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The hydrodynamic characteristics of the canvas

kites as an opening device for fishing gear

Bong-Seong BAE

Department of Fisheries Physics, Graduate School,
Pukyong National University

Abstract

As far as an opening device of fishing gears is concerned, applications
of a kite are under development around the world. The typical examples
are found in the opening device of the stow net on anchor and the
buoyancy material of the trawl.

While the stow net on anchor has proved its capability for the past 20
years, the trawl has not been wildly used since it has been first introduced
tor the commercial use only without sufficient studies and thus has
revealed many drawbacks. Therefore, the fundamental hydrodynamics of
the kite itself need to be studied further.

This research aims at establishing the fundamental characteristics of the

kite through the analysis of the flow field around various types of kites.



Three approaches were adopted for the analysis; mechanical test,
visualization by PIV(particle image velocimetry) and numerical simulation.

Models of plate and canvas kite were deployed in the circulating water
channel for the mechanical test. For this situation, the lift and drag tests
were performed considering a change in the shape of objects, which
resulted in a different aspect ratio of rectangle, trapezoid and triangle.
Camber ratio was also tested in a similar way.

During the mechanical tests, the flow field was visualized via PIV
system and was simulated via FVM(finite volume method) using the same
boundary conditions as in the tank.

In addition, several methodologies were designed to find the most
effective triangular model as a buoyancy device applied to a fishing gear.

Comparisons of drag/lift were made by installing the model in an install

frame instead of a fishing gear.
The results obtained from the above approaches are summarized as
follows, where aspect ratio, attack angle, lift coefficient, maximum lift

coefficient and drag coefficient are denoted as A, B, C;, C,,. and C,

respectively :



A. The efficiency test of the plate and the canvas kite

1. In case of the rectangular plate, C,,,. was produced as 1.46~154
with A<1 and 40° <B=42°. And when A=15 and 20° =B=22°, (;,..
was 1.07~111. In case of the rectangular canvas, C,,, was 1.75~1.91]
with A<1 and 32" =<B=<40°. And when A>15 and 18 <B<22°, C,um

was 1.24~1.4,

2. In case of the trapezoid kite, C,,,. was produced as 1.65~1.89 with
A=15 and 34° <B<44°. And when A=2 and B=14~48, (, was around 1.
In case of the inverted trapezoid kite, C,,, was 1.57~1.74 with A<15

and 24° <B=<36". And when A=2, (,,. was 1.21 with B=18".

3. In case of the triangular plate, C,,. was produced as 1.26~1.32
with A<1 and 38" <B=42°. And when A>15 and 20° <B<50°, (, was
around 085. In case of the inverted triangular plate, C,,,. was 146~156
with A<1 and 36" <B<38". And when A>15 and 22° <B<26", (,,..
was 1.05~1.21.

4. In case of the triangular kite, C,,,.. was produced as 1.67~1.77 with
A<1 and 46" <B<48". And when A>15 and 20°<B<50°, (; was
around 1.1. In case of the inverted triangular kite, C,,, was 1.44-~1.68

with A<1 and 28° =B=32". And when A=15 and 18" <B=24°, (.



was 1.03~1.18.

5. The ratio between lift force and drag force( €, /C,) was increased as

each aspect ratio of all the models was increased.

6. For a model with A=1/2, an increase in B caused an increase in (;
until C, has reached the maximum. Then there was a tendency of a
gradual decrease in the value of (C, and in particular, the rectangular kite
showed a more rapid decrease.

7. For a model with A=2/3, the tendency of (; was similar to the
case of a model with A=1/2 but the tendency was a more rapid decrease
than those of the previous models.

8. For a model with A=1, an increase in B caused an increase in (C;
until  C, has reached the maximum. Soon after the tendency of C,

decreased dramatically except for the triangular model.

9. For a model with A=1.5, the tendency of (; in accordance with B

was various in the rectangular model and trapezoid. In the triangular

model with 20° <B<50°, the change of (, was very small as 0.75~1.22

10. For a model with A=2, the tendency of (,; in accordance with B

was almost the same in the rectangular, trapezoid and triangular model.

There was no considerable change in the models with 20° =B=50".

X1 -



11. The tendency of kite model’'s (, in accordance with increase of B
was increased rapidly than plate models until (¢, has reached the
maximum. Then ¢, in the kite model was decreased dramatically but in
the plate model was decreased gradually. The value of (;,.. in the kite

model was higher than that of the plate model, and the kite model’s attack

angel at C,,, was smaller than the plate model’s.

12. The inverted model’s (; in accordance with increase of B reached
the maximum rapidly, then decreased gradually compared to the
non-inverted models. Others were decreased dramatically.

