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Numerical investigation on the drag force of a non-buoyancy driven

bubble

ZHANG Ling-xin, ZHOU Ze-cai, SHAO Xue-ming
(Department of Engineering Mechanics, Zhejiang University, Hangzhou, 310027. Email:mecsxm@zju.edu.cn)

Abstract: A dynamic-positioning body force (DPBF) method is developed to systematically
investigate the drag force of a non-buoyancy driven bubble in a wide parameter range. It is
proved that this numerical method has a good control performance and computation accuracy.
Based on this method, 99 direct numerical simulation (DNS) cases on a slipping bubble are
carried out. The results show that the flow characteristics of a bubble is significantly
different from a sphere with a slip boundary due to the slip gas-liquid boundary. Based on
the DNS data, bubble drag coefficients are calculated, and the drag correlations of Re and
We are investigated. A new drag closure empirical relation is proposed considering both Re
and We, which has a wider application range than previous relations.

Key words: Gas-liquid flow; Bubble; Direct numerical simulation; Drag force
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(1B MRereli O RERIR 53 TR, Jba, 100084;
2 VB FIRAIAS b, dbRT, 100084, Email:chaosun@tsinghua.edu.cn)

R ASCE T IR R E A X REAL L S/ 5 F B9 Rayleigh-B é nard xR #4T 7 #E

EUH R, ERRETEAILRES TRAER REEH B F A EREFE. @ T 250
FARAAE TEMNAABEER, RIENL & E TN, @6 &R o7 E E fo KR

B R LIMEHIIREORIE NS EERHRAR R WZRE. BLMRESR
RIBERAE IR, I E GBI/, A B K 2RI R E iz AT,
TIRT R B H R R KA KRB Mg SR R Ie (R, 22 3 77 3% B A i Ak 5 8y
EARMWHEE, XETT AL AN TGRSR R — R ALE

KRIR: 23N AR WA TF; E#

1 5

illl3

Z AL BBl A s AR A I REAE EARIA AT T N AR A BRI R
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I E -
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T BT NITRE TSR T, R BUNHIE 2 XA (ballistic regime) 1 8] i 3 4aiz [X
[ REAE, SR I B X ) Ak i el N B e ™ A, U AT L A B
X 2 AL BB IS R & I AR M B TF R 7T, G0 iE TR AN M e B TR
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PR SR RIEE . BEE i, 2RI BI YT, R Rss, JF AKX
IR R A ORI, i 1 R AR IR E AR . MRS RS D ERESYIN, i
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Lagrangian dynamics and heat transfer in porous media convection

SUN Chao'?, LIU Shuang',JIANG Lin-feng', WANG Cheng'

('Center for Combustion Energy, Key Laboratory for Thermal Science and Power Engineering of Ministry of
Education,InternationalJointLaboratoryonLowCarbonCleanEnergyInnovation,DepartmentofEnergyandPowerEngi
neering, TsinghuaUniversity,Beijing,100084.

2 Department of Engineering Mechanics, School of Aerospace Engineering, Tsinghua University, Beijing,

100084 .Email: chaosun@tsinghua.edu.cn)

Abstract:We report a numerical study of Rayleigh-Bénard convection through random porous
media using pore-scalemodelling,focusing on the Lagrangian dynamics of fluid particles and heat
transfer for varied porosities ¢. Due to the interaction between the porous medium and the
coherent flow structures, the flow is found to be highly heterogeneous, consisting of convection
channels with strong flow strength and stagnant regions with low velocities. The modifications of
flow field due to porous structure have a significant influence on the dynamics of fluid particles.
Evaluation of the particle displacement along the trajectory reveals the emergence of anomalous
transport for long times as¢is decreased, which is associated with the long-time correlation of
Lagrangian velocity of the fluid. As porosity isdecreased, the cross-correlation between the
vertical velocity and temperature fluctuation is enhanced,which reveals a mechanism to enhance

the heat transfer in porous media convection.

Key words: Porous media; Thermal convection; Lagrangian dynamics; Heat transfer.
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FEm
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(LiExiE R W L% A, i, 200240, Email: jswang@sjtu.edu.cn)

WE: BEIREREEHNRERS (VIV) &L+ F KR E N R E B AFSHHA T
BOEA—EZEFR VT ZXE. K10 £5%, ZENRKIRS (WIV) Fafff A
% 2% & B 3 9% (Galloping) |7 A1 & % W& H , 1X L8 5 i o it ALl B 2 5k 8] B4 X W3k 1 4
ARSI (FIV). Tk 2% X WRHRADLE XWRHERS, CNET a7 LS4
WMEAEM. AT HRBBIEXHRAEZTHAREERIANILE, AR T LMk
MEFEERE, ARANMB,RE TR GETNEEZETENLLIRE. X FIV X AN
B RZERFRAARZEF AT A T FEARA KA R A% H AR 10 F 5 R H 4
MBS R EF E AR E: NAKELEE VIV, 3£ &8 WIV 5 WIG %5,
MAER R ER|EZRE; M VIV ITHE AR LEE F L Galloping L&, &I T A B 3k 578 AL
B A K A HALE

