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cgWindWaves, Version 4/03, User manual

The software cgWindWaves, described in this users manual, is furnished under a license agreement.
The software may be used only in accordance with the terms of the license agreement. Information in
this document is subject to change without notice.

License and copyright

If you do not agree with the terms of the following Disclaimer and License Agreement, return the program disks
before you install and activate it, to RUNET software and expert systems, within 30 days of purchase for a full
refund of software cost and sales tax.

Disclaimer

This software should be used only from experienced and licensed professional engineers. The software must be
considered as a helping tool for the designer engineer, and can never replace the knowledge, the experience and
the judgment of a professional engineer. The user of this software must understand that no matter how advanced
and well checked this software is, he should carefully check the results and take responsibility of their use.

Copyright

This software is owned by RUNET software and expert systems, and it is protected by EC (European Community)
Copyright Laws and International Treaty Provisions. This software and the accompanying materials, must be
treated like any other copyrighted material (e.g. book). It is allowed although to make one copy of the Software for
backup or archive purposes. You may not copy and distribute the accompanying materials. It is strictly prohibited
by law unauthorized reproduction or resale of this software product and the accompanying materials.

Software License

This is a legal agreement between the legal user of this software and RUNET software and expert systems. By
installing this software you agree to be bound by the terms of this agreement. If you do not agree to the terms of
this agreement then do not install this software and return within 30 days after purchase, for a fully refund of your
payment.

Scope of License

Each licensed copy of cgWindWaves must be used either on a single computer, or installed on a single
workstation used non-simultaneously by multiple people, but not both. This is not a concurrent use license.

You may not rent or lease this software. You may not modify, adapt, translate, reverse engineer, decompose, or
disassemble the software. Any violation of this agreement terminates your right to use this software.

Liability Limitations

cgWindWaves, in no event shall be liable for any damages whatsoever (including without limitations, damages for
loss of business profits, business interruption, or any other loss) arising of the use of this software. RUNET
software and expert systems makes no warranties, either expressed or implied, as to the quality or performance
of this software, that the results and calculations of this software will meet your requirements, or that the operation
of this software will be error free.

This software is a helping tool to aid you in the design. The results of this software must be reviewed and
interpreted from experienced licensed engineers, and by no means constitute an acceptable engineering design.
cgWindWaves and related documentation are provided "AS IS" and without warranties as to performance or
merchantability or any other warranties whether expressed or complied. Because of the various hardware and
software environment into which this software may be put, no warranty of fitness for a particular purpose is
offered.

Under no circumstances shall RUNET and its personal be liable for any direct or indirect, incidental special or
consequential damages resulting from the use or inability to use of this software or related documentation, even if
RUNET has been advised of the possibility of such damages.

This agreement shall be governed by EC (European Community) laws. If for any reason a court or competent
jurisdiction finds any provision of this agreement, or portion thereof, to be unenforceable, that provision of the
agreement shall be enforced to the maximum extend permissible so as to effect the intent of the parties, and the
remainder of this agreement shall continue in full force effect.

If this license is too restrictive with the laws of your country, do not use this software and return within 30 days
after purchase, for a fully refund of your payment.

RUNET software & expert systems, Rizari 51, loannina 45221, GREECE
Support: Tel. + 30 2651 048900, Fax: + 30 2651 048889 e-mail: sales@runet.gr Internet: www.runet.gr
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General

The wave forecasting methods are both empirical and theoretical. Many factors are involved in wave
forecasting, especially in restricted fetch areas. The wave forecasting methods are based on semi-
empirical relations (SMB methods, Sverdrup, Munk, and Bretschneider), which link the significant
wave height Hs and significant wave period Ts to wind speed U, fetch length F, and water depth. The
wave forecasting procedures is largely graphical, and laborious.

With this program you get an estimate of the waves in restricted fetch water regions. From the water
region defined by its map, the mean wind direction and wind velocity, you obtain the significant wave
height Hs, and wave period Ts, and a wave spectrum S(f). The wave prediction is based on the
combination of various theories for wave forecasting, for directional effects, and wave spectra, which
are implemented in the program. Application of the program is for regions where refraction is
negligible.

