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leading edge. The VLM with the leading-edge correction was
Unsteady sheet cavitation is very common on marine incorporatEd into a code named PUF-3A by Kerwin and col-

propulsor blades. The authors summarize a lifting-surface leagues (1986). Vortex and source lattices were placed on the
and a surface-panel model to solve for the unsteady cavitat- Mean camber surface of the blade, and a robust arrangement of

ing flow around a propeller that is subject to nonaxisymmet-  Singularities and control-point spacings was employed to pro-
ric inflow. The time-dependent extent and thickness of the duce accurate results (Kinnas and Fine, 1989). The method was
cavity were determined by using an iterative method. The then extended to treat supercavitating propellers subjected to
cavity detachment was determined by applying the smooth Steady flow (Kudo and Kinnas, 1995). Recently, the method
detachment criterion in an iterative manner. A nonzero- has been renamed MPUF-3A for its added ability to search for
radius developed vortex cavity model was utilized at the tip Midchord cavitation (Kinnas et al., 1998). The latest version
of the blade, and the trailing wake geometry was determined of MPUF-3A also includes the effect of hub, wake alignment in
using a fully unsteady wake-alignment process. Compar- Circumferentially averaged inflow with anarbitrary shaftinclina-
isons of predictions by the two models and measurements tion angle (Kinnas and Pyo, 1999), and of nonlinear thickness-
from several experiments are given. loading coupling (Kinnas, 1992). However, the details of the
flows at the blade’s leading edge and tip cannot be captured
Keywords Boundary element method (BEM), Unsteady sheet caviccurately due to the breakdown of either the linear cavity the-
tation, Unsteady wake alignment ory or the thickness-loading coupling corrections. In addition,
the current version of MPUF-3A does not include the effect of
cavity sources in the thickness-loading coupling correction.

A vortex-lattice method (VLM) was introduced for the anal- N Kinnas and Fine (1992) and Fine and Kinnas (1993), alow-
ysis of fully wetted propeller flows by Kerwin and Lee (1978)°rder potential-based boundary element method (BEM) was in-

The method was later extended to treat unsteady sheet cavit@duced for the nonlinear analysis of three-dimensional flow
ing flows by Lee (1979) and Breslin and colleagues (1982). ffound cavitating propellers subjected to nonaxisymmetric in-
Kinnas (1991), a leading-edge correction was introduced to 4QWS- The method, named PROPCAV, was later extended to

count for the defect of the linear cavity solution near a rourff€dict leading-edge and midchord partial cavitation on either
the face or the back of the blades (Mueller and Kinnas, 1999).

PROPCAV inherently includes the effect of nonlinear
Received 25 June 2002; accepted 1 July 2002. thickness-loading coupling by discretizing the blade surface in-
Support for this research was provided by Phase Ill of the Univegtead of the mean camber surface. Thus, PROPCAV requires
sity/Navy/Industry Consortium on Cavitation Performance of Highmaore Central Processing Unit (CPU) time and memory but of-

Speed Propulsors, which is supported by the following compani L . , i
and research centers: AB Volvo Penta, American Bureau of Sh >rs a better prediction of the flow details at the propeller’s lead

ping, El Pardo Model Basin, Hyundai Maritime Research Institutd)9 €dge and tip than does MPUF-3A. In addition, the method
Kamewa AB, Michigan Wheel Corporation, Naval Surface Waprovides a better foundation for concurrent research efforts in
fare Center Carderock Division, Office of Naval Research (Contragie modeling of developed tip-vortex cavitation and surface-
NO000140110225), Ulstein Propellers AS, Virginia Tech, Escher Wysﬁiercing propellers.

and Wartsild Propulsion. - .
Address correspondence to Spyros A. Kinnas, Department of Civil I this study, PROPCAV was further extended to treat simul-

Engineering, University of Texas at Austin, Austin, TX 78712, USAtaneous face and back cavitation on conventional and supercav-
E-mail: kinnas@mail.utexas.edu itating propellers as well as fully unsteady wake alignment.
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FIGURE 1
A propeller is subjected to a general inflow wake. The propeller’s fixed coordinate systgne) and the ship’s fixed coordinate
system X, ¥s, Zs) are also shown (Kinnas et al., 2002).

