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ABSTRACT  

It has long been recognized that self‑propulsion factors are 

influenced by the choice of Reynolds number (Re) for the 

propeller open‑water characteristics (POWC) used in the 

analysis. When comparing the self-propulsion 

performance of propellers that exhibit different Re 

dependencies in POWC, this influence becomes an issue 

for ensuring a fair comparison between the propellers. To 

mitigate the Re dependencies of POWC, Shuiling et al. 

(2024) proposed the use of turbulence stimulators, referred 

to as turbulators, for model propellers.  

In this study, turbulence stimulators mimicking their 

concept were applied to two propellers. Propeller open-

water tests and self-propulsion tests were conducted to 

investigate both the effectiveness of the turbulence 

stimulators and their impact on the comparative evaluation 

of the two propellers. The results showed that the 

application of turbulence stimulators mitigates the Re 

dependence of POWC and self-propulsion factors. 

However, the absolute values of the self-propulsion factors 

change when turbulence stimulators are applied. Therefore, 

caution is required when assessing absolute performance 

such as full-scale power predictions. 

Keywords 

Low Reynolds number, Turbulence stimulator, 
Propeller Open Water Test, Self-Propulsion Factor.  

1 INTRODUCTION 

Self-propulsion factors obtained from a self-propulsion test 

(SPT) inherently reflect the Reynolds number (Re) effects 

on the propeller. This is because self-propulsion factors, 

i.e., relative rotative efficiency (𝜂𝑅 ) and effective wake 

fraction (1-wT ), are derived from the propeller open water 

characteristics (POWC), which vary depending on the Re 

at which the propeller operates. A mismatch of POWC 

between propeller open water test (POWT) and SPT can 

lead to discrepancies in the resulting self-propulsion 

analysis.  

To address this issue, “2POWT method” was proposed by 

Tamura et al. (1977) and later discussed by Hasuike et al. 

(2017), in which POWTs are conducted at both high and 

low Re, and the characteristics at low Re are used for self-

propulsion analysis. ITTC (2021) also recommends 

performing POWTs at two Re: one corresponding to the Re 

at the SPT, and another as high as possible.  However, no 

unified consensus has yet been established regarding which 

Re should be considered representative of the SPT 

condition. Lücke et al. (2017) argue that the turbulence 

intensity in POWT differs from that in SPT due to the wake 

turbulence behind the hull, and therefore suggests using a 

Re 1.4 times higher than that of the propeller in SPT as the 

equivalent Re for the corresponding POWT condition. 

In addition, the ITTC recommendation further specifies 

that Kemp’s Re for the lower condition should be at least 

2.0×10⁵. Recent trends toward slow steaming for GHG 

reduction have led to smaller propeller blade areas and 

consequently to very low Re during the SPT, which often 

fall below 2.0 × 10⁵.As propeller blade areas decrease, the 

propeller becomes more susceptible to Re effects, making 

it increasingly difficult to fairly assess the relative 

performance of propellers with different Re sensitivities. In 

parallel, growing efforts to optimize propellers while 

accounting for hull and rudder interactions (Klinkenberg, 

2025) have increased the need for reliable performance 

evaluations through SPT. Under these circumstances, 

eliminating differences in Reynolds-number effects among 

propellers has become increasingly important. 

The issues related to the Re dependence of the propeller 

primarily arise from the fact that the flow over the blade 

surfaces does not always achieve fully turbulent conditions 

at model-scale; instead, laminar, transitional, and turbulent 

regions coexist. Attempts to trigger transition using surface 

roughness (Ishii et al., 1983) have been reported; however, 

such methods suffer from limited reproducibility. To 

 

*  Leave blank the last 2.0 cm on the first page for the editors to place some additional information about this paper in a 

footnote on the first page if necessary. 



address this limitation, Schuiling et al. (2024) proposed a 

sticker-type turbulence stimulator. They demonstrated that 

this sticker-type turbulators can achieve fully turbulent 

flow on the propeller surface during POWT, thereby 

eliminating the flow separation observed when no 

turbulator is applied. 

