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Fundamental Studies of the Fluid Dynamical Resistance
on the Plane Netting

Takehiko Imar*’

Abstract

To determine the fluid dynamical coefficients for plane netting, the following studies were
carried out in the water circulating tank of Faculty of Fiseries, Kagoshima University and in
the towing tank of Faculty of Fisheries, Hokkaido University.

As arule coefficients for fluid dynamical resistance of netting depend on the projective areas,
and therefore it becomes necessary to determine the experimental equations for the areas
towards verious attack angles,

In these studies, the minimum unit of the netting fabric is termed as a “Netting element”, At
the elementary fabric a horizontal cutting is made at the respective intermediate points of the
four knotted legs. The shape of a netting element is to be shown in the form “X”,

The netting used in these studies are “Weaver’s knot netting” and the “twisted knotless
netting” which are most familier in the Japanese fisheries.

Basing on the two sets of tank-experiments made on the two kinds of the netting, the
following results were obtained :

1) In the case of towing tank experiments the normal force coefficient and the tangential
force coefficient are proved to be independent of the Reynolds number with in the range from 6
X10? to 3X10°; and in the case of the circulating tank experiments they are proved to be so with
the range from 8X10% to 3X10°%

2) The edge effect of the netting is not depending on mesh numbers when the value of
2ij/(i+]) is larger than 6.0. In this case, “i” is the mesh numbers counted to the twinewise
direction and “j” is the counted to the normal direction, on the netting piece used.

3) Concerning knotless netting, the derived experimental equations of the normal force and
of the tangential force are well coincided with the experimental data in the range of the attack
angle 46<#=<90°, and concerning Weaver’s knot netting, They are coincided with the
experimental data in the range of the attack angle 668<6=<90°. In this case, the adopted 8 is
8=sin"'(d/2lcos¢).

* o JLEBEAEERZAEHRI (Thesis submitted for the Degree of Doctor of Fisheries Science at
Hokkaido University, September 1985).

*2 . EIREBKFEKEFRRESME (Laboratory of Fishing Gear Science, Faculty of Fisheries,
Kagoshima University, Shimoarata-4 Kagoshima City 890 Japan).
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circulating tank experiment, and the reason is assumed to be due to the generated eddies of

The value of the coefficients from the towing tank experiments is bigger than that of the

paddle wheels of water circulating tank.

that of the knotless netting, the reason is supposed to be due to the difference in the

And the value of the fluid dynamical resistance on the Weaver’s knot netting is bigger than

constructions of the nettings.
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2, B2ESHICRITMETEROERERY o, WO YER Sw KT HER
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RY &g D AIEROERRNILEEOBEV LD LE o 12,
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GELTE M, KOVERTHNIVESGRKREEIMAZRERO > s EEAIc> VW TR, St
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1. 1. 1. @EtERoLEEER

BEd, WE | OFEZ2MEEA ¢ THASOE TR L 12 BIER OREEERO Hul % 45
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si=2I’singcos¢=[’sin2¢ (1—1)
BIFHFEOMBEL (LBEHMEEK) » i #, MLAmoMER (URKEH) » j B0t
DEFOHEE s, OB +E—1D—-D=Qij—i—j+1)ETH YV, Fig. 1—-2 IR
HERNROMOFEORBIOER S, WRRTELH N 5.

Si1=@ij—i—j+1)I’sin2¢ (1—2)
—HAHER AN B O HRCR K O AMID 1 IDTER s, 13 (d1/2) TH O ZDEIE 4i+4(—1)
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=4(i+j-1ETH5. b, PHEROLBIZBVELTRUL (d*/4)sin2¢ OEEE
% (Fig. 1-2 2/). > THORMREVAMIOER S, 3R TELHN 5.

S;=2(i+j—1)dI+d*/sin2¢ (1-3)
I o DRER, MMEROLEEER Se 1 (1-2) BELUY (1-3) ROMELTKRRT
BOTIENTXS.
w0=(21j—i—j+1)I’sin2¢+2(i+ j—1)dI+(d*/4)sin2¢ (1—4)

—~——J meshes

~———imeshes —

Fig. 1-1. Schematic drawing shows total projective area of a netting piece composed of
iXj meshes, at an attack angle 90°.
i : Mesh numbers along the twinewise direction
J : Mesh numbers along the normal direction

a“é'

Fig. 1-2. Schematic drawing shows the projective area of the outer portion of the
centerline denoting the chain line, concerning the edged netting twine.
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ReEDOTENTE S, BHER0.3mDAT ¥ L ARZBHR TN L THEM 2L 0 ELY,
e A THEEED. 200HICL. 2. 3. KERTHEHEEOES Asw EH
SUEHIAVE ORI IC B bz, 2 FROROME AR TELT 5 LA EOMOHF
DLV MIOERIE (1-3) REu B, -7, EEHEOBE IMEERIC OV TE
Wiz (1—4) REEHTE 5.

1. 1. 3. EENEEROSREER
B AEEBH OB A LERTIMBM UL AT ¥ VART, SEICH-> THEIBL, RTHR
FEOTHEBSBIZVED ICARB Ul 2R L 2. - THEMA QI E IS
2i+j) EOEHN»H 5 (Fig. 1-3 ZR).

Fig. 1-3. Schematic drawing shows projective area of the outer portion from the center
line denoting chain line, concerning the edged netting twine.
Shadow marked knots forming a pair show projective area of one knot; and the
black marked knots do not form a pair.

X AEEAERRE OSEICH 2MORRONRIOER S” MHERITOVLTEHN
72 (1=2) RTEDLTIENTES. ZOHEIHOPMROIMIOER S”, ICHEMIE
OREMBEER S 2mxndhiEzdnn., 1. 2. 4. KHBRT 3 &I ICHICB- 12
BHORS fOFHEIRATROT LS TES.

f=3.03d (1-21)
5k, iﬂlﬁaQO“@i%éd)ﬁXi%ﬁ 1 FHoOREEH Ski90) IR &R 5.
Sk(go)=6. OSd2 ( 1 —23)

B> TR OFOBRAMID 1 HOER s WRNTEAx 5N 5.
s”,=(d/2)(1— f)=(d/2)(1—3.03d)
F1- 20 4+ 1D ETH B L HFRIMIOHMOERE S”, KRR LS 5.
S”,=2d(i+j—1)1—3.03d) (1—5)
Fig. 1—-3 IZR$ & 512, MHAEIC H 2 EEHES 1SE UAHR TR0 & MERO 1 MO
BT 1EOEHERE swy 2TERT 5. 208, 2(i—D+(-D=2(+j—-2)@TH 5.
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BiZ, BOBUCRUIEAADT I EDOTE RV 4 AOKIRADES. 2h 5DHEHIL,
W& 5. ’

258" kool ¥s + ¢/180)+2 8" o0l — $/180)=38" 0,
Bi5, S 3EOEMEF L. o> THMINAI & 2 —EHH OREER " WKR T
BEzoh3.

S”3=12(i+ j—2)+ 318" xwn=6. 08(2i+2j—1)d? (1—86)

IR H DGR iX] HOBXEI@EOSBEERE (1-2), (1-5) BV (1-6) &

PORATELZLNS.

8 kon=(28j— i—j+1)I’sin2¢+2d(i+ j—1)(1—3.03d)+6.08(2i+2j—1)d* (1—7)

1. 1. 4. PEHoLBEEHOER

HEROBIRT ISV RTRENE Z MR E ULESZ L, SE ORI
OERIARICHARERTEBMNINEEX SN T & 12 DS KB LWL L 248,
HBHXOEROEMASHNSNE LD I8 12, Tho DD SIS~ AkZ XD
HEM 2 V> TRV A5E, SMEOBRFRIMIOER BB D 2 VA L E
BT&nVKRE3Ln% (Fig. 1-38R). HIEIH2H R LLBEERORL 518
BOMEL T RATROTEORENSBEA VB PREE 25 EAFRISNT. ChdHD
HE»S (1—4) BLU (1-7) K2EE, cho>OoRXNE2REEMEE U CEGFURMERD 12,
(1—4) XOEIHIIEH 1 BOERTH 5 1-0IBRPAL, BAWNEL, »oOEEYK
DL VHELSMNIERTE 5. BEHMEHO2RPER % K % ZEX ISEHERIZ S 1
THO (1-4) REBEA LY. SMEOBLHEONMIOTERIZHBE/ NS N &b b,
COBAREA L LEBEEE LTV, 2 0EEIIRHIEREE BT HEShEIE IC e
ZBLEIBVEHM LA LTH S, EXETHEMOLBEERIE 2HOERERS
(1-4)FIRALTEW 2. COHAHRRER CEBHED 5> EANEE ODHEET> TV,

B2 MRIREM

F2EE 1 HOMERTHAERIZOVTIT>HERTRT LI, HHOL2REER %L
REME UTHEGRKERD S &, BE, BAKE, SHErZ8HifoBREORELS
LTy, PHBICRES1EZTRUI. ChASOREBLERVKRL 2oHIC, RETDZ
BREK, Spo/ Sen ZFAVB Z&ICUT. FD1HIEEDMA 6 125 38R EHREER (L
BRERBREEBEEBT) Seo 2ROBZEHPREE L 12,

WO R EE 2 RO 2 ERR 2L 2o, 2 FROXNEBREESTEY (LlsE
FEETEH) B & O3 FRO R E AV i —EEE A (USRS SUSEEH) » 5>, SERIE
MR ZYOM- 2. COFE, SMNBIZH HEMOPRELZ T 5 2 ESEE LS, R
DOEFENEF <12 HICHNE DR 12 ARESH 2R L CHZ O LA TESBED TRV,

C OB TI3MH ISR T (Element of netting) DEESEEL TS, COBRSEETF
L, HHBEHUIETHROBY O 4 EOM%ZDFLTEIML 72 XTEROEEM & EHL
1 EROEAICB I ZMETOREERE 2 RAFAICREN L TR E L TEAMEE B L 72,
CORNBRILT 2DIEBET IHOBREISEVICET A 0 L KkxVWEHETHY, 6
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0PN EVBADHE BRI OV T T EAIFNNE KAEZ LBRE L. £ 7,
goETRAVKELY D VA EE S b AERIC OV T2 EE, FAEL HEL
fz. RO CEASEEH B & OB SGEEEHIC D L TEBR A TOMMIIER TR L 12N & i
URES 2z nx 7z.

1. 2. 1. BRBEEEREZKD 5ERTE

$EEHE TOFRMRITRY, BB BHPEEICLS &) KBRS ILEZEES
ICELO 4, MR ICSE R, MRS REBORZURICHER 2R NI L EARERE
EVEot. HHEOESER EICHIomEEL TERL ¥ X (500mn) % 256K U 72 S EH (35mhiR)
EREL, COBEEEDA0L L. EREBOKEAR% Fig. 1—-4 IIRL. £hEh
DOREMEICOVWTEL OMA (FiL5°8) 252 T, PR, FESHLEFICEBEL, BHET 4
WA= 4270 )= FT) I T BLRIKEREE L., BASKEL, BEB~LI
BEOASENZWACHEICDVTIE, Ly AOREICH S AIFEBRZEZRL LIt
HEOME 2RV 4L 2REBOEEE2 772 - TRIEL, EREDOY 2RBHETORE
mRE L.

WAONS ZHEEATIEHRHOEZ Y SAEHTH > 272012, B 5 ROHIELKICHE
MekE 7)Y PULTEFOEREZRIEL . MREZPROPEMEICRE L Yiae &%
ELTEHUE. ok, BHEIEOBRERZZERL ftoic 3ELLERIE ZfTVERILZ 3@
OFEEEEREME U, ERAEZRETA1HIKEUCEREBEZRAVT 2 RO T
WERELI.

1. 2. 2. #EEROBERREEN

EX l02RX0OAE2E#ADE IRRFORBHPHPOEES - Bz REE#HE L TER
DB 6 ZRELLBECOVTHRFOTES % Fig. 1-5 KLz, B, @FTO
e x-zEDETA OA) 250 EB83EITRBELLBEICOVT, Z0OMEREE
y-z BLOHOEE (RETRUK) OBEffZRLTVAS. Fig. 1-51IXB0VT, BB LV
MOBEZORREDVIES=AF ANABC DLABC %2 6§ TEOLTE, § KR TEA LN
5.

&=cos '(cos¢ * cosb) (1-—38)
BBIDBRE, yz BHLIB T IMWRTOREORBOMEEA ¢ IRNEELS.
e=sin"\(sin¢/siné) (1—-9)

BME |, BRERE d, BEA ¢ OWRTHILA § TRESNTVEHE, REELOH
FFOME I Ising, AEHSRE L HEHROERIE d*/sin2e TH5. Lz -7, WBHK
T 1 ORI Soo (SHAIFEMICRA L 25,

Spe=2dIsiné —d?*/sin2¢ (1-10)

WE1EOMAEREMETOBRE Fig. 1-6 IR Lz, KAPITHEHRE 72 388R TR
LIZERSOEBIEENENZE LV &5, ME 1 HOMAREERIGERET 2 Homiic
M LTWA. &b, iXj Bo@uz 2ij—i—j BOXEROMETFE 2(i+j) BOVE
ROBHHEREINTVS, 2 BOHPOER I 1 BHOBRFEM svo &EHEHE sko D
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about
K 10m

Fig. 1-4. Schematic drawing shows an experimental equipment for getting the projective
area of a netting at an attack angle 4.

C : Motor driving camera M : Measure

(Nikkon F-3) N : Numbering plate
F : _J-shaped netting frame P : Protractor and angle pointer
L : Telephoto-lens (500mm) 6 : Attack angle

d/ 2 cosg

Fig. 1-5. Schematic drawing shows a projective area of a lower leg composed with a netting
element at an attack angle 6.

d : Diameter of a cylinder or a twine € : Apparent hanging angle on a
I : Length of a leg projected plane

(half length of mesh size) $ : Hanging angle
X, Y, Z : Coordinate (half angle of divergence)

6 : Attack angle
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TN 5. #-7T, iXj BORMBEROBREEBRIRANTEA OIS,
Spe=21jSvet(i+ j)Ske
=2ij(2dlsind—d*/sin2¢)+(i+ j)d*/sin2e (1-11)
BL (1-11) K3, BREALOBET S 2HPEVICELESHEODA 6 (RER
FOMBOASHELT 20A) LVKEVHELIRLTS. COM@MA 6 X Fig. 1-71
R & ICHE [, WRER d, BEA ¢ KKTFELTHBY 0 BINTHE L HRAT
EbOTENTES.
O=sin"'(d/2lcos¢) (1-12)

Side view of half mesh onthe
upper portion

ey s
N G

\ ’
X ;
7
. —_— L
I, . X
; e \
S O .
S \
oy [ )

|

\
i [ -—

Plane lview of cross sechhn |
| onlthe knot portion 1 !

. ) w ]
ixj meshes - _M@ﬁk
A AN ok o]

€ XKOX X > LK > -
\/ v v v

BC: d

Fig. 1-6. Fig. 1-7.

Fig. 1-6. Explanation of a netting element, the smallest construction element of netting,
which is composed with two legs crossed on the hanging angle ¢, concerning a
netting models. Square mark shows remainder of the knot portion.

Fig. 1-7. Schematic drawing shows the attack angle € in the case when adjacent two legs
were touched each other, on the projective plane.
d : Diameter of a cylinder or a twine
I : Length of a leg
$ : Hanging angle
© : Attack angle in case when adjacent two legs were touched each other on
the projected plane.

HEMAN 0°<0<0 OfEH, BEHEHELCHEOALIRN L VIHE OB RBEEH
EESAEAICRD . Fig. 1-8 KBVT, HOEZVIZEVERINABER TR LU IEE
1 HOERIE, I’sin2¢singd TH Y iXj BOWHMERIIZRN 2R OLIL, 2ij—i—j+1
Bchd HHERECRULE=E=AR1BAOEBREIEDY TH B0 5, (I°/2)sin2¢sinfd TdH
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DZEOHIE2i—1)ETHS. ETHVORBETCRULBHOBBOM 1 o EME
disind TZDHEUZL, 2j @A, ETH0VFR TR U LRI O EAROREHRER IZ LT
BbhET, n(d*/4)cos¢ TH YV, RETFI OREIROEIC /2 2EHEEEZ (0/6) LIRET 5 &,
ZOHEBEIE 2(d*/4)cosg(6/0) TRIZENTEZFDOHI ((—1)BThH 3. f-T
0°<6<6 OMADHHDRABYER See ERANE L5,

See=jl(2i—1)I*sin2¢sin+2dlsind}+ n(d*/4)cos ¢l +(i+1)8/ 6} (1-13)
(1-13) iz 6=0"2RATHELKRA%E5.
Sato)=2jdlSin¢+ Tt(dz/4)COS¢ ( 1 —14)

(1—8) K» 5 cosd=cosgcosd

S
S AR T
L

AW

NONN

—
]

R

3
N\

2lcosd sin@

Fig. 1-8. Schematic drawing shows projective area of the netting model at the attack
angle, 8<4<90°, 0°<9<® and §=0°

E&EL lemDIFL ¥ = VA Z IR, Ocm, REREAIS° L5 LD ITHAEDET M, it
EROQMmE0°, 2°, 4° 6°, 8° 10°, 12°B L1¥16°, 18°, 30°, 45°, 60°, 75°, 90°
EUVIBEDERY HRDIMREABOKAME Seom &, MAIFEMICKD 122 1 5 DEERK
Spoc DEZHBL T <0< 90°DIFA% Fig. 1-91Z, 0°<6<6 DHAE% Fig. 1—-10
IR Uz,

0<0< 90°DIFE Seem=2o Seec & U CEIRERRNZRD, A=1.02551%81. D%
S D1ERREI120.998TH 0 7TEOERHZ OV T t REZITVO.OUKETEE SERE2BT1.

0°<0<6 DPABRICLEL T 2,=0.988=1 & 2o 72, HHEFHEIZ0.999TH Y 7
BEOBERHIOVT t REZITVO0.0LKETHERETH 1.

1. 2. 3. EEENGOMRREERE
SO 2 TERVRTESINTEY, BHHE4ERORFFRBEVICHAE -
TWVA71:HIT Fig. 1-11 KRTBVBE UL EIVFET 2RPEHER LR >TV 5,
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Ssem
cm
600 %

75%

of

/
o
300 .’l.sa/
0
[} 300 600

Ssoc
cm'

Fig. 1-9. Relationship between the calculated projective area and the measured area, at
the range of an angle, §<#<90°, on the netting model M;g, consisting of
vinyl-chloride cylinder with 1.1 cm diameter and 6 cm leg-length.

Seem

cm’

400

200

0 200 400
Sae:
cm’

Fig. 1-10. Relationship between the calculated projective area and the measured area, at
the range of an attack angle,0°<#<® on the netting model Me.

> THRHERIZOWTHN (1-11) XB KU (1-13) X2EBRNITEIE L THERE
FMEEOELRE U, BRSEEEORERE LR THEREZRD S 2 &IC &0 EEH
WHOPABREERE2EH T ERA2HL &L

HEMICEE P LOMREROR 2 TREOBZAY, MEAZB L LTGIAZR
FEUREEE, SO VW THEEAZ 6.5, 15°, 30°, 45°, 60°, 75°0 6 RS % 12
BEIK2O1T1. 2. 1. KRTHETEERYL, Z0oEBEZAIEL .
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HEMRDOEEH % Table 1—1 IR U7z, R0 R EREETHHE O RN 3488 D K Wl
ZEDICKVBETH DL L, KREVISAMIMDS EABET 25M255 512012, BRE
TS D/NS EF I ES AN H B, £ D123 BT O MR D EAS T8 U A AF
T&F d/1 fE130.023~0. 0881z k% - 7-.

Fig. 1—11 KEEHMMOPETF 2R UL, COBEOREEHIBITOE23E L 15
BIoBELRVERZRLL. COBFIATFROKSIEFELTEY, FFROKE X
MRERLEEFEL VWA I LD D, ZHEDN=AF CEL UBREZOBEKTED LT,
CORICRBLSBVB UL ZED=AFTRULEHSROMY 2R TERDT 12017, RSEHERE
RKEHE®D 2 A DR S 27sin 45° 2 {IE ULRRER E OBFR%ZKH0.66d 281, chdD
R 9 AR TRIENTE.

7=(0. 33d/sin45°)=0.47d
- T, WA ICHETHES1 EOBREEBOES AS yon BIXK E 2B,
AS ko0=27*sin2¢

COEBBZLEHEICHARBNTHE PO TROKS ZEE L CEFECELT 5 &l
6 1IZB\) BREEER 1 HOBREEBOMS As'we KRR E L 5.

A8 ke0=0. 44d*sin2¢sinb (1-15)

IhHDRER <0< 0°OAADEHHEHICH T 5 BEHRAEFOREARE2EZDLIRNIZ(1
—10) K& (1-15) ROMELTRARTELHNSB.