THE BOUNDARY ELEMENT METHOD (V?¢ = 0), can be defined as follows:

Formulation
The BEM formulation for flow around a cavitating propeller
subjected to a nonaxisymmetric inflow is given in Kinnas and . . . .
Fine (1992) and in Young and Kinnas (2001). where_qt (x,y, Z, t) is the total flow velocity. The potenflaﬂp _
Consider a propeller that rotates at a constant angular velo arplt.rary point,p, on the body must satisfy Green's third
® and is subject to a nonaxisymmetric infldﬂryj(x, r,0).* The identity:
geometry and the coordinate systems are shown in Figure 1. The
total inflow velocity is defined with respect to the propeller fixed” ¢p(t)

G Y.z t) = Un(x, ¥, 2 t) + Vo(X, v, 2,t)  [2]

coordinate systenx(y, z): =// [ t)aG(pJQ) _G(p: )3¢q(t)] d4s
i ) O ) ( - swause) L ONg(t) " ang(t)
Un(X, ¥, Z,t) = U, (X, 1,0 —ot) + & x X(X, Y, Z 1 aG(p:
wuTe +ff A¢w(rq,eq,t)ﬁ ds [3]
Su®) a(t)

wherer = \/y2 + 72 andf = tarr(z/y).
For inviscid and incompressible flow, the perturbatiohere the subscrigt, q corresponds to the control and variable
potential ¢(x, y, z,t), which satisfies the Laplace equatioryoints in the integration. Three-dimensional Green’s function,
G(p; q), is defined as AR(p; q), andR(p; q) is the distance be-
tween pointg andq. fg is the unit vector normal to the integra-
*Inflow Clw(x, r,0) is assumed to be an effective wake; that is, it incIuoIegOn surface at the variable point, pointing into the fluid domain.

the interaction between the vorticity in the inflow and the propeller (Choi and@ iS the potential jump across the wake surfa&g(t). Sys(t)
Kinnas, 2000). is the combined wetted surface, which includes the wetted blade
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surface &), the hub surfaceSy), and the tip vortex surface differential equation for the cavity thickne$s(Kinnas
(Sr). &(t) is the cavitating surface. and Fine, 1992):

265

Boundary Conditions

—[V.S cosyrV, ]+ [V —cosy Vs] = sirfy (Vn——> [6]
» The flow tangency condition: the fluid flow is tangent
to the propeller blades and cavity surfaces:

whereVs = % +fJin SandV, = d +U.n A are the tangential

and normal components of the total velocity vector, respectively.
IP(X, Y, Z, t - . « The blade sheet cavity closure condition: The cavit
% - _Uin(xv yv Z7 t) -n [4] H y y

thickness at the end of partial or super cavities should
] N ) be equal to zero.
e The dynamic boundary condition on the cavity surface:

e The Kutta condition: The velocity at the propeller trail-
the pressureR) everywhere on the cavity surface is ing edge is finiteVe < oco.
constant and equal to the vapor pressi?g.(It can
be shown that this is equivalent to prescribing known
values ofp on the cavity, which satisfies the following Wake Alignment
relation on&:(t) (Kinnas and Fine, 1992):

A potential-based low-order panel method was used to com-
pute the velocity field induced by the dipoles and sources of the
s ) system on the trailing-wake surface. The numerical instability in
¢(s,v,1) =90, v, 1) + f [—Us + V, €osf + sinf the roll-up region was avoided by introducing a tip vortex with
0 a constant circular cross-section near the tip region of the wake
x\/nZDZUn + 10,12 + 022 — 2gyy — 28_¢’ _ sz} ds [5] Sheetand by calculating the induced velocity at some slightly
ot deviated (by a distangenormal to the wake sheet) points from
the control points, as shown in Figure 2. This treatment of the

