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ABSTRACT

Tha flow field within the cylinder of internal combusticon
engines is the mast important factor contradling the caombustion
process. Thus 1t has & wmaj)zr impast o engine operaticon.

fhis paper represents the influence of tha piston deep bowl ec-
centricity on the in—cylinder flow in a deep-bowl direct injec-
tion  chamber during the compression strake. The eccentricity of
the bovl axis is varied from, @ to 20 mm with a ratioc to the pis-—
ton radius of 0.5 with a diametral ratic af boul to piston of
0.4, An gxpression foar the sguish (1ouw veloclty is -osbhtarned (or
the eccentric deep bowl. The influence of the esccentricity on
the spatial and temporal distributicn of the flaow, the sguish
flow wvelocibty, the tangentisal swirl velocity of the flow, the
velocity vector and contour  lines, the swirl center and the
swirl intensity is represented

1. INTRODUCTION

Understandina i1n-cylinder fluid mechanics 15 a necessary
step in predicting. the performance of Lthe spark ianiticn  and
Diesel engines. The flouw field within the cylinder is the most
important factar conk xl1ing the combusticon pronzess. It agoverns
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the flame propagation rake in homogeneous charge spark-ignition
engines) it contrellas the fuel-alr mixing and burnlng rates in
diesela. It 1influencems the mechanisms by which many of the im—
portant emiasionsa form, This flow pattern also governs the rate
of heat transfer to the cylinder wall. Creation of the specific
highly turbulent , flow field requlred for combustion-affects the
breathing capacity of the engine and hence its maximum power.
These flows are extremely complex: they are turbulent,” unsteady,
and three dimensional, whereas the flow field itself largely
depends on the geometrical shape of the cylinder. A high—dpeed
direct injection diesel engine makes full uge of air motion such
as induction swirl and squish motion induced during the compres-—
sion stroke to assist mixture formation and combustion. For this
purpose a deep-bowl zhamher as indicated in figure L is often
employed. A relatively small and- deep.cavity in the piston can
create a squish motion during the compression stroke vhen the
piston approaches the cylinder head bringing about a toroidal
vartex in the bowl cavity. A reversible squish may also be formed
during the erpansion stroke when the gas outflous from the
cavity, and affects the fuel distributicn to a certain " extent
[1]. In the case when an induction swirl ig produced, the piston
motion reinforces the swirl when the air is conveyed Into the
cavity, because of a decrease in the radius of rotation under the
condition of a flxed angular momentum.

Recently more and more trials are being made to {nvestigate
the flow in the {n-cyllnder through numerical simulation but
many of them still assume two dimensional or axisymmetrical
flows [1,83. The three dimensicnal flow in the eccentria deep
bowl cavity is simulated also numerically in [3,10]). These com-
putations reasonably reproduce the in-cylinder flow and raveal
the details of the swirl and squish motions in the piston bowl,
To have better insight into thig in-cylinder flow further com-
putations have been carried out and the numerical simulation
system which is developed In [101 is uged in this paper to asses
the influence of the deep bowl eccentricity .4n  the in-cylinder
turbulent air motion durtng compression.

2. ENGINE CONDITIONS

For simplicity, the piston bowl i®s assumed to have a rectan-—
gular «cross section as shown in fig. 1. A forced vortex flow
around the cylinder axis with a uniform turbulence is assumed to
represent the induction swirl when the inlet valve closes, It ts
alsc assumed that the working fluid is ideal air and no combus-—
tion takes place.

All computations were performed with a small size direct in—
Jection diesel pngine having a small cylinder diameter = 120 mm,
a stroke = 120mm and a length ratio of connecting rod to crank
arm = 3.3. The bage line conditions are as follows, the compres—
sion ratio = 16, the piston head clearance at TDC = 7.2 mm,
diametral ratio of bowl to piston = 0,4 and engine speed = 2400
rpm, The eccentricity of the bowl axis to the cyflnder axis 1i=m
varied and took the values D.o, (0.5, 15, 20 and 30 mm with a
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ratie to the piston radius of 0, 0,175, 0.25, 0.332 and 0.5
regpectively and the computation is done for a swirl ratio we
of ' 0.6 .

3. REBULTE OF CDMPUTATIONB
3.1 The squish flow

Near the top dead center, the charge between piston crown
and cylinder head 18 wgueezed radially ilnwards as a jet flow,
which is usually called a squish flow and utilized to improve
the combustinon process due to the accompany violent furbulence.
The theoretical squish velocity was calculated by Fitzgeorge [111
for the axisymmetrical bowl in piston chamber. For the eccentric
bowl in piston chamber the squish flow velocity can be calcu—
lated under the following assumptions:

1. Dividing -the cylinder volume into two volumes, the valume
of the space between the piston ring and the cylinder head which
is called squish volume Ve and the cavity plus the volume over
the cavity to the cylinder head which is called the combustion
volume V.,

2. Egualizing the mass flow rate of the air flowing through
the area between the two volumes to the decrease in the mass of
the air of the squish velume. .

