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Planing hull forms have significant influences on those hydrodynamic performances in calm water and in waves, Therefore, the

hydrodynamic performance of a planing vessel should be predicted by model tests or theoretical calculations, and be confirmed

whether it shows the performance requirements at the design stage, In this study, four planing hull forms are designed with the goal of

the improvement of resistance and seakeeping performance, and 1/6.5 scale model tests are carried out in Seoul National University

towing tank, The effects of design parameters such as length—to—beam ratio, deadrise angle and forebody shape on the hydrodynamic

performance are investigated, based on model test results, Running attitude and resistance of model ships in calm water are also

estimated by empirical formulae proposed by Savitsky (1964; 2007; 2012), and compared with the model test results. It is shown that

calm water performance of non—prismatic planing hulls can be predicted well by Savitsky (2012)'s formula which improves the original

Savitsky(1964/2007)'s formula by taking into account the variations of deadrise angles, and the actual angles between the hull bottom

and the free surface,

oo

Keywords : Planing hull(Z2Z=4M), High speed model test(11£2SJA|S), Resistance performance(Xgfds), Motion response(E=s
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Table 1 Main particulars of model ships
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A B C D
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Table 2 Input/output variables of Savitsky (1964)'s formula

Input variables

Table 3 Procedure of running attitude and resistance
estimation by Savitsky (1964)'s formula

(D Calculate the required lift coefficient.
(Cpy = Mg/ (1/2pB>U?))
@ Calculate Cy, by Eq.(7).
(3 Assume trim angle, and calculate mean wetted length by
Eq..(8).

@ Calculate center of pressure by Eq. (9), and obtain c.

® Calculate wetted area(.Sy, = (AB) X B/cosf3),
calculate friction—drag coefficient q by ITTC 1957
model-ship correlation line (Reynolds No. R, = U\B)/v,
where v is kinematic viscosity of fluid),
and obtain viscous resistance. (R, =1/2pS),U*x C})
(® Go back to (3 and repeat the procedure again with a

new attempt value of trim angle, if Eq. (6) is not satisfied.
@ If Eq.(6) is satisfied, calculate total resistance(=pressure

resistance + viscous resistance).(R = Mgtant+ R/ cost)

3.2 Savitsky et al. (2007)2] A=go] !
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A 2 TanB
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B Chine breadtth Fig. 6 Flow and spray on the bottom of planing hull
U Speed (Savitsky, et al., 2007)
Jé] Deadrise angle
Leg Distance from transom to center of gravity E=Mo| st I MA|QF 00| 27| AlRlsH=s £20 x|
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Output variables (2007)0ll ofstH &M Ao| AT0|E HESiSke TR 7|E=
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Fig. 5 Bottom pressure distribution for a planing hull
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Fig. 12 Trimmed planing hull
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Fig. 14 Comparison of trim angle of model ships with estimated value by Savitsky (1964; 2007)'s formula
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376 CEERABIBI=2E] R|51 A K55 20144 108

[



FIER]. ZIA0d . ZIM

Ao L-— a8 ao

riok

At ol

51

ol ABAE VIECR SR WA AP SHE
= Fig. 128+ 2t T,= 7125, L, keel EZol0|CL
EaiEl Mefoll 2712

}' S |
F Ly z/sint BHF 201522, EEZnt

T, — Ve (1—cost)— 2
L= Log+—— (19)

G

2= Savitsky FHAIS 2]
(18)0ll CHRIS10] keel &E-ZOIE T8I, A (19)E 08510 =
& FABAMe RAHe FFES £ oot

gte| AL Savitsky (1 A
ol Savitsky, et al. (2007)2] HM|oFAlof| o|$t Axefo|xE, S|

Mg FoIs0d Hafes FHsISicth

(o]

