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Nomenclature
A" Jacobian matrix
D propeller diameter resultant inflow velocity
J advance coefficient ship speed
1
k blade index psp
K number of propeller blades inflow wake velocity

~

.+ K ry s K -, Thrust coefficients

>

7,
Vs
"w
v(p) induced velocity at any field point
K,y ,K,,; moments coefficients 0
T
w
X,
yo,

q propeller torque
L time step index propeller thrust
N, total panel on propeller wake fraction
M number of radial panels position vector on propeller
N number of chordwise panels mass density of fluid
N, number of panels on wake surface At time interval
F X’FY’F 7 forces on propeller A@W angular interval
w measured axial mean velocity
M M M oment 11 . . ) .
x My g TmOments of propefier r non-dimensional circulation at TE
n outward normal unit vector @, inflow velocity potential
h mfmber of propeller revolutions o perturbation velocity potential
P static pressure O total velocity potential
() pressure on the body surface O/ On normal derivative of potential
Sy surface on propeller op/ ot time derivative of potential
Sy surface on trailing vortex wake C*y,W*y dipole influence coefficients
s/C fraction of chord Sy source influence coefficients
Vs advance velocity VC*;, VW gradient dipole influence coefficients
140)] total tangential velocity to the body VS, gradient source influence coefficient
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Z[m]

Figure (17) Induced axial and cross velocities behind the propeller
Seiun-Maru HSP at x/D=90.5, J=0.851.

4-Conclusions

A steady and unsteady potential-based BEM was presented for the analysis of the
hydrodynamic performance of marine propellers subject to non-uniform wake flow. An efficient
algorithm of explicit Kutta condition (at blade trailing edge) has been implemented in order to
ensure faster convergence at each time step.
From the above numerical analysis, the following conclusions can be drawn:
The method can evaluate accurately the hydrodynamic performance of the propeller in the steady
flow as well as unsteady flow.
The iterative Kutta condition is indispensable to solve the steady and unsteady propeller problem
and it was found that the present Newton-Raphson method was very efficient to guarantee the
almost equal pressure at the trailing edge.
The unsteady propeller forces and moments can be predicted with reasonable accuracy by the
present method.
The total thrust and torque of the conventional propeller give slightly bigger fluctuating than the
highly skewed propeller.
The present method can predict the induced velocity and flow field behind the propeller. It is
recommended to get some measurement the flow velocity behind the propeller operating in the
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Figure (16) Induced cross and axial velocity on back side (up) and
face side (down) of Seiun-Maru HSP, J=0.851.
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Figure (14) One blade thrust and torque fluctuations for Seiun-Maru CP Kr=0.172,
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Figure (15) Total thrust and torque fluctuations for Seiun-Maru CP and HSP, Kr=0.172.

3-4-Velocity Field Around the Marine Propeller

In order to show induced velocity generated by the propeller, the axial and cross velocity
vectors on the propeller surface and a position behind propeller are determined.

Calculated axial and cross induced velocities on both sides of the HSP propeller is shown in
Figure 16.

In Fig. 17 the plane on which the velocity components are computed is located at (X/D=0.5)
downstream behind the propeller. For further judgement on these results, experimental data are
required to compare with simulation results.

Amirkabir/ Vol. 14 / No. 54-B / (Mechanical Engineering) Spring 2003 95



94

3 - —e— 0.7R B25(Comp.) —&— 0.7R B40(Comp.)

~—&— 0.7R B60(Comp.) ~t 0. 7R F25(Comp.)
r/IR=0.7, HSP —— 0.7R F40{Comp.) ~—O—0.7R F80(Comp.})
0.7R B25(Exp.) 0.7R B40(Exp.)

2 T 0.7R B60(Exp.) —o—0.7R F40(Exp.)

dow nright= 180 deg

upright = 0, 360 deg.
2
Figure (11) Fluctuating pressure for Seiun-Maru HSP on 0.7R, Kr=0.172.
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Figure (13) One blade thrust and torque fluctuations for Seiun-Maru HSP, K=0.172.
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Figure {(10) Comparison of chordwise pressure distribution for CP at various rotating angle, J=0.851.

