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Abstract

A hot-wire anemometer consists of a very thin wire with approximately 0.01mm diameter or less which is fixed between two probes. The working principle of the hot-wire anemometry is simply based on the relation between the heat loss from the thin cylinder wire due to the flow around the wire and the electric power supplied to keep the temperature of this wire constant [1]. 

The use of this flow measurement instrument is beneficial to capture rapid fluctuations in the flow which are encountered especially in turbulent boundary layers. The calibration of these devices is, certainly, substantial for the flows especially with low velocities which range from 0 to 1 m/s. Furthermore, the calibration of this instrument in the original place where the actual flow measurements are aimed to obtain is significant due to the time loss and the risk of damaging the hot-wire while carrying it from the calibration rig to the actual facility. 

In-situ calibrations are usually carried out against a well-known free-stream reference velocity. However, for some special cases, such as the rotating-disk flow, there is no free-stream flow for this purpose. This leads to alternative calibration techniques for rotating-disk flows one of which, for instance, is the calibration of the probe above the disk surface. Due to the fact that the only known velocity in the rotating-disk flow is the rotational speed of the disk and the mean velocity profiles obtained using the rotating-disk boundary-layer similarity theory by von Kármán [2]. However, this technique is based on a theoretical prediction of the flow field which might not totally be similar with the real flow. For instance, it has proven that the constructional limitations of the experimental facility can significantly modify the flow over a rotating disk [3].
The motivation of this study is to propose an alternative method to calibrate hot-wire probes in-situ for, especially, the low velocities encountered, for instance, in the boundary layers over rotating disks. For this purpose, a simple device was manufactured which consists of an aluminium bar (the rotating arm) with a probe support at one end and a pivot at the other end. The hot-wire probe is attached to the probe support and the pivot is secured on a disk which is located on top of a shaft. While the shaft, and thus the arm, is rotated with a constant rotational velocity, the linear velocity of the probe is known since the arm has a constant length. By means of this technique very low velocities ranging from 0 to 0.6 m/s can be obtained and the related calibration curve can be acquired.
Results show that this newly proposed technique is superior to the other calibration methods [4] and therefore can be implemented as an alternative method of calibrating hot-wire probes, particularly for the boundary layers over rotating disks where very low velocities can occur.
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