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A Study on the Effect due to the Reduction of Absorbed Solar Radiation by
Cool Painting

Part.2 An application of the 2 point correction method for the folded-plate roof
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Abstract

Authors propose the 2 point calibration method as insolation reflectivity measuring method in the roof

plane which constructed cool painting.  As a result of applying the proposal method to the horizontal surface, it

has been confirmed to have the sufficient accuracy as a field measuring method. In this paper, possibility of

application of 2 point collection method is examined for folded-plate roof with cool painting. And, multiple

absorption of the folded-plate roof was examined by observation and numerical analysis. So, it was confirmed

that the 2 point correction method estimates real solar reflectivity after interreflection of the folded-plate roof.

Then, factors of variability of estimated solar reflectivity with the 2 point correction method were examined at

buildings with folded-plate roof. It was thought that the variability mainly due to directional reflection, shade

cast by folded-plate and spectral distribution of solar radiation.
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Estimate equation for Solar Reflectivity

Pyl of target surface (0,)
2 |Estimated R,
= Solar Reflectivity Pa= (Pw -p)
3 R,-R,
8
k)
A N + R.p,—R,p,
P ‘ R R, ( WP hpn)
S ! ' .. .
- - - »& Calibration Line P :Solar Radiation of white
a P " | i i 1 p» : Solar Radiation of black

Ry Ry R, R, : Measured Solar Radiation of target
R : Solar Reflectivity(Measured) ~ R,, : Measured Solar Radiation of white
R, : Measured Solar Radiation of black

Fig.1 Concept of the 2 point correction method
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a) Folded-plate roof
(Trench Direction:0° )

b) Standard plate (White)

Fig.2 Measurement situation of folded-plate
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Fig.3 Spectral reflectivity
Table 1 Measurement data
Folded-plate Roof Standard Plate
Size 1.omX 1.6mXx0.15m | 1.2mX1.2m
Color Gray White / Black
Solar Reflectivity 0.464 0.886/0.145
Trench Direction[ ] O(south), 45, 90

Place: Rooftop of Meiji Univ.

Solar Reflectivity of roof top: 0.14

Table 2 Measurement cases

" ” N Trench Fine Weather .
WIBTOM RSO LB D, £z, HEREFOT Direction (date - hour) Cloudy (date : hour)
207 THEHLDE/NEL, ALY 457 ,90° ORFIZIE 0 0° | Aug22:10.5,12.5, 14 0ct.3:10, 12, 14, 15.5
O X HEEEIME L Zp o7z, KEGEFEENMRWEA I I3HE 45° | Nov.12:10.5,12.5,14 Sep:18:10.5, 12.5, 14.5, 16
EMENHETE < A DHENH BT, 90" | Oct.24:10, 12, 14, 15 Aug27: 10.5, 12.5, 14.5, 16

1.0 1.0 ‘ ‘ T 1.0
Aug22,2007, Fine No‘v.12, 2?07, Fine O(‘:t.24, 2‘007, Fine,

? 0.8  rCalibration lines 2 0.8 ICalibration lines ‘ 2 08 ICalibration lines

= 2 B H

= 0.6 olar reflectivity | 2 0.6 Solar reflectivity | 206 Solar reflectivity

& Y of Folded-plate 2’ X of Folded-plate 5 X >/< of Folded-plate
p / ............. - A S Vi P R - b Pl
2 04 S 0.4 , S 0.4
s / @ //J O 1st @ /j O 1st
Q O st a a & 2nd
02 K 0.2 4 2nd 0.2 o 3rd ||
2nd o 3rd o 4th
Trench Direction: 0° o 3rd Trench Direction: 45° J | Trench Direction: 90° ‘
0.0 L I L ! L I 0.0 - L L - 0.0 L I 1 L L L
0 02 04 06 08 1 0 02 04 06 08 1 0 02 04 06 08 1
R : Solar Reflectivity (Measured) R : Solar Reflectivity (Measured) R : Solar Reflectivity (Measured)
1.0 1.0 1.0
Oct.3, 2007, Cloudy Sep.18,2007, Cloudy | Aug27,2007, Cloudy
0.8 |-Calibration lines 0.8 | Calibration lines / ,0.8 -Calibration lines ‘
‘? \ 2 Sol flectivit % ' i \ /
B Solar reflectivity F06 F olar reriecuvity =2 0.6 Solar reflectivity
5 0.6 D) of Folded-plate «g of Folded-plate & D of Folded-plate
IR il I N SRl I TR ol
C 04 & 04 S 0.4 ‘
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2 0.2 / 0 3rd | = 0.2 o 3rd | 0.2 o 3d H
= o 4th e 4 o 4th | e am
| Trench Direction: 0° [ Trench Direction: 45° J Trench Direction:90 \
OO L 1 L L L 1 L ()0 - + - . ! : - 00 L 1 1 L 1 L
0 02 04 06 0.8 1 0 0.2 04 0.6 038 1 0 0.2 04 0.6 0.8 1

