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Review of the Current Scientific Status and Recent Advances in
the Field of Surface-Piercing Propellers (SPP)

Farhad Kiani
Malek Ashtar University of Technology; aerospacel362@gmail.com

Abstract

Surface-piercing propellers are part of modern marine propulsion systems that hold special
significance due to their extensive application in lightweight and high-speed vessels. These
propellers, benefiting from advancements in scientific and modern technologies, have achieved
significant improvements in efficiency, stability, and lifespan. These advancements include the use of
computational fluid dynamics (CFD), advanced materials, and intelligent control systems, all of
which have contributed to enhancing the performance of these propellers at high speeds. The aim of
this research is to expand the knowledge of technologies in the propulsion systems of high-speed
vessels, with a particular focus on reviewing the scientific output related to surface-piercing
propellers. This study is a practical review based on data mining, utilizing scientific database analysis
techniques. Data and keywords relevant to the research were searched and evaluated using the
Scopus database for the period between 2010 and 2023. For data analysis and visualization, the
VosViewer software was used. The statistical population of the study included 70 articles related to
technologies involving surface-piercing propellers. The analyses covered the frequency of

I VosViewer




publications by year, the countries with the most published documents, and the development of a
knowledge structure map in this field. The results indicate that the frequency and trend of scientific
publications in the field of surface-piercing propellers are crucial for improving speed and efficiency
in vessels. Iran, China, and the United States have conducted the most research in this technological

domain.

Keywords

High-speed boats, Surface-piercing propellers, scientific development status, scientific studies
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investigation of hydrofoil installation on the performance of
flying boats (WIGcraft)

Rahman Fattah, Saeed Jamei
Department of Marine Engineering, Faculty of Engineering, Persian Gulf University, Bushehr, Islamic Republic of Iran

Abstract

In this article, the performance of flying boats under the influence of installing hydrofoils instead of
landing gear or not installing them is proposed and examined as an idea, so that if the optimization
conditions are met, it can be considered in improving the performance and efficiency of flying boats.
The size of the models is a comparison of the desired design and modeling, which is a conceptual
design in IGES format in AutoCAD software, which is close to the real scale of vessels of this type
and the three-dimensional model is drawn to a length of 10 meters. Fluid simulation in star ccm +
software was performed under the assumption of non-uniform flow, k Epsilone Turbulent, and in two
phases of water and air with the aulerian multi-phazes model, in calm water and without waves. The
dimensionless parameters of lift, drag and torque generated by both models are compared, the free
surface image of both simulations along with pressure and shear stress contours are given below for a
better understanding of this idea that was obtained from the simulation. Finally, based on the
comparisons made and taking into account the factors that increase efficiency, the best model has
been proposed.

Keywords

WIlGcraft, landing gear, hydrofoil, Fluid simulation, Optimization
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Comprehensive Analysis of Materials for Marine Applications

Mohammad Amin Raeesi Tangaki!, Saeed Jamei’, Ramin Salehpour?

1,2,3 Persian Gulf University, Faculty of Engineering, Bushehr, Iran

Abstract

In this paper, by collecting related articles on materials used in ships and other industrial structures,
the aim was to identify the various applications of materials and better understand their properties for
different uses in these fields. Various materials such as aluminum and its alloys, nanomaterials, natural
fiber composites, carbon fiber, and fiberglass were discussed in depth, and the physical and mechanical
properties of each were explained in detail. The paper also explored modern methods to increase the
longevity and strength of these materials, focusing on practical applications. For example, the
anodizing process for aluminum alloys was described to significantly enhance their lifespan and
durability. Additionally, the results showed that combining glass fibers with natural fibers could
notably increase the strength and performance of materials. These findings not only apply to the
shipbuilding industry but also have wider implications for optimizing marine structures and other
industrial applications, ultimately improving their performance, reliability, and long-term durability.
Keywords

Aluminum, anodizing, composite, natural fibers, nanomaterials, strength, fiberglass, carbon fiber.
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New Natural Composite

Unit cost [€/m?]

Conventional Sandwich

Unit cost [€/m’]

Flax (UD +0) 17
Flax (BD +45-45) 21
Flax (UD +90) 17
Cork 10 (5 mm) 8
Cork 10 (5 mm) 8
Flax (UD +90) 17
Flax (BD +45-45) 21
Flax (UD +0) 17
Resin flax uptake 7.52
Resin cork uptake 33.84
Microballons and silica 0,87
Total 168

Carbon fiber (UD +0) 25
Carbon fiber (BD +45-45) 27
Carbon fiber (UD +90) 25
PVC Foam (10 mm) 40
Carbon fiber (UD +90) 25
Carbon fiber (BD +45-45) 27
Carbon fiber (UD +0) 25
Resin carbon uptake 6.84
Resin PVC foam uptake 30,76
Microballons and silica 0,87
Total 232
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Fibre Modilﬁlssu[ccpa] Elon;:-.tion Temi[l;[%:]e neth Modrx?:: iGPal Density [g/mL]
Hemp 70 1.6 550900 30-80 1.48
Flax 60-80 1.2-3.2 345-2000 15-80 1.45
Sisal 38 2-14 300-700 10-30 1.33-1.5
Kenaf 1.6 200-900 22-60 1.3
Jute 1.5-1.8 300-700 13-55 1.3
Ramie 2-3 400-938 61-128 1.5
Bamboo 1.4 190-600 21-50 0.6-0.9
Banana 1-3.5 161-780 7.6-9.4 0.72-0.88
Coconut 150-180 4-6 1.2
Pineapple 0.8-1 126.6 4.4 1.07
Coir 1540 175 4-6 1.2
E glass 73 3.4 2400 72 2.55
Kevlar 29 70.5 29204100 130 1.44
Nylon 66 3.5 85 1.14
1080 steel 207 2550 7.9
Carbon fibre 1.3-1.8 ~4000 235 1.4
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Propery | Pl | Dambon | Vo il
En (N/m?) 1.16E+09 | 3.00E+09 | 4.50E+09
Gz (N/m?) 9.00E+08 | 1.00E+09 | 2.00E+09
Viz 0.25 0.32 0.30
Property Silk Fiber | Jute Fiber | Abaca Fiber
En (N/m?) 5.00E+09 | 1.06E+09 | 9.57E+08
Gz (N/m?) 2.50E+09 | 7.00E+08 | B.00E+08
Viz 0.32 0.28 0.15
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Praperty Pineapple | Bamboo | Waste Silk
P Fiber | Fiber | Fiber
Ey (V) | 4.90E+09 | 6.00E+09 | 6.90E+09
EnEu(Nuf) | 145EH09 | 358E+09 | 517E+09
GEy (Nm?) | 9.61E<08 | LOSE+09 | 1.76E+09
» 027 | 03 | 031
Property Silk Fiber | Jute Fiber | Abaca Fiber
Longitudinal Moduls of Different Fibers
(E11)
M PineappleFiber
§OUU['}{'JU('}UU M Bamboo Fiber
7000000000 W Waste Silk
6000000000 Fiber
5000000000 Silk Fiber
4000000000 M Jute Fiber
3000000000 M Abaca Fiber
2000000000
1000000000
0
80/20 T70/30 60/40
Volume Fraction (V{/Vm)
Jsb Jsose A JS
Transverse Modulus of Different Fibers
(E22)
™ 6000000000 W PineappleFiber
& .
5000000000 W Bamboo Fiber
:é 4000000000 M Waste Silk Fiber
Silk Fiber
% 3000000000 W Jute Fiber
E 2000000000 W AbacaFiber
1000000000
= (1411
= 80120 70/30 60/40
Volume Fraction (VI/Vm)
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Poisson's ratio of Different Fibers ‘
v12) EPineapple Fiber
W Bamboo Fiber
0.40
0.35 R
% 030 l‘.\_ nsghllk
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£ 020 Sik
8 Fiber
4 015 Jute
£ 010 B ber
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Volume Fraction (V{/Vim)
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No.| Descripti Lamination Arrangement
2 & Sample A;|Sample A>| Sample Af Sample A4 Sample A4
1) ) G) (O] ) (6) (@)
1. | Order of layers:

