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Study on the Design of Towed Body System for Continuous Water Sampling

Yuki TAKAHASHI”, Yasuzumi FuiMoRrI?, Keiichirou SAKAOKA”Y, Yutaka WATANABE? and Nobuo KIMURA”

Abstract

A seawater sampling system using underwater towed body was developed to obtain the water continuously. The system
was composed of two towed bodies, which are vertically linked each other, to sample water in different layers. The range of
towing speed and target depth of the system were planned as up to 5.0 kt, and 10.0 to 20.0 m, respectively. At first, hydrody-
namic characteristic of the towed body was examined using CFD analysis, and then the towing depth under the planned speed
was predicted dynamically.  Finally, the validity of the towed body was confirmed at sea experiment. In the sea experiment,
the depth of each towed body was measured changing towing speed on both conditions with hose to pump-up water and without
it. The depth at the case with hose decreased by about 60 percent to compared with the case without hose. The depth of the
lower side body with hose reached 20.0 m when the towing speed was 3.3 kt. Based on these results, it was estimated that the
towing speed to attain the depth of 20.0 m will increase to 5.0 kt by decreasing hose diameter from 18.0 mm to 8.0 mm, or

increasing each body weight to 150.0 kg.
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Fig. 1. Towed body system.
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Fig. 2. Towed body used in the system.

12650kg & L, WMLT A V¥ —IZEFED 120mm, KAHE
7 0.0865kg/m Db DEFHRE LTz

RAAD CFD £

Bk

RIEDEK T T IVNZDNT, FARENT Y 7 » ANSYS
CFX (Lvais et al., 2006 ; Chul hee Jo et al., 2012) % JJ\»"C CFD
MM 24T\, B, M B X OEHit 2 EE L7z Bk
E 77V |Z1d SST(Shear Stress Transport) €7 )V % 72, 3
WICA v ¥ 212 4 TR Z v, WHUAROBPIZ A v ¥ 2
B EILT2e F72, Ay aBidf4s HTh o7z,
SHEEAEIIE 8.0x8.0x10.0m DIE kL L, ZDHuMIET
HETHEFIVEERIET S (Fig.3). BREMGEELTET
JVEETIEE Y 4k Noslip) & L, FfAOHRAEEE 1.0
~6.0kt OFEFH T 1.0kt HIZZAL & Do S IEAR
JE% 0.0Pa, JiEA, WEHILIZEFITS 2 BIS: & L Ot
JE% 0.0Pa & 3 %, fEHIARIZAKNE25.0°C, %% 997 kg/
m’, KSR 8.899x107 ke/ms,  BhRLTELREL 0.893%10° m¥s
DR ET B,

LS

TR OHEERE R % Table 1 1R U720 BERY AF1)72
WHARICEL T, WINORESIIZBWTHHIL O
SEMEIL 24 LLEORE ARSI, H12k L Thiid
LA BNT Ve T2, WEAH T &R
K&L, PFUIREBD/NS S ol HBPULIERIEL & &
DI L 723, ZOMINRIIE A ISP LTz, B
FEIE025m & 0.50m OFEFIVCHET 5 &, Foiilt



G S - BRI RAAEDRIZEZ B A 7L

Side view

Inlet :
1.0-6.0 kt

Opening :

Relative pressure 0.0 Pa

—
No slip

> Outlet :