Methodology

The region of the water, which is defined by its map, is divided in sectors radiating from the point
where the wave characteristics are to be determined. These sectors are symmetrically disposed about
a centerline which is directed up-wind along the main wind direction.

For each of these sectors the significant wave height (Hs) and wave period (Ts) are predicted, using
one of three known methods. These methods are : two methods by Bretschneider, one without taking
into account the water depth and one which takes into account the water depth, and one method by
Wilson. In case the water depth is taken into account, an average water depth over the region is
considered.

The wave forecasting of the water region is based on a wave spectrum, which is obtained by taking
into account the contribution of each of these sectors the water region is divided. Three methods are
applied in the program for this contribution.

e The effective fetch method is obtaining an equivalent fetch of the region by an weighted
average process of the fetch of each sector. From this fetch the significant wave height and
period are predicted, and from them the wave spectrum.

e Saville's method which obtains an equivalent significant wave height and period, by a

weighted average process of the predicted significant wave height and period for each sector.
From the significant wave height and period the wave spectrum is predicted.

e Seymour's method. According to this the wave spectrum is computed for each sector and the
final predicted wave spectrum is obtained by adding up the energy of each sector's spectrum.

For the wave spectra the two known spectra by Pierson-Moskowitz and JONSWAP are used.
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How to use the Program

Open a file. The data are automatically saved in the file.

Select the units for coordinates.

Specify the number of boundaries (up to 5). Boundary one is the external boundary, and
boundaries 2, 3, 4,and 5 are internal boundaries corresponding to islands.

Give the Cartesian coordinates of each boundary, or read in the coordinates from a text file.

wnN -~

4

5. Click at M to see the drawing of the region map.

6. Give the coordinates of the point where the waves characteristics are to be determined.

7. Specify the mean wind direction in degrees and the wind sector angle.

8. Select units for the wind velocity, and give the wind velocity.

9. Give the mean water depth of the region

10. Select method for implementing the directional effects

11. Select wave spectrum P-M or JONSWAP

12. Select method for forecasting significant wave height and period from wind velocity, fetch and
water depth.

13. Click at Ml to obtain the predicted wave heights and period, and the wave
spectrum together with a typical wave time record.

By changing the wind parameters, wind direction or wind velocity, or the wave forecasting
theories, with a mouse click, the new wave prediction appears at once. In this way you can search
very fast for the optimum parameters and wind direction for design wave spectrum.

By clicking at ? you get help information on the adjacent subject.

Files
File:
LD “ Address I C\Programfiles\RUMET coWindwWaves|Projects
Save As.. Folders X || MName # |
Project title =] Program Files -] (] Priono. wDT
Input %, coordinates from Text file - =7 Runet Projectdl.WDT
Prinker E{:I cgWindvwaves Project0z. DT
_ 7] Doc Projecti3. wDT
B 7] Examnples
1 :C:\Programfiler\RUNE Ticgiwind W aves\Examplesiexamplel, WD T a Project

The project data are automatically saved in a file with ending WDT. All the data for the project is saved
in this file. Automatically the project files are created in the folder ..\cgWindWaves\Projects. Of course
you can place your data files anywhere in your system. With the action [Save as] you make a copy of
your project with another name.

Project Title

Define the title of the projects to show on top of the report pages. The project title can be changed any
time.

[

New
Cpen
Save As.,

Project title
Input ¥, coo LR title il

Prinker

Exit Project Title IPrn|act exampled|

1 :C:\Progran
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Coordinates of water region

You input the basic nodes of the water region outlines.

Reqional coordinates ?
MNurnber of boundaries W
Urits of coordinates km =
Graph as pou enter =y Mo -

Outer |
pointl % [km] | 1 [lm] | ﬂ
1 10.000 10.000
2 | 20,000 2.000
3 | 25000 10.000
4 | 30,000 20.000
5 | 32000 22.000
E | 36.000 20.500
7 40200 12,300

9l +l -]

First you choose the number of boundaries. Boundary (outline) one is
always the outside region, and 2, 3, 4, 5 are boundaries of inside

islands.

