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ABSTRACT

This paper presents a numerical study on hydrodimam

behaviour of underwater propeller for given perfarme
conditions. Sound generated by a propeller is cefitiin
underwater detection, and is often related to thgigability of
the vessels especially for military purposes. Tomputations are
conducted on the five bladed propeller. The RN@ kurbulence
model with modified eddy viscosity coefficient isad for the
computations, and the modified coefficient is rethto the vapor
and liquid densities in non-cavitated regions fonwating the
non-cavitating flow. In this project, a suitableopeller will be
identified for its strength in Non-cavitating cotidn, geometric
model will be generated using the CATIA V5,R20, raival
analysis is carried out in ANSYS15 using FLUENTte@fre, the
propeller is studied for its hydrodynamic beha¥mrits Pressure
and Velocity Contours, Thrust and Torque coeffitserand
comparing them with standard Theoretical formul@ee flow
field is analyzed with finite volume method (FVM @puted
results are shown to be in good agreement wittrétieal results.
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NOMENCLATURE
Kt Thrust Coefficient
Ko Torque Coefficient

1.0INTRODUCTION

Thrust is a reaction force described quantitativieyy Newton's
second and third laws. When a system expels olezetes mass
in one direction, the accelerated mass will caufmee of equal
magnitude but opposite direction on that systeme Torce
applied on a surface in a direction perpendicutanaymal to the
surface is called thrust. In mechanical engineerifgrce
orthogonal to the main load (such as in paralléchegears) is
referred to as thrust [1].Torque, moment or mon@nforce, is
the tendency of a force to rotate an object aboubas, fulcrum,
or pivot. Just as a force is a push or a pullrque can be thought
of as a twist to an object. Mathematically, torigidefined as the
cross product of the lever-arm distance vector #rel force
vector, which tends to produce rotation. Looselgading, torque
is a measure of the turning force on an object sisch bolt or a
flywheel. For example, pushing or pulling the handf a wrench
connected to a nut or bolt produces a torque (tgriforce) that
loosens or tightens the nut or bolt [2, 3].Shipd ander water
vehicles like submarines, torpedoes and submessiftie, uses
propeller as propulsion.

The blade geometry and its design are more conipi@tving
many controlling parameters. The hydrodynamic asislgf such
complex3D blades with conventional formulas willveiless
accurate values. In such cases numerical analysigg Element
Analysis) gives comparable results with experimievaibues Such
complex analysis can be easily solved by finitanelet method
techniques [4]. In the present case propeller sthsdf five
blades. The diameter of propeller is 0.4 m and taupropeller
diameter is 0.389. In the present simulations fardjtion of
non-cavitating hydrodynamics of propeller is cairieut at
rotating speed of propeller at 780rpm and the flspeed at
7.17m/s using of Thrust and Torque coefficient éigna coupled
with RNG k- e turbulence model computer code basedell-
centered finite volume method (FVM) on unstructuneeshes for
viscous flow field around propeller. These resalts compared
with theoretical formulae. [5]This paper addresske flow
behavior and normal force acting on a plate suligeciscillatory
flow for KC numbers ranging from 1.4 to 105. Forstpurpose
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3D CFD simulations were conducted on a U-shapeéntahnel
configuration believe to be the same used .In thgirerimental
investigation. With each flow oscillation vorticeseashed from
the tip of wall-mounted bilge keel plates instalidhe middle of
the water tunnel. The strength of such vorticesharacterized by
the KC number as first described .The KC numbenisutated.
The normal force on the plate can be charactefizedrag and
inertia components associated with coefficients @d &€m
respectively. [6] The present thesis deals with efiad and
analyzing the propeller blade of an underwater alehior their
strength. A propeller is a complex geometry whiefuires high
end modeling software. The solid model of propaiedeveloped
in CATIAV5R20. Auto mesh is generated for the modeing
ANSYS Workbench. Hydro Dynamic analysis of aluminalioy
propeller is carried out in ANSYS- CFD FLUENT usiS8gMPLE
for pressure and velocity coupling and Least Sqet based
for spatial discretization and second order up wimomentum
and pressure equations first ordered time impBctieme with
time step 0.000254 and e+urbulence model are used. The
Thrust and Torque coefficients are obtained ard wadidated
with Theoretical formulae. The Theoretical formubze referred
from [7].