Layer 1 CSM 300 | CSM 300 | CSM 300 | CSM 300 | CSM 300
Layer 2 WR 600 | CSM 450 | CSM 450 | CSM 450 | CSM 450
Layer 3 CSM 450 | WR 600 | WR 600 | WR 600 | WR 600
Layer 4 CSM 450 | CSM 450 | CSM 450 | CSM 450 | CSM 450
Layer § CSM 450 | WR 600 | WR 600 | WR 600
Layer 6 CSM 450 | CSM 300 | CSM 300
Layer 7 CSM 450 | WR 600
Layer 8 CSM 450
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o Weight Percentage [wt.-%)]
Bo. | Desceiption Sample B, | Sample B; | Sample | Bf Sample B{ Sample B
(1 2 (3 (C)) (8 (6) (7
1. | Lamination
Order:
Epoxy Resins | 99.5 99 98.3 98 97.5
Hardener 0.5 1 1.5 2 2.5
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Sample Tensile Strength [MPa]

Al 59.467
A2 63.722
A3 75.816
Ad 82.899
A5 87.054

Sample Tensile Strength [MPa]

Bl 73.921
B2 69.117
B3 67.592
B4 65.967
B> 65.342
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Comparison of the Numerical Results of Different Cavitation Models
of Ansys Fluent with the Experimental Results of the INSEAN E779A
Propeller.
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1 Phd. student of Energy Conversion Mechanical Engineering - Malek-e- Ashtar University of Technology, Shahin Shahr, Isfahan
2 Professor of the Department of Mechanical Engineering, Malek-e-Ashtar University of Technology, Shahinshahr, Isfahan

Abstract

Marine propellers serve as the key component in converting the power produced by ship propulsion engines
into linear motion. Cavitation flow can induce disturbances in the hydrodynamic performance of propellers,
especially in marine propulsion systems, leading to reduced acoustic benefits and surface erosion. In this
research, numerical and unsteady simulations of steady cavitation flows on a four-bladed INSEAN E779A
marine propeller were conducted using the Schnerr and Sauer and Zwart-Gerber-Belmari cavitation models in
ANSYS Fluent. The results indicate that both models provide similar predictions for the cavitation expansion
pattern, but the Schnerr and Sauer model shows better accuracy when compared to experimental results.
Specifically, for an advance coefficient of J=0.846908, the Schnerr and Sauer model exhibited errors of 8.57%
and 0.58% for the thrust and torque coefficients, respectively, while the Zwart-Gerber-Belmari model recorded
errors of 11.7% and 5.01%. Therefore, the hydrodynamic results of the Schnerr and Sauer cavitation model
show better agreement with experimental values. An examination of the simulation results using both
cavitation models and experimental data for thrust and torque coefficients at a constant advance coefficient of
J=0.71 and various cavitation numbers further confirms the higher accuracy of the Schnerr and Sauer cavitation
model. These findings emphasize the importance of accurately predicting the cavitation phenomenon in the
design of high-efficiency marine propellers.

Keywords
Marine Propulsor, Cavitation, INSEAN E779A four-blade propeller, Cavitation Model, Erosion.
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Investigating the effect of tunnel height on the hydrodynamic

performance of ultra-fast craft using CFD
Mahdi Babaei, Hamidreza Sohrabi, Mahdi Vahnani, Ibrahim Soleymani
1 -M.Sc. Graduate, Sharif University of Technology
2 -M.Sc. Graduate in Naval Architecture Engineering, Amir Kabir University of Technology
3 -M.Sc. Graduate in Mechanical Engineering (Energy Conversion), Imam Hossein Comprehensive University
4 -Ph.D. Student in Marine Engineering, Sharif University of Technology

Abstract

Achieving high speeds at sea has long been a goal for humans. In order to achieve high speeds, more
powerful engines can be used. But this issue, as a limiting factor, can increase the speed of high-speed
vessels to some extent. Because engine power is limited, and therefore, an optimal design must be achieved
in the design of vessels by spending time and money. Conventional high-speed vessels, where the entire
weight of the vessel is supported by the water fluid (from hydrostatic and hydrodynamic forces), are
designed for speeds of up to about 100 knots, in the racing and recreational classes. To achieve higher
speeds, aerodynamic properties must also be used and the efficiency of the vessel must be increased by
creating aerodynamic lift. These vessels, known as ultra-fast or hybrid vessels, are catamaran-type, and the
air passing through the tunnel between the pontoons contributes a significant portion of the weight of the
vessel at Froude numbers above 4. This paper examines the effect of the tunnel height of ultra-fast vessels.
The analysis method uses computational fluid dynamics (CFD) knowledge and the commercial software
Star-CCM+. The results indicate the important impact of this parameter in the design of ultra-fast vessels,
and designers of such vessels should pay special attention to it during the design stage.

Keywords
Ultrafast craft, hydroaerodynamics, tunnel height, longitudinal stability, lift force distribution, CFD




1FoP Gliawwli g jlgs /9F OJLQ-I.;I /PP Jlaw

4_».\.: o uj_;.aL».:Oﬁ).:T &9_»05.0 )l oola_wl J_d uuLw
@ (Seeladgyies plowly (Rl Cuz 9,05 lajgles
g.A_‘i; )‘)J ool __wl Oy9—0 9 S ul_‘>‘).'a U_Q:O
099 ‘g] u.AjLO.A MU 9 YL; du Sy jO ‘5_2
A axgil (B bsl.cal o)1 aS o (69,0 51 eolai]
i (59508 Sl Sl e (oS 5 5okt Sy ye Al
= 1R skl Jsb JE S e sl 5o (Sealinng ]
oY) Jeb Jolss slsnl o aliles (e 2] 0,5
@ BU YL glace pu )3 (sl 2 9)ly slag s
Sl L asaY Ojso 4 Legas loyslils (pl 0,105
[4] o)San 5 Ty Jo ole 4 [3] s >l
) el 5wl jsbd o3 @ [5] oS 5 g 5
5 aslesls slpain oy Hs ce w4 S S
ooly Hlid &y w598 Asdugd ol 5l (gl Aiges V IS
Slox! (Bpmean a e (V) s j0 g el oal

Dyl oo A0y & (598 sla)slil

[6] wssss (oS5 g 358 psles — ) U5

OFSU @ 358 slaysled Hsebs 9 90 olej )

doax gleojer oeled jo calie ol 5 olaseatils
Arwgd ¢ 3odod dy Cawd boyglid (pl oy behs )b
Gl ogas al yo 1) (ailg; g boalai g 00 gl 4
L [3] 5eldsg 0,8 o,lisl 5 o)lee 4 oyles co aS” Wlosls
A asmns sleygld awaie jloolaiwl ;o 55 a8
Lot o 4 oy S Senlindgpl cid anlxe
Goal ool (gilwans bl g9 .csloy ol L&
alold 1 g ool 4o odes dslllas Lol dslol 1) e
coid Jacie 1 ol 50 5 K0S 5l Leasay ils
L cod ) ams bl oyl plas Swlusg |

doddo —)
53 pelie G Foliz 5l (S plsie 4 0)lgen S
YU lace w4 gloiws .ol ails 0g2g iy 03
Car BLS 03Bl ] 4l Sliges oles 4o
03903 Slaml | (i 2l dnngi g B (IO
(P slaojea (ool 9 905 slajglid ol
“Jbe 3ol o) l5 allai g sele (B g Joo w5l
a boye sloojom )0 glod sl 231 slo
omals Baal 5,05 slojsbd Salungams I
il o ol WU (slacie pos 4 oliians 5 Canglio
5 Caogame YU Ce s 4 ol sl > 5l (SO
Olg ygige cnl Cunl ol 0y 2l slaygige s
sloatee sl oo g LBl o900 5 (atie
oyt oy (kS Ol b leygige b e VL
Ol e a5 55550 39 Sl el ol o 28 8
2 G2 g e ;5L AT Sl slit (59 I H
23 5SS e Edge Bl Bale gLl e p alS
Sk g5oge Y slace j ;5 Logases 5 05 j5lus
9595 skt Mkl egas 13 SIS G Fete o
TS lonly 5 ' Sisunn (Bl 5 soges Slmio o
Sy 9 29l (higS &8 > 4 Shg g Wb
Fhb poe ©jge,0 a5 09b 00 BB Hobid gy g g0
Yl ey 50 Wl oo (Soalizsg oee conlie
Sl St ye De— 00 9,05 sl sl jo
ogdle g oad Vb Saep 4 (i) 9 ol Hlly &S >
otalS slid Sl an Glo sl czse ol 2
oyl ;0 asas g ol p (22U 5 g (203l
5 5ol oo ol Bl L 1] 09l o Hl0 i yos 4005
L sl LSSl o o o 4 o iy Tl 3,
Cid (59, aly 5l CaBge 5 aily el O
LoyS anles Joe jolid anlly Cons 4y (Saliydg o
5o 3l Seelasg iae g9, Sl alai (5285 alols
asazrg Lhasb saled Sujs e Saine jslid (J&
S99 layglid L Gl oo (S5 4 189090 93
3PS et 4y o, DU Ve e (YL ey ) po 0