8"ve=2d1sind —d?*/sin2e+0. 44d’sin2¢sin 6 (1-16)
REREA4S° BB & D ITBIMICR S 1L T ~ B IC BV TR FOMRR L ER O ERAE
Sbom &, ENHITHNIET B EEME s'vec PBRER/NEFRELZHV CERERN ZRD
26=1.099%18 1. F1:, FVMOMERE%E 6 BREEX2BEITOVTSH (1 —16) RITK

Table 1-1.  Principal dimensions of the sampled knotless-netting.

Netting d (cm) I (cm) d/l ¢ (deg.) 6 (deg.) Materials
1 0.35 15.00 0.023 45 0.95 PVD
i} 0.29 6.08 0.048 45 1.93 PES
m 0.31 5.84 0.053 45 2.15 PE
v 0.39 6.11 0.064 45 2.59 PE
A 0.09 1.31 0.069 45 2.78 PE
Vi 0.46 6.04 0.076 45 3.09 PE
Vi 0.22 2.50 0.088 45 3.57 PE
* 0.22 2.50 0.088 6.5 2.45 PE
* ” Z 7 15 2.61 g
* 7 2 y 30 2.91 p
* ” s 7 45 3.57 ”
i* 2 ” 7 60 5.04 ”
* ” s 7 75 9.73 ”

¢ : Hanging angle
© : Attack angle noted when the adjacent legs were touched on a projected plane.
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Knot/u’ss
y netting element

Fig. 1-11. Schematic drawing shows a twisted knotless netting element. Black portion
shows an increased projective area of the crossing part on the knotless netting.
d : Diameter of a twine
| : Length of a leg
¢ : Hanging angle
n : Length of black portion along the composed netting twine

MLtz Emd, 0<0< 0°OANADHEOERZ—E L TOE LBERKEZRDEL,
Ao =1.106% 78 12,

Zh o DIERER DA A DOEHIC B 5 BEMWER T OMARBREER IRATREINS.

S’ =1.11(2dIsind— d?/sin2¢+0. 44d*sin2¢sinb) (1-17)

EBRA 2B BETHREUNRERZRIET 5 c0ic, EEHMBTOERMBE (1 -17)
RTHEH U HEBEDOBfR%E Fig. 1-12 IR U1z, MF OMEBFHRE10. 983 T 3 0 109fE D
BRI O\ T t REZITV, 0.01KETHEERERZ2EB1:.

BN Z BIRICER O T T A BRICKETIERDSEIN S Z & 2B T 5 1 ICIMER A K THEX
BdtzdT, HROERDOEDROIMIICIER RO IEN LT V. E-T <0< 90°D
A OHEIC B 2 BEMMEMOMABREER S 2RO ITERRNIRATEL OIS,

S'86=21jS vet+(i+ j)d*/sin2e — AS"xe/2)
=2.221j(2dlsind —d*/sin2e+0. 44d’sin2¢sin§)
+(i+ j)Nd*/sin2e+0. 22d*sin2¢sin§) (1-—18)

BEHEHLICBBOASREDL IV 0°<<6 OMADOHE TIL, EHIMOWHIIHMEE L
VESIZHIKERT 2RE XLV, - TREERIZ DLW TH N (1-13) X2Z20FE
HEATZ 5. i+j] BHOESHEMIC DLW TEELSRIELEE (1 —13) XEHW1
FHEMED HRIEFREZ KD Xo=0.837218 7.
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INHDER 0°<< 0 OBADTHHEICH I 3 EEHEHOPRBLER»EDTERBR
xR EL 5.
S’se=0. 84[j{(2i—1)I’sin2¢sind+2d Isind}

+n(d*/4)cosgil +(i—1)6/6)] (1-19)
8=0"DFE1%, (1-19) Rz &1 5.
S’s0=0. 84{2jdIsing+ n(d*/4)cos ¢} (1-—20)

R 0 A D FEEH I B 1 B 68E D BRI D W\ T ERIME & HEE DB %E Fig. 1—13 IR L
fz. WE DOFEBIRENL0.960TH VY, t REZIT- 1LER0. 01KEETEETH - 1.

S'bsm
cm’

0 2 4 6 She

cm’

Fig. 1-12. Relationship between the calculated projective area and the measured area, at
the range of attack angle, 8<#<90°, on the knotless netting samples I ~VI.

S'bom
cav

1 2 3
S'be
cm
Fig. 1-13. Relationship between the calculated projective area and the measured area, at
the range of attackangle, 0°<#<® on the knotless netting samples I ~Vl.
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1. 2. 4. BEXEEHEMOMRREER

HEXAEGHEROEROBA 6 KB HBRETMBORBRR2EL2HIZ, d BLU IDOR
stz 6 MOBEXEMOMmEAZ E LIBEE, BXIBOMREEA%Z 6 BREEX 154
IKDOWTERZTo 2. COBAEAMEEAR, HEMMA SRR 6.5°, 15°, 30°, 45°,
60°, BLO 75" Thot:. HEMMDOEEH% Table 1-2 IT/RL 2.

Table 1-2. Principal dimensions of the sampled Weaver’s knot-netting.

Netting d (cm) I (cm) d/l ¢ (deg.) O (deg.) O™ (deg.) Materials
XI . 0.17 5.78 0.030 45 1.22 3.68 PE
X1 0.26 4.45 0.058 7 2.37 7.18 7
X 0.21 2.50 0. 084 4 3.40 10. 33 7
v 0. 42 4.50 0.093 7 3.78 11.48 4
XV 0.63 4.56 0.138 4 5.60 17.02 a
pA 0.70 4.55 0.153 2 6.24 18. 97 7
Xm* 0.21 2.50 0.084 6.5 2.42 7.34 PE
Xm* s s ” 15 2.49 7.56 7
X * ’ ’ ’ 20 2.78 8.43 ’
Xm* ” v ” 45 3.40 10. 32 2
Xm* ” Z ” 60 4.81 14. 62 ”
X * 2 7 4 75 9.29 28.41 7

©* : Attack angle noted when the adjacent knots were touched on a projected plane.

XA OBA LMAN 0<0< 0°OHHEE 0°<0<0 IH T TRITL . B
E SR OREIRIC AN TR EL, BEELICRBOASRN 2 0HOHENT LB
BT AEMOBREIIENVCERVAIBENHS. t->T, COWADHEZBICKSHGE
oAbz VilAOHE (6*<0< 90°) &, EHBPEVWIKELZ VA BAOEHA
(0<8=<6*) KRBILZTNIEE SR 512,

HENEMOWZETFOBERAR % Fig. 1-14 IR Uz. HOEEZ KD 2 ERAZEL 126
I, RIZRT EHICHICR->IERES A BLC L2/ FATAELTCEFOFEME f %
ko tz, BHRIOAUEBEREDADEFZ Fig. 1-15 IR U, ARSI HPHETE
DEEDPEVEBLI2H, Z2hd>OFSME f 2 ROMWRER d EOBEFR% Fig. 1-16 i<
AU, fEZIPODEXZIBRNICOTHAZEDSFEREBHEBRTEL LKA %
Br.

f=3.03d (1-—21)

Fig. 1—14 itE®&D f OMZB&E R L. EXESH%Z COMTBsB®x T, BEAL
OREET 3 2 BV EVCE LA BA 6* 2B AEMIKRORR TED UK (Fig. 1-17
BH).

©*=sin"(f/2lcos¢)=sin"'(1.52d/ lcos$) (1-22)
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f
cm
l.l- v .
0 —  TEa xvI(9)
il TLT XV (w)
. NN
e e
L (o)
"5 — XV
° Ce
1.0 .
et XNN(a)
s stegsggtiess
0
V] 30 60

90 °

Fig. 1-14. Fig. 1-15.

Fig. 1-14. Schematic drawing shows a Weaver’s knot netting element. The outer circle
shows corresponding to an average knot-length and inner circle shows
corresponding amount of a knot area.

Fig. 1-15. Relationship between the attck angle and the measured value on the Weaver’s
knot-length along each leg. Roman number show netting samples XII ~ XVI.

-fC'ﬂ

2.0 / Side view of halt mesh on the
. v upper portion
.5 .
10 {, \
b E '—l:—ﬂcosd —;——- E
| | ! |
EPlane vilew of cross sec\ién i
0.5 ! on thé knot portion ! !
‘ i : | 1
: i [ |
{ ! | !
T — —_ — = f
— 8" /j |
0 — A B Besr
0 0.2 0.4 0.6 dem —
Fig. 1-16. Fig. 1-17.

Fig. 1-16. Relationship between the diameter and the Weaver’s knot length along each
leg, on the netting sample XII ~ XIV.

Fig. 1-17. The upper drawing shows side-view of upper half mesh and the lower shows

plane-view of cross-section of knot at the attack angle, 6* in the case when
adjacent two knots were touched each other, on the projective plane.
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S'ke
cm’
goo-9F-9yp-0-8-0-0-0-0a-0- XV
2.0
°_O_D.q_o.o_o_°LQ_o_n_0.ow xiv
1.0 |
A A a—xn
0—g-0—0-0-0—0-0-0-0—0-0— 1
0
0 30 60 90 g

Fig. 1-18. Relationship between the respective attack angles, ©*<§<90° and the
measured projective area on the Weaver’s knot. Roman number show netting
samples.

“
Ske

2.0

0 02 04 g

Fig. 1-19. Relationship between the square value of twine diameter and the mean value of
projective area concrning XII ~ XV netting samples.

BIBRDEEICE S O TE N (1 —22) RicH~, 1. 1. 1. THEALZHETEAL
EIEFREVD, 60* IEHOERRNOBIRICESTHLDTH20oERLEELZX
BWEEx, B, 0<6* O:AAOEETIZE 2 FIBEOEE, 5 1B OKHD
BizBhaEEXTEL.

9, 6*<0=< 0°OWAOHEDKEMREEMERAE L, REDALOEFK%Z Fig. 1-
18 IRUT:. EHEREBEETHEICHrrb LT, COMAOHEATIXFIF—ETH-12.
FNENOMUIT OV TRD I EHREEBDOTIIME 8" LHREEDOBARMEL OBRE
ko Fig. 1—19 IKRLK. COBEL d =0 DFE s"«=0THHIENHRREZBHE
BRELTrAcERbUTR.

8"xke=6.08d*=n(1. 4d) (1—23)
s, ESEXEROREERII Fig. 1—14 KAKRTRY, BRE 2.8d ORLMOEBEE 25,
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—7F, 0°<0<6* OMAOFHETIZ 6=0"DEIX s"ke+=0TH VY, =6* D& =i
$"ke*=8"ke THB LD ORFERMOBAERIL (6/6%) ICHHTHERELL. BILID
BEAOEMRYER IR TEX SN 5.

8"xex=6.08d*6/6*) (1—24)

WICHREE LICEE O PRI BBE (0<60=< 90°) DEHB 2R < HOBEER IOV
TRETLE. BREELOBHRIZHRHORS h 13, BEBLOME [ sind » 5HIC
Bo TR BT EOFYME f 2Z LW HESTH5. 005, KR TEX B ENTE B,

le=(lsin® —3. 03d)

> THR T DR 2 Bk < HOMRBREER "0 2RO ITRIRORTEZ SN 5.

8”10c=2d(lsiné—3.03d) (1-—25)

—77, MOREERORAME " on 13, WRFOMRBEER "sem 2 DGR Y ER
ke ZEUBIVWIETH 3. CORACHBOKEHREERIZ, 0 IKKELZVDT 8" on
BRATEZx BN 5.

8”1om=8"vom—6. 08d* (1—26)
COBADEHETIE (1—-25) RTRDIWOBREER I, FAMBEICHEIKE WESR
AU MEORFEZROLTRIFERR ZR/NEAFEZAVTRO &> ICH W,
8”16m=0. 848" 16c (1-27)
Z DFAEEREIX0.829TH ¥, S1EOERHIOWVWT t RERT - 124E580.01 KETHE
THotz (Fig. 1—-20 BH). - TRETFOWRBEEMT (1-25) K& (1-27) R
ofiE LTrRATEAX HNB.
8"b6c=8"16m+ 8 o
=0. 84{2d(lsin&—3. 03d)}+6. 08d*

kA %Z45°E LIz XTI ~ XVI #8thb L OfEis A £15°, 30°, 60°, 75°& 5% 12 XMt
WABRYEBOERMEE LB U IR Ve=1.037 281, #->TIOAHOBEICH TS
WRFOMRBEEBE IR L 5 5. :

8"ve=1.04[0. 842d(Isin&—3. 03d)}+6. 08d?] (1—28)
Z DOBAHEBIREIX0.989TH Y, 129HDOERHI DOV t REZT- 1-4ER0.01/kHETH
BETHho1: (Fig. 1-21 BH). - CREBLOEHVEOICET 5104 & 0 k& VWHE
6*<0< 90° T3 iXj BOBEXEHEOBREEEIRATELT I LP¥TE 5.
S"86=21j8"ve+(i+j)8"xe
=2.08ij{l. 68d(lsind—3. 03d)}+6. 08d*2. 08ij + i+ j) (1-—29)

BREEBLICHEBOAAREDLN, POBETAIKHVEVKELVE> AAOHE
0<6=<6* LB HE2FBLROMRFORYEMIEHOEREE (0/60%) LIKET S
EXRREB.

8"vorc =0. 84{2d(Isind —3. 03d)}+6.08d* 8/ 6*) (1-—30)

MATRAEHOKAMEL (1 —30) RNOFEEEHE L T, HMIERK Xo=1.212%F 1.

®-T, METFOWARBREER 2EZLTEBRIRATEALHNB.
8"ve»=2.03d(lsind —3. 03d)|+7. 36d%(4/ 6*) (1-31)
2%, AIRORADOHEHEOEXBRFORAMESE (1 —31) XOMHEBIHREIX0.984TH D,
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13EOERHZ DN T t REZIT- IHER0. 0UKMETHETH > 12 (Fig. 1—22 ZH).
WL 0<0<6* OEWHED iXj BROM 0 1 EHOEHHI 2j+1 M, 258
Ll OREEIE 2ij+i—j—1 BTH 5. 0N 2ij EOKEEMIMETFICEE NSO THRER
DEZVEIESHKE i—j—1ETHS. -7, OMAOHEEDEETMEMOMER
BREEM S"ser SRR E 25
S”ser=21j 8" ver +(i—j—1)8"kel8/6* )+ (2j+1)s"ke.
=2ij{2.03d(lsind—3.03d)+7. 36d*(6/ 6*}
+6.08d%(i—j—1)6/6*)+2j+1}
=4, 06ijd(Isiné—3.03d)
+6.08d%(2.42ij+i—j—1)8/6*)+2j+1} (1-32)

as 1 2 3 45
"19c (cnf)

Fig. 1-20. Relationship between the calculated projective areas of the leg and the
measured areas concerning the Weaver’s knot netting element.

0 1 2 3 4 5 6 7
s"bBc (cm?)

Fig. 1-21. Relationship between the calculated projective area of the netting element and
the measured area, at the range of attack angle, 0™ <9<90°, on the Weaver's
knot netting XI ~ XVI.
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Shem
cm
7

s .

0o 1 2 3 4 5 § 7
She*
cm'
Fig. 1-22. Relationship between the calculated projective area of the netting elements and
the measured area, at the range of attack angle, <8<, on the Weaver's
knot netting XI ~ XVI.

@<es@® 0<06s0 8=0°

Fig. 1-23. Schematic drawing shows projective areas of Weaver’s knot netting, at the
attack angles, 9<6<6™, 0°<9<6, §=0°. Shadow marked knot forming a
pair, shows a projective area of one knot; and the mesh marked knot shows
remainder of the pairs. And the vertically striped knot shows a projective area
of the hinder knot.

BREHLCHBOASRA S VAAOHE 0°'<I<6 K5 2 XMHOERR % Fig.
1-23 IZ/RU 7. CTOMIZ Fig. 1—8 ISR TR DS EIC 6.08d° DER % DM %
2j+1 & 6.08d%0/6%) DEREZ i—j BNV 26D THS. FAULHES L OBRT
AU RIS ORI & BREFIORHRENVCHOAWV 1T 1 HoHERE £ 5. BXH
HORHOREHEL 2/ +1 BTHHE LS. b, Bofz 1 MOEROMIIKEEER O
AEOBEFREVEEL LD, ZOHPEREBITHAMNTH 5 DICDBESERT S
EIULTHMIME Uz, SRTRUE 2 FIBLMRAOREIREOERER ., 0/6* LIRE
Uz, 2BZ0¥ud b, Ttz i—1 @<t 3.
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MAELZDE->THBINSER 1 AOERKIE sin2¢sind TZOHIL 2ij—i—j+1
B, ASARROEREEROKTHY, 208 2(i—1) @, B 15BOHHZER<HO
BEER I d(lsind—3.03d) TZ O 2j BTH 5.  ORAROERIIBFAFEHITK
RCRTENTES.

S”sec=(2ij— j) I’sin2¢sinf+2jd(lsind —3. 03d)
+6.08d(2j +1)+(i—1)6/ 6*) (1-33)

BHEBREOMAEEYEROEAMEE (1 -33) ROHBEELZHBL THERK
Xe=0.88%781:. EN5, SAZAICEHNL (1-33) RE[BERBORELT 0°=6<6
2B B ORI ER OB 2RO LS ITED L.

S”36=0.88[(2ij — j) I*sin2¢sind+2jd(lsind—3. 03d)

+6.08d*{(2j +1)+(i—1)6/6*)] (1—34)
s, (1-34) R =02RATHLRALLS.
S"30=0. 88{2jd(Isind—3.03d)+(2j +1)6.08d% (1-35)

2 0 OB E O ST OB R EEEOERE S"sen & (1 —34) XTKRD
12 S"se DBAfR% Fig. 1—24 IZR U7z, MHOHEBMREIL 0.946TH 0 9 HOERITOW
T tREZTSWV0.0LKETHEREREB.

S’BOm
cm
30

20

0 10 20 30
s.ée cm'

Fig. 1-24. Relationship between the calculated projective area and the measured area, at
the range of attack angle, 0°<9<@® on the Weaver’s knot nettings.

1. 2. 5. #BAREFEHCETIER

WHIEHOMETIIE 1 BTRUNL2BEER S 2RREAB/ETHHEL, A OV
W DPEOMAREERE2REA/ET 2BV H 5. BEOHEIL, WRKSVEARER
KEMCS LFTEEZ2ZRETIA 0 »ICOHACEERERERELTWVWS. A5, @
ADBNSL B EREHPHORESELVEY. ZOEERES, BRKE, MBREAICKRE
TAHEHIZ, ThHOHERZZILBOERREPSTRINTE . 2 ORBREHABIINA
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WEICRZ > IEZRLZ OB 2B AT A ENTER D12,

C OWRT ISR OB/ NEN 2 WHRT L E X, HHEROBRT OB ER %
MICRA L TR 2L T, KAMEE KT 52 i CR—OBYEROERR 2B\ /2. #EF
STRAESTICBE T A B OB/NBAL & UC T TR TH 505, MRREEROHE
LERTH-2. BB, @EFIOVWTHBEZRDSZEICLY, ARKZOEREEHT
B &I L o1z, WEOBRESHRT 2 AAOHHETIE, HRMIAE I\ TREIZM
BAZIMT, KRMEEHBU . @tREEEOEAEL, BEOERE 77 =4 —4 THl
FEUTKDZ. 500mml  ZEBANVTRELESL Y AOWNEIRETHENTELEDL >
. RUBTFREFEMRICLU - EROSRATER IETRE - L. 55, B
DT> LRIERERIL, Fig. 1-9 BLU Fig. 1—10 IRT &5 ICEEME B < —FL
fo. ShoDERD S, BOAERRN (1-11) BEY (1 -13) BENTH S 2 EH59Hh -
o 5B, MRREEROAUESESENTHH L BB SIAILENTEL.

FEGEIN IS D O T IRMER O X ORI 2 RRIICBE U R e, SRR EEE
DORAEZ LB U CTHER 2, ALRNZERICBEL:. OB LBREE O
BOAMWHERT 28 0 L0KEVHALNIVEAITHT TERRN 2B, St
DEE, WAKIVPRLVEZAP—FEORBMONAZELBE L, E—BOHEES %
RATEADAAEEZ ZHEICOVTEREZTV 0 LV AETWVAATIE (1-18) K,
6 ku/phxslifcid (1-19) REHBOZ, Chs>ORIEBEOMEM (I BLD d) I
DWTERDOHBER, B (¢ BLU §) 2511 BEOWRBEER %Ko 2 ELZBAT
»H5b.

MR ORIIAEICOVWTIALTLODTHY, RVLRTHRBEIN TV I IERD
HBEIEDL, KRELHBEU TR ZMHIEL . BEEHEMOBEREIL, 6<60< 90°0D
WADEHEATIZL.11, 0°<S0<6 OFETIX0.84TH - 12,

HENEHREICOVWTIE, 6*<0< 0°OBMEATIIL.UTHY, <<6* DEBHETI
1.21, 0°<0<6 OFEHTIX0.88TH - 1.