20NUMERICAL INVISTIGATION

Self-propulsion simulations are time dependent aupropeller
rotation. However, the body force propeller modsten used in
the simplified hull-propeller interaction analys&re usually
incorporated with time-averaged flow fields andréfere steady
flow approaches can be applied. In other applioatiof ship
hydrodynamics, flow fields are inherently unsteady.

For spatial discretization, finite-volume methodvi#) with
formally second-order accuracy was predominantlypéed. This
seems to indicate that an increasing number of @fbtitioners
in ship hydrodynamics prefer unstructured gridsntyadue to
ease of meshing and time-saving they offer. Indledculations

turbulence ffects were considered using turbulence models, as

the k-e RNG models, with the modification of thebtuent
viscosity for multiphase flow. To model the flow @doto the
wall, the standard wall-function approach was usedi then the
enhanced wall-function approach has been used tdeirthe
near-wall region (i.e., laminar sub layer ffen region, and fully-
turbulent outer region). For this model, numersetheme used is
segregated implicit solver. For the model discedion, the
SIMPLE scheme was employed for pressure-velocityptog,
second-order upwind for the momentum equations fiesteborder
upwind for other transport equations (e.g., vapangport and
turbulence modeling equations [4].

The most used time discretization scheme is that-dirder
Euler implicit scheme. In cases where steady floltfons are
computed, the Euler implicit scheme is the natahalice for the
unsteady solvers since time accuracy is not neadeda large
time step is desirable for faster convergence. Aydrodynamic
values such as thrust (Kt) and torque (Kq) coedfits and the
other selected values were measured in this nuategsearch
work.

2.1 Computational Mesh:
Mesh adaption/refinement/generation techniquesctiratdapt to

the shock front have been found to be a key ingredin
achieving accurate solutions for this kind of floelds. Modeling,
geometry, computational domains, boundary condtion
topology, meshing method and mesh siaed turbulent
method have significant effects on a fruitful nuicar analysis
and accuracy of simulation. Meshing strategy isddigt in two
divisions. Hybrid unstructured a mesh means thatt¢rahedral
elements for flow fluid fields, while structured sfemeans that
the hexahedral mesh is totally used for meshingthen solid
surfaces. In contrast, the results of simulatiafith structured
mesh elements usually have more accuracy tharméelral mesh
elements results. CFD simulation data were verifiéi existing
tests results.

Unstructured mesh elements production is almosoraaitic
while hexahedral mesh elements generation is noinaatic and
should be generated manually. On the other hamd|dw field
meshing, sometimes, the geometry is not compatiblese the
hexahedral mesh elements, so unstructured mesterterhave
better results and convergence of solution is f8te Therefore,
we used the hybrid unstructured mesh elemémtsrotational
domain, in which we utilized the stationary andational
domain for full scale propeller simulation for pedigr with five
blades. Auto mesh option is used in this projecn¥@rgence is
checked with element sizes 10 and 12.Close reatdt®bserved
for element size 10 and 12.Element size 10 is dsednesh
generation. After discretization number of eleménthe domain
are 7363445.The meshed figure of the propellerosed with its
domain is shown in figure 1:

Figure 1: Geometry & meshed model of the propelléh its
domain.
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3.0 RESULTSAND DISCUSSIONS:

In the present case propeller consists of fiveddadhe diameter
of propeller is 0.4 m and hub to propeller diaméd¥.389. In the
present simulations for prediction of non-cavitgtin
hydrodynamic behaviour of propeller is carried amtrotating
speed of propeller at 780rpm and the flow speetdG8m/s these
are shown in Table 1. The strength of the propé&lefrery much
importance to warship designers and military sgiats for many
years. So in this case an attempt is made to giredi of
hydrodynamic strength of propeller using of CFDédFfitisoftware
with k-e computer code based on cell-centred finitdume
method (FVM) on unstructured meshes for viscousv ffeeld
around propeller and comparing these results wigoretical
formulae.

