
5
0
0 1000 2000 3000 4000 5000 6000
Time [ps]

Figure 19: Jet length after impingement on 4- and 8-cylindrical obsta-
cles as a function of time for three different injection pressures (con-
figuration 4d1, 4d2 and 8d1, 8d2)

Almost no effect of number of obstacles or injection
pressure is indicated by jet width, as shown in
Fig.20. It must be noted that the effect of nhumber
obstacles concern small cylinders in the third row.

50
45
40
E 35
= 30 4d1 1200bar]
3 8d1 1200bar—8d1, 800bar 54
52 E T 8d1 400bar
B 20 ] 3 4d1 800bar
15 8
o %ﬁij‘/ 4d1 400bar
54
0
0 1000 2000 3000 4000 5000 6000
Time [ps]

Figure 20: Jet width after impingement on 4- and 8-cylindrical obsta-
cles as a function of time for three different injection pressures (con-
figuration 4d1, 4d2 and 8d1, 8d2)
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Also surface area is similar for both investigated
configurations, and practically depend only on the
injection pressure (Fig.21). Exception is much
higher surface area for configuration with 4-
obstacles for injection pressure 1200bar. This can
be explained by impingement on the obstacles in
the third row. Why this effect is observed only for
1200bar is not clear.

800
700
E 600
E
® 500 a*4d1 1200bar
] (r“"r’ |
«© A5
S 400 T re’ra_,,ﬁsm 1200bar
8 5 o4d1 800bar
€ T 8d1 800bar
] 4d1 400bar
8d1 400bar
0 1000 2000 3000 4000 5000 6000

Time [us]

Figure 21: Jet surface area after impingement on 4- and 8-cylindrical
obstacles as a function of time for three different injection pressures
(configuration 4d1, 4d2 and 8d1, 8d2) (bottom view)

Similarity and differences of Diesel jet impingement
on a number of obstacles are indicated in Figure 22.
This figure shows jet impingement on multiple ob-
stacles (from four to eight) for injection pressure
(t=1500us) 800bar at two times after impingement:
1200us and 2000us.

4-obstacles
1200 us 2000us

5-obstacles
1200us 2000 us

6-obstacles

1200us 2000us

1200 us

Figure 22: Jet impingement on multiple obstacles (from four to eight)
for injection pressure 800bar at two times after impingement: 1200us
and 2000ps (t=1500us)

Analysis of such experimental data allows creation
of phenomenological model for a given configura-
tion giving very good qualitative and even quantita-
tive agreement with experimental data, as shown in
Fig.23 for 800bar.

3-obstacles 4-obstacles 8-obstacles

., 0

i i i
Diesel Diesel Diesel
jet jet jet

Figure 23: Phenomenological model of Diesel jet impingement on
three-four- and eight-cylindrical obstacles for 800bar injection pressure

Phenomenological model for configuration 5d1 and
data presented in Figure 23 indicate possibility of
very intensive fuel distribution in a selected area

10
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(e.g. combustion chamber) applying Diesel jet im-
pingement on 5-cylindrical obstacles.

A view of the Diesel jet impingement on the five ob-
stacles (configuration 5d1) is given in Figure 24.
Contrary to above presented configurations with 3-
4- and 8-obstacles, in this case the fuel is pretty
well distributed across selected area. Six individual
jets may be selected for this configuration.

400bar

800bar

slightly dependent on the injection pressure. The jet
width is mostly dependent on the angle ,31 which
increases with increasing injection pressure.

Till now the data presented in this paper were ob-
tained in oil as a surrounding fluid. Additional ex-
periments have also been performed in air at at-
mospheric pressure.

1200bar

Figure 24: View of Diesel jet impingement on 5-obstacles for three
investigated injection pressures as a function of time after jet im-
pingement on the first cylinder

As already observed by other configurations, the jet
length after impingement depends on the injection
pressure and increases with increasing rail pres-
sure. Much lower dependence on the injection
pressure was observed for jet width. Short after im-
pingement on the first obstacle the jet width is still

A view of impingement process from three different
angles is shown in Figure 25 at 400us after im-
pingement on the first obstacles for 8-obstacle con-
figuration and 400bar injection pressure.
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Side view Figure 27 presents the jet length measured in both
surrounding fluids by Diesel jet impingement on cy-
lindrical obstacles for 800bar injection pressure.
The jet width is presented in Figure 28.

60 ‘

R1d1 in air 3d1 in air
:
! 28d1inair
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Figure 27: Jet length after impingement on cylindrical obstacles in both
surrounding fluids for different geometrical configurations for injection
pressure 800bar (bottom view)

60T Ridiinar
22 { 3dtinair
Bottom view |,/ [sdtinair
T 45 f/D/
Figure 25: View of impingement process from three different angles at € 40
400us after impingement on the first obstacles for 8-obstacle configu- = f/A
ration and 400bar injection pressure (in air) § 35 ff % x X R1d1in ol
2 30
g 5 i . —_ 2 ¢—8-28d1 in oil—|
] e i 3d1in o
Comparison of jet impingement on to 3- and 8- 20 Ji .
obstacles in air as a surrounding fluid at 400us after 12 /
jet impingement on first obstacle is shown in Figure 5
26. The quality of the process is quite similar to hat 0
observed in oil. Some comparisons between quanti- 0 1000 2000 T_esooo 4000 5000 6000
tative data obtained in oil and air are discussed be- ime [us]
low. Figure 28: Jet width after impingement on cylindrical obstacles in both

surrounding fluids for different geometrical configurations for injection
pressure 800bar (bottom view)

6. Concluding remarks

Basic aspects of a high velocity Diesel jet interac-
tion with small cylindrical obstacles are presented in
the paper. Especially the effect of high velocity Die-
sel jet “destruction” and its distribution in space are
discussed in the paper. This permits very quick jet
distribution in the volume. The dominant role in this
process plays a fist obstacle: its diameter, distance
from the nozzle outlet and injection pressure play a
dominant role in characterization of the jet distribu-
tion in space. The jet spatial distribution bases on a
multi-jet model.

By Diesel jet impingement on a single obstacle with
smaller diameter the distribution angle decreases
with increasing injection pressure. For bigger obsta-
cle the angle separating both jets increases being

3-obstacles

8-obstacles

Figure 26: View of jet impingement on to 3- and 8-obstacles in air as a
surrounding fluid at 400us after jet impingement on first obstacle
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almost independent of the injection pressure. This
angle does not change with time after impingement
process, however decreases with increasing dis-
tance between nozzle and the obstacle.

For Diesel jet impingement on more than single ob-
stacle, the jet distribution depends on the obstacle
geometrical configuration but not necessarily on the
number of obstacles. As shown in the paper quite
similar distribution has been obtained for three and
eight obstacles configurations. Presented phe-
nomenological model explains this observation. Still
the geometry of the jets after impinging on the first
obstacle defines the distribution on other cylinders.
There is possible to design such configuration of
small obstacles which permit very good charge ho-
mogenization in defined space (combustion cham-
ber). Multi-jet structure permits also higher air en-
trainment comparing to free jet configuration. All
these effects promote fast spatial distribution of
Diesel jet, and under hot conditions faster vaporiza-
tion and better mixing with air.
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