©
o))
B
=2
lo
ret
o

i
>

ok
jikal
0x
Rl

ol

A
ZE H|WSIH Figs. 13~159F T MAZAARIe| Zoek ¢
St A2 2 A9l ZF EFAMIR MEt gte vluA F FH
2 Iet SR 2 B 2 T MAgARZo] 3
fotal, dix|of & EZiZtnt MAHo| 7|t o|F= AA
2F il Zfo[7h Act M AP.OIML] MMZARS 2=
2 cheslelo] Ak A9 Figs. 13~1501A = Hief
| & S5 FollA ZEAIR Zfet 2 AolE Eolct
2 C, D= Mol MMl 525] #XI2Z, AP.9|
2 s FUHZ Tisio] AL 29 MRt
TEE MSolMs ERZE ATeh FYSE 4e0|
MolF= FeA Jpieaz Mojget £2 2o =

M= AL Z2pt 28AIE Aol fAlICE

ol ol

" &

S ¢

2
R}
ox
>
N

n
oa
> D2

El 32 0
1

3
2
1o
_QL
x
>
—\T_J:

o] FABAE X|LX| i1 F2of 25t Z32

22, =0 52| Heebt ojE@n gh=EA b Ciek oy
EEZZ0| YaElsZolol T JEke w| mzo| EAEC ¥
TETZ0IE HA 7FE5ke o] HI2IESICE = oFtolMs =
HEl UHEALEHE Table 42 20| A HSIICH

23 A~De| 2t ZttH E oo HEE 0[8510] £ 15~45
LE

avitsky (1964),

FMHoRE RXME| oL} Savitsky (2012)2] HIFA|

U g FYHCE HUAY Zuet RARE FHo| Jksst

Table 4 Procedure of running attitude and resistance
estimation by present iteration formula

(@ Calculate lift coefficient(C,, = Mg/ (1/2pB*U?)),

(@ Assume mean wetted length(Be, 7, is also assumed).

® Calculate C, by Ea.(15), and 7. by Ea.(16),
and obtain actual running trim angle (=7, —7,).

@ Calculate center of pressure by Eq. (9), and obtain c.

(® Calculate viscous resistance( Ry, = 1/2pS ), U*x C;).

(® Go back to @ and repeat the procedure again with a
new attempt value of mean wetted length, if Eq. (6) is not
satisfied.

(@ If Eq.(6) is satisfied, calculate total resistance(=pressure
resistance + viscous resistance + spray resistance + air
resistance). (R= MgtanT+ R/cost+ Ry+ R,)

6 24 2
[ —

2 AFoME M| XME Y HEESS S THE 5
Moz & 4Xo| EFME A5, 4 ¥ AT & ZHA|
g pASIQICE MEnt FHMSE SRlMeZ X0 24
sigion, M & Ma Ms2 7|E0| dEAlg sl £t
0| 28I Zujet v|w, EMSINCY,

My MApIME 2 28Me| Sx7 4sof w2l Zol-F b,
MAMBARZE, MR Al 5o MA BT} SME(QICE Z8HA|
& Zulof olslH Zol-E d|et MMBARY0| E4E It T 25
0| Hasict o] MR A2 ot 5 M0l st
¥aks o|x|n{, MR Xjole| WHo| JEst MM = )
2 2S48 2= 49 SNS0M g5 E- Hapt 3X| 2t
S M=201 201 i ESiH 1t & ARlH 250| At

2FM 2| HA cHoIM B & 2 2AECE Y
i '=2| O] 2%|= Savitsky (1964), Savitsky, et al. (2007)2] &t

-

HoR TiA BEMo| BF AN U MalS FEHS AT =
Al Zjet AMgtet Xj0I8 BT FARS s A Alg
AIIE Hlgo = DHSOIE AO|2 R A HX{Ee| M
2} wsf, S0int MB0| 02 MK 922t S2 A
2{517| ofgict 2t Elnieio] MMZARIRE 1/4 buttockd

2|
i
2t 2 E 0|88t Savitsky (2012)2] HIFAMX Ms FH
L

|0
Hu

o

b

Il

T
3

g
ox H mo Ojo

Savitsky, et al. (2007) g 20| FXof Hls| ZEAIY Znlet QI5}T TR|EO| HEEH AR S H|ok5iZH o, 0|2 =3