B E L OREIHEE 2R 2 ERAZEL 12D ICIEMELTER % U 12 UEE % BsiFIR
IGEBIL 1S BRI CH 5. EDIHICEEOYIE LEBORE 2K L 4 BOREEH% 75
ZXA—FTRELL. ThHDfEIR 6* K0 KREVIATI, WAIKEFELSVEREE,
WREZEDBIFRE (1-23) RTEDLTIEMNTE.. BERECHBBOAITENLES
DROHEARBEEHIE (1 —27) RTKDBENTES. (1—23) X oiEHsERS
2.8d DHTEEZEXT, (1-26) RTROLERBEHBL.. COBEHOE X HE
BREOVRBHIHICKRBELI VKRS SEERUL. Fig. 1-14 ITRTBOENESHOR
DRIBHE | (BEDY) »offiRE f 2ELFIVLELDTHS L 5HOERMSE
KOBrHITE, BHERIGULAERED f OFTEESBAHEHNRYUTHS. ZDLS
KUTKROZDAD fEGAAICLVETOENS > 12H5, BHED f OFYE f %
AuwaZ &zl (Fig. 1-15 B& U Fig. 1-16 ). Th5DE X Fig. 1—14 IZR
FTEORAFEUVLEHES fiBLO £, DESBAITLVENS > 12120 TH B, LR
(1—25) TROLAHAEMBEEAEE BT 5L, Fig. 1—20 ISRT & ICEHEBESED
ITKEL otz MEOBFREERERR TED UIRE0. 8421812, £ OE I MSENEH
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DAL FAREICHERONEADERZAVTEHEL LD EEZXL TS (Fig. 1-16 ZH).

SteNGEL, H. * A. Fiscuer' HED & H B HETERL, BXEHORYEHE L ER 3d
OHYMTEOULIZDICOVNTIEAELAIZIATHVEVA (1 —21) RiX SteNcEL, H. -
A. Fiscrr® E@EFEUWVEZRLTVS, BERLOBHSENICET 208 0% %
KHBBEICOVTHEEHIIER 2.8d ORTEEEX5 L0, BEE3.03d OXRTE
EEZPEOFHERMBEISED. BL, ERERBELREL TR 0* HLVET
KELENBBEEN S o1 0% BHEBBETERN2RRNILHEVENTHS
Ebs fFREAVWTELIABWEERT.

B h s> OEBRRICEROEETEOEARS, BE, BEbL0MALZRAT
5210k, FOMMOMAREERERDLIENTES. ZhHDERA 2T BRE
THREUIRERELSZETH S L 2HEENHB2HIC, EREICHIST 2EHEZ KD
tREET- 1R, WThOEBRRNDBEEH0.01KETHETCH -1, BIb, BOEER
RIENWThLRSFEAICH A 5 2 EHFBNF L.

F2E BHOREMKREOER

F1E MWRTOEHR

2. 1. 1. #EBERFBLORRGE

MBI OEBERE UT, WHBROR/NENTHEWRTFEHARNRELT, RS
BRI DLW TR A S EICLT.

ZDOEBRIE Fig. 2—1 KR &5 KRRFHEAER 1 B2HRANRE L. K-T, BA
PNSBBRETHLRETHEOTELIE L VcdIc, MttORERN 2 AETEYE 208
T&5., BEMRZEFEIERLImOR) ZF LY 3FAERVU—TTHRIATVS. B
TMEU WA T Y L AR TEZ40em, BUL EES20micu— 72 L, Zh o0
BER % 181, Ocm, BEX0.5emiCtIVELY, EVICREI 4 TES U EETRETFER L, £
DHIM B4 SenDARBER 2 B (1 - EEHBRFERO 4 ETH 5. BIEFD d/1130.025,
$%%130.050CTH - 17.

WETEBORLD 2 DFRBROFIMI—BL, D, WO 2 ESRVEIC—HT 5
k31 F 40y - FIRA1IETHRIRIMI . WTFhOBEDL 2 HOBBEADOEA (I
A g) ®45°L L1z, MEFEREZEO T @R EBEHRHBICEY PE Y TEELUT,
W% 0 ~90°DHHE T 5 " BILEX TRRTHRI 2REEBROTN B L UHH % FERICH
EUl., EREBBIUCERAFEOFMEMARIICRUIZ. ZDHA OEERRHEIZO0.53
m/s TH Y, KBISCTHREREREBEILULIZLA /V VAL 5X10°TH - 1z,

2. 1. 2. MRFOBHAEER

BRFEZI B REEROANEDAL L CHHEDAOME% Fig. 2—2 ITRUL 1.

RHGPACTHAEERL, WA TRAEEZRLI. —HFBAGEAHE0°TO,
WAL ECRAEERLUE. Bb, FhENHEORBEIRARTEDT I ENTE 5.
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Fig. 2-1. Schematic drawing shows the braced up condition of an enlarged knotless
netting element on the _]-shaped netting frame.

: Compensating lead

: Diameter of twine (1.0cm)

: _I-shaped netting frame (Steel rod; dia. 0.8cm)

: Length of leg (20 or 40cm)

: Nylon leader (dia. 0.16mm)

hh~Ta O

D=Dy+ I, sin®8 (2—1)
L=1, sin®fcos®d (2—2)
WMNEFTIE» NI BRF SR EH Do X 6=0" OMKETFREERHSZ T ZEH
BHREVRFREBLG R 2 BBERICESVTEY, FhEhBIOENERICERINS
ZEMFREINS. B, Fig. 2—2 IXRT &I, BES LB IRHEROBRIC &
DFEFUCERDPE U S, BHOERIZZ OMBRER, BEA, XEHESITEELEEL
DEANBEHICKEE NS, 5T, (2—1) ROB1HEL 2HIZZ W ZNBOENTH %
BLEMBREERY, ZhZhOBENEEZRHTROERZITbEFAIEE SV, (2
—2) RIZBHETH 3 12D ITHIE ICHAREBHBER OB WS, ROHHS 3 HEH 5 ooz
M IIEHEL 3 5.
Fig. 2—3 WRT &) KMEFORGKIER R 3N D EBH L ORI bVHITH B &
RiT, BRI N LERIN T O MVHITHSH 5.

R=D+L=N+T (2—3)
EEDOBA 6 TREINIBRTFOERS NI N BLUERSHN T &, Fig. 2—-3»h 5]
RELTEDLTENTES. )

N=Dsin6+ Lcos#é (2—4)

T=Dcosf— Lsind (2—5)

(2—4) K& =0T No=0, 6=90° T Nyo=Dso TH Y, (2—5) Rz §=0°T To=Do,
0=90"T Two=Dpy=0 &7 5.

BE - BEY IR 2R TRICERICES TERETV, A b—27 ROFHEEHAD 5
Za—- b ORBEHAUICER T 20, BREEEREXREIICES VAL VIEDS
4.5X10°~7.5X10* OfEFHi TH B L EWME LTV B,
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Fig. 2-2. Relationship between the respective attack angles and the measured drag forces;
between the attack angles and the lift forces.

Fig. 2-3. Components of fluid-dynamical netting resistance at an attack angle 6.

D : Drag force- R : Fluid dynamical resistance
L : Lift force T : Tangential force
N : Normal force # : Attack angle

WHERFOERTIESXIO L5 L XHEZEX LI EHIDBE=2— MY OEH
HIZBRATEAEEELL. COEIIRELD L, BRFEHROERS B LOERS DI,
BRTCEDTENTE S,

N=(Cw/2)p8enU* (2—6)

T=(C+/2)ps0U’ (2—7)
ft-> TEhZhOEHREIL, RAELE 5.

Cv=2N /(0S50 U?) (2—8)

Cr=2 T/(Ps(so)Uz) (2—9)

Z DB sen 1, MET L HOLBFEHEETH Y, Fig. 1-11 TRBRTHATRYT LI,
FhENORICETTrOMOFEZE5% 4 XORTHENIEH CTH 2. MRATIRIRE |
DORBADERE DL 2¢ TRELURBEDNTHY, COBPE ¢ 245°E LI E, S,
Se=0* TH 5.
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(2—8) RTRD 1 EWHRTOEMRS NFRKEDAOBFKE Fig. 2—4 12, (2—9) RT
KO NBWETOERI NRHMEDADBERE Fig. 2—5 IZR U 2. WEH20em D EAE S
MRT B L OCARHERT OSEFRFEIL, WESOmORPERFLIOREZEERLUL.
COBERBMOERLE ZEHFRBOBRIIASLICTE L, 5 12,

I b DRERANE % E5XBIM, HEEZRKBABE L TRRD & ITFKEL 12,
Cyv=N/sin*§ (2—10)
C:=T/cos"§ (2—11)

5B, (2—-10) XBLY (2—-11) KEKROPV 2BTHsErsoBERRBELRAVS &
MWTE, (2—10) XD Cy & a, (2—11) KD Cr & b 2BRPEFEEAVSEICED
BBIRDBZENTE S,

Cn * Xe0
010 e XZO o
hd XI.O gog"
° Xzo ot ®
0.08 gt
o
8° Cr
3
0.06 . 006
. aonozﬂ
° 0o o0 “ 999
0.04 ° o’ 004 °
H L BTN -9
° o :
o ‘l‘ e
° ¢ see,l [
ooz} «.% 00z 1*°°7°%e, 2
o a® 4
K 2o o,
as ‘e ,
s ?
$ 8
0 0 LY
0 30 60 9 ¢ 0 30 60 %0 6
Fig. 2-4. Fig. 2-5.

Fig. 2-4. Relationship between the attack angle and the coefficient of normal force
concerning netting element models. The coefficient Cy is based on the total
projective area [

Fig. 2-5. Relationship between the attack angle and the coefficient of tangential force
concerning netting element models. The coefficient Cr is based on the total
projective area IZ.

Ih 5 ORBEHURBIIRRD L < DENEHICKR I N TV S D, WTFhOBEHIRKS,
EHARE 5 M OBEFRE B2 KR T A ENEROBOEE LTRDbT DTS
B2HLDEREL .

Cv=Cunlfiren Sig Sawy =2+ Jal (2— 12)
C.= CTn’f ren S Say *oo0eeee Jr n’ (2— )

BERLE EOHEBIS 5, OWRTIRERDNFES LOCERSNBEERD, chdD

B Z X 5B~ DENERERHT CLicur.
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BB OESREZ KT 5 ENERI, L4/ VA Re, 0 0, fEiEA ¢, MARER
d, B& 21, BHER, MRER, WMEH - FTHY, ChHoDERFEVICEELES
WEEICHEZBRIELA>TVAIENTFRIZNS. COMRTRTEAIEZTERE2D
SUTERZTHIEIREVEX LG T cOBRBEZBELMIZL, BIZHZEETTOD
BHRFEZRANS LI X0 BOBIFEZIERALPICT I LE2BA L LDTHS.
b, COMOKRIIMEY, WRERE, L1/ VY, kA, BR2EULLTHES
FORBOEREZEX TERETo I EITR 5.

Fig. 2—4 B XU Fig. 2—5 KW RTHROYRZRET 212 DIHBRFOLEHER seo
I 2R E R sve DR % RBOZEE (Apparent solidity of mesh) & U T
THELE. ZOBEOERDNEY Cu BLUERDO MR Cn BRRTEHI LS.

Cni=Cn(Si0/ Sv0)=2N/ ps1eU* (2—14)
Cn= CT(S(DO)/sbB)’:Z T/PSboU2 (2“15)
BU, B¥HELICHEEOISTRN 3 TADHEICH T 2 BEHWRTORKEEILE 1 =5

1EIRT (1-10) RERAV . BHORD VICHREICERL. SemDER% B {1 12455

WETOBA, (1-26) XKETALTEAZhERRLE LTEX .
s've=2dlsind—d?*/sin2¢ (1—10)
$'ve=2d(Isiné —2. 25)+ (2. 25d)* (2—16)

BAEAICEN I S5 OROE 1 HISHOREEBETH Y, 2B 2 FIEHERE 72 34E8H
EROTROEETHS. ZDBE, WEOmDOBREFHEROMOBESENICET 508
0 3N1I°THY, HE20miEREElmDBED 60 3W2°TH-12. —F, REDAIX
5°BELIDT, 5°60<90° O@ADHATIE (1—-10) RB LT (2—16) K%, 6=0°
DFE R Z AWz,

8" wo=dlsing . (2—17)
S"vo=d(l—4.5)sing+5. 06 rd? (2—18)

COBEHEBRFRI1IBETHSH 2NBLUROEHEOE SV ZERT 2 BB/,

EFNEZNOPRFIC >V TRBOEREZ KD, WAL DOBRE Fig. 2—6 IZRU 1.
IhoDfEiz (2—14) KRB LV (2—15) RITKRA L THEES DRHDB L OGS DR %
kol s DRE%R%, Fig. 2—7 & U Fig. 2—8 IKRL K. ZhFhOMEOBER%Z KRR
TEDbLLU, #hEhoEERIRRZ KD 12,

Cyi=Cy:Sin™8 (2—19)
Cn=Cmncos"d (2—20)

FORBEE m, n 3VWTIhH 1 TAEYUTE B MDY, KA E U THUERHER

ER/NEREEHVTKRD, 2hZ2hoOR% Fig. 2—7 B LU Fig. 2—8 IZ/RL 1.
Cyi=Cy,Siné (2—21)
Cn=Cncosé (2—22)

Cn: DIEIZVTNH0.9, Cr. OEIIEEHMERF 0.8, BHMRF0.6TH-7. HL,
0=0° DFED Cr. DEIFRTHIVThIAE<HbL. COPAZKR EBOE
BRIVWThLERMEERL—BUL. ThoOER» SWMEFOEESNIZ, WThoB
Ak cExHNB.
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Fig. 2-6. Relationship between the attack angle § and the apparent solidity of mesh
concerning the enlarged netting element models.
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Fig. 2-7. Fig. 2-8.

'Fig. 2-7. Relationship between the attack angle and the normal coefficient based on the
parameter of the apparent solidity of mesh.

Fig. 2-8. Relationship between the attack angle and the tangential coefficient besed on the
parameter of the apparent solidity of mesh.



@ oWk E 5 203

N =(Cn/2)pSs0)U*=(Cy1/2)(Sve/ Ssn)0S0 U*
=(Cy2/2)psveU*sing=0. 4508usU*sin (2—23)
5B, BRINE,
T =(C1/2)0Se0)U*=(C11/2)(Sve/ Sen)0Ss0 U’
=(Cr2/2)psvsU*cosb (2—24)
L5, b, BEHWERTOHESW,
T=0.4psuU’cosd (2—25)
HEXEIER T OBE W,
T=0.3pswsU’cos b (2—26)
THxbh5b.

2. 1. 3. MRTFOEHICEHTIEER

MWD BRI E U CEZTFRAERABONA%2EX T—ERED T CHEHARE L 1-.
W OBIRIE—RICHALEBHLELTRHE N, REDBERNFE Co B LUOBNHFRE
C. RHHNT NS,

O TIT > L ERIIFEHBROB/NEN TH A WRT 1 EHEHEMBRE T LItk
T DOHEAEL LT, BETFHEOTFEO L WEEE2BELMICTAIEZ2BAMNELT
W5, ZDRERERS DR E EKBEKT, BRI NFHEZRKBERTROT LN TE,
ERONE (2—23) K, 0=0"%2KR< BRI L (2—25) KB LU (2—26) TEDLT L
DBTEL. EBETEEOR FROBUI2 FTHHDIIHL, BEFHBARRICHW -7
X 3FTHVEIMBOERL P ZVRLE - TVS, BEEEFITOVTIIMBROMEIXEL
WASERORDY ICAWERET - TOEES lanTH > 12D UERL 5enTH Y, (1
—23) ACKRDIZELV2. 6 FKEVREAREZRL TV, 12, BOizZh b DEHF
i3, HORSRICERTAMNOHEZEA» P OMETFHEOTHBOKELZEA TR,
Z0RHBENLKBRRARZZ0E FEMISHEAT L3 TEan. KU, @RFIKERIC
DNTIT» 12 Z DERED H Bt ORBEHFE OB 2 BB T &, BITHEERILTE 2.

B2 MR OES

RIEICIT - LR TFOBHICHE T 2 FBRA L, MRTHEEOTBOZVWHETHY, WD
WMOREZETHDTH S &2 HEMIEROFHRERE U TREBEEIC D W\ T Z2 DFRERE
HiRMEEBELPIIT B E2EA . COHTRFEREBEZFRICASAN - EEnEE X
T, FEEER D & CERAR S BB OREEIREZBARE 2MA 7. £, FiRA
HEBEHOFRICOVWT bEREIT- 12,

2. 2. 1. HEERS KORBRAE

EERICHW I M BEHERIE, B2 1B U< XL 1enDIBILE = VA THER I T
B, HEM3mE /713 6cn, MEAIIELE L ITHAGDEEEYT, BE3m
D Mas, Mys BERID BEIZ10X10H, B 6 cn® Mg, My BERITIX 5 X 5 HT#H - 12 (Table
2—1 BR).
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Table 2-1. Principal dimensions of netting models and attack angle noted when the mesh
holes were faded out on a projected plane.

Netting Hole dia. or Hole Mesh
model leg length  Thickness © or 8 numbers numbers Remarks
(cm) (cm) (deg.)

P, 1.1 2.1 43.7 181 - Plate
P 1.1 1.1 26.6 181 - 4
P, 2.1 1.1 14.7 181 - 2
Maa 3.0 2.1 29.7 181 100 Mesh
Moz 6.0 2.1 14.3 41 25 4
Mis 3.0 1.1 15.0 181 100 ’
M6 6.0 1.1 7.5 41 25 7

@’ : Attack angle noted when a drilled hole was faded out.
© : Attack angle noted when a mesh hole was faded out.

M BB L O My BEUCHYS T 5EBOELE = VAR (BE32. 1en# L < 131, 1em)
DRI LB ZF AR ICH O FRER P, P, LU, ThoDEHAERIT- 7218, M
DOHWEDOFICHE T 5 EEL lenDFL% P, I, Mi; OMBICHY Y 5 EE2. lenDFL%E P,
AR THBA & FRER Py, P & UTZ, P OBYEBRET P, ICHEZEL lenDFLZ BT 12
Pu 284EL, ChooBHFEZANL. #EEROBE% Fig. 2—9 ITRLE. 2hb
OERIOD_EANHRICEZIOmOAMEM 2 EEICHO M TERBOIRHEE Ui, -7, &
NICEBEICRBINIEROERE (Spse/ Seo) 1, Mis=My=Pp,, Mu=Py Th5. 8
AR EFLEA & FARERI O ZERER A ZE UL TAEETH - 12 SBHER % S ITE- 12 12012,
WEHOAOEBIC—HT 5 M) VO s FRBITIIE» 2ENH - 12,

Ih o DORR % & TR T EHRHEHCEND 13T, 90~ 0 O T 5 “BIlA %2R
EUTERETo 1. ABEOERIIREZRERIE ULV / VB OHEHEIZ Table
2—2 IKRT EHIT, 1.5X10°~1.4X10* ThH -1z, WHEROLBEERIZ (1—4) RT,
WRBEER ALY (1-11) RELCE (1—-13) KEAVTRD 7. EREEL 1
VOEINL THEIHIZ0 ZRSEEDDA 0 128\ 2EEEB See 1EIRAK &85,

Sre=L’sind (2—27)
BL, @AY DHEEIRANTEL LS.
Sew=dL (2—28)
LS FROBE L, FLORTREBREIET 20A 6 2R TRz (Fig. 2—10 BH|).
&'=tan"'(d/2a) (2—29)

BU, 20 BAOEETHS. BAH 0°<I<6 OHEHETIZ (2—27) X%, 6=0 OHA
& (2—28) XNEBALUCREREBEZRD 2. 2B, AN <6<90° OHEHICH T 5
BOALOBREEMZ, Fig. 2—10 KRR TR T & KEROXEEBE 2 HOBAMSE
WIZERZ VG- 1eEATH 3. 5T, Rr>RORN%EES.
b=asing (2—30)
c=asind—(d/2)cosé (2—31)
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Table 2-2. Dimensions of the netting models ; fixed flow velocity and Reynolds number.
Netting Hole dia. or Reynolds
model leg length Thickness S0y Velocity number
(cm) (cm) (m)? (m/s)
P, - 1.1 0.178 0.230 2X103
P, — 2.1 0.195 0.120 2X103%
P 1.1 2.1 0.195 0.123 2X10°
Py 1.1 1.1 0.178 0.233 2%103
P12 2.1 1.1 0.178 0.233 2X10%
Mas 3.0 2.1 0.187 0.214 5X103
P ” 7 ” 0. 266 5.6%103
7 Y 7 7 0. 407 1X10*
P ” ’ v 0.569 1.4X10*
Mas 6.0 2.1 0.171 0.114 2.8X10%
P ’ ’ 7 0.270 5%10%
” ” ’ 7 0. 286 7X10°
p 7 7 7 0.570 1.4X10*
M3 3.0 1.1 0.176 0.275 2.9X10°
p ’ 7 ” 0. 387 5Xx103
P ’ ” ” 0. 569 7.3X103
Mie 6.0 1.1 0.180 0.114 1.5%10°%
’ ” ’ 7 0.286 3.7X%10°%
P 7 g 7 0. 387 5X10%
Sooy : Total projective area of the model.
4, 2EDBEMHOREE Alx, y) LT NIERAPRILT 5.
y=b—c=(d/2)cosb (2—32)
COREZBHORKITRALT x 2KkDB2ERR%2E5.
x=la*—(d*/4)cotd}'/* (2—33)
B AOM DOEHE A, AR LIV XA L 2 5.
A=rab/4—(ab/2)cos ' (x/a) (2—34)
Hic, ACM OEM A, 3RATELZENTES.
A=A —xy/2=rab/4—(ab/2)cos ' (x/a)—xy/2 (2—35)
WA GBI AAOBREER Ae 1 ACM D 4ETH B HIRAE LS.
As=4A,=rab—2abcos (x/a)—2xy
=a’sinf[r—2cos '[la*—(d*/4)cotbl'/*/al]
—(d/2)cosbla*—(d*/4)cotbl'/? (2—36)

FLAA = FARERIZ IZ10X10H OMMIERIICHE S € 5 721, 1IBUEDOANHEZ&h 5
0'<6=<90° OAADFHHEATD, FLERL BEEBE Seo SRR E 2 5.
Spe=L’sind—1814,
FhZhOERIZ O VW CHIRDBRFEEROR 2 AV TRRFHERNER OHE & RFICHER

DNREDB L CERS DR ZRD B LITUT.

