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Optimization Design and Performance Test of Multi-layer Tray
Straw Tray Hot Air Assisted Microwave Drying Device
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Abstract; A multi-layer tray-type hot air-assisted microwave drying machine was designed to address the
issues of non-uniform airflow and electromagnetic field distribution, low drying efficiency, and poor
drying quality during static drying of existing straw-based nutrient seedling-growing bowl tray (referred to
as seedling trays). The microwave resonant cavity and airflow distribution chamber of the drying machine
were optimized. ANSYS Electronics software was used to simulate different arrangements of the microwave
resonant cavity feed ports, based on the uniformity of electromagnetic field intensity and the influence of
S-parameters, to determine the arrangement and height of the feed ports. ANSYS Fluent software was
used to optimize the height of deflector chamber and height of airflow distribution chamber, as well as
diameter of the bottom edge of deflector. The performance and heating uniformity of the machine were
experimentally verified by using the seedling tray as the test material. The results showed that the
uniformity index of gas velocity at the outlet of the optimized airflow distribution chamber was increased by
21.26% compared with that before optimization. The V —L — L arrangement of the three feed ports in the
microwave resonant cavity had the best electromagnetic field intensity uniformity and the smallest
S-parameters. The reflectivity was the lowest when the feed port height was 160 mm, decreasing by
78.13% compared with height of 70 mm. Compared with hot air drying and microwave drying, the drying
rate of the seedling tray under hot air-assisted microwave drying was increased by 291.31% and
86.48% , respectively, and the drying uniformity was better. The research result can provide a reference
for the structural optimization of hot air-assisted microwave drying machines.

Key words: straw-based nutrient seedling-growing bowl tray; microwave hot air-assisted dryer; reels;

structural optimization
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Fig. 1  Schematics of hot air-assisted microwave dryer
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Fig.7 Simulation cloud maps of three types of airflow
distribution chamber
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Tab.3 Comparison of flow field uniformity evaluation

index of three types of airflow distribution chamber

%
RIGHTEN HEARY S REM B PEAR R vy
15 87.34 70. 41
I # 89. 89 71.47
I 7 62. 49 85.13
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Tab.4 Coding of experimental factors mm

£t B ME
FWMEEE O RWHAREEE SRR ER
-2 10 90 30
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1 40 120 60
2 50 130 70

1.4 aeitie
141 5k
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Tab.5 Experimental design and response value of

simulation test

5 X, Iﬁx? X, /%
1 1 -1 -1 82.5379
2 1 -1 -1 85.865 4
3 -1 1 -1 82.542 8
4 1 1 -1 86.729 5
5 -1 -1 1 82.546 0
6 1 -1 1 85.230 1
7 -1 1 1 82.764 9
8 1 1 1 86. 402 4
9 -2 0 0 79.568 6
10 2 0 0 86. 492 8
1 0 ) 0 84.274'5
12 0 2 0 85.3750
13 0 0 -2 85.373 3
14 0 0 2 84.663 0
15 0 0 0 85.159 8
16 0 0 0 85.006 9
17 0 0 0 85.020 5
18 0 0 0 85.020 5
19 0 0 0 84.981 1
20 0 0 0 85.020 5
21 0 0 0 85.020 5
22 0 0 0 85.020 5
23 0 0 0 85.020 5

) , Fotric 287 B £L Ab $AG AL (B 55 18 B £ A R

NGRS
1.4.3 R B
(1) AR AR A TR 07 05

KA 1 T 1 FE AT RO B T R A
FAXUA B e 0 o AR R TR, B DA AR
A PR 2 1 D ARG JEE 65°C KU 20 m/s 5
T T AR 2R AF R IR TR 1400 W I EAGEL BE S 65°C
FAXU A B Bl R A% 1R O R OXUTR B 65°C | XL i
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Fig.8 Electric field distribution diagram
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HIASRE/ AR/ HLIZR I/ IR/

(Vem') (Vem™) (Vem™) (Vem™)
24933.0352 22413.5527 16960.3887 23963.2676
23271.2090 20921.7207 15834.5996 22367.3379
21609.3848 19429.8906 14708.8906 20771.4082
19947.5586 17938.0386 13583.0195 19175.4785
18285.7324 16446.221 12457.2285 17579.5438
16623.9063 14954.3936 11331.4385 15983.6191
14962.0811 13462.5625 205.6484 14387.6895
13300.2549 11970.7305 9079.8584 12791.7898
11638.4287 78.8 7954.0679 11195.8301
9976.6035 87.067- 6828.2778 9599.9004
8314.7773 7495.2354 5702.4873 8003.9712
6652.9517 6003.4038 4576.6973 6408.0415
4991.1260 4511.5723 3450.9075 4812.1118
3319.3003 3019.7405 2325.1172 3216.1826
1667. 4745 1527.9089 1199.3269 1620.2529
5.6487 36.0773 5368 24.3234

