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ABSTRACT

An Experimental Study on Thermal Mass Arrangement and Floor Material
Selection for the Improvement of Thermal Performance in Passive Solar

Direct Gain System

Yoon, Duk Gyu

Dept. of Arch. Engineering
The Graduate School of
Chung-Ang University
Advised by Rhee Eon Ku, Ph.D

The objectives of this experimental study are to develop the
selection criteria of floor finish materials and to investigate the
thermal performance of Phase Change Material(PCM) and to suggest the
optimum arrangement of the thermal mass in Passive Solar Direct Gain
System.

The data were obtained from test models: Four test model units were
constructed with different floor wmaterials: black granite pannel,
white granite pannel, armstrong sheet and plywood flooring. Two other
test models with identical sensible heat capacity were constructed
with different thermal mass materials: brick, Phase Change Material
and brick combined. The same test models were used to investigate the
thermal performance of two different thermal mass arrangements: one
with concentrated thermal mass and the other with dispersed thermal

mass,

The results of this study can be summerized as follows:
1) The model with black granite floor showed the best thermal

performance, followed by white granite floor, armstrong sheet and



plywood flooring in descending. Therefore, to improve thermal
performance in Direct Gain System, floor finish material should have
a low thermal resistance and color should be finished in a black
tone.

2) The surface temperature of the front part of the floor was always
lower than that of the backside due to the heat loss through south
glazing. Therefore, in order to improve the thermal efficiency it is
essential to install the night Iinsulation device on the sclar
collecting window.

3} The magnitude of temperature swing in the model with brick as
thermal mass was twice as high as that of temperature swing in the
model with PCM and brick comdined. It is determined that the PCM as
thermal mass in direct gain system are not only able to improve
thermal environment but to reduce energy consumption and to increase
useful floor area.

4) Phase change of CaClz 6H20(PCM) was occurred between 27°C and
30°C. It is suggested to use appropriate Uncleating Agent Material to
keep an uniform phase change temperature.

5) The average indoor temperature of dispersed thermal storage test
model was about 2°C higher than concentrated test model. It can be
suggested that dispersed thermal mass is more effective in terms of

energy performance.
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th. ) olejuiel EBAY A% 1980dc] FEH ARHOLE KEMRS FIRAY
ALY MRl =Ystan glon, BY SHAMS BRHE 53l BEN &
B ool B MERAAN KERS &% E, FAASIE BRE KBH
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Bas #Rol AEH At asuv AF7A iR £ BA BIRe %
ARAN BRE BRoU KIS FLLE o/ FoA feutely KB K
#, EEFRFA Aol7l glenz KHNY HARS AFAS B U =
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wleld £ FRdMe HAE KBEM A2 HRAFHA BERKKAE 93
o —#t fEE BB A FAY £ dt ERER/ITA(Direct Gain
System) & WS E Scale Model & ©]-8% WS T35 g mMLES ¢
¥ HEE REEEAM  $ivietel skl dUs HAE KB#H A4
o] AP WHEHE RBALA Yt

= 1) BHESKR, “BEY oM BRI KBEH A2 #ER AL
S T ERwy X PR A 1AYE HREEGSE, 1989, p. 6.
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4) B IL%E (PCM: Phase Change Material)of w2 #H#EfE KB
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B AT F NEHREE BHE v I 45 BoEA ALFe B
e B4 AL F ds BMS Buyrh
5) HESBHRY B8 Elid OE MER XR
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F 1) o|BE, "KM A% BEET, PRABE BIKBR, 1984,p.14,
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E 4& + At
7o) HBEMS FBERE F3hE ANE AHE BHES Y + oth
EMEOIY M wHN EH, #MBY FA, xR HA, BRI A
3 WS von, RH%REE FRY FBE¥EIN BNEES TRYU BEXE
ax e 4 Ak & SRR olF F/HA Rod FoE2 4 RERS
FRBY BRR AEL oty g2 FReE 28 + drh

T

I r (1-r)’r (1-r)?r?

