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Boundary Element Method Applied to the
Cavitating Hydrofoil and Marine Propeller

H. Ghassemi!

A Boundary Element Method (BEM) for the calculation of hydrodynamic characteristics and
flow analysis, including cavitation, is presented. The effectiveness of the method is demonstrated
with results for a partially cavitating, three-dimensional hydrofoil and a marine propeller. The
method employs source and dipole singularities, which give an integral equation on body and
cavity surfaces, to obtain the cavity shape and hydrodynamic characteristics of the cavitating
hydrofoils. A nonlinear formula of the dynamic boundary condition was applied for determining
the potential on the cavity surface. The effect of the cross-flow was considered when calculating
the velocity on the cavity surface. The lift and drag coefficients, pressure distribution and cavity
shape of the hydrofoil were calculated and compared with experimental results for a cavitating
hydrofoil. The calculated results show good agreement with the experimental values. Flow
velocity fields around the cavitating hydrofoils were also investigated by the present method.
The method was extended to a marine propeller (with cavitation) and, again, good comparisons
were found. However, further improvement can-be made if the definition of the cavity separation

and cavity trailing edge is improved, in order to achieve exact cavity area.

INTRODUCTION

One of the main objectives of the present research
was to find the hydrodynamic characteristics and flow
field analysis around cavitating hydrofoils and marine
propellers.  Cavitation may occur anywhere in a
liquid where the velocity increases and the pressure
diminishes below the vapor pressure. Designers of
marine systems often try to avoid cavitation because
of its detrimental effect on hydrofoil boats, marine
propellers, pumps and turbines. Cavitation can be
useful in other areas, such as medical, physical and
biological applications.

Modern research in computational hydrodynam-
ics is linked to the development of the computer and
many numerical methods were developed during the
second half of the twentieth century. Among compu-
tational tools was the BEM, which is a powerful tool
for the analysis of configuration problems, with good
accuracy and low computational time. As a result,
many researchers have applied this method and, as a
result, it has become optimized for particular problems.
The first three-dimensional application for cavitation
was in 1980, for the modeling of the flow around a

1. Department of Marine Technology, Amirkabir University
of Technology, Tehran, I.R. Iran.

propeller with the lifting surface method {1]. Kinnas
and Fine [2,3] used the potential based BEM applied
to 2- and 3-dimensional partially cavitating hydrofoils
with a closed type model of the sheet cavity. They
found a pressure discontinuity at the cavity trailing
edge with a closed type model. Ando et al. [4] used
SQCM (simplified surface panel method) for a three-
dimensional steady cavitating hydrofoil. The author [5]
also employed the potential-based panel method to
two- and three-dimensional cavitating hydrofoils by
using a closed type model at the cavity trailing edge.

The problem of a cavity trailing edge is, actually,
more complicated and difficult. As cavitation is a
viscous effect, using Navier-Stokes equations should
be more suitable for bubble and cloud cavitation,
which is unsteady, has a two phase flow and is highly
turbulent. Kubota et al. [6] developed a two phase flow
model by solving the Navier-Stockes equations, using
the Findition-Difference Method (FDM) on the two-
dimentional flow field around a hydrofile.

In the present method, following the Kinnas and
Fine method, an open type of cavity model has been
used. An open type model is assumed at the cavity
trailing edge, to recover pressure distribution through
an iterative method to obtain the cavity shape, with
a specified gap at the cavity trailing edge. This may
be addressed by some assumption regarding the cavity
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model, in order to recover pressure distribution on the
cavity.

Using Green’s third identify, the perturbation
velocity potential at any point in the flow field can be
written by an integral equation, in terms of source and
dipole singularities. The dynamic boundary condition
on the cavity surface should be applied, simultaneously,
with Green’s formula to obtain the exact nonlinear
solution of potential flow on the body and cavity
surfaces. However, the usual problem to be faced is
that the position of the cavity surface is unknown. As
a first iteration towards the fully nonlinear solution,
one may assume the initial cavity length and calculate
the potential and source strength on the cavity and
body (non-cavity) surfaces. At each iterative process,
the body and cavity surfaces are re-paneled, based on
the updated cavity shape, which was computed at the
end of the previous iteration.

