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Characteristies of the Circulating Water Tank
of National Fisheries University

Satoru Inoue™, Hikari Katou™, Kimiaki Nagamatsu™, and Yoritake Kajikawa™

We investigated the characteristics of the circulating water tank of National Fisheries University focus-

ing on the velocity distribution of the flow. Dimensions of the observation channel of the tank are 6 m in

length, 2.2 m in width, 1.2 m in height. We divided the observation channel into five sections in the direc-

tion of flow. We made the center of the channel “section B”. The following characteristics were clarified:

1) The current in this tank hardly changes against time and shows high stability.

2 ) The current of the central area of each section is widely uniform, even though the current near the
wall is relatively faster and near the glass is slower.

3) There is no torsion of the flow.

4) The mean velocity (Vm) of section B is representative of the velocity at the central measurement

point.

5) Vm is also calculated from the panel velocity (Vp), which is indicated on the panel, with the follow-

ing expression. ¥Vm = 1075+« Vp — 0.64

6) The characteristics of the water tank are not influenced by temperature of 9~31T.
7 ) There has been no marked temporal change of the characteristics of the water tank, at least over the

last three years.

Key words : circulating water tank, water tunnel, velocity distribution, characteristic of water tunnel

1. Introduction

The circulating water tank of National Fisheries Uni-
versity is used to investigate the dynamics of and improve-
ments to fishing gear, i.e., trawl, set net, otter board, and
other fish culture facilities'**’. The present tank was built
in March, 1996. It is a horizontal circulating type tank
with one impeller. Dimensions of the whole tank are 13.6 m
inlength, 51 min width, 1.9 min height with a water
capacity of 50m”. Dimensions of the observation channel
are 6m in length, 2.2 m in width, 1.2 m in height, where
we are able to generate the maximum velocity of steady
flow 1.2 m/s by a remote controlled operator. A perform-
ance test was carried out when they set up the tank at
their manufacturing plant before fixing it up at the uni-
versity. The result was that the deviation of the velocity
distribution of the flow was within 4%. This indicated that
there might be a fairly uniform flow in the tank. However

a detailed performance test has not been carried oul alter

fixing the tank up at the university. Moreover, in the per-
formance test the velocity distribution of the flow
aforementioned was measured only at the center section of
the observation channel. The velocity distribution of the
flow through the upper stream to the downstream of the
channel although has not been examined. Furthermore, the
current stability has not been investigated. As a character-
istic of the circulating tank for an experiment, the current
stability is necessary to be uniform. Therefore we decided
to investigate the characteristics of the circulating tank for-
mally focusing on the velocity distribution of the flow
through the upper stream to the downstream of the channel.

Besides, the water temperature in the tank varies a lot
through a year. Although the density of water varies little
with temperature, the coefficient of kinematic viscosity de-
creases a lot in proportion to the temperature rise. For ex-
ample, the density of water is 0.9997g/cm”® at 10 C and
0.9957g/cm”® at 30 T *’. On the other hand, the coefficient

ol kinematic viscosily of water is 1.310X10%¢cm*/s al 10 C
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and 0.803X10%cm*/s at 30 . However we were unable to
find any references which examine the relation between
water temperature and the characteristics of a tank ",
Therefore we also decided to investigate the characteristics
of the circulating tank considering the variation of water

temperature.

2. Experimental method

We divided the observation channel into five sections in
the direction of flow in order to investigate the velocity
distribution. We made the center of the channel as “section
B”. We also made the section, which is 75 c¢cm up to section
B, “section A”, and “section C, D, E” which are down-
stream to each other at intervals of 75 ¢cm. Figure 1 shows
an outline of the tank and placement of sections.

We set measurement points at intervals of 10 ¢m in the
horizontal and vertical directions at each section. As the
width of the channel is 220 ¢m and the depth is 120 c¢m, the
number of the measurement points amounts to 231 (=21X
11) for each section.

We used a current meter (CM- 1 SX, Dentan Co.; the di-
ameter of a propeller protection ring is 53 mm) to measure
the velocity. We also measured the velocity using the
method of moving averages of 20 sec., which is program-

med in the current meter. The current meter was attached

to the bottom of a stay of a traverser, which was mounted
over the tank and moved horizontally and vertically under
the control of a computer.

The current of the tank is controlled at a control panel.
The velocity value is indicated on the panel in proportion
to the revolution of the impeller, since they previously in-
vesligaled the relation belween the impeller revolution and
the mean velocity at the center section when they carried
out the performance test at the manufacturing plant. In this
paper, we call the velocity value “panel velocity: Vp” and
made it a criterion of the velocity setting.

