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ABSTRACT

The phenomena of oblique impingement of
diesel type spray upon a plane wall is investi-
gated by stroboscopic photography technique in
a model chamber and modeled by computer analysis
method with particular emphasis on the development
of wall spray. The experimental study deals with
the wall spray tip penetration, tip velocity,
and geometric structure at incidence angles of
70, 60, and 40 degree. It is found that there
exists a geometric similarity of wall spray at
different incidence angles. Based upon the experi-
mental study, a mathematical model of wall spray
is developed to describe tip penetration and
geometric structure.

INTRODUCTION

Phenomenological or quasi-dimensional combus-
tion madels (1)-(4) for diesel engines are aggre-
gation of individed process sub-models. The major
sub-models are spray mixing, thermodynamics,
heat transfer, and emission formation. With the
combustion in diesel engines governed strongly
by mixing rate between air and fuel in spray,
the spray mixing sub-model which discribes the
geometric structure of spray and mixing of air
and fuel is the essential one of them. Models
provide a geometric structure for the fuel spray
in attempts to improve the ability of modeling
combustion process in swirl interaction, impinge-
ment, and divided chamber.

The behaviour of liquid spray impingement
vertical to the wall was investigated using holog-
raphic interferometry (5) and hydraulic analogue
technique (6). Few studies of liquid spray imping-
ing upon the wall with oblique angle were reported
and most of those (7), (8) were lack of informa-
tion on wall spray geometric structure, tip pene-
tration. and velocity, which are the basis of
setting up a phenomenological combustion model.

The present study is considered in two parts.
The first deals with the experimental observation
on the phenomena of oblique impingement of diesel
spray upon a plane wall by stroboscopic photo-
graphy technique, with particular emphasis on
the development of wall spray. The second part
of the study deals with setting up a mathematical

sub-mode! of wall spray to describe it's tip pen-
etration and geometric structure. This is the
first step for a suitable phenomenological combu-
stion model.

EXPERIMENT ARRANGEMENT AND RESULTS

The experiment rig, as shown in Figure 1,
consisted of a model chamber with two optical
windows which the area is 40mmx80mm and one of
them is wused as the flat impingement surface
at a distance of H=35mm from the nozzle to get
the transient wall spray picture following spray
impingement , a stroboscopic photography system,
and a fuel inject system controled by the strobos-
copic photography system to enable single injec-
tion of fuel to be achieved at different time
scale.

Table 1 shows the main experiment conditions.

Figure 2 gives the layout of spray, impinge-
ment wall which is made of optical class, light,
and camera. Where Rs is defined as the wall spray
tip penetration and Vs is it's velocity which
is obtanded by:

Vs(t, 6j, 9)=(Rs(t, 6}, @)-Rs(t-at, 6}, §))/at
(1)
Rs(t, &4, 9) and Vs(t, §j, ¢) are variation with
time (t), incidence angle (g'j, and angle ¢,

The transient wall spray behavours from
the begining of injection to the end were taken
at three different incidence angles of §;=70,
60, and 40 degree, as shown in Figure 3(a), (b),
(c) respectively. From these pictures, following
behavours were found:

1) The geometric structure of wall spray
developed in the shap of "leaf".

2) At the same incidence angle §j, wall
spray tip ©penetration Rs and it's velocity Vs
present the maxumum at the location of ¢=0 degree,
then decay as the increasing of angle @ and are
up to the minium at the location of Q=180 degree.

3) The Rsmax ' and Vsmax were reducing but
the Rspin and Vspjp were increasing as the increa-
sing of incidence angle.
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From the pictures taken by the experiment,
the variations of Rs and Vs with angle and inci-
dence angle (] are shown in Figure 4 and Figure
5 respectively. The wvertical axis of Figure 4
is a ratio of Rs at angle to the maxumum
Rsmax at angle @=0. The vertical axis of Figure
5 is a ratio of Vs at angle ¢ to the maxumum
Vsmax at angle (,0=O. The data at different time
points were fitted to be considered as the time
mean value. Rs/Rspmax and Vs/Vs.un are dimensiona-
less functions.

By the camparison between the data shown
in Figure 5 and C. D. Donaldson's experiment
data of free gas jet impingement (9), it is found
that there exists a similarity of both behavours
of liquid spray and gas jet in the variation
of Vs/Vsmax with incidence angle 6j and angle

t?.
A MATHEMATIC MODEL OF WALL SPRAY GEOMETRIC STRUC-
TURE WITH OBLIQUE IMPINGEMENT

The flow of spray impinging is characterized
by two distinct regions. The free spray region,
where the spray decays as if the wall was not
be reached, and the impingement region of the
spray, where the flow decelerates to the wall
stagnation point and a radial wall spray has
developed. This paper pays most of attention
to the impinging region and sets up a mathematical

model to describe it's geometric structure and
the variation of wall spray tip ©penetration
with and

The model is developed based on the experi-
ment data shown 1in Figure 4 and Figure 5 and
assumptions as following:

1) The momentum flux per unit radian of
the wall spray was relatively invariant for dif-
ferent radii.

