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Three Component Particle Velocimetry Using Laser Sheets
for Cycle-Resolved, In-Cylinder Measurement
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ABSTRACT

Combustion variations are related to the cycle to
cycle differences in the flow throughout the cylinder
which can be measured by a particle coded pulse
velocimetry (PCPV) developed for cycle-resolved,
planar measurements of three components of
velocity. Laser sheets were introduced through a
glass liner and pulsed to measure the velocity of
small seed particles. The PCPV was applied to a
VTEC-E engine to record the flow pattern throughout
the cylinder, the swirl and tumble motion developed
only after BDC and derived swirl and tumble ratios
were in good agreement with those measured by an
impulse swirl meter.
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Principle of Particle Coded Pulse Velocimetry
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Fig. 2 Air Velocity Distribution in Cylinder at
Z=10 mm, for Motored Operation
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Table 1 Design Requirements for Measurement
System

Air Velocity in Cylinder
Suction Stroke

Vertical Comp. 2~50 m/s

Horizontal Comp. 3~40 m/s
Compression Stroke

Vertical Comp. 1~23 m/s

Horizontal Comp. 2~20 m/s

Maximum Inclination Angle ~75°

Measurement System
Measurement Range for Velocity

Vertical Comp. 3~50 m/s

Horizontal Comp. 3~40 m/s
Resolution for

Time Scale 1 ms

Spatial Scale 1.5mm
Detected

Error under 10%

Number of Loci over 300
Maximum Inclination Angle ~70°
Particle Trap Ratio over 40%
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Fig. 3 Target Velocities and Their Origins in PCPV
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Fig. 5 The Velocity Range and Error Ratio, Evv, for
Three PCPV Arrangements
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Fig. 4 Limit Velocities of Vv and Vh Component as
a Function of Laser Sheet Thickness
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Fig. 6 Schematic of Instrumentation Used to
Measure 3D Air Velocity by PCPV
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Fig. 9 Optically-accessed Single Cylinder Engine
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Fig. 10 Contours and Vectors of Instantaneous Air Velocity Measured by PCPV from Non-consecutive Cycles
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Table 2 Optical Engine Specifications and
Operative Conditions

Engine Specification

Cylinders 1

Displacement 360 CC
BoreIStroke @ 75I181.5 mm
Compression Ratio 9.1

Valve Mechanism VTEC-E

Number of Valves 4

Swirl Ratio 2.3 (Swirl Meter)

Tumble Ratio 1.9 (Swirl Meter)
Engine Operative Conditions
Speed 1500 rpm
Volumetric Efficiency
PCPV Measurement WOT
LDV Measurement 57%
A/F Ratio
PCPV Measurement Air Only
LDV Measurement 14.7
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Fig.11 Variation of Swirl and Tumble Ratio with
Crank Angle. Note that Marked Values,
%, are Measured with a Steady Flow
Apparatus.
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Fig. 12 Contours of Averaged Air Velocity Measured by LDV at Z=10 mm
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