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Fig. 1 Design of thermal camouflage device

DL b PR Ty S i T AR M A B SE Y |, i
A DU T2 SRR A B A DA | L 2 P s
1.2 EHESRFLEMEBERFERENAFEL

BARIARR IO ANAE  H R R AR 5K (FE BE
EAFIEE RN RN, HoAth B8 & AL o BRI N R
e, TR 2o ) | A I HE BRE AR U N H . s
2, PGB A AR AL T — R A SO IE B . SR
M, B 5 R PR T A% SR X ST IR O, 3K FEAR ORE B
PR T SRR, IR O 32 R O = —
B FRAEI S AR I BRIR HESE

R T FE XA [T, Xu S T — SRR S
MEQLA IR AR S g5 py R i . R T RIS &) 45
FLERAE B 1 R PR P RCEA T — D4R T
PEEZNGA T (Janus ) A% IORE ST, I8 0 B AN 5255
SR T AHOCHES . g5 SRR, PR AN A% e g R 1%
PR PR SE FIBIE R o X I T AR TR 51

SRR BB FERN , OF 5 T BB A TR LR N, N A DA
BRI R B T — AR RIS

TERVE B ARIRP I T AR R A O, A E
TE A IR AL BEAL AT DL o B AR Dt P2 A
URAVLL MRS s S fon] LUa 16 7R A T 4% (D B9 2L
TS T . BT RL, AR BENS D PR sl PR A
AR I8 A A [ B 25 T UG 2 E B A

N T EPIXAN RN, Xu SEPBEH T— Rk TR 2
iR DB, Bl DIHMEBIRAR Aoe R/ R
WA O ol ARt e BIFTE 3 L LR 21>
LRI DN N 1A IR SR B T Rk AT AR Y %
Ho N T UEHNE R IER L, BF IS F BT TR
FHBEAS BRI, B A RN 2 T BRI RCR . 9 1
TR SR A I AT E W5 HE— 22 MR 2 b A SRR
SEHPN AR S T IR RO TSR X TARBGT
TPl DR E AT LUORAT B AR O 2 S — A (B £
U CESR LA MR 5 A G ST A VR

Xu FE LT X PR T ARG S . BAR AR iy
E 28 1T A PR AT 706 Mg A%, (H2 B 15 iS4
FEI 5] A 1) Sk B AT AT KL SR S S e
K TAME N T RPN, Xu S5 T —oe £
VAL A SEAN HRATE , RIAT PRSI IR AT A 48 , M1 T3 1k
AR LS B ISR T AR AL ) S5 45
VB, W5 F B4R 1 2 PP AE , RIS 30 B o e i 4K
e M ATr S . XL RE R O 2 BRI S5
Btk . kI AR AL 1 R IR A i S SR SR, ik —
AT IR AR IT B T BE IR O BE S LR
U E o

TN AR B 3| % — B PG R AR U ) BT 5T
P HEA WA AL (1) SHOE TREAL R
BRAT IR B BB B S| 4%, SCIRARAMESC B 5 (2) AR
B33 A el WY (B AT BLD A e 2l ) o Sy
TR R, Xu A5 TRE T AT O ME— P B, B0
T —RAL IR Bl 23 Ji | FLANAR 4 A5 TRLZR RE % 58
AR A ENERYIRB N . BF5EH k2D it 2 Fl
HAR B S8 HESN S L T AR R 25, R kAT T
WA SRR Y UE . 4R, A Tt — 2 S8 T AR B
MBS IR AT T RLIIE . X I T AR AL SE B T 4
BB sl R EYIARAR BRI, [RI b 4 14
BRI B S| s 2 2 S8, B AR &
SFERRE TR BRI R



