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Simulation of Tandem Hydrofoils
by Finite Volume Method with Moving Grid System

by Hideki Kawashima, Member, Hideaki Miyata, Member

Summary

A finite-volume method is applied to a problem of tandem hydrofoil advancing beneath the free
surface. The curvilinear grid system is fitted both to the free surface and to the hydrofoil surfaces
which moves by the wave motion and ship motion respectively. It is demonstrated that such simulation’
technique is useful for understanding of hydrodynamical properties of system with moving boundaries
and that it can be practically used for the design of hydrofoils with flaps and associated control system.
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Fig.1 Grid system for the tandem hydrofoils.
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Fig.2 Flap deflection by moving grid system.
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Table1l Conditions of computations

Reynolds number 1.0x10*

Froude number ( based on chord length ) 60
computational region -13.0<x<20.0 -10.0<x<16.0

-5.25<y<0 -5.25<y<0

number of grid points (i*j*k) 199*50%5 160*50%5
distance between wings ( based on chord length ) 10 3

time increment dt 1.0x10°

wing section NACA4412

attack angle of the fore foil 2.68

attack angle of the aft foil 1.28

depth of the fore foil  ( based on chord length ) 1.0

depth of the aft foil ~( based on chord length ) 125

number of grid points on the foil surface 35

minimum grid spacing 40x10™*
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Fig.3 Time histories of CL of fore and aft foils after
starting.
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Fig.4 Time-sequential development of computed vor-
ticity fields and wave profiles of free surface
after starting. Fn=6.0 and Re=1.0x10° ¢=4,
6, 8, 10, 12 14, the interval of contour is 0.1, -
clockwise rotation is drawn in solid lines and
anticlockwise rotation is drawn in dotted lines.
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Table2 Parameters for flap deflaction tests
distance between wings | nondimensionalized
(based on chord length ) frequency
CASEl 3 1.0
CASE2 10 » 0.5
CASE3 10 1.0
CASE4 10 1.5
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Fig.5 Comparison of time histories of CL in different
test conditions (see Table 2).
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Fig. 6 Comparison of vorticity contour maps in
different test conditions (see Table 2). Frn=6.0
and Re=1.0X 10°, the interval of contour is 0.1,
clockwise rotation is drawn in solid lines and
anticlockwise rotation is drawn in dotted lines.

RIEDS/NE e B8, FOEEE LTI, AIEMBEDE
BRICHIE S A\ BEINE RS, B 5 WITRERD
EENICHRAT -0, —D0BIZ L 385HEEFHHIEDLY
XZHCROBBFTATEEVS 2B EZ6NB, Ly
LERPELLETOHREB TS T, 5BOFELLT,
ZOBRROEHEEEHT 2LENDH B EFZ D,

FEH DI, FEEEEECLY, Exb ) oBERIA
BUcELT 3, ZORBRBEROEDS, BUBBEFHELL,
EHEEECH L CHER EWIBTOTBRR 2T &L
T IS DEHLZTHEHRED L HHHBROBIEH
CEERE2 D,

4, FOFLKDBIBOEE 2L —2a>

4.1 Egho3al—ar

CFD ik v@Bonritkhe BT, KHERT v 7E
EBTARR PR, MAEEIC L AEMEEEHL, &
FERERTC,CFD Y I av—yar~AR3 0w ) EHEN
BHAECEY, 2R3N APRBOERY I 2V —
YavEfTol, EHIFOMEARALE LT, BT EEE
FELUTHEICEKEL Tw 3 LRRKFRIC OV THEBIER
BEIEHLIREBOER Y S ab—Ya v E{Tolk, IHhD
DB E Fig TOEEFIEEFGVET I L CLDfTbh

A hydrodynamic X
grid grid forces equations | attitude control
generation CFD 7 of motion K
motion
1 f attimde'displacement

flap angle

Fig.7 Flow diagram of computational procedure.
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- Table 3 Design condition (full scale ship)

DEEOYNEREIND S, AMETREBRICB LTI
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T REL T BAARE »EMBETCEN 100 L 5,
¥ 7-REBIROBEE X, HHA R (P) R & s
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AEIT1.0X10° Th B, BEHEEE LT, 12702
EHER L PR BRI, BRPESHEO 3B
WTITo e A ¥V AIRERER L PP RERREREOD
SEZM R Table 5 IR T, WERAEERHEIZOWTIZ,
FRABR THEZER 21T 120, { FRAOKTFEE 207 i

length 24.0m BT
4.4 BEEHR
width 10.0m . . _ PN .
BRPIC BT 2 EBHERBRETOHEIL, RABRC
welght oo B THRIEEE 2T, SEBEART 5, RABERT—
velocity 40kt BB EDOA — I NVE—Ya VI EBHERML, « -
20-58ms HEOHEE uw & y FEOEE vo %, (11), (12) RO
chord length 1.0m 5225,
.0 ' .
span length 9.0m Un= Uw+aww--~———cosh Fu( D+ y) sin(fwxr — wut) (11) -
; sinh k,D B
depth of the fore foil 1.0m inh ke(D+)
_ sinh &w Y _
depth of the aft foil 1.25m Vo= a0w™  h koD cos(kwt — wwt) (12)
length between foils 10 F-EHRECBLTRES2 ()R CE->TEZ 3,
(based on chord length) y=asin(kux— wut) (13)
Table4 Geometory of the ship for computation kw BB
nondimensionalized weight 0.727 @ iRiE
D 7K (c0)
nondimensionalized moment of inertia 27.14 4.5 SEENHES L S
CL of the fore foil 0.454 ’
CL of the aft foil 0.273 e .
Table5 Conditions of computations
Ct of the ship . 0.04 ; =
Reynolds number 1.0x10°
location of centroid xy) = (- 0.936,1.0) Froude number : 60
computational region -13.0<x<20.0 -5.25<y<0
numbers of grid points  (i*j*k) 199*50*5 207*50%5
(wave making)
—J f:::::tu;?: :eq:zlzlent distance between wings ( based on chord length ) 10 -
-@ ime incs -3
wﬂw (-0-9391 0 - " | thrust v=0.8) —— 1&::2
. wing section NAC
water level (y=0.0) attack angle of the fore foil (degree) 268
attack angle of the aft foil (degree) 128
fore foil(-5.0,-1.0) ?OH(S.O.—LZS) depth of the fore foil ( based on chord length ) 1.0
concentrated equivalent depth of the aft foil ( based on chord length ) 125
weight of the engine
numbers of grid points on the foil surface 35
minimum grid spacing 40x10™

