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ABSTRACT: Pre-swirl stators can operate as a device to improve the hydrodynamic performance
of the propeller and reduce the excess propeller torque on the underwater vehicle. This excess torque
on the underwater vehicle with a circular cross-section can cause harmful rolling motion. The most
important and influential parameters in the design of these stators are the chord length, distance from the
propeller, and angle of attack. In this paper, these parameters are investigated using the Taguchi method
and stator design to simultaneously reduce the underwater vehicle roll motion (reduction of excess
propeller torque) and increase propeller efficiency using computational fluid dynamics with the help of
commercial software STAR-CCM+. To validate the calculations, the numerical simulation results of a
B-series propeller are compared with the existing experimental test, the numerical results are obtained
with less than ten error percentages compared to the experimental results. The Grid Convergence Index
has also been used to ensure the independence of the results obtained from the mesh. The final stator
designed in this paper reduces the total propulsion torque by 44.47% compared to the non-stator mode
and improves efficiency by 2.29%. Also, the designed stator reduces the vortex of the blade tip and the
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1- Introduction

One of the most important hydrodynamic parameters of
underwater vehicles is keeping track of the determined path.
Since the rotation of the propeller creates a torque around
its axis, this torque can cause a rotational motion around the
longitudinal axis of the underwater vehicle. Stators can be
used in two positions in front of the propeller (upstream)
and behind the propeller (downstream). The stators placed in
front of the propeller are called pre-swirl stators.

Table 1 shows the advantages and disadvantages of pre-
swirl stators.

Much research has been done on the pre-swirl stators
design of surface vessels with the view of increasing the
efficiency of their propulsion system. But so far, no research
has been done on the design of subsurface pre-rotating stators
with the view of simultaneously reducing the torque and
increasing the efficiency of their propulsion system.

2- Methodology

To reduce simulation solving time, two separate
simulations as shown in Fig. 1 have been used to check the
stators. In the first simulation of Fig. 1 (a), the underwater
vehicle simulation has been performed as self-propelled
without a stator at the desired speed, and the input speed
profile (input velocity) shown in the figure has been saved.

*Corresponding author’s email: gasemi@aut.ac.ir

Table 1. Advantages and disadvantages of the pre-swirl
stator

Pre-swirl stator

Advantages disadvantages

Recovers rotational energy
losses by creating rotation in
the opposite direction of the

propeller [1]

Additional drag [2]

quieter thrust due to the
removal of vortices before
entering the rotor [3]

Lower efficiency compared
to post-swirl stators [2]

The lower speed of current
on these stators compared to
post-swirl stators, so they
work more slowly [2]

Rotating output current

Creating a torque opposite to
the propeller torque to
remove the instability of the
underwater vehicle torque [4]

Weakening of propeller
cavitation performance [2]

Creating more loading on the
propeller compared to post- -
swirl stators [3]
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Fig. 1. Two-part simulation of the underwater vehicle

to examine the stator: (a) The first simulation of the

self-propulsion underwater vehicle to obtain the veloc-

ity distribution (wake), (b) The second simulation of the
rear part of the underwater vehicle with

b

Then, this speed profile has been used in the second simulation
of Fig. 1(b) as an input to the simulation of the rear part of the
subsurface along with the stator and rotating propeller.

Results and Discussion

Fig. 2 shows Taguchi’s results in terms of minimum
torque and maximum efficiency.

It can be seen in

Fig. 2 that if the stator is located at the closest distance
from the propeller (0.39R) and the chord length is 0.65R and
has If the angle of attack is 17.5 degrees, the total torque
value is reduced by 44.47%, and the remarkable thing is the
simultaneous increase in the efficiency of the propulsion
system, which is improved by 2.29%. In the maximum
efficiency mode, the efficiency value has increased by 8.26%,
but the total torque value has decreased by 30.82%. So, if
you need more efficiency, you can use the maximum torque
mode and by spending 13.65% of the total torque, you can
increase the efficiency by 5.97%. What is important is the
power delivered to the propeller, without the stator, the power
delivered is 819.32W, while with the use of the stator, the
power value is equal to 800W, that is, it has reduced the
engine power by 2.3%.

3- Discussion and Comparison

The stator was designed from the results of the Taguchi
method in terms of the minimum total torque which reduces
the torque value by 44.47% and the efficiency of the
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Fig. 2. Taguchi signal-to-noise ratio: (a) in terms of
minimum torque (b) in terms of maximum total ef-
ficiency

Fig. 3. Distribution of vorticity with Q= 1000 s crite-
rion, top: without stator and bottom: with the stator

propulsion system has increased by 2.29%. It is selected as
the most optimal stator, and in this section, its performance
behind the vehicle is compared and discussed with the
condition without a stator.

