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ABSTRACT  

Performance of the PTTC propeller has been investigated 

numerically according to the instructions given in the 

Propeller performance -workshop of SMP’11 symposium. 

The calculations have been performed by the RANS 

equation solver FINFLO. 

The workshop tasks included prediction of propeller open 

water curves, propeller wake field, and cavitation behavior 

at three different operation points. Model experiments were 

made for comparison to calculations at SVA Potsdam 

towing tank and cavitation tunnel. Only some global 

performance characteristics have been released to the 

participants prior to the workshop. 

The calculations for the wake field and cavitation 

predictions were conducted according to a thrust identity 

relative to measurements. The advance speed of the 

propeller had to be increased slightly in the calculations to 

reach the thrust identity while the propeller rate of 

revolutions was kept unchanged.  

The propeller wake field was captured reasonably but a 

denser grid should be created in order to reach better grid 

convergence. The influence of the turbulence model should 

also be investigated. 

The cavitation predictions show a qualitatively reasonable 

behavior. The thrust breakdown of the propeller was due to 

pressure side cavitation at the blade leading edge. 
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1 INTRODUCTION 

Cavitation produces a number of problems in propeller 

flows. The cavitating tip vortex collapse as well as the 

fluctuating type of sheet cavitation radiate noise to the 

interior of the ship and to the environment. The cavitation 

can also cause erosion on propeller blades and on devices 

in the slipstream of the propeller, for example on rudders.  

In the mid-1990s VTT Technical Research Centre of 

Finland started using FINFLO for propeller flow analyses 

(Sánchez-Caja et al., 2000). In the present study FINFLO 

is used to simulate non-cavitating and cavitating propeller 

flows. The RANS equation solver called FINFLO is 

developed by Helsinki University of Technology (TKK) 

(Siikonen et al., 1990).  During recent projects, Aalto 

University (former TKK) has extended the FINFLO code 

to the simulation of multi-phase flows. At this stage the 

Merkle’s mass transfer model for cavitating flows (Merkle 

et al., 1998) is implemented for the phase transition. 

VTT and Aalto University participated in the EU project 

VIRTUE where two workshops of cavitating propellers 

were arranged. The workshops comprised both quasi-

steady and time-accurate cavitation cases. The results of 

the two workshops are reported in Streckwall et al. (2007) 

and Salvatore et al. (2009). FINFLO results on cavitating 

propeller in uniform and non-uniform inflow are also 

published in CAV2009 conference (Sipilä et al., 2009). 

In this paper the FINFLO results of the SMP’11 Propeller 

performance -workshop are reported. The PTTC propeller 

is analysed in this paper. The PTTC propeller is a right-

handed five-bladed moderately skewed propeller with a 

diameter D of 0.250 m in model scale. 

The workshop tasks included prediction of the global 

performance open water curves, prediction of the 

propeller wake field in wetted condition at one operation 

point, and prediction of the cavitation behavior at three 

different operation points. All tasks were performed at 

uniform inflow conditions. 

A wide test program has been conducted for the PTTC 

propeller at SVA Potsdam towing tank and cavitation 

tunnel. The test program included also the tasks simulated 

in the SMP’11 Propeller performance -workshop. 

However, only some global performance characteristics 

were given to the workshop participants prior to the 

workshop from the test results. 

  



2 NUMERICAL METHOD 

   2.1 FINFLO Code 

Flow simulation in FINFLO is based on the solution of the 

RANS equations by the pressure-correction method. 

FINFLO solves the RANS equations by a finite volume 

method. The solution is based on the approximately 

factorized time-integration with local time stepping. The 

code uses either Roe's flux difference splitting or van 

Leer's flux-vector splitting for compressible flows, and an 

upwind-based scheme for incompressible flows that 

includes a cavitation model. A third order upwind-biased 

scheme was utilized for the discretization of the 

convection terms, while a second order central-difference 

scheme was used for the discretization of the diffusion 

terms. In its implementation, FINFLO solves for the 

pressure, instead of density, which is assumed to be a 

function of pressure and enthalpy (or temperature). 

Finally, turbulence modeling is employed using the low 

Reynolds number k- model of Chien (1982). 