(2—37)
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Fig. 2-9. Schematic dawing shows a mesh model, and a drilled plate model, with their
dimensions represented in the Table 2-1.

>$Je
— ¢ y
p— - t. L

- T g 2
= _\\ﬁg T

Fig. 2-10. Explanetion of the attack angle 8’ and the projective hole area concerning the
drilled hole plate model.

2. 2. 2. MHEROERAIEER

WHhOHRICRE SN IWEDOE Y OFNOEREV A / VABITRIFELTH O, Bz
REUIOETCERRECERICKAT2BESHZEBEALLIZINATNS, B, 20
OBV A I WVAHOBEATIENS> OPEOHHBRIZL 4 /W AKOEELZ TV,
RIROEE» 5> OEERN TRMBERIC O VW TERET- 2. EHRABOXSEREIL
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0.2~0.7m/s T&H 5 2R E UTIIEEL ZVRWIELY Vg % OB K &
WL A I WABTERT A EIC L. COBAMNTIIBOER d 2, LIS FRE
BB LUOFRTIERE d 2RERSE LT

FNZNOERIZSOVTENEERROD Cy, & VA /W AHOBFR%E Fig. 2—11 IZ/RUL
tr. EBREEDO L4 VA3 5X10°~1.4X10* TH Y ZDED C, DEIZIZIEF—ETH >
fr. EARB L OFLH & EREROBA T P BREZREVIThHEI RS VEEZRLUL.

R, LA FARERORIER%EZ (2—14) KRB LUV (2—15) XcERLAEL, £h
ZFhOBEEIZ S\ TERO DRSS S CERS NREERY, hooEhfKEBRADRM
#ERRL . Fig. 2—12 X FROBA, Fig. 2—13 BFLA S EROSE, Fig. 2—14
a~d IR DB ETH .

AR P, P, OEHES R 25~30° (R ¥ — 7 27> 3 REWRHIEIRZ R L
tz. LS FAR P, Pa EEIE 4=25"TY— 2B Nnt. AU, FLOKE W Py, HEIZIE
KB REZR U, BRERICHT IHEONE d/I HORHKE D M, BRITI,
=25 FHEICE— 7 HSHBR U 7245, 1D My, Mus B LU M CRIIEZKBBRAEREZRLU.
INODBRB/EALOPWEOANHEETSEA 0 1213 8 KNS NEXFITIE Cw BIE
BEME LTEDTIENTE, B5°k0REVBARIFROBHTH S -7 BHRET S
ZEDHLMEZ ST BEASNTFERICOVTIE, WTALAAN 0 OBEICKEVEE
AU, RU, @ /213 6 KV REVDAOHEATIIRKR RO Z LTS L.

WREICAVSNAEBOMEIMAERE L VMEVICKEVIZHIZ, —RIC 6 I3HE
THBHIEND, BRI NFRIERBEB TCERSNFRIIRKER TROLTHRNES
Ztz. INHDERITESNT, FhEhOEREE (2—-19) BLU (2—20) RTEHL
BU. ERER% Table 2—3 B& U Fig. 2—14 a~d IT/RL .

Table 2-3. Results of the regression concerning the experimental equation (2-19) and
(2-20), for the mesh models.

Mesh model Re (d) Cxaz m r Crz n r
Mas 5.0%X103 1.754 0. 259 0. 868 0.463 1.165 0. 906
7 5.6%X10° 1.622 0.097 0.877 0. 396 1.710 0. 885
7 1.0x10* 1.682 0.061 0.473 0.571 2.082 0.979
7 1.4%X10* 1.564 0.144 0.579 0. 601 2.080 0.983
Mys 2.8X10°% 1. 359 0. 245 0. 892 0.471 1.044 0. 950
7 5.0X103 1.332 0.254 0.917 0.583 1.734 0.967
7 7.0%10° 1.187 0.157 0. 809 0.349 1.304 0. 835
4 1.4X10% 1.259 0.155 0. 889 0.788 2.957 0. 944
M;3 2.9%10° 1.543 0.284 0.932 0.516 1.904 0.984
7 5.0%10° 1.488 0. 256 0. 886 0.631 1. 858 0.963
7 7.3X103 1.423 0.174 0. 645 0.614 1.700 0.995
Mis 1.5%108 1.128 0. 408 0.915 0. 340 1. 342 0.877
7 3.7X103 0.973 0.225 0.927 0.594 1.777 0. 956
7 5.0X103 1.232 0.454 0.979 0.668 1.194 0.980

r: Coefficient of correlation
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Cn2
10' |- = Flat plate
N o Drilled hole plate
B ® Mesh
i o
-8
d ot
RULNP N 3 Sk R
|°o — « °*
10 Lol Ll
10’ 10¢ 10°
Re(d)

Fig. 2-11. Relationship between the Reynolds number based on a twine diameter and the
normal coefficent at 90 degree of attack angle concerning mesh model, drilled
plate and flat plate.

4.0 Cwr Cri
Cn1
o Cw Cn Cni Pn L] o
Crn ®, P o ° Cn Py = -
. . P2 o . P2 a a
3.0 o
o
: ] L] a °
e 2.0 .:’ ifﬁa Aanh .
o 0330. o 'ﬂl:’:!ail'“
- L] a
29 . 00000.88 . . a
° o |0 e
1.0 a ¢
. . LI
o..". 9.":"5.“:“‘
0 | °°°°con.". . o T8885any,
0 30 60 90 9° 0 30 60 90 6°
Fig. 2-12. Fig. 2-13.
Fig. 2-12. Relationship between the attack angle and the normal coefficent : between the
attack angle and the tangential coefficient, on the flat plate models P, P,.
Large symbol mark shows normal coefficient and small one shows tangential
coefficient.
Fig. 2-13. Relationship between the attack angle and the normal coefficent ( large mark );

between the attack angle and the tangential coefficient ( small mark ), on the
three drilled plate models.
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Cnt Cn1
Cn Cn
20 2.0
..
/‘7“"' ACIITINN
... '
1.0[7 Re :5.0x10° 1070 Re:5.6x10°
.O
o o0
o, 2o,
D'?ruo?“a b%b
0 Tops 0 kv
0 30 60 906 O 30 60 90 @°
Cni Cni
Cn Cn
% P sevwerT 3
/.f"-.......n —
8 4
1.0 Re:1.0x10 1.0 Re:1.4 x10*
o0 o,

Fig. 2-14-a. Relationship between the attack angle and the normal coefficent ; between the
attack angle and the tangential coefficient, concerning the M2; mesh model
of the respective Reynolds number. A black dot shows a value of the normal
coefficient and white one shows tangential coefficient.

Cni Cni
Cry Cn

Re :5.0x10°

°9
XX
TS

3 60 906°

e g = Al
0 30 60 90¢6° 0 30 60 90¢°

Fig. 2-14-b. Relationship between the attack angle and the normal coefficent : between
the attack angle and the tangential coefficient, concerning the Mg mesh
model of the respective Reynolds number.
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Cni1 Cn1 Cni
Cri Cri Cti
3.0 3.0} 3.0
Re:2.9x10° Re: 5.0 x 10° Re:7.3x10°
20 2.0 2.0
‘.0/'0‘.—'—‘— o veReooye- . ‘,.—.ﬁl
o’ . 54 vos®
7
1.0} oice 1.0fo/"e* 1.0} foe®
F\NA L’c
—osa, ©55y %0 %%
o o o og
ol_2 bb%a-b‘,m_ ° 590, ol °°°co°

0
[ 30 60 90 §° 0 30 60 90 9° 0 30 60 90 §°

Fig. 2-14-c. Relationship between the attack angle and the normal coefficent : between the
attack angle and the tangential coefficient, concerning the M;3 mesh model
of the respective Reynolds number.

Cn1 Cn1 Cn1
Cr1 cn cn
3.0f 3.0} 3.0}
Re: 1.5 x 10° Re: 3.7x 10° Re:5.0 x 10°
20 2.0 2.0
.
1.0 H..’.i._— 1okbe o ° ._,.1‘-'0‘3.“
B 3 . __—eeyweteeT—— 3
(3 ol
/ S SLe
e o A o o
o022 o > i
ol %20, oo, ol2 s

0 30 60 90 0° 0 30 60 90 6° [] 30 60 90 @

Fig. 2-14-d. Relationship between the attack angle and the normal coeffient ; between the
attack angle and the tangential coefficent, concerning the M,s mesh model of
the respective Reynolds number.

2. 2. 3. MEHERNOEHICEYTIER

NIRRT OEETHVDAD/NS sRETCRBEFHEOTESELS. cDLkd> 1
HEOWMORBEHFMEZRANS LOITHETFBOE LBV d/1 HOKX S OIEHIER:
DVTEERL .

Fig. 2—11 KERINFEEE VAV VW AHBOBRE#HO 1, 20 5OEIZFZIE—FETH -
Tz 5, PHILALESIT, —a— by ORGEEFASERINS L4 )V BN
HBELEBRP o1 d/L EDSFERITKE VBRI O VT L REBOZRR 4 EATY
EUTEMLET 5 LERSNREIZEAPHBAKR I KT LR WVEE 25 EBHLhE
Bolz, FTRBEOCABAEERICTOVTIE, LA/ VIEH 2 X10° £ BFEIZOVTO
HRBET 1205, WIFNLEER L O ETAS WVEERRLL. BYELOEE OIS
KT BMAH O 1213k 6 DEM2 &V KE WV Py(0=43.7°), Pu(0=26.6°) B L
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M 0=29. 7°) BRI DRSS NIREIE2B° HETY — 7 ZR U, —F, 6 H25°K0/AEWV
P (0=14. 7°), Mi(6=15. 0°), Max(O=14. 3°) B LT Mi(6=T. 5) ERIIZONTIE, 6 F
FINSVWE— 7 hBnTz. -7, 0°<0<60 ORATIERMR AN TS LN LR
Hipotr. iz, BRONREECOBAOHEATEAE WVERRL, RKIRTELT 2
CEMTERDPoT. TRHOHE, KISHEZEDS THEREICR-> TR B 12D, KA
WEZBATIHELERE - YEFNBERICXRIATWEEEX .

ChHODEBRERSS O i 013, WoEFt cHEEICESELTHY, 6 2525
F0pS VB RBRFREIEEAEN (2—19) KB LV (2—20) XciEfllcEs ey
BbhEr-t. d/l EHSRS/NS VEHIER M(d/1=0.183) 1%, e LT d/1 B
OBLAEV FO—UVEOI Y F+ Y FERICAS LTV Z L b, BRETFIKOVTH
Wiz (2—19) RB LUV (2—20) KL TORPAPICHEATE A EPRLP LB ST
ZDPE, EREBOER m 131 £0/NEL, REEEOER n 131 LOKREVEEZR
L. ohd0ESIIBEETHETSOREICEELTVWA I PRSI, BERITH,
BODESDENHVEECBFRERAREICTCE o1,

P.. BRI RBOEREKRIL M, BB KU M, RIS IZITZE LWV Py, BRIOD Cy OfE
PHIDOEEIT KRB NMEEZRUZORBERROZECE SN T NS EHEL 2. MRE
Mis, Mas (SEAIZEEITHLITSH B IS h b b TERBICENSE U201 My #°10X10
BThBDICHL, M 5 X5BTHY, HMOKENRENDTHSS. B5, WRRA
LHOEBER & T 5120 I RO E R Z 3 2 VBIBFRECRThIEB 52V, £
DIz DI IERIC @ > D IRET 50, HOREBIERTEIMEBERESH,IZL, 20
&> e@EHOMIIZOVT, ERAE L ZThEE 580,

BIE FHORGER

BIEH LA VAEDRZ B HEOREIES

ke % FSHES) 3 2 R LIS T B HRIKIER X, BEROBV OWhOERICLVEZERSELU
BNORIELV A W ABITREL TV 5,

FIEEE VA 7V A OBIFRIEERC OO & 5 2 BEROMEBIC OV TIIBHASI AT
BV, ThoOEREEREES LUV VARORZBEAN T, HOREELA /W
AP FE T R E—FEOEERT I EHSELPICINTVS. TOKD BEHATIEL A
INAEOREEERT S ELRINTE 5. £F, BRANIRED L OCERINRKE
LA VB OBGREEEN, RO L4 /W ZEOBEN CIROBREDOERSEH TERL,
FOEBAMLEFRT AEAEHERMT &I U, BHBRORO B A ERTEEL
toEnD, PREREZREEIELLLVA /JVAEEANVTVS.

 OEIEE IR A K E S BARKEEBAE TIT> LRRERCES VTS, X
RICAWLEKEOBELZ RIS, EREBLERAEOBMBEEZAZIICRLL. F28E
TR AR O RBRTRE L i R G 0 E AV EHREIC, BT 2209
TERUEEDIZ, HFLUOVENEBERO TRO L EESURBICRT 2 220 TRUT.
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3.1, 1. BB K OERSAE

NBIESL OB NIREE L CERONFRE LA ) WV ABOBIREERB 12010, B
KERE{T -1z, REICHO LI, 2 FROXNEBREESE 2B E 3 TR0 4% A0
IR 2ETHE. CORRTILTHEMBE 22195 3 E (A ¢=45°) ©
H0, HEMBOMERIIRTIXIBTH -2, FERICHNO B OEES Table 3—1
KARUT, BEHURRE VA /) VAHOBFRERNRS 1201018, T 515 RO KB
BEINETH o120, M OB 2 KB4 5712012 d/ 1 ORI B %83 o &z Lz,
Bi5, IM— 2 8t d/1 fE120. 064, IK— 2 §831130. 067 T & 0, IM— 3 81D d/ 1 130. 053,
IK— 3 #8#h130.056 T - 1z, MASEIAAM 130 SR ETMEHE IC LRSIV - D I F i B D
Wb OEENS DL, Z201DITZD &> HRE Z BIERE 5 17,

YEDEHUREE L 4 ) VAR OBRER T 2588, HARKIK OV TR XN DA —
BOTHS. COBRTIIE 2 BE 1 HISRTERNE FOEmh, S, MHER %5857
N LEERAIN T THRUTERITLL. 201012, L4 J VIEH NS OEFIREICE
DEIICHEBTHEDETHRBLRENH - 17,

&I O Fig. T— 3 RdEBREBZAY, Qfa%0MmELTO0°, 5° 10°, 15°, 30°
45°, 60°, 75°, 90°D 9 XS X 12, FhENDMAIZONTO.2, 0.4, 0.6, 0.8m/s &L
A7 WAENL.3X10°E 72 5 RIFEEICOVWTERE[TFo12. HL, L4 VK. 3X
10°L 75 2 BLEE DIEFEDEERIIIT> TRV, EBRED L 4 /) ZEOHH I3 85080
HDIFEE. 1X10°~3.0X10°TH 0, HEXEHOBEAS. 9X10°~3.1X10°CTdH - 1=.

Table 3-1.  Principal dimensions of the netting used in the towing tank experiments.

Netting Re d (cm) I (cm) d/l i j Materials
IM-2 7.6X10% 0.39 6.11 0. 064 9 9 PE
IM-2 1.3%X10° 7 2 7 7 P 2
IM-2 2.3X103 Z 7 » 7 P ’
IM-2 3.0%x10° 7 7 2 7 P 2
IM-3 6.1X102 0.31 5.84 0.053 9 9 PE
IM-3 1.3X10°3 7 2 P 7 P 2
IM-3 1.8X103 7 7 2 7 P2 P
IM-3 2.4X10° Z P P P P ’
IK-2 7.8%X10? 0.40 6.00 0.067 9 9 PE
K-2  1.3X10° 4 ’ ‘ ’ , ,
IK-2 2.3%X10° 7 2 7 2 7 P
IK-2 3.1Xx103 7 7 2 ) 2 2
IK-3 5.9%X102 0.31 6. 05 0.056 9 9 PE
IK-3 1.3X102 2 z 7 7 P P
IK-3 1.8X108 7 2 p 2 2 P

IK-3 2.4%X10°% 2 2 s 7 7 7
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3. 1. 2. RBuzsu4 /) VIBIZBY 5 Eth0EHR
258 1 HICR L BRTFOERE BB Z T 2 REFEROHNEBNEZRELR
BOZRREBANERE UTERDSNEH Chi &8 0 B XOERS DR C*'n EBA
6 DERERAN. OB LBHEROBE LAKENZNTEOBREZRATERU.
C*\,=C*\,sin™f (3—1)
C*1=C*n,cos"6 (3—2)
FhENOBHDOFNZNORMEEICONT (3—1) RO CH, BLKU m Dff, (3
—2) RO C*, BEV n OE%ERFERNE UTR/NEFREZH N TKSD Table 3—2
IR UTY. m OEZEZRHSEOERE, n OBEIKKBOEREEZDLT Y, 2hZho
M OTEE, B, EEHEOBE m=0.80, n=1.25, EXEHMELDOBE m=0.80,
n=1.20 EBOCHUR/NEEELZRAVTHERZTVWEREFNOMMIZT OV THEE C*. B
U C*p RO Tz, WHEROBEE SRR, B 0 OERINFREIEKREVWEZRURL
ZENHIDBESITNAE 0 DEREBRVWTUEL ..

Table 3-2. Results of regression using the equation (3-1) and (3-2), in the towing tank

experiments.

