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ABSTRACT 

In the real sailing environment of ships, the ideal state of still water rarely appears. 

Under normal conditions, the hull will always be affected by waves. It requires designers to 

consider the influence of waves in the initial design stage. Therefore, accurate prediction of 

ship seakeeping is of great significance. 

With the increasing demand of global maritime transportation, the safety, comfort and 

low energy consumption of high-performance ships have attracted more and more attention 

of researchers. Trimaran is composed of a main body and two side bodies, is a high 

performance ship. The influence of the position of trimaran's side body on the seakeeping of 

trimaran has always been a hot research issue. In the past research on seakeeping, dynamic 

deformation mesh technique is often used, which affects the accuracy of calculation. 

In this thesis, the seakeeping performance of trimaran is studied by using overlapping 

grid technique. Firstly, the seakeeping performance of the trimaran at different wavelengths 

was simulated and compared with the model test results. To verify the reliability of using 

overlapping grid technology to study the seakeeping of trimaran ships. The seakeeping 

performance of the trimaran is compared with that of the typical single hull under the 

conditions of heading and heading skew. The results show that the round bilge trimaran is 

better. By comparing the free surface maps of different wavelengths, it is found that the V-

shaped opening of "V" boat traveling wave at short wavelength is smaller than that at long 

wavelength, which is caused by the drastic change of flow field at short wavelength. 

Secondly, the influence of bow shape on the seakeeping performance of trimaran is studied. 

By comparing the seakeeping performance of two kinds of trimarans at different speed and 

under different waves, it is found that round bilge type has better comprehensive 

performance. Finally, according to the principle of the least static water resistance, the layout 

position of the trimaran side body is optimized, and the seakeeping performance of the 

optimized ship type is calculated, and the seakeeping performance of the original ship type 

is compared, and the influence of different side body position on the seakeeping performance 

of the trimaran is explored. By analyzing the heave motion and pitch motion of several 

preferred ship types under wave facing conditions, it can be seen that the average amplitude 
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of heave motion can be reduced by half when case4 changes the position of side body and 

the pitch motion performance is basically unchanged. That is, as the distance between the 

center of buoyancy and the center of gravity increases, so does the damping of heave motion, 

making the amplitude of heave motion decrease. The new findings also provide new ideas 

for ship designers involved. 

Key words: overlapping grid, trimaran, seakeeping, stem shape, body position 
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ᶏ ҈ Ҍ ̔҈ ꜚ ל ȁ҈ - ꜚ ל

̆ ҈ᵣ ↕ Ҭ ⌠ ᵣ ꜚ ԅ Ȃ

҈ ̆ ₮ԅ҈ ꜚ ל ԍ ҈ᵣ

Ȃ 

Ӟ̆ ₮ȂZhangȁHan[14] ԍ ᵣῐ

ⱬ ̆ ҈ᵣ ῐ ⱬ ԅ ̆ № ԅ҈ᵣ Kochin

ⱬ Ὲ ̆ ῒ ᶷᵣ ҈ᵣ ῐ ⱬ № Ҭ̆ ҍ

̆ ԅ ȂAfshar[15]2017 Neumann-Kelvin ̆

ԅңҩ ⱴ ⱬ̆ ῒ ҍ

ԅ Ȃ 

ԍ ∆ ̆ Ҍ ₮̆

Ӟ ̆ᵖῒӞ ̔ ⌠ ̆ ҈ᵣ ҉

Ȃ 

1.2. 3 ᵩⱵ  

ⱬ Ҍ C̆FD ṿ ԍῒ ̆

ᴨ ̆ ⌠ Ȃ 

Ҍ ᶏ CFD ᴆ ҈ᵣ ȂSato[16] 2006≠

CFDף ̆ ԅ҈ᵣ ᵞ ȁ ’Ҋ̆Ҍ ↕

Ҋ ᵣ ꜚ Ȃ CFD ₮ԅ҈ᵣ Ҭ ꜚȁ
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ꜚ ꜚ̆ ԅ҈ᵣ ᴨԍ ᵣ ȂMizine[19] ֲ 2009̆

ѿ ҈ᵣ ԅѿ ̆ Ҋᶷᵣ ᵝ ץ Ҍ

ᵣ ꜚ Ȃױז Ҍ ף ҈ᵣ ԅ CFD ̆҈ᵣ

҈ҩ ҈ҩ ᵝ ̆ ҹ ҈ᵣ Ȃ ̆

ῐ ῐ Ҍ≠ ’Ҋ ⌠ ̆ῒ ⱬ₃Ӎ ᶃᵝ ңṐȂ

Mahmood[20] 2011≠ CFDᴆ̆ ҈ᵣ ԅ Ȃ 3

Ҍ 2 Ҍ ̆ ԅ ⱬ

Ȃ ị ҹ0.14 ~ 0.75ῤ ԅCFD№ ȂHafezEl-Kot2012≠

ҙ ᵣ ᴆҬ ῀ ᵣ ̆ ԅ҈ ҈ᵣ Ҭ ꜚ

ⱬ̆ ԅңҩᶷᵣҌ ᵣ ꜚ ’ȂSonֲ [23] ѿ ↓ ҈ᵣ

ԅ CFD Ȃ҈ᵣ Ҭ ᵣ ԍ ҈ᵣ

ᵣ ̆ᶷ ᵣ Ҭ ᵣ ⌠҈№ӊѿ ⇔ Ȃ ᾢ̆ױז

≠ ↓ ᵣ ᵣ CFD ̆ CFD Ḥ Ȃӊ ̆

҈ᵣ ԅҌ CFD№ ȂGhadimiֲ[25]ᶏ Flow-3D ᴆ̆

ᵣ ̆ ԅ ↕ Ҭ̆ᶷ ᵣ ҈ᵣ ꜚ ꜚ ̆

⌠ԅ ᶃ ᵣ ᵝ ȂKhoob[26] 2020̆ ᶏ ԅFFT№ ץ̆

ᵣ ꜚ ҈ᵣ ⌠ ̆ ԅ₃ Ҍ ҈ᵣ ̆

ṿ ̆ ┴ ⌠ ◄℗ⱬ Ȃ 

ҹԅ CFD Ḥ ̆ ṿ ҍ Ȃ

L Nowruzi[47] 2020̆ ҹԅ CFD ̆ ѿ ҈ᵣ

ꜚ ҍѿ 1.6 m҈ᵣ Ҍ ᴆҊ ṿ ԅ

Ȃ ̆ҍᴰ ᵞFr ̆ ᵣⱬ ҹ҈ᵣ ↕

Ҭ Ḳᴀ ꜚ ᶫԅѿ Ȃ ᵣⱬ Ҭ̆ ⌠

῍ ̆ - - ԑᵬ Һ Ȃ

Mynard[18] ֲ 2008 ԅ ṿ ̆ ң ԑ

̆ ԅѿ ↓ ҈ᵣ Ҍ ᶷᵣ ᵝ ץ̆

ⱬȂױזᶏ ԅTRI-9 ҈ᵣ ̆ ғ ԅᶷᵣ ᵝ Ȃ

↓ ԅ҈ᵣ CFD ̆ ҍ ԅ Ȃ2009

̆Fang[17] ֲ ҍ ̆ ῒ ₮ ԍCFD ҈ᵣ

Ḥ Ȃ ₮̆⁞ ᶷᵣҍҺᵣ ȁ ҍҺᵣ

̆ ᴨ ҈ᵣ ȂWu ֲ[22]≠ RANS ҈ᵣ
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Ҭ ⱴ ⱬ ꜚ ԅ ṿ Ȃ ṿ ҍҬ

Ҭ ԅ ̆ ȂDeng[24] CFD ̆

ԅҌ ’Ҋ ҈ᵣ ꜚ ꜚ ⱬ Ȃ ̆ ҈ᵣ

Һᵣ Ҋ ⱴԅѿҩt ᵣ̆ ҍ ᵣ ᴆ ԅ

Ȃ 

Yan S[48]ԍ2007 C. Lachaume[32-40]╠ֲ ҉̆ ԅ2 QALEĺ

FOAM̆ ᵣ ҉ ꜚ ȁᵀ ᵣ ⱴ ץ

ᵣ҉ ⱬ ȁT ᵣ ᵣ Ȃ≠

̆ ’Ҋҍ ԑᵬ ᵣӊ ṿ Ȃ [41]

ҹԅ ‗ҍ҈ ẁ ῏ ̆ ╠ֲ ҉[42-46]̆ ₮ԅң

ṿ Ȃ ≢№ױ ԍ ꜚ ᵣ Ȃ

ṿ ҍ Ҭῒז ṿ ԅ ̆ ԅ

ȂYldz[27]ץ ҈ᵣ ҹ ̆ ṿ № ԅῒ ⱬ

Ȃ ҹ 1/125̆ ԅҌ Ҋ ᵣ ꜚ Ȃ

ԍ ᵣ ҈ RANS ̆ ԅ҈ᵣ ᴆҊ ԋ

ꜚȂ ӊ ̆≠ CFD 9 Ҍ № Ȃ ₮ԅҺ

ᵣ҉ ╩ ץ̆ Һᵣҍᶷᵣӊ ⱬ Ȃ ₮

ԅ ⱬ Ȃ 

ꜚ̆ ғңҩ ᵣҍҺᵣӊ ᴪ֟ ῐ

̆ ғ Ȃ ꜚ ̆↕ᴪ₮ ’̆

ṿ ̆ ғ ץ Ȃ 

 

