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1) Phase Change Material



Y% IPAY limo; € oylowd V1 0490 [ oyl ! (55551 o i

YLy 53 00 oyl Ol 028 035 S bl (Sl 3 Jio Gy )l JUil 4l S8
o329 sle)S g (Ll el 5 bl )3 B s (650 (53l 0123 (sl s dalllae Wiilon 3,5 oo (sl 4
il o glo— dals L ] Conlio iajls 4] &8 A5l oo lod ol posiens yobo & 0fpg slayS 45 39 e o3litl
(55 adslre > las sLayS g Lo bl Jloel L o a3l (o0 Lod g olos slo)S @b (T cofog (slo )3 B
los akats S )3 45 g 03 yuS oo 039ame 13 Ll PCM 5 05 slge 51y el dalgd s 4 bod @5
sla el gl (650! dslee g 0345 mlo — dals b I Canlio 4 5L5 a5 canl )] (ST oo dmd 0§y Lo
Ol = 935k (e o3l |y (g3l aned (gl s Mo LB yobo 4y pal (il g AL (o0 ceslio mlo 5 @l — ol ol
a8)S 7o 53 4 Sld b il dud (il o0l jolaite ay el culio i Lz S e sy ofug ol
9 (0
JLasl g oad jolate (sdm 95 Cyguo 4 Oylys le g 0l (g atww PCM «iS™ iy 1 )yl > Jlal )
Db (oo 48,5 010l b dlg) Job > )l >
13l o PCM 5 5 ) sl g Gl bol Y
a8, wlie Gypo dn o)y s Ja@l PCM mle 5 olbuls oyl s Jas! 315 bg paic LY
P9 (50
Do (o 2,8 ol L3 gled ¥
5 om 4155 a5 5 Colt U5 (slon 5 S iy ol ol JUi] gy

S 905 Gl (Y Joa

> S silys s PCM ol Bl
3 Z
[Kg/m ] ui& VES AY - VO AR
wleyS colin oo e A ¥\ A SR
[W/m.K] Jboovx
o ] b ’
329 slbo)S YRR YA 2ol Y WY
[KI/Kg.K] @by !
55 s slod "
[°C]
38 e e sles
[KI/Kg] W
3 e gl [°C] \




Ol) 85590 dguiic [ ITAY (ylino € 2 )louwd YT 293 VA

iy by dog L Blus jobo s 00 (gl ditwnS Adlre g 39 (0 00 48 4 el (6540 baly cllio ol o
J> (e ) 2ol ) pow @ip0 b3 5 (81550 ()l )L0 ) p9d 550 by 2ol 0)l2> slod ) g
0y LS 4 sladsly e jB 15 PCM 3 dais oy 31 a8 sy o (bL @ Sloj ylys 0,083 A6 3945 00

.\,.ub@)a)cf.uw\/b 5O ol )fa JAA u‘@l”) wyw\ IXWENIN UL.“.: (Y)Ji»i})b Q)]P olS

oH [EJZT asz
=k +

or \
arr ox*  oy? (")
oT
- k a_y‘ y=floor surface = h[Ty: floor surface _Tf ] (Y)

Wﬁ&]bh&mdly&s Ja.w9.u: dLo.) Tf ¢ [W/mK] Wﬁbhl‘c u.s)‘)> w‘.&.&a w).w k ‘UT )345
ol pj pgo s H g T dlaly il o [IKG] s 1 poguasie (I H 5 [K]

-IO- :H/Cps H<HS
H+(T,-¢)L/2¢
T= He<H<H,
CstL/2¢
Tm + & + u H>H|
Cy

ﬁﬁﬁdbbm_is f [J/KgK] W){)’B)ﬁ:ﬁobb &La °5iﬁ L;Lo)f Cp| 9 .\.ol> o}‘gﬁ L;Lo)f Cps ‘O] Bl oS
o 510 5B i lge e slo)S L K] s 56 i (los T ¢ [K] s o (51 juis gled ) 58
[V/KG] s = plo gl poguasio (il 5 2ol gLl pogaseo Il iy 4 Hig Hs y [IKQ]

HS:CpS(Tm—g), H,:Cps(l'm+g)+L ()

o<

=l

- N WheE Ug

Ol o 0S8l d IS Jubo oy 45l glaaaly (¥ JSUS



\-9q IVAY ol € ylows VT 2,93/ oyl ! (655! 4 puii

3T 3,90 59 S 9 (5008 (5 jlow donaeds galis

Sire bl cos (B ()l e b )l 0aiiS 00585 S (oloidiny (S)l 03D Jde 18U 92 (65908

b (550 byt il (0 PCM sl a2 > plonys (5> slo dlg) ojlil aSial @y e 5 b 398 (g 0 liea
g 4o Oyly> oS 0) 83 S g oS &5 CES 1B ey )90 il Gl by dw cod ladly)
bysgss il ol sl dgd alg 5 (c8liSy ()l )L ) pod s5p0 by g5 31 5o ySUl b glocall
50092 g Jb 0 Sl (5 Sl sla dgh 5l 51 ) pgo o )3 STeS 0l o (g 595 bl ) pys 550

