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Numerical Analysis of Flow Field

around Artificial Reef

Chil-Hoon Jeong

Department of Ocean Engineering, Graduate Schodl,

Pukyong National University

ABSTRACT

This study was investigated with hydraulic force acting on artificial reef and
scour pattern at the bottom of it by bottom shear stress in steady-flow field by
using Flow-3D. The shape of structure was a tetragon installed at real waters.
Model condition was impermeable bottom boundary condition for analyzing
hydrodynamic characteristics and applied to conditions of real waters as concerns
scouring pattern. As a result of the numerical analysis, it was qualitatively
corresponded with existing result for hydrodynarric characteristics and incipient
scouring pattern around a tetragon. Summarizing principle results, distribution of
velocity around a tetragon was shown symmetry and it was the same position of
maximum velocity, occurred wake(interior and hinterland for bottom of tetragon)
and length of wake(dcm at hinterland) for respectively velocity cases. Magnitude

of wake increased in proportion to Reynolds number but slightly decreased from
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11,000 to 12,000 of Ryenolds number in inner part. Also, total acting hydraulic
force increased in proportion to velocity but increment of it increased less and less
when velocity magnitude passed by 18cm/sec. In case of the bottom shear stress
which is forecasted to scour pattern of sediment, ‘t rapidly increased at the both
end in font(x=0) and back(x=6) of tetragon, appeared bottom shear stress by wake
in center(x=3) of tetragon. In analysis for scouring and deposition pattern of
sediment, it was qualitatively corresponded with experiment for scouring depth
increasing according to velocity, incipient position of scouring, scoured shape of
the bottom until behavior of tetragon. But, as time goes by, scouring pattern was
very different because of continuous erosion of he bottom by fixed structure.
Consequently, in aspect of stability for reef and suitability of Flow-3D, it should
be investigated behavior of structure, representative value pursuant sediment

diameter, principal factor in wave-current field.
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=0 (3.22)
ot

ou; 9 [—— 1P @ du;  du,

+ -2 w40y | = et ()| =+ (3.23)

ot ox; / d p ox; 0x; oz; o

_22_



i-] = <
Wt gabel Agatt ASoe vm gl Age AT

33 AFFH 2d71Y(VOF)
VORS gl A 2+ Aol AAuge thgel 5 wANS Astd Azt
sl A,

—tu—tv—tw—_—= (3.24)
9y

A Az A AAR A aA FAE AAGT e AH ¥EE A
o)t u), Ao Aol gHe THol AAY 1 4R e Y& A
ga] 24 Fdol AAYT FEHE HAF AHME A v &) Wt
A7k oleldh AAW AAJYE HA AAHG ol xstE HA MATY AA
Bl & Was xpf TH 7€) tiF FRE YWEHT o Ze] FA
dol| AAE Zhzhe) A ha WEHS ' AH 2 7€)
g RS TAST VOF S ZAgste 34 F2 &ibel &) i &
W] X7 seiAE Aol AT olgd dge WAy AR HEAR
7190l 2+ A kel gt A ®¥We Aut AF FFS AL ol
o] &3] WS ARNAF|E donor-acceptor HHolth. o] WHel FEAHQ
NEe AAEE SHsts AH v&e FF2 AT W Af zHel FA
w2} donor Aol AMAH & W opie} acceptor A A A H]EE AHEE
A A EHe #28 ote ol x BEY At A olgste AAH v
&9 e 7t AR o 2x AW tisly A= donorst acceptor
o] ML Fig 317 o] Aol A QLEX AAWE S =7 4

rr



o]'A donor, &°]® acceptor’t BT}

u
—t

Donor Acceptor

Fig. 3-1. Definition of donor and acceptor.
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l‘l[‘

@9 WAY A Hge Fe o A3 o] ek & Utk
§F=MIN{F,,| V| +CF, Fpbxp} (3.25)

o]714 3%x} DY donor AL £3u ADE AH EWY el wet
donor A EE acceptor A& 7ttt Ed Ve A FAWEE FHEE V1A
o} olAel w9 WA o] THW(y 5HOF o] gko] Uo|A donor cell, FolH
acceptor celle] Bt} 2325414 MINE S+ donor Ae] AA 7HA| 5L
Frrh o Be o] fEHE AL HolF: d¥E da CFe 71AY /%
o] & 7I5% 4& =YL o A= F7L