13. For comparison of the kite which has each other camber ratio, in the
rectangular kite, the tendency of (C, in accordance with B was various. In

the triangular kite, the pattern of (; was increased gradually.

14. The drag force in accordance with increase of B was increased in all

models. The force was small at a low camber ratio, but the value of

CJ’. /C]) was hlgh

15. In the models which has camber ratio above (.15%, the wave motion

of canvas was observed frequently at a small attack angle.

16. According to the measured result from PlV, the velocity outside the
curved area was high in all canvas models. The maximum velocity was

observed at the attack angle of the maximum lift force without a vortex.

X111 -



The vortex motion occurred at the rear edge of the models. As the attack
angle increased, this phenomenon was considerable. At larger angle than
the attack angle of the maximum lift force, the lift force was reduced
because the vortex occurred in the after area of curved side, and the state

began to be unstable.

B. The visualizing test of the canvas kite using the PIV and CFD

1. According to comparison of the measured and analyzed results from

mechanical tests, PIV test and CFD test, the results of all test were similar.

2. The numerical results of C; and C, were 5~20% less than those of
the tests with B=10, 20 and 30. In particular, B=40 showed the 20%
discrepancy.

3. The numerical results of the ratio of drag and lift were 8~13% less
than those of the tests with B=10 and 10% less than those of the tests with

B=20, 30 and 40.

4. Pressure distribution gradually became stable in B=10. In particular,
the rectangular and triangular types had the centre of the high pressure

field towards the leading edge and the inverted triangular type had it

towards the trailing edge.

5. In case of the rectangular and triangular kites with B=20, vortex by

the boundary layer separation was seen in the leading edge and the flow

- XiV -



towards the trailing edge was more turbulent. But, the inverted triangular
typed kite was scen to be stable without any boundary layer separation or
turbulence and it also showed a smooth pressure difference in the

suction/ pressure side.

6. The increase of the attack angle resulted in the eddy in order of the
rectangular, triangular and inverted triangular type. The magnitude of the

eddy followed the same order.

7. The effect of edge-eddy was biggest in the triangular type followed

by the rectangular and then the inverted triangular type.

C. The application test of the canvas kite to the fishing gear

1. The camber showed a gradual increase with an increase of fluid

velocity. There was a big discrepancy in B=20 unlike B=30.

2. Even if the kite retreats along the fluid flow, there is little

relationship with the velocity change.

3. Lifts tested with the kites were bigger and drags were smaller than

those of the tests with the float only.



The obtained results after the analysis of above all, can be summarized

as follows:

1. In the relationship between aspect ratio and lift force, the attack angle
which had the maximum lift coefficient was large at the small aspect ratio

models, At the large aspect ratio models, the attack angle was small.

2. The action point of dynamic pressure in accordance with the attack
angle was close to the rear area of the model with the small attack angle,
and with large attack angle, the action point was close to the front part of

the model.

3. In the effect of camber to lift force, as the flow direction in the rear
edge of the model moved downwards by a change of camber and attack

angle, the lift force was increased.

4. The kite as the buoyancy device or the opening device will be very

useful when the appropriate applications and the stability are satisfied.

5. A half-cone typed kite with B=20 is most recommended with the

anticipation of the big C,/ C, and the stability.
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Table 2-1. Principal characteristics of the circulating water channel

terms specifications
water capacity (ton) 280
measuring window (m) 8.0(L) x 2.8(B) x 1.4(H)
depth (m) 1.4
current velocity {mi/s) 032
impeller & motor 2 impellers(4 blades), AC 90 kW x2




Fig. 2-1. Schematic drawing of vertical circulating water channel.
(U impeller 2} AC motor (3 guide vane
@ under observation panel ‘5 side observation panel
® rectifying netting

T W S RO ey e

(a) side view {b) upper view

Photo 2-1. The view of vertical circulating water channel.
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Fig. 2-3. The design drawing of canvas kite models.
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A2 Aelsle] Table 2-20) el elch

Table 2-2. The used models in efficiency test by its shape and size

material & shape

size (spanXchord, mm)

177 %354 | 204 < 306 | 250 < 250 | 306 % 204 | 354 x 177
Crectangle | Rsl | Rs2 | Rs3 | Rsd | Rs5
SEINESS friangle | Tsl Ts2 Ts3 Tsd Ts5
plate
triangle Tsr1 Tsr2 Tsr3 Tsr4 Tsrb
rectangle R1 R2 R3 R4 R5
trapezoid Z1 72 Z3 74 Z5
trapezoid Zrl Zr2 Zr3 Zr4 Zr5
triangle T T2 T3 T4 T5
caﬁreas triangle Trl Tr2 Tr3 Tr4 Tr5
o 250 252 1250 % 257 | 250 > 264 250 x 275 | 250 x 287
_r;e-ctangle CR1 CR2 CR3 CR4 CR5
triangle CT1 ‘ 12 CT3 CT4 CT5
triangle | CTrl : CTr2 CTr3 CTr4 CTr5

