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Fig.1 Schematic diagram of single hull size of shrimp and crab pond feeding boat
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Tab.1 Parameters of propeller blade

with a diameter of 0.07 m

Y HeE MR % B 5 R 2%
Section Datum point from Datum point
radius/mm trailing edge/mm  from leading edge/mm
0.9 9.91 -9.91
11.6 24.41 -24.41
30.5 15.36 -15.36
35.0 0 0
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Tab.2 Parameter statistics of three-blade small

propeller of shrimp and crab pond feeding boat

BRI B HAZE D,/m
Parameter item 0.05 0.06 0.07
FEAA )
e 511 h 0.0125 0.0125 0.0125
Wheel diameter/m
ik L B
Blade-to-disk ratio 0.699 0.799 0.862
ENREC
s ! 0.31 0.43 0.51
Thrust coefficient
= o5
o A i S 9 3 1.40 1.44 1.47

Maximum axial jet velocity/ (m/s)
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Tab.3 Three-dimensional coordinates of blade

edge points of propeller diameter (0.07 m)

A Fr 5, Coordinate points x/mm y/mm z/mm
Al 0 3 0
A2 0.9 8.18 11.5
A3 11.6 24.18 12.5
A4 30.5 15.18 4.5
A5 35 0 -3
A6 32.5 -7.18 -8
A7 7.6 -2.53 -13.5
A8 0 3 0
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Fig.2 Three-dimensional curve

of the propeller blade edge
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Fig.4 Cloud diagrams of blade cross-section velocity and pressure
at different speeds with propeller diameter D, = 0.07 m
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Tab.4 Maximum and minimum pressures of simulated section of propellers

of each diameter at different rotating speeds Pa

%3 Rotating speed

#&3 Rotating speed
n; =4 000 r/min

%3 Rotating speed
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Propeller diameter/m FRME F/IME FRME Ie/ME TN I/ ME
Maximum Minimum Maximum Minimum Maximum Minimum
0.05 31 321.2 -47 699.7 25084.3 -33901.2 34 660. 1 -54247.1
0.06 42 879.3 -82595.9 30 564.1 -57798.1 39 952.8 -75158.3
0.07 40 142.8 -72 357.6 35732.3 -65841.6 39 028.3 -87 371.1
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Fig.5 Curve of pressure difference
of propeller blade section
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Fig.6 Axial jet velocity cloud of longitudinal section of propeller D, = 0.07 m

T 1 — #5533 000 /min
= 1 — 433 500 r/min
Jﬂ‘l(:: ¥4 000 r/min
g8 1
g 8
£e g
=2
£, 4
b E
e 2
% 05 10 15 20 25 30 40 60 80 1(I)ZDZXX)4(I)3D&X)
5 Py 1 5
< Average Axial Jet Velocity Position/mm

(a) E£0.05 m Diameter 0.05 m

P35 e S O

O N O

SP-357%0 1 S 9 S

Average axial jet velocity/(m/s)

— 533 000 r/min
—%:3%3 500 r/min
#3584 000 r/min

S

5 10 15 20 25 30 40 60 80 100 200 300 400 500 600

P35 %l 1 S AL B
Average Axial Jet Velocity Position/mm
(b) E40.06 m Diameter 0.06 m

18 —#3#3 000 r/min
16 —#%3%3 500 r/min
14 #3744 000 r/min

g\\\

Average axial jet velocity/(m/s)

5 10 15 20 25 30 40 60 80 100 200 300 400 500 600
T35l ) O e o B

Average Axial Jet Velocity Position/mm

(c) H#£0.07 m Diameter 0.07 m

7 BRERFHHEASREESMCEXREL

Fig.7 Curve of average axial jet velocity and position of propeller
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5 S ETAE UL T 459 1 247 Bl 1 S o B8 ) R 22 7
Fl/NT 6% S5tk 1 FHAARS A B Tr RT3

S35 16 S S S

Average axial jet velocity/(m/s)

=8

Fig.

