XEHS: 1000-0615(2020)08-1360-11

32 3% WA PR Ak 0 F7 1 B R AT AL 5
'\L%ﬁpiﬁl’m: JE %1’2’3*, B jﬁﬁé“a

(1. L PE RSP ERI %0, LI 201306;
2. bRy, B il TREARM RS0, L 201306;
3. R RS, Kl R T R 8 KA I R S E B E e s, Big 201306;
4. KA EERS, HA  108-8477)

K7 224, 2020, 44(8): 1360—1370

;¢
2l s 2 ¢ nn
JOURNAL OF FISHERIES OF CHINA ‘
DOI: 10.11964/jfc.20190811905 Sclence Prass

X B AR, HHE

WE: AIRZENELRATEENBERZ —, EAG A HGBENR S EEXRZEENRH
DY K, FPHEEFRRMEF K. RAREZRE &, A AHE A K 500 41
18 £ )l (computational fluid dynamics, CFD) #f % -7 &, % af T 4% & W 48 £ 1 [/ & 5% b A(2.5.
3.0 3.5, 4.0). 7 E C10%. 15%. 20%). J5 3 £ A(0° 10° 15°) Tty A 4 1 i,
A E M5B NWAK A, dLEM T ENER, LAWK BTN
foo HEXET: O2F MWK (A=3.0. fIC=15%. 4=10°) 7+ 7 R H &k A, W f 25°0, A
RIEA 170, BEENEL 188, M4 REMy AR K —HH K, H)5HimENEI
AN BT SR EN 440%, AH T ERBFNER)GEE. Q2 FHRERT A
HHFRESE A A AR B s, POTmEH RS A —EHX,
ZERMKER Ay A KERERKERANES, FREIRE A AR KA LN E5g
W, PRI At AR B et Ay, AR S S OR il T AR P K A AR B T
R L AW b @RI Ash Mg, AT BEED; WA TR

FESHES:S971

P Al 2 S 4 I Al ) 2 e, AR
P S BUR B 5k . 3t i AR, oK gl
PERE AL 25 42 52 W4t 19 1R ol 14 3 25 41 e Fn 22
Draas s [, IV RIAUK 3 0 P RE BT ST A
ZE A R

WA 19 K 31 3R] 53 fiie Sk 5 iz 30 1) A
e Y P 5K T3 A M ARz 3 5 AR AT K B
J1 5 THBH DR R AR 5K AR R B G B S A
FI19 225 308, Bl I 5 45 1l o 4 o0l
o bR A R, AR AR T A R AR A 15O 1)
B VIERAR . VR AR L S B R
M A5 2 BY WA 10 R S 1T 0 AR G e L, 2
R, St HURS RCRIRY. WA, A

Wi HHE: 2019-08-11 EEIAH: 2019-12-28

MEAREE: A

WFFETE AL GE I V- 1h0 0 A At L AF i 1 1 AR
il T A, K Bl PR RE T AR, E G AR
M, BHEVEMESR R AT W 5T TE AR i T 1)
By Sl 3R TR, WU TS, %
HTHR L, W S R I R B AR5 3E Park
A B8 R PSR th AR CnpLaE o RE0E - R
I ) Xk Sz 3Kl Twr ) Al 1) 10 ol 1 i 2 A i ik,
{EAE S B i 7 v o B B B 15 ) 2 KA
BB, A5 BE, R AR, T 20
22 90 4FAX, A WF5EH Bt i BUZ il T 2 40 45
Hay 1) 7 20U T AR, AR R T Sz X T e
PR sE P, T H R R TR ) R EGKF] 1,687,
TG e T A 2 R R AR 7 O T P A B AT

FENTE : [ K H AR R 5 G (31902426, 41806110); AR Ml A A # F A ot A 9 BE 5T R A T H (D8002-17-0109);  _F 3 1l 7

ERF I BRI (19YF1419800)
BE{EE: EW, E-mail: htang@shou.edu.cn

https://www.china-fishery.cn

HHE K 7% 23240 sponsored by China Society of Fisheries


https://www.china-fishery.cn

8 1] XA, A5 OB AR K 3l 7 R i 3 T AL RIE 5 1361

THI1 . FaE VL NS5 Al /NG AE TR AE R P A
(WA & I N N 3 7 s [ 31 8 2 Y 5 NN
i el b Tz N o FR DG AR 7K 3 P g
(IR FEE AL B, AR i 4 Ak T X — 1 fH
JUAFXSF XU PRI RIF 5 1 84 XU AR ) 0 e R
W i 45 H S RO s K B ) PERE I R
Fukuda 55 "1 Park 25" ji i /K #1050 R BL, R
5% LURN 25 i B 38 X6 AR 7K B 7 P e A I R
JESZ /T 2.5 I, POARIm S A w o, A 15%
B P2 A e KA T e e v A A K B E
AU TR 1 A L B a7 2 VA g i )
MoK 3l I P RE Y 32 2 I S AR O MR TE A A . R
SZWCHUGIR A s Park SEUURAEAI A5 R LN, K
J2 IV 2 4 19 199 i I 3R £ 53 Sl S 200F0 10° 1]
MoK 3l Iy vERe sl .