“ Y A
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Z 1) John A. Duffie %], "Solar Energy of Thermal Process”, A
Wiley-Interscience Publication, 1980, p.172.
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[2%7) 2-3]olA] 02& Snell®] E:HIol 2t 31w

nl sin Q2

ns sin Qi

A714 74 vjde] BFEESE Yele n, nee E 2-2>o] ohECh

C® 2-2> 2 HBY By

E: 2 il =y 2 23 As
Glass 1.526
Polymethyl methacrylate 1.49
Polyvinyfluoride 1.45
Polyfluorinated ethylene Propylene 1.34
Polytetrafluoroethylene 1. 37
Polycarbonate 1.60

BHE n2) AE P8 EBHE n2e sfUS WHKC] EAY o EEH o
KPH RHRE ot Aok ?)

_ sin2( 92 - 61) tan2{ 6; - 61 ) (4] 2-14)
A sin2( 62 + 81 ) = tan2( 62 + 61 )
I 1
y = T = (v F FR) e (4] 2-15)
ri 2
01 : ARA 6: : B¥FH

o BH RE BS rhot K RH BRE
y - ¥R

F 1) ibid, p.175.

2) ibid, p.171.
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A4 BEE BHE (7 )& vlUdEAA BNES &EINE (4 2-16)
# gh D

_ (1- }’v}z _ 1-»v
T (1- 2 bep

Tv = ( 1- pv)2 niﬂ Pl T ——— = e (A 2-16)
BEERS EEEYN XPE R4 ol ttEEE o Fhe Pt P9
3 REE HRWY EBE(rr)o] Hr

1 1-7n 1-7
Tr = { + M ) B I (4] 2-17)
2 1+7h L+py

whebd ¥igel WEEI TY HHEHA Feusrl Ndd REE FEY B
BERE (4] 2-18)3 A},

1 1-7n I-7v
r (NJ—/— (| —m————— + ————————] et Al 2-18
N (T Tre-Dre (4 2-18)

BIRES KB BAR WEL Bougerd] BRAS ol8¥ + Atk &,
2

AR FA BREE BHXY RS oo o) FU <+ gt
7q = Ip/lv = e"kl/cosg? (Thare] AL) oovvi (4] 2-19)
Ta = Ip/lo = e-2kl/cosg2 (2F&rQ] ). - cvvvvens (Al 2-20)

K: Feld2 A <(0.004-0.32)

L: BHXRe ol %8 =R
Yol BREEo) o3l BB BWBR(r), RHE(p), BNE(e) & EH
ol A% tgAlzt o] Yeld 4 dlon AFEY ALE FEIHA 7Y £
et

F 1) ibid, p.173.

_12_.



Ta(l-pn)2 1-7n 172
rallom)? mo iz (A 2-21)

T8 = = Ta:
1-{yn-7a)2 1+7n 1-(h-7a)?

{(1-70)2-7s2- 71

o = rh+ = = a(1+Ta-Th) oo (4 2-22)

1-(n-7 )2

171

a = (1-Tg) m—— e (2] 2-23)
1-ph- 7a

wheld] B ERE(T)S 72« D7 Brh Y ol A2 AAE WES
R Aol go| A2 Ao R YAY HERKE Ushds 2HZE
A WA et aaEs Tl

2) WERB ERE

By HEY BRI BMI T 599 BHEERN BF1T T
A5 BB A $JF3AA ZEHREL AN HMY 5+ 3 o
Uz i 7Y 5 ok, =3 eE, A, B¥ BES 4 #l HRd
ulel BHpAEC Acist BEE FTo BREM HAMAE & Bl ¥ + 4
t}.
BREEs 24 BERAN BBHRLE £F ¥ 5 ded 3 FF
I 2 AEel drh

FEER - KPER EEHEBR #TE BB

BBKRE |
g i o sluAe Belds, #H3, HEHol=, WEAMHE,
AEE & BogdE, A 231, & EfhdE,
H# e, ugelF
AEe] Bl dFE EFe AZdd gol ALHI AU AER BEE
e mE BE, B2 HAES =izl BRY #HEE UEd £+ ds
ol HMIBLAES] WEIHBERS thd) Lol 4LAZR #FTE + drh
a) BRY XE(AF)LEE WEUCH
AU BeBEEES TRS &¥o= 3t 1 Hrl 8wl AH BE
S EWYc

=g

fr

F 1) ibid, p. 176,
- 13 -



b) BMMMIS BRIV
Uz BREES € 42 7 A28 L2 EAS SB®E FAs
L opEst 2 A SE BN 98 A% 1-154% 564 9
ANeg d B2 BE BREMS Aot BE BEQ Al Al(sin)
we] MPE RVTID EEstl MM BWiol whet EESIE Hikol
ot

o) AF, BE BPAS KHEVch
G728 4, o, Ao REHD WA LEI(1), (1)E ° &3
o4 BH, KT BEAS KTV

" \ 77
/S SIEARN
S O S N EaS\
/,,/'ﬁ\\w;,';r~\
; —-}_"\\\\}\‘\WW,‘;“'S\\) .

