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SUMMARY

A series of high speed model hulls of round bilge shape designed for
operation in the Froude number range, Fy = 0.3 - 1.2 has been tested at NPL.
This monogréeph presents data which can ge used at the early design stages of
marine vessels such as heavily loaded work boats, fast patrol craft and small
naval ships.

Resistence and propulsion data are presented in a simple form enabling
predictions to be made of the calm water speed and power requirements for a

given design and a worked example is appended. Stability underway, manoeuvring
and seakeeping cheracteristics are discussed in the light of model test results

obtained from a representative selection of designs based on the series.

i INTRODUCTION

Resistznce data for high speed round bilge forms obtained at NPL were
originally presented in 1969 [1] . The purpose at the time was to add to
the Timited information that was then available for this type of vessel.
The response Trom industry was large and further work was put in hand to
extend the work and to vary some of the hull parameters in order to examine
the effect of resistance in calm water. In addition propulsion,
manoeuvring énd sezkeeping cata have besen obtained &nd this monograph presents

all of the information collected from the series of models tested.

Other relevant calm water resistance data include a small model series
reported by hordstrom [2] , data based on a collection of random round bilge
designs [3] and the American series 64 [4] which is exclusively concerned
with slender hull forms. None of the foregoing comprehensively cover the
range into which round bilge designs can fall and the original NPL data [1]
attempted to do this. There stil] existed a gap, however, between these
and series 64, and the NPL series as now presented includes data obtzined
from three additional models of length to beam ratio 7.5 which approzch the
lowest L/p retio (B8.45) covered by series 64.

Fast dicplacement type vessels fall into two categories, the
relatively slow round bilge sectioned type and the faster planing craft.
Underway, both experience 1ift due to the action of dynamic forces. In the
former this i: slight and the forces are only fully exploited by planing craft
whose underwater sections are characteristically flat. Fully developed
planing demands speed in excess of Fy = 1.1, whereas the very large number of

vessels designed within the speed range Fy = 0.4 - 1.1 do not plane and
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ideally have rounded underwater sections, It is this type of hull that is
covered by the NPL series,.

The data presented enable the resistance of any proposed design to be
calculated through diagrams of residuary resistance derived from the model
experiment results. In optimising a given form within the limitations of
its dimensions the effect on resistance of changing the position of the
longitudinal centre of buoyancy is shown, and refinements such as the
addition of transom wedges and spray rails are examined. Propulsjon and
ship-model correlation data are also included, and although limited in
quantity do enable the required power for a specified ship speed to be
assessed with some confidence. Data relating to the manoeuvring qualities

of such craft are provided and also information concerning their motions
in irregular head seas of coastal water type.

2. THE MODEL SERIES

The models that comprise the series are derivatives of a parent form
typical of the round bilge hull which is characterised by straight entrance

waterlines, rounded afterbody sections and straight buttock lines terminating

sharply at a transom. The longitudinal centre of buoyancy, LCB of the hull

was chosen to be in the afterbody, since from resistance considerations, this

was known to be advantageous.

The parent model was numbered 100A. Its principal dimensicns are

given in Table 1, offsets in Tables 2 and 3 and body sections and endings

are shown in Figs 1A, B and C. Models deriving from the parent cover length-
beam ratios, L/g of 3.33 - 7.5 and length displacement ratio, (:) 4.47 - 8.3.

(:) values are equivalent to displacement-length ratios of 50, 80, 100, 150,
200,-250 and 320 and these simpler numbers were used as prefixes when

identifying each model. Beginning with the parent (L/g = 6.25), three wider

models of the same displacement were derived at L/g = 5.41 (model 1008),
4.54 (model 100C) and 3.33 (model 100D) and also a fourth, narrower model at
L/g = 7.5 (model 100Z). Hence five models of constant displacement but
varying beam were created. To maintain constant displacement the draught

of each new model was changed in proportion to its change in beam. These
five models were then used to vary (:) , the draught of each model in turn
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being increased or decreased to derive a further model. Thus, for example,
from the parent model, models 50A ( (@ = 8.3), 80A ( (M) =7.1) and 150A

( ® = 5.76) were created, each of constant L/g. Altogether 21 models were
derived from the parent.

The geometric variations introduced concern beam and draught only.
Thus each model retains constant coefficients of fineness and LCB. Model
particulars are listed in Table 4 and the range of L/g and B/; represented
pictorially in Fig 2. The wetted area of each model hull at rest can be
read from Fig 3.