Netting Re C*x2 m C*12 n
IM-2 7.6X10% 0.96 0.66 0.83 1.55
IM-2 1.3%10° 1.13 0.85 0.75 1.39
IM-2 2.3X10% 1.18 0.90 0.75 1.25
IM-2 3.0%X10° 1.10 0.85 0.77 1.40
IM-3 6.1%10? 0.99 0.74 0.82 1.45
IM-3 1.3%x10° 1.23 0.88 0.73 1.22
IM-3 1.8X10° 1.18 0.86 0.76 1.19
IM-3 2.4X10° 1.18 0.92 0.76 1.27

(4/5) (5/4)
IK-2 7.8X10? 0.87 0.66 0.60 1.20
IK-2 1.3X10° 0.92 0.81 0.56 1.20
IK-2 2.3X10° 0.95 0.89 0.56 1.20
IK-2 3.1x103 0.91 0.79 0.55 1.20
IK-3 5.9X10? 0.87 0.70 0.49 1.21
IK-3 1.3X10° 0.98 0.77 0.57 1.21
IK-3 1.8X103 1.01 0.91 0.52 0.91
IK-3 2.4X10° 0.98 0.89 0.57 1.21

(4/5) (6,/5)

MASETAEM (IM i) 28, EXEEHEt (IK @it 2BozhZhoL 4/ VA
23T BERD RS CHv, B LUERDNFRE C*r % Table 3—3 ITRULTz. EIEFE 2
ki A, S BEHEHOBE 1L 46~90°, HXEHRHOBA L 66~90° Ol
AOHHEOERIZ>WTHEH LK. BL, 81k (1 -12) RERTHREE LOFEE DY
MET2MHTH 5.
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Table 3-3. Results of secondary regression obtained when assumed the value of expo-

nents are constant on the equation (3-1) and (3-2), in the towing tank ex-

periments.
Netting Re C*x2 C*1p Remarks
IM-2 7.6%X102 0.98 0.77 m=0. 80, n=1.25
IM-2 1.3%x10% 1.13 0.72 ” 2
IM-2 2.3%x10% 1.17 0.73 7 7
IM-2 3.0%x10% 1.09 0.72 z Z
IM-3 6.1X102 1.00 0.81 7 7
IM-3 1.3X108 1.22 0.73 7 7
IM-3 1.8%10° 1.17 0.76 2 )
IM-3 2.4X10° 1.16 0.77 ” P
IK-2 7.8%X10? 1.31 0.79 =0. 80, n=1.20
1K-2 1.3X%103 1.34 1.19 7 7
IK-2 2.3%x10% 1.36 0.75 7 7
IK-2 3.1x10% 1.33 0.73 7 7
IK-3 5.9X10? 1.37 0.68 K4 7
IK-3 1.3X%103 1.49 0.79 7 7
IK-3 1.8%10° 1.45 1.26 7 7
IK-3 2.4X103 1.41 0.78 7 7
CN2 CT2
Ch2 CT2 ::::: . °
Im-2 . ° gNz
. . T2
Iu-3 1.5 . . 1.38
C.Nz . . 3 . .
Cr2 . R °
0 . 110
10 : 10
0.84
5 e +0.75 ° : o® o
05 05
o 2 3 0 0.5 1 15 2 25 3
Re(x10%) Re(x10%)
Fig. 3-1. Fig. 3-2.
Fig. 3-1. Relationship between the Reynolds number based on a twine diameter and the
normal coefficient C'yg ; the one between the Reynolds number based on a twine
diameter and the tangential coefficient C’1, concerning knotless nettings IM-2
and IM-3 in the towing tank experiments.
Fig. 3-2. Relationship between the Reynolds number based on a twine diameter and the

normal coefficient C”ys ; the one between the Reynolds number based on a
diameter and the tangential coefficient C” 13 concerning Weaver’s knot nettings
IK-2 and IK-3 in the towing tank experiments.
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AL IM— 2 B £ O IM— 3 OEEH IR CHe ERSNFRE CHr &V 4/ VX
KOG %E Fig. 3—1 12, HENESMN IK- 2B LT IK—3D C*H BLY C*, & VA
)V AHOBE%% Fig. 3—2 KR L. ZhbdOEREEHFKIE, WThbL i/ VX
HOBBLESIRENELNPESDER o 12, 75 BRI IC A S E M O R BB
KIZETF/PNIWVEERLUZ. ChoDERDP S, LA JIVZAEH 6 X10°~ 3 X10°DEHE T
FotrBMERTIELVA / VABOKEEZ I LW EPALPET ST

3. 1. 3 RBisL4/NVIHITETPEMBROEER

AR EECOERERD LOEAYYOEERREEROBRZEE L TRE 2N,
MR DESICRITT LA / VABOEEZ, L /W5 ~ 2 X10°OFEER T I3 3EHR
BT R E ELED, BIEKOKEICLPEEEP TN EEZRLTNS.

Frioman, A. L."1&, Frioman, A. L. * Yu. A. Danicov OEBERZRD &5 IZRU
TWN%. B5, d/l OEA50.02~0.100 7EDOKY 7 I F (A 70 Y) MO0 TRER
EITFOHDBREERDIER, —EDOL A/ VAT 5 E @O AR DZE 1330~
50%THY, WMHKBEREREES LUV VZEH 2 X100~ 6 X10°OEE T l3HLNR
LA ) WVABOEERS T B, 6 XICLVEVWREEATIEILVA / VIHORE IERD
TNEL, HESERED 2 RICHFITH I L2HLPITUT.

VA4V ZEOSB OIS & FTHELRY 554, MtREHAEbEEE
MEEXTHBAEREREEICRIBEL, EEBRTHFICOVTHAVLONS N, Fay
Vo7 e 3—v s FTARRERIICAVEEEOMENH 5. KRTE, BHIBPETO
EEEEZTVAI LD HPREREZREZESE UL VAV VAEEZRONTV S, RRER
BT o 1 EEAEETREH T 13 C*y, DB 10, C*DfEIX0.75TH > 1z, Tz, EENEHTHREH
DIPE C*y, DIEIZL. 38, C*r, DIEIZ0.84TH -1z, BIROERE D b REBO LR % H
EMEUTRETHEICLY, BEPHEAKS ORENRE S WEEHHBIHEIC—
FEERBIEMREINI. BL, BFEROBERL A/ IV AEA 6 X10°~3.1X10°OHFH
T, BERFEHEVThOBEEL LA I VABIRFELSWI ENHLAEZ ST 20D
#5813 FriomaN, A. L. » Yu. A. Daniwov OEBRERE—B LI, ThoDERBRERD S
DI DEEIE, L4/ WVAEH 8 XI0LI EE s 2FHEES 2 1.

B2 MEHMSRLZHEOMMIESR

EHIEF ORIE IX— RIS KEE L LIRRRTIThI S, EhsOREOHIRZRZT T,
WREIZHAD 0/ VEEBRA 2 AV TERBITOATNS. Zhilbhrhrbo T
KB OBEBMSEFRHICED LI ITHEEB LEFTLII OV TEBALAITEIATIRNE
(AN

BREIREPELOEREERT 5, DL BRE UBRETHABORM/NE
WEEEEZD I ENTE, BOKEL2STLVWBMOEBFFREEE S TENE, K
FESHERBIIOVWTHZOEBRREHICTRILTAHIENTE S,

HWoBEE 2D M BERE M, BROBEFFEICOVWTRRI AL I, BBEVR
35 EAEMR R D X EROWHETHE V EROBERBOHLRNED>TL 5. @ETO
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B0 Ofh EIRERDE 0 DFNITEN H 355 SHSEE OB BRIETIREICKEY b &
T CEiind, CORBEEDPHBHIOIZ, FHERELUTHERICS 7 M 2213 TlElOD
BOORNERRILT 2 EMEREZIT- 7. FHEERICHAV 748X ER3. Sun# & 5. 8mn
DRV IF LY 3FROKBLIOCERIOMD 3FRVT—TEHNT, Z2OREREZBHT
MBEL1 AT v L ARTH R EER TES UL EEHEMTH 5. HEIZV TN 6. Ocn,
REREAI45° TH T2, Tho D DOMORR L EFHOFPRIC, BX4.5mD I ¥ V% (18
50%) 2AEVCOFTE 7 MELR. O\ E IDFRIMARIZIRV A% 0°, 10°, 20°, 30°,
40°, 45°, 50°, 60°, 70°, 80°, 90°(D11EXMES 2T, EFKEDORE, >EEBYE L. =
DIHEDEERTEHEIZ0.29 m/s THoTz. HICHIHEIAHSBE I N 50H 0B IIHERER
IWEVRE o7, &1z, WMBEMET TSI 7 FOFEIRESR LN, COHFNDOESEH
HMOBRBHICB LEFTHELZRALO,ITTAIEZBNE LT, BESEICOVWTER
o1z, §9, BREXFEKEFEROXBEFAECHBEHEMEKOZEL VBIITONT
KERZITV, ROTILBERFKEFROXEKEERAECHBKEMBBOR S 8
KOV THMERZTH 1.

3.2, 1. s KORBRAE

BESMOMEEP BRI B JIFTHERFANS 21T, Table 3—4 IZRT 2 F#R
D REBREEHEIC OV TERAETERZIT- 2. BRSERICHS L IZTHELRL
B, WHOLBREEB Sw KR CHUCEBEONS% L2 KE S0 I0FEB/RE
ER LT, GAFHEHOBER 2E A TEBR2T- 1. #EMboMEHE, 10X108~26
X26BTH -1z, ZOBAMEEAIIB THY, VL /I VIEHF8 X105 5HEEE % 12,
BEHREMAIRS BOIIRETH - 2. KEUKEEBKIETIE, 21X218, 21X11E, 21
X5H, 21X3B3&U21X 1 HO YM Mith %2 OO RO HEE H i & BT EBE L
BRI ABEITOVTERETo 1. COBRESLIEEAIIL TH- 1. ZEREORGIHE
L4 2 VAENLIXI0CE 25 KD ICRE L. REDAIX0~90°OEEDO0°, 5°, 10°,
15°, 30°, 45°, 60°, 75°, 90°D 9 Bk T - 1z (Table 3—5 BMH).

Table 3-4. Principal dimensions of the knotless nettings used on the circulating tank ex-
periments, concerning the different mesh number nettings.

Netting i j d(cm) I(cm) d/l Materials
GA-1 10 10 0.10 1.25 0.080 PES
GA-2 12 12 7 7 P P
GA-3 14 14 7 7 v 7
GA-4 19 19 7 7 2 P
GA-5 26 26 7 7 v s

PES : Polyester
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Table 3-5. Principal dimension of the knotless netting used in the towing tank ex-
periments, concerning the different mesh number netting.

Netting d (cm) I (cm) d/l i j Materials
YM-0 0.22 2.56 0. 086 21 21 PE
YM-1 ” 4 ” 21 11 ”
YM- 2 7 7 7 21 5 7
YM-3 7 4 7 21 3 7
YM-4 ” ” ” 21 1 7
YM-1 0.22 2.56 0. 086 11 21 PE
YM-1 7 4 4 5 21 7
YM-II ’ ’ ’ 3 21 ’
YM-IV 4 7 ” 1 21 ”

3. 2. 2. MBE»RZIPEMOER
BRI TIT-o12 GA 1 ~S#ICOVT, FIMER U & 2 IC@tiER O BRES R
C¥™u % (3—1) X7, BERASNFE C*n %2 (3—-2) RTHRDLLT, BRNEFEEH
WT C*y, & m B C**p, & n 2RHT Table 3—6 ITR U1z, 88 m ZIEX#HERD,
B n BAKBOE 2RO IBERTHHH, FhENOFEE» S m=0.75, n=1 &
Bz, -7 (3—1) XBLUY (3-2) RIXD&HITKHS.
C*¥y=C**\,sin"" 9
C**Tl = C**TzCOSG
C**y,= C**\,/sin"" @ (3—3)
C**1,=C**,/cosb (3—4)
WRFHEOTE 22T B VEBHRBKE2EL HIT, @A 460 LV KEVERIZONT,
BNEREZHOCERLEL, ZhZhi@#id C*y. & C**r, DfE%K® Table 3—7 I
AU, ThoDBERPRT LT, FRENOPEOBEBEE ZEHRFREOBFRZHS »
izTE otz (Fig. 3—3 BR).

Table 3-6. Results of the regression using the equation (3-1) and (3-2), concerning different
mesh number knotless nettings on the circulating tank experiments.

Netting e m ct> n

" GA-1 0.93 1.09 - 0.70 0.92
p 0.63 0.83 0.55 1.00
GA-2 0.65 0.75 0.67 1.15
P 0.57 0.59 0.61 1.06
GA-3 0. 66 0.87 0.55 0.95
P 0.91 1.06 0.66 0.92

GA-4 0. 60 0.44 0.58 1.25
P 0.57 0.39 0.56 1.10
GA-5 0.75 ©0.67 0.55 1.15
P 0.72 0.71 0.53 1.17
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Table 3-7. Results of the secondary regression obtained when assumed the value of expo-
nents are constant, concerning different mesh number knotless nettings on the
circulating tank experiments.

Netting i j % b Remarks
GA-1 10 10 0.87 0.71 m=3/4 n=1
2 Z v 0.63 0.56 7 7
GA-2 12 12 0. 65 0. 64 4 4
Z Z Z 0.59 0.61 ’ ”
GA-3 14 14 0. 64 0.56 7 4
Z ’ ’ 0.86 0.67 ,, v
GA-4 19 19 0.64 0.57 4 4
Z ’ ,, 0.62 0.56 p P
GA-5 26 26 0.76 0.57 z 4
4 k4 4 0.72 0.53 4 7
cN2
cT2
N2 CT2
L4 ©  First experiment
L4 0 Second experiment
1.0
[ ] L]
o :
o o ¥
A -
05| 8 H
0
0 10
2ij/Mi+j)

Fig. 3-3. Relationship between the ratio, namely the number of netting elements divided
by the number of edged netting elements and the normal coefficient ; the one
between the ratio and the tangential coefficient concerning i equal j mesh
nettings in the circulating tank experiments.

BMEHEMEBOEF L OWBBOGEE R, WHRICHT2BRTFOBMSPENI L, S, KT
KEERBKETIHEREMEBOR: 2 BRESHEHIT OV CRMEREIT-> 2. YM—1
M|iur (21x118) &, YM— I1#8# (11X218) @ C**w B &Y C**, & 6 DBAfR% Fig.
3—4—a i, YM—2 it (21X 5H) & YM—II#@8# (5 X218) Ic2\T Fig. 3—4—b
I, YM— 348 (21X 38) & YM—II## (3 X218) IK2W\WT Fig. 3—4—c IT,
YM— 448 (21X 1H) & YM—N#@# (1 X218) IC2W\WT Fig. 3—4—d IT/RUL .
COBEEBHE EBUOEDSTITE YM 1 ~ 4 82 A(C*™) £ 1213 W(C**) TH
b, EHHAEBMORIONERT S YM— I ~ Vit x ACH ) 121 3V(C**n) TR
LT3,
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WA K E OEIE T3 Om & ITBIRS < MEOBHAEIXIZIIELVWVERZRU .
ho R OMAOHETRIEMET M ICHEFBEREZZFTVSEMEEL. BRT
HEOTEHSEC 2 DA0EEEBESMICT 510N AAISRAEREL, TORFBRIC
SNTRETRETHSHH, GA #8its &0 YM MO ER B L ORE THV 72 EIETRE
# (GB~GF # &0 HA~HC #§#h) oW TRt 2%, 2odhigr >8En 208
DEFMEIS>OVWTRE LT, BETFHEOTEMSELSUA%E 40 LHE LT (Fig. 3—4
a~b B LU Fig. 3—58M18). LI 46~90° OERHI DWW TSI &iT L.

Fig. 3-4-a.

i
ch

.
a 1y
1.0 .
3
4o
'
o i ¢h
vv; [ a v YM-1
: e v_YM-I
4
[l
P v
a I
| 3
|
1
0 30 60 90 e’

Relationship between the attack angle and the normal coefficient ; the one

between the attack angle and the tangential coefficient concerning the lateral
netting strip (21X 11 meshes) and the longitudinal nettng strip (11X 21 meshes).

cr Cl
Cch Ch .
1.0 et 1.0 )
H a
s be .
el 4 A
ol 3 | a
v | ] .
Lol 4 ¢
o 4o
0.5 bt 05 } .
J Y ! :
‘ a
R v . ! B
* |
1 * el v
| |
[} 1 0 | .
0 30 60 %0 ¢ o 30 60 90 ¢°
Fig. 3-4-b. Fig. 3-4-c.

Fig. 3-4-b. Relationship between the attack angle and the normal coefficient ; the one
between the attack angle and the tangential coefficient concerning the lateral
netting strip (21X5 meshes) and the longitudinal netting strip (5X21 meshes).

Fig. 3-4-c. Relationship between the attack angle and the normal coefficient ; the one

between the attack angle and the tangential coefficient concerning the lateral
netting strip (21 X3 meshes) and the longitudinal netting strip (3X21 meshes).

-

—
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Fig. 3-4-d. Relationship between the attack angle and the normal coefficient ; the one
between the attack angle and the tangential coefficient concerning the lateral
netting strip (21X1 meshes) and the longitudinal netting strip (1X21 meshes).

Ch GB chr HB

ch, [

1.0f: 107
; oo
'f L

05! 0.5t

- s

0%2 30 60 806 09 30 60 806

Cia
ch He
1.0,

9 0 0 24530 60 80 @°

Fig. 3-5. Relationship between the attack angle and the normal coefficient ; the one
between the attack angle and the tangential coefficient. Vertical dotted line
shows 486.
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HEROBES bRIRE A ERAEL, (3—1) XO m %0.80, (3—2) XD n
£1.25EBNT, BRONBED L CERHSNRKERD . ZOBE YM—4 10
YM — Vi 0 ZEFRBUII oMM IC XK E WEEZRU 2.

Fig. 1—6 IR T & 2 I0iiitid X WROMET & V BROHEERL SRS NTHD,
iXj BOHREOBETFRI 2ij—i—j BHTHV, WROKI 26+)) HTHB. VW,
a2 EAMBET ILECELT 5&, WEEY iX] OBPRFHL 20 BEEXTE.

BEOBICH T 22 METY (BRTLMET TELIL HEOM) DK 2ij/(i+))
EENTHE UTREL, ZhENOMIO 2 DR E BRI NFED & CERS NRHO
BI{% %K, Table 3—8 IT/RUL 2. &3, Fig. 3—6 1, ZhZhlEDOREFREZRE V.
IS ORO@HENILES A &Mt ORDVPFTLHBAL i=] O YM— 0 fIDBETH
0, BEGESHAEEIVERTSEET, ARV A / VABOREZRAN IM— 2,
IM— 3B RERFROLEHETHS. FhENHEOREFRERTERN 2 R/DERE
ZRVWTROIAZE 1.

C**\y,=1.65(i+ j)/2ij+1.00 (3—5)
**,=1.70(i+ j)/2ij+0.50 (3—6)

WA ij PERICEL2BE (3—5) RiFL0o, (3—6) Ri0.5L 2 VFIHTHL
fAEAL AT D C**y, DEL. 108 LU C**y, OIEO. 5L ENH B LD ICRX %5, Table 3
—8 WRTFNZFNOEHOEFFEBIIAROM/E FIFFELWEEATRLTCWS. B, (3
—5) KBV (3—6) K3 2ij/(i+))<6 OB EIBIIREEBET 2 2HICHNSE
BRTHY,2ij/(i+))>6 OHREEAV L EHOFBIBRALUTEIVIEERLTVAS.

CN2

.
* Nz Ch2
o L o YM 0-4
ez . oYM L-1V
15 ‘_ 4 Mean IM-2, 3
.
o
a s .
I
.
1.0
a
-] o
O c0——
o
05
0
0 10 20 2ijlie)

Fig. 3-6. Relationship between the ratio, namely the number of netting elements divided
- by the number of edged netting elements and the normal coefficient CRS ; the
one between the ratio and the tangential coefficient Cf3", concerning inot equal

to j mesh nettings, in the towing tank experiments.
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Table 3-8.  Results of experiments concerning the different mesh number of knotless nettings
on the towing tank experiments.

Netting i j 2ij/(i+ j) - crt ch* Remarks
- YM-0 21 21 21.0 1.13 0.65
YM-1 21 11 14.4 1.13 0.65 fixed longitudinally
YM-2 21 5 8.1 1.10 0.68 7
YM-3 21 3 5.3 1.24 0.70 4
YM-4 21 1 1.9 1.82 1.19 4
YM-1 11 21 14.4 1.15 0.55 fixed laterally
YM-1 5 21 8.1 1.06 0.62 K2
YM-II 3 21 5.3 1.09 0.69 2
YM-IV 1 21 1.9 1.88 1.57 4

3. 2. 3. ME¥MPRZIMHEROER

WAERBERCHRELZROLOPL RERFICE U TSROKE 2 & 2 VIEFIRE %
BERahad., COLd>RMb S Seny, N. T. 13, 150m O % B OESY 410 BT 75
BHOREERZAIEL, XA 2B -2 &% Fromay, A. L. 9 BSENLTVS.

R0=0.79SU"™

W FREER L8 > CHRIRERIEDIUE R K- THY, FIEOHREFE 1D
ICIERIC RO s dhEs 550, IR0 L) Rk Z@RE2EE LV EIICLT, £
ROBAZEATHERUEST 5 &3, XREBOBRAY» OATHETHS. b, MWDK
Pipz ko 5 K5 IL, EBRAESEOHIK %22 5 12D IC KBI/N X 2R I >\ T
fThbhTns,

VERZ LR E X BERE URBRTFI/RI 2RBERIEZN D 5584813, HEHKO
R 50K BHREBIE NS> OBBETFROBEBICE 23T TH 5. - DBRSHHBICH
THLMWRTE, WHRRICHT 2MWETEB LOCPERTFHRIINT5LWETFHORKRE, %
NENPOHRD 6 BV DBENHH. Tho>DOHEREZBHOZIEFIRKOBEZEEHNT
BE LR, MEOCHREZRRELEVHTOBRETRICHT 22K FH 2i/(i+)) =2
NEHE LT

EIRKE TIT - 12 PIREROBRRE CIIRHEEN T — FL)VORARE®D 1 /10000 L& %
BZEDICERBLIZI®IT, 10X10H~26 X268 DEEHMEMIC OV TEEREZ T2, ERH
HEXCHENABEROZ W ZAL, U HEEREREROE L WEIZ OV TEER
ZiTotztzdiz, 2i/(i+ ) BHAKESBECOERENICK->EREIBONE oI
(Fig. 3—381).

