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ABSTRACT

ABSTRACT

Keywords: Full-scale experiment chamber, roof insulation technique, cooling energy saving

benefit, indoor thermal comfort

1. Introduction

The thermal insulation of a roof slab is of crucial influence on indoor heat gain because the
horizontal solar radiation is relatively larger than the vertical wall. The solar heat gain will
eventually contribute to the cooling load, hence increasing the cooling energy. The
coefficient of conductivity (U-value) is an index used for the insulation performance of
building roof compliance in Taiwan. However, solely U-value is incapable of evaluating
some advanced roof insulation constructions such as reflective roof, ventilated double roof
etc. To synthesis assessing the cooling energy saving benefit and the indoor thermal
comfort improving capability, it is necessary to simultaneously conduct experiments
among various roof constructions.

2. Methods

Six full-scale experimental chambers located at Tainan, south Taiwan, were used for in-situ
experiments of six different types of roof construction including thin-layered extensive
green roof, thick-layered intensive green roof, cool roof, ventilated double roof, PS
insulated roof and traditional concrete tile roof. The experiment was performed in hot
season to simultaneously investigate the indoor thermal comfort as well as their cooling
energy benefits. The purpose of this study is hope to quantify the above benefits in the
context of local climate. The results of the study could be useful and applicable for
construction industries.

3. Significant findings

The following findings have been achieved through the in-situ experiments in this

research:

(1) Although the insulation performance of the construction of ventilated double roof is
comply to the regulation, we found that the surface temperature of the interior side of
the roof slab is higher than that observed in cases of concrete tile roof and PS-insulated
roof because of the none existence of insulation layer of the ventilated double roof.
Therefore, it is highly suggested that an additional layer of insulation material should
be layered in the concrete slab for using such construction.

X1
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(2) The sub-surface temperatures of the roof slab of both green roof cases are relatively
lower than the other roof constructions, revealing good thermal insulation performance.
However, due to their high capability of thermal storage of the soil as well as the
module of water retention and drainage layer, the heat seemed difficult to dissipated
outwards resulting slightly higher temperature than the other roof constructions. As for
the cool roof, lower surface temperature is observed at night and decease rapidly
because that the high reflectivity of the exterior layer of the cool roof reflects large
amount of solar radiation resulting less solar heat absorb in the concrete.

(3) The indoor thermal comfort benefits: The indoor temperatures and the mean radiant
temperatures of double roof, cool roof, extensive and intensive green roof are both
lower than traditional concrete tile roof and the PS insulated roof either in the daytime
or at night. Especially for both green roof constructions, the diurnal indoor thermal
comfort is satisfactory, however, due to their high thermal mass, slightly higher indoor
temperature is observed as opposed to other cases.

(4) The cooling energy saving benefits of double roof, cool roof, PS insulated roof,
extensive green roof and intensive green roof against concrete tile roof under
continuously operation of air-conditioning are 33.1%+42.6%+5.2%-29.5% and 34.3%.
However, the weathering of cool roof coating is another factor that will influence its
radiation reflective capability. Due to the time constraint, we are unable to quantify
this effect in this study, therefore, the actual long-term energy saving benefit of cool
roof may be gradually deteriorated over times.

(5) Practical construction suggestions complying to current roof insulation regulation were
proposed in this study for references and application purpose for the construction and
architectural design industries.

4. Recommendations

(1) The research results reveal a promising benefits of green roof on cooling energy
saving, therefore, propaganda of this passive design strategy is encouraged.

(2) Based on the results of the quantified benefits of indoor thermal comfort and cooling
energy saving, promotions and incentives for continuously adopting green roof as a
means to improve roof thermal insulation performance through governmental projects
IS suggested.