For the two-phase flow simulations, it is assumed that the 

flow is essentially isothermal, decoupling the energy 

equation from the system. Furthermore, a homogeneous 

assumption that both phases share the same velocity field 

is applied, which in turn also simplifies the turbulence 

modeling. The system of equations can then be expressed 

as follows: 
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Where m and v are the mixture (liquid and vapor) and 

vapor densities, respectively,V


is the (shared) velocity, p 

is the pressure, and


is the viscous stress tensor. In 

addition, v  and  are the volume fraction of the vapor 

phase and the mass transfer terms, respectively. 

Conversely, the liquid phase volume fraction can be 

expressed as 1-v . 

   2.2 Cavitation Model 

The cavitation modeling in FINFLO is based on the 

Merkle’s mass transfer model (Merkle et al., 1998): 
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Where land g are the density of the liquid phase and 

gas phase respectively, Lref is the reference length, V∞ is 

the free stream velocity and Cdest and and Cprod are the 

parameters for the cavitation model. Furthermore, the 

saturation pressure psat is obtained from a curve fit. The 

saturation pressure is determined according the Antoine's 

equation as follows: 
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Where A, B, and C are the parameters to be computed 

from the experimental values (Lindstrom et al., 2005). 

The variation of pressure is calculated by summing the 

density-weighted mass residuals of the gas phase and the 

liquid phase together. In order to avoid the problems 

related to the density difference between these two phases, 

the mass transfer term is pseudo linearized. The velocity 

change is determined by combining the mass residual and 

the explicit momentum residual. 

The void fractions are updated at the implicit stage. This 

is accomplished by transforming the explicit residual to 

the primitive form and by applying some limitations to the 

mass transfer rate in order to avoid instabilities during the 

iteration process. Once the implicit residuals ,, Vp


  

and gx are known, the solution can be obtained using the 

standard FINFLO pressure correction method. Also, the 

energy residuals are determined by the solver, but they are 

set explicitly as zeros. 

   2.3 Grid and Boundary Conditions 

In the open water analyses the propeller is operated in a 

pull configuration, i.e. the shaft is located behind the 

propeller. The blades, hub, cap, and shaft are modeled 

according to the IGES-geometry file provided to the 

workshop participants. 

The calculation domain in open water calculations is one 

fifth of a full cylinder due to the symmetry of the five 

bladed propeller. The inlet is located five propeller 

diameters upstream from the propeller plane. The outlet is 

located ten propeller diameters downstream from the 

propeller plane. The outer side of the domain has radius of 

four propeller diameters. The sides of the calculation 

domain are located far from the propeller so that the effect 

of the boundaries is negligible in the simulations. 

The blades, hub, and cap are modeled as no-slip rotating 

surfaces. The axis is modeled as a no-slip stationary 

surface. A velocity boundary condition is applied at the 

inlet, and a pressure boundary condition is used at the 

outlet. The outer side of the domain has a free stream 

velocity boundary condition. At the sides of the domain 

cyclic boundary condition is applied.  

In the analyses performed inside the cavitation tunnel the 

propeller is operated in a push configuration, i.e. the shaft 

is located in front of the propeller. The grid near the 

propeller is the same in the open water and tunnel 

analyses. The geometry of the cap and shaft in tunnel 

analyses are according to the IGES-geometry file 

provided to the workshop participants. 

In the analyses the square tunnel cross section is 

simplified to be circular. The circular tunnel cross section 

allows using quasi-steady approach due to the symmetry 



of the problem. The tunnel radius is Rtun = 0.3385 m, 

which gives the same cross-sectional area as the actual 

tunnel.  

The inlet and outlet of the domain in tunnel calculations 

are located at the same distances from the propeller plane 

as in the open water simulations. The same boundary 

conditions are used in the tunnel simulations as in the 

open water simulations apart from the tunnel roof which is 

modeled as a slip solid surface. Figure 1 shows the 

computational domain of the simulations performed in the 

cavitation tunnel. 

The coordinate system in the simulations is such that the 

x-axis points to downstream direction, z-axis points 

upwards, and y-axis forms a right-handed coordinate 

system with the other axes. The right-handed propeller 

rotates in positive angular direction , i.e.  is positive in 

left-handed direction in the propeller coordinate system. 

 
Figure 1. Computational domain in the tunnel simulations. 

The inlet is on the left hand side and the outlet on the right 

hand side. The propeller and the shaft located upstream 

from the propeller are drawn in black color. 

The grid has an O-O topology around the propeller 

blades. The finest grid level consists of total of 4.3 million 

cells in 18 blocks. The second and third level grids consist 

of 534 000 and 67 000 cells, respectively. On the blade 

surface the finest grid level consists of 144 cells in the 

chordwise direction and 104 cells in the spanwise 

direction. Especially, the grid resolution around the blade 

leading edge is high. At the finest grid level there are 

about 30 cells around the blade’s leading edge radius. 