ρȤ υ QALE-FOAM
[ 48]

 

Fig.1-5 The model of QALE-FOAM 
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ρȤ φ Ӟ ᴟ ṟ  

Fig.1-6 The model of overset-grid 

̆ ᶏ ҈ᵣ Ȃ

Ԑ Jiaye Gong[48]ᶏ ԍ ל

ṿ QALE-FOAM̆ ѿ ҈ᵣ ԅ ṿ Ҭ ̆

ԅ - ԑᵬ Ȃ ꜚ҈ᵣ

ԅ ṿ Ȃ 

1. 3 Ὺ  

ᶏ (CFD) ᵣⱬ ̆ ҈ᵣ ῀ Ȃᶏ

OpenFOAM snappyHexMesh⅞№Ȃᶏ naoe-FOAM-SJTU

Ȃ Һ ᵬ Ҋ̔ 

̂1̃ ҈ᵣ ’ҊҌ ṿᴏ ̆

ṿᴏ ҍ Ȃᾟ№ ᶏ ҈ᵣ

Ȃ ҈ᵣ ҍῖ ᵣ ’Ҋ ̆

҈ᵣ ᴨȂ 

̂2̃ ԅң ֽ Ҍ ҈ᵣ Ȃ ᾢ̆ №≢ ԅ

ң ȁ Ҋ ̆ӊ ’Ҋ Ȃӊ
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ԅ ȁ ’Ҋ ȂῬ ҉ Ҍ ȁҌ ’ ң

Ȃ 

̂3̃ ᵣᵝ ҈ᵣ Ȃɰ ⱬ ᴨ ̆

ᴨ ₮ԅ ̆ ᴨ ₮ Ȃ ᴨ ҍ

̆ ᶷᵣ ̆ ӊ ⱴ̆ ԍ ꜚ Ӟ ⱴ̆ᶏ

ꜚ ⁞ Ȃ Ӟҹ ῏ ֲ ᶫԅ Ȃ 
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ԑ  ẅ  

2.1 ᵩ ┼ ғ  

Ҍ ᵣ Ṝ̆ Ҭ └ ҹҌ ң

RANŜReynolds-Averaged Navier-Stokes̃ ̔ 

=0ÐÖU                            ̂2-1̃  

( ( ) ) ( ) ( )g d eff eff sp f f
t

s

r
r r m m

µ
+ÐÖ - =-Ð - Ö Ð +ÐÖ Ð + Ð ÖÐ + +

µ

U
U U U g x U U ̂2-2̃  

ῒҬ̔ἣҹ ̕ἣҹ ꜚ ̕ὴ ὴ ”▌ẗ●ҹ ᵣꜚ ⱬ̕”ҹ ᵣ

ᵣ Ἧ̕ҹ ⱬⱴ ‘̕ ”’ ’  ҹ ꜚⱬ ῒ̆Ҭ’ ’№≢

ҹ ꜚ ̆ ̕Ὢҹң Ҭ

ⱬ ̕Ὢҹ ⱴ Ȃ 

OpenFOAMҬ ᶫԅ ̆ᵖ ╠ ҬҺ ң

Ȃ ѿ Wilcox₮ k-ω ̆ ѿ Menter₮ SST̂Shear 

Stress Transport̃k-ω ̆ ῤ ̆Ӟ Ȃ ̆

҈ᵣ ̆ SST̂Shear Stress Transport̃k-ω ̆ῒ

ῤ Menter[28] ̆ ҌῬ Ȃ 

2.2 ғ  

2.2.1  

VOF Ȃΐᵣ ץ [29][30]Ȃ

└ ṿ ץ̆ Ȃ  

VOF ӈҹ̔ 

r[(U U ) ] [U (1 ) ] 0
t

a
a a a

µ
+ÐÖ - +ÐÖ - =

µ
Å

             

(2-3) 

ῒҬ̆α ᵣ № ̆ ᾝҬ ᵣ ᵣ ̆ῒṿ׃ԍ0 1ӊ ̔  
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=0                

=1                 

0 1         

a

a

a

ë
î
ì
î< <í

                           (2-4) 

̆ ρ ꜚⱬ μӞ ץ α ̔  

= (1 )r ari a r+ - Å                               (2-5) 

= (1 )m ami a m+ - Å                                (2-6) 

Ҋ lȁg№≢ ᵣ ᵣȂ  

    ̂2.2̃Ҭ ⱬ ӈҹ̔  

fs sk a= Ð                                     (2-7) 

ῒҬ̆σҹ ⱬ ̆ ╠ Ҭ 0.07kg/s^2̆κ ̆ Ҋ

₮̔  

n

S n
  

f f f

iV

k=-ÐÖ

S Ö
=-

                                   (2-8) 

ῒҬ̆Vi ᾝ ᵣ ̕Ҋ f ᾝ ṿ̆ ѿҩ ᾝ

ṿӊ S̕f ᾝ ῒ̆ ṿ ԍ ӊ n̕f ᵝ

̆ Ҋ ₮̔  

( )

( )

f

f

f

n
a

a d

Ð
=
Ð +

                                (2-9) 

ῒҬ̆δ ̔  

i=1

8

1/3

1 10
N

iV

N

d
-³

=
å õä
æ ö
ç ÷

                                 (2-10) 

ῒҬ̆Nҹ ᾝ Ȃ  

    ̂2.3̃Ҭ ╠ң ᴰ VOF ̆ ҈ ⱴ ֲ

Ȃ ԍ(1−α)α ̆ ֽֽᵬ ҉ȂUrҹ Ȃ

ᾝ ץ ṿ ̔  

( ){ }, S S
U min ,max

f f
r f fn C

f f

a=                           (2-11) 



҉ ֜ ᵝ  

13 

 

ῒҬ φ̆ ᾝ ᵣ ῒ̆Ҭ ԍPISO C̕α 

̆ ᵣ ̆ Cα=0̆↕ Ҍ֟ ᴋᵥ ̕ Cα =1

↕֟ Ȃῒṿ ̆ Ҭ 1Ȃ  

2.2.2 ẅ ғ ẅ  

ҹ ↕ ̆ғ ᴆҹ Ȃ ̆

Ҭ Һ̆ ׃ ṿ ҹ ᾥ ѿ Ȃҹԅ ҍ

̆ Ȃ 

Stokesѿ Ὲ 2-12 2-15 

cos( )ea th w d= Ö - +k x                           ̂2-12̃ 

0 cos( )kzu U a e tw w d= + Ö - +k x                     ̂2-13̃ 

cos cos( )kzv a e tw b w d= Ö - +k x                    ̂2-14̃ 

sin sin( )kzw a e tw b w d= Ö - +k x                     ̂2-15̃ 

̆ɤe ̔ 

0 cose U kw w b= +                              ̂2-16̃ 

ῒҬ ‍(deg) ᴰ ̆ ӈҹ ꜚ ᴰ

Ȃ‍=0 ’̕‍=90 ’̕U0 ᵣ ╠ Ȃ 

2. 3 ғ ᵩ ꜠  

2. 3.1  

ҩ № ⅞№ Ῥ̆

Ȃ ӊ №̆ ᴪ̆ ӊ ̆

▼ᵩ ῤ ṿ῏ Ȃ ṿ ᶏ ӊ ץ

֜ ̆ ҩ Ȃ 

Ҭ̆ №ҹ ꜚ ᾝȁ ᾝȁ ṿ ᾝȁ ᾝץ

ᾝȂ ᵝ ῏ 2-1Ȃΐᵣ [31] 2014

Ȃ 
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ςȤ ρ ᴟ ṟ  

Fig.2-1 The model of overset-grid 

ᾢ ᾝ ᾝ ӊ̆ ṿ Ȃ ׃

̆ Ӟ ԍ ᾝҬ ᾝ ṿȂ ↓₮Һ

Ὲ Ȃ ᾢẊ ṿ ̂ ̃ Laplace ̔ 

 

( ) ( )

( ) ( )

( ) ( )

1

1

1

0

0

0

n

n i i n

i

n

n i i n

i

n

n i i n

i

L x x x

L y y y

L z z z

w

w

w

=

=

=

= - =

= - =

= - =

ä

ä

ä

  ̂2-17̃ 

Ҭ̆‫ ҩ ᾝ ̕ ὼȟώȟᾀҹ ᾝ ̕ ὼȟώȟᾀ ҹ

ṿ ᾝ Ȃ Ӈ̆ ץ ӈҹ̔ 

 1i iw w= +D  ̂2-18̃ 

Ῥ ӈ ₱ ̂cost functioñ ̔ 
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 ( )
2

1

n

i

i

C w
=

= Dä   ̂2-19̃ 

ṿ ѿҩ ₱ ̂2-19̃ ᴨ Ȃ ᴨ ץ

ӗ ̂Lagrange multiplier̃ ̆ῒҬɝ‫ҹ̔ 

 ( ) ( ) ( )i x i n y i n z i nx x y y z zw l l lD = - + - + -  ̂2-20̃ 

Ҭ ӗ ҹ̔ 

 

( ) ( ) ( )

( ) ( ) ( )

( ) ( ) ( )

2

2

2

/

/

/

x x yy zz yz y xy zz xz yz z xy yz yy xz

y x xy zz xz yz y xx zz xz z xx yz xy xz

z x xy yz yy xz y xx yz xy xz z xx yy xy

R I I I R I I I I R I I I I D

R I I I I R I I I R I I I I D

R I I I I R I I I I R I I I D

l

l

l

è ø= - - + - - -
ê ú

è ø= - - - + -
ê ú

è ø= - - + - - -
ê ú

      ̂2-21̃ 

ῒҬ̔ 

 ( ) ( ) ( )2

xx yy zz yz xy xy zz xz yz xz xy yz yy xzD I I I I I I I I I I I I I I= - - - + -  ̂2-22̃ 

