A Study on the Hull-form Development of the Small High-speed
Planing Craft using At-sea Model Test Techniques
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Ocean Systems Engineering, Graduate School,

Korea Maritime University

Abstract

Interests in high speed cargo ship are increasing with the growing
importance of world trade. In addition, high speed ship has tendency
to increase the utility value in various special purpose ships such as
patrol boat, leisure boat, etc. The category of high speed ship
includes planing craft, hydrofoil, ACV, SES & etc. Hydrodynamic or
aerostatic support types are mainly used for small sized naval
vessel, passenger boat, utility boat, leisure boat, and others, due to
the limitation of seaworthiness and enlargement. The planing craft is
designed specifically to achieve comparatively high speed on the
surface of the water. Especially, planing craft is so popular as
holding 80% of the research for high speed boat.

On the one hand, the performance verification equipments of crafts

are the circulating water channel and towing tank. But model—test
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of the high speed planing craft has a difficulty in performance
verification because of the relatively small scale ratio of the
ship—model and restricted by flow velocity of the circulating water
channel and X—carriage velocity of the towing tank.

In this paper, I will describe the hydrodynamic characteristics of
planing hull, discussing the effect on planing performance. In order to
verify performance of high speed planing craft, at—sea model test
techniques were used. Also, the hull form development and
resistance performance of small high speed planing craft were
studied with experiments of using at—sea model test techniques.
This process explains the process of hull form development for
principal performance for 3 high speed planing crafts, which are
gathering great interests lately. To verify the proposed model test
method, resistance measuring or load cell used calibration and it
showed £2.5% error in comparison to circulating water channel
resistance result for 5m class rescue boat.

In general, the stepped hull craft has high fuel efficiency thanks to
the resistance reduction by a small wetted surface area without
corresponding stepped hull craft. But It has a tendency to show bad
rolling performance by reduced wetted area in stern. The model
tests for 3 planing crafts which the number of step and with &
without attached a stern body and with & without air injection in
bottom were performed to compare the effect of principal
performance using at—sea model test techniques.

In conclusion, this step and air injection in bottom are effective in
reducing in wetted surface area of a ship. It was invested that
almost 5~10% of the total resistance of model ships at designed
speed can be reduced. And the planing craft attached a stern planing

body was invested effective to reducing roll angle and pitch angle.
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Nomenclature

Transverse projected area

Beam of planing surface

Breadth, molded, m

Model—ship correlation allowance
Air resistance coefficient

Block coefficient

Drag coefficient
1
C; = Djcos ﬁ/ip V2V

Lift coefficient

A
0.5X pX V2 b?

Lifting Coefficient,

Dynamic component of lift coefficient
Buoyant component of lift coefficient

Rudder resistance coefficient
Frictional resistance coefficient of model
Frictional resistance coefficient of ship

Distance of center of pressure (hydrodynamic force)
measured along keel forward of transom, lp/)\b

Lifting coefficient of deadrise
Vertical pressure coefficient

Residuary resistance coefficient
Total resistance coefficient of model
Total resistance coefficient of ship

Speed coefficient, V/vgxb

Wave—making resistance coefficient
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D Depth, molded, m
D, Frictional drag—force component along bottom surface

EHP  Effective horse—power (ps)

f Distance between T and CG

Fn Froude number
Fng Volume froude number

g Acceleration due to gravity

k, Mean height of ship surface roughness
L, Wetted length

Lo Wetted length of Keel, m

L,... Wetted length of chine, m

Distance from transom to point of intersection
of hydrodynamic—force vector with keel, m

L.C B Longitudinal center of buoyancy
L.C.G Longitudinal center of gravity from transom

L.W.L Load waterline

N Vertical pressure acting on bottom
Py Brake power, ps

P, Delivered power, ps

m Mass

M, Bow—up moment due to £,

M, Bow—up moment due to R,

M, Bow—up moment due to NV

w Specific weight of water, pcf (Ib/ft®)
R, Added resistance acting on propeller

R, Reynolds number, V,Ab/v
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Rf Resistance acting on hull

R Resistance due to rudder

R Friction resistance

Ry, Resistance due to propeller shaft
Ry, Residuary resistance

Ry, Total resistance of model

Ry Total resistance of ship
Ry Viscous resistance

Ry, Wave—making resistance
Su Wetted area of model

S Wetted area of ship
S, Wetted area of planing boat involve spray plane
t/c Thickness to chord length ratio

T Thrust of propeller

v Components of velocity
174 Horizontal velocity of planing surface, m/s
Vi Mean velocity over bottom of planing surface

V.C.G Distance of center of gravity above keel line
Vs Ship speed

w Weight, generally, kg

WL Waterline

Greek
T Trim angle of planing area, (°)

: LU’ Lk’e?l + L(’hhm
A Mean wetted length—beam ratio, b‘ = T
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AN

< > o

Mean wetted length—beam ratio based on area
below undisturbed water surface

Angle of deadrise of planing surface

Increasing rate of beam to length ratio by spray
Inclination of thrust line relative to keel, deg
Roll angle, ()

Pitch angle, (° )

Yaw angle, (* )

Angle of attack on a control surface

Mass density of water = w/g

Displacement Volume, m®
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Fig. 3.18 Bottom of the hull without air injection
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Fig. 3.19 Bottom of the hull with air injection
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Principal dimension
220 m
0.50 m
abt. 35 knot