The hull offsels of a given design cair be derived from Tables 2 and
3 following the procedure outlined in Appendix 1.

Arising from the results obtained from these models came the desire
to investigate the eifect of altering the position of the LCB. Ten additionz]l
models were produced each stemming from a selected model from the series.
The principal dimensions were unchanged and by "swinging" the area curve
concerned & new LCB position was produced. For example, model 80Z was taken
and its LCB changed 1o 2% L aft amidships from 6.4% L aft and the new model
was designected number 80Z (1). Particulars of the additional ten models are
given in Teble 5.

3. MODEL CONSTRUCTION

A1l models were made of wood or polyurathane with a painted surface,
and had a constant waterline length of 2.54 m. Ffor the purposes of the
resistance experiments they were finished as bare hulls without keels or
any kind of appendage. To stimulate turbulent flow over the surface of the
model, studs 3 mm in diameter were fitted near the bow profile. They pro-
jected 2.5 mm and were spaced 25 mm apart.

4. ARRANGEMENT OF THE MODEL EXPERIMENTS
4.1 Resistance experiments in calm water

Each model was ballasted to its required displacement and set to a



level trim at rest.

The models were tested in No 3 Tank, Ship Division and towed in
calm water over a speed range Fy = 0.3 - 1.19. For some of the heavily
loaded models, speeds above FN = 1.0 were thought to be unrealistic and
in these cases the top speed tested was somewhat lower.

During each experiment, model speed, resistance and running

attitude were measured and photographs were taken some of which are re-
produced in Figs 4 and 5,

4.2 Loll experiments

At the highér speeds tested in the resistance experiments, some

models experienced transverse instability which developed into a loll
angle which increased with speed.

7o investigate the phenomenon, selected models were further tested

using & flexible towing rod designed to reduce as far as possible any

restraint in the loll tendency. Also, by re-arranging the position of
the ballast weights inside the model, a range of model transverse GM

was examined. The results of this work are described in [5]

4.3 Propulsion experiments

The propulsion data included in this monograph have been collected
from experiments conducted on specific ship designs which were based on
the model series and whose leading particulars thus fall within the range
of parameters covered by the series. These individual designs were
propelled by twin propellers. Shafting arrangements differed, shaft
slopes ranging from 5 - 12} degrees. Also some were fitted with A
bracket supports, others having I or P bracket arrargements.

The range of speed and displacement investigated depended on each
design, but in general, Fy = 0.3 - 1.05 and (:) 5.0 - 7.0 have been
covered. Model thrust and torque were measured on conventional mechanical
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dynamometers and propeller revolutions by an electric tachometer.
4.4 Manoeuvring experiments

~ These were conducted on one model only (model 100B). The model
was propelled by twin propellers and rudders, details of the latter
being given in Fig 48. The model was remotely controlled from the
shore by radio Tink. ‘A speed range of FN 0.2- 0.5
was covered at the design displacement; higher speeds were not possible
due to limitations in the control system. The model's response to the
rudder during the various manceuvres conducted was charted by a cemera

mounted overhead.
4.5 Seazleeping experiments

As in the propulsion experiments, seakeeping data have been
collected from specific twin screw ship designs that were based on the
series. In all cases irreqular head sees &s defined by Darbyshire [§ ]
for coastal waters were reproduced in the towing tenk. Their energy

spectra are given by Darbyshire as follows:-

Weve energy density, S(f) = 1.489 (h_.)2 y exp - yszvfo)z
3

0.085{y(T-fo)+P.042}

where h  is significant wave height = (y3/2 w3/2) x 0.023 m
3

y 1s fetch parameter = x3+3y2+65x

x3+12x24260x+80

where x is fetch in nautical miles

=

is wind speed in knots

f is wave frequency in Hz

fo = 1 Hz (1/fD is modal period)
1.55y3K2

L
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For the purposes of the experiments x was taken as 100 nautical
miles and W varied from 7 - 25 knots through the familiar Beaufort wind
scale. Full scale values for h} equivalent to those present during the

experiments are tabulated in Table 6 together with the maximum wave heights

to be expected for a given sample of 500 waves.

Models spanning C) = 5.76 - 7.1 were tested and a speed range
FN = 0.4 - 1.2 has been covered. The radius of gyration in pitch was
selected as 0.25 L for all models.

During each experiment, model speed and propeller revolutions were
measured together with pitch and heave motions and the vertical

acceleration at two points on the hull, one forward and one aft.

