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Abstract 
Accurate prediction of the ship squat is of significance to ensure safety passage of ships in restricted waters. 

In this paper, a first-order Rankine source panel method is adopted to predict the squat of a ship sailing in  

restricted canal. Taking KVLCC2 tanker as example, numerical calculations are carried out for the ship trav-

elling in a canal with different conditions. The results of squat are compared with measurement data and the 

results from empirical formulas. The influence of canal geometry on ship squat is investigated. 

 

 

Introduction 

The hydrodynamic behavior of a ship in restrict-

ed waters such as harbours, channels or canals is 

very different from that in open deep waters. The 

restricted space underneath and alongside a ship has 

an important influence on both, sinkage and trim of 

the ship, also known as squat, which is more pro-

nounced than in deep and open water. Squat is 

caused by the drop in pressure under the bottom of 

the ship, where the relative speed of the water is 

higher. Due to the squat effect, the hydrodynamic 

forces on the ship may increase largely; ship ma-

noeuvrability and controllability will become poor 

and risks of grounding may increase due to insuffi-

cient underkeel clearances, especially for large 

vessels. Accurate prediction of the squat is of sig-

nificance to evaluate ship hydrodynamic perfor-

mance correctly and to ensure safety passage of the 

ship in restricted waters. 

Ship squat both, in unrestricted waters and re-

stricted waters can be predicted experimentally and 

numerically. Zhou et al. (2013) [1] summarized the 

commonly used empirical methods of squat predic-

tion for a ship sailing in restricted waters. Normally 

a blockage factor Ac/As, the ratio of the cross sec-

tion area of the canal to the wetted cross section 

area of the ship, is applied in the empirical formulas 

to consider the influence of canal geometry. How-

ever, the influence of other parameters, such as 

bank geometry or the lateral position of the ship, is 

not taken into consideration. In 2006 a comprehen-

sive model test program was carried out at the fully 

automated towing tank of Flanders Hydraulics  

Research (Flemish Government, Antwerp, Bel-

gium) with ship models sailing parallel to different 

bank geometries. The mathematical model that has 

been developed based on these tests takes account 

of complex bank geometries [2], but the parameters 

for the mathematical model are not published. 

Lataire et al. (2013) [3] investigated the influences 

of the blockage on the squat of the KVLCC2 Moeri 

tanker moving in a rectangular fairways, an im-

proved model for the squat was proposed and took 

into account the forward speed, propeller action, 

lateral position in the fairway, total width of the 

fairway and water depth. Briggs et al. (2013) [4] 

compared the measured ship squat from the 

Panamax canal for four ships with numerical and 

empirical methods and the comparisons demon-

strated that the Beck, Newman and Tuck (BNT), 

Ankudinov, and PIANC predictions fell within the 

range of squat measurements and can be used with 

confidence in deep draft canal design. 

In this paper, a first-order Rankine source panel 

method is introduced and applied to predict the 

squat of a ship sailing in restricted canals. Taking 

KVLCC2 Moeri tanker as example, the numerical 
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method is firstly applied to calculate the ship squat 

for different lateral positions and different 

underkeel clearances in a canal and the numerical 

results are compared with the measurement data 

given in [3]. Then calculations are conducted for 

the ship sailing in different canal geometries with 

the same blockage factor. The influence of canal 

geometry on ship squat is analyzed. 

Mathematical formulation 

A ship sailing with a constant speed in restricted 

canals is considered, as shown in figure 1. A body-

fixed coordinate system o-xyz is defined, where the 

origin o is located at the intersection of the mid-

ship section and the undisturbed free surface, the x-

axis pointing towards the bow of the ship, the y-

axis towards the starboard, and the z-axis vertically 

downwards. Here, we assume that the cross-section 

shape of the canal is uniform in the x-direction. h is 

the water depth, T is the draft of the ship, yp and ys 

are the distances from the centerline of the ship to 

the toe of portside bank and to the toe of starboard 

side bank, respectively. 

 

Fig. 1. Sketch map of a ship sailing in a restricted canal 

It is assumed that the fluid is incompressible and 

inviscid, and the flow is irrotational. There exists a 

velocity potential   which should satisfy Laplace’s 

equation in the fluid domain: 

 02    (1) 

The following boundary conditions should also 

be satisfied: 

– on the ship hull surface SB:  

 0 Bn


  (2) 

where ),,( 321 BBBB nnnn 


 is the unit normal 

vector towards inside the hull; 

– on the wall surfaces of the canal SW:  

 0 Wn


  (3) 

where ),,( 321 WWWW nnnn 


 is the unit normal 

vector towards outside the fluid; 

– on the water bottom z = h: 

 0z  (4) 

– on the free surface SF (z = ζ(x,y)), the combined 

free surface condition is:  

02
2

1 2 
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  (5) 

– on the boundary surface at infinite S∞, the dis-

turbance due to ship motion decays to zero: 

  0,0,0
R

  (6) 

where 222 zyxR  . 