—t

R 548 2019,37(1)

www . kjdb.org 101

2 HIE

2.1 RETRHESLE

PR AT RIE PVRE A BH 7 R B OB, JE
JEAE M EE I W Pl b B e B HER P . (R, P
TR R PR RE 2 52 BT R A L9701, DA A9 B A F
TSR AR, ST AR R 2(a)™) ik
ARRZER . BEAh, BUA B9 S IE BOR G 0F HAT il
FEREICHE B B AR T3, Tt 8 45530 A R S5
RS (R ) PR AR . i, 7E s i B 5
(B 2(b)~1 2(d)™) I 5 ZE 4R VR RO T SRR
2.6 HIAPRHICBE, ISR AR W R IR A, 3
A BPRAR A X — ZOR o X BRI
BB B FH A 75 55 3 T RN RE RO, AT R R AR
TG AR AR R B BRI T SR AR AR AT
SR A

(a) Photanics (b)

o

1, Near-zero index
= P
£ 800 i
J ’
5 4
E 600 o T T.
4
‘3 ”,
£ 400 Ky =430 W-m "K' (silver)
200
(R} + RM(R] - R3)
o =1,
0 100 20 300 400 Copper background  x, = 400 Wem ™K'
K/ WM KT)

(a) AT A A P I YT 5 (0) A RUZ AR i ],
HAANZ AT R I SR TR Z 5 (o) BARTEPIR T
XUZ ARG Ly 3 ZETORE S 5 (d) A R S By 3,
HANEAREAT BT RI R
K2 PR A AR R IS A AR B ) 2 P VR
Fig. 2 Origin of thermal near-zero—index—materials and

function in thermal cloak

N T BRI A TR 5 A AR U R T L
G RIOGF K Li s R, e TR i)
TR PR P B TO BRI R A, A 2
(a) 7. ZETHLIEH, BFTT B4R N T —FR A B
BB TR AR T 1%, B T AR B R R4 5
L ME 2D R o WFFEE B UK AL 5 ARG

FABHEUER , FA5 1 e i SE G 3 T BB 61 7 1
RO IR, TEMCERS F, T R ST
PAG T IR SRARE Ak, AT RIS T IR A
TS T AT TR R SR TR R R
SPREES L E,

X IGURIE 5 fife ke 1 FACSE B 2 2 T Il 1) — > LK )
A, A PRE A R | T A SRS D T A T AR
Prflo [RIEF (EAF—PE 002, 201 8 AR R R B S| it 4k 2k
AR 0] SV D7 a1 34T 1 e, DR IS B R e,
2.2 B TTHHAIREILR

KR T PG S 5 PR S, PO I L — R A (1 £%
PO TEEWIB S A RGe T, i B i A
O3 T RS B H AL T5, T A2 BRGAE  sHg RO A 34
Ty —J5 T, AR Rl s [R] bR A A4 A, s
AL EBCHT R (A AL, RO, X PR AROE X 1 P23 T
IPAATE o TR I AE A T A AL AT UL, /B H 25 00 5
FE A, KRB RS P Mg S5 s R g T Kk
ARG . TR IaL , 5 R 245 Navier—
Stokes J5 FR2H PG SL 1 FE AR RO RBRAE N — 21
A TT R X5 UG T b HU B R AL AT REIE il fe
B G o O gt i ) ) A7 7 B o 55 0 o 110 25 R 5 7, 7
et BRAR L HE G, S, 5 S AR RO, D0 2 20 [ B
PRI B A B, SR, X ARKME, BT, B A e
RIS R AL T 45 DA FE

Dai 85" 58 B, 45 1R 22 AL B IS PG U s A R
2 RO AR A, AT LA A8 4 B e Yl 42 R o3 A1, H
HRIR P E AR T — B0 Navier—Stokes i 2, SR —
AT Ae VT, H B R s, R E YRR
O o A EYEY 6, —> BRI S ks — 4k
ST T SRR A (A R R H Az SEPRal A, =2
B R SR B RE S U, W Rz Y B L 0y
23 [ AR5 0 AR I 2, AT RUAR I — 5 i A8 4
RN AR S5 as T] A AR S (57 26 B i
KB5S [ BAR R R o Dai S BIFSE T RRASH
RS Y A2 30 X A P B SRS A AR BT T AR
R B 2} 2 Gl e K 78 532 B Bl R S0 s il 2 5 A1 2 [
HATHE) R Gl i 2% 18] He 4 28 415 K 3755 ) K g
et Gl 25 [l igle e gt o< 2 3) e 1T LU T[]
IR R A E 3 S g (83 o BT i 1Y
JA7R G A TR ER AR , A BEARAE X AL T
PP T REAT SEPR AL