(3.26)% #o] HAHT

o
O}

)
ro
o
ot
o
A
Bu)
=
g

>,

CF=MAX{(1.0—F4p) | VI —=(1.0—Fp)éxp, 0.0} (3.26)
A7) E FXERS HAET] A% F,,e AAl FL&aITh olAE A

me) wad of# A9Htd fAt ARED] FAG WFoR FH



W vk acceptor A9 S AbgEtT 28X ¥& W donor e @S AHET
o}, 718U acceptor o] Hlo]9lA WY donor Aol AFZF Ao Hlo] Y& w=
AfEAe] wake] 4#glo] acceptor A9 FHE AHEETE o] donor A9
N7} 59 nojolE Mo U= Y E HE=A] donor celle] 7FSA
glojob gtk AL HE=EH olg s 42 Fite] WA EG. ol WRL

2 e sFol A AAMe] WA Fahw olFste AX v Fe T

ok
o

o
uls
e
ek

-

s

X,
=2

2 9li, o] e acceptor Aol tldti, donor Aol wiH thE Az
el Aggel gare]l VeElyolxth olgp e oz RE A dishd
Axkstd Axde o3z Qstel AFHu| Lol 180 AAY 0BTt 2E Ao
A7 A Dok Aol B F o]} e AHu &S st AL BEHoE §

Eals

o

& MRS 2R Folopshiul Moz Ayl

m{o
.
iui

zZte po oz ZAs: 1-10 KB F 2L 12
ARE A& dAd ok =3 3 A 9A 9
3} 1Ael9] e zte Ao tiste] FAlY BEAHAE WA

p=pF+p,(1-F) (3.27)

= F+ ,u,g(l——F) (3.28)

4
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Bas gao] mdde d)s] FAVOR(Fractional Area/Volume Obstacle
Representation) W& $8 241 body-fitted Z3E el s ofF 2
3lth. FAVOR Mde A7 F2EUA obdA, Arztd £ d5d 84
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2 zgate ARG Andol AgAh AARY Azl P & A
Udoz FZE AAst 2R goloA FEE ¥olv] 98 WY & e
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< fixed orthogonal of cell > < fixed non-orthogonal cell >

Fig. 3-2. Control volume choices.
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Fig. 3-3. Shape of meshing in control volume.
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71jo] FLOW-3Del A AM&Hi= FAVOR 71 olth.

Rectangular Mesh Deformed Mesh
1) required 3D matrix of 4 pieces 1) required 3D matrix over 10 pieces
2) easy generation of meshes 2) difficult generation of meshes
3) simple numerical algorithms 3) complex numerical algorithms

Fig. 3-4. Comparisons of rectangular and deformed mesh.
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V. Ay

F.V. T.k.e.p

" Fig. 3-5. Location of variables in a mesh cell (staggered grid

arrangement).

A4 G, 5, % (41, §, k) Arole] ®o] fAF i+120 49 FE uE ul,
2 FAED o7A A% ne nAA A7 AMe T@h ok AR,

F'p = A2 28 nollA AR, j, kel SRl fAFE (e p,

ij.k

p Lk, e poll AAAE FDE vehdTh 2T, Wl = AL oA AR
W i+1/29] FLANY x BT HE(v,wol WANE FDE, AFR, =it1/2

X
AR gAY FUole] HA 4,9 AAY RE (GE AR dHME $)

2 vy
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D EEAAY G5 SAs AR A 249 SR A 27

_30_



3) A-gEdolL}

:{o
oh‘,
X
N

)
%0
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n+l _ _=n n+1
Ui i p = Uit ot

