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MATHEMATICAL ANALYSIS OF THE FILTERING-RATE OF PLANKTON NET

Kiichiro KOBAYASHI and Shuzo IGARASHI
Faculty of_i_Fx'sheﬁes, Hokkaido University

Locating a cod type net, provided with extremely small sized mesh like a plankton
net, in the running water, it is assumed that, owing to the so—called ‘‘Submerged Orifice’
of the mesh, comparing to the current speed outside the net the one inside decreases;
then the static pressure inside the net increases and the water current, having speed in
proportion to the square root of the difference between the outside pressure and the
inside one, passes through the mesh of the net.

As shown in Fig. 1, it is also assumed that the plankton net is made of only net
excluding any other unit and that the sectional
form of the net which is perpendicular to the
.current is circular.

Now, the axis of reference and others.
are defined as follows:

X axis is on the plane containing the
center of the section and is parallel to the
current,

Y axis is perpendicular to X axis and
is located at the entrance of the net,

V is the current speed,

V, is the current speed at the entrance of the net,

V, is the current speed at the section which is x distant from the origin,

2R is the diameter of the entrance of the net,

1 is the length of the net measured along the center line.

Generally the current speed has various values at any point on X axis.” An expression
y=£f(x) may be expressive of the form of the net, so that if the current speed at any

Fig. 1. Schematic figure of the
plankton net

section be distributed equally, the amount of the water flowing into x-section is

af(X)* Ve e ¢))
Similarly, the amount of the water flowing out of x+dx section is
(Va—dVO{ER) -dfGO P e )

Then, it is assumed that the amount of the difference beween (1) and (2) flows
out through the mesh of ds width.

As the current speed passing through ‘“Orifice” is proportional to the square root
of pressure difference, the amount of water passed through the “‘Orifice”” is expressed by
cazf(x)nds\/z—;;(p?IT); by using Bernoulli’s theorem V2—V,?=2g(p.—p), then one gets

ca2f ()ndsy/VE=VE e (3)
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Here, it is assumed that the pressure outside the net is conmstant. In (3), c is Vena
Contracta, «r is the ratio of the area of the mesh to the total area of the net.
Accordingly, one gets
f(x)AV+2V.f/ x)dx=ca 2ds\/Vz—Vy?
=2can/ T+ o/ V2= Va2 dx
Substituting Vsing for V. in the above expression, one obtains
f(x)Vcosp dp+2Vsinpf’ (x)dx=2ca/T+f (x¢ Vcosp dx
%{g _ 2{cy/ TFPGy —tangf ' GO}

o @
= [ 2/ 1+ TGy —tangf/ (XD} 4
f ¢ + f}zx) Pl X dx+const )

Constant of integration is
Vx =V,=Vsing, ~at x=o0
and Vo must be determined by the followmg expression,

7R3V, = fo 27y dscoa/Ve= V.2

= f Zsz(x)v 1+ G A/ V2=V dx

~.sinp,R?=2 f cx co8@ f(X)VIFIGOE AR ceerereenvenneenns (6

Solve both (5) and (6), and it will be possible to decide the distribution of the
current .speed inside the net on various pomts on X axis and current speed at the
entrance of the net V..

Now, let K be the ratio of the current speed at the entrance of the net to the one
outside the net, one gets

K - z() —
But it is not easy to solve (5) and (6).
As the plankton net generally used is of a rectangular conical type, one gets
y = tand(I—x)
R = Iltand
Substituting these expressions for the references in (5) and (6), it follows that

dp _ 2(ca secd-—-tangtand) B 2(%—tan¢)

& tan9(l —x) - I-x
ing, = & [* X
sing, = Tond j; cosp(l ; Hdx

and substituting g and t for scil?; and % respectively in the above expressions, one gets

de _ 2(p—tane
&= Iex ®
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Sil'-l(pu=2p.flcosy)(lv—-t)dt T heeeeseens (9)
Integrate (8), and it follows that
1 cos(@o+8) wlp=@)

(-3) 7 -

cos(@ +90)

Where & is nominated from the next expression, tand= —;—

In order to get the value of @, which satisfy (9) and (10), give various values to @, of

(10) for the special value of p, find the relation between @ and —’l{—, put it into the right

term of (9) and calculate definite integrals. And thus, among these definite integrals,
it becomes possible to find the satisfactory value which coincides with the left term of
the expression (9), (sing.). .
After a number of such calculations, one should get the following result, ‘“The
current speed inside the plankton net is constant and its value is tanp,=p"". ’
In conclusion, the next formula is obtained concerning the filtering-rate,

sing, = 7{1{"-_,12 .................. an
Fig. (2) gives the relation between the
Sinfo filtering-rate of the plankton net and p.
10; — G 0) The writers are very grateful to Mr.
g Okawa, Mr. Anraku and Mr. Nishizawa for
0 .. N
: / their kind directions.
2.6 ) Resume
J i 1. Towing a conical type net in water,
Il having extremely small sized mesh like the
02 plankton net, the relative current speed
inside the net may be smaller than the one
M outside the net.
0 / z 3 4 s 2. Towing the rectangular conical type
Fig. 2. The relation between sinp, plankton net in water, the current speed
and p, which is calculated inside the net is constant. Let the filtering-
by the formula (11) rate be the ratio of the current speed inside

the net to the one outside; it can be expressed by the formula (11).
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