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Summary 

An approximate calculation of the hydrodynamic pressure acting on 
the surface of the midship section of a ship going in regular waves under 
the head sea condition, neglecting the effect of pitching motion, is carried 
out. Next, it is discussed on the more precise calculation method which 
considers both heaving and pitching motions. 

1. Introduction 

A topic in the calculation of a ship's transverse strength is now laid on how 
to consider the hydrodynamic pressure distribution on the ship's hull travelling in 
waves. 

Here is described how the hydrodynamic pressure on the midship section con­
tour changes with frequency and how to calculate the ratio of its magnitude to 
hydrostatic pressure. Furthermore, an outline of pressure distribution is given 
with some examples of numerical calculations. 

2. Hydrodynamic pressure on the two-dimensional 
body heaving on the still water. 

t 
When the section of a two-dimensional body 

is in Lewis form, the hydrodynamic pressure act­
ing upon its contour will be given by the follow­
ing equation from Tasai's [l] *. 

T 

-·-· 
-.___,1--- ( Zs, Ys ) 

z 

orp PVlo '({[) . ] P= -p- - = -~! c+S)sm wt-({[) +E)cos wt at 71: L s 
······(1) 

In the acove equation r;0 represents the amplitude of progressive wave generated 

by heaving. Now, letting Zo be the heaving amplitude and using A=r;0/Z0, 

equation (1) becomes as follows: 

Note: * Numbers in the brackets designate References at the end of this paper. 
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56 F. TASAI 

P= pg;oA [ ((l)0 +S)sin wt-((l),+E)cos wt] ······(2) 

where. (l)c, (l), are obtained from periodic source potentials at origin 0. S and E 
will be also given by the following equations : 

S_ t, p c~ )[ 2 (}+ eB {COS(2m-})(} Q1C0S(2m+l)(} 
- .L..J 2m c;; JI cos m 1 + + 2 -1 + 2 + 1 m=l a1 aa m m 

II { II II 

3a3cos(2m+3)0l] 'l 
2m+3 J 

II }] 

..... ,(3) 

provided that 

Suppose now that the two-dimensional body oscillates vertically with a small dis-
placement Z=Zo cos wt •····•(4) 

In this case, force F that acts on the body in -Z direction (upward) will be ex­
pressed as follows. 

In the above equation, 

m=mass of body, Aw=water plane area 

c1 =added mass, c2=damping coefficient 

.. .. ,,(5) 

The first term in the right side is inertia force, the second term is buoyancy; 

c1Z and c2Z are hydrodynamic forces. 

Considering similarly as in equation (5), we will divide the hydrodynamic 

pressure into two parts Pa and Pa, The former is in phase with Z and the latter 

with Z. 
By putting as 

Pa=pgP/Z=pgZoPa" COS wt } 

Pa=pgPiZ=pgZoPi' sin wt 

Pa", Pi' will be obtained respectively by the following equations : 

It is provided that P,=(l),+E and Pc=(l)0 +S. 

...... (6) 

And E, S, Ao, Bo have also various values according to the form of section and 
eB, as given in [1]. Again, Pa', Pi are given by the following equations: 

·····•(7)' 

Next, what corresponds to the second term in the right side of equation (5) is, 
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AN APPROXIMATE CALCULATION OF HYDRODYNAMIC PRESSURE 57 

...... (8) 

Hence the total pressure fluctuation at a point on the surface of body will be 

P'=pgZ0 {(1+P.")cos wt+Pa'' sin wt} •·····(9) 

Putting P'/pgZ0=P' cos(wt-y0) 

fY= { (1 +P.'')2+Pa''2}1;2 

Yo=tan- 1{Pi'/(1 +Pa'')} 
} ····••(10) 

Pa", Pi' that have been calculated on the Lewis form section of which Ho= 
B/2T= 1.25, 11 (area coefficient) =0.9420, as shown in Fig. 1, are given in Figs. 2 
and 3, while P' of equation (l0)Jis shown in Fig.14. 

0 0-5 1-0 1-25 ~----------------9~ 

f- 0-5 

1,0.._----c------<>-:-----;:';: 
o· 10· 20° 

Fig. 1. 

H0 =__g__=1-25 
2T 

0 1 = 0-1 

a3 = -0-1 

O' = 0-9420 

As seen from Fig. 4, in the case of ~ B < 1.0, P' is larger at the ship's side 
than at the bottom. 

