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ABSTRACT

This paper is the part of feasibility study for building
submersible vessel in Thailand. Most of basic design has been
done with in the capability limit of Local Thai Dockyard. The
information of some complicated systems such as ventilation,
communication and underwater positioning will be acquired from
abroad. Then, the design of general arrangement and the budget
estimation of the submersible vessel are obtained. Finally, the
analysis of above results will indicate whether it is feasible and

suitable to build such vessel in Thailand.
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317 1 Design Flow Chart
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2.2 fidiilasan (Preliminary Dimensions)
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AU8NN8aARN (Length Overall) 8.05 LAY
ANNENIANTDTUUTING (Length of Pressure Hull)  6.80 Lu@3
LUHIUEUENA1I28987% (Diameter) 1.80 LU93
0908aE 2 09 (2 Ballast Tanks) 0.6 X 6 LUAT
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93-86%  Full Buoyancy

Tagft Full Buoyancy = sinwinasififilsinasiringa
FatuszaTuAasinesidwindy

= 18.06 tons for 93% of Full Buoyancy

= 16.71 tons for 86% of Full Buoyancy
Main Ballast System A238¢1 0.1 - 0.15 of Surface Displacement
Fatin s2199usiléih (Submerge Displacement) az8dnvnriy

= 19.87 — 20.78 for 18.06 tons

= 18.38 — 19.21 for 16.71 tons
Worwuadalasldsznedusi A 93% wes Ful Buoyancy

Main Ballast System iszanmi 0.15 wa9sz9duURMNazlden

Te9UIAINY TN 18.06 tons WAz LYNldiNYTTan
20.78 tons
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2.3 NIANWIWITVUDULAR DY (Calculation of Propulsion
System)”’ 2
a %S o o v o = P

Wwasuldingnivedeuldindrsanuiiauiieanuuy
v - 5 _ & L e
1Y 2zifiausedu (Resistance) Julasfiaidisznay 2 atnssiunu
=)
o
231 usidunifiannuss®eanu  (Friction) lagen  Friction
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c, - 0.075 0

logy(RE -2)?
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1@ RE = Reynold Number = —
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= auiswassuldin
= anuEYeIulain
y = Kinematics Viscosity of Fluid

2.3.2 usssuiitiniuannusinavesinseudaide (Form Drag) fn

Drag Coefficient, C, mmﬂ%ﬁﬂé’ﬂgﬂmamnﬁugm Fluid

Dynamics (¢ C, iy 0.42)
walideldnnuiEianudasns use Thrust w3a Effective

Horse Power 3¢@a9L¥inNURIaNINNIILIIMUAIFNANTN 2 uas 3

T = 05(C; +C4)pAV? (2)
Iﬂﬂ“?i A = Wetted Surface Area, Frontal Area

o = fanuddiwzzesin

\Y% = anwiSafioonuuy

EHP = TV (3)

T = Thrust

\% = anudwesuldin



' o 1Y o .=| = o o
i erp  AdwialdazgnilduSsufisunaiumsly ko =

AaNNILABTAIUINAIN CFD Software ﬁ'\mamlugﬂﬁ 3 WATANTN
1
J =
no =
loo? kyp =
kg =
J =
n =
T =
d =
n =
p =
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Thrust Coefficient

Torque Coefficient
Advance Coefficient
Open-water Efficiency
Thrust

Torque

Propeller Diameter
Propeller Revolution

Water Density
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@159 1 URAIAN Drag ke W39sn ,
A1 Blade Area Ratio = 0.3
time (s) | Drag haft model(N) |Drag full model (N) HP . .
Pitch/Diameter = 0.65
0.39271 3819 7638 25.59651 o \ a
FAUIUTOLLWNAT = 520 saudeuf
0.47459 3452 6904 23.13673 A A o
Usednimwlusans (n,) = 40.9 %
0.55812 3341 6682 22.39276
0.58343 3187 6374 21.36059 4
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2.9172 2728 5456 18.28418 * : e
3.8106 2720 5440 18.23056 -
e 1
4.7206 2674 5348 17.92225 " E_W \‘.
5.6366 2650 5300 17.76139 B =
6.5542 2636 5272 17.66756 e e o ™
7.4719 2630 5260 17.62735 REE S