0.05m
16 ——0.06 m

p 10 15 20 25 30 40 60 80 100 200 300 400

T34 16 S AT o

Average Axial Jet Velocity Position/mm

n, =3 500 r/min FERBRRKBERLIEEL

8 n, =3 500 r/min linear propeller diameter

http: //www. shhydxxb. com



900 B SR = SRy N = 1 30 &

5t A MR e R e K B e S 0 e 8 LA AT SR
PR K 3l S B S a5 2R, e BAR D, =

0.07 m.n, =3 500 r/min i {3: UC fic iR 58 35 45 15

FTIRE o

RS BRAHASREEES FHHEASREEERRE

Tab.5 Error between the maximum axial jet velocity value and the average axial jet velocity value

T H R PG 0 ot
Rotating speed/ (r/min) Diameter/m Maximum jet velocity/ (m/s) Average jet velocity/ (m/s)
0.05 1.38 1.30 5.78
3 000 0.06 1.43 1.35 5.59
0.07 1.46 1.38 5.48
0.05 1.41 1.34 4.96
3 500 0.06 1.45 1.38 4.83
0.07 1.49 1.43 4.03
0.05 1.44 1.38 4.17
4 000 0.06 1.47 1.42 3.41
0.07 1.49 1.45 2.68

3 REXE S AT
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FERRAE SR TE D)y L0 AT T3 35 B AT AT, AR A AR SC
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e 2 B X1 A1 B 8 i 5 A o R
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Fig.9 Experimental field equipment
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Tab.6 Experimental hardware
el B AR el
Type Device name Parameter specification

T 2.4 GHz A% S5EREL 46 @i

HiH: Module EEMATHER NS = RhPEIRI GPS

L 12 V-3 000.3 500 .4 000 r/min
Eﬁﬂﬁ*ﬁf}% 12 V -30 Ah
s Hull Kx 5 x 1.1 mx0.18 mx0.25 m
Lla] u Fobt Sl
lﬁiﬁuﬁf ANR = Dp=0.05 m.Dp=0.06 m,
devri)ce‘ LV S Dp=0.07 m
e L B HRAE P} 30 kg

Balance weight

BT A TOL T AP SIS 8 K b e S
UL FUR 22 B TE 109 Z P, i MR 57480 14 52 Wi ke
TIHAER L OR BB AR 7 S22 1k, B R )
FBH LIRS o ER B A, 172
BT, VAT T ) R 2 A S o B X T R
PRECRATRE IR TOURE , i T RIOF 46 BUH TARR
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PP A T 3RS I P 7 3 A AR R A e RO ORI, KR A R e S I R AT SR e e T A

PRUEHRS B B I R R A ROR BESINCE
HIFR 7 Fp BT 0 L 3 £ B O B R e 2 Y VxTxD, x10°

HL T I (L, PRI 7 32 G MR R R P 3 2 LA 2 A% 7 2w )

A 5% AR BT B o A i 30 SR TOMHETI R kg WO D138, W5 V A i,
Ah il TAERS RGO 2 T h RO A m/s s W BRIEdR TAERCR
8T 1.2 m/s UG BB 12 A (iR 2

