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Study on Hydraulic Transport of Large Solid
Particles in Inclined Pipes for Subsea Mining
S. Masanobu, S. Takano, T. Fujiwara, S. Kanada,
M. Ono, H. Sasagawa
October 2017
Journal of Offshore Mechanics and Arctic Engineering,
Vol. 139, Issue 5

It is urgently necessary to establish a design methodolog
y of the lifting system including flexible pipes with incline
d parts.

In this paper, we proposed a mathematical model to esti
mate the pressure loss in inclined pipes and carried out the

experiment to measure the pressure loss using several kind
s of solid particles. Then we validated the model with the
experimental results. As a result, it was confirmed the prop
osed model could be applied to the pressure loss estimation
in inclined pipes.

Ad: 6=260deg A

00 LSz 00 B .
o 1 2 3 4 5 6 0 1 2 3 4 5 6 02 00 02 04 06 08
i [mfs] Vi [mis] Im_exp

Figure Comparison of estimated and experimental hydraulic gradients.
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EXPERIMENTAL STUDIES OF PRESSURE LOS
S FOR LARGE PARTICLE SLURRY TRANSPO
RT IN OSCILLATED PIPE FOR SUBSEA MINI
NG
Satoru Takano, Sotaro Masanobu, Shigeo Kanada,
Masao Ono, Motoki Araki, Hiroki Sasagawa
June 25-30, 2017
Proceedings of the ASME 37" International Conference on
Ocean, Offshore and Arctic Engineering

In the design of lifting pump for subsea mining, it is
significant to evaluate the pressure loss for lifting ore in
an oscillating riser pipe. Therefore authors conducted the
scaled model experiment for evaluating the pressure loss
due to slurry flow in an oscillating pipe. It was observed
for the horizontally oscillated pipe that the static pressure
loss was affected by the pipe oscillation in the low slurry
velocity and short oscillation period condition. The
considerable fluctuation components of pressure loss were

observed in vertical oscillating pipe.
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Figure 1 Comparison of the results

EXPERIMENTAL AND NUMERICAL STUD
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CONVERTER WITH LINEAR GENERATOR
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Proceedings of OMAE2017

WA b7 T = RO T G E 2 RIS, iR A
BE L TREH N E RS 2HEE (HRKHE) o
A e AR B OB RT3 TIRGE L 72, KRR ©
I, REEMIC) =T =2 M, R oA,
HEHUHEN NS IHRFE b IR L, BEEE R L.
fEFHE T, KE NREL & O Sandia 23BH% L 72 WEC-Sim
(ZHEFEMAEE T L2 F2 L CRER L RO T, BREDRR,
V=7%—XTHECLEEZEE LCIERER I
T, HARKHEAAG TRAT Loofl#Eik L v LA
Th o & & FERLOSEF R CThed L7,

Measured: © :Nocontrol [El :RLC @ :ACC A :ACL
Simulated :------ : No control —-—: RLC ——: ACC ——: ACL

AR 2 IEWREEH O

/NS D B IR PR F SRR D
BRI B S5
Bt —BA, AR
FRk2946 H
H A7 i SR 5 1365

R RRNCHRB =R AR L= HED 2B DD,
KR ST CCHRB R E I S IR LIZEE TH 5.
AWFFETIE, IO D TTREME O m W IR P o is
BICERZYC, ERL 2R B R0 FNTERE LT,
P IR P ORRFE FH MBI 2 FRE U, IR AS A A B K] % 5
EL, TNOLHERKNORKRE F DT,

ARFZEDRER, Bl 21X TERETOHBMT Tk 1T,
FERTHR IS U CRUC R T )R 2 M d 2 & C, ERED R
IR TE 5 2 & NS,

HIERT s
~

H No

% .

