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Document Control Sheet 

Title: Model Test Specification 

Abstract 
This deliverable describes the tests carried out at CEHIPAR with an scaled model of the Kriso KVLCC2 tanker. The tests 
were defined during Task 3.0 and where described in deliverable D3.1. 
This report contains: 

- A description of the ship and load conditions. 
- Detailed description of the instrumentation and set-up arrangement for the tests. 
- Detailed description of the test matrix. 

 
The time series  of all the tests had been uploaded to the SINTEF SHOPERA website. 

Summary Report: 
 
Introduction 
This deliverable provides detailed description of the model tests carried out at CEHIPAR with a model of the 
KLVCC2 tanker. It contains descriptions of the model hull, test types and procedures, test facilities and their 
capabilities. The tests corresponds to Task 3.2.2 of the project. 
 
State of the Art 
 
Part of the tests can be considered conventional tests (e.g. calm water resistance and self-propulsion. But 
many of them are tests for which little or no information is publicly available (e.g.  drift forces or captive 
circle tests in waves). 
 
Value added to SHOPERA 
 
The resulting time series and results constitute valuable benchmark data for validation under WP 4. 
The hull forms of the KVLCC2 design are open to the general public and therefore the data can be shared 
with external organization in order to make an international comparative benchmark study. 
 
Achievements 
All the previously defined tests had been carried out successfully. The quality of the results is in general 
good for validation purposes. In a few cases, when the forces are very low or the wave is unstable the 
results are of less quality but can be used as a qualitative reference. 
 
bƻǘ ŀŎƘƛŜǾŜŘ ΧΦ 
Everything that has been stated in the description of work for Task 3.2.2 has been achieved. 
 
Input from other Deliverables 
The carried out tests were defined in task 3.0 and the results will be used in WP4 for validation. 
 
Exploitation of results  
Selected tests will be made available to the scientific community for a benchmark study among several 
external organizations. 
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1 Introduction  
This report describes the seakeeping tests of a KVLCC2 (Kriso VLCC-type vessel) for SHOPERA project conducted 

both at the Calm Water Towing Tank (CWTT) and the Ship Dynamics Laboratory (SDL) of the CEHIPAR.  

The objective of these tests was to contribute significantly to closing gaps in the state of the art in numerical 

tools for seakeeping and maneuvering, especially with respect to drift forces in waves at forward speed and 

added resistance in quartering seas. 

The test planning defined in Task 3.0 included the following types of tests: 

- resistance in calm water, 
- added resistance / Drift forces in waves, 
- propulsion in calm water, 
- propulsion and speed loss in waves, 
- surge acceleration in calm water, 
- rudder force in waves, 
- calm water PMM test / Circular motion planar test and, 
- PMM circular motion test in waves. 

 
Additionally the following tests had been included for completeness: 

- Decay tests. 
- Open water propeller test 

2 Model description and preparation  

2.1 General 

The model, CEHIPAR number 2867, was fabricated at a scale of 1:80 in wood according to the drawings of the 

KVLCC2 tanker, designed by the Korean Institute of Ship & Ocean Engineering ς KRISO, with bulbous bow and 
U-shaped stern lines. These hull lines are given in the SIMMAN web page [2]. 

 

    

Figure 1. CAD and model 
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Table 1: Main particulars of the KVLCC2 hull in full scale 

Description LC1: Scantling draught LC2: Heavy Ballast

Lbp (m) 320 320

Bwl (m) 58 58

Tms (m) 20.8 9.9

Displacement (ton) 320438 139197

KM (m) 24.3 32.6

GM (m) 5.7 21.4

KG (m) 18.6 11.2

XG (m) 171.1 169.1

Rxx (%B) 40 40

Ryy (%Lpp) 25 25  
The XG is forward of aft perpendicular and the Kg is above the baseline. The inertias are referred to the center of 
gravity of the corresponding load condition 

 

The rudder and the propeller were fabricated at CEHIPAR according to the data provided at the same web page, 
with the following main characteristics: 

 
Rudder: The KVLCC2 design features a horn rudder of 273.3 m2 total wetted area and a lateral area of 136.7 m2. 

