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Abstract. Hydrodynamic interactions between ships in narrow channels are important for studying purposes and prac-
tical tasks. The paper presents a theoretical basis for the interaction between ships in narrow channels to evaluate re-
ciprocal actions between ships, the experimental results of real ships and data received applying calibrated simulators. 
The theory and experimental results displayed in the paper could be used for designing channels and evaluating navi-
gational safety in narrow channels as well as for ship steering tasks in narrow channels. 
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Introduction

In many places worldwide, including waterways and 
ports, there are a number of narrow channels having bi-
directional navigation. Hydrodynamic interactions be-
tween ships, together with other influences, especially 
ship drift, are important to avoid ship accidents and in-
cidents in narrow channels (PIANC 1995; 1997, 2010).

Hydrodynamic interactions between ships are 
based on pressure distribution around the sailing ship 
(Islund 2003; Paulauskas, 1999). Simultaneously, deeper 
investigation into practical implementation possibilities 
is very important for channel optimization and for 
improving the navigational safety of ships in narrow 
channels (Recommendations of the Committee… 2010).

Channel designers, ship masters and pilots’ 
understanding and wide knowledge about hydrodynamic 
interactions between ships along with correct performed 
actions could decrease the probability of mistakes in the 
processes of designing channels and optimizing vessel 
traffic, which therefore finally should have an influence 
on ship accidents and reduce occurring incidents.

1. Navigation in Narrow Channels

A number of channels and waterways, especially in 
ports, are very narrow and, at the same time, used for 
bi-directional navigation. Panama, Kiel, etc. canals and 
rivers such as the Elbe, Schelde, Seine, including the 

main ports in Hamburg, Antwerp, Rouen has a width of 
up to 60÷80 m in some bi-directional navigation places. 

Hydrodynamic interactions between ships have a 
big influence, which must be taken in account for the 
vessels steering to avoid ship collision or grounding 
(Gucma, Montewka 2005; Paulauskas 1999, 2010, 2011; 
Paulauskas, Paulauskas 2009). Also, the interactions 
between ships together with ship drift, particularly in the 
case of a perpendicular wind direction, could reach high 
speeds perpendicular to the direction of the sailing ship; 
thus, any incorrect actions taken by the ship’s master 
or port pilot could dramatically decrease navigational 
safety (Fig. 1). Simultaneously, a broad knowledge of the 
ship crew and correct actions can increase the safety of 
navigation under such circumstances (Paulauskas et al. 
2008).

Fig. 1. Ships sailing in narrow channels



Deep theoretical and experimental studies of the 
interaction between ships in narrow channels should 
increase navigational safety in such conditions.

2. Hydrodynamic Interactions and Other Forces 
between Ships in Narrow Channels 
Hydrodynamic interactions between ships and other 
forces that influence ships in narrow channels could be 
calculated and taken in account for channel design and 
ship handling. The force of hydrodynamic interactions 
between ships depends on ship dimensions, speed, dis-
tance between the ships and depths in the channel and 
could be evaluated as follows:

( ), , ,intF f D v S H= ,  (1)

where: D – ship’s displacement; v – ship’s speed; S – dis-
tance between the ships; H – depth in the channel.

Ship drift in the narrow channel makes an 
additional influence on ship trajectory, because in case 
of a perpendicular wind direction to ships, a ship under 
wind drift is clause to 0 (Zalewski, Montewka 2007; 
Vojtkunskij 1985; Fedyaevskij et  al. 1982; Paulauskas, 
Paulauskas 2009). Finally, hydrodynamic interactions 
between ships and other influences could be explained 
as follows:

( ), , , ,int dF f D v S H v′ = ,  (2)

where: vd – ship drift.
Hydrodynamic interactions between ships based 

on pressure distribution around the sailing ship are 
explained in Fig. 2 (Islund 2003).

Revising the case of two sailing ships in the narrow 
channel, pressure distribution of the ships following 
opposite directions is shown in Fig.  3, and following 
parallel directions  – in Fig.  4 (Paulauskas 1999, 2010; 
Fedyaevskij et al. 1982; Paulauskas, Paulauskas 2009).

The forces of hydrodynamic interactions between 
ships depending on pressure distribution can be 
expressed in the following way:
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where: k – coefficient; B – width of a bigger ship; H – 
depth of the channel; Hcr – critical depth in the channel 
that is calculated as follows:
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where: T1 biggest ship’s draft; g – gravitational accelera-
tion.

