13th Int. Symp on Appl. Laser Techniques to Fluid Mechanics, Lisbon, Portugal, June 26 – 29, 2006

The influence of fuel injection and heat release on bulk flow structures in a direct-injection,
swirl-supported Diesel engine
Paul C. Miles1, Leif Hildingsson 2, Anders Hultqvist 3
1: Combustion Research Facility, Sandia National Laboratories, Livermore, CA, USA, pcmiles@sandia.gov
2: Department of Combustion Engines, Lund University, Lund, Sweden, leif.hildingsson@vok.lth.se
3: Department of Combustion Engines, Lund University, Lund, Sweden, anders.hultqvist@vok.lth.se
Keywords: PIV processing, Engine flows

In swirl-supported, light-duty diesel engines the fuel sprays
interact with the piston bowl walls and with the swirling gas
flow to form bulk flow structures that transport fuel and
partially-oxidized products throughout the combustion
chamber. Numerical simulations have shown that formation
of favorable bulk flow structures can enhance heat release
rates during the mixing-controlled period of combustion as
well as late-cycle particulate (or CO) oxidation rates.
Experimental verification of the formation of these
structures, and their influence on the spatial distribution of
heat release, has thus far proven elusive—full-field velocity
measurements in a firing diesel engine have not been
previously obtained. A major objective of this work is to
describe the application of PIV to the measurement of
vertical (r-z ) plane bulk flow structures in a direct-injection
diesel engine, and to use this technique to better understand
the influence of the fuel injection process and heat release on
the flow structure development. Use of the two-dimensional
flow divergence as a diagnostic for identifying the spatial
locations of heat release is also explored.
The measurements were performed in a Volvo D5
optically-accessible diesel engine, which incorporated a
piston bowl with a realistic geometry (Fig. 1). Measurements
were obtained at 1200 rpm with the engine motored (no fuel
injection) and at a low-temperature diesel operating
condition characterized by an IMEP of 4 bar.
Particle images were obtained from a vertical laser sheet
which passed through a quartz section of the cylinder liner.
Portions of the resulting images residing within the piston
bowl were highly distorted by the bowl wall curvature. The
geometric distortion was corrected employing a calibration
derived from a target image (Fig. 2). However, bowl wall
curvature also introduces a bias into the measured axial and
radial velocities due to the introduction of an effective
viewing direction which is not normal to the laser sheet.
With fuel injection, the flow is initially dominated by a
single vortical structure formed by deflection of the fuel jet
at the bowl wall. However, a dual-vortex structure, similar to
the numerical predictions of previous studies, forms shortly
thereafter. At the selected operating condition, the flow
divergence estimates (and the mean flow streamlines)
indicate that the bulk of the heat release takes place within
the piston bowl, resulting in a much stronger flow out of the
bowl than is observed without combustion. Later in the cycle,
the flow leaving the bowl triggers the formation of a toroidal
vortex located above the piston top, just outside the bowl
mouth (Fig. 3). The vortex is stable and persists well into the
expansion stroke. Its formation is delayed in flows without
combustion. Two important pract ical consequences of the
formation of this vortex are identified. First, it prevents fluid
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Fig. 1: Schematic and details of the optical engine, fuel injection
equipment, and the experimental geometry
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Fig. 2: Example of a distorted target image and its distortioncorrected counterpart
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Fig. 3: Toroidal vortex structure observed above the piston top
(right), and LIF images of partially-oxidized fuel observed in a
related study (left). Visualization of the vortex is aided by
subtracting the idealized piston-motion induced flow

leaving the bowl from penetrating into the squish volume
where it can mix with additional air. Second, imaging
studies of soot luminosity and partially-oxidized fuel suggest
that species trapped within this vortex are slow to mix with
surrounding fluid and complete the oxidation process.