Relative pressure 0.0 Pa

Opening

Fig.3. Computational domain and boundary detail.
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Table 1. Estimated hydrodynamic characteristics of the towed body.
Wing Flow velocity (kt) ~ Drag force (N) Lift force (N) Drag coefficient Lift coefficient Lift-drag ratio
None. 1.0 0.85 - 0.6269 - -
2.0 3.18 - 0.5882 - -
3.0 6.93 - 0.5701 - -
4.0 12.02 - 0.5557 - -
5.0 18.33 - 0.5425 - -
6.0 25.78 - 0.5300 - -
L=025m 1.0 1.96 4.74 0.6403 1.5473 2.4164
2.0 7.62 19.06 0.6210 1.5539 2.5024
3.0 16.83 42.88 0.6097 1.5538 2.5483
4.0 29.42 76.24 0.5995 1.5538 2.5916
5.0 45.37 119.22 0.5918 1.5550 2.6278
6.0 64.78 171.83 0.5868 1.5564 2.6526
L=0.30 m 1.0 221 6.54 0.6490 1.9168 2.9534
2.0 8.61 26.20 0.6314 1.9212 3.0428
3.0 19.05 59.00 0.6209 1.9227 3.0968
4.0 33.31 104.91 0.6105 1.9231 3.1498
5.0 51.47 164.02 0.6039 1.9241 3.1864
6.0 73.67 236.27 0.6002 1.9249 3.2071
L=0.40 m 1.0 2.83 10.27 0.6914 2.5069 3.6257
2.0 11.06 41.17 0.6752 2.5131 3.7222
3.0 24.57 92.70 0.6666 2.5149 3.7726
4.0 43.30 164.88 0.6607 2.5161 3.8080
5.0 67.20 257.73 0.6563 2.5171 3.8352
6.0 96.25 371.06 0.6528 2.5166 3.8551
L=0.50 m 1.0 3.50 14.13 0.7314 2.9555 4.0411
2.0 13.72 56.64 0.7174 2.9614 4.1279
3.0 30.55 127.56 0.7098 2.9640 4.1756
4.0 53.89 226.94 0.7044 2.9662 42112
5.0 83.64 354.80 0.6996 2.9679 4.2421
6.0 119.66 511.15 0.6951 2.9693 42717
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Fig. 4. Streamline around the towed body.

Fig. 5. Equilibrium of force on linear element.
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Fig. 6. Schematics of prediction method of towing depth.
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Fig. 8. Actual equipment of the towed body system.

Table 2. Experimental condition.

Towing line length (m)

Date Condition Towing speed (kt)
Length of L4 Length of L),
2010/10/23 Without hose 25.0 25.0 1.0~6.0
2010/10/24 With hose 25.0 25.0 1.5~7.0
2010/10/25 With hose 25.0 25.0 1.0~4.0
2010/11/04 With hose 32.0 25.0 1.0~5.0
2010/11/05 Without lower body and hose 32.0 — 1.0~10.0
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& CHAVROREE 2B L Tz, HE LRk
HALHEE 5.0kt 12 BT, TERAMEDEEA 200m |2
ELZDIFIR—AZFE280mm I L72E X Tho770 F77,
R AR RGOS (9.0mm) 125 &, K47kt THEREE
WHEMD 200m 12E L, £EIEOETIVLD 15kt #
WHALERE T TE 5 &0 ) fEETE S N7z,

RO

AR—AfE% 180mm & LT, WHMEERE%Y 500kg 7225
2000kg ¥ TELESEGEIZOVTY I 2L —Ya vk
fTo7z0 MiAERELZLSELHAEDY I2L—T 7
VR Fig 12 1R L7,

Ylalb—Ta VRIS, R ARELLSEY
BB L CHERREOMMIA SN o7z F72,
AR T RS 100.0kg O & % 40kt, 150.0kg D L % 50kt
THREN200m (2#E LTz, bEhs, S—2AFE2%4
AFICS0 TEAL L) 95 & &, HERORHUE

Upper 15.0m 10.0m
200.0 ‘

150.0

50m

100 0
—_~~
o)
v
N
>
°
o)
2 550 |
o
3 50
3
2 Lower 400m 350m 30.0m 25.0m
%5 200.0
B
z
D
=

150.0

100.0

500

00 10 20 30 40 5D
Towing speed (kt)

Fig. 12.  Simulated towing depth with speed where the weight of
towed body is modified.



ok K E

(65.0kg) D) 23 FEDFHEAWEIZE VR Do

&

il

RIFFEClE, HRAVROEENC CFD AT & v Cid) 72
WHATEIR ZRE L. $72, VAT LA OEEHE, <
& D LI LRI & 20 REBRZ TV, BRAKH BAL
Ky AT DRSS DI ENMRZ, AT, b
WK D 72D EHEFMICOVWTTy Ialb—Ya vy
2T o720 FORER, F— AR5 80mm |2, RATKE
B 5 150kg 12§ A2 &T, 50kt TRALL A5 FEH
Witk HEGREICHHES S L 2 EDHED L v fEED
Bmensz,

