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Study on Thermal Performance Optimization of a Radiative-cooling-based Phase Change Trombe Wall
Zhang Mingyi Wang Chenping Ding Weike
( China Information Consulting & Designing Institute Co., Ltd, Nanjing, 210000 )

[ Abstract]  The traditional Trombe wall is a type of heat-collecting wall that relies solely on passive solar energy collection for
building heating, requiring no mechanical power or conventional energy consumption. It has garnered widespread attention from
experts and scholars due to its simple construction and ease of integration with buildings. However, this structure still suffers from
the drawback of overheating in summer during use. To address this issue, some scholars have made improvements based on the
structure of the phase-change Trombe wall and proposed a novel phase-change Trombe wall structure based on radiative cooling,
aiming to resolve the summer overheating problems associated with both traditional and phase-change Trombe walls. This paper
employs numerical simulation methods to analyze the main influencing parameters of this new structure and their impact on
thermal performance. The results indicate that increasing the number of heat pipes helps reduce indoor heat gain; the energy
efficiency of the wall improves with higher indoor set temperatures; increasing the thickness of the phase-change material is
beneficial for reducing indoor heat gain; under the condition that the phase-change material can fully undergo phase transition,
materials with high latent heat and high phase-change temperature should be selected whenever possible; additionally, higher
outdoor wind speeds hinder the nighttime heat dissipation of the radiative aluminum plate.
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Fig.7 Variation of inner surface temperature of south
wall with different PCM thicknesses
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Fig.8 Variation of inner surface temperature of south
wall with different PCM latent heats
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Fig.9 Variation of inner surface temperature of south

wall with different PCM phase change temperatures

Kl 9 R T ARG 218kI/kg 461F R, ANFAAH

AR IR ERT Sk A Y SR TR S () e . B B, IR
() TECRAER AR, A R AF AR U5 BT 6T I 1) PN 2% T il 82
FEAR—F. WA AERS, AR 30°CHIM
Bl e et HRERS: b A& = i mE
(UEAE 32.5°C) 5 TAHAS IR BE N 35°C A 38°C A
LI E L (R AR I BE 530l A 32.3°CF 32.1°C .« HH UL
AU, FERGRAM R SE AR A AR TS T, PR
i PRI AF AR 5 A R 400 o1 85k pAy R T P D LR P
2.4 FEAPIAEEKGE

Trombe 3 AE A4 BN AOKBHRE AR ki, LA
PERERZ FZAMIRSEN B RTTER R
a1 M EEE N 2em. fE SRR R ST F
0.9, HERE Ul SSE M S BRNBI&T T,
A HTEANRGE K Om/s. 1m/s 5 2m/s I R HERE

(PR Ab A
32
\//\\\N
LS
30 F \\\
O \\
) \\
. / = u=0m/s
% 28 4/./ ——u=1m/s \\\ )
T { u=2m/s Ny
4
| | 1
8:00 14:00 20:00 2:00
AR Ch)

10 FARIZESMNETEEAREREEN
Fig.10 Variation of inner surface temperature of south
wall under different outdoor wind speeds
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