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Passive Daytime Radiative Cooling Material Effect on Heat Load Reduction
and Thermal Performance Verification
(Part 2) Thermal Environment Analysis of a Pavilion by CFD Analysis
and Verification of Air Conditioning Load Reduction Effects
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In recent years, reducing cooling energy demand in buildings has become increasingly important under urban heat island
conditions. Heat gain through building envelopes is a major contributor to cooling loads, and passive mitigation strategies
are required. This study evaluates the effects of a passive daytime radiative cooling (PDRC) sheet on indoor temperature
and cooling load in a pavilion using CFD analysis. Heat-flux boundary conditions reflecting the thermal characteristics of
the PDRC sheet were applied and multiple envelope cases were compared. The results indicate that the PDRC sheet

suppresses indoor temperature rise and reduces cooling load in summer and mid-season conditions.
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Table 1 Formulation of the Heat Balance Model

qun + Qrad + qconv_out

Q = chermal conductivity o (1)
]t_in + qconv_in
ZZT,
Qsun = as(Jao.0) + Jso) +Jr ()
1)

Qraa = (]a - ]t_out)

Qconv_out = %o (SAT - gsurface_out)

SAT = O + 5 (Qsun + @raa) )
Q = Qsun + Qraa + Gconv_our = K(SAT — 6;)

= (fﬁ%%ii)_l - (SAT — 6,,) .0
Osurface out = SAT — K(SAT'GL'");EQS“""QT“‘” @4
Osurface.in = Osurface out +75Q (5)
YH; =Cop-Qra;- (Brai — Osai) ...(6)

<JLH>
Qsun * ARG [W/m?]
Qraq : FEHE [Wim?]
Geonv out © EIMARHIAEE: [W/m?]
Qthermal conductivity © BMSE [W/m?]
Jein @ T B O & [W/m?]
Aconv_in * ilj\ﬂ,ﬁ”;d‘(ﬁ{f\‘?&% [W/mZ]
as : BERIGER (=0.05) [-]
Jago,a) : ELERSKE [Wm?]
Jsoy + RZER ST [Winr]
Jroy + B REE [Win?)
Jo @ K& W]
Tt our : HHDORIMAKE & [W/m?]
a, @ BIMAHREMEER (W - K]
SAT : FHEAMUREE [K]
Osurface out * EIMUFHEIEAE (K]
Ooue : FMSIR [K]
a; : EIMAUXRHREMAESR [Wm? - K]
K : BEPR [Wh? « K]
0, 1 ENIRE K]
L:>—MEE [m]
A BMmiEER [Wm - K]
Osurface in  FEPVRIEREREL [K]
Cp : 25N [Tkg + K]
p : ZEXIETE [kg + o]
Qrai : RAJEE [m/h]
Ora; : RAIRE [K]
Osa;i © SAIREE [K]




48
46
44
42
40
38
36
34
32
30

E5MA RERE [°C)

48
46
44
42
40
38
36
34
32
30

ERE REEE [°C]

Fig.2 Comparison of Exterior and Interior Surface Temperatures
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Fig.3 CFD Analysis Model
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Table 2 Thermophysical Properties of the Building Envelope Material

BBIR | FEBIR | MAREAML— b
RUR=E o | 0.05 0.25 0.05
RatEp | 0.80 0.75 0.95
BEi@gEr | 0.15 0.00 0.00
WatEe | 0.95 0.95 0.95

Table 3 Numerical Settings and Boundary Conditions for CFD Analysis
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Fig.4 Spatial Distribution of Air Temperature (Left: Post Exhibition Room 2; Right: Main Exhibition Room)
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Fig.5 Predicted Supply Air (SA) Temperature
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Fig.6 Cooling Load under Different Envelope Conditions

1) Masahiro Suemitsu et al.: Expansion of the Market for Passive
Daytime Radiative Cooling and Future Perspectives, Construction,
Energy, Environment and Sustainability: Proceedings of CEES
2025, Vol. 2: Energy, Springer Nature, June 2025, pp. 11-18.

2) EWES  HEEHIY — M & 2 BRI EER R OB fiTH|
IR OREFS L ONCFD TS K DI T o b OFRIEARYT,

AR AR R AGERETE (BT D, pp.1737-
1741, 202547 A



	はじめに
	１． 研究対象建物（Fig.1）
	２． 境界条件設定への熱収支式の構築
	３． CFD解析概要
	４． CFD解析結果
	５． まとめ
	注 釈 ・ 参 考 文 献



