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Measurement of Developing Turbulent Flows in a Rotating
90 Degree Bend with Square Cross-Section

Dong Chul Kim, Kun Ho Chun and Young Don Choi

Key Words :  Specific Coriolis force (H] 2] 22} ), Coriolis force (28] & 2] &)
(Centrifugal force due to curvature of bend)

Abstract

Mean velocity and Reynolds stress components of the developing turbulent flows in a rotating 90 degree
bend with square cross-section were measured by a hot-wire anemometer. Effects of the centrifugal and
Coriolis forces generated by the curvature and rotation of bend on the miean motion and turbulence structures
are Investigated experimentally. Results show that the Coriolis force associated with the rotation of the bend
may act both through the mean motion and turbulent structures, thereby changing the pressure fields, mean
and turbulent velocities distributions.
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Fig. 1 Schematic diagram showing the rotating bend
and tangents, the two coordinates systems and
the three velocity components
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Fig. 2 Schematic diagram of experimental apparatus
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Fig. 3 Plan view of rotating disc

1 : Controlling computer

2 : Rotating probe

3 : Automatic traversing mechanism

4 : Control box 5 : Setting chamber

6 : Turbulence generator 7 : Slip ring

8 : Test section
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Table 1 Experimental program for the test section A

Reynolds  Rotating Rossby Rotation  Dean
number speed(rpm) number number number
20,000 0 0 0 9,562
40,000 0 0 0 19,124
40,000 45 0.048 0.210 19,124
40,000 60 0.064 0.280 19,124
20,000 60 0.128 0.561 9,562
20,000 60 0.128 0561 9,562
20,000 75 -0.160 -0.701 9,562

Table 2 Experimental program for the test section B

Reynolds  Rotation  Rossby Rotation  Dean
number speed(rpm) number number number
17,000 0 0 0 6,425
8,500 0 0 0 3,213
17,000 20 0.03 0.21 6,425
8,500 20 0.06 0.42 3,213
17,000 20 -0.03 -0.06 6,425
8,500 20 -0.06 -0.42 3,213
Table 2 = AAYF B o 49 AL vojF1 9
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Fig. 6 Comparison of measured pressure coefficients in
the inward flow mode for Re=40,000

.
.
[3]
85
092
Lo¥ee
OOOO...
.
.
.
3 3] =)
)

e inner wall

o : outer wall

Fig. 7 Comparison of measured pressure coefficients in
the outward flow mode for Re=20,000 and (a)
Rc=-0.561, (b) Re=-0.701
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Fig. 8 Longitudinal variation of measured normalized
mean streamwise velocity ( W/W3p Jand mean
radial velocity ( V/Wg ) along the center
symmetry plane for the inward flow mode
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Fig. 9 Longitudinal variation of measured turbulence
energy ( k/w? ) and normalized rms radial
turbulence velocity for the inward flow mode
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Fig. 10 Longitudinal variation of measured normalized
mean Streamwise velocity (W/Wg) and mean
radial velocity(V/W3) along the center symmetry
plane for the outward flow mode
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Fig. 11 Longitudinal variation of measured normalized
ms streamwise turbulent velocity (w'/W3) and
radial turbulence velocity ( v/We ) for the
outward flow mode
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