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Simulation and analysis of drying characteristics of sorghum
in vibrating fluidized bed
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Abstract: [ Objective] To analyze the motion, heat transfer, and mass transfer characteristics of sorghum in a vibrating fluidized bed and
determine appropriate vibration and ventilation parameters to achieve efficient drying of sorghum. [ Methods] Under the combined action
of vibration and hot air, and based on the heat and mass transfer as well as the motion relationships between sorghum particles and the air
medium during the fluidized bed drying process, a heat and mass transfer model was developed based on CFD-DEM fluid-solid coupling
theory. The effects of vibration frequency, hot air temperature, and apparent wind speed on drying rate and drying unevenness were
investigated. [ Results] In the initial stage of drying, the unevenness of sorghum drying gradually increased due to the influence of particle
motion and relative humidity. Particles in the lower bed layer experienced intense heat exchange because of strong airflow disturbance, with
convection as the dominant heat transfer mode, whereas heat transfer in the middle and upper bed layers mainly occurred through
conduction between particles. When the vibration frequency was 20 Hz, the minimum fluidization velocity decreased by 8.36%, and the bed
expansion ratio decreased by 42.11%. When the vibration frequency was 21 Hz, the hot air temperature was 336 K, and the apparent wind
speed was 1.7 m/s, the maximum drying rate of the vibrating fluidized bed reached 17.86%/h, and the minimum drying unevenness was
0.304. The validation experiment showed that the errors were all less than 5%. [ Conclusion] Vibrating fluidized bed drying technology can
achieve efficient and controllable drying of fresh sorghum.
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Figure 5 Temperature and moisture content changes of particles
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Figure 9 Temperature and moisture content variation curves of sorghum
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Figure 12 Changes of particle temperature frequency and moisture content standard deviation
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6 IRCHA XU JEE I 0 A 25 R O XU Ry PR DT
AT 38 5 B R PR R AR L SR T R R KO ik
Il U1 1E 38 e 5% 21 B0 A T T2 S8, R R E TR
AR R B, R ORI T 0 i, R B KO e S
2, BB SR E S,

x2 FAKREHBE
Table 2 Coding table of factors and levels

WA x IRENUR/Hz x, BOXGRJE /C x, K/ (m-s ")
1.682 30 80 1.70
1 26 72 1.62
0 20 60 1.50
—1 14 48 1.38
—1.682 10 40 1.30

{8 JH} Design-Expert 13 4K 1347 2 50 [l A 15 437
DL M 3% () A TR 389 50 B (Y,) ) Wl 7 46 A, A4 42—
W2 3512 (A A5 A

»=—67.387—1.442x,+0.348x,+67.709x;—
0.003x3—22.2x%,

,=6.804—0.328 6x,+0.132 3x,—
0.117 7x,x,+0.004x3+0.000 6x3+3.765x%, (17)

Hi 26 4 T, T A [0 U A A B BLAT e B W M (P<<
0.01) , A LI 25 R I 22, b HA A A8 5 5 R 300l =2 ) R A
TERGMEGR 2 BA R B . BIJE RBR 53508
0.968 3 1 0.985 0, £ 1F # & F AU R3q; 43 % 2 0.946 3 Fl
0.974 6, U3 WA B Y ELAG 50 v (W T Sk o S op x, 1 e 11 P
{EH<C0.01, 156 WX e B T M 3% LA B T4 2 57 i 350K
e 8 35 B 5o, R TR ECR Y PAE<C0.05, 25 5 b 3 L x %)
TN 5] B PAE<C0.01, 22 T A% 53 s xoxy X TN 3
T S S 3 (P<0.01) 500,00, X T4 AR 255 5% )t 3%
(P<C0.05).