7wy



2.2.3. =& A H

HoAge] o 3w A ZAx2 Fig 250 Jehggith B9 38 9slod
&) 83 XYREE FHs= AAEs 632 A (Denshikogyo Co,
DL-61025, 10kg)et 28-S AXst= 5 F 42 (Fig. 2-0)2 Hof o, H54
Aol F&EH A 2mm eI Fo 2 e AL} A Atk HY
A &4 g AEdel =EF 84 flo] ARE dd & o Us

d, =74 10mm Q) ZgRlels FRAE|etel EAl ~EQ1E 27 0 A5 12~27

3 A48 5 UxS AAsden, sEdAst AddEs A4 2mm BE
zHdt A ow A zstrh

wE, SEEANM e e =T 7 (Kenek Co., VO-203A)8} A/DH S
71(NI Co., PCI-6034E, 32ch-16bit)E E3le #AFEd AAHES A AeS
Aot om AlsaEl Aol AXESojs labVIEW 618 AHE8n. 759 4
& ZaHe 47 (Kenek Co., VOT-400-20)2 A}1-£3} ).
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® @

Fig. 2-5. Experimental set-up for the efficiency test.
(1) six component load cell @ installation frame @) current meter
@ angle controller () angle control box & strain amplifier
() computer & model @ moving traverse (0 water line
4 moving rail 12 connector
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Fig. 2-6. The installation frame of the models.
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Photo 2-2. The view of the efficiency test of a model.
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Table 2-3. The vertex position of camber and camber ratio

attack angle

model 20° A 60°
P ¥ P 7 o ¥
R1 41.48 8.27 42.29 8.37 4733 8.39
R2 41.65 8.35 42 44 8.43 47.20 8.57
R3 4215 8.33 4278 8.58 47 57 875
R4 4237 8.45 42.69 8.75 47.52 8.84
R5 42.23 3.54 42 .86 8.81 47 .88 8.87
Z1 3541 7.64 37.83 7.64 48 44 7.75
Z2 35.79 7.71 38.59 7.69 48.47 7.88
73 36.43 7.88 39.31 7.74 4959 7.98
Z4 37.22 7.95 39.32 7.85 49.78 8.05
Z5 36.73 312 39.81 8.03 4963 8.15
Zrl 4775 7.66 46.55 7.64 48.82 7.64
Zr2 47.73 7.78 46.27 7.79 48.73 7.73
713 47 .62 7.82 46.25 7.80 48 41 782
Zr4 47 65 796 46.34 7.94 48.49 792
215 47.59 8.10 4571 810 48.40 8.04
T1 30.36 6.91 32.93 6.95 43.34 713
T2 30.77 7.04 33.56 711 43.37 7.24
T3 31.50 7.22 34.21 7.23 44 52 7.30
T4 3212 7.27 34.38 7.32 44.78 7.40
TS 3183 742 3485 755 4558 757
Tr1 52.72 7.07 51.60 6.96 50.92 6.85
Tr2 52.70 7.21 51.27 7.05 50.63 6.98
Tr3 52.60 7.27 51.15 7.20 50.41 712
Trd 52.55 7.32 51.14 7.27 50.45 7.19
Tr5 5257 7.51 50.79 7.48 50.30 7.37

* p: vertex position of camber(%), »: camber ratio(%)
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Table 2-4. The attack angle and the efficiency of test model
in accordance with polygonal shape and aspect ratio

medel  attack angle (*) Chnan Cis Crman/Co
 Rel 4 146 119 123
Rs2 0 1.54 1.25 1.23
Rs3 40 152 1.22 1.25
Rs4 22 111 0.41 271
Rs5 20 1.07 0.36 3.00
R1 4 179 126 141
R2 38 1.91 1.22 1.56
R3 32 1.75 0.87 201
R4 22 1.40 0.47 3.00
RS 18 1.24 0.37 3.40
71 u 1.68 1.24 1.35
72 4 1.73 1.19 145
73 40 1.89 1.17 1.61
74 34 1.65 0.91 1.81
75 38 1.09 0.75 145
7rl 3% 1.58 118 134
732 34 157 1.03 153
713 32 1.74 1.06 1.64
Zrd 24 1.60 0.72 223