Lift and drag coeflicients are calculated at differ-
ent angles of attack for an NACA0012 elliptic hydrofoil,
where the cavitation number is changed from a non-
cavitating condition to a partially cavitating condition.
The results obtained by this method are compared
with experimental results and the capability of the
method is demonstrated. The flow field around the
cavitating hydrofoil is also calculated using this method
and presented in this paper.

The method was extended to predict the cavity
shape and hydrodynamic characteristics of a marine
propeller. Experimental data for a propeller, including
cavitation, are very scarce. Propeller model SRI-
123 was found here to be compared with the present
computational results. The calculated hydrodynamic
characteristics in a cavitating condition are presented
and compared with available experimental data.

The remainder of the paper is organized as fol-
lows. First, the mathematical formulation and bound-
ary conditions are described. Then, the numerical
results are presented and compared with experimental
data for both the cavitating hydrofoil and the marine
propeller. Finally, conclusions and recommendations
are provided.

MATHEMATICAL FORMULATION
Basic Equation and Boundary Conditions

In order to proceed with BEM, the total velocity
potential, ®, and the perturbation velocity potential,
¢, are related as follows:

@=91.E+¢, (1)

where V1 and 7 are the inflow velocity and the position
vector, respectively.
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Restricting this study to the case where the
perturbation flow is inviscid (high Reynolds number),
irrotational and incompressible, the flow field around a
body is represented by a perturbation velocity poten-
tial, ¢, which satisfies the Laplace equation:

vip =0. (2)
A boundary value problem can be constructed by
specifying boundary conditions on the surfaces of the
cavity and body, as follows:

i) The Kinematic Boundary Condition (KBC) is that
the velocity, normal to the body and cavity sur-
faces, Spg, should be zero.

v®.n =0, on SgUSc. (3)

ii) There is no flow or velocity jump across the wake
surface, while the potential jump is allowed across
the wake and equal to the circulation, I', around the

body. It is expressed in the perturbation potential

as:
9¢ _(9¢\" _[9g\" _
g <8n>5w B <6”> - <8n> =0

(8g)s,, =¢¥ —¢* =T, (5)

where indexes U and L mean upper and lower sides
of the body, respectively:

The Kutta condition at the Trailing Edge (TE)
states that the flow velocity at the TE remains
bounded, i.e.:

(4)

iii)

(6)

The Dynamic Boundary Condition (DBC) on the
cavity surface, i.e. the pressure on the cavity
surface, will be constant for the steady cavity flow
and equal to the cavity (vapor) pressure p..

[Vo|rE < 0.

iv)

(7)

The cavity surface is not known in advance and, hence,
an approximate cavity shape is, initially, assumed,
where the singularities are to be positioned. For
this approximate shape, the tangential flow boundary
condition (Equation 3) will not be satisfied. The
problem is, therefore, to displace the approximate
surface in such a way that the requirement (Equation 3)
may be met through iterations.

Given the pressure distribution from DBC (Equa-
tion 7), the interacted tangential velocity, Vr, is
determined by assuming the existence of a cross-flow
velocity component, which is perpendicular to the
chordwise flow component and which will effect the
total velocity potential, especially at the tip of the

P =D



144

‘hydrofoil or propeller blade. Therefore, it is important,
in three-dimensional problems, to take the deviation of
velocity in the spanwise direction into account.

Considering a non-perpendicular coordinate sys-
tem, as shown in Figure 1, S and v denote chordwise
and spanwise directions, respectively. This coordinate
system is at the cavity surface starting from the point,
l;.  Then, chordwise and cross-flow velocities are
computed, as follows:

V, = 8%/0s, (8)

_ 0®/0v ~ 0P/dscosb

Ve -
sin 8

(9)

where 09 /0y and d®/9s are the spanwise and chord-
wise velocity, respectively, and 8 is the angle between
them.