ץ ̔ 

 ( ) ( ) ( )
1 1 1

n n n

x i n y i n z i n

i i i

R x x R y y R z z
= = =

= - = - = -ä ä ä   ̂2-23̃ 

 ( ) ( ) ( )
2 2 2

1 1 1

n n n

xx i n yy i n zz i n

i i i

I x x I y y I z z
= = =

= - = - = -ä ä ä   ̂2-24̃ 

 

( )( )

( )( )

( )( )

1

1

1

n

xy i n i n

i

n

xz i n i n

i

n

yz i n i n

i

I x x y y

I x x z z

I y y z z

=

=

=

= - -

= - -

= - -

ä

ä

ä

  ̂2-25̃ 

̂2-20̃ ɝ῀ף‫ ̂2-18̃ ̆ ⌠ԅ ᾝ

ṿ̂ ̃ Ȃ 

ṿ ̆ DCI ̆ ғ ѿ ѿ

DCIȂΐᵣ [31] 2014 Ȃ 

ꜚ̆ ғңҩ ᵣҍҺᵣӊ ᴪ֟ ῐ

̆ ғ Ȃ ꜚ ̆↕ᴪ₮ ’̆

ṿ ̆ ғ ץ Ȃ ṿ
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Ҭ Ȃ 

2.2.2 ᵩ ꜠  

Έ ꜚ ̆ ᶏ ң ̆ѿҩ ̆ѿҩ

ᵣ Ȃ ᵣ ץ v = (v1 , v2 ) = (u, v, w, p, q, r)

Ȃ ῀ ̆ ң Ҋ ץ ԑ ̆ ̔ 

-1 -1

1 1 1 2 2 2v J ɖ        v J ɖ= Ö = Ö                        ̂2-25̃  

1 1 1 2 2 2ɖ J v          ɖ J v= Ö = Ö                        ̂2-26̃  

ѿ ̆ ↨ᵣ ꜚῈ ץ ₮ ⱴ ⱴ ̔  

2 2

1

2 2

2

2 2

3

4

/ ( ) ( ) ( ) /

/ ( ) ( ) ( ) /

/ ( ) ( ) ( ) /

1
{ ( ) [ ( ) ( )] }

1

g g g

g g g

g g g

z y g g

x

u X m vr wq x q r y pq r z pr q C u m

v Y m wp ur y r p z qr p x qp r C v m

w Z m uq vp z p q x rp q y rp p C w m

p K I I qr m y w uq vp z v wp ur C p
I

q

= + - + + - - - + -

= + - + + - - - + -

= + - + + - - - + -

= - - - - + - - + -

= 5

6

{ ( ) [ ( ) ( )] }

1
{ ( ) [ ( ) ( )] }

x z g g

y

y x g g

z

M I I rp m z u vr wq x w uq vp C q
I

r N I I pq m x v wp ur y u vr wq C r
I

ë
î
î
î
î
î
î
ì
î
î

- - - - + - - + -
î
î
î
= - - - - + - - + -î

í

  ̂2-27̃  

ῒҬ̆Ix , Iy , IzҺ ꜚ ̆ ̂2-28̃  

2 2

2 2

2 2

( )

( )

( )

x xcg g g

y ycg g g

z zcg g g

I I m y z

I I m x z

I I m x y

= + +

= + +

= + +

                                ̂2-28̃  

ῒҬIxcg , Iycg , IzcgҺ ꜚ № Ȃ  

2. 4  

Һ ׃ ԅCFD ȂҺ RANS ȁSST k-ω

VOF ȁ ṿ ҍ ṿ ȁ ץ ᵣ ꜚΈ

ԅ׃ Ȃ 
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Ҏ  Ҏᵩ ẅᴕ ғ ᵩ  

Ҭ̆ѿ Ҋ₃ץ ̔̂1̃ ṿ ̂̕2̃

̂̕ 3̃ ṿᴏ ȂῒҬ̆ ṿ ⌠ Ȃ Ҭ̆

ҍ ị ᵌ ₃ᵥ ᵌ ᴆȂ

Ḥ ̆ ῒ ⱬֲⱬ ⱬ ̆ ғ Ȃ ץ

ץ CFD ҹҺ̆ ҹ ꜛ ץ̆ Ḡ Ḥ ̆

Ӟѿ ҉ ԅ  

3.1  

ҹѿ ҈ᵣ ̆ ᵣ Ҋ 3-1Ȃ Һ 3-1Ȃ 

3- 1 Һ  

Table 3-1 Schematic diagram of hull shape 

Һ   
 

Һᵣ  L(wl)  5.4m 

 B(wl) 0.75m 

 T 0.19m 

 Ƕ 0.351162m3 

ᶷᵣ  L(side-wl) 2.52m 

 B(side) 0.2m 

 D(side-D) 0.27m 

 Ƕ 0.016585m3 

3. 2  

ꜚ̆ ғңҩ ᵣҍҺᵣӊ ᴪ֟ ῐ
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̆ ғ Ȃ ꜚ ̆↕ᴪ₮ ’̆

ṿ ̆ ғ ץ Ȃ ṿ

Ҭ Ȃ ң ̆ѿ ѿ Ȃ

3-2 ̆ ᵣ ̆ Ḡ ᵣ ҬҌᴪ ̆ ғ

ⱴ ҍ Ҭ ⱴ ҹ ῃ Ȃ 

 

σȤ ρ Ӟ  

Fig.3-1 Trimaran model diagram 

 

σȤ ςӞ ṟ  

Fig.3-2 Trimaran and surrounding mesh 

̆ ԅ ITTC῏ԍ ṿ ‰̆

Ҋ 3-3 Ȃץ ֜ ҹ ȂX ҉̔ ╠ ῀

ѿṐ ̆ ₮ ңṐ ȂY ҉̔ ῃ

̆ ᵣ ңṐ ȂZ ҉̆ Ҋץ ԅѿṐ

̆ ԅ Ȃ 
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σȤ σῄ  

Fig.3-3 Computational domain 

҉ץ ԅ Ṑ Ȃ ̔-Lpp<x<3Lpp̆ -2Lpp<y<2Lpp̆ -

Lpp<z<0.5LppȂ Ҭ 3-4 Ȃ 

 

σȤ τ  

Fig.3-4 Free surface diagram 

3. 3 ẅ ғ  

3. 3.1 Ҏᵩ  ב

∆ Ҭ̆ ץ Ὲ ṿᴏ

ᵀȂp ң ѿ Ẋ ᴆҊ Ȃ
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̆ ṿ Ȃ ץ

₃ Ҭ̆ Ḥ ̆ ‰

Ȃᵖ ȁ ̆ ֲⱬ ⱬ ⱬ Ȃ

Ҭ̆ ҈ᵣ ҹ ∆ ̆ Ȃ

ץ ᵬҹҺ ᶭ Ȃ 

₃ᵥ ᵌ̆ ̔ 

s =
m

L

L
l                           ̂3-1̃  

Ҭ̔lҹ ̂ ᵌ ̃̆
sL ҹ ᴋѿ ̆

mL ҹ

Ȃ 

Ҭ ꜚ ѿ Ҍ ꜚ̆ ̆

̔ 

= =m m s s
t
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σȤ υ  

Fig.3-5 Model test trimaran model  

Ҭ ̆ 3-6Ȃ 

ꜚ ↕ Ҍ ↕ ̆

Ȃ └ ץ ╠ ̆ └

̆ ῀ ̆ ת ꜚḤ Ȃ 

 

σȤ φ  

Fig.3-6 Seakeeping model test 

3. 3. 2 ẅ ғ  

Ҭ ̆ ↕ Ҭ̆ ҹ 1 Ṝ̆ ᵣ ꜚ

Ȃ ↕ Ҭ̆ ̆ ҹ ѿṐ Ṝ̆ ꜚ

ⱬ Ȃ ̆ ṿ ҍ Ҭ̆ ṿ ҈ᵣ ↕
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ꜚ ̆ ҹ 0.8Lwl 1.2LwlȂ ’ 3-2Ȃ 

σȤ ς ẅ ғ ‟  

Table 3-2 Numerical simulation and model test comparison case table 

’  /m /£  /s Fr 

1 0.12m 0 0.8Lwl 1.66 0.18 

2 0.9Lwl 1.87 

3 1.0Lwl 2.08 

4 1.1Lwl 2.28 

5 1.2Lwl 2.49 

ᵬҬ̆ ῏ ꜚȁ ꜚ ꜚȂ

ԍ ’Һ ҹ ꜚ̆ ꜚ Ȃ Һ

῏ ꜚ ꜚȂ 

Ҋ ҹ ṿ ҍ ӊ Ȃ 

 

σȤ χ &ÒЀπȢρψ ‟Ґ ꜠  

Fig.3-7 The pitch of trimaran at Fr=0.18 

 
σȤ ψ &ÒЀπȢρψ ‟Ґ ꜠  

Fig.3-8 The heave of trimaran at Fr=0.18 

Fr=0.18 ̆ ꜚ 3-2̆ ꜚ 3-3 3-
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7 3-2 ̆ ҹѿṐ ̂ / wlLl =1.0̃ ̆ ṿᴏ ҍ

