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CONSIDERATIONS ON THE SHIP'S HYDRODYNAMIC FIELD
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Abstract: In this paper we studied the possibility to compute ship's hydrodynamic field. The level of ship's
hydrodynamic field is depending by ship's overall dimensions and speed. The hydrodynamic field values are
important, because are used to determining the speed with which you can navigate safe in an area where

depth and sensitivity mines are known.
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Navy and commercial ships are characterized by
physical fields (magnetic, electric, acoustic and
hydrodynamic) generated by ship's shape,
materials used in construction, operation of
different kind of machinery, installations and
equipment fitted on board and ship's movement in
the earth's magnetic field.

For the MCM (Mine Counter Measures) vessels
like mine hunters and mine sweepers, the
magnetic field values are important, because are
used to determining the speed with which you can
navigate safe in an area where depth and
sensitivity mines are known.

Ship's acoustic field cover a very large spectrum
of frequencies from infrasound to ultrasound. The

In order to estimate the level of ship's
hydrodynamic field, we made the following
assumptions:

- the water stream is considered potential

(in the water stream particles do not

rotate);

- Only pressure and volume forces will act
on the ship's hull.

We consider a body of some form
positioned in a Oxzy system of axes, which is

moving through liquid with speed v (V_O// Ox).

Speed's potential in a point C(x,z,y), near
to the body, could be written as:

D(x,2,y)=Vo - x+9(x,2,y), (2)

level of the acoustic field gave submariners the where:
possibility to detect a surface ship which is _ . . .
underway or could initiate the explosion of Vo-X= Speeds potential for direct
acoustic mines. stream;
The level of ship's hydrodynamic field is (p()(,z,y): Perturbation  speed’s
ggggzdmg by ship's overall dimensions and potential produced by the body.
' The components of speed on each axle of
: reference frame could be written as:
1. The link between pressure and oD 3
perturbation's speed V,=—=V, +—(D:VO +W,;
oX OX g
When a body is moving in to a liquid, in oD
surrounding space the perturbation's speed will Vy=—=W,; 3)
appears. According with Bernoulli equation, speed oy
changing will produce pressure variation. General oD
movement of a fluid could be decomposed as: vV, = 8_ =W,.
- atranslational movement with speed V, ; Based OnZ perturbation speed’s
- a rotational movement with angular potential (p(x, y,z), we could compute
velocity @ ;

- a deformation movement with speed
given by V' = gradd.
So, the speed of fluid could be written as:
V=V, +@ x p+gradd. Q)
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components of speed on each axle of reference
frame, which give the value of hydrodynamic field.
We consider two points (figure 1): one is located
to infinity and speed of stream is vy and pressure
iS po and the other one is located on C(x,z,y)
where speed is v and pressure p. For these
points, the Bernoulli equation is:
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2 2
2 2 2 2
where V* =V, +V, +V, .

(4)

.| e

Figure 1. The positioning of ship’s body in
to the stream

Because W’ = W§ =w’=0, we can
write:

V=V +2-V, - W, (5)

In this case, the Bernoulli equation is:

P-Po=—p VoW

Ap=—p-V,-W,.
Equation (6) represents the link between pressure
and perturbation's speed.

(6)

2. Theintensity of the sources and flows

When a ship is moving, water particles acquire a
moving speed which decrease as the remoteness
of the ship's hull, which makes in the surrounding
space at each point the pressure to have different
values.

Ship hydrodynamic field is, by definition, the
space around the ship, below the waterline that
identifies a variation of hydrostatic pressure due to
the presence and movement of the ship.
Hydrodynamic field is one of the
characteristic of the ship.

We considered a reference frame Oxyz, linked to
the ship, with O point at the intersection between
waterline plane, longitudinal plane and diametrical
plane of the ship. In the space below the ship
(Figure 2), we intend to compute the ships
hydrodynamic field in point C(x,yz), when ship is
moving with v, speed.

main
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X
C(xy.2)
Figure 2. Reference frame linked to the

ship

For this reason, we have to calculate in point
mentioned before, speed potential P(x,y,z),
solving the following Laplace equation:

d’d d*®  d’®

—+—+—=0, (7)

dx dy dz
Boundary conditions on the surface of the hull are
that the ship's side do not soak, which means that
the fluid velocity vector at the surface side of the
vessel is guided by the tangent of the hull.

n

T o9

on

T

Figure 3 Water flow velocity components
in the hull

Let N perpendicular to the hull. According with
figure 3, the incident component of flow velocity is:
0
99 _ (8)
on
The partial derivative of the full potential

v, = -V, -cos(n, x).

oD
(D 1 1 i H =O'
(X y Z)ISO SO an

Boundary conditions on the hull are:

W _gor 22 v, -cos(n, x) (9)

on on

Solving the problem for the boundary conditions at
the surface, considering the waves formed by the
movement of the ship, it is mathematically
complicated and is not subject of our paper.
Therefore, the method of calculation shown next
is fair only for lower speeds, when formed waves
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practically have no influence on the ship's
hydrodynamic field.