+G FUX— FUY—FUZ+ VISX — WSX}
(p x)1J+1/2k

n+ 1 n+1
n+l _ nt1l| Pi+ 1,5k Pijk
Uik —'Uz]k+(5t [——————

+ G, — FVX— FVY—FVZ+ VISY — WSY]
(péy)i,j+1/2,k

n+1
n+l _ n n+1 pt+1717 T Pijik
Wik — wi,j,k_l_(st 7 e \n

+G,— FWX—FWY—FWZ+ VISZ— WSZ}
(p(sz)z]+l/2 k

(3.29)

o 71A, (pdz);, 12,5k = (P?,j,k‘sxi + Pis 1,510 4 1)/2 FUX+=

= x WE A ol F
B, VISXE x A¥ A47MEE, WSXE x BRdd A4unEE, G
Z9 32, gurAel v @A (non-inertial) 7HEEE 9V g

352 A5W A dig dHae 74
ngtEA S0 dEl, AR ALe Azle YHY HE4 BEE
Aoz AA AME 4 Juh. L3t NozRy AMNd Frei AdH 4=
I i - EA I I

1 n
| v i
PC ik

(;ljklAFR'L]k Uj- IJLAFR1 ljk)/(sx
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(' "+1AFB - ?;11 AFB; g1, k)/oyl

1_]L
+(;7QAFT —w T AFT, 1)/ 62
+(wlfPAFR, —ul ) AFR,_ )/ XC— (RSOR/p); ;;, =0 (3.30)

A7|A, XCE AR 19 F%9 x¥Fe) 1K, RSOR/pFL A

o

> 45

A AHE Ytk g9 AN g wEste S fiste, 4 S
AAE

rie

= o] Aeatm, webd zt AMAR e &Ei= fAdl 9§

353 AAxx
RE FxEIN AL ARG 09 FAEHE MAE RYoEA

Free-slip ZA1E& A&t} o] =1 s&o0] 02 WHE 7HAE A9 #d
MRE st mE 2 o4 HE AEES AMgste AdsE BE FE9
oh 3 AxE AAe] FAANAM 00] obd 3

Ax 7k Qlele] Azelm mA WwolH,

A
>
o,

4 % glth wef =19l
WHEEE 00 Hojof gtk FxE wHd Ao AARTE RE j kel o
M The g
uy i = 0.0
P1jk = P2,k
Foy =P
(331)

P1,j,k = P2,k

(p[)l,j.k = (P[)z,j,k

Qo] Aol HMLEEL AMEEA] @3, Free slip £31& #HHE 7t
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1
Uy g = ‘2‘(U1Mz,j,k +uy k)

V1,5 k = Vian, .k

1 5 e
U,k = E(u]M?,j,k + ul,j,k) (3.33)
Uran,jk — Y2,5.k
U, gk — Yok
o 3)-
AL FEWAY

| Vidz;, Vidy;, Vidzy
5t < CON - min Au ' Ap  Aw (3.34)

FF B Aol

N

] Z7)olx, CON=045+ ©

e
19
i
o
4

TNA, (u, v, w)E %
sl Agsel vk
FREAY qE FH:
7} 2 ACCNe|] A3t : :
A = o] Zojolt.

of £ FHurt E & U



EAmh el Azbagelq skl A% o)y AHsA RIn Fw, 1

oA ek
(3.35)

HE e Atz B840l 00 obd gol A8d W o ATE

8t < 0.25/max{RM- %(1/&@? +1/62 + 1/5z§)} (3.36)

o714, RM& satstdel me Jejol tha] pol A48 Hol Folch
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o] Fo| M Flow-3DE E3] ¢JFx FH9 33 5534S sfHstth
HA AFF sFFANN ATz FH
Hoka, olol it AAAJA AF@de] ths L@

41 AQsA L G
FPAgolY FRRBe] QoiA AU AP

)
§ mAE Zojusted ofF Z1EH HAold, ole wnA s Bl

s AsRAE TS st Hlmatn WFE o] FIBAE S8
g8 AgET dndos 58 L HF FAA AFolx FHA ol
ganzo AT B2 AHSAE TN 98 T2 JPAGEL G
Fdg )
F(Drpus€u Sos Us pus 1595 dsp o Costs Hy T, T,,0,d )= 0 (4.1)
A714, DE ox9 tEAo], p.E 2 UE, 2 2R FFE, &

