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Abstract :

To achieve the research goal, this study was implemented through two main ways, (i) measurement
of urban albedo and building surface temperature under diffuse highly reflective (DHR) and retro-
reflective (RR) building envelope conditions by using urban block model; (ii) evaluation on the effect
of DHR and RR building exterior walls on the ambient thermal environment by using full-scale wall
experiment. The results showed that the RR building coatings tend to increase the urban albedo,
while compared to the DHR coatings. It is also indicated that the RR coatings can relatively
improve the outdoor thermal environment, and significantly reduce the external surface temperature
of building walls directly related to electricity consumption for air-conditioning cooling, especially
in the case of high-density (or high urban aspect ratio) urban buildings. Therefore, it can be
concluded that the RR materials have the potential to improve UHI effect and conductive to

building energy savings.

1. FL&IC

t— b7 45V RBIROKMA X ROB T, EWAERERI, JEEC S S (DU FDHR :
diffuse highly reflective) EMZWH 45 Z L 1F, #hilit— b 74 7V FEMNRLEYE 1L F —
DHDFHEELTLALHOLENRT WS, HE KGO EH O @A FEiF & i L T,

— 107 —



DHRFEMZEM LMD AT L HH 2 RERHET2LEF 2 6N, I KD IEED H 4 ORI
RS 22 ENTES, ZOFRMELID ZhE T £ < ODHRMBIZ I & . B & i O &l
BT 2 20N XN T X2 [1-2), Lo L, fF8I2& 5 &, DHREMIIIERE < bk
S Sz, AL 72 HE A RAO B0 E I a» IR Eh T L E S Z &R L
IZPES BB OB & ST b [3-4], £ 2 TiEff. DHREMONRDHDIZ. KEi»r 5 DA
9 H & & AGHAENZR 3 PR (DU FRR ¢ retro-reflective) 4 % B BE R 1@ 4 5 2 & 2348
KEhTna,
RREMOWZIZDONTIE, EHBIARHE % RS 2 720 O edsille (5. ROKdiEY I 2 v —
¥ a vOTH [6-TIOWRPHED TN TE7=h, EMOFHER 2 7 = X L DK% < FE2EMTO
PERERHFPEDII DD B OMBIRTH B, ZD7=0. K% TR, ik 5 RKgHEREE RR%E
#4 - DHRZEM) % FHCTER T OTZIRE A &0 D)#B i % F TR 7 0~ R (BBl 4k BaE )
FE, 0)FEREYHPEERISRNC K 2 N ORASRE & A L. B S ETiREERENC 5 2 5 5
BERELZEAMET S,

2. EBFHE
2.1 BHT IV OFHE

A7 Tid, KNSR T & 512, 22 NDHR & RRAME E# & IV 72 B0 # 7 L~ F %
EASTM-E1918-06 [8)ic K 25 T& %5, 5L (2-1) — (2-5) TH 5.

TemperanmreHimmidiry T ogger

%l,ﬁ
T

310 ultra somic anemometer

Net radiometer

Different conditions
Black plate

White plate

- 910 mm .
+ >

v

F Y
100 mm
g ‘ y @
|:| D Eil:l D & T-type thermocouple

E Ho
s |:| l:_‘ D Aspectratio 11T
L] e »

Hm

L L O

130mm
I
&
&
-
L 2
y

T

4
4

Ground plan Cross Section

X1 i 7 A XEOFIE TN OBERX L TEHRE T

Jo=|F-R,+@=-PR_]|I, @-1)
Jo=F-Ry+(1=FR_|I, (2-2)
Je=[F-R+@=PR ]I (2-3)

— 108 —



E-7T.

_ T =T
RL‘_Rb+]W_]b(RW_Rb) (2_4)

X (2-4) 2235 &, X(2-5)12k3,

T=1y I
-1, R~ [ R,
R, = (]W—]b> (2-5)

I -1
w

b

T 2T, JAFEGRGHR A 5 L & o B4R (W/m®); LG E @GR IC AGH O H 4 [W/m’);
JF B G A & L % R o HEHE [W/m?); LIZBR @RS IC AS O HEHE [W/m?); JI3# x5
FMORGHETAE A & Ff & KGO HAHE (W/m?); 113575 2 RO R R AR A
S H4HE (W/m’); FI3 T H G2 & @i, Aeai, SRR E 72 B R E (kL
¥ X T o THEED) [, RIZBEIRLOER T 7 < P[] RAZEESIIRD S (7 LX) [y RIZHRE
KRG (T LN EF) -] TH B,

