Q
L)

[ (¢
\
Science Service, Inc. is collaborating with JISTOR to digitize, preserve, and extend access to @% )2

Science News. IINORY
Www.jstor.org



The Hluminated Vortex

Understanding how the in-cylinder flow of the fuel-air mixture is influenced
by chamber geometry provides a key to improving engine performance.

By applying a laser measurement technique, a researcher

at the General Motors Research Laboratories has gained new

insight into the behavior of the flow.
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Figure 1: History of mean velocity at a single
engine location.

Figure 2: Panoramic view of engine flow pat-
terns. With changing crankangle, the center of
rotation precesses from the cylinder’s lower left
quadrant to its upper right quadrant.

I HE FLUID motions inside
engine cylinders have consid-
erable influence over the progress
of combustion. Mixing of air and

fuel, combustion rate, and heat
losses from the cylinder are all im-

portant transport processes strong-

ly dependent on fluid motions.
The motion inside the cylinder has
two components. Mean velocity
influences the transport of mo-
mentum, energy, and species on a
cylinder-wide scale, while the tur-
bulence component influences the
same phenomena on a local basis.
The in-cylinder flow field depends
primarily on the geometry of the
cylinder and inlet port. Hence, de-
cisions made in the engine design
stage exert a controlling influence
over the flow. But before questions
about how different geometrical
features affect the flow field can be
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answered, the problem of how to
measure the flow must be solved.
By applying Laser Doppler Ane-
mometry (LDA), Dr. Rodney Rask,
aresearcher at the General Motors
Research Laboratories, has ob-
tained detailed measurements of
the flow field.

LDA is a technique in which
two focused laser beams pass into
the cylinder through a quartz win-
dow. In the minute measuring re-
gion where the laser beams cross,
a regular pattern of interferente
fringes is created. As the 1-micron
particles, which have been added
to the engine inlet flow, cross the
measurement region, they scatter
light in the bright fringes. In Dr.
Rask’s LDA system, the scattered
light is collected by the same
lenses used to focus the laser
beam, and measured by a photo-
multiplier tube. The resulting sig-
nal is processed electronically to
determine the time it takes a par-
ticle to traverse a fixed number of
fringes. Since the fringe spacing is
a known function of the laser
beam crossing angle, this transit
time provides a direct measure of
velocity.

During operation of the
LDA, measurements of velocity as
a function of engine rotation (crank-
angle) are made at a number of lo-
cations within the cylinder. The in-
stantaneous velocity at each point
must then be separated into mean
and turbulence components. The
simplest technique is to declare
that the mean velocities for all
cycles are identical and ensemble
average the data. However, this
approach ignores the cyclic varia-
tion in the mean velocity. Another
technique looks at individual
cycles and uses a variety of
methods, including sophisticated
filtering, to split the instantaneous
velocity into its components. This




approach is consistent with the
LDA measurements, which clearly
show that the mean velocity does
not repeat exactly from one engine
cycle to the next.

Differences in the flow field
from one cycle to the next can
seriously compromise engine
efficiency. Near the end of the
compression stroke, it is important
to maintain a consistent velocity at
key cylinder locations (e.g., at a

spark plug). Dr. Rask’s LDA mea-

surements have identified design

features that control cyclic varia-

bility.

FGURE 1 shows mean velocity
measured at a single location

during an engine cycle. High ve-

locity exists during the intake

stroke when the inlet flow is rush-

ing through the narrow valve
opening. This jet-like flow into the
cylinder causes large velocity
differences between adjacent cyl-
inder locations and produces
strong turbulence. As the end of
the intake stroke is approached
(180 degrees in Figure 1), the levels
of both mean velocity and turbu-
lence drop rapidly. This decrease is
a result of the changing boundary
conditions for the cylinder—from
strong inflow to no inflow. During
the compression stroke the flow
field evolves, but it undergoes no
drastic changes. However, in a
high-squish chamber, where the
flow is forced into a small bowl in
the piston or cylinder head, consid-
erable turbulence is generated
near the end of the compression
stroke.

Measurements from many
cylinder locations are necessary to
make the flow field understand-
able. Figure 2 shows four flow pat-
terns covering a period from near
the end of intake into the compres-

sion stroke. Note the strong vorti-
cal flow, with the center of the
vortex away from the cylinder
center and precessing with chang-
ing crankangle.

By experimenting with geo-
metrical variables, Dr. Rask has
gained new understanding of phe-
nomena observed in operating en-
gines. The resulting knowledge
has guided the design and develop-
ment of new engines with a mini-
mum of trial-and-error testing. The
LDA findings are also being used
to validate and calibrate engine
flow computer models under devel-
opment.

“From our measurements,”
Dr. Rask states, “we have been able
to deduce how changes in the ge-
ometry of the port and combustion
chamber modify the velocity field.
These flow field effects are now
being used to help designers tailor
engine combustion for optimum
performance.”
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Dr. Rodney Rask is a Senior Staff
Research Engineer in the Fluid
Mechanics Department at the
General Motors Research Labora-
tories.

Dr. Rask received his under-
graduate and graduate degrees in
mechanical engineering from the
University of Minnesota. His Ph.D.
thesis concerned the Coanda
effect.

Prior to joining General
Motors in 1973, Dr. Rask worked
on the design of nuclear reactors at
the Knoll's Atomic Power Labora-
tories. In addition to further refine-
ments in LDA measurement
techniques, his current research
interests include computer simula-
tion of engine systems, with spe-
cial emphasis on the intake
manifold.