2o} WA, Ut BRAE, o FAY LR, pE KA BYAF, g5 F
4
-

ANSE, 4y ALY FIVA, o= A AR, O TFA

_T?
>
N

A7 HY TE 24z stag #7182 Jehiz, TE BAREEEHY F7,
6= oz AAWE d & TR AZHlE YEHT
AFAx9e MZHo] 4,2 FHAFE 33, @D HF@AsAAM D, U,
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d, Pa = Py UD U D U UT t t }
= ) (“S;p ’ ; ) 7Cu5 ) ’9 42
D f{ Pu — Py ‘ v ' gD ds’ (p,/p,—1)gds DT T (42)

2 429 $RA 18 oz AFH A W @E AF H3e
Zolgt #AEF Folv, 2%
o} %o W Reynold'sF2A EEF9 W3l #AFHE Folv, 5&F2 7E=&
of & Froudes:, 632 HAYAA izt 7= Hj
Shield's¥24 AA o] 5§Ast #AF Aoln, 88 HH #TFH
e KCo, 1083 1182 &AI7H 1282 ojx9 71&7]1& Yetde &0l
L BEAA QAFolx Mxo BE FEHAY WHARE (429 43
Reynold's 47} &&3 W49 Aoz nadn, HA oFd g AR
M E Shield's%7F 283 Axz =™, AFH8, +Z2E9 Froude T, A
A =4 QL AALe] B %o HAE F£E 2o Ao oA, GA
Moz o] xulAd W= Froude AAMEE, HAHe] AuiHd dis
Reynold’'s AAHH A, @ gee] A Y Y Weber ZAHE, 22 4=
g MHY gAdde] uHY Yol= Cauchy FAHHE S AHEET. <
Fojzst AXNHE AW AZd I oz A}EAHE 1A, F
o] AujHolm HA S Aol FAF F A& Froude FAHRAE A E3H3
ot 7188td £HH)7F A9 Froude 4 AHE A o F8 FALES Table
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Table 4-1. Similarity rate in Froude’s similarity laws

42 #A2A] ¥y 2 A4

ANztolz Fwe 84S dMEy] Y8 Rdd Hgd Fx2E, AL, 55
2 54 So] tie AU Table 4-29 2tk ol HA e =hs A=
2H-100302 ZHA3to] e Fxoly, Ao B AL AA HAH B
A3hoh (A, 1994).

o 7|, F&9 AY|E AA AZolzrt AAHE X Add i FAL
Fd3 BH) AAH o AT JFL vAE /&S neld . Fig 4-1
A= AAYAe Az BE4S Z2d BE AddAe FF, 34, H
Hol| et SFANHES BolFa glom(Hjulstrom, 1939), olol dig A3
g2o] dojuE HA §4< AH§ Aol Table 4-3°1th(Blumberg. 1974).

P

2 A AFEE AAYAL 0.18mmol 1, §52AL Fig. 4-1014 Al
e A §&52A7 AAME ox7t Wol A

24
Zo] F=gAA ZAst= W
AR de AFANA HeolH
(2m/sec)S nEsAH V&€ FHAEY 45

AR = Q2] Aol BAA P Aoz VEIGTHE, 2001).

9 gARA £4o2 ANHT YT FF
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Table 4-2. Numerical modeling conditions for flow fields

- Tetragon 12~20 60
i + LengthxWidthxHeight | 1.514 | 0.18 1.48 2062 | (0.7~1.2 (20m]
m
= 6x6x6 [2mx2mx*2m] m/sec)

- [ ] : Condition in a real sea area

Erosion

i

e

¢
o

1 3

Transportation »

Mean velocity, cm/sec

N oot o]

'd Deposition

08
0.3
0.2 7
0.1 £

~

0.3
0.5

- ™
<o O

0.001
0.002
0.003
0.005
0.10
0.20-N
0.30
0.50

Size of particles, mm

Fig. 4-1. Relationship between average current velocity and sediments of
uniform texture showing velocities necessary for erosion,

transportation, or deposition.
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Table 4-3. Minimum velocities for sediment erosion and deposition

