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Fig. 1. (a) Free space radiation of black body; (b) the
thermal radiation between two neighboring black bodies.
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Fig. 2. (a) Thermal transfer between nanoparticle and sur-
rounding media; (b) radiation spectrum of black body
(black dashed line) and of true nanoparticles (red solid
line); (c) thermal radiation of nanoparticle on the certain
substrate; (d) thermal radiation enabled energy transfer

between two nanoparticles.
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Fig. 4. (a) Setup schematic of near-field thermal scanning microscopy®; (b) schematic of spherical tips for near-field thermal scan-

ningP¥; (c) tips enabled nonlocal effect in thermal radiation/®’; (d) thermal radiation speed of micro integration deviceP".
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Fig. 5. (a) Near-field thermal radiation between parallel graphenel®; (b) near-field enhanced thermal radiation in boron nitride-

graphene-boron nitride structure?; (c) superfast thermal radiation between parallel graphene discl®l.
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Fig. 6. Schematic (a) and theoretical simulation result (b) of enhanced far-field thermal radiation between parallel nanoplatel®®.

Architecture (c) and experimental result (d) of thermal radiation between parallel platel7.
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Fig. 7. (a) Energy transfer schematic of radiative cooling; (b) radiation windows of atmosphere and the corresponding black body
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Fig. 8. (a) Multi-layered hole array structure (top), of which the radiative cooling could work in the daytime, and the correspond-

ing absorption and radiation spectra (bottom)!’; (b) detail of layered structurel’”; (c) temperature comparison between the radiat-

ive cooling film and the other films/*7.

036501-10


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 69, No. 3 (2020) 036501

A 1712014 AL T 225, HI4E T H SiO,,
HIO, FIERIEZH B F iR A, 45k ani&l 8(b) Fs.
X il 22 23 T 45 A A P B IS AR IS, BE 8 S
97% BYIR B, [RITE RS ET B RE S 45 1k
PEVE DRI R R . A S TR B A R
BT AR T PR I R B S v B, AR RSOR
WE 8(c) izn. MIEEREE N 20 C B, TR
850 W/m? K BHYE T, iZ e #r ik 3] TAL T35
B 5 C MHNARCR, il He %
iKF] 40.1 W/m?.

bR 22 2 I LE AR AL XL AR AT G Bk B
TERESEAT TR, BEAE SR BT L+
P RS R ISCRE ) o A S0 v S T 5 1) i
ORAL. SR, 8 AH LT X e 28 T ZE i T
FBORiE, In T B A ] ™ g R T X 28
I U T A X LRI, 2017 4F

¢

Fam 2]
&L

Solar irradiance

Infrared irradiance
V SR

200 nm Ag

Poly (vinylidence fluoride)  Poly (hexafluoropropene)

—CF,—CH,— —CF(CF3)—CFy—

P9 IR BGAS 94 oK 55 4 G 5 o v B

22
20
Freestanding 18} P(VAF-HEP)up

L EBE R Z K Yin il Yang BB B, 38311
—FR A BN 8 pm 1Y Si0, /NERFGER 4-F
F M (methyl pentene copolymer, PMP) 8 fii |
SEL T AT WO BB A, A UE H B R S
(> 93%) ARSI RV RCR, nE 9(a) s, Sl
R PMP A1 SiO, 78 1T 0L 8 B Jo i
H. SO, /NERAELL AP BA 7S -1 i IR MR A 1) Ay
R TR TR TR SRR ERE R R, H RN
RUIFIRE] 93 W/m? % BRI R IS 15
BT RAF AR S IV ORI IR, BORLBE Y 20 4%,
TR, By TR

2018 4 EFE LK “# Y Yang HI Yu 5
BA P ilfE T — AR AR S YRS AR (18 9(b)).
FEPNTR K FIER IR L A- 7S BN (poly (vinylidene
fluoride-co-hexafluoropropylene), P(VDF-HFP))
=SHIRA, BT XA R TN, AR

