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Abstract. The paper aims to assess the capability of open-source
software PDFSTRIP to calculate the ship motions and second-
order drift forces in regular waves. To obtain greater representa-
tiveness of the results, the calculations are performed for three
ships – two container vessels of the first and third generation
and supertanker. The numerical results are compared with the
results of model tests conducted in hydrodynamic experimental
tanks. Based on the calculated drift load, a procedure has been
developed for the preliminary assessment of the ship maneuvers
in waves. The developed procedures would be useful as a fast and
economically beneficial tool for preliminary estimation of vessel
steering qualities in real sea conditions.
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1. INTRODUCTION

Over the years the ship maneuvering qualities have been traditionally an-
alyzed, predicted, and normalized for calm and deep water assuming the neg-
ligible influence of external sea conditions. However, given the fact that the
assumption of negligible external effects such as wind, current, shallow water,
and waves is not strict, many studies have focused on the first three factors,
because the concept of accounting for them fits into the time-domain studies
of ship maneuverability. In terms of the impact of the sea waves, however,
taking it into account is much more complicated because in contrast to the
maneuvering, in the seakeeping of the ship the studies are related to the 6
DOF ship motions in waves on a straight course or possibly with some drift

DOI: 10.7546/EngSci.LVIII.21.02.01

4 Engineering Sciences, LVIII, 2021, No. 2



angle and what most important – estimation of vessel seakeeping characteris-
tics is made in the frequency domain and can be made through a statistical,
probabilistic or analytical approach.

In real navigation conditions the two problems overlap, when performing
the maneuver in waves-induced ship motions interacts with the ship maneu-
vering motion whereby waves may substantially influence the hydrodynamic
forces and thereby change the maneuvering behaviour, and vice versa. This
gives rise to the need to study the ship maneuverability in waves and leads
to the necessity to combine approaches in the two areas under consideration,
which is not an easy task. Since the Energy Efficiency Design Index was in-
troduced by International Maritime Organization, serious concerns regarding
the maneuverability of ships in waves have been brought to the forefront. As
a result, research into the problem has been initiated in several centers, using
experimental, numerical, and hybrid approaches such as project SHOPERA
[1]. Within the framework of this project for the study of the ship maneu-
verability in the above conditions, three navigation scenarios are proposed for
consideration when the ship maneuvers are carried out at critically low speeds.
However, a serious problem arises in determining the forces of wave drift by
model experiment or by the methods of viscous numerical hydrodynamics due
to the high cost and time required.

In this regard, due to the known applicability of the potential flow theory
codes for calculating the ship oscillation [2–3], in this paper, an attempt is
made to determine the average drift forces of the second-order using the open-
source program PDSTRIP.

2. PDSTRIP PROGRAM

PDSTRIP code solves the potential flow problem around the ship hull by
calculation of ship seakeeping 2D hydrodynamic characteristics of hull cross-
sections oscillating in small amplitude waves near to the free water surface.

Thus, the Airy wave theory is applied for the linear boundary value prob-
lem.

Since only the linear components of the ship motion and hull pressure are
determined in the PDSTRIP program, thus to estimate the time-averaged
drift forces in the regular wave the Boese method is applied.

The estimation of the time-averaged wave drift load is performed by the
wetted hull pressure integration. The inertial coordinate system ξ, η, ζ is
fixed at mid-ship, and moving forward with the average speed velocity gives
the formulae of the longitudinal and transverse time-averaged drift forces in
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the PDSTRIP through expressions (1) and (2), see [4]:
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The sense of the above-consolidated equation terms is:
− The first expression is related to rigid body harmonic oscillations in the

surge, sway, heave, and pitch modes;
− The second expression is due to the relative motions between the ship and

water surface;
− The third expression into equation (1) represents the time-averaged correc-

tion for the ships with submerged transom pressure fluctuation.
MATLAB auxiliary codes have been developed for processing the PDSTRIP

program output data.

3. SHIPS GEOMETRY DESCRIPTION

When choosing ship forms used for numerical investigations, additional and
practically the basic argument was the availability of verified experimental
data for measured wave drift forces, as well as for the characteristics of the
ship motions. The International Towing Tank Conference standard models
meet in the best way these conditions: the container vessels S175, DTC, and
the supertanker KVLCC2 [5]. In Table 1, their main characteristics are listed.