Amirkabir/ Vol. 14 / No. 54-B / (Mechanical Engineering) Spring 2003 93




For the Kt=0.172 condition the calculated one blade thrust and torque is given in Fig. 13 with
Hoshino’s results as a function of the blade angular position (0-360) degrees for one cycle. The
angle is zero at upright position and runs clockwise if one looks from behind. Fig 14 also shows
the results for CP with the same tendency of the HSP, in which small humps appearing in both X;
and K, with present method may be caused by the tangential inflow components, which shows
pronounced jumps at angular position equal to 0 and /80 degrees.

Chordwise pressure distributions at various angular positions of 0, 90, 180 and 270 degrees at
0.7R and 0.9R radial sections are compared to the experimental data are shown in Figs. 9 and 10.

In Fig. 11 and 12, the pressure at certain points at 0.7R and 0.9R is plotted as a function of the
blade angular position (0~360). The pressure results from the present method show quiet
pronounced fluctuating but the measure values are smooth in every case.

Total thrust and torque fluctuations for Seiun-Maru CP and HSP propellers are shown in Fig.
15. It can clearly be seen that fluctuating of conventional propeller gives significantly bigger
fluctuating than the highly skewed propeller at the same operating condition. Therefore, the HSP
propeller may help to avoid the noise and vibration rather than CP propeller.

2
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Figure (7) Wake flow velocity distribution for Seiun-Maru HSP.

g Theta=0.0
4 T 7| —s— Theta=90.0
—4— Theta=180.0
—em— Theta=270.0
3.,_ S e e T e e e e e < e ST TR T T TR I T

Neon-Dimensional Circulation
N

0 y T T

0.2 0.3 0.4 05 0.6 07 08 0.9 1
IR

Figure (8) Circulation distributions on one blade during one revelution of HSP, J=0.851.
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Figure (5) Open water characteristics of HSP and CP propellers.

3-3-Unsteady Flow

Data for the same propellers (but in full-scale) of CP and HSP Seiun-Maru were obtained for
the unsteady flow condition full scale on the training ship of SRI and carried out by Ukon et al.
[18]. All principal particulars of both propellers are the same as the model, except the diameter,
as given in Table 1. Estimated measured wake flow in the full scale is shown in Fig. 7. Not only
the axial component but also the tangential and radial components are taken into consideration in
the present calculations.

The panel arrangement of the HSP propeller and its wake at third step
(6, =18deg.,Af,, = 6deg. ds shown in Fig. 6. The unsteady panel calculations on the HSP and

CP were also performed with 14 panels in chordwise and 12 panels in radial. Hub also divided by
total panel (20*28) which 28 in axial and 20 in circumferential directions.

et
7 AT e NS
iz —
==
V(L7755
\‘\\\Q\,ﬂllm,:é?

O

Figure (6) Panel Arrangement for 2 HSP propeller and its wake at third step (8, = 18deg.,Af, = 6deg.)

Fig. 8 shows non-dimensional circulation distributions on one blade of the HSP propeller
during one revolution at J=0.851. As shown in this figure, bigger circulation values were obtained
at upright position where larger loading occurred.

The blade surface pressure distributions have been measured at 0.7R and 0.9R spanwise
locations on the pressure and suctions sides. For the present calculation the procedure used X
identity based on ship speed to determine the operating conditions in the calculations. Ship speed
was varied until the required thrust coefficient value K#=0.772 was achieved.
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Propeller Type CP HSP
Diameter (full scale) [m] 3.6 3.6
Diameter (model) [m] 0.400 0.400
Exp. Area Ratio 0.65 0.70
Pitch Ratio at 0.7R 0.95 0.944
Boss Ratio 0.1972 0.1972
No. of Blades 5 5
Blade thickness ratio 0.0442 0.0496
Rake Angle [deg] 6.0 -3.03
Skew Angle [deg.] 10.5 45.0
Blade Section MAU Modified SRI-B

