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Propulsion Test 

 
1. PURPOSE OF PROCEDURE 

The purpose of the procedure is to ensure 
consistency of methodology and the acquisition 
of correct results for the propulsion test and its 
special cases bollard pull and trawl pull test.  

Bollard pull is the static force exerted by a 
ship on a fixed towline at zero speed. Trawl pull 
is a force exerted by a ship on a towline at speed. 

The propulsion test procedure addresses 
model scale only and does not consider extrapo-
lation and full-scale prediction. For the bollard 
pull case, however, a direct correlation to full 
scale is proposed; following the Froude law of 
similitude, see Section 3.5 below. 

The procedure is generally applicable for 
self-propulsion tests performed with models 
propelled by screws, ducted propellers, tip-plate 
propellers, propellers with vane wheels, contra-
rotating propellers, Z-drives and podded drives. 
Multi-screw propulsion systems with split (dif-
ferent) power/RPM distribution between vari-
ous propellers should also be tested according to 
the present procedure. 

The procedure is not applicable for self-pro-
pulsion tests with models powered by water jets.  
Waterjet propulsion tests are performed in ac-
cordance with ITTC Waterjet Propulsion Per-
formance Prediction – Propulsion Test and Ex-
trapolation 7.5-02-05-03.1.  

The procedure will normally be applied in 
conjunction with the standard procedure for Re-
sistance Tests, ITTC Recommended Procedure 
7.5-02-02-01. 

2. PARAMETERS 

2.1 Data Reduction Equations 

Thrust coefficient 𝐾𝐾𝑇𝑇 = 𝑇𝑇
𝜌𝜌𝑛𝑛2𝐷𝐷4

 

Duct thrust coefficient 𝐾𝐾𝑇𝑇D = 𝑇𝑇D
𝜌𝜌𝑛𝑛2𝐷𝐷4

 

Torque coefficient 𝐾𝐾𝑄𝑄 = 𝑄𝑄
𝜌𝜌𝑛𝑛2𝐷𝐷5

 

Propeller advance coefficient 𝐽𝐽 =  𝑉𝑉A
𝑛𝑛 𝐷𝐷

 

Froude number 𝐹𝐹𝐹𝐹 = 𝑉𝑉
�𝑔𝑔𝑔𝑔

 

Reynolds number 𝑅𝑅𝑅𝑅 = 𝑉𝑉𝑔𝑔
𝜈𝜈

 
Frictional resistance coefficient: 
ITTC 1957 Model ship correlation line 
       𝐶𝐶F =  0.075

(log10𝑅𝑅𝑅𝑅 − 2)2 
Skin friction correction force: 
𝐹𝐹𝐷𝐷 = 1/2𝜌𝜌𝑀𝑀𝑉𝑉𝑀𝑀2𝑆𝑆𝑀𝑀[𝐶𝐶𝐹𝐹𝑀𝑀 − (𝐶𝐶𝐹𝐹𝐹𝐹 + Δ𝐶𝐶𝐹𝐹 + 𝐶𝐶𝐴𝐴)] 

Additionally, the equation including form 
factor (1+k) and/or scale effect factor (1-β) can 
be written as: 

𝐹𝐹𝐷𝐷 =
1
2
𝜌𝜌𝑀𝑀𝑉𝑉𝑀𝑀2𝑆𝑆𝑀𝑀[(1 + 𝑘𝑘)(𝐶𝐶𝐹𝐹𝑀𝑀 − 𝐶𝐶𝐹𝐹𝐹𝐹) − Δ𝐶𝐶𝐹𝐹 − 𝐶𝐶𝐴𝐴)]

+𝛽𝛽(𝑅𝑅𝑇𝑇𝑀𝑀𝐴𝐴 − 𝑅𝑅𝑇𝑇𝑀𝑀)
 

2.2  Definition of Variables 
Roughness allowance (-)                              ΔCF 
Incremental resistance coefficient for model 
ship correlation        CA 
Propeller diameter(m)        D 
External tow force (N)        F 
Bollard pull(N)                                              FP0 
Trawl pull(N)                                                  FP 
Acceleration of gravity(m2/s) g 
Form factor (-)   k 
Representative length  
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[normally LWL for Fr and LOS for Re] (m)        L 
Longitudinal centre of buoyancy(m)     XCB 
Vertical centre of buoyancy(m)     ZCB 
Length of duct(m)                                           LD 
Length overall submerged (m)     LOS 
Length of waterline (m)     LWL 
Rate of revolutions (rps)       n 
Ambient pressure(Pa)                                     pA 

