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SUMMARY

CFD analysis has been conducted on a 100m catanhathshape with various bow thruster positionsonder to
develop an understanding of the effects and loss#sare generated from situating thrusters neahttl as well as the
effect of having a hull downstream of the thrust®arious thruster angles, hull separations, anticad heights were
investigated to determine their influence on treustsses.

NOMENCLATURE

T Effective thrust 2.1 CREATING THE MODEL
To Maximum thrust

X Distance between thrusters

D Thruster diameter

1 INTRODUCTION

Bow thrusters have been used for a number of yiears
high speed craft, and even longer in conventiondl h
forms, but understanding the effects of having bow
thrusters in catamarans and the associated lohs¢s t
result from hull-thruster interactions has not beédely
researched. These losses are due to the interactio
effects of the flow from the upstream thruster ictpey

on the downstream hull and also affecting the ftdwthe
downstream thruster. The thruster also producesesor
on the hull in which it is situated due to the Cdan
effect.

A 100m high speed catamaran, similar to those Austa
Ships have produced, was used as a basis to better
understand how various parameters and designst effec

the resultant forces from bow thrusters. This fioim Figure 1: Showing comparison of Actual Bow thruster
was fitted with retractable thrusters in each lanldl their (right) to the simplified modelefr) used in the CFD
fixed rotation angle, height offset, and number was analysis

varied.

. ) L _ The bow thruster used in the analysis was simplifie
This study has allowed the identification of tremdsich from the actual design, as seen in Figure 1, tacedhe

can be used to optimise the position and oriemntatib computational complexity and solve time of the

the thrusters to maximize the available power. simulations. The overall shape, dimensions andfaiéro
sections of the nozzle was kept as per the re@mlesut
2. CFD MODEL areas such as bolting arrangement, the shape of the

STAR-CCM+, a general purpose multi-physics yertical shaft and struts were simplified.

computational fluid dynamics (CFD) package from CD- figyre 2 illustrates the bow thruster in positiorttie hull
adapco, was used in this study. Itis particuladifed 10 \yith the associated cut out and closing cap. Tiape of
this application since the air-water interface mbst the cut out section was taken as a generic shapetfre
modelled as a free surface and its volume of fln&thod — \aripus hulls that have been built at Austal ant o
is very computationally efficient and widely used i ghiy in particular. Where multiple thrusters haeen
marine applications. fitted into the hulls a similar shape cut-out hasibused.

The bow thruster studied in this report is a sifigdi
50Hp retractable non-azimuthing thruster designgd b
HRP. This type of thruster was chosen as it iscglpof
those used at Austal in both catamaran and trimiaigin
speed craft.



Figure 2: The bow thruster fitted to the vessel, showing
the cut out in the hull and the associated clogifzge
underneath the bow thruster. Note that the vesggit]
does not have the thruster fully deployed.

2.2 MESHING

One key benefit of STAR-CCM+ is the integrated
automatic meshing features and this allowed forckqui

and easily meshed structures to be generated aritefo

same mesh settings to be replicated for multiptéges.

H

anmumEsmansssmEssas:
| 0 I
] I A

Figure 3: Example of the mesh around the bow thruster
area, note that the bow thruster is in a rotategipon.

The number of cells in the solution was typically 1
million hexahedral cells increasing to 2.5 milliaells
with an additional thruster.

direction to capture its flow stream more accusatel
Additionally the model domain was extended well
beyond the hull region to
recirculation and allow increased simulation tiroe the
solution to stabilise.

2.3 PHYSICS

In addition to establishing a constant meshingcstine
for all run cases, the model physics was also cainstd.
To reduce simulation time and complexity, the s
held in a fixed position with respect to both tdatisn
and rotation. The environment surrounding the luabs
modelled as a volume of fluid (VOF) flat wave, aliag
for the distortion of the free surface due to tkeuslow
patterns. Additionally the initial flow in both ther and
water phases was zero, ensuring that all forcesileaéd
are a result of thruster flow interactions.

24 FLOW RATES

There are several ways to model the acceleratedtfat
results from the bow thruster propellers, and thestm
accurate method in CFD is to rotate the propelsrthey
do in real life, since this method produces thedsron
the hull from the blades as well as generatingctiveect
flow patterns. The problem with this method istttiee
solution time and mesh required was outside thpesob
this study, and accurate CAD models of the bladesra/
not available. Another method is to model the etaih
the nozzle and not rotate them but instead theesalgds
the required forces to the fluid (the frozen ratwethod).
This reduces the solve time significantly but stiths
many of the benefits of the rotating blades, bguies
blade geometry and the associated increased mash co
A third and chosen method to simulate the propefier
this research was to add a momentum source based on
the specified thruster flow rate in the same |larats the
blades, accelerating the flow through the thrusters

To confirm that the model was created accurately an
that the flow rates modelled were as per the
manufactured system, the flow rates from HRP were
obtained. The volume of flow is 7.94tsec which
results in an average flow across the thruster laoak
9.17nf/sec. The momentum source added to the CFD
model had a measured average flow rate of just Bver
m?/sec.

