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Measurement of Turbulent Flow Characteristics of a Rotating
Square Duct with a 90° Bend
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Abstract

The fields of turbomachinery and electrical generators provide many examples of flow through
rotating internal passages. At the practicing Reynolds number, most of the flow motion is three
dimensional and highly turbulent. The proper understanding for the characteristics of these
turbulent flow is necessary for the design of thermo-fluid machinery of a good efficiency. The
flow characteristics in the rotating duct with curvature are very complex in practice due to the
curvature and rotational effect of the duct. The understanding of the effect of the curvature on
the structure of turbulence in the curved passage and the characteristics of the flow in a rotating
radial straight channel have been well studied seperately by many workers. But the combined
effects of curvature and rotation on the flow have not been well understood inspite of the
importance of the phenomena in the practical design process. In this study, the characteristics of
a developing turbulent flow in a square sectioned 90° bend rotating at a constant angular velocity
are measured by using hot-wire anemometer to seize the rotational effects on the flow characteris-
tics. As the results of this study, centrifugal forces associated with the curvature of the bend and
Coriolis forces and centripetal forces associated with the rotational affect directly both the mean
motion and the turbulent fluctuations.
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Fig. 1 General Flow pattern of secondary flow in a
curved square duct
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fulley developed two dimensional rotating
channel flow®
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Fig. 3 Schematic showing the bend and tangents, the two coordinates systems and the three veloc-

ity components of the inward flow
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1: Rotating shaft 2: Rotating disc

3: Down-bearing 4: Up-bearing

5: Slipring for hot-winre anemometer 6: Brush for hot-wire anemometer

7: Slipring for AC power 8: Brush for AC power

10: Tachometer

9: Contact sensor
11: Squre duct with 90° bend for testing
13: Personal computer
15: Logic circuit
17 : V-belt pulley
19: Speed reducer
21: Roller for v-belt
23 : Orifice
25: Flow rate control valve
27: Turbo fan
29: A/D converter

12 : Traversing mechanism
14: Power supplyer

16 : Conter balance

18: V-belt

20: Variable motor

22 : Stationary pipe

24 : U-manometer

26 : By-pass valve

28: Hot wire anemometer
30: Personal computer.

(a) Front view

Fig.4

Continued
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(b) Upper view of rotating disc
Fig. 4 Schematic diagram of experimental apparatus
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