IR 2R, 2024, 48(12): 129614

zltjé%ﬁ_ T

JOURNAL OF FISHERIES OF CHINA ‘

Science Press

DOI: 10.11964/jc.20240314435

ET JKR =B REPARIFESHE S
o, EOK, EMET, K OR, I

(1. L R TR, L# 2013065
2. 408 CRON) MU IR AR, YL #M 213332)

T &Y,

. W R E e RAAR AR R P Z s AR SR, SRR &
f, FF &7 # T Hertz-Mindlin with JKR # % ¢ # # 35 78 18 8} Bk EDEM (7 E 947 . & %6,
HATEAFAR TN SR TERAR, FELT AR E A, Lk, AT
PR R ARt 2R AT E E G E A R4, oA T R 4 4 o o 2 vk 22 3 A xR R
RMFEH T, RBEANARSESEER, #AT M ERET SR ANRRER,; F&
HERTHEEHEN. HREFR, LR E MR n=250 r/min. %ot % A 0=30°,
FEFARBAET G M EERNE, WRAHY, TREREATAER. ALEW, AR
PFRBARKRE R R A E M RE K. AFRTHEAR K E & TR MHE

TR LR R R AR B RS

KU KR A (AR #sded; Kb 2R AE; ARE;

hESTES: S 963

T RHR K P FRAE R W) SRR, R SR L
ZRk . A T R . 2023 4R 4 [ RRL AL
HIAE] T 32162.7 J7 t, HERAEIEK 6.6%", 7E1H
BHMTIAA d, BRI N —3F, &
T PR 5T et 1 O S A0 R o b o R
AT RABE AR A [ ek FRE A TR A 88, B i Bl Y
FFRE, IR AR, BRI R R
BORBSA W98 DR RIS, 5 X AR ok 5
T RFSURL 22 18] LA K Al bHORE 5 8 J5T 18 #8 2Z [H] F) AH
HAER#EAT T,

H T IR0 A RHURL BN, e LA SEA T 7 W2 B
30T, BN SRR R Z R A B ik AT o A
¥ KA @57 T Hertz-Mindlin with bonding # 71 ,
FER =R R T IE S e 414 S 30 i o T e
R VR TTR  22e hE of E X OR SOR
M R, Jovk W T A BN 52 ma B 2R X T AEAR

i EHEA: 2024-03-28  1EEIHER: 2024-05-07

Heg e sr i F e O (2021 BHE 02-12)

® HOT
CERFRERD: A

AT R S A P TR AP 20 A AR A R 4 4 52 )
RO Fb BHBORL R B2 5 TR 11 2 SUCHR 5 1k
TR DG, WKy, B+
WP BV AN, R I RURL 1 SRR AT O AL AR
278 JKR BRI ] 5% 3y N 1 0 4 0K 2 fik
Vot 51k R . Chen %P iR 43 M1 T Hertz Al
JKR BB rP A B M LA iR 22, 5 HHORS I 14 42 i
Jitts o B LA AL TR A ARG TKR 0RL
MR, AFFEM R TR B A7 X A X
IR BEVE R HLIERERYRZ MR . BR 45 21" A ] EDEM
EROCHAE, eI TKR 2 fl 7 Xof A 1 ok ) EA T
SHhRE, BRFW, KR B E B BT S5
SAERG, RERC OB IR R A MRk . FRT,
[l AT JKR BRI I 22 545 T 00 07 47 B0k
FEARHIURL B OCS Bbn e, e BRI T R
PR KR e fid A5 RS DL ARDRL 6 RO T35, A

~

=
-
WENIE : [ 5 R ROl 5 e K D RS B H 2 T (2024 YFD2402000); b 77K 7 B 4 B A 1 -~
J
7

BEEE: TR @), Wil TEEESPF, E-mail: ycitwangbin@126.com

WL © OK7244) g (CC BY-NC-ND 4.0)
HHE K225 E /0 sponsored by China Society of Fisheries

Copyright © Editorial Office of Journal of Fisheries of China (CC BY-NC-ND 4.0)

https://www.china-fishery.cn


mailto:ycitwangbin@126.com
https://www.china-fishery.cn
https://www.china-fishery.cn
https://www.china-fishery.cn

EAK, 5

K= 23R, 2024, 48(12): 129614

HF AR Al AR JKR AR TR 22 Y 286 ) e Ak
ZI R FREE Ty, THA A R e, SR B
FEMTAR B . AR ST 78 # 37. Hertz-Mindlin with
JKR (APERR R, 2 [EARDRHURL 22 [A] 1Y B 45

