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NUMERICAL SIMULATION OF FLOWS IN AN ENGINE CYLINDER WITH AN
ECCENTRIC DEEP BOWL COMBUSTION CHAMBER DURING COMPRESSICH

{2nd Report: NUMERICAL EXAMPLE)
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ABSTRACT
In this paper the numerical model that calculates the £luld
dynamics in an engline cyllnder which 1s represented in the flrst
part of this paper [1l1 s wused to simulate the compression
stroke. The calculated results are presented for a cupped pisteon
geometry wuynder operating conditlions typically of those con-
templated for direct injectlon diesel englne. Particular em-
phasis 1is placed on the spatial and temporal distribution of the
flow, veloclty vectors and contour lines, swirl intensity and
gswirl centers. Although many of the detaliled features of the tur-
bulent flow are still unresolved, some progress cof the under-
standing of the in-cylinder flow specially near the top of the
dead center {(TDC) 1s galned.
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1. INTRODUCTION

Understanding the iln-cylinder fluid mechancis 1s a necessary
step in predicting the performance of the reciprocating englne.
The combustion rate, stratification and fuel-air mixing, forma-
tion o0f pollutants arxe highly dependent in the £low Eield that
exists in the engine cylinder specially in the latest region of
the compression process. Although the mean f£lows and turbulence
characteristics have been measured for conventional and dlesel
engines by many investigators (2-4] detailed features of the tur-
bulent flow and combustion are still uncesolved. Analytical tech-
nigque is now available for predicting the flow ln the engline
cylinder. It is shown and described in the £irst part of this
paper (1] and can be used as lnterpretive tool. In thls paper,
the analytical technique is used to predict the flow field in an
eccentric bowl combustion chamber of a small diesel engine
cylinder during the compression stroke. Our goal of this 1is to
increase ouz insight into this process that controls the combus-
tion and pollutant formation and to increase our understanding to
the in~-cylinder £luid mechanics and the characterization of the
turbulent fleld near top center of the compression process.

2. COMPUTED EXAMPLE

A1l computations were performed with a small size direct in-
jection diesel engine having a cylinder diameter of 120 mm, a
stroke of 12.8 mm, a length ratio of connecting rod to crank arm
A.38. The base line conditions are as follows; the piston head
clearance at the top dead center 7.2 mm, diametral ratlio of bawl
to piston 4/D 0.4, the depth of the bowl is 37.5 mm, the ec-
centricity of the bowl axis is 10.5 mm and the englne speed Iis
2400 rpm .

During the computation it is assumed that when the inlet
valve closes the air in the cyllinder has a forced vortex motion
with constant swirl and rotation. The swirl ratio (ratio of swirl
angular veloclty of that of the engine shaft) 1s 0.6. The piston
velocity is still small compared to the sonic speed in the flow,
therefore, the density 1s assumed to be spatlially uniform but
time dependent, and the flow is assumed to be modeled via a large
inviscid core plus a very small viscous boundary layer at the
valls.

3. RESULTS AND DISCUSSION

Figqures 1 and 2 represent the veloclity vectors and the
veloclity contours in the symmetrical plane A-A which is shown in
Fig. 3, for the last 60 CA before TDC 120 , 150 , 160 , 170 and
180 after BDC. It is shown in figures 1 and 2 that as the plston
goes up the air is pushed into the bowl forming the radial inwara
squish jet. The squish jet has a Jdifferent radial velocities
along the bowl top because of the eccentricity of the bowl and
the unequal shoulder of the piston crown. The maximum radial
velocity occurs always at the greater side by the point b while
the minlmum veloclty cccurs at the smallest side at c. Points b
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-and ¢ are shown In Fig. 3 which represents the different sectlons
in the cylinder.

It is also shown that the eccentricity of the bowl creates
higher radlal squish velocity than it in the axlsymmetric case
which is described in {5], The maximum squish radial velocity
which occurs at point b occurs also by nearly 155-~160 CA after
BD that 1is nearly 20-25 CA before TDC. The increase of this
maximum sguish by eccentricity ratio (eccentricity ta cylinder
radlus} of 0.175 ls about 35% over the maximum squish radial vel-
loclty by the axisymmetric bowl.

In the earlier staqes of the flow the air jet is bent at the
corners of the bowl, Howvever, once a small antl-clockwise vortex
ls formed at the entrance of the bowl at the greater slde the airx
Jet diverts at the upper part of the bowl thereby &the anti-
clockwise wvortex becomes greater and greater as the crank angle
proceeds untl]l 1t exists in the whole cavity and forms a toroldal
motlon in the cavity at the compresaion end.

The velocity wvarlation at the bowl wall changes as the pis-
ton moves upward. At the bowl rlght side wall where the fuel is
expected to be injected, the velocity wvarles from 0 to 2.7 m/s at
120 CA after BDC. then the variation of the velocity increases as
the crank angle proceeds until 160 CA after BDC where 1is wvarles
from 0 +to 1l6.8 m/s. After thls condition it begins tec decrease
with the proceeding of the crank angle. Therefore, it ls better
in this case to inject the fuel nearly at 160 CA after BDC.