! Porpoising
2 Chine walking

3 Rise up




S el e 0 Il sl gd Sanlinog ] alys
Wil g gilwoslo Lol pen b g ailas psllas cds
5 Seelndg i slwg i Lo by, =l (ooled 5o
by, Lg oot aloxe im0 O )j50 4y (Sealinsg
ol Gl ), 5 (Sl Jas gl oS Jolas
LS S5 555 a4 on cal o5 355 0n )
lo sl s = ykae azlye 1o Liads bl cad 1055 5
ot jolis HLidy o o] 236 5 Jig elisl g0 @
JUESRRUIN FUPV Y UFIPILI: N PP VIV E S 1 I SN 0W) Rvee)
Seeliasgnbgyine (Hhb o Jigh el pite ;36
8 e S50 Golz GRes 5 (oS 5 slesled
il ool wl b e ol oy Bl ol a2 )3
Sl 55 331 5 5 el SV sl

el Tkl g o

&y 398 sayglud ¥
Ao Oy eied g azgl B L Jo Ul
S90S sloyglid )3 pom po Zopu I 13 oot
4S5 Sl oad gumar by gl @ e @l
o ol ol 5 ol Laglon 5 ol 31 aidl
Ol 4 S g 5 55kl gslrang, oS > 5l eolil
Slosliinl Ly Sealinsg ol i adgs jslaie 4y o o0
talS sl Olimly Gli¥l e 5 jlocad ol
b 358 slaysled cwl Sy oS 5 s gl
el o as s o sl 5l glaisS oS 5 asay
Stz 90 slaylid asny jo oyl edse
el 5 oo onlial Sealiysg os oloaly iyl
o les e alex las Wyl alise slapl o ,glis
Aecrodynamic  Elevation .Air  Entrapment
High Speed .Tunnel Hull Boat Hybrid Vehicle
& ISl 5,5 o,Lul .. g Sea Skimming Vehicle
o a5 col cllas (nl sbsS sl 5l il ol
9 Y lace ,w yo lgo fi5e i olml dap] dnwgs
A4S o (59, 5l oolaiwl ygu (ol Cnglae rals
el Ll 5 lassT oS 5 sladiny ool o> )5
Ple e plejer 5 (S 5 Sjpod o5 i
o5y Semlasg nl Lolss Sl e 5 Sslinog e
oyl (nl (Seoliodgyane VL Lo lowil) aizun

' STAR-CCM+

Gor— o wgilyog > 395l a om0 LY,
s3b=t S [7] 55 n Sl g 009 aidvan 5 daugs &
Sealizogpl cid 5l solawl ISl 4 jls Jig5 aias,lex
sobied ol el 00,57 (Bme w0 )lo 1YL glace pu o
e g ¥ ool b aS el Ly wiy ¥ 51 e
039 5 =it Joms gl (BT Sealnog ] ] wilgs
a0 45 Wloduw ) dx (pl 4 09> Sladxd (0 g0 o
[8] ol jigm saisl oS Jlo bigs Holils sladiay olass
Sy A ol 4y 095 Slido )0 [10] Jbeay ! [9]
Solmb sbml Cuzr (oS 5 @ (58 e Ko 0 a5
gy 25U pga o 5,005 sla,slids S sl oo
2 Oleyed S50 d (el o nl 5 (Sesludg e
4S5 0,5 g al S5 pl g 05l onye Joln SYslas
s 5 55 5 5l sl (Sealusgnl g9y Sl Joee
) )‘A_f)».:b J-A‘sﬂ ) I._’ u‘)&““" 9 w)95 o
039 ol as assls GLas @ 398 5olid o)l
ol slanl Galidl Sl s aly (ll ks
S ey 2 okl Olos g oud Lo jsliss 5l aigs
L 1121 setn [11] 55 5l oy 2 5,86 i
S8 ,50 aliee Jolge oy ol Jow 5l eolasal
—al LSS At g Sy (oS 5 Hsled ok
Sl e Al e S @y sl & S e 2l
3y o amles iy st g)ll g 4l S
Lo 5 00g0d oaliul jslid (Sonliyogaee 5 (Soolinog
o903 (gl i)l [y Holidh 5yl g i 3 (5 o0
2 (5 5) @ (392 sloylid &Sl & 4z g5 L

Soelizzgnl (ols 5l o 5 Sealinngjae elys ||
Al p Sou S5 plpie @ geoge nl taiis lo )55 5
“URReR 5 BehoS Ay ks yo Ll e cele malme o
] oo)_f \bl_?ql u‘..\_..aa\s)l.c 6‘)’. ‘) Ls‘oo).';.wf 6[.&:
..\_Qb‘fo ul_m; L._M:‘) u_>‘ 5o 03— ral_>ul 6L§b)l5 390
)y Slog s eetd g ooliiwl 5550 sla o,
@t ilw o (a5l o Jols sl
S5 LS Sz oads ool awaie jleolainl ¢ il
shosliiwl ((Seatgu 9 0o - (6)l35 (695 By

E.
0
\}.
2

A\

\

L

L2 2 S




1FoP Gliawwli g jlgs /9F OJL-Q-I-;I /PP Jlaw

) cenlie 285 @8 5 890 55l dwain g g 50
& 398 syl Sl md) Sl 4 axgl il
750 e 5 35-hee uped Bl iy 99,8 slael o
5 Serladg i (i sle it 5 Laplall 51 S5
9 o9l ,Ld) 1 e 2B Sl (Sealusg
bl sleslawl oyl ] (Stslnog e Slasiv
sl Slegdgn cnl 63lodrsd 4 06 a5 CFD asile
oo ilwas ploul Vo ans . Cnl aiosg (5 4!
Joe 59, = eolo o oBiule;] o Jos s aiilen
Slaal Ly sl a5 plonil 5l 5ol S8
Syl pa—ar 10 Lal ogi oo 00l proxi 28ls
3 ey AliS plosl S Sl @ 28 b (5 5
9 Tog,8 alts 5l Slaling T 5 Saliyag,am 055>
S Joe S Sy Gl 5 958 e ool Tl
oo 3 ilbwand GBI cwl Sgliie g 95 (0
25t (28ly Sl ) (giluard 3l S92 Joe Sz eS
aaals sl am sl el Gl > Y ce s
@bt o8 (b8l 6l ) aSed 5 S Slwlxe
A el (698 5310 1 sl diojld a5 ails
e ;S Jlo slaby, il &S el Lo (e
ol bl 5 Lo (5595 2 (S @ 398 b5l
Gl 00l 00l Al Jlaw b > ool

G5 Stz 5 amdye Ol gl s adlge 10
ot 2lyd sl e sl el p3Y sl S
T X Sz s oS> oglie L &5 > aidye
Tsp L Z Cuz 10 oS Sl LY Suz 0 25
LY s ds= 0hso sy L X e Jo> olyso
Ol g e iy sl b Z e S5 (g0 e
el o 00,5 TS jo el alE il SIS >

2 Froude

3 Reynolds
3 Surge

5 Sway

® Heave
7Roll

8 Pitch

% Yaw

Glw ccad Jole SO Gleie an lgn 51 S50 ool o
J=lo VAL 5l iy slace s 4y Ll hws b,

el 00,8 Jawd Casdlg s 1 Lo yo celw p

Iy s O 51 G an byyglid sy (18I L
3y ot dalys 20 (5 55ld g9d9e )3 oz Ojpon
ool skt a lge Lawgi (gudsi cbd (o5l bl
ciad o Jg [13] osai solaiwl g5 0 0T S po
SLBl s s 4 55he (slap sl 5 (Soalinsy ]
2 55 08 4 plaisn o al stler 1 il e
9y 00d cad slahgd pl Glatiid mhav o lyie
bl oy 5 S8 erns (il sladin iy
1T 5 [4] gl 5 05 081 s U 51 2
1 el o T3 gy S 5 sl gl )
Srasny g mhaw 31 gounay 90 3L VeV sla SISt
9l atged S cid adgs jo SO ) jenies (Sl
el 0 08l i S 5

e ——

\ — —

2ol igai S i g5 5o b sy b — ¥ IS
=S

cad adg o JSb e il gladiay L30T S
S P ygbed diges S
5 &9 syl (b o cdii, g anng
Uo)lowbﬁsé_:éoslﬁbd)lﬁl@@}g@)}
Sy (il Joe L 1) gl Gi..al.uo le-‘”‘;‘}-.'.s Silg
eSS (Sealngpl 5 (Seolindg,op slog s oS 5
W o,lil adlie 3 iSu j0 aS asgT les Wy
45 ‘S{led)"LwooLu Ls 9 ody LS’L“’“’ W) f»'.?u‘ Lngui‘ﬁ)

