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Fig. 1 Otter board model and its structure parameters
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Tab.1 Structure parameters of otter board models
TIPS

Olﬁ:fﬁf g Eaii et'ét’l fir ﬁﬁﬂg M 3wy cim B s/
number  ratio: A g;g?gri span: L chord: € area §
1 0.4 16° 0.31 0.77 0.24
2 0.4 19° 0.31 0.77 0.24
3 0.4 22° 0.31 0.77 0.24
4 0.4 25° 0.31 0.77 0.24
5 0.5 16° 0.35 0.69 0.24
6 0.5 19° 0.35 0.69 0.24
7 0.5 22° 0.35 0.69 0.24
8 0.5 25° 0.35 0.69 0.24
9 0.6 16° 0.38 0.63 0.24
10 0.6 19° 0.38 0.63 0.24
11 0.6 22° 0.38 0.63 0.24
12 0.6 25° 0.38 0.63 0.24
13 0.7 16° 0.41 0.59 0.24
14 0.7 19° 0.41 0.59 0.24
15 0.7 22° 0.41 0.59 0.24
16 0.7 25° 0.41 0.59 0.24
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Fig. 3 Computational grid partitions around the otter board at the angle of attack of 37.5°
(a) local grids; (b) grids around the otter board.
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Fig. 7 Flow field distribution of No.13 otter board at different angles of attack
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Fig. 10 Surface pressure distribution of No.13 otter board under different heel state at an Angle of attack of 37.5°



764 [ K R R 2

5 29 ¥

T R

0?598 0.604 0.61 0.616  0.622  0.628

X Wi velocity:  0.58  0.586  0.592

Bl 11 135 MM 37.5°0 A1 N ANl N SMI 1AL 37 43 A
Fig. 11 Flow field distribution of No.13 otter board under different heel state at an Angle of attack of 37.5°

AR FE A A s, AR SCE R BIE T X — WA
AT I i 26 TR AS B LA (Y S5 M S H R T AR
LA . A — LE AR ZE R X AR K 3h g P fE
VAR SR RS A —E 0, i, AR Dk |
Gotse . BOENLIL . SRR LSRR 1EM
73T 7S IFEEE T A D G BN S S
B E O, AN BE S R Al 14 1 7 Hh o A B
OHEA, SRR TAER & AEBUR, BT MR
7K 3 1 R B R P AR SR A Il it
o, b TR R AR eh i I 2 SR B R AR 9K
PERE. Y2 WA . FAHRYTKIT LR AR A B =
Ty SEAAE R —F T AR g, B B A
B A 40 B0 RIE AR I, R A R A b R AR 2
B, It HAR 5 A T ALK A, ARt B
32BN o AN S I B UL X AN [R] RPIR 25 1
PR 1 7K 2l 3 PR REREAT BN 7 B o I IR i
Gy oAl IR, RO A A (BRI IS 760 3B
LR MR RE A EE R . ESLBRAE I, ]
LA AR (8 45 R E AT B, AN T 4 w2 i
M, ok oo st T ] L A9 2, i/ 1 Al F) BEL T

ST AR 4 R PP
32 M TIEREXREERN I

WM AT R A2 B B 5K T . Tk 1. AR
UL IR EESE T1 % 2A- JIWE R o AR Al
(952 J3 A3 A A A FIARAETE 6 4> i Y 7532 5|
SR Iy SE I, MR A REAS E OB AR AT RE A A A
FEMARY, FTRE T AR DR, 52 mm AR FROE -
fin, AR A A 20000 )5 MR, AR BE ) B
43.25 N ZE i 24.32 N, I8/ T 43%. [FIEF, T+ 708
DT A49%, JIHE RELAEXHEIE N T 166%; M AR
R AUARE R S R 37 B 360 g T % TR ) AT AR 2
o, B FmAEA R, MRG0 RS
BEBTAE A B SR A T T . AR R A LR,
WCAR T K 5 AR % T e F RN s st TR, Pl
J5 5 T PR K U R T RS i A R
ZERH Ty, B A A 00 38 0 T RN, AN
ANT AR 95K T, A (A5 X A i TR A
32 1A, FBOT WA 7 e i I #8554
HONEESE, FT0T ARV, AR5 W,
IRR] A 3608 5 TEE 7 g s 9 e 06040 1140 485 DR 528 ¥ 1) 19 i



i 51

XSS BURPIRZS XS V2 R K 3l 3 S B S 5 Ak 5 0

765

JEJI/N pressure JEJI/N pressure
92 s 92
81 =3 81
70 \ 70
59 59
48 48
37 37
26 26
15 15
4 4
=7 VA -7
-18 -18
-29 Y—.l:‘\ X 29 X
—40 —40
JEF1/N pressure JEJ1/N pressure
94
82
70
58
46
34
22
10
-2
-14 4