Flgure 4 shows the constant lines of the relative pressurs
AP =P - P, {vhere B, ls the mean pressure in the cylinder during
the showed crank angle) for the symmetrical section A-A for the
crank angles 120 after BDC to the TDC during compression. The
highest pressure regions are near the cylinder mlddle. The pres-
sure in the bowl decreases towaxds the bottom and there is also a
minimum pressure reglon at the bowl rlght side near the top. At
the end of compression process and the beginning of the expansion
at the TDC &ihe flow begins to change lts characteristlecs; the
highest pressure ls now at the bowl bottom and {t decreases in
the directlon of the cyllnder top.

Figures 5 and 6 shoew the vector and constant lines of the
velocity in the planes z=constant where k= 2, 4, 5, 9, 12 and 17
for the crank angle 170 after BDC and TOC. A strong swirl is gen-
erated in the plane z=const., the swirl center exists con-
siderably away from the symmetrical plane a-A and the cylinder
axis. It 1is located with the Increase of z helically around the
cylinder axis. The swirl intensity increases in the cylinder
space with the lIncrease cof z and it tends to reach lts maximum
value at the piston crown where k=5, then it decreases again in
the plston bowl till lts minimum value near the plston bottom.
As shown in Figure § the maximum veloclity in the =z plane in-
creases as z increases till 1t reaches ilts maximum value at the
piston crawn vhere k=5 and then it decreases in the plston cavity
and lk& tends to reach lts mlnimum value near the piston bottom
vhera k=17. The polnts of the maximum veloclities are located
helically with the proceeding of = around the bevwl axis and make
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a splral form. In the z planes where k=2 and 4 in the cylinder
space the radial velocities are very small near the cylinder
wall and the flaow is therefore nearly in the azimutal direction,
but due to the sguish flow which exists at the circumference of
the bowvl top the radial velocity component becomes higher and the
flow is turned towards the midéle of the bowl center.

Fig. 7 shows the constant lines of the relative pressure for
the different sectlons cof z and k=2,4,9,13, and 17 at the TDC.
Since the strong swixl which is generated In the planes
z=constant as shown in Figures 5 and 6 the pressure becomes much
lower near the bowl axis in both the cylinder and the bowl and
the swirl center has always the minlmum pressure value. The
pressure inreases from the right to the left 1iIn the cylinder
space k=2, 4 with a minimum value near the center of the bowl and
it decreases from outside to inside in the deep bowl at k=9, 13
and 17.

Figures 8 and 9 give the vector and constant 1lines of the
velocity £for the crank angles 150 after BDC to the TDC at the
same section with k=9 which is nearly located at the third of
the bowl height. At the moment where the Inlet valve closes
during the compression stroke the flow 1s assumed to have con-
stant swirl. W#ith the proceeding of the crank angle the swirl
velocity Increases and until 150 <CA the £low Is stlll 1like a
rigld body rotation. After 150 the EFlow is no longer like the
rigid body rotation and a region of maximum velocity begins to be
formed at one side of the sectlion. This maximum velocity in-
creases with the proceedlng of the crank angle and reaches its
maximum value at the end of the compression. The maximum
velocity and also the swirl center exlst nearly at the same posi-
tions away from the bowl center with the proceeding of the crank
angle.

Another figures and discussion for the flow characteristlices
for this computed example can be found in [(6].

4. CONCLUSION

A numeriacal simulating algorithm is used to dlscuss the
qualitative bahaviour of the compression process. Qur undecstand-
ing of this process is based on the global observations of the
computed flow field of an example. Although many of the detailed
features of the turbulent flow are still unresoclved, this example
gives some progress In understandlng the global features of the
behaviour of the in-cylinder flow field specially near the TDC.
The development of the swirl flow, the positions of the swirl
centers, the posltions of the maximum velocities, the wvelocity
variation, the pressure difference and the formation and develop-
ment of the vorticies in the bowl are nov better understood.
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Fig. 3
Posltions of the different
sections in the cylinder

CA 150 1s0 170 TDC.

h 1.48 1.05 0.805 0.727 cm

Flg. 4

The constant relative Pressure
lines far the symmetrical plane
for 120 CA after BDC to TDC
during compresstion
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- 160°
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Fig. 6

Velocity contours fn the planes z=z angd k=2, 4 in the cylinder

space and k=5, 3, 13 ang 17 in the deep bowl for the TDC at the
end of compressian process.
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Fig. 1

The constan relative pressure
1lnes in the plane 2=Z and
xk =2, 4, 9, 13 and 17 for
the TOC at the end of comp-
resslon process
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Veloclty vectors Irn the plane 2=z and k=9 which s nearly lo-

cated at one thlrd of the bowl helight for different crank angles
from 150 after BDC to the end cof compresslon process
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Fig. 9 Velocity contours in the z-plane k=% which id neaxrly leg-
cated at one third of the bowl height for different cfank angles



