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A B S T R A C T 

I n this paper, a nove l idea to produce continuous breaking 

waves is discussed, whereby a pressure source is rotated w i t h i n 

an annular wave poo l . The concept was that the pressure source 

generates non-breaking waves that propagate inward to the 

inner r i n g o f the annulus, where a s loping bathymetry (beach) 

triggers wave breaking. I n order to ref ine the technique, 

research was conducted to better understand the mechanics o f 

waves generated by a pressure source m o v i n g in a circular track 

i n a constrained waterway, the t ransformat ion o f these waves as 

they t ravel across the channel and the effect o f the s loping 

beach on the wave qual i ty f o r surf ing. 

The qual i ty o f the waves was defined in terms o f wave height, 

speed and shape, w i t h the desired a im to create p lung ing waves, 

k n o w n as "barrels", that are h igh ly desired by surfers. Surfers 

also require a long steep crestline or " w a l l " , to a l low a f u l l 

range o f manoeuvres to be performed. Final ly , the poo l needed 

to be able to create waves suitable fo r surfers f r o m beginner to 

expert level , def ined i n terms o f both the wave height and angle 

between the wave break point angle and the beach, k n o w n a 

peel angle. 

The p r imary nove l outcome o f the research conducted was to 

be able to design a pressure source that most e f f i c i en t ly 

imparted wave m a k i n g energy into the water, and thus 

generated the largest possible waves wh i l s t t r ave l l ing at the 

required speed f o r sur f ing . 

The ma jo r finding was that the design parameters are general ly 

i n compet i f ion , and to determine a balance o f l i m i t i n g values, 

the design parameters cannot be considered i n isolat ion. 

Therefore, a set o f empir ical relationships between the design 

parameters were developed to a l l ow the poo l to be designed f o r 

a combinat ion o f desired wave height at the breakpoint , wave 

shape and g iven pool radius. 

The l i m i t i n g values f o r the parameters were determined 

experimentally, w i t h the wave l i f e -cyc le fi-om generation 

thi-ough t ransformat ion to wave breaking and dissipat ion used 

to focus the invest igat ion. Scale model experiments were 

conducted in bo th linear and circular tracks. I n addi t ion to 

tak ing quantitative measurement o f wave height and current 

fo rma t ion , a method o f qual i ta t ively scoring the waves was 

developed to a l l ow various pressure source shapes, operat ing 

condit ions and bathymetries to be compared i n terms o f their 

sui tabi l i ty f o r sur f ing . The best qual i ty waves were produced by 

a wedge-shaped wavedozer pressure source, such as the device 

detailed i n D r i s c o l l and Reni lson [ 1 ] . 

Blockage, def ined as the pressure source cross sectional area to 

channel cross-sectional area, was f o u n d to have a s igni f icant 

l i m i t a t i o n on the generation o f h igh qua l i ty waves suitable fo r 
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sur f ing in a constrained waterway. Lateral wave decay, length 

and depth Froude Numbers also strongly inf iuenced the waves 

dur ing their l i f e -cyc le . Fundamentally, i t was determined that 

on ly a ve ry small range o f design parameter values produce the 

desired h igh and shapely waves in the extremely constrained 

waterway undei' consideration. 

N O M E N C L A T U R E 

ji 
K Blockage 

V Volume displacement 

1̂  Wave breaking intensity 

Surface elevat ion 

(,,,pi Surface elevation measured close to the pressure 

source 

CO A n g u l a r ve loc i ty 

head, Wavelength i n deep water jus t before the beach 

Ac Channel cross-sectional area 

As Pressure source cross sectional area 

B Pressure source beam 

B* Normal i sed pressure source beam — 
no 

Cp W a v e phase speed 

d Draught 

d* Normal i sed pressure source draught — 
«O 

Fri, Dep th Froude number 

Fri,„ Dep th Froude number at Rg 

ho Water depth at Ro 

Hbeadi Wave height at the start o f the beach 

hheach Water depth at the start o f the beach 

H* Non-dimensional ised wave height 3 ^ 
v v 

LWL Pressure source waterl ine length 

R Radius 

Ro Pool radius 

Ro Beach radius 

s Beach slope 

T wave per iod 

li Tangential component o f the ve loc i ty (paral lel w i t h the 

pressure source line o f travel) 

ito Pressure source ve loc i ty 

y Lateral distance f r o m Ro 

) ' * Normal i sed lateral distance f r o m 7?o — 
"0 

ybead, Lateral distance to the start o f the beach 
ytead* Normal i sed lateral distance to the start o f the beach 

ybeac h 

Ro 

Ybead, W i d t h o f the beach 

WP Wave probe 

Zbead, He igh t o f the beach 

INTRODUCTION 

Sur f ing is f u n . However , i t is also extremely d i f f i c u l t to learn 

and master Th i s d i f f i c u l t y is no part helped by ever changing 

nature and short durat ion o f the breaking waves; w i t h the waves 

changing both day to day w i t h the weather, and as the wave 

breaks on the shore. W i t h the average wave breaking fo r less 

than 7 seconds, the surfer can on ly r ide the waves fo r less than 

8% o f the t ime in the water [ 2 ] . Therefore, the dream o f every 

surfer is f o r consistent, long lasting, h igh qual i ty waves. Th is 

search concentrates surfers on to those areas o f coastline that 

are exposed to regular surf, and w i t h a bathymetry suitable to 

cause the wave to break i n a consistent manner and provide a 

long ride. 

