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Figure 2.1 The wave-induced pressure in an cpposing wind predicted
by potential flow theory. kz is the non-dimensiocnal

height above the waves
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Figure 2.2 The wave-induced velocity in an opposing wind predicted

by potential flow theory. kz is the non-dimensional

height above the waves
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Streamline paths

Accelerative Shear Force

Figure 2.3

Decelerative Shear Force

The variation of velocity in a direction perpendicular
to the flow induces a difference in the direction
of the friction forces and a torgue resulting in a

rotational motion. [After Ie Mehaute (67)]
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Figure 2.6 Wave growth and decay due to a uniform current as

predicted by Eg. 2.62.
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Figure 2.4a The theoretical wave growth coupling coefficient as a
function of C/u,. [after Phillips (93) ].
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Figure 2.4b The theoretical wave decay coupling coefficient as a

function of C/u,.- [after Phillips (93)].
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Figure 2.7
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The phase angle of the pressure signal relative to the

water surface as a function of C/u,, measured by Longuet-
Higgins et al. (74), + ; Shemdin and Hsu (111), e ;

and Dobson (26), = . The broken lines indicate the envelope
of Kendall's (57) wind tunnel measurements and the continuous
curve is calculated from Miles formula (78). [After Phillips

94) ]
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Figure 2.8 Farly measurements of the air-sea energy flux in a
following wind, (57), (108), (111) and the more recent
result of Snyder et al (117).
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Figure 2.9 Dimensionless growth (or decay) rates as a function

of U/C, following wind, opposing wind. [After

Stewart and Teague (124) ]
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Photograrh of existing wave flume.

Figure 3.2
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Figure 2.10 Definition sketch of stresses exerted at the
water surface

164

Wire Mesh

Figure 3.3 Dimensions of wave absorbing beach (all dimensions

in cms) .
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J

Figure 3.8b Photograph of the complete wind-wave flume.
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Figure 3.13a .Cross-section velocity contours within the flume at the
beach inlet.
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Figure 3.7 Plan of fan and drive assembly.
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Figure 3,16a

frequency = 1.0 Hz

Spectra of water surface elevation for sinuscidal wawve

maker motion at various frequencies.
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FPigure 3.16b Spectra of water surface elevation for sinusoidal wave

maker motion of wvarious frequencies.
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Figure 3.17 Transfer functions relating initial command

wave record to realized water surface record.



184.

TUOTIOW I3YeWl dApM O] TeUBTS puemWos HUTIBTLI UCTIOWNT A9ISUBILT, BT g sanbtg

26 K63 DI B0 I KX

xxxxx
M3y
b £ 1%
XXXX
xxxx
xxxx
xxx
Kang
xxx
Xx
XXX
Xy
Xx
Xx
Xx
Xx
®
X
X
x
x
x

(ZH) Aouanbaugy

e B°1 27

281~

g6-

g6

18°9 ﬁé&

[ N

e

H

{A/ur)



102 |B| (mv™ 1)

102 |5 (mv™Y)

185.

1.8

I

8.0

Figure 3.19a
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Wave maker transfer function at mid-flume working

section. Input spectral variance = 0.7 V2.
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Wave maker transfer function at mid-flume working

section. Input spectral variance = 1.5 vz,
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Figure 3.194
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Figure 3.1%e Wave maker transfer function at mid-flume working
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Figure 3.19f

Wave maker transfer function at mid-flume working
section. Input spectral variance = 3 V2.



10%d|(mv 1)

180

20

¢ (deg.)

-180

188.

and water surface.

-
| |
8.0 1.0 2.0 oy, 3.0 4.8 5.8
Figure 3.19g Wave maker transfer function at mid-flume working
section. Input spectral variance = 3.5 V2.
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Figure 3.20 Phase of transfer function between command signal
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Figure 3.21 Average wave maker transfer function at mid-flume
working section.
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Figure 3.22

The theoretical transfer function Hj between the

piston stroke and wave as given by Eq. 3.22.
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Average wave maker transfer function at beach

station.
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Figure 3,25 Comparison between target wave height spectrum and

realised spectrum.
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Comparison of wave height spectra at mid-flume with and

without temporary absorbing beach at the wave maker.
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Figure 4.2 Schematic illustration of water surface elevation

measurements system.
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Figure 4.3 Circuit diagram of bridge for the electrical
resistance wave gauges.
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l--rd\
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Figure 4.4 Wave gauge calibration and mounting system.
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Figure 4.5 Typical wave gauge calibration curve.
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Figure 4.6 Stability of wave gauge output in still water.




ntiometer .
MOE?r potenti Adjustment

v—‘ ] 'l_{ | “CJ _jfrews

[j/

Chain—me—
drive

z ez

Top of flume

Stainless
steel rod

. ——Hypodermic
tubing

SIDE VIEW ' END VIEW

Figure 4.7 Wave follower system.
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Figure 4.16 Schematic diagram of pressure recording system.
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Transducer Output (V)
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Figure 4.19 Typical pressure transducer calibration curve.
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Figure 4.21 Variation in calibration constant K for disk probe
-with pitch and yaw.
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Figure 4.22 Response of total head probe to pitch or yaw
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Figure 4.26a Transfer function between wave follower motion and
induced pressure for the disk=-static system.
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Figure 4.26k Transfer function between wave follower motion and
induced pressure for the disk~total system.