JEF1/N pressure

94 =5

71
-59 V4 -59 z

60
=76 =76 l
Y
\%/X y

43
-93 93 X
~110 ~110

JEF1/N pressure JEJ1/N pressure

P12 135 WAk 37.5° 0 A T AN IR A 2 1 s g 43 A1
Fig. 12 Surface pressure distribution of No.13 otter board under different tilt state at an Angle of attack of 37.5°



766 [ K R R 2

5 29 ¥

X Wi velocity: 058 0.586  0.592

0.598 0.604  0.61 0.616 0.622  0.628

K13 13 5 Mt 37.5° kA T AN R i Y i 3% 7 A
Fig. 13 Flow field distribution of N0.13 otter board under different tilt state at an Angle of attack of 37.5°

KA B AR, T U I R N, 0
BT WA 7 e RS S I 0, 2 B I 1 fi A
B2 R T AR B RS E AT K . 3l At AR SO
UL 285 SR AT 4 B 244 AR e A A Ak st I Al )
b kAR, (A R R s . AR
L, HRADREEE A, oA B Mk
S0 DA P AR AR R, T R AN A AU S T
S AL PERE e SE RS R vp, e
WYY . BLAN IS5 . AL m =
PR S D R M R R | R I AR A
BRRIRES, AR win i ek TR, MR
A g

VB AR 19 T AR M — A 37°~42°, i Ay
ANKTF 5211 PN M LA - 58 4 14 i aod ¥ S 1) s 1
U9 i 8 B A1 g S A A, T b oA
O 2 K 5 e 2 T A P2, 2 A A
T b, DL A 2000 JE IR, AR 3
1R o R 22 KT B R A1 2%, 1T i ol oA A0 AR
PR 35K 10N = A S T B T, e AR
W2 BN AR TCMAPIRES; M, TAEMMKRT

It B e IF, SO TAD b T P TR O 2886 R, TR
Jrvha i M wAS, 7R e R 2 T R R
{8, Fir Lk R0 A A T S A 14 A w2 e i R A
ke s e BT, T 7 9 M 32 497 4 % 8 99 A
20 [ 45 0 10 07 B AT A AR 3 IR AR R s i A
T P9 Al L 4 [0 245 a0 0 A i 2 39 i — B IR il i ¢
B4 = A R E TR, ORARIER AR R E
33 HERBIHMRAKE NIRRT E
VI AR R JER 2 3 I A, R JER TR R T
P i A P BB Y — N E 2N R, A R Al A5 TR oA
HARI R JTOGS AR Y B 45 LSRR 55 o A 1Y
P AL, A [R] PR TR T I 28 2 25 I P £l
BT A AN A FE I, A0t 4 6 i 2 2 AR Al e
RFEIHIRE Sy, A7 R 5T W Al 2 Ta] Y JEE 44 il 42
Xk P AR A A AR ZS AR BE I SRR R . 2016 4F Jun
AZ T CATIA B T 19 M 5 V38 2 i F
HAEM, BEEH R B0 R A A AR
K& VLR IRBER A Bt e R RS A R o
SERE R, vhAfy A T AR B AR 2 5 T ) A
A1 0, T Al 5 98 TS B 426 fish v, Bl T A