+ Uin - . $andy are the local roll- -up region is similar to that of Krasny (1987) and Ramsey
unit vectors defined atthe each panel Center inthe chordwise §0@96) and has been found to predict two-dimensional roll-up
spanwise direction, respectively, = o7y

whereUs = U;, - $andV, =

n2D2 is the cavitation shapes that are quite similar to those of Krasny (Lee and Kinnas,
numbern and D are rotational frequency (revolutions per sec3003).

and diameter of propeller, respectively. The velocity along the trajectory of the tip vortex coY,Q,,p,
is evaluated by using the vector sum of the velocity vectors in
» The kinematic boundary condition on cavity surface: the circumferential direction at each streamwise location along
the kinematic boundary condition renders the partial the tip vortex. The induced velocity on the trailing-wake panels

Tip Vortex ,_,ED
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FIGURE 2
Definition of § and points where the induced velocity is evaluated (Lee and Kinnas, 2003)
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can be computed by using Green’s formula because the dip8leCompute the mean velocity at the center of the tip's vortex
and source strength on the propeller blade and hub panels andavity, and interpolate the total velocities on the wake surface,
the dipole strengths of the wake panels are already known fromfrom those at the control points to those at the panel edge
the previous solution. Note that the dipole strengths on the wakepoints.

surface along each strip are constant in steady flow, but th@seFind the new coordinates of the wake panels by align-
strengths are convected downstream with time in unsteady flow.ing with the total local velocities by using the streamline

The induced velocity on the wake surface is given by equation.
47, (t) AX Ay Az (0]
AG(p; depq (t U, U, U,
fo [¢q(t)v (P;@)  9¢qg( )VG(p;q)} 4s U U, U,
SwetU() ang(t) ang(t) . .
9G(p; q) whereUy, Uy, U arethex, y, z-direction total local velocities.
+ f/ ()Afﬁw(rq, Oq. t)van—(t) ds (7] The new coordinate an@- 1)th strip is determined by the
Swlt q

following equation:

Then the total velocity on the wake surface is determined by = L . . /s

adding the total inflow velocitiedJ (X, v, z, t), and the in- Xnt1 = Xn + V8t = X, + Vw(—> [10]
N . . 27n

duced velocitiesy,, (X, y, z, t), which are computed by using

Equation (7). where X, = (X, Y, 2)n, andéé is the angular increment of

trailing wake sheet.

5. Repeat solving BVP and aligning the wake geometry with
the updated new wake geometries until the wake geometries
converge.

ave the wake geometry and dipole strengths on the blades
o(X, Y,z t = 0)) and wake panelsAg¢(Xx, Y,z t = 0))
for the unsteady wake aligning process. These steady results
Steady Modet(= 0) are the initial values for the unsteady problem, described
next.

\7w(X7 y7 Z’ t) = ljII"I(X’ ya 27 t) + CILU(X9 y’ Z’ t) [8]

In order to find the aligned unsteady wake geometry that
satisfies the force-free condition on its surface, the followiné;
numerical procedures are implemented at each steady, unstead
aligning, and fully unsteady step (Lee and Kinnas, 2003).

1. Solve the steady boundary value problem (BVP) with the
purely helical wake and without any modeling of the con-
traction and the roll-up at the blade tip. Unsteady Aligning Mode & 0)

2. Once the dipole strengths on the blades and the assurmednitially, set the wake geometries of key and other blades to
tip vortex cavity surface are known from the BVP solution, be the same as those in the steady mode.
calculate the induced velocity by applying Equation (7) &. Solve the BVP (unsteady) with the aligned wake from the
the displaced control points. steady mode. In the unsteady mode, BVP is solved only for

FIGURE 3
The converged wake geometry behind an elliptic wiAgR = 3.0, (t/C)max = 0.15, andx = 10°.
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FIGURE 4