Ship drift can considerably influence ship 
interaction. In case of a perpendicular wind direction 
to the ships in the channel, the ships on the side of 
wind drift could be calculated as follows (Paulauskas, 
Paulauskas 2009):
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where: va – wind velocity; qa – angle of wind direction; 
Ca – aerodynamic coefficient (could be received in an 

aerodynamic testing tube or taken as an average from 
1.07 to 1.3 depending on the architecture of decks); ρ1 – 
air density (for calculation purposes could be taken as 
1.25 kg/m³); Sx – space of projection onto a Diametrical 
Plane (DP) of the wind surface area (Fedyaevskij et al. 
1982); C – hydrodynamic coefficient (could be taken as 
1.2÷1.5 depending on the ship construction). For the 
ships having two or more propellers, the applied coef-
ficient is 1.5 and for other ships – 1.2; ρ – water den-
sity (for sea water can be taken from 1015 kg/m³ up 
to 1027 kg/m³ depending on salinity, for fresh water – 
1000 kg/m³); Fd – space of projection onto a DP of the 
underwater area that can be calculated as:

,dF L T= V ⋅ ⋅   (6)

where: V – square factor (space of projection onto a DP 
of the underwater area) could be taken from 0.95 up to 

Fig. 2. Pressure distribution around the ship

Fig. 3. Pressure distribution of the ships following opposite 
directions and turning tendencies for ships

Fig. 4. Pressure distribution of the ships following parallel 
directions and turning tendencies for ships
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1.0. The maximum value of the coefficient could be ap-
plied for the ships having two propellers as well for the 
ships with a bulb; L – ship’s length between perpendicu-
lars; T – average of ship’s draft.

Considering the position when ships are near to 
each other under a perpendicular wind direction to ves-
sels, ship drift on the downwind side could be close to 
0 (Fig. 5).

Fig. 5 shows two forces that influence ship interac-
tion in the narrow channel, i.e. forces of hydrodynamic 
interactions between ships and ship drift on the wind 
side. 

Ship interaction in narrow channels is compensated 
by force created by the ship rudder. Force momentum 
created by the ship rudder Mp is calculated in the fol-
lowing way (Vojtkunskij 1985):

2
2p p p pM C S v lρ

= ⋅ ⋅ ⋅ ⋅ ,  (7)

where: Cp – hydrodynamic coefficient of the ship rud-
der; Sp – square of the ship rudder; lp – distance between 
the ship rudder and ship’s pivot point located about 1/3 
to the front from the ship’s middle frame (Islund 2003), 
i.e. the last formula can be expressed as follows:
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The moment of ship turn is created by hydrody-
namic interactions acting in the central part of the ship 
and could be expressed as follows:

3int int
LM F= ⋅ .  (9)

To follow a straight direction, it is necessary to fulfil 
the below condition:

.p intM M=   (10)

Finally, it is possible to receive the maximum rud-
der angle α° that should compensate the hydrodynamic 
interaction of ships in the narrow channel:
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where: Sp, v2, D2 are ship testing parameters.
The received formula points to the opportunity to 

previously calculate the ship’s possibility of protecting 
hydrodynamic interactions in narrow channels, espe-
cially for smaller ships.

3. Testing Hydrodynamic Interactions on Real  
Ships and Applying a Simulator

For testing practical hydrodynamic interactions, Ro-Ro 
vessels (length 200 m) and small coastal ships (length 
54 m) in the narrow channel were used. The ships were 
sailing at a distance of up to 15 m to each other. Both 
ships were moving at a speed of 6 knots. During testing, 
weather conditions made no influence, i.e. wind speed 
was about 6 m/s, and current velocity reached 0.3 knots. 

Ship sailing schemes and some experimental results 
are presented in Figs 6 and 7. The rudder angle of the 
ship was calculated with reference to methodological 
and experimental results received testing real ships. 

Experimental and theoretical results show that at 
the distances shorter than 20 m for tested ships and 
under conditions when the speed of a ship is 6 knots, 
the rudder cannot fully compensate hydrodynamic in-
teractions between ships. For keeping the small ship on 
course, it is necessary to shortly increase engine power. 

On the basis of experimental results, the SimFlex 
Navigator simulator (E-Sea Fix Manual 2012; SimFlex 
Navigator 2012; Tomczak 2008) was calibrated for test-
ing hydrodynamic interactions between bigger ships: a 
PANAMAX loaded tanker and a ferry at different dis-
tances between ships and different speeds of the ships 
in case of wind influence.

