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ABSTRACT

Ducted propellers used in many vessels, especidlying
vessels, trawlers and submarine which provide thghen
efficiency. In this article, the effects of the diength and duct
angle are investigated on the hydrodynamic perfoo@aFirst,
did the modeling of duct 19A. The Kaplan propeperformance
with nozzle 19A by turbulence model of SSTeKanalyzed and
validated with experimental results that indicateceptable
accuracy. Finally, by changing the nozzle at a mité0% and
20% of the original length of the nozzle and alkarge the angle
of the nozzle, analyzed the effects of the changesle. The
Kaplan propeller with 19A nozzle is selected foseastudy. A
Reynolds Average Navier-Stokes (RANS) turbulencedehmf

the SST-Keo employed for the present calculations. Numerical

results are included pressure distribution, hydnaaiyic
characteristics and velocity behind the propellér various
geometry and physical conditions. Comparisons efrésults are
shown with acceptable agreement by the experimeatal. It is
concluded that the position of the propeller ancréasing the
duct angle inside the duct may be limited.

KEY WORDS. Ducted propeller, RANS, Hydrodynamic

Characteristics.

NOMENCLATURE

API American Petroleum Institute

AT Temperature Difference in and out
Fr Thermal Expansion

L, Anchor Length

AL Expansion

Fp Pressure Force

Fr Friction Force

Esd Design Compressive Strain

& Critical Strain

1.0 INTRODUCTION

Ducted propellers consist of a combination of twdngipal

components. The first is an annular wing which &&neither
symmetric with respect to the rotation axis or as\etric to

accommodate for the wake flow field variations. Téecond
component, i.e. the propeller, differs from a tgbiopen propeller
because it has to be designed taking into accdumtntutual
interaction between the duct and the rotor. In gan¢here are
two main types of ducts: the accelerating (alsdedathe Kort

Nozzle) and the decelerating duct (also referreastpumpjet that
Stipa [1] and Kort [2] experimentally proved theiiease of the
efficiency which can be obtained by ducting thepgiter with an

accelerating nozzle.

The ability to accurately predict the thrust andqtee of a
ducted propeller in open-water conditions is venportant for a
calculation method used in the design stage. TheN&A
methods have been progressively introduced focatmilation of
ducted propeller systems, meeting considerable esscan
predicting open-water characteristics for the wealbwn Ka-
series (Sanchez-Caja et al [3]), (Abdel-Maksoud enKe [4])
and (Krasilnikov et al [5]). However, due to theielative
complexity and time requirements, they are notrgatinely used
in the design process, which is often still basedtiee use of
inviscid flow methods. Krasilnikov studied mesh ggtion
techniques for the Analysis of ducted propellerangisa
commercial RANSE solver and its application to sceffect.
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Various numerical methods based on inviscid (p@énflow

theory have been proposed for the analysis of dugtepellers.
For example: Kerwin et al [6] used combination ofpanel

method, also known as boundary element method (BEM)
model the duct with a vortex lattice method for thepeller, and
Lee and Kinnas [7] used a panel method for the ¢etmmlucted
propeller system operating in unsteady flow condsiincluding
blade sheet cavitations. Both methods applied aspigation
velocity model for the gap flow between propelléade tip and
duct inner surface, and analyzed duct with a shraifing edge.
The sources indicate that the use of non-viscoms fhodel to
ducted propeller, with its many benefits, there nimy some
serious limitations in the areas of flow where vty effects
cannot be ignored to meet and should be modelethéocorrect
prediction of thrust and torque of ducted propeli@ne of such
region concerns the gap flow, which has a strofilgence on the
propeller and duct circulation distribution, ancréfore, on the
distribution of loading between propeller and dwa, studied in
detail by Baltazar & Falcdo [8]. In addition, themeay be a
considerable interaction between the vortices sfrech the

propeller blade tips and the boundary layer devetppn the
duct inner side, as found in the works of Krasiniket al and
Rijpkema & Vaz [9]. This effect has not been stddiefore with
potential flow methods and its importance is therefunknown.
Ducted propeller was also done in the field of gesBobo et al
[10] design of ducted propeller and model testsaofishing

research vessel for M.Cies Shipyards. Hughes [td]Moon et
al [12] presented a specific method to model toe thetween the
inner plate of nozzle and propeller tip. Falco @ampos [13]
studied on the calculation of ducted propeller ganfance in
axisymmetric flows. Hoekstra [14] presented a RADSed
analysis tool for ducted propeller systems in opeater

conditions. Zondervan, Hoekstra and Holtrop [15eaeched on
the flow analysis, design and model testing of edgtropellers.
Gu & Kinnas [16] modeled the flow around a ductedpeller by

a vortex lattice and finite volume methods. Haimetval [17]

research on ducted propellers as better propulsfoship by

calculations and practices. Baltazar et al [18{digd on open
water thrust and torque predictions of a ductegelter system
with a panel method. An experimental and numeritatly on

wake vortex noise of a low speed propeller faniedrout by
Sasaki et al [19]. A series work based on both m@emethod
and RANSE solver for the whole geometry have besredor a
multi-component linear jet optimization by Abdel-alktoud et al
[19] and Steden M et al [20]. In this study, we tyeng to show
that there are some numerical analysis softwarprédlict and
investigate of propellers, and with validation ofecof them, the
effects of changes on duct want to study on dugtefeller.