3



0. - Phase of difference between records (deg.)

220.

0 T T T T T T T i

-20F 7]
Two records of different amplitude
-40 |- -
-60 | -
-80 L -
100 Two records of similar amplitude
-120 |
-140 1 ] | ] ] ] ] !
0] 10 20 30 40 50 60 70 80 90
A¢ - Phase angle between records (deg.)
Figure 4.27 The resultant phase when two sinusoidal signals are
subtracted.

. [ : 1
Hlnge/r' : X

_——Wave follower
shaft

Hot film support
shaft

[}
'y ">t D3 tch adjustment

-

Cross hot film probe ‘ﬁﬁZ/

Figure 4.29 Meunting and adjustment system for hot film
probe.



bta
aan
7

e8¢

AL,

sue

935

nJy

30U

G 103 uo

ZH

T

d mo

sse

ue

bote

3

AT

*ON

°T

221.

)XXXXXX
xxxxxxxxx
X x
xxxxxxxxxxxxl
@18
B°c
i
94
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxhﬁrvw:a .
xxxxxxxxx (ZH) xxxxxxwxn
g9
|
g°8
I

@81-
g6-
@

@6

? %t
‘8
HI

°1

s¢°1



anb T
‘v o
age

AL

Iajsue

oung

H g X0 UOTH

z

d mot

sse

boTeue

ST TH

*ON X

°C

B°0d

X

X x
xxxxxxxxxxx
X x
X xxxxxxxxx
xxxxxxxxx

222.

g8i-

p6-

26

8 ‘e '8 1&31
SL°
2

s¢°1

H



223.

T 1 T ! T T T T T T
20 +
18 |
16 F
~ 14 L
o
Z2
o™~
3
12 |
\E2 = 8.97 + 5.67 U
10 -
8 I -
! ] ! ! ] ] | 1 ] l
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0
U o@'s
Figure 4.30 Typical hot film calibration curve.
T ¥ H 1 ¥ T T I
1.0 .
0.9 Friehe and Schwartz (33) result -
/ Eq. 4.21
0.8} _
0.7} / -
0.6 | Cosine law
Eg. 4.19 Not wvalid at 7
these angles
0.5} .
o
Ny
w o 0.41 N
-0
0.3} -
0.2 -
0.1 -
0.0 1 ! ] l 1 ]
0 10 20 30 40 ’ 50 60 70 80
Y (deg.)
Figure 4.31 Anemome ter cooling laws for the probe at an angle

Y to the fluid flow.

90



224,

*ucT3ejuSUMIZISUT sumlF 2aem Jc ydexbojoyd

1IN
{
lh.“rt

t

1[I

AT

Ze'y oanbrd




mns

(

102 u

b(s

I
s o 4
4 I
rd rd
s -
s’ s
’ '
7 ‘ .7 a
// <
,
’ @] -~
’ -’
Ve e
// //
6 I , P ]
// L4
, P
Eq. 5.1 -
Ld - -
q ?\\ 7
5 g .
4 e
s, s,
’ ’
7 //
// <
rd
/, 4
4 b , - B
s “_
4
’ s L
e - 95% confidence limits
/ rd
// /’
3 - Ve //
I'd rd
, s,
7 rd
7/ rd
vd //
4 7
rd
2 r e -
s, i
Vd s
,
rd
4
, s
1 L s
7
L
S
Py
7
/4
‘-
0 i 1 | i {
0 1 2 3 4 5
U (ms 1)
oo

Figure 5.1

Surface drift current as a
wind velocity.

function of free stream

0 T T T T T T
0.02 ¢
0.04 ..
- O = 0.75 Hz N RN \\\\ .
.- ™~ \\\\ -
~ - T,
~ x T,
0.06 & A = 1.00 Hz ° e ~ . -
~ ~
N N \
| b — = 1.25 Hz o AN N A e
o N A A T -
AN '\‘ \ A
0.08 | x——=x = 1.50 Hz ‘O\ X.\
\\ .\-4 . b
N AN
| o----0 f = 1.75 Hz N - \
CAEEN N,
\\ o] ‘\- \
0.10 |- " I \+
N \
\ s
. \
Y - AY
= A \
A Y -
[+]
Y
0.12 | ! | ! ! N
0 2 3 4 5 6 7
U (ms 1)
o0

Spatial wave decay along the flume for wvarious frequency
waves as a function of free stream wind velocity. Error
bars represent 95% confidence limits on b.

Figure 6.1




P(Pa)

-1.5 8.8

ni mm)

P(Pa)

@ -1.5 0.9

n( mm)

P(Pa)

8 -1.5 9.8

n{mm)

1.5

1.5

1.5

-48

226.

| ANV AA Y N

-
-

M M M M

t(s)
Fan speed = 170 rpm
\ N N N o
l\\\//f !\\\/// T\\\/’/ l\\\w// 1
g_{\\j1 2 3 4 5
g MM N N N
t(s)
Fan speed = 140 rpm
') 1 2 3 4 5
1 ANYAUANYAN
IV VA
t(s)
Fan speed = 0 rpm
Figure 7.1la Water surface elevation and wave induced pressure

records for wvarious wind speeds.