Grain size Velocity for Erosion Velocity for Deposition

in. mm ft/sec m/sec ft/sec m/sec
0.4 10.0 3.3-4.9 1.0-1.5 2.30 0.7
0.2 5.0 1.6-3.3 0.5-1.0 1.30 0.4
0.04 1.0 0.5-0.8 0.15-0.25 0.03 0.08
0.02 0.5 0.4-0.7 0.12-0.22 0.13 0.04
0.004 0.1 0.5-1.0 0.15-0.30 0.023 0.007
0.0004 0.01 1.6-3.3 0.5-1.0 < 0.003 < 0.001
0.00004 0.001 6.6-13.0 2.0-4.0 < 0.003 < 0.001

And Fxnde gL XF Wi F o] I,= 300em(-200~100)°] i,
X-mint 8ol §d2A 20& FU2o0, X-max HEAME FEZAE F
FYAANN EeEeE 589 A dFE FA &A FAA. Y58
9] F4olx 16cm(-8~8)olx, HH] AT§H %
nPEA FES dAG9Le TG 2R, Z5 ¢l gsixe 4y
2 27t AHE A4 9 F4 20mE FAHAIL 2dde
#3le, F Eol& 80cm(-10~70)2 3t¥ 20, Z-min?} Z-max
of thet AAdE 47 BERA gy AH5E AAXRIAE A
AsdzAoz g Azt

i
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o
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D
o
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Ao A veEhd TRE tjmAdold i AZFZHole ul(d,/D)e Huigtol
030]3tele 7etsle, T2E 3% FA Imolulel Auke] diEixE A
z=0.05m=Z 7} AE H LA A

Fig. 4-2. Boundary of calculation area.

i

Fig. 4-3. Shape and position of tetragon(unit : cm).
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Fig. 4-4. Construction of grids.

43 AR Az 4 74
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g1 gk AHoz HFe o5 AR o|FAAFEET FF 5E
o wAsch aEu 5% EE SEgdA ojxg AXsr] A FHA
%7t 449 o|FRARE ot AATFE 2] Fo ojx FH EFF
1} 9 F 5o 9 @A £57 FRAE FARSE ool HUAN AT
2 gAdo] dold & Atk T FA dFoixg L HF FREAA ¥
Qb= AL AA Sdold AujH g o] 5EAX FHFQA|
EE= w3 580 BF AgsExd wg o AFst @A o] Mol
= oatg dgony AN 52FL FERan, oo weE AHFejxe F
Aol A Yehls 588E B4 AQ AZAd dis) s
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velocity magnitude and vectors (vmax=1.37E+01)

9.671

z
D U + ] 1 i 4 ] 4 1 4. J 1

-11.806 -6.315 -0.824 4.667 10.158 15.649
X
(a) end section(x-z, y=-3, 3)
velocity magnitude and vectors (vmax=1. 45E+01)

9.671

z
DU 3 i 1 i il } i) i 1

-11.806 ' -6.3]‘.5 —0.32'4 4.667 1|J.1I58 15.649

(b) middle section(x-z, y=0)
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velocity magnitude and vectors (vmax=8. 8S5E+00)

0.18 1.63 3.07 4.52 5.97 7.42 8.86

8.0 -
0.0 4
80 1

~11.806 -6 315 T 0. 824 T 4,667 " 10.158 T 15,649

x
(c) lower section(x-y, z=0)
velocity magnitude and vectors {(vmax=1. 34E+01)
1.2 3.3 5.3 7.3 9.3 1.4 13.4

-8.0

(d) middle section(x-y, z=3)
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velocity magnitude and vectors (vmax=1. 32E+01)

-8.0

~11.806 —6.315 -0.824 4.667 10.158 15.649
X

(e) upper section(x-y, z=6)
Fig. 4-5. Velocity distribution around a tetragon(U=12cm/sec).
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BAHE 587 194 Fe 380l AAZel TAREH, A7 B
4% Us AHtolz 4329 A2 Wolu 9 5850 A&HE 43
o AHgHAT = FRAEY Ad@ge 4893, DE Aolzd WY
EDolE M5 o AT Aztolze] YR MFTFANA Holm=s
b Zbgtel wet AgHe FRaS) Augel Frse PFe uEd,
ApZFo}z o] WRAAE dols=ert 11,0008 120004F0lol A thi At
Fire BT

|
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