—t

102 www.kjdb.org

R S48 2019,37(1)

Rotator Concentrator Cloak

Background

Velocity/

P13 IS XL s BE A it ] 478 1
Fig. 3 Time evolution of velocity distribution in

transient convection

2.3 REXRERAR

HAR P B V2 R FZA R AR, B TTRERS B B
AN R BRI A% B | 333t A TG AL A L i T
HET O] RE BT U FL R B R AR A AR A
T e

Wang %6 5l 55 B GEAS R SARAE I AR Y 10 i sl S5
et BB 3 K LK AR SRR, 7R 45 6
SEMPIEAAE T, & I — S R I S sl G Jke i

RGN H B A1 28 A, S — R w i
AE 2 IR (BN A2 40°C A5 721 20°C) , P Ak
(M0 3 B AT ) | PR AR bR 4, RIEA M 22 0 4% )
AR . F5 XA G AR I
B, AR XA A R AT AR ) B AR, XA B
AT AIEM . Wang 5" W5 K I, M4 — D Feii=s
A K EHLH P S M (A A 320 B v i 3R 2 (9l A2
H140°C A7 11 20°C) , FLAbRE i AL ), A6 4 K 20}
i, 24 M A U B v, DA A2 0 A B AT 100 1 A 1 A el ek
55 o AP 5 38 2k IR 45 s AR 1 v B R R, AR A A
(A R BT B A s R 5 8 1 4 T, E — 8 1 5 B S
DA AR (14) 5 B A s (R 1) A% ROl b . e it
P B BT , A B B[] 9 N ZE A BN A i st i £

X5 AN EEARAET . BAh, FEREE B v & H (58
FEME ) Pl B AR G IRRIH I T 5 4230
e T AT ARG IR R S ) T R B B R B S LA X
Wik T AR

T3 —J7 1, Wang S BFFE T 7K AR TR AR 14 % 3 A 44
Rtk WFFE B L E— TR AR AT i (A 0 0 20 B T
T 2248 (BN 2211 40°C A7 20°C) , Hop kA RE i A
Y2, WA, BIFST & IR /K R AR 1 38 B FIA JARR I 5 28
SRR IR 58 A AN TR) 38 38 9849 R 1) 9 85 B, 2R 1Y
FER BRI SR, RS B B IR i AR
TR | R 2 A R SR 1 T R, L S R A
RO I B BRI 2828 ; A, i R BKAR R
FEARTRN G T8 B 25 A R IR e A o 15 2 AN H) 1)
S XA SAUK, BT A BES T8 R 3, H2s
PR R A

R AR, Y4 — D RGN, REEHY
SR 2 Wi, AR IR R N F AR
{H2, Wang S 5T & B, 7R 45 HA R A R 40 m
I, R G- BR EE AN RE S b i L B Y
FEARERS:

DL B T i AR A 2 TR A R . AT L i
1F TG Wb W B AR A T LUARAR R A 8 L X
WX B S B TR TR A B . Dai S5 IR
FEZ LA 0 rf NI Bl A BT T A R 8 6 3 A B
SRt EAE AR, BN IR AR K — B2k
TEASK AR AR LLE IE A o s AR n “ e &
R (0 A BE 000 15 Y B AR08 B0, IR 4 KL T
PAAEZS g i JOBH M CAT 5 5 KO A KA AS 1A
F L EEN DS A AN HZ AR REIA