3. RESULTS

In catamaran hull forms there are two primary cauee

the reduction in thruster performance from the fshigld
values supplied by the manufacturers. The firsthis
effect of the flow from the upstream thruster einigthe
intake stream of the downstream thrusters, reduttieg
velocity differential across the thrusters and leetioe
amount of thrust generated. The second cause of
reduction is the generated water flow impactingtioa
hulls and reducing the net force on the vessel when

The mesh was refined thrusters are in use.
downstream of each thruster in the expected flow

This report focuses on the thrust reductions teatlt
from thruster generated flow interacting with thessel

reduce the effects of hull and other thrusters. All force results werérasted

once the simulation had stabilised such that resdtld
be extracted with reasonable accuracy.

3.1 THRUSTER-THRUSTER LOSSES

No attempt was made in this report to investighe t
effect of thrust losses, due to modelling of theuster
blades as momentum sources. Additionalgrtsila [1]

have published the following formula for the asateil
losses dependant on relative thruster angle and the
separation distance of the thrusters.

The first situation is for the case when the trersstare
installed on separate pontoons, such as a catamaran



T/T,=1-08%/2" [

Equation 1: Thrust Ratio for thrusters operating in
tandem in free water

When the thrusters are below a fixed structure siscbn
the bottom of a barge the equation below shouldsesl.

2
T/T,=1- 075X/
Equation 2: Thrust Ratio for thrusters operating in
tandem under a flat body

The other factor that has an effect on the thrueteses is
the inflow angle between the two thrusters. Byetiing
the inflow angles the amount of thrust that is lcestt be
reduced.

&’ [

13C/t® +6°
Equation 3: Thrust Ratio for thrusters operating at
different angles

t,=t+(1-t)

It must be noted that the best reduction by thisadqn

is to have the thruster having the maximum angle, downstream hull, by the upstream thruster.

however it must be remembered that rotating thester
results in vectoring of the thrust in the desire@ection.
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Figure 4: Explanation of terms for the bow thruster
interaction losses

3.2 HULL-THRUSTER LOSSES
To understand the effects of the losses arisinm ftioe
thruster flow impacting on the hulls, both upstreand

the realistic hull form not being a constant synminat
shape.

3.2 (a) Coanda Effect

To better understand what components are causig th
forces on the hull the individual thrusters, doweam
and upstream, were run independently in the normal
position to determine what forces are present ahea
hull.

both thrusters downstream thruster only — upstream thruster only
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Figure 6: Force on hulls from individual thrusters

Force on Hulls (KN)
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When the downstream thruster is run in isolatioa th
resulting force on the downstream hull is minimal
compared to the amount of force that is producadhe
This
indicates that the force that is attributed to @@anda
Effect is not a major contributor to the losseshotisters

on a catamaran.

One interesting result observed was the directiothe
force on the upstream hull changed depending on
whether one or both of the thrusters were runnvthen
both thrusters where running the force was generall
always negative, but if either the upstream or
downstream thruster was running alone the force was
positive. This unexpected result is due to the fhat
each thruster affects the flow patterns of the mthe
thruster as well as the net flow pattern arounchilie

3.2 (b) Total Hull Separation
The next area that was investigated looked at tfeete
of changing the vessel beam, and thus the thruster

downstream, four different scenarios have beengeparation, on the amount of force the thrustew flo

investigated.

P

Figure 5: Flow patterns for the standard arrangement of
thrusters

The normal installation situation is illustratedrigure 5
with the flow from the upstream thruster clearly
interacting with the downstream hull and thrustdihe
plan view shows that the flow patterns resultingrrthe
impact with the downstream hull is asymmetric dae t

generated on the hulls.
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Figure 7: % change in forces on the hull for varying
vessel beam. Note: forces measured on the upstnaim
are small, hence minor variation in force causeastic

percentage change.

As indicated in Figure 7 Varying the hull beam began
80-120%, the forces on both the upstream and



downstream hulls resemble sine waves. This variatio
both increasing and decreasing with increasing hull
separation is a result of changing both the amaunot
velocity of upstream flow hitting the downstreamlhu

As hull separation increases further the hull fietemce
will tend to zero, resulting in a significant redioo in
hull-thruster losses.

3.2 (c) Thruster Deployment Distance

Another method to reduce the losses resulting fnoith
thruster interactions is to lower the thrustersher away
from the hull and thus let more flow escape undher t
opposite hull.
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Figure 8: % change in hull resistance for downstream
hull, varying vertical thruster deployment distance

Results indicate that variations in thruster deplemt
distance has little effect on the upstream hultésy as
such these results are not reported here. The dmans
hull however experienced a reduction in interacfimce

of 12% at 500mm additional deployment depth. As the

deployment distance increases, the interactiorefeorit!

continue to decrease as the flow from the upstream

thruster passes beneath the downstream hull.

In reality, the magnitude of deployment distancé e
limited by both available space in the hull, andtdm
clearance beneath the hull in shallow water.

