INTRODUCTION TO COASTAL HYDRAULICS
Solved Problems 1

1 a) A wave with a period of T = 10s propagates from deep water. Calculate the
wave celerity (Co) and the wave length (Lo) of this wave.

L, =1.56T% =1.56x10° =156m.

b) What are the celerity and length of the same wave when it has
propagated into 40 m depth? (Lso,C40=? ).

This problem can be solved in three different ways.
1st Method :
Lo=156m

L= 156><tanh(2—7z><40J—> L, =146m
40
2rd Method :

4D _gase—oy 402731520 _gam312 L, =146.5m
LO 156 L40 40

3rd Method :

4 0.256—" 5 tanhkd =0.9373 - L = L, tanh kd = 156x 0.9373 = L,, = 146.2m

L,
L 146.5
C, =2 =_—""-14.65m/s
40 T 10 /

c) What should be the water depth if the wave is shallow water wave?

Shallow-water wave Li < 0.05ﬂ>Li =0.0152 > % =0.0152=d =2.38m

0

2 a) A wave with a period of T = 10s and a height of H = 2 m propagates from
deep water. Calculate the wave energy (p=1000 kg/m3).

E, :éngg :%x1000><9.81><22 = 4905 N/m’

b) Calculate the energy flux.
R, =E,xn,xc, =4905><%><15.6 =38259 N/ms

3) A wave with a period of T = 10s and a height of H = 2 m propagates from deep
water into shallow water. Calculate the wave profile. Draw the wave profile for
x=0 and for the time intervals at Ar=1.25s.

H

1 =asin (kx—wt) a:?ZIm
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4) If fhe wave profile is given by 7 =2cos(0.13x-1.037)

a) Determine the wave height, wave length, wave period and water depth.
b) 7 (x=100m, t=15s) = ?

a)a=2m k=0.13 ©=1.03

a=£—>2=£:>H=4m k=2—7z—>0.13=2—”:>L=48.33m
2 2 L L

_2z 2z

w —1.03=—=T=6.1s
T T

L,=1.56T% =1.56x6.1> =58m.
L =L, tanh kd — 48.33 = 58x tanh (0.13d ) — 0.83 = tanh(0.13d) —»1.19=0.13d = d =9.14m
b) 7=2c0s(0.13x100-1.03x15)=—1.54 m

5) A wave with a period of T = 10 s and a height of H = 2 m propagates into a
depth of d = 100 m.

a) at Still Water Level (SWL),
b)atz=-20m, u

c) at bottom (z = -100m)

z=-10Cm
B e
d 100
—=—=0.64> 0.5 >deep water wave = u=w, A=B
L, 156
u = sinfd=1, 0=mn/2

w__ = cosfd=1,0=0



_ amcosh [k(z + d)]

u - x sin(kx — mt)
sinh kd
—awsinh| k(z+d
W= - [ ( )] x cos(kx — wt)
sinh kd
a) z=0,
h|kd kd
u_ =20 [kd] —a0% 2 — a0 =1x0.628 = 0.628m /s
sinh kd e /2
—amsinh (kd)
W =——————==-an=-0.628 m/s
sinh kd
acosh|k(z+d kd
Ao I: ( )]:aC?Shkd:aekd/Z:a:Azlm
sinh kd sinh kd e /2
asinh| k(z+d i
_ [ (z )]:as%nhkd:a:lem
sinh kd sinh kd
a) z=-20m
k(z+d) k(z+d) kz kd Ll
Uy = aw% = 0.628x S =0.628x S =0.628xe 1% =0.281m /s
e e e

2n

W =—0.628xe 16 =_0281m/s

max
2n

A=axe 156 =0447m=B

b) z=-d, At the bottom in deep water Z

6 a) In deep water a wave has a height of 2 m and a period of 10 s. The wave
moves into a water depth of 10 m. Calculate the wave height at the new depth.
H,, =H,x Kslo

d 10 GWT
T = 156 =0.04 ——— KSIO =0.9838 > H,, =2x0.9838 =1.97m

0

b) What are the maximum orbital particle velocities at the bottom of the same
wave at 10 m depth?

amcosh [k(z + d)] .
u= - x sin(kx — ot)
sinh kd
H,=197m a= 197 =0985m o= 2n =0.628s
2 T
d 10 GWT )
— =—=0.064 ———— sinh(kd) =0.7335
L, 156
amcosh| k(z+d
u= [ ( )]xsin(kx—mt)
sinh kd