Table (1) Main dimensions of the propellers

CPU time for these panel calculations (at one operating condition) was about 50 hours by PC
Pentium 500 MHz processor for 180 time steps (three revolutions of the propeller). Most CPU
time is required for the convergence of the Kutta condition at the trailing edge. A very effective
numerical technique was used to decrease the iterative Kutta condition to converge faster. It was
noted that at each iterative Kutta condition, the system of equations should be solved K*M
(5*12=60) times at each time step. It can be imaged that the Kutta condition is very time
consuming in the unsteady flow. In the following sub-section, numerical results in the steady and
unsteady flows are discussed.

3-2-Steady Flow

Although several lifting surface methods have successfully predicted propeller forces in steady
and unsteady flows, they are not able to calculate pressure distribution accurately. The present
method is able to predict the pressure distribution more accurately since the singularities are
distributed on a real blade surface. '

For the present method, calculated results of pressure distribution are compared to the
experimental data for both the CP and HSP propellers. The HSP propeller is a 0.400-m diameter
5-bladed propeller with maximum skew at the tip is 45 degrees and a sophisticated blade section.

The trailing vortex wake leaves the trailing edge of the blade and flows into the slipstream
with the local velocity at that position. Details of the vortex wake model were investigated by the
author [12] and found that a deformed wake model based on the thrust loading condition gives
better results of the hydrodynamic characteristics of the propeller which matched the present
research.

The surface pressure distribution is one of the most essential parameters for design and
analysis of the marine propeller. Chordwise pressure distributions at 0.7R calculated by the
present method are compared in Figs 3 and 4 with equivalent experiment data for the CP and
HSP propellers. The agreement between the experiment and calculated results is especially good
at the design loading conditions of J=0.6, and reasonably good at all other loading conditions, for
both CP and HSP designs. _

The computed open-water characteristics of the propellers are compared with the experimental
data in Figure 5. Values of computed thrust K; and torque coefficients K, of the CP and HSP
propellers give in good agreement with experimental data.
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In the steady calculations, The hydrodynamic characteristics of the propeller are obtained as
given below:

Va - I - Q1)

2-4-Calculation of Flow Field Velocity Around the Propeller

From Green’s theorem in the potential field, equation (5), we can alternatively construct in the
velocity field. Taking the gradient of the perturbation velocity potential at any field point, the
induced velocity which can be expressed as;

4, = | {1V i[ : j ad’(q’t)v( : st + [ Ap(gHv —2—(——1———}15 (22)
Sp P ong \R(q)) dng  P\R(p;q) Sw P ong \ R(p;q)

Here, from the discretization of the body and wake, and assuming the potential ¢ and the

value of — ¢ are constant within each panel. Then, equation (22) can be written by;
k

. K Nt k. k. tot( o k )
k=1j=1 k=1j=1 k=1j=1

where \% ,,C"g;, v.w *s and VpSki,- are the velocity influence coefficients. Those

coefficients can be evaluated analytically by Morino’s method [11] by assuming that the surface
elements are approximated by a number of quadrilateral hyperboloidal panels.

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

3-Numerical Results and Discussion
3-1-Propeller Type

In order to evaluate the accuracy and the applicability of the present method, two different
propeller models were selected. For both propellers, very precise measurements of the blade
surface pressure were conducted. Both propellers have 5 blades. One is a conventional design
with MAU sections and the other is a highly skewed propeller with modified SRI-b sections.
Principal particulars of the propellers are shown in Table 1.

In the steady calculations, the model propellers were discretized with (M=12) in radial and
(N=14) in chordwise direction so the total number of panels was 336 per blades plus a hub with
(4*28=112) panels per segments. The total number of panels for the steady calculation was 448
on the key blade. The potential and pressure distributions on the other blades were taken as equal
to the key blade. Panel arrangements of the propellers are shown in Fig. 2.

