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T e s gl AT R, 2 R SR A K AR BE X
KRR HE AR . AR R, KBTI
WA, DL K Sl W i B R 0 1 5 i Mk (Odeh
et al, 2004; Rasmussen et al, 2005), HERMAIENT RS
KB I AT R, ANALAT LA 0 28 1 4 R AL R0
FEBH M 25 0T 5 UL A B8 e A s B A, o mT
RFEFE A P PEAEES TR R SZ R iR 2R 5K 8 )
EZ WA E R, S —HRR . BT 2 A
KR KAEIR B A IE TR br , SR A A RE I IR
B K 8 I R AR G52 48, 2012), AR LEZEA
SRR I S A E R, AR K R
it I SR A IR ATt 252, DA S a2 e HAT
X it « K G B K T ) A s, AR T
FIEIR K FRIH R G K B0 1 55 B i B L, (i
PEI KSR = ] 1> 5 TR HE L) T 1) A g

1 ERMERKFERERNERE

20 et 50 4FAX, H A S XHEFR K 5758 R G itk
RS (Murray et al, 2014), T —EAEF
55 8l F1 BAR 5 i T RE VR AR T BE MY, KPR SR Ak B
VERERA L A% . WA N T RA AT FRAE, B0
S ST HULARAL AR DL AL . PE, =SNG IR
KT RG4S 8] T R & R (e, 2019), HT,
WY A5 350 43 & 3 R R AE FL R AR i i R E B R 4
H AR T AR AR PR K A P 2R (R B LA, 2017),
Ban , #2252 LIPGFR K FRE 2R 50 0 R e i e B8 ok
25 14 10 [ (Badiola et al, 2012), 4k 3= 5 J\ F i 1
FRIH, R RPYTEIEE(Salmo salar) N IS IR #5575
FIHE A /K 4 18] F51 (Dalsgaard et al, 2013),

AT ES, TR EEA K IR RS KM, 16
FRIK R F AR 20 4D 80 AEFCTI A, EFELG T IF
i R BEAPGE L RUAH B, 1988 4F,
B 7K 72 B A A0 5% B vl HLAR A F 55 BT ik it 1 B
SR MR T AR AE PR K 57 5 1) (R R AR A
2018), 20 et 90 4EAR, 44 Hi 4 HE 27K 7= #75H
RYEIX . 2019 4F, NS GO REEE, ERN KD
S it 3 B A R, 50 A P AKORI S HE K Ak B %
it , SR ] K ™ R K ] ) K R R A
Har, FRE T K F2 5 15 £ 2B sc at [ =1k,
PP R K A Sk, HLAE K SR P AT A B
WG E R, 2019), EHN T LIEHKFHEFR
Giin K R AR

] PN A XA A K SR R B 1 9T 22 DA S it 3
it(Badiola ez al, 2018; Supono, 2019) . %5 i (F 32

& 2022; Arifin et al, 2019), WHHAEYI(Liu D et al,
2018; Ljubobratovi et al, 2017) , FEFE i PN it B (B = #
&, 202155 J7 R I, K 8l 71 R AN [A] £ 2y Fl
Ko e vk 7 =X #E b & #E T B ZAE A (Borazjani
et al, 2010), {HICTFRIEM N AR . K3h 1 &A%
PRI SR 7 FE D, i Toi 2 S bR A P AR IE R e
BB S HEOR SR NBOPRHERMIE KSR R S, &
WSS T KN 155, (A SIS AE 5 35 110 3 A fi
KSR AR, JE TR R TR I | 35 45 [T K
)N RS N = SES TR L 7/ I o SN e 3 ) e =< ]
it U1 55 7K 21y 7 D3R AT B 2 00AR 5 0 b PN A T 3 450
TASIT L A ARYTHCE, AT Lk AR
BTN, FFAR SEDTRRAE R 9 2E Py T A S0k ) P
T P, EBOHEIKIRIE RGN, b5 % &
FR5IK I A E R, DL BE A% A 00 I R A 2
TR LR A O SR B T 7 PR