5. PRESENTATION AND DISCUSSION OF RESULTS
5.1  RESISTANCE EXPERIMENTS
5.7.1 Resistance experiment data

At each speed tested the frictional resistance, RF o¥f each model
has been calculated following th- 1957 ITTC skin friction formulation.
The wetted surface of the hull at rest was used in the calculation. The
residuary resistance, RR was thus obtaingd by subtracting RF from the
total mcasured resistance and curves of R/a against (:) and FV have
been drawn for each L/g group of models (Figs 6-10). Total resistance
coefficient, CT is plotted against FN in Figs 11 - 15 for LWL = 30.5 m.
The measurements of the running attitude of each model have been con-
verted to running trim angle, 1 and the rise or fall of the nodel at its
LCG. Figs 16 - 25 present these data in terms of (:Dand FV'

These data can be used in estimating the effective power require-
ments of a given design and Appendix 2 outlines the procedure with a
worked example.

If the displacement of the shfp when built exceeds the design

figure then the ship resistance will be greater than that anticipated

L.
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at the decign stage. Models B80A, 100A and 150A were each tested over a
range of draught and the effect on resistance of a change of displacement
from the designed figure can be seen. These results are given in Figs

26 - 31 in the form of total resistance coefficient, CT for LWL = 30.5 m
against Fp within the range 60 - 240%a. CT is seen to vary linearly
with %a.

5.1.2 Effect of hull roughness on resistance

Ideally the hull of a new ship will have a perfectly smooth finish
but this is rarely achieved and roughness will exist, its degree being a
matter of individual judgement. GCF = 0.0002 is generally accepted as

an average increment to Ce. Fig 32 shows that the effect of increasing

roughness on the effective power, F’£ for a given design. This can clearly

be significant and GCF = 0.0004 produces a 10% increase in PE at FN = 1.0
and hulls operating in trcopical waters where rapid marine growth will
increase roughness should be carefully considered when estimating PE'

5.1.3 Use of spray rails

A <pray rail if fitted on each sice of the forebody above the DWL
will restrict the growth of the thin "bow wave", or sheet of water that
develops with speed and allows the hull, particularly if it is a full
form, to run more cleanly. The rails deflect the sheet of water and
also change the running trim of the craft slightly and there is some

evidence that in doing this the resistance is reduced in certain cases.

The size and positioning of the rail is not critical and it need
only extend over half the Tength of the craft. Its underside should
be fitted parallel to the water surface at rest. Fig 33 shows typical
arrangements, and photographs reproduced in Fig 34 show how effective

such rails can be.
5.1.4 Influence of the transom wedge

The resistance of a high speed craft is importantly linked with

its running trim and the transom wedge is a simple device that can be
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fitted and which, if properly selected, will reduce both running trim and
resistance.

Three models, 100A, 150C and 250D were taken and fitted with wedges
0.015 L long which extended ovef the whole width of the transom. The
models were tested at their designed displacement over a range of speed.
Figs 35 - 37 show the results obtained which can be summarised as follows:-

(i) Running trim, 1, reduces with increase of wedge angle. This
can be taken too far (see Fig 36 where negative t occurs with
a 15° wedge fitted). Although hull resistance continues to
- be reduced at Tow 1 it would be unacceptable to operate a
ship at high speed in this attitude to the sea.

(i1) Optimum values of resistance occur when t = 1 - 1.5 degrees,

and although 1 varies with speed there is every indication
that a specific design speed should be associated with 1
between 1 and 13 degrees. Thus, from Fig 35, model 250D
would operate best at Fv = 2.0 with a 10° wedge fitted, but
for the same FV a 5° wedge is superior to a 10° wedge 1in

]

model 100A (Fig 37).

(111) Wedges appear to operate most successfully in terms of
reducing hull resistance in the region of the main resistance

hump (FN = 0.5) and the reductions become greater as QD
decreases. Wedges offer no advantages at Fv <1.2 .

5.1.5 Transverse instability underway

The resistance data presented were all obtained in the absence of

any transverse instability in the models. When 1011 occurred this was

eliminated by lowering weights inside the model thereby stiffening it due
to the increased transverse GM. The results of the 1011 experiments,

carried out separately, are summarised in Fig 38 and further details can
be found in [5] .
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5.1.6 Position of LCB

The variation in LC3 tested in the ten additional models selected
ranged from 2 - 5.2% L att amidships. The ten models stemmed from models
807, 150B, 150C, 200B and 200C and thus ccvered a (:) range of 5.23 - 7.1.
The results of the tesis indicate:-

(a) There is no acdvantage in selecting a position for the LCB

which is furtier forward then that adopted in the series, ie
6.4% L aft amidships. Figs 39 - 42 show percentage increases
in R/a over tgs rarge of LCB position tested and in only one
instance (st {Mj = 7.1) does the resistance reduce for an
alternative LCE posit:on and ithis recuction is very small and
occurs at low values of Fv'

The opvimuni pesition of the LCB is thus about 6% L aft of
amidships &n¢ in most cases tested an increase in resistance
can be expected for LCB positions further forward of about
4% L aft of zmidships.