First, we measured the velocity distribution of the flow
of section B at four speed level : Vp=20.164, 0.303, 0.432,
and 0.598 m/s. Next, we also measured the velocity dis-
tribution of section A, C, D, and E at one speed level : Vp
=0.432 m/s to examine the difference of the velocity dis-
tribution of each section.

On the other hand, for experiments using a circulating
tank, the current stability is one of the important factors
such as the uniformity. It takes about 100 minutes to carry
out the measurement of the velocity distribution at one
speed level at one section. If the velocity at one measuring
point varied, it is difficult to measure the accurate velocity
distribution. Therefore we checked the velocity change ow-
ing to time to determine the current stability.

The water temperature of this tank changes from
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Fig. 1 . Diagrammatic illustration and outline dimensions of the circulating water tank.
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thirty-odd C in July or August to several C in January or
February. As the first measurement was carried out at the
beginning of August, under high temperature conditions as
thirty-odd C, the need of checking the characteristics of
the tank under different water temperatures was clearly
necessary. Then we carried out the measurement of veloc-
ily al 231 measurement points of secltion B al the end of
September, middle of November, and beginning of January.
At the measurement at the end of September and middle of
November, we measured the velocity at four speed levels :
Vp=10.164, 0.303, 0432, and 0.598 m/s the same as the
first measurement. At the measurement at the beginning of
January, we measured at three speed levels: Vp=0.232,
0.369, and 0.516 m/s. Furthermore in order to check the
temporal change, three years after the first measurement;
at the beginning of October in 2004, we measured the
velocity distribution at section B and compared the results.
Moreover we investigated the relation between the inverter
frequency and impeller revolution and panel velocity under
changing the frequency at the end of September and the be-

ginning of January.

3. Results and discussion

3.1 Current stability

Result of measurements about current stability is shown
in Fig. 2. In the figure, velocity values were obtained by
setting the current meter at the center of section B (60 cm
under the surface, 110 ¢m from the channel wall) and
measuring for 30 consecutive minutes at Z0-second inter-

vals at Vp=0432 m/s. At first, we started to measure for

100 consecutive minutes since it took about 100 minutes to
measure the velocity distribution of each section. However,
as the current stability was recognized in full, we stopped
measuring after 30 minutes. As the figure shows, velocity
values change little and periodic fluctuations were seldom
seen during the 30 minutes. That is, the current in this
tank hardly changes against lime and shows highly stabil-

ity.

3.2 Velocity distribution of the flow of B
section at each speed level

Result of measurements about velocity distribution of the
flow of section B at each speed level is shown in Table 1 .
Speed levels of section B are as follows; Vp=0.164, 0.303,
0432, 0.598 m/s. Result of each speed level is shown as{a)
~ (d) respectively in the table. The table shows the result
of measurements when we observed the section from the
downstream of the channel and each value was measured
using the method of moving averages of 20 sec. As the table
shows, we numbered the measurement points as follows :
Px= 1 ~21 from the glass in the horizontal direction, Py =
1 ~11 from the surface in the vertical direction, in order
to show the position of each measurement point. Therefore
the center of the section is shown as follows, (Px, Py) =
(11, 6). We made the mean value of the velocity of 231
points mean velocity (Vm) and showed it on the table with
standard deviation (S.D.) for each section. And we also
showed the coefficient of variation ¢(¢=S.D.< Vm) in the
table. When we set a model fishing gear in the tank, we
will be able to get the actual velocity acting on the model

by averaging the velocities of the area occupied by the
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Fig. 2 Current stability measured at the center of section B. (Vp=0.432m/s)
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Table. 1 . Velocity distribution of flow of section B at four speed levels.
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model. Result of measurements about velocity distribution
of the flow of other sections and in the other months are
omitted due to limitation of space.

Result of measurements about velocity distribution of the
flow of section B at each speed level is shown in Fig. 3
based on Table 1. The figure is distinguished by using dif-
ferent colors as [ollows; [irst, we divided the dillerence be-
tween the velocity of each measurement point and the mean
velocity by the mean velocity and multiplied it by 100, that
is, showed it as the % variation of the mean velocity for
the 231 points. Next, we classified the velocity distribution
into five stages in relation to the % variation of the mean
velocity. Hereby, we can visually investigate the velocity
distribution of the flow. Blue indicates that it is faster than
mean velocity, red indicates it is slower.