You choose the units for the coordinates. (m, km, ft,miles).

You give the coordinates of the outline nodes of each boundary. Give the
nodes in sequence as they connected. You may skip nodes between nodes
to fill in afterwards. If you select YES for [Make graph as you put x, y] then
the same moment you input the coordinates, the graph of the map is drawn.
This maybe helpful some times.

Otherwise in order to draw the graph click at. | bieiesiszg |

e Byclicking at >> you expand the grid with the input nodal
coordinates to make space for more nodes.

e By clicking at + you insert nodes between

e By clicking at — you delete the current selected node.

Input water region coordinates from text file

File Tools Actions Fepork  Help

ew 1 10.0 10.0
Open 2 20.0 8.0
3 25.0 10.0
23V AS.. 4 30,0  20.0
Project title 5 32.0 22.0
: = = =} 36.0 20,50
Input ¥, coordinates From Text file 7 40,20 12.30
i 8 43.0 10.0
Printer
Exit
; . 33 30.0 55.80
1 :Z4ProgramfilerRUMET cgwindvy aves| Examplesiexamplel WDT 24 12.50 &1.30
35 15.30 50.00
36 14.20 40,30
) ) 37 10.00  30.00
You may read the coordinates from the water region from an external text 38 5.30  20.25

file(*.txt) made with Nodepad or Word. The format of this file is simple.

One line for the coordinates of each point with the node number in front and
the x and y coordinates following with space separations between. To
change outline insert a line with the letter R between.
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Wind Data

erfor angle

wind direction

wind diretion [ 33.00 E
“wind sectar [°]|1 30,00 E

Wind direction. This is the mean wind direction (angle with the horizontal)
in degrees.

Wind sector angle ¢. This is the angle inside which we assume the wind

effect. The wind sector is assumed half of this angle ¢/2 at each side of the main wind direction.
(Maximum value for this angle =180°). This wind sector (marked blue in the drawing) is divided in
sub sectors radiating from the point where the waves characteristics are to be determined. These
sectors are symmetrically disposed about a centerline which is directed up-wind along the main wind
direction. The subdivision in the program is in sectors of 2°. When the wind sector angle approaches
zero (minimum value in the program = 4° ), the wave prediction approaches the single fetch theory.

Wwind welocity units Im.-’sec vI
[2400 [ 2]
Awerage depth [m]l 40.000 E

Wwfind velociby

Wind velocity in units you choose (m/sec, km/hr, ft/sec or
Miles/sec).

The Beaufort Scale

Force Description knots m.p.h. mls
0 Calm <1 <1 0.0-0.2
1 Light Air 1-3 1-3 0.3-1.5
2 Light Breeze 4-6 4-7 1.6-3.3
3 Gentle Breeze 7-10 8-12 3.4-54
4 Moderate Breeze 11-16 13-18 55-7.9
5 Fresh Breeze 17-21 19-24 8.0-10.7
6 Strong Breeze 22-27 25-31 10.8-13.8
7 Near Gale 28-33 32-38 13.9-17.1
8 Gale 34-40 39-46 17.2-20.7
9 Strong Gale 41-47 47-54 20.8-24.4
10 Storm 48-55 55-63 24.5-28.4
11 Violent Storm 56-63 64-75 28.5-32.6
12 Hurricane >=64 >75 >=32.7
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Units
knot m/sec m.p.h. km/hr ft/sec

knot 1 0.515 1.152 1.853 1.689
m/sec 1.943 1 2.237 3.600 3.281
m.p.h 0.868 0.477 1 1.609 1.467
km/hr 0.540 0.278 0.621 1 0.911
ft/sec 0.592 0.305 0.682 1.097 1

1 ft=0.3048 m 1 Mile=1610 m 1Nautical Mile=1858 m

Wave spectra

Spectrum type
’7(" Pierson-toskowitz o JOMSWwAP

Two commonly used wave spectral formulas are implemented in the program

Pierson-Moskowitz 5 7
S(=ag?Qayt 7 ewp {— Z(f_>_4}
JONSWAP ) — (-5
2 -4 -5 3 f _s | FEP 3 e
S(fr=0g Q)7 [T emp - — (=07 ¥ 2et 1
4 7,
o1=0.07 for f<=fp, g2=0.09 for f=fp
i
|
|
|
|
« |
o |
E |
= |
=3 |
w |
I
|
[
|
|
I
I
I
|
| -
“ w, rad/s
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Significant wave height and period

