CHAPTER 111
ORBITAL FLOW THEORY

As ‘a result of the attempt to understand the circulation of

water mass in the Upper Gulf\)&“f d, Jesada Jiraporn in 1982° acci-

dentally found out that houg ind driven current could not

be directly driven b Eme—— It‘is,aEfrfif::zzve induced current. He
| developed a new IﬁlﬂFﬂ‘f'r" |RPfT5L\H\b‘. THEORY" with the aim to
ind Mrif he ‘the

replace gkman thec is intentionally called

.\.‘:\

"orbital flow" to véginduced-orbital motion.

the Coriolis effect on ;rE_ ordi he theory, oceanic surface

3.1 Mass TranTport Cﬁ#e%t IEduiFd jy m? Waves 'ﬁ
AT

phase relationship between the vertical and horizontal oscillations is

in such a way that the water particles move circularly in orbits®
These orbits translate slowly in the direction of wave propagation

resulting in net mass transportation in the direction of wave propaga-




tion. According to the second order wave theory, the mass transport

velocity distribution is given by ®

= | N (3.1)

Vgo is a velocity o L current at surface which is
given by
vso < (3:2)
{3
where a =
k =
(o} =

1‘

For wind vm/es, it is expected that@le mass transport current

e BN AT AN
of (VQ Wﬂﬂﬁﬁwﬂﬂﬁﬁﬂﬂﬁa ﬂ .2) to get

vso = ka.o (1 + o) 133)




3.2 Coriofis—Moment—Flow-Current and Coriolis Shear Flow Current

Coriolis moment flow is a new basic concept firstly introduced
in the orbital flow theory®” . Coriolis moment flow is driven by Coriolis

moment which is the result of :' ﬁtlon between the earth rotation and :

Consider an e lui "'-H(-m nsion 6x6yé6z in deep-water
waves propagating i : ! radius of orbital motion as

given by the infinite sma | ory is

(3.4)

{3.5)

where r

n

radius of the orbital mot1on

ﬂﬁﬂ?ﬂﬂﬂﬁﬂﬂ’]ﬂ‘i

orbital veloc1ty

q ‘m aIN I Niﬂﬂﬂﬁﬂﬂ d

90 = wave angular frequency.

The horizontal component of the orbital velocity is

-

= be e'kZ sin ot (3.6)
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The Coriolis force associated with this horizontal velocity

component can be determined by the formula

Foos P (3.7)

where f 2 nsin¢

Cor1011 E.

/'

Substltutlng mass a q. (3.6)winto Eq. (3.7) yields

Fc = f(p6x6 (3.8)
where p = water den
Coriolis mo defined as efit. of the Coriolis force
— T

o

about the axis -‘fV'““‘ru t and is in the wave

J

propagating direct :n (Fig. 3). Hence, the tﬂae average of -the Coriolis
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Substituting Coriolis Moment as the shear stress into Newton's equation ¢

for viscosity’; one obtains

du Efaz_c e'2kz ) '

i
L 2 (2:40)
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~ Assuming that p and K are constant, the velocity um for any z
in an ocean of a finite depth (z = d) can be determined by integrating
Eq. (3.10) from any z to z = d.

pfazo d

d -2kz
.zfdum A dz

{3.1%)

Substituting vso= , Ab = K/fp into Eq. (3.11)

yields the velocity

(3.12)

The dire orthern hemisphere is 90

degrees "cum sole to the right) of ﬂ]

(i.e. e wave propagating direc-

- AUEINENINYINT
A R I T Y oo

e earth rotation and the wave induced mass transport current.
Because of the existence of the net mass transport velocity, the time :
average of the Coriolis force associated with the horizontal velocity

component of the orbital motion is not equal to zero. Its value on fluid
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can be determined by direct substituting the velocity term from Eq. (3.1)

into Eq. (3.7).

F = f(pox6ys2z) Vs

: (3.13)

Dividing Eq. i

yields shearing SV,
Z. .

atlng fromz=0 %0 _any 2

L3
w(z) = (3.14)
This awg, ed by Newton's equation of
viscosity**
e o (3.15)
dz A

Assuming that pzﬂnd K are constant-, the Qaﬂocity ug for any z in an

- il@”ﬁ&mzﬂ%‘é”ﬂ i
AT I INEAY

(3.16)

Because us(d) = 0, hence

Al e e o Ald-z) - = (3.17)



13

Substituting A° = K/p into Eq. (B.5) yields the velocity distribution

of the Coriolis-shear-flow.

s e s .18)

\) U / #
The direction of the Cg sh‘e‘ar‘&mnt is also 90 degree "cum

sole" to the directi

3.3 Assumptions and‘Tota

Velocity distri 1), (3.12) and (3.18) are

derived under the following assum

1) The ocean ls_hRMQﬁé'

2) The ;
3) The wafﬁ} d
4) The COF*OIIS -moment- fl%; current ( and the Coriolis-

serie G QAHE IR s s e

Hi-she-nor+zontal direction.
X

Oﬁj wavelenght.

‘1(?’

force througﬁﬂkhe modified Newton's equqz*on for v1ch§1ty1°( = -Kgy :
aers 5 1 18108 B RN & KSR & s s

tion).

Eq. (3.12) and (3.18) represents currents flowing in the same
diréction, i.e. "cum sole" to the direction of wave propagation. Hence

they can be combined into one equation as
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|
Ve %— oo {d < 72) {3.19)
kAo
Eq. (3.1) and (3.19) together represent the total wave induced
~oceanic surface current Which was formerly thought to be directly driven
by wind7=,
o : Fig.

flow theory.
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