7 ERERRABHIELER
Tab.7 Test data results

#8FE Load
1B it 2L 42
nglﬁ{l]ﬁﬁ SR L HLE% 14 Motor speed L HLE% 4 Motor speed L HLEE 4 Motor speed
| ropeser Parameterltem 3 000 r/min 3 500 r/min 4 000 r/min
diameter/m
Okg 10kg 20 kg 30 kg Okg 10 kg 20 kg 30 kg Okg 10 kg 20 kg 30 kg
Hi [T Voltage/V 12
HL3f Electric current/ A 3.23 3.39 3.50 3.80 4.75 5.11 4.84 4.96 6.43 6.62 6.74 6.92
12 Power/ W 48.36 40.68 42.00 45.60 57.00 61.32 66.48 65.52 77.16 79.44 80.88 83.04
#E 77 Thrust/N 1.80 1.70 1.80 1.60 2.20 2.10 2.30 2.20 2.70 2.60 2.70 2.80
iisi% Ship speed/(m/s) 1.29 1.22 1.13 1.08 1.33 1.23 1.17 1.16 1.36 1.31 1.25 1.21
5 KA 1) B
0.05 Maximum axial jet velocity/ (m/s) 1.38 1.41 144
TR S
Average axial jet velocity/(m/s) 1.30 .34 1.38
TR
Average ship speed/(m/s) 118 1.23 1.28
S AT LS 5 S1 A G2 TR 1R S
ST 5 T A A 22 o2 . .
Error/ %
Hi H Voltage/V 12
HiLL Electric current/ A 4.32 491 4.4 448 7.6 7.76 801 811 879 897 9.0l 9.26
I Power/ W 51.84 58.92 53.64 53.76 92.16 93.12 96.13 97.32 105.48 107.64 108.12 111.12
{77 Thrust/N 2.30 2,10 220 240 270 2.60 270 2.80 3.20 3.30 3.30 3.50
433 Ship speed/(m/s) .31 1.26 1.22 1.18 1.35 1.31 1.27 1.23 1.41 1.38 1.33 1.26
SRl i) Sk
0.06 Maximum axial jet velocity/ (m/s) 1.43 1.46 1.47
TS
Average axial jet velocity/ (m/s) 1.35 1.38 1.42
TS
Average ship speed/(m/s) 1.24 1.29 1.35
ST LS S o g
SR A R ‘s o5 4o
Error/ %
HLJE Voltage/ (V 12
HL 3 Electric current/ A 7.93 823 8.05 7.02 10.9 11.11 11.34 11.5 12.24 12.91 13.23 13.24
3R Power/ W 95.16 98.76 96.60 84.24  130.8 133.32 136.08 140.40 134.88 130.92 134.76 134.88
#E /7 Thrust/N 2.40 2.50 2.30 2.40 3.50 3.60 3.50 3.80 4.10 4.30 3.80 3.9
i3 Ship speed/(m/s) 1.42 1.35 1.29 1.19 1.55 1.54 1.46 1.3l 1.8 1.60 1.52 1.29
SRR A 1) S 7
0.07 Maximum axial jet velocity/ (m/s) 1.46 1.48 1.49
S5 975 ek i
kil 1.3 1.42 1.45
Average axial jet velocity/ (m/s)
T
Average ship speed/(m/s) 1.32 1.46 1.52
SV e S e 75 o R 25
PRI P S 22 i - .

Error/%

HUIR 22 8 AT AVBHE R 00 T B R A HEE 70.90% HTHE Dy = 0.06 m BLIEH: T AR 7
n, =3 500 r/min B}RCR L ny =4 000 r/min B f) 1.38% ,“EIfEHEH N 1.46 m/s, 85 54, {6 A
ROREL R, AR m o D, =0.07 m BRTERN RIS A NN H R A B SR A I, 50
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Tab.8 Test efficiency results

ISR B AR K L HIL A B Load/kg RRCEIES FHIRERE
Propeller diameter and motor speed 0 10 30 Average efficiency/ % Average energy consumption/W
0.05 m g% 4 000 r/min 77.09 67.46 61.42 67.62 80.13
0.06 m B2jEH 3 500 r/min 77.25 70.70 63.34 69.52 94.68
0.06 m #2jiE3 4 000 r/min 72.99 70.75 64.29 68.91 108.09
0.07 m BRHES 3 500 r/min 78.69 76.42 61.87 70.90 135.12

4 g

X S S VLA R 9P A9 R 2 I 3
W RETT AR B e 5 1 S AR S 40 A B W8 e ¢
S RS, P Ao P R 00 s A A AR O
o B R I ) = 2 AR bR 7R DR IR RS I
I SolidWorks 45 = 2k 44512 20 M8 5 452 VL
T ity s 151

BT T 2 90 4 -0 6 5 B (RANS) Jy
FELAS SST k- Jifi i A5 7Y J5 72, fifi i Ansys CFD
B, R LUK U8 45t LA B2 e 2 217 45 A M
AR K BN 105 B A I, A MR e S s A
PESRAKYE . 73 305 FLA T T %% 38 ny =3 000 1/
min.n, =3 500 r/min 1 n, =4 000 r/min T2 5E
AL B R T 7 2 PR LA R R i ) T
2 B 5 FRA R A5 R R 2R3 500
r/min [}, BRiE 2 i R 8AT IE R 7 5 T R )
(922 gt /N, [7) B 4% 7 A0 WER T 58 1) el 1 S 0 A
PRE R S 2 i 18 ) B B dde . AR O O H B
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A 1) S 9 2 IR R 22 /N F 6% , B8 E T K
3 15 BRI A R

