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Test of Suspension Velocity of Granular Fertilizer Based on
EDEM - Fluent Coupling
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Abstract.; Suspension velocity is one of the main aerodynamic characteristics of materials, and it is an
important basic data for the design of pneumatic conveying system. A reference for the design of
pneumatic fertilization device was provided, and three kinds of granular fertilizers of large granular urea,
diammonium phosphate and potassium sulfate were taken as test objects. The suspension velocity of
materials was simulated by the coupling method of computational fluid dynamics and discrete element
method. The Lagrangian model was used to simulate the gas-solid two-phase flow. The experimental
results showed that the suspension velocity of large granular urea was 7. 21 ~12. 97 m/s, the suspension
velocity of diammonium phosphate was 7. 68 ~ 12.48 m/s, and the suspension velocity of potassium
sulfate was 11.09 ~ 18. 15 m/s. Through the bench test, the suspension velocity of large granular urea
was 6. 68 ~12.48 m/s, diammonium phosphate was 7.22 ~11.96 m/s, potassium sulfate was 9.46 ~
17. 81 m/s, the relative errors were 5.3% , 5. 1% and 7. 2% , respectively. When the volume fraction of
granular fertilizer was 1.0% , 3.5% , 6. 0% and 8. 5% , the suspension speed of granular fertilizer group
was measured. The suspension speed of granular fertilizer group was decreased with the increase of
volume fraction. Under different volume fractions of granular fertilizer, the ratio of simulation test results
to real test results was approximately constant, which was supposed to be due to the influence of particle
sphericity on suspension speed. The results showed that the correction coefficient of the suspension

velocity of large granular urea was 0. 90, that of diammonium phosphate was 0. 96, and that of potassium
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sulfate was 0.84. Therefore, the simulation test of particle suspension velocity through fluid solid

coupling simulation had a high accuracy, which verified the feasibility of the method of measuring the

suspension velocity of materials based on EDEM — Fluent gas-solid two-phase flow coupling simulation,

and provided a new method for measuring the suspension velocity of agricultural materials.

Key words: granular fertilizer; suspension velocity; numerical simulation; gas-solid coupling; discrete

element method ; computational fluid dynamics
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Tab.1 Basic material parameters
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Tab.2 Parameters used in simulation

eyt 28 HE

il 8 Wk 5 R B 0.36

JRZE-PVC B g R B 0.41
TR 2l E 45 R 0.04

filf 488 0k 52 2R B 0.32

Wl —%k-PVC PR 148 DR B 0.39
TR Bl R A 0.04

ilf 18 W 52 R A 0.30

TR H- PVC T JEE 152 IR K 0.42
TR 3l PR R 4L 0.05

ill 138 1R 52 Z2 8 0.28

JRE-IRER T JEE 458 R 0.36
TR Bl R RV 0.15

il 138 1k 5 R B 0.19

B — B W R — % T JEE 458 DR 0.30
TR 2l BE 45 RV 0.17

il 18 Wk S R B 0.18

. 2 P — i 12 T EE 42 R B 0.39
TR Bl BE 4R R 0.20

EDEM #R R348 1) B 2 B4 SF 38 0 A L IE A4y
i 3 PR AR 43 A 7 5K, 38 3 B ke B A UG 5 T
T (4 HERHRE AR AR S B A A0 A, (U R — 5 L R
WURLRL AR A 58 4 BN IE 25 43 A, PR L, R F OB 28 43 A
SRBCE HEAT AT B, T 2 FlORLAR Y UKL LAY
SRR E MR 3 s,

R E IRE R 5% . B2 £
242/ mm 1.6 1.5 2.2
TR/ A 0.5 1 1

- Pk 22/ mm 0. 40 0.07 0.10

WURLRE 1
AR BR /AT 0.5 1 0.7273
Pp R/ 1.5625 1.3333 1.2727
Jiit/g 200 103 178
Fe P42/ mm 1.2 1.6
TR/ S 1 1
o BRMEZE/mm 0.2 0.6
kLR 2 .
PR TR/ 0. 666 6 0. 625
P8 ERR/AE 1.25 1
/g 97 22

&2 PS — 20 AUV Py = 17 o B IR i 5 5 45
FIZ (3R 4) dr iR & B f Akl 36 & AR 7 I
F A EDEM 4 (& 2), 3% B B R b K Sk B it
PVC,

F4 BEFRRESH
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Fig.2  Simulation model of suspension test-bed
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Fig.4 Suspension positions of fertilizer particles at different initial wind speeds
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Fig. 6  Distributions of suspended position and velocity flow field in different fertilizer particle groups
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Tab.6 Suspension velocity of fertilizer particles
under different particle sizes m/s
Hi A2/ mm TR R % BRIR 8% it R
1.6 ~2.0 6.68 ~8.02 7.22 ~8.38
2.0~2.5 7.47 ~8.89 7.78 ~9.37 9.46 ~12.04
2.5~3.0 8.32~9.86 8.86 ~10.34 10.52 ~13.27
3.0~3.2 9.07 ~10. 24 9.66 ~10.75 11.40 ~13. 66
3.2~4.0 9.54 ~11.33  10.07 ~11.96 12.11 ~15.35
4.0~5.0 10. 42 ~12. 48 13.27 ~17. 11
5.0~5.6 14.88 ~17. 81
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Tab.7 Particle suspension velocity comparison

m/s
JE et S8 HWHAE THESR A%
o /NRLAR 7.28 7.21 6.68
GiRL R
JRURL IR i KRR 12. 86 12.97 12. 48
) e/ MRAR 7.67 7.68 7.22
P = e RRAR 12.13 12.48 11.96
B /NKLE 10.95 11.09 9.46
AL
o BRR7 18.31 18. 15 17. 81
K v, 1 B 56 7 U R L E, m/ s

v, G 4L B U A m/ s
FHXT IR 22 , %

AR K BORLIR 2 W e — 4 B IR A 1 LI
HERKBAXRES N 5. 3% 5. 1% 7.2%

2 BN TR AR 43 5010 FIE A AT %o Bk V7 ol E 1) 5
M), 43 500 D0 R AR PR 2 R B LB R 3 A IE
BHERFBL A HCR 1.0% 3.5% .6.0% .8.5% I}, It
PHBURL A (2 T U IR 25 R LR 8,

