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ABSTRACT  

Pump-jet propulsors represent an advanced alternative to 

conventional open propellers, increasingly employed in 

naval and underwater applications where hydrodynamic 

efficiency and acoustic performance are critical. This paper 

presents the results of a comprehensive experimental 

campaign in which the propulsive, hydrodynamic, and 

acoustic performance of a ferry model retrofitted with a 

pump-jet propulsor were evaluated and compared with 

those of the original open propeller. The investigation 

covered a wide range of operating conditions, including 

variations in vessel speed and propulsive load, to provide a 

detailed assessment of the pump-jet’s performance relative 

to the conventional configuration. 

The results offer valuable insights into efficiency gains, 

cavitation behavior, and noise reduction achievable 

through the adoption of pump-jet technology in ferry 

applications. These aspects are analyzed in detail through 

an exhaustive description of the experimental campaign 

and a critical discussion of the most significant findings.  

Keywords 

Pump-jet, underwater noise, efficiency, unconventional 

propulsors 

 

1 INTRODUCTION 

The continuous growth of maritime transportation, driven 

by global trade and mobility demands, has intensified 

concerns regarding the environmental sustainability of 

shipping activities. In response, international regulatory 

bodies such as the International Maritime Organization 

have introduced increasingly stringent measures aimed at 

reducing greenhouse gas emissions and improving the 

overall energy efficiency of vessels (IMO, 2020). In 

parallel, increasing attention has been devoted to the 

impact of underwater radiated noise on marine ecosystems, 

which has been shown to affect marine fauna behavior and 

habitat conditions (Hildebrand, 2009; Williams et al., 

2015, Merchant). These combined challenges have driven 

the development of innovative propulsion solutions aimed 

at mitigating the overall environmental footprint, including 

both atmospheric emissions and underwater radiated noise. 

In recent years, several non-conventional propulsion 

concepts have been proposed as alternatives to traditional 

propellers, including gate rudders (Sasaki et al., 2015) and 

wind-assisted propulsion systems (Huang & Souppez, 

2025), with the challenging objective of enhancing 

propulsive efficiency while reducing environmental 

impact. Indeed, achieving these two goals simultaneously 

is often difficult, as strategies aimed at reducing acoustic 

emissions and radiated noise lead to penalties in terms of 

propulsive efficiency. Among the propulsion solutions 

addressing this trade-off, pump-jet systems represent a 

promising alternative, offering the potential to balance 

hydrodynamic performance and acoustic performance, and 

thus making them particularly suitable for naval platforms 

as well as for vessels operating in environmentally 

sensitive areas. 

A pump-jet typically consists of a rotor enclosed within a 

duct, followed by a downstream stator that recovers the 

angular momentum imparted to the flow and converts it 

into axial thrust (Figure 1). The ducted configuration 

mitigates tip leakage vortices, delays cavitation inception, 

and contributes directly to thrust generation, thereby 

enhancing overall propulsive efficiency. The stator further 

improves efficiency by reducing swirl losses and 

straightening the flow (Kerwin, 2007; Carlton, 2012).  

Despite these advantages, several aspects of the 

hydrodynamic and hydroacoustic behavior of pump-jet 

propulsors are not yet fully understood. The interaction 

between the incoming wake, the rotor–stator assembly, and 

the duct gives rise to complex flow phenomena, including 

strong velocity gradients, secondary flows, and turbulence-

induced pressure fluctuations. These mechanisms are 

closely linked to both propulsive performance and noise 

generation, especially under cavitating conditions. 

Previous investigations have addressed pump-jet systems 

through both numerical and experimental approaches. 

Numerical studies have provided detailed insights into 

flow topology, rotor–stator interaction, and cavitation 

dynamics (Bulten, 2006; Ji et al., 2012), while 

experimental investigations have highlighted the influence 

of the duct on wake evolution and turbulence 



characteristics, as well as the role of the stator in swirl 

recovery and flow stabilization (Jessup, 1998; Breslin and 

Andersen, 1996). More recent studies have also 

emphasized the importance of integrated analyses 

combining hydrodynamic performance and acoustic 

characterization, although comprehensive experimental 

datasets remain relatively limited (Seol et al., 2005). 

n this context, the present work presents a systematic 

experimental investigation of a pump-jet propulsor 

developed as a retrofit solution for a conventional propeller 

in a ferry application. The analysis is performed through a 

direct comparison with a baseline propeller configuration. 