Vapour pressure (Pa)                                      pV 
Propeller torque (Nm)     Q 
Resistance of the appended model (N)   RTMA 
Resistance of the unappended model (N)     RTM 
Wetted surface area (m2)                                   S  
Propeller thrust  (N)        T 
Duct thrust (N)       TD 
Thruster/Pod unit thrust (N)                           TU 
Thrust deduction factor (-)           t 
Speed (m/s)     V 
Advance speed of propeller (m/s)    VA 
Taylor wake fraction thrust identity (-)        wT 
Thruster/Pod unit side force (N)                     YU 
Angle of the inclination of the  
propeller shaft (°)          α 
Appendage scale effect factor (-)           β 
Relative rotative efficiency (-)                       ηR 
Ship model scale factor (-)           λ 
Kinematic viscosity  (m2/s)     ν 
Mass density of  water  (kg/m3)   ρw 
Cavitation number(-)                                        σ 

Subscript M signifies model scale value, sub-
script S signifies full-scale ship value 

3. DESCRIPTION OF PROCEDURE 

3.1   Model and Installation 

3.1.1 Models 

3.1.1.1 Hull model 

The model hull should be manufactured ac-
cording to the Standard Procedure 7.5-01-01-01, 
Ship Models. The condition of the hull model 
prepared for self-propulsion tests should be the 
same as its condition for the resistance test. The 
weight and trim of the ballasted model should be 
the same as the condition of the model for the 
resistance test. The model is equipped with an 
electric motor mounted inside the hull and re-
spective devices fitted inboard to enable the 
measurement of thrust, torque and rate of revo-
lutions of the model propeller(s), as well as 
thrusters/pod unit thrust and side force. 

Appendages, such as rudders, single brack-
ets or A-brackets, propeller shafts, shaft protec-
tion tubes, short bossings or shaft bossings, ex-
tracted stabilizers and openings in the hull such 
as for bow thrusters, should be in the same con-
dition as for the resistance experiment. 

3.1.1.2 Propeller/Propulsion unit model 

The model propeller/propulsor should be 
manufactured according to the Standard Proce-
dure 7.5-01-01-01, Ship Models. 

The size of the propeller/propulsion unit 
model for propulsion tests is determined auto-
matically by the size of the ship model and its 
scale ratio; this in turn means that the size of the 
model propeller, or say a stock propeller, is also 
to be taken into consideration when the scale for 
a ship model is selected. However, an adequate 
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Reynolds Number should be used to minimize 
laminar flow effects during the self-propulsion 
test. During the “stock-propeller” testing phase, 
the geometrical particulars of the final design 
propeller are normally not known. Therefore, 
the stock propeller pitch (in case of CPP) is rec-
ommended to be adjusted to the anticipated pro-
peller shaft power and design propeller revolu-
tions. Furthermore, the blade area ratio should 
be preferably decided on basis of propeller cav-
itation performance check.  

Z-drives, either conventional or podded 
drives, should be treated as propulsion units. 

Propeller open water tests should be carried 
out with the pods and the thrust, torque and rate 
of revolutions of the propeller and the total 
thrust of the pod should be measured. 

In the propulsion test, the thrust of the pod 
should be measured in addition to what is stand-
ard for a propulsion test. This total unit thrust 
should be used for further analysis. 

The nozzles of ducted propellers should be 
treated as part of the propulsion unit. 

Propeller open water tests should be carried 
out with the propeller working in the nozzle, 
where the thrust of the nozzle should be meas-
ured simultaneously with the measurements of 
thrust, torque and rate of revolutions of the pro-
peller. 

In the self-propulsion test, the thrust of the 
nozzle should be measured in addition to what 
is standard for a self-propulsion test. The total 
thrust of the ducted propeller should be used for 
further analysis. 

3.1.2 Installation  

3.1.2.1 Hull model 

During the Self Propulsion Test, the hull 
model should be connected to the carriage gen-
erally in the same way as for resistance experi-
ments.  

Depending on the experiment procedure 
adopted, the model is either towed by the re-
sistance dynamometer to measure the unknown 
external force during the single runs, or a pre-
selected external tow force is directly applied as 
a dead load. The external tow force in propul-
sion experiments should be applied along the 
same line of action as the tow force in the re-
sistance experiments. 