=N\
W= NN
W%ZE\W
==\

AN
e NN\

/.,.—-————-__.\\
| " T

1

S —
::;_::

/

L " - ) E, ®

[ 29 2-5 ] @gMA £=7] (1)
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d) BEH, KFEBE LolF KEErch

APl 2ol

P= H tan(90°- €} = H tand - --crvvrrrmrooores (4] 2-24)

EHBB Zol

P= W/2 % tan (900% § ) - cvvrvreii i (4] 2-25)
H: Hgel VRS

e EHEBPA 5 : KPBREA ¢ : ME

2-2-2. FHMWPLL

E#e] HAS WO 2EY BHE BEL sl FR Tt Il
&o] We #Mel FASE ALE ouyA] HRHRE & ¢ AL BE
WES Zolnes B ik HEE 4& F+ dth vty ERTHE
Direct Gain Systen?] ##8& E&HstE 713 T4t #ielch

EHe THEES $US BEXA €3 AT A M G2 Uy &
2 olvh, S BREY BB, ERE A7), ExI BMe] FR ot B
1B Mme Whtko]l £AYT.

1) ¥xEo ¥H

KB BR: BEU ®iEe] kI BE oo wel WASE =
Ao EME ol &3t Qe BP0 HE{ko] R WA B
o] &3l ZPAMEE IAA HEY + Ut

) E# ERH

Ea ERMHS BE LE, RENE, LR MRS THA HEN Kl
of ZHHc.

EiEL el Emel o3 Q& 4 e ouR Az (4 2-26)% 2

c}.

- 15 -



H :ﬁ? m- Cp-dt = m-Cp-d&ti) ............................... (44 2-26)
o714 H:#EE mELY Ak
Co: B8] M At 2EAF(t2-11)

o] KoM B uy go| k¥ hEol 4% ZE TE AoldAMz 1=
ne M2 HEY ¢ Ath

(E 2-3> MBS Wol ALHE —# BEHNY ME HES e
2 gug ojZ ZIHE, HELS vy MERe] T HEE Y Hel
FEE 3 st

< E o2-3 > EW ERM BN K&

T 1 = H] g AE & d &

i R=1 kg /m3 Kcal 7/KgeC Kcal/m-hr-°C Kcal/m3.-C
2ANE 2200 0.21 1.3 462
] E 1800 0.25 0.75 450
U 7 400 0.865 0.09 270
ol vl & 1700 0.24 0.45 408
E 1000 1.0 0.52 1000
F 2000 0.21 0.8 420
o 3 ¢ 2550 0.2 1.05 510

2 1) QIPHREHEH, “KEoIUA FABE PR, SERI-H-80-2,
1980, P.175.
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L) B B
=9 MEe we WMAEE BRS HASe BMHE A=
g oL} olF JEFsty] A HWS —HwMeE e} ETh
a) MEY @B 259 @RS 2& 2
p) WMol 33, fiKE] EBRY EMEL 2
o) B LM RS LY Makel AL Lapd A
d) BRERE( EBLEE ) Hfiol vlay ARY EHAMY A
o) WS, HAK BRE Hi wEol di, HRE FRES HA HEY
4 ol Lasmd A
L 240 dAHCE WEY 4+ e BMEE  E 2-4 02 ZTh

< X 2-4 > PCME] M

M3 eE{ggd(RA)| A = |SFEAHR)
ZF od A (°C) (KJ/Kg) (Kg/m3) (MJ/m3)
Cis - Ci1e Tzl 44 - 48 209 786 160
CaClgz- 6H20 27 - 30 170 1670 280
Ca(NO3)z2- 4H20 40 - 43 140 1830 260
NaCO3- 10Hz0 32 - 35 247 1440 360
NazHPO4- 12H20 35 265 1520 400
Na2504- 10H20 32 251 1460 370
Naz28203- 5H20 48 - 49 210 1730 360

