#) 32 % 3R Acta Phys. Sin. Vol. 73, No. 21 (2024) 214401

EFESHA SR HE M TR
& RIS HEAERR 5T

ETF Rt REN*

(RALRR 8

THE Y WG

Wi 7 B

B, PLBH 110819)

(2024 4 6 A 22 HUE]; 2024 4F 7 A 24 AU EMEH)

RS 2 P 2 e A v REFE [P AL, BT 1 — ofs e S ol v TR R H B (U A 5 TR T 2 R IBE. AT R 2 )R
IR )l - 3 PR YT PR B, R T U RS R R B A DX N R AT R DGR ALL A IR S, S5 OR R
BH, 22 22 AR L B0 2 5 G o ¥ R i KA PN R TR P T 24 9.8 °C, FLABHE 1 048 22 2 5 1 2R S0 24 4.6 °C 1R
JEVA Y, AT 558 10 ek it A5 3l Y T T DR 9 2 TR IR A PR I, A I A T 10 5 S i R
FroePrRok BRI ST 928G, 45 2R R B2 R BRI ACR IR, SR N R Ik 12.9 °C; T4 2= 220 J2 IR i AL
b, RN BERAA 1.9 C, BA REFRIRETIE N E. 25 1, X 22 AT B AR5 4 25 M REFE 4R it — Fh

iR R 7 5

KR FRATHe, mBCEE, W T
PACS: 44.40.+a, 92.60.Vb, 82.47.Jk, 88.05.Ec
CSTR: 32037.14.aps.73.20240863

TR IEmlfGE H 235 ™ H AT S RbE &, 1k
A REVR AT FEAD AR o 15 = 5 iAoz, e YR T4
IMATHFE R 2 b A RETR B AR 5% 22 h. &
32 i 2 R 32 A R A (VR 44% . B4
65%) 1, T VR4 25 P8 (R A A 23 (VR 28 1 B T AR Y
T 10%—30%21. Sk 7 1 X7 BV HE ()38 VI 75 >R I
fit LRIy, AR B AT 442 IR 1Y
REFE.

PR BE 4 IR EE AT RGBT MR s TR R
G F kA, — T ReFEp SR ikt A

DOI: 10.7498/aps.73.20240863

2 52 BN H R, 045 4 InF P 208 PP 7 B o 4 T AR
JIE (R B 3 VR )2 46 B 53 41, Mousavi fil Azzopa-
rdil 2 MAEA % A PRSI bR}, DAy
TR EE AT RE s THAE. RS E R —Fh TR e
P A B i v R BT 5 By 8—13 pm R £L 4
BB 1, K R Y AR T PR S )
Z3 ], DTS2 PR SRl , ELA (R A | 52 M
TCi5 YL A 15101,

SR, b aRBER AR RB A% 50 I — o 12 B2 A I
U, (A TCVEAE A A T3k AR rh 3R RE R E N IR
FE. TEF SR REIRFERIEOAR D, Jiid i S e 1Y
SR R AR 1Y HOR B R PLEY. HL B
A ARk b A R T AR R sl A DR B B 4 12,

*ERAREIEES HEHES: 52106079). 1L T HARBIEIL S BG4 (LS 2023-MSBA-059) FlHh Je @i FEARI Il 55 2

(S N2325021) ¥ BhAGILE.
# [a| BTk
t iBIE1E#E . E-mail: weilinyang@smm.neu.edu.cn
1 BIEYEE . E-mail: lixiuming@smm.neu.edu.cn

© 2024 FEYIEZS Chinese Physical Society

http://wulixb.iphy.ac.cn

214401-1


http://doi.org/10.7498/aps.73.20240863
https://cstr.cn/32037.14.aps.73.20240863
mailto:weilinyang@smm.neu.edu.cn
mailto:weilinyang@smm.neu.edu.cn
mailto:lixiuming@smm.neu.edu.cn
mailto:lixiuming@smm.neu.edu.cn
http://wulixb.iphy.ac.cn
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
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 73, No. 21 (2024) 214401
AT LB 4 PN SRGET O 1 DA R 2 T LR VR IR 13,
s, BV 2R B ARZ IS, i Praa Paonsadiative
B ELIHPR 0, TS PR, N t N /.
M T B U € B0 10 34 04 B (polymer L A
dispersed liquid crystal, PDLC)!M & 1% 4L 1 4% ™ g
09 5 Sh i AR R SRR AR, BPRLAATEL e
B AT WO % AH HHA AR €44 8L, PDLC WFAbPRE
A& B WA, WKl i ik, mw oz B (2
40 ms) AR S B AR AR B W Ak AR L SRR R
735 G b 201 Fig. 1. Schematic diagram of the theoretical model.
G LFEE, ADCOBLB ARSI 22 STHEPR

