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Fig.2 Calculation domain for numerical simulation experiment
d: side length of single artificial reefs;
L: side length of unit artificial reefs.

S Eal, ARE A T AR RS, EECRE
PRAE T 5 R AR B A A N AR A o

AHIF 5% 3 £ 1) MU 2 N T 0,05, 0.10, 0.15
1 0.20 £5 24 3 HRE X Ry b THR RN X, PEEI K

a. EIHRATR

upwelling volume

P70 2 X B2/ T 0.80, 0.85, 0.90 Al
0.95 A5k it FE X R R I AN X, DA brifET T
A LT AR, W A RS 18 B R
J3£ T P RO EL 2% TET A A, DL 100~110 s ZU{E S5 50
SR EHEE IR R E . B 3 o BT
5 R s BER, LIRS iR
X B M i R R Y5 5 MATLAB FJ7 i35k
B, e 43 i B BRSNS i S b T A
B A BT W AT I, ST B R I 3 AR
AR FBUE R, b T AR X R R (relative
upwelling volume, V)48 L AR A AR 5 A T 14
TSR TR 2 b, 5 R I AH X R FH (relative  back
eddy volume, V)45 HF I L i AR B 5 T ik o
RIERZ L,

b. BIR T back eddy volume y

K3 BT S i i A
Fig. 3 Upwelling and back eddy volume

B 0 R RS s AR A T AR U
K, A SaE S N T A i A Y R S A,
I [R5 7T DL R AR 57 £0 Bk 23 ] ] 35 PR A H8 b,
L5 T8 1T DL B F RS () 5 AR R 1 4
bro N TS T A i I g sy, Ha
FUREPE 5 3T = A AL, 3 T T XU R R A
HETL B LA £ R R A O T A
TEA BB IR, DL ik A BURAE A T fa
T B B HR AR o £ TR Bl AT R SR A,
AW G B U A 0 RS TS B 4 PR AE 2
— AP ARR H U B A0 R E A FE A,
AR N TARER . A EliE, 948 bR al i
— g by o PREOE KA RS, AL G A £ i
K5 A A REAR R (volume ratio of unit arti-
ficial reefs, VR), HH 5L A fifE i F8 N T k2]
B IXG R, B i AS FUR R B kI A
T Af R R S A AR S AR Z L, AR
U7 B SR AT 4 L, (relative length) 7R,

Sy B 0 A S A0 iR LU AE, AR IR
55 BRI — A8 s B AR OB i 5 A 1 [
PR PRE . T A BIES B Tl Sy 240 5 A B
2, Rl R R R 0 R LA B R, MO 5 R B A
Bio o5 —J7 TN T R RS bn 75 240 R etk H
by, AT EE R H AR T s ik
) 1A [7] B i S s v R B, B H bR BE L T,
(target velocity ratio)dg4n, H bR B Lk A £tk AL
B — g8 bn, AR A LR B E L R, (ratio
of upwelling velocity) 5 ¥ i # [t R, (ratio of
back eddy velocity)!™), FHrr b T} i L HUE 43
124 0.05. 0.10, 0.15 F1 0.20, 75708 7 2 & L HR(H
435k 0.80. 0.85. 0.90 F10.95,
1.4 FIHERERET

K ST IR R GE A TR AL, A5 IR
P R BOER GE Ty ik i 24 H AR B (45
o iERRLEE bR) 5 — A AR B (R R £ 5tk
LR Il VAR, 3 R BB A B TR SR B —H8 A



562 Hh [ K R A

%27

eSS VARMININ - R L rs (ol b i AT N N E o
SRR R, 43S i R R A
— A5 FR AR SRR y SRR AR X
(1,2, &S FefE—Jr AR A y=Fi(x),
I B TTRIT ) RE . F G0 R G 5% 25 1 50 3F
HEATEEPER 2 ARG R A A M Y B —FE B AR
W Lotk A R KB —2 i, RS
D5 RR AT SEPE, AR B R Wk — A R
S ERMERE bR AR EAEH, K& AR A, it
AL R Z ot [ F AR, s Fak S
(1)o SR FHBA—FE bRk 8 7 A MR AU 5 S B 1
WA B, TR A M B S, ARARFAY
FIFH MATLAB H i 48L6G sR AL ployfit AT 525045
P i ot R A, W nlinfit BRECE ST RS A
RS MBS bR 9 Z2 U IR R PER Y, 1] Gauss-
Newton 7 #EA TR { 4K,

