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Turbulence Characteristics of a Three-Dimensional Boundary Layer
on a Rotating Disk with an Impinging Jet (I)
— Mean Flow —

Hyung Suk Kang, Jung Yul Yoo and Haecheon Choi
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Abstract

The objective of the present study is to investigate experimentally the mean flow characteris-
tics of the three-dimensional turbulent boundary layer over a rotating disk with an impinging jet
at the center of the disk, which may be regarded as one of the simplest models for the flow in
turbomachinery. A relatively strong radial outflow (crossflow) generated from the impinging jet
is added to the radial outflow (crossflow) induced by the centrifugal force in order to create the
three-dimensional boundary layer. A new calibration technique has been introduced to determine
the velocity direction and magnitude using an I-wire probe, where the uncertainties are +1.5°
and +0.35 m/s, respectively, in the laminar boundary layer region, compared with the known
exact solutions. The flow in the tangential direction is of similar type to that associated with a
favorable pressure gradient, considering that no wake region appears in wall coordinate velocity
profiles and the Clauser shape factor is between 4.0 and 5.3.The flow angle is significantly
changed by the crossflow generated by the impinging jet.
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Schematic of three-dimensional velocity pro-

files.

(b) Shear-driven 3D boundary layer on a rotating
disk.
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Fig. 2 Schematic of experimental setup.
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Fig. 4 Calibration curve of the hot-wire probe.
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Table 1 Mean flow parameters.

Re, |U=rR(m/s)| Re; |U;(m/s)| Res | &(mm) |u(m/s) Cr H G
652,410  23.41 0 0 2597 1.68 | 1.04 [0.00393| 1.30 | 5.16
908,900|  32.62 0 0 3424 1.59 | 1.41 ]0.00374 | 1.27 4.96

1,000,000)  35.89 0 0 3716 1.56 | 1.54 {0.00366 | 1.27 | 5.01
500,000)  17.94 0 2009 1.69 | 0.816 | 0.00414 | 1.32 5.30
500,000)  17.94 35,000 | 17.7 1829 1.54 | 0.849 |0.00448 | 1.29 | 4.69
500,000)  17.94 70,000 | 35.3 1302 1.10 | 0.891 |0.00493 | 1.28 | 4.47
500,000]  17.94 105,000 | 52.8 999 | 0.84 | 0.940 |0.00549 | 1.29 4.26

1,000,000!  35.89 0 0 3801 1.60 | 1.52 |0.00358 | 1.28 | 5.22

1,000,000/  35.89 35,000 | 17.7 3726 1.57 | 1.55 |0.00372 | 1.26 4.78

1,000,000\  35.89 70,000 | 35.5 3537 1.49 | 1.61 |0.00403 | 1.22 4.02

1,000,000|  35.89 105,000 | 52.8 2844 1.20 | 1.64 |0.00415| 1.23 | 4.14
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~

Fig. 7 Tangential velocity profiles.
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