(3) The ambient temperature cooling effect is another contributing factor of a green roof.
Many countries have considered green roof as a means to counteract urban heat island.
However, seldom studies regarding the outdoor temperature reduction effect of various
types of green roof had been conducted. It is suggested to establish quantified benefits
of green roof by in-situ experiments using experimental test cells.
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(F# &k : Zingre, Wan et al. 2015)
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W 1-8 ApEAELR ER2ZRRFAY
(FR KR % & & - 47 2007)

% # " > (Dimoudi, Androutsopoulos et al. 2006) /& * > = R ¥ % FE L b FEE
ERETRZF R (eB 19 FRER EEHNE N A T HE AR/ NE Y A FER
PpFs BT R ERZF A PMARGEHF SR> 30 X5 PR  pMBE
fedp & chd A H g 2 R SRR 0 YRR A A IR
@ Tu.:mpcratflrc sensor Prefabricated Solar chimney
L 4 Air velocity sensor slab
- Heat Flux sensor Air gap

Prefabricated slab
— Brick

<ff/f/f)%ff/ff/”
\F\’/

Concrete slab

| Typical roof part I | Ventilated roof part |
W 1-9 - hFHEHIL ETLRRFLRE
(¥ %k : Dimoudi, Androutsopoulos et al. 2006)

@ 1395 % 2 A i R 4p 1 (European Directive) 3% 7 %' B 7\?’3& RREC  RL =2
2R A HE 0 RmF P B R DR Fo do & + 41 (Gagliano, Patania et al. 2012)

ﬁp‘ﬂgm’ééw,¢ TR BT FA T B ER LAEEFEME

(F#L % & : Gagliano, Patania et al. 2012)

I % epp 2R R ETEAT 7 (Susanti, Hommaetal. 2011)> 1 #* p & g iz T4
FAERERRAR B RORJFLRE - SRAT 0 F1 R RE P RER BT

FRIEKETEATMALCLFPFTERARF T6CHINETER I F21 F



TERELFTHELFAY
REApR DT AARER 260C PP R R BT 5F K 50%2 2B A E P

RETRwG &g FIERRE FE S22kt (4R 1-11) -

40

Temperature ("C)
b
-

9
Temperature ("C)

1 234 56 78 9101112131415161718192021 2212324

Solar time (hr)

—O— Cavity roof —a&— Single roof
----- Outdoor air Temperature difference

B 1-11 2R EEREHIPERELASEFZIER
(F# %k : Susanti, Homma et al. 2011)

AET eI g AT VRPN L BB 0E Fc 2 pon(Simpson
and McPherson 1997, Akbari, Levinson et al. 2005, Xu, Sathaye et al. 2012, Virk, Jansz et
al. 2015) » ¥ * p RER 22 A T T RAFPAEFFGROF P ERFTLF L
(Virk, Jansz et al. 2014) -

(Yew, Ramli Sulong et al. 2013)** & % & & #7 7 /i $- i kb ¢ (moving-air-cavity,
MAC)¥: 15 # % & (thermal insulation coating, TIC) ¥+ ¥ 1'% /8 2 % (4r B 1-12) - = 7§
A ERRE- ETE A ETR(R* TIC) 2 Ryt ¥ MAC 2 TIC 2 578 > % % kx>
ERARw* TICZ A E a3 % METRLGER > TE&- HFMAEZTHER 275
CehmBET RERT MACE TIC i #FHFZMNEARD 424CH% 3 29.6TC »

\/’,?/Hm air

-

7 ¥.

W

i 4

] -
_ : \ »
,‘-"" 2t S S

\-\;' A Attic inlet opened ' » '0
Ventilate jj F i L
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W 1-12 %5 % & & thMAC 2 TICA 3
(F# % : Yew, Ramli Sulong et al. 2013)

BRI R R B BT o ERE PIREANRERRT o ERF B2 R
(%P3 2012) o 5 0GR R ORI R B R S m MR 0 T R A SRS ot R g
T o MENERY 437°C % 3 35.2°C  E ik 19.45% 1 R Rl F
SIEL o SR 287 & CHT S 7 cH o EPMERA 641C* 1 59.6C > 7' 45T &

ﬁ?é66%32méwiaﬁﬁ”ﬂﬁﬁfﬁzﬁﬁﬁzﬁfﬁ R S T A =

1=
AP BEPRERE  EF &R 2ck P ho i A (P, 378 etal 2011)4 45 & B
AR E E L R T OFE fiflie=fio e o WF X2 THELE

