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Abstract: To clarify the influencing mechanisms underlying the hydrodynamic performances and ecological effects of
submerged artificial reefs, this paper comprehensively reviews the research on hydrodynamic characteristics and development
history of submerged artificial reefs. Based on relevant domestic and international research achievements, this paper
systematically reviews the flow field effects and stability of single submerged artificial reef units, with a focus on the influences
of hydrodynamic conditions, marine environment, as well as the reef’s shape and opening ratio on the upwelling effect, vortex
structure, and the scouring of the reef foundation. Furthermore, the study summarizes the significant impacts of the arrangement
pattern, scale, and spacing of artificial reefs on their hydrodynamic characteristics and ecological effects, clarifying directions
for the optimization of reef cluster layouts. Finally, the research advances in the integrated application of artificial reefs are
summarized, the limitations of existing studies are identified, and future prospects are discussed. This study aims to provide
references for further theoretical investigation and engineering practice.

Key words: submerged artificial reefs; flow field effect; reef stability; layout optimization; fishery resource conservation

0 3515 T EM RS E R, 2021 4F 11 A, REEA
U] A 5 R AP RIS eIl BRI, A D T i VRO R ) E ZARE GBIT 40946—2021 (g

Ml B P IR A ST AL, — BRI BOZEBARSE M IE R AT o MR 1

Wk B 2025-08-15  &MIA M. 2025-10-17

B H . PR TRDARRA IR RIH  (2024-8-13) s FEIRK ASEI R4 (52471296)

YRS A% (1992— ), B, wmaameMl o, TR, EE Al DUITIE TR ot .
SEIHAES . RPL, E-mail: yuesong@tju.edu.cn




2026 4F5 11 1

KH, % DI T Mg siit .05 .

BEEGEAESBRE AR T H, N T Ak
SRR R RGN T AEA AT A v
AR E LS A B, A B TR )
PP 5 RN EES L s RIS R AR L A 4R
BT RAFMARIREE, A IR AR 5 A
B ARECCEIEICHIIY , BOMUKIR RS, TS
Py ORI AR,

A SCE A 41 25 H SIS AR T O
WEREA J S rERe Lk gk g, B4 T
TABREAR BN T RE R R BOR, b TN T Ak
HHe EASYRGS R T AT R
1 R AT &fEREKKEh S5

BT, DI T Ak AR K 3l 7 R PR
F AR N T ARERUS 7 A B R0 FIRE A
RRETE, AIEARRREEE ke Tk ny s fafE
L JEE e T REARB ) 7=,

1.1 A

N LHEARSRTIOR , b8 A (16 b Y Fl
Wi, MERET T 2 RS R X, 7R A
PHRIE B Tk Bl , T W BUHT A i T R
X, RN TR RSO . Kb, Bt
WA EN T AR EZEREZ —, RESRIITE
BRI BIRE, WG AR SR,
[F] B 35 5 BT AR D B A AN AR . b T A
R, REWRAE ST R ] P AR J2 ) 2 2 A ik (1) 7K
WMERY L, EAms RS, RER
JEIKAKR ) IR R 2R R R R, Sk
WEWEFYR ., TE—EEHEW, I A
e BE 3G T LA TS SR B R ik A, R
T RS RGN IE TN . S T B T
JRE X Bz A X, 3 B A s P ARG I 5 3 1R
G, PEHRIEAEY . Hoe R R ST M55
i I A LAV D RE RV AR, A4 fade gt e X ek
“HEEA DX, P, SRR e RS T R
RO PPN AR E),

AR EN, WAV R T 52 3 M AT kb
7K B 1 5 sE ), b 5 A0 B 254 % 1)
FHOG o TK Bl g A5 A 22 8 50 T R U 1B R S 1)
(R E S, ARSI A R B L d R D
K5I DXRUBE 45 I S 3000 2 B0 2 A R ) R R
FEFNIM I 7 ) o AT SCARAFORESY TSR R A R
ST N T Ml =45y, madadr Lot
TR . R AR i XRS5 i 3L

NSEL, Han T REAARE iR R0 T B A AR RRAE o
Guo JEMEETEUE ARG, X L T AN [m] Vg 3 ik
TR FE S, 7 TR ST TR S K R T ]
459 AT, L FHRAARRURIES i AR RS A 2 i
KAE, N T g RO k.

BRULZ AN, HEF0 075 JERE AT S 2
FONHETE T HERATEE T, & B0 SR g5 1
B AT DU RO 3 T e L TR RN, v
T TERE s R T AR AR
BB TFNNT 2. B, AR %
REFFREHNINE | B2 R OFLEE . TFFLEL
) PR L R B i ds R ik 3 AN
TERARGSANE T, e FERERFIE . KT
. T s XA HESRRVRI SR Y 6 Fil £ At
B, AT HTREEAA I B 45 R AR AE X0 U 2 800 1 5 ikl
FEE, I T IR0 £ AR 25 A REAE 48 bR 43
A f RS T RBR G | 355 7S SRR I DA X A T
TR, BGOSR CFD LM . BEIE A
W AREAR LA 1) ) B T fb e RS, 2R
AR AR v B SR T AL SRR R Z
0. MRS TR SHERIATRZ L & FIREAE 351X
HALA BXFH, BT i R A AR T 7 T8 Fi A
T, JiIETF EREAR 1 BB KT BB 23 A R 1 3
$05 = A AT (] a1 B 2 S W N S B Va1 1 @
ARG o EXTHEIE, Xue SF10, AR SCAEN
LT 5 FORIRISE dffa T i oK sl T RerE Bk
(W2 Rz /N B2 NG B R 710775 § [VA (=B <
FEPE TR, e iff s 30U A B 45°0m), I T b A 4
VT 85.2°0 N T A RfEVEfEFR AN