In this study, two propellers—one optimized under open-

water conditions and another designed by accounting for 

rudder–propeller interaction—were equipped with the 

sticker-type turbulence stimulator which is mimicking the 

concept proposed by Schuiling et al. (2024). The POWTs 

and the SPTs were carried out to evaluate the effectiveness 

of the turbulators. Furthermore, we examined whether the 

turbulators make it possible to fairly assess the difference 

in self-propulsion performance between two propellers. 

 

2 TEST PROPELLERS 

Table 1 summarizes the principal particulars of two 

propellers designed for the same ship. Case 1 is a propeller 

optimized for open-water conditions, whereas Case 2 is 

designed with consideration of the interaction between the 

propeller and the rudder, which aims improvement of the 

thrust deduction factor (1–t) compared with Case 1. 

Table1: Particulars of Test Propellers 

 Case1 Case2 

Z 4 4 

D [mm] 240.0 240.0 

H/D at 0.7R 0.6580 0.6560 

t/c at 0.7R 0.05802 0.07016 

c/D at 0.7R 0.2332 0.2054 

A zoomed‑in photograph of the turbulators is shown in 

Figure 1. Figure 2 shows both propellers equipped with 

turbulators. The turbulators were applied on both the back 

and face sides of each blade, with a thickness of 70 m on 

the back side and 100 m on the face side. The turbulators 

were attached so that it did not overlap with the regions of 

high curvature along the leading edge. 

 

Figure 1: Zoomed‑in photograph of the turbulators. 

Figure 2: Test Propellers with turbulators. 

 

3 PROPELLER OPEN-WATER TEST 

3.1 Advance Coefficient Variation Test Results 

The J-variation tests were conducted at three Re: 𝑅𝑒𝐷  = 

1.10 × 10⁶, 0.61 × 10⁶, and 0.45 × 10⁶. J denotes the 

advance ratio and 𝑅𝑒𝐷  represents the diameter‑based Re, 

which are defined by Equations (1) and (2), respectively. 

Among the test conditions, 𝑅𝑒𝐷 =0.45 × 10⁶ corresponds 

to the Re during the self‑propulsion test, while 𝑅𝑒𝐷 = 0.61 

× 10⁶ represents a Re 1.4 times higher than the 

self‑propulsion Re, in accordance with the approach 

suggested by Lücke et al. (2017) 

𝐽 =
𝑉𝑎

𝑛𝐷
 

(1) 

 

𝑅𝑒𝐷 =
𝑛𝐷2

𝜈
 

(2) 

where ν is the kinematic viscosity, n is the propeller 

rotational speed, D is the propeller diameter and 𝑉𝑎  is the 

propeller advance speed. 

The POWC of Case 1 obtained from the J-variation tests at 

each Re are presented in Figure 3, and the corresponding 

results for Case 2 are shown in Figure 4. In each figure, the 

upper graph shows the results without the turbulators, 

whereas the lower graph shows those with the turbulators. 

The thrust coefficient 𝐾𝑇, torque coefficient 𝐾𝑄, and open-

water efficiency 𝜂𝑂 are defined by Equations (3)– (5): 

𝐾𝑇 =
𝑇

𝜌𝑛2𝐷4
 (3) 

𝐾𝑄 =
𝑄

𝜌𝑛2𝐷5
 (4) 

𝜂𝑂 =
𝐽

2𝜋

𝐾𝑇

𝐾𝑄

 (5) 

 

Where T is the thrust and Q is the torque. 

 

 

 

Case1 Case2



 

 

Figure 3: Results of J-variation test for Case1. 

(Upper: without turbulators, Lower: with turbulators)  

 

 

Figure 4: Results of J-variation test for Case2. 

(Upper: without turbulators, Lower: with turbulators)  

For both propellers, the results without the turbulators 

show significant Re dependence in both the magnitude and 

slopes of 𝐾𝑇 and 𝐾𝑄. In contrast, when the turbulators is 

applied, 𝐾𝑇 becomes nearly identical across all Re, and the 

overall slope of the curves becomes nearly the same 

although slight differences remain in KQ. As a result, the 

open‑water efficiency 𝜂𝑂  shows substantially reduced 

variations with Re when the turbulators are applied, and the 

slope of the efficiency curve becomes nearly identical. 