Zr5 18 1.21 0.42 2.87
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Table 2-4. Continued

medel angle (degrec) Clmax Cn CLnan/Cp
STt 4 129 1m 116

Ts2 40 1.32 1.07 123
Ts3 38 1.26 0.95 133
Ts4 30 0.95 0.56 170
Ts5 28 0.91 051 179
Terl 36 146 101 145
Ter2 38 1.56 119 131
Ter3 36 1.46 1.02 142
Tsrd 2 1.21 0.60 2.01
Ter5 2 1.05 0.42 253
T1 % 175 138 127
T2 48 1.77 133 1.33
T3 46 1.67 132 1.26
T4 38 122 0.84 145
T5 38 1.07 0.76 1.40
Trl 2 1.59 120 132
Tr2 32 1.68 1.20 1.40
Tr3 28 1.44 0.91 1.58
Trd 24 1.18 0.66 1.79
Tr5 18 1.03 0.46 222
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Fig. 2-7. The efficiency of the rectangular plate
in accordance with the angle of attack.
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Fig. 2-8. The efficiency of the rectangular canvas kite
in accordance with the angle of attack.
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Fig. 2-9. The efficiency of the trapezoid canvas kite
in accordance with the angle of attack.
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Fig. 2-10. The efficiency of the inverted trapezoid canvas kite
in accordance with the angle of attack.

37 -



G

Co

CL/Cop
O = Y W s Oy N O

0 10 20 30 40 50 60
Angle of attack (degree)

Fig. 2-11. The efficiency of the triangular plate
in accordance with the angle of attack.
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Fig. 2-12. The efficiency of the inverted triangular plate
in accordance with the angle of attack.
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Fig. 2-13. The efficiency of the triangular canvas kite
in accordance with the angle of attack.
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Fig. 2-14. The efficiency of the inverted triangular canvas kite
in accordance with the angle of attack.
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Table 2-5. The attack angle and the efficiency of test model
in accordance with polygonal shape and camber ratio

medel  attack angle (") Cr Cn Crana/Cp
CR1 %2 174 09 19
CR2 34 182 0.98 1.86
CR3 36 1.66 0.97 1.72
CR4 38 1.56 1.03 1.51
CR5 34 1.40 0.88 1,59

N 46 178 129 138
CT2 50 1.82 1.32 1.38
CT3 52 1.78 131 1.35
CT4 56 157 1.28 122
CT5 56 142 122 1.16
CTrl % 128 0.83 154
CTr2 2 1.26 0.77 1.64
CTr3 2% 1.16 0.90 1.28
CTrd 24 1.10 0.92 1.19
CTr5 38 1.02 1.30 0.78
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C./Co

0 10 20 30 40 50 60
Angle of attack (degree)

Fig. 2-15. The efficiency of the rectangular canvas kite by camber
ratio in accordance with the angle of attack.
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O = N W bR O N @

Angle of attack (degree)

Fig. 2-16. The efficiency of the triangular canvas kite by camber
ratio in accordance with the angle of attack.
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Fig. 2-17. The efficiency of the inverted triangular canvas kite
by camber ratio in accordance with the angle of attack.
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N SR N
e SIS RS
Y \;E/ NS N

A

Fig. 3-1. Experimental set-up of the PIV system.
six component load cell v installation frame 3) CCD camera
angle controller & particle & PIV screen () connector
model 9 moving plate 10 water line i) Nd:YAG laser
cylindrical lens (3 reflector 14: light sheet 1% laser beam
synchronizer 17 host computer and software 18 color printer
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Table 3-1. Experimental condition of the PIV system

Articles ltem

Image board

Specification

Epix PIXCI D/D2X (2 X2k pixel}

Vlsuz.allzahon Light source 200 m], Nd:YAG Laser
equipment
Light sheet Cylindrical Lens (width : 3 mnr)
Working fluid Water
Measuring Particle silver coated glass sphere (13 /m)
Condition Inlet velocity 0.6 m/sec
Input device Kodak ES-4.0 (2> 2k pixel)
Host computer CPU speed : 2.0 GHz
Image Number of time mean data 100 Frames
processing

