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Introduction

This paper is the second of a series of papers under the

heading "The North Sea Problem'. In this pape:
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uniform depth is subjected to
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or formula number. At the end

and a concise bibliography is literature is given in
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roughly to the Dutch coast and the middle (3a,0) roughly to the

For simplicity the direction of the
positive Y-axis will be called the northern direction. However, the

longitudinal axis slight deviation of

paper we have restricted
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about 24 with the

elevation at the "Dutch"

DﬂFtLCUlFT to that of the middel ($a,0). The

numerical data of the model are chosen according to the physical

situation of the North Sea. They are given in the following section,
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We shall cular the influence of a2 "linear'

windfield of the elevation at the "Dutch" coast,
The reader is reminded of the fact that for this type of windfield
not the velocity of the wind but rather the surface stress is a
linear function of the place. The divergence and the rotation of the
surface stres ire constants., Some results are also valid for non-
linear
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due to the linear windfield

ble (6.1) and formula (6.7). In order
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e nd (6.9). The following conclusions
can be drawn

1. For a uniform N-S wind the elevation at the "Dutech' coast
does not depend on the rotation of the earth (.« ).

2. For a uniform W-E wind the elevation at the "Dutch" coast
is rather influenced by < .

3. For the given model the most unfavourable direction of a
uniform wind as regards the elevation at the "Dutch" coast
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2., The mathematical problem
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Method of solution

~

The rotation of the windfield R is d

(3.1)

If R=0 and if U(x,b)=0 i1t can be shown quite eas:
stationary state ther , For in that c: v utior
ste ary state the n. For 1n that case the solution

r
of (2.1), (2.2) and (2.3) is simply given by

u=v=0; e T(,(“y) =N VA 3 7 )',wyz S

Otherwise, however, there exists a stream and we may introduce
a- - non<vanishine ! oR ans 2
a non-vanishing D(x,y) by means of
(3.3) v = 20
X
A 4 5 AAn ad S e wv—0) . e and = M T e P ot £ 1
At the coastline x=0, x=n and y=0 we may take ® =0 since the coast

S a streamline.,
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From (2.1) we obtain by elimination of ¥ and by using (3.3)
(3.4) A Q= R.
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T'o this partial differential ecuation we mav add
o it = <

a the coast condition

{3.5) ¢ =0 gt X=0,; =, =0

b the ocean condition

o 20 |, 20
e e o} g U = o = (] at v=1
( 2 ) DV e X L aT y=D,
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The solution of

this problem will be written in the form
(J)"?) d) (XJY) = (DfJ(}‘sw/’) + ¢|<J:/>:

where ¢ is a particular solution of (3.4) satisfying the boundary
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ditions at x=0 and x=w , but not necessarily those at y=0 and
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Therefore @1 satisfies the Laplace equation
ey b 0

( j 7 A \p 1 = 3

and the boundary conditions

(s 70) r,ﬁ,l = 0 at %=0 and %
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The elementary
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(3.11) sin nx e g

BoRen=-ji-0 -3 . -

Hence we may put

A particular solution ¢  of (3.4) can be found without much

difficulty. In this paper we shall consider only the case of a

solution

constant rotation. If R is a constant a suitable particular

i5-clyven by

If, however, R is a given function of x and y a particular solution

.13) ® = -2Rx(mx-x).
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¢% can be found by solving the following problem of Green

(3.14) P;G(x,ijo,yo) = - J(x-x_) J\ymyo),

(*.75) G- =0 for x=0 and x=1w.

This can be solved in various ways. However, the discussion of this

1
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problem will be omitted
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We shall next direct our attention to the conditions at y=0

and y=b which eventually will lead to the determination of the
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coefficients ¢ and d_ . From (3.8): (312

oC : 0]
2

S = o | e ey - e -y -N /
L) O (x,y) = -2Rx(w-x) + } c.sin nx e 3 d sin nx e LS
Lo Il A
L= 1\ j =t o
In the following discussion it will always be assumed that b is so

J .

large that the boundary conditions at y=0 and y=b do not interact.

The coefficients o and ﬂr are roughly of the same order. However,
) Il i s
the exponential factors exp-nb are very small. In the numerical

with the Nort ta we have the dimensionless value
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b=21 , We note that exp-2r =0,( so that this value of b can be
considered indeed as large.
The coast condition at y=0 gives
e6) 00
.. J
N e A e . = nb
E3. 1) c,81in nx = sRx(m-x) + ) d sin nx,

The contribution of the series on the right-hand side can be eglected




in the numerical application with b=2+w .

We shall write symbolically

& = 0] LTOP even N,

el e,

b gives with a similar order

(3 u[%}) 2; n @rjﬂiJ1<11}C+>¢Lﬂ,) = COS UM 1?(::j?)) -31inuwc ii(,ﬁt ii)' nf(ii ">n
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Expansions of this kind have been studied in Lauwerier (2)., A

¥al

special kind of trigonometrical
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survey of

expansion will be Instne- following seectlon,

Here only the following asymptotic expression will be mentioned

) o

hall consider in particular the elevation of the
coast y=0 in view of its importance for the North Sea problem. From

the first equation of (2.1) it follows for y=0

e elevation at

so that by integ an expression for the r

y=0 can be obtained

R
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where 2 1 aenotes a summation over odd indices. From the second

equation of (2.1) it follows for x=

ct

the absolute elevation

(45)




(0,0) can be obtained
. P . b ke
(3.26) c“¥(0,0) = - ] V(0,m)dm - 3m bR + = 2_, — > d_+0(e 7).
- : ¢ T ] bk
O n I]::/]
: Hpem (3.24) and (3.26) it follows that
- (}\ ~D
(3.27)  ¢® ¥(x,0) = f u(3,0)d§ - [ v(0,%)dy +
0 ' 0
03] ’
+ }\.{(j(}’x) - 5 W ¢ ! - T @ ,L )(C Ll)j
{ = J T;‘: n
where
~Q i def 4 s~ cos nx
(j o EQ) & (5 ) = :': _{____1 - :.-3__. =
Ll
A few values of the function c(x) are given in the following table
"X = mwx /12 2Eaey
0
| 1
1
2, 1
3 0,863
E e 0.595
, 0.303
table 3.