The study combines high-resolution velocity field 

measurements obtained via Particle Image Velocimetry 

(PIV), enabling a detailed characterization of the flow 

topology and wake development, with dynamometric 

measurements of thrust and torque for the assessment of 

propulsive performance and efficiency. In addition, 

dedicated experiments are carried out to investigate 

cavitation phenomena and the associated acoustic 

emissions, allowing for a comprehensive evaluation of the 

hydroacoustic behavior of the system. All measurements 

are performed in the circulating water channel of the CNR-

INM. 

The main objectives of the study are: (i) to characterize the 

flow field generated by the pump-jet system and its 

interaction with the incoming wake under behind hull 

conditions; (ii) to quantify and compare the hydrodynamic 

and hydroacoustic performance with respect to the baseline 

propeller in terms of thrust, torque, efficiency, and radiated 

noise; and (iii) to investigate the relationship between 

coherent flow structures, cavitation inception and 

development, and noise generation mechanisms. 

2 CASE STUDY 

The case study considered in the present work concerned a 

large twin-screw ferry equipped, in its baseline 

configuration, with 4-bladed controllable pitch propellers 

(CPP). The pump-jet propulsor investigated herein was 

developed as a retrofit solution, replacing the original 

propeller while preserving the same installation constraints 

and shaft line arrangement, thus ensuring full compatibility 

with the existing propulsion system. 

The design of the pump-jet was carried out using a 

simulation-based design optimization (SBDO) approach 

(Gaggero et al., 2024), which enabled the integrated 

development of the propulsor components by accounting 

for their mutual hydrodynamic interactions within a high-

fidelity numerical framework. This approach allowed 

capturing the complex flow features associated with ducted 

rotor–stator configurations, which are not adequately 

described by traditional design methodologies. 

The optimized configuration was a post-swirl pump-jet 

featuring 7 rotor blades and 9 stator blades. In this 

arrangement, the stator was designed to recover the swirl 

generated by the rotor, thereby improving the overall 

propulsive efficiency. A decelerating nozzle was adopted 

to delay cavitation inception and to mitigate the acoustic 

footprint of the system. The resulting geometry was 

therefore conceived to maintain the original installation 

constraints while enhancing both hydrodynamic and 

hydroacoustic performance. 

Further details on the design and optimization process are 

reported in Gaggero et al. (2024), while the geometry of 

the pump-jet propulsor is shown in Figure 1.  

Figure 1: Pump-jet propulsor. 

2 MODELS 

2.1 Vessel model 

The vessel model was defined through a detailed 

assessment of both hydrodynamic and technical 

constraints, with the aim of ensuring reliable flow 

similarity while complying with the limitations of the 

experimental facility. Particular attention was devoted to 

the geometrical characteristics of the model, notably the 

relatively large ratio between hull length and propeller 

diameter (L/D ≈ 49), as well as to the size of the test 

section, the accessible installation area, and the 

requirement to maintain turbulent flow conditions on the 

propeller blades. These constraints led to the selection of a 

propeller diameter of D = 200 mm, corresponding to a 

model scale ratio of λ = 17 and a total model length of 

approximately 9.8 m. Due to the large dimensions of the 

model, a half-hull dummy configuration was adopted to 

reduce blockage effects and simplify installation, while 

preserving the original hull geometry without introducing 

longitudinal distortions (Figure 2). To ensure flow fidelity, 

the model was mounted on a supporting plate of sufficient 

size to limit three-dimensional effects, while maintaining a 

gap from the side wall of the test section to avoid 

interference from the facility boundary layer. 

Figure 2: model installation in the test section. 

The hull was constructed in fiberglass, while appendages 

such as rudders and brackets were manufactured via 



additive manufacturing. The supporting plate was realized 

in wood. Optical access to the propulsor region was 

ensured through the integration of transparent windows in 

the stern region of the hull and in the supporting plate (see 

Figure 2).  