3.1.2.2 Propeller/Propulsion unit model 

The propeller should be in its correct posi-
tion relative to the hull. If required by the thrust 
dynamometer, a displacement of not more than 
1.5 mm from the mean position may be permit-
ted. It is strongly recommended to couple the 
thrusters and especially the pod units to a steer-
ing machine, allowing for a step-wise rudder an-
gles variation. Thus the optimum (minimum 
shaft power) pod-unit rudder angle determina-
tion and adequate measurement of the pod-unit 
side force could be efficiently executed. Addi-
tionally, this set-up would allow dynamic pod 
loads measurements during model steering.  

3.1.3 Measurement systems 

Figure 1 shows a typical measuring system. 

The following quantities are measured: 

Model speed 
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Resistance/External tow force 
Propeller thrust 
Propeller torque 
Propeller rate of revolutions 
Duct/Pod thrust (if fitted) 

Pod unit side force (recommended)  
Water temperature (for calculation of viscosity) 
Sinkage fore and aft (or running trim and sink-

age 

 

Figure 1  Typical Measurement System

3.2 Instrumentation 

The quoted bias accuracies are for indicative 
purposes only. Uncertainty analysis should be 
used to derive the actual requirements. 

3.2.1 Thrust 

The thrust should be measured in the line of 
the propeller shaft. If the propeller is working in 
a nozzle, the additional thrust or the resistance 
of the nozzle has to be measured. If the propeller 

is fitted on a pod or on a Z-drive, the resistance 
of the pod or Z-drive behind or in front of the 
working propeller has to be considered as well. 

The indicated propeller thrust is measured 
by means of a dynamometer usually fitted in the 
model between the motor and the propeller. 
When a pod or a Z-drive is fitted on the model, 
the propeller thrust is measured in the line of the 
propeller shaft in the pod cage. The total thrust 
of the propulsive device is measured in the 
model. As recommended in item 3.1.3 above, 

CARRIAGE HULL MODEL DUCT/POD ENVIRONMENTAL
CONDITIONS

SPEED
MEASUREMENT

TACHOMETER/
PROBE

RESISTANCE
DYNAMOMETER

PROPELLER
DYNAMOMETER DYNAMOMETER

TEMPERATURE
MEASUREMENT
THERMOMETER

PROPELLER

SINKAGE and
TRIM

MEASUREMENT
DEVICES

MODEL SPEED RESISTANCE /
EXTERNAL

TOW FORCE

SINKAGE
and

TRIM

THRUST,
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REVOLUTION
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the pod unit side force should be also measured 
when applicable. 

The thrust dynamometer should measure the 
thrust to within 0.2% of the maximum capacity 
of the dynamometer. This does not necessarily 
imply that the thrust itself is measured to within 
the same tolerance of its true value. 

3.2.2 External tow force 

The external tow force (FD) in propulsion 
experiments should be applied along the same 
line of action as the tow force in the resistance 
experiments and the horizontal component of 
the force measured. The tow force should, 
where possible, be applied at XCB and ZCB in or-
der to avoid artificial trim effects. 

The tow force dynamometer should measure 
the tow force to within 0.2% of the maximum 
capacity of the dynamometer or 0.05 N, which-
ever is the larger. This does not necessarily im-
ply that the tow force itself is measured to within 
the same tolerance of its true value. 

3.2.3 Torque 

The indicated propeller torque of the model 
propeller is measured by means of a propeller 
dynamometer. For the torque measurement it is 
essential to keep the shaft friction losses as low 
as possible. 

The torque dynamometer should measure 
the torque to within 0.2% of the maximum ca-
pacity of the dynamometer. This does not nec-
essarily imply that the torque itself is measured 
to within the same tolerance of its true value. 

3.2.4 Rate of revolution 

The rate of revolutions of the propeller 
should be constant throughout that part of the 
test run during which the measurement is made 
and also for a suitable time before this. Steadi-
ness of the rate of revolutions is essential in 
achieving steady model speed. 

In multi-screw models, rates of revolutions 
of pairs of nominally identical screws should be 
equal but the torque and the thrust of each screw 
should be measured separately. 

The measurement instrumentation should 
measure the rate of revolutions to within 0.2% 
of the maximum rate of revolutions. This does 
not necessarily imply that the rate of revolutions 
itself is measured to within the same tolerance 
of its true value. 