2 mBEEXEENZMTR

21 mEMBERERKLZFHHMEER

211 ks RAEKGY PR 1 5 Bl 2 X
FREERT G LR T AR R M K AR G — A B
W ZE . TEK IR, KUK AR PR | 1F
I SR R /K By T AR % %2 G H B4 FH (Gorle
et al, 2020; Oca et al, 2013), [F i 23 %F £ 255 14
R, A AT AR A= A TR B 50 o — 22 Uit
BN, RS RI B BRAT N, JiEhE S
0 ASRF L Uk M T 52 M 044 1Y) RE e TH AR, 11T XS £ 28
AR, BIFSE R, O R i S HE 2 Y
ARSI A [R] 0 20 B AR K A s A AN AR [R] 4
TN K b6 B i (Paralichthys california) %)) i) fx £ 4=
KWHE N 1.0 bl/s, TXULE T 20 A DR L A 1k 5]
e AR R (Merino et al, 2007); HAF L H
(0.36~0.63 bl/s)A F| T R PUH LR A AR KR p AR
# ¥ (Nilsen et al, 2019); 43k (Sparus aurata)f
1.0 bl/s AUULHE T BA S B R R, WA, &
AT SRy 77 5 i P K AR S S BRI R AR S5 A (Palstra. et al,
2020); KEEWFE4) {1 (Scophthalmus maximus)TE 0.9 bl/s
T T RGN, R E KRR (SGR)FH (L et al,
2019); UG KFIE R G T RE A 2 bUs B, FTEREA
iR KW (Piaractus mesopotamicus) 3R A5 e fE A K
&, HAE K AT 4R 51% (Inoue et al, 2019), A
IR, T ER A 0 2 AR K T B s e B s
FEAEEAE R, BN, 0.36 m/s B EAE R SR 64 A
ZE A | A BRI (LI er al, 2019) 5 T4 43
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S0 I = e A T A I - (A
(Oncorhynchus mykiss)#) SGR (McKenzie et al, 2012),
Zi b, mEM S AR A, s eIk

8 3 U el R PR A B 2 BT 2 ), S R
Ml A, I, IR IR R G AT
A R T M H 2L (R 1)

x1 REN/LHERFESE LB
Tab.1 Velocity influence on several kinds of common farmed fish

B S B #2H Influence £k
Species Induced velocity/(bl/s) HEEA K H SGR/(%/d) Tk LR FCR Reference
T K L B a4 fa 0.5 3.98° 1.43* Merino ££(2007)
P. California 1 3.93* 1.43%
1.5 3.59 1.59°
KEZ T4 fa 0.3 0.865 1.34 Li %:(2019)
S. maximus 0.9 0.952 1.17
1.8 0.830 1.54
SERARIEK 1 1.8+0.3° 1.6+0.4° Tnoue %(2019)
P. mesopotamicus 2 2.240.4* 1.1£0.2°
3 1.6+0.1° 1.5+0.04°
V. 2 3Eh A 3 B4 £ 1 L.71° Arbelaez-Rojas %£(2010)
Brycon amazonicus 1.5 1.72°
2 1.54%
2.5 1.50°
ST 0 2.13+0.08 1.3+0.04 Ghanawi %£(2010)
Siganus rivulatus 1.5 1.6+£0.09 1.8+£0.11
[Fapigns 0 2.09+0.12 Li %(2016a)
Silurus meridionalis 1 2.12+0.06
2 2.01+0.06
350 2405 £ 0 0.95+0.08° 1.64 Liu G %:(2018)
schizothorax prenanti 1 1.28+0.07° 1.45
2 1.36+0.05° 1.45
4 1.08+0.05° 2.13
K1 i) £ 0.9 4.52+0.12° 0.75+0.02% Chen %5(2021)
Micropterus salmoides 2.45 4.1240.10° 0.77+0.05%
4 4.13+0.16° 0.76+0.02°
4300 0 3.41+0.08° 1.17£0.16"  Blasco %£(2015)
S. aurata 5 3.72+0.13° 0.93+0.06°

e AR LinSfE R 22 5 53 (P<0.05),

Note: Different superscript letter indicate significant difference (P<0.05).

