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ABSTRACT  

The procedures of model tests and powering performance 

prediction for multi-axes propulsion ships with wing Pods 

are studied. In this study, the subject vessel has one 

conventional propeller in center skeg position and two 

pods in the wing side of the vessel. These two 

independent propulsion systems have the specific power 

distribution ratio, and the corresponding revolution ratio 

of each propulsion system should be determined from the 

model test. With this feature as independent propulsion 

system of multi-axes ships, a new model test procedure 

and extrapolation method should be examined thoroughly, 

with some modified ones of conventional single screw or 

twin screw vessels. In the extrapolation method for the 

full scale powering performance of multi-axes propulsion 

ships with wing pods, drag correction quantity of pods in 

model and full scale has a direct influence on the 

powering performance. For this, open water tests of two 

different geometry of pod were carried out and evaluated 

with ITTC’s recommended procedures.  
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1 INTRODUCTION 

Conventional ships have one propeller-shaft system 

directly connected to main engine, and twin propeller-

shaft system can also be adopted for redundant safety and 

other reasons. For this type of vessel, model test 

procedure and extrapolation methods have a long history 

and are well established such as ITTC recommendation 

(ITTC 1978).  

Some special types of vessels request multi-independent 

propulsion system arrangement. For example, general 

design of drillship has 6 thruster units for transit and DP 

mode. And also, cruiser liners have one fixed POD and 

two azimuthing pods for safety redundancy. For 

propulsion efficiency, some RoPax ferry adopt contra-

rotating pod (one conventional propeller forward and 

contra-rotating pod aft configuration). 

To find out these multi-independent propulsion vessels’ 

powering performance, open water test of each propulsion 

system, resistance test and self-propulsion test would be 

carried out as usual. But with the feature of multi-

independent propulsion system, several concerns could be 

issued. 

At normal operation point of propulsion power, each 

propulsion system has optimal power distribution. To 

evaluate powering performance by the model test as a 

whole, proper revolution ratio of each system should be 

determined corresponding to the power distribution ratio 

and this feature makes self-propulsion test matrix (for 

contra-rotating pods, open water test matrix with different 

revolution ratio can be added). 

Generally, powering performance can be deducted from 

effective power (from resistance test) and propulsion 

efficiency (from self-propulsion test and open water test), 

and loading of propulsion system directly affects 

propulsion efficiency. For twin screw vessel, we can 

easily assume each propulsion system has same propeller 

loading (that is, each system can bear one half of effective 

power), so twin system can be treated as one. But for 

multi-independent propulsion ships, how much propulsion 

load would be divided into each system is questioned, and 

accordingly, propulsion efficiency of each system can be 

affected. 

In the present study, RoPax ferry with one main propeller 

at center fixed position and two pods in wing side is the 

subject vessel. For issues mentioned above, model test 

procedure and extrapolation method are described and 

discussed. 

Additionally, pod drag correction between model scale 

and full scale has a direct influence on the powering 

performance, and thoroughly considered with ITTC’s 

recommendation. 

2 SUBJECT VESSEL AND MODEL TEST SETUP  

2.1 Subject Vessel 



As a subject vessel, 1,500 passengers/1,600 lane meters 

RoPax ferry is selected and it has one center propeller and 

two wing-side pods, see Figure 1. 

Figure 1: Propulsion system of subject vessel 

Ship main particulars and details of propulsion system are 

described as Table 1. Normal operation point of 

propulsion system has power distribution ratio, main 

center propeller about 60% and two wing-side pods 

thruster about 40% (each 20%) of total propulsion power. 

Table 2: Main particulars of ship and propulsion system 

Ship Main Particulars 

Item Ship Model 

Scale 18.000 

LBP(m) 155.70 8.650 

B(m) 24.80 1.378 

Td(m) 5.50 0.316 

Vs(design) 22.5 kts 2.728 m/s 

Propulsion System 

Item Main,center Wing-side Pods 

Diameter(m) 4.50 3.00 

P/D(mean) 1.06 1.35 

EAR 0.75 0.60 

Power(kW) 10,400 6,500 

 

Two wing-side pods are positioned at x=-2.8m (from AP), 

y=8.0m (from center, 64.5% of B/2) and installed with 

vertical angle (pitch angle, hereafter, forward downward 

+) 3 deg along with flow angle from CFD calculation and 

with horizontal angle (yaw angle, hereafter, forward 

outside +) 0,2,4 deg variation to find optimum powering 

performance. For the geometrical design of main propeller 

and pod propeller, the wake field information is used from 

CFD calculation of ship hull form. 

2.2 Model Test Setup and Scope 

Model test program is organized as resistance test, open 

water test of center propeller/pod unit and self-propulsion 

test as usual. 

Resistance test is carried out as a status of bare hull 

without bilge keel and rudder as our institute’s standard. 