Identification

Two-frame gray-level cross
correction algorithm
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s#91& Neodym-YAG o] #o] A& Ab&otdet Jlvate] #Y A7+ &
zZ71% 58 Aojxm 1 Al GaaAE Figo 324 YeEpdS F ool
A slvlere]l zeAt FAUg w wabselo}l shisd, 2 SRT
tha] delsd dels Ha A7 10 us(TPW, Transfer pulse width)elth. 7}
el A%Een § oge] ovjAE AAs] SlsAE AAvee) o)t
A WA gl X7 200 4s(TPD, Transfer pulse delay) o]l 1% @o]xj7}
ApElojol Blan TPW ol o] 24 elolxlzh MAbHE % Agstelol gch wel
M, B AYdAME 7|FEAES 100 2 FUOH, HolA 8 7IAA AHce
175 pso]l & 1 #lo] A 60 ps, 2 HolHe 2,060 uso] AAS Fo F ¢

o] 49 AIZbAZE 2,000 ps7t M EF AASIAT B o]#F Ae]Eo] 129 8

Bl s SR

B. 33 AF 2=

CCD 7}vl 2H(Kodak ES-4.0, 2x 2k pixel)= FHWEo g wrEojzl #ubs
T HAY ¢ URE HAFaxd ofdEd A 9E ol i HAslod, #
4 G 400400 mmo] HE= AASACE FholEtel M #FGE 23k |

S 2048 < 2048 pivel ©| bmp st T s G



TPW 10 psec

trigger TPD 200 usec l upper 1 ssec
pulse width
ccp 100 psec I__I
camera 3~5 nsgec
mechanical delay
first 175 psec
laser ﬁlo user 3~5 18eC
mechanical delay
second 175 psec 2060 usec
laser '

Fig. 3-2. Timing diagram for external triggering.

C 3p3A2 4A

e Axe 8470 A B e (Epix PIXCI D/D2X)9} g0 4 A2 E 9o
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gt AR EE CCD 7Adats $3 ddme oldEa gANsE
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time Iz
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Fig. 3-3. Schematic diagram of PIV.
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shift s=2 t=-1 shift s=0 t=0 shift s=-2 t=-2

shift s=1 t=1 shift s=-2 t=2

A 2

- X

< N

t

T :

v B 2 I H

y M l (s, 1)
W(x-s,y-t)
f(x, vy}

Fig. 3-4. The principle of the grey level cross-correlation.
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Photo 3-1. The view of the PIV test.
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3.2.2. CFD a4 Wy

A ZE e FARALel F22ls 20035 AHEslR O™, EA Al AL
&3 #lA4 x7L Table 3-29} o} Mol A8 w2 PIV A AL
3 A Bdate], 289 el PIV 4% A CCD sulds #93 =9
o] /& solidworks 2001+5 o]-&3le] YAH ez I (rendering)sd} it
2y d3dAle PA(kR) WEeT oivet oj(ER) HFoRE obF of
o] mbegol whA e AR, ol SAETE ERE EE AYelA mE e AA

2 AL A4 4mm SEHAYA BE QE Aoz 3Edyg. §&£8 5

A3 vl 2 0.6 mfsec 2 A G T

P

o WEel gle KA J9s oY JdHoE 4H)E AMEEsin AAZAL

=AEWCAAME Adzast 519 bl 7 09 203 ARgstR e, A
M2 Fed dRol @ A% ARgstHd. g8 AAe] Cell 4, Fluid =,
Solid %, Partial 4~ 5& 23vith gebzl=d, 22k ¢ 300,000 420,000,
160,000~270,000, 10,000 ~40,000, 100,000~160,000 H=ejc}. Az si4 d

olBlE olgete ®E, ¥, g, diRd dstd =A3skiy



Table 3-2. Processing condition of CFD

Item

Specification

Viscous
Wall Treatment
Medium
Equations
Cell number
Fluid number
Solid number
Partial number
Flow speed

Material

Standard Vk—epsilon turbulen\‘ce model
Standard Wall Functions
Water(fluid)
Flow /Turbulence
300,000 ~ 420,000
160,000 ~ 270,000
10,000 ~- 40,000
100,000 ~ 160,000
0.6m/s

Standard solid




B. A a4 B4

%t u) =0 (3-5)
at(:ouz-)Jri(aou 2y, gi =S, (3-6)
i(pE)-i-i((pE%-P)uk-F Qo Tiph) = Spttp+ Qp (3-7)
ot 8xk
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2
>
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>
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=
ir
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= & AYA, Pe F AE, Qv IHAHT 24

‘g8 (source term), r,v AFEH, ¢, Fito] A3 i, WEFe dHSolnh
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au; B 1 )
afl’/ 81}' 3 pkaij (3 9)

B du, n du;
i ( ax; ox;

2
3

A7, p=p+ e, 6;v= Kronecker delta function(1(/=j), 0(7% 7)), sy
v BEAAFE 4,5 dFoHturbulent eddy)H AR, ke EHFEE
(turbulent kinetic)ol Ut A|o]t}. f—e 2l FRAME 4o GFHSFNVA( L)
9F 1 A4bE(e)E Ao