̆ ꜚ ꜚ  ῤȂץ5%

σȤ σFr=0.18 ‟Ґ ꜠ 

Table 3-3 The pitch motion of trimaran at Fr=0.18 

’↓  /Lwl (EFD) CFD  

01 0.8 1.684295 1.87045 11.05% 

02 0.9 2.010432 2.251585 12.00% 

03 1 2.285474 2.363375 3.41% 

04 1.1 2.601381 2.50198 -3.82% 

05 1.2 2.733524 2.54268 -6.98% 

 

σȤ τFr=0.18 ‟Ґ ꜠ 

Table 3-4 The heave motion of trimaran at Fr=0.18 

’↓  /Lwl (EFD) CFD  

01 0.8 0.418622 0.376625 -10.03% 

02 0.9 0.501531 0.47754 -4.78% 

03 1 0.569133 0.556202 -2.27% 

04 1.1 0.650765 0.642995 -1.19% 

05 1.2 0.683929 0.731567 6.97% 

̂ / wlLl =0.8 / wlLl =0.9̃̆ ѿ ̆ ԍ

̆ x ҉ Ạ ᶛⱴ ̆ ₮ ԅѿ ⁞

Ȃᵖ ̂ / wlLl =1.1 / wlLl =1.2̃ ’Ҋ̆

ῤ̆ץ7% ҹ Ȃ ғ Ҋ ’ Ҭ̆Һ

ҹ ҹѿṐ / wlLl =1.0 ’̆ ғ׆ 3-7 3-8Ҭ ץ ⌠

ԍ ̆ Ȃ 

Ҍ ’Ҋ 3-7 ̆ ץ ̆ ̆

ᵣ ▲ ̕ ̆ ᵣ ѿ֓Ȃ 

  

a)/ 0.8wlLl =          b) / wlLl =0.9  
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a) Free-liquid surface at/ 0.8wlLl =       b) Free-liquid surface at/ wlLl =0.9 

  

c)/ 1.0wlLl =          d) / wlLl =1.1  

c) Free-liquid surface at/ 1.0wlLl =       d) Free-liquid surface at/ wlLl =1.1 

 

e) / 1.2wlLl =  

e) Free-liquid surface at/ 1.2wlLl =  

σȤ ωҒ Ґ  

Fig.3-9 Flow map under different wavelengths 

3. 4 Ҏᵩ ғ῝ ᵩ  

Ҭ̆ ԍ ᵣ ̆ Ҭ̆҈ᵣ ⱬ

ᴨԍ ᵣ Ȃҹԅ ҈ᵣ ԍ ᵣ ΐ ᴨל

Ẋ ̆ ѿ Ҭᶏ ҈ᵣ ҍῖ ᵣ Ȃ

ᵣ ҹѿ Ȃ 
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3. 4.1  

҈ᵣ ᵣ 3-8 3-9 ȂῒҺ 3-5̆ң Һ

̆ ᵣ ҈ᵣ ̆ ̆ Ȃ 

σȤ υ ҩ Ӏ  

Table 3-5 Schematic diagram of different hull shape 

Һ ̂ ᵝ ҹm̃ ҈ᵣ  ᵣ  

Һᵣ ̂ ̃ L(t) 5.73 5.47 

 L(wl)  5.4 5.12 

 T 0.19 0.21 

 D 0.36 0.375 

 B 0.75 0.78 

 ɍ 0.384 0.387 

 

 

σȤ ρπ Ӟ  

Fig.3-10 The model of trimaran 

 

σȤ ρρ ֮ Ӟ  

Fig.3-11 The model of single ship 

̆҈ᵣ ᵣ ȁ Ҍ ӊ ̆ң

ᵣ ⱴ ȁ ȁ ҹ ῃ ̆ң

3-8 3-9 Ȃ 
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σȤ ρς Ӟῄ ṟ 

Fig.3-12 The grid of normal trimaran 

     

σȤ ρσ ֮ Ӟῄ ṟ 

Fig.3-13 The grid of single 

3. 4. 2 ‟Ґ  

Ҋ 3-12 3-14№≢ҹң ’Ҋ ⱬȁ ꜚ

ꜚ ̆ң ₮ ꜚȂ 
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σȤ ρτ Ӟ ῄỪ ︡ ῦϼὄ  

Fig.3-14 The comparison of resistance 

 

σȤ ρυ Ӟ ῄỪ ︡ ӫֽ ῦϼὄ  

Fig.3-15 The comparison of heave 

ⱬ ̆ ᵣ ⱬ ᴨѿ֓ ҍ̆҈ᵣ ⱬ ṿҹ

11.93%Ȃӊ ₮ץ ṿ ҹ ⌠ ⱬ Ȃ ꜚ ң ≢Ҍ

̆ ṿֽҹ 2.40%Ȃ ꜚ ̆ ᵣ ᴨѿ֓̆ң

ṿҹ 15.15%Ȃ 
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σȤ ρφ Ӟ ῄỪ ︡ ῦϼὄ 

Fig.3-16 Two ship types change over time when designing the speed of the waves 

 

σȤφҩ ‟Ґ ꜠  

Table 3-6 The comparison of motion response 

 
 

ⱬ/N ꜚ/m ꜚ/£ 

҈ᵣ  ṿ 132.173  0.026  3.052  
 

ṿ -52.473  -0.040  -1.866  
 

ṿ 92.323  0.033  2.459  

ᵣ  ṿ 125.098  0.022  2.805  
 

ṿ -37.528  -0.035  -1.995  
 

ṿ 81.313  0.028  2.400  
 

ṿ -11.01 -0.005 -0.059 

 
ṿ -11.93% -15.15% -2.40% 

3-15 3-16 ̆ң ₮ ẁ

Ȃᵖ ҹ₮ ҉ ’Ȃ ғ҈ᵣ ṿ ̆ғ

ᵣ ҹ▲ Ȃ ҈ᵣ ⌠ ⱬ ѿ֓Ȃ 

 



҉ ֜ ᵝ  

29 

 

 

 
a)t/Te=0                  b)t/Te=0.25 

 

c)t/Te=0.5                  d)t/Te=0.75 

σȤ ρχ Ӟ ῄỪ Ṥ Оו  

Fig.3-17 Wave pattern of normal trimaran in one period 

 

  
a)t/Te=0                  b)t/Te=0.25 
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c)t/Te=0.5                  d)t/Te=0.75 

σȤ ρψ֮ Ӟ ῄỪ Ṥ Оו  

Fig.3-18 Wave pattern of single ship in one period 

3. 4. 3 ‟Ґ  

Ҋ 3-17 3-19№≢ҹң ȁ ’Ҋ ⱬȁ

ꜚȁ ꜚ ꜚ ң̆ ₮

ꜚȂ 

 

σȤ ρω Ӟ ῄỪ ︡ ῦϼὄ  

Fig.3-19 The comparison of resistance of two ship 
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σȤ ςπ Ӟ ῄỪ ︡ ӫֽ ῦϼὄ  

Fig. 3-20 The comparison of heave of two ship 

 

σȤ ςρ Ӟ ῄỪ ︡ ἔ ῦϼὄ 

Fig. 3-21 The comparison of roll of two ship 
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σȤ ςς Ӟ ῄỪ ︡ ῦϼὄ 

Fig. 3-22 The comparison of pitch of two ship 

ṿ ⌠ԅ 3-7̆ ⱬ ̆҈ᵣ ᴨѿ֓̆ ԍ

ᵣ ֟ ԅ ≠ ῐ ҈̆ᵣ ⱬ ᵣ ⱬ

ṿҹ 22.92%Ȃ ꜚ ꜚ ̆ң ֓ ≢̆ҹ 9.23% -

23.81%Ȃ ꜚ ҈̆ᵣ ᴨԍ ᵣ ң̆

ṿҹ 84.90%̆ᾟ№ᵣ ԅ҈ᵣ ᴨ̆לңҩ ᵣ ᶏ ⱬ

̆ ֟ ԅ ⱬ Ȃ 

σȤχҩ ‟Ґ ꜠  

Table 3-7 The comparison of motion response 

 
 

ⱬ
/N 

ꜚ
/m 

ꜚ/£ ꜚ

/£ 

҈ᵣ  ṿ 127.046  0.044  3.321  2.943  
 

ṿ -83.743  -0.040  -3.060  -2.125  
 

ṿ 105.394  0.042  3.191  2.534  

ᵣ  ṿ 167.734  0.020  6.187  5.166  
 

ṿ -91.376  -0.044  -5.614  -0.371  
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ṿ 129.555  0.032  5.900  2.768  

 
ṿ 24.161 -0.01 2.709 0.234 

 
ṿ 22.92% -

23.81

% 

84.90% 9.23% 

 

ԍ ᵣᶷᵣ ҈̆ᵣ Ҭ ≢ Ҭ ꜚ̆

ҹ ꜚ ꜚȂ 

3-15 3-16 ̆ң ₮ ẁ

̆ᵖ ҹ₮ ҉ ’Ȃ ғ ᵣ ₮ ̆ 1/4

Ȃ 

  
a)t/Te=0                  b)t/Te=0.25 

  

c)t/Te=0.5                  d)t/Te=0.75 

σȤ ςσ Ӟ ︡ Ṥ Оו  

Fig.3-23 Wave pattern of normal trimaran in one period 
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a)t/Te=0                  b)t/Te=0.25 

