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Basic Studies on the Plane Net set into the flowing Water—I

Comparative Experiments on the Netting Materials

Takehiko Imar* and Eiichi HIRAkAwA**

Abstract

Although various deformations may be noted on netting, when it is set into the flowing water,
it is not impossible to regard a small portion of the netting as a plane. It is proper for us to
make clear the fluid dynamic properties of the netting, by using a simplified net-models.

For the purpose of this, it was planned to make the knotless plane net-models, using vinyl-chlo-
ride cylindrical-bar instead of netting twine.

In this paper, some descriptions were made comparative experiments on netting materials
consisting of the vinyl-chloride cylindrical-bar, and the cremona netting twine.

The measurements were carried out with the hand-made equipment, which was capable of
measuring simultaneously both the dragging component and the lifting component to be de-
rived from the netting material, when they were set into the flowing water.

The drag-coefficient Cp, the lift-coefficient C, and friction-coefficient C are to be calculat-
ed from the measured values of Cp,, and Cp,, as in the following formulae: —

CD = CD‘m—CF Cos a
Cr=Crn+Crsina
Cp=CDm cos a—-—CL,,, sin a
The values of Cp and Cy, obtained concerning the vinyl-chloride cylindrical-bar showed figures

about 20%, less than those observable in the netting twine, while the values of Cr, showed fi-
gures about 50%, less than those.
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Fig. 1. Schematic drawing of experimental equipments for measuring water resistance
of the netting materials.
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Plate 1. Total system of measuring equipments. Plate 2. The detecting device of the flowing

1. Detecting device water resistance.

2. Strain-meter 4. Sensor of dragging-component
(Yokogawa, Type 31206) (U-gauge)
3. Pen-recorder 5. Sensor of lifting-component

(Yokogawa, Type 3052) (U-gauge)

6. Gimbal ring
7. Setting plate for fixing the

attack angle.
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D: Drag force

L: Lift force

F: Friction force

D, Measured drag force

Measured lift force
of : Attack angle of cylinder

Fig. 2. Force (D, L, F, D,,, L,,) and attack angle (a”), observable on cylindrical-bar in

the flowing water.



160 BERBKFKERTLE $26% (1977)

—HEE%E JEETERETLD, COBEBRICHTE v4 2 vXHUL, 4.5X10°~7.5
X102 THBT EERELTNS., FERO VA4 2 A XHIE, o —rHORARBICEE
1 x10° & L7DT, = a— b YOEFEAMITHES EEZ .

1 AD M F M D352 1) B KIS R 280 P LRGN F iiads e, P
REAES, F3BBIERTHS. P IEICHENTOETRIENKS D Bth) &, BhicE
i EYURS L (8h) oMt s, (Fig 2. 81)

R=P+F=D+L+F 2.1

b D FARES RN AT ESURS Do &, WOICEASEES L. & LTHRS
©%. Dy Ly & D, L, F ORI,

D,=D+Fcosa (2.2)
L,=L-Fsinx (2.3)

OBFEMEHS. BL « BFEAK (°) THS. D, L, F, D,, L, 2Kl Cp, (Hih
®B), C. GBHHRED, Cr (BHBRED, Com Cun ZRDB L,

Cpn=Cp+Cpcoscx (2.4)

Ci,=C;—Cpsina (2.5)
(2.4), 2.5) R&kb,

Cp=Cp,,—Cpcoscx (2.6)

C,=C;,+Crsinx 2.7

i D=Psin ¢, L=Pcosa THBHh 5,

G _ G (2.8)

sina@ _ cosa

2.6), 2.1, (2.8) X&b,
CF=CD,,,COSC£—CL,,,Sina (2.9)
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Fig. 3. Relationship between the measured drag-coefficient (Cpn») and the attack angle (a°).
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Fig. 4. Relationship between the measured lift-coefficient (C.») and the attack angle (a®).
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P=R,sina 3.1)
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P=R, sin*« 3.2)
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Table 1. Value of Cpm, Crm, Cr, Cp and Table 2. Value of Cpm, Czms Cr, Cp and
C_ at the various attack angle (a°) C_ at the various attack angle (a°)
on cylinder. on twine.