RAEER ¢3RRI T 2 2R TFROLEK 245/(i+)) EANS 25 &5 ITHEE
DOEBEHEPSRELD YM I OVWTHRERET- 2. WO F M2 EX TRBICEBIZEY
DY TRRZITHoIRER, B 2BR T 2WRTHEOTES sV AAOHKHE S MBEZTHE
DOFENHZAACHEANIHS L 2RH U (Fig. 3—4 a~d BR). ZOBRKETIIEE
FHEDOFHEOEVEFRREERDZZE2BNELTVEI DS, ZREADBIHO
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49~90° OHEOERZAVT, EREONFRE CHy. B LUERS NRE C**, KD 1.
FORE, ZEFURKEBNEY 20j/(i+]) OBF%E (3—-5) XRBLT (3—-6) A&
LTEDTIENTE. Fig. 3—6 »oBAEH 20/(i+)) 6 Lo R&EFhi
C**yy, C**, DRI —ETHHEEXS. BETNIIHRBEHEKBEBOEL VT
1% 6 X 6 Bl LB OHEEMM % BV TR IEFREIL, ERAOHMICEATE 5.

INODERERICESEDBOEERIL 6 X 6 B LoM@HIc oW TITH I LicLz. &
DEERDEYRE T 13 XS T OREERE %2 R0 2 EBRABEI M TV B> 212D, &
EEHEHIC OV T DAEREZT> TS, AIROERIEEHEICHERALTELX
ABVWHDLEELTWVS,

F3f HEDLUMBAKIORZ 258 O

BE5 LOMRAS DRSNS Z T 2 HREEROMEIR, BP < OHIFREIC L VKE
2OEAMD» SHENSBEF I B4 OERASE» N, INHOEBRRNIVThHIRE S
NzRETTCOHAEHTHVEVREOTTIRI LIS VWHDTH 5.

HXHES A RIS FAITE 23R ERTIRREB S W@ OBEE, HiEIEE 288 ¢ 3/
WE IR > THNS. HEBES S REMEOZ A (Bf) 24 UKE < TIEHREKIHE
BxBVIKRT B L1085, COBSIM2BRT AMETHEOTH 2205, Bl
fEHETE, REAGTATHZRTHEOTHIXEL LY, ZhZhOMWRT ML U TREFE
HAESTS. 20 L5 IEOBIIGIAIZ LV EL DRENSBRN, ZORL 2 TET 4
DOENEHZRE U TR L2 WROBRERTOEBHE RIS WHOERAIE SN
BV, COMTIEEABLUTHEAKRIORL 2T >VT, MEFHPMILL CHREFETN%Z
217 50A0OHEOMMIEROERRNAEBL ZL2ANLELTVAS. Z0HIKEIEFE]
MBLOBE2HOBREBEXT, LA/ VAKOEEL ST WEBERICERRE . RE
U, MOZEL2ZI s VBKROEZAW. 2B, BEARLET4 LU

3. 3. 1. ftEEs LOERGE

WMOEEL S VEFRKEB S -0, #EAFMOBBERI6 X6 BU ETETN
W 580, —HBRIKEOREOHNEZITHHDIZZOREIIIBANDS. Thd
DEHD S HEPEOME XEFAE T 6 cnll T, HHEERTT. Senll T O % HE 3 HER
otz Fi, BRABMOBRRKOKELD LT HI2HI, FBRMOAT v LARICH
RANVEROEMEFHANS Z &I U, 2010I, d/] ESHEHKRE VEHIZDONT
ERETOIE Lo BEMMO d/1 EIZEIFRKEER O REHINEI D5 E0.032~
0.153TH 10, HXEHEHDOBEE130.029~0.153TH-12. Chs>OPMOETER %
Table 3—9 IZ/R U 12,

EATEERIC W o BRSSO d/ 1 #1320.047~0.086 T % ¥, X AEEIMEM T0.030~
0.084TH 1. ThHDEMOTER%, Table 3—10 IZRUL7z. 2TOMMIIBBERE
WEEKELVEiTH -1z, Chs O RIICY Y, BEYLSHEEBD d/IBEETS
CERBRUIZDIC, BHOEMIKYTIF (PA; F4ay, TI7V), KYIFUL
V(PE; N X927 A, AFTF4 b)), KYTATNVPES; 7 huv), RYELE=)V(PVC
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Table 3-9. Principal dimension of the netting used in the circulating tank experiments for
the effect of mesh size and twine diameter.

Netting d (cm) 1 (cm) a/l i j Re Materials
GA-1 0.10 1.25 0.080 10 10 8X102 PES
GA-2 2 v 2 12 12 v 2
GA-3 7 v 2 14 14 7 v
GA-4 2 2 7 19 19 7 2
GA-5 7 s v 26 26 s 2
GB 0.17 5.25 0.032 6 6 v PE
GC 0.13 3.00 0.043 10 10 7 PVD
GD 0.22 2.56 0.086 12 12 4 PE
GE 0.18 2.25 0.080 14 14 4 PVD
GF 0.14 1.70 0.082 19 19 4 PA
HA 0.11 2.56 0.043 12 12 7 PES
HB 0.17 2.59 0.066 12 12 4 PVD
HC 0.20 1.31 0.153 21 21 - 7 PVC
TA 0.17 5.78 0.029 6 6 4 PE
TB 0.26 4.45 0. 058 6 6 4 7
TC 0.42 4.50 0.093 6 6 7 2
TD 0.63 4.56 0.130 6 6 7 K2
TE 0.70 4.55 0.153 6 6 7 2

Table 3-10. Principal dimensions of the metting used in the towing tank experiments for
the effect of mesh size and twine diameter.

Netting d (cm) 1 (cm) a/n i J Re Materials
I M-1 0.46 6.04 0.077 9 9 1.3%x102 PE
I M-2 0.39 6.11 0.064 9 9 7.6X10% PE
I1M-2 2 s s s s 1.3%103 v
I1M-2 7 ” ” 7 7 2.3%10° ”
I1M-2 v s v s 7 3.0%x10° 7
IM-3 0.31 5.84 0.053 9 9 6.1X102 PE
I1M-3 s s 2 7 7 1.3%x10° 7
IM-3 % 7 s s 7 1.8X103 v
IM-3 7 7 ” ” ” 2.4X103 7
I M-4 0.29 6.08 0.047 9 9 1.3x10% PES
YM-0 0.22 2.56 0.086 21 21 1.3%102 PE
IK-1 0.62 7.40 0. 084 9 9 1.3X102 PE
I K-2 0.40 6.00 0. 067 9 9 7.8X10% PE
I1K-2 ” 2 7 7 2 1.3%103 7
1K-2 s z s s ” 2.3%x10° 7
I1K-2 ” s s s 7 3.1x108% 2
I1K-3 0.30 6.05 0.051 9 9 5.9X10? PE
I1K-3 v 7 7 ” 7 1.3%x10% 7
1K-3 7 7 7 7 s 1.8X%103 7
I1K-3 2 2 s 7 7 2.4X10° 7
I1K-4 0.17 5.78 0.030 9 9 1.3%x103 PE
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s Tvyvay), KUEEE=YFY (PVD; %5, ZLnray) FZRICODIzoTH3S.
IRHDBEARIEVTNE210~2000F = —VDTNVF + 74T 2 b THEETERON
FREZ 2 F, BEXETRORTRE3IFTHo1. B, WIThOMiSEPL SIS
HDOERFEE IZZFNENIFFELVWEE X 5. ERIFICB T35 LA /v ABUIEIFKIE
EERDB AL 8 X107, BMEBROBESITIZFEITL. 3X10° (6 X10°~ 3 X10°) TH- 1.

3. 3. 2. HABIUEARKIORLZZ{EMOENR
EIFEKESEER I WV o EAS M GA~GF #iths LU HA~HC #tORE@IC>NT
LREIMERMU &S CERNAE L. COBAE (3—1) ROBHE m LY (3-2) XD
n BETEET S, ChsE=ZABKBOERICEE T L b, ThEROFEEER
AW m=0.75, n=1 LBLWTHBUR/NEFERZLZAVWTHELZITV, ZhZNOMHOER
DHEH Cyve B LRSI NEE C'ro % Table 3—11 1ITR LTz, COBEMET ML
THEERE ST A EMEINLDADOKE 460~90° DERHZIOVWTIRHT L 12, 288
SVWTER/NEBREZHVTRSD 12 Cy, H130.776TH > 12, —F, BRI W TR/NEF
EERAOTERSD Crn EIE, 0.566TH 1. Thd>DIERD S EIFKEEERICH T 5 ERE
MR DS DERD NIRED K CERS NEEEL, BEB ICEAKRIICEKFEETRAT
EDOTENTEBIENELDITK 512,

C’w=0. 78sin""4 (3=7)

C'n=0.57cosé (3—28)

Table 3-11. Results of the secondary regression concerning the different mesh size
and twine size of knotless nettings in the circulating tank experiments.

Netting a/l C’'n2 C'r2 Remarks
GA-1 0.080 0.870 0. 706 m = 0.75
GA-1 K4 0. 625 0. 561 n=1.00
GA-2 7 0. 646 0.635

GA-2 4 0.589 0.610

GA-3 7 0.643 0.562

GA-3 7 0. 863 0.671

GA-4 4 0.638 0. 565

GA-4 ” 0.615 0.556

GA-5 7 0.762 0. 566

GA-5 ” 0.722 0.526

GB 0. 032 0.999 0. 647

GC 0.043 0.763 0.520

GD 0. 086 0. 842 0. 549

GE 0. 080 0. 845 0. 467

GF 0.082 0.924 0. 549

HA 0.043 0.871 0.508

HB 0. 066 0.843 0.539

HC 0.153 0. 906 0.419
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AR DIRTE % HE> 8 B 12 8 ICHENICRRIE Cum %2, BOLEBRROHEME Cue %Kl
IKEVMEDRMFE%E Fig. 3—712, £12, Cnm & C'ne OE%#% Fig. 3—8 IZRL 2. @il
E OMHBIFRENX0.963 HFEDZNI1X0.985TH 0, 280HDERHC OV T t REZFTV, W
NOBEB0. OKETHERSERZE.

CNim Crim

0.5

X . 0 0.5 1.0
0 0.5 1.0 Chre Cric

Fig. 3-7. Fig. 3-8.

Fig. 3-7. Relationship between the calculated normal coefficient C’y. and the measured
one C’Nym, concerning GA~GF and HA~HC knotless nettings.

Fig. 3-8. Relationship between the calculated tangential coefficient C’1,. and measured
one C’rtim, concerning GA~GF and HA~HC knotless nettings.

o DRERD S, BIFRAERERICES K BEMEMOEROERS N N B LUER
Dh T id, FhEARARTEZ NS,
N’c=0.78sin""*6(0/2)S’soU* (3—9)
T’¢=0.57c0s6(0/2)S s U* (3-10)
BMERICH 2 HEHRMOBERIT OV T L AR EBIT 2TV, ZOER% Table 3—
12 IR ULT. ZOBE m=0.80, n=1.25 LBLWTR/NAFEEZBHNT, FhE#Fhoif
D Chy BLU Crp KD, 2TOBEFITOVWTRDI Cye DIEIZL117TH Y, Cr D
fE1320.731TH > 12, > THRMERDOHE OEEHM OERS IFE Cw B LUERS
HRE Cn BRRNTEDTENTE S,
C'w=1.12sin"*¢ (3-—11)
C'nn=0.73cos"*§ (3-12)
FKRMEICE S <ERDNFRE Cun KHIET 28O 12EEBR (3 —11) OFHEME C'yve D
BAf%% Fig. 3—9 1T, BHEONEE Cun IKXIET 5 (3 —12) ROFHEME Cne DEEGEE
Fig. 3—10 IZ/R U 72, BiE OHEBIREIL0.922, %%&130.983CH Y, t RERIT- iER
VWINB0.0IKETEETH - 12,
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Table 3-12. Results of the secondary regression concerning the different
mesh size and twine size of knotless nettings in the towing
tank experiments.

Netting a/l C'x2 C'r Remarks
I M-1 0.077 1.13 0.70 m = 0.80
I M-2 0. 064 0.98 0.77 n=125
I M-2 7 1.13 0.72
I M-2 7 1.17 0.73
I M-2 7 1.09 0.72
I M-3 0.053 1.00 0.81
I M-3 4 1.22 0.73
I M-3 4 1.17 0.76
I M-3 7 1.16 0.77
I M-4 0. 047 1.23 0. 64
YM-0 0. 086 1.13 0. 65

CNim
2.5

Chim
2.0

0 0.5 1.0 1.5 2.0 . .
CNic Cric

Fig. 3-9. Fig. 3-10.

Fig. 3-9. Relationship between the calculated normal coefficient C’y;. and the measured
one C’yim, concerning IM 1~4 and YM~O knotless nettings.

Fig. 3-10. Relationship between the calculated tangential coefficient C'1,. and measured
one C’tim, concerning IM 1~4 and YM~O knotless nettings.
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INHORBRY 5, BMRRICEDS S BEHWOERI N N B LOCEESH TX 3,
ThehikLEn 5.
N’:=1.12sin"*6(0/2)S 5o U* (3-—13)
T’+=0. 73sin"*6(0/2) S 5o U* (3—14)
HEXAESRERIC OV TRAD/NS WEET, MIAIRAERE L ERETV 40 BLE,
50 LIk, 60 LlEBLT 70 lEo&ERIZTOWTERHEE RO TREFULESR, BETF
HEOTHOEVAADREEZ 60<0<90° k¥ 1z (Fig. 3—1128).

Cw Ch

0 30 60 90 6°

Fig 3-11. Relationship between the attack angle and the normal coefficient ; the one
between the attack angle and the tangential coefficient concerning Weaver's
knot nettings in the circulating tank experiments. Vertical dotted line shows
68.

B K IESEER TRV BN EI# TA~TE 22V TESHMAOBE & RO
BHa{TV, B m %0.80888 n 20.50L BV TR L 12,
C"w=C"\.sin"*@ (3-—15)
C’n=C"ncos™ 8 (3—16)
ZDBEDEZEIIRE C'v, C'r: & Table 3—13 IZRL 1. T OHDEERD S, HXIEH
OB ERFEBRIEIZENEFARATEZ 5N 5.
C’w=1.10sin"*§ (3-17)
C"n=0.52co0s"*§ (3—18)
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ERUED KD 12ERANFREE (3 —17) RTRDHEEORIRZ Fig. 3—12—a. i,
AERSNBEHE (3 —-18) RTKRDIEHEMBOEF% Fig. 3—12—b. IT/RL 2. RIED
FEEB{RE120. 920, 1%E DIEBIFEIZ0.832TH -1z, ThHDERITOVT t REZTL
0.01K¥ETHETH > 12. -7, EFKERRICE DS < ENEHRLOERS N N B
FUEBHN T 13, ®KRELTEAHNB.

N”¢=1.10sin"*6(0/2)S"sU*
T”.=0.52c05"6(p/2)S e U*

Table 3-13.

(3-19)
(3—20)

Results of the secondary regression concerning the Weaver’s

knot netting TA~TE, on the range of an attack angle
60< 0 < 90°, in the circulating tank experiments.

Netting d/l C'ne C'n Remarks
TA 0.029 1.15 0.48 m=0.8
TB 0. 058 1.20 0.48 n=20.5
TC 0.093 1.00 0.40
TD 0.130 1.09 0.51
TE 0.153 1.28 0.74
ChNm
10 V.2
08 s
0
o 05 10 Che
Ctm
1.0
<
I
05 j';/."'
o .
0 05 10
CTe
Fig. 3-12-a. Relationship between the calculated normal coefficient and the measured one

Fig. 3-12-b.

concerning Weaver’s knot netting TA~TE, in the circulating tank ex-
periment. (Upper)

Relationship between the calculated tangential coefficient and the measured
one concerning the same netting in the same tank. (Lower)
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Table 3-14. Results of the secondaly regression concerning the Weaver's knot
netting IK 1~4, on the range of an attack angle 60< 8 < 90°, in the
towing tank experiments.

Netting a/ll C'ne C'n Remarks
1K-1 0.083 1.16 0.59 m=0.8
1K-2 0.067 1.31 0.79 n=12
4 7 1.34 1.19
7 7 1.36 0.75
7 7 1.33 0.73
IK-3 0. 051 1.37 0.68
2 G 1.49 0.79
2 4 1.45 1.26
7 v 1.41 0.78
IK-4 0.030 1.53 0.87
CNm
15
10
05
0
0 05 1.0 15
r CNc
1.0
0.5
o -
a5 104

Fig. 3-13-a. Relationship between the calculated normal coefficient and the meaaured one
concerning Weaver’s Knot netting IK 1~4 in the towing tank experiments.
(Upper)

Fig. 3-13-b. Relasionship between the calculated tangential coefficient and the measured
one concerning the same netting in the same tank. (Lower)

EERICHO X ERE IK 1 ~41220TC, m 20.80 n #1.20&E BV TENE
NOEID C’y, BEUY C'ry K Table 3—14 IZ/RUL Tz, ThHDERD H, HBiKiE
B3 Cm BLU C'n &, KATEZ NS,
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C’w=1.38sin"*4 (3-21)

C’1=0. 84cos™8 (3—22)
ERONRBOERE S FHEME % B LT Fig. 3—13—a. I, BERHSNFHOEREE
EHEfE% B L T Fig. 3—13—b. [T/RU 2. RiE OMEBIRENL0. 982(%F D Z h130.985T
B0 Lt RERIT- IAER0. OLKETERTHH 12,

b DIERY S, BMERICE D EXREHMOERIN N BLUERS N T
¥, WRELTEZHNS.

N”r=1. 38sin"*6(0/2)S" 5o U* (3-23)

T”+=0.84c0s'?6(0/2)S s U* (3—24)

3. 3. 3. BEBLIUWARKRIORLZZPHIBHLOEER
EFHKEEBR AW O — F - L VORKARSHNATI0kef, HHR T 5 kef, B
FBRIZAVI 4 9NV IThb20kel THo 1120, MHEROREENSZFNENOKRH
BORAABODI/1000 L& 55 &5 ITfta@th 2BA 2. o KEORE L, KBEFRK
ik, 45X45cf, ATUIKIESEER/KIE 1380 X 80ct FRE DM DIE S AU ETH D, #ER
WHOMBEIE6 X 6 BEVEL, »D d/IESELRCHBLEFTREZ SV, 0K
5 Table 3—9, Table 3—10 IZRT &£ 512, FIFZELVEETHARERNS R 5% R
JSKERE L ST,
FEERIZHWHEMOZEMIEFEIIRIZF LY THo W, KVTIF, FYZATN, K
VIE(EE =, RVEE=) FUMBLEBAEL TWS. B 7 aMEM DR 5 it
OFEERZRE L T, BHRFEE%EZ k=R/U* ELTRHTVS. ZOBKR, SRS
k OEICETOHEZRHLTWA Y, ZOZRFICENLS (RKEHEE) KEZELTL
HEBMELTVAS.
COEERTRHWIZEMIZLT210~2000F == VDZNVF + 74 FAY b THotzl &M
HEREHEICODVTRERE L VEREL CENAEL 2. #EEtokEEIRY FL Y
D0. 97 HARVIE(E =) TV DL T00EHICSH 545, MthzE-> @RI — v Y34
VIMCEVEBRBIIBRINS Y, FHEBIERET . HND0REZREL 1220 ICi@tho
HEIZEB N, BRHELEEFRAZFROAIZETATOZL,
BOLENEFNOERRIE, B m BLOEE n OESES 120, BEHICHETSC
LT ELVY, EREMIBAN DEHEARERICEFREZL 1THY, KREBEKIDIA0®
DOBAREHICERLEL 1 THEI LD, FNENZORHEDOTCREHELE L.
W BHREI, WINOKETHEXEEESKE RNl 72, ERKEERICE
DN Eh Zh O OETREL, BMERICE SV ZhZhoBHRFH L VBTN
WEZRUK. 20EAIE, SRERTEPEHOB ORNICENAPETATHZVLDIZHY
LT, BFKEEZRTIIEOE ORNICELNMPEENTVEHTHS. B, @itz
AR 3 2 BRI IEEH L SN ASHBET A ABICHENSECS1DTH S, RIBITH
FRENDOKRE 313, [TEEMG, B, BERD JOBEMESFICEVIEIIETH B,
WREDORTICEB UREOFERZH A > BN A2BEALLVWE, FOREMBICEERZSE
Caleiplomrtnoiz. BIb, BBRFEPLEEMRO LI KRBT LR3RECTHAV LN
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HHRER, RARPINMVFEICL>TRETIENEZEALTNOBTHERINBDIIHLT,
FERCEEBTHV O 2HEREHRAS IR EANOEVBTHEAINATVS. 5T, #l
BIZDWTIREIFRKERERICE D < B 2BEA L, HFICHU TIIRMKBRICK S W%
BRZEATIIE, JOBEOEVHEELZB LN TE 5.