M a n y surfers do not have the luxury o f l i v i n g near surf breaks, 

and must t ravel long distances in order to s u r f Further, as 

coastal populations increase, and sur f ing becomes more 

popular, exist ing sur f breaks become overcrowded, shortening 

their overall r i d i n g t ime even further . Surfers have responded 

by t ravel ing to more distant and remote locations to chase 

uncrowded and better waves [ 2 ] , even though this increases the 

cost o f sur f ing and does not reduce c rowd ing at their home 

breaks. Another so lu t ion has been to b u i l d a r t i f i c i a l reefs i n the 

ocean, however these s t i l l re ly o n the natural wave condit ions. 

In this uncontrol led environment , the waves are affected by the 

constandy changing and potent ial adverse affects o f the 

weather, inc lud ing wave d i rec t ion and per iod, w i n d (direct ion 

and strength), t ide, and currents. A th i rd solut ion is to generate 

waves in a control led environment : the wave pool . 

Wave pools are not a new concept. I n 1934, the Wembley 

S w i m m i n g Poo l i n L o n d o n was the first to t h r i l l its visi tors w i t h 

small a r t i f i c i a l waves. I n 1966, the first indoor surfers rode 

wais t -high waves in the Summerland wave p o o l in Tokyo , 

Japan [ 4 ] . Since then, more s u r f pools have been bu i l t around 

the w o r l d , receiving m i x e d reviews f r o m surfers. The or ig ina l 

linear wave pools, where the waves are generated at one end 

and travel to a beach at the other end, t ry to m i m i c natural ly 

occurr ing waves w i t h pis ton-dr iven paddles or s imi la r 

mechanical devices. Such man-made waves are not ve ry 

appealing to surfers as the rides are short, and the waves 

generally weak and poor ly shaped. 

Some manufacturers bend the poo l around a curve to 

concentrate the swel l , or shape the poo l floor to improve the 

wave height [ 5 ] . Another method used to simulate su r f i ng 

waves is to shoot a t h i n sheet o f water over a wave shaped 

surface. However , this method does not provide an authentic 

sur f ing experience (a m o v i n g wave breaking a long a shoreline) 

and, l ike the linear pools, generally on ly al lows one rider at a 

t ime [ 6 ] . A t h i r d concept aims to draw an object though sha l low 

water along a linear t rack creating waves i n fi-ont o f the object 

[7 ] . 
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A s the exist ing techniques generate the waves by m o v i n g large 

volumes o f water, they are power intensive. Instead, the novel 

method discussed i n this report more e f f i c i e n t l y generates the 

waves by the pressure source impar t ing wave energy into water 

w i t h m i n i m a l water movement . 

K e y deficiencies w i t h these approaches invo lve both the lack o f 

an authentic, scalable sur f ing wave m o t i o n o f a m o v i n g wave 

breaking on a shoreline, the large power requirements to 

generate the waves and a l i m i t a t i o n o f a single r ider being able 

to su r f at one t ime, l i m i t i n g the financial v i a b i l i t y o f the pool . 

WEBBER WAVE POOL CONCEPT 

I n order to find the solut ion to these problems w i t h current 

wave pool technology, a nove l idea to produce continuous 

surfable breaking waves has been patented [8] by L i q u i d Time 

Pty L t d , the Webber Wave Pool , whereby one or more pressure 

sources are rotated w i t h i n an annular wave poo l ; Figure 1 and 

Figure 2. The pressure source is any object that disrupts the 

water surface, such as a ship- l ike h u l l or submerged body. 

The inner r i ng o f the annulus has a s loping bathymetry (i.e. a 

beach) to induce breaking o f the waves (or ig ina t ing at the 

pressure sources), w i t h the break poin t f o l l o w i n g the circular 

path around the central island at a g iven water depth at the 

breakpoint (lueach) proport ional to the wave height (//imc/;); 

no t ing that fo r this analysis, the breakpoint was def ined to be at 

the start o f the beach. The qual i ty o f the waves generated by the 

pressure sources is cr i t ica l f o r sur f ing , w i t h the waves only 

breaking when tr iggered by the s loping bathymetry o f the 

beach. 

The design consists o f mul t ip l e pressure sources t ravel l ing 

around the outer c ircumference o f the poo l wh i l s t cont inual ly 

pushing wake waves towards the centre island where they are 

fo rced to break on the man-made beach due to the change i n 

water depth. Should the pressure sources be symmetr ica l about 

their centre, a l lows the product ion waves i n both the c lockwise 

and ant i -c lockwise directions. Rota t ing the pressure sources 

c lockwise w i l l f o r m lef t -handed waves and ant i -c lockwise w i l l 

produce right-handed waves. A n artist 's impression o f the 

concept and commercial applications are shown i n Figure I and 

Figure 2 respectively. 