;gg . . N

AN x5

Ik 22

Bl 1B |z

I ENE-JENE YN o3

BEEEARE) 20

AL IRAWY RS-

20 |2 o X

2 |2 RE

5 e

i Yes ) i Yes

b

&) TERBTO®E, HTREIZEROLEEH)

=
=

R T O HAEMUATHRRL) SR OXR

A Fundamental study on the Dynamic Response of
Hull Girder of Container Ships due to Whipping
22, BRIST
%2946 A
FE36IalfEE L K Ot T2 B9 2 [E B
(OMAE-2017)

IO L BB S, 2 T T IO MR E 2 2, K
(CoNIVH — S I AR R AR AN B 72 R D 1 D & 72 o T
%, AWFFETIE, 8000TEUD = v T Fil & st 4 & LT A
ERE2NEREOLWE - BIEHERZTET AL, slamming
S D BRI RIS DA DL T — F — IS D K
WERRET 21T o 7o, ZORER, W BRI 2SR O F A7
NI 725 L, FRHICE VISET— A2 b O KER
fFHE—A 0 b LY REL RDIEHEENHER TE -

Effect of load duration (cantilever)
(moment at fixed node)

k —o—Case a (w/oc, uni.)

5.5 | —o—Caseb (full, uni) ,
e ) Case ¢ (w/oc, non-uni.)
——Case d (full, non-uni.)

sn = S=SEUV I

T :period(Loading)
TO:period(Eigen value)

Dimensionless max. vertical
bending
o <

01 23 45 6 7 8 910
T/T,

B BYRISERE R L ATE S ORISR (FRHTH)



i LB eEpTE B 1TE H 15 CER29FE) Pt RmCHEME 89

HBRTUASVIC K D EHAUVIBIERBRIZ O\ T
FEYEAERE, MR, &MF5, WA
MATEM, HFHE, HBR, EBmE—, ZH#En
2942 A
Underwater Technology 2017 Busan i 3C4E

WHTCIESIPRRE [HEEKAUVIEH TR O ©
—ER L U ORI A R o v B RESR(ASV) 2 B L,
SR 28479 H 2 SRR 41T o 7.

RERCIE E TASVEIROBEARMRERBR 2 Fhi L, S
WIS CROAGERE, FEMIAAS, Wit o GHERE 2 %
T L EHERLE.

BV YT CRA%E S - lPEE AUV B 2 vz
BHAUVIBRERER 2 320 L 7=, ASVIZ BT 526 DA
UVEZHITBEERL, JIGL - 5l(5 0@t 2k 2 F <M
e s e A S db

— GPS

N Ao
Wireless LAN 7T 825 Satellite Communication

Sword

Buoyancy Control Device_'. Main Thruster

Sub-Thruster I ?

Acoustic
Communication—
Device

Rudder

\

Acoustic Positioning Device

X ERIASVAME

WEEER (RA 2 b7 7Y —H)
WAHREEBOHHREREHE
RORH, MEHE, BRIFEOC, Bk, HgE
R294E3 A
HE26RIFLE T %y ViR Y T A

WA BT 7Y =R TR RE AR, dEE
BB L CRER L RET DHEE (WORKEE) of
BV KRR R O LI CHRRIE L 72, F 7z, fitieh
ZHHE LR TOARMRER LTV, IEREERII
DHEREAL DB RFE LT,

KRR N ORS00, I RKRHIEZ BT 5 &,
FLRIE 1 B OASKLRIRE IS 3T, A CRRAT L 7230
ENE QN IR L 0 B IEREE RN R E < 72D Z &2
molo. Eio, fitEhE AR ST DL, BT TIRIER
FEROWMMARLOND05, AR TIXIEREERED
DIV Rl Y gAY v o el waves  Hi- 100 . To-168 3

4.0
35

regular waves
a . regular waves
u Pitch fix, irregular waves

30 S Pitch free, irregular waves

25 E =
20 — —
15 —— —
HE - B
03 i = Il —
0.0 = = =
P Pe P
‘ WL/ ST — SRH EBRFEE T
X1 IRIERER DER T [ 2 IERFSEH I 5 2
%

RENKFETE ) B BEBEA OE T A KIZ DN T
BRIy BEACER, —AIE, FEFECC, H BB
R294E3 A
HO6IEIMEE TRy R N

IRE KRR DR BIEEOWEDOHZETIX, 4V 7 4 A
IFREBI—CUABRT A L IETELTEHEN
TWBER, KA L ZETOMRE, KOTEER TOMERE
BT L HBIfETIER .