Tavty, MYBRT &I, WRICHT 2EAREENSNSVBEE, WSS 3EICH
AERHZ T BEFIZER LB A/, OB ILEETIN & ESER A2 DR
DERIROLDIZD. COLIXEZXDLEVEETHTEMOBRICET 5 EBRR T d/]
IHEKTFEL, d/IDRABELOARZVERICOVWTHEHATARELDOTHAH. ZOWETIE,
HEBHRKOVERICOVTERZIT-o 1212012, 20BEFREICOVTHLDICTE b o1z,

EFKETIT > 12 TA~TE $OERS IR OFRIE L SHEEZ LB L 12 Fig. 3—12
—a. CRAHFIRL—BULY, BERHSNIZOVWTRU Fig. 3—12—b. TEF— 7 hih
Y520 . Fig. 3—13—a,b IIRTHRMKRICOVTD, BRI NBRBUICHAERS
NEBZE L2 &E R U, ChoOERD S, BEXNEHEOERS HBRSICIIEtoR
EHEOKE (ML ERFBICBREITHE) PEITNTVWEIENRR SN,

FHO 2 h s DERAE, ARYHPRUL(3 —25)RBLU(3 —26)K, WICHR?H
AUTZ(3—27)KB L(3 —28)RNEHBL T, Fig. 3—14, Fig. 3—15, Fig. 3—16 B
& U Fig. 3—17 IR UL T2,

R’ d/120.060 : R’ d/1=0.060
0.5 T 0.5 -
-_— 1 M
o l ]
;0 e
0 30 60 90 0 30 60 %0

R’ d/t=0.120 R’ d/t =0.120
0.5 0.5
T T I
M /
/_—I /—_‘_‘—;M R
, 6° ;)
0 30 60 90 0 30 60 90
Fig. 3-14. ’ Fig. 3-15.

Fig. 3-14. Results of the calculations of netting resistance, based on the TAUTI’s equation
(T), the MIYAZAKI's equation (M) and the IMAI's equation (I), concerning
twisted knotless netting in the circulating tank experiments.

Fig. 3-15. Results of the calculations of netting resistance, based on the TAUTI’s equation
(T), the MivAzAKI's equation (M) and the IMAI's equation (I), concerning
twisted knotless netting in the towing tank experiments.
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=a(d/1)U*siné/(singcos¢) (3—25)
=ald/)U*1—cos’¢cos’6)/(singcosg) (3—26)
fﬂb, A (1963)°113, MHOEFIFE o 1& CGS MERBEMRT; LOEHEELTNS.
N =|{Cus0,5in8(1 —cos*dsin’¢+cos?dsinfsin’¢

—vacos*dsinfcos?s) | (0/2)aSenU? (3-—27)
T ={Cpeoc0s8(1 —cos?’dsin’¢—sin’fsin’¢—3acosfcos’s
++va cosfsin®dcos’é++va cosésin®e) | (0/2)aSenU? (3—28)

BB, EENL, Cown=16(Ren) *®, a=Swsw/Ssn CHBIEERLTVAS.
ZDBEMAERO. 3em, BES5.0cm, d/1 DEH0.06, 6 X 6 BOEthB L OWEARER
0.3cm, MI£2.5cm, d/1fEA50.12, 6 X 6 HDOMMA50.5 m/s ODEMNEEEHLTWVS
EUTHELL. KPR T 13, ARYORYT (3-25) BEY (3-26) 2RAIKRA
LTRDIZHDTH 5.
R=VN*+T? (3—29)
g M X EBPSRUE (3—-27) RBLV (3-28) K% (3—-29) RITRALTK
OB TH Y, R ] BEXRTHO I ZNZhOERRK Y 6 KD 2 @IEFR 2R L
TUL%. ZOHE, WITNLMBETIRY L THEAERZ 2T 58H0HBEIC OV TRRL
fz (Fig. 3—14, Fig. 3—15, Fig. 3—16 B& U Fig. 3—17 ). Zh 5> DR » 5> hig

R d/1=0.060

" R" d/120.060
/ 05
/ I//,
I
0 o] M , 6°
0 30 50 %0
R" 41120120 )
0.5 R /10120
05
TM
——
//;—’——-——__, ﬁTM
. e r,
0 30 60 90 . )
0 30 60 90
Fig. 3-16. Fig. 3-17.

Fig. 3-16. Results of the calculations of netting resistance, based on the TAUTI's equation
(T), the MiYAZAKI's equation (M) and the IMAI's equation (I ), concerning
Weaver’s knot netting in the circulating tank experiments.

Fig. 3-17. Results of the calculations of netting resistance, based on the TAUTI's equation
(T), the MiYAzAKI's equation (M) and the IMAI's equation (I), concerning
Weaver’s knot netting in the towing tank experiments.
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LIZHAR T XV ThOBELEI0B/ NS WEERTRL, Z0EX d/IEIKEFELTVS
ZEWHD ot EEGEMICOWTTo EMERICE SR I IZVWIThbiiE M &
BL—HU ., BMERICES ORI OBENS IRV T WA, [EFRKEESR
IWEDCHR T SR M REXEHMENOBEPRSDETH Y, EEGHEOBEAE»H
10%DEERLUIZ. ThoDERD SEBRYIZBECBRINZAREZBNVTERLUIZZEN
HRaNZEHIZ, (3-27) KRB LV (3-28) RZENDOHEHTHVWABEREIZOV
T, BOKXWEELEZEBDh 1.

FIE R EZE

M EIE.ORELRET S120IC, B2OBRIES, B4 OBIENSTOATVS.
hHoDEER, ROVBRORTHRINBRINTEILLDOTHY, BAREZ2TH> &
B FEIRBRANICESOTREISMBEINA TV, HILLABRDERICIIFERSBETH
0, FREURREIODVWTERBINLZKOAMRNERI NS, BEOBHRICEL T—8
DOFEREIIERERIZ LV Z0R/FE 2RI, BESRICLVBEPOREDTEELRSD
HIEMBITONB LT, MEORRBICEBUL CE . AL, EROBR A EEZREST S
HEY, BRICEISHLZVHFLOBEOBRERIEINIIKVRRIRS S, 20L& 2R
HRHT 5120101, ERERICE SO TEAR 21TV, ERISERE CHRRU %, i
RETRITHOSETFENAHERBAT HVENH S, 20120101, BiOEARNIES M % B
OMICULETNIEE S5, MAROEARIMSREE shid, EFOREICIEDE L
IS EE - BREMPTES. 5B, ZORBEERTSICE U N 2RO BRMR RESE O
BARICOLEMT A LN TE 5.

BB HEXEE CER U TV A BIREE, REEHREARRISAPH 0 E-> T—ERRZEK
T5. ZOXREIHETH 3 5WMNBAFICODVTREHEHERBI I EMBTESE, ZDLH %
B o> FEBYZ F 2 REBROMESITONT X 2. COWETIE, WtIMEFD
BEEEEX, $TRRTOEIEZMAREE UT—EOEBREZHEOTTCRIE L. WFE
TFoERZXAT 2 ERIZ, BRERE, HE, SHER, BRER, FEtoBaicEo5<
bDE, VA IV, B, BEASHEHAIKGIIEILLDOPXHS. ChZEOERIZAEN
ICHEMEICBHELEY, BADENEHICKRINTNS.

BREXRFEKEEROKBEIFKEOEATEIL, &K0.7m/s THo71zl&&, AEL
R2HNAOBREZMRUIER, F2EH 1 HICRTHEHERTFLRERLE, 2040
ICEREI O 3 12 AR TR AR 2BIC DLW TERE T 2. Z0RE, @itz
ERANEERDPNICHBUILAPERLEB LBRTH S EH8HH 0, HEOPFEE IR
30 ERRD RE B L CERS NIRBIC W TRT LTz,

b OEFREIE OWRAIETFEOEAR L 2 27, BRELLEADENEROD
BEUTERDTLENTEBLREL. AL, EREMGZEHMLIB LIk Ens %
REETHENEHZEL, ENEREOBFREROIERN2zEE, BIIERFHLEAT
FERUENEREZRD B E VS FET, BERESZ2BHAKZZE V.

WRTFOBHREL, 2ERKER Se 2V EHEOHEENEN, ZNRENOER
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R4 DEEF L. Ch o OEFFREE REBOERE Se/ Sve DR IZHRICEKTF U
BWMEER DI EHD o1, ZDEREBOAAISE T HEROM O RIRLEE Soo
DERN 2B DEHBE UL,

HH VIR0 H1H X BRICKE LSS0 ESYHEBE 2 E L, BERFEO RN %
HMIEY, EHERIEROREIIL>TELAERERD2. UETHAHILEZRLTNS.

SV FEHY IRV, EBHRCEELRERANOHORXEME%Z (Id—ed’)sind T,
EHOBREERE d6, TEDLTVA. ZOHA & % cos™(cosfcosg) TERHOL TV
BH, a, fo ICDVWTIEHASLLIZL TS,

TAS B AR T MoK EBHOBOHRIZ2 - 1 THHELT, 1HOHEER
d(l—ed), REHOERE pd* TEDL, 3BOMMOERNERLTVEY, o, B DEI
DVTIRBALPIZL TV,

g - EE S EHEE B ORRREERE 2dl TEROL TV 5. BISEEHOES I
BER d ORBEDOEL Y OERE d’sin2é IKHEXT 5 ERELTNS. - CHEEER MRS
BITIRTEL, B2 0ROEREPRALE 2 545°0HADKEEERIL 2d° TH 5.

FroomaN, A. L. W DBNTHE ATk B E, Baravov, F.I &, BEOKRE VT
AR EERINOBRYERICHARER TS A /NI VERKEL T, MOWER2R L
LHIRER d O dl, 2REEBEELTWVA. 5+, Stencer, H. + A. Fiscrer' 134X
EROBRYER % ERZ 3d OEMMTEDLTVS. 20k IC, FREICESHPLZVES
OEEEARBEEREE LTWA oI, EHFRIAHOBRELEALEE LY, KREMFI
B L N A LET R REIC L.

COREABRT B 008 1 EE 2 HICRTERNZE V2. BIEFIC OV TEHOR
WERFOBESIE, BRIV THEYTHY, EEIEHERIC OV THO R EREE
k=B U1, ZOROEEL%EERNICEE U CEETE AR REEROELN Z2EHN
1.

AR EROEAEIR TS =2 -7 c3EUEREL, EEU K3 EOFYEZ AV,
ISO R T ARONENOBER 2 MROERELRDHNTVS. ZOHE XML 5Y)
OH U 5 KOBRO PR 3 ERTIC>\T, FRIMEMAOBER % FEEME CRIE L TH
HRBRE L. o TRBAEEEROMLER I, MREROAEMBLVESNSVI LS
FHxNB DD, KANTHREL.

S'se=2(d + a)lsind —(d + a)*/sin2e +0.44d’sin2¢4siné (4—1)
ZOER, BEFRBIIAELPARERBROZCESS IENVHLPITE ST,

B SASEARH IS O VW T IRERSICHEY, 1 HOEEE d(l—ed) 1 $EHOHEE%Z pd* &
LCEEOAICE T R EER R TERA2H O 2. EIGERIIEM LR L TV
Bicbhhbs s, WAL 6* LTz 0REERII—ETHY (1-23) ATRIT L
MHTEl. b, BEE 2.8d OEYMHTEBE|WA S LM TESH. TDfEIE StencEL, H. -
A. Fiscuer DR U 12ED0. 875 TdH 5.

EEHES 2.8d EUCHERMEZHETS L, FAMEIOKRE< L2 EPOMITH- T i
HE £ BEO £ #BIFELT (1-21) REB\. A5 I0BHER, iz 3.03d (Y|
UMk LE. BEFIECHOBREEM " % (1 —-25) RTROUEAEL HEKL.



236 BRBAFKEFICE H5BHE 2S5 (1986)

R, (1-27) Xz PR TOMRREERE2EDT (1-28) XEB/r.

BHE LB OISRDNVERORESEVICELZ VS BEOMWEFICONT(1 —31)
K207 EHERIEHETH 512 b b 5 THIS OREE CHER S h 2 EEREERL,
(1—24) KELTEPTE 2. ZOWETIHBHBROB/NEA %, EEH &k OREEBO
B D 4EROHDOPLTKFICYIM Uz X BROBEM EEHL, BEFEMTE &
Ulz. COBEEBATAIEICLY iXj BOMBERE, 2i7Swet(i+j)ske & UTRD
Bl LipcEi. AL, EROMAICBY ZWETHS LUK 2 1SSV CBREHE
BERBRAICBET 2 Licky, EROMAKRS, BA, A, BLOHEAICE T8
ABREEREZHECEE LB, ThBDERRICOVT t BE 2T - 1245580.01
KETHThLERTH- 7. BL, AN 60 L0/NSVEETIE, KIZEHEIG->T
WhB 1 HDIHRREYEEE2RERARE 75 LVBAREREREGRE LRI L
BELTVBEIENFH0, (1-19)B LU(1—24)R B OEFR ORRITIZH N TV,

HORERE 2 2 BEHBFE 2B T 512010, 52 21087 BRI S W\ T ARIERK
WTEREZT-o 2. IPEZTFRAERICIOVTERETY, FHIEHR %2580 L 88
ADRY d e Ul URERER AR ERZEV A FEERILLE. BRFOM
RETORAIBEROR/NEN E LTEARLDTH Y, BEFEEROEFBEATNL &
&Y, BETHEOTHOEVMVERRE2ICEBETT 1.

METFI OV TIBNAERERICRET 5 12012, BIOBEMBERIZ >\ TEBRET
W, d/lEM0. 18T DHRA, L EMAAOLTOMMIZERI NRH % DA IEXKBEY
ELUT, BEROSNBREZNAOREEBE LTEDTIENTEBIEEALLICLI. H
U, BE¥ELOWBEOIANSHEET 28A 6 L 0/PNSVIBEIFHROBHRIZRRL U b - 12,
INHDFERNPS, 6 BFEMOBVORNOERIE<EELTHY, ZoDBORBET
WBRIDOBFETHEFT LTSRSV EDEL M E L - 1.

IhoDORRERE 2T, §I3RICTTEEHMAMD & OSSR IC SV T KBIEIR
KIERERE, KEUKEEBKEORMEREZT-712. Th o O OERS RES & O
BMONFRBE VA ) VAR OBFRERRIAER, WThOKEOBATHEREDOLA /L
A¥%, 8XICLLEET A LR LVHEBEZIRVIESHELPEL ST,

KB TCHRIEINBPREDOHEMESEEL, 0~3m/s THY, WEELEBRT 2885
E130.2~8.0mmTd 5. KON REUIKIE20T T1.025X107° nt/s? TH B Z &
5, WEBRIIBIMREDL [ /) VABUI2.5X10°LFTdHsb. COMBTHWEZZhE
N DK DOE AR EE X, ABEFEKEC0.2~0.7 m/s KEI/KEEE/KIET0.2~0.8
m/s THo1. EDRDIIVAL / VIKOBRAMEE, 3 X10°Th -1 HHHER M,, Ic>
WTIT- KR T LA/ VABORKIZLAXI0'TH Y, ZOPEH=2— b ¥ OIEHA
BRILTVA I EDHBMOBAICLERATESEEX. B, HFEII—-LD LT
SEEEINZEBEDT Y N TV FRERBEIBEEEBRETALOMBEI, BB
ANz#HEEATE5.

MERA OM BB ERFBICRIZTHEICOVWTERZTY, EAEY 2i/(i+])
M6 LDKREVBERIIFOHEBIBERT AN TEEIEEHOLICLE. EROWET
BROKBEEERUIKRIH S, ZOHRELERTEIWEHROBRFTEZRLULLDIEL
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V. Zh S DEBRERIE, WHBEROBITICERTH -7z, BB 6 X 6 BLL Loz,
LA WVZED 8 X1 EE R AMERZRET A LICEVBEER LA / VAKDORE
EEETE, FOMOERZGATETIENEHEZHB UL CENBRGE 12 45,
Z0D &S BEREMISOVTHEOIEFIREIE, ARECEREOEARRIHCLISATA S
ENTESB.

WARAXEBEDRL 2 OFRMEIETREEE, HoHIKT 52010, KBERIFRAETIX
SEAEEEM O BB, EUESETEM 5 I oW\ T, KEUKEERKE T ILEASINE 5 8, #X
G 4 BIT OV TERE T 1. BEEHMAM TIIENLEE See/ Swo ZRET 5 &,
@Ay sRBEBETAIEICELY, 3. 2. 2. KRTZNZhO@DZNE
NOKEITES EFBHOEBRR 2B ZEMNTE L. ZOBEBET M ICHEER
%53 5 0EBICIRE U TR L. BSOS EE, BETFHEOTHOEND
AOESEY 40 E LT, COHED 013, REBLOWBEOANHERT 2AETH S
(Fig. 3—4 ® a~d B kU Fig. 3—5 SHg).

BV AEER DB A1 Z O OMA 2 /N A5 2 TEFRAIE UR/NEREEZ O TK
DR E T - I B—BU B B 5REBULT, DACEFEL 60 LY, 660<6<90°
OHEHDOERIZONWTHEN T 2. B EBEHMEMOBEE I 60<0<40 ODFHDHEH,
SR OB EIE 0<60<660 BETIPZETFHEDOTEN S 5 6B 12O
EBRROBEVLETHS.

FNENDOKEDENEFNOHEMD m BLO n ODEICEETFTOENENTIY, BTz
EHBHLBILENSOFHELAN TS, METFEAREOBE, FERAOEH
mPBEEnENThE 1 TH-DIIKL, BEHEHDOFEIL, m<l, n21 &X20,
HAESEOBAE, m<l THY, n i 2\WTEEFRAET n<l BEIKET n>1 T
Hotz. B m OEIKEOTN O, MHIKTFEI0.8LBOTHMBEIR SV, &
S DS DR ZR U Tz Fig. 3—12—b B & U Fig. 3—13—b T3, EHlEE
HEFEEZIPZOLTLL—BUE,o72. TNHDOER, S, n IOV THMEROHEEIC
B 2ENEHAZBL, BB EMAZ2BENH B ENRBRINT.

MOERTASVEAIEI AT, BT EHSsZ 0 285 »ZT 5
EHITHABNTH B, 20 &S sFE OEEERE M OEH 3 B HIHET O BN & &
LL B3 THS. COLHIREXS L, BXEHMMOEIFEIIMARESR, WRICHE
HURENEHOBEKE L TEDT I ENAETHS. ZOWRTIEIEBIKRNERT, K
BN OVESOEMERRE LIZEHIC, CORMBEICOWTRATA ST a1z,

NEQ BN OFRIZE X 5N BHBZ T BHIZONT, KD &S IKEDD L 0TEDS
BEAESSIAEREEICEHBIRTHE E L,

Ros=Rsiné (4—-2)
TEROTRME, WEDORI bVEERAANEERARNICT T,

Ro=Rsin?é (4-3)
TEDLTREB L UEBERIIRNICETICE< L L,

Res=Rsin’§+ Fsind (4—4)

DODRBYEHHERZRLTWVS, b, EBIERII—RIT/NISERERL» S F/R=0.01
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~0.03THY, (4—4) RORMIE (4—3) RTHALITEBHZEERLTVS.

W REZEAEDEIBED TH Y, —KOMOBHIC R ZDERFE IEMTH
5. 5—AOMOBATEIRI L TEREZ IS0, BHOBESIHEAISEE %
BABALBUEICHR > THENZBEN DY, ZO0HHOBEELH 5. FinsEE 2858
BREHEFRSEERE 2V, WHEICR-> THN B IEBBIERSZ0OERE L 5.

50 A OHHIETT Re IMBHENICEE 2 BERD N No LA ICEITRERDN To ®
Ry MVHITH B, 5T,

Ro=4/Ns*+ T¢*

=y/(Cn.Sin™8)*+(Cr.cos"8) (0/2) SpoU? (4—5)
EB, (4—5) ROF2HIDAOKAXVWEBHETIZE 1 HICHARERTEBM/PMX N,
COBE m=0.8 THHIEN D, FIFsing IKHATHEER S, WASHEE/NS N
BEGE2RIERcE <2y, Bl e/ a5 LMETFHEOTESEL, (4
—5) RIBEESBEL LS. 2B, @A 6 FV/NSZBEE (4—5) RIBERILL
5155, MEFHEOTFHBERANL2HIT1E, DAZNIACEZTERLSFNEL S
BV, 208D BEBRETVERRLEURE Z2INA 120, BRTHEOTEHIIOVWTHL»
KEBIENTERDPoI. ZOBRIE, —EDOVL /I VABOTTCEREZT-o1212®, £
BES N BICRS DL L0, ZOBRERAEDONESELELNAEEBICREZY,
OB OENPZELL B2 HEHEFELTWS, L /I IWVAEOEEBELBRTES
@EVHALLEESTED D, ZORBANT—ERELSXLEREZTH> CEICEVMAE
FHEOTHOMELRRTEETHA.