3.2 (d) Changing the Horizontal Angle

The next area of investigation looked at the effefct
rotating the thrusters horizontally between +103siBve

rotation angle relates to rotating the upstrearaster in

a clockwise direction, while the port thruster aated

anticlockwise.

|
Figure 9: Flow patterns when then thruster is rotated
+10°. The flow patterns have been taken through th
thruster flow direction, not the hull perpendicular

Based on the thruster-thruster losses outlined .Ih 3
rotating the thrusters is known to reduce the ters
thruster interactions by directing the outflow diet
upstream thruster away from the inflow of the
downstream thruster, the effects on the hull forcae
however more complex.
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Figure 10: % change in forces on the hull for varying

thruster rotation angles. Trend curve is basedtn t

average of the normalised data for both upstreanh an
downstream thrusters.

The results from this study indicate a general
improvement in hull interaction losses of up to 164th
horizontal angles away from 0°, with the exceptdr5°
which results in an increase in hull resistance assult
of the hull shape in the vicinity of the thrustdr.is
important to note, that whilst increasing the angfiehe
thruster reduces the effects of hull interactiotise
vectoring of the developed thrust reduces
effectiveness of the thruster. This vectoring ustier
complicated because the upstream flow impacts en th
direction of the downstream flow. For examplehét
upstream thruster is angled at 5°, the downstréauster
should be angled at -5° but in reality it is mate |-2°,
creating a small moment and lateral force on thesekat

all times when operational.

the

3.2 (e) Effect of Multiple Thrusters in each Hull

In many situations it is common to install two téirers in
one hull to increase the available thrust beyond th
ability of a single thruster. In the event that tthousters
are installed in each hull the effects and assedilisses
of changing the longitudinal spacing between thansst
has been investigated.
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Figure 11: Flow pattern for thrusters with a separation
of 2m.

This case involves the additional interaction ofhbthe
inflow and outflow pattern of the two thrusters each
hull. The effect of this interaction varies withpseation,

as the two flows from a single hull transition fraxting

as one flow to acting as two separate flows. Upnto
meters separation the outflow streams merge togethe
while at three meters separation the flows remain
distinct. This transition can be seen in Figurewith the
resultant force on the downstream hull around 1%#%
the force that would be acting on the hull if thevas
only one thruster, when the flow between the tlemsst
separates the amount of loss drops to 140% beaduse
the resultant lower velocities in the separate flow
streams.



2o most situations, and particularly if the vessgbiispeller
° driven, the need for moment control is the limitfiagtor
in the analysis.
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Figure 12: % change in forces on the hull for varying Ess0 :
thruster separation when there are multiple thruste Gsoo
relative to the single thruster case. ajzg
E ' . . () % loss
As the separation increases theory suggests that th gjéﬁ N 20% loss
values on both hulls should tend towards 200% ef th &0 T
force of a single thruster per hull because therevice P oo 00 a0 60° 80 1000 120° 140° 160 180°
the flow. But at small separations there are fatence Figure 13: maximum wind speed capability for a100m
effects between each flow stream resulting in takies catamaran with varying thruster losses.
being lower. It can be seen that the upstream ikull
trending towards 200%, and this should occur soonerg, CONCLUSIONS

than the downstream hull as the flows are much moreA|l cases investigated in this report indicate thia¢
localized upstream compared to downstream. Thethrust losses experienced as a result of operatirgple
localised flow means that flow interactions willcoene thrusters, either alongside or inline with eacheottand
negligible for much smaller separations in the 1g@8h  their interactions with the hull is significant. @e
hull. The curves in Figure 12 have been faired With  results indicate a loss of effective thrust in tider of
assumption that the values are trending to 200% 30%, and highlights the fact that these losses rhast
considered when selecting and sizing thrusters.
4. VALIDATION OF RESULTS
Without the available resources to conduct modédlibr Several hull-thruster system parameters were vaed
scale testing and measurements of forces and fows  determine there effects on reducing losses. Thet mos
vessel, it is impossible to validate the particulesults. effective method was to increase the vertical dista
In Referencd1] there is reference to a barge and various between the thruster and the hull, achieving redndh
hull-thruster reductions for different applied tBfu |osses in the order of 15%, with some benefit olmxbr
angles. In the perpendicular flow case when thefil®  from changes in horizontal angle (10%) and separati
going directly into the other hull it suggests thhe  (10%). Additional reductions in loss may be achigea
reductions are approximately 21% of the total tteus  through some combination of the methods outlined.
power. From the CFD analysis shown in this paper t
reductions are in the range of 27%. This differemt  Whilst several methods for reducing the thrust dess
easily be accounted for because of the differende h have been identified, the results indicate therd wi

forms as well as hull/thruster layout. always be a significant unavoidable loss in thnuste
potential. Figure 13 shows the effects of thrukisses in
5. EFFECT ON STATION KEEPING a real world application, and indicates the impocta of

The thruster losses outlined above reduce theunderstanding the resultant force generated from a
effectiveness of a thruster, and as such have atineg  specified thruster under defined conditions.
effect on the ability to manoeuvre a vessel as asll
maintain position in wind. 7. ACKNOWLEDGEMENTS
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