a® Com Cin Cr Cp C. a® Cpom Cin Cr Cp Ce

0 0.006 0 0 0.002 0

3 0.044 0.056 0.014 0.030 0.057 3 0.023 0.046 0.020 0.002 0.047

5 0.019 0.019 0.018 0.002 0.019 5 0.016 0.062 0.010 0.005 0.063
10 0.028 0.024 0.024 0.005 0.028 10 0.066 0.067 0.054 0.013 0.076
15 0.133 0.066 0.112 0.022 0.094 15 0211 0.053 0.190 0.027 0.102
20 0.137 0.103 0.093 0.049 0.134 20 0.203 0.089 0.160 0.052 0.144
30 0.224 0.173 0.107 0.131 0.226 30 0.344 0.169 0.213 0.159 0.276
40 0.389 0.196 0.172 0.279 0.307 40 0.533 0.216 0.269 0.327 0.389
45 0410 0.270 0.099 0.340 0.340 45 0.594 0.255 0.239 0.425 0.425
50 0.454 0.244 0.105 0.373 0.324 50 0.632 0.286 0.187 0.512 0.429
60 0.617 0.222 0.116 0.516 0.322 60 0.838 0.223 0.226 0.725 0.419
70 0.757 0.147 0.120 0.716 0.260 70 0.937 0.134 0.195 0.871 0.317
75 0.759 0.094 0.106 0.731 0.196 75 . 0.996 0.080 0.181 0.950 0.254
80 0.759 0.033 0.099 0.742 0.131 80 0.983 0.021 0.150 0.957 0.169
85 0.787 0 0.072 0.781 0.068 85 1.036 0 0.085 1.029 0.090
90 8.005 0 90 1.067 0

o G
Ce ——0Cp gL
1.0 TG 10
———t—eCp
.81 8

Cylinder

N
0 AN )
[} 30 60 90 0 30 60 90
o/(°) o(°)
Fig. 5. The relationships of drag-coefficient (Cp), Fig. 6. The relationships of drag-coefficient (Cp),
lift-coefficient (Cp) and friction-coefficient lift-coefficient (C.) and friction-coefficient
(C ) of the vinyl-chloride cylindrical-bar to (Cr) of the cremona netting twine to the

the attack angle (a°). attack angle (a°).
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Cp=f (sina) 3.3)
C,=g (sinc: cos ) (3.4)

L153, G REEHEPIAZOEBEEEIN, EREPSKRORXNTEDLI NS L EX
7.

Cr=h(sina . cos @) (3.5)
Table 1., Table 2. D EERHIC>WT, R/hEHEEICE hiiBRERD.
Hlee= 1 EHDHE

Cp=0.78 sinZ6q

C;=0.81 sinl®a.cos!®«
Cr=0.22 sint'%a.cos’’a

7 vEFRREHOEHE

Cp,=1.02 sin*fq

C;=0.97 sinla-cost '«
Cr=0.43 sin!%a-.cos®’ &

AR DRBRRE—HKNICET &,

Cp=a sin?fq (3.6)
C,=b sintSa-.cosa 3.7
Cr=c sina-:cos®fc (3.8)

AEON, ROCMBRNIERELR L.

FB a, b DMHEIZ, BETHNEHERW20L/ME L, FHB c DEIZKIS0% /NS EZRL
o, b, REOHEPSEILE = vEBREMI, 7 vEFBRRITHRENBRTH20%, BE#
EHTHS0%/NI T EERLTNS,

= #

1D MM OH AR Do EBHRS Ln EHEL, Com Cun 23K¥, KR X D K
DTSR Co, BHRE Co, BERY C ZRDJLHTES.

Cp=Cp,,—Crcos
CL=CL,,,+CFSinC(

Cpr=Cp,cosa—C;,sinc
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