3.2 Reynolds Number Variation Test Results 

To investigate the Re dependencies on the performance of 

both propellers, Re variation tests were conducted at the 

operating condition of J = 0.400 for Case 1 and Case 2. In 

the SPTs, propellers with the same KT exhibit nearly the 

same 𝑅𝑒𝐷; therefore, the Re variation tests were conducted 

by prescribing 𝑅𝑒𝐷. Figures 5 and 6 present the Re 

variation test results for Case 1 and Case 2, respectively, 

comparing the conditions with and without turbulence 

stimulators. 

 

 

 

Figure 5: Re variation test results of Case1. 
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Figure 6: Re variation test results of Case2. 

 

From these results, the following findings can be 

summarized: 

• In the case without turbulators, both Case 1 and Case 2 

exhibit reductions in KT and KQ at Re below 𝑅𝑒𝐷 = 0.600 

× 10⁵. These observations imply that, when self-

propulsion factor analysis were conducted using POWC 

at a high Re such as 𝑅𝑒𝐷 = 1.10 × 10⁶, analysis results are 

influenced by Re effects. 

• By applying turbulators, KT becomes nearly constant for 

both propellers, and KQ decreases gradually with 

increasing Re. The variations observed at low Re (𝑅𝑒𝐷 < 

0.60 × 10⁶) without turbulators disappear. This confirms 

that the application of turbulators reduces Re effects. 

• For Case 1, a reduction in KT is still observed at the 

smallest 𝑅𝑒𝐷 = 0.300 × 10⁶ even with turbulators. This 

suggests that the turbulence stimulation may not be fully 

effective at very low Re. 

• The application of turbulators causes noticeable changes 

in KT and KQ at each Re. At high Re, KT decreases by 

approximately −5% for Case 1 and −7% for Case 2. KQ 

changes in different directions: +1% for Case 1 and −1% 

for Case 2. As a result, the 𝜂𝑂 decreases by about −6% 

for both propellers when turbulators are applied. 

• At 𝑅𝑒𝐷 = 0.45 × 10⁶, the measured torque shows abrupt 

fluctuations for both propellers with the turbulators, 

particularly for Case 1. This is likely due to measurement 

accuracy limitations and indicates the difficulty of torque 

measurement at very low Re. 

Here, 𝑅𝑒𝐷 = 0.50 × 10⁶ corresponds to close to 𝑅𝑒0.7 = 

0.20 × 10⁶ based on the chord length at 0.7 R which is 

defined as Equation (6). At Re lower than the 

ITTC‑recommended value of  𝑅𝑒0.7 = 0.20 × 10⁶, the 

performance becomes more sensitive to Re effects, and 

accurate measurements become increasingly difficult. 

𝑅𝑒0.7 =
𝑐0.7𝑅√𝑉𝑎

2 + (0.7𝜋𝑛𝐷)2

𝜈
 

(6) 

Figure 7 presents the comparison of 𝜂𝑂 for Case 1 and 

Case 2, with the upper graph showing the results without 

the turbulators and the lower graph those with 

turbulators. Without turbulators, 𝜂𝑂 of the two propellers 

is nearly identical. However, as shown in Figures 5 and 

6, the effects of turbulators on KT and KQ differ between 

the two propellers, and therefore a discrepancy in 𝜂𝑂 

appears when the stimulators are applied. With the 

application of turbulators, Case 2 consistently exhibits 

higher 𝜂𝑂  than Case 1 across all Re. While the two 

propellers show nearly identical ηₒ at Re lower than 𝑅𝑒𝐷 

= 1.10 × 10⁶ in the absence of turbulators, the application 

of turbulators results in Case 2 achieving an efficiency 

approximately 1% higher than Case 1. These findings 

suggest that the evaluation of propeller open‑water 

performance can differ depending on whether the 

turbulators are applied or not. 