For unsteady flow, each blade is subject to the different non-uniform wake velocity, the
potential and pressure distribution have to be calculated at each time step. The System of
equations is K times larger than steady flow. We tried to keep the panel pattern the same as for
the steady condition, which gave the total number of panels for all blades and hub to be 2240.
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Ap _ 4¢>¢(L~3¢¢(-1j+¢(L-2)
At 2AA

(17
The pressures were finally expressed in terms of the non-dimensional pressure coefficient as

p(t) ~Pwo
co - 18
P ino ?p? (18)

where # is the rotational speed of the propeller and D is the diameter of the propeller.

The unsteady forces Fx,FyFz and moments My, MyM; acting on a propeller can be obtained
by integrating the unsteady pressures over the blade and hub surfaces. They are expressed on the
fixed coordinate system (X, Y,Z7) as;

R(O=-T(0= [((0-p,nds
R (D)= é(p(t)—p OO)(nycos(a os-n Zsin@in(wt
E, ()= é(p(t)— Py (1,C08(208- nysin@in(wt

My (1)= Q)= [(p(t)-p, ) (nyz—n, y)ds
S (19)

MY(t) = é(p (t- poo){(nzx - nxz)cos@)c+ (nxy ~nyx) sing )sﬂds

MZ( )= é(p(t}p OO)[(nxy~nyx)cos:§))c+ (rx}(z»—nzx)sin@)si}ds

where n(n x ,ny,nz) is outward normal vector on propeller. 7{¢) and Q(#) are thrust and

torque of the propeller.

Adding the viscous components to the above forces and moments given by Prandtl-Schlichting
formula [12], we finally obtain the total unsteady propeller forces and moments. Then, the non-
dimensional coefficients of the unsteady propellers and forces and moments were expressed as
follows:

T(® Q()
K ()=—n—r, t)=
Fy (D) My ()
K () =—Y—, Kypy(t)=
ry(d pnzD My(® pnzDs (20)
F(t) Mo (t)
Ky (t)=—2, Ky pAt)=—2
¥ PnzD4 Mz pnzD5

Amirkabir/ Vol. 14 / No. 54-B / (Mechanical Engineering} Spring 2003 ' 87



Jjump Aqﬁjk(L) can be determined by Newton-Raphson iterative scheme as expressed in equation
(14) and it is found that the Newton-Raphson procedure was very effective to guarantee the equal
pressure at the trailing edge. If consequently, Ap jk(L) is not equal at TE, we proceed to another

iteration with A¢ jk (L) determined as follows:

M -1
adf™ D = adifV- 3 (Akjm(L)) A mf®), (14)

m=1
j=12,.M

where n denotes the iteration number and 4*;(L) is the Jacobian matrix which can be expressed

as:
P k

(AA"m )
SR (15)
o(aA™ j1 (L)

To save computational time at each time step, we consider the derivative matrix to be constant
at any time step and iteration. At each time step L, a new wake panel column is emitted from
trailing edge of the blade and all the existing wake panels are shifted downstream by the angular
interval A@,, . Each wake panel keeps the value of the potential jump that received at the time step
it was created, in order to ensure that the velocity is considered to be continuous (or without any
pressure discontinuity) on the wake surface, as required by equation (7).

The process of time stepping is continued through several propeller revolutions until a steady
state oscillation of the potential is achieved. From the experience with calculation method, it was
found that three revolution of the propeller were enough to obtain the ultimate oscillatory pattern.
Thus, the unsteady pressure distribution and the unsteady propeller force and moments were
calculated when the results converged.

It is found that 60 time steps per revolutions of the propeller Ag,, = 6 degrees was enough and
the results were accurate, although the results could be improved if the number of time steps was
increased to 120 (A8, =3 degrees). However, the effect of the angular interval Ag, on the
calculation of the thrust of one blade was not large. Therefore, the angular interval of the 6
degrees was commonly used in the present calculations.