_17_



povel KEBM BES BE 2ho MEM(IA-IA)E &3 Hed
o FRol HRIE RMRE(DS (4 2-27) 3 Prh

H=/% m(Cpls-dt + Ht +[F m(Cp)L- dti)---vvrerrrrronnre (4] 2-27)
T BBLE, T MIE , T BREIE

(Cp)s : B2 M ( BR ). (Cp: BHY M ( &R )

He: B2 B8 Bh

2) Mgy 27|

EMHEE RS AB BEsT BEREZ Wobdul MM B o
2o E7& BHES Uio] HLhAFE AR Y EHR 2T S A
= Ao ARSI, TR S HUs) HWHHY AFH BRAKN AF
A EARRS 59 4+ don SHEE BLES A &Y & ATk
Tmis SRS O (o] webd detxed HEABHTRAM EaRY
RE R EAS EHXS LE MRS 24 KRB EREY ¥H 5
2 30BtusoF/ft2( o} 600KJ/oC/m2)ol ™ P ZHo| A3t M#E ¥R U4
= 120Btu/oF/ft20] Westh ) [23 2-61% BME TS BER TR
HEES UENd RoT BME TAY T EAN F 18Cn, HEAAN o
12cn, BE T A o scnd MBSA B o ol Fh FRT H
metx] e olrrt o A st AL E WkI drh
vl el EMIEE BABE Mol TS HFMo) A ol FAA gA HEER v
e TRHME HAY 2% 10Cobi ES FEM|A] EITH

2 1) ibid, p.176.
2) BEAEHE, “scBMAMIR: ART Aip# JAHE ol&Y A
Bolyx MijEHel B EMPR(AFTEILAM), 1989,p.311.
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15

COne rere

——

10}
bricks

tightwepht concrete

Etfective thickness (cm)

O Y - v T v 9
4] 5 10 15 20 25 S0
Thuckness femb

[ 23 2-8 ) TR SA% FH BRD

3) M EMHI HM

EMPe] FTHols HEEM MHEEM SEEMRE SEY 4 Ut ®
B ERS HE HHY Solos Fo FMEE T A2 M BRI
8 FHolTH ME EHS EME BE FHBEJ HE BEEC wo
Mmatmol A FRIES Ao, LN BFRS MY BT FR FRS
= SEmPol o3 BEI WA ddAZ A Bl M EREE Mol
Hazsol F# = Zolch

HE ERBAA U &9 KB BHMES RN AMME FBAZ
o Eg B3 HpEe) 2 HBE EH@ulzdte Zol HHCHL

RIEE ETMEBe ASol: HE BFMES de RoE ¥ Bol:s fiffd
Hegt o] B HBE St o] HFBITL EMBE FE S B BEHM
2} Hu Mol 3 Yeoidrl

Z 1) P.Achard and R.Giogvel, "European Passive Solar Handbook”, 1986.

p. 26

.19 -



< ¥ 2-5> ZF RKE uhtel

e KEB# RERD

=) B FrE

e F ®JE ( Flat black paint ) 0.95
o%g ¥4 HeYUE ( Dark gray paint ) 0.91
oJE$& M ¥ 7t ( Dark blue lacquer ) 0.9t
% &4  §4 H<UE ( Black oil paint ) 0. 90
o5& M H<UE ( Dark brown paint } 0.88
ol=¢ A HUE ( Dark blue-gray paint) 0.88
= 7 7y W ¢gE  ( Medium brown paint ) 0.84
e 2274 wHUE  ( Medium light brown paint }| 0.80
2t M x4 2 3} ( Brown or green lacquer ) 0.79
z 2t ALY HUE ( Medium rust paint ) 0.78
ey §4 WUE ( Light gray oil paint ) 0.75
A 4  $4 wUE ( Red oil paint ) 0.74
= ¥ & ( Red bricks ) 0.70
Z# 3 g E { Uncolored concrete ) 0,65
Z 7t AgxA HAUE ( Medium dull green paint ) 0.59
2 2+ o9AY HUE ( Medium orange paint ) 0.58
2 2+ =34  SHYJE ( Medium blue paint ) 0.57
2 ¢ 3 A4 HUE ( Medium blue paint ) 0.51
ul & % 4 HQUE ( Light green paint ) 0.47
= 1) BRW, ERREEY duA HinS Y RE BBHR", 1985,

p.52.