The gradient of the potential on the cavity can be
expressed as:

Ve =V,s +V,r. (10)

On the other hand, the absolute value of the gradient
of total potential is the total tangential velocity, V.:

v®| = V.. (11)

From Equations 10 and 11, after substituting and
simplification, the following solution for the interacted
tangential velocity, Vr, on the cavity surface s, is
obtained as:

0% / 99\°
= — i 2 _ | 2
Vr cosé)ay +sinf4/V; <8u) , (12)

where, V. is a known operating condition, as follows:

V. =Vivi+o, (13)

: Chordwise direction

< Spanwise direction

sl <iwl

: Cross-flow direction

Figure 1. Local coordinate system on the panel. Vectors

S and v are formed by lines connecting the midpoints of
the lines connecting the panel vertices.
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where ¢ is the cavitation number. The general formula
for the cavitation number may be expressed as follows:

Poo — Pc
= Do = De. 14
7= 1)20V2 (14)

The cavitation number depends on the local inflow
velocity for each element. Here, it can be expressed
for propeller and hydrofoil as follows:

Vi =V, for hydrofoil,

Vi=(VZ+ (27r1"n)2)1/2 for propeller. (15)
Knowing the velocity on the cavity surface, one can,
then, compute the total potential on the cavity surface,
Sc, as follows:

®(s.) = / Vids.. (16)

la

Discretization of Equation 16 affords the following
equation:

N
B(s.) =D Vrlsc+ B(la). (17)

n=1

®(l,) is the total potential on the cavity starting point
and it is known from the ‘without cavity’ condition.
One may consider that the cavity starts from the lead-
ing edge, Iy = 0. Then, the perturbation potential is

calculated from ¢(s.) = ®(s.)— V 1z .. The coordinate
system and schematic of the open type model of the
cavity on a hydrofoil is shown in Figure 2.

A boundary panel formulation is obtained by
applying Green’s theorem to solve Laplace’s equation:

sotr)~f {‘ﬁ(q)aim(m;; o) o (m )} *

Sp

+/SW Aas(q)a% (R—(;—q—)> ds, (18)

where R(p;q) is the distance from the field point,
p, to the boundary point, ¢. This equation may be
regarded as a representation of the velocity potential,
in terms of a normal dipole distribution of strength,

VAN

z z
— C__—_\ Cavity
o)

ol X
Figure 2. Coordinate system and schematic drawing of
cavity model.
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@(p), on the body surface, Sg, a source distribution of
strength, B%Elﬂ, on Sp and a normal dipole distribution
of strength, A¢, on the wake surface Sy .
Discretization of Equation 18 leads to a linear
system of algebraic equation for the unknown, ¢:

Niot M Niot b
=1 ?

=1 =1
i:1727"' 7Ntot» (19)

where Cj;, W;;; (constant dipole distributions on body
and wake surfaces) and S;; (constant source distribu-
tion on body) are influence coefficients on panel j,
acting on the control point of panel . (‘g%)j is known
from boundary condition (i) on the body surface but

unknown on the cavity surface.

Iteration Scheme for the Cavity Surface

An open type model of sheet cavity is assumed, with a
prescribed cavity length, located relative to the body
at the first iteration. The open type model in the
potential theory is a method to recover the pressure
jump or stagnation point at the cavity trailing edge.
However, it does imply that there is a pressure jump at
the cavity trailing edge and, in fact, the pressure jump
may exist, due to the collapsing of the bubble [7].

The next step is to calculate the cavity shape.
From Equations 17 and 19, the potential on the body
and source on the cavity surfaces may be determined.

The computed source strength, Q., (or normal
derivative of the potential) on the cavity surface is not
usually equal to the value prescribed in Equation 3 from
KBC. Therefore, an iterative procedure is required to
converge the AQ., as described in Equation 20. The
cavity thickness must be readjusted to make the flow
on the cavity surface tangential to it.

2. =g, -2 = Q.+ V7. (20)
on|gpe

The cavity thickness, t., can be calculated by integrat-
ing AQ./V, over the cavity surface.

dte _ AQ.
ds - VC ’

(21)

After integrating the above equation, the cavity thick-
ness is obtained along the surface up to the specified
gap at the cavity trailing edge.

