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Structure Design and Parameter Optimization of Suction Nozzle of High-
Efficiency Internal Rotation Sea Cucumber Sucking and Catching Device

WANG Hui, BAI Guozhen, WANG Shuangyuan, WANG Man

(School of Mechanical Engineering, University of Shanghai for Science & Technology , Shanghai 200093 , China)

Abstract ; In order to boost the performance of suction nozzle of the sea cucumber suction and catching device to improve
the efficiency of the system, two new structures of inner vortex suction nozzle and outer vortex suction nozzle were
proposed based on the traditional straight pipe suction nozzle. Through the FLUENT simulation analysis of straight pipe
suction nozzle, conical cover suction nozzle, inner vortex suction nozzle and outer vortex suction nozzle, the suction
nozzle with the highest nozzle axis height and the best suction capacity was selected. The optimal structure of suction
nozzle was obtained by orthogonal test, and the experimental platform was established to verify the nozzle experiment.
The simulation and experimental results show that the inner vortex nozzle has the highest axis height and the strongest
suction capacity, and the efficiency is the highest when the width of the inner channel vortex guide plate is 20 mm, the
height of the inner channel vortex guide plate is 30 mm and the pitch of the inner vortex guide plate is 130 mm. This
study is conductive to improve the efficiency sea cucumber suction nozzle in practical application.
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Figure 1 = Schematic diagram of

straight pipe suction nozzle
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Figure 2 Distribution of water flow velocity
along axis of straight pipe nozzle
1.2 EREXGESH
i FH BRI A — 0 R P DA A s VR s TR AR
RV R W ) R 1 b 8 o — P 4™ B BT 5, A D2
MR W R A R AN b S 18 K, JFG 4 ) s T R A1 3
Fis .

(2) THESME

(b) W R

B3 #BEXRHNLEMTER
Figure 3 Structure diagram of conical

hood type suction nozzle
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Figure 4 Comparison of axial height of
different opening angles
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Table 1  Structural parameters of two vortex nozzle
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Figure 6 Comparison of water flow velocity
distribution in axial direction of

four kinds of nozzles
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Table 2  Test factor level table

IR A%
d/mm h/mm [/ mm
1 10 10 100
2 15 20 130
3 20 30 160

3 AR 6 8RR R R

Table 3 Structural optimization test scheme of

Xt A 2 IR BEAT 01 B AT, 45 321 4% 4R 19 4 1
D TR v, , IIEEE R S TNk 4 ~5 fis. 24
PR IR e B 45 4 5 | AR 98 JEE 20 mm 5] AR Y
2 30 mm A5 FAHAYEREE 130 mm i, O XS
JKC TR R I 5 v DX I A B D i o

K4 RBFRAGALR

Table 4 Test scheme and simulation results

. IG5 d/mm h/mm [/ mm D/ (m + s 1)
inner vortex nozzle
1 10 10 100 0.208 268
Xy d h ! 2 10 20 130 0.211 085
1 1 1 1 3 10 30 160 0.211 483
2 ! 2 X 4 1 10 130 0.209 579
3 1 3 2 3 : 7
4 2 | 3 5 15 20 160 0.213 944
5 2 2 2 6 15 30 100 0.220 131
6 2 3 1 7 20 10 160 0.211 784
7 3 1 2 6 06
0 3 5 | 8 20 20 100 0.216 063
9 3 3 3 9 20 30 130 0.233 910
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Table 5 Orthogonal test result analysis
E5fS K, K, Ky ky ky ks 2 R
d 0. 630 836 0. 643 654 0. 661 757 0.210 279 0.214 551 0. 220 586 0. 030 921
h 0. 629 631 0. 641 092 0. 665 524 0.209 877 0.213 697 0.221 841 0. 035 893
i 0. 644 462 0.654 574 0.637 211 0.214 821 0.218 191 0.212 404 0.017 363
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Figure 7 Trend chart of three factors
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Figure 8 Velocity nephogram of three suction nozzles
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Figure 9  Comparison of water flow velocity
distribution in axial direction of three suction nozzles
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Figure 10  Three suction nozzle models
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Table 6 Experimental data of minimum flow rate of three suction nozzles sucking sea cucumber at same height

Wi/ (m® -h™)
N I 245 7R h'/mm IE
Q Q2 05 Q4 0s s Qavemin

AR 95 12.73 12.69 12.74 12.82 12.75 12.71 12.740 0.002 00
110 13.72 13.74 13.75 13.68 13.76 13.73 13.730 0.000 80
125 15.86 15.83 15.85 15.88 15.82 15.84 15.850 0.000 47
HETE B 95 7.01 7.11 7.13 6.97 7.04 7.08 7.057 0.003 75
110 8.59 8.64 8.73 8.64 8.56 8.60 8.627 0.003 51
125 10. 18 10.25 10.31 10. 34 10.36 10.23 10. 280 0.004 86
PR JiE 95 6.47 6.46 6.51 6.42 6.36 6.54 6.460 0.004 12
110 8.24 8.27 8.31 8.26 8.23 8.32 8.270 0.001 34
125 9.96 9.87 9.83 9.91 9.93 9.82 9.890 0.003 15
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Table 7 Minimum flow rate of three suction nozzles

S

sucking sea cucumber at same height
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Table 8 Experimental data of three suction nozzles suction pipe orifice axis altimeter
W Q/ B DRk =
TR e A Jidk
(m®-h°) h, hy hs hy hs hg h,,
6.93 Bk 57 54 59 55 59 57 56.8 4.17
HILE 87 91 93 91 88 92 90.3 5.47
NI iE 93 95 94 95 96 98 95.2 2.97
13.85 Bk 62 64 62 61 63 64 62.7 1.47
A 106 104 107 103 105 108 105.5 3.50
P 108 110 112 111 106 113 110.0 6.80
20.78 Bk 78 72 76 73 78 74 75.2 6.57
B E 117 121 116 119 115 120 118.0 5.60
P I I 125 122 124 127 128 125 125.2 4.57
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