Moreover, it should satisfy the radiation condi-

tion at infinity. We solve the boundary value prob-

lem by a first-order Rankine source panel method. 

By using the Rankine source, the Laplace’s equa-

tion and the disturbance decay condition at infinity 

are satisfied automatically. 

For the first-order Rankine source panel method, 

a Rankine source is distributed on the ship hull 

surface, the free surface and canal bank surfaces. 

These surfaces are discretized into panels, on each 

of which a Rankine source with constant strength is 

distributed. The strengths are determined by satisfy-

ing the corresponding boundary conditions. To 

satisfy the radiation condition, the numerical tech-

nique of raised panels with staggered grid above the 

free surface is utilized; while the boundary condi-

tion on water bottom is satisfied by the method of 

images. Since the boundary conditions on the free 

surface are nonlinear, an iterative scheme is used to 

satisfy these conditions. Refer to literature [5] for 

more details of the numerical method.  

Once the boundary-value problem is solved, the 

velocity potential   is obtained and the pressure p 

in the flow domain can be obtained by Bernoulli 

equation. Then the hydrodynamic forces and mo-

ments on ship hull can be calculated by integrating 

the hydrodynamic pressure over the hull surface. 

From the vertical force and pitching moment, the 

sinkage and trim can be calculated according to 

dynamic equilibrium during the iteration procedure 

for the nonlinear free surface boundary conditions. 

Case for study 

The KVLCC2 Moeri tanker in full scale  

(SIMMAN, 2008) [6] is adopted to carry out the 

numerical calculations. The main dimensions of 

KVLCC2 are listed in table 1. 
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Table 1. Main dimensions of KVLCC2 

Length between perpendiculars L [m] 320.0  

Breadth B [m] 58.0  

Moulded depth D [m] 30.0  

Draft T [m] 20.8  

Displacement  [m3] 312622 

Wetted area w/o rudder SW [m2] 27194 

Block coefficient CB 0.8098 

 

The calculation conditions are shown in table 2. 

In order to verify the Rankine source panel method, 

the case that KVLCC2 is sailing in a rectangular 

canal with varying lateral position and water depth 

(Group1, 2 and 3 in table 2) is firstly calculated and 

the numerical results are compared with the meas-

urement data published in [3]. Bank effect on the 

ship squat can be investigated as well. Then the 

numerical calculations for the KVLCC2 travelling 

in different canal geometries with the same cross 

section area and in different water depth are carried 

out (Group 4 to 7 in table 2).  

Since KVLCC2 has a transom stern, the flow 

around the stern is very complicated. To deal with 

the transom stern, it is supposed that the wave sur-

face leaves the hull at the transom edge; and the 

method of adding “virtual length” is adopted, that 

is, a virtual extension is generated and added to the 

length of the vessel. The virtual length ΔL is related 

with the characteristics of transom stern and ship 

speed. In this paper the ship speed is lower than the 

designed speed and ΔL = L / 25 is applied. 

The discretized domain of the free surface and 

the wall surface extends from 2.0L to 1.0L in the 

longitudinal direction, while the width of the dis-

cretized domain in transverse direction is deter-

mined according to the distance between the ship 

and banks. 

The panel arrangements on the hull surface and 

the free surface are shown in figure 2. 

Results and analysis 

Bank effect on ship squat 

The squat results of Group 1, 2 and 3 are select-

ed to study the bank effect on the ship squat and 

compared with the measurement data to verify the 

numerical method. Here the width of the canal is 

5B and the ship speed is 8 knots. For all the cases, 

the bow squat (Sb) is larger than the stern squat (Ss). 

In practical use, the maximum ship squat is the 

most concerned. Thus, figure 3 shows the bow 

squat of KVLCC2. 

From the comparison it can be seen that when 

the ship is not very close to the canal bank 

(ys = 145 m and 87 m), the calculation results are 

a little smaller than the measurements. However, 

when the ship-bank distance is smaller (ys = 58 m 

and 43.5 m), the discrepancy between the calcula-

tion results and measurement data becomes larger. 