In open water test of center propeller, it is installed at 

fore-end of dummy boat to simulate open water condition 

and propeller thrust/torque/revolution and towing speed 

are measured. 

Open water test of pod unit has more sophisticated 

configuration due to pod shell/strut arrangement and 

additional unit thrust measurement. Currently, ITTC has a 

tentative guideline (left side of Figure 2) for the test setup 

and we made the test configuration following that 

guideline, see Figure 2.  

Figure 2: Test configuration of pod unit open water test 

In above test configuration, propeller thrust and torque are 

measured by the water-tight dynamometer at right aft of 

propeller, and unit thrust (sum of propeller thrust and pod 

shell/strut resistance in accelerated flow region by 

propeller rotating) is measured on the top side balance 

connected to pod via internal vertical shaft. 

For the self-propulsion test, a normal propeller 

dynamometer is installed for the main propeller 

thrust/torque measurement and two dynamometer units for 

wing-side pods are positioned on the model ship deck 

with fixed pitch angle for pod propeller thrust/torque and 

unit thrust measurement, as shown in Figure 3. The yaw 

angle of pod unit is adjusted via lower pod unit part 

rotation. 

Figure 3: Test configuration of self-propulsion test 



As our institute’s normal procedure, each dynamometer is 

calibrated with our certified standard weights before 

model test and the linearity error of dynamometer for 

propeller thrust/torque and unit thrust is within 0.2% F.S. 

3 TEST RESULT AND EXTRAPOLATION METHOD 

3.1 Test Result 

Propeller open water tests for main propeller and pod unit 

are carried out separately. Open water characteristics of 

main propeller are shown in Figure 4, and their full scale 

extrapolation to full scale are according to ITTC’s 

standard procedure considering blade friction correction. 

Figure 4: Open water characteristics of center propeller 

For the open water characteristics of pod unit, unit thrust 

is used to define thrust coefficient, and drag correction of 

pod housing is applied along with ITTC’s tentative 

procedure, as well as pods propeller blade friction 

correction. Details on the drag correction of pod housing 

are presented in the next section and the results are shown 

in Figure 5; the open water characteristics are used to 

analyze self-propulsion test data. 

Figure 5: Open water characteristics of pod propeller 

In the preliminary self-propulsion test, the revolution ratio 

of the propellers corresponding to the given power ratio 

for the optimal operation of the propulsion systems is 

determined with inward and outward direction cases of 

wing-side pods. The optimal total power and the 

revolution ratio is settled as outward direction of pods and 

the ratio 1.293 (wing-side pods/center) at design speed, as 

seen in Figure 4. The power ratio is calculated in model 

scale using self-propulsion point data, such as torque and 

revolution of each propeller. It is assumed that the power 

ratio in model scale would be the same in full scale and be 

checked again after extrapolation.  

Figure 6: Optimal test of revolution ratio and rotation 

direction of wing-side pods propeller 

With the direction of the wing-side pod propeller rotation 

and the revolution ratio determined as above, the optimal 

yaw angle is also investigated in the view of total power 

quantity and the optimal value is determined as 2 degrees, 

as shown Figure 5. This yaw angle has a good agreement 

with flow field by CFD carried out for the propeller 

design. Also during the yaw angle optimization test, it is 

again confirmed that the power ratio is nearly constant 

along with pre-determined revolution ratio. 

Figure 7: Optimal yaw angle test of wing-side Pods 

3.2 Extrapolation Method 

Full scale extrapolation from self-propulsion model test 

data is based on the ITTC 1978 method. In this ITTC 

standard procedure for the single vessel, the propeller has 

a unique loading and also for the twin screw vessel, we 

can easily assume the two propellers have same loading 

and would have same propulsion efficiency. 

However, the amount of propeller loading of each 

propulsion system is not clear in the subject vessel 
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because two kinds of propulsion systems in the subject 

vessel are located at different positions, and have different 

sizes of propeller diameter; therefore, how much loading 

to be burdened in each propulsion system can affect the 

propulsion efficiency directly. By this feature, a 

conventional approach to treat two different systems as a 

whole one would not proper, so powering performance of 

each system will be analyzed separately in present study. 

Two kinds of loading distribution method are applied to 

predict propulsion factors in the extrapolation procedure. 

One is based on the propeller thrust ratio and another on 

the power ratio because these two ratios are different. In 

the extrapolation analysis, the thrust deduction fraction 

and the coefficient of propeller thrust-loading in each 

propulsion system are assumed as below equation (1) and 

(2): 

mdtm TfactorFRt *)(1                       (1) 

where, Rtm is total model resistance, Fd is skin friction 

correction force, Tm is propeller thrust in model scale and 

factor is propeller thrust ratio or power ratio. Thrust ratio 

and power ratio are calculated from the model thrust, 

torque and revolution of each propeller at self-propulsion 

point. 

