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Notes:
1. The thesis was prepared with a typewriter. The attached pages were
scanned - my apologises for the poor quality.

2. Shortly after graduating | built a stepped hull surfboard. It worked as
intended once planing - it had a very strong resistance to nose-diving-
but a serious problem was the extra drag that the step created while
paddling. This made it too difficult to catch waves.

Michael Paine 21 May 2001.
https://www.vdrsyd.com/mp/index.html
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NOTATION
B....constant in the wave stream function.
Bs:-.beam of planing craft.
C +aalift co-efficient.,
U, +s.8D88d co-elficient.
C,s+s+l0ad co-efficient.
Cyceswave velocity (celerity).
Dis..drag force.
d....water depth below the trough.
F :..Froude numbar,
E....acceleration duve to gravity.
H....wave crest to irough height.
E....cyclic constant in the wave stream function.
Kssowradiuve of gyration,in stability equaticne.
Lass.characteristic length,in Froude number ealoulatisrs,
L.ss.11ft foree,
Ly+«.bouyant 1if¢,
l....watted langth,
M....moment about the centre of gravity.
Ps...location of centre of pressure.
T....location of centre of gravity from transom.
S+ss+:81lde forea.
o,V..horizsontal & wvertical velecities,reapectively.
Yo ...peeling velocity relative to the beach,
Y- ---board velocity relative to the water.
Vot +0FDital velocity of the water.
Y, +--Telative velocity between wave and water,
W....load.
W....water nmasa density.
X,;¥..horizsontal & vertical eco-ordinatas.
ofs « s « IrE@ gsurface angle with horigontal.
Bs++s.Wake angle,in free surface plane.
P yp— . 7,
A«...wavelength,for wave theory.
Acee.wetted length to beam ratic.
P-.. «density,
Yessa8trean function.

Treeotrinm angle.




Intradustion

Although he may not be amre of the fact, there is a simple
bydvodynamic explanation why & 'surfer' is able to make a surfbosrd ride on

&0 US4l WaTE .

The motion of a surfboard upon a wave is an extreme example of boat/
wave interaction and the object of this thesis is to explain, amalyse and
predict relevant phenomena, Practical research into surfboard welocities and
attitudes has been carried cul at some of Austrslia's world renowned surfing
beaches and only slightly more mundane experiments conducted with s model
surfboard in the Hydrodynamics Laboratory of the University.

Pravious Work

It appears that wery few mcientific investigationa hive boen made
into the hydrcdymamics of surfbeards. To date surfboards have been developed
on & trial and error besis. If an exoceptiomally good desisn results, then a
hydrodynamic explanation may be published in a surfing magszine. Msat of these
explanations are gquite naive but the deslgn peouliaritios thev dsacribe avre
often very sound. Surftoards are cecapionally menticned in scientific articles

but no analyeslis has been mada of the motion of & surfboard on a wave.

In Australis no information appears to be aveilabtle on typlezl speeds
of surf'boards, although rumcurs are current of surfers attaching marine
speedoneters to suriboarde, apperently for personal intersst only, There is
however an abundancy of spectaoular photographs showing position and attitude

of the purflboardi.




Chapter 1: Theory

The basig pringciples of surfboarsd riding,

There are many different styles of swrfboard riding but Just one
comzon &im; to ride as close as possibile to the broken wave, without baing
caught in the turbulent foam, T achieve this the surfboard rider must find
& beach where the wevee peel acroes the beach as they break, He may then
ride aoross the face of the wvave, hopefully remaining just ahesd of the plunging
vater. 4 typical beash plan is shown cverleaf and the photograph demonstrates
the surfer's trejectory. The profiles correspond to the stations chawn san the

beach plan. Usually the surfar would be riding & mmbar 3 profile,

4 beslo knovledge of water wave and planning hull theory is needed
for the analysis of surfbeawd motlen. This will be covered in the following

saotions.

=

Figure 1.Flan of a typical surfing beach.




Pigure 2.Profiles of & breaking wave
(The numerals refer to the section lines in fig.1)




Ooman Wave Theory /

Ucean waves are generated by winds in mid-coean, IF the wind
blows consistantly over & section of ooean, waves will form, their height
&nd wave—length being a function of wind speed ard 'fetch' (the length of
the relevant section of ccean). The waves propasate in the direction of the
wind and may approach the cozst, The wave motion changes s the water
becomea shallewer and may be classified as deep water or shallow water wave
motion. Of course, shallow water waves are the main concern of this thesis,

however, it 1= considered bemsficial %o giudy deep water waves mlso.

Deep Water Waves

If the depth of water iz greater than the wave-length of the wave
train then deep water wave motion occurs. This is charscterised by

1) The water particles perform approximately eireular
orbits as the wave pagses. The profile is trochoidal,

the create are sharper than the troughs,

2) Celerity (wave velocity) is a function of the wave-

l-mhq

C=vza/2mw

Fropagation of a deer water wave is shown.

Figure 3.Fropagatiom of trocheidal waves,




The gurfboard travels with the wave and the water motion
relative to the wave involves a Gallilean transformstion in which WEVES

veloeity is superimposed on the water particle metion,

To obtain velocities, angles and accelerations at the free surface

consider the system as irrotaticnal,then a stream function exists such that;
2
i TRE .
Ax?t r_‘.'I_I:; O

where X,y eye horizontal and vertical co-ordinates regpectively. By definiticn

of the stream function;—

P - oW
= E]'l:l & “r-aI

where Uy v are velocities in x & y directions. Lamb (Ref,A2?) gives the streasm

funetion for trochoidal waves as;
Wo=o (=y+ Bnkll"mth:]

but at the free surface W=10

therefore ¥y = BelVooskx sk 1)

ad  u e Ok} B Voomi). ... (2)
v = CK(-Beginlex) ....(%)

Acoelsrations are given Wy,

Pat %IE = OEPeMainky g—‘; = 0B e¥¥ comkx
T " .
3 " CBkCetT oonioe i-}r w = 0Bk} { ey

theralarse
U= CEeel (usinkx - vooskx) ....(4)

Llso the sonditioms for contimity and irrotational motion are satigfied.

ot . O¥ o 24 _ AV _
oxtay 9 & oy ~ax — 0




The free surface angle is obiained from the derivative,
% = tar-(F)
at ¥ = BelVoogl
therefore x = %‘ﬂﬂﬂ"iyfﬁﬂkyj
~ek¥( 1
e

" wk[BE— EE-EEEIE

&= 1oly) )

RE g

Equations (1) te () have been included in a computer program to aid the
analysis. 4 pample of the output is included as an eppendix,

