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A Similarity of the Velocity Profiles According to Water
Depth in Partially Filled Circular Pipe Flows

Ji-In Yoon, Youngbae Kim, Jacyong Sung and Myeong Ho Lee

Abstract. Contrary to the flow rate in fully filled pipe flows, the flow rate in partially filled pipe flows
is significantly influenced by the variation of water level, channel slop, and so on. The major difference
in these two flows results from the existence of a free surface. To make it clear, in the present study,
a similarity of the velocity profile in a partially filled circular pipe has been investigated according to
the water level. A particle image velocimetry (PIV) technique was applied to measure the three-dimen-
sional velocity profiles. As a result, there is found a similarity of the velocity profile near the central
region. However, near the side wall, the similarity is broken due to the interaction between the wall and

the free surface.
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Fig. 1. Experimental apparatus and configuration of the
PIV system to measure the velocity profiles in
partially filled pipe flows
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Fig. 2. Cross-section of a partially filled pipeline
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Fig. 3. PIV measurement sections for 3-D velocity
distributions
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Fig. 4. Adjustments of laser light sheets to illuminate the
off-axis vertical plane
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Table 1. Non-dimensional parameters

hid (%) U (m/s) Re Fr
30 0.056 477 0.968
40 0.065 695 0.101
50 0.072 898 0.103
60 0.077 1069 0.105
70 0.081 1192 0.106
80 0.082 1246 0.107
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Fig. 5. Normalized velocity profiles according to the
water level observed in the several lateral
positions
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