i 51

XIS AT ORI ZS XS V2 AR K 51 0 ] Rl 3 5 AE A 52 i) 767

JRE A% Ml i s D, G 42 ik A 3, AR 1 P 1
YEFI 7450 . 2020 4F Y ou 2512306 A8 [ 2 50 ™ M A
ANFEKIZ WK sh I PEREREAT T LAk 5, ek i
FEIRZVE N T e AR R T 0 AR o % v T 7 Al
RS RIS T IR 5, 8 ad KR a9 A L S AG:
5 T IARAERD A I B AR PR RE, S5 R EOR,
WO T A IR A T JEC 6 DAl B R Pk
B o AN[R SR R IS T X2 XoF DA P ol R 25
B AN TR A S2 IR, BF XA TR) B e B 2R 1Y, Xt kY
MHEAT AR 2548 T i Ak T LK R 5 i v LAl
PERE . A8 SCHEIR S0 B 25 S8 T JRCJZ 7K % I Al 7
RERZ M, BRAEL T AR A A il 8 = A= S ) i I
PR AT S X6 X Al K 2 0 B R i, 56 B T DA
FEE VA A SR A SR S5 X IO AR e S i 24 gy P
T 22— B X Wi A A 06 BLRRAE (485 SR 1 R
T2z, BRI AERE . R | 2 mDRDRE B LK RUE
Fa8 £ i 2 SR 25200 ARt A% BT /N G 14
FE AR RS E DL R 4 SR R TRl 2 X AR
UGS FAFAE—5E M2, (S R e A R 4,
2= 2L 2N oK R 43R 3 AN DI, v ) DX J R A
5 SRy WA 00 DX 35 D) A 8 R 1 — A3 AR SR R
e gy =, % AR RN K A 43 00 1 AN TR ) A% K
AN, RN BT I AL B, A, CRX BAT A%
R MG B . SRS B = A0 A, 155 AR
WA 37, T50 AR A T R, T BE EL R
B T Fluent BEAHIIEE Y . R CFX I
Fluent HH45 & 10 75 Bl 0L i 1) PR BE, K 2315
P AERT RO LS . ROBRAFFT P 0 FE B i AR 1 32
A Readlizable K-¢. #rifE K-o. (SST) K-, H:H
Realizable K-¢ fE /7 BN T —AN %A%, fHifS1E
TS AN TS BRI AE B bR K0 5
JET /N ECRBY Y)E,  JU AR b B RE IR [n) A
FHEMEHBE, VRGN . FAEZE hN H
R, (SST) K- BERIZE ST K-co BRI 11 L2
RS BN K-e AR 378 1 01 AR/ I8 ) 5
XFRBGHAT TAEIE, 350 T % 9l Fps B K o0 15
B B R UK B . Fluent K b i B A
SIMPLE. SIMPLEC #1 PISO, 5% 2
SIMPLE #il SIMPLEC., SIMPLE % & 4 #iin 78
BIE, M SIMPLEC 5 SIMPLE & 4H[H, Hi&ek

THIMEIEIR RE, bk TSGR

T AT AR LW T AR K Bl ) e Y —
FiFF-Be, W1 LAY A8 (10 005 1) o Al S L) i 245 43 A
R KR B 25 R A A SR I PR SE R B . H R, W]
AL T i A BB AL . 2R 4R0L . AMIE D
K oKL 1 1 4% I % 1 (particle image velocimetry,

R H B AT AL
S 3 Hk:

[1] LiuH W. Study on hydrodynamic behavior of the bat-wing
otter board[D]. Dalian: Dalian University of Technology,
2018. [ XN 7. W 3 e 0 A 1) 7K 2l 0 R RIS [ D]
Kt RIEBT R, 2018.

[2] LiuzQ,XulL X, Tang H, et a. Hydrodynamic performance
and around flow field of biplane-type otter board with dif-
ferent working positions[J]. South China Fisheries Science,
2020, 16(2): 87-98. [Xlakie, AWk, B, 45 KR TAE
YA Sy SOOI T ALK 3003 K o PR P 5 .
MK FERRAE, 2020, 16(2): 87-98]

[31 Jdun C W, Sohn J H, Park S H. Effect analysis of design
parameter of trawl door by considering interaction with
seabed[J]. International Journal of Precision Engineering and
Manufacturing, 2016, 17(11): 1515-1522.

[4 Sun M C. Marine fishery technology [M]. Beijing: China
Agriculture Press, 2014:93-100. [F)i# & . O F AR 2=
[M1Ab5: Ol H Rt 2014:93-100]

[5] Zhang X, Wang M Y, Xu B S. A Primary study on type,
structure and performance of trawl otter board[J]. Journa of
Fishery Sciences of China, 2004(S1): 107-113. [3kilh, EH]
B, A, HRRAR A S5 S5k Re R 5
JE[J. HEKFRE, 2004(S1): 107-113)]

[6] LiuJ Huang H L, Chen S, et a. Hydrodynamic character-
istics of low aspect ratio vertica cambered otter board[J].
Journal of Fisheries of China, 2013, 37(11): 1742-1749. [XI|
fa, wukss, BRb, S /R Ry = T AR Y K 3l
PEBELT]. JK7=244R, 2013, 37(11): 1742-1749.]

