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English Version
(Please see the Japanese version for the details.)

This doctoral thesis aimed to clarify the complex behavior of rotating flow driven by corotating disks
mounted in an enclosure. This type of flow is widely encountered from astrophysical flows in planets to
industrial turbines. Among them, the doctoral study focused on fluid flow in hard disk drive (HDD) used for
information storage. In contrast to the past studies on flows in axisymmetric configuration, the present study
focused on non-axisymmetric flow with a shroud opening equipped with an intrusive arm. The study was
performed based on experimental works through flow visualization and the velocity measurement with
particle image velocimetry (PIV) in a transparent model under the condition of refractive index matching.
Based on the analysis of two-dimensional velocity fields, the following new findings were obtained: 1) The
flow is radially divided into two regions - solid body rotation in the inner area and the shear flow in the
outer one, with the dividing point dependent on the insertion angle of the arm. 2) The acceleration and
deceleration mechanism was clarified on the circumferential flow due to the arm insertion and the existence
of the shroud opening. 3) Existence of the secondary flow in the plane vertically to the disks found in the
axisymmetric model in the past was implied in the non-axisymmetric model. 4) Despite the local existence
of the region with high shear strain rates, the flow remains laminar without development into full state of
turbulence. 5) The flow is divided into 6 major regions, and the flow behaviors in the respective regions
were clarified, which brings new insights into the development of rotating fluid machinery including HDD.

The final examination was held on February 6th, 2026, at 13:00 in a hybrid format combining on-site
and remote participation. The public defense consisted of a one-hour presentation followed by a one-hour
question-and-answer discussion session with the examination committee including public discussion. The
committee consisting of 5 members convened and examined the response state of the applicant to the issues
raised at the preliminary examination. The outcomes of publications of the research work through the
doctoral study are admitted satisfying the requirement for the regulation of the doctoral degree. Moreover, a
prize award for the applicant at an international conference was recognized. The committee carefully
examined throughout the doctoral thesis, presentation, and question-and-answer discussion. Subsequently,
all five members of the committee judged the thesis to be acceptable for the degree. Minor revisions to the

manuscript were recommended, within the range of the examination outcome.

In conclusion, the doctoral thesis effectively exploits the complex behavior of rotating fluid flow driven
by corotating disks mounted in an enclosure, gained new insights which would lead to the application in
industry, and has been academically highly admitted. The achievements presented in the thesis are
considered fully worthy of the degree of Doctor of Engineering.