  

c)t/Te=0.5                  d)t/Te=0.75 

σȤ ςτ֮ Ӟ ︡ Ṥ Оו  

Fig.3-24 Wave pattern of single ship in one period 

3. 5  

ԅ҈ᵣ ṿ ҍ Ȃ ԅ Frҹ

0.18 Ҍ ’Ҋ ̆ ԅ҈ᵣ ᵣ ’Ҋ

Ȃ Ҋ̔ 

ҹ҈ᵣ ̆ ѿ ῃ ᶷᵣ̆№≢№ Һᵣ ңᶷȂ

ῃ ԅ ITTC ₮ ῏ Ȃ ⌠ ᵬҬ̆ᴪ

’Ҋ ̆ ⅞№ ̆X Y Ḡ ѿ ̆Z

ԅ ⱴ Ȃ Ḡ ᴰ Ҭ Ȃ 

ῒ ׃ ԅ ᵌ ᴆ̆ ׃ ԅ ’Ȃӊ ԅ҈

ᵣ ṿ ̆ ҍ ԅ Ȃ

ҹ 1 ̆ң Ȃ ҹ 12%̆ῒ
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Ӟ Ȃ Ҍ Ҋ ̆

ԅ ҊľVĿ V ѿ֓̆ Ҋ

▲ Ȃ 

№ ԅ҈ᵣ ҍ ᵣ ’Ҋ Ȃ

’Ҋ̆ ᵣ ᴨԍ҈ᵣ Ȃᵖ ’Ҋ̆҈ᵣ ⱬ ꜚ

ᴨԍ ᵣ ̆ ңҩᶷᵣ ᶫԅ ≠ ῐ ץ ⱬ

Ȃ 

ῤ ԅ ԍ҈ᵣ ṿ ̆ҹ

ᵬ Ҋԅ Ȃ ṿ ҍ Ӟ ԅ

‰ Ȃ ҈ᵣ ᵣ Ӟᵣ ԅ҈ᵣ ΐ ⱴ

Ȃ ץ ≠ ҈ᵣ Ҍ Ȃ 
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  Ҏᵩ  

4.1 ↔ⅎ 

Һ ᵣ Ҭ̆ ȁ ȁ

ᴪ֟ Ȃ ̆ └ ̆ Ҍ

҈ᵣ Ȃ 

Ҭ̆ 4-1 4-2 ң Ҍ ҈ᵣ ̆

’Ҋ ṿᴏ Ȃң Ҍ ӊ ̆ ȁ ȁ

ȁ ȁ Ҭ ᶷᵣ ѿ Ȃΐᵣ Һ 4-1Ȃ 

 

τȤ ρҩ Ғ Ӏ  

Table 4-1 Schematic diagram of different hull shape 

Һ ̂ ᵝ ҹm̃  ῤẁ  

Һᵣ ̂ ̃ L(t) 5.73 5.67 

 L(wl)  5.4 5.4 

 T 0.19 0.19 

 D 0.36 0.36 

Ҭ  B(mid) 0.75 0.75 

 B(max) 0.75 0.75 

ᵣ ᵣᵝ  x X(side) 0.01 0.01 

̂

ᵣ̃ 

̂

̃ 

y Y(side) 0.74 0.74 

 
ᵣ  L(side-t) 2.6 2.6  
ᵣ  L(side-wl) 2.52 2.52  
ᵣ  B(side) 0.2 0.2  
ᵣ  L(side-D) 0.27 0.27 
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τȤ ρ Ӟ  

Fig.4-1 The model of normal trimaran 

 

τȤ ς Ӟ  

Fig.4-2 The model of inside trimaran 

̆ῤẁ ȁ ӊ ̆ң ᵣ ⱴ

ȁ ȁ ҹ ῃ ̆ң 4-3

4-4 Ȃ 

 

τȤ σ Ӟῄ ṟ 

Fig.4-3 The grid of inside trimaran 
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τȤ τ Ӟ ṟ 

Fig.4-4 The grid of inside trimaran 

4.2 ‟Ґҩ Ҏᵩ  

4. 2.1 ɻҒ  

ң ҈ᵣ ӊ╠̆ ᾢ№≢ ң ҈ᵣ Ҍ Ҋ

Ȃ 

ᾢ ҈ᵣ Ҍ Ҋ ꜚ № ̆ ΐᵣ ’

4-2̆ ԍ ̆ ’Ȃ ԅ Ҍ ӊ ̆ ȁ

ȁ ῃ Ȃ 

τȤ ς Ҏᵩ ‟∆  

Table 4-2 Calculation working list of normal trimaran 

’  /m /£  /s Fr 

06 0.12m 0 1.0Lwl  2.08 0.18 

07 0.12m 0 1.0Lwl 2.08 0.27 

Ҋ 4-5 4-7№≢ ҈ᵣ ң Ҍ Ҋ ⌠ ⱬȁ

ꜚ ꜚ Ȃ ꜚ ₮ ԅ Ȃ ғ

̂Fr=0.27̃ ꜚ ԍ ̂Fr=0.18̃ ꜚ

ꜚ ṿȂ 
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τȤ υб Ừ Ӟו ῦϼὄ  

Fig.4-5 Total Resistance Time Curve of normal trimaran at different speed 

҈ᵣ ң Ҋ ꜚ ṿ̂ ̃ Ҋ 4-1 ̆

̔ ⱴ̆ ꜚ ṿ Ȃ ғ

ⱬ ҹ 18.23%̆ ꜚ ҹ 52.22%̆ ꜚ ҹ 43.59%Ȃ

ꜚ ꜚ ԍ ⱬ Ȃ 

 

τȤ φб Ừ Ӟוӫֽ ῦϼὄ  
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Fig.4-6 Heave Time Curve of normal trimaran at different speed 

 

τȤ χб Ừ Ӟו ῦϼὄ  

Fig.4-7 Pitch Time Curve of normal trimaran at different speed 

τȤ σ Ҍ Ҋ ҈ᵣ ꜚ ṿ 

Table 4-3 Motion response of trimaran at diffident speed 

Fr 
 

ⱬ/N ꜚ
/( /a aZ z) 

ꜚ
/( /a akq z) 

0.18 ṿ 32.297 0.397 44.138 

ṿ -15.319 -0.389 -20.41 

ṿ 23.808 0.3935 32.271 

0.30 ṿ 52.021 0.547 59.81 

ṿ 4.276 -0.65 -32.86 

ṿ 28.148 0.599 46.34 

ṿ 
 

4.340 0.2055 14.07 

№  
 

18.23% 52.22% 43.59% 

ץ ̆ t/Te=0.25 ̆ Ҋ ẁ ԍ

Ҋ ẁ ꜚ ṿȂᵖ ṿ ⱬ ṿ ԍ ̆ Ӟ
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ѿ ҉ ԅ҈ᵣ ᴨ ⱬ Ȃ 

 
a)t/Te=0                  b)t/Te=0.25 

 

c)t/Te=0.5                  d)t/Te=0.75 

τȤ ψ Ӟ ῄỪ Ṥ Оו  

Fig.4-8 Wave pattern of normal trimaran in one period at design speed 

 
a)t/Te=0                  b)t/Te=0.25 
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c)t/Te=0.5                  d)t/Te=0.75 

τȤ ω Ӟ ֞Ừ Ṥ Оו  

Fig.4-9 Wave pattern in one cycle of normal trimaran at max speed 

4. 2. 2 Ὺẇ ɻҒ  

҈ᵣ Ҍ Ҋ ꜚ № ̆ ῤẁ ҈ᵣ Ҍ

Ҋ ꜚ № ̆ ΐᵣ ’ 4-3̆ҍ ҈ᵣ

’ Ȃ ԍ ̆ ’Ȃ ԅ Ҍ ӊ ̆

ȁ ȁ ῃ Ȃ 

Ҋ 4-10 4-12№≢ῤẁ ҈ᵣ ң Ҍ Ҋ ⌠ ⱬȁ

ꜚ ꜚ Ȃ ꜚ ₮ ԅ Ȃ ғ

̂Fr=0.27̃ ꜚ ԍ ̂Fr=0.18̃ ꜚ

ꜚ ṿȂ 

 

τȤ ρπб Ừ Ӟו ῦϼὄ  

Fig.4-10 Total Resistance Time Curve of inside trimaran 
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τȤ ρρб Ừ Ӟוӫֽ ῦϼὄ  

Fig.4-11 Heave Time Curve of inside trimaran 

 

τȤ ρςб Ừ Ӟו ῦϼὄ  

Fig.4-12 Pitch Time Curve of inside trimaran 

ῤẁ ҈ᵣ ң Ҋ ꜚ ṿ̂ ̃ Ҋ 4-2 ̆

̔ ⱴ̆ ꜚ ṿ Ȃ ғ

ⱬ ҹ 32.56%̆ ꜚ ҹ 58.25%̆ ꜚ ҹ 51.58%Ȃ



҉ ֜ ᵝ  

45 

 

ꜚ ꜚ ԍ ⱬ Ȃ 

τȤ τ Ҍ Ҋῤẁ ҈ᵣ ꜚ ṿ 

Table 4-4 Motion response of inside trimaran at diffident speed 

Fr 
 

ⱬ/N ꜚ
/( /a aZ z) 

ꜚ
/( /a akq z) 

0.18 ṿ 41.961 0.328 49.91 

ṿ -12.151 -0.378 -11.27 

ṿ 27.056 0.353 30.59 

0.27 ṿ 69.287 0.467 67.33 

ṿ -2.44 -0.651 -25.41 

ṿ 35.86 0.559 46.37 

ṿ 
 

8.81 0.205 15.78 

№  
 

32.56% 58.25% 51.58% 

 