P(Pa)
9 -2.8 9.8 2.8

ntmm)

P(Pa)

4 -2.8 8.8

nt mm)

P(Pa)

8 -2.8 2.8

nimm)
-48 B

-48

2.8

-48

2.8

p—

227.

NN
U1\/2 3\/4\'\/5
/N /N ANVAN
YAV VAW,

t(s)

Fan speed = 230 rpm

\/\/\f”\w/“\qf’\f\

I =

D>

YRR ERY

2]
t(s)

Fan speed = 205 rpm

AN AL AL AL Vatie
VRV VAV
ANVANYANNANYA

\{ \4 \/3” \/4 \/5

t(s)

Fan speed = 185 rpm

= |

1

I

=

Figure 7.1b Water surface elevation and wave induced pressure
records for various wind speeds.



P(Pa)

-3.0 6.8

n{mm)

P(Pa)

-3.8 0.8

n{ mm)

P(Pa)

9 -3.6 8.9

n(mm)

3.8

42

3.8

3.9

-48

228.

91\’\/ 1[\\/ 2[\/ 3\/ 4I
ANRVANVANVA
N N NN N

t(s)

Fan speed = 310 rpm

Ao~ SN

|GV VAL VAL VAR

t(s)

Fan speed = 280 rpm

N AN N N Y it
\/ AV
N\ ANEVAN

N N N N N

ll\\J/J 2
A\

[
t(s)

Fan speed = 260 rpm

Figure 7.1lc Water surface elevation and wave induced pressure
records for various wind speeds.



P(Pa)

n( mm)

P(Pa)
2.8

n{mm)

P(Pa)

-6.8 6.2

n{mm)

6.8

48 -6.8

-48

6.8

-6.0

48

48

| N N WY NN Y
gj\/Jl\/z\/a\/4\/s
1A A A NN
S N N N N
t(s)
ﬂ\,\/\f\ﬁ/\/[\/\f\/]\/j\m
d N LNV oW S N
‘//\IAI/\T/\I/\]
d NN N Y Ny
t(s)
| NPV NN
B \\/h/ 1 \\/A7 2 \\/// 3 \v// 4 \&/F 5
[FANIVANIVANVA VAN
IS VARVERWER WS
t(s)

records for various wind speeds.



P(Pa)

-8.0 8.8

n(mm)

P(Pa)

-8.8 8.8
. .

n(mm)

P(Pa)

9 -8.8 8.9

n(mm)

40

-40

40

-4

230.

N A AL AN
0\/1\\/2\/3 \/4\Js
—- ///\\\ i ////\\\ | ,///F\\ | /—///\\ | //r‘\\ l
VARV VANV
t(s)
N N N N A o
J \V// 1 2 \V// 3 \U/u' 4 \\// g
[FANVANYANYANVAN
VARV WAV
t(s)
W o e
IRV YANRY ANV
ANEAN AN
ANV Y WA
t(s)

records for wvarious wind speeds.



(deg.)

¢§n

10! §/pag (m)

231,

368.0

270.8

Potential theory

o=

&t t1 + ¥ + 4+ + et
° + * Ht 4+ L% + Lt +
o TR A T A P IR A S B S # ’
i bbb b e B e = -
of- +$‘!!§§r§ﬂs§;$¢3524, 73 +g:r e TR fr
¥ + +
+ + +
+ +
=
S.— 4 =
o +
i { | I
8.8 1.5 3.0 4.5 6.0 7.5
-U /C
(s 0]
Figure 7.2 Phase angle between wave induced pressure and water
surface elevation as a function of U_/C.
[V
[ i { | ! /"7“
P
7~
7
P
7
rd
= i 7
<ol Potential flow s

i § ! l

3.8 4.5
10l ae™*% 1 - u_/cl?

Wave induced pressure as a function of
flow solution.

the potential

7.5



‘ZH SL°0 = I U3ITM soaem pojeasusb AjTeroueyoour asoqe saytiord A3TooTon eT°g =anbtd

232.

sun
-1 09
wudx o0z udx oot -1 oL
-1 08
b -1 06
ol -1 001
N
=
8
lo) o
[e) (o]
o] o
o (o
o ° - 00¢
(o] (o] [+ o] o] [0}

a | o L0 1 o o  —-t 00€




“ZH 00°T = I Y3Tm soaem pajeasusb Artetoueyosw saoqe saTTioxd A3TdooTen qr°g oxnbtg

233.

(;_sun
€ 4 T 0
i 1 I 1 0sg
: {os
o/ - 0L
wdx Qov wdx Qo€ udx ooz wdx Q0T
Lv - 08
P - 06
-1 00T N
o
(o] (o] [¢]
(¢} o o
° ° ° - 0oz
(o] o O (e} o (o]
o i P § ot e o \ - . . . oo




234.

“ZH GZ°T = I U3ITM soaem pajexsusb AjTeotueypauwl asoge safroxd A3TooToA

({-sun

oT°g =2anbig

wdx Qe

—d

udx 00T

0§

09

074

08

06

00T

00¢

00t

(unur) Z



235.