T IT, REKFEEEE DR BEEEAAN S OWT, Y T 4 A
IZEBHEL — L DOET UL, KOZEREOFHIPRIORGETT
5 LT, AV T ¢ RO AT D T2 OO R BAARMERER
AR CHEL, ¥ — BV AT 72004 ) 7 4 2D
(I DOFIRAAARR LI=. £7-, Maxwell 7 /LDITIER LI
BRI R LTZ

® m=1/36
* m=1/40
* m=1/80
® m=1/120
m=1/200
® m=1/300
03 —m=1/36
—m=1/40

0.2 —m=1/80
—m=1/120

0.1 m=1/200
m=1/300

0 10000 20000 30000 40000 50000 60000 70000 80000
Rey

LA VRIS D RS

REVKHTLE R ERR OREMFEZ B L LTz

KRB e OB A&
R, RIS, BoEERRR, HERF]
SRS 2943 A

HE26EIEVE LY R Y N

TR ) S MR D& e MER i 2 B Ry & LT3N L7
AHERRBRGE R & BUER AR 27 . IREVKHER D 5 o
‘AT 77 b7 A B S SRR 2 Y 2%

M EB R ) MR X, WD) & ZE R D WA AL
THERE, BRELHAY T HEK[E FHET XL F—(Z
TS D5 —r, SEEK, FIENOHBRISNDS.

R, REHMTES —RCEEND IERPRILEHEE L
Tz, FEOMHR ERRETT.

ZEREHEPIIRARSS L UBAHCRRED & & AT E RIS ) e
MWD EaRLTz.

Wave period [s]

s 0 &
3 R
e PO * Y I B Y

o 1 2 3
Wave period [s]

[ 2T ORI O

(89)



90

KA K R 5 B B O R MR % B
R & L7 KA EER
W iRER, AT, R, CATE,
fAHEE, HERE
TRK294E3 H
H26RIMEE T2y IR T b SR

EASWA e I « MRS 0L X — 38 FE %
DLERFROT- O OFHEFIE ) (BT, B - ACFHEI DK
il RS LSOV C, KRR BRODEHER) 7o RSB T 1E 0D
BEICOWTIRRT L7z, m— 2 Rk, SEE IS BRI ANE D
BRI Z, 2o i & b b By - Faleiguc
KU THEHI L7z, TORER, FHERRERICRO TR
fili_ BB T R EWEIAET D AR H D Z LR LT

252HEH) |

222 MEM)
- )
Z —— EE )
Z 10 1 —_——
£
£
3 ,&:}
z
<
£
£
8
E]
g
< A _

Time[sec]

FRBR SRUABWT I D Z B D]

A Numerical Simulation for Coupling Behavior
between Smoothed Particle Hydrodynamics and
Structural Finite Element Method
Chong MA, Kazuhiro IIJIMA, Masayoshi OKA
TRR294E5 A
Proceedings of MARSTRUCT2017

A new numerical coupling model between Smoothed Particle
Hydrodynamics (SPH) and Structural Finite Element Method
(FEM) is proposed to evaluate the fluid-structure interaction
(FSI) behavior. The coupling scheme between the fluid model
and structural model is introduced. In order to confirm the
feasibility of the proposed coupling model, three 2D validation
works are conducted which include beam impact, elastic gate
and dam break with an elastic plate. The comparison results
between the simulation and model test are discussed. The
prediction accuracy of the proposed coupling model is validated.

Press

L Ll

Te+007

Fig. Distribution of fluid pressure and structural stress
(Elastic beam impact)
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Study on Application of CFD and FEM Coupling
Method to Evaluate Dynamic Response of Ship
under Severe Wave Condition
Tomoki TAKAMI, Masayoshi OKA,
Kazuhiro IIJIMA
%2946 H
Proceedings of the OMAE2017

In this study, a series of validations of a weakly one-way
CFD-FEA coupling method for the estimation of the dynamic
response of a container ship under severe wave condition is
made. By comparing the prediction with linear/non-linear strip
method, 3D panel method and towing tank test results under
various wave conditions, it turned out that CFD-FEA coupling
method is a promising method for a consistent estimation of ship
motion, water pressure and corresponding structural responses.
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Figure Validations of vertical bending moment