Significant wawve computation method
’7‘-’* Bretzneider ™ Bretsneider [depth] ' Wilsons method

The mechanics of wave generation by winds acting over water surface is a complex issue that various
semi-empirical methods have been developed. The wave forecasting methods are based on semi-
empirical relations (SMB methods Sverdrup, Munk, and Bretschneider), which link the significant wave
height Hs and significant wave period to wind speed, fetch, and water depth.

In the program are implemented three basic and commonly used methods. In this methods F is the
fetch, U the wind velocity, and g the acceleration of gravity, and D is the average depth f the region.
The nondimensional terms for significant wave height H and significant wave period T are given as:

Bretschneider's method

g _ [ gF 0.42] gl _ [ gqF In.zs}
uz - 0.283 tanh(0.0125 l H l U 7.540 tanh (00770 IH

[Seymour, R.J. "estimating wave Generation in Restricted fetches", J. ASME WW2, May 1977, pp251-
263.]

Bretschneider's method with depth effect

gF 0.42
I].I]125lm

H 0.75

5% 0283 tanh[u.san g ]tanh

ue u2 gD Jo.7s
tanh[l].53l] l 02 ]

0.25

- . n.n??ulg_';

9 7510 tanh[l].ﬂ33 l g—l"'m]tanh

u u2 ¢ h[l] 433 gD u.3?5]
an . m

[Seymour, R.J. "estimating wave Generation in Restricted fetches", J. ASME WW2, May 1977, pp251-
263.]

Wilson's method

gH [ gF |12 12 gT [ gF |17 15
TE —I].3I]I1 1+I].I]I]4Iml ] o =8.60 |1-11+0.008 TH ]

[Bretschneider, Ch.l.."Topics in Ocean Engineering, Volume 1", p31-32, Gulf Publishing Company,
Houston Texas, 1969.]
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Directional spectrum effects

Directional specturn effect
’71[* Effective fetch ™ Saville's method ' Seymour's method

In narrow fetch areas there is a dominant fetch for the wave
prediction. In restricted fetch areas, there is not one dominant
fetch to predict the waves. In this case three methods have
been implemented in the program

main wind direction

1. Effective fetch method

An effective fetch (F) obtained as a fetch weighted average, is used for the

prediction of significant wave height and significant wave period. F is the

= fetch along a ray radiating from the point at which the waves are to be

I, cos(y) dip determined, and making an angle ¢ with the main wind direction. The
integral is over a wind sector area (usually from -r/2 to ©/2)

2. Saville's Modified method

40
Feff - .I-_E[ F cos(@) di

significant wave period as the energy weighted average. H(¢) and T(¢)
are the wave height and wave period of waves generated along a ray
radiating from the at which the waves is to be determined, and making
o an angle ¢ with the main wind direction. The integral is over a wind

J' L LHO cns(¢j]2d¢. sector area (usually from -1/2 to n/2).

’ [Bretschneider, Ch.l.."Topics in Ocean Engineering, Volume 1", p32-34,
Gulf Publishing Company, Houston Texas, 1969.]

— The significant wave height Hs obtained as weighted average, and the
Hs= ;—vj ;([ Hp) cost) o
el

A0
[ 1w o) costnPug
Tg=

3. Seymour's method

The water region is separated in small sectors at angles ¢ around the main wind direction up to a
boundary angle (usually from -1/2 to n/2). For each sector the significant wave height and significant
wave period are computed, and from them a wave spectrum. The final wave spectrum is obtained from
energy-average of all these spectrums, and from this spectrum the significant wave height and
significant wave period are computed.

Seymours’s method seems to give more realistic results for restricted fetch areas, because the wave
spectrum is predicted at each wind sector. The wave frequencies are better represented in the final
forecasted wave spectrum. With this method double pick spectra will be predicted in some regions as
many in field measurements have shown.