I t is intended that by p r o v i d i n g a safe learning environment 

w i t h repeatable wave condit ions and long (un l imi t ed ) ride 

lengths, the overal l sur f ing ab i l i ty o f the participants can 

q u i c k l y improve. 

Hull 

f 
Beach 

Figure 1. Concept design fo r the e f f ic ien t method o f generating 

cont inuously surfable breaking waves us ing m o v i n g pressure 

sources. (Reproduced w i t h permission o f L i q u i d T i m e P ty ) . 

Figure 2. A r i s t ' s impression o f the wave poo l f o r a water park 

(Reproduced w i t h permission o f L i q u i d T i m e Pty L t d ) . 

FULL SCALE VALIDATION 

The concept was proven, at least f o r a linear t rack, us ing a 

f i sh ing vessel generating waves i n a r iver esmary, where the 

vessel t ravel led in a straight l ine close to the bank. Figure 3 

shows that one o f the smaller waves generated b y a m o v i n g 

pressure source waves can consistently surfed. 
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Figure 3. R iver testing such as that shown i n this f i gu re has 

proven that even the smallest o f pressure source generated 

waves can be consistently surfed. (Reproduced w i t h permission 

o f L i q u i d T i m e Pty L t d ) . 

APPROACHES 

The main a im i n designing a wave pool is to produce h i g h 

qual i ty surfable waves w i t h the longest durat ion possible. The 

ma in constraint o n the design is to produce the waves in the 

smallest space possible w i t h a m i n i m u m amount o f energy. To 

determine the design parameter values to generate the desired 

waves, three approaches were used: Empi r i ca l , numerical and 

experimental . 

A s the empir ica l analysis has s impl i f ica t ions and assumptions, 

experimental approach conducted both linear and circular scale 

model testing, w i t h the l i m i t i n g values fo r the design 

parameters established f r o m the experimental results. 

EiVlPIRICAL APPROACH 

The f i rs t method was an empir ica l analysis to determine a 

series o f empir ica l relationships between the design parameters. 

The empir ical analysis combined exist ing relat ionship d e f i n i n g 

the effect o f the pressure source shape and operating condit ions, 

and bathymetry on the wave l i f e cycle; f r o m wave generation, 

through t ransformat ion to breaking and dissipation; Figure 4. 

To a l low the poo l to be designed f o r a combinat ion o f Hi,^ach< 

wave shape and pool radius {RQ,) the empir ica l analysis 

determined the relationships between the design parameters 

was developed. The pool bathymetry parameters, referred to i n 

this paper, as shown in Figure 5. I n conduct ing the empir ica l 

analysis, the waves w i l l be assumed to break a\yteach w i t h wave 

height of Hteach. 

Geuer.ition Trai\.4onii.nlioii Brc.ikiHg Dissi|i.ition 

Figure 4. Wave l i f e -cyc le i l lustrated in the circular scale model 

at Fri,o = 0.975 w i t h B* = 275mm, c/* = 0.2 and ho = 2 5 0 m m . 

The model is t rave l l ing towards the camera. 

Water depth 

Beach width (Vj^rt) 

V t̂óter depth at the 
start of the beach 

Start of the Beach 

^ ^ ^ . ^ ^ Slope (s) 

1 _ Beach height (Zj,^,) 

Beach radius (R^^J 

Pool radius (RJ 

Figure 5. Ba thymet ry parameters 

SURFING WAVES 

To commence the empir ical analysis; the f i r s t element o f the 

w o r k was to def ine the requirements o f the wave p o o l f r o m the 

end-user perspective, be ing the sur fer K e y parameters were 

wave speed, breaking wave shape and wave height at the break 

point (HteacI,)-

WAVE SPEED FOR SURFING 

The in i t i a l design parameter to be determined was the wave 

speed (Cp), f o r su r f ing , by considering t w o questions: 

a. What is the design range o f Cp f o r a su r f ing wave? 

b. Wha t is the m i n i m u m Cp f o r a wave t o be surfable? 

T o determine Cp range f o r sur f ing , an in i t ia l analysis was 

conducted by a meta-analysis o f exis t ing sur f ing wave studies 

f o r mean Cp f o r d i f fe ren t su r f breaks around the w o r l d by D a l l y 

[55] and Hu t t et. a l . [ 38 ] . The average Cp o f al l observations was 

6 m/s, w i t h this value used as the in i t ia l design wave speed f o r 

the wave pool . 

F ie ld observations o f su r f i ng waves were conducted at L o r n e 

Point, V i c t o r i a [ 3 ] . Lorne point was chosen as the waves break 

parallel w i t h the shoreline, and w i t h a desirable shape at smal l 

(less than I m ) wave heights. Thus, Lorne Point is considered a 

close representation o f waves desired fo r the final wave poo l . 