Abim@) =

2-3-Unsteady Pressure and Hydrodynamic Forces
One the perturbation potential was found, the unsteady pressure distribution on the propeller

blade is calculated by the unsteady Bernoulli’s equation expressed as;
1 (1 2 2 8g(t) .
b0 = o+ 2o{ M0 < [vOoP |- 222 (16)

where the parameters are defined in the nomenclature.
9¢

The time derivative of the potential, P in equation (16) is inherent in the unsteady flow and
/4

can be obtained by third-order finite difference scheme as;
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discretized into equal intervals Af. The trailing vortex wake starts from the blade trailing edge
and flows downstream of the propeller along the prescribed helical surface by interval Ag, as

follows:

On each of the quadrilateral panels, the dipole and source distributions are approximated by
constant strength distributions. Discretization of equation (5) leads to a linear system of algebraic
equations for the unknown ¢ at each time step L =t/ At as:

K Neot
o (L)= z ZDk1J(¢ L)» 2 Z ZWkUI(AA (OASN Zosk u( ] i@ =12 Ny (11)
k=1j=1 7  k=lj=l1l=1

where Dy , W' (dipole distributions on body and wake surfaces) and S§*; (source
distribution on body) are influence coefficients on panel j acting on the control point of panel i.
Those influence coefficients are nearly evaluated analytically by Morino [10]. The use of
quadrilateral surface panels instead of planar panels has been found to be important for the
convergence of the present potential based boundary element method. It is found to be especially
so when applied to the highly skewed propeller and twisted shape.

The system of equations (11) must be solved at each time step L with respect to the potentials
on the all blades. But the influence coefficients are determined on the key blade and re-arranged
for all blades in the full matrix form. This is more efficient than calculating influence
coefficients for all blades. This system of equation can be written in a matrix form as follows:

k
[Dkijl(bkj(L)]z[Skjj‘:[%:i) j(L)} +[Wkij](TE)]I:A(Pkijl(L)J (12)

In actual numerical computation, the assembly of the matrices depends on the total number of
panels and the source and dipoles coefficients. The method can be particularly time consuming
particularly when the number of panels is large. For propeller of K blades with M panel dividing
in radial and N panels in chordwise, the total equations system become K x M x2N . Adding the
hub, it becomes a large system of equations, which must be calculated for the propeller.

2-2-1terative Pressure Kutta Condition

The Kutta condition (9) which requires that the pressure difference at the control points on the
back and face sides of blade panels adjacent to the trailing edge should be zero can be expressed
in the discretized form as;

AS@EPSPO-PF=0,  j=12,.M (13)

A direct solution of the resulting system of equations, (11) and (13) is difficult due to
nonlinear features of equation (13). Therefore an 1terat1ve method is required to solve the system
of equation (11) and satisfy equation (13). At the n” iteration, we solve the linear system of

equation (11) with the values of Agbjk(L) determined from the (n-/ ) iteration. The potential
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The strength of the source distribution in equation (5) is known from kinematic boundary
condition (KBC) as follows;

%y (XY, 207 _-[

— Ve (- wx,v, X,0)+&xF(X,7, X,t)]ﬁ (6)

where 7 denotes the outward normal unit vector

The strength of dipole distribution is unknown and equal to the perturbation potential on the
propeller or to the potential jump in the trailing vortex wake. On the wake surface S, the

velocity is considered to be continuous while the potential has a jump across the wake. It is
expressed in the perturbation potential as,

L{&b(r,t)) (&b(rx)) (_g&_b(a_:i) )F:O )

(Acp(rt))sw =Pt -¢F @) =T )

where indexes B and /' mean back and face sides of the propeller, respectively.

In the steady flow problem, the potential jump A¢(qg)is constant across the wake surface along
an arbitrary streamline in the wake and its value is also constant with time, but when unsteady
flow is streamed along the trailing wake and the value of the potential varies with time.