! Ground effect




9 S oS (Sl Db ga hy pii (Scalipog e las
bogys Bl oo ol S > Jlo 5ol &j50 @
Ty b 8 55 0 (005 50 (Seslidgyue
Sl Seelasgyoae by Sl e o (ol
o Sealiss 6, lubl ity ansls alols bt Jas
WDy o 0dalin O USS (o 4T jghiles 05h o Sl
e sz 5o (Sealusgyine slag s il Jowe la]
29t 25 S (e 3y (Jlas g 009 yolid S5
SFD a8 anl e delol o b IS ol g iy ol
ek CG Jo> Fp ploe al> 1o (ol )5 iles 50 CG
S5 ol o any gl At 5 0 o a8
Sa5=2 5 535 556 CG JIFpP a5 Jloj b 0l walg>
G onl o 4y ol sl anils dell a5 2 cpl 45

LSl salgs ST Sy 50 9 9 0

5
\
\
/
%) /
\
CG- \
(N
L
\ \
1
]
\/
L
CG
2)
(I
\ 1
: 4
\? *
CG
3) N
\
\
/
- /7
i
CG* \
(4)

[15] gyus jolets S Koo 90 — OJSS

25 el ey )0 55l ro)ls (g s FUSE jo

2L G g pomye 905 Hold SG sl (05ee amio
Sl oa 0318 L b g YU 50 e A gy §o8
S g 9y adolas 93 (g39es axio 0 [17] 5 [16]
Sl &8> ol B ogd Lol (ks jsliss alolas
Eo—orre ail al il Lo o calize gloace o o

Olew 9Z 9 X jemme bzl jo 9l p 8)ly lag s

Zy

6 b
Hebed solil ax o s oS > — F S

Jdo an 5,05 oyt sl (Seelas (slk
)'| @L?ub db)sm A S b Lgl.m&.c)m o &SJ:-
Jdo s ;K0G8 b slcwl Jo,55 (g s Caxal
sl ysls  Sweloog e slhaasin ool ol s
5w agly ead s Job el elis )| asile 5 jus
bz (Seebnd lul ey Vb Glace o
SO OS> S 5 Jol> S ng e wbl o
Sz alple wBloe Hold (@) Jsb ke 5 (52)
P ilolil az s 99 gy 4 yo wonsdy (l (St
A1 5 (G508 Aztho ;O (g, Hglid S (golj] ax o
b4 2k So> o9 pb 5l oolmbl cnl pb s oo
aS ol U""‘)—“" uj M—LCB Sl o0l w)f))y)y
- Glubl pl o a5 LK ol jo jelbs oS >
Lol o jslid 500 09250 (ol 28 4 00,8
o=l gy omby 9 Yo ol Slwg o5 >
A_vwl)sl...w u.c).m)‘fL..Aﬁ oals C) ‘5‘>)L‘> s.i.v.‘?u
oy s gl ce,wa s S Koo )le
@berehl @ e vl aS o) 052y Suns s
s ansly (8 55 e CumBge glil o 5 Al ol
g e = 3ly Jw Ol Slag s @i 092

ol guldl b ials
@9 O JS& wiiles ipgm o (59,05 Haled Ko o
Ol 1y 90,5 oo Jlasl jlis 4 O Jlw iz 5l a8
Lol GLas Fp (Seabang one slog s ol )90 4
4 ly (Seelogyoe glogyd 5l Joe plaal>
Sles sl b (CG) ] &5 55 10 a0 Cos (FP) 5l
alys sl (gglite gy 9 50 S > (J& S 0 o>




1FoP Gliawwli g jlgs /9F OJL-Q-I-;I /PP Jlaw

A e 399 ol SO Jols SYslee ol plo all o

Dg (50 ADg p) Dy
D, +D,,+D, +N xsin(z)+D, xcos()

+D, =T xcos(r+¢) (4)
L, +L,,+N xcos(t)—D, xsin(z)+
szin(r+8)=W ®)
L, xX +D, xZ +M, —L,xX_ ,+
D,xZ ,+M_ ,+D,xa,+D,  xa, +

N xc =D, xa=T xR, (6)

WGy pies Sl 5903 T eldallyy ol jo a5
Sl 59 4gl) € b gl T ygled (59 9
S5 693 Dan 5l gl b @y s 1l Lo
ciJ sl agyslal gLal aSa Sl sg,]
sDal ( IS o 5 Joigh 5l (b (Sealinog
(IS ok g by (Saalinsgpl S slag,s Da2
(IS sl 5 by (Sesliognl lae Ma2 s Mal
Seabinogpl cid slag s w3 (595l Xa2 4 Xal
by 5L 55l Za2 g Zal (L85 S e 4y o
LB 5950 Rr (& 3550 40 cod Salnagpl S0
G928 N8 55 50 4 o ol 3 (595 1 o>
9 Dr ol (Soliulgyne 5 (Sealinogyan e
Sealnsgyie 550 59,8 DWS 5 O Shol 5o
alor L83 5 (6 e
et So g8 gl 53U gy Alie cpl Sun
G925 ol 50 01 s 5 450 55 (S 5 @yt
o plid (5 5l it Jeod Caz (Sealindg pl i
- Sl SV Sl uils g goae b,

sl

oolawl 0590 H38le i g o5l WY Olro ¥
a3l 5o Salipsgnl gl il ooy 2
plasl 5 (ox8ly wiges cbo Jol by, 09es Joo (g5 o
P9 gy el S an SU (60, Sles bl jo cus
oetS 5 5S> sS wldie b olBiole;] jo cous plol
5 Silwand po b9, 5 Sl (Al Ll a4 ol
=2k, SYolse 5 Ly, 5l eolaiwl b (g3le Jow plol
Joae S > ey 09,8 awlid 1 eolawl b sl

Samo b Sl Se s 3 Y Hee S 5l 20l

il

Forward speed

WATERLINE

<=
== hydrodynamic

aerodynamic

SOges dmbo ;0 9,05 bk p 3y slag s — 7SS
[17].,[16]

=) Sygme Ao )9l.~_...5 9 9y JQL_:.: SYoles ‘(w‘)

D g0 Ayl
F =F, XCOS(T+8) (0]
F +F, xsin(z+¢&)+F, =W 2)
M, +F. xL,+M, =0 3)

(o Salindg 0 5y0 (59,5 FX clasly) opl jo a8
2513 € a5 dmgly Tl i Sl (59500 Fr
Chd (5550 FZ 5l gl bz a4y oo il iy
038 89— W e eibisy (59— FB ( Saliydg 0
3= 8 55 e Joo 0 5 Gl Mg o5l
S dsm onas m i Glee Mp ((Sealindgoee (595
@oge Aol Ly g (Slivly,nee (5550 51 (20 J&5
DBl o Holid J& S50 B el 5 (55,5 Sl
2 opdle (G Coms FUSD) (oS5 55l 9550 5
= Senlindg pl slog s o Sealindg s (slog s
—S5, L A S5 nl po a5 098 oo Jlesl sl
Gl i sl oals oals ylid glojed ol g 2l sl
Jols ooae s 90 4 ol oo |y (Senlinag ]
s Loy s g 0kt By Lawgs ool adsi (slag s
G D9—ed (SO e (S pshaw Lawg oad
JeSts Jol a1 (Sealinag ul (slag i 1 solael
S (IS ol bawg gads sl mies g 00l




gy salolae ¥

oS gl = ool SVolaa V1

sipl sdsle v

23=beS1S g pineSTs lagh > ) 655
Olg8 pdmeSTs ol po il Sgldte Sl
g adbies )Lsd g Jlw JBo oSl Selinnge s
OYolse ;550 olpen 45 35 (65, galolas a5 conl o3
sedslee pdnlinSTS gl )0 oSy 09 > oS>
Semline [y aeul (65,50 - (Sle ol S (55,
J= = il eSS ol Sl Jl
o=l 1 g s Al o bay 65,51 (gadoles
Gadobes il oo (55,80 Aolre J> 4y (g3Ls iegh
S a2 Sl (Sogd ol 5l sl b (g
e o B g0 g0 |y dloles cpl ] e
by OleS oo Jh S8 Sl Ol g J S
Sl Obell So 6l (Swgn sdlolae ¥ ala,
dlor S5

Dp

—Z 4 pVV =0 (7
Dt P

S Vg plaj el JUSz P abaly cnl o a5
SYolse ajls 585 | > (gogu e oo i gl g
—ire oLy o 5 ol Glayr gl o8 Sl g8
SoS Colpd e oledl S 3 8 Jas o L [18] ol 08
Sl salal; s g wS 0 28 > Jlw b b aS
Lo yszme SLily )0 g oo, JISul gabal) aws &y g5
il Oige ped (el by g Slatie
Du op Ot or,, Or
___l_+_ xx+ V. + X +pfx (8)
Dt ox  Ox oy 0z
Dv op Or, Or, Ot
p—:—£+ —t—+—+pf , 9
Dt oy  Ox oy oz
Dw op oOr. Otr,. or
W P e T T +pf . (10)
Dt 0z ox oy Oz
SO ¢l poioge sl oYolse p_,‘b).:.é pdas
aS Yol ol e Jhw S5 coled o oled!

