% 38 %% 3 T REHRE XK IR Vol. 38 No. 3
2016 £ 6 A Journal of Civil, Architectural & Environmental Engineering Jun. 2016

doi:10. 11835/j. issn. 1674-4764. 2016. 03. 019

J2 S % i g 30K v UK A Sz S 23 1) 5

AP, RER, BER
(FEkE EAEATRER @ RARS TRELEEERE, HF,530004)

W OE. KM ERTRSANBR S ERH, mBDRT R SR, 35 K M5B 5 m T4
M) AR e BT R BT R R A K, IR TIR SR R R AR SGR G R ERE
H AR BTk B R A F IR T R B @ AR L SRR RS RS m, BNy
WL B IE AL A G T, PR AR AN A AN &AL R &L Z b (RA ) 3R T ik
BRI EREEO YRR E, SIS ABE<1. 0. BBAHEAKAIRAE; ™A, A TFLE,
B & PR - W) RS R B A &) AR UL S BT B 5 69 BN A A Mk B A e A R S A 48 A 4G
FHom B, Bk A HABE<T1. 0 B, BUR A RS @ 2 R T B

KEIE  AAT I s BT B 8 5 AT L S s R TR B RS R

hESES . TULL NEAERERD A NERES:1674-4764(2016)03-0129-09

Influence of reflective cool pavements on the albedo of urban canyon

Liang Jia, Qin Yinghong, Tan Kanghao
(College of Civil Engineering and Architecture; Key Laboratory of Disaster

Prevention and Engineering Safety of Guangxi, Guangxi University, Nanning 530004, P. R. China)

Abstract: An urban canyon absorbs more sunlight than a flat, open surface due to multiple reflections in
the canyon, increasing the urban heat island effect (UHI). One geo-engineering idea to mitigate the UHI
to make the conventional pavements more reflective and to return more radiation to the sky. The urban
canyon albedo (UCA) are modeled and the model with experimental observations are validated. We
investigated whether increasing the pavement albedo can raise the UCA effectively based on evaluating the
reflective diffuse radiation from the pavement to adjacent building walls. It is found that the ratio of
building” s height to the road’s width determines the UCA whereas other factors acts secondary roles.
During summertime reflective pavements in an urban canyon reflect a sizable additional diffuse radiation to
the adjacent walls. Reflective pavements are recommended for only an urban canyon with an aspect ratio no
greater than 1. 0.
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Fig. 6 Influence of the pavement reflectivity on the energy absorption of the building walls during the summertime
(Street orientation: E-W; Date: June 22)
Note: The subplots at the second row are the absorption at p, =0.20, 0.30, 0.40 minus the absorption at p, =0. 10
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Fig. 7 Influence of the pavement reflectivity on the solar absorption of the building walls during wintertime
(Street orientation: N-S; Date: December 22)
The subplots at the second row are the absorption at p, =0.20, 0.30, 0. 40 minus the absorption at p, =0. 10
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Fig. 8

Influence of the pavement reflectivity on the energy absorption of the building walls

(Street orientation: E-W; Date: December 22)

The subplots at the second row are the absorption at p, =0.20, 0.30, 0. 40 minus the absorption at p, =0. 10
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Fig. 9 Influence of the pavement reflectivity on the energy absorption of the building walls

(Street orientation: E—W; Date: December 22)

The subplots at the second row are the absorption at p, =0.20, 0.30, 0.40 minus the absorption at p, =0. 10

15 W/m?*, & [0 5% 1R &0 & 40 W Ui 5 5 K 29
4 W/m?*(15/2/2), B9 S iige 2% 1w Jb 5 m) B ik 45
PR R T 5 R s W W) R A A . e U E m Y B T
FU R P4 S 1] B4 S5 TED A ST B ] BT, % T RIS TE 2
AR . TE A I 23 BT B S BRSO 0. 10,
TR R 25 5 5 0 &4 R O R 8 ~ 10
W/m?,

4 #& &

35 1 I U8 5 7 5 R A G B AT S o o
Fb 43 BT 3 30T U 28 2 5 23 328 T O £ o 345 1
18 B VIE T 32 8508 B 00 f T 5 40 7 R 45 5 4

o

1) e 5 S0 HG 2 5 TR 30T ik 45 S SRR Y B
(EISESTE SIS IS AR ER O RS N 1 e RN 24
<10 i, 48 ey B 1 A S S SR R A IR e R T vk
(S E

2) Bl I W A P R A S S B T RE 8 1 4 Ol A OR
R BUNIDETPIN € [ R NS TP P N
SF B 30 B T S RO AR 1/5. AR PEAE
W5 1Ay 53 R R L 1 e 2y R R B R X
Bl Mk A YRS b <<1. 0 B, EE ISk A5 6 TR X
S i T 2 f T B



% 34 O S S B W N R AT 137

P EE

[ 1] AIDA M. Urban albedo as a function of the urban
structure-a model experiment [ J ]. Boundary-Layer
Meteorology,1982,23(4) :405-413.

[ 2 ] AIDA M, GOTOH K. Urban albedo as a function of the
urban structure-a two-dimensional numerical simulation
[J]. Boundary-Layer Meteorology,1982,23(4) :415-424.

