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Numerical Analysis on Flow Fields and the Calculation of
‘Wave Making Resistance about Air Supported Ships

Y.I. Na and Y.-G. Lee

Numerical computations are carried out to analyze the characteristics of flow fields
around Air Supported Ships. The computations are performed in a rectangular grid system
based on MAC(Marker And Cell) method. The governing equations are represented in finite
difference forms by forward differencing in time and centered differencing in space except
for its convection terms, For the certification of this numerical analysis method, the
computations of flow fields around a Catamaran, an ACV(Air Cushion Vehicle) modeled with
pressure distribution on free surface and two SES(Surface Effect Ship)’s are carried out,
The results of the present computations are compared with the previously presented
computational and experimental results in the same condition.

Key Vords: 27]5-9k4(Air Supported Ship), X112 #2}7|(Rectangular Grid System), MACY
(Marker And Cell Method), AFS-¥ ™ (Free Surface), §53%2] 4X|3]4 (Numerical
Analysis on Flow Fields), Zu}A¥}H(Wave Making Resistance)

1.4 &

ACV(Air Cushion Vehicle)$} Hd&EI}A
(Surface Effect Ship)& AAMAYS AKX
E Ygyos FrRUrS AUy Md¥es
A, F715gel ¥ side] 2 1950y
Zuolds we @77} dald ok olE B
HRRde) ZTHYR R Y ol EHB M
2A] Havelock[l], Newman & Poole[2],
Baratt[3], Doctors & Sharma[4] 22|z,
Standing[5]5¢] =EEo| olod, ol52 ¥
£ AgolBoj nivt& £ AEolth. EY, £

Qeritta cia duEus
Qelciata Al E et

1 H$AHY,
*2 BHY,

AN e AAaro] Korving[6], Haussling & Van
Eseltine[7], Dommermuth & Yue[8]5of 23
AsAch oAy ~AVHS oRES HE5Y
Ao & XHd(potential )& Y3, &
22} e 53 HHARFOE I
olch,

AubGA g tEolo] gloja 712 o]E2F 3
Auge, exge MuF URE A%,
AU AEE Pele] xa44d BARE 4
w3ty F5F W AEHEHSl BlA¥EAgo
oA Lol el 1 A8l QoM Aol
velUAl ] 2lc

3, e} fA & 82 ofol gloj A
CFD{Computational Fluid Dynamics)®] &80 %
£, TRt $123 Tl whRAAel F



56 $3Y -0l

A& € AT AERFH, A
EUY AT FEAL, AT Mo
ko] Axbso] #uialz glch oloyH, 2
234d0] iRt A7 WU UMYED e
22 goltlel, {AHEY (Finite Difference
Method)& &M F¢] F-5ALol A g3l 2

£ 4780 +%=3 rh

2 dFolME KUY g3 BHEFIAA
2912 $5% A2} MY ALE £33}
dch. EREANAL P Mol FAHAL 7R
32 Ayt 2opAytal ojdbaidto] Hol efMY
R}l 2344024 off- Yo, i)
ujg} 7tat o] Ao] Y, Aol S48l
24 AN 24 she), 2 Felolyd
To2a g Jisigo] &2 M¥ow o w
3 olch B dFojxde EAFAM) i &
BAA 4 ZuAYALNS 2FFHoE 3}d,
A A Y] VigleydP o2 o] o3 34
%5 d(high-speed Catamaran)z} 2}-fwo] &
A 4YE AR AcvRE4e SR U 21
Ay Axg +3y3dn, ok AE 24 %
AP0 ¢EEXE A ¥ BAINY)
i3l Aare £¥gch 0 ANREL FUz
A8 71& FAAA AYA} 9 My
of 2% Alxtz e} vja, FEEF AL

2. FX|ALY
2.1 X4
2 dFdME 58S ndEy, vEES
FolEln F1A%le, AuUAMNERS REHe 3
2}

%ol ARg3tdct

Qg_*_ 83{ ZZQ + 3(uv) + 8(zuw) _ —d¢

at oy 0z ox

v, 3(ww) | 3(v®) | dww) _ —3¢

ot ¥ ax T dy T < dy (1)
ow , 3(uw) | Ivw) , I(w® _ —d¢é
ot T ax T oy T oz T a7 tE
du v | dw _

ar Yoy Taz =0 (@)

