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Theoretical analysis of inorganic non-metallic material properties on
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Abstract: Millimeter wave heating is an important way of wireless energy transmission. Microcosmic
characteristic of inorganic non-metallic material on millimeter wave heating is researched. Using the
function of electrified particle movement in electromagnetic field, material permittivity damping performed
with inner characteristics is put forward. With the study on energy absorbed efficiency using a double plat
module, the result shows that temperature great affect material permittivity damping. The energy efficiency
is much small under low or high temperature.
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Fig.1 Dielectric constant versus material characteristic

1 WA AP ST A FL B R 5
I 511 5K 25 B PE25 0 BR,  TGLIE 9725 s 2 R b st A 72 B0 65 ) o
S B R FE AP B 0 SRS 7 A o 8 LR B A R0 S, BT 9 11 o o 6
FF 5 A i e )

N =N.N By 9)
= exp| —=
cVv exp T

s Ne,Ny 20500 s R 7 A SOIR S B s E, ARS8 4=8.62x107 eV/K IR L& WA T W .

PR R, AL B JE SR AN B IR B AR A, TR T R B AR OIS, AR L S R AR AT R AR,
2L /AW

Gzaoexp(—%] (10)

B2 n BUARAAE A S ARIA AR, 76500 N et e e Tl th = AR Sl B4 S R 7, S E BT
W, HL T R TE — BOAR B8 Y Rl P A DR AR S, IR R ok R — (B, R R B AR K S AR A R R AR
WU o 5 2 A W RE A AR fe a3, AR L 20 (10) R BHA 7 IR TR B AT e v M A 2 IX

XFTALIAFE, SFE T ARBRE RS, e RECHIRE B, 2% 0

y=7oexr>[—%) (1D

HUZBH e 2 80 W ) 52 A XA o B B i s i A A/ il DL RO H R AR RN R I, bR R AR
AN, B RE B AR SR s RGBT, A SRR BT, S AR L B

3 MENRTFIRAIGEERE RZH

M — 00, TG EMX N E RS N & =¢ —ie, & NI XA MR T, W&5HESHRIEK
P WAL AE s HEHSIA BB TIAEM o, MEHIRFEM IEVI N tans =6, /&, o A 5 5 A B[] B4 (R B 1)
A 1 W S A A A ) A LR AR R OR R
P:%Re(J*xE):%wgoaAEF (12)
FEL 10 % E R R P 98 38 TR S T RE I ROCR LN R, e R T B B TR KA RE A R A - T
WEWe, B TEE T x PR EECH E(x)=Ee ™ . Ho, a0 R4

y=a+if =ious,s,(1-itand) (13)



% 2 1) B % TVEEEMBEREMAEEEESH 291

Ve N S
’7_\/; \ 6, (1-itan o) (14)

SE S IR R 0 2 R AL PRI 1/e BOTRBE AR IR B, BN AR R Poc|Ef, WRE BRI BRI /e (1935
BRI R RN -

I I A B LA -

-1/2
p-_L_c¢ i,(\/ntan?(s—l) (15)

20 w\2¢

MR E S, BIERE SRR L, RGN Fh B ERERADN, 2k Eg; R a8 &K

W SR NAE L, MR R, A BT RE B SR . ARER TR, KRR, R B bR 2R
ik R, WOlRE R TR, (HAEXS N BB B b, RO B RE A R TR W, BRI RO

XF T A B SR BE A TC BR A TP A L DA BRAR G S )2 Sl BE R T A% i 2 S5 RUORE R AT LA B 12 45 H B A5 A0 BEL BT

n, =ntanh(yd) , W375E5 RBERR N

) 1.6
r.=—U (16) :
Ny +1 Lk
B 2 M # 90 GHz, 5@ 1 V/im, WIK)ZEJE 3 mm, AXF

AR 9, WEEN TR 1,59 WYY e ik 3 B S5 1
M a . HE SRR SN R E S SR
0.6,0.48,0.44, LIHIFER ¥ 0 W 1Y% 55 R 1.46 FEAXTIL,
75 55 S 5 R/ IN T A B AR T R T R AR . SR AR AR, ARk
FEW AT R, MmN, AR EEEMC S ———
HEIW 0T, 0 0001 0002 0.003 0.004 0.005 0.006 0.007
HMAEHFLOPRABX, BHGEAMBFEN T, Fig.2 Electric field distri:ljtli:;gt\l://:h different dampin,
FUAT 05 43 oL T R A R, TR 2 4 6 1R 4% T 5 B0 i S 2 Rt g
R CRCR B o A O TSR B R R A, K IR
J2 5 G L TR DL — A R R, TN AR B U L °'°_ —m
2 ~ —=-£~130 GHz
Eon (x) =—-|Te][Ef e (17) ok —
127 3 R R O BOTE 3, (B R AR R AR A
Ao B ILARA K 2) IR T 10 B 43, 15 B 57 1w AR
A RT3

N
S
T

electric field distribution/(V/m)
[=]
o0

0.4}

energy efficiency

1 1 _ i
2 bs :I:Ea)gongfff(x)dx:Za)gogf|TC|2|E|2 D(1-e ””D) (18) 0.2

) A7 T AR ) R R R R

Bibs «

0
2 -d/D
t= =—-=c¢ |T.|" DA- 1 lg d(d/mm)
P 2¢ ¢r | C| (I-e ) (19) (a) at different frequencies

