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Development of CFD Studies
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Yoshiaki KODAMA and Takanori HINO

Abstract

The development of CFD (Computational Fluid Dynamics) studies in the Ship
Performance Division is reviewed.

First the studies based on the potential flow theory or the boundary-layer
theory are briefly reviewed.

The studies on the computation of ship viscous flows are described. The
pseudo-compressibility approach is used together with the IAF scheme. The
wake distributions computed with four different ship hulls show good agreement
with measured results.

Computations of free-surface flows around ships are described. The MAC
method is used. The computed wave patterns on the hull side showed good agree-
ment with measured results.

Computations of flows past wing sections and propellers are reviewed. It
is stressed that the multi-block approach is essential for the computation of
flows past marine propellers becaused of their low pitch ratio.

As an example of the usefulness of CFD for feasibility studies, the com-
putations of MHD (Magneto-hydrodynamics) flows are reviewed. Computed results
of the flow past a ship hull under the MHD effect are shown.

Lastly, capabilities and limitations of the present status of CFD are
summarized, and the directions toward which future efforts for the development
of CFD studies should be directed are discussed.
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Fig. 2.1 Grid topology and boundary conditions.
(a) Total view

BLUA ) IWZETORDOREZBRET 5EHIC,
A OBEBERIE % (2. 3a) RicfTIns 5.
%(%)+FE +G,, +1f(+§((]54 + g +(]<4) =0
(2.4)
ZZTC w BEODBETHD, LRPERETHDIE
DI, FINEFRROEIC AT DE LR
hiFesin,

2.2.2 BEgUL
5¥, REHIBS % PadeREHIZ Sy CREHBA B,
@—L A N o P n — n+tl _ .n
3 - D1y gal FrLAT=aT g

(2.5)
22T nidBMATy 7, ABRHZSA RV -4
THbH, AtEEMHAIEERT. ER%Z (2.3)R K
RAL, DBAFICAL(L+0N)ERTR L. B
OB SR T I REHIEIC B L L v B RET 5 L FFH
EHFARU— RN L BHBES L EANBADZ LN
TET,

Aq”+9At[Ja%(AF)+J

d

9 9
on

(AG)+J

Fw(Ages + Agps + Ags)]”

= —A[J(Fy + Gy + H) + w(ger + gy +q00)]
(2.6)

BMAFYy T n TO q OENTRTELTHS
LT3k, EROGHARERNTH S, ERTAF,

A G, ANH EnetricsARHICKELZWZ LB,
(2.3D) IS LT

- —_ EI Ey 5:
AF = " AF + _J.AG + 7 AH
A Mr My 1= -
AG = Ear+ac+ 5
EAF+2AG+RAn (27)
T C-‘l—‘ Cy Cz
AH = 7 AF + 7 AG + 7 AH

AF, AG, AH BROED ICREAMBILT S,
AF = ADg+ AYAqg + A"Aq, + ASAg,
AG = BAq + B¢Age + B'Ag, + BAq, (2.8)
AH =~ CAq+ ClAg + C'Ag, + C¢Ag,
ERT A, B C i qicB89 2 Jacobian matrixTdh
5, (2.1D)R&Y

2u 0 0 17

or v u 0 0
A=_q—= w 0 u 0
S 0 0 0]

v u 0 0]

oG 0 2v 0 1

0 5 0 0]
w 0 u 0
_0H |10 w v O
C“W‘oo2w1
0 0 /g 0



100

(2.8)RT AL B C i g 1B 3 Jacobian

matrix TdhY.

EHEDBET B, BIAE2.2)R

M5 Y DERTIE

1

Tex = (E + ) 2u,

1
= (_]'z; + Vt)g(fzuf + Nz Uy + C:ru'()

LY

FlgkIc, <~V

[& & 0 0
0 2, 0 0
0 & ¢ 0
0 0 0

[& 0 & 0]
0 & & 0O
0 0 2 0
00 0 o]

(2.10)

Re

VI AA" B" C"E ERTE—>p k&

ALBLCORERTES L L BESRATEDLS,

UTFo<hy

A

B =
B =

B =

= Eabp 80

— 51,45

VI RAEERT D,

EJ—‘ EZ

J J J
P

= 5_“An+£_y3n+écn

J
61A4+€yB(+£ZC‘

Nz Ty Nz
— —B
7 A+ 7 +

T o 7
T gty Do e

Bpey 2

Ty Nz

___A’l ___B"’ _C]
T Ty
TN 7, 7.

EaCy gl 2o
TATTE S

C

77:

Kig
(2.11)

A C:r C Cz
C = Y
7 —A+ B + 7 =C
C‘.g _ C:Af Cy B( 4 2= C C(
J
én — C’ A'l %B" 4+ 2 C‘ 22 om
A Cz C Cz
¢ = AC ¥ B¢ ¢
Vi

THEXRABRKR(Q.)IFRDL I3,

0 o . .
Aq"+6’At[J3—E-(AAq+A5 Age+A"Ag+A Dg)

a - . . L
+J5—(BAq + B*Age + B"Ag, + B*Ag,)

+J—~(C’Aq + Cquf + C”Aq,, +C¢ Age)

+w(Aq54 -+ Aq’l' -+ cha )]

= —AU[J(Fy + Gy + He) + w(ges + gy + )"
(2.12)

ERXOELEDE RO L D ICRET 5, FLURKS R
OEFELT, EDDE, 7, LSBT BMHPEE
nEN<<Y, BEBOHEELELICH>TL B, &
bic. BEBOHEEZRHAT Y 71 EGREY.

3, . X
Ag™ + 9At[J§(AAq + A Age) + wAgu]

+9At[J;%(BAq + B'Ag,) + wig, "

d 4 .
HOAUI5o(CAG + CEAg) +wige)
= —At[J(Fg+ Gy + H) + w(ges + gy + 0]

8 o
—€At[J—a—-E—(A’7Aq,, + ASAqq)
O . N
+Ja—n(B<Aq( + B*Agg)

JrJE)aZ(équé + C1Ag,) M (2.13)

Ric EREDREQEBES BT 5, EREDH,
O [A1] OBEETEE, KRAD L ICEHE

BAEIBT LN TES,



8 ¢ 0 c’)‘*

05

a tw o

3n Yo
4

a n
)+w%] }Ag®

= [ RIS of (2.13) ] (2.14)

x{I + HAt[J: (B+B1 L I}

9 .
I+ 0AJ — 4
x{I + 6A( 8C(0+C

EREDE SBBICHFT 228, PRHFLERA
N AgEAT B, Tabb

= {I+9At[J (C+C<—)+wa_] }Aq

act
(2.15a)
. _ 0 9
Agq ={[+(9At[ an (B-i—B"a +w—]"}
(2.150)

ZhoEHWDd e, (2.14)RiE 3 D Dsweeplc R
THIENTES,

E-sweep
0 ,~ .0 ot
—_ [ Jhdl *
{I+9At[J6£(A+A 35) 354] YAq
= [RHS of (2.13)] (2.16a)
n-sweep

_4 n}Aq** — Aq*
(2.16b)

O, ~ 0

— n_
{00 5 (B+B1 )+
(-sweep

o
To)tw=1" At = Ag™

{1+6A1J 5
(2.16¢)

9 (9
6<(C+C 3¢

Fsweeplc BV THDIREER, EDRROBD 1K
FEOBHBBRTH 5.,
Kic, TR EENTEEHRAL, AVDES
2 ROHLESTHD. BIXEE-FHATH,
{ae —E,; 74 Egtr (2.17)
Py = E£—2 - 4E€_ +'6E£0 - 4E€+1 -+ E€+2

101
Ef™ G e-AROST hARL -2 TH B,
E?in,j,k = Gitm,k (2.18)

E=EL (i\J\k) & &'\ /AmN C-?‘ﬂﬁld))ﬁd)ﬁ%
THd. CLANKEAVSE L, (2.16)RIBKRDE
DICEEHbEhD, TRUY IR TRBETNY Y
s

1000
o100
T=10010
0001
EEFELT
Ag; +0AL(EFT — BJF)
A. * Aé +;~ ~-5 ®
XAdgl + ANBLT = B 7)Aq]]

3
S5

Ag7 +0ALL[A L 1 AG, — Ay Agr_y
2

+Af+%(A‘]3+1 - Agl) — flf_;_(Aq,’ - AgiLy)]
+9Atw(Aq?+2—4Aq:+l +6Ag7 —4Ag_ 1 +Ag],)
= [RHS]
ERT |
A
Aq il — qt:l:12+ qu

LU, whU v adicEHh BmnetricsPqid, HE
LS IFT R TE#EE Cbreakdomn U TABFEEEE
L3, 358 EREERRR D5 BXNAFILHFER
ICiRBEEhd,
KNAG ,+LAG_+MAg+ NAqu +0Aq7,,