4. The ocean cond:

The ocean
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will be guoted from Lauwerier (2

For O s and unique,

sion (4,1) is always

the convergence is not uniform in (O,ﬂ),

¥ the asymptotlc behaviour of the coefficients is of

harmonic order n~ ' =/ Then-the ‘convergence ks apsolute é

in (0,1).
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For O < B8 <1 the asymptotic behaviour of the

For the coefficients b
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ficients of the expvansion of a linear

n.n =

function only neced be known. Let the coefficient g_ be determined
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The non-uniformly convergent series on the left-hand side of \w,tu)

can be converted into an at
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The n¢ S be differentiated term by term. This gives

If this is compared with (4.8) it follows at once that

be calculated numerically with the




-1~

5s A linear windfield
L 3
We shall consider in particular a windfield the surface stresses

which are a linear function of x and y. We shall
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T™ea influence of the terms V., and V, follows already from (3.2).

ion for the absolute elevation (3.27) becomes
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the coefficlents d_ are determined by the ocean condition
]

ly reads

jo

Hpe )1 5 5 e BN a ; : T :3 TT 5 B b K ~r
- 5.4) T}n o5 sin(nx+ uw) = cosuw Uo+<E Uchtg/UJCmh)wlﬂ/um(jm"A)+
+O(e"b)

follows from (4.8) and (4.15) that

WFq(”)/cc) s (

A}

d = = —eu U

i
=
L
s 0
—
o
i
(@3
N

o
i

N
Fs Rt

4

" View o 5 2 = apd ° 17 L‘l e 917 ot ‘t‘} ~ appiea 5 i I i 9 i -
A view of (5.3) we need only the sum of the series ) d_. This in
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Sy / def /
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nd sum on the right-hand side must be summed numerically.
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table the wvalues of ¢~

are given according to (6.4) for each component U,,V, (j=1,2,3).
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'8 e ~ )i h e Wi r
! . I A 2 - A N -
.3 B i et S ) - TC I s -~ TC
2 Q0D N 12 N - N2 -
3 0.9 -0.13 -2T -1.03 - T

7 23 0.19 1.18 -2 0.02 -
8 e -0,15 < A bl 0,05 SR

° < B o l I, -
the influence of the parameter £2/A the

will be given in the three cases

e, 0):= ﬂ,jﬂUo + Q,Cqu + 249U+
-6.28V_ - 0,74V, - 3.14v, .
o) B 5 7
Q /7\ —_ \,\ & “’i 4 / n> "r — \ ’ TE ok
C Lr \ Lo U ) = Ny \ /l T
v (@)
(6.8 2
(6.8) bR 2oV b y
0 = 2

";
£ /A=00 ST R, 0) =570+ 0 + 0.21U, +
5 5 g=is et
({'7 ﬁ') % )
T H 0 AR
=0ie U e (T [, AP

These results demonstrate the importance of the Coriolis effect.
iffer very much it can

&
ot very sensitive to

small variations of the value of the coefficient of tTriction:
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\/T@]_/'] an con<sid il - 8 o i iy i 5§ e T n Je He 2 ime ths
21tkamp ( considers a slightly different model. He assumes that




the ocean has a finite depth which is 1la

rge with respect to

of the bay, and he takes the slight larger value /A =5.24%, His

result; when translated in our notation,

(6.10) s (Fx,0) % 4.3 064,
= F':‘ -i’; /J.\T > \\ "ZMTTA

o

S extremely good b
The results obtained above can be u

of wind-velocities.

consider the expression (6.7) only. If

+ 0.17U, +
UT
- ) » =N > »
h our 0t (6.5,
ged to calculate ¥ in meters
sufficient to
is measured Kl o=

meters the left-hand side of (6.7) must be replaced bywa '¢c“4(%a,0).
The numerical value of the factor 118«132 g 5. 0% 10 = n/socg, The
relation between the absolute value of the windstress and the
velocity of the wind at sealevel is given by (2.4), If by way of
illustration

o ) U=0 and V = V _,
0
and if there is a northern wind of 30m/sec then it follows from
L
(2.4) that Vo = =2 0007 1S
The expression (6.7) gives

shall determine the most

(6.13) § 28,07 = 3 4tim,
As another application of (6.7) we
unfavourable direction for a uniform wind,

4

Let us take

( U=0U_=wsind
(6.14) | B
V =V 6 -W cos 9,
where w measures the absolute velocity of the wind which is constant
and where 9 represents the deviation with respect to the longitudinal
axis, Formula (6.,7) gives
(6.15) c”Y(3®,0) = 1.31 sin & + 6,28 cos & .

The right-hand side has the maximum 6.
For the North Sea this would mean that a

~ O

30" to the North is the most unfavourabl
of the above-given pesults arc left to t

" O ;
Jd =12~ approximately.
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