Eﬂﬁ 4 Open Water Test Curve (k 1,k Curve)
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Propulsion 3zi1 lean

BHP = N NNy EHP 8)
e BHP = Brake Horse Power

Ny = Hull Efficiency

n, = Rotative Efficiency = 1

N = Mechanical Efficiency = 0.8
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2.5 M13A1WIMLATIFI (Calculation of Structure)™
lawsaivveasnuldinazgnaanuuuiialinudausinasu
b4 & Ao 'Y % Y
vonhmwenuiniimnua listuouresuldin  andusnwme
2Y8INTINTZUAN(Cylindrical Type) dinulasiainsaztsznaudiy 2
dunan falfeni3a (Shell) Uz N9I9UWIU (Ring Frame) a931
a5

6.8

U 5 WRanFauaznianin
NINIVBI Pressure Hull (Collapse of Pressure Hull)

251 anadgmeniiannmigualzasilianiia (Failure

by Bucking of Shell)

(n) (1)
Eﬂﬁ 6 () NNSWI8 Pressure Hull WUy bucking LLag
(V) NINIV8I Pressure Hull LWuyyielding (AW [3])
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Pe

Wwa  Pe = Collapse pressure, psi
E = Young's modulus of material, psi
M = Poisson’s ratio
D =  Diameter to midplane of shell, in
L = Unsupported length of shell plating, in

Pe NeuIsladiaannnnin Hydrostatic Pressure lasda3n90a387%

leihazUasany

252 anuliawiaiinanniiaizasilfani3a  (Failure by
Yielding of Shell)
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B= Alj-tbt a2
I@m"?i O'y = Yield stress of material, psi
b = Width of faying flange, in
t = Shell thickness, in
A = Frame area, sq in
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_ cosh8 —cos 0

(14)
sinh @ —sin 6

1

o - w2)o

o= 20-i) (15)
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K_sinh@—sin@

- AT T ST (16)
sinh@ + sin@

H=H,, +uH, (17)
Efinh gcosg + coshgsin g %
_ 272 (18)
Hy =203 X . a
0 sinh@ + sin8 0
| B
10, 6 6 .
. —_ZD 3 @%mhgcasz—cashgsng (19)
£ B—HZES sinh 0 + sin 6 0
g g

P, Adwawlddasninnin Hydrostatic Pressure

253 anadswiaiiaainnisistatasnawnaly (Failure by

General Instability)

Eﬂ‘ﬁ 7 MINIVBS Pressure Hull WUL General instability

(MwWan [3])
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0 ]
0 ] 20
P _EtQ m* g, nz—l)Elg (20)
S B O 3
R 2_1+m7 2+m2)2|:||:|RL O
2 B
Tagi  m = ™
LS
Lg = Length between bulkhead

n = number of circumferential lobes

I =

spacing of shell plating

Inertia of frame including one frame

P, Aisnwiml@dasannndn Hydrostatic Pressure
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miﬁwmmIm‘l"ﬁﬁmﬁﬂﬁmTNﬁuﬁﬁﬁﬂﬁu@@iﬂl,ﬂﬁanﬁaﬁ
10, 12 ¥¥. 15 VY. WAz 20 . ANEIAL VUIALBINILAIN 50 X
15 x 50 x 15 laoszuenesewing Frame #1 25 wa. uaz 50 .
AL NtdlumInTIaFaLNaBNASITIY Finite Element
Method lasld Program ANSYS é’auamlugﬂﬁ 8 wazanaf 2

Wae 3

AN 2 Namﬁﬁwmmimﬂ%gmz%ﬂSaﬁs:u:szmwumw 50 cm

t(in) [n(mode)| Pyframe(psi) | Pymid(psi) | Pb(psi) | Pcr(psi)
0.393 2 364.8346 385.8764 | 707.9019 | 595.7139
0.47 2 450.3855 458.7413 | 1121.619 | 713.508
0.6 2 599.7727 584.4937 | 2106.84 | 913.4835
0.786 2 823.9391 771.7753 | 4245.634 | 1198.082
0.393 3 364.8346 385.8764 | 707.9019 | 147.8277
0.47 3 450.3855 458.7413 | 1121.619 | 179.6624
0.6 3 599.7727 584.4937 | 2106.84 | 236.3488
0.786 3 823.9391 771.7753 | 4245.634 | 313.3995
0.393 4 364.8346 385.8764 | 707.9019 | 198.3299
0.47 4 450.3855 458.7413 | 1121.619 | 242.5717
0.6 4 599.7727 584.4937 2106.84 | 322.777
0.786 4 823.9391 771.7753 | 4245.634 | 429.9301