¢ƘŜ ǘǳǊƴ ǊŀǘŜ ƛǎ нΦопϲκǎΦ 

Propeller: The tanker is equipped with a fixed-pitch 4 bladed propeller of 9.86 m full scale diameter and a pitch 

ratio of P/D = 0.721. The direction of rotation is right-handed. 

Table 2. Propeller characteristics 

Type FP

No. of blades 4

D (m) 9.86

P/D (0.7R) 0.721

Ae/A0 0.431

Rotation Right hand

Hub ratio 0.155

Propeller 
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Figure 2. Propeller and rudder 

2.2 Loading conditions 
The model was ballasted with a suitable weight distribution in order to reproduce the displacements, draughts, 

trims, radius of longitudinal and transverse inertia and GM as given in . The following checks were made for this 

adjustments: 

Displacement, draught and trim  

Checked at the trim channel. The drafts are observed with the model on the water against the marks previously 

painted at the bow, aft and middle section on both sides and transom. Usually, for given theoretical drafts the 

model displacement presents some error relative to the theoretical value. In such a case, the normal procedure 

is to maintain the model weight equal to the theoretical displacement and to increase or reduce slightly the 

draft but maintaining the theoretical trim, i.e.: the displacement is maintained and the final waterline is parallel 

to the theoretical one. 

Longitudinal ratio of inertia  

It was adjusted to the target value of 25%Lbp by measuring ς using an inertia unit, see Figure 3 ς the natural 

period of oscillation of the model supported on an inertial table. This consists in a platform that can rotate 

around an axis transversal to the model and provided with springs with well known restoring characteristics.  

Transversal ratio of inertia  

It was adjusted to the aim value of 40%B by a similar procedure as for the longitudinal inertia but rotating the 

ƳƻŘŜƭ ōȅ флȏΦ.  

GM 

Inclination test in water ς using a clinometer, see Figure 3 ς of the model around the longitudinal axis by the 

transverse displacement of a known weight on the model by different distances. The displaced weight was part 

of the ballast. 
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The resulting radii of inertia and GM obtained are shown ς at model scale ς in the table below and compared 

with the targets: 

Table 3. Loading conditions adjustment 

LOAD CONDITION Values Theoretical Ajusted Error

Mass (kg) 610.6 610.5 -0.01%

KG (m) 0.232 0.234 0.99%

Rxx (m) 0.29 0.291 0.30%

Ryy (m) 1.00 0.999 -0.06%

Mass (kg) 265.0 265.0 0.01%

KG (m) 0.139 0.139 -0.32%

Rxx (m) 0.29 0.3 3.45%

Ryy (m) 1.00 1.0 0.00%

LC1: Scantling

LC2: Heavy ballast

 

 

  

Figure 3. Clinometer and Xsens MTi inertia unit 

The results of the inclination tests for LC1 and LC2 are shown in the next figures: 
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LC1 

y = 0.13607x + 0.00054

R2 = 0.99999
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LC2 

y = 0.23375x - 0.00068

R2 = 1.00000
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Figure 4Φ Da ŀŘƧǳǎǘƳŜƴǘΦ !ƴƎƭŜ ƻŦ ƛƴŎƭƛƴŀǘƛƻƴ όȏύ ǾǎΦ ǿŜƛƎƘǘ ŘƛǎǇƭŀŎŜƳŜƴǘ όƳύ 

 

2.3 Instrumentation 
The different variables of interest (rpm, thrust & torque, speed, 6DOF motions, incident wave,  pressure around 

fore shoulder) were measured by means of precision sensors calibrated before the tests. The position of the 

ŘƛŦŦŜǊŜƴǘ ǎŜƴǎƻǊǎ ŀƴŘ ƻǘƘŜǊ Ǉƻƛƴǘǎ ƻŦ ƛƴǘŜǊŜǎǘ ŀǊŜ ǎƘƻǿƴ ƛƴ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǘŀōƭŜΦ ¢ƘŜ άǘƻǿƛƴƎ Ǉƻƛƴǘǎέ ŀǊŜ ǘhe 

points of attachment of the soft mooring to the model. 
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Table 4. Coordinates of the points of interest 

 

During the tests, three different views were recorded in video: general (with the port & starboard side camera), 

and a detail view of the bow (with the mobile camera). 