Because of the O-O topology, the same resolution is 

applied also around the blade tip and trailing edge. The 

grid is refined normal to the viscous surfaces so that the 

non-dimensional wall distance y+ is close to unity at the 

finest grid level. At the regions more far away from the 

propeller H-H topology is used in the grid. 

The calculations are performed at three grid levels in 

wetted conditions, and at the two finest grid levels in 

cavitating conditions. At the coarser grid levels every 

second grid point is taken into account in every direction 

compared to the finer level grid. The solution of the 

coarser grid level is used as the initial guess for the finer 

grid level calculations. 

Table 1 gives a summary of the grid size details for the 

three grid levels. Figure 2 shows the grid on the blade 

surface and around the leading edge at constant grid index 

at radius r/R = 0.7 for the three grid levels. 

Figure 3 shows the grid resolution in the slip stream of the 

propeller near the tip vortex at x/D = 0.2 downstream 

from the propeller plane. The grid in the propeller 

slipstream is generated iteratively to follow the tip vortex 

and the wake of the blade. Computational cells are 

moderately concentrated to the tip vortex region. The grid 

resolution at the cross-section of the tip vortex is about 20 

x 20 cells at the finest grid level. 

Table 1. Summary of grid size details for the three grid 

levels. The number of surface cells are given for one side of 

the blade. 

 
Fine grid 

Medium 

grid 

Coarse 

grid 

Total number of cells 4 269568 533 696 66 712 

Surface cells in 

chordwise direction  
144 72 36 

Surface cells in 

spanwise direction  
104 52 26 

Cells around leading 

edge radius 
30 15 8 

 

  

  

  

Figure 2. Grid resolution at three grid levels. In the left 

column: surface grid on the blade. In the right column: 

grid near leading edge of the blade at constant grid index at 

radius r/R = 0.7. From top to bottom: A first level fine grid, 

a second level medium grid, and a third level coarse grid.  

 

 
Figure 3. Grid resolution at the finest grid level near the 

propeller tip vortex at x/D = 0.2 downstream from the 

propeller plane. The color and the red contour lines in the 

figure depict the pressure distribution. 



3 RESULTS 

   3.1 Open Water Performance 

The open water performance for the PPTC propeller is 

analysed over advance numbers J = 0.6 … 1.4 with step 

size J = 0.2. The advance number J is defined as 

nD

V
J a     (6) 

Where Va is the advance velocity of the propeller, n is the 

propeller rate of revolutions, and D is the propeller 

diameter. 

The calculations were carried out with constant propeller 

rotational rate n = 15 rps. Figure 4 shows the open water 

characteristics over the investigated advance numbers as 

calculated at the finest grid level. The thrust T and torque 

Q are non-dimensionalised as 
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and 
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Where  is water density. Open water efficiency O is 

calculated by the formula 
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The open water curve shows smooth behavior over the 

investigated advance number range. The highest 

efficiency seems to locate around advance numbers J ≈ 

1.3 … 1.4. The loads affecting the blades were only taken 

into account in the analysed open water performance. No 

model test data of the open water performance were 

published prior to the workshop for comparison. 
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Figure 4. Open water characteristics for the PPTC 

propeller. 

Table 2 shows the open water characteristics at the 

advance number J = 1.0 analysed at the three investigated 

grid levels. It is seen that the thrust and torque at the 

coarse grid level are about 3 % and 1 % lower compared 

to the finest grid level, respectively. The difference 

between the second level medium grid and the first level 

fine grid is less than one percent for thrust and torque. 

Table 2. Open water characteristic at J = 1.0 calculated at 

three grid levels. 

 KT 10KQ O 

Coarse grid 0.375 0.982 0.609 

Medium grid 0.383 0.986 0.619 

Fine grid 0.386 0.989 0.622 

3.2 Propeller Wakefield 

The wake field of the propeller is analysed by Laser 

Dopler velocitymetry (LDV) in the cavitation tunnel of 

the SVA Potsdam. The tests were conducted in non-

cavitating conditions. The calculation was carried out 

according to the thrust identity with the measurements. 

