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Designing a novel dielectric base for improvement of uniformity of

microwave heating
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(College of Big Data and Information Engineering, Guizhou University , Guiyang Guizhou 550025, China)

Abstract: This paper introduces and analyses a novel dielectric base plate with an asymmetric
shape and dielectric property aiming to achieve a uniform temperature distribution over the heating
sample. Firstly, the proposed dielectric base contains FR-4(FR-4 Epoxy Glass Cloth) and alumine and is
located within a commercial microwave oven to heat a potato sample. The permittivity and geometric
values of the base are the selected parameters to be optimized for the sake of lowering the Coefficient Of
Variation(COV) of temperature on the spherical medium heating sample and improving heating
uniformity. Secondly, calculation of the multiphysical field simulation is applied to simulate the heating
process. The simulation results based on COMSOL Multiphysics show that the COV decreases from
0.9134 to 0.5446 with the dielectric base. In other words, the COV declines by over 40%. Finally, an
experimental system is built to measure the temperature of the heating sample to validate the simulations
and calculations. Good agreements have achieved between the simulation and experiment, showing good
consistence in temperature rise curves. It illustrates that the novel dielectric base can make the
temperature uniformity of the heating sample improved.
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(Glanz P70D20TL—D4) , —é— 5[6 ?’:E g % g} 19/7} ,ﬁj— E 7_’_& ,ﬁ; symbol geometric meaning value
. . ~ - e a_oven wide side length of the Glanz P70D20TL-D4 29.0

COMSOL Multiphysics o N7 — > ROSE A [ 19 A I8 b_oven narrow side length of the Glanz P70D20TL-D4 28.0

= Y AR , mKE 3 s s [&] v ik é %{3 ﬁj\ bl & anis) h_oven vertical height of the Glanz P70D20TL-D4 18.0

. 3 N . h_plate height of the round glass turntable 1.0
{l\ Fﬁ HE s 53 ﬁi P 6} j‘:’ Tjﬂ‘: J][I ﬁ“‘ # Hh , R ﬁ‘ ﬁu %% 1 Jr d plate diameter of the round glass turntable 24.4

TN o H D B R X A H R R 50515, IR
B 0.4 W/(m-K), % H1000 kg/m®, FLIE N3 900 J/(kg - K)', HIEH4cm.

(a) front view (b) side view

Fig.3 Front and side views of the microwave oven device in COMSOL Multiphysics
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Fig.4 Schematic diagram of the substrate placed on the tray and heated sample
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Table3 Microwave heating effects with several kinds of single dielectric as substrates

type of materials average temperature rise/K PLD/(W/m?) Cov
without dielectric base 25.667 2.9452x10° 09134
aluminum oxide 29.079 3.819 6x10° 0.9453
aluminum 28.554 3.991 9x10° 0.968 9
FR-4 24.981 2.843 3x10° 0.901 3
silicon 15.781 1.703 4x10° 0.909 6
silicon dioxide 14.667 1.439 6x10° 0.896 9
Ferrium C61 26.922 3.165 5%10° 0974 6
copper 29.736 3.454 5x10° 1.0352
polypropylene 19.724 2.1312x10° 0.962 5
graphite 23.597 2.710 4x10° 0.905 4

2.2.2 LA RILR M Z5 M 1T
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K%, TEM R ST Mot im s, SEHE AR 25224 K, COV K 0.778 9, AH I A 3L B HE s T RE T
14.8% , R HE gy ¥ 237 0 B3R T . 7RI S(a) 36t LRt fr 2 Ak B rEl, S EE SO IR KZE, M FE
SAE T UG, E R TR 20.403 K, COV 4 0.614 1, I COVFEML T £, H23.8%, I m#m s
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Table4 Microwave heating effects of four simple patterns

type of materials average temperature rise/K PLD/(W/m?) COoV
without dielectric base 25.667 2.945 2x10° 09134
(a) 25.224 2.876 9x10° 0.778 9
(b) 20.403 2.188 1x10° 0.614 1
(©) 19.445 2.094 4x10° 0.791 4
(d) 21.970 2.379 8x10° 0.777 9

Fig.5 Patterns of several different dielectric substrates
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Table5 Geometric parameters of the dielectric base(cm)

symbol geometric meaning value
d_dielectric diameter of the dielectric base 24
r, radius of the semicircle 3
7, radius of the small circle 2

TEAH ] 26 P8 R BB s, ~F 213 71 0 20,630 K, COV Hy
0.544 6, LA T2 B A Tt B HE AR B A 40% , A SRR i R 2
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Table6 Comparison of microwave heating effects whether loading trays and dielectric substrates
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|
d_dielectric

L

Fig.6 Pattern of the dielectric substrate

IR iU ESbagy

loaded device average temperature rise/K PLD/(W/m?) COoV
without dielectric base and turntable 26.342 3.160 7x10° 0.956 3
turntable only 25.667 2.9452x10° 09134
dielectric base only 20.984 2.351 1x10° 0.697 7
dielectric base and turntable 20.630 2.232 7x10° 0.544 6
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Fig.7 Electric field distribution on the cross section of heated sample
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Fig.9 Heating effect of spherical potatoes with different dielectric constants
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Fig.10 Photos of experimental equipment, testing instruments, the dielectric substrate and the potato
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Fig.11 Temperature distribution on sample potato slice of simulation and thermal imaging
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Fig.13 Temperature distribution on sample potato slice under different conditions
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