212 Rkt & EAFISAT Y om AL 2
MO AAC , SN [R) £ 208 1Y) 45 T A AR A 7 A
R, MmsLEAERKZES . SXTHEZH(0.06 bl/s)
ML, ZEE(Barbonymus schwanenfeldii)fE 0.66 £l
1.92 bl/s Jii sk T HL A 45 = 14 1 7% 2% 480 BE 1 il 2 e s
fRbR(Zhu et al, 2016); FEHAEREE T (1 F1 2 bl/s), iF
) I £ (Spinibarbus  sinensis)&h i LA & 1 &
LR E SR B R KB R . TITE 4 bls
T, MBI n-6 Z RIS 7 5 KT R %
(Li et al, 2016b)., 1ER—Fh& WHIFRFE MO, RIGH

fie Xof AN [) P 0 R R LR S AT B 8. 7E 0.2 bl/s AR
W, BERRN & REGS, P ERAL, iR
JE£(0.8 bl/s)ffi i iy L A BT84 22, X R PG e d: 14 A=
A A 7= A BRI I (Solstorm et al, 2015). WFFE A
13l o X AN [\ XF K OB & (Micropterus
salmoides) A . WHALEEIGPE . LA AL RE ) Rl siE
RIS, e RAE = i (4 bUs) ST, ek
K BUEALRE ST . SRR RIS AL RE 1 A AR KRR R
[ (Chen et al, 2021), EASEERRY, 80 3
AR R PR ARG, Bl T R IS, K84 0
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SGR Wiz F+ 5 (Schram et al, 2009), iz 4, ik
1)1 N34 2 RS2 B4 £ 1) S8 AL 91 AL it (SO D) Al
V65 TR B (LZ M) ) 16 P 25 (2 S5 32 55 (Sun et al, 2016). 8%
T FRZE A, A K TR 5 300 O AN B2 2 A
KRR, AWMREI, MESEH KT R G W)
FREFWEAE KOG RE P2 A R, e Tl &, K26
Hfa R, %K P SOD &M AR ik
JE S SRR, T 3 A P A X R SR B %) i R — N
WO, 175 5 X PR AR A SRR e R B 3 S 5 Tl A R
LW T, REEFERE MM, SGR WTHE, M2
PR 1 % TR it (AKCP) 0 14 % TR il (A CP) 1% 1 I 3% T
15, A AT A O R R R B ) A A I R AR 4
U1 SE K ARPE(Li et al, 2019), Mehb, BFFR R, B

FIR) AL LIS 2 M 81 P 1 J5 M ] 37 i BT (Bugeon et al,

2003; Solstorm et al, 2016), &= fZEAy 4K PERE | fd
B Sh BRK P SR B B B, R B s K 4
P, ELR 3 10285 (%) el i R R S B 32 47 i )
o PRIBE, BEXTRERE FRIE TG 20 5 Sl B /K 8 )
%M, FRHER RIS A2 Y S E R IR
213 ARk &EFFRWGY A B A= K B A A
A, IS 26 0 S B AT R A RN . TR TR
EE(0 em/s), FHEF(Scaphirhynchus albus)%) £ 1) GE
HIHFEE R, REOET R E S (Mrnak ez al, 2020), I
AN, BEH L, R AL BRAH A K ZEBEAE TR T
AN A, JF AR T BRSO R B R L K2
140 TR £K 2 5 B0 AIK BB A 1 Y 25 A 7E T (Sun
etal, 2016). T i 5 i B 7K 8h 1 A0 4 Sk B W
AR, MR FEALSET- 3 (China et al, 2017), %
BRI SR SR, ol TR PR K FR 0 R 58
HOXTIK Bl T SR T IR, 0 2Rt Bl A AR A
WEE, BRI BT R, — LS m
558 H b