Table 1: Principle particulars of propeller model.

Diameter of the Propeller] 0.4m
EAR= AdA, 0.58
No. of Blades 5
Hub ratio 0.389
Series Naca

3.1 Analytical Procedure for Hydrodynamic Analyss in a
Blade section by using CFD output i.e,, Thrust, Torque:

The thrust and torque coefficients are none dineeradized as
follows

-
Kp=——— 1)
T m2p4
Q
Ko = 2)(
Q pr|2D5

where T is the thrust, Q is the torque, n is rp @nis diameter of
the propeller.

Here we use the output, which
computational dynamic analysis i.e., Thrust, Torgalee.

As from CFD analysis we obtained Thrust as 223@887%nd
Torque as 446.166 N-m.
Therefore, Thrust (T) = 2230.8372N

Thrust coefficientKT = ; 7]
m<D
_ 22308372
2770 (132 x (04)*
Kt = 0208

Torque (Q) =446.166 N-m.

Torque coefficientKH =
Q m2Dd

is obtained from the

446166

2770x1F x 045
= 009181

3.2 Analytical Procedure for Hydrodynamic Analysisin a Blade
section by following standard design for mulae:

The following mathematical formulae are enclosethweference
(71

Brake power Pg =85HP or 63384&KW

Ship speed/S = 7.08%

RPM (n) = 840
Speed of Advance , = v, (- w) ®3)
Vp = 116981knots
Shaft powerp, = Py (4)
= 833HP
Loading constanfy = Pg1g (5)
= 81634HP
Power coeﬁicienth =Py 0'5n/VAZ'5 (6)
=15.0571
=15

From the chart of type B series of 5-blades shaie,value of
B, =150 is read. The point of intersecti% the Bp line and

optimum line (in red line) was traced to ge%) = 0.91,
1l = 0662 and Jopt =155 ,Diameter of the propeller D= 0.4m.

Having determined the pitch, diameter and delivehedse
power of the propeller, the thickness blade, thektiess blade,
the blade area & hub (boss) diameter from the sastated for
these in the type B series chart for 5 blades desig as follows:
Number of blades (Z2) = 5

Blade area ratio{%} = 058

Blade thickness ratio = 0112

].D 2
Blade Area (Disk areajpy; = e @)

Ay = 6111427ins?
Weight of all blades is equal to total thrust agtom the propeller

w=T = 19828, (YR (8)
= 2824 2389N
Now, we can use this obtained weight/ force assthvalue[7],
Therefore, the thrust T = 2824.2389N.
Thrust coefficientKt = %
mD
Kt = 02635
For finding of Torque value we have to use
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TorqueQ = F xd /2
Q =564.8477Nm

Torque coefficientK 4 =
Q 25
=0.09168

3.3 Pressure and Velocity Profiles:

From CFD Analysis we directly obtained Thrust andrdue,
Pressure and Velocity contours by taking 10004dttens in ke

turbulence model by taking time step size equdl.@®0256.The
convergence graph is shown in fig 2.
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Figure 2: Convergence graph

The graph represents the convergence history ofptbpeller
sound pressure levels.

The convergence criteria are considered as therdifte between
the values of the succeeding and preceding arbamrdnge of
0.001.

The figures 3 & 4 represent the Contours of thesftne and
Velocities at various sections of the propeller.

Figure 3: Contours of Static Pressures (Pa) reptiese inlet,
outlet, outer, walbolid.

150-01

Figure 4: Contours of Velocity (m/s) of inlet, cettl and wall
solid.

4.0 CONCLUSION

The propeller is assumed to be operated at 780witmforward
velocity of 7.08m/s for prediction of thrust and rgoe
coefficients.The convergence is obtained after detigm of
1000 itterations for this k-turbulence model is used.The Thrust
coefficient values obtained from both ways are alows,0.208

& 0.2635. The Torque coefficient values are ob@ifrem both
ways are 0.09181 & 0.09168. The Thrust and Torqefficients
obtained from both CFD and Formulae are quiet getép and
within the ranges.
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