0.042x7—
(16)
7.897 Tx;+0.767 Tx,x;—

®3 ZREPEXREAGHRBRER
Table 3 Quadratic  regression  orthogonal  rotation
combination test and results

. TR, THRA

S . P (e By
1 —1 —1 —1 12.788 0.867
2 1 —1 —1 12.459 0.326
3 —1 1 —1 15.527 1.896
4 1 1 —1 14.519 1.484
5 —1 —1 1 15.049 0.490
6 1 —1 1 13.903 0.214
7 —1 1 1 17.338 0.885
8 1 1 1 17.574 0.650
9 —1.682 0 0 14.078 1.356
10 1.682 0 0 13.128 0.531
11 0 —1.682 0 14.430 0.153
12 0 1.682 0 18.364 1.395
13 0 0 —1.682 15.255 1.032
14 0 0 1.682 18.543 0.353
15 0 0 0 16.945 0.513
16 0 0 0 17.545 0.598
17 0 0 0 17.595 0.483
18 0 0 0 17.645 0.593
19 0 0 0 17.556 0.506
20 0 0 0 17.244 0.583
21 0 0 0 17.141 0.592
22 0 0 0 17.245 0.534
23 0 0 0 18.012 0.627
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x4 HESFWE
Table 4 Analysis of variance for test indicators
TR TR L) B
VB3
o ¥ior FiH P{H FIR ¥r FH PE
FL 78.53 9 44.06 <20.000 17 4.12 9 94.65 <20.000 17
x, 1.08 1 5.46 0.036 0 0.59 1 122.80 <0.000 1™
X, 22.12 1 111.68 <20.000 17 1.91 1 394.42 <20.000 17"
X3 14.56 1 73.54 <<0.000 17" 0.89 1 182.99 <<0.000 17
XX, 0.06 1 0.31 0.586 0 0.00 1 0.75 0.403 4
X, 0.02 1 0.12 0.739 9 0.02 1 5.04 0.042 7
X, 0.17 1 0.85 0.373 1 0.23 1 47.47 <0.000 17"
x; 35.04 1 176.90 <20.000 17 0.32 1 66.67 <20.000 1™
x5 3.87 1 19.52 0.000 7" 0.11 1 22.27 0.000 4™
x5 1.58 1 7.97 0.014 4 0.05 1 9.37 0.009 17
Bk 2% 2.57 13 0.06 13
AU 1.75 5 3.37 0.062 0 0.04 5 3.36 0.062 4
ali i 25 0.83 8 0.02 8
Joyill 81.10 22 4.19 22
T FRIR B (P<0.05) , * R IR B (P<<0.01),
maxY, IR & i e R BB R S o — DR m T B
minY, WERA M,
10 Hz<< X, << 30 Hz
40 C<X,<<80°C o (18)

s.t.91.3m/s<<X,<<1.7m/s

12.459%/h<< Y, <C18.543%/h

0.153<C Y,=<C1.896

SR AT B e RS R AR 3 A% 20.95 Hz, #AUXUR
i 335.8 K, 2 00 XU 3H 1.7 m/s, R A1 09 AR 50 5 00 45 21 (14
1o R T R 18.54%/h, TR AN 5] B 0.293. & IE
B 2 80 IR 30 R 21 Hz, BOXUR JE 336 K, 26 0 U
1.7 m/s, B4 A 19 - 2 i B 98 6 17.86%/h (n=
3), 5 [l 345 TR0 F500 A 1R 25 <<5% 5 TR AR ¥ 51 FE R 0.304
(n=3) , 15 [l VB 00 0 0 A 5% 25 <C5% , b T 5 4K, ol
DA 2 0K
5 &k

12 B O TR 5 SR AR F1 2R A U i B T
T R A T iR B0 A R AR OR TR U R T Y T
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A 23 RBURE Sl R X R G 28I A . R 2 R
WURE 22 A 2 AR R AR L R B LS A
2% sh R A 20 Hz i, e 52 f /N A 7 3 BE R 1K 8.36%
IRIZ I K SR BB AR 42.11% . R FTALIR 1Y 3R 00 T 20 5% 14
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