S 3l bl ey 5 Jies &g 4 T S gl 5 ol

"' M. Navier
2 G. Stokes

a0 delys Vb 5 oo oltulesl jo jslid cus
Wo il baS 6 WY sl G sln Jle (e
S D9 dles BV 35,8 sac S 0 &S > Ob
Joo) V8 oo b ol o olKiglesl o jslids ol s
= e YOIV Co bl S all )l (650 ¥ Cs
s 5 sl YL s ety 45 IS S o 4l
Al 45 Lo o ailal 5 ptee o5 )5 (sloelSisles]
SO obaSl slaes 4o wosl asly sl g o
Sl (AEtalel iz b sy o 5 S
S92 g0 Dgl i & 4z gil (Byb Il e FO- Jolas
Silwdnd Gadan ) sae 5 99,8 sue (g pdy (elide )
gne Sy il 50 A 20y (Sesluog nl slag
L 2o )L 055 o Jds 99 oo 4 0 w55
plosl @ 398 bo,sled 039> ;o by, cnl 5l eoliul
plesl sla )5 51 o as allie (V) idn o Sl oais
5 by, aSul 4 azgil 0005 o) Lil ipgas By, ol
J=> 9009 (Llod slahg) 4 00 S5 (S ) Y slas
BRY CONIT-SR W FYPSN R CYPE-JINE- L St K [ IV I-E- R
w3l gloas eolw S sl oo o g, (pl
Slodwsin () p an &Sl L g d9es Jlod ) jgles
zl el o ol edle .cslo o ikl 5 Lols
ouds Jloel (gloasS sgamme 5 astine 948 i DY olre
lp oslitul BB (5,55 slagts) 5 SYslee (nl g ool
5 =S, B Ll b g jsld clgds sle avas
—doe plasl (g Cre crlnbe Bk e Jlw Gl
spbie & Jlw Gl 2 @S Ly, jleslitul b s5le
L cnl asn 1o 90)ls slajgliss g b ps 380 (et
Sewd g &y BLbI Jlew by 5l (ame S e
5 FopelS (owdige pSadzr oy byl Jloy0 0
4S5 Wi Vb cdyb g copu b oo igals 50
Pt ) Slmwlee SVl Slins (goj5> o
s 352y Jlw Yol o 5 Olyz Ol (e
Gilmais 5 oy Glare Jol8 Jo sl oads 1S
5 Oz Gz 5 i Y BS eSS s 4
—dd Ogse Slaoe b plgi e ) Cews ol 560 s
3,8 oy Cews gloaissS” KB slaclex 4y g 9505 (53l

2395 o= Rl 5l Jlew 0z 2 oSl DYl
Saliys s oS E¥olas et o2 00 azSlis
) o5 le oo




1FoP Gliawwli g jlgs /9F OJL-Q-I.;I /PP Jlaw

L Sz Oliee oS Selion Jlows! (i¥s)58
Iy g, e sbcSspd conle o Jl> ey g all azils
IS b (295 Y
3ol slion ploie a4 sladolas g0 (slaJos
Logase ata sl bl > g5lo Jow 4 b yo olidiss
—oolw il 3 )18 (Lo ax g8 050 | gl Sl o
YU Slocllb e o o (S2a5T JolS (sloJoo o
slo o il o 30 slools Lo S¥olas (6l)ls
k—¢ k—w, SST o Jolaags
Siwe BSL k-6, 88T k —w
5 95t Al 00355 58 bl 5o 355

Oloi oo Lol 05 jlas (gloaus anslils gaws Jdos >
L 0,5 o (600e O ygo 4 g Oges diwS | lay]
B slop,d 4y SYoles ol (goae sl g, 5l oolaiul
sbagty; ;0 Ngbios J> (Solo 4 g 0t has J>
(...5 oo G)L».«ﬁ u;;&}w) Qle).? 64.13.»..& Lil gJ"> (Goue
8o 9 b)_»fu;o O Heo le_w R Lr1>‘.) 6[&0; )
3 3590 sl sl slass ) goue Jo SG @y bsa e
by sl ol olaws IS Cdl> )0 .08 oo (595w A0S
39— 38l cad Lal il oo (5 e 280 Iyl

Syleas s cdlb ay S 5 acule lej g 5L

ol o aw o1y Yol goue Jo 0,68l lgs oo
A pled (59, pSl> D¥oles JleslV
SYolrs i S 4 OYolee Jiaud g S lwdimns v
S5 gy SO 5l eoliiwl b oYolae J>=v'

e 6‘4

- kel Sl sanals GunaSi b gove 4y,

5 oS 5l — gl SYolas £3ezma > (s4m 055
ool Slbl jLis g ce i (e (ulons ((Siwgen
2 3)ly sleiis S YRS L da gal> o0 oo
S ay iy (Jlosl gl liad 5 log s ojslid sainy

J= 9 oue gilwa b ploul cge dlae pl (o

L 4z CFD s,los o 38l 5 51 (65l oS> <¥oles

Y. A\ - I R
o 9 ORI sl Gl Jeld (goae > 5L 50

2 Pre-Processing

3 Processing

~ 19 OYolas 4n By pre s gl Crws 4n Kass
Pesdn ST 970 Lulgy )0 abbige oS gt
prz a=ly o ez lagya oy sadlgs fi g Lid
e ()8 Sl )3 09 0 0ls 1 Ly y0 a5 sl o
Jh S )3 (b (5 45 3905 Sl (Fgs «s3Men
Sl by S Sley 5 b cl cnlie
o sl (YL iz @ ey slapbol S
aS paLeSTy OVl o sy ol 4 [19] aueS o
b 09 Sl Logdioe 28 ol S JBo
a bl S5 50 potinge (2l ol o)

Wb oo ) g0

DV

p——="Np+uVV +pf an
Dt

g S 4128 cwdige ool b slagyl >
o sy Seis] S e e o
Ol s o Glyzo Hlade 51 YL salgi slael jo abl oo
Ol L8, g 0gd oo oamline by LS, )0 gux
Rl g So oS g5k 09y walys planeli 5 Sola
3 S el e 30 4l Al
hvgio jlage yidu g0 ) Ce s gl g0 >
ez Ol LS U(l) Slogi gailge s U ol
11 Cqz 0 painge SYolre (plpls 0,5 s g
1dyl p) Dge 4 Olgse

8‘};4_ _@—_a_ﬁ_}_
o P iex, " o,
ﬂ%(gl—pvz)wf,— (12)

J J
O Aol AY Lo VY aJoles gl ay Lpus

o Mol ) o)le (ol adbo pV Y ©)le
Yol oglis L aiabion gy, (A5 b (Soad]
5 Sl ke (e jpa> b i sl Lol 0L >
oL 551 S8 a5l 4l g 5 Sy (o5 5
BMa ol ) Vol w0 oyl il pgioge
5 Ve85 (g5l Joe arel o RANS) &Y olas
il o Slale SV Saalips ol 15 )
Sy L) wlgn 4 2k Jae Sl nle
Jome So ol Sl asn cn i ) anis] slapl >