T o determine the m i n i m u m Cp that s t i l l produces surfable 

waves, the field obseivations were undertaken and analysed at 
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L o m e Point. Tl ie smallest surfable waves observed hav ing 

hheach = 0.5m w i t h a wave per iod (7 ) = 3s, the m i n i m u m Cp was 

estimated as being 3m/s using shal low water estimate f r o m 

A n t h o n i [ 4 ] . This observation was supported by D a l l y [5] and 

Hu t t et al. [ 6 ] , who observed a m i n i m u m Cp = 2m/s. 

T o translate the linear approximat ion to the case o f a pressure 

source t ravel l ing i n a circular track, i t was observed that the 

waves travelled w i t h the pressure source; that is the wave field 

was obsei-ved to have the same angular ve loc i ty ( ty) as the 

pressure source. For the wave field to have the same m as the 

pressure source at al l rad i i , the tangential component o f the 

ve loc i ty (parallel w i t h the pressure source l ine o f t ravel) {u) 

must be proport ional to the radius (i?). 

WAVE HEIGHT 

W h e n t a lk ing about surf, the first question that surfers ask is 

" h o w b i g are the waves?" However the answer to this question 

is no t straight fo rward , as surfers s t i l l cannot agree on h o w to 

measure wave height, where i t is the wave face (on w h i c h the 

surfer rides) [ 7 ] , the wave height in deep water before the wave 

breaks (that is measured using swel l bouys and reported on 

weather reports), or some other measure. 

I n conduct ing the empir ica l analysis, the waves w i l l be 

assumed to break at yteach w i t h wave height o f Ht^ach For a 

t h r i l l i n g desirable ride, the wave must be large enough f o r the 

average sur fer A s an in i t i a l design requirement, Hteach = > 2 m is 

desirable as i t is overhead f o r the average height surfer 

(assumed as 1.75m), p rov id ing an exci t ing r i d i n g experience; 

Figure 6. O f course, smaller waves are also very enjoyable to 

r ide, especially f o r less ski l led surfers. Therefore , smaller 

diameter, cheaper wave pools that generate waves o f Hheach < 

2 m may also be viable. 

WAVE SHAPE 

The shape o f the wave at the breakpoint is a cr i t ica l element o f 

the su i tabi l i ty o f the wave fo r sur f ing . Ga lv in [8 ] and Bat t jes 

[9] f o u n d the wave w i l l break i n d i f fe ren t breaker shapes 

dependent on the beach slope {s), Hheach and the wavelength i n 

deep water jus t before the beach (Xhead), where the wave crests 

paral le l w i t h the beach slope. Batt jes [9] used the I r ibarren 

number ( f ) (or sur f s imi la r i ty parameter) to describe the 

breaker type on the basis o f previous results o f G a l v i n [ 8 ] : 

^ ^ t a n ( 5 ) (1) 

'J^lbeac h /^beac h 

Bat t jes [9 ] found the range o f values f o r f f o r the d i f fe ren t 

wave breaker types, as detailed in Table 1. 

B r e a k e r type 

Spi l l ing f < 0 . 4 

Plunging 0 . 4 < = ^ < = 2 . 0 

Surging / col lapsing ^ > 2 . 0 

Table 1. Breaker type and ^ ( f r o m [9 ] ) 

The types o f breaker shapes were def ined by G a l v i n [8 ] as: 

a. Spil l ing breakers. These waves are surfable, however 

they are not the highest quality. 

b. Plunging breakers. These waves are the highest qual i ty 

waves. 

c. Col laps ing breakers. These waves are not surfable. 

d. Surging breakers. These waves are not surfable. 

For surfers, the ul t imate experience is to ride inside a p lung ing 

"barre l ing" wave; Figure 6. Surfers rout inely travel al l over the 

w o r l d to ride "barrels" p lung ing waves as not a l l s u r f i n g breaks 

generate p lunging waves, and due to the d is t r ibut ion of Hteach i n 

a wave group ( k n o w n in su r f ing as a "set" o f waves) not every 

wave plunges. Therefore , to constantly generate p lung ing 

waves is the ul t imate a i m o f the wave poo l . 

Figure 6. Surfer r i d i n g p lung ing wave o f Hheach ~ 2 m . 

WAVE WIDTH 

The length o f smooth, unbroken wave crest is de f ined as the 

usable " w a l l " w i d t h . A s def ined by Hart ley [10 ] , a wide steep 

w a l l is required to p rov ide surfers suff ic ient ver t ica l and lateral 

space to p e r f o r m typ ica l manoeuvres. A n example o f such a 

h igh qual i ty wave is shown i n Figure 7. 

Mead et. al. [11] fu r ther associates the d i f ferent parts o f the 

breaking wave w i t h the d i f fe ren t manoeuvres .The 'pocket ' is 

jus t in f ron t o f the barrel and is where the ma jo r i ty o f the waves 

power is located. I t f o r m s the steepest part o f the wave and thus 

is the section where surfers are able to generate the most speed. 

