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 ABSTRACT  
In this paper, we present an approach to analyze the 
hydrodynamic performance of a hydrofoil or a marine 
propeller undergoing unsteady motion. Firstly, a 2D 
unsteady BEM model is developed in order to simulate 
the heave and pitch motion of a hydrofoil. The wake of 
the hydrofoil is modeled by a continuous dipole sheet and 
determined in time by applying a force-free condition on 
its surface. An explicit vortex core model is adapted in 
this model to capture the rolling up shape and to avoid 
instability due to roll-up deformation of the wake. The 
numerical results of the current model are compared with 
these from the commercial RANS solver (FLUENT). The 
problem of flow around a marine propeller performing 
surge, roll and heave motion in an unbounded fluid is 
formulated and solved using both vortex-lattice method 
(MPUF-3A) and boundary element method (PROPCAV). 
A fully unsteady wake alignment algorithm is 
implemented into MPUF-3A in order to satisfy the force-
free condition on the propeller wake surface. Finally, a 
comparative study of unsteady propeller forces obtained 
from PROPCAV and MPUF-3A (with or without fully 
aligned wake) is carried out and results are presented. 

The ultimate goal of the present research work is to 
develop an integrated 6 DOF propeller-hull motion model 
by including complete propeller-hull interaction in time. 
Comprehensive analysis of the flow around such system 
under most severe motions can be performed by the 
proposed model. 

 Keywords 
Heaving and Pitching hydrofoil, Reynolds-Averaged 
Navier Stokes (RANS) solver, Vortex-Lattice Method 
(VLM), Boundary Element Method (BEM) 

 1 INTRODUCTION 
Due to the unsteady motions of a ship, the operating 
propeller is usually subjected to a time-dependent inflow 
which can drastically change the hydrodynamic 
performance of the propulsion system and reduce the 
maneuverability of the ship. Incident waves tend to move 
the hull in 6 DOF over a range of frequencies which in 
turn oscillate the propeller in all possible degrees of 
freedom. For all such cases, it becomes important to 
consider the effect of unsteady contributions to the wake 

field caused by waves and wave induced motions. The 
combined effect of these two contributions was 
investigated in the past by Van Sluijs (1972) and by 
Jessup & Boswell (1982).  

Detailed study of flapping hydrofoil helped us to analyze 
the characteristic behavior of unsteady forces generated 
by unsteady motion of propellers. The unsteady motion of 
airfoil has been investigated extensively in the past. 
Birnbaum (1924) presented a solution for incompressible 
flow past flapping foils, while Garrick (1936) applied 
Theodorsen’s (1935) theory to explain the generation of 
thrust and propulsive efficiency of harmonically 
oscillating foils. K�́rm�́n & Burgers (1934) were the first 
ones to explain the generation of thrust and drag on the 
basis of the observed location and orientation of shed 
vortices. Platzer et al (1993) applied panel method to 
compute unsteady lift and thrust forces for pitching and 
plunging airfoils. McCune et al (1990) applied lifting line 
theory approach based on Von K�́rm�́n. He allowed the 
wake elements to freely interact and roll up. In order to 
get the correct nature of forces experienced by an 
oscillating hydrofoil, unsteady wake alignment is very 
critical.  

In the recent past, Lee & Kinnas (2005) developed 
unsteady wake alignment model to simulate propeller in 
nonaxisymmetric flows. Politis (2004) has modeled the 
unsteady motion of propeller by using a free wake model. 

         2 FORMULATION 
         2.1 2D BEM model 
         2.1.1 Kinematics 

 

 
Figure 1: Kinematic boundary condition on the surface of 

flapping hydrofoil 
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Consider a hydrofoil performing unsteady translation and 
rotation with instantaneous velocity ���(�) and Ω���(�) 
respectively (see Figure 1). A velocity potential Φ(X, Y, t) 
can be defined in the inertial frame of reference and thus 
continuity equation, in this frame of reference, becomes: 
                      ∇�Φ = 0   (X, Y coordinates)                     (1)              

As ∇�Φ is independent of the frame of reference, as 
explained in Katz & Plotkin (2001), it remains unchanged 
in body fixed frame of reference:                        ∇�Φ = 0   (x, y coordinates)                      (2) 

By applying Green’s third identity with respect to 
perturbation potential at any time step, following integral 
equation is obtained: 

           Φ(�)
2 = 1

2� � �� ∂Φ(�)
�� − Φ(�) ��

��� � ! + 

                           1
2� �(−∆Φ$(�) ��

��) � %                         (3)                  
Where Φ(�) is the potential at any time step;  ! is 
hydrofoil surface;  % is wake surface; ΔΦ$ is potential 
jump at the wake; n is normal vector on foil and wake 
surface and � = ln (*) is the �*++�′- function. 