Y

B2 EARE 0 BRSSP BT R ML 01 5L 012

ABTE 0 T UL ] E S 76.9% ~ 84.1%% 78.8%z2 i iRt ¥ o {ik- Ky N

Fobtd B st AR > §alon kAR A (4cB) 1-13) e 7 F - B 1% eQUEST £ H it 4<
%

BRI L R (e 2012) 0 3205 S~ 3FF s A0 SRR fa G

—_

l

A BT 2B RE c B RRMABTF MY I e R0 Es Y ¢ W
B

METBHPRE PR HFELTHNE IR T PEEE  FRHETARE N

PFOMESERESH RS o A HR BTSN Pk 00 6 L BT AT B and

fORE A AR TR nE R E o

500
\ \ | | |

——&—— emissivity=0.1 _
—@—— emussivity=0.2
—— emissivity=0.3
—l— emissivity=0.4
——&——— emissivity=0.5
——— emissivity=0.6
—A—— emssivity=0.7
—&—— emissivity=0.8
—F—— emissivity=0.9

Cooling Load on Roof (MBtu})

0
01 0.2 0.3 04 05 0.6

0.7 .
W 1-13 # * DOE M=% o 8 F i T4 B E2 i E
i~

(FAR % : e~ 2985 2011)
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EERBHLA2ASLTHELFAY

Ry adie > — izt 2 RS R g2 27 7 (Parker and Barkaszi Jr 1997) »
BT RRAMAZTEAEREFRF MAZFTHRFR > LT FTHELFYH 19%
[SH2EE S SRl SN ] i\ BAEWF2ZLRERTHEMRG2% AETEHEEFG G L2
FRe ot vho PR Ra 30BRT § i % &8 S 58 S E T 2 55 ¢ B0 Rl
% (Alvarado, Terrell Jr et al. 2009)% 35 > U3 ;N & S B 7B vb A2 B AL E 7B ¥ & 5 65-88%¢n
HibE o 0BG ARGE 2 ok (AoF 1-14) -

&@ F/ Reflector
=, =

Insulator

\/\ Roof

W 1-14 - R e EREFFHNETLFAIRE
(F#L %k © Parker and Barkaszi Jr 1997)

(Kolokotroni, Gowreesunker et al. 2013) & 5 5ces EBF R T P B 82 4
PR G RaniEEe 3o () SR () FEEe (i) 2R FLRE
Il A PG AASBIE R R Fd G & b (albedo) o i i T 1~8.5%:4:
fkE o Li- HnBEATER > KA G FarFd 01AKT 06 7 uikE 25T
ZEPBRTERLEF A5 F WS E 012 09 AR R > A G F
BEAGE 09 B> T U 30%iE R R Y RFITEE AT LTS A e R
AT 0.6~07 2B > s IR ESNDE SNk o ¥ BiEHIR AT TTE R

BOFBFF AN L 01207 Fo RS EIERELF A §RF N RE R(4-B 1-15) -

%3 2 > (Dabaieh, Wanas et al. 2015)*" - B 4Fd4rim ™ MA E F i w24 5§ &
ALY R IITEAREERELATERA  FRAFIHR FRAF A F
BHECHT R E N B SR G R Sk (0B 1-16) 0 i SR 0 § % 53%E 7 A
PE¥c > T ' 1K 826KWh 4 5 355t o
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1000
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400

200

Energydemand kWh/m? roof area

<+« Internal AirTemperature >25deg Internal AirTemperature >28deg

««+A++ Internal OperativeTemperature >25 deg **€++ Internal Operative Temperature >28 deg
Aceeaans,,,
& T
IR L LT T T T PP
Wevesnn,,. Y 5
------ Y
LSETTT I srreicg
R X e
A"
Mreoran,, X
0 0.1 0.2 03 0.4 0.5 0.6 0.7 0.8 0.9 1
Albedo
==+ energydemand/m2 roofarea for albedo 0.7
-+ energydemand/m2 roofarea for albedo 0.1
90
85 e
80 T
...... -"
75 —
70 A e ®
65 "'.--..’..-
60 '} iaen
55 L T
50 T T T 1
0.0 0.5 1.0 1.5 2.0

