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Abstract

In this paper, the hydro dynamic performances of the propeller — rudder interaction of the 55600DWT cargo
ship was study by mean of CFD tool and comparing with theoretical calculation. The two cases of the propeller
with and without a rudder in the propulsive system was investigated for prediction and comparison in
hydrodynamic performances. The CFD results have shown the pressure field, flow velocity distributions
around system in order to make prediction for hydrodynamic performance of the propeller and system. By
controlling the driven attached angle of the rudder, the hydrodynamic coefficients are estimated for considering
applying in operating the propulsive system of the 5500DWT cargo ship. The appearance of some low-
pressure areas under the saturated vapor pressure on the suction side of the propeller at an advance
coefficient J less than 0.35 that makes the suggestion that the cavitation model should be considered for
further study.
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Tém tat

Trong bai béo nay, tac gia trinh bay mét sé két qua nghién curu vé déc tinh thiy déng luc hoc hé théng chéan
vit — banh lai tau thdy str dung cho loai tau ché hang kh6 5500 DWT thong qua st dung phwong phap tinh
toan ly thuyét k&t hop véi mé phéng s6 CFD. Hai truong hop khéo sét gébm: chén vit doc lap va hé chén vit —
banh lai dé duw béo va so sénh vé mat hiéu qua thiy dong luc hoc. Két qué mé phdéng sé duwa ra truong ap
suét va van tbc dong chay bao hé théng, phén tich dw béo dac tinh thay déng Iwrc hoc chéan vit va hé chéan vit
— banh lai. Khi thay déi goc banh 1ai, cac hé sé thdy déng luc hoc duoc xem xét nham 4p dung hiéu qua vao
van hanh hé théng day cua tau hang 5500 DWT. Viéc xuét hién cac viing 4p suét thap duéi nguéng ap suét
hoi bdo hoa & mét hut ctia chan vit & gia tri téc do twong dbi J nhé hon 0,35 cho théy cén tiép tuc c6 nhitng
nghién ctru v6i mé hinh xam thuec tiép theo.

T khéa: Bac tinh thdy déng Iwc hoc, chan vit tau thay, thiét bi déy, CFD, tau hang khé.

straightening influence of propeller and hull on
effective angle of drift at the stern of a ship. The author
used a modified Wageningen B4.40 propeller and
rudder for CFD simulation and experience. The paper

A study on improving the hydrodynamic

of a system rudder-propeller is

important for the maritime transportation. From now,
it has too many authors presented a research to solve
this problem. Some studies had presented new method
to calculate hydrodynamic force of the rudder and
propeller as shown in the papers [1, 2]. Some authors
developed a new rudder profile as a fish type with a
high lift force [3]. Some research reported on the
optimum profile of rudder, effects of distance between
rudder and propeller in a system rudder-propeller [4, 7,
10]. Other authors studied on effects of a Twisted
rudders and propellers in a ship, [5, 6], target of the
paper is to increase the knowledge on flow
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reported that comparison between CFD results and
experimental results for both rudder and propeller can
be predicted within 10% of measured data. In general
the magnitude of drift angle depends on advance ratio.
When rudders are placed behind a propeller, lift force
increases with increasing propeller loading. Others
papers reported on interaction between ducted
propeller and rudder base on CFD and cavitation, [8].

In the field of study on hydro dynamic
performances of the propeller ship has some important
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proplems which are now studied most on the world as
follows:

- Improving hydro dynamic performances
efficiency for a system propeller — rudder.

- Cavitation of a propeller, improving efficient
thrust and torque for the system propeller —
rudder.

- Strengthen, technique structured manufacture and
material of propeller.

In previous paper [10, 11], the authors presented
a study on effect of distant gap between rudder and
propeller of the 5500 ton cargo ship in fully scale on
hydrodynamic performances of the system rudder-
propeller. In the paper, the effects of CFD results of
the hydrodynamic performances of the propeller and
rudder by the 2 simulating cases as well as rudder,
propeller independence and whose in a system rudder-
propeller was solved. The effects of the distance gap
between rudder and propeller was solved too. The best
distance gap between rudder and propeller was
proposed for the system rudder-propeller of the 5500
ton in the research.

