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Fish Strike Damage in Tubular Pump Based on Fish-shaped
Particle Tracking Method

ZHANG Desheng' SHI Kehang' PAN Qiang' SHI Weidong®

(1. Research Center of Fluid Machinery Engineering and Technology, Jiangsu University, Zhenjiang 212013, China
2. School of Mechanical Engineering, Nantong University, Nantong 226019, China)

Abstract; The strike of blades is the most important factor for the damage to fish passing through the
pump. In order to study the strike damage characteristics of fish passing through the tubular pump, based
on the CFD — DEM coupling method, the drag force calculation model was optimized by modifying the
coupling interface to study the movement behavior and force damage of the fish after striking with the
blade and wall of the tubular pump. Taking the simplified plate strike on fish as the starting point of
numerical simulation, the influencing factors of strike damage caused by the collision between fish body
and blade were analyzed, and the death caused by over-pump damage of fish body was predicted. The
results showed that the strike damage caused by fish body collision was related to the strike force on fish
body. Increasing the front edge thickness, reducing the front edge inclination angle, and reducing the
strike speed can reduce the strike force between the fish body and the blade leading edge to reduce the
stress damage of the fish body. It was reasonable to obtain the impact force threshold of 2 446 N that led to
the death of L/d =2 fish; increasing the front edge thickness, reducing the front edge inclination angle,
and reducing the strike speed can reduce the collision force between fish body and leading edge of blade,
thereby reducing the impact damage of fish; the strike force between fish and leading edge of the blade of
pump was the largest, and its strike damage was the most severe, which meant that the leading edge of
blade of pump was the main part responsible for fish death in the tubular pump device; the smaller the size
of fish body in the inlet flow of pump station was, the lower the probability of blade strike was; reducing
the ratio L/d of the length of fish body to thickness of leading edge of the blade could reduce the strike
force of leading edge, thereby improving the survival rate of fish passing through the pump.
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Fig.1 Schematic of optimal drag calculation points
1 _
F(1=?C(,pApIu|u (5)
I
/\IT( u=721 (u/i_u1> (6)
1
AI :dei
24 b byRe;
=——(1 +b,Re> 7
Ca Rei( +hiRe, )+b4+Rei (7)
b, =exp(2.328 8 —6.458 1¢p +2.448 6¢:2) (8)
b, =0.096 4 +0.556 5¢ (9)
b, =exp(4.905 —13.894 4¢ +18.422 24" -
10.259 9¢°) (10)
b, =exp(1.468 1 +12.258 4¢ —20. 732 24)2 +
15.8855¢") (11)
P, ——— i OB U 5 0 /s
u,— (R IURE J] B 8 RG22 A it 9
m/'s
n———" 13 B3 IR B IR YA 5, B 13

4 —— Wk B 42, m
o——WURLER I JiE | BRIE 190 4% 8 A5 ) 1k
B BRI 190K 22 10 B2

F Ry AR JORE TR i 3 vh 52 B 0 E ) TR ) R
AL HREA RS
Py, P

Fg:mpg (12)

P

Kb p, —— R FORL | kg/m’

F, Jhy 0 2 ORL A ) 438 o7 7 AR A 45 fnk g, 6 96 1%
] gy & F,, FUT0) or & F,, o i SCHR (24 ] 42 A 4K
SR A2 fl A5 AU OK i, B

F =F_+F, (13)

Hrp F,=-kdn-v, (un)n (14)

F,=-kst-y[(ut)t+(w,r -w,r)] (15)
K n 5[] B[]

t——b]) [a] B[] o

r——JSURE 5T O B il 48 2 i A 1) K

w,——flf 4 P URE @ FBURE R X

Fe——50UA7 L1 I

y— B R E

S—Tilf i X+ =2 1) 119 57 B

DL AR i@ A UKL (4 B A T, A ] SRR [ 25 ] i 3

ke R A C, SR [25 - 26 ) 1Y H E RIS
2R A

5

(4,
1,=5(3) Cleo o, (16)
1
Hrp w =5V U o, (17)
12.9 128.4
Re[,;'S + Re, (Re,<32)
C, = (18)
64
(32 <Re, <1000)
Re,
lw,  d’
Re, P-4 (19)
M
X o, Uit A R ASUREL 22 8] B AH XT3 B
Cy B R A
Re, JiE 5% T v A
VI Jp 60 T, RN EBE G T, 15 A KR
T =rF, (20)
T = -uF IRI-- (21)
lw !
F = —ko,n (22)