U-value W/mZ2K

W 1-15 - EXERGRL EER %
(F#L % # : Kolokotroni, Gowreesunker et al. 2013)

RELATIVE HUMIDITY  100%  80%

Comfort Zone according 1o
the Egptuan Code Standard

-10 5 0 5 10 15 20 25 30 35 40

DRY.BULB TEMPERATURE, DEG. C

(F# %k : Dabaieh, Wanas et al. 2015)
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THRAEFIK RS LTRELFTY
& = {1 > (Paolini, Zinzi et al. 2014)4% ) 04 B 70 ek S5 8 1 &2 9035 2 4m

RGBT (R 117 B A 12 BN RS Rt Ao 12

[

BFIORF RF SF 04 08 24 EH 0 LGB b £ 0 £ATRIE

Bhud

)3
BE MR RS2 EL S FR c FWRF SFE TS 01 & E ¢ 41-7.IMIM 5
LAEENE oy FEETEEMZIRET ERFE I AFAE 08 N L5
BRBETEF ¥ 5 05~0.6 2 F7E % 167C -

[ Selected samples
w01 (o =026) M2 (p0 = 0.84) m03 (240 = 0.76) m04 (o0 = 0.82)
|Grey flexible polyolefin (matte| White factory-applied coating|  White flexible polyolefin White thermoplastic
and with anti-lip surface) | (glossy) on flexible polyolefin| __(matte and anti-slip) polyolefin (glossy)
1 X 3 £ -3 :
mOS (a0 = 046) m06 (90 = 0.85) 07 (0 =039) m08 (A0 = 0.73)
i . . Cool lmge thermoplastic | Modified-bitumen with white
Grey PVC membrane (glossy)| White PVC membrane (mate) i Gy {icki-spoliod conting fie)
A .
m09 (20 = 0.72) mi0 (50 = 039) mil (30 =028) mi2 (a0 =023)
Modified-bitumen with white | Modified-bitumen with cool | Modified-bitumen with Modified-bitumen with

field-applied coating (glossy) | coloured field-applied coating | photoactive roofing granules | _standard roofing granules

W 1-17 W& fl2 RHL2FETL6 P RELETERBEIR
(F# %k : Paolini, Zinzi et al. 2014)

PRAT RS ETRE RS - k5T 0 (Gao, Xuetal. 2014)3 & 0 ¢ - xS o
- W ER RN AT %T HERIAL A FBF 5 0650 ¢ Fok 4
w R R kit A (albedo F 0.1) Mg 20C 2 PRAE M ICE &4 9%z B
fAL e ¥ - B LB L £ A BRA L A6 F S5 0650 ¢ g4l 4n
BT EETE Y Ao F S L 03ES kP 2R A5 EATHEITC EMER
K 1~3°C 0 2 RS 66%2 BT E AR (d-@ 1-18) -
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o
=%
u

Room 512

Room 510

W 1-18 Auizst? NERRR KL A EER%
(FH XA : Gao, Xu et al. 2014)

REIEEHDRPN AT > 3 BAL(HH R4 2013) 41 * § 38 R 2 At k5
BlgfHi > 2Fmftta LB 2 v Ayl : @R RRamEmR= Alii
o2 K BT A R R A PS(RF ¢ ) o AR RS B & A 5 15em 2
3.0cm > FE# B A 7 w5 1Bem % 3.0cme F K A MR AL REAIeT F k&
BARTIE A S PS FH A (T LR A 12 SR RUE R 2 Rk o B R
SET o PFPS FH 15 arEREIER 1S5 af SRR ZIEEM -

e

fIv AP L RRMZ RN (2 PR BORRE 2000) 0 8 aogh AR A
ZORFF MR RRZANRTRAEETF MRS R DR 4vm o BB ERF
BOATETEREE KA B R R R o Vb BT SRR
PRt do— Mgt g &4 - B PU 5 o IR 2EREEE o