(3] B A0 5, B MR, s BR300 B A 5 119 52 3

[J]. KPHAEA 4% .2005(6) : 863-867.
CHEN Z,YU B F,SHANG P ]J. Experimental study on
the influence of albedo to building thermal environment
[J]. Acta Energiae Solaris Sinica, 2005 (6):863-867. (in
Chinese)

[ 4 ] ERBS D,KLEIN S, DUFFIE J. Estimation of the diffuse
radiation fraction for hourly, daily and monthly-average
global radiation [J]. Solar Energy,1982,28(4) :293-302.

[ 5] SAILOR D J, FAN H. Modeling the diurnal variability of
effective albedo for cities [J]. Atmospheric Environment,
2002,36(4) . 713-725.

[ 6 ] SIEVERS U, ZDUNKOWSKI W. A numerical simulation
scheme for the albedo of city street canyons [ J]. Boundary-
Layer Meteorology,1985,33(3) ; 245-257.

[ 7 ] SANTAMOURIS M, GAITANI N, SPANOU A, et al.
Using cool paving materials to improve microclimate of
urban areas - Design realization and results of the flisvos
project [J]. Building and Environment,2012,53,128-136.

[ 8] QINY, HILLER ] E. Understanding pavement-surface
energy balance and its implications on cool pavement
development [J]. Energy and Buildings, 2014, 85:
389-399.

[ 9 ] POMERANTZ M, AKBARI H. Cooler paving materials
for heat-island mitigation [J]. 1998 ACEEE Summer
Study on Energy Efficiency in Buildings Proceedings, 1998,
9.135-146.

[10] Bkt BIRELL, whz ik, 55, FEARMITH IR Bk L 2K Ik £
X AT )], A #.2012(6):128-131.

LV Z B,DUAN Y H,HAN Z D, et al. The comparative
study on reducing heat storage measures of asphalt concrete
pavement [ J]. Highway, 2012(6):128-131. (in Chinese)

[11] SYNNEFA A, DANDOU A, SANTAMOURIS M, et al.
On the use of cool materials as a heat island mitigation
strategy [J]. Journal of Applied Meteorology and
Climatology,2008,47(11) ;: 2846-2856.

(12 KRAE, K, F 20,55, BT 58 vy B 1 52 BRI I 7
B AR B AR R B B AT (0], A B s B B O R
i) .2012(9) :63-66.

ZHENG M L, CHENG C, WANG Y F, et al

Experimental study on cooling technology of asphalt

pavement based on improved albedo of pavement [ ] ].
Journal of Highway and Transportation ( Research and
Development) , 2012(9): 63-66. (in Chinese)

[13] KARLESSI T, SANTAMOURIS M. Improving the
performance of thermochromic coatings with the use of UV
and optical filters tested under accelerated aging conditions
[J]. International Journal of Low-Carbon Technologies ,
2013,10(1) :45-61.

C14] AR EEE B KB ES IR 2 TE 315 3 1 Y

BT, 28512 ,2010(1) :97-99.
WANG W,CAO X J,TANG B M. The application of solar
heat reflective coating in Asphalt Pavement [J]. Highways
& Automotive Applications, 2010 (1): 97-99. (in
Chinese)

[15] LEVINSON R, AKBARI H. Effects of composition and
exposure on the solar reflectance of portland cement
concrete[ J ]. Cement and Concrete Research, 2002, 32
(11):1679-1698.

[16] MEDGAR L. M, MARTHA G V. Solar reflectance values
for concrete: intrinsic materical properties can minimize the
heat island effect [ J]. Concrete International,2008,30(8) ;
52-58.

[17] Sultana S. Extending asphalt pavement life with thin
whitetopping [ D]. Kansas: Kansas State University,2010.

[18] COOPER P 1. The absorption of radiation in solar stills
[JJ. Solar Energy,1969,12(3):333-346.

[19] HARTMANN D L. Global physical climatology [ M].
Amsterdam: Elsevier, 1994.

[20] JACOBSON M Z. Fundamentals of atmospheric modeling
[M]. Cambridge: Cambridge University Press, 2005.

[21] DUFFIE J A, BECKMAN W A. Solar engineering of
thermal processes [M]. New York: Wiley, 1980.

[22] ORGILL J, HOLLANDS K. Correlation equation for
hourly diffuse radiation on a horizontal surface[J]. Solar
Energy.1977,19(4) :357-359.

[23] QIN Y. Urban canyon albedo and its implication on the use
of reflective cool pavements[]]. Energy and Buildings,
2015,96:86-94.

[24] SOLAIMANIAN M, KENNEDY T W. Predicting
maximum pavement surface temperature using maximum
air temperature and hourly solar radiation [ J .
Transportation Research Record,1993,1417:1-11.

[25] MARTA J N O P, HEIDER J P G,PAUIO M C F. A
matrix approach coupled with Monte Carlo techniques for
solving the net radiative balance of the urban block[ ] ].

Boundary-Layer Meteorology,2007,122(1) :217-241.

(%4t 370