3.2.5 Speed 

Ideally the speed of the model through the 
water should be measured directly throughout 
the measuring run. Since this is in general im-
practical, one of the following two methods may 
be employed: 

the speed of the towing carriage relative to the 
ground should be measured. 

the speed of the towing carriage relative to the 
water should be measured by a current meter 
far in front of the model. In this case the cur-
rent meter wake and waves should be mini-
mised. 

The speed of the model should be measured 
to within 0.1% of the maximum carriage speed 
or to within 3 mm/sec, whichever is the smaller. 
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3.2.6 Sinkage and trim 

Sinkage fore and aft may be measured with 
mechanical guides, potentiometers, encoders, 
LDVTs or with remote (laser or ultrasonic) dis-
tance meters. The running trim is calculated 
from the measured running sinkage fore and aft. 

The sinkage fore and aft should be measured 
to within 1.0 mm. 

3.2.7 Temperature 

The water temperature should be measured 
at a depth near half of the model draught using 
a thermometer. 

3.3 Calibration 

3.3.1 General remarks 

All devices used for data acquisition should 
be calibrated regularly. For calibration, the 
measured quantities should be either substituted 
by calibrated weights and pulses or checked by 
other measuring devices which have already 
been calibrated. Calibration diagrams, where the 
measured quantities (output values) are plotted 
against the calibration units (input units), may 
be usefully employed to check the calibration it-
self as well as the linearity of strain gauge or in-
ductive instruments. Calibration should gener-
ally be in accordance with ITTC Quality Manual 
Standard Procedure 7.6-01-01. 

Calibrations should preferably include as 
much of the measurement chain as possible (am-
plifier, filter, A/D converter). If the check indi-
cates that the required accuracies cannot be met, 
the calibration should be renewed or the instru-
ment replaced and the check repeated. Daily 
checking of a pulse counter for speed measure-
ments is usually not required. Instead, the check 

on this device is covered by calibrations carried 
out at regular intervals. 

3.3.2 Propeller dynamometer: 

3.3.2.1 Propeller thrust 

The calibration of the propeller dynamome-
ter in respect of the propeller thrust should be 
carried out statically and, if possible, dynami-
cally with calibrated weights. 

The dynamic calibration should be carried 
out at various rates of revolutions. 

3.3.2.2 Propeller torque 

The calibration of the propeller dynamome-
ter in respect of the propeller torque should be 
carried out statically and, if possible, dynami-
cally. For the static calibration, calibrated 
weights are applied to a lever of known length 
to simulate a moment on the dynamometer shaft. 
The dynamic calibration should be carried out, 
for example, by the use of an eddy current brake. 

3.3.3 External tow force 

The external tow force is measured either by 
means of the resistance dynamometer or a simi-
lar measuring device. The calibration of such 
devices should be carried out using calibrated 
weights as an input to the instrument. 

3.3.4 Rate of revolutions 

The calibration of the respective devices 
should be carried out by use of precise motor 
speed transmitters. 
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3.3.5 Sinkage and trim 

The calibration of linear measuring devices 
should be performed with a calibrated ruler. 

3.3.6 Speed 

The calibration of the carriage speed will de-
pend mainly on how the speed is measured. The 
carriage speed should be checked regularly and 
respective records should be stored. 

3.3.7 Thermometer  

Thermometers should be calibrated accord-
ing to common standards and/or following the 
advice of the manufacturer and should have an 
accuracy of not less than 0.1° C. 

3.4 Test Procedure and Data Acquisition 

3.4.1 Methods 

3.4.1.1 Load varying (or constant speed) 
method 

Before beginning each test run the model 
speed and the desired propeller loading should 
be selected and the corresponding propeller 
thrust estimated. The towing carriage should be 
accelerated from rest and simultaneously the 
propeller rate of revolutions increased also from 
rest so that the estimated thrust is reached as 
soon as possible after steady carriage speed is 
attained. The model should then be released so 
that it is towed by the resistance dynamometer 
and running conditions allowed to settle. A short 
period will then normally be allowed before 
measurements are begun. Repeat runs at the 
same speed should be made at different loadings 
and the whole series of runs then repeated at 
each of the speeds within the test range. 

The loading range should extend from the 
lowest to the highest load factors at which ship 
performance estimates are required, providing 
always that this range includes a load factor of 
unity (external force F = 𝐹𝐹D). It is further rec-
ommended that, in all cases, the loading should 
cover the condition of model-self-propulsion 
(zero tow force). Experiments should be made 
at not less than four different levels of overload 
for example such as -10%, 0%, 10% and 20%. 