KEE: Rk mERs); Bk ks HTHl; AEHFEAE

1 515

2020 45 H S H, JUREITRM KA BT IRS) (Flow-induced Vibration, FIV) =4
fii KA FIV HICHE B 20 BT, Ak AN BB ARES 72t T A 1940 SEES RHE AOMF O 25 35
FifFo sEBr b, 2010 955 A 19 H, P B ARRINAMr & A T BB IRN LG . 7Rl
TSR, PN MR AR RS FIV MM e Fil. AR, Biksme 4R
I, R A0 5 G5 ) ] A5 A 28 100 1N 25 ) R AR IR AR Bl (V ortex-induced vibration,
VIV). XA REIFE RGN, SEZAEH. N TRISERNHERE VIV, MIKHT 2
FhdmiE B, EHRESChr TREFEE ZMNAH. T 10 REMTF TR, FEEHT,
TE AT 45 R B D0 B B 5 Ay B 3 S S WA AR AP I VIV HIHIE R s SR, 7R —Le4 4T,
ARG AL VIV IRIBE K, SR AR 45 3R (Galloping) BL%M, X Fh
SRS naEIRS), IR . Rk, 7 ERAGEFORA IR e 2 e AL, PR
B FIV M B . SItER, SEPr TR AR RE IR B 2 A R4, W TLP/Spar
FEMSLE RG, AFEKBN T RAREARIN T 88, RS S 5 AR VIV
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BEAFRARFE, HEAER. EEARREA 10 FERAFFTT, IR RS IRS
B RE K FHRKE VIV, 258 FIV T35 21 WIV (wake-induced vibration) 5%
WIG(wake-induced galloping). VIV il J B4R 55 i B 72, AR T 2 FRaHLH,
WRE. RIR T MR Z A R, NG R T A AR . T
EEMTE, RTRE, XEAMAHE, TS50 2-5]

2 HE VIV

2.1 HERERM I ERBIRR

2 L2 451] 2 ExxonMobil 2 &) FI| F#F& Marintek 7K BT 19256, 745K 9.63m,
EA%0.02m, T0i5K 7] 817N, KT &84 TVD % X R 1 B £ FSI REZ(TVD-
EVVT-FVM-FSI)X] SR A 0.42m/s F1 0.84m/s 54T 7 B, &1 42 0.42m/
B, ASEIAS S T RATI S R S M T B R SR I xs b, R R 500 & R i
Kl 2 & 0.42m/s A1 0.84m/s T [1) VIV B 25 = B RIRBLELLE 2R, F3 0l Bt 2 Bl 4 B4R 345
I[7]

PIAN

5 (b) = EXP, Lehn(2003) T .....
B —— Numerical, Huang et al.(2010) i g
0.8 ——Mesh 5 3 | i
- - - =Mesh 6 all 5”%
0.7 LR —-=- Mesh3 pr
02 //..",’ ‘7\\\\ ----- M:ZI:7 !‘5“"*““. ﬁ
054 =4/ A i T
< [1/ A
< 04 i A AW AT w‘.
03 I/ N\ " A o
i N \ st
0.24 A\ V% R\ i A
J = gl UL OGO 2 )
0.1 b
i A L
0.0 02 04 0.6 0.8 10 8 & e : &
z/L
B 1 AR U5 MRS S 5t e (0.42mys) ! B2 (RS ] FE 31 A4 £5(0.42m/s AT 0.84m/s))

2.2 SEREHHIEKE REIRED

BEIERRACE OB HLE, ) OB Rl OKEIHFRAKE 224 %, B
EWE T K ARSI GERIAR . BIVE DRI N BT R )5 . KRS G g
BN RRKE S A AN AR SR, RN, i SRR AR S AR A A it ]
& VIV, XA RS TR VIV BUE A Il BBk AR HIBUIRRE
BR/KE VIV R R B, Bt/ B VIV b kb b, dF RUE
ROSLFZ, B EAE VIV BT USRS 25 R RRKE 2 5 G A R . 1000m &
B /K& K AR LE AT 2000~5000, BIEA S REIY R B S AR i L AL, ATt =4k
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)R, AR KB K K VIV i BEAE [ P AMEEAT 08 . BEAER T SEH 2 BT BB /K 1 VIV R
PE, TRELER ST AT SRR ASEAY L BUE B T, W BRI R AR A . SRR Ak
WISV E . HAT TR R KRR 1) R 1A 24 Ak 7o 2481,

SUmRE K VIV IR R TSN R A WKIRITOER B . Bk, 254
Fik. PRI, TERTK ). PR LS. X HLgh WA 8 T sl 2 1R R IR /K R VIV i B
ﬁﬁ%%ﬁo%@&M%ﬁﬁﬁ@%:@K%%%DﬁmwmbW@DAMQML%E
p=7850 kg/m’, ALK P B /K R A 318.05kg/m.