_20_




TR BR U EM 4 BRE RS BALIH (4 2-280% 2
1=

AtXHcaX(Tmass-Tmass ' )+htotXAfX{Tmass-Ti)+ KfAf(Tmass-Tgr)= Afx7T X
TR v e e ("-‘-] 2-28 )
A7 As P T Hea : I HEAM S MER

Tmass: 82 ZFEAAY 5  Tmass': VAT FEA 2=

Hiot : WO BH#® HERAKS &

Ti ¢ BN & Ter: Hith X

Ke @ upebe] MaRHE
¢ A& Tmasso thstol BEIIH (4 2-29)7F "Hrl

@ % T X J+ Hea* Tmass +htotx Ti+TgrxKs
Tmags = = """ """~ (4 2-29)
Hea + htot + Kf

71 M heor B WHM KB REACIRE (4 2-30)3 o] vehd

=3

Heot = hr + Mg srrevessrvmnom oot (4] 2-30)

A7]M hr = £% 8 x (Kmass? + Kr2) % (Kmass *+ Ke)1)oooovnoe (2] 2-31)
he = 1.52 % (Tmass-Ti)1/3 2) oot (4] 2-32)

htot =&% & X (Kmass2+Kr2) % (Kmass+ Kr) + 1.52(Tmass-Ti}1/3
............................................. (2] 2-33)

Kmass = 273 + Tmass
Ke = 273 + Ti

2 1) Edward E.Anderson, "Fundmentals of Solar Energy Conversion,
Addison, 1983, p.174
2) ASHRAE FUNDMENTAL, 1986, p.3.10,
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2-2-3, FIHIEWLL

1) A otz
HEES HFRY £RVMS dFo 2 Y KH/Bo] vlE A e,

o] @pgel whetolul Bio] WM REE =T BY BRI A2%erh

wtetd ZEW widAtele ddaL(nMIFFIE ASI EEI RES]

ojof ¥rh /A WY viRAE W B BY —MHd RUE AsEd

th& 2 2t

a) BMA v RERE Y

b) LY FRA B oW &¥il: KMt

o) HEFMA BE BRER(FZ duo)F)e HYAZR nidste 2 %ﬂl}.

d) Ba®Re BB AN EEBHI P22 RAEHE AE 7
stojof gr}

e) EMIELzol 7IHIES RMEME] W2 uld) e BEE e Aol F
t},

2) HAD

AL HADS HMA $E HFE/ FEHE KASZ, HAO RAE
2Ee Mol AA Hel, SHEM £ AP Rt m#EA%ES GE3Ho
s 28 ME% 10671A eprhA "o, metd HAns 8% 4
rrolol —EPol}, BE#o] w2 WHARM(ZM, & =HF)S RE
o By BEEM #9NES Y ¢ AESF ool vt EY WAD] HAEE
ALHe LB} WUTA sl HAODER Afsts REES HEAIZ
AEMS A, HAPS RBE 3te RS B NEERY BRE W
ik ¥teh

1) EWE, "KBR ALY RET, RRAER BRABKE, 1984, p.24
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3) REW# #E

HERBHIAL B FET KBAYRAE LolEol7] I8ty W2 |
e MBS o kAT HAols MEK] 1Y T ERo "t F,
BEMNOE M3t S A foles M) 43 ETH 2 oY
A BRE A BY E ohvjel EREE BEEC AN EREKRY B
& ®BEstA ok wetd felvtets 2 RBRAKIM WEHN #E 4
A BWmwelst ¥ 4 Qlth

WEH#E BEs A RE LBt B HR niel TEH=U, REL
Eol whel AREKE ABEE FHIEREE 7L, FPHHR et
Ae <E 2-6>3 go] FEHTL
olelyt WRMI MMM A, RERrT HH HRE R BEE,
EFER, BESRATE 2ozt KR A28 MR mlolsle BHY
of H&E 4+ AUAEF stojop Urh,