y=>afi(x)+ D axx, +k (1)
i=1

j=i+l
2 ZBRESW

TS T IR AR [ AR R S
T JE e PR B R — AR AR S A R B T
FIGEIA M, HRK DL AR AR R 55 A5 X ol 3
fili, ST AR R — G R bR AR,
Je ¥ — AR S AR bR A ST IR RS
AR
21 LEARBIHERERET
2.1.1 EFAREREATEERSMH N ployfit 421
B PR B AR IO N T A0 T Y 4% — S FE bR B £
WERCR . N T A A I )5 K H b BE L5 A
N TR RSB T TG, B 4~6 50k
ik 3 AN EAR IR F 5 AR XA R R A R
4 SR X ) AT B 2T B N T £ e A TR
() L W 4 A R — AR AR, Hoh ot b TR
TRBE Wi B K 138 b B AR BE H A, Hok 4%
WY, A 1) AR X b T A X A B R R
fe/No B4 H, TR X AR Bt B £ AR T
IR LR KO, HRIT RIS, V=
5.500T,—0.421, R4 0.973; TR AHN A
AU (B R B 2 B S S R SRR R,

KAE N 0.5d A B a] i kb, H 8 e [a] T 455 R
Vio=0.064L4’—1.165L4*+4.316L4+12.647, H R K
0.994; HHXTARFRRH 2 B bR R L HUE 35 032 8
REAG, M LI R T 0.15 B, A 80 H bR
AR N, BRRECE R, AR V=

80 - |
[+]
o o]
Z 6ol :
K'g l
® E" _?_ l
£z I l
ET 40t I l
ZE R , l
42 l :
£ 20p - |
E _[_ | .............................
of%Q ....... - - g
4 : 16 -
L& laying amount

K4 iR S R ARG BOR
Fig. 4 The fitting curve of laying amount of unit artificial
reefs and relative upwelling volume

[
=]

(=)
o
T

FHRARRT AR
relative upwelling volume
) N
S S

0 0.5 1.0 1.5 2.0 3.0 4.0
A5t [B] #E/d laying diatance

Pl 5 Bt A BRI 5 B THR AR X R B ROCR 18]
Fig. 5 The fitting curve of laying distance of unit artificial
reefs and relative upwelling volume

23]
(=
1

[*)
(=]
T

'y

\

EFHRAHKT AR
relative upwelling volume
N
(=)

T

20| n
i ==
o
0 L | ‘é__é
0.05 0.10 0.15 0.20
B I velocity ratio

Ko HUZ LS b THRARXHATR & RCR
Fig. 6 The fitting curve of velocity ratio and
relative upwelling volume



%54

S0 A T R £ BRI A R BN T A R B S AN R AR AT

563

39.983R, >, H R* 4 0.995, M4 B o [al 4557
AL BT ARG A IR AL, AL V=
a T, +b Li+boLi+bsLgt+c RY.
2.1.2 EHRGREEFERE AR LA RAE
FRZEA TP — I 2, FIFH Matlab 3 {442 it
(%) nlinfit PRECELE TR AHXHAT 2 IR 4 E 25
A, 254 B R R AR, A
b/ SN O£ 5 A BT N AR B R VAR ST =
()72 R RN

V,=T,%(0.002L—0.055L,~2.429Vy xR+

0.011 R;*°+0.227L4+0.437)

Aoh, TYERRAR R Lelax (T2 - D127, 4%
PR VR=To/L7, —Z35H5 T. W N T HAIES R, R,
N HFREE H, Lo ARl

BT OA LT BURAY, X AR R
. 24 T,=0, YiBH A T fafEfim A%,
RIGEE v, Sy 0, T LTHi, SHBCEERRHRT, $)
T HUER KT 05 # T AAE, 24 RA 0 B, FoR
JOTHRC_ T R kg T 1) RN O AR R
RIZNF 0 m/s, AFUAEAERE S, R, I HRE AT &
SCH, UARH H bR R EE A AT DL R )
SKRIEUE, 456 550R, Lo BUESEF A K TFETF 0
MAE AR BRI, S F8 b il 2 OB S TR, T
DL A A T £ 705 A B BBC{E 5000 A7 A 7 S, R
A —E S
2.1.3 HEBRLSIFE LT AR [ R R
fiff t 1) 25 B 0 B RLRERE B B T A ARG

o0
[=

)