Ehallow Water Waves

b4z the ocean waves propagate inte shallow water they slov down
and the orbits squash to ellipses. The celerity now depends cm the height

of the wave and the dapth of the water,

05 fa(d + &)
vhere 4 is depth below troush and H iz tha crest-irough helght. As the waves
elow down the wave-length decreases (peried remains constant) snd this coupled
With decreasing depth concentrates the erergy of the wave. The wave height
increases untll the wave becames unsteble and breaks, At this point the
orbit velocity of the water has tquallied.the vave celerity, the wave is trans-
leting, =

G SS-—
—

FPigure 4.Particle orbits in breaking waves.
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the wave/water relative velocities and the free surfacs angles
at various statlons on the wave are required. At the crest the relative
velocity ie sero and in the trough the veleelty ie appreximately 2z, The
velocity profile is obtained froms

where h ia the height of the station above the trough,

But =t h-ﬂl "i"w‘-EEI

h = H, Vg = O

: Ywie = 2 J1=n/H

ol

Height
Ratic

h G;: E

o] 0 20

= 'J,.-"{_:g Velocity Ratio

rigure 5. Velocity Profile for = Breaking Wave,.




he free surface angles arée mare diffioult %o predict. A%
midhaight the orbitsl velocity is directed veriieally and hae magnitudes 0,
Therefore, the midheight free surface angle can be axpacted to be
approximately 45“ at breaking point. Below midheight it i convendent to
ause & simusoidal approximation for the profile and above nidhefight ths

profile ie unpredictable as shown.

Figure 6. Free Surface Angles for a Breaking Wave.
(Velocities are shown &t he 0,.5H)

11
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Typical Waves of Sydney

Typical surfing waves were determined from information in a
geography thesis presembed in 1964 (Ref. A4). This thesis analysed
wave-height, period and direction over a 1% year peried. Belevant resulta

are tabolated below -

¥ave Height z s ¥
R () 0-3 | 3-7 | 7-11 | 11-15] 15-19 | 19+

% cccurrence | 38 | 42 14 3 1 2

Waves balow 3 feat in height are not of interest to surfhoard
riders, a typloal surfing wave being in the 3-7 feet range and, sinece
wives greater thanm T feet are also ridden, typical waves would be at the

higher end of thie range. 0On this eeis § feet has besn selected as the
t¥pical Sydney surfing wave height,

Of the §0% weves greater than 3 feet many would be unrideable
because they were rough or choppy., Thue the protability of finding a
rideable surfing wave at a Sydney beach is rather less than 50%, pesr odds

for such a popular sportl

Flanjng Craft

There are two tasio types of water oraft, namely displacement
and plening craft. Displacement crat are characterimed by & rounded hull,
which moves through the water. Planing eraft have eharp sdges bebween the
sides and bottom and the stern is ocut off suddanly. Thia type of araflt

attempis fo skim over the water, usually with poar FuUSOaRE,

41l water—craft may be compared by their gpeed length ratio,

the Froude number

Fyy = Vp fﬁ
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Digsplacement creft aperate 2t low Frouds mmber. At high Froude
nupbers they tend to eink in the water due to the conves botiom. Planing

motion is indicated by a rise in the centre of gravity of a ereft and

plening eraft can only truly plane at high Froude mmberz, typically
PE}J-E.

Some other co-efficients used in planing eraft theory are;

€, = ‘i"rf.,r-"gh gpeed co-efficient based on the beam.

Ca = & fub? Lol GoafPdiiuct,

Cp= 20,/6°  1ift co-efficient.

o o
e,

These non-dimensions]l co-efficients form a besis for comparison

of geometrically esimilar oraft, 411 lengths are usually made non-dimensional
by dividing by the beam; glving for exasple;

A = 1,-"'E| wetted lensth-beam ratino,

N L

Figure 7. Flaning Craft Lines.




Foroea on 6 Flaning Craft

The simplest case 18 2 flat-bottomed planing crafts A side

view of such @ craft is showT}

&

Figure 8.

Forces on 2 ?laning Crait.

There are three mpdrodymanic {orces acting on this craft;

Tynamic pressure foroe due to the ghange in momantum
of the water as it passes under the beard. This is

resolved normal to the beard and is denoted §. This
force is the most algnificant in planing eraft,

speounting for most of tha 1ift foroe.

14
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3) tSkin friction’ force due to the flow of water past
she surface. This is resolved parallsl %o tha bottom
and is denoted F.
z) Eydrostatic pressure fores due te the digplaced volume
of water., Denoted Iv.ﬂ.
Lift is defined as the vertical component ol the resultant of
thess three foroes, Drag as the harigontal componant. Hewaver these
definitions assupe the free water surface is harigontal, In thie thesis

a mope precise definition is used, namely, Lift is perpendicular to the

fres surfpce and Drag is parallel o the free surface.

Ducene (Ref. B.2) gives the following empirisal forsuls known
ap the E.T.T. formla derived from mpiel tests at the Btevens Inatituts
of Tachology .

111t co-efficient;

g, = T (0.012/3+0.0095 /o)
Location of the Centre of Pressurej

—8%  oraw
p/l= D.2aA /T
but for surfboard loadings this gimplifies %o,

p.l'lllh = ﬁ = UJET?‘




Chapter 2: Eyirodymamics of & surfboard on & wave

Initial Theory

Consider First the case of & surfboard travelling atralght
shead on & large, deep water wave, This case ig ugeful in understanding

the principles of surfboard mation.

The ccndition for equilibrium is that the surfer travels with
the wave maintsining hie peeition on the wave. This oould be achieved by
+he surfer shifting his weight to change ihe forces on the surfboard. For
sisplicity agoume the free surface is flat in the region of the surfboerd,
that im, that surface curvature ig large compared with the dimensione of

the surfboard (The consequences of this assumpiicn are discuseed later).

The asituation can be represented as showm.