Fig.8 Schematic view of the hydrofoil.
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Fig.9 Time histories of pitching and heaving motions
in impulse response test. Heaving motion is
nondimensionalized with respect to chord
length.
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¥ MEREETE(ERIEET AR E T 5 EREEHE D O F)
ZIEE LT3, heave &, pitch ADOELOBEERE % &
L, TOLIBRBUMIELICHL Tz, &KL L TEERN
ZRb, HEEENCEL CHERETHB I EWRENTL
S, L LEICETERBREFEMICR 2 L 1 >V A AN,
heave &, pitch & & IZEERITHEE =36 {130 THIYHS
BEIND, COLEOCLOMEEELZR2 &, R0
CLBZOBEIAEL T3, CTh3FiIBROBHEAE
bS5 X 72BN DOEEVNEMEES OB - T8
BOBHCREREZI:DDT, ZORROERE, #HehE
ERLTULIES S Lctkic, BEROBIETICESEET
E—RAVIBRET S,

4.6.2 FEEEHIE

0.5

Cv of the fore foil
04 |

03+

Cr of the aft foil
02 ¢

01 F

pitching moment at center of gravity

0.1 1 " . 1 .
20 40 60 80 100 120 140 160 1

Fig. 10 Time histories of CL and pitching moment in
impulse response test.
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A L7 SRS EINC B - L R RERT BT, A
RIDTF 4 7 47— FRBELCESEHEHEETo
o 2O ¥ X FHA(P) BEEETV Go=10 £ LT3,
Wiz ZhORMETI. 1 FOoBs 2 LT L v &d
(Table 6) 5 % 7z, Fig. 11 @ F DERETR T, Fig. 1213
7 QR OWBROEBATH 5, HIROMEIEHFERIC
LT, L BB L TIRIZFTICERIEL I ENT
&z,

4.6.3 PRPZERASE

SRR TR FORENE 2 IR ICA X KR
LB D, HRPTORTEFMNIZFTHEOBBRIZBWLT

Table 6 Initial and desired height

initial height desired height
at the fore foil -1.1 -1.0
at the aft foil -1.35 -1.25
degree
0.1
2
c
0.08
0.06 |
0.04
0.02
o
-0.02
’U'Mzo 30 40 50 s'a 70 80 %0 100 1

Fig. 11 Time histories of pitching and heaving motions
under height control. (see Table6) Heaving
motion is nondimensionalized with respect to
chord length.

degree
12

o8 |

06

04 r

02

L . L L
20 30 40 50 60 70 80 90 100 1

Fig. 12 Time histories of flap angle under height con-
trol system.

HELMELZEDTWS, #2 THBRFTOREETICHE
TAHEME S 2L —var®fTol,

RMABRICHR VT 44 EITHRIEL X 5 S ESEE 21T
W, BIALVIEZRAREEE L. 52 EDO&RE%:
Table 7 IZ/RT o PR IFRZERN—ZXT 0.8 T, HIROBK
EDL10LTorzIREVL BEERVEERER—AT
20.0 & RREME O 2 BRE L HEHNEY, OO FEHEI
o THEDICREENEL, BE—ETEL OIS
BPRFHOT, KPEMRICE > TP OBLWEREL
o T3,

SFM L OREER 2D T Table 8 D & 5 i ELFlf 5 AR
FENThOS A B L3 RETHEE2ED - BN
¥ Ial—¥vari{Tol, Fig. 13 12 pitch 1, Fig. 14 iz
heave EOHFHIBEDER R T, \

ZOEFETIIHBFRS DT 4 v ERKEL T B EHRFD
BRIHINE { T2 B T SRS 13, heave BB ORI R
CEHERH D LS5 ThHb, MLHFELZ v CASE1 0%
&, pitch AVHEART 2 LAMALFICE > THECE N
im0, AbEREES ERLUEHRRECELILY
ETHETREE 2%, TLRERTE, BEOBEHSKO%

Table7 Wave condition

‘wave height 0.8

wave length 20.0

Table8 Values of feedback gain

G, G,
CASEl 0 0
CASE2 10 0
CASE3 40 0
CASE4 40 100

degree
14 T T T T T T -r

| pitch

08 |

06 |-

04 |

02 -

-0.2

L . ) L . . L
20 30 40 50 60 70 80 90 100 t

Fig. 13 Comparison of pitching motions in different
control conditions. (see Table 8)
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0.3

ﬁ 025 | heave CASE3 -
C

02 |

L L L " X L
20 30 40 50 60 70 80 %0 100 t

Fig. 14 Comparison of heaving motions in different
control conditions. (see Table8) Heaving
motion is nondimensionalized with respect to
chord length.
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