20GEOMETRIC MODELING

The most common propeller for ducted propelletsaplan type.
The Ka 4-70 propeller comes from the famous Waggsrin
propeller series. It is a traditional ducted prégrethat has a large
chord at the tip. For all results in this paper Kaplan propeller
with a P/D ratio of 0.8 is used. Geometric modelofgkaplan
propeller is done by Propcad and Solidworks soféigathat
Kaplan geometric data and Nozzle is shown in Table

Table 1: Kaplan geometric parameters and nozzlectexistics

Parameter Value
Prop. Dia. Dp=300mm
Number of blades Z=4
Pitch ratio P/D=0.8
Expanded Area Ratio EAR=0.70
Nozzle length L=0.5DP
Nozzle type 19A

The 19A and 37 nozzles are the most common typexnfles
due to the favorable hydrodynamic properties. is #rticle the
19A nozzle applied which is an accelerator nozZlee nozzle
length is equal to half of propeller diameter ahé distance
between the propeller tip and the inner surfac¢éhefnozzle is
equal to one percent of propeller diameter (3 mm).

We found the nozzle data and made it in the Solilsidhat
shown in Figure 1. Then assembled duct and prapaieeshown
in Figure 2.

3.0 MESH GENERATION AND BOUNDARY
CONDITIONS

After Modeling of ducted propeller and domains,idiéd it into 4
pieces and applied one piece with smaller cellabse of higher
accuracy in calculations.

The computational domain consists of an internahting
cylinder containing the propeller and an externttisnary
cylinder with radius 1.5D. The inlet uniform boumgaondition
is located at 3D upstream of the propeller plare the constant
pressure condition is imposed 6.5D downstream shatvn in
Figure 3. At the inlet of the cylinder the velocisyprescribed and
at the outlet the pressure. For a thrust produapgrating
condition of the propeller, the fluid through theuctl is
accelerated. Then ICEM meshing tools applied.

N

Figure 1: Section of duct in Solidworks

Figure 2: A) 3D model of Kaplan propeller B) ductedbpeller
Assembled in Solidworks
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Figure 3: Computational domains dimensions
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' Figure 4: Division of calculation domain with mesh

In this analysis, the rotational velocity of th@peller is imposed 0.19¢
by a moving reference frame (MRF) applied to threeirregion of 0.19 KtatJ=04
the domain because of low time in computation acckptable ' ’___‘_—-Q
accuracy in simulation. All domains divided intochwsections: 1- 0.185
main domain that is stationary domain with largeesm 2-
rotating domain with small mesh around propellet thown in 018 ——Ki
Figure 4. 0.175
The generated mesh size grows outwards with raficHen /
defined boundary conditions that include inlet, leutrotating 0-17(
domain, open water, propeller and duct that Figbireshown 0.165
meshes near of propeller and duct. First mesh Iittillion mesh ‘
used for model then smaller mesh used with 1.4,ah& 1.7 0.16
millions cells and the results at advanced rati®.df compared. 1000000 1200000 1400000 1600000 1800000 2000000
Comparison of results showed that minimum numbeseti§ for Mesh Numbers
this model is 1.4 millions and Figure 6 showed efedence of Figure 6: Independence of results from meshes

results from meshes.

4.0 SOLVER SETTINGS

The CFD code applied is ANSYS CFX v.14. The Reysold
Averaged Navier-Stokes equations are solved nualbriby a
finite volume technique. High Resolution methodduse discrete
equations and first order method used for investigaf
turbulence. SST model selected for turbulence tsrapplied in
most of the articles due to higher accuracy. 30@@ations
selected in determining the number of iteration dchieve
convergence and the remaining amount is conside0a01.

5.0VALIDATION

After completion of solver module, numerical resutompared
with experimental results to validate software. Hx@erimental
results of model tests normally present values ¢f Ky and

B
Figure 5: A, B) Mesh cells on the propeller andtduc
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Efficiency plotted as a function of advance coéd J for a
fixed pitch ducted propulsor as shown in Marineters and
Propulsion book [21]. The software outputs were ushr
coefficient, torque coefficient and efficiency thabtained by
thrust and torque of propeller and duct. The eguatil-4 have
shown method to calculate hydrodynamics performan€e
propeller in different advance coefficients.

advanced coefficient: J= :—g 1)

Thrust Coef ficient: Kr = ﬁ 2

Torque Coefficient: 0= ﬁ 3
. . Ko

Efficiency: n= %o X 4

where V, is advanced velocity, n is angular velocity, D is

Propeller Diameter, T is total thrugtjs water density and Q is
total torque. Comparison of the numerical and expemtal data

is shown in Fig. 7. The relative error is abousldsan 10%. Also

the pressure contours on front and back of propatl@dvanced
ratio 0.3 is shown in Fig. 8. The blade tip isdted where the
pressure lines converge. On the suction side ofldude tip a low

pressure area can be observed.
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Figure 7: Comparison of the numerical and
hydrodynamics characteristics of ducted propeller
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Figure 8: A: Pressure contours on back and B: fafcducted
propeller at J=0.3

6.0RESULTS

6.1 Increasethe Nozzle Length

After validation of the software, 3D models of dwdth 10 and
20 percent of first duct length created in SolidkeorThen save it
with IGES format and import to ICEM for meshing wisame
settings of the original model. Then specify bouietasettings of
model in Ansys CFX-pre and run solver to export tesults. It
should be noted that all nozzle types are 19A.

