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Abstract: Inspired by the high-efficiency swimming posture of cyprinid C-type escape reaction and
the characteristics of eddy-current around the fish body, the bionic blades are designed to improve
the aerodynamic performance and reduce the noise of a multi-blade centrifugal fan. Firstly, the
reverse engineering method is used to obtain the center line equation and horizontal profile
equation of cyprinidae in C-type starting posture, and bionic equally-thick blades are designed and
optimized based on the C-type middle-arc. Through the comparison of numerical calculation and

experimental results of fan aerodynamic performance, bionic equally-thick blades with the optimal
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installation angle (O-BETBs) are obtained. After applying the O-BETB to the prototype fan, the
fan flow-rate increases by 6.8% while the noise decreases by 0.5 dB(A). Further, the
reconstructed geometric profile of fish body is coupled into the O-BETB to obtain a coupled bionic
blade (CBB) to further improve the aerodynamic performance of the multi-blade centrifugal fan.
The results show that the flow-rate of a CBB fan is increased by 8. 3% while the noise is reduced
by 1.1 dB(A). The flow field analysis shows that the coupled blade with bionic middle arc and
fish body contour has better guidance effect at the leading edge inlet angle and blade profile, and
the low-speed separation vortex in the inter-blade channel is significantly smaller than that of the
other two impellers; The wake vortex shedding at the trailing edge causes the weakest degree of
air flow heterogeneity, which alleviates the unsteady interaction of the wake with the volute
tongue and with the volute. Analysis of sound field characteristics shows that the aerodynamic
noise of the multi blade centrifugal fan is mainly concentrated in the middle and low frequency
bands. The reduced noise of CBB fans in the middle and low frequency bands is also mainly
attributed to the use of the CBB, the suppression of separation vortex in impeller channel, the

weakening of unsteady interaction between wake and volute wall, and the effective control of
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sound pressure pulsation on the blade surface and volute tongue.
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Fig. 3 Center section in C-type posture
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Fig. 4 Fish body characteristic line coordinates
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Fig. 10 Prototype multi-blade centrifugal fan
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Fig. 19 Flow diagram of the flow path between the blades of different sections
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Fig. 20 The distribution of turbulent kinetic energy on the 60% impeller section and volute tongue surface

FREEIF AN . T s 00 R S A B
70 BE THT B8E3T o W TEI 1) 4 B 008 7 2B AR I O B T
b AR ST K. O-BETB 46 5 CBB M4
JOT 7= I B 43 A JLF A R) . CBB 48 7 iy i 1
A0 1 s 0 RN I 2 TR B AH X O-BETB My #8585
JIN S T UL B B T R T R S A R AIR
3.5 BELSMW

& 22 S J5 8 X AL O-BETB K HL LA K2 CBB XL
PLTE P R C b1 75 TR GO0 . 22 35 85 .0 XL
HILAE H AR AT X 388 A 7 S 0 %o 8 AR 1 B30 001 33 ) B 7 T




66 [N . ]

556 &

(a) J5UR KU

(b)O-BETB XL

(c)CBB AL

21w A A AR i A5 R 40 A

Fig. 21 Vortex structure distribution inside the impeller

G TTHRAE I PR Az B AE AR e 450 B X3 7 T
SRR X D A8 JRUHIL ) AR AL R B EL A B S R B R e T
5 2 IRUHIL I 7 R AR A S IR . 25 45 W 3 20 i T LAAS 1
TR Mg 7 ) AR AT T2 A A RS R O T
W, o CBB i i a1 52 7R A8 R 0 it i
A5 R 43 A1 v A3 DX 358 1 5 A5 i R 7S 7E O-BETB
) JE Al b — 2P AR, JE A XUL AT O-BETB XUHL
(438 35 49 %k 810 Hz, CBB UML) I e 5 45 2% oy
756 Hz, 58 22 bS8 A8 — 35, M 7S g i 1 oy R
FE BTG ATAL L 45 & BEIE 0 A . 3 Bl RUHL 78 3 A
A B DA ) MR P AR A 2 BRAE BEAIAL L 3 A XL
BILTE #1175 0 A R AR 0 A SR 19 22 531
W4 4 2 45 43 B IR AH X O-BETB -4 Rl A5 184 i