H & LAlsl O JE FAfRS &ole = Qo Sol Molf giMo| g RMlet Metg FA35IZS o 2HAIED} AR
IR BIFAA Yokl 28 BE Ul MY § nholM BB sk2 BYCh 2 ALEEHE HIFAR Mol M Al 2T
XNglo| 7k 30{, 0|2 Savitsky (1964)2] T4 &5 85 S FHE 26l 222 0[88 = US Zolch

JSNAK, Vol. 51, No. 5, October 2014 377



= o =
1.0 10
T 08 " . A s - Z 08
£ o 0 Teemmemmmmmeem b5
= 06 - —= = 06
a - a -
- L - . & —%—"
s 04 - T 04 — T
£ £ . -
- 02 - -~ 02 g
@ * A(Bxp) @ . s + B(Exp.)
g 00 . g 00 +
s A (Savitsky,2012) 5 — - -B (Savitsky,2012)
g -0.2 g -0.2
o« 0.0 0.5 1.0 15 2.0 2.5 3.0 35 « 0.0 0.5 1.0 15 2.0 2.5 3.0 35
Froude number Froude number
1.0 1.0
= 0.8 = 0.8
£ 4 & - "
5 06 P 5 06 a— ==
z 5/ = -
E 04 / £ 04 -
= 02 >~ o2 -
S o0 - + ClBw) a 00 = D(Exp)
5 ——C (Savitsky,2012) b . = .
g 02 8 02 — —D (Savitsky,2012)
= 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 [ 0.0 05 1.0 15 20 25 3.0 35
Froude number Froude number
Fig. 16 Comparison of rise of C.G. of model ships with estimated value by Savitsky (2012)'s formula
12 12
10 . .\ e A(Exp.) 10 + B(F_xp..)
~ A (Savitsky,2012) — - - B(Savitsky,2012)
w 8 < = 8 =
o A ki - f—
2 6 N = 6 e
2 L. 7] * ¢ o
2 4 e ® 4 * A
& el " ® 5
£ T £ 2
T oo S0
0.0 0.5 1.0 15 2.0 25 3.0 3.5 0.0 0.5 1.0 15 2.0 25 3.0 3.5
Froude number Froude number
12 12
& C(Exp. = D (Exp.
10 ( p.) 10 ( p_)
—C (Savitsky,2012) — — D (Savitsky,2012)
) ™ 8
[ [
3 A " 3
] ] \ ) 6 - =~
}-'l:ﬂ 4 A N W u - ~
[ ‘KA g 4 = w e —
E 2 E 2 -
= S
0 0
0.0 0.5 1.0 15 2.0 2.5 3.0 3.5 0.0 0.5 1.0 15 2.0 2.5 3.0 3.5
Froude number Froude number
Fig. 17 Comparison of trim angle of model ships with estimated value by Savitsky (2012)'s formula
0.5 0.5 S
— e A(Exp) + B(Exp.) Va
T 04 . — 04 . >
2| e A (Savitsky,2012) . = — - -B (Savitsky,2012) .
2 o3 ® 03 +
] - » o N -
H ] - e = . —
= 02 T —— S o2 -
g g B
:E 0.1 g 0.1
W ‘5
2 o0 g 00
0.0 0.5 1.0 1.5 2.0 25 3.0 3.5 0.0 0.5 1.0 1.5 2.0 25 3.0 3.5
Froude number Froude number
0.5 0.5
— & C(Exp.) —_ = D(exp.)
<~ 04 - - X 04
£ ——C (Savitsky,2012) % — —D (Savitsky,2012) P
T 03 2 03 g
2 — : 7
-~ -
g 02 T g 02 P
E A c M -
& 01 g o1
n =
o i}
= 00 4 0.0
0.0 0.5 1.0 15 2.0 2.5 3.0 3.5 0.0 0.5 1.0 15 2.0 25 3.0 3.5
Froude number Froude number

Fig. 18 Comparison of resistance of model ships with estimated value by Savitsky (2012)'s formula