2
Cupk (3-10)

qA71M, [, SFRAA geE e 2ol Aedn

fo=[1-—exp( —0.0251?_\.)]2(1 + 21%75) (3-11)
7
ok _ ok o

NN, Rp=, o0 Re= ) olz ye fHozRHY Aot
g, FHFEFAUASL 2 24088 Yehle A2 ted 2o

J 0 __0 #i\_ok _
g1 (PR + 5 (ouk) = axk((””t ak) axk)+5k (3-12)
9 -9 9 H1) _de -
57 {oe)t axk(puke)— axk((#ﬁ 05) v, |5 (3-13)

714 ARgE A Al gk (source term) S, %} S. & tSd 2

(3-14)
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S.= CCJ; fx Ti 0 +/~1 CgPg)— Cezfv%’ (3‘]5)
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A71H, gt FEANEEY x $FY ARoL AFE 0,709, 4F CpF
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Py>0 A =1, 22 ¢le+= 020d ¥ e Me Ppo
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FeH Fue 7 P YARIE PH P FY 4o 4
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@
W

A% 2w @

7y F9o {53L sidsts) flstd TN 2081 ARAE, WY, 9
Pave Wy s 47 100, 207, 307, 4079 PIV % CFD sS4 & s e

#, -1 An}= Table 3-3 @ Fig. 3-5, Fig. 3-6, Fig. 3-73% @t}

Table 3-3. The efficiency comparison between the CFD result and
the experiment result

calculration experiment
model  angle -
Cr Cp CL/ Cp Cr Cp CL/ Co
10° 0.76 0.13 5.67 091 0.14 6.69
20° 1.07 0.38 2.81 1.12 0.39 2.87
rectangle
30° 0.95 0.50 1.91 1.00 0.54 1.86
40° 0.59 048 1.23 1.04 0.80 1.29
10° 0.57 0.21 2.67 0.61 0.21 2.99
20° 0.84 0.37 2.26 0.86 0.35 2.48
triangle
30° 0.85 0.50 171 0.98 0.55 1.78
40° 0.76 0.64 1.19 1.07 0.81 1.31
10° 0.79 0.32 247 0.94 0.34 2.80
inverted  20° 1.09 0.58 1.86 1.02 0.50 2.03
triangle 35 0.87 0.62 141 0.97 0.67 1.44
40° 0.81 0.74 1.10 0.98 0.93 1.06




Table 3-3-2 gz} wiglel] wta FA|afdel ot FdAF ¢, 2 FHAF
Cpo Wiglel Agled ofst ASH dPas MoFn Ark

AzvE AY= oz 100 ¢, L 076, C,= 01308 Adgut ¢, &
oF 16% A A, Cpv 7% FA Yelwth. 37 2000 A= ¢, 107, Cp+
038Z C.2 4%, CpT 3% AT A JeY AL fAlg g HAF
th Azt 30°ME (L 095 C,E 05002 ;& 5% Cpe 7% 2
vtttk g2 407 el 40%7F de AFelvh vehdt A REH ga Blad
AR oW F @S AR AAAE mdeME FALSHA eSS
o, Ao o)g sfAgho]l AR gkol] wisted @7 10°, 207, 30°olM e 5~
20% A= ZAA depien], 97t 40°eMe 20% ool g Bk 2y,
FEn Wzt g J7 100 ME 8-13% AR ZA dEepsen, gz 20°,
30°, 40" el M= Agpate] zolrl 10% olstz BT FARsHA el

oleigh FAls| A Aue EHHPN Pk ANAY JEA vluwe i
Aol met Tt 2 5 o, g W] nE Al Wil Hele] &
AbabA vebbar 4z Wglel] e fE el Wt vy fAEHA e

~

A el HMES 2 A fAdes SN BEola, 7t
T RREE Aste vddE &4A4 ol &8 5 glom® A, 53] 4
mE Aol 2 gge] 75 Adog dudn. gy, B AddME A
Crol Jeh= Azud gzte] & 2%, Agaae) vk 24 vebssd),

ol el g e APl oF AFgE A ARbEt SAH™E Hat AS @l
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Fig. 3-5. The velocity vector’s distribution and the pressure contour of

the rectangular canvas in accordance with angle of attack( «).
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Fig. 3-5. Continued.
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PV CFD

a=20° a=20°

Pressure

(Pa} 101,100 101,180 101,260 101,340 101,420 101,500

Fig. 3-6. The velocity vector’s distribution and the pressure contour of
the triangular canvas in accordance with angle of attack( « ).
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Fig. 3-6. Continued.
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Fig. 3-7. The velocity vector’s distribution and the pressure contour
of the inverted triangular canvas in accordance with angle

of attack({ e ).
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Fig. 3-7. Continued.
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Fig. 4-1. The applicative device of the canvas kite as buoyant article.
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Table 4-1. The experimental cases by the model and condition

model case

type Al
type Bl

type C1

type D1

type A2

type B2

type C2

type D2

type A3
type B3
type C3

type D3

~a("y 2 APO(%)