Sc —
t. = i/ (Qc + Vi.n)ds. (22)
Ve Jo

At each iteration, the body and cavity surfaces are re-
paneled, based on the updated cavity surface, which
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was computed at the end of the previous iteration.
In the next iteration, the new matrix element of
Equations 17 and 19 are created, based on source
and dipole singularities, then, the new potential on
the body and the source on the cavity surfaces are
determined. Again, from source strength, the new
cavity thickness is obtained from Equation 22. This
process is repeated to obtain the correct cavity shape.
The present method and its iteration does not exceed
2-3 times and, in most cases, experience has shown
that cavity shape is finally resolved during the first and
second time of iteration.

Hydrodynamic Forces

The forces (Fx, Fy, Fz) acting on the hydrofoil can be
calculated by integrating the pressure over the surface.
They are expressed on the local coordinate system
(z,y,2) as:

F, = _/(p_poo)nzdss
S

Fo= = [ (0= polnads, (23)
s
then, lift and drag on the hydrofoil are translated onto
the fixed coordinate as follows,
Ly, =F,cosa — F;sina,
Dy =F,cosa+ F,sinqa, (24)

where n, and n, are outward normal vectors on the
hydrofoil or cavity surfaces.

The non-dimensional hydrodynamic coefficients
of the hydrofoil are defined as follows:

. P~ Po
: =—s 25
pressure coefficient: Cp 2PV (25)
lift coefficient: C L (26)
nu: = T
ift coefficie L= TaviA
Dy,
drag coefficient: Cp 12V A (27)

The hydrodynamic characteristics of the propeller are
obtained, as given below:

Va

advance ratio: J = ok (28)
i -_TI 29
thrust coefficient: K, = W, (29)
flicient: K, = ) (30)

torque coethicient: ¢ = m

All variables are described in the Nomenclature.
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Calculation of Flow Field Velocity Around the
Cavitating Body

From Green’s theorem in the potential field, Equa-
tion 18, one can construct an alternative view of the
problem in the velocity field. Taking the gradient of the
perturbation velocity potential, the induced velocity
can be expressed as:

47rﬂ(p)=/{¢(Q)Vp;3?,;; (%)

Sa
- ag;j)vp (R(zl?; q)> }ds

P l
+ ), Ad@Vyg- (W) d??;l)

Here, from the discretization of the body and wake
and assuming that the potential and value of B_gglg) are
constant within each panel, then, Equation 31 can be
written as follows:

Niot M
U(p) =D (6;)95Ci5 + Y _(A4);9, Wi
j=1 =1
N.
tot a¢
+ Z (b—T—i) . VpSij
g=1 J
121,27"' 1Nt0t7 (32)

where V,Ci;, Vp,W;; and V,5;; are the velocity influ-
ence coefficients.

Calculations of the velocity influence are more
sensitive than the potential coefficient and, also, the
required storage is three times more than the storage
of the potential coefficient. One big advantage is that
the velocities can be obtained directly for any of the
field points.

NUMERICAL RESULTS AND
DISCUSSIONS

In order to validate the present method, some ex-
perimental results from [8] have been selected for an
elliptical hydrofoil of NACA0012, with aspect ratio =
3.0 and cavitation numbers ¢ = 0.91 and 1.30, at an
angle of attack equal to 10°.

The elliptic hydrofoil were discretized by M =
15 panels in spanwise and N + N, = 35 panels in
chordwise, therefore, the total panels became Ny, =
1050, as shown in Figure 3.

Also, a propeller model of SRI-123 was found
in [9]. The propeller is 0.250 (m) in diameter and
6-bladed, with a 1.264 pitch ratio (at 0.7R). The
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Figure 3. Paneling on elliptical hydrofoil NACA0012
(only half-span is shown).

Table 1. Main dimensions of the propellers.

