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Research Progress of Infrared Stealth Protection Materials
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ABSTRACT: The work aims to summarize the research progress of infrared stealth protection materials in China and
abroad in recent years and prospect the future development. Based on infrared detection technology and infrared stealth
principle, a series of materials with excellent performance, such as low emissivity materials, temperature control mate-
rials, cooperative composite materials and emerging materials, were introduced. Infrared stealth could be realized by re-
ducing the surface temperature and emissivity of the object. The infrared stealth protection materials developed on
the basis of these two aspects had good stealth effect. Different types of infrared stealth materials have different characte-
ristics and have been widely used in military equipment, fabrics, and other fields. However, there are still some short-
comings. In the future, further optimization should be carried out according to different application environment require-
ments to meet the needs of modern warfare.
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Fig.1 Schematic diagram of the preparation process of AZO and composite coating
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Fig.2 Schematic diagram of preparation of DSMs and infrared stealth fabric

[41]



Faa oM

VIBME, &5 ZLANRE B iPRORT St R - 141 -

RN AR, Yang S50 i f B A ) 2H 25 145
Si0,@ZnO kit FdhiA, Hr ZnO By A H] T-F%
A B 3 ~ 5 pum P BEAYLL AN B BT % % A AT T
SiO, fifEFl ZnO Mt & EXFLFMERER R, 25 %
M4 Si0, R5F2h 250 nm., Si0,/ZnO FiF N 1: 4
BF, FMEHOL AN E B %R 0.236 HEi kst , ]
T 25N 5 UL R AR gl rh i fhe o

EE A BHE A B I ) — K 5r 32, =T
A EA A5 S AR RSSO RE, 5
H SR S rb (8 3 ST A L AR Bb A I T R B R R ) Y
PERE . 8 N T 45 H3H ] DS S R 8008% 75 4
i, Bl AR B 7 ok St BT A B B, X A5 POTH|
FH— P 2f 375 BH WA R0 AT 428 i MR 2EL AR T ] EE A
P PR A PG AR AT DL AT I3 45 9 3 i A R 1Y
A3 A ] LA SO s ma % 38, A BN F T A4 B 4
B o BRI AR IR 12 B A PR RE N L1 A B B
POBH B TR AL 107 SRS (LT A Rk 45 ) 42 il rr) L
SRANT A R, H ARG LB A 7= e B 3K o

4.2 NS HEMH

32 HARF AR DN R AYIR K, AERS B ek,
DA AR ST R 2 — P i 2 AR T LA
Wit ORI A SCE [ BB, (s ] RiAJE
Wi, KBRS Xu FEPZ R L, HPRT—
Tt AT FUE RLZLANSOUR PR BRI A RE, AT AR FH
BT, WA ri A IS A J5E B RTTRI AR, 3E 0 ) 5 0
B IR b A €00 25 A0 M s 3 e R I SORIS S — R, 2
ARPRT R RHEL N SR, B RTINS
TEARCBL A SR, HRETH R, BRI, MR
AT, ZDAN . 2 s st THE AN
REREEHE , T DALE T ARl TV ) X, I B A
MPRRPERE. Cui SFPVZALAEEMIE K, AR
95 2235 W —FioBr B B0 BLAT 2 L5 F A B FAZT 4
(PR EERNE 3 FiR ). ZWnT LI IATELLA1

PSRN SEBERES o RN B AR A AAE S5 v IR
I, ZEd n] LA il SRR i iieas , FEfRFFHERAR
ZALPERRI , AT SRR R

5 MEE&EHHE

J IR LT AN, B — B R LT AN R R
ol s R B R AT — 72 0 SR BRI ) R RS 2
SRR R L 1T LU AT S5t SR T A B . H R
F14) SR s 388 SR TR A R | AR S R AR B R
B ATE E SR LA B B AR