BC. BC

(x »um)

PA (y nmi)

connection
of side line

20

20

20

20

25

25

25

25

30

30

30

30

80

90

77.5

90

75

90

354

354

381

380

354

354

394

392

354

354

410

406

177
177
177

166

177

177

177

160

177

177

177

153

* () : connected, X

: disconnected
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Photo 4-1. The measuring of the shape change of canvas.

- 102 -



WEE A7 el PEsE wEE wosa 1wl oel vE WES
Ao AAT B, PEe F @Y 54 2 FE0) we YPass 23

| e g
4-60] FEPA L) Fig. 4-49) 7ol @7 2004 R&e] WE AARAS ¢

O

-3}® EAS Fig. 44, Fig. 45 % Fig.

o] W3lE B, 02m/solA Al&o] 10524 714 3 2 th&og Bly
C13, D1E 0]} A13S 2 04 m/s71A 9atAl 7287 1.0 mfs
7b2 091 AFel meEghe dehiduh BlEe AR 23 2L e #
2&m A1E 3} o} ul3t d'loddrt. Cl18E {4 02m/sollA] 06302
742 Agton) HH A F45 1.0m/solME A% BEO F @S vt
Wtk DIge Q133 Aol SAbsk 1 ke FF Feth Al Bl, Cl, DI
B RE H& 05misolAdE o7t A2, 06 m/sll e <k AA JdERE

)AL FHY FXo|N Lo WE S Ee Zylxr WEe ¥oko] Wy

t}
w2 FEAF Cpe WEs 29, 02m/sell A1E o] 065

24 7% Ar 1 geoer B1E, D19, 18 otk Al%e /% 03

103 -



m/sHE 10 m/s7tA) 042 Hx o] =g gho]l vrdwith B1E2 AlgERY
Z2g A& 030 guel g gho] vegted, 1% 9 DIFE #4 02
misol A 9F 012 7bg Askont A AXHM 75 1.0m/solAs C 3 vt
WA= A1gE 9 B1E Y $3F 3#S JeERli ok Al Bl C1, D19 2% &%
o] Walo] whE A TE Ao YA AT

S Wale] w2 gEHle C1¥o] 71 =4 Jveygy 2 gsoeg DI

& Aol miste €& FE A%

99‘5
jws]
a—
9&?&
e
—
ot
&
s
2
u
pau
rlo
@]
—
of
0
=

o
[
<1t
Jo
b
o
N
g
3
=,

2wk Cpe ol Aty wFolth Al, Bl, C1, D1
HE AT AlFEte] 1 o|F & F7he Aot Frbe AAR & HEte
AT

Fig. 459} o] <z} 257 oA {-&oll w2 HAMEAS C o HIE BH,
0.2 m/soll ¥ A28e] 11084 7} #H3 2 gz B2y, (2%, D28 o
Rot 05m/s ol FFE T A2 B2, C2&-& ghol wlzzs| Tk wapM ¢
hola]l AZ, B2, Q28 BT gle] Aolx #7] wiiel 1 $EE 7] ol
T} Al, Bl, C1, D183 w38 5% §£ 05 m/sllMeE 37 24, 06
misoNMe 2 AA eyt

T, frEel ohE AT Cpel WSS WR, 02mfsel4 A2ge) 068

s

ro
4
I

24 A& ZAn 1 ogeR B2, (23, D28 folddth A2¥e f< 04
misHE 1.0 m/s7hA) 054 A% 8] Wl gho] vehth B2 Q23e

%
0.5 m/s5E 1.0m/s7+A] 242k 0.5, 035 Bxe] Al v ¢& 7HA™ A9

- ]04 -



Hzhot gl D2EE frdo] MBS olF xa Frhehs R3]

H450] Wislo] w2 dEu= D23e] 7h A vekmal S USo® 2
g, B2¥, A28 eolsidh Wl 2w oA fdelA i) gle] Ao I
Zro] SAEYTH L e D23e ok 257, (28 oF 239, B2& o ok 1.81,

A2E L oF 162 HAX o

s
[‘_;_.