Propeller Type SRI-123
Diameter (m) 0.250
Exp. area ratio 0.80
Pitch ratio at 0.7R 1.264
Boss ratio 0.18

No. of blades 6

Rake angle (deg) 7.50
Skew angle (deg.) 12.5
Blade section SRI-a

Table 2. Experimental cavitation test condition of
propeller SRI-123.

J \% n Cavitation

(m/s) (rps) Number, o
0.5 2.5 20.0 0.43 0.58
0.7 3.5 20.0 0.30

main dimensions and cavitation test condition of the
propeller are shown in Tables 1 and 2, respectively.
The propeller is also discretized by M = 12 panels in
radial and N + N, = 15 panels in chordwise. Thus,
the total number of panels became 360 per blade and,
plus hub, 60 per segment. Figure 4 shows the panel
arrangement of the SRI-123 propeller.

Results For NACA0012 Hydrofoil

Cavity Shape

The computed result is compared with the experimen-
tal data of the cavity area, as shown in Figure 5, at
two cavitation numbers for a 10° angle of attack. At
o = 1.30, the computed results show good agreement
with experimental results but there is some discrepancy
at cavitation number ¢ = 0.91, near the tip.

The results of cavity thickness at different span-
wise locations (2Y/Span = 60%, 80%, 90%) for a =
10.0 deg and two cavitation numbers, 0.91 and 1.30,
are shown in Figure 6. The computed thickness of
the cavity is very thin near the tip, which gives the
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Figure 4. Panel arrangement of SRI-123 propeller.

lower cavity length. This may be one reason for
the lower cavity length near the tip. The length of
cavity grows with the decrease in cavitation number,
as expected.

Pressure Distribution

As mentioned earlier, these calculations are based on
sheet cavitation and do not include bubble cavitation,
so the pressure is almost constant along the cavity
surface and its value is equal to the cavitation number.

Comparison of the pressure coefficient distribu-
tion for Suction Side (SS) and Pressure Side (PS) on
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Figure 5. Comparison of cavity area on elliptical
hydrofoil (o = 10.0°).

the hydrofoil surface (with and without cavitation)
is shown in Figure 7, at different spanwise locations
(2Y/Span = 60%, 80%, 90%), for @ = 10° and for two
cavitation numbers ¢ = 1.30 and ¢ = 0.91.

Hydrodynamic Coefficients

It is very important to predict the hydrodynamic
coefficients and the effect of cavity formation on them.
The comparison of hydrodynamic coefficients of lift and
drag are shown in Figure 8 for a non-cavitating and
cavitating hydrofoil at an angle of attack equal to 10°.
The computed lift and drag coefficients are close to the
experimental results for a non-cavitating condition and
the error is less than 3%.

The computed lift and drag are also shown in
Figure 8 for a cavitating hydrofoil at a range of
cavitation number between 0.5 and 1.3. Because the
coefficients strongly depend on cavity length, where
the pressure is constant and equal to the cavitation
number, it is very important to have the correct cavity
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Figure 6. Cavity shape on elliptic hydrofoil with NACA0012 section (aspect ratio = 3.0 and « = 10.0°).
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Figure 7. Comparison of pressure distribution on ellipﬁc hydrofoil (NACA0012) with aspect ratio = 3.0 and o = 10.0°.
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Cavitation number
Figure 8. Comparison of lift and drag coefficient with
variation of cavitation number for NACAQ012 elliptic
hydrofoil (@ = 10.0 deg).

length in order to give correct pressure distribution and
hydrodynamic forces. The results in Figure 8 show
the same trends as the experimental data but have
slightly different values. The maximum value of the
computed drag is 0.099 at a cavitation number equal
to 1.0, but the experimental data shows 0.106 at a
cavitation number equal to 0.62. The same deviation is
obtained for lift, but less variance. The maximum lift
coefficient was calculated to be 0.63, at a cavitation

number of 1.0, but the experimental value is 0.62, at a
cavitation number of 0.74.