(b)  The infliuence of (:) i¢ most noticeable at higher FV velues

where percentzge increzses in resistance are less for Jower

(:) values.

(c) The wetted surfeces of the hulls did not change significantly
as the LCB veried.

(d) As was to be expected the running trim of the ten models
tested differed from that of the series models from which

they were derived, but changes were never more than about
i degree.

5.2  PROPULSION EXPERIMENTS

5.2.1 Propulsion date

The models tested did not have identical stern arrangements and it is

thus not surprising to see the large scetier in t , nmy and mp asshown in
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Fics 44 and 45. Values of the wake fraction, Ny are fairly constant at

about zero, and this is to be expected for clear sterns having reasonably

straight buttock flow beneath them.

Propulsive elements interact in a comp]i&ated way and it is clear
that for any design, propeller-hull clearance, slope of shafting and the
relative pesition of rudder and propeller will influence performance. It
is thus extremely difficult to suggest accurate values of t STH and R
for a particular design without recourse to specific model experiments.
The values given in Figs 44 and 45 have been meaned and the curves drawn

should be regrrded as average values which can be applied to round-bilge
craft.

Some models were fitted with transom wedges and an attempt has
been made to show their influence but there is insufficient informztion
available for positive conclusions to be drawn.

5.2.2 Ship-rodel correlation Tactors

Current values of the propulsion prediction factor, (1+,) and
propeller revolutions factor, k, are given in Figs 46 and 47. These
have been determined from separate ship-model correlation studies
carried out at NPL for round bilge craft. The values have been obtained
from measured-mile trials conducted at sea on completed vessels having
reasonably smooth hulls and corresponding model experiments the analyses
of which included zero roughness allowances. (1l+x) and k2 will be the

subject of continual review as further data become available.

5.3  MANOEUVRING EXPERIMENTS

Round bilge hulls fitted with a skeg, twin propellers and rudders
should not present major manoeuvring problems except perhaps at very low
ship speeds. Close attention should be paid to rudder design however
and relatively small rudders can be used since when fitted they are in
close proximity to flat hull sections which effectively increase the
aspect ratio of the rudder. The ratio produced is approximately double
the geometric aspect ratio. Rudder area can be significant and a total
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area ratio should be near to 1/30. Details of the rudders fitted in
the manoeuvring experiments, which are regarded as ideal for designs
based on the series, are given in Fig 48. '

The results from the manbeuvring experiments have been obtained
from model 100B only and are given in Figs 49 -55. Undoubtedly
differences would have been detected had other models from the series
been tested, but the most important characteristics, that of no
instability at low rudder angles (Figs 49 and 53) is thought to be
reproducible throughout the series.

5.4 SEAKEEPING EXPERIMENTS

The results obtained have been analysed to provide significant
values of motion and vertical acceleration. The data are not very
extensive being obteined from five models lying within the range L/B =
4.54 - 6.25 and (M) = 5.76 - 7.1, and there is no apparent trend with
either L/B or (E) . The results shown in Figs 56 and 57 therefore contain
meaned values of pitch, heave and acceleration. They are plotted against
h%/R, h% be...2 the significant wave height of the particular Darbyshire
sea state selected in the experiments.

The results reveal the following:-
1
:i) Pitch and neave reduce with ship speed for a given h?/B
(Fig 56).

(ii1) Vertical acceleration increases with ship speed for a given
1
"3/g  (Fig 57).

(ii1) Deck wetness observed during the experiments increased with
1
speed for a given h?/B. It {s difficult to suggest a
limiting condition for safe operation, but each of the models
tested appeared capable of FN = 1.0 within the range of
hl
3/B tested.
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6. FURTHER WORK

CB has been kept constant at 0.397 throughout the series and in
certain designs it may be difficult to hold this value. Further tests on
models having CB'up to say 0.55 will provide useful information on the

effect of greater fullness on calm water resistance. Alternatively, CB
could be varied.