Fig. 4-67 o] g7} 30° o)A f-&oll e FAs/pdASs C 2 #lss 5w,

02 m/soll Al A3Fe] 1.142 A4 713 1o 1 tLo g B3E, C38, D3E =9l

r..l

Qo) 05 m/s7H A ¥ C38, B33, D3 woldx o] F 1.0m/s7HA = C38, A3
&, B3y, D38 wolduk Wb ¢, o 20elA A3, B3, C3¥ EF o] Aol
s A7) gie] 2 $g4S sheEly] dddsith ¥ ode ZyH opdvbAE 2
T K4 05 mfsol M= kg AA, 0.6 misolAe o FHA vebunh

A, fr&e wE FdEAF ¢ WHEE W, 02m/soAM A3¥ ] 110

o

ozxM 7 Zx o thgeg B3y, C3%, D3F Foltk A3EE 745 0.
misHE 1.0 m/s7HA 0.68 A 523 Zhe] Yelstth B3y # 332 {%
0.4 m/sHE 1.0 m/s7hA] 05 Hx o] Ao v%8 ghes 7Hv A Wzt gl
Ak D3 {40 WMEFE olF Zu Friste sidoith
fe] wsle] wE gnlE D3Fel b g dehdy 7 thge s C3
&, B3®, A3% #oldldh o 23 2% A 004 ws} glo] Ao dAF
&

o D3l oF 220, C38 2 <o 192, B3E & oF 1.63,

105 -



olu}gt AME uieloZ Aldla] D37tA 127bA] &S zEd S1Eo] i
Az A 49 F FEF AFS e Ador dave 2Ee od
i ogro]l AulE 4= slvh ¢, L Gz 200 wie} 3002 Wit Aol a2k ule)
A ekaknl 2 ardst ozt 200 we]l Jdo] o1 giol ARg BEAEA ¢
Adwsit AU =, 2 SolME ol shE & C1de) 7 £8 Aotk &

=
), C131& WEe| & o] ol el A AR o] glo] AuAE TL A

- 106



1.5 type Al
type B1
--=--type Ci
type D1
10 -~
0.5
0.0
0.0 0.1 02 03 04 05 06 07 08 09 1.0
1.5
1.0
[
&
0.0
00 01 02 03 04 05 06 07 08 08 1.0
80
7.0
\.
6.0 S,
\-
s}
O 5.0 \.\
— 4.0 . N L
© 30 e T
2.0
1.0
0.0

00 01 02 03 04 05 08 07 08 09 1.0

Flow speed ( m/s)

Fig. 4-4. The efficiency of the triangular and the half-conoid canvas
in accordance with flow speed(a=20").
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Fig. 4-5. The efficiency of the triangular and the half-conoid canvas
in accordance with flow speed(a=25").
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Fig. 4-6. The efficiency of the triangular and the half-conoid canvas
in accordance with flow speed( a =30").
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Table 4-2. The camber change of canvas by the flow speed

model camber, q(mm) camber, d(mmn1)
type  02m/s 06m/s 10m/fs 02m/s 06m/s 10m/s
AT 1167 1993 3365 i .

Bl 12.39 2596 34.72 7.76 12.36 16.20
1 47.29 65.93 76.36 - - -

D1 50.45 63.75 73.38 - - -

A2 1822 2553 3487 - - -
B2 20.28 26.67 35.60 8.82 13.34 17.31
C2 84.47 86.49 88.32 - - -

D2 82.67 84.84 85.61 - - -
A3 2399 %79 3656 - -
B3 26.35 26.44 37.23 9.99 13.85 17.89

C3 97 .61 98.53 99.89 - - -

D3 94.72 95.69 97.12 - - -
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Fig. 4-7. Continued.
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Fig. 4-8. The connective method of the canvas kite and the net.
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Table 4-3. The comparative table for the efficiency of the canvas kite.

projective

diameter total total

model case of float E?Tlgzi o?rlf?te l;‘;n;?tir lift force drag force
(m) e keh  (kgh
fIO;;T)"rE)TW M 024_ N 20 - - 88.93 81.29
type Al 0.28 4 0.16 3 104.43 57.38
type Bl 0.28 4 0.16 3 94.78 48.56
type C1 0.08 10 0.16 5 105.74 35.36
type D1 0.08 10 0.16 5 10184 3518
type A2 0.34 4 0.16 3 127.35 79.82
type B2 0.34 4 0.16 3 124.22 74.33
type C2 0.08 10 0.16 5 120.83 52.64
type D2 0.08 10 0.16 5 100.31 4217
type A3 0.42 3 0.16 2 120.18 75.03
type B3 0.42 3 0.16 2 115.76 65.93
type C3 0.08 10 0.16 5 136.36 73.54

type D3 0.08 10 0.16 5 96.12 47.43
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