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PIV analysis of in-cylinder flow structures over a range of realistic engine speeds
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Particle Image Velocimetry (PIV) is an optical diagnostic
technique capable of measuring flow field velocities on a 2D
plane inside the engine cylinder with extremely high temporal
and spatial resolution. PIV is also suited to the measurement
of cyclic variation which is known to be significant in highly
turbulent flows, such as those generally found within SI
engine cylinders.

produced with vectors at approximately 1 mm resolution. The
vector fields show the development of the flow field in 1.6°,
2.4° and 3.2° steps for the three respective engine speeds.
Table 1: PIV Image times
RPM
Crank period
Resolution
750
2000
3500

Traditional optical research engines have unable to run at
engine speeds in excess of approximately 2000 rpm due to
heat accumulation, vibration problems and accumulation of
unwanted material on the optical surfaces. A significant
proportion of the normal engine speed range has therefore not
been investigated. The Single Cylinder Optical Research
Engine (SCORE) designed by Lotus Engineering is
specifically for the application of optical diagnostic
techniques at higher engine speeds. SCORE is fitted with
both primary and secondary balance shafts to allow for
operation at speeds up to 5000 rpm. The engine also
incorporates a full length fused silica liner and a sapphire
window in the piston crown to provide extensive optical
access to the combustion chamber (Fig. 1).
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Fig. 2: PIV vector field at 3500 rpm, 88.0°, Spatial scale
relative to centre of piston at BDC. Mean of 51 Images.
The vector fields produced show the flow velocities
approximately scale as engine speed increases. However, a
change in the tumble ratio occurs between 750 and 3500 rpm
as the recirculation vortex which attaches to the descending
piston at 2000 rpm becomes detached at 3500 rpm.
TUMBLE RATIO AGAINST CRANKANGLE FOR 750, 2000, AND
750 rpm
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Fig. 1: SCORE Optical engine
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In-cylinder PIV measurements have been made on SCORE
during the latter half of the intake stroke on a plane between
the inlet valves at speeds of 800, 2000 and 3500 rpm. Mean
vector fields for an area of 42 mm by 34 mm have been
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Fig. 3: Tumble ratio against C.A. for 750, 2000 and 3500 rpm
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