The experiments on the hydrodynamic pressure was carried out by Porter [2]. 
He measured the hydrodynamic pressure on the surface of the body by submitting 
a circular cylinder model to forced heaving oscillation. He proved, furthermore, 
that such a value from theoretical calculations as proposed in the present paper 
shows good agreement with his measured data. On the other hand, Paulling [3 J 
took up a two-dimentional model with a section of ship form and confirmed the 
fact mentioned above by comparing the measured and calculated values. 

Then Hou-Wen Huang [4] measured the pressure distribution on a model ship 
at its nine sections. From the result it has been proved that, while the sections 
at fore and aft of ship give the pressure distribution more or less varied from the 
two-dimensional calculation because of the three-dimensional effect, at midship 
section an extremely good agreement was found between the above result and 
the two-dimensional calculation. 
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Fig. 2. 
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Since the aim of the present paper is laid in investigating the pressure dis­
tribution on the midship section, it is evident from [4] that two-dimensional cal­
culation is appropriate and sufficient. 
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3. Pressure distribution on midship section contour of a ship going in regular head seas 

In the fiigure next page, O-t ( are space fixed coordinates, G-x, z hull coordina­
tes. It will be assumed here for simplicity that the center of gravity G is in mid­
ship section, but when there is no wave, it is on the surface of still water 0-~. 

The equation of regular wave progressing in -~ direction will be given by 

library
ノート注釈
library : None

library
ノート注釈
library : MigrationNone

library
ノート注釈
library : Unmarked

library
ノート注釈
library : None

library
ノート注釈
library : MigrationNone

library
ノート注釈
library : Unmarked



60 F. TASAI 

the following equation when expressed approximately with hull coordinates x, z. 

······(11) 

In the above equation hw is wave amplitude, and putting A for wave length k= 
2rr/A=w2/g. w is the circular frequency of wave and w, the circular frequency 
of encounter, and V is ship's speed. 

Here we put as w,=w(l+roV/g)=-w,c •·····(12) 

Now that midship section is under consideration, by putting x=O in equation 
(11) we obtain 

Orbital velocity and acceleration will be obtained as follows 

~~=-hw•we-KZ sin w,t } 

Cw= -hw•W2e-KZ cos w,t 1 

·····•(13) 

······(13)' 

The hydrodynamic pressure on the underwater surface of a floating body is 
consisted of the following parts, 

(1) P1 = hydrodynamic pressure based on the movement in still water 

(2) P2=hydrodynamic pressure due to reflection of waves from the body un­
der restrained condition 

(3) P3=pressure obtained from regular wave potential 

In the calculation of hydrodynamic pressure on the midship section contour, as­
suming that the effect of pitching motion is very small, only the heaving motion is 
considered. (The pressure attributed to pitching motion will be discussed later) 

The heaving motion of a ship will be assumed as follows. 

Z=Zo cos(w,t-µ) ...... (14) 

In this case, the pressure varies with w,. 
Pi is to be given by the following equation from eqeations (9) and (10) which 
were discussed in the preceeding section. 

Pi= pgZ0 ((1 +P~;,,)cos(w,t-µ) +P.t:O sin(w,t-µ)} ······(15) 

P;~. P/i~ in equation (15) are Pa'', Pa'' coresponding to ~Be =w,2B/2g. Namely, 
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AN APPROXIMATE CALCULATION OF HYDRODYNAMIC PRESSURE 61 

P;(v, P:/w can be obtained by putting abscissa as ~ Be in Figs. 2 and 3. 

Next, P 2 will be expressed by using 1.=w,/w of equation (12), 

······(16) 

Lastly, 

Pa=-pghU,e-I<Zs cos w,t •·····(17) 

Zs in equation (16) and (17) is vertical coordinate of section contour. The 
total pressure fluctuation in longitudinal waves, therefore, will be 

PH=P1+P2+Pa=pgZo[G cos w,t+Hsin w,t] 

= pgZ0J cos(w,t-µ) 

provided that 

Also, 

where 

J= !PHI! pgZo= {G2+H2}1/2 

J/=tan- 1(H/G) 

H = (l +P;;,,)sin µ+P:i;,, cos µ-e-KZs P:i;,,;z K 

Z=Zo/hw 

4. Examples of numerical calculation 

······(19) 

...... (20) 

...... (21) 

...... (22) 

The next step is to carry out the calculation of equation (21) by using 
Z, K and others obtained by solving the coupled equations of pitch and heave 
in regular wave, but here we will tentatively carry out an approximate calcula­
tion by assuming as follows just to make a rough estimation of the magnitude 
and distribution of PH. 

1) Midship section is the one given in Fig. 1. 

2) Now, letting Tz be the natural heaving period, Z0 generally becomes max at 
T,=T,=2rr/w,. We will therefore confine our calculation only to the condition 
of w,=Wz=2rr/Tz. 