For details of the load variation test, see 
2.4.5 of procedure 7.5-02-03-01.4.  There is an 
example of conducting the model test with four 
loading conditions at three different speeds. 

3.4.1.2 Constant loading method 

Before beginning each test run the model 
speed should be selected and the corresponding 
external tow force at the set loading computed. 
The computed skin friction correction force (FD) 
is then applied to the model hull as an external 
assisting tow force. The towing carriage is then 
accelerated from rest to the selected speed and 
the propeller rate of rotation simultaneously in-
creased until the model is freely propelled at the 
same speed as the towing carriage or the desired 
FD is achieved. Measurements are then made af-
ter a period of steady running. Repeat runs 
should be made at each of several speeds. 

The speed range should extend from the low-
est to the highest speeds at which propulsion 
data are required. An extension of the speed 
range of at least 5% below and above the lowest 
and the highest speeds is recommended. If there 
are tests in a short speed range (e.g. to check the 
influence of a modification of the model on its 
performance) at least three runs at different 
speeds should be carried out. 
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3.4.1.3  Mixed loading method 

Combinations of the load varying (constant 
speed) and constant loading methods may be 
used. For example, a speed variation at constant 
(or close to constant) loading may be used, to-
gether with a supplementary load-variation test 
at one speed. 

3.4.1.4 Bollard/Trawl pull test 

Typically, the bollard/trawl pull test is con-
ducted as a part of the self-propulsion test, 
which implies that the ship model, propul-
sors/nozzles, measuring equipment and instru-
mentation is usually the same as those for the 
self-propulsion test. However, the bollard pull 
test can be distinguished from the ordinary self-
propulsion test by a few major specific differ-
ences: 

The bollard pull test is conducted at zero speed 
of advance; 

The concepts of wake and relative rotative effi-
ciency are no more applicable in bollard pull 
condition, whereas the interaction with the 
hull is accounted for by the familiar thrust 
deduction coefficient. This also implies that 
the propeller open water characteristics are 
not necessarily required for the bollard pull 
analysis; 

At bollard pull condition, the propeller induces 
very high axial and tangential velocities and 
actually acts as an axial pump. The flow 
through propeller disc is accelerated and cre-
ates a current in the towing tank, which 
strength is depending on the propeller load-
ing, the tank dimensions (specifically depth 
and width) and the longitudinal position of 
the ship model/propeller relative to the tank 
length; 

Due to the heavy loading and induced axial and 
tangential velocities in the propeller slip 
stream, there is relatively strong interaction 
between the propeller and rudder, which is 
exhibited as internal system force and is in-
cluded in the measured total bollard pull; 

At some conditions with very high loading, the 
propeller blades may start to ventilate due to 
air suction from free surface. This will sig-
nificantly affect thrust and torque measure-
ments. 

Furthermore, possible propeller cavitation and 
its influence on bollard pull performance 
cannot be modelled in a standard atmos-
pheric pressure tank. If there is a danger of 
cavitation the test must be made in a pressur-
ized tank or cavitation tunnel. The diagram 
in figure 2 (Mertes and Heinke, (2008)) is 
recommended for evaluation of the possible 
occurrence of cavitation. Note that the cavi-
tation number used in Figure 2 is based on a 
reference velocity equal to nD (see proce-
dure 7.5-02-03-03.1, section 2.11). 

The trawl pull test is distinguished by the bollard 
pull test with its low speed of advance (typ-
ically 2 to 4 knots). This implies somewhat 
reduced propeller loading relative to bollard 
and necessity to consider the actual model 
resistance, corrected with the appropriate 
skin friction correction force. 

Bollard/trawl pull tests are typically carried 
out with final design propulsors to verify its bol-
lard performance. However, it could be also a 
common practice for the propeller designer to 
require bollard pull tests with stock propel-
lers/ducts to check the hull interaction (basically 
the level of thrust deduction). Therefore, the 
proposed bollard pull procedure is equally valid 
for stock and final design propulsors/ducts.  
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Figure 2. Risk of Bollard Pull Reduction Due to Cavitation 

 

3.4.2 General remarks 

The measured quantities during the single 
test runs are the thrust, torque and rate of revo-
lutions of the propulsor(s) together with the 
model speed and external tow force. 