Pigure 9. PForces on a Surfboard , Initial Case,

16
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Remembering the definitions of 1ift and drag being related to the free

surface as shown, then for equilibriumj

L/D = cotog

and L = Wooeoe

Theralora if thae corceoct I_.,."'fr'.L ratic can be maintained the surfboard rider
should be able to ride the coesan wave. Thia im the principle of surfboard
riding, manipulation of the forces by changing the trim angle. If the /D
ratio is increased (by stepping forwmrd) the surfer will shoot forward
down the face of the wave and if the ratlo is decreased by stepping beak,

the surfer will be swept back over the crapt of the wave,

Thie theory leade to an interesting proposition, the possibility

of surfing deep water waves. A surfboard rider may be sble to catch and
remain on a large ocesn weve and trevel aoross eectiona of oecean with no
propulsion unit. To investigate this possibility consider & wave of 300 feet
wave-lengsth, its velocity would be sbout 40 f1/s., The deep water wave

computer program gives the following relevant dimensions for these wmves,

3oof+ WAHLE.TG‘H ; !a.nm; |-5Hl- beam , 200 b Load
WEVE Mg 1M L . . V st | OFTIMURA
AneLI FREE S CcoTes | Relahve = | =2ir- TRM
g ANGLE(C =& Veloeihy U, < Jgp EC'- S men D)
_ﬂ- dﬁm ! — -Fl’,.".‘i' | — 1 "{"51 d‘ﬁm
26 ia-nffi' 238 | 348 500 7.2 2% |
| I I
21 12.7° : 430 | 363 522 67 14-°
i ’ 3
6 Ion® | 565 | 380 | | 546 | g [o°
el il il Gl :
12 74" T e ! 2g.2 's-se:: 1 &) er |
: | I
. | !
7 | 49| 17 [ 288 558 | 59 =




The table also gives L/D ratio required for equilibeiom and Cp,
valuss for a surfboard with & beam of 1.5 feet and a lsad of 200 1bs. The
optimum trims (trim required for equilibrium) were obtained from a

treakdown of NACA test tank dats, given as an appendix to this thesis,

Some pointe of intarest arej

1) & is theoretically poesible to surfl coean waves of

height groeater than 16 fest.

2} in initial velocity of 40 ft/s is required to catch
the wave, Praoctically thiep would be Aiffieult to

achieve In suoh high seas,

3) The sanity of & perscn riding waves in mid-oceosan
weuld have to be guestioned,

4) Tynamic instabilities have not been considered in the
theory. At the very least the surfer would need
gonstant slertness to ride the wave, Choppy water
gurfaces would probably lead to the rider becoming

exhausted after several hundred yards.

Hydrodynamica of a surfboard travelling across the wave

Thie i= the more commen case found in surfboard riding. There
ig an additionsl veloocity component ?P, dafined as the component parallel
to the vave crest, Also because the surfboard motion is now ssymmetrical
there is an additional force component 8, the side foree, perpendicular

to the directlon of motion,




The resultant velocity of the surfboard throush the water

ia given by =

&

= . 1 where “‘ i the component perpendlicular

to the wave crest.

Koaw conaider a flat plane tanpent to the free purflace Ln the

- region of the surfboard, the system ls as shown.

Pigure 10.Velocities and ingles.

s

T"he angle E is in the free purface plane and is given by =

P o= tan (V)

19
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For equilibrium the resultant of the hyérodynamic forces axactly oppoees

the weight of the rider and surfboard.

components Lift,; Drag and Side force,

Lift L - perpendicular to the free surface.

Befining thesej

Thie resultant is resalvad intso

Irag P - in the free surface plan and parallel to

the dirgotion of motion through the water.

Side foree 5 = in the free surface plan and perpendicular

to the direction of motion.

Resolution of the
load vector in 3
directions.

Figure 11.Forces

on a surfhoard.

Vactoras 5 & D
are in tha fres
surface plane,
Yector L i=s
normal to the
free surface,
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Trigonometry gives
L = Wepzos

1
tanecainp

e

L 1
5 tan ccoosh

Therefere if the angles o< & B are known then the farce ratios L/D and
L/S can be predicted,
For exsmple let o< = 1§°
B=45" (tee. TuV)

then for equilitrius motion on the wave [thet is mo acceleration)

é = % =5
For surfboard dimensions €, = 0.1 and data from NACA TH 4187 glves for
the above loading sonditions.

Eﬂ-

Taw = EEF“

Trim

Roll = 50

(although these velues are not unique, for example ymw may be reduced and
roll Increased without affpeting laad ntin..'ﬁ VTerification of these valuea
is difficult since simultanesus velocity and angle measuremsnts are reguired,
hewever an estimate of the relevant dimensicns can be made by aralyeing a

of 18 eatimated from the surfbeard location of the wave,

B ie obtained from the direction of the surfboards wvake. Thim

engle is in the free surface plane,




Chapteyr erimental Work 99

Experiments were carried out at the bemch and inm the hydrodynamica laboratory,
Most of the equipmant is new and itas design and sonstruction is desoribed, Field
werk, which was started in May, used imperial units with ralevant results converted
%o metric. The labormtory work used metric units,
Fleld Experiments

In the absence of available data on typleal surfboard velocities, =peaial
Squipment woas menufmctured and used o abtaln relevant Information, The velocities
ware shown in [igure 1,
1). Vave velocity Oy The wave welooity perpendlieular to the wave crest., At most
beaches this is appreximstely the seme as the weve velocity perpendicular to the shore-
iine,
2) Peeling welocity Vpy The velseity of the surfhbossd parallel to the wave crest,
Again this is approximately the velooity purallel to the shorelire, Pacling velocity
is B0 nased tecause in most cases the surfer travels at the same veloeity as the
pealing, breaking wave.
3) Burfboard velasity through the Water V.. The relative velocity between surfbosrd
and the waters This requires a velocity measuring device on the surfhoard,

Photographs were tmlken of typloal surfing positions and thess have been used
throughout the theais.
Feasurement of C and ')
Method 4 pair of mighting stations were placed at appropriate locations on the
shoraline. They were set with the sighte parallel and aimed at the relewvant sectisn
of the surfboard's trajectory, The surfer's motion across the section was th:-n timed
with a stepwatah.

The mighting stations each conmisted of ‘& horisontal Board plvoted on & tripod
Btand. The main sights consisted of & pinhole in a btracket and a hairline (copper wire)
set across a length of pipe at the other end of the board,

Correct positiening was achieved by memms of & spall "findep” telescope on the
first station being aligned with a pair of gradunted sesles on the pecond Btation.

Thies assesbly is shown in fgure 12.
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Initial alignment of the components was mchieved by sighting both statiens
on some object om the hordzon and adjusting the finder teloscope to line it up with
the sodles. Tue to parallax error the mcales only line up at pne polint and this is
the principle of the alignment method,

The scouracy was estimated by setting the sights on tws sarkers some 50 yards
away, the distance between the marlcers and the statlone belng the sama, The telescope
Was then used for alignment and the saxisum resulting error was less then 1ft. The

equipment i accurate to within kalf a degres.

'Fﬁm"l‘l";nﬁ
Board -

T

3 S

|
E
3
£

\1;3 %)
i

PINHOLE SIGHTS =

- -

-

SIDE VIEW (A ‘hdp{m'l viewd Thesugn h‘!‘ﬁlﬁ’,amf-c\}
Pigure 12.8ighting equipment.
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Results 4

The results of messurements at the beach have been tabulated. It should be
noted that peeling welocity is highly warisble since it depende on the direnticn of wave
approach.