Velocity Field Around the Cavitating Hydrofoil

Inspection of streamline patterns above the cavity
region expose very clearly the fluid motion due to the
volume of cavity. So, in the case of a ship propeller, it
is important to obtain the cavity volume, which causes
the fluctuation of the pressure on the ship’s hull and
the resulting vibrations. Figures 9 to 11 show different
views of velocity vectors and theircorresponding iso-
bars (axial velocity) in the flow field around the
cavitating hydrofoils at different locations. Calculated
induced velocities on the elliptical hydrofoil at 30% and
50% distance from the tip on NACA0012, with angle
of attack o = 10.0° and cavitation numbers, 0.91 and
1.3, are shown in Figures 9 and 10.

Figure 11 shows the calculated induced velocities
at the trailing edge and 50% from the leading edge,
viewed from downstream, at the same condition on the
elliptical hydrofoil. The cross flow at the tip is clearly
shown in this figure. From the visualization of flow
around the cavitating hydrofoil observed in [10,11], it
seems that the present method can give good predic-
tions of the flow field around the cavitating hydrofoil.
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Figure 9. Calculated induced velocities on elliptical
hydrofoil at 30% Distance from tip (NACA0012,
a =10.0° o = 0.91).

Results for SRI-123 Marine Propeller

The method is extended to predict the cavity shape
and hydrodynamic characteristics of the propeller.
Experimental data for propellers is scarce, especially
pressure distribution. The SRI-123 marine propeller [9]
was found to compare some available data.

Figure 12 shows the circulation distribution after
imposing the pressure Kutta condition at advance
coefficient, J = 0.50. Computations of pressure distri-
butions on the SRI-123 propeller model are shown at
J =0.5 and 0.7 and at various radial locations (r/R =
0.55,0.7 and 0.9) in Figure 13. It is also compared
(at r = 0.7 R) with the available experimental data. It
can be seen that the pressure distribution on the cavity
surface is almost constant and equal to the cavitation
number.

Comparisons of thrust and torque coefficients, K;
and K, are shown in Figure 14. They are compared
with experimental data and a good agreement was
found for the non-cavitating condition. The results for
the cavitating condition at three different cavitation
numbers, ¢ = 0.30,0.43 and 0.58, are also shown
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Figure 10. Calculated induced velocities on elliptical
hydrofoil at 50% distance from tip (NACA0012,
@ =10.0°).

in this figure. The effect of cavitation reduced the
hydrodynamic coefficients, especially at low advance
coeflicient. Figure 15 shows alternative results of thrust
and torque coefficients as a function of the cavitation
number for the SRI-123 propeller at J = 0.7. It is
concluded that when the cavitation number increases
(at the same advance coefficient), the thrust and
torque values converge and become constant, which
means no cavitation will appear.

CONCLUSIONS

The present method is developed to predict the forma-
tion of a three-dimensional sheet cavity on a hydrofoil
and a marine propeller. The approach is based on
BEM, taking into account the hydrodynamic charac-
teristics and flow field analysis. From the presented
analysis, the following conclusions can be drawn:

e The method can evaluate accurately the hydrody-
namic performance of the cavitating hydrofoil at
different cavitation numbers and the results show
good agreement with experimental results;
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Figure 11. Calculated induced velocities at TE (two up) and 50% from LE (two down), view from downstream on
elliptical hydrofoil NACA0012 (o = 10.0°, o = 0.91 (left) ¢ = 1.30 (right)).
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Figure 12. Circulation distribution on SRI-123 propeller
model.

e This method successfully predicts the flow field
around the cavitating hydrofoil, judged by compari-
son with data given in [10,11];

e It may be said that the method is able to find a
good solution for the hydrodynamic characteristics

of the marine propeller in a cavitating condition.
Further investigation of the cavity separation point
and cavity trailing edge and refinement of some
boundary conditions should be developed, in order
to achieve an exact cavity area, which is very impor-
tant for hydrodynamic performance and cavitation
prediction.

ACKNOWLEDGMENT

The author would like to thank the NSERC (Natural
Sciences and Engineering Research Council) of Canada
for a grant-in-aid of this research. He also greatfully
acknowledg the useful discussions, comments and help,
along with the relevant references of Prof. Neil Bose
of the Memorial University of Newfoundland, Canada,
and Prof. Kuniharu Nakatake of the Kyushu Univer-
sity, Japan.