Xu P T —Fh B KRR A RE R 2
FAEL YRR E IS FME (ZAO), 8L
AN 0.50, FHRER 0.013 W/(mK), HA 14
TSI AN PERE . Ma 2555084 T —Fh oA e 2 4%
WAL, Hhs (AF) T IREERZ, o
DIFFEHER (HGMs@Y20s, ) NFEHZ , Z8 W
P (62.8 °C) Ja BLr AN G A 2] B LA R
32.4 °C, HAMRFHILIMBERIR . Gu FPNET T
—FhLL AT S, IRl 4 B, %400 AL # B AR
ZUYPRARAE BRI LR o P A3 E mT UK 21 51 2 B
REEARE] 0.692 (1~22 um ), 0.687 (8~ 14 um) Fil
0.655 (3~5 um), AHAER AL 2 H2 A0 A AH AR V8 S1 T
DAIE— 25 BRI o DU SRR, AR R R 2 7T
PATE 65 CHIFMR b5 oA 4 b B A% 24 7 A 1) e RS2
Prif 228 21.6 °C, I3 1 SE PRl B2 R FF7E 38 °CLU
T, AR 300 s, ZAMBEEHLEG SR, SR
ZALFRR LU L, A LT AN 2L B R
ek T H AR AL AN, HLAT AR R 2 B oL FH
F1o Quan ZECTEH T —h FH T T PR LT AN B AN
AR B RE, FEUETT T EUENISE o AT RPN iR
48 Mo SHIZER KL Ge,SboTes ( GST ) #HZ54, #id
GST AYAAAS i A T ATELL AN B R B B R 2 2 )]
e, FMPRER TR Z 2850, T AR .

WURYLL” « R SRIRYi %

Wededy —

=

“Yistl Il

i

pr—

B3 g 2 R R

Fig.3 Schematic diagram of "frozen spinning" process

[53]



<142 - 3% T R

202345 H

B4 LIONG SR & 4 bR

Fig.4 Infrared stealth cooperative composite material

6 ASMREMHEESRKERHINA

CLANG B PORHE KL | 2 AR 45 45
bR A EIZ BRI RIS S 3R | Rk
HAR BRI WA L RO AR SR, T LSS
bk 3 DUEAW/ Nib] <=

S L E AR A S RSN R B TR R, AL
JE A b AR PR IR IR 2R BRI A MR AE (5 5 0% 56
1] 551 5 S KEDLALAAR T 50% ~ 60% 14 224 4 1k ol 4
EEMRHEFILANG S H 0. 1L TEE RS HroE
Il o AT ) EAT 7 8 T RE 058 | IR Ah e b R A e B U
Kl WORHRZOIE U U SR AU 52 B R L2 oK
LI TR TR B 2R B LR S LA s e it

[56]

Fr B RAMRELON R 3R, RS R 0.9 3
0.2, BEA AT 1 L AN S SR BERR AR T 25% )
OO X B P A A b T A%, 3 TR T
WA F B 2 110 960 TR DR Sl A AR R AR X 2 T
Frbadh o AR L 9 S FAGR 3t mT LA FH R 2 bR A
T B SO el DD LD AMRRAIE A 5 S BN B3
T —FE /N 1 mm LA B AR, AR
L RBCHABGRWNRE Sy, Iy B 45
Hi TR 5 S BLLLANER B 101, ARl 5 TR, eI R B b
Bl AT B 2 8 Ik B YOI 21 AR I 25 Y A%
Ho X AF B —FOL T i AR OMERE T TR A2 A
SANSIEAR ) N 5 8= g A S N ] e L ]
BTG, AN G B 1 S A LD MR A,
K 5 R FE SRS, SR BIZLAME S H B