 Kinematic boundary condition in an inertial coordinate 
system (in which the fluid far from the foil is quiescent) is 
given as: 

               ���./0 . ��� = ∇Φ. ���                                             (4) 

where ���./0 = 2���(�) + Ω���(�) × *�4; * =(56,76) is the 
position vector of collocation points on the hydrofoil 
surface as shown in Figure 1. 

Kutta condition is applied at the trailing edge of the 
hydrofoil at each time step. The flow leaves the sharp 
trailing edge of the hydrofoil smoothly with a finite 
velocity, i.e. ∇Φ < ∞. Constant dipole and source panels 
are used on the hydrofoil surface whereas linear dipoles 
are used on wake surface. 

        2.1.2 Unsteady wake alignment 

At certain time step, the potential on the wake surface is 
known from previous time steps. The induced velocities 
can be evaluated by directly differentiating the Eqn. (3). 
The wake is aligned so that the velocity on the wake is 
tangent to the wake surface. The potential on the wake 
moves with the local velocity. Finally, the wake sheet is 
re-discretized to construct the new panel edge points by 
using the cubic spline interpolation. Detailed description 
of the given numerical scheme can be found in He (2010) 
and He & Kinnas (2009). 

        2.1.3 Pressure calculation 
Unsteady Bernoulli equation for an observer in the 
moving coordinate system (x, y) can be given as:  

                    : − :;< = − 1
2 (∇Φ)� + ���./0 . ∇Φ − δΦ

δt        (5) 

where  δΦ
δt = time derivative of potential for a given 

control point on the hydrofoil surface. Broadly speaking, 
it is total change of Φ recorded over time on any given 
point on the foil surface. 

 3 ANALYTICAL SOLUTION 

 3.1 Formulation 
The following analytical formulation for lift force 
experienced by a thin flat plate undergoing small 
amplitude pitch and heave motion has been taken from 
Katz & Plotkin (2001). Here, pitching axis is passing 
through leading edge of the hydrofoil. 

 Lift per unit span: 

? =  �<@AB(C) D@E − ℎG + 3
4 AEG I +  �< A�

4 J@EG − ℎK + A
2 EK L        (6) 

where 

     ? =   Lift force per unit span 
     ℎ =  ℎY sin(Z�) = Heave Displacement  
     E =  EY sin(Z�) = Angular Displacement 
      B(C) =  Lift Deaiciency Factor (Theodorsen Function)  
     C =  ZA

2@ = Reduced Frequency 

     @ = Freestream inalow velocity  
     A = Chord length  
     < = Density of water 

    Bk = k
l.mnopq  

 
 
A fundamental dimensionless parameter that characterizes 
the unsteady hydrodynamics of pitching and heaving 
hydrofoils is reduced frequency. It is a measure of the 
residence time of a particle convecting over the hydrofoil 
chord compared to the period of motion. Numerical 
simulations for pitching and heaving motion have been 
performed on NACA 66 hydrofoil section with chord 
length; A = 1.0m, �Y = 1% A, sY = 0.0%A , AOA = 0.0Y,@ = 1.0m/s. 
 
 3.2 Analytical results 
         3.2.1 Pitch motion 
         3.2.1.1 Case I (Pitch amplitude=0.1 rad, v = w) 
 

 
Figure 2: Lift coefficient versus time 
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     3.2.1.2 Case II (Pitch amplitude=0.1 rad, v = w/x) 

 
Figure 3: Lift coefficient versus time 

                  3.2.2 Heave motion 
                  3.2.2.1 Case I (Heave amplitude=0.1, v = w) 

 
Figure 4: Lift coefficient versus time 

             3.2.2.2 Case II (Heave amplitude=0.1, v = w/x) 

 
Figure 5: Lift coefficient versus time 

 4 RANS SOLVER (FLUENT) 
Results obtained from 2D BEM model have been 
compared with RANS solver, Viz. FLUENT. In 
FLUENT, the governing equations are solved for the 
conservation of mass and momentum by using finite 
volume method. Numerical simulations for pitching 
motion have been performed on NACA 66 hydrofoil 
section with chord length; A = 1.0m, �Y = 5% A, sY =0.0%A , AOA=0.0Y, @=1.0m/s & Z = 2�.  