Fig. 1. 3D model of the rudder-propeller system of the
5500 DWT cargo ship

Table 1. Principal dimension of the system

Vietnan by using combined theoretical and CFD
method. Figure 1 shows model propeller - rudder of
the 5500DWT cargo ship used for computation.

2. Theoretical method and commercial CFD

In this study, the RANS solver in ANSYS —
Fluent V.14.5 is used. The software license has been
registered by the authors’ School of Transportation
and Engineering, Hanoi University of Science and
Technology. The set-up procedures, such as: the
designed models, the calculating fluid domain,
meshing area and the boundary condition, have done
following to the CFD’s user guide which published by
the International Towing Tank Conference
(ITTC2008,2011), [12-14]. The RANS solver is based
on finite volume techinque method which use
tetrahedron and prism grids. A suite of basic
discretization schemes and solution algorithms are
avaible. In this study, a second order upwind
difference scheme and central difference scheme are
selected to approximate convective terms and diffusive
terms respectively. Turbulent viscous model k-g is
used. Under the assumption of incompressible
Newtonian fluid, the flow around the propeller has to
satisfy conservation equations of mass and moment
which could be written in tensor notation as follows:

au;

ax; M
Wy | Wiy _ 1op 8 . (08U
ot T o =fi 1 ox; ax,-[“ axj+

au;
(,—;) +71] @

Where x; = (x, y, z) are independent coordinates,
U=(U, V, W) are Reynolds Averaged velocity
components, ~ is water density, « is Kkinematic
viscousity coefficient, f; are body force components
and ¢z; is Reynolds’s tensor resulting from the time
averaged procedure to Navier — Stockes equation.

The turbulent viscous model is applied to approximate

In this paper, the author reports some important
results of the study in the field of hydro dynamic
performances of the propeller, with full scale of the
propeller which uses for the SSO0DWT cargo ship in
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Name Value Unit the eddy viscousity equation. The transport equation
Propeller diameter, D 3 m are defined as follows:
Propeller rate of rotation, n 200 rpm
Number of blades, z 4 - ok Oke) 0 [[M " j(& }r Gt Grem ¥t 5, ?3)
Free stream velocity, V, 15 hl/h or ox, o, o )Ox;
Propeller advance coefficient, J 0.54 - For dissipation &:
Rudder height, h 3.8 m
O(re) Oreu) 0 ", e ¢’ (4)
Rudder length, 1 3.0 m o o a T GG GG G S,
Rudder profile Naca0018 - '

Where the modeling turbulent viscousity is defined as:

K
He = pGy = (5)
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And the production of &, Gy, effect of buoyancy G
are defined as follows:

ou.
G =—u, u'ja—’
i (©6)
o T
b gi PI} axi (7)

And, S is the modulus of the mean rate of strain tensor,
defined as:

5=./25;5; )
The coefficient of thermal expansion ¢ is defined as:
__1®
B=—2GD ©

Others model constants are valuated as follows:
C, =144,C,, =192,C, =0.09¢ , =1.0;¢ , =1.3

In Figure 2, the calculating fluid domain is
limited in 18.5m of length, 12m of breadth and 12m of
height for a 3m of propeller diameter, 3.8m of rudder
height and 3m of rudder length. Meshing of the
calculating fluid domain in T-gird generates in 2.2
millions meshes. For simulation, the turbulent viscous
model k-¢ is used. The velocity inlet is set for the inlet,
the pressure outlet is set for the outlet. The rotation
wall is used for this problem. Figures 2, 3 show the
calculating fluid domain, meshing and boundary
condition.

Welocity inlat Pressure outlet
——— e
—— ——
—— —

Fig. 2. Computing domain of fluid and boundary
conditions set-up

Fig. 3. Meshing over surface of the propeller and
rudder with unstructure mesh, T-grids
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3. Computed results of hydro
performances of the propeller and rudder

dynamic

In this section, the effects of computed results in
the simulating problems, which are independent and in
the system with a rudder, on hydro dynamic
performances of the propeller are investigated.