 

Figure 3: propeller and pump-jet models. Left: original 

propeller. Mid: pump-jet rotor. Right: pump-jet stator and 

duct   

2.2 Propeller and pump-jet models 

The original propeller model was manufactured in bronze 

and coated with a black finish to minimize light reflections 

during cavitation observations and velocimetry 

measurements. The propeller was designed to allow 

independent rotation of the four blades about their spindle 

axes, enabling pitch adjustment during testing at different 

operating conditions. Blade pitch settings were 

systematically controlled using a pitchometer to minimize 

measurement uncertainty.  

The mechanical design of the pump-jet model posed 

several challenges, primarily related to: (i) ensuring the 

absence of mechanical interference between the rotor 

blades and the duct despite the reduced tip clearance; (ii) 

facilitating installation and removal procedures; and (iii) 

enabling the integration of a balance system for the 

measurement of forces acting on the duct. An exploded 

view of the pump-jet model is reported in Figure 1, while 

a photograph of the rotor, stator, and duct assembly is 

shown in Figure 3. 

The pump-jet rotor and stator blades were manufactured in 

bronze and aluminum alloy, respectively. The duct was 

realized in transparent polymethyl methacrylate to allow 

optical access to the rotor blades, making it suitable for 

cavitation visualization. However, this choice was made 

with full awareness that the use of an acoustically 

transparent material lead to an overestimation of the 

radiated noise, as it does not provide significant impedance 

to acoustic wave propagation in water, unlike conventional 

duct materials. 

 

3 EXPERIMENTAL APPARATUS 

2.1 Dynamometric measurements  

Dynamometric measurements of thrust and torque were 

carried out on both the propeller and the pump-jet rotor, 

while additional thrust measurements were performed on 

the duct in the pump-jet configuration.  

The total thrust and torque of the propeller and pump-jet 

were measured using a shaft dynamometer (Cussons R33, 

with full-scale ranges of 400 N for thrust and 15 Nm for 

torque). In the pump-jet configuration, the rotor thrust 

measurements were complemented by axial force 

measurements on the duct, obtained through a dedicated 

balance connected via a rigid sting.  

2.1 Velocimetry measurements 

A sketch of the stereoscopic Particle Image Velocimetry 

(S-PIV) experimental setup is reported in Figure 4. The 

system was designed to capture the phase-locked evolution 

of the flow field on a transversal plane of the 

propeller/pump-jet wake. 

The measurement region was illuminated by a vertical laser 

sheet oriented transversally to the test section and delivered 

through a fully underwater optical system by LaVision. 

Illumination was provided by a dual-cavity pulsed 

Nd:YAG laser (Quantel Twins, 220 mJ per pulse, 15 Hz 

repetition rate at 532 nm). The laser sheet was generated 

through a combination of cylindrical and spherical lenses 

with focal lengths of −15 mm and 5000 mm, respectively, 

allowing the formation of a well-defined planar light sheet. 

 

Figure 4: Stereoscopic-PIV experimental set-up: sketch (top) 

and picture of the camera and laser optic arrangement 

(bottom) 

Image acquisition was phase-locked to the propeller 

rotation. A once-per-revolution (OPR) TTL signal, 

generated by a 3600-pulse encoder, was routed to a 

programmable timing unit (PTU) to synchronize laser 

pulses and image acquisition at prescribed blade angular 

positions. Phase-resolved flow reconstruction was 

obtained by acquiring 500 image pairs for each angular 

position in the range from 0° to 85°, with a step of 5°, 

corresponding to a single blade passage. This provided a 

statistical uncertainty of approximately 1.5% for first-order 

velocity moments. 

Water seeding was achieved using hollow glass spheres 

with a nominal diameter of 10 μm and a density of 1.05 

g/cm³.  

The acquisition and processing chain was managed using a 

dedicated workstation and LaVision DaVis 11 software. 

Pre-processing included local background subtraction 



using a 4 × 4 pixel kernel, which effectively removed 

reflections and improved the signal-to-noise ratio. Velocity 

vectors were computed using an iterative multi-pass, multi-

grid image deformation algorithm (Scarano, 2002), with 

progressively reduced interrogation windows down to 32 × 

32 pixels and 75% overlap. This resulted in a final vector 

spacing of 6 pixels, corresponding to 1.2 mm in physical 

space. Post-processing was performed using a universal 

outlier detection and replacement scheme (Westerweel & 

Scarano, 2005), based on comparison with neighbouring 

vectors within a 3 × 3 range. 