2.2.1 HhEiRAH QRN AT RIS VIVE)

BB/ K 342.9m, KAZREL 643, HIEJFITIEIE 0.8 m/s, FHIHHCN4.1x10°, TikhE
FEM 0.1~1.5m/s Ze Ak, B KRN 7.7x10°, BREG/KE RSGITAh, Fshat T 38
Il S 0 X 35

Kl 3 BoRBR/AKE VIV BRI RE R AEA R BI#IE 2/L=0.1. 0.3, 0.5+ 0.7. 0.9 L impyit
T BRAKEAZ TGN G i A KRy 2S 5K, (HBEA FR/K AR TE IR, BBl T 2P,
2C #E o XTI A1 BR K 1 i R Pe B R A 7E H v (a1, 1% TR P U d R e B R AR
TEmE R — AL B (B 4. PRSI N R KE iR KPR SR, X AR N BE i
(1)F- 350 T8 TE G S5 T3 ST PR BT, e B SO Y U7 B b . BT DO TR R R U
B K () e K P B AR R T B I PR B o T B /K A R AL () R B 1350 7 AR RS 2 A
ALAEH, PR SIIRAS TRR/KEHRAE z/L=02. 0.5, 0.8 AR 3 Mg, Hi2hs)
R BRKE WA LB YU R BER T 2/, JLR R 2/L=0.5 3551 T s A
EEBIUI T BB/ T3 50%, JF BETUI e 3 ANk RS AR b BGEIE,  Thi S 3
T 2 52 3 EH 796 i o ARG (9 155 0

FBEEU i) [H]t=90s

)3 I [E)t=90s

O
OO OX N@ S 200 6

@ B (b) BBz
P 4 7R AT K s

3 e 9]
B 3 WAL R R bR b WA R AR, e B ARG
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222 REFERRE T BARE 6 VIV 4l
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(1 VIV BT TR 4T

K5 RoRPEAEER RSN 7=0.5 m/s, A BN 17=0.8 m/s) Fa/KE &30
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I IGAE A A 7 B, AR ) B HR N U R AR A KA, ARe EHE A LS, HE
TR IAE T, MO 7] B4R BN AN LR IR ) AR B0 /0y, 33 BR LIRS [ PRI R 30 A2 56 4 A R 2 s
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3.1 REREEIVNEMILE WIV

SR 2 9% Huera-Huarte Fl Bearman £ 41 XU ST 7Kk Al s MY XU 4% 0.016m,
K 1.5m, /KK 0.585m, &1Lk 36, [AEE 3D, THER5K 77 110N, R ook i 25 i 7 v
JFEER ) CFD J7ik485 G ) ik AR R B # & K g ds (DVM-FR-VIV) #HTHUA L. Kl
7 XFEE TR U BT SR RIS B E A R, A T L T A B R REN R . T
gt ok G, TR IR AR (Ab R D #RMREET, B AR SE Ry & )i,

1
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0.8

@1

7 2R R BE3DE L4 (fe-sesb st U, A -BUE s g 1D
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Flow-induced vibration and VIV suppression for offshore circular
cylinders
WANG Jia-song
(School of Naval Architecture, Ocean and Civil Engineering, Shanghai Jiao Tong University, Shanghai 200240.

Email: iswang@situ.cdu.cn)

Abstract: As a key problem of fluid-structure interaction (FSI) research, vortex-induced
vibrations (VIVs) of offshore circular cylinders have been paid great attentions by research
scientists and offshore engineers in the past several decades. In the recent ten years,
wake-induced vibration (WIV) for multiple cylinders and galloping for VIV suppression
attachments are attracting a growing research interest. All these vibration phenomena relative to

the vortex shedding are collectively called flow-induced vibration (FIV). It may give rise to the
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structure safety problems. Many devices were proposed to reduce or suppress these vibration
responses. However, the response and control mechanism taking place in the ocean current
environment is still a challenge problem for the scientists and engineers. In this paper, we
sketched some results and discussions on the FIV of offshore circular cylinders based on the
investigations in recent 10 years of our group, including from large length to diameter ratio of
isolated flexible cylinder to the interference of multiple cylinders concerning WIV or WIG
(wake-induced galloping) from experimental model to real size of drilling risers, and VIV
suppression and unwanted galloping for cylinder of attachments with wind tunnel experiments
and numerical simulations. Some key scientific problems of vortex resonance, WIV or WIG,
galloping and the responses of them excited independently or combinedly with two or more are

reflexed.