Development of Optical Flow Computation Method
for Ice Movement in the Arctic Ocean
RANECKR, sk, Rk, @&ass,
HIAEER], FHARIE KRR
FRZ294E2 H
Proceedings of The 32nd Internaltional Symposium
on Okhotsk Sea & Sea Ice

High resolution measurement of sea ice motion around
offshore structures is important for oil and gas development in
the Arctic Sea. We propose application of the Optical Flow
analysis using OpenCV as an efficient computation method for
ice movement and made a comparison between the Optical Flow
analysis, drifting buoys and the maximum cross correlation
method with respect to ice movement speed. The results show
that the calculation accuracy becomes low in the Beaufort Sea,
whereas the Optical Flow analysis shows the same high accuracy
as the maximum cross correlation method in the Northeast
Greenland.

-3
o

> B —0—OF - --MCC
Zso uoy

<

_Ezao

g 30

220

&

210

El

20

£ 2010-2-5 2010-2-25 2010-3-17 2010-4-6 2010-4-26

Date [yyyy-m-d]
Time series data of motion speed



T - B2 TR S

Systematic validation of a SPH model for wave ge
neration and propagation
Andi Trimulyonoa, BANTEL, {4 EHL
TRR294E1 A
ISOPE 2017
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Development and sea trial of the compact cruising
type AUV system
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Proc. of Underwater Technology 2017
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Network Structure Analysis for International
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: From the View Point of Complex Networks
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A Study on Sloshing Behavior for Moss Type LNG
Tank based on SPH Numerical Simulation and
Large-Scale Model Experiment
Chong MA, Masayoshi OKA, Takahiro ANDO,
Naoya MATSUBARA
52946 H
Proceedings of ISOPE2017

A new concept of LNG tank shape has been proposed based on
the conventional MOSS tank in order to improve the tank
storage efficiency. In this research, a series of model tests are
conducted for both new shape and conventional spherical shape
tank with imposed regular and irregular sway motion to validate
the feasibility of sloshing behavior for the new shape tank.
Corresponding numerical simulation based on
Smoothed-Particle-Method (SPH) is carried out and its
prediction accuracy is discussed by comparing with the model
test results and other numerical simulation based on
Finite-Volume-Method (FVM).
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Analysis of Ship Speed Reduction in Navigation through the N
orthern Sea Route
ARZFERE, BHAKE, FTHEA
WRk294E2 H

The 32st International Symposium on Okhotsk Sea & Sea Ice
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Impact of Ice block
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Development of Accurate Ice Observation Technolo
gies for Arctic Oil and Gas Developments and Ver
ification by Field Campaigns
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Proceedings of the 23™ International Conference on Port
and Ocean Engineering under Arctic Conditions
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Numerical analysis of sloshing load under a seismi
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The 3rd International Symposium on Natural and Technolog
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Towards Numerical Sea Trial —Part 1: Overview o
f LR Workshop and Preliminary Computation-
N. Sakamoto and H. Kamiirisa
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A full scale validation data (integral variable) has become
available through “A workshop on ship scale hydrodynamic
computer simulation” organized by Lloyd’s Register (LR) on
November 2016. National Maritime Research Institute
(NMRI) submitted their preliminary computational results and
participated in it. This manuscript introduces overview of the
workshop as well as NMRI’s preliminary computational
results. The discussions are made in terms of present
capability of full scale CFD in powering prediction.
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A Fluid-Structure Interaction Research based on
Smoothed Particle Hydrodynamics and Structural
Finite Element Method
Chong MA, Masayoshi OKA, Kazuhiro [IJIMA
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H AAREEE L7 2 R 29 F AR F= 3l T o m SR

In order to analyze the hydroelastic-plastic phenomenon for
ships or offshore platforms, a numerical tool is established in
this research where the Smoothed Particle Hydrodynamic (SPH)
model is coupled with the Structural Finite Element (FE) model.
Structural FE model is built in Abaqus which can deal well with
not only the elastic but also the plastic behavior of structure.
Besides, a simplified FSI model, in which Hydrodynamic (SPH)
model is coupled with nonlinear structural elastic beam model, is
also proposed. The coupling algorithms for both numerical
models are introduced firstly and then, the validation work is
performed by comparing the simulation results based on both
numerical models with the experiment data for the elastic dam
break problem.
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