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EXPERIMENTAL STUDY ON THE STRUCTURE OF THE
VORTEX JUST UPSTREAM OF BRIDGE PIER

By Tadashi Utami

Synopsis

The horse shoe vortex arising just upstream of the bridge pier plays an important role in local
scour. In order to make clear the structure of the vortex, it is important to estimate each term
of the basic equation of motion and to make clear what kind of non-dimensional value is eflective
for the vortex motion. On the result of the investigation of these matter, the dimension of the
vortex and the position of the axis of the vortex are made clear by dimensional analysis of experimen-
tal data. That is, it is shown that these values are expressed by function of the radius of the pier,
water depth and shear velocity.

On the basis of the result, it is also shown that the vertical expansion of the region of the vortex
can be analysed by use of the shear velocity as a parameter.
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Fig. | Definition sketch.

Table 1 Cases of experiment and the conditions.

Discharge Q(I/sec) 0.77 9.43 20.0 30.0 40.0
gE Free overfall G 1-0 | G 100 G 200 | G 300 | G 400
9 & Weir 1.5 cm heigh G 10-1.5
%é v 30 » G 10-3 G 20-3 G 303 | G 40-3
§S.4 | # 80 & G 10-8 G 208 | G 308 | G 40-8
e8|, 140 4 G 20-14
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Fig. 2 Mean stream-line pattern in stagnation plane.
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Table 2 Order estimation of the each term in the basic equatin of motion.

Main flow Vortex flow
Length L ko, ro~10? lo~ 100
Velocity U ug~ 101~2 vo~ 101
Convection term U2/L uo2/ho, up?fro~101~3 vo2[lp~ 102
Body force term X g~103 g~103
Normal stress term  P[pL g~103 ghollo~ 104
Shear stress term vU[L2 vuglho2~ 10-2~-3 vooflp?~10-1
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Fig. 3 Scale of back-flow region and position of vortex axis.
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Fig. 4 Variation of m with (a) R,; and (b) R,;.
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Fig. 5 Variation of a with (a) R,; and (b) R,;.
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