 

Figure 5: experimental set up for the cavitation and acoustic 

measurements 

 

Figure 6: Positions of hydrophones (top) and pressure 

transducers (bottom) 

2.1 Cavitation and noise measurements 

A sketch of the experimental setup used for the acoustic 

and cavitation measurement is reported in Figure 5. 

Acoustic measurements were performed using three Brüel 

& Kjær 8103 hydrophones positioned near the propeller 

plane (below and laterally to the shaft line), along with two 

PCB 106B dynamic pressure transducers installed on the 

hull vault. Hydrophones provided broadband sound 

measurements over 0.1 Hz–180 kHz, while pressure 

sensors were used to quantify propeller-induced pressure 

fluctuations under high static load conditions. Sensor 
locations are reported in Figures 6. To improve data 

reliability, hydrophone signals were corrected for 

hydrodynamic pressure contamination (pseudo-sound) 

using the method of Felli et al. (2015), allowing isolation 

of the acoustic contribution from turbulent flow-induced 

fluctuations. Pressure fluctuation measurements were 

conducted in accordance with ITTC recommended 

procedure 7.5-02-03-03.3 for cavitation-induced pressure 

fluctuations. Pressure fluctuation signals were conditioned 

using Brüel & Kjær NEXUS and PCB 481A03 units and 

acquired with a 20-channel, 24-bit PROSIG P8200 system 

at a sampling rate of 100 kHz for 120 s. 

Cavitation observations were carried out using a PCO 

Pixel-Fly CCD camera (i.e. 1342 × 1040 px, 14-bit), 

installed inside the model and viewing the propulsor region 

through a Perspex window on the hull vault. The camera 

was housed in a watertight pressurized enclosure partially 

immersed in water to minimize optical distortions at the 

air–water interface. Illumination was provided by a 

DRELLOSCOP 3020 stroboscopic light, synchronized 

with the shaft rotation via a once-per-revolution signal 

from a 3600 pulse/rev encoder. 

 

5 TEST MATRIX AND CONDITIONS 

The experimental campaign focused on three 

representative ship speed conditions, corresponding to full-

scale values of 14.3, 18, and 20.2 knots. The comparison 

between the baseline and pump-jet configurations was 

carried out under thrust-identity conditions, ensuring that 

equivalent global thrust levels were developed, and thereby 

enabling a consistent comparison of hydrodynamic, 

acoustic, and cavitation performance. 

In the baseline configuration, the controllable pitch 

propeller was operated at its design pitch for the reference 

condition (20.2 kn), while for the off-design speeds of 18 

kn and 14.3 kn the blade pitch was adjusted in accordance 

with the design operating settings, resulting in variations of 

−5° and −10°, respectively.  

In addition to the two main propulsion layouts (equipped 

with the original propeller and the pump-jet), a bare-hull 

configuration and, for the pump-jet, a configuration 

without rotor (i.e. stator and duct only) were also 

considered in order to isolate the contribution of the 

individual components. 

Detailed flow-field measurements were performed on a 

transversal wake plane located 30 mm downstream of the 

propeller disk, corresponding to approximately 90 mm 

downstream of the pump-jet rotor plane. These 

measurements were carried out under non-cavitating 

(atmospheric) conditions. Acoustic and cavitation tests 

were conducted under cavitation-number identity 

conditions. 

 

5 RESULTS 

3.2 Propulsive performance 

This section presents the experimental results of the 

performance assessment carried out on the original 

propeller and the pump-jet in behind-hull conditions. The 

dynamometric results are summarized in Table 1 in terms 

of the contributions of rotor/propeller, stator and duct (for 

the pump-jet), total thrust coefficient, torque coefficient, 

and overall efficiency. 

The analysis highlights a clear improvement in propulsive 

efficiency for the pump-jet configuration compared to the 

baseline propeller. Efficiency values for the pump-jet 



range between 0.791 and 0.826 over the investigated 

operating conditions, while the conventional propeller 

exhibits values between 0.654 and 0.736.  