Fig. 3 shows the velocity of the flow and the vortex created
in the tip and hub of the propeller and the distribution of the
propeller vortex with the Q criterion, behind the subsurface in
the state with and without the designed stator. It can be seen
that the designed stator reduces the vortex created in the tip
and hub of the propeller.
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4- Conclusions

In this article, the design of the pre-swirl stator for the
underwater vehicle has been discussed with the view of
simultaneously reducing the torque and increasing the
efficiency of the propulsion system. In the first part of this
article, in order to validate the simulation of a B-series
propeller, it has been simulated in STAR-CCM+ software and
the obtained results have been compared with experimental
data. The simulation results have been obtained with an error
percentage of less than 10% compared to the experimental
data. In the following, the design of the stator has been
discussed in order to reduce the produced torque without
reducing the efficiency of the propulsion system. Based on
the obtained numerical calculations, the following results
have been obtained:

» The final designed stator has reduced the amount of
torque input to the body by 44.47% and also improved the
efficiency of the propulsion system by 29.2%.

 The average propulsive force and oscillating torque of
the propeller in one rotation cycle shows that by using the
stator if the rotation speed of the propeller is the same, the
amount of propulsive force increases by 21.4%, and the
amount of torque increases by 29.6%.

* Based on 9 simulations performed by changing the
rotation speed of the propeller, in all cases the total propulsion
force is almost the same and equal to 135.8 newtons.

* The important result is related to the power delivered to
the propeller, without the stator and with the stator, the power
delivered to the propeller is equal to 819.32 watts and 800
watts, respectively, which has finally led to a reduction of
2.3% of the engine power.
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Fig. 1. Stator and propeller position: (a) Pre-swirl stator [1], (b) Post-swirl stator [2]
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Table 1. Advantages and disadvantages of pre-swirl and post-swirl stator
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Fig. 4. Two-part simulation of the underwater vehicle to examine the stator: (a) The first simulation of the self-pro-
pulsion underwater vehicle to obtain the velocity distribution (wake), (b) The second simulation of the rear part of
the underwater vehicle with propeller and stator along with the input velocity distribution to check the stator
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Fig. 5. B series propeller geometry
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Table 2. The main specifications of the B series propeller
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Fig. 6. Computational domain and boundary conditions of simulation
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Fig. 7. Mesh generation on the propeller and computational domain
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Fig. 8. Mesh independency diagram: (a) B series propeller, (b) behind the underwater vehicle with veloc-
ity wake inlet, right side: thrust coefficient and left side: torque coefficient
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Table 3. Discretization error of simulation based on the Grid Convergence Index (GCI)
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Fig. 9. Comparison of numerical results and experimental data for B series propeller
in open water
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Table 4. The considered values of each of the stator parameters
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Table 5. Values of stator parameters in simulations based on Taguchi method
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Table 6. The results of simulations based on Taguchi method at the speed of 4.5 m/s
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Fig. 10. Taguchi results: (a) in terms of minimum torque (b) in terms of maximum total efficiency,
right side: signal to noise ratio and left side: average value
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Fig. 11. (a) Flow velocity and vorticity created at the tip and hub of the propeller behind the underwater
vehicle (b) Distribution of vorticity with Q= 1000 s criterion, right side: without stator and left side:
with stator
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Fig. 12. The total thrust coefficient and the propeller torque coefficient in one revolution of the propeller
(a) without stator (b) with stator
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Fig. 13. Pressure fluctuations for one revolution of the propeller at r/R=0.7 and C=0.4
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signed stator (left) in different positions

e



RONNNN Y

‘*]N HN\]ND'ULQ&Q

>§

=~

g

>~
©

~
[

Y

R O xm oz Ny S

GCI

7,
e

VEY LYY doio VF+Y Jlo o) o)l DO 093 €y yuol SilSin udigeo 4 pii

WSM.C M).Qﬁ—v

Ay y) (59 piy )y

13T T 40 dilgy oyl ey $9%
Aoy el )0 dilg g ol pl (59 55
Aoy Sy 50 5 bl ol by (59 30
oy Sy 0 S ol by (5938