Table 2. Overview of the calculation conditions 

Group No. 
Slope of the 

canal bank 

Breath of the canal on 

the free surface Ws [m] 

Breath of the canal on 

the bottom Wb [m] 
ys [m] h/T U [m/s] 

1 vertical wall 290.00 290.00 145, 87, 58, 43.5 1.50 

4.115 2 vertical wall 290.00 290.00 145, 87, 58, 43.6 1.35 

3 vertical wall 290.00 290.00 145, 87, 58, 43.7 1.10 

4 vertical wall 290.00 290.00 145 

1.20 
3.087, 4.115, 

5.144 

5 1/3 364.88 215.12 107.56 

6 1/5 414.80 165.2 82.6 

7 1/8 489.68 90.32 45.16 

 
(a) Hull surface 

 
(b) Free surface                                         (c) bank surfaces 

Fig. 2. Panel arrangements 

Virtual length 
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The reason for the above discrepancy may be that, 

when the ship is closer to the bank, the vertex is 

generated between the ship and the bank. Thus, the 

viscous effect becomes more obvious and has to be 

taken into account. The Rankine source panel 

method based on potential theory doesn’t perform 

well under such condition by neglecting the viscous 

effect. In addition, the effects of rudder and propel-

ler is neglected, the flow field around the ship,  

especially near the ship stern is not accurate, which 

may also cause the error. It can also be seen that 

with the decrease of water depth, the ship squat 

becomes larger. 

The calculation error of all these cases is given 

in table 3. When ys is larger, the calculation error is 

below 10%; while when ys is smaller, the error is 

around 20%~30%.  

Table 3. Calculation error of the Rankine source panel method 

ys h/T = 1.5 h/T = 1.35 h/T = 1.1 

43.5 23.02% 24.30% 28.55% 

58 20.90% 22.95% 23.21% 

87 2.15% 2.51% 2.23% 

145 5.65% 5.82% 6.12% 

 

From the above analysis, it is found that the 

Rankine source panel method can be used to predict 

ship squat when the ship is not close to the canal 

bank.  

Influence of canal geometry on ship squat 

In this subsection Group 4, 5, 6 and 7 in table 2 

are selected. The KVLCC2 is moving along the 

centerline of the canal and the ship speed varies 

from 6 knots to 10 knots. Since the different canal 

geometries have the same cross section area, the 

same blockage factor (Ac/As = 6) for all the cases 

are applied to investigate the influence of canal 

geometry on the ship squat. All the results of the 

bow squat (Sb) are given in table 4. 

Table 4. Non-dimensional ship squat with different canal  

geometries and ship speed 

Group  

No. 

Canal  

bank slope 

Squat Sb [m] 

U = 3.087 U = 4.115 U = 5.144 

4 vertical wall 1.191E–03 2.185E–03 3.536E–03 

5 1/3 1.021E–03 1.891E–03 3.079E–03 

6 1/5 1.027E–03 1.904E–03 3.097E–03 

7 1/8 1.111E–03 2.013E–03 3.244E–03 

 

The squat values in table 4 indicate that, with 

the same blockage factor and h/T = 1.2, the 

KVLCC2 has the largest squat when sailing along 

the vertical bank. The second largest squat happens 

 

Fig. 3. Comparison of numerical results and measurement for different lateral positions 

 

Fig. 4. Squat comparison with empirical formulas, h/T = 1.2 and Ac/As = 6 
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when the bank slope is 1/8, and then followed by 

sloping bank 1/5 and 1/3. The vertical bank has the 

dominant influence on ship behaviour and always 

causes a larger ship squat than other bank geome-

tries no matter in shallow or deep water. For the 

cases with a sloping bank, if the water is deep 

enough, the steeper the bank is, the larger the ship 

squat becomes. When the water is very shallow, the 

ship behaviour is affected by both the canal bank 

and the bottom. That is why the squat for sloping 

bank 1/8 is larger than those of the banks with other 

slopes. 

Figure 4 shows the comparison of the numerical 

results and those calculated by the commonly used 

empirical squat formulas. Since all the four geome-

tries have the same blockage factor, the ship squat 

is the same according to the empirical formulas. 

Here, the squat for vertical bank is adopted. The 

comparison shows that the numerical results agree 

well with the popular formulas, especially with 

Barrass (1981) formula. 

Conclusions 

In this paper, a first-order Rankine source panel 

method is adopted to predict the squat of a ship 

sailing in laterally and vertically restricted canals. 

Numerical calculations are carried out for the 

KVLCC2 tanker travelling in a canal at different 

lateral positions, water depth, ship speed and bank 

geometries. The calculated squat is compared with 

measurement data and the results from empirical 

formulas. Through the analysis, it is found that the 

Rankine source panel method can be applied to the 

ship squat prediction when the ship is not close to 

the bank. The method can also predict the ship 

squat differences among different canal geometries 

with the same blockage factor. The ship squat is 

most obvious when the ship sails along a vertical 

bank. For the cases with a sloping bank, when the 

water depth is very shallow, the ship travels along 

a 1/8 sloping bank may have a larger squat than the 

other two geometries. 

The study in this paper investigated the influ-

ence of canal geometry on ship squat that cannot  

be calculated by the empirical formulas, which is 

useful for the practical use. Future study will be 

focused on taking account the viscous effect and 

the propeller and rudder geometry into the numeri-

cal model. 
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