The propeller rate of revolution is the same in the 

simulations and in the model tests, i.e. n = 23 rps. The 

advance speed is increased about 1.8 % to achieve the 

thrust identity in the simulation. The torque in the 

simulation is the same as in the test. Table 3 summarizes 

the global performance characteristics in the wake field 

analysis. 

Table 3. Global performance characteristics in the 

simulation and test in the wake field analysis. 

 KT J 10KQ O 

Test 0.250 1.253 0.725 0.689 

Simulation 0.251 1.275 0.725 0.704 

Difference  0.3 % 1.8 % 0.0 % 2.2 % 

The wake components are non-dimensionalised with the 

advance speed of the propeller, i.e. the non-

dimensionalised wake components in axial, tangential, 

and radial directions are Wx = Vx/Va - 1, Wt = Vt/Va, and Wr 

= Vr/Va, respectively. The axial wake is positive in the 

slipstream direction, tangential wake is positive in the 

direction of the propeller rotation, and the radial wake is 

positive in the increasing radius. 

The PTTC propeller generates a clear tip vortex at the 

investigated advance number. The propeller wake field is 

analysed at x/D = 0.2 downstream from the propeller 

plane. Figure 5 shows the axial wake at x/D = 0.2 together 

with the in-plane velocity vectors as calculated at the 

finest grid level. The circumferential distributions of the 

wake components are also shown at radii r/R = 1.0, 0.97, 

and 0.70 in Figure 5. R depicts propeller radius. The 

distribution is shown over 72 degrees due to the symmetry 

of the five bladed propeller. The figures are given so that 

one of the blades is at 12 o’clock position. 

The tip vortex and the wake of the blades are clearly 

visible in the wake field visualization. At the 

circumferential distributions of the wake components at 

radii r/R = 1.00 and 0.97 the large variations are induced 

by the tip vortex. The small peaks at radius r/R = 0.97 are 

induced by the wake of the blade. The wake of the blade 

is visible also at radius r/R = 0.70.  

Figure 6 shows the circumferential distribution of the axial 

wake as calculated with three different grid resolutions. It 

is seen that the axial wake is simulated deeper with finer 



grid resolutions. The coarser grid resolutions do not 

capture the peaks in the axial wake. It is seen that the grid 

convergence is not reached with the current resolution. 
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Wake at x/D  = 0.2 and r/R  = 0.97
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Wake at x/D  = 0.2 and r/R  = 0.70
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Figure 5. Wake field at x/D = 0.2 as calculated at the fine 

grid level. From top to bottom: An axial wake and in-plane 

velocity vectors as seen from behind, a circumferential 

distribution of the wake components at radii r/R = 1.00, 

0.97, and 0.7. The black circles in the upper figure depict 

the corresponding radii. 

Axial wake at x/D  = 0.2 and r/R  = 0.97 
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Figure 6. Circumferential distribution of the axial wake 

component at x/D = 0.2 and r/R = 0.97. Simulated with three 

grid resolutions. 

3.3 Cavitation Behavior 

The cavitation tests to the PTTC propeller have been 

conducted in the cavitation tank of the SVA Potsdam. The 

tests and simulations have been performed using constant 

rate of propeller revolutions, that is n = 25 rps. The 

simulations are done according to the thrust identity with 

the measurements in wetted conditions. The advance 

velocity is tuned to reach the thrust identity in the 

simulations and the propeller rate of revolutions is kept 

constant. Table 4 shows the propeller global performance 

characteristics in wetted conditions in tests and 

simulations, and in cavitating conditions in simulations. 

Propeller torque in the tests was not provided prior to the 

workshop. The cavitation number n is defined as 
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The advance coefficient J = 1.269 is the propeller design 

point and the other tested performance points J = 1.025 

and J = 1.408 are off-design points on both sides of the 

design point. 

It is seen that the advance coefficient is increased in the 

simulations by about one percent to reach the thrust 

identity. The thrust and torque decrease less than one 

percent in the cavitation simulations at J = 1.286 and n = 

2.024 compared to the wetted simulation. For the other 

two cases the difference between the wetted and cavitation 

simulations is significantly higher. The thrust and torque 

decrease in cavitating conditions by 17 % and 12 % at J = 

1.286 and n = 1.424, and by 15 % and 8 % at J = 1.428 

and n = 2.000, respectively. 

Figure 7 shows the pressure distribution and the surface 

restricted streamlines on the suction side of the blade at J 

= 1.025 in wetted and cavitating conditions at n = 2.024. 