ץ ̆ t/Te=0.25 ̆ Ҋ ẁ ԍ

Ҋ ẁ ꜚ ṿȂᵖ ṿ ⱬ ṿ ԍ

̆ Ӟ ѿ ҉ ԅ҈ᵣ ᴨ ⱬ Ȃ 

 

  

a)t/Te=0                  b)t/Te=0.25 
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c)t/Te=0.5                  d)t/Te=0.75 

τȤ ρσ Ӟ ῄỪ Ṥ Оו  

Fig.4-13 Wave pattern in one cycle of inside trimaran at Design speed 

 
a)t/Te=0                  b)t/Te=0.25 

 

c)t/Te=0.5                  d)t/Te=0.75 

τȤ ρτ Ӟ ֞Ừ Ṥ Оו  

Fig.4-14 Wave pattern in one cycle of inside trimaran at max speed 
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4. 2. 3 ‟Ґҩ Ҏᵩ  

Ҋ 4-15 4-17№≢ҹң ’Ҋ ⱬȁ ꜚ

ꜚ ң̆ ₮ ꜚȂ ⱬ

̆ ҈ᵣ ⱬ ᴨѿ֓ ῒ̆ ⱬ ṿ ԍῤ

ẁ ҈ᵣ ⱬ ṿȂῤẁ ҈ᵣ ᴨȂ 

4-3ҹң ҈ᵣ ȁ ’Ҋ ꜚ ӊ ΐ

ᵣ ṿ̂ ̃Ȃ ץ ꜚ ̆ң ≢Ҍ ̆ҍ

ᵣ ῃ ῏Ȃ ꜚ ῤẁ ҈ᵣ ᴨѿ֓Ȃ

4.1.1 4.1.2 ̆ ץ ̆ ꜚ ⱴ

└ᵬ Ȃ ̆ ꜚ Ӟ ᵣ Ȃ ⱬ ̆ ҈ᵣ

⌠ ⱬ ῤẁ ҈ᵣ ԅ 14%Ȃ ᵣץ ₮

≠ԍ҈ᵣ ᵞ ⌠ ⱬȂ 

 

τȤ ρυ Ӟ ῄỪ ︡О︡ ῦϼὄ  

Fig.4-15 Wave pattern in one cycle of two trimaran at design speed 
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τȤ ρφ Ӟ ῄỪ ︡ ӫֽ ῦϼὄ  

Fig.4-16 Wave pattern in one cycle of two trimaran at design speed 

 

τȤ ρχ Ӟ ῄỪ ︡ ῦϼὄ 

Fig.4-17 Wave pattern in one cycle of two trimaran at design speed 
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τȤ υ ’Ҋң ҈ᵣ ꜚ ṿ  

Table 4-5 Motion response of trimaran at design speed 

 
 

ⱬ ꜚ ꜚ 

ῤẁ ṿ 41.961 0.32877 49.913 

 
ṿ -12.151 -0.3781 -11.28 

 

ṿ 

27.056 0.35342 30.595 

 ṿ 32.297 0.39748 44.138 

 
ṿ -15.319 -0.3897 -20.41 

 

ṿ 

23.808 0.39359 32.271 

ṿ 
 

3.248 -0.0402 -1.677 

ṿ 
 

13.64% -10.20% -5.20% 

Ҋ 4-18 4-20№≢ҹң ȁ ’Ҋ ⱬȁ

ꜚ ꜚ ң̆ ₮ ꜚȂ

ҍ ᵌ̔ ⱬ ̆ ҈ᵣ ⱬ ᶭ ᴨ

ѿ֓ ῒ̆ ⱬ ṿ ԍῤẁ ҈ᵣ ⱬ ṿȂῤẁ ҈ᵣ

ꜚ ᴨȂ 
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τȤ ρψ Ӟ ֞Ừ ︡ ῦϼὄ  

Fig.4-18 Wave pattern in one cycle of two trimaran at max speed 

 

τȤ ρω Ӟ ֞Ừ ︡ ӫֽ ῦϼὄ  

Fig.4-19 Wave pattern in one cycle of two trimaran at max speed 
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τȤ ςπ Ӟ ֞Ừ ︡ ῦϼὄ 

Fig.4-20 Wave pattern in one cycle of two trimaran at max speed 

4-4ҹң ҈ᵣ ȁ ’Ҋ ꜚ ӊ ΐ

ᵣ ṿ̂ ̃Ȃ ṿ̆ ץ ꜚ ̆ң

≢Ҍ ̆ҍ ᵣ ῃ ῏Ȃ ꜚ ῤẁ ҈ᵣ ᴨѿ֓̆

ṿҹ 6.65%Ȃ ⱬ ̆ ҈ᵣ ⌠ ⱬ ῤẁ ҈ᵣ

ԅ 28%ȂῬ ᵣ ԅ ≠ԍ҈ᵣ ᵞ

⌠ ⱬȂ 

τȤ υ ’Ҋң ҈ᵣ ꜚ ṿ  

Table 4-6 Motion response of trimaran at diffident speed 

 

 
 

ⱬ ꜚ ꜚ 

ῤẁ ṿ 69.288 0.4675 67.334 

 
ṿ -2.4455 -0.651 -25.417 

 
ṿ 35.867 0.5593 46.376 

 ṿ 52.021 0.5467 59.811 
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ṿ 4.276 -0.65 -32.86 

 
ṿ 28.148 0.5986 46.335 

ṿ 
 

7.7184 -0.039 0.0402 

ṿ 
 

27.42% -6.56% 0.09% 

 

4. 3 ‟Ґҩ Ҏᵩ  

Ҋ 4-22 4-25№≢ҹң ȁ ’Ҋ ⱬȁ

ꜚȂ ꜚ ꜚ ң̆ ₮

ꜚȂ ⱬ ̆ ҈ᵣ ⱬ ᶭ ᴨѿ֓̆ῒ

ⱬ ṿ ԍῤẁ ҈ᵣ ⱬ ṿȂ ꜚȁ ꜚ

ꜚ ̆ң ≢ Ȃ 

 

τȤ ςρ Ӟ ῄỪ ¡45deg О︡ו ῦϼὄ  

Fig.4-21 Time history of two trimaran resistance  
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τȤ ςς Ӟ ῄỪ ¡45deg ӫֽו ῦϼὄ  

Fig.4-22 Time history of two trimaran heave 

 

 

τȤ ςσ Ӟ ῄỪ ¡45deg ἔו ῦϼὄ  

Fig.4-23 Time history of two trimaran roll 
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τȤ ςτ Ӟ ῄỪ ¡45deg ו ᴮ ῦϼὄ  

Fig.4-24 Time history of two trimaran roll 

4-5ҹң ҈ᵣ ȁ ’Ҋ ꜚ ӊ ΐ

ᵣ ṿ̂ ̃Ȃ ṿ̆ ץ ₮ ’Ҋᶭ Ḡ

ⱬ ̆ ῒז ҍң ≢Ҍ Ȃ 

 

τȤ φ ’Ҋң ҈ᵣ ꜚ ṿ  

Table 4-7 Motion response of trimaran at diffident speed 

 
 

ⱬ ꜚ ꜚ ꜚ 

ῤẁ ṿ 44.01 0.6776 51.011 50.02 

 
ṿ -26.36 -0.652 -51.79 -15.29 

 
ṿ 35.184 0.665 51.399 32.655 

 ṿ 35.55 0.6942 50.445 48.872 

 
ṿ -22.62 -0.646 -50.2 -17.35 

 
ṿ 29.081 0.67 50.323 33.11 

ṿ 

 
6.096 -0.005 1.0754 -0.455 
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ṿ 

 
20.96% -0.75% 2.14% -1.37% 

 

ң ’Ҋ 4-20 4-21̆ ₮

҉ ’̆ғ ꜚ ≢Ҍ ̆ ԅ׆ № ₮ Ȃ 

  
a)t/Te=0                  b)t/Te=0.25 

 

c)t/Te=0.5                  d)t/Te=0.75 

τȤ ςυ Ӟ ︡ Ṥ Оו  

Fig.4-25 Wave pattern in one cycle of inside trimaran  
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a)t/Te=0                  b)t/Te=0.25 

 

c)t/Te=0.5                  d)t/Te=0.75 

τȤ ςφ Ӟ ︡ Ṥ Оו  

Fig.4-26 Wave pattern in one cycle of normal trimaran  

 

. 4  

ң ҈ᵣ Ҍ ’Ҋ ꜚ ṿ ⌠ 4-5Ȃ ̆

’Ҋ̆ ⱴ̆ң ҈ᵣ ꜚȁ ꜚ ⱴ ҉

̆ᵖ ҈ᵣ ꜚ ԍῤẁ Ȃ ң Ҍ Ҋ̆

ῤẁ ⱬ № ҹ 32.56%̆ ҈ᵣ ҹ 18.23%Ȃ ȁ

’Ҋ̆ң ҈ᵣ ȁ ȁ ꜚ ̆ ṿ ῤ̆ᵖץ3%

҈ᵣ ⱬ ’ѿ ᶭ ΐ ᴨלȂ 

҉ץ ’ ̆ ’Ҋῤẁ ҈ᵣ ҈ᵣ

ѿ ᴨ̆לp ⱬ ̆ ҈ᵣ ῤẁ ҈ᵣ

ᴨלȂ ̆ ̆ ҈ᵣ ᴨѿ֓Ȃ 

τȤ χ ң ҈ᵣ Ҍ ’Ҋ ꜚ ṿ  

Table 4-8 Motion response of trimaran at diffident speed 

’ ῤẁҍ

ṿ 

ⱬ ꜚ ꜚ ꜚ 

ȁ

 