3 #HEH: MAMIFIXZEHhESKERERE

Xt BRA UL, R BRI AP A 23 S 1 4 i B A A
PRV IR . HMBER MK B RE B, 525 Bk A A 25
ISR FA YD RERY IEH 185, o W] s ERL ) S
KRERRZ RN RER, DRI BR I S E . Brad
HBER E B9 NZE, XK B RE RSO A R 515 T AR
ARSI BERE . AR, FI AR 2 3 AV
R AR A HBER ) SR 2 AT S, MR A 1 ¥4 1) 285
R, EGLEBHERTZ BB, SR, £E R —
gL [ s S B3k A DA BRI RE B, 2% 1



—t

R 548 2019,37(1)

www.kjdb.org 103

R, ORI, — 5, K FHBE R bR 5 K BH TR
ST AR Y T IR BRI AR R TAE A AT REHIR
78 5 55— 51T, E TS IR S A T BT R S H
PSSR F T , N ITTAS T RE S BIR FHOG I e B i g

2018 4, Chen 25" YK T I 5256 10 4F 1T — Fh [A]
IF LA BH RN AN K 23 A Y Y T A2 8 K BHREF AR A
TR B A 2 —, DT A ] P2 R 5 A AC A A
FIFRFFRE T — 50 . Z BT AFRE R i, N
AT 225 e EOR N, AR AL Y R Bk T TR
PR S ICR AR AT o DA v] B AR BRI T AR
J5 3 AEAE DU — () R BB AR 23 A S He— AN
T—AUE HBElGbEk . i T HIER AR (25°C) A TR
BH (6000°C) FAM K2 (=270°C) Z 8], W HACR S E R T
B LR BHAN IR 23 A SRR YR i BRARAAL . TR
20, MR RESC B R B A BH AT 25 AR RE VR , B RE A%
P& 1 T AR RRIR AR e, 0 AT AR 2B A .

AATTEA A8 D7 I AT < 7 20, e S o VA b e
TEE A s bR s i B A I 1 ke
TE 8~13 wm RAGE A 111 583 R M 7, 31X IE A HR 4
TV A I TAF IR B o B S ) 2 2 S B AR XA 1Y
HH IR, I 5 SRR SRR B, DL S A A
VORI . B2 AE AL REE B 1 E 5 S R PR
WA , 2 FH 2 AR R o 8 e U i A1
AR TAE MY OCHE , Bk T B e AU ISR G K FH Al i1k Bt
(6T, TR B L0 RS T 6 S o ¥4 7 8 S 1 T AR e B 1)
eFiiE OB . T, )2 AR BH R WO T
WK BH I8 B O, T J2 A S i v 4 1) R s R S rh 4
AN BB, 8 e BRI P R TAE, SEBL T
PR . SIS S5 T o e 2Rt SL8R
S5O R AR IR, R BH AR MO I S PR i 25 1A
Sl A, B 24°C 1758 S ) v AR AE A S G e B P 4y
LR TR IR 25~30°C , X 5 5250 i — 2%,

TZAGE T R BETT IS BT —Fh BEAE 7] B DA BH AT
SR ARIE R AR F o BN E B A, 45 T —Fb
ST IR v AT F AR B TR F SR A0 SRR, BIOKE A A 2R
T T ARAGH 1 et e ek R e AV 1A R L P 1) ] — 42
B ARSI 2R e, AL TAESCR (REE 1
FEPCR ) RESE B e KAk , 3% 1T -4 RE PR AT A T 7
BB . [, (AR S, 2018 AR IR TE S5 14
Bt AR S T A TR ) R A SR 7 43
FIFH AR S B S 2 R 3

4 BA:HRERAERRRTTSREMFTFR

Bl PR A AR TR 3 2 10 4R Y R R, SR T A
ARF AL SBT3 H R, Dede 5041 T
KT IAGAE hl ) BE Rl SE BT, SR FH ARG B 1 1% AR
AR IIE B ) AR AT, T AR M B R R B AR
(PCB) BYEA , 4 Jre B & F s 0 FH opy , 46 1 A T
P il FNREMCEE DA S AR H BB T4