P ° o PN | .
AN 3 Naﬂ’ﬁﬂ’]u’smlﬂUI‘HE;WIS@’]Lﬁﬁmizﬂ:ﬁ:%’s’luﬂi&l 25 cm

t(in) |n(mode) |Pyframe(psi) | Pymid(psi)| Pb(psi) | Pcr(psi)
0.393 2 367.6291 415.525 |1640.786|595.7139
0.47 2 465.1722 512.6755 |2645.016| 713.508
0.6 2 647.2817 680.7208 |5107.988|913.4835
0.786 2 937.7534 923.5161 |10688.79|1198.082
0.393 3 367.6291 415.525 |1640.786|147.8277
0.47 3 465.1722 512.6755 |2645.016|179.6624
0.6 3 647.2817 680.7208 |5107.988|236.3488
0.786 3 937.7534 923.5161 |10688.79|313.3995
0.393 4 367.6291 415.525 |1640.786|198.3299
0.47 4 465.1722 512.6755 |2645.016(242.5717
0.6 4 647.2817 680.7208 |5107.988| 322.777
0.786 4 937.7534 923.5161 |10688.79|430.3028
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2.6 NIINIIIZULAS ¢) (System Arrangement)
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gunsnluazszuudngg azgninniludaFefisanuuulasd
azweneNGsliaa Center Gravity (CG) lasmiuzassuldiinnie
figa lumswida (Transverse Plan) uazwenenaliiia Trim a9

Fortaufigalun1anuena (Longitudinal Plan) ayusaslugud 9

Vertcal Center of Gravity
vee

YO

O

Vertical Center of Buoyancy, VCB

Eﬂﬁ 9 Stable Condition (Positive Stability)

q1Jmtﬁuazs:uuﬁﬁwﬁ'@mmmﬁﬂLmn"l,@ﬁ”ﬁa
1. JruuUaa&nan (Main Ballast System)
2. szuuduLeden (Propulsion System)
3. suumIEvameauaztiswiela  (Ventilation and
Breathing System)
4.  FTUUMITNEANAIA% (Pressurized System)
5. swuulWiuasiesns (Electrical and Communication
Systems)
6. izumﬂéaﬁmmmﬁuq (Auxiliary System)
MITANITZLUA 9T azdasrhlie  CG @‘iwﬁqmmﬁmmm
nszvile uazdn LCB=LCG

2.7 msidszanmsnnin ANadanl UaXNIINTIAD  (Weight,
Buoyancy Estimation and Stability)
mnmﬁmﬂa‘s:uummmﬁﬂﬂ;jmsm@hgm Center of

Gravity, CG awduasdiiznaudmaniazinlugnisminimsen

Ya3uuda ﬂ’]iﬁ%ﬁ%ﬂﬂﬂuﬂ’]iwﬁ!ﬂ cG assumunsanserin
Idlasmsldasetneg  wazhenildanassludfinnmen
90 CG pasguldinlumering (VCG ) uasmszm (LCG ) &
FUMIT 21 s 22

VCG = WxV (21)

WxL (22)

zw

LCG =

A
Taaf
' & o ' L a &
3 wxv sHagaznishminuacd1 VG vaudazingaunInl
' 4 @ ' | @ 3
3 WL SHAgmITH iUz LCG vadudazizggunsal

S W =nanvanihminuediaggunInl

Fmusnuldinesnwuulunseanuuutudn
ANATINVDIUIRIN 17.75 tons
@1 LCG = 423.73 cm.fn LCB = 425 cm.iaanynulIe

f1 vece = 78.33cm. @1 VCB= 85 cm.1@31N Base Line

321900 RYHN 17.75  tons
e ldu 20.8 tons
@1 Buoyancy Force 19.4 tons

2.8 N1INIITIV2I8 1A (Submersible Vessel Stability)™
Surface Stability nInTIAIdaBUFTANMTREUBAIN

Y = a & do o < & A a ¥ oA
azasnsafiuazlasdlsznauidanlasmliniiawFoAindes

andranian

]