MREE/PC
462

225

R/ ,C
37.3

22.5

Pl s LA SR R AR

Fig.5 Thermal image of infrared stealth materialt®"}



Faa oM

VIBME, &5 ZLANRE B iPRORT St R 143 -

ZLANE A} T AR AR A S R AR | PR A A
DL AR R B T B RERLLL AN B AR, B2
P TEW) | ESe g S R B R ARHR 215
B B bR B RS G, HA R O | i
ST AR, BT S JE h  FRER
HEDT TR AN R o Fat A ) 32 2045 25 of b EARL R A
AR R, BARHTE, B R Hea vt 00
A, AR AE B BB BB, ARAE BB TR
AR ARG A 5k a5 7 B REZL AN By AR RSk T 20 5h
B S A RO ST A R Se T 1), 3l H AR AP R
L AR SRR, HEE T EE A AR, B
PGB ARARLLINE S BB A R AYTT 18], 21 5ME
B HmER, HE R R

LLAME B BRI A ATy %5 FE LT L : Xt H
it B2 AR BN PR MR S 25 11, % ZL A1 B B b ORL A i
AR S R Ty A P REAR T R AR T i
[N 71U U e R i DA N SR v S v AR SR
— P BB B BORARE NLX A R AR B A, R
LA L BUR TS B 2 B R R R,
Wk 22 e BOHE 2 o B bt LAS 2 B 42 3 el
Koo N H AT SRR LY | 21 AN By A R 1] $25 3
B R S A3 UL BT RE AR 25 5 0 7 1] R o

S E 3k

(1] ESEEHE. 2010 4FR 55 R B B HOR R REF B[], B
ik, 2011, 33(4): 9-12.

ZHAO Pei-cong. Development of Stealth and An-
ti-Stealth Technology of Foreign Country in 2010[J].
Modern Radar, 2011, 33(4): 9-12.

2] HEE, BHIE, BO=m, 5. LLHNES BT
JE[D]. £LAMEAR, 2021, 43(4)312-323.

SHEN Yu-lian, LI Chun-hai, GUO Shao-yun, et al. Re-
search Development of Infrared Stealth Materials[J].
Infrared Technology, 2021, 43(4): 312-323.

[3] LIANG Juan, LI Wei, XU Guo-yue, et al. Preparation
and Characterization of the Colored Coating with Low
Infrared Emissivity Based on Nanometer Pigment[J].
Progress in Organic Coatings, 2018, 115: 74-78.

[4] LIU Jing, MA Wen-zhuang, CHEN Wei, et al. A Meta-
material Absorber Based on Particle Swarm Optimiza-
tion Suitable for Earth’s Atmospheric Transparency
Window[J]. IEEE Access, 2021, 9: 92941-92951.

[5] £REO6, mifiA. L0AMIARALHE i B U L i v
[1]. S5 ERMEIL, 2016(4): 65-66.

JIAO Hong-guang, GAO Fu-sheng. Application of

(6]

(7]

[10]

[11]

[12]

[13]

[14]

[15]

Infrared Thermal Imager in Temperature Field[J]. En-
terprise Standardization, 2016(4): 65-66.

AR, KR, EAR A LLAM PR R (Y TR 5 B K AR
BTATL AR D] & TARHES B, 2017(1): 49-50.
ZUO Yue, LIU Na, GAO Fu-sheng. The Working Prin-
ciple of Infrared Thermal Image Technology and Its
Application in Light Industry[J]. Standard & Quality of
Light Industry, 2017(1): 49-50.

AL, BT LLAN R B R BT 5 R )
214h, 2022, 43(12): 7-14.

WU Yi, YANG Wen-fang. Research Status and Progress
of Infrared Stealth Materials[J]. 2022,
43(12): 7-14.

RAMANATHAN K G, YEN S H. High-Temperature
Emissivities of Copper, Aluminum, and Silver[J]. JOSA,
1977, 67(1): 32-38.

SHI Meng-yu, XU Chen, YANG Zhi-hong, et al.
Achieving Good Infrared-Radar Compatible Stealth

Infrared,

Property on Metamaterial-Based Absorber by Control-
ling the Floating Rate of Al Type Infrared Coating[J].
Journal of Alloys and Compounds, 2018, 764: 314-322.
HE Li-hua, ZHAO Yan, XING Li-ying, et al. Low
Infrared Emissivity Coating Based on Graphene Sur-
face-Modified Flaky Aluminum[J]. Materials, 2018,
11(9): 1502.