R : Solar Reflectivity (Measured)

R : Solar Reflectivity (Measured)

Fig.4 Estimated Solar Reflectivity by 2 point correction method
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Folded-plate roof :
~ Sky Size : 1.6x1.6%0.15m

Solar Reflectivity p : 0.464
Surface division : 25%16

\gk}. \gk,.- Standard plate :
Size : 1.6x1.6m
A\t lo ; Insolation(up) Solar Reflectivity p :
Radiation met‘er//;ﬁ\\ I ; Insolation(down) 0.886(white)
‘ 0.145(black)
— Calculation point :
tiround 0.5m upper position
Folded-plate roof of folded-plate

Ground : Solar Reflectivity p=0.14 Sky : Solar Reflectivity p=0

Fig.5 Simulation model
Table 3 Basic equation of reflectivity simulation

Direct Insolation : Rp, =1Ip cos®-f;-4; @)
Sky Insolation D R, =1g, Fis - 4; 2
Direct absorption : Sp. =a;(Rp, +Rs,) 3)
Direct reflection : S, =(-a;)(Rp, +Rs,) “4)
n
Real absorption : Sq, =Sp, + X (Bj ~SRI,) 5)
j=1
n
Absorption factor 1 ¥ Byi(1-ap)Fy — By =—a;Fy 6)
ok ;
Real incidence  : Ep; =Sp, +Sg, =Rp, +Rs;, 7

Real reflection

n
Er, =Ep, =S4, =(-a)Rp, +Ry)= X (Bji-Sg))  ®)
=

) n n
Real reflectivity : py, = X Eg / S Ep, (9)
i=1 i=l

Incidence of downward insolation meter :

n . 1_ . n
Ix= 500 a) R, + Ry + =55 (8 -55,))

i=14; ai  j=1 (10)
+ Pother * Pother g,

15: Global Insolation, /5: Direct Insolation, /g: Sky Insolation,
suffix » : normal , suffix s : horizontal, suffix 7 : surface
number, 6: Angle between normal vector of surface and sun
location vector, £ : Shade rate of surface (0~ 11light=
1,shade=0), 4 : area of surface, Fis : shape factor from surface
ito sky, ¢;: Insolation absorptance of surface i (=1 —p,), By :
Absorption factor of Gebhart, F; : Shape factor from surface
i to surface j, ¢: Shape factor from Insolation meter to surface
i, Qe : Shape factor from Insolation meter to surface
outside Folded-plate roof, o, : Solar Reflectivity of surface
outside Folded-plate roof

1.0 1.0 T 1.0 T T
| Measurments Simulation(Folded-plate roof) Simulation(flat roof)
. o / B \ y 4 = G
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R : Solar Reflectivity (Measured)
a) Measurements (Folded-plate roof)

R : Solar Reflectivity (Simulated)
b) Simulation (Folded-plate roof)

R : Solar Reflectivity (Simulated)
¢) Simulation (Flat Roof)

Fig.6 Estimated Solar Reflectivity by the 2 point collection method using results of reflectivity simulation
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Fig.8 Spectral reflectivity

Table 4 Solar reflectivity by JIS K5602

Cool White White Black
300-2500nm 0.862 0.800 0.044
300-780nm 0.854 0.754 0.042
780-2500nm 0.903 0.835 0.046
Table 5 Measuring procedure
<JUL.6>
Target —>»White > Black > Target

<SEP.6, OCT.22>
White > Black > Target Target
Target

>White > Black >Target
- White -» Black > Target

[mm]

Fig.9 Measurement situation Fig.10 Feature size of

folded-plate
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Fig.11 Measured solar retlectivity
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Fig.15 Aging variation of estimated solar reflectivity
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Fig.16 Measurement situation
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N—S : The folded-plate was placed in the north-south direction.
E—W : The folded -plate was placed in the east-west direction.

Fig.17 Solar reflectivity and Shade rate
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