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Abstract

Given the increasingly severe global energy crisis and environmental issues, solar passive radiative
cooling technology has attracted considerable attention due to its remarkable advantages of no en-
ergy consumption, zero carbon emissions, and high energy efficiency. In this study, COMSOL Mul-
tiphysics 6.3 was employed for simulation; a multi-physics coupling model was constructed to in-
vestigate the effects of different factors including substrate materials, radiative materials and film
thicknesses on the cooling performance of the radiative cooling film, and the results indicate that
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when silica (Si0.) is used as the radiative material, the cooling film achieves a temperature reduc-
tion of 3.7°C with silver (Ag) as the substrate and 2.5°C with aluminum (Al) as the substrate, proving
that silver has better cooling effectiveness as a substrate material, silicon nitride (SisN4) as a radia-
tive cooling material shows slightly better performance than silicon, without achieving any notable
breakthrough in cooling efficiency, and for the film with an aluminum plate substrate and a silica
radiative layer, a temperature reduction of 2.3°C is obtained when the silica thickness is 0.05 pum,
and the temperature reduction increases to 3.4°C when the silica thickness is increased to 0.15 pm,
which means the cooling effect is 1.48 times that of the thinner film.
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Figure 1. Without radiation film coverage
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Figure 2. With radiative cooling film coverage
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Figure 3. Temperature difference between thin films with different substrates and air
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Figure 4. Temperature difference between thin films with different structures and air
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Figure 5. Temperature difference between thin films with different thicknesses and air
5 NEIEE#EES=SIE
5. &g

1) AR HIE AR E M, EE09 0.2 ym “HLREMERZ N, HRRIE IR 3.7°C,
AR FERFRIR 2.5°C, BRI 9y 2R A 3 IR BRI OR B4
2) RALHEAE Rt tl v ThREA RIS, M NRCRIR AR T — Sk, A izt AP e IF R sk

PR35 IO M RE S
3) FERM B N, FEEAR T EALEER R 0.05 um #9003 0.15 pm B A EI R A N JF SR
1.48 .

DOI: 10.12677/hjce.2025.1412318 2967 AT


https://doi.org/10.12677/hjce.2025.1412318

KETE, Dt

E&WE

1) TMVIEZSIR 39 AR TRESE G FF R DU )1 48 ke 2 s s2 56 %= 0 H (SC_FQWLY-2023Z01) .
2) BERAE SRR H (2024PY ZKOT).

Sk

[ P, 97, BRI, . Rk UURR T 9 TG LR B LR 5 S 1], TR 4,
2025, 47(4): 884-896.

[2] Singh, G.K. (2013) Solar Power Generation by PV (Photovoltaic) Technology: A Review. Energy, 53, 1-13.
https://doi.org/10.1016/j.energy.2013.02.057

[3] Lewis, N.S. (2016) Research Opportunities to Advance Solar Energy Utilization. Science, 351, 353-362.
https://doi.org/10.1126/science.aad1920

[4] Haschke, J., Seif, J.P., Riesen, Y., Tomasi, A., Cattin, J., Tous, L., et al. (2017) The Impact of Silicon Solar Cell Archi-
tecture and Cell Interconnection on Energy Yield in Hot & Sunny Climates. Energy & Environmental Science, 10, 1196-
1206. https://doi.org/10.1039/c7ee00286f

[5] Lewis, N.S. (2007) Toward Cost-Effective Solar Energy Use. Science, 315, 798-801.
https://doi.org/10.1126/science.1137014

[6] BXEA, FREF, A, % R AR ADCRIREE R IR G S5 R A 1] MRS,
2025, 39(1): 16-33.

[71 ZAAE, B, e, 5. @RIVWHEh R ORI T RS 0], #1745 %59, 2020, 20(2): 10-14.

[8] Ayuketah, Y., Gyamfi, S., Diawuo, F.A. and Dagoumas, A.S. (2023) Assessment of Low-Carbon Energy Transitions
Policies for the Energy Demand Sector of Cameroon. Energy for Sustainable Development, 72, 252-264.
https://doi.org/10.1016/j.esd.2022.12.014

[91 E/NTF. AFLEEFTH RIS R G RERSR T HEE AT [J]. A KR T 1, 2024, 22(11): 44-46.

[10] Fss, BREME, ABRE, 55, RASERGHH]A ARG 50T B R T BT LR [3]. HrRedRadt &g, 2025, 13(5): 543-554.

[11] Ling, H., Wu, J., Su, F., Tian, Y. and Liu, Y.J. (2021) Automatic Light-Adjusting Electrochromic Device Powered by
Perovskite Solar Cell. Nature Communications, 12, Article No. 1010. https://doi.org/10.1038/s41467-021-21086-7

[12] Rodriguez L, Rousseau O, Volz S, et al. (2018) Radiative Heat Transfer. ACS Photonics, 5, 3896-3915.
https://doi.org/10.1021/acsphotonics.8b01031

[13] ZFddh, HLEE, M 2K. PET/MQCOS/PEG H [HIAH B4 5 il v A il 2% S R RE[D]. VLB TR 224 (H R FHE),
2025, 53(2): 157-165.

[14] T3 BIR, XUARTF, Rl HIAGEE 6 R R[I]. #8-24k, 2022, 36(3): 220-228.

[15] BREE, &9, EI%, & RPBEL 4L G TR H] & S LA AVERE DT A 0], [E 2k, 2025, 39(9): 26-
37.

[16] Grosjean, A., Soum-Glaude, A. and Thomas, L. (2021) Replacing Silver by Aluminum in Solar Mirrors by Improving
Solar Reflectance with Dielectric Top Layers. Sustainable Materials and Technologies, 29, e00307.
https://doi.org/10.1016/j.susmat.2021.e00307

[17] e NRILANEFE SR £ @300, RABEFM LRI GB 50176-2016 [S]. dbnt: v E @5 Lk H ki,

2016.

DOI: 10.12677/hjce.2025.1412318 2968 AT


https://doi.org/10.12677/hjce.2025.1412318
https://doi.org/10.1016/j.energy.2013.02.057
https://doi.org/10.1126/science.aad1920
https://doi.org/10.1039/c7ee00286f
https://doi.org/10.1126/science.1137014
https://doi.org/10.1016/j.esd.2022.12.014
https://doi.org/10.1038/s41467-021-21086-7
https://doi.org/10.1021/acsphotonics.8b01031
https://doi.org/10.1016/j.susmat.2021.e00307

	太阳能被动辐射冷却系统模拟分析研究
	摘  要
	关键词
	Simulation and Analysis of a Solar Passive Radiative Cooling System
	Abstract
	Keywords
	1. 引言
	2. 天空辐射冷却理论分析
	3. 模型建立
	4. 模拟结果与分析
	4.1. 基底材料类型的影响
	4.2. 不同结构材料的影响
	4.3. 基层材料厚度的影响

	5. 结论
	基金项目
	参考文献