'
o

—— Ambient temperature —— Surface temperature

w
o
T

Do
o
T

=
N
(=R )

0 J\’L\r/\w

20 . : . ) .
12PM  12AM 12PM 12AM 12PM 12AM 12PM
Oct. 16  Oct. 17  Oct. 17  Oct. 18 Oct. 18 Oct. 19  Oct. 19

Power/W-m~2 Temperature/C

(iif) 920 |
900 e — VA My
880 |

860

Iﬂular/\}v'rﬁ;2

30 |
28
26

24 +

Temperature/°C

12:00 12:20 12:40 13:00 13:20
Time/h

(a) ARG fE /N BR B A 19 5 SR W I 0, (6) S5 MR I, (i) 2% = R AR E AR AL

(b) WA AW Z AL CY, (i) 2540 v T~ I Bl P R 20 7 S5 MR IR, (i) A () GRSt o v BORHBE S5 IR IR R (i) 70 T /1 I B i A

AR LB S 1 V4 R AR T £

Fig. 9. Low-cost radiative cooling materials: (a) SiO, beads embedded polymer filmP, in panel (a), (i) structure schematic, and (ii)

temperature changing in 3-days-nonstopping measurements; (b) coated porous polymer filmP!, in panel (b), (i) scanning electron

microscope imaging and molecular structure schematic, (ii) camera picture of variously coated film, (iii) energy changing during

noon time, and the corresponding radiative cooling efficiency.
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Fig. 10. (a) General radiative cooling system, delivered by Fan’s groupP, and the corresponding cooling result, of which the aver-
age cooling power is over 40 W/m?; (b) buildings used radiative cooling system, delivered by Yang’s group!™.
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Fig. 11. (a) Principle of radiative cooling cloth™); (b) camera picture and scanning electron microscope imaging of radiative cooling
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Fig. 12. (a) Principle of radiative cooling effect enabled condensate water!™; (b) multi-layered radiative cooling system for condens-
ate water™; emissivity spectrum (c) of multi-layered radiative cooling system, and (d) the dramatically increased condensate
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Fig. 13. (a) Commercial solar cell unit (I) and the lab developed unit with silver wire electrode and alumina back electrode (II); the
right figure shows the corresponding camera picture with coated cooling film and the detailed cross-section of the film[™l; (b) absorp-
tion spectra comparison between commercial solar cells unit (Fig. 13(a) I) with or without radiative cooling film, and lab made sol-
ar cell unit (Fig. 13(a) II)[™); (c) radiation spectra of corresponding solar cell unit, in the frequency region of atmospherically radiat-

ive window!™!.
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Abstract

Thermal radiation, as a ubiquitous physical phenomenon, plays an important role in various research fields
of science and engineering. Traditional understanding of thermal radiation mainly relies on Planck’s law, which
describes the energy exchanging efficiency of entire thermal radiation process. However, recent studies indicated
that comparing with the macroscopic object obeying Planck’s law, the thermal radiation in nanophotonic
structures is obviously abnormal. This is due to the fact that the nanostructures’ featured size or neighboring
space are much smaller than the thermal wavelength. It is important to notice that by well designing the
material, size, and structure pattern, the thermal radiation is tunable and controllable. Furthermore, the
nanophotonic structures enabling the radiative cooling effects promise to possess the tremendous applications
including energy, ecology, etc. In this review paper, firstly, we briefly describe the fundamental theory of
thermal radiation, as well as the history and latest progress, such as, enhanced radiative heat transfer, the near-
field radiation in two-dimensional materials, and the overall far-field enhancement. Secondly, we focus on the
newly available daytime radiative cooling system, which is based on metamaterials or desired nanophotonic
structures, pursuing the best cooling performances. Finally, we detail the checklists of remarkable applications,
ranging from building cooling and dew collection to solar cell cooling. In addition, we also point out the broad
future of radiation cooling technology of nanometer optical materials in promoting the management and

transformation of desert ecological environment.
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