% 46 B 3 W
2026 4F 6 A

7 ok I £

MINING AND METALLURGICAL ENGINEERING

Vol.46 No.3
June 2026

REBRTIRABEREBEN AWM S

EX A , Xy\,ﬁ\l’z, _}f_lgé%lﬂ : F(iﬁﬂjL%l,z , %—?1,2
(L KT IR BEA RN E], Hm KD 410012 25964 7= S IR FF & A FHE AR B K 85 5256 %, IR KD 410012)

& . WU URIERD ST RE A N T R A T P ORI 8 R VR AR A (R VR F R RE AR 32 sh A g A, g Sy T A
PN A T AR - B A5 L ) 3 R 5 BB S BT A28 R T R TR A 0 1 B R Sy Rtk . BUE TR 45 R AR, 25 R xR T
T4 1) S RO ) RIS AN AR B M AR K 06 R R 226 3 88 T RGBS R I AR e K B 3594 B B 3 KR . ks, 58
WEIRIZ sh THUAH H , 25 SRR AAIZE sh 4508 T B REAE 1 B R R I 3G IR 21.7% ~52.1% , e KA B3 8 A 182.1% ~ 247.0% , 2 W A I
T2 Bl RE A Bl 0 [ 5 ) G

SFEER  WRERA; KT RFHREE; WG ERMAHTT; SN ; ATAnigsl; &Rk

hE 4% S TD857;TDS07 SERFRRRAD : A doi ; 10.3969/].issn.0253-6099.2026.03.008

XEHS: 0253-6099(2026)03-0068-07

Dynamic Response Analysis of Fluid-Structure Interaction of Hard Riser
in Dee-Sea Mining

WANG Wei'?, SHUANG Zhi'*, ZHENG Hao'*, CHEN Shiping"*, WU Zhuo'?
(1.Changsha Research Institute of Mining and Metallurgy Co., Lid., Changsha 410012, Hunan, China; 2.State Key
Laboratory of Exploitation and Utilization of Deep-Sea Mineral Resources, Changsha 410012, Hunan, China)

Abstract; In order to explore the motion and structural response of the hard riser for lifting in deep-sea mining under the
combined effect of external marine environment and internal coarse-particle solid-liquid two-phase flow, a numerical
model of two-way fluid-structure interaction between the internal and external fluids in the hard riser was established,
and the displacement and stress characteristics of the riser were calculated. The numerical calculation results show that
nodule size has minor effect on the maximum stress and maximum displacement of the hard riser. By contrast, conveying
concentration and flow rate can significantly increase both parameters. In addition, compared with the working condition
without vessel motion, the maximum stress of the riser can rise by 21.7% — 52.1%, and the maximum displacement can
increase by 182.1% — 247.0% when vessel motion is taken into account, which indicates that vessel motion exerts a
remarkable influence on the dynamic response of the hard riser.

Key words: deep-sea mining; hydraulic lifting; hard riser; fluid-structure interaction; solid-liquid two-phase flow;
dynamic response; vessel motion; pipeline transportation
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Fig.1 Hydraulic pipeline transportation system
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Table 1 Main parameters of hard riser and

external marine environment
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Fig.2  Fluid-structure interaction model of hard riser
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Table 3 Working conditions in consideration of

different nodule sizes
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Fig.3 Relationship between maximum stress, maximum
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displacement of hard riser and nodule size

HI Il 3 AT Bk AR TR R SE (10 ~ 70 mm) 25 4% A,
P AR VA= H B SN G YN A % 7 NN S S35 b
T35 Y R R A I 5L T PR R R e i
AR XA R A VR R AR, SR, Sk
AHPEAA (B0 1) AR L, Faiadk [ P AH T s e R g g °F-
YIMRZ 26% , e KO- YRR 2 47% , X R 2,
FZATORL ARG R T PR I 2% R o o, BE 1S T 4

N XA E R R TREER

3.2 HNEIREXTHR A REE R h 10 B 43 4
TEANTIFPE RS WIAVE T, AR 9 i 18 Wk J3 X 42

FHEE BB S N, R T 5 AR R kU TR

T, I 4 Fis . T80 6 Jyxt BRZR | HA T ik 45

B RSFUE R 30 mm , $i 6 8 515 & o 2% 30 mm 45

Wi R A BN PR TR, 2.01 m/s,

R4 BXREZMERAEIR

Table 4 Working conditions for different conveying concentrations
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Fig.4 Relationship between maximum stress, maximum
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displacement of hard riser and conveying concentration
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Table 5 Working conditions for different flow rates
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12 30 15 2.51
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14 30 15 3.51
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Fig.5 Relationship between maximum stress, maximum

displacement of hard riser and flow rates
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Fig.6 Relationship between maximum stress, maximum

displacement of hard riser and flow rate with/without vessel motion
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