EHEHEBH R et KEESs L EFHAS) BT AHEM #
BE F 2-DF Z2 Aol drh

< ¥ 2-6 > HEEIREESY frE HXd otE 2R

fE ¥ I K EFH B ®RES
E A Hol= ‘{{i#&]OIE(Single Shade)
{(Roll Shade) clE 4 o] E(Multiple Shade)
:‘f_—"‘]-—%i‘_( uit or Fiberfill Shade)
gl E ol (Slatted Shade)
- PR Al WEaAlS 2] B-A Hl (Reflactive Fibric Curtain)
(CurtainoType) %—g%‘ﬁl’j X °7§’7‘ ggﬂ(Faberfill Curtain)
gﬁﬁgﬁiéﬁ?ﬂ(masuc Bubble Curtain)
ey pd 23 HE
5 3 FAS 0k ay
8 A |2%2 48| 2584 (Rol laden)
( Sfﬁ;tt?ar‘) ? %.‘{lé o‘f‘-](Ga?aze)
o] gto] w ™ 1x]& oA
Jg}]zg Hqg} %Txgﬁﬁa
| 3 el 3l g t\’j
o gho] ¥ (Sliding Shutter)
(= Bl A ) A
TR E]




<X 2-7 > HEBRBIHIAM o § 1ot HHEMR BE

fir [ wHE® B R

A UyE | Ad(SHE, A, s1EH), ofF 4ol E(Multiple Shade),
&Y E ME (Slatted Shutter), FLE(Quilt)ua]
|
e

HE¥ Ato] | Hlo]l=-
i z

(Bead Wail), 3}1{-% (Honey Comb),
FE(Zig-Zag Folded)

g g | 3% A ME(Bottom Hinged Shutter), & E A ¥
(Slatted Shutter), A ¥(Folded Shutter), &&}ol=
A E(Sliding Shutter)

4) BN HERE
F#BAA FHNE @FRIc BY ESR HER SA2ES 47 (4
2-34) 9} (4] 2-35)3} Zrl.

hr % Af % (Tmass-Ti) - - oo i (4] 2-34)
he % Af X (Tmass-Ti) v v ciineiinne ... (4] 2-35)

Qr
Qe

gl A2 Ad @HEEolRE BH, Al EEHES (4 2-36)%
(A 3-37)7} "=},

24

Qr-day = 2 hr-h X Af X (Tmass=Ti<h) +crvvvvoennoenonnn. {4 2-35)
h=0
30

Qr-mon = Z hr-d % Af X (Tmass-Ti-d) X Le +-vrvrvvvin, (’5-} 2-37)
d=0

5) ENEBEE ¥t

ZEREET DHE, BRRERE Ao ¥8 & vt 3A £H4"Hc 2
dd Bol B/ oy BEYd FREES ERER LEH, h#,
FRolE MBI olel A% ZBRE BARO D] Hold ZHEE
BiugEol =iF Adch 2y dAEE Brel AR o dxcts

-~ 24 -



BERY ETHE REE HoE2 ERAK B EoStt ENEES
#HS 47 HHe AR REEE Y MEX BA BA BEHES
3 RS tow, WM Ao Mie #/AR, MEKEN oI B
#E Uerh oldy BEAS RoE Ueidd (4] 2-38)3 Zrh

n
Hcax d/dtTi+), KiAj(Ti-To) = Ag x T X T - vovivnrnnnn, (4 2-38)
i=1

Hea : ##2] MBR (Keal/Kg)

Ti + B8 (°C) Kj @ j¥Ae] BMAWEE (Kcal/m2: hoC)

Ay 1§ Y EH (m2)  To : AKE (oC)

Ag ¢ HER T EBRE I: A WA BHE (Keal/n?-h)
olZ G W MMEE HMAOE vl (4 2-39)7 "}

n
Heax(Ti-Ti'} +% KjAj(Ti-To) = Agx T % J «+vrvvvviin, (2} 2-39)
i=1

Ti : i HEREE

Ti' : 1A ZH8] ZERBE

EFRE T FRY EHE TARY ERASEI ME EREY EREE
2 (2] 3-40) 3} (2] 3-41)olBE (2] 2-39)¢] RAFE (A 2-42)7} B}

Hea =/ K % p x C x P/21 %/ {coshZX-cos2X)/ cosh2X+cos2y) --- (2] 2-40)