18, SRE RIS AT X b, 45 5 Kk v 4% 22
P 7 Bis o i [ml AR 3 A T3 AR X AR
HSBE LA, sk 22 B 15 i
BRI 2 DSRS0 0h 675 28
T, iy 4d B, #EE A 0.05 F1 0.2 AAH
STABUE, CADFTULI YA T 4d 1P,
B AR AR AR LT R S A R R BRI 4, %
N N Y T s Al iy A R R E R
JECPRT b T 3 A o A L ] ) A5 A6 R {5 A 4L (1
X IRZEE R 18.61%, R=0.957, Ui [EIH40L &
RORENT, F=476, KT Foo.1)=2, UEHEMARIH
TR, % RE AT LA VR e S Bt AT AR R
R B X L 3 R R A S M 355 SR 5 R

22 BRARRIBERRRET

22,1 EHRAGHRATEEME 5EFRAA
PRFR AR R 58 5 AR ], 1] 8~10 431 B3
N T A ffE it . N T ffe A 5 T 5 A H A ok 32
Eb 3 AS— AR R R TS5 T I8 U I A o AR )
JCENEA SR R . 25 R 5 4 BT %
I LA A0 R AR 1) — g b v, X T 3R O AH X A
FRRE MR S R 4 A B A 8B LU A, LR i
o, A U] A X 1 I8 AR R AR e )N o
WE 7 FiR, 15085 AR b 2 A T fa 4%
JCHE 3G 02 R R RO AU K R e, FLEL ST ] I AR
TUSEAIE R Vi =34.358T0 7, H R 7 0.999; K
A7 152 [ B 34 52 B0 S 0 5 R 1) =R R B R, AR
FBURRAENL T 1.5d AR iR E AL, HoTla HRA

L FHERARRHARTR
relative upwelling

21 28 35 42

49

56

63 70 77 8 ol 98 105 112

ANEL case number

FR 2 residual

) B 4O
) MR TANR LT
) s b )
1 1 1

1 1 1 1 1
14 21 28 35 42

1
49

1 1 1 1 1 ]
56 63 70 77 84 91 98 105 112

NIEY case number
B 7 EFFmAR R E S S 5% 24
* BHUE, o [HIIAH.

Fig. 7 The regression value of relative volume of upwelling current and the residual
*: simulated value. o: regression value.



564 K 7 R

%27

150
2 T
] |
e 4 1201 |
3] - |
£33 |
2% 9% '
= o
m o —_ | e
o =t
E:g —é 60 T ' T |
I 2 el - L L
£ a0l T
g
0 L . . A
4 9 16 25
£t & laying amount

8 Bt RSO 5 T I AR AR B G RICR (8]
Fig. 8 The fitting curve of laying amount of unit artificial
reef and relative back eddy volume

—_ —
[\ W
(=] (=]
T 1
o
o

o
S
-

W
(=
T

HIRTARR AR
relative volume of back eddy
3
1hF
ne
g
L[]
wa
-3+
H A

[=

0 0.5 1.0 1.5 20 3.0 40
A [E] BE/d laying distance

P9 B e REE A B 1] 55 5 3 AL AR X PR B OR8]

Fig. 9 The fitting curve of laying distance of unit artificial

reef and relative back eddy volume

—_

W

[=
1

—

[\

[
T

0
(=]
T

[=))
o
T

HIRTARRT AR
relative volume of back eddy
=
|
}, i _
miR

o

1 1 1
0.70 0.75 0.80 0.85
S velocity ratio

10 R L 515 0 T R BRI ORI
Fig. 10 The fitting curve of velocity ratio and relative
back eddy current volume

AN Vin=0.365L3-6.494L3+32.916L4+16.379,
H R4 0.978; HIXHARRRGZ H bs ok 3 U
IMZE R UL e R EREOE 8 n, T
] )5 A5 280 3 AT X Vips=32.437"2 R R
0.946, 4k BTG [l AR A 48 57 15 IR AR R 25 B
MRS, BRAXY—BIEX R V=a Ty +

by Li+b,L3+bsL g+,
222 BRAMERBEIEEEET BT IRIRK
LRGPP AR — e X, A Bk TR T
o1 TR T 30 R B 5 B R IR S AR ) R D
RN

Vy=Ryx(—0.543L2+2.388L,)-51.779Vi+

75.045xVg+1.449%10 *T,xe'204Rey
1.620LgxT, (3)