2) The nonradial components of velocity

on the wall region is to be negligible.

3) The madium in the spray is the perfact
fluid.

4) The wall spray thickness Zo is variated
with Rs linely:

Zo‘-:CZ'RS (2)

The simplifying equation of wall spray tip
penetration velocity Vs is taken to be hyperbolic
with the characteristic functional form:

Vs=f ( 6}, ?)-Vo(t)-dj/Rs (3)
and Rs is considered as:
e . it %
Rs=Cw-[£( 0}, §)-dj Stho(t)-dt] (4)

where: Cw=0.75
(Pr/Pa)} is the modifying diameter, and £(05,9) is
an impingement characteristic function. f(({j,
®) is variation with (} and and governs the
effecation of GJ and § on Rs.

The characteristic function f(0j, @ ) can
be determined by imposing the requirement that

is the modifying constant, dj=do-

the R momentum of the radial wall spray is related
to the total magnitude of the radial wall spray
outflow momentum by the spray inclination and
angle G :
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M(Tj, 0,
gO—_%?__@ ? )'cos<y dg=cos(j .go’c'lvi(g ) ¢ (5)

and the magnitude of radial momentum flux per
unit radian of the wall spray can be expressed
simply as:

ML = Gu- O vs? (6)

where: ©m is the average density for given stream-
line defined by @ and only variation with ¢ and
Gj. Cwz is a constant.

Subtitution of Eq-(3) into Eq-(6) and Eq-
(5) leads to the following integral equation:

2K 2K
gofz (G'j 9 -E’m-cosq-dq = cost(sz (Gj ,'-f) Pm(;i‘)-?

The assumptions of that at the same inject
conditions (Vo(t), dj, and H), the total mass
in the wall region of oblique impingement spray
(G}'<90deg) is equal to the total mass in the
wall region of wvertical impingement spray (0
=90deg) and that em(Gj » ©=0) is equal to Pm
(Uj:%deg,(?) lead to the mass equation:

2
Sof (5,9 P05, q) - a@= 2m 4Gy ,9=0)  (8)

A average density characteristic function

g(G}, @) is defined as:
8065, ¢) =Cm( G, 9)/Cn( 6, =0 (9)

Subtitution Eq‘ (9) to Egq- (7) and Eq (8)
gives the governing eqations for f(Gj ,(9) and
g(65,49)

gz’ftz(@j.‘f)'g(ﬁ'j,tf)-cos@dcp= cosﬁj'gm}?(ﬁ‘j,?).
0 0
S(Gj.‘y)dso (10)
and
27y N
§; ¢ G . = . =
gof (55.9)g(8;,9) dg = 22-£7(F,4=0) (11)

Both expressions of f( Gj, ¥ ) and g( 0j,¢)
are found as following:

£(65,9)

x;
EXP(-K(G;) " (<P +0.266)/2) (12)

g(Gj,q) = 1-L(6j>-cos(q>/z +1.575) (13)

the incidence parameters of K(G}) and L(Gj) can
be solved through Eq- (10) to Eq-"(13) by numerical
method and be fitted as the forms:

0.77
K(Gy) = 1./(0.292098-2- 057" "+0,1443299)
-4.111943 (14)
. 0.77
L(G;) = 1./(0.34487E-2- §""""40.15568104E

-1)-7.941267 (15)

Figure 6 and Figure 7 show the compar ison
berween results calculated by Eq-. (3) and Eq-(4)
and the experiment data. It can be seen that
equations of wall spray tip ©penetration and
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it's velocity are able to describe basically Zo = wall spray thickness, m
the effect of G) and @ on Rs and Vs. Even though ©f = density of fuel, Kg/m?®
there are some errors in magnitude with the possi- Pa = density of air, Kg/m?
bility of erros due to the simiplication and QP = the angle included between Rsmax and Rs, deg
the expression forms of f( Gj, ) and g( G, @)
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Fig. 1 Experiment Rig

Table 1 Experiment Conditions

Nozzle opening

. . Fuel Injection Quantity| Injection Duration | Nozzle Diameter | Air Density
Injection Pressure

19.7 (MPa) diesel fuel 0.126 (g) 2.2 (msec) 0.25 {(mm) 16.2 (kg/m?*)
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Fig. 2 The layout of spray, impingement
wall, light, and camera
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Fig. 3 The transient processes of wall spray,
H = 35(mm), at = 0,222 (msec)
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Fig. 4 The variation of wall spray tip pene-
tration with angle ¢ and incidence
angle 07j.
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Fig. 5 The variation of wall spray tip pene-
tration velocity with angle ¢ and in-
cidence angle Gj
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Fig. 6 The comparison between wall spray tip
Penetration calculated by Eq-(4) and
the experimental data
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Fig. 7 The comparison between wall spray tip
penetration velocity calculated by
Eq'(3) and the experiment data