3 A AR IR I3 85 A [ ARe P GRDRHORL Y i 3 Ak
17 EDEM {jj L5255 o i SR BP0 e, AR
WA (Ctenopharyngodon idella) Tal BHBURL A A I 4
PE, ST B R A (KT e I )
]S Bt e X A R SOV S 28R R T 4 A PN
T BB o3 A1 S BG4S 1 DL RE R o i WE I IR A
T EHE SR A AR R AL AR EHE & T2
R T S%,

1 MRS IE

1.1 HERRIEP

L DR R A I DY 11432 3 32 B 2 R o
RN 2 PR R 52 o Herb it e M R 3R A0 4 1l
RHBURL T 32 19 B B S, ATLORS R S
T 7 P IR 2R A 45 0K [ IF 45 TL A 00K & A il fi
Tk HENE TR . HAT, X s BUkLIE ) 1Y
N R HAE s, BXELLE T s,
PRI 6 P 5 RO C BRI S T ASURLS Bl R

OB AT A A 8 ol 2 A2 A dE
J1 Fg. PR S3mtfb Fy. 284 A5 A B0
H1 Fo. 100 ST Fy DLREESVER T Fe(B 1),

F

G
feed particle

st
paddl

Fy

F(i
1 AREKZ NS
Fig.1 Analysis of the force acting on feed particles
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Fig.2 Interparticle contact in JKR

(a) on the contact surface, there exist adhesive forces F; and F,, while
the dashed lines represent the positions of the particle surfaces without
deformation considerations; (b) a denotes the contact radius considering
adhesive forces, while a, represents the Hertz contact surface radius

without considering adhesive forces.
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x1 ARBEESY
Tab.1 Structural parameters of the conditioner
ZH HifE 24 HiH
parameter value parameter value
JEfASME/mm  outer diameter of the cavity 360 M4 E//mm  transmission shaft diameter 100
JEtk K% /mm  length of the cavity 1400 K % /mm  transmission shaft length 1390
EEE/mm  thickness 2 4215 [E fF/mm  propeller blades radial spacing 65
HEHUR O R S /mm  size of inlet and outlet 200x120 S A BG/(°)  propeller blades axial spacing 90
x2 MESHRE
Tab.2 Simulation parameter settings
ZH Al ZH ¢
parameter value parameter value
R RS /mm  particle size 2 B /s  simulation duration 4
WKL IE/(m/s)  particle velocity 1 B 5639 /(r/min)  rotational speed of the shaft 150~400
kLA % /(pes/s)  particle generation rate 100 000 S22 4 J%/(°)  blade installation angle 30~75
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*x3 EaENBNEH
Tab.3 Parameters of C. idella feed particles

BNt ZH Bl
type parameter value
Ykl 2% material parameters JAFALL  Poisson's ratio 0.4
ByY)fE/MPa  shear modulus 1.1
% /(kg/m’)  density 780
PR )4 28 particle indirect contact parameters FREEE Z B0 static friction coefficient 0.31
W ZEL restitution 0.23
BIEEYE R B dynamic friction coefficient 0.16
Wk 5 ¥4 particles and equipment BB R static friction coefficient 0.45
W ZEL  restitution 0.40
ZHEEE R EL  dynamic friction coefficient 0.02

b, HRERESCR— B ez, RS maE
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22 XS
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R X R SRR AT A RO BT, AR BT A e R
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Groupl Fll Group2 H 119 1] 6 iz Bl 3 B A1 X 488 /)N
TRk B AR 2 o SRy A A e DR R AR Y
A ARG, AE TR TR AR PR i 8 Ak (1 4),
Syl 4 T X=1, 2, ..., 8, #REJEE KN 20 mm.

!
Group3E=—=

Groupl Group2
4 FRUFARM Group X5 REE S HIER

Fig. 4 Group division and cross-sectional distribution
of blades in the cavity
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Els5 E&EMARYRESHER
(a) 222 f B2 30°, HeAl¥ed 0y 150 v/min, (b) M A& ML 75°, Fe i iE )y 150 vimin, (c) 3RS B 30°, FeAhieid Ay 400

t/min, (d) MM 75°, e E )y 400 r/min.

Fig. 5 Effects and distributions of feed conditioning for C. idella
(a) 6=30° and #n=150 r/min, (b) 6#=75° and n=150 r/min, (c) #=30° and #=400 r/min, (d) #=75° and n=400 r/min.