X, TR K LeLo(TE-D+TY0, %
PR V=T, /L2, —Zh38h5 To W A T MBS, R,
N HFREE L, Lo MA SRR

BT OAH T R AR B, Xk o B EE E
TRIS . X T, o8 0 B, AT ffERE N 0,
L 5 ROBUETTE X, 25851 Vr{Em 0, H V,
HALTE, BVAAEFETR IR, 58 PR AT,
W T, BUER. KT 0; 45 T AE7E, M R,M O, £
715 P BSCTS 08 DA 3 B A T DA U [ A 44 (/N
T 0 R T, BIZNT 0 m/s, T 378 48 X6 i 2
RRTEET 0, it RRAFKRT 0; WA Ly HUE K
TET 0 WAEESEE. L, S8 a0 L BUE
VI R A, 5 T IR T A AR 78 45 48 B 1) A PR B
BRAA e X, BERLEA — e S
2.2.3 ARBIGGIE  FHTF IR A R AR R AR SR
fift HH A% PR F R RS AR T R AR AR A,
LIRS XS H, 25 R R 2 BRI 11 P
N o H A [ USRS B 1 0 A R AR R S 5k
(H SR A — B, 7R 22 B0 s 15 10 i (AR B
RUANEAE S (A, BRI A RORAF . 5 iR
AET AR [ U145 0 R0 K] (-5 A 40U (AR X 3R 25 1y
10.09%, R*=0.938, i W [8] 9 480 45 2 SR by, F=
204, KT Foony=2, VEWLEAREIH I R, &
5 AT LA v b s B B AN £ R LSS A 0 T
LN Ob A T € RS K E

3 ETHEARIZNATIEHRMNLERTTE

B b A R AR AT R 1R S R,
AR R EA AN A B H RS BUTACR,
A B P AR A B A R RS PR UEZR B
T S A T A 1 S L 2 O - e A R A A 2k )
— € WSROV TR T B s O e D O, %



S5 L1 0 S < O L R VAR5 Y 117 S i NG < ey A s 0 e 565
Ko
2Eg
Pl it 0
Eo¥
=28 60
£z 8
8% 30
%I]I ~ 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ]
0 7 14 21 28 35 42 49 56 63 70 77 84 91 98 105 112
25 NBIE case numnber

2 15[

3 5l

8 sk

@ﬂ&

_25 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ]
0 7 14 21 28 35 42 49 56 63 70 77 84 91 98 105 112
A% case numnber
B11 A AR X AR R [l I 0 5 4% 22
* BEUME, o MIAH.
Fig. 11 The regression value of relative volume of back eddy and the residual
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Quantitative study on the flow field effect of Mi-zi artificial reefs
based on unit reef scale

GUO Yu, ZHANG Shouyu, LIN Jun
College of Marine Ecology and Environment, Shanghai Ocean University, Shanghai 201306, China

Abstract: With the current situation of resource depletion and environmental changes, artificial reefs may be used
to promote the fish trapping and breeding to proliferate and conserve fishery resources and restore the ecosystems.
The main idea of artificial reef construction was to stimulate the production and transmission of nutrients, sedi-
ment size, and primary productivity through the unique flow field generated around the reef, and to proliferate
plankton, pelagic swimming organisms, and benthic resources in the form of food supply and habitat transforma-
tion. Therefore, the flow field effect of artificial reefs was based on ecological-biological interactions. The
strength of the flow field effect is affected by the scale of artificial reef unit. The measurement of the artificial reef
construction mode was one of the most important factors for planning the scale of artificial reef construction. The
flow field volume was an important indicator to characterize the flow field effect. Based on the numerical experi-
mental method, this paper analyzed the variation of the flow field volume of Mi-zi artificial reefs in 28 kinds of
artificial reef scale units in four laying modes, and established the multivariate nonlinear model for the flow field
volume of upwelling and back eddy and artificial reef construction model indicators. The results showed that in
the primary indicators of artificial reef construction, the throwing amount (T,), laying distance (L4) and target ve-
locity ratio (R,) and upwelling volume were linear, cubic, and power function, respectively. Combining the relative
length (L) and volume ratio of unit artificial reef (Vr) of the secondary index to establish the upwelling volume
regression model was V,=T,x(0.002L7—0.055L,—2.429VgxR,+0.011R;"*3+0.227L4+0.437), and the back eddy
volume regression model was V,=R,x(—0.543L2+2.388L,)~51.779V3+75.045Vp+1.449x 10 *T,xe'**R+1.620LyxT,.
The nonlinear regression fitting R were 0.957 and 0.938, and the relative errors were 18.61% and 10.09%, re-
spectively. The flow field volume regression model can be used to plan the construction of artificial reefs that
guide the uniform laying mode, and gradually realize the artificial reef construction strategy of “reducing mass and
improving efficiency”.

Key words: unit reef scale; flow field effect; flow field volume; multivariate nonlinear model; numerical experi-
ment; Mi-zi artificial reefs
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