A comparative assessment in terms of delivered power 

(PD) was then performed using model-scale data combined 

with full-scale extrapolation. The procedure was based on 

identifying, for each operating condition, the pump-jet 

regime 𝑛𝑃𝐽
𝑚𝑠 delivering the same thrust as the baseline 

propeller, together with the corresponding torque 

coefficient 𝐾𝑄
𝑃𝐽 , based on model scale data. The rotor 

operating point was then scaled to full scale 𝑛𝑃𝐽
𝑓𝑠

, allowing 

the estimation of full-scale torque 𝑄𝑃𝐽
𝑓𝑠

 and, subsequently, 

delivered power 𝑃𝐷
𝑃𝐽 from the product of torque and 

rotational speed for both propulsion systems (see Figure 7). 

Table 1: Propeller and pump-jet performance 

 
Ship speed 

[kts] 
KTtotal KQ 𝜼 

Propeller 

14.3 0.121 0.0180 0,654 

18 0.171 0.0292 0,719 

20.2 0.239 0.0448 0,736 

Pump-jet 

14.3 0.4099 0.0895 0.797 

18 0.3987 0.0879 0.826 

20.2 0.4111 0.0897 0.791 

21 0.4098 0.0896 0.793 
 

  

Figure 7: Extrapolation procedure for the power delivered 

from the pump-jet 

The results indicate a consistent reduction in delivered 

power for the pump-jet configuration across all operating 

conditions, with power savings ranging from 

approximately 8.3% to 18.6%. The trend shows an 

increasing benefit of the pump-jet as vessel speed 

decreases, suggesting that the ducted configuration 

becomes progressively more effective in improving 

propulsive efficiency under lower advance coefficient 

conditions, where wake non-uniformity and losses are 

more pronounced for the conventional propeller. 

3.2 Wake flow 

This section presents a comparative analysis of the wake 

flow characteristics of the original propeller and the pump-

jet configuration, based on phase-locked averaged fields of 

the relevant flow quantities at different ship speeds. For the 

sake of conciseness, only the most relevant results are 

reported. 

Figure 8 reports the time-averaged flow-field topology of 

the hull wake (top) and of the pump-jet duct and stator 

(without rotor, bottom), in terms of three-dimensional 

velocity deficit, axial vorticity, and turbulent kinetic 

energy (TKE). The hull wake is mainly influenced by the 

presence of the propeller shaft skeg and supporting 

brackets. In particular, the skeg generates a wide velocity 

deficit accompanied by an extended region of elevated 

turbulence, which persists downstream of the appendage.  

The outer bracket induces a comparatively stronger but 

more localized perturbation, whereas the inner bracket 

contributes only a weak velocity deficit and limited 

turbulence intensity. The vorticity field is consistent with 

these observations, indicating an approximately balanced 

lateral force on the skeg, together with opposite-sign 

vorticity contributions from the two brackets. 

 

Figure 8: hull wake (top) and stator and duct wake (bottom) 

for U=20 kn. Three-dimensional wake (left), vorticity field 

(mid) and TKE (right)  

 
Figure 9: Phase-locked averaged axial velocity field 

(normalized by the freestream velocity) for rotor reference 

blade positions 0°, 20°, and 60° (left to right), at ship speeds 

of 14 kn, 18 kn, and 20.2 kn (top to bottom). 

In the pump-jet configuration without the rotor, the 

nominal wake is primarily governed by disturbances 

induced by the duct and stator blades. Pronounced velocity 



deficits develop downstream of both components, with a 

marked intensification near the blade tip regions and along 

the inner portion of the duct. A similar behaviour is 

observed in the TKE distribution. The axial vorticity field 

is characterized by coherent negative vorticity structures 

downstream of the stator blades, consistent with their 

azimuthal loading, and by a vorticity crown shed from the 

duct trailing edge, exhibiting opposite signs between the 

inner and outer wake regions, in agreement with the duct 

contraction effects. 

Figures 9, 10 and 11 shows the phase-locked evolution of 

the axial velocity, vorticity, and TKE fields over a 

transversal wake plane downstream of the propulsors.  

The phase-averaged results of the axial velocity field 

(Figure 9) for the original propeller reveal a significant loss 

of axisymmetry induced by the hull-propeller interaction. 