[71 Baash C, Sterling D, Broadhurst M, et al. Hydrodynamic
evaluation of a generic sail used in an innovative prawn-
trawl otter board[C]//Proceedings of ASME 2015 34th Inter-
national Conference on Ocean, Offshore and Arctic Engi-
neering, May 31-June 5, 2015, St. John’s, Newfoundland,
Canada. 2015

[8] Chu W H, Chen G, Ye X C, et d. Hydrodynamic perfor-
mance and structural response characteristics of the double-



768

Hh K R

% 29 %

(9

[10]

[11]

[12]

[13]

(14]

(19]

[16]

(17]

slotted vertical cambered V-Type otter board[J]. Aquaculture
and Fisheries, 2020, 5(4): 201-209.

Liu H W, Zhao Y P, Bi C W. Numerical simulation on
hydrodynamic performance of rectangular otter boards with
different aspect ratiogC]. Proceedings of thel4th National
Symposium on Hydrodynamics and the 28th National Sym-
posium on Hydrodynamics (Volume 1), 2017. [X]Z:4H, #
=, S, AR LR HTE P AR K 3 ) M Re Y
BBl 2017[C). 5511w 2 EK ) ) AR U B
A /NEEEK SN AT S SCE (), 2017
XuQC,HuangL Y, Li X S, et a. Parameter optimization of
a rectangular cambered otter board using response surface
method[J]. Ocean Engineering, 2021, 220: 108475.
XuQC,Huang L Y, Zhao F F, et a. Study on the hydro-
dynamic characteristics of the rectangular V-type otter board
using computational fluid dynamicgJ]. Fisheries Science,
2017, 83(2): 181-190.

Li C C. Preliminary study on the hydrodynamic performance
and numerical simulation of a V-shaped otter board[D].
Qingdao: Ocean University of China, 2012, [Z542. V £ M
oK I VEREMEUERAURI A WIFE[D]. 5 8 T EETE
K2, 2012

LiuzZ Q, XulL X, Tang H, et a. Hydrodynamic performance
and flow field visualization of hyperboloid otter board[J].
Journal of Fisheries of China, 2020, 44(8): 1360-1370. [Xl#
o, VEMIRE, R, S SR T AR K 3 EE R
T AALAIESE ). K P=244R, 2020, 44(8): 1360-1370)]

You X X, Hu F X, Zhuang X, et a. Effect of wingtip flow on
hydrodynamic characteristics of cambered otter board[J].
Ocean Engineering, 2021, 222: 108611.

Shih T H, Liou W W, Shabbir A, et al. A new ko eddy

viscosity model for high Reynolds number turbulent flows[J].

Computers & Fluids, 1995, 24(3): 227-238.

Li CC, Liang Z L, Huang L Y, et a. Hydrodynamic study
on a vee type otter board of small trawl vesselg[J]. Marine
Sciences, 2013, 37(11): 69-73. [ZE4HH, ZRHRMK, #N—,
& NBL BN VAT V TR RIAROK S I PHERERISE ). R
2%, 2013, 37(11): 69-73]

Wang L, Wan R, Yu W W, et a. Research on performance
and application of otter board at home and abroad[J]. Fishery
Modernization, 2021, 48(1): 16-24. [¥£&, JT5¢, KEE,
S5, Hu R POAR I RE S E A RIS E IR L] il AR,

(18]

(19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

2021, 48(1): 16-24]

Wang L, Wang L M, Feng C L, et a. Influence of main-
panel angle on the hydrodynamic performance of a single-
slotted cambered otter-board[J]. Aquaculture and Fisheries,
2017, 2(5): 234-240.

Guo G X, LiuT Y, Huang X H et a. Theory research and
practice of the hydrodynamic of otter board[M]. Guangzhou:
Guangdong Science and Technology Press, 2008: 34-40. [5
MR, XIIRI, B/ME S 3P AR Eh J) 2 E e oY 5 56
BR[ML N )RR R, 2008: 34-40)]

Zhang X, Wang J H, Wang M Y, et a. Hydrodynamic
characteristics of rectangular cambered V type otter board—
I : Relationship between cambered ratio of fairwater fin and
hydrodynamic characteristics of otter board[J]. Journal of
Fishery Sciences of China, 2004(S1): 5-8. [Fkih, 3%,
EWE, 5. B VIBIE MK s R — 1 &
AR 25 FAK S I PEREROC R [, P EK R,
2004(S1): 5-8]

ChenY L, Yao Y M, Zhang Z M, et a. Numerical analysis
of amid-water trawl system with a 6-DOF otter board model
and seatria verification[J]. |IEEE Access, 2018(6): 68429-
68439.