222 )1)(1()*(2 TSTST wtfactorCDSJK    (2) 

where, KT is thrust coefficient, J is advance coefficient, D 

is propeller diameter, CTS is total resistance coefficient 

and wTS is full scale wake fraction. 

Tables 2 and 3 show the extrapolation results according to 

the two kinds of method above mentioned, which give a 

big difference in the propulsion factors, especially in the 

thrust deduction fraction. In the case of power ratio base 

extrapolation, the thrust deduction fraction of the wing-

side pods shows a much lower figure and this value of 

minus sign can be interpreted such that wing-side pods act 

as booster, not affecting flow field at the vicinity of hull. 

And also, it leads to higher hull efficiency (ηH) of wing 

propeller than that of center propeller.  

Table 2: Propulsion factors based on the thrust ratio 

 On the other hand, in the case of thrust ratio base, the 

thrust deduction fraction of center and wing-side pods are 

identical because of the usage of model resistance 

proportional to the propeller thrust ratio. 

 

 

Table 3: Propulsion factors based on the power ratio 

Even though overall propulsion factors including final 

propulsion efficiency of each are different between two 

methods, delivered power distribution ratio is predicted 

similarly; main center propeller about 60% and two wing-

side pods about 40% (each 20%) of total propulsion 

power; and total sum of each propulsion system is nearly 

same. 

4 POD DRAG CORRECTION 

In the extrapolation procedure of model test data to full 

scale analysis of subject vessel, pod drag correction 

quantity to get POW characteristics in full scale is more 

important issue and currently ITTC suggests a tentative 

extrapolation method (ITTC 2008). Generally, a relative 

frictional drag component of model scale is higher than 

full scale one, so the unit thrust of model scale is 

relatively lower than full scale (because unit thrust is a 

sum of propeller thrust and resistance of Pod housing); 

therefore pod drag correction quantity should be added to 

model scale unit thrust. 

In our study, drag correction quantity for two different 

shapes of Pod housing (body and strut) are investigated 

and calculated with ITTC recommended method and the 

corresponding ratio of housing drag coefficients (K) of 

model and full scale defined below is checked: 

                             el
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(3) 

In ITTC’s recommended procedure, pod drag component 

can be calculated by semi-empirical formula with 

geometrical principals presented in Table 4 and in the 

equations below. Here, non-dimensional coefficient of 

unit thrust is: 
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A more detailed formula is referenced with ITTC’s 

recommended procedure (ITTC 2008). 

Figure 8: Test cases of two different pod housing shapes 

Our test cases have geometrical difference mainly L/D 

ratio, the second has more blunt shape and principal 

dimension is described as Table 4. 

Table 4: Principal dimension of pod housing and form 

factor 

(model scale) Housing #1 Housing #2 

L(mm) 327.4 228.8 

D(mm) 91.4 82.2 

L/D 3.58 2.78 

δ(thickness ratio) 0.18 0.33 

SBODY(m
2
)/SSTRUT(m

2
) 0.067/0.071 0.050/0.043 

kBODY/kSTRUT 0.374/0.420 0.647/1.417 

With these values, pod drag correction quantities are 

calculated considering accelerated flow by propeller 

rotating along advance ratio and plotted, as shown in 

Figure 9. 

Figure 9: Pod drag correction quantity of two test cases 

In the pod unit open water test, the propeller thrust is 

measured as well as unit thrust, so the drag of pod housing 

can be treated as difference between propeller/unit thrust. 

Then, pod drag correction quantity can be calculated with 

pod drag from model test and the assumed ratio of 

formula (3) and best fit value to minimize the difference 

between ITTC’s recommendation and direct ratio (α) is 

0.79 for pod housing #1 and 0.84 for housing #2, see 

Figure 9. From these values, a major component of pod 

drag can be thought of as form drag related on pressure 

distribution, and an approximate value of 0.8 can be used 

as a simple correction factor for pod drag in open water 

characteristics extrapolation.  

5 CONCLUSION 

For the powering performance prediction for multi-axes 

propulsion ship with wing pods, towing tank model tests 

are carried out, and extrapolation method based on the 

ITTC 1978 is studied. And the effect of pod shapes on the 

pod drag correction is investigated based on the 25
th

 ITTC 

recommendation.  

From the model test with center propeller and wing-side 

pods propeller, propeller revolution ratio corresponding to 

the power ratio, wing-side propeller rotation direction and 

yaw angle are investigated, and these results will be 

helpful to prepare for the another model tests of similar 

ships. 

In full scale extrapolation procedure, two kinds of 

propeller loading treatment are used for the separate 

powering performance analysis of the center propeller and 

the wing-side propeller. From the extrapolated results, 

thrust deduction fraction is mainly affected by propeller 

loading treatment among the propulsion factors. The 

delivered power distributions of center propeller and 

wing-side propeller are predicted similarly at both cases. 
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