3. Presuming a gquasi—-steady flow across an element of the ver—
tical ptane between the VYa and V. the squlsh velocity Ua can be
then obtained by the followving relations

P.: - r:
UnilUm = —=—=—————— 1)
Rﬂ — r:
with R = (R’ - e® win®*8B - e cosd (23
Apn g
and Un/Bp * ————  ——vm————— (32
An E + htba
Figure 2 shows the behavior of the mean sguish {low
velocity during the compression strole. The mean =quish flow

velocity Um increases flrstly very slowly during the compreasion
phase until 3J0=CA BTDC where it begins to incresae rapidly and

reaches its -maximum ‘'value approximately at 10* 8TDC. For the
considered example this maximum value equals about 7 .times the
value of the mean pisteon speed. After thia value it decreases

sharply and vanishes at the TDE.

For the eccentric cavity the value of the radiua Re changes
with the change of the angle B8 as shown in figure 1 and eguation
(2). This causes the change of the squish flow velocity along
the plane dividing' the squeezing wvolume and the combustion
valume.
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Figure 3 shows the behavior of the squish flow velocity Ua/Ua
with the change of the angle 8 ftrom @ to 180* for the dlfferent
eccentricity values. By 8=) Re takes ttas maximum value and the
maximum squish velocity occurs, then by the increase of the angle
8 Rg decrease and also the sguish flow velocity Um decreases un-
til it takes its minimum value at B=160-.

Figure 4 shows the maximum and mipimum values of the squlsh
flow velocity by the.different values of eccentricity. The maxi—
mum value of the sguieh flow wvelocity tncreases with the - in-
crease of the eccenkricity and reaches by e=15mm the value 1.6
times its value at the axisymmetric case and by e=36mm the value
2.28.

3.2 The tangential velocity ¥

Figure S shoW the computed tangential velocity in the sym-—
metrical section A-A far three crank angles 20, 10= before TDC
and the TDC for the eccentricity ratios of ©, 0,175, 0.25 and
0.33 aleo at three sections in the bowl ravity, the top of the
cavity with’ ™ k=%, and nearly one third and two thirds of its
heiaht where k=9 and k=13. Roughly apeaking there 1a a comman
inclination that may be wbserved from the figure that the
velocity profiles are close to that of a rigid-body rotation in
the central region while they deviate to a flat distribution on

the outer region. The eccentricity of the deep bowl cavity
decreases the btangential velocity at the right side and increases
it at the left side. Flgure 5 shows also that the change in the

tangential velocity due to the in:crease of the eccentricity be-
comes always smaller with the procreding of the flow towards the
bottom of the cavity.

Figure 3 shows also that with the proceeding of the crank
angle during the <ompression the change of the tangential
velocity due to the increase of the eccentricity from 10.5 ta 20
mm increases at the teop of the cavity until 20= before TDC and
then decreases again towards the TDD. While this change in  the
tangential wvelocity is somewhat smaller at k=9 and is very small
at k=13.

3.3 The plane velocity U .

Figure 6 represents the vector lines of the velocity U tn
the symmetrical plane A-A at 10" befare TDC for the axiaymmetri-
cal case as well as for the eccentricity values of 10.5, 20 and
30 mm, The cage of lO.Smm in this flgure is taken from (121 for
comparison. The point in flgure & indicates the position of the
talculated velocity and the line gives the magnitude and direc—
tieon of {t with respect to the piston. Figure & shews that the
air jet is bent at the cornera tip =f the bowl and by the Sym—
metrical bowl two wvortices are formed in the bowl. An anti-
clockwiae vartex Ls formed at the right half of the bowt and
ancther clockwise cne is formed at the left side of the bowl. Py
the Lngrease of the  eccentricity the air jet sgulsh flow
velocity at the right side diverts at the upper part of the bowl
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thereby the antl-clockwise vortex becomes greater and the clock—
wige vortex becomes smaller.