Another important physical boundary condition is the Kutta condition and its implementation.
In lifting flows the circulation distributions on the lifting portions drives the entire solution.
Accordingly, accurate determination of this circulation is crucial. Values of circulation are
determined mainly from the Kutta condition along the trailing edges, and thus specifications of
the Kutta condition is more important than any other detail of the numerical implementation.

The theoretical and physical form of the Kutta condition states that the velocity shall remain
finite all along the sharp trailing edges. An equivalent alternative form may be imposed in the
numerical solution such that equal pressure occurs the back and face surfaces of the trailing edge.
This equal pressure Kutta condition will be applied to determine the unknown Ag,, of the dipole
strength on the wake surface. In the numerical calculation, the pressure Kutta condition can be

expressed as:

ApTE (T7 t) = pTEB(r: t)”pTEF(Y: t) =0 (9)

A direct solution of the resulting system of equations obtained from discretized Green’s
formula for the perturbation velocity potential (5), along with equation (9) is difficult due to the
nonlinear character of the equation (5) therefore, an iterative solutions algorithm is employed to
solve the problem. We focus on the numerical implementation in the following section.

2-Numerical Implementation
2-1-Discretization of the Propeller and Constitution of the Equations System

To solve the equation (5) numerically, we discretize the propeller and its trailing vortex wake
surfaces into quadrilateral panels described in the reference [12]. The time domain is also
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VWX Y.ZO=Vs.(1-w(X.Y.Z1)

Vw(X.Y.Z,1) : Wake Flow onto the Propller

Vs : Ship Speed
wi(X,Y.Z.{) : Wake Fraction

Figure (1) Coordinate system of marine propeller.

Denoting the components of the unsteady non-uniform velocity field towards the propeller in
Cartesian coordinates by

ViX.Y,Z,0= Vw(x,y,z,t)+axf(x,y,z,t) 3)

The assumption at this point, is that the flow is incompressible and non-viscous. In addition,
the wake velocity 7, (x,y,zt) is assumed to be the effective wake, which includes the

interactions between the vorticities of the inflow with and without the propeller. Since there is
currently no method for calculating the effective wake, the measured wake flow must be used to
obtain the propeller performance. Having the measured wake flow w(X,Y,Z,t) and ship’s speed

v, , the flow velocities into the propeller due to wake are expressed as follows:
Vy (X, Y, X, 1) = Vg (1 - w(X, Y, X, 1) “4)

Notice that wake fraction in the reference are mostly given by some approximate formulae or
measure data. It is noted that the wake field is strongly dependent on stern shape and so each ship
can be considered to have a unique wake field.

1-1-Basic Formula
By applying Green’s theorem for perturbation velocity potential ¢(X,Y,Z,r) at any time, we

can get the following integral equation on the propeller and its trailing vortex wake.

o (1 1 o 1
Jrmbp= | ¢>(q)———[ j &b(q)[ de+ | A(p(q,t)—“—(m}ls (5)
SB anq R(p;q) anq R(p;q) SW anq R(p;a)

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

strength ¢(p) on the body surface S, a source distribution of strength 0¢/0n on §,, and a

normal dipole distribution of strength A¢(g,?) on the trailing wake surface S, .

1-2-Boundary conditions
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surface panels singularity distributions and boundary conditions. Most of the panel methods are
based on the Douglas Newmann constant source method developed by Hess and Smith [20], in
which the major unknown was the source strength which is determined from the boundary
condition of requiring zero normal velocity at a control point on each panel. Another formula has
arisen from the application of Green’s Identity to determine the unknown potential strength. It
was firstly introduced by Morino [10] for general lifting bodies in the field of wing theory.

In the past years, many researchers have applied this method to the marine propeller problems
in steady flow (for example, Koyama [15], Hoshino [1][2], Kinnas [26] and Ghassemi [12]).
However, predicting cavitation on marine propellers in unsteady flow, which is our main
objective has not been reported yet. In the present paper, we have focused the simulation method
on the unsteady propeller flow, before going ahead to achieve the prediction of cavitation. The
same method has been employed for hydrofoil and propeller cavitation prediction in steady flow
with satisfactory results [27]. Predicting cavitation in the unsteady flow is a challenging task
which will be logical extension of the present method in the near future.

