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Abstract

The objective of this research is to explore a change of shapes and swimming motions of fishes against
the living conditions from the viewpoint of fluid dynamics and the propulsion efficiency through 3D-CFD
(Computational Fluid Dynamics) analysis. In order to investigate the relationship between the swimming
motions of the fishes and the flow phenomena around the fish, a representation of the undulation of the
fishes in the analytical model is effective for clarifying the complex flow pattern around the fishes. In this
report, the undulation of the fish was calculated by using OpenFOAM 4.1. Especially, in order to represent
the undulation, pimpleDyMFoam and myAngularOscillatingVelocity (Remodeling solver) were used.
Through the investigation, the proposed combination can be applied to the flow analysis around the
moving fishes.
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TRV RE & B DTEARCVKENE I I B R BB A & 5. IRORTIE, AYVA, w7 v, vhIF
[Ef], KOV 2 [#REMA], e WA o8, BR2FICR L T THAEEFRENRFEILC XD fcﬁ@]%ﬁi
%, BEEOT A7 MR L TH-72 0, BEOKmHXAEDOKmX & FHEL L T\ 72572 EREICE
DETHUOEREZ R £, REEIC iofﬁ/ﬁ%wﬂﬁéﬂ“t%”@{ﬂk LC, —BERIC B o 72 BN
Wi-oC&El e &, BB EELHTIoOITHNETLE S TeBEZ KR TR Z M s T 72oicha< L
TWAZ ERHIFoNDE. HEOFIRLAFEICL > TRARY, LIFOWENEIT 2 RET DimE LT 5
72 EZDRIZ L o THRIESIFRIRHER 72 56, KEMED R TIE, MRWAKREKREZ < RLE TR Y
XA (anguiliform), RfE & EKDZ YR AMEH L TRk <7 P8 (carangiform), A% 13 & A SEDOTICIRENE O
KO RBEER T 28N L TR /na 7 Z B (ostraciiform) 72 EVKIEDRREL T oNTEY, FoL-oTH
VKIEIZZEZR DD 508, Tk EDOHROMEN T b AMEIC L > TRR DO 2, FEALSERITER LS,
ATERRRIC IR FROREDRBIR L TV D B X bID . BEIUCE L TR OO 54 S 722 F
L THEERI R Z LI 272 EOMENRH Y, BENAZIERT 2838 LR L 22 WA T IR ) F ) R 23 J 7
DAREME B D00 E Tz, SEHOBEITHORRICHEAET 2RI ONTRRZHEDFRILL H D BHOREN
L2H07ELHBOBRBICHEZ KT L TWDHAREERH L0, —F, SBEOWRMEII PR 2 R fEE &
LTI, VA I NVAERAA I U7, MR E2 FHWTZE S & 52302, S OBREBFHISEIZS b
RBBEEITIE CTHRESNTEY, H-F - BLNVTOERRSEEZFERT D9 2 T L OEENL
PR TH S .

% Z CARMFZETIX, 3D-CFD (Computational Fluid Dynamics) ¥ X = L — = VN2 L, kIESCEIR,
A BRI AR TERE R E DRI DA BRI FRRE A BT 2 2 L T, SMEHOIBREFRI I
% Z L OAREZRH LWIRIR IR IE AR Oz 2 HEE 92 & & L7z, $FIZ OpenFOAM4.1 & W2 X v
2E—T 4 T DN ERIN D T2\ 20 A FE TIL OpenFOAM4.1 DA v ¥ aE—7 4 V7 V)L E RN,
Thunnus(LAM%~ 7 1 EBER) D 5 R0 BifERELE, BUROFEIZOWTHET 5.
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Fig. 1 Analytical model of Thunnus : (a) is front view, (b) is side view, and (c) is top view.

P OWEKEMEITZWV < O ORI THFE T ANRE I N TV D 6B AFH TITFFIC BHAGAT ORET
ZHUKENES 181 & fLA0A A T2 8kiE Y V23T D myAngularOscilatingVelocity #2521, KRBT D~
a2 DOKEFHMOEERE z €T MELT-.

Z = ax%+ bx (1)
R I x T OEED S, a, b IXEAEAR L TE Y, 41X a=0.05,b=04 & LT\ 5.

22, fEWFE

OpenFOAM 4.1 N @ pimpleDyMFoam % F 72 3EE # O FAUVIENT 21T - 7o SRR UL RIS R e D =0
¥ X X Navier-Stokes FFR TH 5.