R A TR R AR LR AT Tk 2002) ¢ H ok R
Ew SRR ERBE LR e BMFARF 2 REEFE R B30 P HE R
MECFUHERERCZUNFELEEREIZMIMATIZIPARBRFE T A REFT
AR EREZETERD A FRZREMBEOEL AN K E B R 563~70% -

FHAMP EEZRECEP R RN KR
ek R BB RREN P RELIERFEZIFROANE A B FRAL Y
3] et Al o

B/

-

d 2 AR EFF T T2 BT

EEFF RN EEREFEAMNEINGREHMEZIPAALSE G 0 - 5
=3t & ~ J| 2 gk(D'Orazio, Di Perna et al. 2014)#% WM RFEHEZ TR
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2.7 Fo

External Temperature
® Alr duct Temperature

- Covering surface Temperature
A
(X ° M e
¥N > / Ir tion surface Temperature

- & Siab surface Temperature
‘, Heat flow meter

Internal Temperature
W 1-19 - B& g PHREFHETTHL I HEIP HEFI LY
(F# %k : D’ Orazio, Di Perna et al. 2014)

- o ETEE F i F 7 2+ 247 7 (Halwatura and Jayasinghe 2008) - i * g <

BRrRRAKRERFAEDIRR DT HRAL F IR 25em hPS IEEA TE & tgre s

PRETPARULGCZEPZAEEE  PRUEZZPN L3 EF 2 FF(ICR 121 97

W 1-20 - KL e U B2 AR REHFHETRE
(F# %k : Halwatura and Jayasinghe 2008)

—e—SLABTOP —a—|NDOOR —o—SLAB SOFFIT —e—0UT DOCR

o
(=]

E
(2]

Temperature/C
[ ) +
(4] o

30;»&-. i
p %ﬂ‘ﬁm -5
25

800 30 1100 1330 1600 1830 2100 2330 200 430
Time
W 1-21 H© BRRRPBREHFHETR#FAZLES
(F# %k : Halwatura and Jayasinghe 2008)
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P E I BAT FER DT ERNE R LA - KAz s R ET R R

7

T,
75
s
=i
=
5
o
fie
(w
P’l

FE# ML 5§ F2 7 5 - (Toguyeni, Coulibaly et al.
2012)41 % 3 Ak 3 BABIRZ R rdh 2Lk R B H B IR BRI 42 fofpat
B2 EAPRE NS 2 E A M B%L A S R EETL S E LS N LA A
R 2 R T LR & 6.2%~12.1% 08 Rl 42 o B L A A 1T FRE
B EE TG o M RAE L (R 1-22) -

2500 -
=
2 2000
=
3 J
g 1500 "““a.,.,_,.—.f'""
£ uninsulated roof
"E 1000 1 : — =red wood
ﬁ f“ = + =white wood \
; 500 | -==-=insulation panel 1
:—6 ------- Insulation panel 2

0

Jan Fev Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Months

W 1-22 " rREHHEAZIER] F2 B
(F# % : Toguyeni, Coulibaly et al. 2012)

(Ramamurthy, Sun et al. 2015)# ! § +h&r# BB A anig & #3] 2 & £ R LA
Weng 74> BFRBEFHIHETRAMLL ZROFTY - RS SFFRE B 0 H
A RBA(F 46 24 B2 [R#H 2 X3 0.6 ehF sf) 74 5ats Kag 5 8L 5 o ¥
PFE N AE#H 508 24 (2+4) ~albedo 9 045 G E AL 2R V3 RBA4

BAMERH 0 T Bk w foE PUA B E_ 0 13+ 17 2 19 # (4o 1-23) -

14 : .
7~ S
o 1%

QO Model Result
—y =-14.23 X008 4 23 97

Cost Saved (USD m™)

I L 1
0 5 10 15 20 25
Foam Thickness (cm)

B 1-23 REXEEREGE 22 M 2 H
(F# %% : Ramamurthy, Sun et al. 2015)