F72. ZOFEBTIE, L=L=IDFXNKD D,
2.2 RAEMEICK 3 ATERHBIREDRIE

AW TIE, K2R T L5, 74 H8) =%
DHRFZ# & 7)) X L BIRREM & VT, Zh 7T
M KB (910mm X 1800mm) % fFHk L EBR D2 ‘,m
SAERBEICE O TR BB O WIE FE 2175 . I
FERGRMIE, 7 A2 M 0.5, 1.0. 1.503%

fEafF, 2 OO, FRRE, B i&\ ‘*

WAIE, FUBRL REDRIE, HISAGR (SAT) 21 [ Dom B amen oo s i v

L:RR - Metal plate @ : Black globe @ : T-type th d ct solar shading

ight T 1820mm |
| 1600mm

~1300mm 3D ultra inemomet

£ 1100mm

1 600mm |

SyMIbE. JEGE 2 0. 1D bR CHIE L. AR B2 e RE 12 2 T 320 Tt 20 B 2
e LT, ORSFEBEGHRE (MRT) 2% 58 L
72 B REUE A SRS (SET®) . OUEEREEERIEE (WBGT) . GOMEGIHR & (ACOT) 25 L. 2FHD
B2 A4 (DHR & RR) [ C &Kl BIRBHE 4 Uik 5, SIBREEIE 2 X (2-6) — (2-9) TK®
%,

FEAMRTIZRERRE ., ek, ROBGEOHEEM L D BT 5,

MRT = [(t, +273)" + 2.5 x 10° x V°5(t, ta)]o'25 - 273 (2-6)

ty o REKIREE[C]
te o WZEKIRFE[CC]
Voo R [m/s]

SET*ZREAF D AR 2 R €7 02 K D iREVEPEFIADEE 2 Z R L. RIS - S oMz, X
(2-6) THM L ZMRTIEA HWCTHEH T 5, REHRSFMEE LT, BN L2485, KEIZ
65kg. HREED 7 0 — i1 0. 2¢clofE L. fRHHEL. Ometid X M5 60F & 4 5%,

WBGTId H4t - gt 7 & RAEL OB 2 B L. BAVEINOERRE . HEkEE. Ko
B O A O TR T 5,

— 109 —



WBGT =0.7t,,, +02t, +0.1t,

t, o HCERIRFE[C)
t, : EEREEEC)
tow  TBERIEEE[C]

-7

ACOTIEE M 7> & T 7 B4 H G EIC K 2 FER Ay & BERI R R 1 & 2 RIERK I 2 60 |

BET 23 AR DIRBVEANG. 2 5
ACOT = Xg X Fi(t; — T,) + (Ay/ay)
fp = 0.42cos f + 0.043sin 8

IZDOWTCERMNISRTIEETSH 5,

X fp X Rg (2-8)

(2-9)

Xp o NEHURBMRER /R AEEBMRESR [-](=0.5)
Fr o NMEDBRER A R D IEREEREL (-] (0. 5 (2 E)
Ay NMED RS [-](=0.6)

ay  ANEREBMAEE [Wm® - K] (=11.0)

fo o EEERRIIHT D NMEOREEEE [

Ry : FIEIHFHSE [Wn']

T, : WEKEE [C]

te WAL RERIE [C]

B KB ]

3. RBHEREEE

3.1 BB BHBREJEMICKZEH 7NN EEERRE DL

1

XI3IZHEM Z & DR L 2288 7L X

FA BT, B YL — @ (Gray roof), B os|
DHRSH, i 7' L — 6 (Gray ground) D&M 3 od-
@ 4tk LTI7.9%, FAGray roof. i 2 [
RR#H . HilfiGray ground DEHGIZ Ak E L DM
T14.2%. ERRREM. HHEERRFEH. Himm .

Gray groundDZ&MA®IF 4k & LT20.2%TdH >
7z FMEERRRFEA & DHREM OV O g T
. ERERSEY U CRRFEHM (14.2%) ADHR %
(17.9%) 12T, #ili 7 LR R A33.5%F%
JEROARS R & 2o 72,

7z, X 4IZDHRZEAH & RREM D 1R -1
U 7= BEI R RS & 7897, AT L CRR
FH#(37.78 C) HDHRFEM (40.92 C) IZHART
3. 1CI Ml AR U 72,

ZOMRED, RREMEZMHT 2 Z &I
& o CEERR MR O RIMHRIE 2 FF, O
BIRBHICEEE 5 2 TO B aREME 2 RIR X

IR =3

& S W
(=3 wn [=]

)
[

Wall-surface-temperature-[-°C]

w
(=]

— 110 —

I @ : Grayroof & DHR wall & Gray ground
I ® : Grayroof & RR wall & Gray ground
i ® : RRroof& RR wall & Gray ground

renrsall

10:00

11:00 12:00 13:00 14:00

TIME [HHMM]

