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Abstract

The objective of this work is to present combined experimental and numerical studies of load-
dependent bend-twist coupling effects on the steady-state hydroelastic response of composite hy-
drofoils. Experimental studies are presented for three composite and one stainless steel hydrofoils,
all with the same unloaded geometry and mounted in the same cantilevered configuration. The SS
hydrofoil serves as the rigid baseline. The three composite hydrofoils are all made of epoxy resin
reinforced with the same nominal layup of carbon fiber reinforced polymers and glass fiber rein-
forced polymers, with the primary difference being the orientation of the structural carbon layers
relative to the spanwise axis of the hydrofoils. To compliment the experimental studies, a simple
two-degrees of freedom fluid-structure interaction model is presented. The results show that ma-
terial bend-twist coupling that leads to-nose-up twist will experience higher hydrodynamic load
coefficients, accelerated stall, and static divergence, while the opposite is true for material bend-
twist coupling that leads to nose-down twist. The non-dimensional hydrodynamic load coefficients
for all four hydrofoils can be collapsed into the same trend line using the effective incidence, which
is the geometric incidence plus the generalized tip twist angle. The results show good agreement
between the experimental measurements and numerical predictions.

Keywords: fluid-structure interaction, bend-twist coupling, hydroelastic response, static
divergence, composite hydrofoil, experimental, numerical.

Nomenclature

Qo Hydrofoil geometric incidence relative to freestream flow direction

apr Effective structural bend-twist coupling ratio, apr = Kjy/+/ K, K5,

aes¢  Hydrofoil effective incidence relative to freestream flow direction, cerf = o, + 204, /m
dup  Tip bending deflection

vy Fluid kinematic viscosity [m?/s]
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