There should be sufficient waiting time be-
tween consecutive runs in order to achieve sim-
ilar conditions and to obtain consistent results. 
This waiting time will depend on the size and 
type of model, model speed and test facility. The 
waiting times should be recorded. 

For the bollard/trawl pull tests the ship 
model is connected to the towing carriage 
through the resistance gauge, which measures 

directly the achieved bollard pull (at VM = 0); or 
the trawl pull (after considering the skin friction 
correction force FD) (at VM ≠ 0). The model 
should be free in heave and pitch, but restrained 
in surge, sway and yaw. The rudders/thrust-
ers/pods should be set at their neutral position. 
For the trawl pull test only, a skin friction cor-
rection force FD should be calculated as per sec-
tion 2.1 above, and applied as an additional con-
stant (for each speed) towing force to the model. 

In order to achieve a fair bollard pull the 
build-up of water circulation has to be avoided.  
The ship model should be located approxi-
mately at the middle (length-wise) of the tank 
to minimize effect of propeller induced current 
and not to obstruct the propeller slip stream. 
Furthermore, it is recommended to move the 
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ship model at least 3 model lengths ahead in 
the tank between consecutive measurements, 
utilizing more calm (induced current free) wa-
ter conditions. 

During the bollard pull test the propeller rev-
olutions are varied stepwise such that the pro-
peller shaft power varies from about 100% to 
40% of maximum continuous rating (MCR). 
The maximum (MCR=100%) bollard/trawl pull 
test should be conducted first (being of highest 
interest for the Client), while the tank water is 
still undisturbed as possible. It is recommended 
to carry out the subsequent (at lower power ra-
tios) bollard pull measurements at time intervals 
of about 10 to 15 min, to allow for the induced 
current to die out.  

The build-up of water circulation around the 
ship model is recommended to be monitored 
(with dedicated current-meter, for example). 

3.4.3 Skin friction correction force 

The skin friction correction force (FD) is ap-
plied as an external tow force, and is intended to 
achieve the theoretically correct propeller loads 
during the self-propulsion test. It takes into ac-
count the difference in skin friction coefficients 
between the model and the full-scale ship. The 
skin friction correction force (FD) may be calcu-
lated using the ITTC-1957 formula, incorporat-
ing a form factor (1+k) and an appendage scale 
effect factor (1-β). The wetted surface of the 
model in the condition as used for the resistance 
test is used for the calculation of the respective 
friction correction values. The wetted surfaces 
of propulsors and propulsion units should not be 
taken into account when the wetted surface is 
estimated.  

If a form factor or an appendage scale effect 
correction factor is used for the calculation of 

the friction correction, it should be the same as 
that used in the resistance test. 

For the estimation of the correct friction cor-
rection, the influence of the hull appendages on 
the propulsive power is of great importance, es-
pecially for multi-screw ships. 

Several approaches can be used for the de-
termination of the full-scale resistance of hull 
appendages such as single brackets, A-brackets, 
short bossings, shaft bossings, propeller shafts, 
shaft protection tubes, rudders, stabilising fins 
when extracted, but not for hull openings, de-
pending on where they are on the model. How-
ever, none of these methods is completely satis-
factory. Three different methods of treating ap-
pendage drag in model experiments are used: 

1) Extrapolation of model appendage drag to 
full scale either by means of a constant append-
age scale-effect factor β or by extrapolation on 
the basis of the Reynolds number of the append-
age. 

𝑅𝑅𝑅𝑅App =
𝑉𝑉. �𝑆𝑆App/2�

1
2

𝜈𝜈
 

It has long been recognized that significant 
scale effects are generally present on the ap-
pendage resistance and this has led to the use of 
the empirical scale-effect correction factor, β. 1-
β is a constant in the range 0.6-1.0, depending 
on the empirical data of the individual towing 
tanks. A typical value of 0.75 is suggested for 
conventional driven twin screw ships. This ap-
proach has proved to work well in many cases 
despite the following drawbacks: 

model tests on appended ship models might eas-
ily involve uncontrolled and unpredictable 
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laminar flow and separation on the append-
ages due to the relatively low Reynolds 
numbers at model scale 

the scale effect correction factor should in prin-
ciple depend on the model and ship Reyn-
olds numbers 

the drag and the scale effect on the drag of a par-
ticular appendage is influenced by a com-
plexity of factors which are unlikely to be 
described accurately by the simple coeffi-
cient β. These cause, for example, differ-
ences in the flow field (hull boundary layer) 
where the appendage is placed, and then in-
fluence the resistance of the hull (interfer-
ence drag) 

the method requires that both bare-hull and ap-
pended resistance tests be carried out. 