! Reynols Average Navier Stokes




Slowls sl sl =V S

o
(roshen YFE 5 YAF 19) jolis bigs glis,l— A JSC

Gl.:_...JI)_é.)‘a SYoles g p,8 go0e > ol

9 &9 wb g Sl (alill adsl g (6550 Ll (s ((slo )y
P Gl gasls glaj e o Ol S5
3 S fald i el Gas ol b ogd sululis
GhnS o8 3l die (goae YL SCwliys
Gy 3 5 P wsziler S0 ol Ul ool
il Slwle gaals slaj e 0 Ol (S
Ohasz mmd) €555 (D selis 550 byl ool
S 55 0l (295 5 6999 50 S9z 90 Db
G5 by L oo eolinul (goae o1 )5Sl 5 5S> g4
B0 Ll @ g0 by cewlinl Sl oy Ll
e 75 (HBlge 50 aSh ool e AalS (siluand
Sl osbige J gy 0 2lFly o b g 05 o Sen
Y (53555 50 00 169959 Sy S p0 Lol el ()]
Sl Tszars s 50 by 5 Slesls atals
69959 S5 by 5l ( By el oad Jloel (29,5 550
oo L8 5l By g plyr e o p 0358 0 03l
s Sl [lad ke gl oo ool 29,5 Lad
PXZ axmho g (lo axio) LS s 90 9-dise
oy bl ool Bl o) amas lgieas (y =0

Oles s ylo )l by Laylyds g jalils dans assy]

3 Velocity Inlet

4 Pressure outlet

a7, Soge ar g e S o 5Bl ol )0 N il
Ol l3dle 15 e 10 45 &g cpl 4 0gd e ploxl
ﬁL?d‘ )" R sl )5L;..f.’ d|]jo| S s Y@Lubm

ged glypl plgioe |y laine slagzgy> g celod

CFD j3lwanis -F
—e b Gl g awaia b flas gileancd o
9 0355 jlwdnd |y (wiin Joo caad )5 (b Ol
a4 d>gil a5 ol e Joo IS sl |, 0wl Cawdd s
O axdo (gl (nl )0 dwdin 5 b > g )l
So el oal a8 T ks s )l e SO lgieas X2
sl 5 el i llome Y ls Sealips o IS Lol
Jh 0oz 5 ol S5 (698 4wl (Glowlore aials
ol )35 3 Lo e 5l g05,5 Glayz 2 e S
aS Hebolen .l oals Cole, i ol gk 4o cucld
e Y Slawlbre als Job 109 o0 odaline V IS o
alols aS (g,5-b an Cnload s S LA o sl Jobo
saliols 5 LS Jsbo il VIO pglis dias b arels (gla
aiels £L5 ) sl e o]l 10 el slmil b arsly
ol 3l (S Jobo ol ¥ o] Gos 5 VIO Slelre
o9t S5 L)l 18U gedge oy p (Mo Cnl Sua
oy ) (50 (Seeladgpl oad adsy i 5 @ 35
5 5 gt (Seelinogpls om0, Slae ) ila il
o V18 i gl e ¥ o U faine it o
L AL 1 68,5, ey ol 2,55l VO - (399
Ll sl ey el 55 sl 4l e FYIV L Jolea
s VA am jolids oy bl jeii b0yl agyon 9 00
S-Sk 55 Jigp L) S il e Lus YFF
ay 9B oyt S Ol )0 O (Seelinngnly e
ELE,) yoidhon B0 o 9 VO Al o S 50 Kos ©)le
glasylaw ;o byl A IS8 o el il elS b

el oo ools las bgs

! Post-Processing

2 Domain

2

4

i

*

|

*




1FoP linusls 9 jLgs /$F oyl /PP Jlaw

LStgp2l

1.Step1ls 2
| Step21. 52 13

Bl 5 ol 4505 0y g J 5 e slol — 4 S5
ol Cody zae 5 (b Gl

Cawloads oolazwl ay yue (oSl o rogh ol yo

2 a8 Hebplen sl wdgi e 5 by, 4 a5
dwdid oz pled (g, (pl 40 05d co oomlie VeSS
Taie) ey Olgie o (iSe (g2 b sl b
00y dalz p zohas b o e G g 00 oLy,
Lol jo Jlmws 45 (plopze (s ulgs ;0 5 Wigd o

A0,5 oo Bl w0 39

Slosbre Joge 1o sud s aSs — V- S

Sl S 9 (55 4nY 00guze Oe S>oS A dxgily

— )0 35> Al pl o Jhw (lym 0 aS gaal
ol 5l ogad slml 550 Y Gl 55 4SS el
sloy| SoS d 0g-i oo oolaiwl jay 5 aSLS Juws 3l aS

2 Trimmer

3 Template

GalS Glwls an3a B od S (gilwancd ) jolid o
48,5 ;s ) Ggoe o)l gl (6500 byt ik
S s Al e o Slewlre e gl 5l
0,5 ploul cdo an sl a5 alies g3loans bl
o diwgn b Gl 0T has 5 )l onasis
Aib oo goae gla g, Jles! jshaie 4y atuiS laore
Sl syl g (S o (g5l wdians ool )8
J_gl.“a (o as 039 6“"-‘—.2-7.5-:-’., Slbdes JAL..» LS’L""‘L?“
A S 0525 )l o > a0 o
AU goae Gigy lul 5 2lSer p W1 oo conlial
50 wellaals slageul ol Cans 4 el § 0,108 e
Glasls el a8 SO IS job 45 00l b > lae
il anl Ll sogas Jlesl ol g5, 2 1y 41, i
Gl g 5jpe Y s Al 8 5l by slaensy
Sg—=-9 QT :\_A)Y aS a2 QLAMJ ‘5'5? 4;‘50054.; B |)
Oldms J3ls jo aS i bl 2 i o cnline a8
&l p aS asl lojlasl 4y ba Jolu olal g o515 LG 0l o
Sle s S B |y ple g anie (neS Gl Jo
Slegilaass aresjod Joile o & jazme pligmis b
Sledbl ay azgi b aS cunl (goae > 4l odgd g
W) @LE_»: ‘_gl_mds.._m Sl )olj 5).3)l5 )| 82959
sl il ool vl L pioran 0o les adgy |, 230
- b_..al} Slandass ‘o|5;'da t5>‘5‘; 5o u‘?’cs" (5])...»5
Slerr Gl 53 Edgn ol s pladl e CkeS S
3 oeizme g gl Ol Glas Gglid slaal, ]
s 00 o0l ULA.M\-’ q J&w B )9L..~J w.u 6“9.: o

! Mesh




S 00 ﬁL?u‘ 2.0e-4 L';'LQ) Plf l) def Oygo 4 ‘_g)L..q

o ads jgb 4 ol g b Sod Jaw (Jlw olys
w‘ R )S\) Y Jj..\?

Slolre Glage ;0 00l (gludnd SG5d Slasin -V Jgux

olye ) ceos
Three-
S . . Qe A 1 Jdw
pace Dimensional ¢ J
Y :‘_gol)'—‘ Ql?).)
DFBI 2 DOF
az o
. Implicit b ganole;
Time
Unsteady I35
Dynamic Overset Seelios g5l Joe
boundary technique cs ol 5ol
Behavior qu S ygl 19
. Eulerian Multi | <D 58 50 0l
Material
Phases (52
Euleri )....5:6'15._),;_? Jow
ulerian VOE 3
Model :
t Aoz S
Flow Solver Segregated c
Flow I2e
Vi
1sc.ous Turbulent Shgdiaa 10l > g5
Regime
Equation of Constant SE el dolae
State Density ol
Turbulence RANSE rsmlazel Jae
Models SST k—-ow ledoleags
-0

Jog gl an bgrye gl V¥ 5 VY sla i o
ae boye ci it slagle) 5oy e YA
ool a5 gl suman (slai 5 Jig J3Io JLas ,5uils

Cundg ol 10 eSie Sl S @ az gl sl ool
—obes 3yl sk slul g ails S ym Hsles
VU pie e 4y 0 ools g Sk a5 5b
Coxdy (nl Holid J& 3550 Jo> jglidS g 558 S¥olee
o 1 Camge VY S Joged 55 wtunsl oolidl 31
o3ls ol il slagyle o Jigh (Soalinag pl i)
o=l S e Job Camdge jloges 4y az gl Ll ool
o=l g el plrale b o e §10 b e YIV 5l g5