Further propulsion experiments are needed in which the nature and
disposition of various stern arrangements can be systematically varied.
The effect on propulsion efficiency of changes in the inclination of
propeller shafts (and hence 1ine of thrust) could usefully be studied.

Information on the performance of the round bilge hull in waves is
extremely limited. To date designs are best assessed individually from
model tests conducted in irregular waves. The data obtained can be used
statistically and a spectral analysis will yield motion response operators
which up to FN = 0.4 can be applied linearly to provide motion data at
higher sea states. However at FN > 0.4 the fast hull no longer contours
each wave it meets but jumps from wave crest to wave crest ignoring the
smaller waves present in the irregular system. The model running at high
speed therefore does not react to all of the waves it meets and it would
be incorrect to apply the results linearly to higher sea states.

Similarly
theoretical approaches which are in current use (such as the Frank close-

fit program) are invalid at FN >0.4 .

There is thus ample scope for both theoretical and model studies to
improve existing knowledge of the performance of high speed craft in waves.
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8. NOMENCLATURE

UNITS
A Wetted surface of hull at rest m2
B Breadth or beam of hull on DWL m
C Mean chord length of rudder m
CB Block coefficient )
CP Prismatic coefficient g coetficients of fineness
CM Max section area coefficient )
CF Specific fictional resistance coefficient
CT Total recistance coefficient
DWL  Designed waterline m
FN Froude number FN = 0.1643 V/¢[ . V. in knots
Linm
Fo Volumeiric Froude number Fg = 0.165 V/b/i\ V ir knots
17‘171’(N0te: Fg = v M x Fy =] K ) ° & in tonnes
22 .25 7
f% Significant acceleration g
GM Transverse metacentric height m
h% Significant wave heiaht m
L Length m
LOA  Length overall m
LW, Length on DUWL m

LCB  Longitudinal centre of buoyancy
LCG  Longitudinal centre of gravity
M Froude length constant M = 1.0083 L/A % Linm

5 in tonnes

5

OPC  Overall propulsion coefficient

P Propulsive factor P = ny X ng

PE Effective power kW

PS Shaft power kW

R Resistance, generally

Ry Reynolds numher Ry = VL/, V in m/sec

L inm

- VL/1.1883 x 10 ~© for salt water
at 150 C
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Frictional resistance Newton
Residuary resistance Newton
Total resistance of bare hull Newton

Residuary resistance displacement ratio”

Froude wetted surface constant

Draught at DWL (to lowest part of bare hull) m

Thrust deduction

Speed length ratio V/J[ = 6.086 FN *k v jn knots
Linm

Taylor wake fraction - rut{~5féax

Displacement mass tonnes

Displacement mass of model kg

Displacement volume m3

1025.9 kg/m3 4
1.0259 tonnes/m3 at 150C
Kinematic viscosity of salt water

v = 1.18831 x 10°° mé/sec at 150¢
Running trim angle deg

Mass density of salt water o

6

Hull efficiency

Propeller open water efficiency

Relative rotative efficiency

Significant pitch amplitude deg

Significant heave amplitude m

*Residuary resistance has been expressed in terms of force per

unit mass of displacement. This quantity which strictly has the

dimensions of an acceleration has been plotted in Figs 6-10 and

35-37 as a number indicating the resistance force in kilonewtons

per tonne of craft mass.

**V//E

is conveniently expressed in knot and feet units. If these

are preferred then V/v/L = 3.36 Fy-
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10.  APPENDICES
APPENDIX 1
Determination of dimensions for a proposed design

Suppose a 38 m ship displacing 190 tonnes is to be designed for 30
knots ie :

LOA = 38m
LWL = 35 m say
DWL = 35m
= 190 tonnes (in salt water at ISOC)
= 30 knots (alternatively 30 x 0.5148 m/sec) ~ 53
then, 9 A/ = 190/1.0259 = 185.37 m°
- 1
Fy 0.165 v/, /¢ e (M)
= 0.765 x 30 = 2.064
(190)1/¢
1/
() = 1.0083 1/, 5 . (2)
= 1.0083x35 _ 4, -
(190)1/
3

Hull resistance will reduce with beam and if we assume that a DWL beam

of 6 m is the Towest practical figure that can be accepted, then
S . ™ e ) 2 H

v 185.37

o
(o8]
Lo
~J
"
]

and T = 2.223 m

LBT 35x6xT
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Summarising, the »-i:cipal dimensions of the design become:

LWL = 35 m S
= 6~
= 2.273 m B

| & = 190 tonmes

CB = 0.397 &

LCB = 4% aft amidships

® - 6. R

Fo = 2084 (for V = 30 knots) - .27 /y.2¢<)

The hell offcost can be a2y iwnd from those of “he parent hell of the
serjes given in Table 2. Thz <Fin dimeszi = zve first reduced to corres-

pond to those of the pi-c-t mzdal Thycoo

(pare~t model = B \
L (perent ) 2 m o (L/’(J)
L (snip ussign) = 3°5m —— >
Scale = 2.5ﬁ/35 ]/]307795 L
-z i 28 7N < £
Fupn T /c;/,_ LT \ <4 /
The reduced ship d.icn-ions Lelime:
L = 2.%4m
- ag i 5 - - =
B = /135 7795 C.a256 m
= ces/ = 167 —_— T T .
T = 2.{_LJ/-]3'7795 = O.l 13 m = ~ /// >

s ~ - oy
by Lol )y T 1Y

The offsets and waterline heights can noW be calculated from those of
the parent model given in Table Z using & ratio determined by the relative

‘sizes of the parent and t1e reduced ship dimsnsions. Thus,

0.1613
Weterlinz ratio = , where 0.74 m is the draught
0.14 of the parent model
= 1.1523
0.4354
Offset ratio = , where 0.2064 m is the beam
0.4064 on DWL of the parent model
= 1.0714
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Using these ratios we arrive at

L = 2.54m L = 35m
- WATERLINE OFFSET AT STN 2 SHIP DIMENSIONS AT STN 2
o SHIP SHIP
PARENT ! e PARENT oRe 1o WATERLINE OFFSET
50 mm g 57.62 mm 22 .4 mm 24 mm 793.97 mm 330.7 mm
60 mm ' 69.14 mm | 62.9 mm | 67.4m | 952.71 m 928.7 mm
= =7 N _/ = i
R Sy N o
and so on o T~ T
L <

The height of the underside of hull at the centreline above the base
for each station can be calculated from those of the parent model civen in
Table 3.

The designer 15 free to add any reascnable deck line and freebsard

above the DWL to the underwater hull dimensions obtained.

Sufficient information is now available for the preparation of a lines
plan. 1If problems exist such as finding sufficient space for the accommoda-
tion of engines, etc some hull sections will have to be modified leading to
a different LCB position. This is best done using conventional area curves
and the final LCB position noted.

APPENDIX 2
Estimation of effective power for a given design

Effective power, PE at a speed V 1is given by:

PE - RTV

and RT = RF + RR
The residuary resistance, RR for the example considered in Appendix 1
is obtained by interpolation of Figs 8 and 9 for the design values of
L/g = 5.83, F, = 2.064 and () = 6.14.

o
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ie for L/B = 5.41 (Fig 8), R R/ 0.664 at FV = 2.064 and

a M =6.14
and for L/g = 6.25 (Fig 9), R‘R/A = 0.627
from which at L/B = 5,83, RR/A = 0.644
Therefore RR = 190 x 0.644 = 122.4 kN S0

The frictional resistance, RF is dependent on the skin friction correlation
adopted. The 1957 ITTC formulation was used in analysing experiment data
from the model series ard celculations of RF must therefore be based on the
same formulation in which e cpecific fricticne® resistence coefficient is

defined as:

0.075

(Tog,q Ry = 2)2

To calcuiate RF we proceed es follows:

For F, = 2.064, () = 6.14 and L/, = 5.83

wetted surface of ship's hull at rest, from Fig 3 is:
51 % e - 0ma? . o
2.54 ' ! —

In equation (3), RN is given by VL/v

_ (30x0.5148) x 35
N 1.1883]

6

10°  for salt water zt 15°C

ie R

4.542 x 108
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from which, following equation (3)

0.075 0.075
CF = = —— = 0.00169
[log,, (4.542x108)-2)2 (6.6572)2
and C. = R /3pAV2
F F
where p s mass density of salt water
at 15°C (1025.9 kg/m’)
is wetted area of hull at. rest (m2)
is ship speed (m/sec)
and RF will be in Pgm/SECZ' or Newtcns
Therefore R. = C x 3oAV2

= 0.00169 x 3 x 1025.9 &E—l X_?ZU.BZ rnz X (3Ox0.5]48—m—)2
= 45658 kgm/secz -

= 45658 N = 45,658 kN -~ .~
The total ship resistance at 30 knots is thus

R+ Ry = 45.658 +122.4 = 168.058 kN ~ T
o . i . 259548 KW
and P = 168.058 x (30x0.5148) kNm/ = 2595.48 kNm/ = 222298 K
R S T o

7

The running trim of the ship underway can be estimated from Figs 11-15.
In our example, (W) = 6.14, L/p = 5.83 and F =2.064, 'the running trim
at 30 knots will be approximately 2.6 degrees (Figs 18 and 19) and the hull
0.05 7
100

will rise by about 35 x m = 0.0175 m at its LCG (Figs 23 and 24).