XI3 Y72 M MO ER 7L XE D e

15:00 16:00

s

| 8- Gray roof & DHR wall & Gray ground

*IRR roofl& RR we:ll & RR v&;all | | |

1000 1100 1200 1300 1400 1500 16:00
TIME [HH:MM]
IXI4 Y2752 FbF 0D BE i fht JE oD s




7zo ZOHHE L TiE. RREMOKEHEARIEORETH 2 & 2 6 b, RREMITHY % FHit
RAtF 5720, Fv =4 VBOLERFORELSD AL 50D, DHRFEMIZ AR TRIERE 2 T4 -
meEZLENS,

32 EREAEICLZIALEMREDOATHR EER

XI5127 22 15D FMIZ 1 2RREM & DHREM D 1R L 72SET*. [XI61ZWBGT.
X712 ACOT %R,

38

¥ SET"_RR 3
= SET* DHR «WRGT RR

|# WBGT DHR

SET* 0]

100 1% 10 1400 10 1000
Time Time

X5 ¥/ % F R I DOSET* D ik X6 ¥/ %FPREI I O WBGT O Mg

1000 1o 2w 13:00 14:00 1500

SET*I3 &2 0T, DHREM KX ORREMMEMEZ /R L. FHZT ZAXT FH15DO5RMTIE,
AWEREYS U CRR¥EM (35.43 C) ADHRFEHM (35.91 C) & 0 £90.5 CTIROASRE AR S h iz,
WBGTZ 252\ T, DHREM K DRREMAPAEIEZ/R L, FIZT7 2 X2 15D &MFTE,
AW L CRREM (31.67 C) 48
DHRFH#(32.86 C) & © /1.2 CIK ©
VAR AR X N, 72, ACOTO =

7 AN b1 5O T, DHREM ]

(4.49 C) & DRRFEM (4.05 C) DS 48
Akl LTH0.49 CIROEARLE, 5
PLEORRE D, RREMIIDHREN
ZHAT, R A T B

WCOT_RR

AR S, BPOMBEAITETH
Fyot vz T, BB

12:00 13:00 14:00

I - Y SR AL DB HE I TH B Z X7 ¥ HEHRERDOACOTD Kl
EWIRIE X T,
4. £¢&8

AWFFECid. H7 5 K4 (DHR & RR) OB THHi AN & 2 #Fili 7 L X F O Pl & FERRE
12 & 2 JRRREEREE OWE % 4T > T L 7=,
RREMIZDHRFEMIZHART, i 7 LR FZ2HML, RBAERESRE #0554 5 L ko, &
I 2 RS AR R S Nz, FHOEEE, &7 2X7 Mol vy =4 viZsnwT, wHE
Fifif & BATRD & 2 @ O S EER RS % KIRICIKK T E 2 Z L AUR &7z Z & 6. RREMIZ
L= bT7A TV FIREGEEL, BMIOBET AN —IIRUDIENTE DL Z LM E725

— 111 —



SE 3

[1].

[2].

[3].

[4].

[5].

[6].

[7].

[8].

L. Doulos, M. Santamouris, I. Livada. Passive cooling of outdoor urban spaces. The role of
materials. Sol. Energy, 2004, 77 (2), 231-249.

S.E. Bretz, H. Akbari. Long-term performance of high-albedo roof coatings. Energy Build.,
1997, 25(2), 159-167.

T, G, PR ORCE O TRAEIX O H 4 RS A B 44th
Symposium on Human-Environment System HES44 in Nara, 5-6 Dec., 2020

F. Rossi, A.L. Pisello, A. Nicolini, M. Filipponi, M. Palombo. Analysis of retro- reflective
surfaces for urban heat island mitigation: a new analytical model. Appl. Energy, 2014, 114,
621-631.

J. Yuan, K. Emura, H. Sakai, C. Farnham, S. Lu. Optical analysis of glass bead retro-
reflective materials for urban heat island mitigation. Solar Energy, 2016, 132, 203-213.

F. Rossi, A.L. Pisello, A. Nicolini, M. Filipponi, M. Palombo. Analysis of retro-reflective
surfaces for urban heat island mitigation: A new analytical model. Applied energy, 2014,
114, 621-631.

J. Yuan, C. Farnham, K. Emura. Analytical model to evaluate the reflective directional
characteristics of retro-reflective materials. Energy and Buildings, 2020, 223, 110169.
ASTM-E 1918- 06 ( 2015). Standard Test Method for Measuring Solar Reflectance of
Horizontal and Low-Sloped Surfaces in the Field, ASTM International, ASTM, West
Conshohocken, PA, 1-3.

— 112 —