Hea =/P-K-p-C/27 %/ (cosh2 -cos2Xi)/icoshen+cos2i) %/ 1/(y+cosd)e+singd

..................................................... (4] 2-41)
n
Y Aj x/Kj % pj x Cj x P/2n x/{cosh2X-cos2X)/ (cosh2X+cos2X) x {1-aj)
i=1
n
+ % Ak %Rk x pk x Ck x P/2n x/{cosh2X-cos2X)7/{cosh2X+cos2X) x
k=1

1/ /(ptcosd)2+sin2¢d x ( Ti-Ti’ )+2 Aj Kij { Ti - To)AgxtxI --- (4] 2-42)

-~ 25 -



714

X: L x/mpC/PK L: %7 (m)

K: BENR (Kcal/m - hr-°c) p : HHE(kg/n3)
C: H# (Kcal/kgeC)

® = /4 + arctan (sin 2X/sinh 2X)

¥ = 2 /P K pC/2n x/{cosh2 -cos2X)/(cosh2X+cos2X)/ hx P
$ (A 2-42)0llM Ti & ZFEWREA tiste] B@®sIH viez g
Ag - T+ 1 + Hea x Ti' +3 KjAjTo

T = ———————er—rmime e e e (& 2-43)
' Hea x 2 KjAj !
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% 3 8. Scale Nodelg FIES BER %R

T TRl HEEBHRL Mt AES 9std uid nizt T2 g
& # ¥ (PCM: Phase Change Material)of uhZ sk HRI T #h.
o Ko ot MiEE KRS #1319 2379 RBR2AS ffrsida,
2} WMOIBE Sensord& WEIIY HE, SH3tach

3-1, Scale Model®] $ifE

Scale Model2- Hl& ui3l tZo] wE M RS ¢slo 4@ 8
(A 29)& SESIA, BMH(PCM)2} FMH K o2 #Ek RRS
3t 2@ E(B RY)E MEStGch
ARB RYd BEE 1.20¢%]. 8n%1. 808 3lod 29 HE BF o8 sty
Bz BIfESTOITL. 2Wo] B2 MME(L 20%l.8m) 22 232 (Pair
Glass)& MA3INAI, MBS 100om 2145 (Glass Wool)2} Eloju|E
(DryVit) 2 R3] Hi® 2 BikiEo] EBIN=F 3t dMmE s
o= BEMAZI WHESIIES 450mm*1, 050mn T 718 B EE Tt i

B R 2dS ABE7 140 0n*l. 208 SfEdltglon), BMMUEY H#
(1. 4n*1,0m) & 2%-% 2| (Pair Glass)® Ao, ABEL 150mm &2
2ddog WM RmIstgch

¢HE 3-D>I} <E 3-2>¢ AR Zua BER Ede #MESES ez gl
t}.
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L

g Hv .

; Du TRz,

&

s_g —

r —Yr _
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(hRABE THAE B L BR)

[ 2% 3-21
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< E 3-1 > AR 22 Wi

H A B OB % & # 8 (Kcal /M2hoC)

HEEB 1.2M % 1.8M | 3MM-5 2] +6MM-ZL ZF+ 3MMF- 8] 3, 846

1.8M * 1.8M | 50MM DryVit + 9MM ¥ st
B (A%12} BYE) | + 100MM Glass Wool 0.205
2.3M % 1.8M | + 4.5MM %3t

25MM DryVit + 9MM &t=t

OB 1.2M % 1.8M | + 100MM Glass Wool 0.263
+ 4. 5MM %}3t
50MM DryVit + 9MM %3t

H} ¢ 1.2M * 1.8M | + 100MM Glass Wool 0.205
+ 4. 5MM 33t
30MM DryVit + OMM ¥t

= B 1.2M * 1.8M | + 100MM Glass Wool 0.207
+ 4, 5MM ¥at

¢ ¥ 3-2 > BER Zuo #sE

H B #O®B B % #: BE (Kcal /M2heC)