A p,—— RS AL
R—15 8 0K S5 IR BRI /N Bk P AR

1.3 miHp-afas

D TR AR R A Y P iz Bl AR o B
PLA% WY H AT A7 001 5 &, i RANS J5 3% Ak
TARRH , ] DEM J5 35 oK 1 38 UKL ) 12 3l 41l 92 4
AR iz 2l R AR B T S A T
Fluent 547 B A 8] 20 (9 3+ 58, EDEM 3@ i # 5



510 M

TR S kT R ORI REIE B3 00 B I A A 2R o O AR Y 155

Fe 10 R Fluent W B3 305 2, TH 5 A00RE i 32 19 0
TRy G RE a4, SR ORI SRS, R
o 2 B WORLAL S AE g A e 5 S B D AR 3k 4
Fluent, Fluent f #i& iX 26 {5 & 4k 2 5 17 0 (8] 25 11 5,
M Ji DEM 5062 5 Fluent 3 37 17 5L 19 AH A5 3%

AU, 3o R Y LR B AN < R ] Fluent B3R
fifp AT A B AT T = Ak S R 3, EDEM B 41
o A URETE i3 1 18 3 2 7, i 5 #4101 S8 IR
Y RIS S5 B R A B AL b o Fluent Hh R I b5 1
k— e BOALTHA  BEALE OV O B A O ROE 5%
8 v A R L B D R O A R PR
[f] R B T I O OLTE  C I ARE T . 7E EDEM ik
# Hertz — Mindlin(no slip) with RVD Rolling Friction
M S JURE 5 BE T[] L2 K ORE T8] 9 AR B A 3 5 A
B WA E e ] Euler — Lagrangian £ 29 #4377
V5 1 G Do ity By R B A Oy i R B TSR 1 i
# sample points {64 100, H§ AT 72 1952 7€ 1

2 HERBEXWEIE

2.1 JU{AEEIE ST

SCHR[ 16 ] JF g 1 £ 28 1 Al 43 o 09 47 0 28 S 5,
WA 5 A ARG Z A0 ff 0 RR IR v B, 2 8
W DA [R] 38 B2 AN ] i R i 25 40 £ J6 o DR 9 )5
FH A0 4R T 5 43k 8 i fa s, e b i e AT L
FEKHI R EHRIE B, RUER 438 A ) 115 2% M 1 AN [+
L A R S R AT R T gei i R
AR TR BB ASEAL) L SCHR [ 16 ] A 43 o7 52 56 g B Al 4
AN KO6m F4m 515 m WEFK, HE 90°,
75°.60°.45° 30°3 5 AU [ i 2 i A 0 i, i
MIRTZ R 10 em JEREBIE & 2 .3 fioR ., 7E4K
(B ASE 400 o 3 ok o) A R g B R AT M
AR T A I R TI , OR ] SCHR [ 16 48 o 5256 1 &
Iy A S B A0 T Y i o B,
gy — 43 S I 2 R CHE o AE TR R A LA R 5
UE . e ST v, FH 40 2k e TR Ok B R
AV S £ B A 11 o ] B A, AR SCR AR UL S 56 58 2
EDEM k7 T ) ok 47 15 oo A o7 8 Fn o i, £ 44 75 3t
Uiz ER T U AR B, fEE G AR TR
2 U 1) WA D, FE R i e OR R T A

