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In this study, the force and moment acting on a Joubert BB2 submarine model at depths near the free surface were measured through
a captive model test with the scale ratio of 1/15, Based on the experiment, the pitch moment and heave force due to the "Tail suction
effect’, including the change in surge force with depth near the free surface, were quantitatively analyzed, The change of force and
moment according to the relative position of the sail and the free surface was reviewed with the free surface waves generated for
each depths, As a result, the angle of attack of the hull to counteract the pitch moment induced by the tail suction effect was derived,
The effect of the hydrostatic moment component according to the angle of attack on the equilibrium of pitch moment was also taken
into account, The control plane performance tests for the X—type rudder and sail plane were conducted in snorkel and surface depth
conditions to figure out the control plane angles for the neutral level flight of the submarine at near free surface, The results of this
study are expected to be used as a reference data for the neutral level flight of the submarine at near free surface operation in the
free running model test as well as numerical studies,
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Table 1 Principle dimensions of BB2 model

ltem Unit Ship Model

Scale - 1 1/15

LOA m 70.2 4.68

B m 9.6 0.64

D m 10.6 0.707
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Fig. 3 Captive model test set-up
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Table 2 Submerged depths

Angle of attack (deg) 0 3.7
Surface After —-0.651 -0.630
rise -0.492 -0.505
-0.368 -0.364
Depth Rising -0.226 -0.222
DO/D change -0.085 -0.081
Before 0.057 0.061
rise 0.198 0.241
Snorkel 0.378 N/A
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Fig. 4 Non—dimensional surge force with different depth
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My, (0) + My (6) =0 (1)

My, = Nondimensional hydrodynamic moment
Myq = Nondimensional hydrostatic moment

My (0) =ab+b
My (0) =— (24 W — 25 B')sind

2o z
0 : angle ofattack(rad), z(,f = 7('7 2p = 5
W : Nondimensional weight (N)

W= W:ng:1V

1
= L3 il L3 _L3
5 P9 o P9 9

V : Displacementvolume (m?)
B’ : Nondimensional buoyancy (V)

. B

L .3
5 P9L

b

Table 3 Angle of attack to counteract the pitch moment

0 (deg.)

DO0ave/D a b Hydrostatic

w/0 w/
-0.366 0.02261 —-0.00053 1.35 1.23
-0.224 0.01538 —0.00039 1.47 1.29
-0.083 0.01339 —0.00057 2.45 2.1
0.059 0.01253 -0.00028 1.27 1.08
0.219 0.01167 -0.00015 0.75 0.63

Angle of attack to counteract pitch moment

3.00
_.250
g 2.00
2 150

=100
< 050

0.00

04 03 02 -01 00 01 02 03

Do, /D
—e— w0 hydrostatic wi hydrostatic

Fig. 8 Angle of attack to counteract the pitch moment
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