The 'shoulder ' is where the wave is the least steep and 

generally surfers w i l l struggle to generate speed w h i l s t su r f ing 

on this section. Advanced surfers w i l l o f t en use a cutback 

manoeuvre to pos i t ion themselves back in the pocket . The ' l i p ' 

is the uppermost po in t o f the wave and can be used f o r 

p o w e r f u l top-turns or aerials. The 'wh i t e water ' is the broken 

part o f the wave i n w h i c h is generally avoided by surfers o f a 
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reasonable s k i l l level . Whi t e water may be surfed by beginners 

w h i l e they are learning to stand up. 

The w a l l w i d t h is nomina l ly the distance between the outer w a l l 

and the break point , minus the pressure source beam. Further, a 

b o w wash (breaking b o w wave) is created as the pressure 

source travel , causing an area o f turbulent water; termed the 

near- f ie ld region; Figure 8. This near field reg ion is unsuitable 

f o r su r f ing and reduces the usable w a l l w i d t h . 

Figure 7. A h i g h qual i ty wave shape. The elements o f the wave 

as described by M e a d et. al. [11] are shown. 

Figure 8. Example o f near field effects fo r mode l 6. 

NUMERICAL APPROACH 

Once the set o f empir ica l relationships between the design 

parameters were developed to a l l o w the pool to be designed fo r 

a combina t ion o f desired Hteaci,, ^ and RQ, a numer ica l approach 

was undertaken using the Michlet linear potential flow model 

[ 1 2 ] . Michlet had the advantage o f being able to e f f i c i e n t l y 

model a large number o f test conditions. A n e f f i c i en t mode l ing 

method was required to conduct an in i t ia l analysis o f the waves 

generated by the pressure sources given the f r eedom to control 

many o f the design parameters, inc luding pressure source 

conf igura t ion (shape, length, beam, draught, and vo lume 

displacement), water depth, and pressure source speed. 

A s detailed i n M i c h e l l [ 1 3 ] , the waves are created by a pressure 

source where there is a change in the beam i n the streamwise 

di rec t ion; the component o f a pressure source where the 

waterl ine is paral lel ( f l a t sided) does not contr ibute t o wave 

m a k i n g [14 ] . Therefore , the in i t ia l focus was on de te rmin ing a 

pressure source design that has cont inual ly changing beam 

w o u l d e f f i c i e n t l y generate waves. Examples o f this design were 

the hyperbol ic tangent waterl ine pressure sources, w i t h 

waterl ine length {LWL) to beam {B) ratio o f 1.3 and 1.75, used 

in inh ia l investigation by Schipper [15] and Vries [16] . 

To provide experimental data to validate the ab i l i ty to 

accurately predict the wave heights using Michlet, linear t o w 

tank testing was conducted using three d i f fe rent pressure source 

models and combinat ions o f speed, water depth and draught. 

However the Michlet model was not able to accurately predic t 

the wave shape generated by the wide (non-thin) pressure 

sources. These early results were published by the authors [17] 

[18 ] , w i t h the w o r k presented at a conferences [19] [20]and 

other venues. 

A f l i r ther numerical approach consider the ef fec t o f the 

wavedozer beam and entry angle on the generated wave height 

was conducted by Essen [21] using the RAPID non-l inear 

potential flow model . F inal ly , a thi-ee dimensional Fini te 

Volume Me thod ( F V M ) numer ica l approach to model the entire 

wave pool system w i t h a beach in place to a l l ow the breaking 

wave shape to be predicted is currently being undertaken by 

Javanmardi [22 ] using ANSYS-CFX/ FLUENT, that solves the 

R A N S equations w i t h finite-volume approach and uses the 

vo lume o f fiuid technique to simulate the fi-ee-surface mo t ion . 

The authors changed the focus to the experimental approach, 

given the l imi ta t ions o f the potential fiow numerica l approaches 

and w i t h the more complex F V M approach being undertaken 

by Javanmardi [ 2 2 ] . 

EXPERIMENTAL APPROACH 

The th i rd approach was devoted to a series o f f o u r experimental 

scale model experiments. The focus o f the experimental 

approach was first to deal w i t h the pressure source shape and 

the operating condit ions t o maximise the size and qual i ty o f the 

generated waves. Subsequently, the effects o f the bathymetry 

on the wave t ransformat ion breaking and dissipation were 

examined. 

The results were also used to determine o f the design parameter 

l i m i t i n g values fo r input to the empir ica l analysis, and to 

validate the author 's M i c h l e t predictions, Essen's RAPID 

predicrions, and Javanmardi 's F V M model [ 2 2 ] . 

Linear and circular scale models were bui l t and tested at the 

Austra l ian M a r i t i m e College ( A M C ) . The l inear testing was 

conducted i n the 100m t o w tank, w i t h the circular scale model 

bui l t i n the M o d e l Test Bas in ( M T B ) ; Figure 9. Cameras and 

wave probes were used to record and exam the shape and 

development o f the waves. 
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Figure 9. Circular scale model 

PRESSURE SOURCES 

Most studies into ship wave generation have focused on 

miminising the wave generation [23] [24] [25], thus reducing 

the ship wave resistance [26] [27], nuisance to other users of 

the waterway [28] and destructive wave-shore interaction [29]. 