A7IM, (x,y.2z) : ARHEA

FZ A AT A
(uv,w) : xyz2 Y =48
p A '
g : Z2YIMEE(-9.8 wsh)
) L op/p
p Dok

2.2 REtxEY

2R A AR MAC(Marker And Cell )& 712
¥ Aty H A A M Y EATE MACYH-S v
gl ZBY AFodwHy] Algdeld g
s EAol alojM Al by Zo] dhiglo)
g8 =F89 23 ¢33 ul 9lan[9,10],
AxAF A A SAASHAA v)asly
Ae] AxE ti4 "o, &MYz Yol
ZidigA o g Balyl 3aly oy atiele A
2RE2gol QoM HgAgo] it EY, A
At BEE &ol7] #3lod H=xlAlY Hejo] gl
ojA QY H=z}A(staggered mesh system)L}
7Y8 Az} A (variable mesh system)& A-83}el
th ALEEE wie B X f5Y
o8 FE3den, Foddo] uyxAL 27}
3ol FEHY A EE YA EAR
. AHreREa A4 o Bulo] whie BL ¢
L2E 3 HuzRAE AL, xy,z2
YL 22 fU4x Uy, Ay F wy g
TAYgo|th, AuigF A 2Rl glojy
£, Ao tizled AL, dFYeS Aoy
Uz 5L FZo cisio] 2a1FAlaRog
Fe)dtdce). diFYe 2AEIHogE= 3% A
Sz Ao Alxbel Qlojai 2212A)
2H2 2} donor cell®-& 23 hybrid schemed
A-gsldon, Acve Adlol oAM= Hamy
& A3t 2Hfo] ofdo] EXyo) wie}
AMBEE Bt PaA]7]7] $18te] 421 412}
2ol v] Y x4 8 (nunerical dissipation
term)& F-7}¥ 3a} A{FAEY L AHg-siac
A%l hybrid schemez} 32} A}{alEale] o8
Rold thgza} 2l

- Hybrid scheme -

(uz).-H,!-,.— (llz).',g,k
DX

1 2 a
s DY [[("-‘+%<u+“i+%./.b) (u'__%'“ﬂc“%_m) ]

+a {(u n{:.,.ﬁ+“i+%.,.n)("n%.,.: —u,_“l'“)

Nu g w1 @

_'(u.‘-l,-.;.h*_“ ik

i+l



H1&, B9, 19%. 5

FAA B g FIIRFAH FA FEFAYF 2FAFAL 57

¢}, @ : Combination factor
DX X9 &2AE Al A2

- Third-order upwind scheme -
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Fig. 1 Block diagram of
Computation scheme
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Fig. 2 Irregular star for pressure
calculation in a two
-dimensional flow field
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Table 1 Principle dimensions
of Wigley Hulls

ag4% Vigley Tra'r::c::ys:em
T4 (lpp)| 1.0 1.0n
M % (breadth)| 0.1 0.2m
&4=(draft) | 0.0624 0.1248 o
s/L 0.5 0.5
s : seperation distance between

centerlines of catasaran hulls

L: ship length on still waterline
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Table 2 Conditions of computation

R4 #Hed o Fdazd

N
Hady ; VYigley’s ACV
Vigley
Transom stern
Froude 4 1.0
X4g | 155 140 145
Azte] |y wy 58 68 40
A4 PARNS A2 24 27 3
3 Ax14[ 215760 257040 179800
H3lA4 0.8 1.5
Arzy [(F2a1d [0.0018 0.0018 0.005
N&GZEE | Al 0.9 2.7 1.0
AN L A1E)] 10.0 5.0 10.0

3. A&t S Fdaad
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ARl VigleyM¥ol tidle], Fn=1.00A
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ol =et¥ch Iy 4+ TP 100048 F
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49} ZAS Holx Qloni[12,13], Fn=1.00]
X 2] Aato] 2] gAY A+E Cp = 0.164 x
10702, ¢l Az B o MyosHyg T3
A ® zuAYPAgo] 2FY ZoE Y £
glth. 6 AAMY AXNAAELS F3EY [12)
oA & vz, ZAZH u} alch

Y

Fig. 3 Grid system for the
Catamaran with Wigley's
hull form

interval = 0.007

Catamaran

Fig. 4 Comparison of the wave
height contours around the
Catamaran and SES(Wigley)

at T=10.0
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Fig. 5 Comparison of the pressure
resistance coefficients
of the Catamaran
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Fig. 6 Pressure distribution
for the ACV
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Fig. 7 Free surface profiles of the
ACV on the longitudinal center
plane and the planes of constant
X at T=10.0
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Fig. 8 Comparison of the wave
height contours around the
ACV at T=10.0
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Fig. 9 Time history of the wave

resistance of the ACV
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Fig.10 Time history of the pressure
resistance coefficient of the
SES(Wigley ‘s Transom stern)
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Fig.11 Free surface profiles along
the longitudinal center
plane of the Catamaran,ACV,
and SES(Wigley and VWigley's
transom stern) at T=10.0
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Fig.12 Perspective views of the

free surface waves at Fn=1.0
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