“ZH 0G°T = J YITM sonem pojeasusb ATTeoTueyosu ssoge sa71Foxrd A3TooTsA

P18 @anbtg

(,_sw)n
€ 4 T
¥ | i
udx oov udx 00€ wdx 00z wdx 00T
b
o
° o
° o
o o o o
) o o o
o o o o o o
o

3]

0%

09

oL

08

06

00t

() Z

00¢

oot



*ZH $L°T = F U3ITM soaaem psjersusb AfTeorueyosuw asoge so7Tjoxd AJTOOTSA 91°g axnbta

flm:&m

236.

udx 002 udx 00T -+ oL

-1 00T

() z

° 1 ooz

e i = b0 il o - } S 00¢€




237.

“ZH 00°Z = F UYITM saaem poajerausb ATpeotueyosuw saoqe s97TFoxd A3TOOTOA JT7°8 8anbtg
(;_sw)n
9 T
|
udx Q0T
(o]
- O
o) o] o o o) (o]
& °- L ® L g 1=t L

06G

09

oL

08

06

00T

(wx) Z

00¢

00¢



102 u, (ms™ 1)

-~ increasing u, > < plateau :<increasinq)u*b
I T T i 1 T i
O——y20 £ = 0.75 Hz
25 |+ Devevreees A f = 1.00 Hz . . o
-/ ‘\.
s ~
¥o—-—-+ f = 1.25 Hz ¢ - *
e \"\ /.
20 |- R4 RN -1
x—--—x f = 1.50 Hz / IXEEIT -
O",_“ KA Ry ‘eaeena.
/, 7 -Q",’;ﬂ)s\— \/A
15
_________ ‘co
10 .
5 ' -
oee \
O .....
0 1 2 3 4 5 6 7
-1
qw(ms )
Figure 8.2 Shear velocity u, as a function of U for various
frequencies of mechanically generated waves.
1.5 T T T T T T T T ] T T
x Amorocho and De Vries (1) - wind profile data
°© Amorocho and De Vries (1) - setup data
* Hidy and Plate x
g @
° (<]
lof W ., o
O This stud 00 x|
y ® go ®X
° %
° ®
° oo © ° x
< o x x o
% ° [+ g xx
o ©oX
0.5 - ° [] °¥ °x++. % x X pu
X x
x & X oy [+]
Ox ®x o:x * x xox °
° % x %x ® x
[} <>x -] [
BgxdxLon D °
Xo
Ox
x% 0 %
X x
0.0 8 1 ] 1 ! ! 1 I I ) i I
0 2 4 6 8 10 12
Upy  (ms™ 1)
Figure 8.3 Comparison of u, values from this study with data

238.

from following wind studies.



ulms™ ') wims™ ')

n{mm)

ulms™ ') wims™')

nimm)

239.

: A\w mw“‘/\ R
K %) 1 2 3 4 5
2 _h w m Mﬂ%ﬂw
- g 1W 2 3 4 5
D VAV AV VA,
| t(s)

Fan speed = 150 rpm
- Ql 1 2 3 4 S
= _W\ Pt \/N’%
- i T
+ g 1 2W 3 4 5
S VAL VALVALVER,

t(s)

Fan speed = 100 rpm

Figure 8.4a Water surface elevation and velocity records for

various wind speeds.



wims™')
al' ’-6 "'cs ’ ' '-s

ums™ 1)

n{ mm )
8

wims™')
'-6 -08 n ' '-6

ulms™ 1)
" -56

n{mm)
8

-40

240.

T W | l WJ?“\W“%
gl 1 2 3 4 5
T | “”MM A(AWV&)
) IW ZW 3 4 S
| |
VAR VER VARV
t(s)
Fan speed = 250 rpm
") 1 2 3 4 5
V4 \_/ \/
1) 1 2 3 4 5
t(s)
Fan speed = 200 rpm
Figure 8.4b Water surface elevation and velocity records

for various wind speeds.



wims™ ')
'06 "os ' ' 0.5

ums™ ')
2.8

nimm)
]

wims™ ')
'.8 "'.5 g ”8

ulms™1)
8.0

" ~. 6

nimm)
B

-40

240.

w\ww IWIM
') 1 2 3 4 5
El\\/1 2V 3 4\/ 5
IAYARAVARVARAV AR,
t(s)
Fan speed = 200 rpm
Figure 8.4b Water surface elevation and velocity recoxrds

for various wind speeds.



wims™ ')

ums™')
8 -.6

n( mm )

ulms™ ') wims™ 1)
8.6 -.6

48 -.§

n{mm)

8.6

8.6 -.6

-48

241.

Fan speed = 350 rpm
M\ Va
W[MMMWI
') 1 2 3 4 5
S

L
t(s)
Fan speed = 300 rpm
Figure 8. 4c Water surface elevation and velocity records

for various wind speeds.



242.

wims™ ')
8.8
= |

'-8 "'oa

ulms™ 1)
-.8 8.8
[on]

- —
N

IN AN A NN
S A VaRW L Ve wany

t(s)

n{mm)
8

Fan speed = 450 rpm

®
~~ ‘. 7]
x ' WmeMW
2w g 1 2 3 4 5

@ |

‘- —
T =
.3 - M\W IV'W/I
S \V”

1

8 -
A /\ FANVANVAN

=

3 B

t(s)
Fan speed = 400 rpm
Figure 8.4d Water surface elevation and velocity records

for various wind speeds.



wims™ ')

ums™')
-1.8

ntmm)

wims™')

1.0-1.2 8.8

ulms™1')
-1.8 8.9

n{mm)

243.