22 HtiRpEERERXEENFI

IR AT LAE AT by, D 0 28 B B0 R
J1, X IR B B AR R P A U Y 52 T (Larsen et al,
2012), A2 b nl PN ML B K I, T HE e o B2 i
AR HIRFLAY K i (Liao, 2007), A B AYKSh Sy %
20 2 B R 1 )i 3 (Odeh, 2002). 4525 AT
PEIRIKET, KPGFEEE TR I, 355 8 K P v
1) B Bl PR R R B R VI EERY 1.56 £% (Griffiths
et al, 2000), M5 = BIAGEFR K Bk R AT $2 5 e B & 4k
i (Oreochromis niloticus) W) Jit & . & AIC B 5 R
(Obirikorang et al, 2019). HLAN, FRFH ML 0T 4544
ST | S A I 1 A B AR Al Al £ X R B A0 2K 7 A R

Duarte %5 (201 1)) L BR B2 I8 (PTV) 4 A 43 51
IR TE A B SR8 P £ 28 19 28 (8] 4 A, & BRIRDIE A
FEOE IR 5E b rh 0 o A AR 22 5, A 2RAE RDE 7258 Tt
P43 45T

IKFEFR AP A L2 | ARl Xt K3l i A
FA) e 2RFIAE 1 i 7 4 AN AR IR] , 00 288 1 A AR 7 B Ok ok
R R S Z A B . BT 2 R A B X
B REIARIE B 35 4 5 a0 A 5 T 0 2R K gk Ak Ak
1 B SRIAES , BB B PR K I 58 2 58 N i S R e
R B R M HLEIATE SR R0 2 L/ | X B — PP R R X 5
VA E TN ) 7 N OB TUN=113: R/ TRk 3 4 N ]
SR v 2 B B PR AR R Ak IR B R G RS ME R
5

3 BRIEFHXIMAFF R MR

SN PR SR B PN A A9 A 3R AR K 454
PRI | FRAMES Y . kS | 8383 AT
N o MRIB B R AT N2 R R SR M N IR BOK IARR
o, I HA AR K az sl 2000 SR 58 1t N I

ST Y [R) IS .56 28 B0 37 5 b PR A L £ A1 QI
(AN A CO)-5 73 fiff B AT F VAT T W o (UL L A
MRERSE) R A, ASCRAE | Rkt i 2R S 4k
W, P, BT a3l AT D X SR A I A i Y
Wi A TR S FAT, XA A A B SR B Y TR AS
MBI TT > HFTE MR 2 R ERAIG, HKAEATE
7S T BN [ 2R LA S AT o

3.1 Sk

AR LIS TS B s A, M S8 55 5
AR K T ), WA G SR AR R — 4
BT AL, R BN, KVTEEEELE A N IR IE
iE gl , ZEAORE T AE TR BE b 25 77 AR 7K it AT BELPS I A1)
7KK (Gansel et al, 2014), Masald Z5(2008)F] 24 £
I B AR (AD V)l i S5 M N i, BE R,
AU N IAFTE IR A — IS, Rk TS 3
7| ) it UL R S A0 S I Z A TE IE A G OC &R o 7E
MFEAGAAE T, SoAFRMEMAL, A fAr 3Rt
NI B SIS, AR, S Bl | A A i 3G i T
FRIEMN 2T 1/3 B A R (Plew er al, 2015),