Board Speed Measurements

Method A velocity measuring device to be attached to the surfbeaxd, the requirementsa

beingg

13 Lsouracy o 0%

2) Relimtle and robuat
3} Lightweight and small
4) Unaffected hy sea-water

Poesitbla devices oonpidered weoe|]
a) Marine speedometer, consisting of a emall propeller connected to a calitrated
tachometer. These are fairly expansive and not strong encugh %o withstand some of the
viclont forous expecied.
b) A deflecting pressure plate. Eimply & hinged plate and spring that daflects under
pressure, This system was not considered acourats or reliable for surfboard application.
e) Pitet tuba and prossure geuge to messure the total presgure under the beard. This
method was salected for the experiments and proved to be reliable and robust. This system
wag easy to instal on a surfboard and the components were light and simple to calitrate

and uso,

Pitat tubes

Wher aligned with the flow, pitet tubea measure the fotal pressure I, due te the

fluid kinetic and potentisl energy.
Fp = & ey, F({statin)

Hawever in these experimenis Fstatlo is gssused pegligitle since the depth
af immersion of the pitét tube is less then § inches, (An error of less than .23 pasi.)
ilse ervors due to pressures in the wave sre assumed negligible since the first source
af earror gives an underestimate and the gecond source gives and pvereptimate of the
total Pressure,.

¥o corrrsctions were applied to the readings)
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s« Pstatic e 0

- /%:
8nd if P is in p.s.d. then for seawmter
Ve 12/; ft/5 = 3,66 A_ n/e

Pitet tubes are fairly yaw inssnsitive, Most authors ssy 10° is an allowsble
migalignment,
B ent

The pitet tube dimenaions are shown later in figure I3 , The pressure gauge
requirensnts werej
&) Measurement of low pressures (estimated at 0-20 pas.i.)
b} Reliable and robust
e) Attitude insensitive
d) Unaffected by sea watar,
s) Inexpansive,
The poseible gauges were.
1) Mancmeter tubes, eliminated by requirement (C)
2) Transducers and similar slectrical devices are eliminated by {(d) and (&)
3} Bellows gauges are very good for low pressures but may be demaged by the extreme
PréEsure Qgoouring in waves,
4) Diaphragm gauge would probably be adeguate.
5) Bourdon gauge seems to £ill the requirementsalthough mocuracy at low prossures is poor.
A Bourden gauge was obtained from an industrial merchant and this proved pultable for tha
task:,

The gauge was calibrated with an inolimed water Filled pipe. The gaure wao
attached to the pivot point of the pipe and the height of the free surface above the guuge
ves peasured and the head was converted to pug.i..

Hethod of attachment of the assembly to the surfboard

Ideally the pitet tube should be losated well forwerd on the board, away from

#ne influence of the boundary layer. A location was selected about 1£4 bask from the
il
nose, and about & deep. The location is shown in the photograph.

The pressurs gauge wee firmly attached to the surfboard Ty two sorews. A
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rectangular hole was ocut in the deck of the survboard and & copper plate set into place
with fibre-glass and resin., The copperplate his holes and mits corresponding to holes

in the pressure gauge bterrel., A esketch of the assembly 1s shown:

[eror )
e =] 0.0 Sem

LD 3an

W00 et

PLAN Baurdom || \— Barrel of Pressure
{_ T:b-ﬂ | LE"PF‘"FI"""-| Gﬁuaﬂ

: Set | pte Tha
| I—H.;.-;J'mtﬂn BurE b

H"‘ e N )

00

I f,, Y
ST / ///
81 2o
SIDE VIEW L“""’*‘! Na set
(Parhal Sechan) e boavd with resin .

Figure 15.Pressure gauge assembly.(Approx. full size)
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= Pitet remeined igmerged at relevant stages of the surfboard ride.

- Preseure gauge remained high and dry cnce the surboard commenced planing.

- The pressure was easy to read.

_ The attashsent method proved adeguate, even when the surfhoard was aceidentally

teachad onto the sand.

_ Tha firet dial was not atifl encugh, it bent when the surfboard was lost in a large

wave, A thick, brass plate dial was then substituted and the gauge re=galibrated, This

proved satisfactory in service.

Resulte

The resulim of board speed messurements ware tabulated and also graphs of

pressure and valoolity against wave height were drawn Up.

THasuasian

4 typical velocity of The surfhoard on & 61 wave wes about 27rt/8. The

aocuragy of this estimste was (baged on an 0.5 paBai, error in pressurs raan:'tih.g:l-

merefore the results are reliable for an order of

= 1-5 ftlfll'sj & 512:_1% LCi g
magnitade estizate of surfbosrd velocitles.

Some points of interest are;
#Phere is a linear relationship between wave height and the

pressure reading.One explanation is,
c = {g(d + B/2)
mt dde<H
S es(E
alsg V,x¢C

i 'r..n-rﬁ{

How for the pressure gauge,

v, «(F

rec H ... 8 linear relationship.

=

% The wave theary on page 10,combined with the surfboard theory

on page 19 gives;
v,= 1.5¢c for the surfboard at about mid-height

ﬂ.*“"

but V= '_____E_____m
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Hydrodynamics Lahoratory Experiments 30

Alm  Initially the experimental work was to have investligated unsymmetrical planing
conditions as found in sudboard riding, However research revealed an ample mmogunt of
axperimental data (notably HACA TH 4187). While these results did not cover the
entire range of attitvdes found in surfing they mede any further work sees futile,
senaidaring the sguipment and time that went into the NACA experiments.

After some discussion with Ky, Halliday it waa desided thet a Aifferent
experimental programme should be attempted, nemely creefing & standing weve in the
flume(circulating water tank) and investigating the properties of & model surf-beoard
cn the wave,

GreatiEE a Standing Wawve

The main wefevence for this topic is by Bakhmeteff "Hydrvaulios of Open Chamnels" (Ref, C1)
On page 51 he recsllected an experiment performed in 1911 on the ceation of & standing
wave in & fhme, ILuckily he explained the eguipment used and ewven suprlied a dimensioned
gketch of his standing wave, He slso mentions "playing" with model ships on the wave,
The mathod of arsating a standing wave is to produce supercrifticzl flow with a
gluica gate and place & smell barrier in this flow, &t low flow rates & hydrsulic jump
will form and submerge the flow from under the sluice gate, When the head behind the
gluice gate is ineresgesed the flow increases and the hypdraulic jump may be awept down

atream, leaving a standing wave ovar the barrier. The entire layout ie gketehed,

\_MTE“ ~ SLUCE GATE — STANDING WAVE

—

/ ~ .