ṿ 13.64% -10.20% / -5.20% 

ȁ

 

ṿ 27.42% -6.56% / 0.09% 

ȁ

 

ṿ 20.96% -0.75% 2.14% -1.37% 
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֒   Ғ ᵩᵣ Ҏᵩ  

⌠҈ᵣ ᴨ ̆ ₃ Ạԅ Ȃ

҈ᵣ ῏ ̆ ץ ⌠̆ ԍҺᵣҍ ᵣӊ ꜚ ̆

ⱬᴨ Ҭ ᶷᵣ ᵝ Ȃᶷᵣ ᶃᵝ ̆ ᴪ֟

≠ ῐ Ȃ 

ҹԅ ῀ ҈ᵣ Ȃ ᶭ ⱬ ↕ᴨ ₮

ᵣ ᵝ ̆ ῒ  

ᾢ̆ ң Һᵣ ԅҌ Ҋ ⱬ ̆ ∆

̆ ∆ ҈ᵣ Ҍ Ҋ ⱬ ’̆ҍ ṿ

ṿ ‰ ̆ҹ ᶫ Ȃӊ ̆ ⱬ ᴨ ҈ᵣ

Ҍ ᵣᵝ ⱬ Ȃᶭ ⱬᴨ ₮ ̆Ῥ ᴨ ₮

̆ ҍ Ȃ 

5.1 ᴮ  

5. 1.1 Ҏᵩ ‟  

№ ҈ᵣ ⱬ ԅ ṿ ̆ snappyHexMesh⅞№ ̆

interFoam Ȃ 

ᾢ ’ Ȃ ҍ ⅞№ 4-22

Ȃ ṿ ̆ ҹ 5.4mȂ Ҭ̆ ҹ

Ȃ Ҭ̆ ҹ̔  ̔ -2LPP<x<4LPP̕

̔0<y<1.8LPP̕ ̔-LPP<z<0.8LPPȂ 

ҩ ҹ 9̔0*27*27̆ ҹ 0.333Ȃⱴ ҹ z̔

5 ⱴ ̆ Ȃ ᵣ ῐ z 5 ⱴ

̆xy 3 ⱴ Ȃ № y+ҹ 30Ȃ 
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a) CFD          b)ῐ ⱴ  

a) Free-liquid surface at      b) Free-liquid surface at 

υȤ ρϊ⅛ῄ Оῒ  

Fig.5-1 Background and encryption area 

    

a) 10 knῐ          b) 20 knῐ  

a) Free-liquid surface at      b) Free-liquid surface at 

 

 

c) 30kn ῐ            d) ҈ Ҋ ⱬ  

υȤ ςб Ừ О ᾭ  

Fig.5-3 Waveheight map and resistance curve at different speeds 

҈ᵣ №≢ ԅ 10kn̆ 20kn̆ 30kn ᵞ ̆Ҭ ̆

҈ ’ Ȃ҈ ’Ҋ ⱬ ץ 5-3 Ȃ 

ῐ ⱬ 5-1 ׆̆ Ҭ ץ ₮̆ ̆
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ⱬӞ Ҍ Ȃ ᵞ ⱬ Ȃ ⌠ Fr=0.26 ̆ ץ

⌠ ⱬ ̆ 2kn ⱬ ԅ 4N Ȃ 

υȤ ρ Ҍ Ҋ ҈ᵣ ⱬ 

Table 5-1 The resistance of trimaran at diffident speed 

(kn) (m/s) Fr 

ⱬ̂Ñ 

1.131 0.582 0.08 1.861 

1.414 0.728 0.10 2.813 

1.697 0.873 0.12 3.828 

1.980 1.019 0.14 5.248 

2.263 1.164 0.16 6.568 

2.546 1.310 0.18 8.453 

2.828 1.455 0.20 10.48 

3.111 1.601 0.22 12.220 

3.394 1.746 0.24 14.672 

3.677 1.892 0.26 17.344 

3.960 2.037 0.28 21.520 

4.243 2.183 0.30 25.700 

4.525 2.328 0.32 29.018 

5. 1. 2 Ҏᵩ ẅᴕ ғ  

҈ᵣ ԅ ӊ Ӟ̆ ԅ҈ᵣ Ȃ

5-4ҹ Ȃ 

ҍ ṿ 5-2̆ ṿᴏ ΐ

Ḥ ̆ ԍ 5%Ȃ 
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υȤ σ Ӟꜛ  

Fig.5-3 Rapid model test of normal trimaran 

υȤ ς ҈ᵣ CFDҍ EFD ⱬ  

Table 5-2 Motion response of trimaran at diffident speed 

Fr EFD̂Ñ CFD̂ Ñ  

0.30 111.2 106.11 -4.58% 

0.27 81.35 83.18 2.25% 

0.24 60.89 62.91 3.32% 

0.16 26.8 25.5 -4.85% 

0.10 10.86 10.41 -4.14% 

5. 1. 3 Ὺẇ ‟  

҈ᵣ CFDҍ EFDӊ ̆ ̆ ̆

ῤẁ ҈ᵣ ̆ ԅ Ȃ Ҍ ӊ ̆ῒז

ῃ Ȃ 

Ҭ̆ ҹ Ȃ Ҭ̆

ҹ̔ ̔ ὒ ὼ σὒ ̕ ҹ̔π ώ ὒ ̕ ҹ̔ ὒ

ᾀ πȢυὒ Ȃ 
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a) ᵣ  

a) Hull surface grid 

 

b̃ ᵣ  

b) Hull calculation domain grid 

υȤ τӞ Ѕ ṟ ᾭῄ ṟ 

Fig.5-4 Calculation domain mesh and tri-body surface grid 

ⱬ Ҭ̆ ῤẁ ҈ᵣ №≢ ԅ 10kn̆ 20kn̆ 30kn

ᵞ ̆Ҭ ̆ ҈ ’ Ȃ҈ ’Ҋ ⱬ ץ

Ҋ̔ 

     
ã  10kn ῐ               b) 20kn ῐ  

a) Free-liquid surface at      b) Free-liquid surface at 
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c) 30kn ῐ            d) ҈ Ҋ ⱬ  

a) Free-liquid surface at      b) Free-liquid surface at 

υȤ υ Оᾭ ῄ ₅Ị 

Fig.5-5 Wave height map and resistance curve at different speeds 
υȤ σ Ҍ Ҋῤẁ ҈ᵣ ⱬ 

Table 5-3 The resistance of trimaran at diffident speed 

̂kn  ̃ (m/s) Fr 

ⱬ̂Ñ 

1.131 0.582 0.08 1.350 

1.414 0.728 0.10 2.999 

1.697 0.873 0.12 4.058 

1.980 1.019 0.14 5.312 

2.263 1.164 0.16 6.736 

2.546 1.310 0.18 8.402 

2.828 1.455 0.20 10.172 

3.111 1.601 0.22 12.246 

3.394 1.746 0.24 14.700 

3.677 1.892 0.26 17.126 

3.960 2.037 0.28 20.792 

4.243 2.183 0.30 24.253 

4.525 2.328 0.32 29.517 

5. 1. 4 ҩ Ҏᵩ ᴮ  

5-1 5-3 ̆ └Ҍ FrҊ ῤẁ ҈

ᵣ ⱬ ̆ 5-7 Ȃ 
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 ῤẁ

 

υȤ φ Ӟ б Ừ ו  

Fig.5-6 Wave pattern in one cycle of normal trimaran at Design speed 

׆ 5-6 ץ ₮̆ ̆ң ⌠ ⱬӞ Ҍ Ȃ ғң

⌠ ⱬ ṿ ̆ ᵞ ⱬ Ȃ ⌠

Fr=0.26 ̆ ץ ⌠ ⱬ ̆ 2kn ⱬ ԅ

4N Ȃ 

5. 2 ԓ Ⱶᴮ Ҏᵩ  

ҹԅ Ҍ ᵣᵝ ҈ᵣ Ȃ ᵣ ҉

ᵣᵝ ̆ᶭ ⱬ ᴨ ↕̆ᴨ ₮ ᵣ ᵝ Ȃ∆ ᵣᵝ

ᵣ ̆ Ҭ̆ ᵣ ᵝ Һ ᵣ ꜚ̆ ѿ ᵣᵝ

҈ᵣ ⱬ Ȃ ᵣ ᵣ№ 5-7 Ȃѿ῍ 63ҩ ᵣ

ⱬ ᴨ Ȃ 
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υȤ χі ᶳе  

Fig.5-7 Side body position 

 