Comparison of the trajectory of the tip’s vortex core with that of the experiment for the elliptic WiRg= 3.0, (t/C)max = 0.15,
anda = 10° (Lee and Kinnas, 2003).
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FIGURE 5
Comparison of the predicted first harmonic of the forces and moments acting on one blade of the DTMB4661 propeller:
inclination anglex = 20°, J; = 10, andF, = 4.0 (Kinnas et al., 2002; Lee and Kinnas, 2003).
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the potential of the key blade and the tip vortex cavity, while(A) Initial cavity shape with detachment locations
the potential of other blades and the potential jump of othe | |based on fully wetted pressure distribution
blade wakes are assumed to be known and equal to the valu Se— s .
on the key blade when it was located where each other blac A
is at the current step. ,
“ g back (suction) side
B 6=0.15

3. Compute the induced velocity on the control points of the 04r

key blade wake, and align the key blade wake geometry. .
4. Solve the BVP again with the aligned key blade wake and thE 02 S—
same wakes of other blades as in Equation [2], and determir™>,  [*¢ e T
the dipole strengths of key blade panels. Q or e e
. Savep(t), A¢(t), and the aligned key wake geometry.
6. Move to the next time step 4 1). Update the wake geome- 02
tries, ¢(t + 1) andA¢(t + 1), of the other blades from the o
previously saved data. 0 0.2 04 06 0.8 1

. . x/C
7. Repeat the un;teady run from Equations (2) to (6) until th((B) 08, [Converged cavity shape and detachment locations)
wake geometries converge.

y wetted)

face (pressure) side —

ol

0.6
Fully Unsteady Mode

This mode does not perform wake alignment but uses th@ 0.4

aligned wake, as predicted in the previous mode. g L T
= 02k back (suction) side —\
1. Update the wake geometries of the key and other blades cc8 e e e 62015

responding to the time stegrom the results of the unsteady o™

aligning mode run. 0 E Vo

2. Update thep(t) and Ag(t) of the other blades and wakes at | | face (pressure) side Ji\
the corresponding time step. e

3. Repeat solving the BVP by updatigét) andA¢(t) until the 0 0z " oa o8 o8 1
last revolution. x/C

FIGURE 6
Validation (A) Initial cavity shape for a three-dimensional hydrofoil
A three-dimensional elliptic hydrofoil is first considered tc;ectiqn \{vith_detachment locations based on the wetted pressure
distributions. Also shown are the fully wetted pressure
distributions. (B) The converged cavity shape and
corresponding pressure distributions (Kinnas et al., 2002).

validate the numerical method of predicting the wake'’s roll-up
and contraction. The cross-section of the wing has an NACA66-
415 shape with aa = 0.8 mean camber line. The maximum

thickness-to-chord ratiot (C)max, IS 15%; the aspect ratio is
AR = 3.0; and the angle of attack is L0Figure 3 shows the
converged trailing wake sheet behind an elliptic wing, whefB
the contraction and the three-dimensional roll-up of the traili

the experimental measurements and those predicted by using
e vortex lattice method, MPUF-3A. Boswell and colleagues
984) performed experiments using the DTMB 4661 propeller
wake can be seen very clearly. to measure the forces and moments under an inclined inflow

In Figure 4, the tip vortex cavity trajectory computed by thgondition. In MPUF-3A, the wake sheet is aligned by using
present method is compared with that measured in the expél?f? cwcumferentla_lly ?Vef?‘ged |.nflow and is adjusted to _mclude
ment by Arndt and colleagues (1991). The thick line of expef® effect of shaft inclination (Kinnas and Pyo, 1999). Figure 5
imental measurements indicates the extent of variation in tﬁQOWS the amplitude of the first harmonl_c of the forcgs aptmg on
trajectory for the different physical parameters, such as angleocﬂbe blade of the DTMB 4661 propeller, in which the inclination

attack, Reynolds number, and cavitation number. Note that in fad!€.« = 20°; the advance ratio)s = 1.0; and the Froude
experiment it was observed that the trajectory did not depend8mPer.Fn = 4.0, are considered. The forces and moments
the cavitation number, so the tip vortex trajectory under noncai/edicted by the present method compare well with those mea-
itating conditions can also be used under cavitating conditior?‘é’.red in the experiments, whereas the MPUF-3A predicts fewer
The tip vortex trajectory produced by the present method (ﬂ{%rces than are measured.

