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Abstract - In this study, the resistance test, the vertical static angle of the attack test and VPMDM test will be conducted to estimate
the maneuverability of underwater vehicles with ahead propeller. The vertical static test will be conducted within the range of -40deg
to 40deg, to investigate the cross—flow drag at high incidence angles. The tests will be conducted by dividing the propeller rotation into
a case in which the propeller rotates at a specific rpm, and a case in which the propeller rotates naturally, according to the towing speed.
Hydrodynamic coefiicients of vertical direction will be estimated by the captive model tests. Additionally, the vertical dynamic stability
index based on estimated hydrodynamic coefiicients will be calculated and the impact of the propeller revolution state on the index will
be investigated. The results are expected to be used as reference test data for underwater vehicles with ahead propeller.

Key words - underwater vehicle, hydrodynamic coefiicient, VPMDM test, ahead propeller, vertical dynamic stability index
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Body fixed Coordinate

Fig. 1 Coordinate definition
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Propeller

Z

Fig. 2 Load cell location and force measurement according
to pitch angle.
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Table 1 Characteristics of PNU model basin & VPMM

Categories \ Specification
Model basin
Max. towing speed 3.0 m/s
Size of model basin 100( L) X8(B)X35(D) m
VPMM
Number of struts 2 EA
Range of angle of attack -40740 deg
Distance between 2
05 m
struts

(b)
Fig. 3 (a) VPMM facility (b) PNU Model basin
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3.2.1 Resistance test

Resistance test®] /\1@ Z72 Table 2% Zounl X 71%

*EAE ] fé o % °ﬂ w2k *EJ"EV]' Z]"PT’ Al st
L2 5 AHIQ ‘windmill, & Al 7FA] -0l st} A&
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Table 1 Test condition of resistance test

H/D Propeller state Towing speed( U)
bare hull 0.25, 0.5, 0.75, 1.0 m/s
75 winmilll
rpm (500rpm) 05, 1.0, 1.5, 25, 3.0 m/s

3.2.2 Vertical static test

Vertical static test®] 4% %
< st on FAe AlE 2712 Table 33 2t}

Table 2 Test condition of vertical static test

. Attack o Propeller | Towing speed
angle (v ) state 32
+40
+35
£25 windmill
+16
75 s rpm 15 m/s
) (500rpm)
+2
0

3.2.3 Pure heave test

Pure heave test®] 7%
15om/sZ A3 A T8 F
SHATE A Al 21
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Table 3 Test condition of pure heave test

Propeller | Amplitude | Towing .
H/D w
state (z,) speed (U)
0.1097
windmill 0.0702
75 rpm 0.05 m 15 m/s | 0.0487
(500rpm) 0.0358
0.0274
3.2.4 Pure pitch test
%5 148 A 52

Pure pitch test®] 7%, dd&re}
Fikr 9 B %S At A9

19 =72 Table 59 2t

>

Table 4 Test condition of pure pitch test

Propeller | Amplitude Towing ,
H/D i speed q
staet (6, ")
%

4.2 0.1821
3.8 0.1458
3.6 0.1316
windmill 32 0.1040
75 pm 2.6 1.5 m/s 0.0696
(500rpm) 2.2 0.0498
1.9 0.0374
1.7 0.0291
14 0.0211
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Fig. 8 Experimental result and curve fit of resistance test

4.2 Vertical static test

4.2.1 Surge force

Vertical static testoll A 2743+ surge force®] 7% Fig. 9
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Fig. 9 Experimental result and curve fit of vertical static

test — surge force
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