T SR DG T B0 R P AR Y AR TR . AR R A
BRI AR BT A5 F 2R, 75 508 m JRE A9 AR 1) 1E T
IS TPk 200 J5 £ 47, o] LASE B R B 3 1 AR 4
I FGER AR D RE o KRR AR Y T 22 )2 Bl
P %A 1) A 2 ol v, A AT LA S B o 1 7 K 1) B
PER FAhelcE S BT

HLA R G54 1) PCB ARG Hb 5 e T % #A s F 5534
I FAERES U] 4T 7 o 7 R P R et
B2, R R S R E B PG . SR A
B T IR A% 1 IR SRR, AT U B e 1
J) BBl A A5 33 3] PCB YR HI 2 i o 7F FELAR A 8 i , 34
RAEZHN 0T LI 58 PCB 5% BI04 5 1R S Uk & 2.
() P AV e S0 i 6 EL, T LA R B G A A
BT PCB PRI T B G H 2

Heat Generating

Device Heat (Temperature)

Sensitive Device

Region for
Designed Composite
Micro-Structure

Hot oo
Thermally Fiow
‘Shielded’
Region
Cold Custom Designed

PCB

K4 SRIBGEA BRI AR TEE ] B AR
Fig. 4 Standard printed circuit board designed by using

thermal metamaterials

I AT AR 4y o OR AP 45 102 R A WAL D ]
PATEINFE 70 M I FARE o i B it 7l S5 4%
48 T AR B B 5 B 28 A1, il U B
S|ig PRIRAERBIE RS 25 DA PR IRRTI SR Ak 2 1]
AR AL , DTS AR B el SR A AR AR R F LA L 455
e SR ) R RV BESRE G, ] AAR A T BRI AE A T



—t

104 www . kjdb.org

R S48 2019,37(1)

XS A St AR D R I R A AL R G
FAXIER®

R I Z A1, FAGER AR B L3 TT LA FH T S 5L H A
AT RE R e e e L o TR B S| T 25 A 1 R ¢
ATLMEARR B — D R AN S 1) 5 — D%
T AR DR A AR e AR A L T LUK P
3 B Ha AR BV HIR 430 G PCB 1Y FL AR 2 72 Y
3 A1 2 TTAARE D8I A% L 1 i A BELATC A [) g T L
R 2 OB BT o A AT A PRk, (B PR AL b1
LT LU 5 ) 5 H B BT 1 A8 B RE , I A L PERE R
RS AR A AL 2 , HAT R R 1 1 F R 15 )P, L
DB AR SR Bl

Dede ST i 31 A4 200 L 7~ L B8 AR, AT LT T3 %
WZIIRELS G AR LT A SE A . TR RO
JZF AR HOCTRIEGAE A SRR E AR AN
K IRz

PORRARL, JUHIE IR B 3% AERE fF VR
AR T PR B AR 4 R A AE 2 54K (complementary
metal oxide semiconductor, CMOS) H, F-#5 4 G HL T 4%
PR T8 R 85 SRR AT I 8 1 5 T el 2% o S5 P ) 4
SEE R L IE T — U DA S RO A B, 5T
ML FR S8 0 sh A ] EA PRt AR, SRR
e (ML, T HIH AT RZ TS

5 4Hig

H T PGB AR 32 28 T 2 LA O A 45 ) 5 )
F B LA A A rf A L R R A A R P 2l
PN BB R A ARt A e, (E 2 5 O 2R
Uro PALEEER T 7THPTE G, A BEREAS LA e im i S
WAZ U A 2018 4F 1Y 2 ZEHE i, (R, [ T B 1 Al
i, FE— w0, ZE RS . 40, A A R R T
ALY 3|2 A 2018 4F SCA HBEHEIER, B o A B )
RS BARE TR B BILA , I H O R IR A TR Y
AJRE. BEAh, 2018 4F H BLAY AR Lk PR L W R — A
ANAT AR T3 1), S A TR T RO TR B
KWL TARLRMI G, farn 1 e POl i i A F Lt
HE R IR A R