The above calculations, repeated at different speeds, will give curves
of PE » 1 and rise over a chosen range of ship speed.
Notes
1. The CF value of 0.00169 obtained will be related to a perfectly
smooth hull surface. If the hull is expected to be abnormally rough then
6CF of say 0.0005 should be included in the -CF value to bring it to

0.00219.
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2. 1f when arriving 2t the final hull zhape the position of the LCB is
different to that of <l n:Cel seijes, ther vse of Figs 39-42 will allow a

correction to RR/ to 5c msde. A small change in LCB will not affect the
b

wetted surface, but if the LCB change is large then an independent calculation
of the hull wetted surfsce should be made and included in the calculation
of R_-. '

F
3. The estimate of P[ mede in this Appendix will apply to the bare hull
only. The underwater fitiings that will be fitted will increase PE and
the effect of individuel *tems such as shafts and brackets should be
assessed separately fel - -2 Appendix 3 and 27ded to the value of PE

obtained above to give tre etiectsve power of hull and appendages at the
speed considered.

4, Values of p and v over a range of temperature for both fresh and
salt water are given in Tables 7 and 8.

APFPERDIX 3
Estimation of the resistance of hull appencages '

In model experiments the resistance of hull appendages such as
propeller shafting and bratkets can be measured and expressed as a percentage
of the bare hull resistance. HKowever, these percentages cannot be success-
fully epplied tc any detigyn and if model data are not available then the ‘
resistance of the indivicuai appendages for a specific ship design are best :

calculated following the formulae given below:

(a) Centreline keels and skegs

Resistance, R = 3¢ AV C, . (4)

where A is wetted area of both sides of keel
V is ship speed
is obtained through equation (3), L in RN
‘being taken as the length of the keel in l
the direction of the flow.
¢ is the mass dersity of water

|
(b) Rudders and struts !
|

LENZ



- 22 -

Hoerner [7] gives a formula for aerofoil sections which is in good

agreement with measured resistances obtained for rudders and struts of NACA

section. Hence:

2 ' 4
R = 355V [% Ce (428 460(t, )" ]

(5)

where SR is profile area of rudder or strut as seen from one side

t/c is section thickness-chord ratio and other symbols as for

equation (4)

S e
(c) Propeller shafting and strut bossings

These appendages are subject to cross flow conditions and again

Hoerner [7] gives:
Ro= 3p1dV2 (L1sinde+ncCy)

where 1 1is the length of shaft or bossing
d is diameter of shaft or bossing
e 1is angle of flow striking the appendage (the flow is
assumed parallel to the underside of hull)
and other symbols as for equation (4)

(d) Bilge keels

é)v“’t”f FUim 0 L

_ 2
R= 1.67 (3 p S5 V" Cp)
where SB is total wetted surface of bilge keels less area
of ship's hull masked by the keels
and other symbols as for equation (4)

The resistance of all the hull appendages will be the sum of the
individual items, from which the effective power due to them can be
calculated.

;

| S—



- 23 -

APPENDIX 4
Estimation of power required at ship's propeller

This will involve a propeller design and in estimating the power
absorbed at the ship's propellers from model experiment data, the total
shaft power for a given ship speed is given by:

Pe

Shaft power, PS = — ... (8)
OPC

where PE is effective power of hull and appendages

OPC is the overall propulsive coefficient

For a ship driven by marine propellers the OPC is made up as follows:

n xP
oPC = - oo (9)
(1+x)

where n_ 1s the open water propeller efficiency

P is the product of hull and relative rotative
efficiencies (see Fig 45). In Fig 45,
Foo= 0.1683 Vpyp = 210030 g g,
Y35

for example given in Appendix 1.
(14x) is a propulsion prediction factor

It is necessary to introduce (1+x) into the calculation to take account of
differences that exist between actual ship power and that predicted from a

corresponding model test.