Figure 7 shows the contour lines of the v&locity U.u in the
symmetrical section A-A at |0°CA before TDC far the ec—
centricitiey of e= O, 10.5, 15, and 20 mm. The case of e=i0.5 mm
in this figure 1s taken from £12] for cocmparison. Along the bowl
ripht side wall where the fuel is expected to be injected the
velocity varies from © to 7,2 m/s by the symmetrical .case where
e=(, but with the increase of the eccentricity the vartatione of
this velocity increase from Q to 12 m/s by e=10.5 mm and then
takes nearly the same value from ¢ to 12 by eccentricity values
higher than 10.5 mm with a percentage 1irncrease of 137.3 with
respect to the axisymmetric case. That means that the velocity
gradient along the bowl right side wall Iincreases with the in-
crease of eccentricity to a certain limit.

figure 7 shows alseo that the maximum velocity in the sym—
metrical plane A-A increases with the increase of the ec-—
centriclty, It reaches 12, 13, 15, and 17 m/s far e=d, 10,5, 15,
and 20 mm resapectively, The location of the maximum velocity
changes also with the increase of the eccentricity. It locates
by the axisymmetrical case at the core of the flow in two posi-
tions in the two sides of the piston cavity, but as the ec-—
centricity increases to the left side of the cavity the maximum
velocity occurs only in the right half of the rcavity and its
position deviates towards the piston top level.

Filgures & and 7 show that with the increase of the ec—
centricity the center of the anti-clockwise swirl vortex moves
vertically towards the cylinder top and horizontally towards the
axie of the bowl while the center of the clockwise swirl vortex
moves vertically down towards the bottom of the bowl and horizon-
tally towards the left side wall.

3.4 The plane velocity U.ms

Figure 8 and 9 represent the vector and contour lines of the
‘velocity U,.e at LDO=CA before TDC for the plane which is nearly

located at one third of the bowl height k=9, The pointe in
figure B8 1indicate the location of the calculated velocities and
the lines give the magnitudes and directions of it. Both figures

show that the swirl center which colnecides with the bowl center
by the axiaymmetrical case deviates by the increase of the ec-
centriclity from Lts position away but nearly in the same direc—

tion. This deviation increases with the increase of the ec-—
centricity. The lncrease of eccentricity creates alsa another
two regions of maximum, and minimum velocities. The maximum

velocity increases by the increase of the eccentricity from 2.6
m/a by the eccentricity of . 10.5 mm to 14.4 and nearly 16.2 m/s by
the eccentricity of 1% and 20 mm reapectively, while the minimum
velocity decreases from 9 m/s to 7,2 and 'S5.4 m/ss by thse ec-
centricities 10.%, 20 and 30 mm respectively.



4, CONCLUSION

In the present study further computaticns are made to give
better understanding =f the in-cylinder air flow and to get the
influence of the eccentricity of the bow! axis on the in-cylinder
flow in a deep-bowl direct injection chamber during the compres-—

.s5ion strole. The main points drawn 'from the present sStudy may be
summarized as follows:
1. .The eccentricity causes change of the sguish flow velocity
along the tip of the piston cavity., Jt takes its maximum value at
one side of the piston LaV1ty till its mipimum wvalue at the other
side.

2. The maximum value of the sguish flaw weleocity increases
with the ipcrease of the €ccentricity.
3. The change of the tangential velocity due to the increase

of the eccentricity becomes always smaller vith the proceeding of
the flow towards the bottom of the cavity,

4. By the increase of the escentricity wone vortex in the
bzwl becomes greater and the other one becomes smaller.
© S, The velogcity gradient at the bowl vall where the fuel is

expected to be injected increases with the increase of the ec-—
cantricrty. to a certain limit,

5., NDOMENCLATURE

Ar area of the vertical plane between the squish valume and
the combusticn volume

[ the piston area

e eccentricity of the bowl axis

h piston position from the cylinder top

fie tautal cylinder length rh at RDC)

K number represents thwe planes of the cylinder

r radial coordinate

L bowl radius

S piston radius

Fa piston radius measured from the howl axis

Se mean piston speed

U squish MMow veliocity

U mean squish flow velecity over the area A,

Us the squish flow wvelacity alapg the tip of the pisteon

cavity which is equal te Un for the case of axisymmetri-
cal cavity

U, a the velocity in the r-8 plane

Up the velocity in the r—-z plane

v tangential flow velocity

Yo combustion volume which consists of the cavity wvolume
plus the volume of the space nver the cavity

Ve the volume of the space between the piston ring and thae
cylinder head
the ratio of the cavity volume to the clearance wolume

(cylinder volume at bthe TDC)

B tangential coordinate

Wo swirl ratic, the ratio of suirl angular velocity to that
aof the engine speed
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Figura 7: The contour lines of the velocity U., in
the symmetrical section A-A at 10°cA BTOC

As=Q ,B=2.4 ,C=4.8 , D=7.2 ., E= 9.6

F =12 , G= 14.4 , H= 16.8 m/s
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e = 20 mm

Figure 9: The contour lines of the velocity Vg
at 10°CA 8T0C snd k=9



