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A Study on Flow Characteristics around Foot to Investigate Principle
of Underwater Exercise for Rheumatoid Arthritis Patients
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Abstract There are positive effects, such as pain reduction, when rheumatism patients exercise in water,
but the cause of the pain reduction is unclear, and research on this is inadequate. This study examined
the flow of the surface of the foot and the principles of pain relief. Unsteady simulations were conducted
to analyze the flow, which was performed by repeatedly setting the movement of the foot raising and
descending three times. Pressure fluctuations and frequencies were analyzed by designating pressure
points at the painful location. The results showed that a positive and negative pressure of approximately
+500Pa was applied overall. A pressure of approximately +2000Pa was applied when the direction of
movement was changed. A frequency of approximately 35 to 80Hz was generated in the area where
rheumatoid arthritis pain frequently occurs. The effects of reducing pain could be predicted when
continuous pressure fluctuations and frequencies are applied repeatedly to the painful location, blood
circulation promotion. The results could be used as basic data to understand the principles of aquatic
exercise and support the development of underwater exercise programs and developing related medical

equipment.
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Fig. 1. Rheumatoid arthritis painful area
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Table 1. Grid setting for leg aquatic excercise

Region Properties Value
Mesh type ;Ferlilmmm:si
Swimming Base size [mml] 6.0
pool Number of prism layers [-] 3
Minimum surface size [mm] 7.5
Maximum cell size [mml] 25
Mesh type ;llmrrr:;ii
Base size [mm] 3.0
leg Number of prism layers [-] 2
Minimum surface size [mml 0.3
Maximum cell size [mm] 2.7
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Fig. 5. Calculation grid and applied model
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Fig. 7. Skin friction coefficient
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