An assumed velue for PS is teken initially, obtained through equation
(8) tsking OPC = 0.5. From PS a ship's engine can be selected and the
propeller torque to be absorbed at the particular ship speed calculated. The

blade zrea of the propeller is selected using a safe blade loading of, for
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example 0,7 kgf/cmz, and conventional propeller design charts used to
determine the best combination of propeller diameter and pitch which will
match the characteristics of the engine. The process is iterative over a
range of propeller diameter and an optimum n, is ultimately determined.
OPC is then calculated trkrough equation (9) where values of P and (14x)
are obtained from Figs 45 and 46. If OPC differs significantly from 0.5,
the value taken initially, then the whole calculation is repeated beginning
with the new OPC until ecuality is achieved, and an accurate value for PS

obtained.
Notes
i, The Gawn propeller data [8] ere preferred in the case of high speed

craft which do not demand extreme lcading or rotational speeds. Gawn used
relatively large propeller models which help to reduce scale effect and his
data cover blade area ratios up to 1.1, these higher values being

inevitably required to minimise propeller cavitation.

2. Once a propeller has been selected a cavitation check should be made
using the Gawn and Burrill data [9] and if the indicated degree of cavitation
is severe an increase in propeller blade area will help but the calculation

process has to be repeated to provide a final n,

3. For the same reasons that (1+x) 1is required in equation (9), a
propeller revolutions prediction factor, k2 , 15 needed in delermining
ship propeller rotation, NS , where

NS = Nm X kz

Nm being ship propeller rotation equivalent to mocel rate
of rotation
Values for k2 are given in Fig 47.
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TABLE 1 PRINCIPAL PARTICULARS OF PARENT MODEL

Designation 100 A

Length on designed waterline (LWL) : 2.54 m

Beam on designed waterline (B) ' 0.4064 m

Draught of designed waterline (T) 0.140 m

Displacement (&) ' 57.33 kg

Block coefficient (CB) ‘ 0.397

Prismatic coefficient (Cp) 0.693

Max section area coefficient (Cm) 0.573

Maximum section 40% LWL from transom

Longitudinal centre of bunvancy (LCB) 43.6% LWL from transom
(6.4% LWL aft & )

Felf angle of entrance of DWL 11 degrees

Deadrise at transom 12 degrees

Length-beam ratio (L/B) 6.25

Beam-draught ratio (B/T) 2.90

Froude length constant (:) 6.5

Froude wetted surface constant (:) - 7.17

O e v e -

s o ————— ———— - e 8%
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5~aufort
number

(82}

TABLE 6  Full scale wave amplitudes for coastal

waters as defined by Darbyshire

0.55
0.95
1. 52

2.35

Max wave height expected in
a sample of 500 waves

(m)
0.99
1.71
2.74
3.9

wd



TABLE 7 VALUES OF MASS DENSITY, p rOR FRESH AND SALT WATER

AGAINST TEMPERATURE IN DEGREES CELSIUS VALUES ARE IN kg/m3

FRESH WATER

C P C p

0 699.8 16 998.9
1 999.8 17 998.7
2 999.9 18 998.5
3 898.9 19 988.3
4 999.9 20 998.1
5 9399.9 e 997.9
6 998.9 22 997.7
7 299.8 23 997.4
8 999.8 24 937.2
o 999.7 25 996.9
16 999.6 26 996.7
1 999.5 27 9%t .4
12 299.4 28 996.2
13 999.3 29 995.3
14 890, 1 30 995.6
5 993.0

SALT WATER, SALINITY 3.5%

C p C p

0 1028.0 16 1025.7
1 1027.9 17 1025.4
2 1027.8 18 1025.2
3 1027.8 19 1025.0
4 1027.7 20 1024.7
5 1027.6 21 1024.4
€ 1027.4 22 1024.7
7 1027.3 23 1023.8
8 10271 24 1022.5
) 1027.0 25 1023.2
10 1026.9 26 1022.9
11 1026.7 27 1022.6
12 1026.6 28 1022.3
13 1026.3 29 1022.0
14 1026.1 30 1021.7
15 1025.9
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VALUES OF KINEMATIC VISCOSITY FOR FRESH AND SALT WATER

AGRINST TEMPERATURES IN DEC. CELSIUS.
VALUES ARE IN CENTISTOKES
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VALUES OF KINEMATIC VISCOSITY FOR FRESH AND SALY WETER

AGAINST TEMPERATURES IN DEC. CELSIUS.
VALUES ARE IN CENTISTOKES ¢St = 10 oml/s
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