2 Implicit unsteady

A ol YAl ez S 5 slasals il sloanain
Sylae ol a5 el do el g0l Jlews S g cBs b
a Sl 4 4z gl el sad ools ylid gt 4 Ve S (o
Wb Ae dae il pieS el oo Hglid Ao (59, Y ok
2 ol dmasin palie a8 ol o gl cowlie (55,0 Y

g g0 0dlie V Jgux

ouls gl a5 Slatein =) Jgoo

6,471,964 o J gk slows
0.0521m Sy aSn JS culs
Y o4y ol 4 aY 5T cals co
59.6
Sire
19 Sy &Y slacays, olass

gob lwgs ool adgi S (695 (et jolaie

Orizeen 5 (Seal oyl 5 (Sealinag oo sl il
il gla i an bl ey, ol 51 CeBye
plisisms Ll Hl33le 5 )3 sl 357 5 00l (G
oo agi i) e lplty (1) UKE) Gl s a2y
Ormzred 9 V) ISl )0 55l ol 51 S p0 by
D5 d i J e 5o Gloj o 5e 50 ol ST Ceadse

IWIRVYPESIPUNPRRKION:

5 Seslnog,oen lucidd Fola (o — V) S
ol (Sealiyg sl

35 sy 8o gl Sl (gl ol el | Bas

sladae 5l plazel giladae o cplply adloe jobid 5
dogilwas lad jo ol oad colaiul glatolas go
sace U Plos sl a5 oats Sl SST k —@ Jow
Slwaned 4 azgi b abligo S8 by canlio YL jalgsy
o g 9 50 skt (Seslus L3, golil ez o 5o

I'Volumetric Control




1FoP Gliawwli g jlgs /9F OJL-Q-I-;I /PP Jlaw

X_CP_Tunnel h =319 mm

0.5 1 L5 2 .5 3 35 4
Time (sec)

3 B Sealusgnl cid 9,0 1 Joee Jloges — VY JSS
Gl candg e oo V1A g5 glis ) calises slagyloj

t=1.76 t=1.98

t=2.65 t=2.86

— &2 .

t=3.53

Fgi gl ) calize laglo; jo Holids goman gl =V JSo
Gl cansg e oo YA

oy 99 50 Hsbd oy augly VO IS lagas o

s axglcwl oads oole HLas YAF o YV g glas)
LS L 5 angly e sShe aiels jlade jloges (nl
bl eld liran (s adly fals by elas)|
i g el alS L epges il o ol ol
19 sl 00 vy s 3l by e o TFF
Jbw Jlid jeils s 5 4 VA 5 VYV VP S jloged
e S Al Hlogad sl Bgs B jo e
ol ilize slagle; 5o 3l Gumaw slei g pleoj
Slaal samms lis eals Jols gl .cul oas ools
il 35 <l e s YEE g5 lis | o it oIS
ol e abanly a4 (Sealuog pl i (59,5 Cunig
29U 039 b ceslite elans ST oddy 5 jolid By 5l lgn
J-8 55 0 4 S celio (Job CinBae )0 (izren

Wise o |y JEB 555 Joo slesS dslee aslge el
0315 GLis oy a2 jgled a5 VO SCE loged )3
ool Jsb (g 5lasl pae ol LYo 5 5y i oas
215 Jlmw bags oal 0 Jgs Cuid azgd L o
Co e ol 3o ol S doe alrale 5 pslis gy S5l
e ez 59 9 Gl Fl CasBee VVF (e yo o
9= gy Ay Ralidl cel g ol I8 pslis s
JUI awais gl gy dangly (ili8l b ol sl
Sl EaBee VAA Ly )0 5 00t Dgliia 9o (55500
i 85 55 e cuty @ B8 Sealinagnl cid 5958
S Sz )0 ,olidS obml el Cundg (ol 05l oo
2 ogdle ot aales polid go agly AalS Y jeoe
@ by g ansly (Rals 5 psld Slnl) <l cul )o ]
odgdy el & Cundy ol ) 05800 Suo3 ol s
Sy e ol s b Jig alols us o5 5 o Sl
YIED oLy o a5 ebilen 5 42dl Lialidl S 4 lga
Sl 5l s 2B g (ke jglidS 358 oo onmlive
wsly ol el g Jloel j5lid 4 Jigs 5l 55500 sloo
S (e 9 0 sz sl Ol3ly izeed 5 05
—= ol ol pas crge 9,10 (29l D50 4
J=s5 el e Job soluk sl 5 ol jolaie 4y 35
ol Bae .l pals e Je VAT 4 YV 51 ol
9 05b=5 (59 L emliste Soelinsg pl cid sboml s

sl gl 85 58 ey S sy Conge

t=1.76 t=1.98

15000
m

e slagle; 3 s J51o L ,5l5 ales — VY S
Gl cunsg e Lo YV Ligs glas )




Vessel Trim h =244 mm

pTrim(d:g) -
o= ok i e

=

o 05 1 1.5 2 15 3 35 4 45 5 55 6
Time (sec)

Fg el calizee slagyle jo 55lid o5 Jloges = VY IS

t=1.76 t=1.98

3 Poskion(Z] (m)
fir coors ooz oonisst ™ Massess  asrmeas a1is

Fg gl ) iz slagley ;o 55l (gamans gloi = VA JS

Trim= 1,46 dog

X_Botiz=208m X Bolti=28m

[X_Tunnel= 3.46 m
=0.70 L 4928 N (315
ey ~°{m&| 23307 N (0.5%) La20t5 W (1o Lo 492N 1935

9 Seelosg e cid lag s 5l o g jlade =14 S
Condy yiaden YFF g5 elis)) jgled (59, 2 (Seoludg
Olat

G5 a9 (g —F
4S5 gy 358 Wyl (Byme il s Lg% (ol 5o
gisu ol 1, 8F oYL o9 8 olael o layl Sl > o3,
CYolae ;S5 L b yglils cpl Jsb (gl gadg0 o)y
Poe e (5905 (51,0l &) Cod 9250 Dogli 5 oS>
9 00— OOLMJ ‘SLQ‘S)B_D 4_314 - 45 09_‘>9.o (_gl_bu.u})

Olge g0 o,Lil asla il aswgs o lailinl slawas

ol (Seolinog oo slog,i b Joles jo g asils 1,3
Sanndg A g o O ced (KIS VY S loges
o oaly ylid calizes sloyley o jolid o) Jolss
5 Sl a3 VEP sl ol (Kol el
ol Saaliyg it i) (55, e 13 S5
cid e en g Bottom3 4 Bottom2 Bottoml
ey 5 Lagl 3l Cosdse ol em 4 Jig (Sooliyog ]
o odls plas Hlid 5 ()39 5l 9y oy oSS
oals JuSii |y ol (59 3l duo 0 YYIQ lon i .l
Jobo 5l aoyo Yoyl J&5 55 50 4y S ()] aloll

dlee yolid S5

Compare Vessel Trim h =319 mm & h =294 mm
5

4.5 — =319 mm
=—h=294mm

35
),
i 2.
£
L
=1

0.

0 0.5 1 1.5 2 25 3 35 4
Time (sec)

Fg glas)) iz slaglo; jo jobids o 5 Jloges =10 JS
Gl cunsg o oo YAF 5 YA

t=1.76 t=1.98

L . o

t=2.6

t=2.38

t=3.53

Frassure F2)
v x ~20000 -13000 -s00.00 10000 soa00 15000

lize slagle; jo B Jolo jlad joils ioles — VP IS
Glal Cumdg i Lo VYT g5 elas )l

Y bt




1FoP Gliawwli g jlgs /9F OJL-Q-I.;I /PP Jlaw

[2] Nikolai Kornev, Lutz Kleinsorge., (2010),*
Dynamics and Stability of racing boats with

air  wings,” International Journal of
Aerodynamics, Vol. 1, No. 1, 2010.
[3] Adair G. W. Williams, (2009),

Aerodynamic Forces on High-Speed Multi
hulled Marine Vehicles,” Phd Thesis,
CRANFIELD University, Offshore
Engineering & Naval Architecture Group.

[4] Doctors. L. Analysis of the efficiency of an
ekranocat: A very-high-speed catamaran with
aerodynamic alleviation. Royal Institution of
Naval Architects, 1997.

[5] Walker. G, Fougner. A, Younger. S, and
Roberts. T. Aerodynamics of high-speed
multihull craft. In Fourth international
conference on FAST, volume 1, pages 133-
138, 1997.

[6] http://www.class-1.com

[7] Hockberger. W. The quadrimaran. In
High-speed high-performance ships and craft
symposium, American Society of Naval
Engineers, 2005.

[8] Doctors. L. On the great trimaran-
catamaran debate. In Proceedings of the fifth
international ~ conference on fast sea
transportation, FAST, 1999.