5 gds

e

S3T T o aily g o)l iy o
Wy Cady 50 Ay (ol pdey o 0

Wy ey 5o g8l Gyl o g
Aoy Sl )o 5 ol iy o 0

15T ol 4o iy yglids g o
Wy Sl 5o il el o b
Ay ey 5o g5 Ll HglilS <y po

ailgy sy 590
ailgy yhad

o g 5 ey
A oluxi

dilg p glads

algy 0 9595 Job

AU LS (s aladls (5950 4ol
&gy alos>

A (2 Ko a5l

g e

o351 T oo

Sy 50 (Hgiliwl g ailg ) JS 003L
R

Aoy Cudy jo dilg 0050

ol J&=

& b vue

V€

Gy by Heibiol .ol oads iy 4 Cuns by G sl el
2 dlyp 553 Bl il s oS NS (o0 Colun dilyy iSp Cax
g S Sl s pizen 9 3950 o] 3)Sles iy a0

Pgdige (awp; (Job jpme S

G A g (g -
b (o yslid slp Gid G Hgliel (Shb 4 dlie ol 5

Wbl il s 0331 (Rl 38l g )ollS GBS (lojer () ol
S Silwdend (mlis] polate a4 dlie ool Sl e )3 el ol
9 48)5 )8 pligwisw sl JlBley 5> (giluand 3)00 (2 sy Sy
Gl s ol osd dwslie o5 (glaodls b odel Cuns gl
odol Conds (225 (slbodd 4y Cans o pd Vol jieS ol oy b
Gl gh g oS il S il ()b 4 ashl )l
e Sl (wlol pCal odds adly (il e (2350
ol 0dd o> 5 zols el Cawdy

JoleiS ke S ZFEIFY ials cslond slb ol sl @
ol 005 31, s 035l 53 AYIVR 9 ppimo 5 45 & 3

S S 3 Wlgyy Slogs jglisS g Glpdy g9y bawge @
293 092 QleSe Sogo )3 yoilinl okl b &S dad e (Lt i3 2
O3l ZVRE glisS e o 4 VVE ot (6905 e il i
b o

2 Wloy (352 59 S b oad pbosl (Giloans & olul @
sty 555 WWOIA ply g e Ly JS iy (59568 Il do
ol oel

sl o oS Cuwl Wlg 4 (LS Gl 4 bgypo ppo s @
Olg Ave g Slg MAYY L ol Cod iy dilgyy 4 (Lo ole jelinl b g

Gl 0033,5 y5390 g8 3l doyd VIV ials &y oo culps jo oS



VEY B VY doio AFY Jlo o) oyl D 093 yusS pual CSlSlo sties &y it

of the Ship Propeller under Oscillating Flow with and
Without Stator, American Journal of Civil Engineering

and Architecture, 8 (2020) 56-61.

[11] A. Nadery, H. Ghassemi, An overview of plans to
increase efficiency and improve propeller performance
and reduce ship fuel consumption, in: 20th Marine

Industries Conference, Tehran, Iran, 2018, (in persian).

[12] K. Koushan, V. Krasilnikov, M. Nataletti, L. Sileo, S.
Spence, Experimental and numerical study of pre-swirl
stators PSS, Journal of Marine Science and Engineering,
8 (2020).

[13] Y.m. Su, J.f. Lin, D.g. Zhao, C.y. Guo, H. Guo,
Influence of a pre-swirl stator and rudder bulb system on
the propulsion performance of a large-scale ship model,

Ocean Engineering, 218 (2020) 108189.

[14] M. Renilson, Submarine Hydrodynamics, 2 ed.,
Springer Cham, 2018.

[15] G. Clarke, The choice of propulsor design for an

underwater weapon, in: UDT conference, London, 1988.

[16] M. Guner, E.J. Glover, Design method for propeller/
propulsors on axisymmetric bodies, Marine, Offshore

and Ice Technology, 5 (1994) 245-253.

[17] S.A. Huyer, Postswirl Maneuvering Propulsor, Journal

of Fluids Engineering, 137 (2015).

[18] CD-Adapco., User guide STAR-CCM+ Version 13.0.6,
in, 2017.

[19] J. Blazek, Computational Fluid Dynamics: Principles
and Applications, Elsevier, 2001.

[20] T.N. Tu, Numerical simulation of propeller open
water characteristics using RANSE method, Alexandria

Engineering Journal, 58 (2019) 531-537.

[21] T. Prestero, Verification of a Six-Degree of Freedom

Simulation Model, University of California, Davis, 1994.

[22] T. Gao, Y. Wang, Y. Pang, J. Cao, Hull shape
optimization for autonomous underwater vehicles using
CFD, Engineering Applications of Computational Fluid
Mechanics, 10(1) (2016) 599-607.

