ik B2 B ¥ H &K R
Energy Storage Science and Technology

[ XXXX

iR hn#R G ok B B AR U R M RE AL B 5

Ch R e A PR A ], dbst 100191

W OB BRI i R R 545 % M e ik ARG R AR e B e ik L b AR R R Y SR SR E, Tk T
B RAY, &P IwiEfeh kR RTE RGN R LA RHE AR, Ad, BATEHAMLETEEMY, LEE
PR AT B A A &R A B i AT 69 A R B HAE R AR B 3 A FRA S R E FA., Ak
ACHR B I AR R B M A, AXABE 0 A 5 15 3 M SRR -0 25 6 86~ 44 ok e AR B E b AR Ay A
A, ZARRHMEEREER BT, HRFAEEAF X IRBMAEAD L B A B Z R AAHR 9
iRk A I G HBA PR Yn, FFERIG AL R, A 6 KW BBE b R AE K B AL, 45
AU REAY: EEHARET LN T, BoBEERETIERATBRELE MMM, OEE AT
ik BT A 78.88 Kimin, R KR £ 4 418.95 K; iz € MMA ey 5B FRT Ton+bmA LN
K, (B TFsb+AsuM BRI W EMH, KB ETHZ372.62 K, RN HEA 5 & AHEA A8 T AR B
M, FKRERIKT 36.10 K; MEREBHAA S AMEA S, it B K—FU L, 2T EREHS
My AR SRR B AR I SR AR R A A i A R IR R T &, AR B AR A BT, 1£%)90.68 %.
IR A SR A Ak R B 89 45 M RO AR S IR A B0 RIE 5 S R AE, AT e Ml R R AE
A H RGeS .

FEREIE: MOk BEREE, SHEBF A, REHON, B ENE

doi: 10.19799/j.cnki.2095-4239.2026.0760

FEISES: TK 114 NHRFRER: A MEHS: 2095-4239 (XXXX) XX-1-13

Electrothermal Characteristic Simulation and Performance
Optimization of Microwave Heating Thermal Storage Device
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Abstract: Compared with traditional resistance heating thermal storage technology,
microwave heating thermal storage technology has the advantages of fast response and low
heat loss, which can rapidly support power grid regulation and serves as a novel electric
heating thermal storage method suitable for future energy development. Nevertheless, this
technology is still in the initial development stage, and there are prominent problems in device
design, such as unclear influence laws of structural and operational parameters on the
heating performance of thermal storage materials, as well as insufficient heating efficiency
and temperature uniformity. To optimize the comprehensive performance of microwave
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heating thermal storage devices, a frequency-domain-transient bidirectional coupled
electrothermal conversion simulation model is established by coupling electromagnetic and
heat transfer fields. The effects of the number and layout of magnetrons, thermal storage brick
arrangement, thermal insulation materials, and phase change latent heat on the temperature
distribution, heating rate, heating uniformity, and energy conversion efficiency of thermal
storage materials are systematically investigated. Based on the simulation results, a 6 kW
microwave heating thermal storage device prototype is developed. The simulation results
show that increasing the number of magnetrons can significantly improve the heating rate and
temperature uniformity under the condition of consistent total input energy. For the four-
magnetron case, the heating rate reaches 78.88 K/min with a maximum temperature
difference of 418.95 K. The bilateral layout of magnetrons presents higher heating efficiency
and faster temperature rise than the bottom-right layout, while the latter achieves better
temperature uniformity with the maximum temperature difference reduced to 372.62 K. The
side placement of thermal storage bricks can optimize temperature uniformity compared with
the stacked arrangement, cutting the maximum temperature difference by 36.10 K. The
addition of thermal insulation materials shunts microwave energy and reduces heating
efficiency by more than half, but effectively improves the uniformity of temperature distribution.
A distinct temperature plateau appears on the heating curve when phase change materials
with latent heat are adopted, which effectively improves the system energy conversion
efficiency to 90.68 % . This study provides reliable theoretical basis and physical support for
the structural design and performance optimization of microwave heating thermal storage
devices, and promotes the popularization and application of microwave heating thermal
storage technology in new power systems.