SUPERCRITICAL ] ' \

FLow L'VENA conTmACTR! I ==
{hﬂﬁHﬂMAﬂﬁlﬁgFﬂh1
Pizure 14.Creation of a standing wave.




a1

WOoRKING SECTION

Figure 15.z3ydney University cireulating water tank,

Modal Wave Theory

Comparison of Model Woyes with Sea Waves

This theory draws heevily con an srticle by Eanfield and Street (Eeference C3)
"ghoaling of solitary waves on smell slopes", The authors compars model solitary
waves orcated for their experiments with large ocean waves breaking on the beach.
Quoting direotlyy "For prectical purposes dispersive waves in their [insl etazes of run—
Up on & beach may be indistingmishable from enoidal or sclitary waves, Therefore
in studying large waves it les reasonzble tc begin in the Iaboratory by generating and
studying non-dispersive (i.e. solitery) waves™,

Usually solitary waves are genmerstedin a towing fark by longitudinal
displacement of a barrier, The problem here is to prove that Bakhmeteff's standing weve
is a close approximation to a solitary wave., The evidence 1s unscientific,

a) The water particle motions (relative to the wave) sre similar. The atreamlines
pontain an approximately versine hump.
b/ Celerities are similar., This comparison iz hased on Bakhmeteffs experimental

resulis and the theoretical celerity of an eguivalent soclitary wave.
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d) The method of gereration is similar, by displacement of water rather than by

reaction at the fres surface, the case with wind generated waves,
The experimerital work is based on the atsumptien that the standing wave is =
close approvimstion to the golitery wave. Thig in turm iz & good model for shoaling

ofean wawveg.,

Criteria for applyine model wave reaults to sea VEVER

1) Visoous forces and turbulence,

Comparing the Reynolds mumber of the model and poean waves,
L=t
- % where
U ie infitial water velocity relative the bottom,
I'is the depth of water initially
W is the kinematic viscosity

Then for &n ocean wawve
U= 10t/a
I = ) i

V=12 21077 £t%/uee

.*l |HJ'.|.T '¢|1TITEE

B 40
For the mpodel wave
U = 10ft/s (3 n/a)
D= 0,25 £t ( BOmm)

s [Fn] o= 2,08 x 107
For channel flow this Heynelds mumbter range is Inaignificant however the difference may
be eignificant in model surfhoard similitude,

2)_Frowde mmber similitude

The sxistence of a free surfaoce implies that froude similitude is relevant in

the comparisan.
[

= v@/}_ but O =\/{'ﬂ%ﬁu_}
coT, NEEE | JTER
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Therefors, providing tha% Tatio is maintained then Froude similitude s satisfisd.

3) Critical Plow of the Hater

Por supercritical flow ths depth i less than the critical depth D arit -g-z

from the previous valuea;
[J:J’m £ [II orit model = {5}2 /32,2 = 1.1 1% = 34Bam,

[I'lu & {n :rit:r oosan = (10)% /32,2 a 3. 107t

This comparison iz not 8lgnificant because the coean case ls not channel flow, Even
Bo the ccean water is close to Supereriticsl flow. T™is predictien is Eunported by the
observation that both volumes ol water contain a large amount of energy for their depth,
& characteristic of supereritioa] flow,
Design of the Equipment

The cireulating water fank in the Hydrodymamisa laboratory at sydney University
has the following capacities and dimersions,
UGlass Working Segtion lengthy 2.74 m (9£e)
Glaza Working Section widthy 1.22m (4rt)
Maximue flow rete; .37 cuzecs {13 cusecs)

{0.30 cumeos/metre width)

The equipment was desiged according to Bakhmeterf's dimenoioned drawing,




the equipment ror ereating a standing wave is shown below, "

A

f Sluice Gate
|

d,

| 3

d;= 7S5mm
d,= 204mn
ﬂi? B8Tmm
h,= 40mm
9 = 14.2 litrea/sec/10cm,width
=+ @ = 0.173 cumecs for the flume.
Ve= 1.9 m/s
o Py= 1.8//9.820.075 = 2.2
{Pransitional Jump cunﬂitiuqa,annnrding to Sellin)
For the exXperiment;
Designing for maximum capacity of the flume,
Qe 0.368 cumscs
1 = 0.5 cumeca/metre width
now V= @fd, siesasd
but we require F, =2,2 vand by definition of F,
v, = E.EfE;Ea seenaad
1 &22 give,
q = 2.2/gxd;
therefore d,=((g/2.2)%/e)* = 124mm
and v, = 0.3/0.124 = 2,4 m/s
For the sluice;
d;= C.¥ {EE is the contraction co-afficient)
Sellin states Co= 0.61
¥ = d./C, = 200mm
Also from Sellin,
q = C,y{2gd,
but Q.= 0.5 for d, /fy =2
therefore d, =(0.3/0.5%0.2)" /2g = 460mn
checking,d, /¥y =2.3 therefore the Cp value ls correct.
Crifical depth of the flow is:
d. = 5 (v?/2g+d,) = 280mm




kxpected dimensions of the equipment are;
d, = 460mn
d,= 124mm
d.,3= 200mm
d,= 150mm
¥y = 200mm
hy= 40mm
Qg = 0.37 cumeca (full capacity)
v,= 2.4 m/s
Force on the slulce gate P
Po= wld, ~d, )" /2(d,+2,)
= 0.032 kgf/mn width
= 400 B total
The slulce gate needed to be adjustaple.'vs achieve thia
the pivot was placed upsiream as shown.'the moment of F
about the pivot oppogses the weight of the assembly,making
adjustment simple during operation of the flume.

BACKWATER CuUmE
- z

/

Figure I5. Sluice gate odjustment assembly.
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Ferformance of the Equipment 1

The sluice gate and barrier wers set up in the eiroulsating water tank and
a standing wave was produced with only miner adjustments 4o the alulse gate and barrier,
The wave was close to the predicted size s¢ it was sssumed that the sluice gate theory
was sound and could be used {o sstimate velooities of the flow,

Model Experiments

Aim The eriginal intention was to place & model surf-board on the standing wave and
adjust tha load fto obgaln zexrc drag or thrust., This was intended 2o reapresant a surfer
shifting his weight to produwee an equilitrium motion on the wave. The trim angle and
load position could then be memsured and occmpared with theoretical predictions.
Bquipment was tuilt for this purpose, tut some unforeeen probleme with stability led to
the failure of this experiment.
Equigment

The drag balance consisted of a simple pemdulum os shewn in figurel’, T+ wae
a mero reading apparatus designed to indicate equilitrium conditions,

The surftosrd models were initially woeden but later alumisum models were uced
to give correct values of moment of inertia, The models were all very simple, they had

flat hottoms, a small fin and a turmed up nose (bow).