 

 

Figure 7: Comparison of Re dependency between Case1 

and Case2. (Upper: without turbulators, Lower: with 

turbulators) 

      

      

      

      

      

      

                                        

 
 

        

                       

  

      

      

      

      

      

      

                                        

 
  
 

        

                       

  

      

      

      

      

      

                                        

 
 

        

                       

  

      

      

      

      

      

                                        

 
 

        

                        

      

      

      

      

      

                                        

 
 

        

                      



3.3 CFD Verification of Performance Changes Induced 

by turbulators 

As described in the previous sections, the application of 

turbulators introduces significant changes in 𝐾𝑇  and 𝐾𝑄 . 

Schuiling et al. (2024) reported that these performance 

changes arise because the flow over the blade surface 

becomes fully turbulent when turbulators are applied, 

thereby suppressing flow separation on the blade surface. 

According to Kerkvliet et al. (2024) the performance 

difference predicted by the transitional and fully turbulent 

models corresponds well to the change observed in POWT 

measurements depending on the presence or absence of 

turbulence stimulators. In the present study, we also 

examine whether similar conclusions can be obtained 

through CFD.  

The CFD analyses were performed using ANSYS 

FLUENT, and the computational grids were generated with 

the meshing software HEXPRESS. The computational 

domain and grid distribution are shown in Figure 8, and the 

calculation conditions are summarized in Table 2. 

 

Figure 8: Computational domain and mesh 

distribution. 

Table 2: Summary of computational setup. 

Solver FLUENT 

Mesher HEXPRESS 

Number of mesh Abt.7M cells 

Turbulence model 
Transition SST (for w/o TS) 

k-w SST (for w/ TS) 

Speed of advance J 0.400 

D[m] 0.2400 

Re: 𝑅𝑒0.7 0.55×106 

 

In this study, the Transition SST model is assumed to 

represent the transitional-flow condition (i.e. without 

turbulators), whereas the k–ω SST model is adopted to 

represent the fully turbulent condition induced by the 

application of turbulators. Using these turbulence models, 

the propeller performance of Case 1 and Case 2 was 

estimated, and the difference between the predicted 

performances of the two turbulence models was compared 

with the performance difference observed in the model 

tests with and without turbulators. 

A comparison between the POWT results without 

turbulence stimulation and the CFD predictions obtained 

using the transition model is shown in Figure 9. Similarly, 

Figure 10 presents the comparison between the POWT 

results with turbulence stimulation and the CFD 

predictions obtained with the fully turbulent model. The 

CFD predictions obtained using the respective turbulence 

models successfully capture the experimentally measured 

propeller performance both without turbulators and with 

turbulators. 

 

 

Figure 9: Comparison between Experiment results 

without turbulators and CFD result (Transition SST). 

 

 

Figure 10: Comparison between Experiment results 

with turbulators and CFD result (k- SST). 

 

Based on these findings, Figure 11 compare the 

performance differences observed in the model tests (with 
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and without turbulators) with the differences obtained from 

CFD using the transition model and the fully turbulent 

model. The result shows that the performance changes 

caused by turbulence stimulation in the model tests agree 

well with the differences between the transitional‑flow and 

fully turbulent CFD predictions. 

 

 

 

Figure 11: Comparison of the Performance Differences 

Between Transitional and Fully Turbulent Flow 

Conditions in Towing Tank Tests and CFD. 

 

Figure 12 presents the limiting streamlines and 

pressure‑coefficient (Cₚ) distributions on the back side of 

the propeller blades. The pressure coefficient Cₚ is defined 

by Equation (7), where P denotes the static pressure. 

𝐶𝑃 =
𝑃

1
2

𝜌𝑛2𝐷2
 (7) 

 

 

(a) Turbulence model: Transition SST

 

(b) Turbulence model: k- SST 

Figure 12: CFD Results of Limiting Streamlines and 

Pressure Distribution. 