ZHAO Jun, LUO Wei, QI Lun, et al. The High-Temperature
Resistance Properties of Polysiloxane/Al Coatings with Low
Infrared Emissivity[J]. Coatings, 2018, 8(4): 125.
ZHANG Wei-gang, MA Zi-wei, LV Dan-dan, et al. An
Ultra-Low Infrared Emissivity Composite Coating with
Outstanding Mechanical Properties and Salt Water Re-
sistance[J]. Infrared Physics & Technology, 2022, 126:
104351.

R, wooll, sk, A IR R AL AN R ST Ak i A
RS HER[I]. iz diliE R, 2020, 63(17): 22-28.
LI En-bo, GAO Yuan-ming, ZHANG Peng, et al. Re-
search Progress of Low Infrared Emissivity Coating
Materials for High-Temperature Applications[J]. Aero-
nautical 2020, 63(17):
22-28.

CHOI K H, KIM J, NOH Y J, et al. Ag Nano-
wire-Embedded ITO Films as a Near-Infrared Transpa-

Manufacturing Technology,

rent and Flexible Anode for Flexible Organic Solar
Cells[J]. Solar Energy Materials and Solar Cells, 2013,
110: 147-153.

WANG Yan-jun, YU Mei-jie, HUANG Chao-hui, et al.
Infrared Emission Characteristic and Microwave Loss

Property of Aluminum Doped Zinc Oxide Nanopar-



- 144 - fi % T # 2023 4 5 A
ticles[J]. Ceramics International, 2021, 47(2): tispectral Compatible Stealth Properties[J]. Ceramics
2456-2462. International, 2022, 48(21): 32226-32235.

[16]

[18]

(20]

[22]

[23]

[24]

QIN Yu-shuang, ZHANG Ming-ji, GUAN Yue, et al.
Laser Absorption and Infrared Stealth Properties of
AI/ATO Composites[J]. Ceramics International, 2019,
45(11): 14312-14315.

ZHOU Hai-ping, YU Mei-jie, ZHU Meng-na, et al. Di-
functional Composite Coatings with Low Infrared
Emissivity and Electrostatic Dissipation Property[J].
Infrared Physics & Technology, 2021, 113: 103609.
WANG Lei, XU Guo-yue, LIU Chu-yang, et al. Sur-
face-Modified CeO, Coating with Excellent Thermal
Shock Resistance Performance and Low Infrared Emis-
sivity at High-Temperature[J]. Surface and Coatings
Technology, 2019, 357: 559-566.

WU Wei, TONG Li-ping, ZHOU Han, et al. Combined
Experimental and DFT Study on 2D MoSe, Toward Low
Infrared Emissivity[J]. Advanced Functional Materials,
2022, 32(28): 2201906.

FEHE, kK, FEon, & ZDAMNE B O U i B
FBR S HER[T]. EIYL, 2022, 48(12): 74-78.

WANG Wan-an, ZHANG Fei-fei, JING Zhuo-yuan, et
al. Research Status and Progress of Infrared Stealth
Textiles[J]. China 2022,
48(12): 74-78.

FANG K Y, FANG F. Au-Decorated SWNT/PVDF Elec-
trospun Films with Enhanced Infrared Stealth Perfor-
mance[J]. Materials Letters, 2018, 230: 279-282.
TR, FRIKRI, 857, % MWCNTS/Zn (96Co (0.040
S AN K LT Ak 11 L 25 o 2 B LALLM R IR IR B B 1
R[] AT 4 )@ RS TR, 2020, 49(12): 4262-4270.
WANG Xin-kun, CHENG Zhao-gang, ZHAO Fang, et al.
Electrospinning Preparation of MWCNTSs/Zn (.96/Co (9.04)0

Dyeing and Finishing,

Composite Nanofibers and Their Infrared/Radar Com-
patible Stealth Properties[J]. Rare Metal Materials and
Engineering, 2020, 49(12): 4262-4270.