For the generation of hulls mesh mainly 28 sections have been used. The
number of offset points must be at least 15 according to the recommendations
of the authors of the code. Numerical studies have shown that doubling the
number of offset points on half cross-section improves the predictions by about
3%, which number was considered in the calculations. The hulls were meshed
up to the calm waterline. For example, through Figs 1 and 2 the “regular”
and “doubled” hull grids of DTC underwater body stern and bow parts are
illustrated.
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Table 1. Ships main particulars

S175 DTC KVLCC2

Lpp [m] 175 355 320

B [m] 25.4 51 58

d [m] 9.5 14.5 20.8

∇ [m∧3] 24800 173468 320438

LCG [%Lpp]fwd+ −1.43 −0.96 3.48

rxx [m] 10.16 20.30 23.20

ryy [m] 47.25 87.30 80

rzz [m] 47.25 87.30 80

Fig. 1. DTC hull “regular” grid (stern) Fig. 2. DTC hull “doubled” grid (bow)

4. NUMERICAL RESULTS

In the 3D simulation model for the prediction of the maneuvers of the ship
in waves Fig. 3, the time-averaged wave drift forces and moment are included
– generalized equations (3)–(5):

m(u̇0 − v0r0) = Xhull +Xrudder +Xpropeller +Xwave{ω, µ, U}, (3)

m(v̇0 − u0r0) = Yhull + Yrudder + Ywave{ω, µ, U}, (4)

Izz ṙ0 = Nhull +Nrudder +Nwave{ω, µ, U}. (5)

Inertial forces are on the left-hand side of the equation, while the equation
right-hand side represents hydrodynamic forces and yaw moment, including
wave drift load components. The wave forces and yaw moment depend on
wave frequency ω; encounter angle µ, and approach speed U . The calm water
hydrodynamic coefficients are delivered by Planar Motion Mechanism captive
model tests.

The above set of ordinary differential equations is solved in time-domain
using pre-calculated values of wave load components. These data are stored
in the database as well as data for the corresponding Response Amplitude
Operator (RAO). The results of these calculations are described below.

Engineering Sciences, LVIII, 2021, No. 2 7



Fig. 3. DTC 3D hull model

4.1. Motions RAO

It is known [3, 6] that the strip method used in the code calculates the
ship motions characteristics with very good accuracy. This is confirmed by
exemplary results from the calculations RAO for the heave and pitch motions
of the three forms of the hull, given in Figs 4 and 5. The calculated and ex-
perimental results [7–9] for the case of head waves (ships DTC and KVLCC2)
are in good agreement.

However, the wave encounter angles in the range 0–360 degrees should
be considered here. In this regard, the predictions of the responses at an
encounter angle of 150 degrees are shown in Fig. 4(a) and Fig. 5(a).

Fig. 4. Heave Response Amplitude Operators

While the approximation for the vertical motions is good, for the pitch
motion for wavelength λ/L > 0.7 the calculated results underestimate the
measured ones. Numerical studies performed for other wave directions show
satisfactory results suitable for evaluating the considered characteristics.
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Fig. 5. Pitch Response Amplitude Operators

4.2. Second-order wave drift forces and moment

The drift forces and moments are of fundamental importance in predicting
the change in the ship maneuvering qualities in waves. In this paper, we con-
sider the three-dimensional case of the maneuvering motion in regular waves –
equations (3)–(5). The results of the calculations with PDSTRIP and those of
the experiments conducted in a hydrodynamic basin were standardized using
the following dimensioning factors:

RAW , Yd =
RAW0, Yd0(
0.5ρgζ2B2

L

) ; Nd =
Nd0

(0.5ρgζ2B2)
. (6)

The values of the additional resistance for ship service speeds calculated
using two-dimensional strip methods usually overestimate the value of this
quantity [2–3]. This is illustrated, for example, by Fig. 6(a). The experimental
data have been published by several authors [10–12]. The reason for this is the
two-dimensional nature of the problem formulation. In the program, for the
added mass m11 the empirical formula is used. On the other hand, at low and
zero speeds the approach is good, Fig. 6(b, c). It should be emphasized that
the critical scenarios for maneuvering in waves are at low speeds [1]. Therefore,
data from the favorable area of RAW estimations will be available.

The results of the calculations of the transverse force and the yaw moment
caused by the influence of the regular waves for the three ship hull shapes are
shown in Fig. 7. Experimental data are also plotted. It is necessary to indicate
the technical difficulties in measuring and extracting this category of forces in
the conditions of an experimental basin. For this reason, a significant scatter of
the experimental values is observed. In Figure 7 three cases of wave encounter
angles are given – 90, 60 and 150 degrees, as the speeds are different, i.e. a
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Fig. 6. Added resistance RAW versus wavelength λ/L

Fig. 7. Lateral drift force Yd versus wavelength λ/L

Fig. 8. Yaw drift moment Nd versus wavelength λ/L
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range of changes in the parameters of the external environment is covered.
Numerical results can be considered good for longer waves about λ/L > 0.7,
while for short waves the approximation is evaluative.