90
I AR

B2 LA T 7R R

Fig.2  Geometric model diagram

A 16) 5 52 98 A A ] o

B3 R R
Fig.3 Grid model diagram

WFFE 2B, I 5 A % MRS, A 1 A8 TE oK,
B v 1 2 B8 o 5 A TG R AR SC i L ik
KESHFAT&ERER M L/d=2,mKkKER
20 em, 558G R — 20, (] EDEM (i 4 &
Z AR HE ST A R A B S AR iy 132 A4
0.5 em BRIE BURLHR & 10 A%, DL B 4, 0 (R BT 1
K G JEEZ R 8:2: 1, T ik sl Ak BT IRE,
o B SO AR T, ¥ 1000 kg/m’ a4 5 BE
F14) il 55 2 B0 TT A A 3O AR IS AR I B AR < fafk 5
W BIRE [ [R] 1Y 43 T K 2 ZR K 0. 95, i EE 45 IR AL
9 0.63 VRSN EEBEF R 0. 02,

B 4 g iR BOR AR (L =20 cm)
Fig.4 Fish body particle model (L =20 c¢m)

X AR SR AT 3 ML, 1 (AR EURL 5 IR
TR AR R, A0 B DL BE 7,10 (12 m/s itE 1T ) 5 A4S
A2k £ A 6] () 0F R 32 gl Fluent B[] 25 K R
107" s, EDEM i) 5 K BB o0 1077 s, Sfe i 2 Fl A
IR A I B R, R A DAL, R AR
J% 5 AR R BN S AN A BN BLAH
SoME B AR I 30 s, AN A R 4% AT 4R EE
1t 100 WA fo A $55 o BOHE 64T 40
2.2 fAKHEiE IR

&5 i ol B 10 m/s B, f0 44 5 I B AT 24
1 90° (Rl R AT A . X4 T AR TE i i Bh
B, 4 A il i 5 R S R L) B TR
Ak, RN IEA S ) 3 X R ) B R
RZ B B IR/, iR e W g h S is g, fE
1.795 s, f0 {R i 3 B & A BEBE, 10 m/s [F 3|
0.5 m/s, Jf H A i 77 80, AR 40 X 26 R 2 m] LA
Wi/NTE 1.795 s 50t R & AR Rl , BL B H B0 4
Jy& /N St 5 1 OB 4 G ) A e K
di o

6 kit ol BE 10 m/s B, R4 0 £l 30°
R RUNOE TR - B Y - N[ = &1 R]



156 &l #Hl

M 2= 20234

700 4000
600 3500

3000
500

2500

&
2000 2

V11500 gm
1000

500

500
1790 1792 1.794 1.796 1.798 1.800
it /s

5 ki S B RE S B T 2k
(10 m/s, M BT {5 f 90°)

Simulation performance parameter variation curves of

fish body strike (10 m/s, 90° blade angle)

5 R T 2 % BB 4 0 A W
o0k 52 B U A S . LB A T
T/ 52 0 0 2 19 2, — S
20T R YR . WHREE 6 1659 s,
00U 3 1 T T4 MR L 52 160 0
VN o FE B LT A 52 0 0 0
K. E R R 16 DK 4 5 B 348 (U
T, S A R R RN . S0 LA B
b V2B UL 5 3 VOB 26 5 2 B
Al R T O T S FE AR K5 .
LA F 6, 0 F il e X1 6 0 012 30 04
0 AE TR/ T 45° 00 L, BB 2%
CYNACEY SIS LT SRR
Wb

Fig.5

2000
1800
1600
1400
1200 &,
1000 R

800 e
600

400

200

0

=200

1.652 1.654 1.656 1.658 1.660 1.662 1.664 1.666
EEEIS

6 g g o 0 F PR E 2 B0 16 i 22
(10 m/s, W JrHir 25 5111 30°)
Fig. 6  Simulation performance parameter variation curves of

fish body strike (10 m/s, 30° blade angle)
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Tab.3 Design parameters of tubular pump

28 Bl
Pk Q/(m’es") 64
3/ (remin 1) 85.7
4 54 D/m 4.3
A TR d/em 5
A HT A 6,/ (°) 45
i 60,/(°) 168.5

it O B8, DL B e e 0. 25°4F g — AN I ) 22
KO IR A DAL, 5 & EDEM FURL T 4 £ A Al
10 a4k 75 45 7 Euler — Lagrangian 3% H [5 4 {4 B
OIEUNT 10% By ZR AR BURE I HE 17 48 2 2] B