Previous work by Macfarlane [26] and others has found that 

wave making increased with the beam to length ratio; that is a 

short, wide pressure source; Figure 10. A more efficient 

pressure source shape, being a wavedozer, was investigated by 

Standing [30], and further developed by Driscoll [1] and 

Renilson [31]. The wavedozer is also a very simple structure to 

form, essentially simply being an inclined flat plate. The initial 

wavedozer design is shown in Figure 11. The wavedozers used 

differed from those previously tested by Standing [30], Driscoll 

and Renilson [1] [31], that spanned the channel, where the 

wavedozer tested by the author had limited beam. 

The pressure sources tested for different shapes and values of 

beam, draught, UVL and entry angle ( « ) (for the wavedozers) as 

detailed in Table 2. The pressure sources were configured so 

they were fixed in heave and trim. 

Figure 10. Model 2 parabolic pressure source of 700mm 

length, 600mm beam, 500mm height. 

F igure 11. The first wavedozer shape Model 3 tested. The 

direction o f travel was from left to right. 

Ser ia l Model Type. B e a m [mm] A [deg] 

L i n e a r 

1 Parabolic 300 N / A 

2 Parabolic 600 N / A 

3 Wavedozer 300 14 

C i r c u l a r Series 1 

4 Wavedozer 176 14 

5 Wavedozer 251 14 

6 Wavedozer 176 14 

7 Wavedozer 251 14 

C i r c u l a r Series 2 

8 Wavedozer 75 4 - 18 

9 Wavedozer 175 14 

10 Wavedozer 275 14 

11 Wavedozer 150 14 

C i r c u l a r Series 3 

12 Wavedozer 275 7 

13 Wavedozer 550 7 

Table 2. Pressure sources tested in each series 

QUALITATIVE ASSESSIMENT 

The next question surfers ask each other when checking the 

surfer is "how good is it". That is, for surfing, wave quality is 

as important, i f not more important, than the wave height 

(Hbeac!,)- This qucstion is again subjective, however, the wave 

quality can be broken down into a number of elements. 

In addition to the wave shape ( Ö , the wave quality is also 

determined by wall width, wave steepness and smoothness o f 

the wave face. These qualities determine the type o f 

manoeuvres that a surfer may do on the wave. 
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To support the quali tat ive assessment o f the wave quali ty, the 

wave scoring system developed by the Associat ion o f S u r f i n g 

Professions [32] was used. Table 3, w i t h t w o examples o f 

excellent waves shown i n Figure 12. The j u d g i n g cri teria were 

c la r i f ied to a l l ow f o r the steady state nature o f the waves 

generated in the p o o l . 

Score Descript ion Requirements 

0 N o wave tJnrideable 

0 . 0 - 1.9 

Bare ly 

surfable N o turns. Sp i l l ing wave. 

2 . 0 - 3 . 9 Fair Simple turns. Sp i l l i ng wave. 

4.0 - 5.9 Average 

Turns, smooth wave. Sp i l l i ng 

wave. 

6.0 - 7.9 Good 

Plunging wave w i t h smooth, 

steep w a l l 

8 . 0 - 1 0 . 0 Excel lent 

Plunging wave w i t h long, 

smooth, steep w a l l 

Table 3. Wave scores 

Figure 12. Examples o f excellent waves generated in the 

circular scale mode l by mode l 10 w i t h d* = 0.2 i n ho = 2 5 0 m m 

at Fri,o = 0.975. 

EXPERIMENTAL RESULTS 

et. al. theoretical c r i t ica l i ty boundary; Figure 14. Condi t ions 

were determined to be i n the Critical Zone when the non-

dimension wave height (H*) as a f u n c t i o n o f non-dimensional 

lateral distance (y*) was less than cond i t ion 62 K = 0; an 

example is shown in Figure 15 f o r cond i t ion 56 K= 0.07. 

Therefore, to maximise the wave height at the breakpoint 

{Hbeaci), the preference w o u l d be f o r blockage to be min imised ; 

i.e. «: = 0. However , a beach is required to t r igger the wave to 

break w i t h the desired p lung ing shape. F r o m Figure 14, the 

presence o f the beach may a l l o w condit ions s l igh t ly w i t h i n the 

Critical Zone to be used, l i m i t e d to K <= 0.07 and Frm < 1. 

I t must be noted that by Robbins el. al. [33] and the present 

w o r k d i f f e r : 

a. Pressure sources. Robbins et. al. used a catamaran 

whi ls t the present w o r k used wavedozers. 

b. Bathymetry. Robbins et. al. used a rectangular channel 

w i t h a constant water depth. The present w o r k used 

s loping beaches. 

For a l l condit ions, a bow wave was generated i n f ron t o f the 

pressure source, inc luding f o r K ~ 0%; Figure 16. T h e bow wave 

is believed to be due to a combina t ion o f the t w o phenomena; a 

p r imary wave and / or a sol i ton. The f o r m a t i o n o f the bow M'ave 

resuhed i n less energy being available f o r the divergent waves, 

and therefore the reduced m a x i m u m Cwpi o f the t r a i l ing 

divergent waves, as indicated by the reduct ion i n divergent 

wave elevation f o r condi t ion 56 w i t h increasing sol i ton 

fo rma t ion ; Figure 16. 