KL PRI (PIV)FOR 2 20 12 80 ALK&
AR A0 s, AR R MR R T A AR AR T 2
TN TR (Reid, 2011), MITTZ 8b FH T f A s £ 28
B IRAARTI% . PIV FR MR RS BRI TC
7/ R == e S R £ N £ T W3 27
(Mendelson et al, 2015) . Drucker %5(2001)F] /] PIV
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AR T Wil K BH A (Lepomis macrochirus) g ) =
ARG, LERR, WIS 68 1R 6E A iz it
v [ B 7 A i AT X e 6 R 300 AH A AT S
I FRAF . Sakakibara Z5(2004)F HI 21K PIV H AR 345
TG 4 O R A3 A 1Y 3 A0 dek Jokr IR ER SR BT, DABA
25 [A] 3 RE . fn R RN BE . Mendelson (2013) Fl
Mendelson %5 (2013)F Jfl =4k PIV R G X KB &1
(Danio aequipinnatus){W AR SN S #3647 TWE5E, K
FE I AR I S B 43 B R R IR R, I T Ak
TR A R SR, TR IERE T BT b AR T A
P i 31 ) R BE ) 0 78 R 1 1 R B A e R v A el
AR AL o 4 BB AR (2015)FH PIV £ R AT 4k
285k A G SR R T T A A R = B, AT A
DR ] 61 178 7K Ik T 4% 4 AT b 2 TR B

VER—A e B BE SR A 25 [A], OC T M AFFE N 57 4
N KIRTR G R SE AT 5877 A T o e, 2 R
0 FETENE T G M N AR IR S . 0 Watten 55
(2000 K5 M B FEFE M A 6 AN AH AR B B i 5 TR A 5
JG, 8IS TR T R ER A4 B B [ (RTD),
KIS (Salmo trutta lacustris)Fiz sha N T AH4R #H
JCIKARZ ] () 3 #FE B, 17 [0 % 5t v 7K (AR TR
A8 . 1M Lunger %5 (2006) 11 Rasmussen 55 (2005)°%
HZ P WT 261408 1 AN 55 58 5% BE 45 14 T 7l
SR FE P KT A TR, R B S P ek B R
TR B I DG R AT A, A 0 1 A AE S 0 SR B T K
s, I AR H3E 38 T AR IR G . A
58 N D3 FH 20 €0 ok /s B2 500 0 T 4 PN 308 R0 ] L £
MSFHE AL, kI AELE IR T gkl i, o
AR £ 5 132 S 3 3 T IAE PR R K AR TR A o
BEAN, PR PN S0 A it 7 o 3 5 20 R R I S Ok
F(Bietal, 2020), ZEGKFE , FEAFFE AT SR 56 W A
IKRTR G O sE s, S50 A i T & — IO T Z2 40
S IR =3 T

SRy FRUI [ S 58 N A R EE 43 A, Oca (2013)F01
Masal6 25 (2016)38 i B 1 5¢ 1T b BE R FEIZ¢ .0 Bl Y
BN ST E A B (B=V ) ST TR AR Y | IR % AR AL (1)
FERl E AT IE , WFST A A AR X 5 FE b PN I 1Y 5
e, 3 38 4 B 3 R ) T >R i WA A G £ 57 Tt PN - F-
IR 22 5, G5 RERW, 022 305 R By T it 35
TS B TR B, o B s DX A S ) T AR
SEH, NIRRT SR 58 b P9 S ) 1 rpuO A Y ik
WAL, W5 £0 20 G A 7K 55 B 1t PN 3 3 5 el 174 S 6
o, R T ASEOYETE,, \SRIE SR N I AT
T 25%, {HAR ] - X BE () AR AL A AR o WFSE N
T, 558 i Sl Y R 2 A AR Lt ) 3 2Ok IR