In the predictions obtained using the transition model, the 

flow over the blade surface remains in a transitional state 

at Re corresponding to the POWT conditions, and flow 

separation is observed on the suction side downstream of 

the mid‑chord. In contrast, the predictions from the fully 

turbulent model show almost no flow separation, and a 

circumferential flow pattern forms along the blade surface 

across all radial positions. In addition, CP distributions on 

the blade also differ between the transition model and the 

fully turbulent model. This is considered to result from the 

difference in boundary‑layer thickness between laminar 

and turbulent states, which effectively alters the 

hydrodynamic blade section shape when the boundary 

layer is included. These CFD observations support the 

experimental findings: the pronounced performance 

changes—such as the reduction in thrust when turbulators 

are applied—are attributed to the transition to fully 

turbulent flow induced by the turbulators, which 

suppresses flow separation and alters the blade loading 

characteristics. 

 

4 SELF-PROPUSION TEST 

For both Case 1 and Case 2 propellers, SPTs were 

conducted with and without the turbulators. The self-

propulsion factors were analyzed using the POWT results 

at each Re presented in the previous section. The obtained 

self-propulsion factors for three  𝑅𝑒𝐷 - 1.10 × 10⁶, 0.61 × 
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10⁶, and 0.45 × 10⁶ - are shown in Figure 13. The Reynolds 

number used for the analysis of the self-propulsion factors 

is denoted as 𝑅𝑒_𝐴𝑁𝐴 . The Froude number, Fr, is defined by 

Equation (8), where V denotes the ship speed, g denotes the 

gravitational acceleration, and L denotes the ship length. 

𝐹𝑟 =
𝑉

√𝑔𝐿
 (8) 

 

(a) 𝑅𝑒_𝐴𝑁𝐴：𝑅𝑒𝐷=1.10×106 

 

(b) 𝑅𝑒_𝐴𝑁𝐴：𝑅𝑒𝐷=0.61×106 

 

(c) 𝑅𝑒_𝐴𝑁𝐴：𝑅𝑒𝐷=0.45×106 

Figure 13: Results of SPTs 

From Figure 13, the following observations can be made: 

 Each self-propulsion factor changes when turbulators  

are applied. 

 1-wT varies depending on the 𝑅𝑒_𝐴𝑁𝐴. 

 The slope of 𝜂𝑅 with respect to the Froude number 

does not significantly change, regardless of the 

presence of turbulators or the 𝑅𝑒_𝐴𝑁𝐴. 

 

To compare how the self-propulsion factors are influenced 

by the 𝑅𝑒_𝐴𝑁𝐴, with and without the turbulators, Figure 14 

presents a comparison of the self-propulsion factors at the 

same ship speed but different 𝑅𝑒_𝐴𝑁𝐴 . The POWC for 

𝑅𝑒𝐷 = 0.50 × 106, 0.70 × 106  and 0.90 × 106 were 

interpolated by correcting the results of the J-variation tests 

presented in the previous section, using the performance 

variation ratios obtained from the Re variation tests. 

 

Figure 14: self-propulsion factors at each 𝑅𝑒_𝐴𝑁𝐴. 

 

From the results shown in Figure 14, the following effects 

can be identified regarding the influence of the 𝑅𝑒_𝐴𝑁𝐴 on 

the self-propulsion factors, both with and without 

turbulators: 

About 1-t 

• Since 1-t is calculated from the thrust and hull 

resistance measured in the self-propulsion test, it does 

not depend on the 𝑅𝑒_𝐴𝑁𝐴. 

• Case 2 improves 1-t by 1.2% relative to Case 1, 

regardless of turbulator application, as intended. 

• The application of the turbulators results in an 

approximately 1% improvement in 1-t even for the same 

propeller.  
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About 1-wT 

• The values of 1-wT become smaller when the turbulators 

are applied. 

• In the absence of turbulators, the values of  1-wT 

fluctuate depending on 𝑅𝑒_𝐴𝑁𝐴, the difference in 1-wT 

between propellers is approximately 2-3%, and Case 2 

exhibits a larger 1-wT value than Case 1, i.e., worse 

performance. The largest difference occurs around 

𝑅𝑒_𝐴𝑁𝐴=0.45 × 106 , corresponding to the Re during 

the SPTs. 