D
V-u=0 (2)
Navier-Stokes J7FE= :
LAV () = -Vp+ V- wVu) + V- [v{(Tu) -1V - ull| (3)

B ulTEAY MV, p IXFRE, v BN, IR Y v Th D, ARTHE, MHEOREEME S LT,
~ 7 uDOERIZ L DFENH~OFBEE NI CE LT O HMMEELZ BN E Lz, ST T V2 A0
TIEVEIRIT 21T > 7.

2 ([T TV K ONE R 4t % -7, snappyHexMesh TIERL L 7= &7 /L DR F#5IE 1,169,188 & L
7o WARIZNIERD 1,093,872 #1-, —FAFEDS 10,525 #1-, < SOURDUEIRDS 26 #51, ZHE KD 64,765 #
TTH5H. EERIIAE LT, MAME 1.0m/s O—Fi Fic~Z aBii@dgk L s & Lz, R&EFEZE
~ 7 uOFEE0.69)E L,Z D& ED Reynolds £i% 6.9x105 THD. L7i=n->TC, BEREMLE L TUIET LD
A0 (K2 Fim) ICHASMEE UGHRE—E (1.0 m/s), EF/L0HA (K2 77 ([ HERHSS:E 52
o, Z0Eo EAAOm (K2 fim) 1%, oS ool e LEEmREER & Lic, ¥, 7
HOREICOWVWTS, [FEERICHEY 2 LERE L.
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Fig. 2 Dimensions and boundary conditions of analytical model.
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Fig. 3 Velocity distribution around Thunnus.



Open CAE Symposium 2018, C21, Dec.7-8, 2018, Kawasaki Copyright© The Open CAE Society of Japan

B, @)~ () ETORKIL, WL (ZRD HLEDT) 226 0RBFEEMAZRLTWD. KEIEIC
B D HESA ORI 2 T b+ 5 Z L5 HEZ. (@) @ 0.01sec. TiX, KEMEDOBLA L R, RhE
OEMEF I OKEZIEEHET LS 22720, 50D FHORKOMIEIZ, HEDOESWEEAFEAL TWVWD
LD, O RVEWEDER L L I, WIKROBEESANENT D LR, 5475 Hm e KMz
1, IEL BERESIERL SV TWA Z E IR TE S, —F, 0.6sec. UIED, 500 HFRNKEELTHHIT,
W RFHA ORI, >F D 972 FEIZEWEE OIS BT bi, oozl THEHINTK
B, Uk<SHE & GHANZHHE L T > TW AR HBRTE 7.

T D& D IR, AfE T O S & IELLOEENT 21T > T\ % BHAGAT 131 OEER & SO LD TH
%. —J} T, BHAGAT DOfEHTIE, AR CTOEEL D W EREOER 2T L BV, TokFEE L TR
OFENTRER DTN, FED 570 IZ L 0 KOFEEHNSFEEEE Z T H#ANER L TW AN H 5. —HT,
ARG CTOMMHRERZ R D L, RKFHEN 17 m/s &, 5 Li#Icl~ Mo T 2o 7z, ORI,
K 3I1RL7ZE 91, IEDEET, BFORERMICHE) HROARLEICLXVBEL TS EEDbRS
SR e S CH D, O LIV OILTFIZ S D3> TE Y, Ao BHAGAT OREFHE & KLl
PN LNV N DL —DODFKR EEZEZTEY, SHBOUEPLELEZD.

3.2, WEKICKYRETDIEHNE

wiz, Al (K2 Fm) oM (X2 08m) TRAE L FEHENOEZOWTEHMIEL7=b D %X 4 12
AT 7B, HOEINCONWTIRAUC KL VBEE EFHEOFEZ L TR L TWD. 725 p IXEE, p 3
PO T, PyidA D B O ), u i3 PR ORI, w, XA D OO R EHE TH 5.

dp = Gpu% + pl) - Gpu% + Pz) 4)

SEIOENT T inlet LY B outlet DJESTDIZ ) BEWIER E o 72 F 72, T T VOKEMEIZ L » TES
ZENEAL LT JE 2T e Kl e/ IME & BICRIEDIER SR K & 72 DRIk TRAKE > TEY (X 4),2 O
F1Z Michele & D XN TR~ 5 10T 5 [14],HE ) O fe KBV RAE D IRNE O e KAE ORI IZEN D &0 ) fif
WMAERE T D-ORLEMERHD EELLND.
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Fig. 4 Time series of differential pressure(blue line) and caudal fin amplitude(red line).
:green points means the inflection point of differential pressure.
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