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Abstract

To clarify the influence of the thickness and composite layered structure of polydimethylsiloxane
(PDMS) films on the passive radiation cooling performance, this paper constructed a film spectral
response model based on the transfer matrix method, combined the AHP entropy weight method
comprehensive evaluation system and simulated annealing particle swarm optimization method,
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and systematically explored the spectral control characteristics and structural optimization strate-
gies of PDMS based cooling films. The results showed that as the film thickness increased, the spec-
tral emissivity of PDMS thin films in the 8~13 pm atmospheric window could gradually stabilize
from obvious interference oscillation, and the average emission first rapidly increased and then
tended to saturation. At the same time, the performance gain significantly decreased after the film
thickness exceeded 50 pm. The comprehensive evaluation shows that 30~50 pm was the optimal
thickness range for single-layer PDMS films, with the 50 pm scheme achieving the best balance be-
tween cooling performance, material consumption, and engineering preparation feasibility. The op-
timized Ag/Si02/PDMS composite structure could effectively enhance the solar band reflection abil-
ity and maintain high infrared emission ability through the synergistic effect of the metal reflection
layer, dielectric control layer, and polymer emission layer, and had certain process robustness. In
summary, these studies could provide theoretical references for the design and optimization of pas-
sive radiative cooling films for PDMS.
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Figure 1. Spectral emissivity curves of PDMS films with different thicknesses in the 8~13 um atmospheric
window
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Figure 2. Curve showing the variation of the average emissivity of PDMS films with thickness
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Table 1. Comprehensive evaluation results of PDMS films with different thicknesses
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i O o o o GaEs
30 0.15 0.93 0.85 0.48 0.48
40 0.16 0.94 0.88 0.55 0.51
50 0.17 0.95 0.90 0.57 0.53
80 0.17 0.95 0.92 0.59 0.53
100 0.18 0.96 0.93 0.60 0.54
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Figure 3. Curve of comprehensive evaluation value versus thickness
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Figure 4. Optimization results for multilayer films
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Xt 1000 HILEIFEAE i HERGE N L, Gt %t dE 4(c)rT L, MAIFEA T ZEL P
PEME, HME SRR AT AT ARCE, XU IS5 MIE — 58 JF P VR 22 Y0 A A7) RE AR R AR E HO 25
thRE, BA gL Z a1,

B a(d)gr 7O S5 K 70 S B PR RE R AR B SR 508 N EE AR T A ARME A — et te . S, 1
R M GE GG RBER LB E S B ARE 2 b, KRB ARy EIR AR bR, K] B As LR 5 SEhrfl
e Wk, FWA AR rEREE R T 1 RN R E BRI TR A br . 45 RERY, i
Ag/SiO-/PDMS £ 4 FL A B 1 KB 2L AR AN BE 0 RV (R R BRSO, LS 3 I B2 7 32k ) 73
BLEK

£ 1, AQISIO/PDMS = JZE 4t BEMS AEAT BT P Vi i A SEBILK FH B 5 20 B ik R I A - i
SRR JEREIRBN AT AL RESE brxt LEIL AR B, iS5 W B A B AL ARG e PR AN TR AT s, mloh
PDMS JEHE 4 HIH IR 10 2 IR A M B R 2%

5. &

AL Se PDMS FE 2l 56 74 H R R S R 3 5 A5 M AL AT R, SR T E B e 1 R S R AR
JE LAV B RN 2 2 5 A G5 A AR B R R 0 TR o T A A R B SAN R J2E 5 PDMIS T g
(TSN L, 4G 3 E D2 B PPN TR AR e I RE AT 25 G 0 i, BB R .

T2, PDMS IS EEXT 8~13 pm KA H A 161 A b 26 HAG B B HIE A « BRI E 2 T8
REFZMAAL SR, KA MR, R B R R T, BEERER N, Suikih 4z a1,
KAE PR ST R LIV ETb . R EnE TR . SRS 2 50 um J5, 46404
1 SR R RS 2R B T B /0N, 350 B SR o S P 2 B i A PR

Hk, HETEAHThE, v G PYER R KAE DB RS AR BB B 5 R G 2, #5725
APPSR SRIRLE SRR, AFE ARG VP2 BE R E 3G IR R 3 i, 1R ER T B AL 7E 30~50
pm [X[A]; 258 JE 4RSI N % 80~100 um B, LRGPP GIRALE . L7675 RS A HPERE . MENEFER T
T & K 2, 30~50 pm FJAEHLJZ PDMS R RS J5 BE X ), Forf 50 um e A5 77 8 BB BUFIMERE
il 2% AT AT VP4

e, TEREBE AR L, B EEZEE A PDMS MIEAEWIEEA, KA SA-PSO
FR A I EAT KM RIS B =2 B & 4518 AglSiO/PDMS, X B £ 43731 2974 0.15 pm.
0.80 um F1 50.00 um. -, Ag JZEZH T 58 KHE B S, SiO, 2 H T#% 2 ¥R, PDMS
B EBERMERSRE ON NIRRT . MRSl SR R E . NMRIAEEMERESYRTEN
PrEE, 7R LR R £ 40 2 5 B8 0 1A TR B A 2804 il R BH AR, AT e v R P 25 B v B P e . 5%
R RSN AR, ZEWE— B RECENTEABREN GG, WHHAS&—EMT
ZEHE.

gi b, ASCHEH B ST VR BE S U M R PDMS 85 I B K 22 )22 435 g o 2 S VA H P RE A 5
Wi, B2 PDMS J45 A IR0 B IR B2 & St it — e e 5 5%.
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