From Fig. 3, it is clear that the current near the wall is
faster and near the glass is slower in common in all four
speed levels. In other words, the current inside the circu-
lar tank is faster and outside is slower. This might be a
characteristic of horizontal circulating tanks. However, the
areas, where distinct differences of flow are seen, are near
the surface and the bottom near the wall in common with
four speed levels. These areas are not in use in practical
experiments in the circulating water tank. The central area
of the section, which is in use in practical experiments, is
relatively uniform through the four speed levels. There-
fore, velocity distribution of the flow of section B hardly
differs by speed levels and the flow of the central area of

the section is uniform.

3.3 Velocity distribution of the flow of
each section

Result of measurements about velocity distribution of the
flow of sections A~E at Vp=0.432 m/s is shown in Fig. 4 .
The figure is distinguished by using different colors as in
3.2. By comparing the five charts of each section, we can
investigate the velocity distribution of the flow through the
upper stream to the downstream of the observation chan-
nel. In common with live charts, A~E, il shows a tenden-
cy like section B as described in 3.2. Therefore, it is consi-
dered that the velocity distribution of the flow does not dif-
fer by the position of the observation channel and there is

no torsion of the flow.

3.4 Vertical and horizontal variation of
the velocity distribution of the flow

We investigated the general characteristics about the

velocity distribution of the flow of each section in 3.3. Here,

we investigated the vertical and horizontal variation of the

velocity distribution of the flow of each section in order to

compare the dilference belween each section in detail.

(1) Vertical variation of the velocity distribution of the
flow

Figure 5 shows the vertical variation of the velocity dis-
tribution of the flow of sections A~E, using five lines. In
the figure, we set five measurement points horizontally at
equal intervals. These are at Px=3, 7, 11, 15, and 19,
which are in line from the glass side to the wall side.
Viewing each polygonal line of the velocity distribution of
the flow, it is a characteristic that section A is slow at Px
=15, which is a little near to the wall from the center. It
is also a characteristic that section E is a little slow at Px
= 3, which is near to the glass. Furthermore, focusing on
the area near the surface, section E, which is the most
downstream section, is generally a little slow. It might be
considered that it is caused by the effect of the end of the
observation channel. That is, as shown in Fig. 1, the sur-
face of the observation channel is a free surface, but it is
not a free surface any more at the end of the observation
channel.

However, these characteristics can be said since we read
the magnified velocity scale, a transverse axis, in the fi-
gure. If we read the velocity scale with the full range, from
0 to 60 cm/s which is the range of the velocity, it is consi-
dered that the velocity distribution of the flow has little
difference among the sections A~E like the result of 3-3.
And the velocity distribution of the flow in the vertical
direction that is in the direction of depth of water only
shows minimal differences.

On the other hand, as the result of 3.2, the surface area
is fast for all sections. The glass side is slow, the wall side

is [ast.

(2 )Horizontal variation of the velocity distribution of the
flow

Figure 6 shows the horizontal variation of the velocity
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Fig. 3 . The velocity distribution of flow for four velocity stages at section B.
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Fig. 4 . The velocity distribution of flow at sections A~E : Vp=0.432m/s.
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Fig. 6 . The horizontal variation of the velocity distribution of flow at Py : 3, 6, 9 (section A~E).
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distribution of the flow of sections A~E, using five lines.
In the figure, we set three measurement points vertically at
equal intervals at Py= 3, 6, and 9, which are in line
from the surface to the bottom. Differently from Fig. 5, a
vertical axis indicates the velocity and a transverse axis
indicates the distance from the glass. Viewing each poly-
gonal line of the velocily distribution of the [low, il is a
characteristic that section E is slightly slower near the
glass. For all sections, the area near the wall, 30~40 cm
from the wall, is faster. However, especially the central

area is uniform in all sections and depths.

3.5 Relationship between central velocity
and mean velocity

As shown in Fig. 3, it is clarified that the velocity dis-
tribution of the flow of the central area of the section is
uniform. Then we investigated the relation between the
mean velocity (Vm) and the central velocity (Ve), which
is the velocity at the central measurement point: (11, 6) of
section B. We show the result in Fig. 7. As Fig. 7 shows, it
is clarified that the mean velocity is linearly proportional
to the central velocity. The regression coefficient of the
straight line indicates 1.0. This means the mean velocity of
section B is representative of the velocity at the central

measurement point.

80
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Fig. 7 . Relationship between central velocity and mean
velocity.