KRS AL 1 R % 7 W] 5 AR T R
I B b AR U AR K 3 I PERE S 8, BLE L
BRI TT A A A ok i v A AT ke £ s E AR O
BE A T HLEOR B P K e, TSR AR 3 ) 2
(computational fluid dynamics,CFD) A H. A 4 i 4
71, WFRNAERIE WA, 78R AR5 G
BN Z WAL, JFC R iR e 52 A% L IR A Y
FEFEY, —ill R N R M ARoK 3 7
PERERIF ST 7 T N T ISR AA 7 T, Xu
I ESCAEBE UL 53 B KB TR WU 4 il 1T D) Al 7K 3 )
P RE B A & B i 3 o0 A R K 3 T P RE Y
VGRS VRS R SR IR e/ e R S R
BRI SG F CFD AUE B SS &, 3EAT M ARk
3l 1M BE i 3 PTAR A 5E AN B 5T 45 R

AL A S S, L al Sy A e R A 4 A AT
RAEPHAR SHE

ARSI K A 56 A CFD BB AN 5 7%
DL AN D SN RS =R LR TR A i
X 3z 30U T AR K Bl g P RE RS R, O i
WS TR, 23 Fr A [ oo AR A RO 25 A9
AR, DAARAS BE — 5 A A i (I 7K 3 71 P g
TS S H, A R P RE R B R 2
B AR BERA K o

1 MRS A

1.1 MiREHSH

7. 2R T P AR AR R 26 Al S i 1 1 B
w~, HiahERM, e, b h#EE, C
NEBL, O NS, a NP, WC HE LA
Fatb, L A=b/C. FRARIREE A 1710, J@5%
e W B ol 2.5, 3.0, 3.5H1 4.0, BHIE R
10%. 15%F1 20%, J5iB M4 0°, 10°F1 15°, =&
5 AR RN 5Z ] B LE 43500 3091 0.9, A AR Y MY
W25 S HUE R 1 R .

1.2 KiERE

0o A5 7K 2 1 e I TR 2R 0 VR R 2 I I
IR AT o AKAE O TR R 9 m, 58 2.2 m,
KB 1.6 mo TR IRTER, AR 50T H A Rk
Aoty P I 2 VT Bl 10~200 cn/s, G
2%, 7N 145 J& £ S~ H R Denshikogyo Co 4=
FE, B AIN, KEEE 0.1%,10 s B (H A K i fa

B 1 X E MRS E
Fig. 1 Diagram of the hyperboloid otter board
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Tab.1 Parameter values of testing otter board models
BRI S #3%: Clem AL A B SCI% JEIR A A/() FazlakgLe: ie S 0/(°)
no. models chord length aspect ratio camber ratio sweepback angle gap-chord ratio Stagger angle
1 12.1 2.5 15 10 0.9 30
2 9.6 3.0 15 10 0.9 30
3 8.8 35 15 10 0.9 30
4 7.0 4.0 15 10 0.9 30
5 9.1 3.0 10 10 0.9 30
6 9.7 3.0 20 10 0.9 30
7 9.2 3.0 15 0 0.9 30
8 9.3 3.0 15 15 0.9 30
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Fig.2 Schematic diagram of the installation position and measurement point distribution of the

testing model otter board in the experiment flume tank
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Fig. 3 Domain of the simulation calculation
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Fig. 5 Boundary condition setting(top: vertical view, bottom: front view)
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Fig. 6 Relationship between lift coefficient (a),drag
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angle of attack at different aspect ratios
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Tab.2 Measured and simulated velocity values of

each measurement point

AT U E/ (m/s) HRAME/(m/s) T
measurement point _measured value  simulated value  deviation

1 0.56 0.60 0.07

2 0.55 0.52 -0.05

3 0.46 0.48 0.05

4 0.39 0.40 0.01

5 0.44 0.47 0.06

6 0.53 0.49 -0.07

7 0.51 0.51 0.01

8 0.49 0.45 -0.07

9 0.48 0.47 -0.01

10 0.53 0.50 —0.05
11 0.53 0.50 -0.04
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Fig. 10 Flow field distribution around the central plane
of No.2 model otter board
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Fig. 11 Flow field distribution around the wing tip of
No.2 model otter board
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Hydrodynamic performance and flow field visualization of
hyperboloid otter board

LIU Zhigiang ', XU Liuxiong "**, TANG Hao **, HU Fuxiang‘, ZHOU Cheng', CHEN Mingxin '

(1. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China;
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Abstract: The otter board is one of the important attachments in the trawl operation system; the hydrodynamic per-
formance is directly related to the expansion of the trawl mouth and affects its production effect and economic
benefits. Hyperboloid otter board is widely used in the mid-layer trawl fishery off the Japan coast due to the high
lift. The author used the single factor test method to study the hydrodynamic performance of hyperboloid model
otter boards using the flume experiment and numerical simulation (Computational Fluid Dynamics, CFD) with dif-
ferent aspect ratios 4 (2.5, 3, 3.5, 4), camber ratio f/C (10%, 15%, 20%) and sweepback angle 4 (0°, 10°, 15°), ana-
lyze the hydrodynamic performance of the otter boards with different structural parameters, compare the results of
the two methods, and visualize the flow field around the otter board. The results show: (1) No.2 otter board (4=3,
f1C=15%, A=10°) has the highest lift coefficient when the angle of attack is 25°, the model experiment value is 1.7,
the simulation value is 1.88, and the drag coefficient increases with the increase of the angle of attack, the average
deviation of the simulated and measured values of the flow velocity at the back is 4.4%, and the results obtained by
the two methods are highly consistent (P<0.01). (2) In the flow field distribution, the separation point of the
boundary layer of No.2 otter board moved with the increase of the angle of attack and gradually moved to the lead-
ing edge of the fore wing, the rear vortex of the central plane increased with the increase of the angle of attack, and
the left side low pressure zone increased first and then decreased with the increase of the angle of attack, and the
tail of the otter board increased with the angle to form a distinct wing tip vortex, which produced vortex lift to
provide additional lift to the otter board, making hyperboloid have higher lift than other types otter board. The res-

ults of this study have reference value for the development of the otter board or optimized otter board performance.

Key words: hyperboloid otter board; hydrodynamic performance; flume experiment; numerical simulation; flow

field visualization
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