This value of speed must check the Froude
number:

<03, (10)

where: v, — ship speed [m/s];
g — Acceleration of gravity [m/sz];
L — Ship length [m].
During the movement the ship remove liquid
particles giving them a certain speed. So, at the
bow is permanently displaces a volume of water
and in the aft water is absorbed. This presentation
of the water flow along the hull was written as
boundary conditions Z—f ==V, -cos(n,x) and
could be completed if we choose the sources and
flows system.
The sources are called those streams which
continuously goes out at a point in the radial
direction and current flow are known those which
are permanently going in a point in the radial
direction.

a) Source b)Flow
Figure 4. Representations of streams

Regarding to ship hull, we can consider that the
bow is a source and the aft is a flow.

We will make two cutoff views on the ship's bow,
on diametrical plane, S, si Sp.1 (see figure 5),
distance between sections is Ax. Length of the
ship between sections is A [ and Ar is sections
rays difference.

h—] EA

/ N
u,

b) frontal view
Figure 5. Bow section

a) up view

Based on figure 5, we can wright:
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V, =V, - COSY;

coswzg; (11)
Al

vV =V, .ﬂ_

n 0 Al

Let u — medium perimeter of the shell sector
between sections mentioned before, then surface

of elementary shell sector is A - AU
Elementary flow for the shell sector took into
consideration will be:

u u

AQ = jvndA: jvnAIdu , (12)
0 0

We can write:

AQ =V, -Ar-u (13)

where U-Ar=S5, ,—-S, =AS .

As a result:

AQ =V, -AS. (14)

Because sources (and flow) acts over the entire
length of the vessel, the value of source intensity
is

A d dS(x
q=I|m—Q=—Q=VO ()

Ax—0 AX dx dx
The S(x) function has values for each type of ship
and is called ribs curvature. In figure 6 you can

see some values of S(x) function:

(15)

S
Sw

a) Bulk carrier ship
S Swm

b) Destroyer

Sw
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¢) Submarine

Figure 6. Values for S(x) function vs. ship
type

Surface (in waterline plane) between S(x) function
and Ox axis represents ship displacement, which
is given by:

L
)
A= IS(x)dx. (16)
_L
yS
SM
— N
a
a
Y
Lo
« : -

Figure 7. Ribs curvature

On expedite computations the ribs curvature could
be approximated by an isosceles trapezoid, see
figure 7. The trapezoid dimensions (height, length
and surface) should be the same with ribs
curvature. In figure 7 we made the following
notations:

a, length of sharp section of ship;

L,, distance between centers of
sharped sections of ship;

Sw, surface of midship frame;

L, length of waterline.

The length of sharped section is:

a=L-L, (17)
The ship displacement could be compute
with:
L
"2
A= [S(x)dx=L,-S, =L-B-T-5, (8)

L

2
where: B — ship width ;
T — ship draft;
0, — hull volume coefficient.
The surface of midship frame is:
Sy=T-B-p, (29)
Where B is volume coefficient of midship

frame.
From displacement equation we have:
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L, TBS =LBTJ,, (20)
10)

where L,=L—=%, (21)
B

and:

a=L—L0=L(1—iJ (22)

B
N

Ratio B has the following values:

% =0,6+0,7, for navy ships;
B
0, : .
? =0,7+0,8, for commercial ships.
According with figure 7, =V, dz(x) ,
X
and
dS(x S
(x) =tgy=—" =const (23)
dx a
In conclusion:
Source intensity is:
gq= V0 S_M : (24)
a
Flow intensity is:
q="-Y S (25)
a

3. Computation of ship's hydrodynamic
field

In order to compute the hydrodynamic field of the
ship, vessel is represented as having disposed
linear sources on the sharp section of bow, and
flows on the sharp section of stern. In point
C(x,y,z) we compute the perturbation velocity wy
Elementary flow for Ax sector will be:

AQ =0, - AX. (26)
Because W, = Lz .
4nR"
2
the elementary perturbation velocity is:
AW, = AQ2 - %X @7)
27R 27R
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Figure 8. Sources and flows on the ship

C(xy.2)

Figure 9. Components of Awg velocity in
C(x,y,2) point

According with figures 8 and 9, the law which

describes the pressure changing below the ship is
given by:

_ PoSu
2maH,
Total pressure is given by:

_ PoSu.

2maH,

(29)

Ap, (sing, —sing,). (28)

Ap (sing, —sin@, —sin @, +sin @)

Mo Sy

or Ap = >
7a

k, (30)

where:

k = Hi(sin 6, —sin@, —sin @) +sind]) = f(x,y,z)

1

(31)
Pressure difference below the ship for a source is:
2
S
Aps - M ks (32)
27a
Pressure difference below the ship for a flow is
2
S
Apd = M kd (33)
27ma

Functions mentioned before could be represented
as (figure 10):
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By

Figure 10 Pressure difference for sources
and flows

In figures 11, 12 and 13 we have the pressure
curves for a ship with dimensions: L=100 m, B=17
m si T= 7 m, which is moving with speed v,=20
Knots.

P(100,25,%,-40,25)

B(100,35,%,-20,25)

Figure 11 Lines of
(vertical view)

1
———————
e

y i ———

I A

Figure 12 Lines of hydrodynamic field
(plan view)
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Figure 13 Ship's hydrodynamic field

Conclusions
Analyzing the pressure curves around the ship is observed that at relatively large distances by ship,
corresponding to depths where marine mines are used, the variations of hydrostatic pressure are important
(when a ship is passing), which leads us to conclude that the pressure sensors of the mines will detect ship
presence at the mine site. If the mine explosion occurs, the next question is “Which are the effects of the
mine explosion on the ship's hull?”
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