5 PDLC HLUBUE (5 M2 2, 5 8 2 T2 5
AL, A4 S v S B Sl V%, [ Il Pl B2 5
F SRR RIBEA, 456 EREhITRE AT
A B 4 25 0 R G0t 4 R S BB 28R 7. A
SCE R SRk, IR 2 R A e e LAY
IEAEUS, TEZ BRI PN T Z R IR
PEBE, B AR B D RE Ry AT SE k. AR TARE AT LA
R AR 7 25 TR REAE S5 4 i e 5 T L PRI — 4%
AL

2 SR

SCIG E I
ARBTG5 LRSI R PDLC
P05 o T AL 2P T B 2 SR s
SR IR A RSN, R S RN
SO (0 JEAE AMI GRS SR04 THEAE P e R B L5
T T SO (T L PR 6 T A B O
b BSR4, R 1R, K TS A
HEARRUN TR K — AT, IR I, Rk
WG LRGP, BRI S, AT
T AR

SETRER VA, 22 E B TR Py 75
RN

2.1

Pnet = Prad - Psolar - Patm — Inonrad, (1)
A, Paa ARSI DA, Protar WY K BH
TS IR, Pum IR RIS N, Poonaa N
IR IR TR, TR (1) 2B, s A
IFil f PR b A 22 SR R R I Rr 1, P AR AR A
AR PR Pootar , SRV DRI BIZ5E 40, MTTT
i Z R R A — 2 BT IIRE, P22 2 A X
ol BRI BB 2% ELA B A 4 Rt BE TR 1 A E

22 JZ R A LA BB EE Bk 1
e 2 . e SO I ) TAEDLEL R R A AR b an
Kl 2 fis. AR A E RIS BT, W o B
ML HED, SR (i TR B PIRE, Bl 2%
AR M8 ASS U BT, T S R HES,
FEL 500 00 5 AN 25 B RS o i BHDIR S Sl F
YifER, AU (A B RE A5 £E5 I 5 B BPIR A Z ]
1) Z2 R 4 AN 4353 0, 15 1 30 V B,
LR A RIS | BB RS,

F 1 R EESH
Table 1. Main parameters of radiation cooling film.
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Table 2.  Main parameters of electrochromic film.
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Fig. 2. PDLC schematic and physical state change diagram.
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Fig. 3. Indoor experimental setup: (a) Physical model; (b) real setup.
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Fig. 4. Outdoor experimental setup: (a) Physical model; (b) real setup.
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Fig. 5. Cooling performance between multilayer film and

single-layer film.
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Fig. 6. Cooling performance of multilayer film at different

voltages.
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Fig. 7. Thermal imaging camera display at 40th minute:
(a) Without multilayer film; (b) with multilayer film.
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Fig. 8. Summer experimental results: (a) July 31st, 2023, 0 V, fully foggy; (b) August 1st, 2023, 30 V, fully clear.
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Fig. 9. Autumn/Winter experimental results: (a) November 15th, 2023, 0 V, fully foggy (b) November 29th, 2023, 30 V, fully clear.
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Fig. 10. Effects of solar radiation intensity and ambient temperature on the cooling performance: (a) Cooling performance on July

31st; (b) cooling performance on November 15th.
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Abstract

Energy and environmental challenges caused by the excessive consumption of fossil fuels are major concerns
worldwide, and the use of automotive air conditioning can increase total fuel consumption by 10% to 30%,
thereby exacerbating these problems. To reduce the energy consumption for automotive air conditioning, a
multilayer-film design based on radiative cooling and electrochromic modulation is proposed for regulating the
temperature inside vehicles. The designed multilayer-film not only passively realizes temperature drop but also
actively regulates the entry of solar radiation, which can help the vehicle air conditioning system to adjust the
interior temperature autonomously. To verify its effectiveness, a film-applied empty box device is designed for
radiometric temperature measurement. Experimental results indicate that the maximum interior temperature
drop of the multilayer film increases by approximately 9.8 °C compared with that of single-layer films in the
sunlight irradiation, and dynamic temperature regulation of about 4.6 “C can be achieved by adjusting the
transmittance of the multilayer film. To study the environmental adaptability of the multilayer film,
experiments are conducted on an outdoor film-applied device during the summer and winter in Shenyang, China
(41°44'N, 123°39'E ), the place which is characterized by a typical temperate continental climate. Results
indicate that under high temperature conditions of 30-40 °C in summer, the maximum internal temperature
drop of the multilayer film reaches 12.9 °C; while under low temperature conditions of 0-15 °C in autumn and
winter, the maximum internal temperature drop is only 1.9 °C, preventing the interior temperature from being
too low. In addition, the maximum interior temperature drop increases with the solar radiation intensity and
ambient temperature increasing. Therefore, the proposed multilayer-film design, with its potential for
temperature self-regulation, provides a promising solution for reducing energy consumption and improving

passenger comfort.
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