• On the other hand, with turbulators applied, the values 

of 1-wT are more stable, and Case1 and Case2 show 

nearly identical values. 

• The application of turbulators affects the relative 

evaluation between propellers. The values obtained with 

turbulators appear more reliable due to their stability; 

however, further investigation is required to determine 

which results are physically more appropriate. 

 

Both 1−t and 1−wT change by more than 1% when 

turbulators are applied, indicating that caution is required 

when interpreting their absolute values. These changes 

may be attributable to a turbulator-induced transition to 

fully turbulent flow on the blades, modifying the propeller 

wake and its interaction with the rudder, but additional 

studies are necessary to confirm this mechanism. 

 

About ηR 

• Regardless of the application of the turbulators, 𝜂𝑅 tends 

to decrease as the𝑅𝑒_𝐴𝑁𝐴 increases. 

• Since 𝜂𝑂increases with increasing Re, 𝜂𝑅   tends to be 

evaluated lower when the POWC at higher 𝑅𝑒_𝐴𝑁𝐴 is 

used. 

• The application of turbulators reduces the slope of the 

𝜂𝑅with respect to 𝑅𝑒_𝐴𝑁𝐴, thereby decreasing its Re 

dependence. This is because 𝜂𝑂 of the POWC has lower 

Re dependency with turbulators than without. 

• The values with turbulators at 𝑅𝑒_𝐴𝑁𝐴 = 0.45×106 

appear anomalous due to the abrupt fluctuation in KQ of  

the POWC.  

 

Figure 15 compares the improvement in 𝜂𝑅  of Case 2 

relative to Case 1, expressed as Δ𝜂𝑅, with and without the 

application of turbulators. As noted in the previous section, 

the accuracy of the POWC at 𝑅𝑒𝐷 =  0.45 × 10⁶ was 

considered insufficient; therefore, 𝑅𝑒_𝐴𝑁𝐴= 0.45 × 10⁶ has 

been excluded from the figure. 

 

Figure 15: Comparison of Δ 𝜼𝑹  between with and 

without turbulators. 

 

From Figure 15, the following observations can be made: 

 In the case without turbulators, the improvement in 𝜂𝑅 

varies within a range of approximately 1%, depending 

on the 𝑅𝑒_𝐴𝑁𝐴, and the evaluated improvement tends to 

become smaller at higher Re. 

 In the case with turbulators, the improvement in 𝜂
𝑅
 

ranges from approximately 0 to 0.4%, showing an 

almost identical level of improvement regardless of the 

𝑅𝑒_𝐴𝑁𝐴. In particular, for 𝑅𝑒_𝐴𝑁𝐴 ≥0.90×106, 

Δ𝜂𝑅 becomes nearly constant. 

 

Based on these results, the difference in 𝜂𝑅 between the 

propellers is evaluated to remain nearly constant regardless 

of 𝑅𝑒_𝐴𝑁𝐴 when turbulators are applied. This indicates that 

applying turbulators mitigates the influence of 𝑅𝑒_𝐴𝑁𝐴 

when assessing the difference in 𝜂𝑅 between propellers.  

To assess the overall propulsive performance difference 

between Case 1 and Case 2, the propulsive efficiencies 𝜂𝐷 

calculated from the self‑propulsion factors and the POWC 

are compared in Figure 16. Furthermore, the improvement 

in propulsive efficiency of Case 2 relative to Case 1, 

expressed as Δ𝜂𝐷 , is presented in Figure 17. The hull 

efficiency 𝜂𝐻  used in calculating 𝜂𝐷  is defined in 

Equation (9). The open-water efficiency 𝜂𝑂is derived using 

the POWC at high Re for full-scale power prediction.  1-wS 

in Equation (9) is estimated from 1-wT based on Yazaki 

chart (1969). 