X=5 X=6 X=7 X=8

B 6 6=30°F0 n=150 r/min TR T 8 MEE
TR 0 1B

Fig. 6 Distribution of feed particles in 8 sections under

6=30° and r=150 r/min working conditions

(a) (b) (©) (d)
7 =30 A [EFELR TEE X=4 BHAR 2B
(a) ¥ %% 3 200 r/min, (b) ¥ #%% & 250 r/min, (c) %% %% 3% 300
r/min, (d) ¥ %% 5E 350 r/min.

Fig. 7 Feed distribution at cross-section X=4 under
different rotational speeds at 6=30°
(a) n=200 r/min, (b) n=250 r/min, (c) n=300 r/min, (d)#=350 r/min.
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Fig. 8 Feed distribution at cross-section X=4 under
different angle at n=250 r/min

1. minimal stacking, minimal adhesion, 2. minimal stacking, moderate
adhesion, 3. moderate stacking, moderate adhesion, 4. maximal stacking,

minimal adhesion.
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Fig. 9 Velocity of C. idella feed particles in
different group under 6=30° downward
(a) n=200 r/min, (b) n=250 r/min.
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Fig. 10 Comparison of feed content of each group
(a) 6=30°, (b) #=45°, (c) 6=60°, (d) H#=75°.
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internal mass of the conditioner chamber

12 FESSZREEXIE

feed accumulation 8 -
distribution el s ! Fig. 12 Comparison of simulation and

experimental filling rates
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(@) TARRE, (b) 25 iRas. AR S ROCRAE s B0 IR, BRHERL 2
Fig. 11 Conditioner production test SRR, R R R A A BE i 2, ]

(a) working status, (b) emergency stop status. *flﬁf Eﬁé] E‘i j][] °
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Simulation analysis of feed conditioner characteristics
based on the JKR model

WANG Bin"",  YANG Wenhao', ZHUANG Di’, JIANG Weizhong’>, ZHANG Jun', WANG Minjie '

(1. College of Engineering Science and Technology, Shanghai Ocean University, Shanghai 201306, China,
2. Buhler (Changzhou) Machinery Co., Ltd., Changzhou 213332, China)

Abstract: An EDEM simulation analysis of Ctenopharyngodon idella feed pellets based on the Hertz-Mindlin
with JKR model was carried out to study the movement and binding conditions of C. idella feed pellets during the
conditioning process and optimize feed conditioning conditions. Firstly, a wet sticky model of feed pellets was
established using the discrete element theory. Secondly, the impact of conditioning shaft rotational speed and
impeller blade installation angle on feed conditioning effect was analyzed by establishing a simulation control
group of two factors, conditioning shaft rotational speed and impeller blade installation angle. Then, according to
the feed conditioning characteristics requirements, the optimal combination of shaft rotational speed and impeller
blade installation angle was determined. Finally, the conclusion was reached through theoretical calculation and
simulation analysis: when the conditioning machine's shaft rotational speed was 250 r/min and impeller blade
installation angle was 30°, respectively. The feed pellets were not easily attached to the chamber wall, the materi-
als could mix evenly, and the best conditioning effect could be obtained. The results indicated that the condition-
ing effect of feed conditioner was closely associated with the blade installation angle and the rotational speed of
the shaft. This study can offer a theoretical foundation and guidance for feed manufacturers in optimizing and
improving conditioning effects.

Key words: JKR model; feed; shaft speed; blade installation angle; conditioner; discrete element

Corresponding author: WANG Bin. E-mail: ycitwangbin@126.com

Funding projects: National Key Research and Development Program of China "Marine Agriculture and Freshwa-
ter Fisheries Technological Innovation" Special Project (2024YFD2402000); the Program for Shanghai Collaborat-
ive Innovation Center for Cultivating Elite Breeds and Green-culture of Aquaculture Animals (2021-KJ-02-12)

https://www.china-fishery.cn HREK P24 )5 sponsored by China Society of Fisheries

10


mailto:ycitwangbin@126.com
https://www.china-fishery.cn
https://www.china-fishery.cn
https://www.china-fishery.cn

	1 材料与方法
	1.1 数值模型理论
	1.2 调质器结构模型
	1.3 饲料与仿真参数

	2 结果
	2.1 双因素分析
	2.2 区域分析
	2.3 不同转轴转速工况调质分析
	 极限转速工况下的调质分析
	 中间转速工况下的调质分析

	2.4 不同桨叶安装角工况调质分析
	2.5 实验验证

	3 讨论
	3.1 转轴转速对饲料调质效果的影响
	3.2 桨叶安装角度对饲料调质效果的影响
	3.3 实验分析

	4 结论
	参考文献