 
Figure 6: Schematic diagram of computational flow domain for 

pitching hydrofoil 

Figure 6 shows the computational domain used in 
FLUENT for simulating pitch motion. The standard C − y 
turbulence model is used to solve RANS equations. In 
order to assess viscous effects, both viscous and inviscid 
runs are performed with the FLUENT. For viscous model, 
boundary condition for the hydrofoil surface is set as no-
slip wall with standard wall functions applied. Two 
dimensional unstructured grids were generated in 
GAMBIT with boundary layer cells attached on the 
hydrofoil. 407K number of cells is distributed over the 
entire domain. Obtained range of 7z is between 40 and 
150. Dynamic mesh is used to simulate the pitch motion. 
Inner circular domain shown in the above given figure is 
rotated by a user defined function, (udf) whereas the outer 
domain remains fixed. Grid details near leading and 
trailing edge of pitching hydrofoil is shown in Figure 7. 
Computational (CPU) time of 17 hours is taken by 
FLUENT on 4 cores where 1 core is 2.4 GHz QUAD core 
processor. 2D BEM model takes 3 minutes on single core 
for simulating the complete flow. 

 

    Figure 7: Grid details near LE and TE of pitching hydrofoil 
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 5 NUMERICAL RESULTS 
         5.1 Pitch motion 
         5.1.1 Case I (Pitch amplitude=0.03 rad,v = w) 
 

 
Figure 8: Lift coefficient versus time 

 

Figure 9:  Drag coefficient versus time 

Figures 8 and 9 compare the unsteady lift and drag 
coefficients from 2D BEM model and FLUENT where  

B{ = {
l.mnopq. Results from both of these methods show 

close level of agreement; however, a shift between 
inviscid and viscous drag coefficient can be noticed. This 
shift is attributed to the skin friction drag which is not 
included in FLUENT (INVISCID) and 2D BEM model. 
In Figures 10, 11 and 12, pressure distribution on the foil 
surface is compared at different flow time. The results 
suggest that except at the trailing edge of the hydrofoil, 
both 2D BEM model and FLUENT agree well with each 
other. In 2D BEM model, iterative pressure Kutta 

condition has been implemented to obtain zero loading at 
the trailing edge of the hydrofoil. 

 

Figure 10: Pressure distribution on the pitching foil at t/T=1.3 

 
Figure 11: Pressure distribution on the pitching hydrofoil at 

t/T=1.5 

 

Figure 12: Pressure distribution on the pitching hydrofoil at 
t/T=1.9 
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Figure 13: Comparison of wake pattern for pitch motion 

where v = w |}~ ����� ��������� = �. �� ���. 2D BEM is 
shown here by          curve and FLUENT by filled plot. 

Figure 13 shows the comparison between unsteady wake 
profiles obtained from 2D BEM model and FLUENT. 
Both the trajectories and rollups are predicted accurately 
by 2D BEM model. 

 5.2 Heave motion 
 5.2.1 Fluent details 
Numerical simulations for heaving motion have been 
performed on heavy hydrofoil section with chord length; A = 1.0m, AOA=0.0Y, @=1.0m/s & Z = 2�. The standard C − y turbulence model is used with Standard wall 
function for the near wall treatment. 390K numbers of 
cells are used to mesh the complete domain (see Figure 
14). Dynamic mesh with layering is used to simulate the 
heave motion. The range of 7z is between 40 and 110. 16 
hours of CPU time on 4 cores is taken by FLUENT to 
simulate 3 seconds of flow whereas 2D BEM model takes 
3 minutes of CPU time on single core where 1 core is 2.4 
GHz QUAD core processor. 
 

 
Figure 14: Schematic diagram of computational domain for 

heaving hydrofoil 

 

Figure 15: Grid details near LE and TE of heaving hydrofoil 

Figure 15 shows the grid resolution near the leading and 
trailing edge of the hydrofoil. 