3.6 Relationship between impeller re-
volution and mean velocity under dif-
ferent water temperatures

Relationship between impeller revolution and mean veloc-

ity under different water temperatures is shown in Fig. 8.

It is a result of the measurement of the velocity of section

B under dilferent waler temperatures : 30.7, 24.7, 159, and

9.2 C. Four steps of temperature are shown by four dif-

ferent kinds of marks, which are all on a straight line.

Therefore, the relationship between impeller revolution

and mean velocity is not influenced by temperature.

3.7 Relationship between inverter fre-
quency and impeller revolution under
different water temperatures

Result of measurements about inverter frequency (Fi)
and impeller revolution (Ri) under 25.0 and 9.4 C is shown
in Fig. 9. Two steps of temperature are shown by two dif-
ferent kinds of marks, which are all on a straight line.

Therefore, also the relationship between inverter frequen-

cy and impeller revolution is not influenced by tempera-

ture.

3.8 Relationship between panel velocity
and mean velocity

Since it has been definitely shown by 3.6 and 3.7 that the

characteristics of the circulating tank are not influenced by

temperature, we made a graph about the relationship be-
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Fig. 8 . Relationship between impeller revolution and mean
velocity under different water temperatures.
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Fig. 9 . Relationship between inverter frequency and im-
peller revolution under different water temper-
atures.

tween panel velocity and mean velocity of section B under
four steps of water temperature. The result is shown in
Fig.10. An expression of the regression line deduced from
the figure is shown as below. It is considered that the ex-
pression shows the relationship between panel velocity and
mean velocity of this tank regardless of the water tempera-
ture.

Vm=1075+ Vp—0.64

(7 =0.9997)
Vm : mean velocity Vp : panel velocity

1 a coefficient of correlation
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Fig.10. Relationship between panel velocity and mean
velocity.

3.9 Temporal change of the characteris-
tics of the water tank (Relationship
between impeller revolution and
mean velocity)

In order to see the temporal change of the characteristics
of the water tank, we measured the velocity distribution of
the flow of section B at the beginning of October in 2004
and compared it with the result measured three years be-
fore, as delailed above in 3.6. The resull of the comparison
is shown in Fig.11. The figure, namely, showed the rela-
tion between impeller revolution and mean velocity of 2001
and 2004, It is clear that the mean velocity is proportional
to impeller revolution in both years. Then we drew regres-
sion lines for the results of 2001 and 2004. The express-

ions are as follows.

2001 7 Vm=0.3373 + Ri—0.78

(P =0.9994)
2004 © Vm=0.3329 - Ri—2.12
(P =0.9998)

80 R l

Vm =03373Ri- 078

02001 .
(0 =09994) ’

70 F ® 2004

( koa/Kkoi = 0.3329/0.3373 = 0.9870 )
60 P

3
t=1
T

Vm =03329-Ri - 212
(0 =09998 )

Mean Velocity Vm (cm/s)
w ~
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Fig.1l. Temporal change of the characteristics of the
water tank. (Relationship between impeller re-
volution and mean velocity).



42 Satoru Inoue, Hikari Katou, Kimiaki Nagamatsu, and Yoritake Kajikawa

Even though there is a slight difference in the intercept
of the two lines, the difference in the inclination is less
than 1.3 %, that is, there is little difference as far as the
inclination. Furthermore, the result of the measurement of
the velocity distribution of the flow in 2004 showed the
wall side is relatively faster and the glass side is slower
for the four levels of speed just like the result in 2001.
Therefore we concluded that there has been no marked
temporal change of the characteristics of the water tank, at

least over the last three years.

4. Conclusion

As the characteristics of the water tank of National

Fisheries University, it is clarified as follows.

1) The current in this tank hardly changes against time
and shows high stability.

2) The current of the central area of the each section is
widely uniform, even though the current near the wall
is relatively faster and near the glass is slower.

3) There is no difference of the velocity distribution of
the flow in different speed levels.

4) The velocity distribution of the flow does not differ by
the position of the observation channel and there is no

torsion of the flow.

5) The mean velocity (Vm) of section B is representative
of the velocity at the central measurement point.

6) Vmis also calculated from the panel velocity (Vp),
which is indicated on the panel, with the following ex-
pression. Vm=1.075"+ Vp—0.64

7) The characteristics of the water tank are not influ-
enced by temperature of 9 ~31 C.

8 ) There has been no marked temporal change of the
characteristics of the water tank, at least over the last

three years.
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