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Research on Energy-Saving Mechanism of Fish Schooling: A Review
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Abstract
antly improved by schooling movement of specific formation. The research on the energy-saving mechanism of fish

Schooling is a common phenomenon in fish creatures. The swimming efficiency of fish can be signific-

schooling provides inspiration and help for the design and control of robot swarm formation, and has been widely
concerned by researchers. In this paper, the main methods and the latest research results of energy-saving mechan-
ism of fish schooling are introduced. We divide the research methods into three categories, namely observation ana-
lysis approach, computational fluid dynamics simulation approach, and experimental setup research approach.
Achievements of the research on the energy-saving mechanism based on these methods are discussed thoroughly. Fi-
nally, the main problem and future research directions are listed.
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energy-saving mechanism

FEF BTN, A SOR AT 1 5L R
271 BENLELB 7C 70 9 L o A T SRR T
DI AR BT AL =K, G W LR SRR
TR UL BIF TE DR BEAT HER AT 23-H7.
BREUNESITE

P T 15045 (P PR ), 3 = R B WL %2 40 B v A
U EEREE AN T RE LR, I8 Ik B R W 5% 1 B B 11
e, RS G KBNS AT B A B BEE I
KRBV RE, 165 M AR g s, EEEH &
B B R T BURIE S A (Digital particle
image velocimetry, DPIV). AL A 5 M =X
SEARRRAT L S AN S5 R T B i A BE B T
G5 UL B i AR e S g AT O P 3 3ot 4k B S G
o k48 s B S T RE LR o, ReEVHAE
FEE S B HERE Y B DPIV SZEG (Al #2507 25
L ARTRHR IR TS50 BT SRR T BE AR UL, 43 R
BTG P I R ATV R JE. 3R 1 4
TS TR K R IR

1.1

PEPUAT SCHR, foc 73047 £ SR AR 21 P YT REA LA
WHFC /& Breder™. JHIE WIS AR HL, EAHEF, £
00 i TSP 36 i DA O o 80 L 7 A e i LR S 2 )
S AR A, XA 23 AT B DR T e (0 e B AR
LR BN, SRR LS P 1Y 5 B A R 48 SR i
ENBFIRE L, IR RE — D P
AR LA R 1) B L AR

AT Breder!™ R MGE P (147 BE 73 1 S
W Eh AT RENLE, Weihs!™ ' e &1 M kAT 1T
IR TE T AR, 8 O s AT 30 9 KBl 775
£ P A A B R — 2 DA K B 0B Y, A th fh 4
BB, BALE R E 2 FrsiIZETE, INATER
Foft BT rv, 21 B A S 188 8 38 K (R R, AT BAAT
A RTA 5 3 s, AT IE 2 RE R H A,
I AL T foe AT B AT 4948 40% ~ 50% HIRER.

& @
@:C @C @
e e =
e
o Y
=" €@chG

K2 JREEETEEE MRt o Ais S,
2 A AN A e
Fig.2  The schematic of fish schooling and near vortex

streets. The dotted line shows a “diamond” pattern!
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(a) trout swimming in free stream flow versus (b) trout
holding station behind a cylinder. The color of the circle
indicates muscle vitality™
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The development of the method of observation and analysis for fish schooling
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The development of the method of CFD simulation for fish schooling
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The swarm configurations and flow structures of two, three and four fish ((a) two fish side-by-side (anti-phase);

(b) two fish side-by-side (in-phase); (c) two fish in-line (compact); (d) two fish in-line (loose); (e) two fish staggered (com-
pact); (f) two fish staggered (loose); (g) three fish side-by-side (anti-phase); (h) three fish side-by-side (in-phase); (i) three
fish echelon; (j) three fish staggered (type I); (k) three fish staggered (type II); (1) four fish rectangular (compact, anti-

phase); (m) four fish rectangular (loose, anti-phase); (n) four fish diamond)™
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