Model durfboard Design

Ducane (Ref. EZ) proposes a linear proportionality between wave and mhip and

wave and model; therefore;

2 - B chagery
0 = cocean
But Be = 500 mm
Ho = 1800 mm
Hm = 180 mm
o s b = 50 em

i,0. the model ia 1/10th full sise,
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Froude similitude W
We reguire ['L"I"-il (m)= [c -rJ (&)

vhere Cr = W /b

Lov] (@) = 2000/ Amoowo - 2,05

[ov] (% « 7000 7 foo000300 = 520

Therefore Froude eimilitude is satisliag,

ad Comefficient C.

s

For a surfbosrd £ = 90 kg
Ewﬁmm
WV = 0,001 kg/ce

+ +» fOp = 0,72
for the model

Alm) = 0,xW® = 0,09 kg = grms.
Heynolds Mumber (tmeed on the beam)

R = W

o

[Rﬂ] B = ,ﬂxﬂ-. &
i 10 = 3.4B%10

LRn:]m - 2.0x0.0 4
1.007x10 = 9.93x10

This ig a significant difference in Heynold's mumber Gince the model is in the
transition region from laminar to turtulent flew,

No turtulence inducing devices were wusad en the ImurIaln becauss of the
highly wvariable wetted length,

Lift co-effecient for the model
BIIE = EG# =

CvR -~

The model dimensions are shown in figure 17 .

Wawe profile measurement,

A nimple profile measuring device was conastrusisd from a block of w0od, Bome

= D.‘H

trass welding rods and seme apring steel wire, The dimengiong of this device end messurc-
ments of & typioal wave prafile are given sg an appendix to this thesie., The fres
eurface angle was estimaten from an trlpm:f_mtﬂ differentiation formula,




£1(a) = BE¥ -LJ-{IE-F_L]
12h

f
/

o

j qu_ e Hi el HII

R
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Dimensions of the squipment

The following are some typical dimensions of the
experimental equipment;

t PREMILE  MEASLMER |

r=— 1100 — ———-1

Figure 16.Dimensions of the eguipment.{mm)
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Model Dimengions.

Model length beam thickness weight
m= mm mm gns
1.Wood 290 80 20 590
E=
[ — Ouw &f Scale,
Lt
2.Wood 200 £5 & 140
I:L%q_'? -Iﬁl-ihuwﬁ load Pgmﬁﬂﬁ
JeAluming um 170 51 2 160
I ” Bant 1,:,&4. de'usi'ﬂb!-E- pn:}ﬁ'u:m
f.Aluminium 170 21 2 160
o
O

fomt load | adjustable posttion

5rnc}h£ s’th as shown,

Towing balance dimensions. (mm)

PIVGT . ] LeAD (82 ame)
3 SWiNGING Agm LY
. spamGs- [ i
PO
[ §o
N
< Pis
=!12n o
€ 45
| Pring *

39
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~nitial Resulte 40

Tnitialvork invelved "Playing” with model furfboards on the standing wave,
his was quite Froductive gince it indicated gome rrebless and possible areas of
in?satigﬂtinu:

8] When placed om the wave, held only by string, the large model settled to an
equilitrium position in which the string eould be slackensd. The model had two
surfaces in contact with the water gurface as shown, The phenamens wa8 eatraordinary
in that it was Stable in all modes, Sidewall effects aprarertly kept the model planing
near the centre of the wave and the fin prevented the model from brosching, Alse the

model settled ints a Position on the wave where the 1ift/drag ratio weg correct for

eguilibrium,

~STRING (Sigek)

Pigure 18.Bquilibrium state of the model.
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B) A1l the round-nosed models nose—~dived at the bottom of the wave ., Water flowing

past the convex surface created a suction force whioh dragged the model undervater,

Thig indieated that & stepped hull should be used +s prévent nose-diving. 4 medel
T by the nose.

with 2 aingle step was made and the model resistes attempts to sink i1

This phemonena is shown n figura. 19, .

Round noged model i= sucked under by the water flowing
past the convex surface,

- f} #

—

Flat nosed,stepped hull resists attempts to sink 1t
by the nuaejhue to the pressures on the flat aurfneaJ

- Figure 19.Nose-diving of surfbosrds,




PA

il

L"} With the lozd anplied g: the 8iern,

4 gingle surface, Porpoising iy o eoupled beaving ang pitching motion, and ig &
Problem in mogt stepless hulle, The Dorpolsing was violent Enoush to hregk the main

Pivot pin of the balanse, uuhﬂuqunntly theoretical apg Fractical investigation vag made

into the phenome:sa, The instability was not overcoms before the end of term 80 none
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Chapter 4 Stability of a Surfhoard

Two types of instability are important in sirfboard motiong
1] Direction Instability of & flat ELtrfaI:E,EI"DﬂEh-lﬂg-
2) Porpoising.

The first is solved by adding a fin to the surfboard, The second is less
gimply overcoms.
Forpois

Thie ie a coupled pitching and heaving egeillation, caused meinly by an
oecillation of the centre of pressure., Thare may b sasveral modes of the inatability
in different speed ranges. The faotors affecting porpoising are more easily undsrstood
if a theoretieal investigation is attempted, GSeveral papere were published prior to
World War 11, covering rorpeising theery tut these neesd adaption for the purfboard case,
Theory

Conaider a flat-bottomed planing eraft with a gentre of gravity in the plane

af the beard. The system iz as [

b
=

Pigure 20,Forpoising notation,



If L is the rertigsl

C.of g then the Bquations of mption arej

BX = XDy= XD_~ Wi 2D~ 9D, - 8Dg

force, D 4z the horizontal force and M ig

=0

miE =) ~xl o~wl “Zl,-qlg-0l, =0
mk'E - M, - XMy-wMy-2M, g Mg -OMg = 0

.20 aL

Whﬁ"ﬂ Y =S 4 Llﬂl = W

D

Assume a solution of the form;
w g s
=K e
==K, .-:,":
A

O = K.

