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Numerical Simulation of Cooling Coatings Applied to Architectural Surfaces

MA Chengpeng, ZHAO Fuyun, ZHAO Shangxian, LIU Chuang
( School of Civil and Environmental Engineering, Hunan University of Technology, Zhuzhou Hunan 412007, China )

Abstract: In view of a further inquiry into the impact of the applied high reflective cooling coatings on the external
envelope of buildings on the wind and thermal environment of architectural blocks, a numerical simulation has thus been
made of four different coating methods of building envelope applied coatings by adopting computational fluid dynamics
(CFD) method. The research results indicate that the surface temperature of the building is under a significant effect of
the cooling coatings. When the wall absorption rate decreases from 0.85 to 0.10, the wall temperature directly exposed to
sunlight can be reduced by up to 15 °C . However, for shaded areas not directly exposed to the sun, the temperature actually
increases by 1.0~1.5 °C . There is a variation of the impact of different coating methods on the environment as well. With
roof coatings applied, the temperature of the pedestrian layer rises by about 0.2 °C , and the average air age increases by 2
seconds compared to that under a no-coating condition; with the wall paint applied, the maximum temperature drops at
pedestrian layer height is between 0.5 and 2.0 °C , with the airflow velocity of the pedestrian layer height slowing down
by 5%~10%, especially when the leeward wall is heated, the average air age of the pedestrian layer height increases by
4 seconds.

Keywords: architectural ventilation; cooling coating; wind and thermal environment; numerical simulation;

air age

W HEE: 2024-12-10

EETE: Mma = AT E R E (2024AQ2011 )

EB®NT: SRS, U5, WIm T REE 1A, FRRS ) A RIS AR %%, E-mail: 3570798132@qq.com
BEES: BiEs, B, W8 T EEEe, FEU50 oy @S0 KRR S 12, E-mail: 1065093523@qq.com



2 WM T k¥ ¥

2026 4

0 3l

Bt A 4 B IR T Ak 0 PR S A R, T BRI R
(urban heat island, UHI) T A3k T AL Fn 335 B
SFATUS ST AR S, UHT PR F8 A9 & 3l i o0 X 3
SRR TE S S e & N0 1 I A 28
DL, EXTREVRIHAE . ANRMERMAERRGE AT
TR, TERI TN, @AY B 51 1E
I R P 2 R ), R R IR X Ak
TN A E B E N TTER. I, 2 e o
PRSI RE ST . FERILIRAS &, SRR B [ R Y
faRastez— U, LG RRERRRL, B AR EE
+o, PR I R BHREMRISCR , 23R ISCK 2 K BH AES
W A IGE, XA 1 25 N AR B A AT
W TS RGERIEERE, AXSTT S, SRRl
B OK PR ST A SR T, 80 AR R i R S
R, WA R8> A R BERIEAE P Bsh, X
Tl 2 S R T A I A R A B T R R L BRI TR
BN SEEA TN, A TEEZME
T E R AR AE AL PR

CA [ A A3 5T U B A AL iAo 32 2
Ao 328 1) A BRI B v PAN RE T AR S i F
78 B0 2) BT BUERBIATFIT T 3) BT
PRapse P BT IS AR, ARSI G
TSR OB ROR , MLLZ T, BB
IR, BERTI T AR TR I T AT

S TR AL B U A Bl s A AT, (B AR AN [H]
ST SR PR AT P RS 1
( computational fluid dynamics, CFD ) REW57E AN 12
SEEREERTEOL T, PEAL SR AR BT R g
ERCRR M, KL, ARG CFD #1H42)
VRORHAE J2 TRURIE T 198y P X e 00 T 8 R 1 e
BN SIREERZ, IEHT AR AE T BIR
PTTRCR . [FI, S RO S 5B E A T A LA
UEBCRI A ER M, Ak, X TE s B X A3 A
AT E RS T . SO S Gy B AR AL T
Fe A R AN 28 SR e SR SR H R i KR fry s,
TESSE K A E 3 AR BT . DUBITRE
X SRR P A B, A LAE T BEDSHE A T AT
FRE R BRI, R R A ARMEIR i i A
e, AT AR AT S R T R S S

| HfE

1.1 4piEdEsy
AT IR RS =48 (3D) BFiE IR

RGN 1 P, o 5 RO IAEESIA 4 SR E A
MR, BFYKERE R L=120 m, BHYIK M
TR WA AT E N 24 m ( H=B=W=24m) .
PR 2N 14 A B A T B (velocity inlet)
SRR B O SH, B 120 m, 1A i
B oNIE S 1T (pressure outlet ) , 5 A S AL 2N
104, BP240 m, 153 58 I000 A5 il 140 S0 15 1 %t
FRifi At (symmetry ) , 1 SEI I00 100 55 4 T V) 8 125
S 8H, B 192 m, TN G 5 oh SH,
B 120 m, Jirdg aRAF0RE Th A5 ot 1T 349 15 22 o0 TG
R MR RE T

PHESRITER: SRR (symmetry )

8H
PHEE: XTFRIAS (symmetry )
LST 1400, LST 1000, L
NS SO XURETRT EA 3¢ LTS REETRI A pressure-outlet
velocity-inle
SH
SH 10H

i
EiEco /S FERBIRIAR (wall)

1 HERSERETEERE
Fig. 1 Schematic diagram of the computational domain for

the street canyon model

3 2o i AR S B[R] £ s RO E, ANSYS Fluent
H R BRI AT DA R PR A B, HOZ
1B AR R T 4 A0 S B R R A AR AT U b
Ab, N ESECAERR (DO ) 4 TSR DAL 2R 1 [R]85 55
Pam i, KOTSRS AR e 2 U R
(e m i M, AREgE rh, SRk 2024 4F 9 H
22 H o MO B E N 112.98° E( HFE KA ),
0° N, +8GMT. 15— ki CO BT HY).
mE 1R, BAIREBUE (S8R w=2wi3 K
Ly=L) $5EFEE Iy, RN H/A8, IR
FLIE R B A A B RE 4 m Ab WSS EHERL, T Y
PIRRHGHE RN 1.0 x 107 kgm s

PR B AN 1 R, s TR
FEREN RN F SN S I (A 45 2 TR 1A )
Xof SRR T B 23 AL 23 [ 43 AT A 52

] 2 [T A = 4 A AR AR ) T R AL, LA
2 BEAME S 2, JRRTE X 45 .

y

WENN]
1l

a) ]

)
)




ThREMs, &% EHUERE RIS 2R EE R 3

1 2 3 4

b) ML
B2 HXEHH wEmE R E
Fig. 2 Section and side view of the architectural block
SR FLBSE @Rk, YRR 51 T
1P UL S AN [ 1 22 A B B R R
Jra, ARSI T 8 L T, AR 2,
x®1 MEAKEE

Table 1 Material specification settings
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Table 2 Parameter settings under all operating conditions
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Fig. 3 Comparison of test results with different grid numbers
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