LYU Jing, LIU Zeng-wei, WU Xiao-han, et al. Nano-
fibrous Kevlar Aerogel Films and Their Phase-Change
Composites for Highly Efficient Infrared Stealth[J].
ACS Nano, 2019:, 13(2): 2236-2245.

ZHANG Yu-xuan, LI Lei, CAO Yan-xia,
High-Strength, Low Infrared-Emission Nonmetallic

Films for Highly Efficient Joule/Solar Heating, Elec-

et al.

tromagnetic Interference Shielding and Thermal Ca-
mouflage[J]. Materials Horizons, 2023, 10(1): 235-247.
XIA Yuan-jia, ZHAO Fang, CHENG Zhao-gang, et al.
Electrospinning
Sng g4Smy 3Sbg 030> Micro/Nano Fibers and Their Mul-

Preparation of Hollow Porous

[26]

[27]

[28]

[30]

[32]

[33]

[35]

[36]

o, #®55, EEIL. Zn_Ce, O YK LT 40 27
& LA IR HOE R B TERE(T]. MR, 2019,
33(S2): 83-88.
WANG Xin-kun,
Infrared/Radar
Zn;_,Ce, O Nanofibers Prepared by Electrospinning[J].
Materials Reports, 2019, 33(S2): 83-88.

WANG Liang, CHI Wei-li, LIU Chuan-yong, et al.
Large-Scalable Polar Bear Hair-Like Cellular Hollow
Fibers with Excellent Thermal Insulation and Ductili-
ty[J].
139(42): 53018.

CHEN Ya-bo, WANG Ji-hu, WEN Shao-guo, et al. Zinc
Phosphate Coated Modified Hollow Glass Beads and

Their Thermal Insulation and Anticorrosion Perfor-

ZHAO Fang,
Compatible

WANG Jian-jiang.
Stealth Properties of

Journal of Applied Polymer Science, 2022,

mance in Coatings[J]. Ceramics International, 2021,
47(16): 23507-23517.

SUN lJin-tao, CAI Fei, TAO Dong-zhi, et al. Enhanced
Thermal Insulation of the Hollow Glass Micro-
sphere/Glass Fiber Fabric Textile Composite Materi-
al[J]. Polymers, 2021, 13(4): 505.

WANG lJie-yu, PETIT D, REN Shen-qiang. Transparent
Thermal Insulation Silica Aerogels[J]. Nanoscale Ad-
vances, 2020, 2(12): 5504-5515.

DI Zhi-gang, MA Sheng-jun, WANG Huan-huan, et al.
Modulation of Thermal Insulation and Mechanical
Property of Silica Aerogel Thermal Insulation Coat-
ings[J]. Coatings, 2022, 12(10): 1421.

M AR AR BRI S S M RE A 5T (D).
SO AR ELT R, 2010.

ZHENG Wen-zhi. Preparation of Silica Aerogel and
Study on Its Structure and Property[D]. Guangzhou:
South China University of Technology, 2010.

XU Rui, WANG Wei, YU Dan. Preparation of Sil-
ver-Plated Hollow Glass Microspheres and Its Applica-
tion in Infrared Stealth Coating Fabrics[J]. Progress in
Organic Coatings, 2019, 131: 1-10.

ZHOU Xi, XIN Bin-jie, CHEN Zhuo-ming, et al. Prep-
aration of PANI-Coated Hollow Glass Microsphere and
Its Application in Dual-Band Stealth Coated Fa-
bric[J].Polymer Bulletin, 2022, 79(9): 7555-7570.

LIN Ling, LI Zi-yin, MAO Hai-yan, et al. Optically
Active Polyurethane/Silica Aerogel Coated Cotton Fa-
brics for Thermal Protection[J]. Frontiers in Materials,

2021, 8: 681678.
Tl SWIAE, AR, Si0, Bk il 4 S L AE I



a4k 5o VEROME, 5. ZDANER B B IRRLBE ST R - 145 -
PORBEL YRy R T, EPZL B F, 2021, 38(6): [46] =18y, ¥R, FTF°, % =46 T MR INE S

[38]

[39]

[40]

[41]

[45]

26-30.