Items
Breadth
Draft
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Fig. 4.5 Composition of data acquisition system

Table 4.1 Measuring equipment of at-sea model test

No Equipments Names of equipments Function
ey Notebook AeHE
LA A7 E
(2) DC signal Amplifier ZE 35l A
7be Az WE
SE7ANN 52
N5 E HFET}
(©) DAQ Card )
A4 ¥ 5 Y==
A7 = FA
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ROom, Table 4201 AP FHAH FoALE sttt Fig. 4.6= 3
Faze Aed 2YAFY FavE(EHP)Z o], Table 433 Fig. 4.7
48 A BN Po) AHgE = A9 gF Aol
Table 4.2 Principal particulars of ship and model
Item Ship Model
Scale 1/7.4375
Lbp(m) 5.950 0.8000
Lwl(m) 5.929 0.7972
B(m) 2.650 0.3563
d (m) 0.838 0.1126
S (m?) 16.404 0.2965
Vv (m) 5.671 0.0138
25\\\\l\\\\l\\\\l\\\\l\\\\l\\\\\\\\\\\\\\\\\\\\
| ———— Resistance Dyn.(C.W.C) .
| —@—— Load cell (casel) 1
20 || —@—— Load cell (casell) ]
m i
2 il
o 4
I i
1N
6 8 10

Ship speed (knot)

Fig. 46 Comparison of resistance result
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Table 4.3

Calibration result of load cell (50N)

Underwater
Name ) Mode| name JHTM-50
Tension meter
Indicator HBM DK38S6 Serial No. 001
Temp. | 23T Humidity 60% Load direction Tension
Client - Rated capacity 50N
Average Standard Deviation )
Load Measuring result
(mV/V) (mV/V) (mV/V)

Load(N)| Load |Unload |Load|Unload Load | Unload |Full Scale|0.52140 | mV/V
0 0.00000| 0.00006| 0.00000 0.00000| -0.00006 N.L 0.05 % F.S
10 0.10447| 0.10458| 0.10428 0.00019 0.00030 H 0.06 % F.S
20 0.20874| 0.20889| 0.20856 0.00018| 0.00033 R 0.03 % F.S
30 0.31310| 0.31341 0.31284 0.00026| 0.00057 C - % F.S

Initial
40 0.41734| 0.41750| 0.41712 0.00022| 0.00038 ~ -0.18325| mV/V
| nput
50 0.52140 - 0.52140 = = ) 357 Q
Resistance
Output
. 357 Q
Resistance
L Insulation
Zero stability +0.10 % of F.S at 72hrs . 20 KMQ
Resistance
N.L: Non-linearity, H: Hysteresis,
Remark . Inspector Approval
R: Repeatability
Connector | Input + = Red Output + = Green
P @ P © Test Input voltage: 10V DC
color code| Input = = Yellow®© Output — = Black@
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(Model arrangement)

Fig. 4.9 General arrangement of at-sea model test
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Table 5.1 Principal particulars of ship and model

Non-step hull | Single-Step hull | Twin-step hull
Items

Ship | Model | Ship Model | Ship Model

Lbp (m) | 7250 | 1.000 | 7.250 | 1.000 | 7.250 | 1.000
Lwl (m) | 6202 | 0855 | 6346 | 0875 | 6334 | 0.874

B (m) 2600 | 0359 | 2600 | 0359 | 2.600 | 0.359
d (m) 0401 | 00553 | 0442 | 0.0610 | 0430 | 0.0593
S (m% | 1197 | 0228 | 1214 | 0231 | 11.90 | 0226
v (m®) 175 | 00046 | 175 | 0.0046 | 1.75 | 0.0046

LCB(%Lwl) 62.19 58.13 59.04

LCF(%Lwl) 60.78 59.82 59.37

oA AEgsgA 2= A(load cell)
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Table 5.3 Principal particulars of ship and model

Stern planing body (w/0) Stern planing body (w/ )

Items
Ship Model Ship Model
Loa (m) 8.820 1.000 8.820 1.000
Lwl (m) 6.885 0.781 6.885 0.781
B (m) 3.260 0.370 3.260 0.370
D (m) 1.100 0.124 1.100 0.124
d(m) 0.529 0.060 0.534 0.0605
S (m?) 16.570 0.213 16.70 0.2147
vV (m’) 2.7925 0.00407 2.7925 0.00407
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Table 5.5 Principal particulars of ship and model

Air injection hull (w/0) | Air injection hull (w/ )
Items
Ship Model Ship Model
Lbp (m) 9.630 1.200 9.630 1.200
Lwl (m) 8.921 o W 8.921 1.112
B (m) 2.200 0.274 2.200 0.274
Bwl (m) 2115 0.264 2.115 0.264
d(m) 0.500 0.0623 0.500 0.0623
S (m? 20.024 0.3109 19.610 0.3045
vV (m’) 4.39 0.00849 4.38 0.00848
A (ton) 4.495 0.0087 4.492 0.0087
LCB(%aft) 3.6508 (59.2%) 3.677 (59.3%)
LCEF(%aft) 4.0193 (55.1%) 4.098 (54.7%)
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