Soft . [EF /20, WARAS % " |
B3 4 W2 5 R B R R RO B R | -
% 0.1~10 mm, HESIERELL 10 I HOREL, o A XA |
BERE | mm. AR K R A SRR, I |
5 R L — B
WP (3) BT LA R R B,
T LT 6 G D T L O R o2 MU
A AR L bR sb B P B L R AT 2 8 B W
WCRM BUFEBCRE I, TR R P AR LA e
R BRI, SR Rl R MO  BREIE P A B R O

TG ES N A Fig.3 Energy efficiency versus thickness
3 BEdR W R RS AR At 2%

-1.0 0.5 1.0

04F

A%

energy efficiency




292 KMZMESEFEEFR %17 %

4

&

SCEE ) AR T AR RL AT T R M AR B Wy B R, DORL TR FL G TP RIS S A BT TS A R HL P R

I DA D 2R (5 R L R R L R, fE S T BRI X o AR L S M R, () L2
R WIR LR TR 5 A A RE D A B R R RS O I, AT R 2 RO R R R AR A R o i e X
JZ ICBRF- AR 2548 23 Bt 1 22 K B AE 39 S4B rp 1) 25 A B IR R 45 R s BB R O R BOR BB R L AR
JE MR R AR AR T LRSI A R, R R BN R BRY TR BRI U AR A TE R

S & Lk

[11]

[2]

[71]

[81]

[91

[10]

[11]

[12]

[13]

P FELRI XK. 600 Ak Tk fe Bl 8 1 M R T S OO B H S L AR ()], =BT R, 2012(9):17. (XUE Zhonggang,ZHAO
Yalin. Powder injection molding and electrical conductivity of 600 SiC ceramics[J]. China New Technologies and Products,
2012(9):17.)

CAO Y,ZHANG H,LI F,et al. Preparation and characterization of ultrafine ZrB2-SiC composite powders by a combined
Sol-Gel and microwave boro/carbothermal reduction method[J]. Ceramics International, 2015,41(6):7823-7829.

LI Q,WANG C A, SHENGNIAN T. Synthesis of bamboo-like SiC whiskers from waste silica fume[J]. Crystal Research &
Technology, 2014,49(5):290-297.

PARKIN K L G,DIDOMENICO L D,CULICK E C. The microwave thermal thruster concept[C]// American Institute of
Physics Conference Proceedings. Melville NY:American Institute of Physics, 2004:418-429.

PARKIN K L G,CULICK E C. Feasibility and performance of the microwave thermal rocket launcher[C]// American
Institute of Physics Conference Proceedings. Melville NY:American Institute of Physics, 2004:407-417.

SAITOH Shohei,KOMATSU Reiji, YAMAGUCHI Toshikazu,et al. Microwave rocket with 30N thrust and further thrust
augmentation with reed-valve air intake[C]// IEEE Vehicle Power and Propulsion Conference. Seoul,South Korea:IEEE,
2012:500-503.

ODA Yasuhisa,YAMAGUCHI Toshikazu,SHIMADA Yutaka,et al. Study of high-power millimeter-wave beam transmission
for microwave beaming propulsion[C]// 35th International Conference on Infrared, Millimeter, and Terahertz Waves. Rome,
Ttaly:IEEE, 2010:1-2.

sk K gL B A . B N A R AR M), db A F Tl B AE, 1988, (ZHANG Zhaotang,ZHONG Ruoqing.
Fundamentals of microwave heating technology[M]. Beijing:Electronic Industry Press, 1988.)

KPR, P R 4. T B Y B RR(M]. JL RT3 K22t iiAt, 1992:222. (GUAN Zhenduo,ZHANG Zhongtai,
JIAO Jin. Physical properties of inorganic materials[M]. Beijing:Tsinghua University Press, 1992:222.)

H A 0 DR, S5 2 AR AAE 2 T BE[D]. BB AN 5 07 A, 2015(2):26-27. (TIAN Shi,LIU Guohui. Intrinsic
carrier concentration of wide band-gap semiconductors[J]. Innovation and Application of Science and Technology, 2015(2):
26-27.)

JACKSON H W,BARMATZ M. Microwave absorption by a lossy dielectric sphere in a rectangular cavity[J]. Journal of
Applied Physies, 1991,70(10):5193-5204.

MNATSSAKANOV T T,LEVINSTHTEIN E M,IVANOV P A,et al. Parameters of electron-hole scattering in silicon carbide[J].
Journal of Applied Physics, 2003,93(2):1095-1098.

ELFIAI. Ly SRR P S (M. 5 R AR R TC R 2R, A5 P JE st 7 TOlk i RiEE, 2013, (BALIGA B J. Power
semiconductor device foundation[M]. Translated by HAN Zhengsheng,LLU Jiang,SONG Limei,et al. Beijing:Electronic
Industry Press, 2013.)

EEE I

B iE(1992-), B, WAL R A, S Z#(1978-), &, AMWA, WL, &l
ok, WSS B, EEWEE T R YR WEFE B, EERT DT 1) b e PR R
U 30 . email:mushui9@qq.com.