      5.2.2 Case I (Heave amplitude = 0.005, v = w) 
 

 
Figure 16: Lift coefficient versus time 

 

Figure 17: Drag coefficient versus time 
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Unsteady lift and drag coefficients are compared in 
Figures 16 and 17, respectively. Both 2D BEM and 
FLUENT are in close agreement with each other. As 
explained in the earlier section, a shift can be noticed in 
the drag coefficient plot. This shift is due to the presence 
of skin friction drag which is not included in FLUENT 
(INVISCID) and 2D BEM model. Figures 18, 19 and 20 
compare the pressure distribution on the hydrofoil surface 
at different time steps. Comparing results from FLUENT, 
2D BEM model appears to predict pressure distribution 
with reasonable accuracy. Figure 21 shows the 
comparison between shapes of the wake profile obtained 
for a heaving hydrofoil. Both FLUENT and 2D BEM 
model are in close agreement with each other in 
predicting the time evolving wake. 

 

Figure 18: Pressure distribution on the heaving hydrofoil at 
t/T=2.3 

 
Figure 19: Pressure distribution on the heaving hydrofoil at 

t/T=2.5  

 

Figure 20: Pressure distribution on the heaving hydrofoil at 
t/T=2.8 

 

Figure 21: Comparison of wake pattern for heave motion 
where v = w |}~ ����� ��������� = �. ���� . 2D BEM is 

shown here by          curve and FLUENT by filled plot. 

  
 6 UNSTEADY MOTION OF PROPELLER 
 6.1 Evaluation of Reduced Frequency (v)   

The reduced frequency for a propeller at (
.
� = 0.7) can be 

defined as  

     Cl.� = Z�Y�6Y�Al.�2@  

It can be redefined as  

                                Cl.� = �������
���������� ∗  q¡.¢

£¤o{      
where  
      Propeller: DTMB P4718      Z�Y�6Y�=Angular frequency of surge, roll or heave  
                      motion.   

       Z¥.Y¥/¦¦/.= Angular frequency of propeller rotation. 

       Cl.� =Reduced frequency at (
.
� = 0.7) 

       Al.� = Reference chord length at (.
� = 0.7) = 0.365 

      @ = Reference inflow velocity which is defined as  

      @ = §�̈ � + (0.7��©)�  

       �̈ =Ship speed 
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       � =Propeller rotational frequency (rev/s)               © =Propeller diameter =2.0 

       ª« = Advance ratio,  ª« =  
¬
�{ = (Design  ª =0.751) 

             

    Table 1.  Reduced frequency (Cl.�) for various 
�������

�����  

®¯°±²°}®³´°³  v�.µ (´¶~·¸¶~ 
¹´¶º·¶}¸») 

0.1 0.4725 

0.2 0.9450 

0.4 1.8899 

0.6 2.8349 

0.8 3.7799 

1.0 4.7249 

1.2 5.6698 

1.4 6.6148 

1.6 7.5598 

1.8 8.5048 

2.0 9.4497 

 

 

Figure 22 v�.µ Vs  ®¯°±²°}
®³´°³  

 6.2 Kinematics     
Consider a propeller undergoing unsteady motion in an 
unbounded fluid. The flow around the propeller is 
assumed to be incompressible, inviscid and irrotational, 
thus there exists a perturbation potential Φ(x, y, z, t) 
satisfying the Laplace equation: 

∇�Φ = 0                                         (7) 
Referring to Table 1, we find the value of Cl.�  to be 0.473 
for �������

����� = 0.1. Bresling & Anderson (1994) have 

shown that for C = 0.5, ratio of modulus of unsteady lift 
to quasi-steady lift can reach up to 0.5. Based on this 
analysis, a fully unsteady approach has been adopted as 
opposed to a quasi-steady approach. In this paper, surge, 

roll and heave motion of the propeller have been 
considered. These motions are characterized by the 
changes they bring to the axial, radial and circumferential 
component of the inflow velocity. Surge, roll and heave 
velocities can be defined as:  

     @���� = @���̈ ¾.¿/  sin (ωÁÂÃÄÅ�) 

     @���� = Ω���.Y¦¦ sin(ωÃÆÇÇ�) × *� 
     @���� = @���È/ÉÊ/  sin (ωËÅÌÍÅ�) 

where @���̈ ¾.¿/,  Ω���.Y¦¦   and  @���È/ÉÊ/   are linear or angular 

velocity amplitude; ωÁÂÃÄÅ, ωÃÆÇÇ and  ωËÅÌÍÅ are angular 

frequency of corresponding oscillation. 

               *� = 5Î̂ + 7Ð̂ + ÑCÒ  (position on propeller blade) 

The propeller is subjected to non-uniform inflow 
@���¥(5, 7, Ñ, �) which is given with respect to the propeller 

fixed frame of reference. In other words, @���¥(5, 7, Ñ, �) 
includes the velocity due to propeller rotation. The no 
penetration boundary condition on the propeller blade 
surface requires @���� to be taken into account, thus adding 
@���� to @���¥ to get @���6�. 