1. 2) Addition of theoretically computed full-
scale appendage drag to full scale bare-hull 
drag extrapolated from model test results. 

2. 3) Application of the form factor concept to 
fully appended ship models. 

3.4.4 Measured quantities 

During each run the measured values of 
model speed, external tow force, thrust, torque, 
rate of revolutions of the screw(s) and sinkage 
fore and aft should be recorded continuously.  

Water temperature should be measured at a 
depth near half of the model draught. If there is 
a non-homogeneous temperature in the tank it 
should be recorded. Temperature measurements 
should be recorded at the beginning and end of 
each test sequence. 

3.4.5 Shaft tare test 

The friction of the model propeller shaft(s) 
in the(ir) bearing(s) should be adjusted to zero 
when the model is set in the water and the model 

propeller(s) is(are) removed. The calibration 
should be valid over the entire range of rates of 
revolutions expected for the self-propulsion test. 
If a constant calibration cannot be achieved for 
the expected range of rates of revolutions, the 
friction of the model propeller shaft(s) should be 
measured as a function of its turning rate and re-
spective corrections have to be applied on the 
measured torque quantities gained during the 
self-propulsion test. The friction of the model 
propeller shafts in the bearings should be af-
fected neither by the torque nor by the thrust ap-
plied to the model propeller. 

Further, because of the weight-effect of a 
possible inclination of the propeller shaft(s) on 
the recorded thrust value(s), they should be 
measured without model propeller(s) and cali-
brated or adjusted to zero at the beginning of a 
self-propulsion test. 

Careful checks of torque and thrust readings 
of the propeller shaft(s) without the model pro-
peller(s) after the self-propulsion test is highly 
recommended. 

A preferable alternative approach to thrust 
and torque measurements, especially for pods 
and azimuthing thrusters, is to make the thrust 
and torque measurements inside the propeller 
hub in such a manner that mechanical friction 
from seals and bearings is eliminated.  

3.4.6 Correction to measured forces 

The forces and other quantities measured 
during the test run require correction for shaft 
losses, speed errors, etc. 

In additional to frictional losses, the meas-
ured dynamometer thrust may differ from the re-
quired propulsive thrust because of effects due 
to the shaft rake. Before and after the propulsion 
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experiments, the propeller(s) should be removed 
and replaced by a cylinder of equal weight.  

Similarly, the measured dynamometer 
torque may differ from the torque delivered to 
the propeller. With the propeller replaced by a 
short cylinder of equal weight, known torques 
should be applied to the shaft at different rates 
of revolutions, and the relationship between de-
livered and measured torques determined. If the 
procedure is carried out only for zero applied 
torque, it is necessary to assume that the torques 
losses are independent of the applied torque. 

3.5 Data Reduction and Analysis 

The model data derived from the experi-
ment, namely external tow force, thrust, torque 
and rate of revolutions, should be plotted against 
the model speed. The respective curves should 
be faired and the model values corresponding to 
the required ship speeds should be taken from 
the diagram. 

The speed should, if necessary, be corrected 
for blockage according to the methods described 
in the Resistance Tests Procedure, ITTC Rec-
ommended Procedure 7.5-02-02-01. 

Values of water density and viscosity should 
be determined according to ITTC Recom-
mended Procedure 7.5-02-01-03. 

The analysis of the data requires the re-
sistance and propeller open water data, as indi-
cated in Fig. 3. 

The required values of t, wT, ηR and ηH are 
calculated according to the data reduction equa-
tions given in Section 2.1 and as follows: 

For the calculation of the thrust deduction 
factor the respective resistance values are re-
quired for the case of trawl pull test: 

𝑡𝑡 = 1 −
𝐹𝐹PM + 𝑅𝑅TM − 𝐹𝐹D

∑𝑇𝑇M
 

In self propulsion test the trawl pull is zero 
and 

𝑡𝑡 = 1 −
𝑅𝑅TM − 𝐹𝐹D
∑𝑇𝑇M

 

For the case of bollard pull RTM and FD are 
zero and 

𝑡𝑡 = 1 −
𝐹𝐹P0M
∑𝑇𝑇M
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Figure 3  Analysis of Data 

 

These formulas are valid for single screw 
and symmetric twin-screw ships. 