trajectory is obtained from noncavitating solution) agrees well
with that measured in the experiment. Face or Back Cavitation with Searched Detachment

The fully unsteady wake alignment scheme on the propeller is The search for face or back cavitation is necessary because it
validated by comparing the predicted forces and moments with common for propellers to be subjected to off-design
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0.8

Propeller 4382, 36° skew

- — A — — PROPCAV
—@—— Experiment
Experiment (Wetted)

FIGURE 7
Predicted and measured thruktr{) and torque K g) coefficients as a function of cavitating numbey)(and advance ratiod)
for DTMB4382 propeller (Kinnas et al., 2002).

conditions. Propellers are often designed to produce a certhack cavitation may occur. In addition, some of the latest hydro-
mean thrust. However, part or all of the blade may experienfa@l and propeller designs intentionally produce simultaneous
smaller loadings at certain angular positions due to nonaxisyfaee and back cavitation so as to achieve maximum efficiency.
metric inflow. As a result, alternating or simultaneous face arithus, one of the present objectives is to extend PROPCAV to

(A) (B)

R
—

FIGURE 8
(A) Predicted three-dimensional cavity shape for propeller MWA -at0°. (B) Propeller geometry. The propeller is based on a
design by Michigan Wheel Corporation, city, st. &0L5 panelsjJs = 1.2; o, = 0.8; F, = 25; inclined inflow at 3.
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BACK SIDE FACE SIDE

FIGURE 9
The unsteady cavitating pressure contours for propeller MW1. The propeller is based on a design by Michigan Wheel
Corporation, city, st. 6& 15 panelsJs = 1.2; o, = 0.8; F, = 25; inclined inflow at 3.

predict face or back cavitation, with search cavity detachment
on both sides.

Numerical Implementation
PROPCAV searches for the cavity detachments on both sides
of the blade via an iterative algorithm. First, the initial detach- Fully wetted —, P=P

ment lines at each time step (or blade angle) are obtained bas B %
on the fully wetted pressure distributions. The detachment line ______,f-/'

are then adjusted iteratively at every revolution until the Villat-

Brillouin smooth detachment criterion is satisfied:

1. The cavity has nonnegative thickness at its leading edge, at BaJ:tla]J;LcamIalmg_

2. The pressure on the wetted portion of the blade upstream IP
the cavity should be greater than the vapor pressure.

An example of the initial cavity shape on a three-dimensiona
hydrofoil section with the detachment location obtained base
on the wetted pressure distribution is shown in Figure 6A. No-
tice that the resulting cavity has negative thickness at the leadir
edge due to the incorrect guess concerning the location of tt
cavity detachment location. Also notice the considerable unde
prediction of the extent and volume of the cavities, especially ol
the face side. The converged cavity shape and the correspor
ing cavitating pressure obtained by using the detachment sear
algorithm are shown in Figure 6B. Notice that the smooth de-
tachment criterion is satisfied because the cavity thickness is FIGURE 10

nonnegative, and the pressure everywhere on the wetted bladeeatment of nonzero trailing-edge sections in fully wetted,
surface is above the vapor pressure. partially cavitating, and supercavitating conditions.
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FIGURE 11

Predicted cavity shape and cavitating pressures for an SRI propeller28(panels;Js = 1.3; 0, = 0.676; F, = 5;

uniform inflow.