 

Figure 5. Example of mobile camera position 

Depending on the test case some or all of the following magnitudes were measured: 

Carriage velocity: A voltage signal proportional to the carriage speed ς in both directions x and y ς is sent during 

the test from the carriage control system to the data acquisition system. 

Pressure: measured by using nine ceramic pressure gauges located at the bow flare of the model as follows. 
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Figure 6. Pressure sensors at the bow flare. The dimensions are at model scale. 

Wave height: The incoming wave field was measured with an ultrasonic type wave gauge. 
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Figure 7. Wave sensor 

 

Table 5. Wave sensor position during tests 

Test Nº X cog (m) Y cog (m)

from 7 to24 -338 -244

 from 25 to 30 -80 -456

from 31 to 42 336 0

from 1 to 6 & from 43 to 44 & from 63 to 80 326 0

from 45 to 62 -341 -155

from 81 to 95 250 0

from 96 to 203 & from 240 to 433 394 -96

from 204 to 239 397 -96

WAVE SENSOR POSITION

 

 

Motions: The motions of the centre of gravity were measured using a 6 dof optical tracking system ς KRYPTON. 

This is a camera based dynamic position measurement system that uses 3 CCD units to measure the position of 

one or more infrared LED equipped probes. By attaching the probes to the model using a frame, position, 

velocity and acceleration can be measured. In this case the magnitudes measured were the translation motions: 

surge, sway, heave and the rotation motions: roll, pitch and yaw.  

 

Figure 8. Krypton camera and frame on board 



  

SHOPERA-D3.4-rev0  [19] 

Thrust and torque: of the propeller by means of self-propulsion dynamometer. 

  

Figure 9. Self-propulsion dynamometers: aft and fore view. 

Rudder forces: by means of a rudder dynamometer.  

 

Figure 10. Rudder  dynamometer 

Propeller revolutions: By means of an encoder which measures the number of pulses per second and converts it 

to rps. 

 

Figure 11. Encoder attached to the motor 

Rudder angle: By using an encoder which measures the number of pulses and makes the conversion to grades. 

¢ƘŜ ǘǳǊƴ ǊŀǘŜ ƛǎ нΦопϲκǎ ŀǘ Ŧǳƭƭ ǎŎŀƭŜΦ 
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Figure 12. Servo (left) and encoder (right) 

All the results are processed converted to full scale unless otherwise indicated. The scale factors applied are 

given in the following table: 

Table 6. Scale factors 

Magnitude Scale factor

Wave height and relative movement l

Acceleration 1

Linear movements l

Angular movements 1

Speed l
0.5

Rotational speed l
-0.5

Pressure rl

Thrust rl
3

Torque rl
4

Power rl
3.5

 

Where l is the model scale (80) and r the specific density for sea water (1.025).  

For the self-propulsion tests the model was operated with an autopilot system and a propeller rpm controller by 

means of a programme developed by the CEHIPAR. The control system kept constant the relative position of the 

model in relation to the turret (which was moving with the speed and the trajectory desired for each test) 

through a PID controller. The gains for the control algorithm were fixed in preliminary tests.  
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Figure 13. Control software 
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3 Description of the different set-ups 
The tests were carried out in either the Calm Water Towing Tank (CWTT) or the Ship Dynamics Laboratory. 

These two facilities are described in Appendix 1. 

The reference system used for the magnitudes measured is right handed with the X axis lined up with the 

longitudinal axis of the model; the Y axis is perpendicular to the centerline and directed towards port side and 

the Z axis is vertical and perpendicular to the flotation. 

The origin of coordinates of the system is located at the intersection of the aft perpendicular axis with the base 

line. 

The positive direction for each value is show in the channel list table.  