= [RHS of (2.13) ] (2.19q)

EEL



102

K= 0Atw]

L= eAch-ga_%+/@F%)—4wn

M= 1+0A4u—§A_%+§AH%
ot Ei_;' — l‘ifl‘_'__;_) -+ 60-1[]

N= OAMI(3A Ly + AM;_) — 4wl]

0= @§Atw]

(2.190)

n-sweepCO K, L. M. N, OiF, ERickoE
BEITH>TELNS,
t—7
4— B
Af — B"
{-sweep CIIIRDEBHREITD,
11—k
{ /‘} —C
A — C;
CADROESEHVWIZ LICLY, Eit{bzhi

BB THREENAREZSHBN, oV hao—JL

ﬁU;—Aﬁ\ﬁg&ZEEénéiﬁkiiéwﬁ

TRYBABHL LY, BREHTE —OREA
BE, T THEBFENEE SO,

i+1

Fig. 2.2 Control volunme.

2.2.3 BREMH

Fig. 2.1 KMMREDYRFO I RO —LIER%E
HE2RYT, BTRI-0BTFTHY ., RELS ETFH
ICmapping singularity &Y 5,

€ ~sweepDIFHREMIL, LR CR—BHORYE
Thbb

1 0
0 0

“=141 Ag= | (1=1,2)
0 0

THY, THH Tldzero extrapolationd h b

AIM = QiM—1 = Qiar—2

TH5d, 1-sweepDFEREMIL, Left endT(x-2z)
HOXNBEORE R EET DD

1000
9 o 0000
- T loo010|®
0 0 01
1 0 00
o -100
ql_OOquS
0 0 01

T3 Y, Right end Tl (x-y) E D xR D ELIAY 2
&HThbb

1 000
ﬂ =0 — ~_J0 100
on = qiM-1 = 000 0 qIM-2
0001
10 ¢ O
01 0 O
qir = 00 —1 0 qIM-2
00 0 1

THd, ThbOL, x-z)WHELEL (x-y)MHHEL
TRERAEREBILVED, BEEDSFEES L
AW

{ -sweepDIEFH &ML, Bottom end Tidsolid
walldh 5 ik (x-z) T D S FRME O LU0 2 Ze % F



W, Top endTid—HEE D&% 5, Bottom
end CREHENBEI AR VWS L EBEICRAE,

2.3 BHEMR

HFIORTEHETE, RCHSRVRY, kRox
FA—BERWE,

IM=81, JM=27, KM=31, ifp=16, iap=60

w = 1.0, At = 0.001, z;5, = 0.0, z;0, = 1.0

Xupstream = '1-0) Xdownstream = 1.5

Outer boundary radius = 1.0, g = 0.1
EEULifpliapld AR EWM L MM TOINE S TH
60

HER TN CTEREEREIZMBOStellar G3-1000
J—JAF—>ayiEHnTiTok, HMRakET
5.0 TEE L, FHERTEREENI~2HTHo
. ATEEROICREDHEERRD LD ICITo =,
R TR TIEFHER2HITLU THA.P. TOMER
DEFFRERML WL E, BERLEEHZELE,

WigleyAf#y2s

Fig. 2. SIS AN T 35 D Wigleyf I OPER 44
Thbbx-HFHOEBRIuDF A% RT . Wigley
RN IER IC Tine e fRRITH B, x=0.513APRIBE %
Y, HEMRBERMEY LR -BLTW5,

Computed

Measured

Fig. 2.3 Wake contours of Wigley hull.
(a) x=0.5 (A.P.)

103

Fig. 2.3 Wake contours of Wigley hull.
(b) x=1.0 (wake)
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(c) x=0.5 (d) x=0.6

Fig. 2.5 Wake contours of Series 60 (Cb=0.6) hull.

(a) x=0.4 (b) x=0.45

Fig. 2.7 Wake contours of Series 60 (Cb=0.7) hull.
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(¢) x=0.51 (d) x=0.545

Fig. 2.9 Wake contours of HSVA tanker.
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Fig. 2.10 Pressure contours of HSVA tanker.
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dashed lines = negative

piteh = 0.01

Fig. 5.2 Pressure contours around two-dimensional wing cascades.

Fig. 5.4 Pressure contours around a propeller.
Re=5, 000.
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