PRSI0 25 T B, 7 T AL R IR B T
VELLOL 563 n, = 3 500 v/min /) TAERCE L
ny =4 000 r/min B} 1 TAERCRE &, b, D, =
0.07 m WHER AN 70.90% , M 1 D, =0. 06
m BEHER TAERCR S 1.38% , [k D, =0.05 m 12
EX TAERCR R 3. 28% , Al A i 1T SR e 2 1
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RGN

ASSCAR T — ol e X A A O T ok

http: //www. shhydxxb. com

f1% = I/ N R S A R RO BT 5 it O ik
FT A RBE LA LK 8l 1 5 B g A,
MRAT R B St B , 5 1 1 A 5 iR e I
P8 B DI DC LA, Ao S8 S 45 R A 9 0 252 A F 5
FIRHRA R RS N E . R Z 5T, it —
AE A M B RATREIK ARE A5 ZR A 5 B
T 7)1 A [ SR 970 T8 B2 73 1) 52 00, £ 10 AL
SR GHAL VA W e 2 B T B (] P 5 35 MR 3 430 0
IR BB EE

S 30K :

(1] Al 3 ol o R 3Ry, 4 B K P=HE R e ) Bl
HEDK . A ERE L G 4 2019 [ M. b5
[l H i, 2019.

Fishery and Fishery Administration Bureau of the Ministry of
Agriculture. 2019 China fishery statistics yearbook [ M ].
Beijing: China Agriculture Press, 2019.

(2] BAPRHS, ®rESm, A, 55, WISRIKSNIRSE B 3 AU
ARt Sl R (1], Al ML A= i, 2019, 50
(11) . 121-128.

HU Q S, CAO J R, ZHENG B, et al. Design and reliability
test of paddle wheel drived shrimp pond autonomous
navigation feeding boat [ J]. Transactions of the Chinese

Society for Agricultural Machinery, 2019, 50 (11); 121-

128.

[3] &4 —FopiBmRERyL: HE, 201820315770. 9 [ P].
2019-02-22.
CHENG Z J. A Novel feed shrimp machine; CN,

201820315770.9[ P]. 2019-02-22.

(4] INHF, B8, P00, 5. EEFRAEAR R A S8 2] 4
MRSV LACR I [T]. Rl TR#4H, 2015, 31
(11): 31-39.

SUN'Y P, ZHAO D A, HONG J Q, et al. Design of
automatic and uniform feeding system carried by workboat

and effect test for raising river crab[ J]. Transactions of the



534

WRAETE , 45 SRR B IH A = SR BT T Bk sl B oA 903

(7]

[10]

[11]

[12]

[13]

[14]

[15]

Chinese Society of Agricultural Engineering, 2015, 31(11) :
31-39.

B, 0k, W, AF. AR BB R S
Bt SER[ ] BRI, 2020,29(6) 1928-
937.

HU Q S, ZHENG B, CAO J R, et al. Design and test of
balanced shaking system for boat-borne bait feeding device
[J]. Journal of Shanghai Ocean University, 2020,29(6) .
928-937.

MAREE, BUKRI. ARARBEIER SR EE 5 TR R M].
Kot REARA AL, 2018.

LIN W H, CUl Y G. Ship propeller jet theory and
engineering computation [ M ].
Press, 2018.

MORGUT M, NOBILE E.

Tianjin: Tianjin University

Influence of grid type and
turbulence model on the numerical prediction of the flow
around marine propellers working in uniform inflow [ J].
Ocean Engineering, 2012, 42; 26-34.

YAO J X. Investigation on hydrodynamic performance of a
marine propeller in oblique flow by RANS computations[ J].
International Journal of Naval Architecture and Ocean
Engineering, 2015, 7(1) : 56-69.