JEELR , POl FRHRL AR 2 QRS AE Pfle & FARS
UL IR S 34T O S 2 R R O ZOR R T TR
PN B . X AR P S, A B IS A

KW, EERAE TGRS (W] A BT 5 o, 4
e, WAT LT FARBORI RO 2SR BT, LLRAT H MR RL BT
ANBA B ERR T R WOk — B AL ORI E
mo FH, EA RS PEXRAHK IR ARZ (HE
2018 AFFE PR BRI T C 2P R T IR PR
RSS2 BUET A v B I BE A E A S Ok A
SRR W7 1) AT B 22 R, 9 A0 T S R AR R
BT D RERT . = TR S T, JoBE F 2014 4F
AL ) A A v — BRI — TR
IRALA SN AR T {EATU Fr A UR HORE 23 1) Tl Ak
T3 T kSt .

Rl A B SCRE RS B A 51 T A9/ T, e B
Z L WG ARSI 5T 5 1] I RE S 22 5 &
AT o AR T 2 AT SR R R+
ARTR] S )30, A 4 T BB R AR ] 2008 4F:
TEA IR, ASAE 2012 4R JF 3R M4 " 2013 445
4P g S TR 4R

it EALBEGEAREY, KFRAE SR ER
R OWHEAT T3 IR GG I B B T AR £
=,

2% 3k (References)

[1] Li Y, Bai X, Yang T Z, et al. Structured thermal surface for ra-
diative camouflage[J]. Nature Communications, 2018, 9(1): 273.

[2] Hu R, Zhou S L, Li Y, et al. Illusion thermotics[J]. Advanced
Materials, 2018, 30(22): 1707237.

[3] Hu R, Huang S 'Y, Wang M, et al. Binary thermal encoding by
energy shielding and harvesting units[J]. Physical Review Ap-
plied, 2018, 10(5): 054032.

[4] Xu L J, Yang S, Huang J P. Thermal theory for heterogeneous-
ly architected structure: Fundamentals and application[]]. Physi-
cal Review E, 2018, 98(5): 052128.

[5] Xu L J, Huang J P. A transformation theory for camouflaging ar-
bitrary heat sources[J]. Physics Letters A, 2018, 382(46): 3313.

[6] Xu L J, Jiang C R, Huang J P. Heat—source transformation ther-
motics: From boundary— independent conduction to all-direc-
tional replication[J]. European Physical Journal B, 2018, 91(7):
166.

[7] Xu L J, Wang R Z, Huang ] P. Camouflage thermotics: A cavi-
ty without disturbing heat signatures outside[J]. Journal of Ap-
plied Physics, 2018, 123(24): 245111.

[8] Li Y, Zhu K J, Peng Y G, et al. Thermal meta—device in ana-
logue of zero—index photonics[J]. Nature Materials, 2019, 18:
48-54.



—t

R 548 2019,37(1)

www.kjdb.org 105

[9] Han T C, Yang P, Li Y, et al. Full-parameter omnidirectional
thermal metadevices of anisotropic geometry[J]. Advanced Mate-
rials, 2018, 30(49): 1804019.

[10] Dai G L, Shang J, Huang J P. Theory of transformation ther-
mal convection for creeping flow in porous media: Cloaking,
concentrating, and camouflage[J]. Physical Review E, 2018,
97(2): 022129.

[11] Dai G L, Huang J P. A transient regime for transforming ther-
mal convection: Cloaking, concentrating and rotating creeping
flow and heat flux[]J]. Journal of Applied Physics 2018, 124
(23): 235103.

[12] Wang B, Shih T M, Tian B, et al. Mildly zigzag heat transfer
affected by aspect ratios for recirculating flows in rectangular
enclosures|]J]. International Journal of Heat and Mass Trans-
fer, 2017, 107: 372-378.