At first, the thrust and torque coefficients of the
propeller which is independent of the rudder are
investigated by the CFD. Then the CFD results are
compared with those of the calculated results given by
the theory experimental equation. Follows as theory
experimental equations the thrust (K7) and torque (Kp)
coefficients are defined as follows [9]:

T

Ke="=pn (10)
g
Ko =T (11)

where: T is thrust of the propeller, N

Q is the moment of the propeller, Nm
p is density of the sea water, kg/m’

The CFD result and the theoretical result
calculated by equations (10), (11) present a good
agreement as shown in the propeller coefficient curves
of N, Kr and Kp with J > 0.35 (Figure 4). This
acceptable result is based for further computational
analysis.

In flow visualization, Figures 5 and 6 show the
pressure distribution and the velocity field arounding
the propeller at the different rotating speed. At a high
speed value n = 300 rpm (J = 0.36), the low pressure
area at the blade edge of the suction side is under the
saturated vapor pressure of water. So the cavitation
problem should be considered more for this propeller,
but in another paper. Further, this can explain why
there is a difference between the theoretical calculation
with the CFD’s result when J is under around 0.35 in
Fig. 4.
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Fig. 4. Comparison of CFD’s and calculating theory
results for the propeller
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Fig. 5. Pressure distribution over blades of propeller
independent of rudder

n—3prn

Fig. 6. Velocity distribution
calculating fluid domain

around propeller in

Additionally, the hydrodynamic performances of
the propeller is computed in the case with a rudder for
estimating the effects of the driven attached angle and
the propeller — rudder interaction. Figure 7 shows the
the relation of the rudder forces, lift and drag, and the
attached angle in the two calculations: rudder without
propeller and rudder with propeller. The rotating flow
induced from the propeller makes the unaxisymmetric
curves. There is not significant effect of the attached
angle when driving the rudder in the range of value
from -5° to 5°. The calculation of CL and CD based on
the pressure distribution around the rudder as shown in
Figure 8.

Figures 9 and 10 show the pressure distributions
around propeller and rudder of the system with rudder
attacked angle O degree.
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Fig. 7. The draft and lift in rudder - propeller system
(n=200rpm, J = 0.54)
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Fig. 8. Pressure distribution around rudder and over
surface of the rudder
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Fig. 9. Pressure and velocity distribution around
rudder in the system, Dy
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Fig. 10. Pressure and velocity distribution around
propeller in the system, Do

Figure 11 shows the comparison of the thurst,
torque and propeller efficiency, K7, Ko, 4 between the
two cases of the propeller with and without rudder. The
results shows clearly that the effects of the driven
attached angle on thrust, torque and propeller
efficiency. The hydrodynamic coefficients of the
propeller are improved when the attached angle
changing from 0° to 40°. The power coefficient is
highest at the attached angle 10° but the thrust
coefficient is highest at the attached angle 30°.
Comparing to a single propeller, the propeller - rudder
system can make power coefficiency higher around
20%.
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Fig. 11. Effects of rudder on hydro dynamic
coefficient of the propeller

4. Conclusion

In this paper, the hydro dynamic performances of
the propeller — rudder interaction of the 5500DWT
cargo ship was study by mean of CFD tool and
comparing with theoretical calculation. The two cases
of the propeller with and without a rudder in the
propulsive system was investigated for prediction and
comparison in hydrodynamic performances.

The CFD result can used to make prediction for
hydrodynamic performance of the propeller with J >
0.35. At the value of J <0.35, the appearance of some
low pressure areas under the saturated vapor pressure
on the suction side of the propeller makes the
suggestion that the cavitation should be considered and
we have to make further study.

At the driven attached angle 0 -5° the
hydrodynamic  coefficients are not change
significantly. At the driven attached angle around 30°,
the thrust is the best. By controlling the rudder, the
power efficiency can be improved up to 20% (highest
at around 10° - 30°).

The present result is useful and applicable in
operating the propeller — rudder system of the
5500DWT cargo ship.
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