[23] A. Nadery, H. Ghassemi, Numerical Investigation of the
Hydrodynamic Performance of the Propeller behind the

AEA]

&be
[1] A. Nadery, H. Ghassemi, L. Chybowski, The effect of the
PSS configuration on the hydrodynamic performance of

the KP505 propeller behind the KCS, Ocean Engineering,
234 (2021) 109310.

[2] F. Celik, M. Giiner, Energy saving device of stator for
marine propellers, Ocean Engineering, 34(5-6) (2007)
850-855.

[3] F. Mewis, H. Peters, Power Savings through a Novel Fin
System, in: SMSSH Conference, Varna, Bulgaria., 1986,
pp. 9.

[4] S.H. Van, M.C. Kim, J.T. Lee, Some remarks on the
powering performance prediction method for a ship
equipped with a preswirl stator—propeller system, in: 20st
International Towing Tank Conference, San Francisco,

California, 1993.

[5]S.H. Van, J.T. Lee, A powering performance extrapolation
method for a preswirl stator propeller system, in: 21st
International Towing Tank Conference, Trondheim,
Norway, 1996.

[6] Y.-J. Shin, M.-C. Kim, W.-J. Lee, K.-W. Lee, J.-H.
Lee, Numerical and Experimental Investigation of
Performance of the Asymmetric Pre-Swirl Stator for
Container Ship, in: Fourth International Symposium on

Marine Propulsors smp’15, Austin, Texas, 2015, pp. 305-
310.

[7] S. Park, G. Oh, S. Hyung Rhee, B.Y. Koo, H. Lee, Full
scale wake prediction of an energy saving device by

using computational fluid dynamics, Ocean Engineering,
101 (2015) 254-263.

[8] S. Saettone, P.B. Regener, P. Andersen, Pre-swirl stator
and propeller design for varying operating conditions,
in: Proceedings of the 13th International Symposium on
PRActical Design of Ships and Other Floating Structures,
2016.

[9] H. Streckwall, Y. Xing-Kaeding, On the working principle
of pre-swirl stators and on other application benefit and

design targets, International Shipbuilding Progress2, 63
(2017) 87-107.

[10] A. Nadery, H. Ghassemi, Hydrodynamic Performance



VFY B WYY domis VFY Jlo o) ol D 0,95 ¢y ol (SlSo  wnigo 4y it

Environment, 232 (2018) 307-330.

[27] M.B. Wilson, SIMULATION OF SHIP WAKES
IN WATER TUNNEL CAVITATION TESTING OF
MODELS, in:
22nd, Newfoundland, Canada, 1989.

American Towing Tank Conference,

[28] ITTC, 9.1.0 Practical Guidelines for Ship CFD
Applications, in: ITTC — Recommended Procedures and

Guidelines ITTC, 2011, pp. 1-8.
[29] L.B. Celik, U. Ghia, PJ. Roache, C.J. Freitas, H.

Coleman, P.E. Raad, Procedure for Estimation and
Reporting of Uncertainty Due to Discretization in CFD

Applications, Journal of Fluids Engineering, 130(7)
(2008) 078001-078004.

[30] M.M. Bemitsas, D. Ray, P. Kinley, KT, KQ and
Efficiency curvers for Wag b-series, in: University of

Michigan, 1981, pp. 102.

Ship with and without WED, Polish Maritime Research,
27 (2020) 50-59.

[24] A. Nadery, H. Ghassemi, H. Nowruzi, Enhancement
of the ship propeller hydrodynamic performance by
different energy-saving devices mounted at the upstream
zone, Journal of the Brazilian Society of Mechanical

Sciences and Engineering, 43 (2021) 469.
[25] W. Shi, B. Aktas, M. Atlar, D. Vasiljev, K. Seo,

Stereoscopic PIV aided wake simulation of a catamaran
research vessel using a dummy-hull model in a medium
size cavitation tunnel, Journal of Marine Science and

Technology (Japan), 23 (2018) 507-520.
[26] G. Tani, M. Viviani, D. Villa, M. Ferrando, A study on

the influence of hull wake on model scale cavitation and
noise tests for a fast twin screw vessel with inclined shaft,
Proceedings of the Institution of Mechanical Engineers

Part M: Journal of Engineering for the Maritime

bir J. Mech Eng., 55(1) (2023) 123-142.

DOI: 10.22060/me;j.2022.21210.7404

H. Bahrami, A. Nadery, A. Moghaddas Ahangari, H. Ghassemi, Using the Propeller Pre-Swirl
Stator to Reduce Underwater Vehicle Roll Motion and Increase Propeller Efficiency, Amirka-

o3 gl o onl 4 digSe

V&Y



	Blank Page - EN.pdf