Key words: Fluid-structure interaction (FSI); Vortex induced vibration (VIV), Wake-induced
vibration (WIV), Flow-induced vibration (FIV), Galloping; VIV suppression; Drilling riser
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Design and Implementation of a small intelligent all-electric ship
based on the existing hull

JIANG Ren-yan, YU Wan-neng, LIU Jian-min

(School of marine engineering, Jimei university,Xiamen,361021,Email: wnyu2007@jmu.edu.cn)

Abstract: Aiming at the problems of high cost, low automation and high labor intensity for small
offshore ships, the intelligent all-electric ship research platform is developed by using advanced
electric propulsion technology and intelligent control technology. Through the establishment of
the existing ship model, the resistance relationship is analyzed, and the dual electric propulsion
system based on lithium battery is designed.The intelligent ship motion control system is
constructed by laser radar and millimeter wave radar. According to sea trial on a test ship,the
experimental results show that the all-electric ship has good environmental performance and
operational performance, which can provide good experimental conditions for the research and

development of key technologies of intelligent ships.

Key words: Hull model; propulsion system; intelligent control ; operating performance
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Numerical simulation of underwater explosion under complex

boundaries by Eulerian finite element method

TANG Hao, LIU Yun-Long, ZHANG A-Man

(College of Shipbuilding Engineering, Harbin Engineering University, Harbin, 150001.
Email: tang_hao@hrbeu.edu.cn)
Abstract: First, this paper establishes a numerical calculation model of underwater explosion
under complex boundaries based on Eulerian finite element method. Thenthe numerical
calculation model is validated by calculating underwater explosions in free field and comparing
the calculation results with the Geers-Hunter model. Then, the influence of the free
surfacedistance parameter, the rigid wall distance parameter and the buoyancy parameter on the
dynamic process of the explosion bubble are explored. The results show that as the free surface
distance parameter increases, the height and growth rate of the water hump will become smaller
and smaller. In a certain range, the jet velocity will increase but the jet width will decrease. The
peak jet load will increase first and then decrease due to the release pressure of the small bubble
cushion split after the jet with a larger jet width penetrates the bubble, while the bubble pulse
load will keep increasing. The shock wave load and jet load will decrease with the increase of the
rigid wall distance parameter. However, the height and growth rate of the water hump do not
change significantly with the wall distance parameter. Only when the wall distance parameter is
less than 1.5, the wall will have a significant impact on the explosion bubble. With the increase of
the buoyancy parameter, the bubble will protrude downward and the impact load of the jet will
also increase.

Key words: underwater explosion; Bubble dynamics; Eulerian finite element method; complex
boundaries.
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Model testing of VIV of circular cylinders and development of

discrete vortex method

ZONG Zhi, ZHOU Li, YAN Chao-qun
(School of Naval Architecture,Dalian University of Technology, Dalian 116024, China

Email: zongzhi@dlut.edu.cn)

Abstract: Vortex-Induced-Vibration(VIV) is frequently encountered in engineering, resulting in
severe structural damages in unfavored cases. It is claimed that the recent unusual vibration of
Humen bridge is caused by VIV. In this paper we report our recent work in VIV, both
experimentally and numerically. Experimental setup is introduced, followed by presentation of
experimental results of single cylinder in air. What is interesting is that different modes have been
observed in the experiments.Development of Stripwise Discrete Vortex Method is introduced.
What is interesting is that a slight improvement in treating those vortex particles entering body
due to numerical errors leads to surprisingly good results. Combining with Finite Volume Method,

we develop Stripwise Discrete Vortex Method for marine risers to predict dynamic responses.

Key words: VIV (Vortex-Induced-Vibration); Instantaneous Conservation of vortex; lock-in;

discrete vortex method; Fluid-structure coupling.
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A NSEINN for solving and discovering the fluid dynamics
ZHANG Wei

(Marine design and research institute of China, Shanghai, 200011. Email:waynezw0618@163.com)

Abstract : We introduced a Navier-Stokes Equation informed neutral network for solving and
discoviering the fluid dyanmicso The NSEINN is based on the so called physics informed neutral

network(PINN) o Different with physics uninformed neutral network, NSEINN uses

Naviter-stokes as a constrain for the neutral network. Here in this paper, the NSEINN is adopted
for flow simulation, discovering and reconstruction. with these applications we think a NSEINN
can be a good option for testing in the real world industry flow measurement work, where
pressure or some of the area of flow dynamics are different to measure.

Key words : Deep neutral network , physics informed neutral network , machine learning
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