(Gorle et al, 2018), ANRIMERIFEEEE . Mg K/NFIFD
FBI O X IR I M N T 7 A N TR RE BE S ), TR
TR AT B T R AR R 2SR R G

32 HEHR

TS EAE WY 0 25 5 0K B ) A ELAE B G
W, WETHRRAR ) (CFD) ik & e, JHEf
Vit B 1) 52 Z AU T ST AH I A LB 8 28 1R PIT RE
251 BN 1 R AR T G — A S R,
TR RENLPE L S50 UL i AL F e &2, B (A AL
RS ZMER R E ik — . SEEARLG,
T BEAS T 4 T b S B SR N R S PRI
Y% 15 R =4 R A, R o 28 B B AR B
T2 MR S VLB 5 $E It 3 & {5 S (Feng et al,
2020), F(EBIALL L) ST FE WA | e SEOH T
SEIZ RV R L A A2 B A, R IER EAAUR] T
it (AN 82 S FnBH Tt 77 Z 8056 ) WO 4 AT A Ak R
BRI AL, T, CFD BARME M T BT+
15 B A 25 HfE J1 (Bottom et al, 2016) Fl42 & iiF sh 5%
(Doi et al, 2021; Li et al, 2021) ST E— A H, 2%
FATC LB A S BIAL, GENS ELULHL B4
i Az e S 3 R b = AR I U A i b HE O R e
A BEREAE . PUTEBOR B2 122 0K CFD BRI
HF K= FRIE RGP IT RIS, iz F H5E KAL)
FEFF LK™ FRH 22 50 i 21 17K 3l g S [n)

TG K T R AR AR5, A
{155 i Ak B P 58 B A b SR AR AL B R A B
Bk, 1A R Gk Bl i 5 Ty S Yy B A SR Y
FEBUETFBE, 3T ANSYS Fluent #4T5UE I
AT R IF RS —Fh R S it TE s LI\ FIE 375
WM B R ERAT T BFSE R B, A HL T B R
BB AR RE % PN 5 it P A | i R RN A s 1) L
HORE i 5 T W) PEAR 7 (Rasmussen et al, 2004), £ 2%
R B AL 5 v Sr TR K IR IE R 2 /\ R TE
ST M AR Sl 25 1 = R R AR, SR AT SR
k-¢ Tt AL ARG Bl , R R S R S A R ) AR
AU B AT T A, A5 R, kee Tm Ui Al
AE B 4F Hb 45 3R\ A JE 7% 58 W 9 1Y 3 A8 (Liv et al,
2016). BEAN, EUEBIIAE FRGE K 454y . A2
FAXT I S R 1 B 52 ) O TR B 2 A GT , FE A A
AT, SEAR LK BRLIE T R R SIN A 57 AR it R 48K
g IR R gE v, B TR AR S T 2m 4 B
ARy g PR T R B SRR it — AR BB T R
S UEAS SRR, BB ARG W 2K, AT TR
(] N AR 57 5 b 3 37 R M 1 BIO(E T S0 5 (R T i 5,
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2021).

EHNAZH CFD B Tk ok gh4e . S5
LR S5 Xt N A IS AT ST . R R AR S 1 S
AW BENLAT AR G A M Y R R 42k, NIk,
KT IR 50 M AR Bl ) 22 W R 2 B R R AR
K FM ARG IR, [/ CFD H AW SR b
N 22 S0 5 AR B RE 5 AR 2D . B (E R Al
AT A ADL SR Al ) LS A, AT A e i 2
SRR b () A 5 ) R R A MER B ) EL R L a8 T L
TE AN M RIS [R] 7 vk 30 40 14 I 3 1 2 (Gazzola et al,
2014), 7E[RIFE S 2% R MAFRE A T, AR
BT T — BB A% v A AL D 4 ] LI 3 AN A AR T
PR | I3 5 — R 91 P B TR S 56 56 UE T (B AR AR
M M . BUEBAUR 25 3R, e fiok iy 5] )5
12 Bl T2 AR O B BRI DX, A AR 02 S R
FUV) 2 LI B o A A BEL g I £ %85 85 P 4 T 8 2
N, T AE H AR £ % R I A A8 JE B "™ B (Tang et al,
2017).