The stern geometry promotes an upward deflection of the 

inflow, leading to an increase in blade loading during the 

descending rotational phase and a corresponding reduction 

during the ascending phase. This results in a strong 

azimuthal non-uniformity of the wake, clearly visible in 

both velocity and vorticity fields, with peak intensities 

concentrated in the first and second quadrants. In contrast, 

the pump-jet configuration exhibits a more uniform 

azimuthal distribution of loading, with reduced velocity 

gradients in the corresponding regions. The presence of the 

stator also introduces localized velocity deficits while 

contributing to a net increase in axial momentum, with the 

pump-jet showing approximately 7–8% higher axial 

velocity levels compared to the baseline propeller. 

The vorticity fields (Figure 10) further highlight the 

differences between the two configurations. For the 

propeller, strong coherent structures are associated with 

blade trailing vortices and tip vortex development, which 

interact significantly with the hub and skeg wakes. The 

most intense structures occur during the descending blade 

phase, particularly in the first quadrant, where strong 

vortex–wake interaction is observed. For the pump-jet, the 

vorticity topology is dominated by the rotor and stator 

blade wakes, as well as leakage vortices. The stator 

generates relatively weak but coherent vorticity stripes, 

while the rotor wake is characterized by a rotating 

negative-vorticity structure that gradually diffuses 

azimuthally downstream.  

The TKE distributions (Figure 11) confirm a substantially 

lower turbulence intensity in the pump-jet wake compared 

to the conventional propeller. In the propeller case, 

elevated TKE levels are concentrated in the tip vortex 

region and in the interaction zone between the hub and skeg 

wakes, where turbulence structures are strongly elongated 

in the azimuthal direction. In contrast, the pump-jet wake 

exhibits weaker and more confined turbulent structures, 

with the highest TKE levels localized in correspondence 

with the supporting sting and residual hull-induced 

disturbances. 

Overall, the phase-locked analysis demonstrates that the 

pump-jet configuration promotes a more uniform and 

energetically smoother wake, with reduced turbulence 

levels and attenuated coherent vortex structures compared 

to the baseline propeller. 

 

 
Figure 10: Phase-locked averaged axial vorticity field for 

rotor reference blade positions 0°, 20°, and 60° (left to right), 

at ship speeds of 14 kn, 18 kn, and 20.2 kn (top to bottom). 

 
Figure 11: Phase-locked averaged TKE for rotor reference 

blade positions 0°, 20°, and 60° (left to right), at ship speeds 

of 14 kn, 18 kn, and 20.2 kn (top to bottom). 

3.3 Cavitation and noise 

Representative cavitation snapshots for the original 

propeller and the pump-jet configuration at different ship 

speeds are reported in Figure 12, allowing a direct 

comparative assessment of cavitation development with  



 

Figure 12: representative cavitation snapshots of the original 

propeller (left) and of the pump-jet (right) for different speeds   

increasing operating condition. At the lowest speed (U = 

14.3 kn), the original propeller exhibits intermittent tip 

vortex cavitation, while the blades are otherwise largely 

cavitation-free. In contrast, the pump-jet rotor remains 

completely cavitation-free under the same condition. As 

the speed increases to 18 kn, cavitation on the original 

propeller becomes more frequent, with occasional 

extension towards the leading-edge region and sporadic 

inception at the blade root. Under the same operating 

condition, the pump-jet shows only limited leading-edge 

sheet cavitation in the outer blade region (r/R > 0.85–0.9), 

accompanied by weak leakage vortex cavitation. At the 

highest investigated condition (U = 20.2 kn), a marked 

divergence between the two configurations is observed. 

The original propeller develops an extensive cavitating 

region over the suction side of the outer blade sections 

(r/R > 0.6–0.7), characterized by a pronounced leading-

edge vortex cavitation structure.  

The pump-jet rotor also experiences a clear increase in 

cavitation activity, with leading-edge sheet cavitation 

extending further inboard (r/R > 0.6) and a significant 

intensification of leakage vortex cavitation. However, in all 

tested conditions, the stator blades of the pump-jet remain 

cavitation-free. 

Acoustic source levels (SL) of the two propulsion systems 

at different ship speeds are presented in Figure 13 using a 

one-third-octave band representation. The measurements 

were corrected for background noise following ITTC 

Procedure 7.5-02-03-09.9 by subtracting the dummy hub 

baseline signal at identical operating conditions. 

Transmission losses between source and receiver were 

accounted for using a transfer function derived from a sine-

sweep calibration signal emitted by an underwater 

reference source located near the propeller tip. All results 

were subsequently scaled to full scale according to ITTC 

recommendations. 