MIZZ1 K, DEMIREL Y K, BANKS C, et al. Design
optimisation of propeller boss cap fins for enhanced propeller
performance[ J]. Applied Ocean Research, 2017, 62 210-
222.

FUNEDO I. Analysis of unsteady viscous flow around a highly
skewed propeller [ J ]. Journal of Kansai Society of Naval
Architects, 2002, 237 ; 3945.

RHEE S H, JOSHI S. CFD validation for a marine propeller
using an unstructured mesh based RANS method [ C ]//
ASME/JSME 2003 4th Joint Fluids Summer Engineering
Conference. Honolulu: ASME, 2003.

N, WERE, . 2T CFD AR & % K 3h it
RETAORT BEWIEL 1] A2 AR, 2014, 36(12) : 11-
15.

ZHENG X L, HUANG S, WANG C. Study of precision of
steady hydrodynamic performance prediction of propeller of
based on CFD[J]. Ship Science and Technology, 2014, 36
(12); 11-15.

KORSSTROM A, MIETTINEN P, HANNINEN S K, et al.
Investigation of the propeller slip stream over an Azipod
propulsor by PIV measurements and CFD simulations[ C]//
Proceedings of the 4th Interational Symposium on Marine
Propulsors. Austin, 2015.

FAME. CFD SORTERE SN ML 0 77+ v f) S 1 951
e prll]. EKIZE, 2017, 38(7) : 4344,

JIANG D S. Reliability prediction analysis of CFD technology
in calculation of propeller viscous flow field[ J]. China Water
Transport, 2017, 38(7) . 4344.

WAL, 24k, WIRWY, 4. FET CFD X e itk
MOKPERES BT T[], AfA A2, 2016, 38(11):

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

4246.

YANGMH, LITL, HU J M, et al. Study on open water
performance of parameters matching of counter-rotating
propellers based on CFD method [ J]. Ship Engineering,
2016, 38(11) : 4246.

VKRS, BT, 5T CFD [ X % e 2R Kk 3h ) th R 4y
HrlI]. MM ELEEOR, 2019, 41(2) : 36-40.

SUN C L, ZHAO J B. Hydrodynamic performance analysis of
counter-rotating propellers based on CFD[ J]. Ship Science
and Technology, 2019, 41(2) : 3640.

OCHI F, FUJISAWA T, OHMORI T, et al. Simulation of
propeller hub vortex flow[ C]//First International Symposium
on Marine Propulsors. 2009.

TR, %S, T, & SEEEIIZE K3 1t
AERSZMALT]. ARANTAE, 2010, 32(6) : 4-8.

WANG S Y, XIE X S, WANG C, et al. Effect of parameters
selection on hydrodynamic performance of propeller[ J]. Ship
Engineering, 2010, 32(6) ; 4-8.

KA, BK, #REL, 4%, FETIUSRE ARG HIR L
WEREREMBOT LB ]. &REM RS, 2017, 42
(2):83-87.

ZHANG L Z, YANG J Q, SHAO Q, et al. Design of
management and control system of feeding in shrimp farming
based on BDS[ J]. Gnss World of China, 2017, 42(2) : 83-
87.

RV 5" i o B 2 B L L e R T A S TN
WIHERGEMAL ST [T]. RS2, 2016, 25
(5) : 794-800.

HU Q S, CHENG W P, LI J. Eccentric shaking and bait
throwing system optimization and experiment of the mobile
shrimp feeding machine [ J]. Journal of Shanghai Ocean
University, 2016, 25(5) : 794-800.

ATKINS W S. Best practice guidelines for marine applications
of computational fluid dynamics[ R]. 2004.

SUBAR, T, R=EF, % CPP IRBALM A AR i 28
BELT]. A0l HU2AR, 2014, 45(1) ; 313-320, 300.
GUI Z D, DING F, YUAN Y, et al. CPP hub electro-
hydraulic servo loading test bench [ J]. Transactions of the
Chinese Society for Agricultural Machinery, 2014, 45 (1) .
313-320, 300.

XELL, BRERE, TR, RBILIRXTRTER K 30 7 5
THELI]. MR, 2019, 41(4) ; 4246.