Eay e real or compler,
rﬂli“}ibu "Dy

This gives a £th order polynomial in ?i.,

Whare }\

- AD ~ D,
~mA- Als La

« There are faur pogeible types of

Ele

The gersral stability eguation is therng

‘}'DfDE
=0

Mg

torresponding to the location af these roote on the Nyguist diagranm,

- UNSTABLE

A Feal

Brmaﬁ'ﬂ'

& +tve

A Complex Rea | porrt +ve.
3’-';\1-3-"3-&:1- Oscilkatienn

!
W

A Complex, Reod part —ve
Cﬂﬂvﬂrﬂ"j-:.d C-a:i:ria-hm

the moment about the

motinn

44



45

of some doubt on the

Stabllity analyeis om the egeatisn ig laborious and, because

X = derivatives, it was cecided o consider a sieplified system,

Assume longitudinal
motion hes no effsat on the stability,

The stability equation twcomes;

m’}ﬁ‘}"LH*L-E -}tLq_-LE
5 ‘}'I-Mw_' M: rl"l-h..t }tl'l"" }HH‘I.{*MB = ::}

Assume prior Enowledge that Mg e Mw =g =

themns
AT~ Bl le =31

s Mz mki}ul "-ME

Therelfora

mtkt}:'_' (mh'llw"}};&__ (_MB'* kl{{qumhL
€T (_LMMB_'LILMQ: ‘);}'I',' {LEHE_LHHE) =0

This s fla chara chevigh e Equation of 4he System,

Now |et A= m2i®
Bim<mit]
Cw— (M k2L 3
D= (LMMB-LEMQ

E = (LeMg=Lym,)
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Then Houth's dizeriminant is B = D{Hﬂ-ﬁn}-EEE, Routh's diseriminsnt indirectly

determines the sign of the resl part of ?\ by testing the ce-effecients of the

characteristic equation. The neC@ssary condition for stability is that

R7 Oand the eritioal gape is for I = 0,

Therefore P(BC-AD) - R*E =0
Substituhng - A B,C.
&
P (N L (Mg + R L) -wei D)- i 2 E = o

Collechng powers of k. the radms of guyrot o

!

PLyl,~LEEVK® = (D=L M )D

(D- LMD
5 ffDLwL:"L-:, Ej

k't

I:"i":!'-ldi'lﬂ-? Thmuﬂw t‘j D

D - Lw ME e
bautz~ L3, C%j

" but D= LWNE';_ - Lq’M‘E_

then k™ =

Fewv 94::.!:-1!-'1,.3

- L‘i':_Mt
boe (L, (G4~ :_1>

k* <




Estimation of the Stability derivstives 1

Frem ‘Fliaur: 20 M E(Et?‘f-'"jL_
. 3L = $L-r
and %M‘ = ¢L_

Verticael displacement derivatives L 2, Mz.

Incremental displacemedt Sz leads o an intrease 1n welted
length

= small

o ey i N
P e e e

therefse L = FC
2L _ws el
L_ = = Br " ié%; Eﬁ:h = ‘? LHHE Py, {I}
M
1#1=_IE' e . Ej L E}EZ *l:zﬂgk A
Mz = (4’{-*-")1‘& by * PLIT . 23

Angular {pitch) displacement derivatives Eh’ H-

$O leadste o desrcase 1» trimm cmd om incfcase  n

wetted length; (8T= - 50)

2L _ 2L ¢
L™ 28 ~ 3L 26 EEF

w1 PO . S8 (£-r)
but 3L =B 1%&5';!:‘[?_( (53’ T- 356 )
o
LE éﬁ"&-)Lr},—LT veri= (3D
am _ 2 AM
Mg= 26 = aa%%“m%‘r

My = (pt-r)-ro)r (BE)bL .. (0
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Vertical velocity derivatives Iw, Mw, Change in vertical wvelocity leads to an

effactive change in trim angle bat not wetted length,

oT er o
W =Y ‘5”E,_,.—1l\”/
sT= 8-
BL BT Al )
Ly ~"o “aw 3T =¥ L, (s>
oM ..
fhflvv = aw = Vv M T

bu."‘ MT- = (djli—'r")‘_,r

Mw= (é%:f_ L‘T St

Angular Velociiy derivatives Lg,Mg. Change in angular velocity leads to an

gffective change in trim given Tty

x &
$T = _\.Ti ) _{5
.
Conside~ Ha :1#H5¥Emf51: ::ii;

guﬂglpﬁjg,iun"f?ﬂ%?\.gi:uﬁa‘ihan b oo-rd




How for equilibrium escillat

L &8 Lo
L
Iﬂ;:&-{?

The radius

— Lo Ms

long ¢1 = T therefore the Btability derivatives are;

of gyration equation img

k* <

II_..,.,-_" “ﬂ"_LT

- M
= (-4 5d L

E =LaMg-Lom,= GFo X 5° .)4::_[, -

1 Myt

4.
- (VL F (4 ryEEl

- EpU:I' Elz‘ Er']

Cw {-LNCEH;D"" Lz)

New -LgM, = #C’"%’)% LLe
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New for egudibruwn oscillations He=

R* <€

blb-z)e L
TeL
(3-24)¢ ~

Hﬂ'mah'zina This Squation

—

let R=5

A
y AT, L=C zpV?ht

Then

i

k

. B-E)EAC,
m—]% E‘I:‘:._

This fﬂ- a Ve - WEW ﬁg-q"mg_ A "E'rr_'.ll
e -!H-"!"'IThﬂj rl‘tdmg ok ﬂjﬁﬂ‘ﬂﬂ e i
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Stabili |
Stability and«k, the Joncinensional radius of gyration

Recalling the equahon on Page 15}
C.= T" (0-ci2/ A + 0-00ag sl it )

- The derivaties of tms Cquation sheuld ke ﬁﬁaad
@pmmlmﬁﬁﬁ o The Stapility deryaties because
the Funchon has a 'smosth ' glepe.
2C
5% =T (0006 R + 009 Je,?)
Co ;
‘THr= i cH ooalis soogs /eE)=11¢,

Therefmre
-2lb-%)d

(2-506/(3 + 0-Q9 1Y) {« |
(oot 2 (A + 0 cofSAYCa ) -}:{_’_1?'?243)

T

Let &= 6JA +19X°/c2

H=12/A + 953 /ct
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Calculations for E;

e T e o B

L A :___r |i ,Véﬂ_‘ I%Eﬁ_”q_h'}lmii‘Tﬂ "":’_lll:' &EH-(QJ@H
ol | 1955 [saxist g 280 sz | 6370 o3¢
5.4 | o34 'E*Ehlﬂ'!’i g0  TSME | .o | 67375 (0053

| ¥O | 6:62 |80 | g.05 | (250 |-s62 | 6amd o134
| 2.0 | 4.53 |O-216 ||&-II | 26-06| 618 | & 257 lo270

I | | |

These caleculations indicate a

linear relationship between
k and Mids a rilea,

E<0.1343 for stability.