378

CishE

[

MESI=2% M 51 # X565 2014 102



ASH - AuY - 28 MEs ol

2 ot SiURAE dARIoR STsIUED IS Al
MesiUBREATL0IN 42 Fol ‘TRA A5y Fold 2
A5H I, T2|T MBS SHAI AR B SIPARIVSE) 2]

goz sasigisUc

= o

References

Hwang, J.H. & Rhee, K.P., 1980. On a Computer
Program to Calculate the Responses of a Ship in
Lateral Regular Waves. Bulletin of the Society of
Naval Architects of Korea, 17(4), pp.39-45.

lkeda, Y. Katayama, T. & Okumura, H., 2000.
Characteristics of hydrodynamic  derivatives in
maneuvering equations for super high—speed planing
hulls. Proceedings of the 10th International Offshore
and Polar Engineering Conference, Seattle, USA, 28
May—2 June 2000, pp.434-444.

Katayama, T. Hinami, T. & lkeda, Y., 2000. Characteristics
of motion for planing craft in head wave at very
high—speed. Journal of Kansai Society of Naval
Architects, 233, pp.55-62.

Katayama, T. & Habara, K., 2011. An experimental
study on instability of a super high—speed planing
craft with outboard engine at straight running.
Proceedings of 11th International Conference on
Fast Sea Transportation, Hawaii, USA, 26-29
September 2011, pp.850-856.

Kim, D.J. Rhee, K.P. & Park, H.S., 2009. A Study on
the Effects of Weight and Center of Gravity of a
Planing Craft on Running Attitude. Journal of the
Society of Naval Architects of Korea, 46(3),
pp.335-342.

Kim, D.J. Kim, S.Y. You, Y.J. Rhee, K.P. Kim, S.H. &
Kim, Y.G., 2013. Design of High—-Speed Planing
Hulls for the Improvement of Resistance and
Seakeeping Performance. /nternational Journal of
Naval Architecture and Ocean Engineering, 5(1),
pp.161-177.

Lee, K.J. Joa, S.W. Park, M.K. & Shin Y.K., 2003. A
Study on the Hull Form Development of the 25
Knots Class Planing Hull Form Fishing Boat. Journal
of Ocean FEngineering and Technology, 17(5),
pp.88-94.

Lewandowski, E.M., 2004. The Dynamics of Marine
Craft Maneuvering and  Seakeeping. World
Scientific Publishing Company: Singapore.

Martin, M., 1976. Theoretical Prediction of Motions of
High-Speed Planing Boats in Waves. DINSRDC
Report 76-0069. Bethesda, Mayland.

Morabito, M., 2010. On the Spray and Bottom
Pressures of Planing Surfaces. Ph.D. Thesis.
Stevens Institute of Technology.

Oh, G. & Yoo, J., 2013. Numerical Prediction of
Running Attitude and Resistance of Planing Craft.
Journal of the Society of Naval Architects of Korea,
50(2), pp.95-103.

Savitsky, D., 1964. Hydrodynamic Design of Planing
Hull. Marine Technology, 1(1), pp.71-96.

Savitsky, D. & Brown, P.W., 1976. Procedures for
Hydrodynamic Evalulation of Planing Hulls in Smooth

and Rough Water. Marine Technology, 13(4),
pp.381-400.
Savitsky, D. DelLorme, M.F. & Datla, R., 2007.

Inclusion of Whisker Spray Drag in Performance
Prediction Method for High—Speed Planing Hulls.
Marine Technology, 44(1), pp.35-56.

Savitsky, D., 2012. The Effect of Bottom Warp on the
Performance of Planing Hulls. Proceedings of 3rd
Chesapeake Powerboat Symposium, Annapolis,
Maryland, USA, 15-16 June 2012, pp.1-40.

Shin, J. Yang, J. Park, H. Kim, J. & Kim, H., 2005. A
Study on the Resistance Characteristics of a

Stepped Planing Hull Using a High—-Speed Towing
System. Journal of the Society of Naval Architects
of Korea, 42(4), pp.341-349.

Zarnick, E., 1978. A Nonlinear Mathematical Model of
Motions of a Planing Boat in Regular Waves.
DTNSRDC Report 78-032. Bethesda, Mayland.

JSNAK; Vol. 51, No. 5, October 2014

379