LIU A B, XIE Q C, ZHANG ] W. Simulation of the effect of
hub shape on propeller hydrodynamics [ J ]. Ship
Engineering, 2019, 41(4) . 4246.

HASHMI H N. Erosion of a granular bed at a quay wall by a
ship’s screw wash [ D]. Belfast: Queen’ s University of
Belfast, 1993.

STEWART D P J, HAMILL G A, JOHNSTON H T.
Velocities in a ship’ s propeller wash [ Z]. Rotterdam:

International Symposium on  Environmental Hydraulics,

1991.

http: //www. shhydxxb. com



904 oW oW WOk ¥ ¥l 30 %

[26] HAMILL G A, KEE C. Predicting axial velocity profiles  turbulence model and numerical simulation in centrifugal
within a diffusing marine propeller jet [ J ]. Ocean pump [ J ]. Transactions of the Chinese Society for
Engineering, 2016, 124, 104-112. Agricultural Machinery, 2012, 43(11) ; 123-128.

[27] LIUCB, LIJ, LIY, et al. Scale-resolving simulation and [297 e, Bkob, 0. BT RIRALIL Y S 1R B A B
particle image velocimetry validation of the flow around a [J]. 4Rl a4 ( B R B4R , 2017, 45(11) .
marine propeller [ J ]. Journal of Zhejiang University- 68-73.

SCIENCE A, 2019, 20(8) : 553-563. HU J, GENG C, FENG F. Numerical analysis of propeller

[28] fBZ=, XEMK, 47600, 2. 2 B HesE fh 52w ) SST tip vortex based on large eddy simulation [ J]. Journal of
k- TR R P FE [T ], R P AR, 2012, 43(11) Huazhong University of Science and Technology ( Nature
123-128. Science Edition) , 2017, 45(11) . 68-73.

REN Y, LIU H L, SHU M H, et al. Improvement of SST k-

Hydrodynamic simulation analysis of three-blade propeller of shrimp and
crab pond feeding boat

CHEN Leilei, RAN Huze, HU Qingsong, LI Jun
(College of Engineering Science and Technology, Shanghai Ocean University, Shanghai 201306, China)

Abstract: In order to improve the accuracy of feeding boats in shrimp and crab ponds, reduce energy
consumption, and increase stability and reliability, a design and hydrodynamic simulation experiment is
proposed for the three-blade propeller of feeding boats in shrimp and crab ponds. According to the hull size
and the upper limit of overall power consumption, the propeller diameters of the three suitable shrimp and
crab pond feeding boats were set to be 0.05, 0.06 and 0. 07 m, respectively, and the theoretical equation of
the ships propeller jet and the coordinate equation of the blade edge point are as follows: Basically, a three-
dimensional blade curve is generated from the three-dimensional coordinates of the blade edge to establish a
three-dimensional model of the propeller. Using Ansys CFD software, the Reynolds average Navier-Stokes
(RANS) equation and the SST k-w turbulence model were used to construct a hydrodynamic simulation
experiment, and the error between the maximum axial jet velocity and the average axial jet velocity of the
propeller was analyzed. The relationship between blade section pressure, rotation speed and average axial jet
velocity was analysed to obtain the propeller with the best open water performance. Through the shrimp and
crab pond field experiments, the error between the actual ship speed and the maximum axial jet velocity was
analyzed to verify the reliability of the propeller design. At the same time, it met the requirements of the
shrimp and crab pond feeding boat speed, hull thrust and overall power consumption. Taking the working
efficiency of the propeller as the experimental index, the actual working efficiency of the propellers of different
diameters at different speeds was compared. The results show that the design method for the propeller of the
shrimp and crab pond feeding boat is feasible. The error between the actual ship speed and the maximum axial
jet velocity is less than 10% . At the same time, the shrimp and crab pond feeding boat is equipped with a 0.
07 m diameter propeller. When the rotating speed is 3 500 r/min, the working energy consumption of the
propeller is 135 W, the highest average ship speed is 1.46 m/s, and the working efficiency reaches 70.9% .

Key words: shrimp and crab pond culture; feeding boat; propeller; hydrodynamic performance
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