17



ERRAHR 2 AL R RLF]

(Banionis, Monstvilas et al. 2012)** = [§ 7o — fie2 ¢ B F % 2 (4r@ 1-24) - 27 F
HEAHER B2 E R AT BEEAEE MO F 2 F R N E R
TR b BRTRE P T SR ) 23%~25% - F b BTy s Sk R ETR
B g pe 14mm KR A B R EFITLIRAR 0 ¥ UERIGBIRE ETEE K 4%~6%2 F p

TN E o

W 1-24 &3 2@n»EFFr 45 AR EERHFL2CRRER
(F#L % & : Banionis, Monstvilas et al. 2012)

FEM L 2 AT SRR BT A SR R R E TS A
BETAETERRAETERY 2 RFHRELFRFAL SN EF SR F R
BOLRFRIRF GR OB A BIRELRARL 0 FEREPN 2 TR R PR
WIHTRETRB AT T2 R S S S B2 PRy R T
- RERAR G2 FHEL PR - A 2R 2R e Y a2rHhieiF i

TR AR R R R L LR TAL LR RFAL T AP E
BN Lad FioRop NSRS 0 104 ERTEE 22 20K 2 2% R
FHENEHFFRERZ D FHFASCET - REECET BRI R BT
BERFEHFLETRPSRIERAETR LT WHREAETE S AETIRALET 5 fo
FRETFRBFTITFLIEREN PR ERFERAIEGNZ L 21T %‘%'."1#5?“? ApE R

2T ARG N E B RN S
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Sr & FpEESRER
AR EAG R FEFTEP I 1970 &£ A2 R p 1 5 e & R Rat RIT
RAER PR FEINEAS YRR Y Ao A Y PR (Feda e o p
FoRR Y i %t 1983 £ S ATe s 2 OTTV A% F a2 AHMRPZ A& 90 Rk
1 B30 1990 0 p RN AR L TE R AR A L L L ERE TR R AL
E A B M E 2 (ENVLOAD) > i id AREZE AP & Qi Rk -2 R4 o
FAS 1995 & #-H o NN N 2 BB Y o
EE S AP REE B P poFIRaE 7 7 A7or 30 1997 £ 3 2001 & B
BAREFHTE > FREFI - 2 BRE AFrZed 24
Hivh ~E AT R 2P REZHZ SEARRE TR I EFLER o 00 F
FT 01999 & S B2 ART IR FEHSABRATREP 0o A pfRa
e kA N F e B R AR Rokdpih s kTR E - F PRFE R
P&tk BRI FERFEEF LR 28 el gtk (302003 # & 4 por T 0
FRBREL S SRR A0 &N FR - BEr S RiR¥Ead TR
o2004 & 0 S ARREFTFTHEARL HETEETAL T ) » S AR Y

i’i“%%ﬂ@éﬁﬁﬁiﬁé“%ﬁm

14132 4 d & 98 RE R

PR EABIRANEAR T %HT 315 F2 ¥ - BRI A4S & 9 R
Hged ¢ A g 2 0 FY PR SRR R 0 T A PRER
PRYBRL A CFLAEFELET O RNZAFEGNRRFLALE > TR
Pz * * 2R PR X 28 ikl - 2RSSR AR ERBEAL
B A L EBEE YRS R EPH;;;;FT P RREHN RSN ERE T2

