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Unlike conventional metallic propellers, composite propellers for underwater vehicles exhibit hydroelastic deformation under
operating loads and therefore require evaluation methods that account for both hydrodynamic loading and structural deformation,
In this study, model tests based on Mach number scaling were conducted in a large cavitation tunnel to evaluate the cavitation
and noise performance of composite propellers designed for an underwater vehicle, To reproduce full=scale hydroelastic response,
model—scale self—propulsion conditions were derived for two metallic and two composite propellers, The validity of the proposed
composite propeller design and evaluation procedure was assessed by comparing measured blade deformation with predictions
from fluid-structure interaction (FSI) analysis, which showed that the two—way FSI approach provided close agreement with the
measured deformation, Using the established Mach—scaled procedure, cavitation inception speed (CIS) and noise characteristics
were evaluated and compared with those of reference metallic propellers under Mach—scaled self—propulsion conditions, The results
showed that the composite propellers achieved delayed cavitation inception and reduced noise levels compared with the metallic
propellers, This improvement suggests that load—induced dynamic deformation enhances both cavitation and noise performance,
Furthermore, this study also demonstrates that conventional cavitation assessment methods developed for rigid metallic propellers
are not adequate for composite propellers and that Mach number scaling is essential for their reliable evaluation,
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Table 1 Main particulars of DARPA suboff

Length overall (Loa) 4.356 m
Maximum hull radius (Ruay) 0.254 m
Wetted surface area (S) 6.338 nt
Volume of displacement (V) 0.718 m°®
Pressure distribution
Suction side @Tip

E16190
(reference propeller)

Reduced positive pressure
on the suction side

E1619M
(modified propeller)

on the suction side of the
at the operating point

Fig. 1 Pressure distributions
E16190 and E1619M
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Table 2 Main particulars of reference and design propellers

Model propeller diameter (Dpy) 262 mm
Number of blades (Z) 7
Expanded area ratio (Ae/Ao) 0.608
Hub diameter ratio (Du/Dew) 0.226
Pitch ratio at 0.7R (Po.7r/Dpw)
E16190 CFRP1 E1619M CFRP2
1.15 1.27 1.19 1.23
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Fig. 2 Schematic drawing of the Hanwha Ocean cavitation

tunnel

Fig. 3 Installation of the model submarine with E16190
inside the test section of the large cavitation tunnel

y 7 ‘
Fig. 4 Photograph of the reference propeller and the designed
propellers. (left-top: E16190, left-bottom: CFRP1,
right-top: E1619M, right-bottom: CFRP2)
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Table 3 Modified tunnel flow velocities(17") for Mach PORT STBD
number scaling
Vg [knot] Vs [m/s]
A-3 1.200% (A-3)
A-2 1.191%x(A-2)
A-1 1.175%x(A-1)
A 1.161%(A)
A+1 1. 149X (A+1)
A+2 1.131x(A+2) Fig. 5 Post—processed images for measuring deformation
of the composite propeller
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Table 6 Deformation of the composite propellers under the
design condition based on Mach number scaling

Deformation
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Numerical Experimental Numerical Experimental
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Fig. 11 (a) Narrow band and (b) 1/3 octave band pressure
level for the propellers at the design operating
condition
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Table 7 Average overall acoustic noise levels for each
propeller operating condition

Submarine speed
Propeller
A-2 knots A knots A+2 knots
E16190 N-1.8 dB N dB N+2.3 dB
E1619M N-3.4 dB N-1.8 dB N+9.1 dB
CFRP1 N-6.3 dB N-6.0 dB N-3.0 dB
CFRP2 N-4.8 dB N-3.4 dB N+4.4 dB
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