60

50

~— BRIRBL
+~ O-BETB/AHL
+ CBBAL

0 1 000 2000 3000 4000 5000
A% /Hz

Bl 22 W C Ak 7S R O R
Fig. 22 The frequency spectrum of SPL at monitoring

point C

1/3 A5 BRI P T LS s KUBIL 7S T 0303 1) 5
PRE b L 18] 23 O 3 R 23 R0 KBLIE R C 2 /Y
PR 1/3 A5G &l . I ] DU L A 0~
2 500 Hz i Fl A R E 73 XS N - CBB KUBLAH XF T H:
b Ao XUBIL 114 75 T 20 5 3 A7 7 B O WD 9 R T
TE 2 500~5 000 Hz 33— B AR Fl A 1A o 1 001 O
AW W] CBB KUMLAE I B3 [ A P s 119

http: // zkxb. xjtu. edu. cn

Wop ARG L A A AR ) R BN MR 19~ &
21 WY IR AR Lt — 2L UL T 5 AR v IR A A
el TR B G b R R AT 28 R AR R S T ) 0 ) TR
PRI R R G 11 5L A i 3L R 7

70
50+
230
210
JUR R
O-BETBJAUL
-top e CBBJABL
0 1000 2000 3000 4000 5000

4% Hz

Bl 23 Helioal C ALy 2R 1/3 £ ik
Fig. 23 1/3 octave spectrum of SPL at monitoring point C

W 4 B T R 0 A KUAIL IR R ) U Sk 2
— o 7 R K Sl A R SR R AT T S R T 6T B ]
SR . RS CBB MR i R R
T 7 R ok 2l i 59 43 A an &1 24 iR R e S T K
By bof ¥ DX 2 A A E R L R 2 DA St
F W 7 T ot 2 A A 3 M S R R 0, CBB
R eI L AR A B s Bk 315 2 2% . O-BETB
BB R W 2 o JE R I R R 2 Y = 7 TR K g B
K1 CBB I i 2k 09 45 K75 T bk sh A A7 78 1 1 =
JE Db 3K R AR R R AR AR
PR AR I RS e R DT 7 AR R
7K S, B CBB i R ik 01 5 300k 11 v Al 45
N30 RBEAR T I R RSk AL ORI 3R U
D5 AE I R B4 HE 1T R 2 TR I R 5 R R T A
TIPS 2 A P T 308 3 0/ i R T DT 7 A Y
DT I8 S AR I T T 20 40 B8 T 7 A Y 30 B




Em 5 R 07 B} C BUR S AL R i 2 38 880 KL B P R IF ST 67

[ . ]
40 42 44 46 48

——
52 54 56 58 60

7RI 2 ik 3103

() JFE RN 48

(b)O-BETB %

(¢)CBB M-#

P 24 R R bk Bl o A
Fig. 24 Dpdt RMS on the blade surface

7. CBB M- F 3R 1 Y it 28 R e (A3 A8 il 2 A5 3 7
WE R AR A R R A P s ok Sl i R A 3
M A8 il 5353 o 50K e I 329 Jk 3t DX SR ) o A i AR D /)
1 AT R e S 1 e 3 i T AR R L R
5 58 30 Ak P9 BE B ol £ AT 2 22 A, DT 18 45 i
Fir R % DX IS M P ) 56 52 R AT

L

AR SO BB £ C B R B A TH M AR L
2 S g (AR B R LA O 07 A2 JE 3R 0 2 30 UL
W R o i AT O AR B A AR A Bt i A
T S 00 B AR RESE I8 TN AR 45 45 A9 U5 i, 15 31
FEEBWT.