             @���6�(5, 7, Ñ, �) = @���¥(5, 7, Ñ, �) +  @����               (8) 

Thus the total flow velocity Ó��(5, 7, Ñ, �) with respect to 
the propeller fixed coordinate system can be expressed as: 

 Ô����(Õ, Ö, ×, �) = Ø����Ù(Õ, Ö, ×, �) + ÚÛ(Õ, Ö, ×, �)      (9) 
 6.2.1 Boundary Element Method (PROPCAV)  
PROPCAV is a panel method (boundary element 
method). The perturbation potential ΦÜ(x, y, z, t) at any 
point p which lies on the blade surface must satisfy 
Green’s third identity:  
 

2�ΦÜ(x��) = Ý ÞΦß(x��, t) ∂G(p; q)
∂nß

−  G(p; q) ∂Φß(x��, t)
∂nß

â 
ãä

ds   
           

                    + Ý ∆Φ$(x��, t) ∂G(p; q)
∂nß

 
ãå

ds                        (10) 

Where the subscript q corresponds to the variable point in the 
integration; nß is the unit vector normal to the propeller 
surface or the wake surface; ∆Φ$ is the potential jump at 
the trailing edge of the blade; and G(p; q) is the Green’s 
function. In an unbounded three dimensional fluid domain,  G(p; q) is given as: 

                               G(p; q) = 1
R(p; q)   

where æ(:; Ó) being the distance between points : and Ó. 
Also, kinematic boundary condition is satisfied on the 
surface of the propeller as: 
   

     çÛÔç}º = −è���²}éêº, »º, ëº, ±ºì. }���                   (íí) 

   6.2.2 Vortex-Lattice Method (MPUF-3A)     
MPUF-3A is a vortex and source lattice method code. In 
VLM, the blade loading and blade thickness are 
represented by the discrete line vortices and line sources 



 
 
respectively. The line vortices and line sources are placed 
on the mean camber surface and on the surface of 
transition wake. The unknown strength of the singularities 
is determined by applying kinematic boundary condition. 
For kinematic condition to be satisfied, normal 
component of the velocity on the mean camber surface is 
zero. 

  6.3 Unsteady propeller wake alignment   
Unsteady wake alignment is very important to correctly 
predicting the hydrodynamic performance of propeller 
undergoing unsteady motion. In order to get time 
evolving wake, first the performance of propeller is 
predicted by MPUF-3A using helical wake model or 
steady wake alignment. Later, induced velocities are 
calculated by summing up the velocities induced by each 
blade and wake element. Evaluation of induced velocities 
is done for each edge point of the wake panels using the 
following relation: 

î�ï6 = ∑ Γòóä î�ó+∑ Qòî�õ +öä ∑ Q÷î�õ + ∑ Γ$óå î�ó   (1öø 2)       

here,  Γò and Γ$ are the constant strength of bound vortex 
and free shed vortex. Qò and Q÷ are the magnitude of line 
sources representing the blade and cavity thickness 
respectively. î�ó and î�õ are the velocity induced by each 

unit strength of line source and vortex loop. 

 
Figure 23: Evaluation of induced velocity at edge point of the 

panel 

Once induced velocities are calculated, edge points of the 
wake panels are convected with the total flow. Tip vortex 
core is not included in this model. Detailed description of 
the current wake alignment algortihm can be found in He 
(2010). 

  6.4 Numerical results 
  6.4.1 Sample run parameters 
Simulation results have been presented for the model 
propeller DTMB P4718. Fully wetted unsteady runs at ªù/¨6¿�=0.751 are performed for surge, roll and heave 
motion. In MPUF-3A, the propeller blade is discretized 
using 20 panels in chordwise and 18 panels in spanwise 
direction while in PROPCAV, discretization is done using 
60 panels in chordwise and 20 panels in spanwise 
direction. Thickness/Loading coupling has been 
implemented in MPUF-3A to compare results with panel 
methods (PROPCAV).  