3) According to Gerritsma's experiment 
follows with respect to Todd's 60 series. 

CB 0.60 

0.813 

[5], ~Be at the resonance becomes as 

0.70 0.80 

0.748 0.738 

As a result, it will be assumed here as ~Jie=0.75. 

4) Phase lagµ is smaller than 90° at the resonant point in general. Here ca­
lculation will be made on µ=60° and 90°. 

5) It will be assumed as Z=Zo/hw~l.35. 
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62 F. TASAI 

6) Also, F.= V/✓Lg=0.2, ,l/L=a0~1.25. 

In other words, the calculation is to be made on the case when a ship navigates 
in the regular waves of ,l/L=l.25 at Fn=0.2 under head sea condition and in the 
condition of heave resonance. 

Now, ,., will be rewritten as follows, 

t.,= 1 +FN✓2n-/<10 ----·•(23) 

In this case we have ,., = 1.448. 

Because of ~B=~p,/K-2, we obtain ~n=0.357. 

Furthermore, we have the following equation. 

kZs=w2Zs/g=~BZs/ HoT ······(24) 

Evaluating now various values for the case of a ship of L=200 m, we can 
obtain the results as given in the table below. 

Since ,l/L =1.25, it results ,1=250 m, Tw= 13 seconds 

Since rrB/,l =0.357, B=28.4 m, L/B=7.0 

Since B/2T =1.25, T=ll.36 m, L/T=l7.6 

Since V/✓ Lg=0.20, V=17.2 kt 

T,=T.=8.5 seconds. 

The dimensions given above all change if the ship's length L changes, but J 
doesn't since it is non-dimensional. 

Tz for a ship of L=200 m will become about 7.5 sec and T.=8.5 is too 
large, which is due to the assumption of T,=T •. 

In the present example, therefore, we may consider it as the case of Z = 1.35 
at T,=8.5. 

The results of calculation of J, µ are given in Fig. 5. 

Putting now as Ps'=PH! pghw=Z.J.cos(w,t-µ) ...... (25) 

I~/ I is to be obtained simply by multiplying J of Fig. 5 by Z. 
Since we have put as Z=l.35 in the present paper, IP1t'I takes tne order of 

0.5~0.8 at ship's bottom and about 1.5 near the water surface of ships side. 

Next, if the hydrostatic pressure is put as Ps, total pressure Po will be 

P0 =Ps+PH, where P5 =pgZ5 =pgT•Zs/T and 

Then we obtain 

PH= pgTJZo/T cos(w,t-µ ). 

Po=Po/ pgT=P,+Ji;1 cos(w,t-µ) 

=Z/T+JZ0/T cos ( w,t- µ) ..... · (26) 

The second term in the right side of equation (26) is the fluctuating pressure. 
On the other hand, since we can put as 

······(27) 
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Fig. 7. 

by assuming steepness as 2hw/ A= 1/20, we obtain Z 0/T=0.15 

by assuming steepness as 11 =1/30, we obtain Z 0/T=0.50 

Fig. 6 shows the calculation results of P, and P-; by assuming as 2hw/ A= 1/20. 

While PH is about 20~30% of Ps at the bottom, at the upper part of ship's side, 
it becomes very large. 

In Fig. 7, the relative magnitude of hydrostatic and :fluctuating pressure is 
shown with respect to the section of Ho=l.25. 

5. Conclusion 

In order to calculate hydrodynamic pressure distribution precisely, we have to 
consider not only the heaving motion but also the pitching motion. 

The hpdrodynamic pressure attributed to the pitching motion will become f 1P~'w 
VO and f 2PJ'w V(}, in which /1, / 2 are certain constant coefficients and pitching an­
gle (} should be evaluated by solving the equation of motions. 

The strip theory ([6], [7], etc.) has been practically used to solve the coup­
led equations of pitch and heave in longitudinal waves. Furthermore, the calcu­
tion results show a fairly good coincidence with the results obtained from the 
model experiment in the water tank. 

It is possible to evaluate more precisely the distribution of hydrodynamic 
pressure by finding solutions of heaving and pitching motions through such a me­
thod as mentioned above and calculating in accordance with what is shown in 
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AN APPROXIMATE CALCULATION OF HYDRODYNAMIC PRESSURE 65 

this paper. Moreover, it will be indispensable to check the result of calculation 
with the result obtained from the model experiment. 

Though the examples of numerical calculations given in this paper are those 
of approximation where only the heaving motion is considered, the author believes 
that what are shown in Figs. 6 and 7 represent a rough shape of the pressure 
distribution. 
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