At the lowest speed (14.3 kn), both configurations exhibit 

similar broadband levels in the low-to-mid frequency range 

(1 < f/n < 20). However, the original propeller shows 

significantly higher radiated noise at higher frequencies 

(f/n > 20), with an average increase of approximately 15–

20 dB. 

 

Figure 13: Acoustic Source Level comparison between the 

original propeller and the pump-jet under different ship 

speeds. Dotted lines refer to regions with a low signal to noise 

ratio 

 
Figure 14: comparison between the pressure pulses on the 

hull vault from the original propeller and the pump-jet under 

different ship speeds. Pressure transducers P1 (top) and P3 

(bottom) 

In the low-to-mid frequency range, the acoustic 

performance of the original propeller deteriorates with 

increasing speed, particularly at the design condition (20.2 

kn), where a pronounced broadband hump is observed in 

the range 8 < f/n < 25, associated with cavitation activity. 

In this range, the pump-jet exhibits lower noise levels by 

approximately 8–10 dB and does not display a distinct 

broadband hump. In contrast, at higher frequencies the 

pump-jet radiated noise increases with ship speed, whereas 

the propeller spectrum remains comparatively unaffected. 

This behaviour is likely linked to the interaction between 

rotor cavitation structures (including leakage and leading-

edge cavitation) and the stator blades. It should also be 

noted that, unlike the controllable-pitch propeller, the 

pump-jet rotor operates at fixed pitch, which may lead to 

off-design conditions at different speeds. 

Figure 14 presents a comparison of hull pressure 

fluctuations induced by the two propulsors, in terms of the 

first four shaft harmonics. All data were scaled to full scale 

following ITTC Procedure 7.5-02-03-03.9. The results 

show a consistent reduction of pressure pulse amplitudes 

for the pump-jet configuration. At higher speeds (U = 20.2 

kn and 21 kn), reductions exceeding one order of 

magnitude are observed. This trend is consistent with the 

reduced low-frequency acoustic content previously 

identified for the pump-jet. 

A comparison between pressure transducers P1 and P3 

indicates that peak pressure fluctuations occur in regions 

associated with maximum blade loading, with more 

pronounced asymmetry in the case of the conventional 

propeller. Finally, it is important to note that the use of an 



acoustically transparent duct may lead to an overestimation 

of measured pump-jet noise levels, as it does not account 

for the shielding effect of a real duct on acoustic 

propagation. Therefore, the pump-jet’s noise reduction 

relative to a propeller is likely greater than indicated by 

these measurements. 

5 CONCLUSIONS 

This paper presents a comprehensive experimental 

investigation of a pump-jet propulsor retrofitted on a ferry 

model, with a direct comparison against the original 

controllable pitch propeller under behind-hull conditions. 

The analysis combined dynamometric measurements, 

phase-resolved velocimetry, and hydroacoustic and 

cavitation observations, providing an integrated 

assessment of propulsive, hydrodynamic, and acoustic 

performance. The results demonstrated that the pump-jet 

configuration achieves a consistent improvement in 

propulsive efficiency. This benefit becomes more 

pronounced at lower ship speeds, highlighting the 

capability of the ducted rotor–stator system to better cope 

with non-uniform inflow and to recover rotational losses. 

From a hydrodynamic standpoint, the pump-jet promotes a 

more uniform and stable wake, characterized by reduced 

azimuthal non-uniformities, attenuated coherent vortical 

structures, and significantly lower turbulence levels 

compared to the conventional propeller. The presence of 

the stator contributes to swirl recovery and axial 

momentum enhancement, leading to higher wake 

velocities and smoother flow development downstream of 

the propulsor. Cavitation observations revealed a delay in 

cavitation inception for the pump-jet, which remains 

largely unaffected at low speeds and exhibits more limited 

and controlled cavitation patterns at higher speeds 

compared to the propeller. In parallel, acoustic 

measurements indicated a substantial reduction of radiated 

noise in the low- and mid-frequency range, particularly 

under cavitating conditions, together with a marked 

decrease in hull pressure fluctuations. These results 

confirm the effectiveness of the pump-jet in mitigating 

hydroacoustic emissions. 
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