υȤ ψ б ῄỪ ו ϼὄ 

Fig.5-8 The resistance under different positions 

ⱬ 5-8 ̆ ᵣ № Ȃ ҉̆

ῤᶷҍ ᶷ ̆ ңᶷ̆ ᵣ № ⱬ ל

 Ȃל

̆ ̆ ᵣ ꜚ 0.2 mῤ ѿ

ҩ ̂ ᵣ ҹ 1m̃Ȃ 

5-9 ̆ῒҬѿҩᴨ ҍ ῐ Ȃ׆ Ҭ ̆

ᵣᵝ ᴨ ῐ ᵞȂ 
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υȤ ω і в Оṍו ᵓϠ 

Fig.5-9 Wave high map contrast between the two side bodies 
ᶭ ⱬ ᴨ ↕̆ ҩ ᵣᵝ ӊ ̆ 1

̂case 1̃ȁ 2̂case 2̃̆ 3̂case 3̆ ԍ case2 ᵣᵝ ᶷ̃

4̂case 4̃Ȃ 

ԍ ⱬᴨ ṿ 5-4Ҭ ₮Ȃ ԅ case2 ̆ῒז

₃ ᵣ ᵝ ᶏ ⱬ ᵞԅ Ȃ҉ץ5% ᵣ ꜚ 5-5

Ҭ 5-10Ҭ ₮Ȃ 

υȤ τ ⱬᴨ  

Table 5-4 The resistance optimization contrast of four case 

 ⱬ̂Ñ ᴨ ṿ 

 9.98  

Case 1 9.32 6.61% 

Case 2 9.53 4.51% 

Case 3 9.42 5.61% 

Case 4 9.33 6.51% 

 

υȤ υ ᵣ ꜚ ̂ ҹ 1m ̃ 

Table 5-5 Side body movement parameters 

 ꜚ /m ꜚ /m 

Case 1 0.1877 0.08 

Case 2 -0.0213 0.058 

Case 3 -0.0213 0.08 

Case 4 -0.1782 0.124 

( ̔ ҉̔ ꜚ̆ Ҭ ꜚȂ ҉,

Һ ᵣᶷ ꜚ̆ Һ ᵣᶷ ꜚȂ)  
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Case 1                  Case 2 

  

Case 3                   Case 4 

υȤ ρπ Ӟ  

Fig.5-10 Four preferred ship shape 

 

5. 3 Ғ ᶽᵩᵣ ҐҎᵩ  

Ҭ Ҍ ᶷᵣᵝ ҈ᵣ Ȃ Ҭ ᶏ̆

└ Ȃ ṿᴏ ̆ ҈ᵣ ȁ ӊ ̆ ҈

ᵣ ⱴ ȁ ȁ ҹ ῃ ̆ ’

ҹ ȁ ’̆ΐᵣ 5-6Ȃ 

υȤ φ ԍ ’  

Table 5-6 Calculation operating conditions for comparison 

 3.65M 

Fr 0.18 

 0.12m 

 1.0Lwl 

Ҋ 5-11 5-12№≢ҹԓ ’Ҋ ꜚ ꜚ

ң̆ ₮ ꜚȂ ṿ̆

ץ ₮ ԅ case1 ӊ ̆ῒ₃ז ᴨ ꜚ ̆

case1 ԅ 13.96% c̆ase2⁞ ԅ 16.62% c̆ase3⁞ ԅ 19.21% c̆ase4⁞ ԅ 56.79%Ȃ

case1 case4 ꜚ̆ ץ ᶷᵣ ̆ ץ
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ᴨ ꜚ Ȃ 

ꜚ ╠̆҈ ᴨ ѿ֓ c̆ase1 ԅ 15.92% c̆ase2

case3 ԅ 30% ̆ case4 ҍ ꜚ ≢ ֽ̆ҹ

2.57%Ȃ 

ꜚ ꜚң ̆case4 ᶷᵣᵝ ̆ ꜚ

Ҍ ’Ҋ̆ ꜚ ṿ ᵞԅѿ Ȃ ӊ ⱴ̆̆

ᶏ ꜚ ⁞ Ȃ 

5-13̆ ץ ᶷᵣ ᶏ Һᵣҍᶷᵣӊ

ҹ ̆ᵖ ⱴ Ȃ ҹץ ᶫԅ ̔

ӊ ̆ ̆ ̆ ᾧ ԍ

’̆ ≠ԍ⁞ Ȃ 

̆҈ᵣ ᶷᵣ ѿ Һᵣ X Ḡ ѿ ̆ᵖ ᶷ

ᵣ Һᵣ ӊ ≠ԍ⁞ ᵣ ̆ Ӟҹ ҈ᵣ

ᶫԅ Ȃ 

 

υȤ ρρ Ӟ ӫֽו ᴮ  

Fig.5-11 Time history of heave 
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υȤ ρς Ӟ ו ᴮ  

Fig.5-12 Time history of pitch 

 

υȤ χ  

Table 5-7 Comparison of calculation results   

/(Za/ζa) ᴨ №  /£ ᴨ №  

 0.58025 / 2.3689 / 

case1 0.66125 13.96% 2.746 15.92% 

case2 0.4838 -16.62% 3.085 30.23% 

case3 0.4688 -19.21% 3.1105 31.31% 

case4 0.2507 -56.79% 2.429 2.57% 
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a)              b) ᴨ  

a)normal trimaran             b) Optimized trimaran 

υȤ ρσ Ӟ ו  

Fig.5-13 Wave pattern of diffident trimaran 

5. 4  

Һ ԅҌ ᵣᵝ ҈ᵣ Ȃ ᾢ Ҍ

҈ᵣ ⱬ ԅ ̆ ᶭ ̆ ҈ᵣ

ⱬ ṿᴏ ҍ ̆ ῤ̆ץ5% ԅ ṿ

Ḥ Ȃ 

ң ҈ᵣ ⱬ ̆ ץ ң

’Ҋ ⌠ ⱬ Ȃ ̆ᴨ ₮

҈ᵣ ⱬ ᴨ̆ ᶭ ⱬ ᴨ ҈ᵣ ẠҌ ᶷᵣᵝ

ᴨ Ȃ 

₃ ᴨ ’Ҋ ꜚ ꜚ̆ ץ ₮ case4

ᶷᵣᵝ ̆ ꜚ Ҍ ’Ҋ̆ ꜚ ṿ ᵞԅѿ

Ȃ ӊ ⱴ̆ ԍ ꜚ Ӟ ⱴ̆ᶏ ꜚ

⁞ Ȃ Ӟҹ ῏ ֲ ᶫԅ Ȃ 
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῏   Ὴ  

6.1 Ὴ  

ᵬҹ ֜ ΐȂ ᴪҬ Ҍ

ᵬ Ȃῃ ⱬҍ Ḵ Ӟ ₮ԅ Ȃ

ᵣ ȁ ᶏ ̆҈ᵣ ᵬ ױֲ⌠

῏ Ȃ ԍ ҈ᵣ Ҭ̆ңҩ ᵣ Һᵣ֟ ῐ ֟ ԅ ≠

̆ ᵞԅ ⌠ ⱬ ̆ ᵞԅ ⌠ ⱬȂ

ᶏ ҈ᵣ Ȃ 

ԍ ̆ᶏ ᵣⱬ ̆ ҈ᵣ ԅ

Ȃ Һ ῤ Ҋ 

̂1̃ ṿ ҹ҈ᵣ ̆ ȁ ⅞№

ῃ ԅ I TTC ₮ ῏ Ȃ ׃ ԅ ’Ȃӊ

ԅ҈ᵣ ṿ ̆ ṿ Ḥ Ȃ

̆ң Ȃ ҹ 12%̆ ῒ

Ӟ Ȃ Ҍ Ҋ ̆

ԅ ҊľVĿ V ѿ֓̆ Ҋ

▲ Ȃ № ԅ҈ᵣ ҍ ᵣ ’Ҋ Ȃ

’Ҋ̆ ᵣ ᴨԍ҈ᵣ Ȃᵖ ’Ҋ̆҈ᵣ ⱬ

ꜚ ᴨԍ ᵣ ̆ ңҩᶷᵣ ᶫԅ ≠ ῐ ץ

ⱬ Ȃ 

̂2̃ᶏ └ ̆ ң Ҍ ҈ᵣ Ȃ

̆ң ҈ᵣ ꜚȁ ꜚ ̆ᵖ ҈ᵣ

ꜚ ԍῤẁ Ȃ ȁ ’Ҋ̆ң ҈ᵣ

ȁ ȁ ꜚ ̆ᵖ ҈ᵣ ⱬ ’ѿ ᴨԍ

ῤẁ ҈ᵣ Ȃ 

̂3̃ ԅҌ ᵣᵝ ҈ᵣ Ȃ ᾢ Ҍ ҈

ᵣ ⱬ ԅ ̆ ᶭ ̆ ҈ᵣ

ⱬ ṿ Ḥ Ȃ ң ҈ᵣ ⱬ ̆
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ң ’Ҋ ⌠ ⱬ Ȃ ̂2̃Ҭ

̆ᴨ ₮ ҈ᵣ ᵬҹ ̆ᶭ ⱬ ᴨ ҈ᵣ ẠҌ

ᶷᵣᵝ ᴨ Ȃ ₃ ᴨ ’Ҋ ꜚ

ꜚ̆ ⌠ᶷᵣ ңᶷ ̆ ̆ ꜚ Ȃ

ӊ ⱴ̆ ԍ ꜚ Ӟ ⱴ̆ᶏ ꜚ ⁞ Ȃ 

6. א 2 Ὺ  

Һ ᵣ҈׆ ҍ ᵣ ’Ҋ ȁ Ҍ ҈ᵣ

ᶷᵣҌ ᵝ ҈ᵣ ῍҈ҩ ԅ҈ᵣ

Ȃ Ạԅѿ֓ ṿ ̆ᵖׅ Ҍ ̆ Ҋץ₮

̔ 

̂1̃ ҹ ̆ ҈ᵣ ̆

’Ҋ ̆ѿ ̆ ҹ‰ ⌠
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