1.8

8.8 1.0 -1.8

48

1.6

10

B

VW W Y NN

Fan speed = 500 rpm

Figure 8.4e Water surface elevation and velocity records
for various wind speeds.



wims™')

ulms™ ')

n{mm)

244.

N

- WL G Ty

R 1 2 3 4 5
i

“

= MA(

= 1

R 1 2 3 4 5
1

] /\

ANV AW WA VAW
? 1 \'72‘/ 3 \/E/ 5
t(s)

Fan speed = 600 rpm
Figure 8.4f Water surface elevation and velocity records for

various wind speeds.



{deg.)

®in

¢Wﬂ (deg.)

245,

=
=2
o T T I T
(12
IS
+
=2 +
Ei—— + 7
N Potential flow
+ +
+
+
+ +
= + + <+
. + + LA +
+ + + + +
= + gt w ++
GD'”"'i;r¢*$h¢**$§—+ -ﬁ;'ﬂb‘;v';gw-:t*'* T e e = e = =
ot % + » + * + +
+ + 4+ + +
*+»
+ +
+
+
=
[ -
N
+
1 L i 1
8.6 1.5 3.0 u_/c 4.5 6.0 7.5
Figure 8.5 Phase angle between u and 1 in a stationary coordinate
system as a function of Uw/c.
=
D
™ I I I !
+
=N
&~ -
N
E? Pctential flow
) +
@ +
+ +
+*>
&
= ® + + + + +
S - ""#1-;;&'#‘;-»;%;%‘ A ?fﬁ?f’#; e i ke
<N * + '2** + + *4' s + + + + +
+ +
+ +
] ] ] I
8.0 1.5 3.0 4.3 6.8 7.5
UOO/C
Figure 8.6 Phase angle between w and N in a stationary coordinate

system as a function of U_/C.



(o]

10! amp(W) /U

u
e

amp (w) /

10*

=
w T T 1 T =
-
P
e
7
//
-~ //
<[ Potential flow 7 ]
\\\\ P
s
7~
v
=
i
=0
~F
=
'_:—
P 1 L L
2.8 1.0 2.8 3.kB 4.8 5.6
1 -kz
10° a/U_(w - kU )e
Figure 8.7 Wave induced velocity in the x direction in a stationary
coordinate system as a function of the potential flow
solution.
=
W T T T T P
~
e
I'e
r'd
rd
”
”
= 7
L =N rd ol
< 7
Potential flow i
\ pd
~
i
rd
= -~
L S 7 g
m e
//
rd
e
e
//
= il
[ 7 .
o - *
il R + +
< + + +
7 +;#+ . .
-, +. Eg. .
& //+ ++,+4-4-#"¢ * * o4
o T + ]
— 7+ Fete v+ &
7 +
7+ t’ + 't+ -+
7 +
Dy - TN *
%
¥ + o ] i |
8.0 1.0 2.0 3.0 4.0 5.0
1 -k z
10° a/U_(w - kU )e
rigure 8.8 Wave induced velocity in the z direction in a stationary

coordinate system as a function of the potential flow
solution.



(deg.)

i

qbc'vn (deg. )

247.

=
2
™ i I 1 i
= +
=
It + + p-.
N +
4
+ +
+ + +
+ + +
= » + 1 + et vy T N
- & + +. 4 + &
SL_o_ fipttate iy I @t le 1 va v
Sl Pt sygr PMME e s T r
ot 3 LR Y + + +
+ + +
+
+1 . +
Potential flow
< +
[~ el
()
I I 1 i
8.0 1.5 3.8 4.5 6.0 7.5
U /cC
(o8]
Figure 8.9 Phase angle between U and N in a wave following
coordinate system as a function of Um/c.
[~
2
b T T T T
=
=]
I -
N
=
=
- -
- Potential flow
+ +
+ +
= + + +'H'+ + 4 +
s + + + 4 + + + + +
SE/-a i E et W -
te7] + + + + +
+ + + + + +4 + + 4 +* + + + .4
T + % ++ + + +
3+ + 4+ * 4+ + 4+ &
+ + + + + *
+ * o -
+ +
{ I i 1
8.0 1.5 3.0 4.5 6.9 7.5
U /C
0
Figure 8.10 Phase angle between w and n in a wave following

coordinate system as a function of U _/C.



fee)

amp (1) /U

1

10

[oe]

10! amp(w) /U

248.

=
" T T T T P
~
P
&
rd
e
//
= e
<« Potential flow L’
\ //
7
7
e
// +
» b + + 7
m .
+ s + - + +# + +
+ +
-, ++
S s T o ; i
i NS +
RAPPP. A Eq. 8.8
+ .#_4- + + Jo. °
+ )'( + 4+
. o, A + +
N A ¥
= ol 7
Y ot Foigst  * R
+t.+4¢ -: I
+ + +
+ * ! 1 L |
8.8 1.0 2.8 3.9 4.0 5.8
-kz
10! a/U (w - kU ))e
oo o0
Pigure 8.11 Wave induced velocity in the x direction in a wave
following coordinate system as a function of the
potential flow solution.
=
wn T T ] ! s
e
~
rd
rd
. -
o b Potential flow Pid N
< Ve
Pl
e
\\\\\\\\\ P
7~
rd
//
[~ e
o bar // ==
™ P
~
Ve
e
s
-
& //’
o 7 Eg. 8.9 c
N ‘//
7
rd
e

-k z

10! a/Um(w - kUm)e

Figure 8.12 Wave induced velocity in the z direction in a wave
following coordinate system as a function of the
petential flow solution.