BILH B BE AR A B R R iz 80, is 3 = R
AR A AR ER

3.2 &EIEFHIT

& 10 Sy B A~ f (R A B 3 58 3 Ik &8 4 1Y iz 2h #
Wb, 2148 2 52 B M 7 A S o i R B 02 R 3
MR SR dE R R, UKL 10 AT LUE Y FE#E AR
R X IR Z R, 0 Bl U A2 Bl , 5 ) R TE D) AH BOAG
M, RZ BN IEN IR — 4 H k. Ykt A
1) ) =R N o1 s F R SR NS 7 B B S N 7
i 2 PR R — B T 32 B 4 o 19 100 R R e Rk AR K
S 7 AR ) RN 6] 32 By, Y0 fa (A 5 A% A BE T R
Az Rl 4 R R iE— 0 S AR B

10 3o it AR 1 144 3z 2l Bl
Fig. 10 Motion path of fish body through current component



158 &l #Hl

2023 4

1L Dy i R 5 500 8 i A i S 4 o A
T ¢, I 2 £0 A BE W 3z 3, 78 ¢, I 20 £ R 55 0 7 i
G R R R B SR AR AR A, R T A AT A il
f AR fo A i i 0 T B 0, D o I 22 £ 1
B Jm Ak 2 5 0 7 T e A2 22 ORI 9

) t ¢
LT R g A AR
Fig. 11 Process of impingement of leading edge of

blade on fish

3.3 AEERMBHEELEBLEZI AW

ERMENRIT TH T, 3 ZKE 10 cm
) FEAAR 1 3 558 B0 ok 43 A £0 2558 5 AN [m] 3k Ik R AR Y
R 2 B i B AR R
JES M R RTSIEE W L E L/d B2, 3 4 fi{K 43 5
5 A G AR S A KT A s AR A
AfE KAz B AR Sy iy 4 o fa b
i c,

&l 12a Syt a 55 0500k i S8R i i 2 0 A
AR B R BL E IE(, R W a 54
SRR AT R A T Pk S T R
i a 22 F WS e KA 2 533 N, B 5 B sCpr
18 L/d =2 ta k44 S5 T B{E 2 446 N, K 7] LA
I gt a 5SS fE 7 A 04 o 40 ™ R B
fafRIET

[’ 12b Sy i b 5 S ik G ER A B Rl e R,
b fE SR s A, HAE 3.93 s 8L
T ) AR 1 168 N UL Y BERE B J) By BERS , Ul
WA b b 5t wEs Rk A T —
A, B 0N ) S SO T A B
fir, f R b3 i S i ad AR A AR R A TR RS

Kl 12¢ Syl o 500 MG 30 3 7 1 il 8 o 2 o
ik o 5 KT M 5 R R e o o AR P R AR 2 Ik lE
TS AR e O Y R (B T R AN 2 B
F 4 5 g e/ R A AR B AN o

A P 3 S5 A AN [ dak il R A 1 4 o g ) DA
KB A RS I SR AR Az B g O T R,
Tl o 400 00 e ™ L 3 S I AR AR A E B 37 B
4 7 ) R D 38 S AT A s g S A £ 4 32 B
i o AR oD
3.4 AEERHGERBEBLERG

PIAR [R] B fa AR A AL, 7E EDEM UKL T 1% 5 5%
Fo A 45 0k s ) iR B, FE R K EE 10 em

700 3000

600 12500
2000

1500 R

1000

1

5.8900 5.892 5.894 5.896 5.898 5.900

fisf 8]/

(a) fafR 5401 ) U
6.0
= 1200

1000

© 4800

R

Y1600 43

~
8

400

200

0

3.924 3.926 3.928 3.93
ok R R I AR

310) S 700

600

500

400

s 4300
4

200

100
0

6.408 6.410 6412 6.414 6416 6.418 (1-12%5
ff[E]/s
(o) Fp S I JR - o o A
12 fa {5 51 A4 o o R 05 Bk R S B0 AR Ak il 46

Fig. 12 Simulation performance parameter variation curves of

impact process between fish and tubular pump
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Tab.4 Strike ratio of fish through tubular pump (50 fish)
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Fig. 13 Strike force of fish body with L/d =4 through

different flow parts
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Tab.5 Number of fish body hits through tubular pump

(50 fish)
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