e

B AuRpEF RERRT AGE - d MERASREFRFEEFF FEFENT R

o
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FHREAHKD RSN

\FF—NEHi
FOTAR O P R TR F R TR RE AR E AR % 308 iF
R RRE AT T AL P BF EA R KSR LA P Mg B R
FEER L RBARREF DA o SHLE RZF GEA TR 1150 o
2 1l AL ARRLFEATR
AEEF FEAFE fﬁ%%?b? F iEs F R TICE
AIF FE AT ESEH FAT SR B R AR AR
FEREIIRE S ETRL
Ferw e w FERIRE S RATORR S ATH T~ w R R
LT W S P2 PR S F R S s R~ ZHRER
CER = iEEk
2 38F iF R 3 EE %R EAEEED s  EMR
BEEE Bt~ BAE
(FHRXR  2HFTHN BB pRE)
Voo AEFTHHFERETRALZHIDS N E TP AEEH 2 L nE o &R
PR RS S NN REATRE Y 0 R R LT RER > TR SRR A
Ty o LHZERAS SN RERREY > FAM RSN R LR &I FH BT
AU T ETEERARD BB RIAD S EEERR T 2L p S PRAF
HEA GBI pHERE > HP AET M AT RELETERALAABEETY
KA G2 P SEFI IS 0 A F2 ARM T E T
Uar = Y (Ari x Uri+ Agi % Ugi)/Z(Ari + Agi) (1-1)
HWs = Y ((1.0 — Khi) X Ksi x i x Agi) / Y.(Agi) (1-2)
M ORPRERBEARAEA KIS %y 308-1 2 % 310 iFfr 2 B > BT 58
BEFUarZEEX T TP 55 HWs § 7 & T 72
Uar < 0.8 [W/(m? - K)] (1-3)
HWs < HWsc (1-4)
5,5%4@74\;;})\3/«%11“;,:& lijgﬁ,:rg@ ’Fﬂi%té‘ﬂ’ﬁbl-rfp\?_,lj
T2k THEG A< 30m?pF > HWsc=0.35
T F 2 kTP = 30m? 2 <230 m*pF - HWsc = 0.35 — 0.001 x (HWa — 30.0)
T F 2 kT B = 230m° pF > HWsc=0.15
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Uar 5 B Bt T8 s % - 8 =5 W/(mK) -
HWs 55k % g2 Tiop 455 - m 8 = o

HWsc 2 7B % § T3ap 55 F LB E o

Ugi 5 738 648 i 38 5 o

Al 3 BT R0 kT R
Agi 3 BT K8k T R

Khi 5 *hihs & B 20 BB 2 @ s o

Ksi & FAL 4P S i3 0 (i o

FT

NG AR BTG P SIS ES -
R L RP TR AP R RIS B2 BT 08 B35 5 11 0.8

W/(m?K) -

142 2 AR

oA 1999 REARFTHANR BEARK FEARAKEFEY AL
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gEE AL R BRENET & TR AR RRE ) KR P

FRL 102 # 4 T A a1 BN R & R R EATRE 0 Tl IR
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HWs = Y ((1.0 — Khi) X Ksi x ni X Agi) / Y.(Agi) < HWSsC (1-5)
LR
T F 2 kTP < 30mPpF > HWsc=0.30
2 F 2 kTP = 30m?E <180 m* ¥ » HWsc = 0.30 — 0.001 x (HWa — 30.0)
G2 R T M= 180m” pF > HWsc = 0.15
H
HWs 2%k % § 2 Tiop 885 » g 8§
HWsc Z B8 X ¥ T1op 55 EE -
HWa 3 B7E2 § kT Ea# » =i m?o
Agi 3 BRI RN R TR PG o
Khi % #hi e & B RN BB 2 s e o
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niEifvEL g P HEES
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L2 BRE* 5 25eme gt ok o SEEH S A BERRBLE 2 08E 0 AT RER2
LR R R B AR ARG E AL R RTETRL ﬁmﬁéﬁﬂw'ﬂﬁ”
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Laboratory) ~ # 5.4 j= 5 “! = < & (Oklahoma State University) 2 H = ¥ = ¥ | B 3 1>
A - B2RATOHRE 0 v A T E T E AL 17808 DOE-2.2 v BLAST ehif g > 1
FPEHFIAF R ARG ALY KF N DOE-22 ehit- ez A LA Tl
(Crawley, Lawrie et al. 2001) -

FRFN AP U A HIRE A TH SRR EEPE ) TR LN F o

Aol AR BZ AR AR Y BioP i o & F BeauE B2 A 1Tk 1

w3 & e f e (loads) ~ 3 #3 K SLHC e (systems) & & B (plants)
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