At bottom; z=-d= cosh[k(z+d)|=cosh(0)=1
Sin(kX - O)t) =1 for Umax



~0.985x0.628

u
a 0.7335
w =0 af bottom

=0.843 m/s

maks

7) In deep water a wave has a height of 2 m and a period of 11 s. The wave
moves into a water depth of 2 m. Calculate the energy flux at the new depth.
L, =1.56T> =1.56x11* =188.76m

i: 2 =0.0106—Y i:O.041<O.05 Shallowwater—)iz0.041:>L2 =48.78m
L, 188.76 L, L,
K, =1.4196
H, =H,xK, =2x1.4196=2.84m
czz%:¥:4.43m/s or c=./gd

c, =49.81x2 =4.43m/s
, = /

E, =éng§ =%><1000x9.81x2.842 =9950N/m’

R, =E, xn, xc, =9950x4.43x1 = 44080 N/ms
8) A wave with a period of T = 6 s and a height of H = 4 m propagates into a

nearshore depth of d = 10 m. Determine the total pressure under the wave crest
at z=-5m.

=T Z=-om

=-10m

W e

L,=1.56T* =1.56x 6> =56.16m.
10

Qo 10 75y Qo _ 20661, =48.4m
L, 56.16 0

—_—= X1MN—2

pe cosh(zndj
L
Passing wave crest; n=+a=2m

Cosh(zn(lm(—s))

p 48.4 ] )
= x2—(-5)=61200N/m
1000x9.81 (2n><10j
cosh

48.4
p"=12150 N/m*  p,,=49050 N/m’




P=p +Pye =12150+49050 = 61200N/m’

9) In deep water a wave has a height of 1.5 m and a period of 8 s.
a) What are the celerity, length and height of the wave at 5 m depth?
(H,,C,,L.=?). Is this wave propagating in the deep, shallow or

intermediate water?

b) In deep water, determine the horizontal orbital particle velocity at a depth
of 2 m below the surface when x=100 m and =2 s.

c) At a depth of d = 5 m, determine the horizontal orbital particle velocity at
a depth of 2 m below the surface when x=100 m and t=2s.

d) Same wave is propagating through straight and parallel bottom contours
at an angle of 30° from deep water to a depth of 5 m. Calculate the wave
height and angle at 8 m depth. (H, =? ,a,=?)

a) L,=1.56T°=1.56x8> =100m

$:i=0.05ﬂ> i=i=0.()9416:> L,=53.Im
L, 100 . L,
0.5>0.09416 > 0.05 int ermediate water wave
L .
C :—5:&=6.64m/s
T 8
4 005", K —1.023—>H, =H, xK_ =1.5x1.023=1.53m
LO
amcosh [k(z+d)] .
b) u= - x sin(kx — mt)
sinh kd
H .
ag =t 1375 k, =28 =2 _ 0,063 0=2"_2"_ 0785
2 2 L, 100 T 8

ek(z-*—d)

u=0.75%0.785x ~——=

- X sin(0.063>< 100-0.785 ><2)
e /2

-1

kz
u=-0.589x" ol =_0.589%xe" ) = _0.52m/s

el

=25 =25 =25 =25

100m

aa)cosh[k(z+d)] ,

Cc) u= , x sin(kx — wt)

sinh kd

H .

a,=Hs 133 _ 765, k=2Z-27 o118
2 2 53.1



0.765x0.785cosh[ 0.118(-2+5)]
u= - xsin(0.118x100—-0.785x2)
smh(O.l 18x 5)

-0.72

u=-0.736 m/s u_=1.02m/s

max

d) Le_smas 531 _SInGs o, 026550 o, = 15.4°
L, sing, 100 sin30

H,=H xK xK i

K= \/COS“O :\/ €030 _ 09478

Cos cosl5.4

H,=15x1.023x0.9478 =1.45m

10) A wave in water 20 m deep has a period of T= 8 sec, a height of H20=2 m and
an incident wave angle of a2=18¢°. Calculate the wave height at d=7 m.

L,=1.56T* =1.56x8> =100m

20 d 20

I _ =02—"" 5 K, =09181, —=——=0.2251=L,, =88.85m
L, 100 ” Ly Ly
Ly _smay, 8885 _sml8 g, =0.348= o = 2035
L, sing, 100  sing,
K- cosa, :\/00520.35 ~0.99
COS &y, cosl8

H, =HyxK  xK, ,=2=H,x09181x0.99= H,=22m

K

T 07— k09713, LT 0113951, =61.45m
100 | L L

S

L _ s%noz7 _ 61.45 _ ‘s1na7 =, =1233
L, sing, 100 sin20.35

K — |S98% _\/00520.35 09797
"\ cosa, cosl2.33

H, =H,xK %K. =22x0.9713x0.9797 =2.09m