249,

i © Chao and Hsu (21), =—— ——e=

15 T ¥ T H L T T ¥ 1 T T 1
g B
o]
2 .
z :
%,‘ -
N N
]
< -
DS ]
< -
3 .
o
% —
. (o F) .
o QOOOO ~
o L 0%00R 8 o 0]
0.1 0.5 1z 1.0 1.5
U_/C = 0.883
300 L T T ¥ kg 1 L4 T L3 T 1{ ¥
340 F .
20 .
60 F 1
.w%ooooo o Q ]
100 pommmmm e e e e .
140 F
" ]
] o ]
- W] w]
jwin]
45 180 A ny o2
220 PO T S SR U YT | L
0.1 0.5 1.0 1.5
kz
U /C = 0.883
Fiqure 8.13

10
8 8
~.
i’z
g
o~
4o}
et
_8
=
e
g
(13
o~
O
[
100
140
180
o
e
220
260
300
340
20
5 60
.e‘
100
0

C G g0 e T N - 3
| i@l 0 g
‘o o
’/o 3
mf ¥
| 1P
¥
B i
I .
*
3 g i, H
.1 0.5

Wave induced velocities for u,/c > 1 and U _/C < 1.
Stewart (123).




10e

10—

10-e

10-*

10-¢

10-7

4OV,

1

10e

100 10=

f(Hz)

103

360

270r-

.’a
3 180f W e,
v

90

G

i

Y T

0

Figure 8

. 1lda

5
f(Hz)

1Q

10e

10

10-¢

Ewwlm2s~2/Hz)

10~

10~

10~7
1Qe

10°

1Q=
f(Hz)

10

1‘0 !
2 0.5
F30)
0 ]
0 5 10
£ Hz)

Spectra, phase and coherence results for 1 Hz waves
and a fan speed of 100 IpPm.



251.

10° 3 T T T 10° T T T
10~ - 10—
¢ +,
+ +
+ o4,
10| ¥ . 10— +
+
s,
- K ~ ¥
N T
T 10 s, = o 10- %
) ) %
b W
~E €
3 3
ul ul
10-er - 10-%|
10-o- = 10—
10-7 i 1 1 - I { I
10® 10° 10® 10° 10e 10t 10s 10®
flHz) f(Hz)
10 T 10—= T
-~ 10-%
[
b
S
N 10~
[
A
- 10-*
3
u
10~
1 10~
10-10 5 10 10 0
f(Hz)
T
+
270} W tel T, fq
+ 4
3 + + T+ Tat
LI P Y LA,
f ++ * # + ¢+-P#+
90k + + ++% .
4
0 ’ .
0 5 10 0 5

Figure 8.14b

Spectra, phase and coherence results for 1 Hz waves

and a fan speed of 200 rpm.

f{Hz)

10



252.

10® T 1

10-f-

10-¢

10~7

10¢ 101 102

f(Hz)

10s

Euul M23s™2/Hz)

10"

f(Hz2)

10

36C| £+ + ' “;:f?r?ﬁri;?'
% at * }
Al R ¥
27 - + + :." + T
+
3 1801 -
>
S
90+ + #.4. -
s ot T +
0 + E:'!t# + + + '
0 5 10
f(Hz)

Figure 8.l4c

Spectra, phase and coherence results

10e T

i
1o %

10-¢I

10-7

10¢ 10t

10=
f(Hz)

108

and a fan speed of 300 rpm.

for 1 Hz waves

107 5 10
f(Hz)
100 l
20.5+ _
=
0 i
0 5 10
f(Hz)



10Qe

—
-

10—

10 .

10 10t 10® 102
f(Hz)

Euu( m3s~2/Hz)

1% 5 10
f(Hz)
36 '
f+ Trr_wm
270 Ny + ' .
‘?» 180} + 4+ .
+
90} st -
++’ o +%
o . P Bt e |
0 5 10
f(Hz)

Figure 8.14d

10°

10—

10~

10e

108 10® 102
f(Hz)

-y
10 0 5 10
f( Hz)
1. ,
3095" —
0 L
0 5 i0
f(Hz)

Spectra, phase and coherence results for 1 Hz waves
and a fan speed of 400 rpm.



254.

10° 3 T T T 10° T T 1
+
Y +,
10 p 3, - 10~ +, .
3 *,
+
%+
% +
Y %
10-f . 10~ \ .
e g
T 10~ . o 107 -
o i
lw “m
N
£ E \.
—10-+f 310~ 2
3 3
[79] [FY]
10-ot - 10-s -
10~ = 10 -
10-v 1 L ! 10~ 1 1 !
10e 100 10% 108 10° 100 108 109
(Hz) f(Hz )
80— T
10 -
N
<
cr 10~ -
]
N
Ero-t .
3
3
W
10~} .
10~ L 10 .
0 5 10 0 5 10
f(Hz) f(Hz)
360 1.0
t ?;’ T AT T + !
+
270 ~
4
2 180k - $0.5 -
® o
or +# +#++++ ]
o i , 0 L
0 5 10 0 5 10
f(Hz) f( Hz)

Figure 8.l4e

and a fan speed of 500 rpm.