Depending on the type of test, different set-ups were used for testing, as it can be seen bellow: 

Table 7. Set up for testing 

TESTS TYPE SCANTLING HEAVY BALLAST FACILITY SET UP

Resistance in calm water X X CWTT Captive with resistance dynamometer

Added resistance in regular waves X X SDL

Added resistance in irregular waves X SDL

Drift forces in regular waves X X SDL

Propulsion in calm water X CWTT Captive with auto dynamometer

Propulsion and speed loss in regular and irregular waves X SDL Free with arresting device

Rudder forces in regular waves X SDL Captive with 6 C dynamometer

Circular motion tests in calm water and regular waves X SDL Fully captive with 6 C dynamometer

Captive with diamond mooring

 

3.1 Resistance and self propulsion in calm Water. (Captive with resistance 

dynamometer or self propulsion dynamometer) 
The model restrained by a system that only allows for heave and pitch motions. During the resistance tests the 

surge motion is restrained by the resistance dynamometer. During the self propulsion tests it is restrained by a 

rod that applies the viscous allowance. During the acceleration and breaking phases, a clamp fastens the model. 

In the resistance tests, the fore and aft trim, as well as the resistance force, are measured. In the case of the self-

propulsion tests, thrust, torque and rpm are, instead, registered. 

  

Figure 14. Resistance test 
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The method used for the experiments as well as for the ship-model correlation has been the standard "ITTC-78 

Performance Prediction Method for Twin-Screw Ships". 

RESISTANCE TEST 

The ship total resistance coefficient is calculated according to: 

 C TS = C TM - ( 1 + k) ( C FM ς CFS) + D CF + C AA 

Where: 

 k = Form factor, calculated according to Prohaska's method,  at Froude Numbers between 0.12 and 0.18 

D CF   = Correlation allowance = { 105 (190. 10 ς6 / Lflot) 0.333 - 0.64}  10-3 

 CAA = Air Resistance = 0.001. AT /SAT = Transversal area above waterlines / Wetted surface 

              CF = Friction coefficient according to ITTC-57 friction line 

SELF PROPULSION TEST 

The self-propulsion tests have been carried out at the ship self propulsion point, by applying to the model a 
towing force for viscous allowance: 

FA = { ( 1 + k) ( C FM ς CFS) + D CF } . r ǾΩн {Ωκ 

Where C FM  and CFS  are friction coefficients, according to ITTC-рт ƭƛƴŜΣ ŦƻǊ ƳƻŘŜƭ ŀƴŘ ǎƘƛǇ ǊŜǎǇŜŎǘƛǾŜƭȅΣ {Ω ƛǎ 

model wetted surface, V',  model speed and  r',  tank water density.  D CF and k have been defined above. 

From the tests, thrust deduction factor (t), rotative relative coefficient (hr) and wake fraction (w) are calculated 

for the model.  It is agreed that t and hr are the same for model and the ship. 

wS is calculated according to: 

            C FM (1 + k) +D CF  
  wS = ( t + 0.04 ) + (wM - t - 0. 04)  ------------------------------ 
                              (1 + k)  C FM  
 
Propeller open water characteristics are extrapolated to ship size using the standard ITTC-78 method. 

The delivered horse power (DHP) to the propeller and RPM are calculated for the ship from ship propeller open 

water characteristics, ship resistance, t, hr and wS. 

The engine power is calculated by the formula: 
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BHP = DHP / hM 

Where hM is the mechanical efficiency of the shafting. 

3.2 Open water propeller test 
 

The model propeller was tested in open water although this was not included in the tests specification. The 

procedure is as follows: 

The critical revolutions are calculated for ö
÷

õ
æ
ç

å Ö
Ö=

u

DV
R a

n

5' 102.)(min  by tests with revolutions between 1.5 to 

2 times the critical revolutions. ¢ƘŜ ǇǊƻǇŜƭƭŜǊ ƛǎ ǎǳƴƪŜƴ ǘƻ мΦрϊ5ΩΣ ǿƘŜǊŜ 5Ω ƛǎ ǘƘŜ ǇǊƻǇŜƭƭŜǊ ŘƛŀƳŜǘŜǊΣ ŀƴŘ ǘƘŜ 

inclination is fixed, if any. 

The tests were made with constant revolutions, changing the advance ratio ö
÷

õ
æ
ç

å Ö
=

u

DV
J a , this implies to test 

the propeller with different velocities. 

The test duration is 20 minutes approximately, to avoid problems with excessive friction. Once the torque 

measure has been stabilised, the initial zero for torque and thrust is taken. This operation is carried out without 

the propeller in the dynamometer. 