[Seymour, R.J. "estimating wave Generation in Restricted fetches", J. ASME WW2, May 1977, pp251-
263.]
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Example

A water region as shown in the map, with the largest fetch about 200 km. The wind velocity is taken
60 km/hr. The waves are computed at a point in a protected area. For the directional effects the
Seymour’s method is selected. This method seems to give more realistic results for restricted fetch
areas, because the wave spectrum is predicted at each wind sector. The wave frequencies are better
represented in the final forecasted wave spectrum. With this method double pick spectra will be
predicted in some regions as many in field measurements have shown.

Project ...
Wave Forecasting
Water region
Mean wind direction 30.0007
Wind sector 160.000"
/ T _,/" Wind velocity 60000 Kmdhr
,«/ I __,f Average water depth 100.000 m
I -
AT
yd =+
\L.,.d-x | !
CEAT 4 L
~t T
Wave spectrum type JONSWAR
Significant wave computation method Wilson's method
Method implementing directional effects Seymour's method
Wave spectrum
oo Predicted Waves
Significant wave frequancy f==0137 Hz
1.558 Significant wave period Ts =T7.28 sec
- n Significant wave Height Hs =32Tm
kol 1.03
H13 =327 m
nEID Mean of heighest 1/10 waves H1M10= 418 m
Maximum wave height Hmax=523m
o
o 0.z 04 a5

Wavetime series

ogiindaves © Runat® Rurel Software and expert syshem
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Project ...

Spectral values

ogWiindtaves © Runet® Rurel Softeane and axper system
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Theoretical summary of example

Wave spectra

Piarson-Mosk owitz

S = ag® (2w S e —I::fir‘

JONSWAP i — - )
50/ )= agt@ait £ ep —4-:}{" 2o 71

Significant wave height and period
1. Bretschneidermethod

- l].ZESinnh[l]l]iIﬁl ]"ﬂ} £-?54«1u:anh[ntl?ml ]m}

2. Bretschneider's method with depth effect
qF

H gD ll.l]12'_i’ i

- 0283 tanh [0 530 T} tanh

mnh[ll ".i:-ll][gn Ms}
025
. u.um[ﬂ_Fz]
=T.540 1tamh [0.333 [ ] E}
u h[um ub [os7e]
3. Wilson's method tan

ool bl 1] -val o]
e fr0.004 u } L —no s J1+0.008 17

Directional spectrum effects

1 Effective f method An affective fetch (Feff) obtained as fetch weighted average, is used for the prediction of

significant wave height and significant wave period. F is the fetch along a ray radiating
F rq F cosiy) dif from the point at which the waves is to be determined, at an angle {phi} with the main
et = l.ﬂr cox[f) dé wind direction. The integral is over the wind sector area.
b

2. Baville's Modified method

i
Hs= 1—\'i _II[HIJIJCW[!:')]ZH# The significant wave height Hs obtained as weighted average, and the significant wave
du period as the energy weighted average. Hi ) and T{ ) are the wave height and wave period
of waves generated along a ray radiating from the point at which the waves is to be
determined, and making an angle (phi) with the main wind direction. The integral is over

z
I-.‘ITW]IHMJ-:::IS(II]I dp
the wind sector area.

] -
+iT
Iq[H¢]CWIﬁ312d¢

3. Seymour's method

The water region is separated in small sectors at angles phi around the main wind direction up to a boundary angle. For
each sector the significant wave height and significant wave period are computed, and from them a wave spectrum. The
fnal wave specirum is obtained from energy-average of all these specirums, and from the final specirum the significant

wavea height and significant wave period are computed.

Bretschneider, Chl.."Topics in Ocean Enginearing”, Gulf Publishing Company, Houston Texas, 1969.
Seymour, R.J. "Estimating Wave Generation in Restricted fetches™, J. ASME WW2, May 1977, pp251-283
Kinsman B., " Wind Waves." Prentice Hall, Inc., Englewood Cliftts, Mew Jersey 1955,

ogiindWaves © Runet® Rurel Software and expert syshem
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