To examine the effect of increasing the lengthhef hozzle,
numerical results obtained for the first model..Fig illustrates
comparison of ducted propeller with increase of #0&bt length
and standard length. In all advanced ratios, irsingaof length
showed higher efficiency about 2% and it shows tpesieffect
on hydrodynamics characteristics of ducted propelég. 9A
show the velocity vectors in case of increased tlerid% at
J=0.3 and Fig. 9B showed velocity contours. Fig.illListrates
pressure distribution on blade at various radiu3é® sudden
pressure jump at the blade tip (x=0) is clearlyibles Some
oscillation showed at leading edge but at chordjtkershowed
uniform distribution of pressure on blade. Fig. $Bowed
pressure distribution on duct with increasing ofgih 10%.

B

Figure 9: A: Velocity vectors B: Velocity contouris 10%
increase length at J=0.3

Published by International Society of Ocean, Meat&lrand Aerospace Scientists and Engineers



Journal of Ocean, Mechanical and Aerospace
-Science and Engineering-, V0I.25

November 30, 2015

0.6

0.5

0.4 N

0.3 11

0.2 & -

0.1 \}

0

0 0.1 0.2 03J 04 0.5 0.6 0.7
e Kt duct with 10% i K0 duct with 10%
e eta duct with 10% - e Kt
e K == @== Effficiency

Figure 10: Comparison of the hydrodynamics charesties of
ducted propeller
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Figure 11: Pressure distributions on propellerii¢rnt radiuses
in propeller with 10% increasing of duct length
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Figure 12: Pressure distributions on duct with lidgseasing of
duct length

The numerical results obtained from increasing dertith 20%
compared with first model have shown in Fig. 14.cAs be seen,
increase 20% length of duct had negative effect tba

performance of propeller and nozzle, which redudbse

coefficient values of thrust, torque and efficieinycomparison
with increase of 10% of length. In this case studgrease of
length caused to increase about 1.6% of efficieray. 13A and
13B show velocity vectors and contours in case(862ncrease
of length at advanced ratio 0.3 that show decrengalues.

B
Figure 13: A: Velocity vectors and B: Velocity conts in 20%
increase length at J=0.3
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Figure 14: Comparison of the numerical and expeariaie
hydrodynamics characteristics of ducted propeller
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Figure 15: A: Pressure contours in ducted propeligh 10%
increase of length B: pressure contours in ductegeller with
20% increase of length

Fig. 15 shows the difference between pressure amto
distribution on front side of propeller and nozite cases of
increasing in duct length. Lower pressure is olkegrvm model
with 20% increase of length. Also Fig. 16 showsfanm pressure
distribution on blade and some oscillation at Iegdtdge but the
amount of pressure has small decrease in compatiegrevious
case study. Fig. 17 shows pressure distributiondoat with
increase 10% of length that has less oscillation.
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Figure 16: Pressure distributions on propelleriffi¢rent radiuses
in propeller with 20% increasing of duct length

v
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Figure 17: Pressure distributions on duct with Z2@%seasing of
duct length

7.2 Model with Duct Angle 10 Degree

Now, for investigate the effect of increase in dangle, change
the model of duct. After modeling of new duct sfiedi

boundaries settings and run solver module to expstlts for
different advanced ratios. The results comparedi ¥iist model

in Fig. 18. Increase in duct angle causes to iserebrust and
torque coefficients that more effect of this chaimgshowed at
lower advanced ratios. In heavy conditions for timedel, the
thrust is more than first model but effect on t@ds more than
thrust and causes to decrease total efficiencyicfed propeller.
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== e Kq initial model == @== Eta initial model

Figure 18: Comparison of hydrodynamics charactesisof the
ducted propeller in cases normal duct and duct Wfihdegree
duct angle

7.0 CONCLUSION

In this paper, the Kaplan propeller with nozzleé\ Ehalyzed by

numerical method and the following results are aahed:
Pressure coefficient distribution on the duct arddé are
presented in contours and diagram. Negative lowsspre
coefficients are shown in back side and high pressigiven
in face side of the blade. On the duct is also shiow pressure
at suction side (mean inside the duct).
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v' To evaluate the effect of increasing the duct llengh the
performance of the propeller in open water, thezt@section
length increased to 10 and 20 percent. The resbltsv that
increasing 10% of the nozzle length has positifecefon the
performance of the propeller but increase the mozehgth
further 10% will have a negative effect on propelle
performance.

v/ Effect of the duct angle up to 10 degree and tisailt® are
compared with the first model results. It is shothat with
increasing duct angle the thrust and torque of glfepare also
increased but the efficiency is diminished.
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