CHENG Kai, WU Ming-hua, NI Hua-gang. Preparation
of SiO, Aerogel and Its Application in Thermal Insula-
tion Coated Fabrics[J]. Textile Auxiliaries, 2021, 38(6):
26-30.

MORALES-RUIZ S, RIGOLA J, OLIET C, et al. Anal-
ysis and Design of a Drain Water Heat Recovery Storage
Unit Based on PCM Plates[J]. Applied Energy, 2016,
179: 1006-1019.

SHENG Nan, ZHU Chun-yu, SAKAI H, et al. Synthesis
of Al-25 wt% Si@Al,0;@Cu Microcapsules as Phase
Change Materials for High Temperature Thermal Energy
Storage[J]. Solar Energy Materials and Solar Cells,
2019, 191: 141-147.

MA Gui-xiang, SUN Jin-he, ZHANG Yue, et al. A Novel
Low-Temperature Phase Change Material Based on
Stearic Acid and Hexanamide Eutectic Mixture for
Thermal Energy Storage[J]. Chemical Physics Letters,
2019, 714: 166-171.

XU Rui, XIA Xiao-meng, WANG Wei, et al. Infrared
Camouflage Fabric Prepared by Paraffin Phase Change
Microcapsule with Good Thermal Insulting Proper-
ties[J]. Colloids and Surfaces A: Physicochemical and
Engineering Aspects, 2020, 591: 124519.

GU Jie, WANG Wei, YU Dan. Temperature Control and
Low Infrared Emissivity Double-Shell Phase Change
Microcapsules and Their Application in Infrared Stealth
Fabric[J].
106439.
KE Wei-dong, WU Xiu-wen, ZHANG lJin-lin. In Situ

Polymerization of Organic and Inorganic Phase Change

Progress in Organic Coatings, 2021, 159:

Microcapsule and Enhancement of Infrared Stealth via
Nano Iron[J]. Colloids and Surfaces A: Physicochemical
and Engineering Aspects, 2021, 627: 127124.

YAN Xiao-xing, QIAN Xing-yu, CHANG Yi-juan.
Preparation and Characterization of Urea Formaldehyde
@ Epoxy Resin Microcapsule on Waterborne Wood
Coatings[J]. Coatings, 2019, 9(8): 475.

XIAO Lin, MA He, LIU Jun-ku, et al. Fast Adaptive
Thermal Camouflage Based on Flexible VO,/Graphene/
CNT Thin Films[J]. 2015, 15(12):
8365-8370.

XUWEHT, AT &5, BREGV, S5, 2050 B S A R
BB THE, 2020, 48(6): 1-11.

LIU Xiao-ming, REN Zhi-yu, CHEN Lu-ping, et al.
Infrared Stealth Metamaterials[J]. Journal of Materials
Engineering, 2020, 48(6): 1-11.

Nano Letters,

[48]

[50]

[51]

[52]

[53]

[54]

[55]

[57]

R[], £ T2R4R, 2022, 43(8): 1892-1901.
LI Ren-fen, GUO Jiong, QIAO Yu, et al. Properties of

Three-Dimensional Photonic Crystals as Infrared Stealth

Materials[J]. Acta Armamentarii, 2022, 43(8):
1892-1901.
HURTADO J L, KRAEH C, POPESCU A, et al. In Situ

Synthesis of VO, for Tunable Mid-Infrared Photonic
Devices[J]. RSC Advances, 2015, 5(73): 59506-59512.
YANG Yun, TAN Shu-juan, CUI Yi-hua, et al. Adjusta-
ble Color and Emissivity Based on Amorphous Arrays
Composed of SiO,@ZnO[J].
Compounds, 2021, 858: 158208.

sk, KRR BRI IR RE D). Dt TR,
2017, 44(1): 49-63.