Two ships, including the PANAMAX tanker 
(L  =  218 m; B  = 32.6 m; T  = 12.5 m) and ferry (L  = 
150 m; B = 23.2 m; T = 5.1 m) were taken. Testing was 
made on opposite and parallel courses, wind velocity 
was 12 m/s and a dirrection was perpendicular to that 
of the ship.

Fig. 5. Ship drift speed under the perpendicular wind 
direction to ships
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Fig. 6. Scheme for ship sailing in the narrow channel  
(Ro-Ro and coastal ship)

Fig. 7. Hydrodynamic interactions between real ships  
(Ro-Ro vessel (L = 200 m) and tested coastal ship  

(L = 54 m; Sp = 4.0 m; H = 12 m; T = 3.5 m) (green marks) 
and theoretical calculation results received using the 

methodology discussed in the paper 
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Ship sailing pictures, schemes and rudder angles 
to prevent the ferry from yawing are presented in the 
Figs 8–15. 

The hydrodynamic interactions of the ferry Princess 
Anastasia (L = 177 m; B = 29 m; T = 6.6 m; displace-
ment – 20000 t), considering the ships of a similar size 
in the navigational channel between St.-Petersburg and 

Fig. 8. PANAMAX tanker and a ferry sailing in opposite 
directions in the port entrance channel

Fig. 9. Scheme for the PANAMAX tanker and a ferry sailing 
in opposite directions in the port entrance channel and the 

distance between the ships

Fig. 10. Hydrodynamic influence between the PANAMAX 
tanker and a ferry expressed as rudder rotation in the narrow 

channel in opposite directions (vertical line in the figure 
corresponds to the ship position indicated in Fig. 9)

Fig. 11. PANAMAX tanker and a ferry sailing in parallel 
directions (speed of the PANAMAX tanker is 6 knots,  

speed of the ferry is 8 knots)

Fig. 12. Scheme for the PANAMAX tanker and a ferry 
sailing in parallel directions and the distance between the 
ships (wind direction perpendicular to the courses of the 

ships, velocity 12 m/s)

Fig. 13. Hydrodynamic influence between the PANAMAX 
tanker and a ferry expressed as rudder rotation in the narrow 

channel in the parallel direction (vertical line in the figure 
corresponds to the ship position indicated in Fig. 12)

Fig. 14. Scheme for the PANAMAX tanker and a ferry 
sailing in parallel directions at a very short distance between 

the ships (wind direction perpendicular to the courses  
of the ships, velocity 12 m/s)

Kronstad as well as in port entrance channels of Hel-
sinki, Stockholm and Tallinn, depending on the distance 
between the ships, has been received applying the cal-
culation method discussed in the paper (solid line in 
Fig. 16). Experimental data under real conditions point 
to a good correlation between the results obtained using 
theoretical and experimental methods. 

Experimental and simulation results show that the 
theoretical method for calculating the hydrodynamic in-
teraction between ships in narrow channels can be used 
for practical tasks in designing channels and managing 
vessel traffic and ship handling.
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Conclusions

Hydrodynamic interactions between ships in narrow 
channels must be taken into account when designing 
narrow channels, preparing conditions for ship sailing 
and proposing precaution measures for navigational 
safety. 

The presented methodology could be used for es-
tablishing channels and ship steering procedures under 
similar conditions.

Hydrodynamic interactions between ships in nar-
row channels, i.e. the influence of wind, waves, currents, 
etc., could be considered for improving ship manoeu-
vrability and increasing navigational safety in narrow 
channels.

For enhancing port effectiveness and bi-directional 
ship movement when approaching ports as well as in-
side navigational channels, hydrodynamic interactions 
and influence of other external forces on ships must be 
accepted, which should facilitate the preparation of navi-
gational rules and conditions in ports.
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Fig. 15. Hydrodynamic influence between the PANAMAX 
tanker and a ferry expressed as rudder rotation in the narrow 

channel in the parallel direction at very short distances 
(vertical line in the figure corresponds to the ship position 

indicated in Fig. 14)
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Fig. 16. The results of hydrodynamic interactions between 
similar sizes of the ships in narrow channels received 

experimentally on the ferry Princess Anastasia and  
with reference to calculation results (line)
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