FTETEOAM BxiEe| REEEL O
HEE T # BRO BES X

FRE - &2 KRB - F & @

A Study on the Factors that Affect the Submarine’s Depth-rate
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Abstract

The submarine played an active part in military operations during the last of nineteenth
century. Today, as an aid to science and technology, the submarine is being utilized in
the fields of deep sea investigation and sight-seeing as well as military activities.

When the stability and the maneuverability of a submarine is studied, the problems arise
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on the vertical plane as well as the horizontal plane. However, the horizontal plane has
been dealt with in the study of surface vessels.

The author attempts to look into the hydrodynamic directional stability at high speeds
(above 10knots) on the vertical plane, and to clarify the submarine’s depth-rate as related
to the factors that affect it: the distance from the center of buoyancy to the center of
gravity, the speed of the submarine, and the position and the area ratio of hydroplane.

In this study, the author considered the two groups of dimensionless derivatives of
submarines.

It is confirmed that the depth-rate of a submarine is decreased when the length of BG
is increased under the continuous submerging status. But the depth-rate is increased when
the area ratio of hydroplane is enlarged.

It is also confirmed that a submarine has only one critical speed in accordance with the

shape of its hull, but unconcerned with its speeds.

Nomenclature M;": Non-dimensional Ms [44,/(1/20L'V)]
m: Mass of submarine
B: Center of buovancy m’: Non-dimensional mass of
BG: Distance from center of submarine [m/(1/2 p’L*)]
* buoyancy and center of gravity t: Time
G : Center of gravity “: Component of submarine’s
g Gravity accerlation speed along x-axis [dx/dt]
I,: Mass moment of inertia of #: Component of submarine’s
submarine about y-axis accerlation along x-axis [d’x/dt*]
I';: Non-dimensional I,[1,/(1/2p'L*)] V: Speed of submarine
M: Total moment acting on V.. Critical speed of submarine
submarine aboul y-axis w: Component of submarine’s
M,: Partial derivative of M with re- speed along z-axis [dz/dt]
spect to w[oM/ow] w: Component of submarine’s
M,’: Non-dimensional M, [M,/(1 /20LV)] accerlation along z-axis [d°z/dt’]
M,,: Partial derivative of M with re- X Surge force
spect to w[oM/ow] *na: Distance from C.G. to after
M,’: Non-dimensional Mu;[M;/(1/20L')] hydroplane
M;,: Partial derivative of M with re- Z: Heave force
spect to 8,[0M/3 8,] Zy: Partial derivative of Z with re-
M;y,': Non-dimensional Msy [Msy/(1/20LV?)] spect to [0Z/0xw]
M; . Partial derivative of M with re- Z,': Non-dimensional Z,[ Z,/(1/2pL*V)]
spect to 3[3114/(76’] Zsy . Partial derivative of Z with re
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spect to
Zsw. Non-dimensional [ Zsx/(1/20L°V")
Z;: Partial derivative of Z with re-
spect to #[3Z/36]
zi'
Zs' . Partial derivative of Z with re-
spect to § [0Z/66 7
Z7
6n: Angle of hydroplane
7. Distance of neutral point from
C.GL-M,/z,]
6: Pitch angle
Angular velocity of submarine
about y-axis [d6/dt]
§: Angular accerlation of
submerine about y-axis [d'8/dt"]
P: Density of gravity [%g-sec’/m'"
o’ Density of sea water Tkg/m]
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8t (Table 1) with Hydroplane position (BG=0(. 4,
V=15knots)
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Fig. 22. Variation of Depth-rate of B type in
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Fig. 25. Variation of Critical Speed of A type
in (Table 1) with BG (L=200m)
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Fig. 26. Variation of Critical Speed of B type

in (Table 1) with BG (L=200m)
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Fig. 27. Variation of Depth-rate of A type in

(Table 1) with Submarine’s speed (BG=0.5m,
A-ratio=1/20)
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Fig.28. Variation of Depth-rate of A type in

(Table 1) with Submarine’s speed (BG=, 5m,
A-ratio =1/30)
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Fig.29. Variation of Depth-rate of A type in (Table 1) with Submarine’s spead  (BG=1). 5m.
(Table 1) with Submarine’s speed (BG=0. 5m, A-ratio=1/60)
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Fig.30. Variation of Depth-rate of A tvpe in 8+
(Table 1) with Submarine’s speed o BG=0 G, |
A-ratio=1,/50) |
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Fig.31. Variation of Depth-rate of A type in
(Table 1) with Submarine’s speed (BG=0. 5m,
A-ratio=1/60)

Fig.33. Variation of Depih-rate of B type in
[Table 1) with Submarine's speed (BG=0.5m.
A-ratio=1,20)
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Fig.36. Variation of Depth-rate of 1‘3_—type in

2+ (Table 1) with Submarine’s speed (BG=0.5m,
A-ratio=1/50)
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Fig. 34. Variation of Depth-rate of B type in
[Table 1] with Submarine’s speed (BG=0.5m.
A-ratio=1/30)
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Fig.35. Variation of Depth-rate of B type in

(Table 1) with Submarine’s speed (BG=0. 5m,
A-ratio=1/40)
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