ZHANG Xue-ao, ZHANG Sen. Research Advances in
Thermal Metamaterials[J]. Opto-Electronic Engineer-
ing, 2017, 44(1): 49-63.

XU Zi-fu, LI Long-qiu, CHANG Xiao-cong, et al.

Thermal Field Manipulation via a Two-Phase Thermal

Journal of Alloys and

Metamaterial[J]. Applied Materials Today, 2021, 22:
100911.
R, R, WIRNE, AL BT RO R B REATRIE R

HER[I]. BHE SR, 2018, 36(22): 131-144.

LIANG Xiu-bing, CUI Xin, HU Zhen-feng, et al. Re-
search Progress of New Bionic Intelligent Materials[J].
Science & Technology Review, 2018, 36(22): 131-144.
XU Cheng-yi, STIUBIANU G, GORODETSKY A.
Adaptive Infrared-Reflecting Systems Inspired by Ce-
phalopods[J]. Science, 2018, 359: 1495-1500.

CUI Ying, GONG Hua-xin, WANG Yu-jie, et al. A
Thermally Insulating Textile Inspired by Polar Bear
Hair[J]. Advanced Materials (Deerfield Beach, Fla),
2018, 30(14): e1706807.

XU Rui, WANG Wei, YU Dan. A Novel Multilayer
Sandwich Fabric-Based Composite Material for Infrared
Stealth and Super Thermal Insulation Protection[J].
Composite Structures, 2019, 212: 58-65.

MA H, ZHAO H, LI X, et al. Double-Sided Functional
Infrared Camouflage Flexible Composite Fabric for
Thermal Management[J]. Ceramics International, 2023,
49(10): 16422-16432.

GU Jie, WANG Wei, YU Dan. Temperature-Control and
Low Emissivity Dual-Working Modular Infrared Stealth
Fabric[J]. Colloids and Surfaces A: Physicochemical
and Engineering Aspects, 2022, 653: 129966.

QUAN Cong, GU Song, ZOU Jing-lan, et al. Phase
Change Metamaterial for Tunable Infrared Stealth and



- 146 -

(-

2023 4 5 H

[58]

[59]

[60]

Camouflage[J]. Optics Express, 2022, 30(24): 43741-
43751.

I, R, PR, 2N S ARIET AN E
my N B AR ], 40405 BOE T, 2012, 41(12):
3154-3159.

XU Ding-guo, SANG Jian-hua, LUO Ming-dong. Re-
search on Application of UAVS' Infrared Stealth Tech-
nology[J]. 2012,
41(12): 3154-3159.

JKFE. TRHLLLAM B BOR B R SE[I]. [ 41 A 70
=R, 2015, 34(1): 73-75.

ZHANG Yang. Research on Application of Aircraft
Infrared Stealth Technology[J].
Measurement Technology, 2015, 34(1): 73-75.

sk, R RAPMUHFIRGLLIMG S BRI

Infrared and Laser Engineering,

Foreign Electronic

[62]

[7]. BEEH AR, 20093): 2-4.

ZHANG Zong-bin, SANG Jian-hua. Research on Engine
Exhaust System of Infrared Stealth Technology[J].
Stealth Technology, 2009(3): 2-4.

MOGHIMI M J, LIN Guang-yun, JIANG Hong-rui.
Broadband and Ultrathin Infrared Stealth Sheets[J].
Advanced Engineering Materials, 2018, 20(11):
1800038.

X, WU, BAHAR, 4. LT R IARZL AN B B
T 4 5 S 2 N T AESE (0], Ot 74k, 2021,
50(1): 0150003.

LIU Biao, SHI Jia-ming, LYU Xiang-yin, et al. Applica-
tion of Photonic Crystalline Infrared Stealth Films on
Surface of Vehicle Engine Compartments[J]. Acta Pho-
tonica Sinica, 2021, 50(1): 0150003.

UL 1 ERLR