(a) HEE1 (b) Jrge2 (e) E3 (d) 54
FLIR IR, R/ IR/

(Vem™) (Vem™) (Vem™) (V-m™)
42616.6211 52436.9688 43197.039 44391.0273
39776.2070 48942.1406 40320.371 41432.2773
36935.7930 45447.3086 37443.7071 38473.5313
34095.3789 41952.4805 34567.039 35514.7813

54.9 38457.6484 31690.371 32556.0313
28414.5508 34962.8164 28813.703 29597.2813
25574.1367 31467.9863 25937.037 26638.5332
227337227 27973.1563 23060.3691 23679.7832
19893.3086 24478.3 20183.7012 20721.0332
17052.8945 20983.4961 17307.0352 17762.2852
14212.4785 17488.6641 14430.3672 14803.5342

1372.0 13993.8330 11553.7002 11844.7852
$20153%¢ 70041710 S50 3637 88399891
2850.8215 35093413 2923.6982 29685378
104073 45108 47.0311 9.7885
(e) HE5 (f) 7756 (g) HET (h) 758
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36918.3789 46806.3906 39062.9336 36884.8672
340788 43206.1367 36062.4453 34047.9141
s S L s
25560.0703 32405.3750 27060.9746 25537.05386
22720.4941 28805.1211 24060.4844 22700.1055
19880.9180 25204.8672 21059.9941 19863.15323
170413418 21604.6133 18059.5039 17026.2012
14201.7646 18004.3594 15059.0117 14189.2480
11362.1885 14404.1064 12058.5215 11352.2959
8522.6123 10803.8525 58.0313 8515.3438
5683.0347 7203.59 6057.5410 5678.3916
2843.4580 36033442 3057.0503 2841.4395
3.0881 3.0004 56.5598 4.4874
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Fig. 9 Electric field distribution under different excitation modes
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Fig. 10 S-parameters in four schemes
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Tab.6 Analysis of variance of response variables

W R? R, R, HEEmE BRAR/D
0.9974 0.9956 0.9817 104.469 0.13

X g g iE 1T 2 e M A PG, 15 213 51 R
oy, B9 =k 2 i ] AR A
v, =85.01 +1.73X, +0.28X, —0. 13X, +
0.23X,X, —0. 15X, X, +0.065X,X, —0. 52X; —
0.067X> -0.019X (28)
FEX IR 45 R AT I 22 00 SRR T s
M 7 AL, B0 1 R By [l 9 O RR A A
(P <0.01); A JAREAI B — R I X, X, X, AR

x7 WMEERETGEDR
Tab.7 Response surface test ANOVA

M FHM A mE ¥5or F p
ey 57.59 9 6.4 558.17  <0.000 1
X, 47.9 1 47.9 4178.11  <0.000 1
X, 1.24 1 1.24 108.5 <0.000 1
X, 0.29 1 0.29 25.27 0. 000 2
X X, 0.41 1 0.41 35.82  <0.000 1
X, X, 0.18 1 0.18 15.51 0.001 7
X, X, 0. 034 1 0. 034 2.97 0.1083
X3 7.48 1 7.48 652.39  <0.000 1
X? 0.13 1 0.13 11.12 0. 005 4
X2 0.01 1 0.01 0.88 0.364 1
5k 2 0.15 13 0.011

JelTio 0.13 5 0.026 10. 14 0.002 6
iRz 0.02 8 2.539 x10 3

XX, X, X, X7 X2 800 (P <0.01), — I
X, X, HXS B0 AR 2 (P >0.05) 545 [ & X4
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Tab.8 Comparison of structural parameters before

and after optimization mm
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Fig. 13 Thermal images of straw-based nutrient seedling-growing bowl tray by three different drying methods
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(A 7= M, BT T 0. 15% , 3k S X Sk A 1 4
S NPRE AP R AT I AR AR s AR PR A g
o 5 KT Bl T R R XU B Bl T R ) SR
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Tab.9 Performance comparison by three drying methods

e AU

e WA BT I
A4/ (kgh ™) 0. 105 0.678 0. 679
B AERE/ (KW h-kg™") 8.230 1.992 2. 694
i/ em 3. 000 2.092 1.875
F 4k F/ (% +min ") 96. 821 203.172  378.870

T8 R 55, T LT 349 BEFE T /5 5 AR L ok T
S AR B TR 0 R B 4 Bl 32,092
1,875 em, Al Fb T HA R H5 RO T 08, 8 XU B %
Wi T4 43 B AR 37. 5% F1 10. 37 % , 3 B I R o0 44
DRl B AR A st e 45 3 TR SR B ARORU T R R
T T R L A % T UL A BE R A (UL 13)  fili A 4
BT Ko 78 S 1 R — B0, BT DO il
JIN T i O R AU B T M BROXU B
BT M T MR R 4 Bk 96.821, 203.172,
378. 87 % /min , 1 . F R0 AR T, $0OXU
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