Predicted versus Measured Forces

well with those measured in experiments. It should be noted that

In order to validate the present method, the predicted forcé algorithm for cavity detachment had to be altered for lower
are compared with those measured in the experiment. Boswaglvitation numbers so that very thin cavities are excluded, as
(1971) performed cavitation tests on a DTMB 4382 propellglescribed by Kinnas and colleagues (2002).

in a 24-in cavitation tunnel at the Naval Ship Research and De-
velopment Center (NSRDC) to determine the thrust breakdowample Case

due to cavitation. The predicted thrust and torque coefficients asAn example of simultaneous face and back cavitation for pro-
a function of advance ratio and cavitation number are showngeller MW1 is shown in Figure 8. The propeller geometry, given
Figure 7. The predicted cavitating and fully wetted forces agr@eYoung and Kinnas (2001), is based on a design by Michigan

2
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I e 550
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FIGURE 12

The geometry of a DTMB5168 propeller and a comparison of the thrust and torque coefficient predicted by PROPCAV with

those measured (Young and Kinnas, 2001).
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FIGURE 13

A comparison of the predicted shaft thrust and torque harmonics based on experiment, PROPCAV, and MPUF-3A for a
DTMB4119 propeller. Also shown are the propeller's geometry and inflow wake (Young and Kinnas, 2001).

Wheel Corporation (Grand Rapids, Ml). The flow conditiontailing edge. In the BEM, the pressure in the separated region
were as followsJ = 1.2,0 = 0.8, F, = 25, and the inclined is assumed to be constant (as suggested by measurements) and
inflow was at 3. Notice that for this propeller there is midchordo be equal to the vapor pressure. Thus, the size and extent
supercavitation on the suction side of the blade, and thereofsthe separated region can be determined in the framework
leading partial cavitation as well as midchord supercavitatiarf a cavity problem. For a given propeller geometry, an initial
on the pressure side of the blade. The unsteady cavitating prgsess about the separated region boundary is assumed; then the
sure contours for propeller MW1 are shown in Figure 9. shape of the separated region and the cavities are solved simul-
taneously in an iterative manner until both the kinematic and
dynamic boundary conditions are satisfied on all surfaces. The
Treatment of Nonzero Trailing Edge Blade Sections treatment of nonzero trailing-edge sections in fully wetted, par-
Supercavitating propellers are often believed to be the maistily cavitating, and supercavitating conditions is depicted in
fuel-efficient propulsive devices for high-speed vessels. Howigure 10.
ever, they are difficult to model because of the unknown size An example of the predicted cavity shape and cavita-
and pressure in the separated region behind the thick bladéig pressures for supercavitating propeller M.P. No. 345 (Ship
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FIGURE 14

A DTMB4148 propeller's geometry and inflow wake (UX: Axial inflow velocity).

Research Institute, Tokyo, Japan) is shown in Figure 11. (A coMALIDATION BY EXPERIMENT

parison of numerical predictions with experimental measure- In order to thoroughly validate PROPCAV and MPUF-3A,
ments of a wide range of flow conditions is shown ifiour different sets of experiments were carried out.

Figure 16.) It is worth noting that als = 1.3, there is sub-

stantial midchord detachment. Figure 11 indicates that the dopeller DTMB5168

tachment search criterion in PROPCAV is satisfied becauseFigure 12 shows a comparison between measured thrust and
the cavity thickness is nonnegative, and the pressures eveaoyque coefficients determined by experiment and predictions by
where on the wetted blade surfaces are above the vap&®tOPCAV for propeller DTMB5168 in fully wetted, uniform
pressure. inflow. The geometry of the propeller is also shown in Figure 12.
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(A)

(B)

(©)

FIGURE 15
(A) Photographs taken during the cavity observation test. (B) The cavity shape predicted by PROPCAV without the tip vortex
model. (C) The cavity shape predicted by PROPCAV with the tip vortex mdget. 0.954;0, = 2.576;F, = 9.159;
70 x 30 panelsAf = 6°.