[13] Wang B, Shih T M, Chen X W, Chang R R G, Wu C X. Cas-
cade-like and cyclic heat transfer characteristics affected by
enclosure aspect ratios for low Prandil numbers[]J]. Internation-
al Journal of Heat and Mass Transfer, 2018, 124: 131-140.

[14] Wang B, Shih T M, Chen X W, et al. Anomalous cooling dur-
ing transient heating processes[J]. International Journal of
Heat and Mass Transfer, 2018, 127: 1253-1262.

[15] Raman A P, Anoma M A, Zhu L X, et al. Passive radiative
cooling below ambient air temperature under direct sunlight
[J]. Nature, 2014, 515(7528): 540-544.

[16] Zhai Y, Ma Y G, David S N, et al. Scalable— manufactured
randomized glass—polymer hybrid metamaterial for daytime ra-
diative cooling[J]. Science, 2017, 355(6329): 1062-1066.

[17] Chen Z, Zhu L X, Li W, et al. Simultaneously and synergisti-
cally harvest energy from the sun and outer space[J]. Joule,
2018, 3: 1.

[18] Ghashami M, Geng H Y, Kim T, et al. Precision measurement
of phonon—polaritonic near—field energy transfer between mac-

roscale planar structures under large thermal gradients[]J].

Physical Review Letters, 2018, 120(17): 175901.

[19] Dede E M, Zhou F, Schmalenberg P, et al. Thermal metamate-
rials for heat flow control in electronics[]J]. Journal of Electron-
ic Packaging, 2018, 140(1): 010904.

[20] Dede E M, Schmalenberg P, Nomura T, et al. Design of aniso-
tropic thermal conductivity in multilayer printed circuit boards
[J]. IEEE Transactions on Components, Packaging and Manu-
facturing Technology, 2015, 5(12): 1763-1774.

[21] Guo J, Qu Z G. Thermal cloak with adaptive heat source to
proactively manipulate temperature field in heat conduction
process[J]. International Journal of Heat and Mass Transfer,
2018, 127: 1212-1222.

[22] Dai G L, Shang J, Wang R Z, et al. Nonlinear thermotics:
Nonlinearity enhancement and harmonic generation in ther-
mal metasurfaces[J]. The European Physical Journal B, 2018,
91(3): 59.

[23] #5757 . SGEA BT AR TR L[] BB, 2018, 47(11): 685-
694.

Huang Jiping. A brief history of ten years of thermal metama-
terials[J]. Physics, 2018, 47(11): 685-694.

[24] Fan C Z, Gao Y, Huang J P. Shaped graded materials with an
apparent negative thermal conductivity[J]. Applied Physics
Letters, 2008, 92(25): 251907.

[25] Chen T Y, Weng C N, Chen J S. Cloak for curvilinearly aniso-
tropic media in conduction[]J]. Applied Physics Letters, 2008,
93(11): 114103.

[26] Guenneau S, Amra C, Veynante D. Transformation thermody-
namics: Cloaking and concentrating heat flux[J]. Optics Ex-
press, 2012, 20(7): 8207-8218.

[27] Narayana S, Sato Y. Heat flux manipulation with engineered
thermal materials[J]. Physical Review Letters, 2012, 108(21):
214303.

[28] Maldovan M. Sound and heat revolutions in phononics[J]. Na-
ture, 2013, 503(7475): 209-217.

Seven hot research topics in thermal metamaterials in 2018

HUANG Jiping

Department of Physics, Fudan University, Shanghai 200438, China

Abstract This paper reviews the overall research and development of thermal metametraials in terms of thermal conduction, convection

and radiation in 2018. We summarize in particular seven research topics, which are (1) efficient manipulation of thermal conduction by
using structured surfaces, (2) theoretical establishment and application exploration of inhomogeneous thermal structure, (3) thermal cloak
with thermal near—zero—index—materials, (4) establishment of transformation thermal convection theory, (5) abnormal phenomena of thermal
convection, (6) thermal radiation: energy collection from the sun and the outer space, and (7) application design and integration
development of thermal metamaterials. All these topics are related not only to fundamental research but also to application development.
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