Hotes;
* At high trim angles the very low radius of E¥yration
required for stability would be impossible to achieve,

The
structure would not be rigidjdue to the light

construction,

* the ratio 6/H does not vary greatly over the relevant
range of trim angles,
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Discussion of Stability Theory

The importance of radius of gyration is indicated by this Theory, some
other relevant points are;
a) The vatio of G/H does not vary greatly over the speed range of surfboards,
therefore stability may be obtained by increasing the wetted lemgh, for example Tyj

- Dearsasing the trim, moving the load forward.

— Increasing the lift eo-effecient by incrsasing the load or decreasing the veloolty.
These are the usual suggestions given by suthors for solving porpoleing but in this
case they defeat the purpose of the experiment, to model surfhoard riding.

Sinee aotusl surfhoards do not seem 1o porpoise scme practical experiments
were parrisd out on scme possible damping phenomera, This involved ilnvestlgation
of humen response to a moving platform.

The ptability of an astusl surfboard.

Theorectical and experimental results indicats that the surfboard - man
combination should porpoise in the range of speeds encountered in surfboard riding,
These results ware based on symmetrically planing, the surfhbosrd was travelling
perpendicular to the wave crest. As mentioned previcusly this is not & common surf
bogrd riding esse. Usually the surfer will skew the board to ftravel mcross the wave
and apparently this attitude iz more stable.

feoasionally however surfers do ride straight ahead and under theas
gonditione porpoleing theoretisally should prove & nmuisance, This does not appear to
gecur in practice, GSome possible explanationsars]

1) The waves were very small (4ft) erd as a result the velocities achieved were low,
the board may not have been truly planing. Therefore the conditions found in the
laboratory wers not representatlve of the case at the beach,

2} Human reaponse may be significant in damplng eut the papilliations.

Humarn Hesponse - The affect on etability

here are three responses that may ald stabilityy

a) Instinetive reaction to maintain the body centre of gravity over the feet, This
effect 1= accompanied by moments applisd by the fegt fduring the resction. Such a
eysten was modelled by using a point loading (see experimental worsk), however the

reaction moments were not modelled and this may be slgnificant in the porpoleing

discrepancy.
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b} Bending the kmees to reduce vertical shock leads, This system is &

complicated, wvariable spring - damper system which may have a significant effegt

in damping heave cacillations. This gyesien has been modelled by placing the lozd

on g low freguency spring sys=tem, however the [requency is eritical and in the homan
gage it can be highly variable se that acourate modelling is impossible,

c) Pitch pacillation damping by reactions throush the ankles, Human responses alsa
damp out pitching shock loads through the ankles, This is not as instinctive ms the
pther two reactions tat may be significant with surfboard riders since they learn
precise comtrol of pitch of the purfboard, This responss hes not been modelled

in the experiments and mavy prove the critical response because the model has no

piteh oeelillation damping.

The attemptz to model human response were not successful. The model still
porpoised although the ramge of instebility may have been decressed.

hngther effect that may leed to the modal instability is the aeffect of the
curved free surface,

Effact of the ourved free surface

Tt seems reasonsble to assume that a corved water surface kas some effect on
porpoising so & comparison was made betwsen the model plening on flat water and a
curved water surface., The experiment was brief and simple ot had a significant result.

The model surfhoard was placed at the vens contracte of the sluice gate flow
(Point of mimumm depth). There the water surfzce is horizontal, tut congave. The
load position was adjusted wntil porpoising commenced., For this case the critical
point of load applicetiom was about 120 mm from the fransom, well forward of midwvay.

The model and drag balance assembly wee then attached to the main towing
carriage and towed at &fyS, corresponding to the vera contrscta velocity. Three
locations of the load wera tried. The system wae stable with the load st 100 mm but
porpolsed with the lpad at T0 wm and 50 =m from the transem. Thers appeara to be a
decrease in stability with 8 concave water surface, This result may be worthy of
further investisation.

Some other affects of the purved free surface may bes
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1) 4 change in the pressure forces. [he same pressure force causing the water
to orbit will alsg set on the surfhoard, Eince the foree is directed horizentel

&nd forwerd at midhelght, the sdditional pressure could be expected to increase the
lift. Another way of explaining this effect i to use the amalogy of the situation

with a consave bottomed board, The affestive inewesse in the akange of nomentum of

watar produces additionsl 1ift.

E:I A mentionwd previously the ourved water surface increapes thelikelyhood of

noge=diving. The comvex-nosed model nose-dived if any load was placed on the bow.
Eowewver, this phenoména was not apparent on flat water., WNoee-diving oftan has
dangerous congeguences and it wes suggested that surfbosrds have stepped hulls is
overcome the problem since even a3 roughly mode stepped hull surfhosrd model resisted

attenpts to gink the nose,
These results may also be applicable to the deeign of surfboats and ocean racing

i

i 1
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Chapter § Comclusions

Effects of a waves on planings craft,

These can be summarized as follows;

a) It should be pessible to "surf" deep water waves although there are several
problems with this concept.

b) Model experiments may be epplicable to surfboard design, The Theory developed
here seems applicsble but there are 8tll]l some problems with direst applicntion of
towing tank dats,

o) The range of etability is decreased, Forpoising is more likely on a wave then an
flat water.

d} Hound-nosed surftoards are prong to neose=diving. Howewer this may be overooms
by using a stepped hull., This phenomena may alac be applisable to other scean going
planing c=aft,

come surfhoard design sugsestions

Some of the more controversial areas of surfboard design wuch as the lansth and

theshape of the "ideal™ surfboard are avolded here. Instsad simpls sugmestions are
made; tesed on both experisent and raeearch,

a) The edges where the water leaves Whe surfboard, such as ths transce and sidea at
the tail should be asz Eharp aB poseible. Sinos very sharp edges may be dangomstis a

suggested profile for this region is shown In Figure 21 .

BOTTOM 4
SHARP TRAILING EDGE

Figure 21.0esign of the trailing edges.
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b) The nose should be flat, hot curved, with a emsll step as showm. This would prevent

Noge-diving, a dangercus phencmena that often deters beginners, °
) If a surfboard is Giffieult to turn and manoeuvre then a small skeg aifsched near
! half-length may increase manceuvreability.

These suggestiona are shown in figurel22 .

TRALING EDGES,

—
I--'-——_
& | - s
f
FLAT BOTTDMELD II'
{ NOSE. SKEG,
(May 1MPROVE TURNING)
Figure 22.5uggested improvements to surfboards.
E A conclud note

It would gppesr that the most impertant eriterion inl‘phe performance of
gsurficards ie the almpst instinetive reaction by the rider as he semeses changet in the
relationship between the board and the wave. When this control eystem can be
gimulated experimentally ansther eport will hawve diedl
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Appendix III.Wave Profil
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