(a) U At ffEAA
E1 RAAIEHEMBEERER

Fig. 1 Structural pattern of a single submerged

(b) [AFLAYSL I PR T f A Y

artificial reef unit

X TEHE AR S, JTLAREARNS, KR
MELLGE itk , FEmmERT T HERR, R KR
Saue (SR o 7 I W KT D B A i D
RITALAA BT AL S, ST



- 26 - VR

2026 45 11 11

PRI ELEHE , Zhao 555 58 T BRifE ST 7 1K 4
P TAS SR BN T A0 Jo] B A i 4 1), i s 6
(B2 RFE BARFIEL P=0.61) IR 25 L m AR H (19
ANREFS MR Z L S=1.90) )35 25 G5 A
FlFHEm N T gz .. SR, FrfLaead
&, KA SR, BN, MELUE TR,
KT AR FTR e S5 A A 55 . T 55 A1
THUEBAUNT R BEIE & N T A RE AR I 1 X R
GO s, R BIREE TF 1 o, ek
) TP 0 A A R T ) e A A R 8 T KT
KR KPR K e BE Y B W s/ . Wang
SRR X R AR B AR . RN AR R A L R
(7)) ARk | W2 DI Fa R 4 Fh o fEA A T
J KB J12 3R, AT AR 2 R X 5 B8N 5 il
M, ST, TP, R, -
FHEE T DT AR R B2 DL S G A Ak
R OF)7 B Ak 0L TG A 3 XK 1 5
3 FPEARL . Wang SEHRSGE T AL . FHLIEAR
FNFFFLES X S RN TG T 52w (DL 1
(b)), LI EREFALE . LB RATFFLEL
AR AR BER /N, T v 0 LR BT LA
230/ B TR A B AR A, U 55
BN, sMmSEARCR . BRI AN, G5 R ADHDRS
FE ARk s A fa R g K R B T, s e i
B o Jung SEUXS AT T 6 BN T ARG 254
520 E S R I X RE PR Z TR A G H , R LA B2 1Y
b SRR LA K 7843 B K R0 1) 390 Ja T TR AR A T
& it XARFR A

Rt AR vt F IR IR e,
MG T BRI A 5 4 LA Ak £ g ] R %) 3t
gttty o Jiang S T — R S AR A S Y
HESR B LS L), fR3F b T i BOT4h 98 e i IX
BB . R S A LR, SRAE LR
Nz an el NN T (187 e P e I & 1| bl s )
= . Maslov SEU8U% 315 R RS &k w40 b, K
TE R A 2 DI RE N T faffE 41 & R R 80 T AR 1Y
Digett, H LT EE . R X B S CRR
TR T S . EIRAFRE T — bR
FLAIE RN T AR, 8 FE AL E 1 AR
HE R A A= 9 61 T 4 G A AOCR , PRk
0.11 W AR RCR A 2 . AR 25T CFD
INESS GRS, 5 T AR &5 8 %F A\t IE
N TAGREF ROV I sZ ), 4558 Wos b2 ARt

MAA A TR R B RRY,, RS
AR B A ) T B T AR P 35 T8 T80
1.2 EARegFR M

N T AR RE I ERE P18 N T AR AR 1 PR b
TGN RIS I E AR AR RS | 07 i
WEeS), BN T AR h— 9 &
B TAREAR, EESE A H A ST Re R KA il
i LA RO R 1 e 2Pk . B £ 4
R ELE DT PR B AR AR R rgesE v

DU N TARERT 7 KT B, BUH SR ™ A=
Wiy, el , SR FR ], 2
PNZEA B R E TR, ) N T A HEHE |
7T AR, A R e () B SRAD, E
ARG B A E A I | Py PR AL A
55 R AN [ e A ARV A4 A 15 7 X N T A e )
PR REAE A TR, BRI . KR TS
SR R 2O H R B PR () EEEERE N . Zheng S5PIZE
A AR (UL 2) K CFD BB R B, S1
AN T A ) 5 IR TR B 1 IR N A Y i
FANLE, T, JeUPRLAR R LR i o Y
TR EE TR FRSZ M AR i 55, N T A e Sl T ) v i)
PR BE A TG K YR VD RAR N DL ST L3R R
fRTAE] . Yang SF2E TR R R LA BB AT
R JE LRy o R A AR5, B SR LD AR ) o
P/ A2 I w1 E2 AN N TR LY NG S S VA 5
TG, BRIE A A 0y A A sh REvE AR
AEME, S TR AL R S R Tl 0 TR DR B 5
Yun S5EFE ] KR R RS TN LR S AEAR
A S VD B KRS T B Rl R e . X4
ST R EOR I VRO N T AR RS (1) SE 0 M
TEREERL, 8 7 N T AR s X it
TK BN 7 8520 LA K e B Je oF Jeg S Vg K 2
ma R, JE BRI ER SRS, R R K
TS, AR N AR DS

B2 RXATEERERERNKERR
Fig. 2 Flume experiment on the stability of a single
submerged artificial reef unit
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