The effective wake fraction is calculated us-
ing the advance coefficient (JT/JQ) derived from 
the propeller open water test results, based on 
propeller thrust and/or torque identity: 

𝑤𝑤𝑇𝑇 = 1 −
J𝑇𝑇𝑛𝑛𝑛𝑛
𝑉𝑉

 

The relative rotative efficiency is calculated 
by division of the torque/thrust derived from the 
propeller open water diagram (KQT/KTQ), using a 
thrust/torque identity, by the torque/thrust 
gained from the self-propulsion experiment 
(KQ/KT). 

𝜂𝜂R =
𝐾𝐾𝑄𝑄𝑇𝑇
𝐾𝐾𝑄𝑄

 

The hull efficiency is calculated using the ef-
fective wake fraction and the thrust deduction 
factor: 

𝜂𝜂H =
(1 − 𝑡𝑡)

(1 −𝑤𝑤𝑇𝑇) 

The above procedure is valid for single 
screw ships and for symmetric twin-screw ships. 
In the case of twin-screw ships the sums of the 
thrust and torque are used and the mean of the 
rpm if the port and starboard values differ. 

Given the scale factor λ, the full-scale bol-
lard/trawl pull, propeller revolutions and power 
can be calculated by the following equations: 

𝐹𝐹PS = 𝐹𝐹PM
𝜌𝜌S
𝜌𝜌M

𝜆𝜆3 

𝑛𝑛S =
𝑛𝑛M
√𝜆𝜆
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𝑃𝑃D =

𝜌𝜌S
𝜌𝜌M

𝜆𝜆3.5 ⋅ 2𝜋𝜋 ⋅ 𝑛𝑛M ⋅ 𝑄𝑄M 

Note that in the proposed correlation proce-
dure, no correction for scale effect on the pro-
peller open water characteristics, neither scale 
effect on the nozzle drag is applied. Minchev et 
al. (2009) reported several bollard pull results 
using the present direct extrapolation and com-
parison with full-scale bollard data. A very good 
agreement was found, which encourages the im-
plementation of the direct correlation approach 
for the bollard pull results. 

3.6 Documentation 

The results from the test should be collated 
in a report that should contain at least the fol-
lowing information: 

Model Hull Specification: 
o Identification (model number or similar) 
o Draughts and Displacement volume 
o Turbulence stimulation method 
o Model scale 
o Model material 
o Appendages 
o Appendages turbulence stimulation 

Main dimensions and hydrostatics (see ITTC 
Recommended Procedure 7.5-01-01-01 
Ship Models).  

Model Propeller Specification 
o Identification (model number or similar) 
o Model Scale 
o Main dimensions and particulars (see 

ITTC Recommended Procedure 7.5-01-
01-01 Ship Models) 

o Model material 
Particulars of the towing tank, including length, 

breadth and water depth 
Test date 
Parametric data for the test: 

o Water temperature in towing tank 

o Water density in towing tank 
o Kinematic viscosity of the water 
o Form factor (even if (1+k) = 1.0 is appli-

cable, this should be stated) 
o Appendage drag scale effect correction 

factor (even if a factor for scale effect 
correction is not applied, this should be 
stated). 

o 𝐶𝐶A 
o Water temperature of full-scale 
o Water density of full-scale 

For each speed the following data should be 
given as a minimum: 
o External tow force 
o Sinkage fore and aft, or sinkage and trim 
o Propeller thrust, torque and rate of revo-

lutions. 
o 𝐹𝐹D 
o 𝑃𝑃D 

4. VALIDATION 

4.1 Uncertainty Analysis 

Uncertainty analysis should be performed in 
accordance with ‘Uncertainty Analysis in EFD, 
Uncertainty Assessment Methodology’ as de-
scribed in QM 7.5-02-01-01 and ‘Uncertainty 
Analysis in EFD, Guidelines for Uncertainty 
Assessment’ as described in QM 7.5-02-01-02. 
In addition to the above, an example ‘Uncer-
tainty Analysis, Example for Propulsion Test’ is 
provided in QM 7.5-02-03-2.2. 

4.2  Benchmark Tests 

Benchmark data are collected and described 
in ‘Benchmark Database for CFD, Validation 
for Resistance and Propulsion, QM 7.5-03-02-
02. 
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