[9] Tuck. E and Lazauskas. L. Unconstrained
ships of minimum total drag. In
www.cyberiad.net/hull.htm.  University of
Adelaide, 1996.

[10] Opstal, E.P.E. (2000) Longitudinal
Stability of WIG Boats, 16 February, available
at http://www.se-technology.com/wig/
html/main.php?open=stability&code=0

[11] Nikolai Kornev, Lutz Kleinsorge,
Gunther Migeotte, (2006). Dynamics and
stability of racing boats with air wings.

[12] Konstantin Matveev & Nikolai Kornev,.
(2011),” Dynamics and Stability of boats with
Aerodynamic Support,” International
Conference on Fast Sea Transportation, USA.

[13] MATVEEYV, K. 1. (2009), Study of power
augmented ram  vehicles, Proceedings,
SNAME Annual Meeting, October 21-23,
Providence, RI.

[14] Y. Liang, J.Cheng, W. Nong, (2001),
“Investigation on aero  hydrodynamic
characteristics of dynamic air cushion wing in
ground effect craft”. In HPMV china.

L g 392 sl o (Job b e sl 008
OS5k Lo el il Gl e olgds anaia
sl (2 e il 5 oSl (S Ll s
b SVl Sealiss 33l 5 o0lial 50 I3l 3503
4sgd ol S ool po a8 el G el Sl
Vg Jol elaiia 2 BV 098 008 9y V Jobo b (o5 5
s ) S o frages ol 00 (il gol3] 4z o
L 48 el ) CFD 3l oliziad b g oo 353 5l (5l
9 3dgh; sve (Sualind g (Seletonw Al Sglis 4 g5
~ b gy gl S T g lsm by (6 09,8 dae
Silmaed [ A Golio oy Load SzsS Joo ol
St ol LSl JgB Joe (Samals cnlpl 20903
dalys Slaloxe sloanjo (¥l 4 oo Lagl oS 395
SLog s Jlacde 95 0s Jl3dle 5 0 oud diligh 05 bl
e sk (55, » (Sealiogyien 5 (Seolusgpl i)
dilona o LS 52 30 LT 31 Cbgo ol o 4 L
Sndgo g Seond o S (Slag s Jlade 5| bl 09 e
Sz emlio aday p,8 >k 5 @l ol 4 o] S
4 (i) St 905 gl 50 Sealizsgpl 5l oolaiul
~0l (Seeliang i ploady Gal¥l s Yo (LS slace s
el lau o jold giluans goue s al sl b
55 30 sl 45 ol i e oo YEE 5 YAF F\Q fis
O3l g Sl Jlobl e e YAY 5 TR g el
Jog5 el 2l b adl ool J 85 (JE 55 50 Joo Log s
o s g oot o g S e e e YYY 4
s Sl oy fezmen 5 0 jl s Sl yge abasly
CeBge 55 5 o1 31 e 5 0091 55l (g b enlie
PSS O PR RN U
O Lo dm et Senlisg pl g (Seelinog o
00 (Sealns (65l 5 jolid g 9 90 OS5 > SVolae
Iy yabmds o339 5l o )0 YYD loo cad a1l jo el
Ve gt J8 55 e an s )] ol 5 ol JSs

b se gk S Jobo 5l we s

&y
s B s (6, Saal e jrol e [V]
5095 3kt )0 Stfus s (Ll O YAY)
9795 sloyslids (o Ghales (raegd ey g

Ol




—orte Sealisd d(VYAY) we iz sl i dmdaso] VO]
Ol ey i gimio olRidle ol lacll dvcwge ",554)9 sl

[16] Y. Ikeda, H. Yoshimatsu, and A.
Matsumoto, HYDRODYNAMIC FORCE
ACTING ON A HIGH-SPEED CRAFT
MOVING IN CALM WATER AND HEAD
WAVES, Journal of the Kansai Society of
Naval Architects (1988).

[17] Maurizio Collu, (2008), Dynamics of
Marine Vehicles with Aerodynamic Surfaces,”
Phd  Thesis, CRANFIELD University,
Offshore Engineering & Naval Architecture
Group.

e (Sl G (> G0 Nigaz > aeI[VA]
So (Seoliadg nd ulrd et (1Y) pldolo
SVl Saliys oo o (ol e g oLy,
oS ils ¢y5id by0 gy ole aslilad Mo Slaslowe

Olpl oo g ple
Lo joamme 05055 5mge (i o Sl e[V 4]
Pl s (s00e (g5l ae" ((VYAY) (5 e Sl
Seslizdg e ol il g Glamis &S >
s i el M da s sl ol Hgile




1FoP Gliawwli g jlgs /9F OJL-Q-I.;I /PP Jlaw

013933 Lo )lee S S Sk G Uk G igeT uils
T sozzoly L yale ) caduns silaucio

Ol el oo g8 olRiils ¢ ollai (65 ,00ly Co pie (seeiils Vg

ol

S955 & b ) (platiS (e iS azsu b )0 Sl 039y pis a2 933550 Sbps ol G, g9 5l ool
Sl 1o 55k 4o side DILSU be gl £o5 ol 51 s jgel colawl oS Cids pl sl 00gy oL (69, oyl Lol a5 e
9 SW)9 by Dby g bk b i oldl djs o bulpd iy eed 4 Glyioe alex o1 5l s Loz’ B
oy €95l o5 pole Guid gy gei 0)lal opd g (slaband (g pS el D)a8 (502 b gled 59, SV
oS Sl Sk slayglid oje> jo GBSl 8 T ) St pol o glel ansly 00 5 (o0 Do (Ll
S osliasl b o3¥ (glaools 0228 5 18 b5l 550 wyiss yo Jlaiml o (6 peSaigas by, 5l oslil b i T8 (ymaials]
oobdlga b Jols olinl aS ols olis Gudio ol gl .o Judorga 325 SPSS25 1581e 5 b g 00,5 (69l ae dnlidn
392 19553k ,0 Sl les SUB,1 50 Cagdl n S Sls Il 5 Caglsl e YL IS (oo 5 (comge slaol
(gl slaesly

69,9 ks sl lee 0,9b 50 ( Slok slajglid cs3,50 Ly

The impact of sailing vessel training on improving seafarers' skills

Mostafa Moslemi', Alireza Rahchamani?
1,2, Military Strategic Management Student, National Defense University, Tehran, Iran

Abstract

The use of free wind power has long been of interest to mankind. In the history of shipbuilding, we
find ships whose main driving force was wind power. The fact that the educational use of this type of
vessel has positive effects on sailors cannot be hidden. These include greater exposure to bad sea
conditions, greater familiarity with winds and sea currents, agility and agility on the vessel, increasing
the power of instantaneous decision-making, etc. The method of the present research is considered an
applied descriptive-analytical type. The results of this research have shown that complete familiarity
with meteorology and monsoon and local winds had the highest priority and radar had the lowest
priority in improving sailors' skills.Methodology of the present study: The statistical population of the
present study consisted of 40 experts in the field of available sailing vessels. The necessary data were
collected using a questionnaire and analyzed with SPSS 25 software.

Keyword
Sailing, sailing vessels, sailors, sailing skills
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A Review of Current Research and Advances in Unmanned

Surface Vehicles

Farhad Kiani
Malek Ashtar University of Technology; acrospacel362@gmail.com

Abstract

Unmanned Surface Vehicles (USVs) are rapidly developing and advancing as part of emerging
technologies in the maritime industry. USVs are recognized as valuable tools for data collection,
offering a cost-effective and efficient means of gathering vital information to support decision-making
processes. Additionally, USVs are effective in monitoring territorial waters, protecting marine systems,
and supporting offshore activities. These capabilities enhance security, increase operational efficiency,
and reduce risks for personnel involved in these operations. Due to their unique abilities, such as
combined and automated operations, reduced operational costs, and increased safety in hazardous
conditions, USVs have found numerous applications, especially in military, commercial, and research
sectors. Technological advancements in unmanned surface vehicles have played a crucial role in their
transformation. Improved autonomy, integration of sensors, and communication systems enable
independent operations or collaboration with other manned vessels, expanding their capabilities and
versatility. Moreover, advancements in navigation systems, collision avoidance algorithms, and energy
management have significantly increased the reliability and operational duration of USVs, allowing
them to undertake long missions with minimal human intervention. As a result, the advancements in
unmanned surface vehicles have transformed the methods of conducting maritime operations and
warfare. This paper reviews the latest scientific achievements in the field of unmanned surface vehicles.
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