In the cavitating condition the vapor volume fraction v = 

0.5 is also shown. The pressure distribution is non-

dimensionalised by the propeller tip speed as 
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Where p∞ is the reference pressure. 

It is seen that in the wetted condition the streamlines 

travel over the blade with almost a constant radius over 



most of the span. Near the trailing edge the streamlines 

turn upwards. Near the tip the streamlines are twisted by 

the tip vortex.  

In cavitating conditions the leading edge vortex cavitates 

and joins the cavitating tip vortex. The tip vortex remains 

cavitating in the propeller slipstream. The surface 

restricted streamlines follow the cavitating leading edge 

vortex. At the tip the streamlines travel under the 

separated cavitating tip vortex. There is also some root 

cavitation at the suction side of the blade in the 

investigated condition. On the pressure side of the blade 

no cavitation is present in this condition. 

Table 4. Global performance characteristics in the tests in 

wetted conditions and in the simulations in wetted and 

cavitating conditions. The differences between the wetted 

and cavitating simulations are also given. 

 KT J 10KQ O 

Test (wetted) 0.387 1.019 - - 

Simul. (wetted) 0.388 1.025 0.988 0.640 

Simul. (cavitating) 

n=2.024 
0.386 1.025 0.979 0.643 

Difference (simul.)  -0.5% - -0.9% 0.4% 

Test (wetted) 0.245 1.269 - - 

Simul. (wetted) 0.245 1.286 0.708 0.707 

Simul. (cavitating) 

n=1.424 
0.202 1.286 0.620 0.666 

Difference (simul) -17.4% - -12.4% -5.8% 

Test (wetted) 0.167 1.408 - - 

Simul. (wetted) 0.167 1.428 0.541 0.700 

Simul.(cavitating) 

n=2.000 
0.142 1.428 0.496 0.650 

Difference (simul) -14.9% - -8.4% -7.1% 

Figure 8 shows the pressure distribution on the blade from 

leading edge to mid-chord at r/R = 0.7 at J = 1.025 in the 

wetted and cavitating conditions at n = 2.024. The 

pressure is non-dimensionalised with the section speed as 
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The pressure distribution is calculated with three grid 

resolutions in wetted conditions and with the two finest 

grid resolutions in cavitating conditions. 

The low pressure peak in wetted conditions is higher with 

finer grid resolution. The low pressure peak in wetted 

conditions is about cp = -0.52, -0.70, and -0.79 at the 

coarse, medium, and fine grid, respectively. 

The low pressure peak is cut by the saturation pressure in 

the cavitation simulations. The pressure remains at low 

level further towards the trailing edge in the cavitation 

simulation than in wetted simulation. The vapor pressure 

level is slightly wider in the cavitation simulations 

performed with the fine grid compared to the medium grid 

result. The small pressure peak after the vapor pressure 

region is slightly stronger in the fine grid simulations. 

From about x/c = 0.4 to the trailing edge the pressure 

distributions are very close to each others on the suction 

side. The pressure distributions on the pressure side are 

almost identical. 

 

 
 

Figure 7. Suction side of the blade at J = 1.025. Pressure 

distribution, cavitation isosurface of vapor volume fraction 

v = 0.5, and surface restricted streamlines. Top: wetted 

solution. Bottom: cavitating solution with n = 2.024. The 

red circles depict radius r/R = 0.7. 
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Figure 8.  Pressure distribution on a blade at r/R = 0.7 from 

leading edge to mid-chord for J= 1.205. The solution is 

given in cavitating (n = 2.024) and wetted conditions for 

different grid resolutions. 

Figure 9 shows the surface restricted streamlines and the 

isosurface of the vapor volume fraction v = 0.5 on both 

sides of the blade at J = 1.286 and n = 1.424. There is 

mid-chord cavitation at low radii on the suction side of the 



blade. The streamlines between the vaporized region and 

the trailing edge of the propeller indicate the presence of 

re-entrant jets in the cavitating region. The tip vortex 

cavitates weakly in the investigated conditions. 

There is also a cavitation region at the leading edge of the 

blade on the pressure side. The advance number had to be 

slightly increased to reach the thrust identity which yields 

to negative angles of attack to the blade sections. That 

leads to pressure side cavitation in the design point 

analysis. The high difference between the global 

performance of the propeller in wetted and cavitating 

conditions is mainly due to the cavitation present at the 

leading edge on the pressure side of the blade. There is 

also small region of root cavitation on the pressure side of 

the blade. 