F r o m the experimental results, a key parameter that related the 

wave l i f e -cyc le to the pressure shape, operating condit ions and 

bathymetry was the blockage ( K ) is def ined as the pressure 

source cross sectional area (A,) to channel cross-sectional area 

(Ac): 

Robbins et al. [33] investigated the effect o f K. on the fo rma t ion 

o f a sol i ton i n a constrained channel. Robbins developed a p l o t 

o f K as a func t i on o f Frj,; F igure 13. This was d iv ided in to : 

a. Sub-Critical Zone, w i t h no / l im i t ed soli ton f o r m a t i o n 

and a divergent wave field. 

b . Critical Zone w i t h s igni f icant sol i ton fo rmat ion . 

c. Super-Critical Zone \ v i t h no / l imi ted sol i ton f o r m a t i o n 

and super-crit ical wave field. 

The b o w wave / sol i ton was generally not steep enough to 

break, and therefore w o u l d not be used f o r su r f ing in this wave 

p o o l design. Therefore, the f o r m a t i o n o f the bow wave is a 

m a j o r l im i t a t i on on the generation o f surfable divergent waves, 

and was sought to be min imised . 

The ma in outcome o f the empir ica l approach was that the 

design parameters are in compet i t ion . Therefore , the values o f 

the design parameters are care fu l ly balanced to achieve the 

desired breaking wave shape and height, K and associated 

sol i ton fo rma t ion are found to have the greatest l i m i t a t i o n on 

the generation o f h igh qual i ty waves suitable f o r su r f ing i n a 

constrained waterway. However , a wide , sha l low entry angle 

wavedozer was f o u n d to generate smooth h igh waves, w h i c h 

were able to be triggered to break w i t h a p l u n g i n g shape. 

Robbins et. ai. [33] obsei-ved that sol i ton f o r m i n g Critical Zone 

extended w i t h increased K. Robbins et. al. [33] only tested at 

K < 0.02. The authors o f this paper extended Robbins ' results to 

K <= 0.07 by p lo t t i ng the c i rcular scale model series 3 results 

w i t h and wi thou t a beach in place were plotted against Robbins 
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Figure 13. K as a f unc t i on o f Fr/, f r o m Robbins et. al. [33] . 
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K 

F i g u r e 14. Sub-Critical (open triangles) and Critical ( sol id 

diamonds) conf igurat ions plot ted against Robbins et. al. 

theoretical c r i t ica l i ty boundary 

(adopted f r o m Robbins et. al. [ 33 ] ) . 
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\ \ ^ ̂  
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ACond 55 k = 0.07 

V bcath A 

D 

Figure 15. / / * as a func t ion o f f o r d i f fe ren t values o f K f o r 

mode l 12-02 w i t h d* = 0.2 i n iio = 2 5 0 m m at Fri,o = 0.95; 

condi t ion 62 K = 0 and condi t ion 56 ;c = 0.07. The beach is i n 

place atytcach* = 0.15 f o r condi t ion 56. 

CO 
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•GO 

Reduced 
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Figure 16. T i m e traces o f Qpi f o r model 12 f o r K = 0 and 

5 = 1 6 ° w i t h K = 0.07 at Fr^ = 0.95 w i t h d* = 0.2 i n 

lio = 2 5 0 m m . M o d e l 11-12 was t ime sh i f ted to a l ign w i t h mode l 

12-02. The pressure source bow passed the wave probe at 

t ime = 24.5 seconds. 
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POOL RADIUS (Ro) CONCLUDING REMARKS 

Final ly , in order to generate the m a x i m u m number o f surfable 

waves, the commercia l wave pool requires mul t ip le pressure 

sources, wi thou t adverse wave interaction; that is, the water 

surface needed to ca lm suf f i c i en t ly after the passing o f one 

pressure source, p r io r to the second pressure source t rave l l ing 

through the same water so as not to affect the wave qual i ty o f 

the waves generated by second and subsequent pressure 

sources. 

To determine the t ime required to a l low the water su r f to ca lm, 

by observation, non-adverse residual waves interaction was 

defined being when surface elevation, measured close to the 

pressure source (Cuyj/), excited by the pressure source was less 

than 10% o f the m a x i m u m ^„^/ o f the first wave generated. A s 

an example, C,,,^, o f the first wave was 5 6 m m at t ime = 30s; 

Figure 17. Therefore , the water is def ined as being calm enough 

f o r the second pressure source to pass when ^„.^,/ < 5 .6mm; 

w h i c h occurs by t ime = 38s. W i t h the second pressure source 

passing at t ime = 50s, the pressure sources should be able to be 

placed closer together. 

The design o f a circular wave pool concept has been produced 

by Webber Wave Pools and patented w i t h i n Aus t ra l ia and 

Internat ionally. This design shows great promises to not only 

produce a unique fac i l i t y f o r expanding the su r f ing industry but 

also to conduct s ignif icant research into repeatable breaking 

waves. 