(D 5 R RHLAR LE 05 A4 o it 7 407 A= 4
BB RE MR A R R A B RGE A
AAB A R 2 3B XHLAE 0 Pa 1 T A0
TLREEIN T 8. 30 AR T 1.1 dB.7E A
BT O T AL p-Q TERE #h £33 75 B 4 &R
Tk X R PR SR C RR Sl A O 2 K f i
Fe R A T N T 22 3 R0 KUBLI e i 47 2R BT
AR

) Py HEREA I Fr v oI 2 il A e ot T 4 Ak
REA AT /N i R a2 10 300 A 0 o ol AT R S T 1Y
(IS o =R = T8 N8 28 2 | B
[ B+ A7 A P R i % BE 11 1 BE 06 B 4 3t o R
PEAT S 1) AR T R 2% TR 7 K Bl AR R
A DR EC A A i A R s 1R i LA B i
A0 X 9 7 BE T A AR S W o AR

MR BT 45 R R O L A 23 L
JRHILTE HA AR A58 3 91 I 1) 75 T 2 3 AR XU TL o A e 7
TR J2 BN B SR B i R R A 7 AR s R

http: // zkxb. xjtu. edu. cn

IR T 223 B0 KUBIL I 58 A0 8 7 01 8 I 7

(4) e T 48 & Uie Sl ) 5 LE RS AE 45 4 %) i A R AT
P Az et T UA %5 B 48 T P9 I 3h A L o
DL TS T K A s AR B I MR TR 3 30 S 80
AREYNEOLT » 5 LR BT LS A T 52 SR - I BE
oA BB BT ROR

S X -

[1] MWAFFO V, ZHANG Peng, ROMERO CRUZ S, et
al. Zebrafish swimming in the flow: a particle image
velocimetry study [J]. Peer J, 2017, 5: e4041.

(2] Efbgl, kst BT ilR8R MDA C B SR

BRI RE LR [T i E R B R 2 4, 2019,
36(4) . 467-480.
WANG Zhongwei, YU Yongliang. Energetics com-
parison between zebrafish C-shaped turning and es-
cape: self-propelled simulation with novel curvature
models [J]. Journal of University of Chinese Academy
of Sciences. 2019, 36(4) . 468-470.

(3] EAE. EUtF. w3, & MAFIRLEH PIV LR
Wgs (10, LR MR S12%, 2020, 34(5): 20-28.
WANG Fujun, WANG Hongping, GAO Qi, et al.
PIV experimental study on fish swimming vortex
structure [J]. Journal of Experiments in Fluid Me-
chanics, 2020, 34(5) . 20-28.

[4] BHEA, WA, 30 Je, FF. B0 KL U 4% 1 i
RLIG ARG Ak 8 i1 L), 74 22 32 38 K % 2 4, 2015, 49
(11) . 49-54.
ZHAO Yanjie, TAN Junfei, DANG Feilong, et al.
Optimization design of centrifugal fan inlet collector by
response surface methodology [J]. Journal of Xi’an
Jiaotong University, 2015, 49(11): 49-54.

[5] YOUNSI M, BAKIR F, KOUIDRI S, et al. Numeri-




68

[~ S ]

K

%

&

1% %56 &

[6]

7]

(8]

(9]

[10]

(11]

[12]

[13]

[14]

cal and experimental study of unsteady flow in a cen-
trifugal fan [J]. Proceedings of the Institution of Me-
chanical Engineers; Part A Journal of Power and En-
ergy, 2007, 221(7). 1025-1036.

HTEE, £%, HilE, & 2RO TS
e K2 BArALBrss (1], TR AW 24, 2020, 41
(12) . 2977-2981.

XIAO Qianhao, WANG Jun, JIANG Boyan, et al.
Parametric and multi-objective optimization of the
squirrel cage fan [J]. Journal of Engineering Thermo-
physics, 2020, 41(12). 2977-2981.

KIM J S, JEONG U C, KIM D W, et al. Optimization
of sirocco fan blade to reduce noise of air purifier using
a metamodel and evolutionary algorithm [J]. Applied
Acoustics, 2015, 89. 254-266.