Once all the checks have been made, the test can be started. A first run was made for the purpose of 

homogenize the fluid condition. 

The range of advance ratio for the test, is determined between zero (J=0) and the value of advance ratio which 

provides a zero value for KT, the test must be perfectly defined. 

The test is made with constant revolutions varying the velocity which determines the advance ratio. 

In the same run, the points test will have increasing speeds, this prevents that the generated wave train in the 

previous point reach the propeller. 

The wait time between runs will be the necessary to allow the damping of the waves. Once the is test finished, 

the final zero values for torque and thrust are measured, turning the dynamometer axis without load. Finally the 

variation between initial and final zeros is checked, the difference must be less to ten percent. 
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3.3 Added resistance / Drift forces in waves. (Captive with soft mooring) 
 

 

The same arrangement was used for both the drift forces tests all well as the added resistance ones. 

To measure the mean drift forces and added resistance in regular waves, the model was restrained with a soft 

mooring system consisting in four lines arranged in the shape of a diamond in the horizontal plane. The 

geometry of the system is given in the next figure. 

Each line was made of a thin steel wire 3780 mm in length. Two lines are attached to a point a little forward of 

the bow and the other two were attached a little aft of the stern. The two lines at starboard connected to one 

vertical pole fixed to the turret of the CPMC (Computerized Planar Motion Carriage). The two port ones 

connected to a symmetric pole in the opposite side. 

The two poles are aligned with the midship section which is slightly aft of the COG. The points of connection of 

the lines with the model are at the same height as the COG to reduce the influence in rolling. The lines were 

almost horizontal. 

At each connection to the poles there was a spring with a constant of 107 N/m for LC1 and 103.5 N/m for LC2 

(values at model scale). 

 

 Figure 15. Geometry of the soft mooring arrangement (dimensions at model scale) 
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Mooring lines

 

Figure 16. View of the test setup. The mooring lines are marked in red 

 

Figure 17. 3D model of the test setup. 
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Figure 18. Mooring assembly and load cells 

The objective of the soft mooring is to be able to measure the drift forces while keeping the orientation of the 

model and influencing his motions the minimum possible. To this purpose, the mooring was designed such that 

the natural resonance periods in surge, sway and yaw were well above the period of the largest wave to be 

tested. 

The arrangement allows to easily changing the orientation of the model with respect to the waves just by slowly 

rotating the turret of the CPMC. 

The same arrangement was used for the added resistance tests in regular and irregular waves by moving the 

carriage at the desired speed. In this case it was necessary to make the acceleration phase very smooth with 

very low acceleration to reduce as much as possible the excitation of the soft mooring resonances. 

Soft mooring natural periods 

The resulting natural periods and damping were measured by means of decay tests. These consisted in 

separating the model from its equilibrium position in one of the degrees of freedom and suddenly releasing it to 

observe its decay motion. An exponentially damped sinusoidal was fitted to the measured motion to obtain the 

natural period and non-dimensional damping. An example of this fitting procedure is shown in the next figure 

for the case of surge. The results are given in the following tables for both load conditions. All decay tests are 

shown in Appendix 3. 
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Figure 19. Example of decay test for the soft mooring. Here the surge case is shown. 

 Table 8. Natural periods and non-dimensional damping for the different degrees of freedom (LC1) 

DECAY TEST Damped period (s) Adim. Damping

SURGE 106.40 0.113

SWAY 110.14 0.131

HEAVE

ROLL 19.66 0.009

PITCH 12.44 0.154

YAW 48.05 0.132

-

 

Table 9. Natural periods and non-dimensional damping for the different degrees of freedom (LC2) 

DECAY TEST Damped period (s) Adim. Damping

SURGE 96.511 0.113

SWAY 92.467 0.143

HEAVE

ROLL 11.546 0.031

PICHT 9.08 0.229

YAW 46.492 0.167

-

 

Decay tests were attempted in all six degrees of freedom but for heave resulted impossible due to the large 

flotation area. 

It can be seen that resulting periods for surge and sway are between 7 and 17 times larger than the tested wave 

periods while for yaw these values reduce to between 3 and 6. This shows that the chosen arrangement is 

better for surge and sway than for yaw. 