For these parameters, the drift moment is also calculated, Fig. 8. In
the presence of a scatter of the experimental points, the estimates can be
considered good.

4.3. Database generation

To solve the equations (3)–(5) of the ship maneuvering in the time domain,
it is necessary to calculate wave load values at each step. At this moment to
obtain these data by methods of viscous numerical hydrodynamics (CFD) it
is time-consuming and costly. The determination of the values under chapters
4.1 and 4.2 utilizing the potential code PDSTRIP is performed in a fast way
on a regular PC processor. This inherent quality of the potential codes is the
main reason for the present study on the applicability of the obtained results
for the wave drift in the model of maneuvering motion.

The procedure consists of the preliminary calculation of added resistance;
lateral drift force and yaw drift moment for the set of environmental variables
– wave encounter angle, speed, and wavelength. The calculation results are or-
ganized in appropriate database, quick access to which is realized with the help
of built-in fast MATLAB procedures. This also allows real-time simulation of
ship maneuvers in regular waves.

The KVLCC2 supertanker was chosen as an example in the database gen-
eration. The matrix of the calculation parameters is given in Table 2. The
initial parameters of each simulation case are – frequency of the regular wave,
wave steepness, course, speed. Under these conditions, for 13 frequencies in
the database, the arrays {9× 11} for the wave drift forces and moment are
available. Studies have shown that a linear approximation is sufficient when
determining intermediate values due to the density of points in the preliminary
calculation scheme and the smooth behaviour of the functional dependencies.
The access to these data arrays is very fast, which allows performing the vessel
maneuvering simulation studies in waves in real-time.

The data for RAW , Ud, and Nd arrays at wavelength λ/L = 0.7, normalized
by the square of the wavelength, is illustrated in three-dimensional form in
Figs 9, 10, and 11.
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Fig. 9. Added resistance versus µ, U

Fig. 10. Lateral drift force versus µ, U
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Fig. 11. Yaw drift moment versus µ, U

Table 2. Parameters set of preliminary calculations

Item Range of variation

Speed U [kn] 〈 0, 4, 6, 8, 10, 12, 15.5 〉
Wave direction µ [deg] 〈 0÷360 〉 by step of 5 degrees

Wavelength λ/L [-] 〈 0.4÷1.5 〉 by step of 0.1; 〈2.0〉
Wave steepness s [–] 0.02

Wave amplitude ζw [m] 6.4

5. SHIP TURNING SIMULATIONS IN REGULAR WAVES

Based on the obtained data for the wave load and using the results of
model tests of KVLCC2 with Planar Motion Mechanism, the simulations of
turning maneuver was performed by solving the system of equations (3)–(5).
Exemplary results from the calculations compared with the experimental data
[13] for wavelengths λ/L = 0.7 and λ/L = 1.0 are shown in Figs 12 and 13,
correspondingly.

For analysis of the ship trajectory distortion in waves, two indicators are
adopted [13]: distance of the sequential track displacement Hd and drifting
direction µd. Because of this, the analysis of the above results shows the
following:
− The prediction of drifting distances is approximately;
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Fig. 12. Turning maneuver in regular waves, λ/L = 0.7

Fig. 13. Turning maneuver in regular waves, λ/L = 1.0
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− The drifting direction predictions are very close to experimentally measured.
It should be noted that the comparison requires detailed data on some

conditions of the conducted model tests, such as a moment of the command
to the rudder, characteristics of the waves during successive turnings, etc. By
this, first of all, the analysis of the accuracy of wave drift forces and moment
predicted by PDSTRIP has to be performed, which is forthcoming in the next
stages of the present project.

6. CONCLUSION

The following results were achieved in the present study:
− The movements of three ships and the wave forces are predicted and com-

pared with experimental data through potential open-source PDSTRIP. In
the first case, the accuracy is very good, while in the second it is satisfactory.

− The procedure for generating a database for ship RAO and wave drift forces
in the function of the environmental parameters has been developed.

− The procedure for simulation of ship maneuvers in waves has been applied.
− To improve the predictions, it is planned to use the possibilities of the open-

source in the direction: instead of an empirical formula for the added mass
m11 to apply a more precise solution; to use a more accurate method for
estimation of the cross-drag coefficients
The developed procedure can be useful at the ship initial design stage for

estimation of vessel maneuverability in waves.
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