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In-Cylinder Flow Measurement of CI Engine by Top-View Visualization(2)
-In-Cylinder Flow
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Abstract : A PIV system capable of top-view observation was built to measure internal flow over the entire cylinder area of a
CI engine. The velocity measured on a plane and at each time during the intake, compression, and expansion processes was
analyzed in relation to the piston behavior. During the intake process, the main flow is formed in the axial direction, so no
organized flow was observed on the plane. Afterward, at the end of the intake and the beginning of the compression, the flow
inside the cylinder was rapidly organized due to the piston's stagnation, and an organized flow appeared on the upper planes
of the cylinder. As compression progressed, the organized pattern of the flow extended to the lower planes of the cylinder and
intensified at the top. A very strong swirl behavior was observed at the top of the cylinder during the early expansion, which
was reobserved in the upper plane as a result of the flow within the bowl generated during compression. Therefore, even
though direct access to the flow within the bowl was impossible, useful information can be obtained to infer this flow through
top-view observations.

Key words : In-Cylinder flow(A& ] W-35), C(IZA3], PIV(YAF4:F4A]), Top-View visualization(H 35 7}
A3}, Piston bowl(TAE L)
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Table 1 Engine specifications and PIV system

Engine specification
Bore x Stroke (mm) 83.0 x92.3
Compression ratio 16
Valve timing 9//28/53/5
Engine Speed (rpm) 800
PIV system
Separation 30 psec
Laser Frequency 7Hz
Pulse
Width <100 um
Data Sample No. 300 x 2
Processing 50 % Overlap .
64 x 64, 48 x 48 pixel
Atomizer TSI_SIX-JET 9306
Size <1 pum
Particle ~ No. Density 107 particle/cm’
Stokes No. <1
Software TSI _Insight
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In-Cylinder Flow Measurement of CI Engine by Top-View Visualization(2)-In-Cylinder Flow
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230°  230° 230° 230° 230° -
245°  245°  245°  245°  245° -
260°  260°  260°  260° - -
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290°  290°  290° - - -
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In-Cylinder Flow Measurement of CI Engine by Top-View Visualization(2)-In-Cylinder Flow
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Fig. 12 Velocity field during end stage of intake(160 ~ 220° ATDC) at 5.1 ~ 88.6 mm plane from bottom of head
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Fig. 14 Velocity field during end stage of compression(290 ~ 330° ATDC) at 5.1 ~ 24.3 mm plane from bottom of head
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In-Cylinder Flow Measurement of CI Engine by Top-View Visualization(2)-In-Cylinder Flow

Sp=2.46m/s

D=3.6mm

ATDC 400 G ATDC 420

D=9.4mm | Sp=3.89m/s D=24.2mm

P=12.0mm

ATDC 400 | P=12.0mm ATDC 420

D=2.5mm D=17.3mm

Fig. 15 Velocity field during early stage of expamsion(390 ~420° ATDC) at 5.1 ~ 12.0 mm plane from bottom of head
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Fig. 16 Velocity field at 5.1 mm plane during intake, compression and early stage of expansion
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Fig. 17 Velocity field at 12.0 mm plane during intake, compression and early stage of expansion
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In-Cylinder Flow Measurement of CI Engine by Top-View Visualization(2)-In-Cylinder Flow

P=24.3mm ATDC60 A70
= H T

L=7.8mm, Sp=3.02m/s D=48.1mm | L=7.1mm, Sp=2.35m/s  D=56.5mm

L=4.1mm, Sp=0.93m/s D=66.8mm | L=2.9mm, Sp=0.46m/s  D=68.2mm

4l

‘i\;\% w

i \\@&
W
N

i

i

L=1.7mm, Sp=0m/s D=68.7mm

IVC=208, Sp=-2.35m/s  D=56.5mm | Sp=-3.02m/s D=48.1mm

A230(B130) A245(B115)

A260(B100)

Sp=-3.59m/s D=37.7mm | Sp=-3.96m/s D=25.9mm

A230(B70) A300(B60)

Sp=-4.04m/s D=13.3mm | Sp=3.89m/s D5.0mm

Fig. 18 Velocity field at 24.3 mm plane during intake and compression stage
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