Spectra, phase and coherence results for 1 Hz waves



1Q¢ T
10-'-
10-e|-
~
L 10
o
i
w
o
E
5 10-2f n
]
7]
10-sp~ -
10~ -1
10-7 1 ! 1
10 10 10= 103
f(Hz)
10-= T
_ 10~ -
N
<
alt 10-+ 7
W
. ]
Evo-ef .
3
Wl
‘O—-‘v— =
1
107, 5 10
ftHz)
360 * TR TR
\;’
2704 R -
3 180} -
&
90}~ .
+ +
*: +
- + +
0 5 10
f(Hz)

Figure 8.14f

Eww(m2s~2/Hz)

100

10—

10—

10-7

10¢

10 10 109
f(Hz)

10-+f

10—

1.C

f(Hz)

L.

|

0

Spectra, phase and coherence
and a fan speed of 600 rpm.

5 10
f(Hz)

results for 1 Hz waves



(m®s™ %)

10 W

(m?s”2)

wllwll

101

256,

[+~]
w T T T T P
~
-~
re
Pl
P
~
[~} ~
. Potential flow ad
- -
\\\\\\ 7
-
Ve
7
-~
[~ ] //
ol ,,’
-~
~
v ¥
< +
= P
® fuw. + Vi + L=
o - + + ++
+ 70 +
/ *
; + t ++ P Eg. 8.19
+ + I +
+ + s + *
SEo+ o+t 4@: N =
- 4 /-""" ++
5 I PO P R +
BEE
¥ +
o+ +
+
* ! I ! ]
B.8 1.0 2.0 3.0 4.0 5.0
100 5[alw - kU )e 2 (mPsT?)

Figure 8.15 The total Reynolds stress u"u" as a function of the
wave induced Reynolds stress predicted by potential
theory. (stationary coordinate system).

=

wn T T 1 T p

o
-
~
-
~”
//

= 7

LR // e

- -

//
Potential flow -

=

o s

=R

~F

=

‘m:-

E }
| i |
B

Figure 8.16

I
2.0

108 5[alw - kU e
20

3.8
"kzjz

4.0 5.8

(m*s™%)

The total Reynolds stress w"w" as a function of the

wawve induced Reynolds stress predicted by potential
coordinate system) .



257.

[Ty
N
wn
'—.n-
&
IU) wn
N 3
= .~

ullw“
#
&+
+
+
oF
++*
+
s
+
3
4+
+
3
+
3
#£‘+
1.5
-‘
¥
1
+
+
+

I i

1 {
1.8 2.9 3.0 4.8 5.9
10 4faw - ku)e ™ 2]? (n?s7?)
The total Reynolds stress u"w" as a function of the

wave induced velocity function squared. (stationary
cooxrdinate system) .

1 I { 1

n
© i [
—4
un
e
§
8.8
Figure 8.17
=
=
-y
=
ol
&
I
%)
<~
E
i
)
e
0.8
Figure 8.18

1.9 2.0 3.0 4.0 5. @
101~%[a(m—kum)@“k2]2 m? s

The total Reynolds stress u"u" as a function of the
wave-induced Reynolds stress predicted by potential
theory. (Wave following coordinate System).



w"'w" (m/. S"Z )

10?2

2S 2)

{m

ullwll

10!

258,

-]
W T I 1 1 -
-~
rd
”~
//
=10 - By
< P
o~
~
//
Potential flow e
-
=L \\\\\\\ e -
m s
”
~
/
//
&
’
Eg. 8.22
= -7 4
o~ \\\\\\
=2
-

1 |
2.9 3.0

0.0 1.8 4.0 5.8
101 5[aw - ku )e %12 (m?s7?)
Figure 8.19 The total Reynolds stress w'"w" as a function of the
wave induced Reynolds stress predicted by potential
theory. (wave following coordinate system).

wn
o~ T T T T
Ly
*m:,,_ ad
wn +
Y .t : + + ]

*e o 41t .+ T oy + “r

St a 8T, L "f-f"++""' hg ++t"*:# + *
™ 4
wn
R -
3
— .
{
] 1 | i

0.8 1.0 2.8 3.8 4.0 2.8

Figure 8,20

100 5[atw - ke )eFEPR (nfs7?)

The total Reynolds stress u"w" as a function of the

wave induced velocity function squared.
following coordinate system).

(wave



u‘l wll (m2 s 2 )

102

259,

=
53 T T T T
Eg. 8.23
= +
SF -
+
+
+ ¥
+ * I* * +
= Fooe ' ' : 4 —d
('\.l- + * 3 ++ 4 *
¥ 3; s z
4 § A
+ ¥ o + +
= + *
(V.— wn
i
=
[0 N o
I
L i i |
B.9 0.7 1.4 2.1 2.8 3.5
10" U ® (m?s72)
FPigure 8.21 The total Reynolds stress u"w" as a function of an

(wave following coordinate system).



W

E o, (m"sT?)