Keywords: microwave heating; thermal storage device; multi-physics simulation; temperature

uniformity; energy conversion efficiency
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Microwave-heated thermal energy storage device: (a) simulation model (b) mesh generation (taking the

basic model of one magnetron heating one thermal storage brick as an example)
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Tab.1 Overall parameters of geometric model
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Tab.2 Thermoelectric property parameters of materials
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Tab. 3 Comparison of heating performance under different magnetron quantities
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Fig. 2 Effects of magnetron quantity: (a)~(c) electric-field distribution and thermal-storage-brick temperature
distribution after 600 s heating with one magnetron at 1.2 kW (d)~(f) electric-field distribution and thermal-
storage-brick temperature distribution after 300 s heating with two magnetrons at 2.4 kW (g)~(i) electric-field
distribution and thermal-storage-brick temperature distribution after 150 s heating with four magnetrons at
4.8 kW
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Tab.4 Comparison of heating performance under different magnetron positions
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Fig.3 Effects of magnetron position: (a)~(c) electric-field distribution and thermal-storage-brick temperature
distribution after 150 s heating with four magnetrons arranged on both sides at 4.8 kW (d)~(f) electric-field
distribution and thermal-storage-brick temperature distribution after 150 s heating with four magnetrons
arranged at the bottom and right side at 4.8 kW

LR IG5 I AR S
N T FEAR AR A HE AR 5 2O I AR B s
BT 4NE. 4.8 KW, #3000 s%— L,
X b = B fity Bt 2B T80 T8O Rl oHE AT T =X m A
Ae, RIRfGEAERAEERS T, MAJEHBEI S
KA G R E AR E 4 fros. iR REH, W
FhHEAG 77 B e PR . THRE R, feEi
o 34 R B A RE S, FHIRE 2 4018 29.11 Kimin,
29.08 K/min, BEEALZFE 578 92.18% 92.09%,
#*=5

HEA I SO0 BN IR R B HAEIR 345
P, “HEMAEVEER, BRI KNRER
564.80 K, M7 Tt K%y 528.70 K, # Kl
ZEFRAR T 36.10 Ko M TEHEAT T A7 R/ 2 T Fh
B SR AR I AN, SR T I BRI 5 ) A7 1)
S RIS, TARER A A AT SR A A
T332 AR I A A B AR R A A T B
Sk

T EMEAFEHEAR 7 AR X L 3R

Tab.5 Comparison of heating performance under different arrangement modes of thermal-storage bricks
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Fig.4 Effects of thermal-storage-brick arrangement: (a)~(c) electric-field distribution and thermal-storage-brick
temperature distribution after 300 s heating with three stacked thermal-storage bricks at 4.8 kW; (d)~(f)
electric-field distribution and thermal-storage-brick temperature distribution after 300 s heating with three side-
placed thermal-storage bricks at 4.8 kW
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Tab. 6 Comparison of heating performance with and without thermal insulation material
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Fig. 5 Effects of thermal-insulation material: (a)~(c) electric-field distribution and thermal-storage-brick
temperature distribution after 150 s heating by four magnetrons at 4.8 kW without thermal-insulation material
(d)~(f) electric-field distribution and thermal-storage-brick temperature distribution after 150 s heating by four
magnetrons at 4.8 kW with thermal-insulation material (g)~(i) electric-field distribution and thermal-storage-
brick temperature distribution after 300 s heating by four magnetrons at 4.8 kW with thermal-insulation
material
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Tab. 7 Comparison of heating performance with and without consideration of phase-change latent heat
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Fig. 6 Effects of phase-change latent heat: (a)~(c) Electric field distribution and thermal storage brick
temperature distribution after heating for 600 s with one magnetron of 1.2 kW considering phase-change
latent heat (d) Temperature curve at a characteristic point of the phase-change thermal storage brick
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Fig. 7 Prototype of 6 kW microwave-heated thermal energy storage device: (a) external schematic diagram
(b) internal schematic diagram (c) physical photograph
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Fig.8 Temperature curve of prototype test
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