Notice that PROPCAV yields quite accurate force predictions figcted to a nonaxisymmetric three-cycle wake (Jessup, 1990;
a wide range of advance ratios. also shown in Figure 13) in fully wetted flow. As shown in
Figure 13, both numerical codes did well in predicting the un-

steady blade-force harmonics.
Propeller DTMB4119

Figure 13 shows a comparison of unsteady thrust and torcRr@peller DTMB4148
coefficients obtained by experiment, by PROPCAYV, and by The test geometry for the third set of experiments is the
MPUF-3A for a DTMB4119 propeller. The propeller is subDTMB4148 propeller, as shown in Figure 14. The propeller was
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FIGURE 16
Comparison of the predicted and measuked K g, andn for various advance ratios in an SRI propeller (Young and Kinnas,
2002).

subjected to a screen-generated nonaxisymmetric inflow insidia predicted thrus¥t), torque K o), and efficiency,) com-
cavitation tunnel (Mishima etal., 1995) under the following corpared well with measurements made in experiments.

ditions: J; = 0.9087,F = 9.159, ando, = 2.576. The inflow

wake used in PROPCAV, which is shown in Figures 15A, B, arfdONCLUSIONS

C corresponds to the wake described by Mishima and colleaguesA boundary element method and a vortex-lattice method
(1995). The effects of the tunnel walls and vortical inflowfor the prediction of sheet cavitation on propellers were pre-
propeller interactions (a nonaxisymmetric “effective” wake) argented. The BEM is able to treat complex types of cavitation
accounted for by using the method of Choi (2000) and Kinnasitterns on the back and face of conventional and supercavi-
and colleagues (2000). The equivalégt0.957, for unbounded tating blades, as well as unsteady wake alignment with a tip
flow is obtained by matching the fully wetted thrust coefficientjortex model. The effects of viscosity can also be included via
K+, with the measure®+, 0.0993, from the experiment. Thea viscous/inviscid interactive approach, as described by Kinnas
predicted cavity shapes using the PSF2-type alignment (Greeday colleagues (1994) and by Brewer and Kinnas (1997). The nu-
and Kerwin, 1982) without the tip vortex model are shown imerical prediction by both methods compares well with
Figure 15B. The predicted cavity shapes using the fully uexperimental measurements.

steady wake alignment with the tip vortex model are shown Current efforts include the following studies:

in Figure 15C. Although the cavity shapes predicted by bof) the modeling of cavitation on multicomponent propulsor
numerical models agree well with those of experimental obser- systems e.g., contra-rotating propellers, stator/rotor combi-
vations, the former has convergence problems at the blade tip5tion. and ducted propellers. (Kinnas et al., 2001, 2002).

because of the lack of tip vortex modeling. 2. The modeling of surface-piercing propellers (Young and
Kinnas, 2001).
Propeller 345SRI 3. The modeling of the dynamics of a developed tip vortex cav-

To validate the treatment of supercavitating propellers in ity (Lee and Kinnas, 2001).
PROPCAV, predicted force coefficients were compared with ex-
perimental measurements (Matsuda et al., 1994) of a superdd®MENCLATURE
itating propeller. The test geometry is M. P. No. 345SRI, whicB, Pressure coefficient
is designed using SSPA charts under the following conditions:  Cp = (P — P,)/(0.50n?D?) for propeller
J =1.10,0, = 0.40, andKt = 0.160. As shown in Figure 16, Cp = (P — P,)/(0.50U2)) otherwise
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Propeller diameter

Froude number based onF, = n?D/g
Gravitational acceleration

Cavity thickness over the blade surface
Advance ratio based ow, Js = V5/nD
Torque coefficientK g = Q/pn?D®
Thrust coefficientKt = T/pn?D*
Propeller rotational frequency (rev/sec)
Pressure

Far upstream pressure, at the propeller axis
Vapor pressure of water

Field point and variable point

Total velocity

Propeller torque

Propeller thrust

Local inflow velocity (in the propeller fixed system)
Effective inflow velocity (in the ship fixed system)

Ship speed

Total velocity at the center of the tip vortex core

Total velocity on wake surface
Propeller angular velocity
Fluid density

Cavitation number based ago,, = (P,—P,)/(0.50n?D?)
Cavitation number based 8, o = (P, — P,)/(0.50V.?)
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