Instrumentation 

For these tests the model was fitted with the following instrumentation: 

ω A wave probe forward of the model to measure the incoming wave. This measurement is affected by the 

wave reflections from the model and therefore the wave amplitude used for the results given later is that 

measured in absence of the model during the previous calibration of the waves. 
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ω An optical tracking system (Krypton) measuring the six degrees of freedom motions. 

ω Two six component dynamometers one at the bow and one at the stern in the points of attachment of 

the mooring lines. 

ω One load cell on each line. 

¶ Nine pressure sensors as described in 2.3.  These were used only for LC1 as in LC2 they where above the 

waterline. Pressure sensor no. 3 failed and its replacement was very complicated therefore it was 

discarded. 

Both the dynamometers and the load cells can be combined separately to give two different estimates of the 

surge and sway forces and the yaw moment so giving some redundancy. The results from the load cells gave 

similar results to those of the dynamometers except that they are slightly lower due, probably, to friction at the 

pulleys used to connect the wires to the springs and load cells. The results shown in the following correspond to 

the dynamometers as they are a more direct measurement. 

Table 10. Channel list: DRIFT FORCES LC1 tests 

CODE Description Sensor Sign + Unit

FXQ Longitudinal force Forward kN

FYQ Transversal force to port kN

MZQ Yaw moment counter colckwise kNm

WAVE Incoming wave Ultrasonic up m

SURGE Surge motion of platform Towards bow m

SWAY Sway motion of platform Towards portside m

HEAVE Heavy motion of platform up m

ROLL Roll angle of platform Lean over starboard °
PITCH Picht angle of platform Bow sink °
YAW Yaw angle of platform Bow towards portside °
CP1 Pressure sensor 1

CP2 Pressure sensor 2

CP3 Pressure sensor 3 (failed)

CP4 Pressure sensor 4

CP5 Pressure sensor 5

CP6 Pressure sensor 6

CP7 Pressure sensor 7

CP8 Pressure sensor 8

CP9 Pressure sensor 9

kPa

Optical tracking system

6c dynamometer

Ceramic pressure gauges Above static pressure

 

 
Table 11. Channel list: DRIFT FORCES LC2 tests 

CODE  Description Sensor Sign + Unit

FXQ Longitudinal total force Forward kN

FYQ Transversal total force To port kN

MZQ Yaw total moment Counter clockwise kNm

WAVE Incoming wave Ultrasonic Up m

SURGE Surge motion of platform Towards bow m

SWAY Sway motion of platform Towars portside m

HEAVE Heave motion of platform Up m

ROLL Roll angle of platform Lean over starboard º

PITCH Pitch angle of platform Bow sink º

YAW Yaw angle of platform Bow towards portside º

6C dynamometer

Optical tracking system
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3.4 Propulsion in Calm Water and Speed Loss in Waves. (Free with 

arresting device) 
During the propulsion tests the model was self-propelled and free running. The course and the speed were kept 

by means of an autopilot controlling the rudder and the propeller revolutions. During acceleration and 

deceleration ramps, the model had to be restrained by means of an arresting device. This device consists on two 

ropes attached to the forward and aft ends of the model. The ropes are kept tight by means of winches while 

the sea state is developing and during the acceleration and deceleration ramps. The winches automatically slack 

the ropes once the carriage reaches the target speed and tight them again just before braking. 

 

Figure 20. Arresting device 

The channels are described in the following table. Some comments: 

- Vx and Vy are the carriage speeds which are maintained constant during the run. 
- The propeller revolutions and rudder are controlled so that the model follows the carriage. 
- The surge and sway are relative to the carriage position. 
- All the 6 dof motions are referred to the model COG. 
- The wave sensor was located 394 meters (full scale) forward of the model COG and 96 meters to 

starboard. This position is relative to the initial position of the model (surge and sway equal to 0), as the 
sensor moves fixed to the carriage at a constant speed the relative position to the model will change 
continuously during the tests due to surge and sway of the free running model. 

- The positions of the pressure sensors are described in the report. 
- Pressure sensor number 3 failed and, therefore, the corresponding signal is not included in the files. 
 
























































































































































































































