AWFEIZ BT AR RS AT 40%, fEICEA
TELIELRMELTNDLD, EEIGERD 2 HLLLE
W25 2 83 E L v, UK LA — AR ZSE
THYE, BE80mmIZTAHI LT, BEOERNT T
ASE L 7o K HRATREE 5.0kt THEERE 285 2 EASTX
%o L2L, K—AFEZ/NESLT 5 EBREONED /N
S %5720, WKEOBRIPEREING, 5%, &
TERRKEAERBLC, WMRLZTR-AFELHMLT5
HBHVIIR— ZADM|MPLE T 5 LHREITH 2 LT, &
) B BRI EAE Y AT 5 DIR_FEERITo TV T
ETH Do

i B

W B FEERIC ST\ 72 720 22 AGHiEE R SRR i
MTBL AN OFHEIZ U ORREAITE ST 5o
B, RUIRIIEFEEE R 4 Rk (A) 22241001) [ iff
FHEORNRH T 4 — KN 7 3 A7 5 LW IR
M3 205 o—#e LTiibhiz,

e

# O 64(1),2014.

X ik

Watanabe, Y.W., Ishida, H., Nakano, T. and Nagai, N. (2005)
Spatiotemporal Decreases of Nutrients and Chlorophyll-a in the
Surface Mixed Layer of the Western North Pacific from 1971 to
2000. Journal of Oceanography, 61, 1011-1016.

Watanabe, Y.W., Shigemitsu, M. and Tadokoro, K. (2008) Evi-
dence of a change in oceanic fixed nitrogen with decadal climate
change in the North Pacific subpolar region. GEOPHYSICAL
RESEARCH LETTERS, 35, L01602.

Watanabe, Y.W., Nishioka, J., Shigemitsu, M., Mimura, A. and
Nakatsuka, T. (2009) Influence of riverine alkalinity on car-
bonate species in the Okhotsk Sea. GEOPHYSICAL
RESEARCH LETTERS, 36, L15606.

SRIEH - SLH B R (2002) v ¥ 70— UK
EFRPIHERE 12 BV B i L AT A (N,0) DZEE). i
FET 508k, 49, 1366-1370.

REPE—HE - ZHES - HIE B - REPHEE - HA A -
FRIFFE . (2010) ZKEREIZ BT B mbHEE 2 K SRR A
12 & B ik s s oW E, HRSSETCE B2 (i
£ I5), 66,961-965.

TR IR IE TS (2000) #7772 M2 K2R D BSES.
IRERIE AL, 23,238-242.

Kaneko, A., Gohda, N., Koterayama, W., Nakamura, M., Mizuno,
S. and Furukawa, H. (1993) Towed ADCP Fish with Depth
and Roll Controllable Wings and Application to the Kuroshio
Observation.  Journal of Oceanography, 49, 383-395.

AT - REPERGL - BFIERS - KEFNG - S RIL -
HEH R - BEEAE  ER RS - e - B &
HRFE— (2010) ¥4 FAF v v F—%He7zpig b
0=V > IS HRERMREOHIE. HAKRE, 76,
658-669.

Thorpe, S.A., Hall, A.J., Packwood, A.R. and Stubbs, A.R. (1985)
The use of towed side-scan sonar to investigate processes near
the sea surface.  Continental Shelf Research, 4, 597-607.

Lavis, D.R., Forstell, B.G. and Purnell, J.G. (2006) Compact
Waterjets for High-Speed Ships. 5" International Conference
on High Performance Marine Vehicles, Australia.

Jo, CH,, Yim, J.Y., Lee, K.H. and Rho, Y.H. (2012) Performance
of horizontal axis tidal current turbine by blade configuration.
Renewable Energy, 42, 195-206.

A R (1994) BT 03ERE. BGUKEERT.

FAHEGRZ (2001)  EMEEE Rl

ANRINE - LR (1989) A AR O IES) & {7 18 il 5.
EBEREIZER RS - 6y YR RY Y A, 11-152.