Xu L X. Theory and Design of Fishing Gear [M]. Beijing:
China Agriculture Press, 2004:132-144. [{FMIffE. o B35
St M]. deat: shEgOll di i, 2004:132-144]

You X X, Hu F X, Kumazawa T, et a. Performance of new
hyper-lift trawl door for both mid-water and bottom traw-
ling[J]. Ocean Engineering, 2020, 199: 106989.

Wang M Y, Wang J H, Zhang X, et a. Hydrodynamic
characteristics of vertica V type otter board[J]. Journal of
Fisheries of China, 2004, 28(3): 311-315. [, T4k,
sk, 4. eV oI AR K 3 HEREL]. KR,
2004, 28(3): 311-315)]

Liu Z Q. The hydrodynamic performance and flow field
visudization of mid-water otter board—taking the biplane-
type otter board as an example[D]. Shanghai: Shanghai
Ocean University, 2020. [XI:&5%. )2 M4k 3h 1 6E
T PTG — LA S Ut v R AR I [D]. i I
TR, 2020. ]

Mellibovsky F, Prat J, Notti E, et al. Otterboard hydrody-
namic performance testing in flume tank and wind tunnel
facilities]J]. Ocean Engineering, 2018, 149: 238-244.



5% 54 XIS AT ORI ZS XS V2 AR K 51 0 ] Rl 3 5 AE A 52 i) 769

Effect of tilt state on the hydrodynamics and surrounding flow field
characteristics of V-shaped otter board

LIU Jingbin®, TANG Hao>%%*° XU Liuxiong™%%*°® LIU Zhigiang, ZOU Baigiang’, CHU Wenhua"

1. College of Marine Sciences of Shanghai Ocean University, Shanghai 201306, China;

2. Key Laboratory of Oceanic Fisheries Exploration, Ministry of Agriculture and Rural Affairs, Shanghai 201306, Ching;

3. National Engineering Research Center for Oceanic Fisheries, Shanghai, Shanghai 201306, China;

4. Key Laboratory of Sustainable Exploitation of Oceanic Fisheries Resources, Ministry of Education, Shanghai 201306,
Ching;

5. Scientific Observing and Experimental Station of Oceanic Fishery Resources, Ministry of Agriculture and Rural
Affairs, Shanghai 201306, China

Abstract: The V-type otter board is an important part of the single-ship bottom-trawl system. In order to explore
the hydrodynamic variations of V-shaped otter boards in various working postures, we applied a numerical
simulation method (computational fluid dynamics, CFD) to compare the hydrodynamic characteristics of the otter
board with different aspect ratios (0.4, 0.5, 0.6, 0.7) and dihedral angles (16°, 19°, 22°, 25°), then selected one
V-shaped otter board with superior hydrodynamic characteristics. Next, the hydrodynamic coefficient, surrounding
flow field distribution, and surface pressure variation of this otter board were each analyzed in different positions
of forward, backward, inward, and outward inclinations of 5°, 10°, 15° and 20°. The results show that: 1) the
V-shaped otter board (No.13 otter board) with aspect ratio 1=0.7 and dihedral angle '=16° has the best
hydrodynamic performance. The lift coefficient reaches its maximum value of 1.482 at 37.5°. The expansion
efficiency reaches the maximum when the angle of attack is 10°. 2) With an increasing angle of attack, the
pressure on the headstream surface of the No.13 otter board gradually increases, and the velocity difference
between the headstream surface and the back flow surface of the otter board also increases. 3) When the No.13
otter board has different degrees of forward and backward inclination or inward and outward inclination, the lift
coefficient decreases, and the drag coefficient decreases with increasing inclination angle. 4) With the increasing
inclination angle, the pressure center of the headstream surface moves to the front of the otter board, and the
change of the back vortices on the center of the otter board surface is not obvious. When the otter board is tilted
back and forth, the pressure distribution of its flow face clearly changes; that is, with increasing inclination, the
pressure center gradually moves up and down the front end, and the vortex of the otter board's center surface
gradually decreases. The results of this study provide a scientific reference for predicting the variation of
hydrodynamic characteristics of an otter board with different working positions and adjusting its stability.

Key words. V-shaped otter board; stability; pressure distribution; flow field distribution; hydrodynamic coeffi-
cients
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