WAL 9N B UL TBIITOUANG NN
A sanlumInsedaaseuldinge

317 10 Surface Stability

MM = JNANTUAIN (Metacentric) #I83AdALNBA1 G Uaz

B infaun ilasulaadluan

9 B gﬂg{uﬁﬂmaﬁ’]é‘daam (Center of Buoyancy)

90 Gy = 3aaudniad (Center of Gravity) 3aaziinmaifsuuias

Tdiadinyan tlmﬁmﬁfﬂimmu@i‘ﬁazﬁﬂﬁmuné‘uﬁug’amwﬂﬂﬁ

wasnmniBealihiuyn 0 wildanauniaf 23

luwudAunay (Righting Moment) = W G_M sinf (23)
Tagdi W
G .M

= dninuTasznsduriivessnuldin

= izﬂz“ﬂ’]diz‘ﬁ’j’]dﬁ;(ﬂ M LR G
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#7U30 G huazaadiadLiasaniinniniiiuasds Ballast NN

Submerged Stability tiiasuldihanaslan 9 B fuga
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mainssdldin uazge g dasinmlvagldye M aluaudnri

Wonudunaum ldanaunisn 24
LuiwudAunau (Righting Moment) = W, BG,, sinf (24)

ﬁmfuﬁwgﬂ G, dasinninlassin S Tuudaunsuannauin

AETEET
MInTaalun19auey  (Longitudinal — Stability)  ax&

anuazwasInwiulunisaIneng @ BG,, . wiiludimue

Ao laiwaseulailunmesguidsanu

2.9 NM13AUANITAY (Control Surface)
Wogmldinaunaluiamaduasslifussannduds

wm:ﬁ'\ﬁmu‘lﬁﬁwgnns:mmmmmwaﬂ (Disturbed ~ Force)

01fiTu usINmaLEe wianszuatin ﬁﬂlﬁLﬁﬂguﬂ:m (Angle of

z . o v, ;
Attack) Iuszwindipnuldinuniinasasihasuaaslugud 11

Hull Inertia Force Hull Dynamic Force

Plane Force T /

Angle of Attack

Control Surface ( D

31111 Dynamic Stability

ﬁ]:l,ﬁ(ﬂLLSQLLR:I&IL&IW‘T%%L%UWJ"] Hull Dynamic Force and
Moment

Tunydifisnwdunsluumwiy (Horizontal plane) wssds
nEAALEm % vasenusmGtnuLaznliAa luwnddn
‘?Nﬁml,vhﬁ'ml,sagmﬁ'm:m:mamaumwﬁagﬂ CG @uIIlAL
Tuwudihsilouahisanisfiewiouiamnnds  wen
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@1 Inertia maaﬁamu‘lﬁﬁma:ﬁwﬁagﬁau TATIUIIUR
TuwndlndRuduundw3onin Hull Ineria Force Moment £l
@11u1nN31 Hull Dynamic Force Moment mm:nﬁuma%ﬂuﬁﬁma
R wadhilentoaninenuazidunmsluianefidwionan
(Circular path) guldinazlaifiafiusniw (Unstable)

Tunsdinemdunsluumis (Vertical Plane) snuazidin
mﬂuﬁﬂmdﬁﬂﬂsﬁwﬁamaa (Sinusoidal Path) azunwIatas

& . o o
wagﬂum‘[mumﬁ’miﬁunau (Righting Moment) 21848 d4in

am‘ﬂ‘s:ﬂauﬁ'éﬂﬁ'ﬁylumiﬁﬁ]:muquslﬁmuﬁlﬁm‘fwLawmq
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#wurhe (After Control Surface) lumsaanuuufifilszaninin
GO IR LRI GHLN bty widass (Rudder) uaswniido

Y . S 3
“aw (Stern Plane) wdasien Aspect Ratio ABUVWEY ©

Aspect Ratio = Mength(c) (25)
Span(/i)
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NN398NLULYBINIIRAAILATAIFINAULANAUNITIIY
a A A P a & a o
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pwdaasluglusdivmioglusdandaly

2.10 n'mJ%’u1Jgan'm"fm'mﬁ"’ﬂﬂu,azmsﬂsxu'mﬁ'lm
(Refinement of the General Arrangements and Budget
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