8 AEGMSB TS FEE

Tab.8 Suspension velocity of fertilizer at different

&

volume fractions

AR
KL 1

Vx4 EY i R

ﬁf( BH R % — ri

MHEIRE/ (mes™') 7.12~12.88 7.42~12.17 10.85~18.17
L0 &2R%/ (m-s™') 6.52~12.33 7.09~11.92 9.15~17.43
AHXHR S, % 6.1 3.1 9.2
HEIRE/ (m-s™') 6.68~12.12 6.91 ~11.45 10.19 ~17.18
3.5 SHAK/ (mes™') 5.96~11.67 6.66~11.23 8.58 ~16.56
FHXF IR 22/ % 6.6 2.6 8.9
MR/ (m-s™') 6.25~11.37 6.52~10.74 9.64 ~16.26
6.0 HERE/(m-s™') 5.58~11.06 6.23~10.52 8.12~15.74
AN IR 22/ % 5.8 3.0 8.5
HERE/ (mes™') 5.84~10.25 6.10~10.07 9.11 ~15.25

8.5 H4RK/(m-s™') 523~9.87 583~9.86 7.69~14.82
MR/ % 6.5 3.1 8.2

TR0 25 SR UL A B T B R B A R R A 4L
(16 88 o ot R /0N, RS Rl 9L A A1) = VR 5 Euler —
Lagrangian #5578 {5 B0 25 JL 42 22 B Wi 38 Ko Rk, A
% PR UL AT A B 43 B0 SIS T A TR
¥ M Eulerian — Eulerian #5 %) | 38 13 {7 11 20 5 43 7 7]
PAF B A6 UKL AR 03 S0 3 48738 9 UKL | 405
T AR Ay A3 ), BELAS T 2 A 8l 7R KUPLER AR
(2 S T UKL o 8 14 233 00 O 3 TR, 3 R
TS S I, (S AORE RE L AL/ N i U BRI

H AN [E) BUORL AR B3 B0 7 B 5 5 4 25
AT, 3 A R A Y B R B2

HEAlT, AR B TR R RS 5 A R A R RO
hEEIR RO KA RS G AR A R R 2 R/, ]
U RIBURLIR 3%, BB B9 0 25 2R 5 5 il ik 22
R, R O PR BRIEE JSE 8 8 7 3 J5E 1) 200, R A
HOBURLBRTE B2 AT 22 57, 5 AN B D A0 A 3600 JXL i AR

T2 R A B 2 XU T AR, 50N B X R T8 AE
TIOR8 PF , B LR R & 1 8 B2 T FREL -5 BR O J00RL {7
HAREFBENR . g AT B, LB
ZE AU 0 K, DRI AT 3 e AR R ABURE S BE R AR 12

IE BB B8 R ATE IE B IE REOTRE AN
v
c=- (7)
UA

B AR PR T BRI ME, m/s
o, FUIRX B 7 B T IRI (B, m/s
—BIERK
PR E R AIURL DR 2R 8 77 B A8 1E R %K 0. 90 |
TR — Bl J2 0 R 4B IE R K0 0. 96 il IR 1 Ak 0 I 15
EZR%$0.84,

4 it

(1) PNBEIE b 5 K R R 2R W R — B A R
B3 T BURLAR fb I8 32F 47 B RS A, R R AE
2R IR S S AR T ) 2 R HE IR
BHBURL Y B R R 05, S5 A IS RS R A
UKL PR R BRI L 7. 28 ~ 12. 86 m/s , W R — B A
FFERE 7.67 ~12.13 m/s, B 1R 40 B % 3 &F 10. 95 ~
18.31 m/s,

(2) T EDEM — Fluent 45 i 17 JE B} & i 3
JEGTE, R Euler — Lagrangian R AT A A &
PR A LA R IOBURL IR R B 7. 21 ~
12.97 m/s BiFR — 4 B VR R BE 7. 68 ~ 12.48 m/s B
RS R 11,09 ~18. 15 m/s, it & 445, I &
KAURL PR 28 2 77 B 6. 68 ~ 12.48 m/s, i iR — i 7=
VEREJE 7.22 ~ 11.96 m/s, B [ 40 5L 7 o B 9. 46 ~
17. 81 m/s AR5 2240 30 5. 3% 5. 1% 7.2% .

(3) 75 g AL I ek 4 R 43 B0 0 SO 52l , R
JH Eulerian — Eulerian £ %1 3F 47 P9 AH Al 4, 38 28 1
TS W] LU, FURLRE B I o Bl R B A B
SR /)N , 78 AN 5] 0 FURE B B B0F L (B S
T 45 R 1% 2 3 AL 8, G D DR Sy UKL RO B X6 Ak
T AR (A5 ) AR 5 UKL R 258 I 1R A& O
FH00.90 W R — B B VR BB IE R4 0. 96 i iR
PO HEEB IE R AL 0. 84 LT U AR A 1 URL
B E R AR E W, e T T
EDEM — Fluent <, [& 9 AH 3 #5 & 05 200 & 9 8 2 7
R T IR AT AT
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