In this paper, a potential-based boundary element method is applied to the hydrodynamic
analysis of marine propellers operating in non-uniform flow. Hyperboloidal quadrilateral panels
with constant source and dipole distributions are used to approximate the surface of the propeller.
An iterative pressure Kutta (IPK) condition (with special numerical techniques) has been applied
to satisfy the equality of pressure at the trailing edge at each time step. In order to validate the
numerical results, two propellers were selected to validate the method. One was a conventional
propeller (CP) and the other was a highly skewed propeller (HSP). Steady and unsteady pressure
distributions on each propeller were calculated by the present method and compared with
experimental data for both model propellers and full-scale measurements by Ukon et al [18].

The remainder of the paper is organized as follows. Section 2 describes the mathematical
formulation, boundary conditions and inflow wake velocity onto the propeller. Numerical
implementation is explained in Section 3. Section 4 presents the computational results and
compares them with experimental data for both steady and unsteady flows. We present
conclusions in Section 5.

1-Mathematical Formulation

1-1-Wake flow velocity onto the propeller
In order to proceed with the boundary element method (BEM), the total unsteady velocity

potential #(X,Y,Z,t) and the perturbation velocity potential ¢(x,y,Z,s) are related as follows:

B Y, Z,1) = & (X, Y. 2,0+ (K, Y, Z.1) )

where ®,(X,Y,Z,t) is the local unsteady potential flow onto the propeller and it is expressed as;

& (XY, Z1)= V(X Y.Z, 0.Xp ()
where V;(x,v,z,1 and X, are unsteady inflow velocity and position vector of the propeller,

respectively.
The propeller is assumed to rotate with a constant angular velocity @ around the X —axis in

the negative direction of @, as depicted in Fig. 1.
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Abstract

A marine propeller in unsteady wake flow is analyzed by using a potential-based boundary element
method (BEM). Constant strength dipole and source distributions are used on each quadrilateral |
. panels representing the propeller blades and their trailing vortex wakes. An analytical modification of
. Morino’s method is adopted to determine the influence coefficients of source and dipole using '
hyperboloidal quadrilateral panels. This is very important for accuracy of the solutions. An iterative
i pressure Kutta (IPK) condition is applied to ensure pressure equality at the trailing edge of the blade. '
. First, calculations were conducted for a steady flow to confirm the accuracy and the capability of the -
| present method. Next, the calculations of the unsteady flow due to the ship’s wake were performed to
calculate the fluctuating pressure acting on the propeller and consequently the thrust and torque. The
. thrust fluctuation for one blade and the whole propeller are presented. The method is demonstrated for |
| two propellers, one corresponding to the conventional propeller and one for a highly skewed. The '
unsteady pressure distributions on the propeller blades determined by the method are in good
agreement with experimental data obtained from full-scale propellers. ;
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Introduction

Marine propellers are usually operate in the region of disturbed flow, behind a ship. The non-
uniform flow generates periodic, fluctuating pressure and as a result, vibratory forces can occur.
The induced forces may transfer to the ship’s hull through the shaft-line and fluid and the
resulting vibrations are generally unpleasant and discomforts to the crews and passengers. The
wake field is strongly dependent on hull shape and so each ship can be considered to have a
unique wake field. It is a challenge for Naval Architects and Hydrodynamicists to predict the
performance of the marine propellers working in a non-uniform wake field.

Modern research in computational hydrodynamics is linked to the development of the
computer, and many numerical methods developed during the second half of the twentieth
century. The potential-based boundary element method (BEM) is suitable for the analysis of
configuration problems because it has good accuracy combined with low computational times.
Many researchers have applied this method to wide variety of numerical predictions. As a result
there has been some optimization of the method in order to achieve better and faster solution.
There are a wide variety of potential-based panel methods, which employ different type of
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