 
 

Figure 9. Cavitating propeller at J = 1.286 and n = 1.424. 

Pressure distribution on the blade, isosurface of vapor 

volume fraction v = 0.5, and surface restricted streamlines. 

Top: suction side of the blade. Bottom: pressure side of the 

blade. 

Figure 10 shows the pressure distribution, surface 

restricted streamlines, and isosurface of vapor volume 

fraction v = 0.5 on the pressure side of the blade at J = 

1.428 and n = 2.000. The leading edge of the pressure 

side of the blade is cavitating from root to about radius 

r/R = 0.93. The surface restricted streamlines show that 

there are re-entrant jets at the lower radii and side-entrant 

jets at the higher radii of the cavitating region. The tip 

vortex is not cavitating in this condition. On the suction 

side of the blade there is a small region of cavitation at the 

mid-chord near the root that is not shown here. The high 

difference of the global performance between the 

propeller wetted and cavitating predictions at these 

conditions are caused by the wide leading edge cavity on 

the pressure side of the blade. 

 

 
Figure 10. Pressure side of cavitating propeller at J = 1.428 

and n = 2.000. Pressure distribution on the blade, 

isosurface of vapor volume fraction v = 0.5, and surface 

restricted streamlines. 

4 DISCUSSION 

The PTTC propeller was analysed by a RANS equation 

solver FINFLO in uniform inflow in wetted and cavitating 

conditions. All calculations were performed using a quasi-

steady approach. The mass transfer model in the multi-

phase simulations was the Merkle’s model. All 

calculations were performed using Chien’s low Reynolds 

number k- turbulence model. 

Wide tests have been performed for the PTTC propeller 

including open water tests, LDV measurements of the 

propeller wake field, and cavitation tests. However, only 

some global performance characteristics in the tunnel tests 

were published prior to the SMP’11 workshop on 

Propeller performance. The tests were conducted in the 

towing tank and cavitation tunnel facilities of the SVA 

Potsdam. 

The open water characteristics in wetted conditions were 

analysed by FINFLO over a wide range of advance 

numbers. The open water characteristics were calculated 

with the shaft positioned behind the propeller imitating the 

test configuration. No reference data from the model tests 

was published for comparison. The grid density seems to 

be fine enough to reach grid independent global 

performance characteristics. 

The wake field measurements and cavitation tests were 

performed in a pull configuration in the cavitation tunnel, 

i.e. the shaft was located in front of the propeller.  That 

was the case in the simulations also. The calculations were 

conducted according to the thrust identity with the 

measurements in wetted conditions. The propeller rate of 

revolutions was kept constant and the inflow velocity was 

tuned to reach the thrust identity. The advance numbers in 



the simulations were slightly increased compared to the 

tests to reach the thrust identity. 

The grid in the slipstream of the propeller was created 

iteratively to follow the tip vortex and wake of the blade. 

There are about 20 x 20 cells in the cross-section of the 

tip vortex. The grid density study shows that the grid 

resolution is not enough to solve the strength of the tip 

vortex properly. Anyway, the qualitative behavior of the 

tip vortex and the wake of the blade are reasonably 

captured. 

The cavitation behavior of the propeller was studied in 

three different conditions: at the design point, and at 

highly and lightly loaded conditions. No reference model 

test data was published for reference but the overall 

behavior of the cavitation seems to be reasonable. 

At the high loaded condition a strong leading edge and tip 

vortices develop and cavitate. The tip vortex cavitation is 

captured to far downstream due to the reasonable grid 

resolution in the vortex core. At the design point mid-

chord cavitation was detected. At the light load condition 

pressure side cavitation at the blade leading edge was 

predicted. The surface restricted streamlines revealed re-

entrant and side entrant jets present in the vaporized 

regions. 

The grid-density study showed that the low pressure peak 

at the leading edge of the blade is well captured. That 

indicates that the cavitation inception point is also well 

captured. 

In the future a more careful grid sensitivity study on the 

propeller flow characteristics should be carried out by 

using different scaling factors. Local grid refinement in 

propeller tip vortex regions should be done more 

carefully. The grid refinement can be done by using 

butterfly-type topologies in the tip vortex regions to 

locally concentrate cells in the regions of interest, or by 

using over-lapping grids. FINFLO has capabilities to use 

over-lapping grids, but that was not used here due to the 

time limits. 

The effect of the turbulence models on propeller wake 

field and cavitation behavior must be studied in the near 

future.  
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