A key finding was that the pressure source shape, operating 

condit ions and bathymetr ic design parameters were i n 

compet i t ion. Therefore i n order to generate h igh , p lunging 

waves in the constrained channel, these design parameters 

could not be considered in isolat ion. I t was found that the wave 

qual i ty was extremely sensitive to changes i n the design 

parameters. 

Subsequently, a set o f empir ica l relationships between the 

design parameters were determined to a l l ow a poo l to be 

designed f o r a combinat ion o f the desired height o f the largest 

waves at the break point , a p lung ing wave shape i n a given pool 

radius. 

Therefore, a long w i t h pressure source speed (iio), Ro w i l l 

determine the length o f t ime f o r each pressure source to t ravel 

around the pool , and therefore the number o f pressure sources 

that may be used i n a single poo l . 

60 

40 

20 

E , 1 1 +/-10% j 

\m INI W M V \ n ; y - ^ ' w « ^ ' ' ' ^ -r 

20 30 40 50 60 

T i m e [s] 

Figure 17. T i m e trace o f C,pj f o r Condi t ion 6 model 5 w i t h 

(7* = 0.2 in ho = 2 5 0 m m at Fri,o =0.95. 

This w o r k continued the research conducted by Robbins et. al. 

[ 3 3 ] . A s detailed in Robbins et. al. [ 3 3 ] , sol i ton f o i m a t i o n is 

t ime dependent and specif ic to blockage. Robbins et. al. [33] 

advis ing that the wider ( i .e . fiiU scale) impl ica t ions o f these 

mode l test findings are potent ia l ly s igni f icant , w i t h al l previous 

wave measurements f o r critical values o f Fr/,, w i l l be t ime 

dependant ( i .e . unsteady), especially i n h igh blockage 

environments such as rivers or canals. However , faci l i t ies 

l imi ta t ions (i .e. l imi ted length t o w tanks and test basins), may 

not a l l ow suf f ic ien t t ime f o r the sol i ton to f u l l y f o r m or reach a 

steady state w i t h a beach i n posi t ion. Therefore, the circular 

t rack scale model may provide the f a c i l i t y to address this 

l imi t a t ion . 

However , suf f ic ien t results were obtained by the end the 

program to a l l ow pressure source and bathymetry to be 

conf igured to produce t w o h igh qual i ty p lung ing waves per 

pressure source. The present w o r k dealt w i t h de termining a 

conf igura t ion that was suf f ic ien t to commerical ise the patented 

design, and through the combina t ion o f the empi r ica l analysis, 

this was achieved. The promise o f m a k i n g the perfect 

repeatable-surfable wave seems to be c o m i n g true. 

Further work 

Based on the w o r k presented in this paper, a number o f 

recommendations and suggestions f o r f l i tu re w o r k can be made. 

Pool design steps 

To design a f u l l size poo l , i t is recommended to use the 

empir ica l relationships and design parameter values chosen 

f r o m the experimental results. 
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The predicted design and the shape o f the wave should then be 

conf i rmed using the ANSYS-CFX/ FLUENT rmmnYK&i mode l 

developed by Javanmardi [ 2 2 ] . The model al lows the 

invest igat ion o f the wave shape, currents and forces on the 

pressure source thi'oughout the water vo lume, and in far greater 

detail , than could be achieved experimentally. The model 

a l lows the visualisation o f the three dimensional breaking wave 

shape, fac i l i t a t ing a quali tative assessment o f the wave qual i ty 

f o r sur f ing . This valuable data is not necessarily accessible by 

the experimental method due to the d i f f i c u l t y o f measuring the 

breaking wave shape, especially once f u l l scale pools are 

considered. The model has been val idated against the current 

circular track scale model test results. 

Experimental approach 

The next circular track scale mode l should be used to validate 

the in i t i a l design predicted using the empir ica l relationships. 

Th i s w o r k continued the research conducted by Robbins et. al. 

[ 3 3 ] . A s detailed in Robbins et. al. [ 33 ] , sol i ton fo rma t ion is 

time dependent and specific to blockage. Robbins et. al. [ 33 ] 

advis ing that the wider (i.e. f u l l scale) impl icat ions o f these 

model test findings are potent ia l ly s ignif icant , w i t h al l previous 

wave measurements f o r critical values o f Fri„ w i l l be t ime 

dependant (i .e. unsteady), especially in h igh blockage 

environments such as rivers or canals. However , f a c i l i t y 

l imi ta t ions (i.e. l imi ted length t o w tanks and test basins), may 

not a l l o w suf f ic ien t t ime f o r the so l i ton to fijlly f o r m or reach a 

steady state w i t h a beach i n pos i t ion . Therefore, the circular 

t rack scale model may provide the f ac i l i t y to address this 

l im i t a t i on . 

The results o f this research may be also applied to other 

applications such as ship waves generated dur ing manoeuvr ing 

(curved tracks) and operations in restricted waterways. 

Scient i f ica l ly , the research provides a method to s igni f icant ly 

extend the fxindamental knowledge o f wave mechanics. 
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