IKHBHETE ICIR » THAZWADHREIC OV TIE, BEERSEE LT o EATFH
N3 e s, MBFIIERAREREICKET 5 LEXT, EXEHMAMICO VW TERR 2
Bz, (SHOBRE) - EBETHEI OV THLERETVERRZH TV S (REE).
Z DB A DB OB I OV TIXETEREER TH 5.

I DERANPTRLU 1288, 7 v e VREEHEHR IV LT - 7 o RNEEEENE
KOWTEEBEZITH, ROXNEGHEOBHRN2ERNICBETS &k, $1EAH
A —EE SRS IOV TR, —EENESHEOBRR 2 ERNICBIET S
Zlitky, HBHWABICEFNENDOERR AT CENTEBTHAS.

BEOEAZI 2ITI &3, BERIERTILUMIAR BT, BRAICERA
KRHEZRBRIP -1z, SBREE4OHMOREIBERBFE2IBET A &Ik, BN
BEEEARAEZ2EHTEHLITBETHHH. ZORBIIIET 51213, BEDEN
XV 7 by 7ORRE, BRULTAEZSZVEEILEIATSHEY, »2DDES
2EITHERDNEY, FREIEFEVERTELVEZEITNS,

H5E & &

Mg, HHEB S EEESFTE L BREFTLRE2REKIGBEZBRYT 55K
H2ES, KOBEBENS SN CES SRAERZR T 5. RBAOMILIZEKETES
NTVBLHRKTHY, RhOBFTRIREEHREAMISHHBHOES L5112, BHIKEZOD
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EREZEADFEEF I, HEREOHEFERICONVTEERT 5 & & 1348t 2 BRI
BOBRVFFTBdhils sz, -7, BAD/NS 2 EHE T I ISR ORIt
IZAY, FREZEFRAEZTI LN TERL LS. ZORAOHE AR OKE &
ZORRIEKEFEL TS, O LD SHEBZBRT 2010, BROFIRBRHMICHWAT v L
AEE AV, EREICKOBROEMEAVS I EICLD, ATV LVARDBREORES &
RTxrMWRZEEL TERZITo 1.

COMETIIAHRICRY Fig. I—1 £k Fig. -3 OEBRBEEFIELTHW.
B2 BN U B BRI D W CTRRIT A R R RET U 1R, MMIEH 2 BIR S L BEAR
BHHBULTERENOERBHZRD 5 &, BEHOEES HFREIGDADIERBEM T,
EROSNREGIADORZBEETROT CENTEAESELLELE ST, ITNHDFER
»o, FEROMALRZOERINBEEERD NBRBIT >V TREI L 12,

WHIERICEAE T 2BERIEIE4H 0, Z2h s> OBEIEMEICEEE LA - TRt OMZRA
ZREICLTVE. ZOMRTRIEL DERET THIBSMOENFREIL, EEXLE LK
PR & KRR ICRT 2B A DENER OB TH 5 LIRE L TERQEL 7.

Cy= Cun(fme), ﬁt.m .ﬁd,l), """ fn) ( 2 _12)

Cr= Crn(.ﬁne), ﬁt.m .ﬁd.lh """ fn) ( 2 —13)
BU, Cwm BEERELZBZERDPNEE, Com BEXREZHERINEETY, fra Sin
Ja fo) BIRFTCRULEA ODENER TRRTETH 5.

BMERIC OV TIT- RBROER D o, EHFREZ KD 5158 OREREBEICHRREE
BERVWSE, BETHABEROREBEIZIFIFELLL 25 I EFBBAINT. ZORR
»5, BEELTHOWONAELDFEMICOVT, FEDOIAICE T AEEDOE WERIEEY
HEZROIERRNZ2EHL S EPREITE 5T,

(1) MR EEOEBRN
WRAELULTHO O AR PE TH 1201, TTEEZEALADE ICAME
BOBHETICOVT, BAEAICHNEREIN TR, £0ORZ2MHEEIC > WV TERNICRHE
ol BELTHOV LN 2 FROXERBEETMAE 3 FROREAV—EEX
RERIC OV T ZORZHIE L CHAREEROERN 28 2 T, EEMMEMT
ORRBREEHEIZ 6<0<90° ODADOHHTIIRATEA NS,
See=1.11[2{j(2dIsind —d*/sin2e+0. 44d*sin*¢sin §)]
+(i+j)Xd?*/sin2e—0. 22d*sin2¢sin8) (1-18)
HEXEEHEOSBAIBRER LICHBOASRNEBE%, (1 -22) RORIREEL
DEMOEBPENVICELAYIA 6* LV K& VWHEHA 0*<0<90° &/NSVWEHE
0<9<6* LXH U TEBERZE . 6*<0<90° OHEFH DI S O AR EmEH
S’se WA TEZ AN B.
S”86=2.08ij{l. 68d(Isind —3. 03d)}+6. 08d*(2. 08ij + i+ j) (1-—29)
0<0<6* DEWHEIZOWVTII,
S”s0+=4.06ijd(Isind—3. 03d) :
+6.08d%(2. 42ij+ i—j—1)8/6*)+2j+1} (1-—32)
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B hsDERRIERMBERLS—HUL. (1-12) KB LV (1 —22) R=H5
REUTINBOEBRAZBIRT 2 LK VERDOBA, MRAS, Mk, WBEKCHY
HEEDDA 6 OMABREFHEEZBZCHETE LI L1, ZORKE, EHRE%E
ko 5 BRHAEAROYIRMEICH T 2 RREABEOKBES LAY, BH U A EFRBUCHRAIR
ZRHUBL 20, BEXBIEIKENEHERE LG B 1.

(2) #3tho BAURE O FRikiEH
B OFEIBEH OB HEE R T 512010, BREROBERIZTOVWTEREZIT-1.
RFHBRERDOEERL 5, BT 2 MEEHISERT N EERDNITHREL TERLE
Utz d5, BB EERITH S &80 o1, BBERDODAICH T AN RREEEZ
REFWETHEITLY, WRIKFEL S VRIBEFFBEMSE S .

Cni=Cy,Siné (2-21)

Cn=Crcosf (2-—22)
WHEFIEEROB/NEN TH 545, fiRD (2—21) B (2—22) KT 4 HOHD
MREEATBY, BAWNIBBERCET IWRTFHEOTHORELEATHEN. %
Dtz DI & 13 - B E R T EICR D, ThoDEA» S, MAEZEAE
HE T EMERSEICTOVWTERZT- 2. ZOKRHEAREICHVWO WA d/1 #HiZ
0.18LV/PNENTENDL, RTRRELTEDLT I ENTEHI LN T o1z, HLU, B
MB0°<6<6 DEHHED Cry DERBRKBEBTROT LB TR, ST

Cni=Cy:sin™4 (2-19)

Cn=Cr.cos"8 (2—20)
WA DPEDERINEIHNTHE LD, ZOBEOERINFREE, WRER
EREEXIZULLVA I NVAHBOBIGERHENL 5X10°~1. 4 X 10* D TR S HigRE
VA I VIBUHRTE L R WER 2B 1. h b OFERISEREBAFEKEZR ARG AE T
o1

(3) PHowEER

KR CHXES T 2 MEOEBHBREII VA I VABOEEEZZI B0, BHL A4/ VIH
OHETHEZOEENBERTEAMMNINVIESHALAIZZATNS, FHITONWT IO
EERELOIE, ZOLA /NVABOBETEBREZ{TICLICULE. BI5, —a— b/ O
HEFANICEO O R EFRE 2B L 2BNE Ui, COWRISILEBEREKES
ER D KEKIPEER KNG TIT - 12 RFISEER & IR B KFEKEF AR BRI 1T - 12 RERIC
HOINTWA.

KB K SEERKIE T 13RSI B & OIS 2 BT D W\ T 4 BRSO BT EE,
BLUIBMORTEAAE2EX TEREZT-IZZORER, L4/ VXEH 6 X10°~ 3 X10°
OREATERSEFRGRICEEL B LIFI RV LKL EE 5Tz, BB, 6 X10°LLE,
KBERTEXI0LU LDV 4 /) VABTHERT 5 LEBEHBBICIZ VA J VABOKENE
TNV EPHLMEL ST,

COHRIIMOEELZ I s VEERRKEZES LD, ZOENTHE 122 ED D,
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KEH | EHBE J PRE S EZHEIC OV THRMAEREZITOROERZEBT.

C**,=11.65(i+j}/2ij+1.0 (3—5)

** . =I1.70(i+ j)}/2ij+0.5 (3—6)

INHDERD S 2ij/(i+7)>6.0 DFE, B i=j BOMHTIX 6 X 6 B LD
FRVWAIEICLY, MNEOROEEBIIEETE S EOHEHL, E o1 HEXAEEHMA
HIZDOWTIRERZTo TRV, COERBRIISHTESEHEL, Lik6 X 6 BLU
ro#tEEtERWSs I EIC Lz, B, 0L SBEROBHIC OV TH W - ERRIE
WOXEBEELRVIIHIL, EDL) BRBOMBERIC DV THLHEATES.
APRDEREZRE 2, WRERCHESTMOEIICE KIZTHEBICOVT, EREfT-
fz. [EIFRKERER T SEIEEMM o 8, SEIEEIEN 5 /8, RMER TIIEEHEM 5 &,
XS 4 B2 RO IRODAICB I AR EEARERRICES LTk,
FERKERNIC B EFRBIE—EE L s o 2. B, BIFAKEICH 2 EAEEMEMOERS H
N'oy BB T IOV TIRKRASEI NI,

N’c=0.78sin""6(0/2)S s U* (3—9)
T’c=0.57c0s6(0/2)S'seU*? (3—10)
5B, BMERICH T S EBHMEMIC OV TRERASEL L.
'1=1.12sin**°0(0/2)S'ss U*? (3—13)
T'r=0.73c0s"*8(p/2)SseU* (3—14)
EIFRKIEEER I E D < NP DI, kKA TEXHNB.
N’¢=1.10sin"*6(0/2)S"se U* (3—19)
T”.=0.52c08"°6(0/2)S s U*? (3—20)
—73, RMERRICH T 5 EXEHMEMITOVWTRERATEA SN S,
N":=1.38sin**0(p/2)S s U* (3-—23)
T"r=0. 84c0s8"6(p/2)S"seU* (3—24)

s DEEAR L, HEHMOBA 460<0<90° HEEHMMOBE 660<6=<90° Dl
AOWHETHRILY 5. S5, HHEHIERSNEERFTNOMTH I 5, ZhEhOxE
B%Z (3-29) RICTRATHIEICEVABITKDHBEDTE B,

D EDITUTRD 1ZBMIETTIE, WTRLEARYDPRUL (3 -25) RB LU (3 —26)
R&EOPBOPNSVERRUI.. —HRMERICES W (3-13), (3—14), (3 —23)
BEU (3—-24) RiF, HFYHRUE (3-27) KB LY (3—-28) N&—H Ut M
KEEBICES W (3-9), (3-10) BLY (3-20) RiF, ELhDdH BBORITICE
DNTWVWB2®, FIFRENPNSWEZRUE. BI5, (3-9). (3-10), (3-19) Bk
O (3-20) RBENDOHBHTHOHSNEZRERLEREBEAOREREIC, RFER» 5B
7z (3-—13), (3—14), (3—-23) BLU (3 —-24) RIFEANDVRVWHBEBRERTCHVS
NBREDEFHTHEL TN 5.
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SUMMARY

The fishing net under operation shows various shapes but, it is possible to consider it as
one plane as quite a small portion of it is concerned. If fluid dynamical characteristic of
plane netting is obtainable, it is easy to ascertain the resistance of a certain portion of the
net applicable for summing up the plane netting resistances. In other words, it is possible to
obtain the net resistance value applicable for any shapes of fishing net. For this purpose, it
is necessary to obtain not only an accurate and a widely useable coefficient for fluid
dynamical resistance of a netting, but also a confirmed value, of which the edge-effect was
eliminated.

The materials used in this study are the commonly used Japanese two-ply-twisted
knotless netting and the Weaver’s knot netting of three-ply-twisted twine, The used netting
are fixed on the —]-shaped netting frame, the two edges of which are fixed with a thin
stainless steel wire. In this case, a netting was fixed on the hang-in ratio of 0. 293(hanging
angle ¢=45°).

The velocity of relative motion under fishing shows 0~3 m/s, accordingly the value of
Reynolds number must cover the range from 0 up to 2.5 X 10°. But in this study, the value
of Reynolds number was restricted within the range from 8X10? to 3X10°, due to the
capacity of the experimental tank.

In most of the papers in which the characteristic of fluid dynamical resistance on the
netting was treated, the resistance was expressed as a function of the drag coefficient and as
the lift coefficient. But in this paper, the resistance was expressed as the function of the
normal coefficient and as that of the tangential coefficient. The reason why this method was
adopted is the easiness in carrying the analysis of the netting resistance. And here, it was
assumed that these coefficients are obtained by multiplying the fundamental fluid dynamical
coefficient of the netting, with the setting-parameters fixed in accordance with experimental
conditions.

The first experiment was carried out in order to fix the projective area of nettings at a
certain attack angle, with the confirmation of experimental equation applicable for the
above metioned nettings, ascertaining an accurate value of the fluid dynamical coefficients.

The second experiment was carried out to establish the method of analysis concerning the
fluid dynamical characteristics of the simplified netting models,

The third experiment was carried out to determine the values of the normal coefficient and
of the tangential coefficient of the netting concerning the two kinds of fishing net.
(1) In this study, the minimum fabric of a netting is termed as a "Netting element”, The
fabric is cut horizontally at the respective intermediate points of the knotted four legs, the
shape of a netting element is, to be shown in the form of "X”. If the notion for a netting fabric
of ;X j meshes is applied, it may be possible to regard a netting fabric of ;X j meshes as the
sum of netting elements countable in the number of 2 {j plus the edged knots countable in the
number of i+j.

(2) The projective area of a knotless netting on a twine portion can be expressed as
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follows :-
0<0<90°
S’se=1.11[2ij{2dlsiné —(d*/sin2¢)+0. 44d*sin2¢sinbl]
+(i+j)Nd?*/sin2e+0. 22d*sin2 ¢sin §) (1-18)
In this case, the adopted @ is,
O=sin"(d/2lcos¢) (1-12)
(3) The projective area of a Weaver’s knot neting on a twine portion can be expressed as
follows :-
0<6<6*
S”se+=4.061jd(Isiné —3.03d)
+6.08d4(2.42ij+i—j—1)6/6%)+2j+1| (1-32)
*<e<90°
S”8e=2.081j{1.68d(lsind—3.03d)|+6.08d*2. 08+ i+ Jj) (1-29)
In this case, the adopted &* is,
6*=sin"'(1.52d/ lcos¢) (1-22)

(4) The fundamental experiments were carried out on the circulating water tank,
belonging to the Faculty of Fisheries Kagoshima University, concerning the enlarged
model of netting elements, The results obtained are as follows: The netting resistance may
reasonably be expressed as the sum of a normal force vector and a tangential force vector.
The normal force may be expressed as a sine-function of an attack angle ; and the tangential
force may be expressed as a cosine-function of an attack angle. Those experimental
formulae have only two unknown variables, so it is easy to fix the value of variables (a
coefficient and a exponent), using the method of multiple regression for dual independent
variables.

When the projective area of a netting twine was chosen for the representative area, the
values of fluid dynamical coefficients come to be independent of leg length and twine
thickness.

(5) Concerning the enlarged single netting element for a plane netting, it is impossble to
apply the results of the experiments because of the influence of edge-effect of four legs and
of the lack of mutual interference of netting elements, Accordingly the simplified mesh
models were used for acertaining the fluid dynamical characteristics. The results obtained
can be expressed in the following experimental equations.
Cni=Cy,sin™8 (2-19)
Cn=Cncos"§ (2-20)

The normal coefficient of a simplified mesh model is independent of the Reynolds number
from the value 1.5X10° to 1. 4X10%. In this case the Reynolds number is based on a twine
diameter,

(6) In the results obtained from the towing experiments, concerning the knotless netting
and the Weaver’s knot netting, the normal coefficient and the tangential coefficient are
proved to be independent of the Reynolds number from the value 6 X10? to 3X10°. But it is
impossible to clarify the critical value of the upper limit. After these experiments fluid
dynamical research was carried out on the larger value of 8 X 10? of the Reynolds number,
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(7) Before a fundamental calculation of the net design is carried out, it is necessary to
obtain the value of the fluid dynamical coefficient in which the edge-influence of netting is
eliminated. But nobody has described the relationship between the mesh number and the
coefficients.

The experiment was carried out with the use of towing experiment on the different mesh

»e9 »n
1

numbers of a twinewise direction "i” and normal knitting direction ”j” concerning knotless
netting, in the towing tank experiment, The relations obtained are as follows:-
C**,={1.65(i+j)/2ijl+1.0 (3—5)
C**,={1.70(i+j)/2ij}+0.5 (3—6)
From these results it is possible to say that the value of the coefficients is not depending
on mesh numbers when the value of 2ij/(i+j) is larger than 6. 0. After these experiments,
nettings made of more than 6X6 of mesh numbers were used.
(8) The experimental equations of the normal force and the tangential force of plane
netting on the respective twine diameter and leg length, are derived as in the followings :-
i ) In case of a knotless netting in the water circulating experiments the equations are
expressed as:-

N’c=0.78sin""*6(0/2)S 5o U* (3—9)
T’c=0.57cos6(0/2)S s U* (3-10)
i) The equations obtained in the towing experiment are expressed as:-
N’:=1.12sin"*0(0/2)S’ss U* (3—13)
T’1=0.73c0s"*6(0/2)S'ssU* ' (3—14)

i ) In the case of a Weaver’s knot netting in the water circulating experiment the
equations are expressed as:-

N”c=1.10sin**0(0/2)S"ssU* (3-19)
T"c=0.52sin**6(0/2)S 56 U* (3—20)
iv) The equations obtained in the towing experiment are expressed as:-
N”1=1.38sin**§(p/2)S"ss U’ (3—23)
T”r=0.84c0s"*6(p/2)S"seU* (3—24)

Concerning a knotless netting these derived equations are well coincided with the
experimental data in the range of attack angle 40<#=<90° ; concerning a Weaver’s knot
netting these are well coincided with the data in the range of 6©<6<90°. And little
corresponding is noted in the range of an attack angle, ©<#=<48 on a knotless netting; in
the range of attack angle, ©<#=<66 on a Weaver’s knot netting, owing to mutual
interferences of the netting elements. Those are not agreed with the experimental values on
the range of an attack angle, 0°<8< 6. In these cases, the medium was made to be passed
along the surface of netting, instead of passing through the mesh hole. This phenomenon
might be related with the other parameters, so it may be necessary to carry out further
studies for the ascertainment of the fluid dynamical resistance characteristics of nettings.
(9) The experiments were carried out on the different characteristics of fluid medium, the
towing experiment carried out on a static water condition and the water circulating
experiment carried out on a running water condition are these. The results obtained are
different coefficient values and exponent values, depending on the conditions, It is
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convenient to adopt the experiental equations derived from the water circulating ex-
periment, in which the shallow water fishing net like a drift gill-net and a set-net are used,;
and the equations are derived from the towing experiment for a deep sea fishing net like a
trawl and a bottom gill-net.
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Fig. I-1. Schematic drawing shows the experimental circulating tank belonging to the
Faculty of Fisheries, Kagoshima University.
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Fig. 1-2. Schematic drawing shows the fluid dynamical towing tank belonging to the
Faculty of Fisheries, Hokkaido University.
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Penrecorder DC strainamplitiet

Fig. 1-1. Schematic drawing shows the experimental equipment for the circulating tank

experiment.

A : Setting disk for an attack angle B : Ball joint

F : _]-shaped netting frame L : Load cell

N : Netting piece P : Setting pin

S : Shaft T : Cross’table

W : Compensating weight 6§ : Attack angle

Unit : Centimeter

Fig. I1-2. Schematic drawing shows the _]-shaped netting frame for the circulating tank
experiments, upper $ value shows a diameter of hard steel shaft and lower ¢
value shows a diameter of stainless steel wire.
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Fig. 1-3. Schematic drawing shows the experimental equipments for the towing tank
experiments.
A : Setting disk for an attack angle
F : _]-shaped netting frame
N : Netting piece
S : Fork-shaped suporting frame
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/

Unit : em

Fig. I1-4. Schematic drawing shows the _]-shaped netting frame and the fork-shaped
suporting frame for the towing tank experiments.

: Setting disk for an attack angle

: _J-shaped netting frame

: Netting piece

: Fork-shaped suporting frame

: Attack angle
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