Enit . KUNR . H R, S L5 g0 KLU IR
M SRR BT R RS R AT ()], TH R 3EE
K2R, 2022, 56(3): 94-104.

WANG Jiahao, LIU Xiaomin, TIAN Chenye. et al.
Parametric optimization design of double-circular arc
blade used in multi-blade centrifugal fan and its aero-
dynamic analysis [J]. Journal of Xi’an Jiaotong Uni-
versity, 2022, 56(3): 94-104.

ADACHI T, SUGITA N, YAMADA Y. Study on the
performance of a sirocco fan (flow around the runner
blade) [J]. International Journal of Rotating Machin-
ery, 2004, 10 592040.

B, KIS 3 5 2 R B CH A A i A
7 [D]. K& #HAkR:. 2018.

HUA Xin, GU Rui, JIN Jingfu, et al. Numerical sim-
ulation and aerodynamic performance comparison be-
tween seagull aerofoil and NACA 4412 aerofoil under
[JJ.
2010, 3(2). 244-250.
CHEN Kun, LIU Qingping, LIAO Genghua, et al.

low-Reynolds Advances in Natural Science,

The sound suppression characteristics of wing feather
of owl (Bubo bubo) [J]. Journal of Bionic Engineer-
ing, 2012, 9(2): 192-199.

LI Dian, LIU Xiaomin, HU Fujia, et al. Effect of
trailing-edge serrations on noise reduction in a coupled
bionic aerofoil inspired by barn owls [J]. Bioinspira-
tion & Biomimetics, 2020, 15(1): 016009,

PATRICIA F W, GUZMAN D, INIGO B, et al

[15]

[16]

[17]

(18]

[19]

[20]

[21]

http: // zkxb. xjtu. edu. cn

Morphological characterization and hydrodynamic be-
havior of shortfin mako shark (Isurus oxyrinchus) dor-
sal fin denticles [J]. Journal of Bionic Engineering,
2019, 16(4): 730-741.

HUANG Shengxian, HU Yu, WANG Ying. Research
on aerodynamic performance of a novel dolphin head-
shaped bionic airfoil [J]. Energy, 2021, 214, 118179.
LIAO Genghua, LIU Qingping. REN Luquan, et al.
Efficiency increase research on blade of axial fan based
on characteristics of the typical birds’ wing [ C]// Se-
lected Abstracts in the 3rd International Conference of
Bionic Engineering. Changchun, China: ISBE, 2010.
66.

F. XNR, XURIE, & Bl XU 05 A #E A i A R
WRBLHLATZT L) V4 % 500l R4 44l 2020, 54(11)
81-90.

WANG Lei, LIU Xiaomin, LIU Gang, et al. Noise
reduction mechanism of bionic coupled blades of axial
flow fan [J]. Journal of Xi’an Jiaotong University,
2020, 54(11). 81-90.

R, R, XN, R E R R
25 P B0 KL S M A i 5 [0, 79 4 58l R 2
4. 2018, 52(6): 55-61.

WANG Menghao, WU Liming, LIU Xiaomin, et al.
A study on noise reduction of centrifugal fan in air con-
ditioner by using the bionic blade inspired by the owl
wing [J]. Journal of Xi’an Jiaotong University, 2018,
52(6): 55-61.

WU Liming, LIU Xiaomin, WANG Menghao. Effects
of bionic volute tongue on aerodynamic performance
and noise characteristics of centrifugal fan used in the
air-conditioner [J]. Journal of Bionic Engineering,
2020, 17(4) . 780-792.

LIU Q, QI D, TANG H. Computation of aerodynamic
noise of centrifugal fan using large eddy simulation ap-
proach, acoustic analogy, and vortex sound theory
[J]. Proceedings of the Institution of Mechanical Engi-
neers: Part C Journal of Mechanical Engineering Sci-
ence, 2007, 221(11). 1321-1332.

PREZELJ J, NOVAKOVIC T. Centrifugal fan with
inclined blades for vacuum cleaner motor [J]. Applied
Acoustics, 2018, 140 13-23.

(Uil M E A






