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Theoretical design method of new type of
retractable suction grille for cutter suction vessels
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Abstract: The suction grille of cutter suction vessels often experiences stone blockage, and the cleaning of
stones requires stopping the pump, which is time-consuming and labor-intensive. This article introduces a new type
of retractable suction grille, in which each group of retractable suction grilles consists of a fixed inner grille and a
movable outer grille. During normal construction of cutter suction vessels, the outer grille is in an upward pushing
state under the action of high-speed water flow, and the spacing between the grilles is small. When the stones are
blocked between the grilles, the flow rate is reduced to below the critical flow rate, the outer grille drops, the spacing
between the grilles increases, and the stones fall off on their own. This article provides a design method for the overall
dimensions of the grille, and provides a calculation method for the critical velocity of the upward push of the outer
grille and the critical velocity of the detachment of the outer grille and the blocked stone through the theoretical force
analysis of the grille and the blocked stone. Furthermore, typical case designs are carried out using theoretical
calculations. The grille designed using this method can clean the cutter suction without stopping the pump, effectively
improving the efficiency of the cutter suction dredger, and can be used for dredging multi stone soil.
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Fig.1 Retractable suction grille structure

B2 TFIHEXROSHRERR
Fig.2 Installation effect of retractable suction grille
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Fig.3 Cross section of retractable suction grille
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Fig. 4 Cross section of single-group grille
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Fig. 5 Longitudinal section of single-group grille
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Fig. 6 Force analysis of external grille
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Fig.7 Force analysis of rock
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Tab.1 Calculation results of flow resistance
on external grille

O/ (mes™) Re Cy Fy/N F},/N
3.0 179 676 1.153 140. 0 99.0
3.5 209 622 1.099 181.7 128.5
4.0 239 568 1.045 225.7 159. 6
4.5 269 514 0.991 270.9 191.5
5.0 299 460 0.937 316.2  223.6
5.5 329 406 0.883 360.6  255.0
6.0 359 352 0.829 403.0  284.9
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Fig. 8 Relationship between thickness of

external grille steel plate and width of cross-section
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Fig. 9 Calculation results of effective gravity and flow resistance on external grille
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Tab.2 Calculation results of effective gravity of rock

e/(°) Gy i ma/N G, 1 win/N
15 67.1 58.1
30 74.9 64.8
45 71.5 67.1
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Tab.3 Calculation results of flow resistance of rock

W/ (mes™) Re c, UIN U'IN
3.0 628 866 0.45 70. 1 49.6
3.5 733 677 0.45 95. 4 67.5
4.0 838 488 0.45 124. 6 88. 1
4.5 943 299 0. 45 157.7 111.5
5.0 1048 110 0. 45 194.7 137.7
5.5 1152 921 0.45 235.6 166. 6
6.0 1257 732 0. 45 280. 4 198.2
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Fig. 10 Calculation results of effective gravity and flow resistance of external grille and blocking rocks
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