Bl 1 e faf o K AR WA A A s R
(Tang et al, 2017)
The bionic fish model and its distribution
diagram in the cage (Tang et al, 2017)

X T BR K FE5H 28 G5 N 4055 7 37 (R A A B A
L, £ 2%# % 1 Solidworks HE 37 — 4k Fl = 4 ta A f) &
BEEIRL, IR A Fluent A3 rp <7 2050k
PR TR A9 I [ A & BUEAR RS, JE T 888} (Carangidae) i
SRR’ UDF 7% 3C1F, RIS A AR SE BG4
TR 55 3 5 A ) BB AL RV D 4, 2021) . 17
YRR —Fp DL R BRI SR, FERT 5 fa 3Kz 8

Fig.1

XoF FRAE ML N S S I, 32 LA o R e A K
SR, A EGTMARRLN , S ) A Bl AR
P A T I S AR I, £ B A i Bl R A S b
()55 N K (Bi et al, 2020)., 1M 5 75 43 FR i 11 35 (O BEAR
BENAT R, 1% 3 0 SN F5 58 W I 7 A R R 1) [
IF, 3B B 3 A F A £ 20 7 A VR FH L R g 2ot
T S AR AR A 7= A W Ry 38R 7, S Tl o A
AT BUA AR T i b

Bl 2 JiIE 9N FRA A A

Fig.2 Fish-square circular angle aquaculture tank model

Filella 55(2018) 1 4% i —Fh 13517 5K 3 J)
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Research Progress and Per spectives on the I nfluence of
Flow Field Characteristics and Fish Interactionsin Factory
Recirculating Aquaculture Systems

REN Xiaozhong', LIU Haibo', LIU Ying"*", ZHOU Yinxin', CHE Zonglong', LI Meng'

(1. Key Laboratory of Environment Controlled Aquaculture (Dalian Ocean University) Ministry of Education, Dalian 116023,
China; 2. College of Biosystems Engineering and Food Science, Zhejiang University, Hangzhou 310058, China)

Abstract Both population and economic development are driving the rapid adoption of
aquaculture development worldwide. The unique attributes of the intensive factory recirculating
aquaculture system, including high density, low pollution, and high efficiency, have made this system
an important avenue for aquaculture transformation and improvement, and this fits the current
concept of green development in aquaculture. Flow patterns are an important environmental factor in
the recirculating water aquaculture systems, with this parameter directly affecting the growth and
welfare of fish within the system. However, it is also worth noting that the presence and movement of
the fish also affect the construction of the system flow pattern. This study presents a comprehensive
analysis of the effects of flow field conditions in recirculating aquaculture systems on different fish
species, including the effects of flow rate on the growth and development, physiological indicators,
and survival rates of commonly cultured fish, as well as the effects of other hydrodynamic conditions,
such as circulating water and circulating water exchange rates, on fish behavior. The effects of fish
and their locomotor behavior on hydrodynamic conditions and performance in culture ponds are also
discussed, including the effects on turbulence intensity, flow-field flow patterns, and water mixing in
these systems. The methods used to study the effect of fish movement on the flow field characteristics
of any system can be broadly categorized into real measurement methods and numerical studies,
where the real measurement methods include the visualization of research objects using the particle
image velocimetry (PIV), acoustic Doppler velocimetry (ADV), and rhodamine water tracer
fluorescence method. In contrast, numerical studies primarily rely on the application of the
computational fluid dynamics (CFD) method. The advantages and disadvantages of both approaches
are evaluated in this study. Our evaluations include a discussion of the common problems with the
current system for constructing the circulating water aquaculture systems in industry, such as
neglecting the flow field construction, lack of cross-disciplinary research, poor regularity, and
repeatability of research, and suggest that a systematic experimental program should be established in
combination with refined numerical simulation methods to facilitate the development of more
accurate complex models. The aim of this study was to clarify the design of hydrodynamic conditions
in these aquaculture systems in order to promote the development of better circulating water
aquaculture systems for the industry in the hope of improving both the fish and water balance.

Key words Recirculating aquaculture systems; Hydrodynamics; Fish; Interactions; Empirical
methods; Numerical simulations
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