W

260,

1072 7 T T T
w 20
1073} -
10" -
1075 me K g A \ AJ LU
0 2 4 6 8 10
f(Hz)

Figure 8.22a Spectrum of the product u™u”.

-5
10 ] T T T
w 2w
1078 = -
10774 .
1078 | AJ X_ [, A L ]
0 2 4 6 8 10
£(Hz)

Figure 8.22b Spectrum of the product w"w".



W

L} -
wow (mt ST

Uz

4
"9 (m

e}

261'

10” T T ) T

10°°

f(Hz}

Figure 8.22c Spectrum of the product u"w".

1072

LU VTR

1073 |

10 -

107° |

I

1677 1 1 ] i

f(Hz)

Figure 8.224 Spectrum of the momentum flux term u"w" in a following

wind. [after Chao and Hsu (21)]4



won(m® 87

Yy
Eu"‘-’\’" (m S

204,

1072

1073

1074

107°

1078 b

10”77

Pigure 8.22e

Spectrum of the momentum flux term w"w" in a following

£f(Hz)

wind. [after Chao and Hsu (21)].

1078

w07

lm

lzw

L

0

Figure 8.22f

Spectrum of the momentum flux term u'w" in a following

wind.

f(Hz)

[after Chao and Hsu (21)].

Uz




263.

1°6 =2anbid

*sputs butsoddo pue butmoirol IoI 1 ‘justoiIyeoo buridnos terjusucdxe ayj,
G- 4
Wl -4
(3 LWLY =aem Duryeoiq)
‘= we
SF°0 B! - e

Apnas sTUL

(LTT) 12 318 AspAug



E/E

E/E

FASE. N

—
-—
v

l.O — Eik = 0.0l
\ 0.05
0.8 -
0,10
0.6 |- B
0.15
0.4 0.20 -
0.2 p~ 0,30 -
. 0.40
{ 1 - L i
0 200 400 600 800 1000
x(km) -
U ==10 ms
1 i T T
1.0 ak = 0.01
\ 0.05
0.8 -
0.6 F 4
0.10
0.4 -
0.15
0.2 0,20 =
0,30
i L al L \ 0. 40
0 200 400 600 800 1000

i i I i 040
0 200 400 600 800 1000
x(km)
Wave decay in an opposing wind as a function of fetch.

Figure 9.2a



265. U =-2U ms

i L 1 i
ak = 0.01
1.0
0,05
0.8
0 0.6 -
g
2 |
0.4 0.10 -
0.2 0.15 o
0,20
0. 40, T
L i i 1
0 200 400 600 800 1000
% (km) -
U =-30 ms
T T T T
ak = 0.01
1.0
0.8 -
05
o 0.6 .
]
<
)
O.4 -‘q
0.10
0.2 oo 0.15 -
. Q.20
ﬁ 0,30
i 1 I 1
0 200 400 600 800 1000
% () U =-40 ms
T Y T ]
1.0 ak = 0.01
0.8 -
0.05
0
: 0.6 —
a
&)
0.4 ~
0,10
0.2 ™1
0. 40, ot
\1 ‘:=—___—==E.=M_________———-:
[l 1 T
0 200 400 600 300 1000
% (km)

Figure 9.2b Wave decay in an copposing wind as a function of fetch.



266, -

0.2 -
L 1 | .
0 1 2 3 4 5
t({hrs) -
U =-10 ms
I T T T
1.0 ak.= 0,01
0.05
Q.10
0. 8¢ -
Q.15
o 0.6} -
g 0.20
&)
0.4 J
0,20
0. 40
0.2
\ i 1 L
0 1 2 t(hrs) 3 4 . >
U =-15 ms
T 1 T T
ak = 0,01
l'o e
0.05
0,10
0.8
0.6L 0.15 |
0
g
e Q.20
0.4}
Q.30
0.2 Q, 40 ]
! i i
0 ] 2 4 5
t(hrs)
Figure 9.2c¢ Wave decay in an opposing wind as a function of

duration.



267. 1

=-20 ms~
T T T H
ak = 0.01
1‘0 e ———
0.05
0.8 0.10 -
0.6 0.15 -
¢ 0.4 - Q,20 -
g
) -
0.2 L 0,30
0, 40
Y Y Y L
0 1 2 3
t(hrs) -
U =-30 pg !
T T I T
1.0 j_f ak = 0,01
B .05
0.8 § 1
Q.10
0.6 .
o] 0.15
g 0.4 F
joa]
0.20
0.2 L 0.30 -
0.40
0 1 1 1 1
1 4
> t(hre) I
U =~40 ms
T ! i i
1.0 ak = 0.01
0,05
0.8 f -
;\
o 0.6 Q.10 -
g
)
0.4 ¥ C.15 -1
0.20
0.2 b= -
0.30
0 L . N 0. 40
2
1 t (hrs) 4 >
Pigure 9.24 Wave decay in an opposing wind as a function of

duration.



268.

0 rpm

100 rpm 200 ¥pm

300 rpm 400 rpm

500 rpm 600 xpm
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Figure 10.1d The response of £ = 1.50 Hz waves to opposing winds.
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Figure 10.le The response of f = 1.75 Hz waves to opposing winds.
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Figure 10.1f The response of f = 2.00 Hz waves to opposing winds.
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