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Characteristics of annulus moving boundary flow in straight pipe
segments of different widths

Zhang Xuelan, Sun Xihuan, Li Yongye
(College of Water Resource and Engineering, Taiyuan University of Technology, Taiyuan, Shanxi 030024, China)

Abstract: To further explore the influence of different factors on the hydraulic characteristics of the
moving boundary annulus flow, through tests and theoretical analyses, annuluses with widths of 25,20,
15,10 mm respectively were studied. The test was carried out in the straight pipe segment of the pipe-
line system, whose control volume is 60 m’/h, using barreled feed pipe carriage weighted 750 g. The
research shows that the moving boundary annulus flow in straight pipe segment is turbulent morpholo-
gy. Pressure values of measurement points in the annulus cross section tend to cluster as the width of
the annulus increases. In the same section, pressure around the moving boundary of carriage is lower
and pressure around the fixed pipe wall is higher. With the same width, the axial velocity sectional
distribution is more uniform in the middle section than in the back or front. And the distribution is a
layered one around the carriage body of which higher around the dynamic boundary and lower around
the fixed border. When the width is 20mm, the axial distribution uniformity is best. Circumferential
velocity shows uneven distribution in sections along the carriage under various conditions of different
annulus widths.
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Fig.1 Pipeline carriage model diagram
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Fig.2 Pipeline system diagram
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Fig.3 Diagrammatic arrangement of measuring points

Tab.1 Measuring points coordinate values at each annulus width

d/mm p/mm 0/(°) d/mm p/mm 0/(°) d/mm p/mm 0/(°) d/mm p/mm 0/(°)
0 0 0 0
77.6 59.5 68.7 57.4
30 102. 4 14 120. 5 13 111.3 1 122.6
180.0 180.0 180. 0 180.0
257.6 239.5 248.7 237.4
282.4 300. 5 201.3 302.6
0 0 0 0
56.8 50.4 59.7 53.6
35 123.2 18 129.6 41 120.3 " 126.4
180.0 180.0 180.0 180.0
236.8 230. 4 239.7 233.6
303.2 309. 6 300. 3 306. 4
25 20 15 10
0 0 0 0
62.3 57.4 53.6 50.3
40 117.7 42 122.6 a4 126. 4 % 129.7
180.0 180.0 180.0 180.0
242.3 237.4 233.6 230.3
297.7 302.6 306. 4 309.7
0 0 0 0
51.9 50.3 48.9 47.5
45 128. 1 46 129.7 47 131. 1 43 132.5
180.0 180.0 180.0 180.0
231.9 230.3 228.9 227.5
308. 1 309.7 311.1 312.5
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Fig.4 Curves of pressure change with gap width in
each measuring loop region
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Fig.5 Axial velocity distribution in the middle section at each annulus width
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Fig.6  Axial velocity distribution in each measuring section with annulus width of d =20 mm
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Fig.7  Circumferential velocity distribution in middle section at each annulus width
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Fig.8 Circumferential velocity distribution in each measuring section with annulus width of d =20 mm
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