BB 1.4M * 1. OM | 3IMM-5 €] +6MM3 7h+3MM- 2] 3.846
15MM 33k + 150MM E el A

] B 1.20M%1,18M | &2l + 15MM ¥ut 0.207
15MM &FF + 150MM ZelA

5l B 1.58M%1_ 18M | &2 + 15MM ¥t 0.207

v} ¢ 15MM 3F2F + 150MM EelA&

2 B 1.58M%1.29M | © = + 15MM %ot 0.207
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{200 1 /A%

1700

EOU N b [ ] . Y
25MM DRYVIT i
! 9K LY WOOD

2 100MM GLASS WOUE ]

= 4.5MM PLY WODD .
” 3 M P WD

= 100MM GLASS WOUL ,

= gMd 1Y Wkl

SOHY DRAV 1T

! f

- r 174 PAIR GLASS

L 1

[ 23 3-3) A X 299 FEHE
|- oMM PLY WOOD
= |- 100MM GLASS WOOL
3 L 4.5MM PLY W0OD ‘
12MM PAIR GLASS |
3.5MM PLY WUOD

2 1004 GLASS WIOL
- gMM LY WD

2544 DRYV L

[ 2% 3-4] A XB 292 WEE



15

176¢

150 15

1400 15,150

138G

150) 15

15

200

15MM PLY WOOD

150MM POLYSTRENE
15MM PEY WOOD

oM PAIR GLASS

[2% 3-5] B B 242 FmiE

1.

4oy

130 45

150

[

1

1%

1544 PLY WUOD
150MM POLYSTRENE
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3) vhe ubz #E KRA uld MKk HWS BE< BEW7T MEEE
o1 Ul A UENTH ot Hie MEHY %S 3Y MEAX
o] Wi WFoln, oldY MEKXZ Fol7l AdA<S wH B ol AN
tl.

4) PCMS EM WMol uisld BE HEL o 172 =S Fol= #HHA
7} SlolA B BB BEST Y & 2= TN 2 BR =4, F
#Ee) ARS Y £ o BEARME WA EAY sl#} |t

5) CaClp-6H20% 27 - 30°C oA M{LE ste Aos Ustoy HE
{bA] EEES W= —@3HA] U HEL BRE ol BBt B
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2 uepych wetd —-E2BE BLE $dAME AR 2YAE HHENS
o & Zlojt},

6) THH KE KRA B v FREE K EEs= HiEol #
 EEY HEol vlste, EE Pl ¥ 2 °C o A Ueht Mg
o] $4% ez ML, BRN LT BEEES uide] EREE £
b BEY FEoA AL —@Eddeu, S FR A BEZ oAE
oAZ o 3 - 4 oco| WEXE UVehigled wd THe BE ®UL,
oToe Bl LT EEXI AL ggrh ol EEAAM BV BRI
7 &2t i'!!i%i% A2 ¢ e Hoe g , Direct Gain Systemof] A}
stulo] BELS #itio]l $3 MR BB B2 BEE BEHE B=EE A
o] #Fstct.

7) E#H EE KRN BE &H@ol 713 & W< B HES H
g 0= E v BEeE JUeid:, EERES BE7t F2d #®Ri B
ghel A9 o 3secHERR, HH BTBM FF 40°C BE LRt B#ME
o] VeI whebd BEE RS $isl M EHE FMHEB(Target the
rmal mass)i¥Bfrol] iE#{ %HE (PCM ; Phase Change Material) & MEHE3I=
)\% J—E:‘Q T 91‘:}

8) %k Mo AL HE TN M % # ¥ (Secondary therma
| mass)E MM BEHE BES ¢ 4 ddch EE FRES u} e} o] A
HMEROE TH 2K BEE woli B HHpoT HMY BEE w0l
o mpy EHe wE BES EES WES U ate Aoe FM HIArh.
whebd FRis WEHNE BERIT ASA VElstod Sigels BE PHol
o|Ro] Ao E FolYrh
meld HRALN KB# HEER HRAdM BEE 8 Brs A3e Agol
o miEdo]l W& ¥ ARA e, A, Eld 5 & AstE 2ol
HEmpol, SR 32 BRI BA ¥ ERMEHE S ER
e Fikol FHELE wdols KRS AEAY ER #BEHSS KA
A= qrhT, w3 EAMBE 4 BREMAS uA R ¢ d=s B
& #%E(PCM) & AT FHikol oI HFEMoIH, mMmBe wHol MEX
o] mi$ ARE WK HEE YrH2E @t of ¥rh.
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