 

 

Figure 24: Schematic diagram           Figure 25: Blade geometry 
showing unsteady motions                     and panel discretization 

 6.4.1.1 Surge motion (Case I) 

 
Figure 26: Unsteady single blade thrust coefficient 

 

Figure 27: Unsteady single blade torque coefficient 
 
In Figures 26-29, time varying KT and KQ has been 
compared using PROPCAV and MPUF-3A (with or 
without complete wake alignment) for surge and roll 
motion. 
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 6.4.1.2 Roll motion (Case I)  

 

Figure 28: Unsteady single blade thrust coefficient 
 here (|è´°ûû| = ü����ý�� × ��) 
 

 
Figure 29: Unsteady single blade torque coefficient 

 here (|è´°ûû| = ü����ý�� × ��) 
 
 6.4.1.3 Heave motion (Case I) 

 

 
Figure 30: Comparison of KT from MPUF-3A and Politis 

(2004). Unlike other KT plots, direction of thrust is considered 
positive along the direction of ship’s forward motion. 

Figure 30 compares the unsteady single blade thrust 
coefficient from the present method to those from Politis 
(2004), which appears to be fairly close to each other. 

 6.4.1.4 Heave motion (Case II) 

 

Figure 31: Unsteady single blade thrust coefficient 

 
Figure 32: Unsteady single blade torque coefficient 

Figures 31 and 32 show the comparison between unsteady 
KT and KQ from MPUF-3A and PROPCAV for a 
heaving propeller. Figures 33-34 suggest that a phase 
difference exists between the thrust forces generated by 
each blade of the propeller. A considerable variation of 
total KT and KQ around the mean value can be noticed in 
the corresponding figures. Such a large variation of 
unsteady thrust and torque coefficient can affect overall 
performance of the propeller system and thus needs to be 
analyzed through the proposed model.  
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Figure 33: Single blade thrust coefficient and Total thrust 

coefficient as a function of angular position of blade for the 
propeller in heaving motion. 

 
Figure 34: Single blade torque coefficient and Total torque 
coefficient as a function of angular position of blade for the 

propeller in heaving motion. 

           6.4.2 Convergence of KT and KQ with number  
                    of grids      

           6.4.2.1 Convergence study of MPUF-3A    
            

 
Figure 35: Convergence of single blade KT with number of 

grids for uniform spanwise and full cosine chordwise spacing 

 
Figure 36: Convergence of single blade KQ with number of 

grids for uniform spanwise and full cosine chordwise spacing 

 6.4.2.2 Convergence study of PROPCAV  

 
Figure 37: Convergence of single blade KT with number of 

grids for uniform spanwise and full cosine chordwise spacing 

 
Figure 38: Convergence of single blade KQ with number of 

grids for uniform spanwise and full cosine chordwise spacing 

Grid dependence convergence study (see Figures 35-38) 
shows both MPUF-3A and PROPCAV get converged 
with the increase in grid resolution. 
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 7 CONCLUSIONS AND FUTURE WORK 
A time dependent 2D BEM model has been developed 
and validated against RANS solver to analyze the nature 
of unsteady forces, pressure distributions and wake 
profiles for an oscillating hydrofoil. Simulations of 
heaving and pitching motion are performed for a set of 
parameters to avoid inception of leading edge vortex 
(LEV) which can drastically change pressure distribution 
on the surface of hydrofoil. In the future, LEV model 
developed by Tian & Kinnas (2011) will be incorporated 
to analyze flapping hydrofoil for a wider range of 
parameters.  

The unsteady hydrodynamic analysis of propeller under 
surge, roll and heave motion have been performed using a 
vortex lattice method (MPUF-3A) and a boundary 
element method (PROPCAV). A fully unsteady wake 
alignment algorithm is implemented in MPUF-3A. On 
comparing the results from the present method to those 
from Politis (2004), fair to moderate level of agreement 
has been found between the two. Discrepancies observed 
while comparing the results from MPUF-3A and 
PROPCAV need to be investigated further. In the future, 
the present method will be extended to analyze pitch, yaw 
and sway motion of the propeller. 

The long term objective of the current research work is to 
integrate the present model with hull motion model 
followed by coupling with Reynolds Averaged Navier 
Stokes (RANS) method to develop a complete 6 DOF 
hull-propeller system motion model. Coupling with 
RANS by Kinnas et al (2009) can be done to provide 
accurate propeller-hull interaction in time. In this 
approach, the propeller thrust and torque are represented 
by body forces in the RANS code to account for the 
effects of propeller-induced flows. Development of the 
required model will analyze the complete flow around 
hull-propeller system and predict forces, moments and 
pressure distribution with utmost accuracy. 
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