𝜂𝐻 =
1 − 𝑡

1 − 𝑤𝑆
 (9) 

    
    

    

    

    
         

    
    

    

     

    

    

    

    

    

                                    

 
 
 

                         

              



 

Figure 16: Propulsive efficiency at each 𝑹𝒆_𝑨𝑵𝑨. 

 

Figure 17: Comparison of  𝜼𝑫  improvement between 

with and without turbulators. 

From Figures 16 and 17, the following observations can be 

made: 

 Even for an identical propeller, 𝜂𝐷 differs by 

approximately 3% depending on the presence or 

absence of turbulators.  

 Although the individual differences in 1–wT, 𝜂𝑂, and 𝜂𝑅 

vary between with and without turbulators, they 

ultimately cancel out, resulting in nearly the same level 

of improvement in 𝜂𝐷. 

 

The presence or absence of the turbulators does not 

significantly affect the relative evaluation of propulsive 

efficiency between the propellers in these tests. However, 

given the reduced 𝑅𝑒_𝐴𝑁𝐴 dependency of the self-

propulsion factors, the application of turbulators may offer 

a solution to the long-standing issue of low Re in SPT. 

 On the other hand, it should be noted that the absolute 

value of the propulsive efficiency differs. Thus, caution is 

required in full-scale power prediction, since conventional 

model-ship correlations may not be directly applicable. 

 

5 CONCULSIONS 

In this study, turbulence stimulators (turbulators) modeled 

after those proposed by Shuiling et al.(2024) were applied 

to examine their effects in both POWTs and SPTs. In 

addition, the feasibility of evaluating the performance 

difference between two propellers—one optimized in open 

water (Case 1) and the other designed considering the 

interaction with the rudder (Case 2)—was investigated. 

In the open‑water tests, the application of the turbulators 

was found to reduce the Re dependence of both KT and KQ. 

In particular, the KT  became nearly constant with respect 

to Re. The KQ  still exhibited a slight dependence, 

decreasing with increasing Re, which is attributed to the 

decreasing frictional‑resistance component at higher Re. 

Consequently, a small Re effect remained in the 

open‑water efficiency. The KT and KQ themselves changed 

by several percent due to the application of the turbulator. 

Furthermore, CFD computations using both a transition 

model and a fully turbulent model successfully reproduced 

the experimental differences with and without the 

turbulators. This indicates that the performance changes 

arise from alterations in flow separation and the pressure 

distribution on the propeller blades, caused by the 

premature transition to fully turbulent flow. 

In the self‑propulsion tests, the application of the turbulator 

mitigated the influence of the Re used for the analysis of 

the self-propulsion factors, 𝑅𝑒_𝐴𝑁𝐴 , on the self‑propulsion 

factors, i.e., 1-wT and 𝜂𝑅. As a result, the changes in these 

factors with respect to Re became small. In the present 

experiments, no substantial difference was observed in the 

evaluation of 𝜂𝐷  between the cases with and without 

turbulators. However, the reduced 𝑅𝑒_𝐴𝑁𝐴  dependence of 

1-wT and 𝜂𝑅  indicates that the turbulator proposed by 

Shuiling et al. (2024) is effective in mitigating the 

sensitivity of the self‑propulsion factors to 𝑅𝑒_𝐴𝑁𝐴 . This 

becomes particularly beneficial when evaluating the 

self‑propulsion performance of propellers exhibiting 

different Re dependencies, as the influence of the selected 

𝑅𝑒_𝐴𝑁𝐴  on the analysis becomes smaller, enabling more 

reliable performance assessments. 

On the other hand, the absolute values of the 

self‑propulsion factors and the propulsive efficiency 

changed by several percent when the turbulator was 

applied. Therefore, caution is required when conducting 

absolute evaluations, such as full‑scale power prediction, 

since conventional model-ship correlations developed 

without turbulators may not be directly applicable. One 

possible reason for the change in the absolute values is that 

the fully turbulent boundary layer on the propeller blades, 

induced by the turbulator, may alter the propeller wake 

structure and thus the interaction with the rudder. However, 

further investigation is needed to clarify this mechanism. 
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