NOMENCLATURE

A area of hydrofoil



Cavitating Hydrofoil and Marine Propeller

151

1.5 -
—— Non-cavitating(comp.) "‘g:"'ca‘t"za“nz(comp.) —8— Non-cavitating BS(comp.)
—g— Computed .1 & mpute —a— Computed, FS
- ~a—Cavitating, comp.(0=0.58) ~A— Cavitating. comp.., BS(a=0.30)
IS P\;_ﬁ_camanng. comp.(o=0.58) =05 vy
=05 r/R=0.55 0.5 =
Cavitation no.=0.58 J =07 r/R =055
s J =05, r/R =0.55 a Cavitation no.=0.30
(SR Cavitation no.=0.43 Dl 0 §]
) 0
Fraction of chord —1
0 —
1 N
‘ Fraction of chord
0.5 Fraction of chord 0.5
. -1
-1.5 . .y 1.5 - —&—Non-cavitating BS(comp.)
* AR ing(comp.) —#— Non-cavitating(comp.) —8— Computed, FS
—8— Compute Computed —— Cavitating, comp.. BS(0=0.30)
—&— Cavitating. comp.(7=0.43) 8- Comput Exp. BS (o =
1R~ 8 Exp. (0 =0 43) R —&~ Cavitating, comp.(0=0.58) 4 Exp. (o = 0.30)
N “xp- (o =0. A4 Exp. (¢ = 0.58) 0.5 ® Exp. F§
@ Exp. (face side) :
&) a ® Exp. (face side)
J =05 r/R=0.7 o A
05| & J =05 = J =05 r/R =07
avitation no.=0.43 -0.5 Cavitation ne.—0.58  ©
0.6 0
0.2 0.4 0.8 0.8
0. . ! . o 4
0 Fraction of chord
J=0.7r/R=0.7
Fraction of chord 5 Cavitation no.=0.30
0.5 0.5 0-544
¥
-1 1 -1
—&~ Non-cavitating(comp.) i —— Non-cavitating(comp.) —8— Non-cavitating(comp.)
—8— Computed & Computed —a— Con'?put.ed
—#— Cavitating. comp.(a=0.43) —o—Cavitating. comp.(o=0.58) —a— Cavitating. comp.(0=0.30)
-0.5 J =05 r/R=0.9 b -0.54 ———— § = —
i -0.5] =07, r/R=1009
= J=0.5.7/R =009 Ll
Cavitation no.=0.43 Cavitatior,:/no.=(),58 . Cavitation no.=0.30
& a &}
© 0
op =_ 0 0
Fraction of chord Fraction of chord
0.5 0.5 0.5
Figure 13. Pressure distribution on SRI-123 cavitating propeller model.
g K ¢ (non-cavitating, comp.)
e 10 K g (non-cavitating, co —
q &, comp.)
1.2 —r— K (non-cavitating. E;p.) 1 Ky (comp.)
=~—@— 10 K g(non-cavitating, Exp.) A—10 Kq (comp.)
--:-- K¢ (cavitating, 0=0.58, comp.) * K (Exp.)
© @< 10 Kg(cavitatiug, #=0.58. co . A
e — q g mp.)
=+ - Ky(cuvitating, =0.43, comp.) 10 Kq (Exp.)
:"' 10 Kg(cavitating, 5=0.43, comp.) o x____————f—‘
o " Ky{cavitating, 0 =0.30, comp.) k: 0.6
0.8 =10 Kg(cavitating. o0=0.30, comp.) o Non-cavitating condition
- = (#0 > 1.0)
X 5 —
=) X f
-
< 0.2
X -
0.4
0.2 0.4 0.6 0.8 1 1.2
\ Cavitation number
0 Figure 15. Thrust and torque coefficients with variation

0.3 0.6 0.9 1.2

J

Figure 14. Open water characteristics of SRI-123

propeller model at cavitating and non-cavitating
conditions.
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