Bges 28 (ol oylesd glod ) Jsl sipe byd 5 311y o ol (o el Gl oS St copu L

L ol sbos @ 0l 048 035 (92 S ol slod &5 Sloj |y ol 085 (o auglie (V) S5

o sla> 33051  55°C 55 L (sles « B0MM sla ) iy (slisi b PEX(920%2) 55 ] sl oyl 525

oo ok 0D bawgie Oylys 9 10% &)lys ol caws I asys 5 LIMIN OT (05 < 60°C 2850 O g 0psd

sLod i i bl (F) S8 (S8 gl slo il 3529 L g and o )] oy oo po 5 Sl (s5pe Ll

lnciall ol b b g Yl y3 00 (55 Lol o S iS Ciliskn sy b Syl 0,83 lo b Ui g
A o ol 1, 20 mm (S sdl

30 B Py i b

surface
)
|
]
|

temperature (

floor

the
o
T

10 | | | | | | |

1 3 5 7 g9
time ( X 60min)

Blidre (6530 oy g Coxd @yl p> 0D o o S gedans (glod abuly (V¥ JSS



Ol) 85590 dguiic [ ITAY (ylino € 2 )louwd YT 293 VY.

W q=1000W/m2 M g=1250W/m2 O g=1400W/m2

28 —
24 | i 0
g -
S0 2 | —
2§ 8
Ty
0

1 3 5 7 9 11 13 13 17 19
time (X 60min)

wilizee olo)S (Slayli Cod @yl 035 o g IS e (lod el (£ U
Lod lad dy (S o (glod &S Jloj pow (550 byus Cjlis 0050 yloj &S daus o0 030 Slowlowe ol
5 ol Ul g Gl sl Jloo ol 51 (56 bl o ol gy ool Jl 5550 by ] iaS ety
)y 03> oloj VL ()l )L il (S Sl (pla)S Ll )3 (eiomen 298 (o0 Oyl 085l alS
A walizre S gy g5 9 baylyd Cod o Syl muie L S Syl 0 Slas dllie pl 40 amd o i |y (6508
st gl pel)ly plos ol oad (gl dnd Cilisee )l 035 laulpd g il )l sl Ayl o LS g9

ol 030l (V) Jgd> 5D (65lo dund 390

oo 5 ol g (¥ Jgi
o Jolas tio 335l
opd ol slad 51,53,55 (°C)
e (ot oS (gl lelyly | 2S5l ol 5 0p8d Ul sl M1 | 4,6,8 (°C)
oyd o 3,5,7 (L/min)
b slo Tw= (tg*th) /2 (°C)
<ol B .- l - - 2
)5 clo Ayl 550 £lo sl e JO Q.= 1000, 1250, 1400 (W/m°)
5l il caps H= 10 (W/m? . °C)
Jb slo Tw= (tg+ th) / 2 (°C)
s
s e odlo Lﬁ’i
. swl,S S
oS e sl .
b alg) yo (sliad 60,80,100 (mm)
25 5l @1 0,10%, 15%




YWY IVAY ol € ylows VT 2,93/ oyl ! (655! 4 puii

o33 ol (glod Cot Sl 08D loj b1 calisee S gy g5 93 b i prbaw (slod yuis alayl, () JS5
e jl doyd o 60MM o gl oy bad 5 L/MIN Ol o5 g °C iS5k Ol g 0,33 Ol (glos Y31 51°C

o)_;é.a dl.mloacod&)lp o),}') Qb}\g&\ﬁ;&f@mudbo u‘MuudlaJl) .J..Muodj‘)l 10% C")‘P OJI)
sl 03el (V) 9 () csla S5 )3 Cilise (sl dlg) o (sldb 35 ¢ cilisee cuiSiL o

S s Lyiidgs E95 93 (Gl Oyl 0dd yloj g B gl (glod alul, (0 JSUS

w5 3 Ol g 008D O Aliseo (glaled BWAT Coxi oyl 08D (4o 9 85 b (glod abaly (T JSW

it g dg) Juolgd (5l &yl 03B yloj g B pdaw (slod abal, (Y JSW



Ol) 85590 dguiic [ ITAY (ylino € 2 )louwd YT 293 Y

SoSdasis
Do (o0 61 (il A gl ]
Do (oo yieS Wil ypo S Sl colan aS Slej Sy sled ot Gyl 0580 loj—)

)9“) o 5 U.sY}‘o . 5/)1; 5 dl b),)) ui o lep.) A U@L{ L’ u)‘)> °)»>~> UL")_Y

4098 (o S 55 Ol siledlil ploj il 29 o a8 e gl (gLad GRRTL Ol 08 Gl Y
Ol a8 0l 665 4 Camly oo b g g (sLad W sy Sl 590 ol Sl o0l &S 55k

S s (glod &S gime ol 4 S o0y oMo Cend L Lo )S 035 o o S e (sled <SSy 4
31> Csllas (glo Ll 4 yoeio ol (l g amd ad plordl (gl alan Mo LB cllugs oS (gjludlil 5 085 loj (b
D)5 o 3]
(855 s S35l M55 oo 5 03,8 (5551 03 &1 bl K8 (B il i b Sl 00 085 i
il gty Coge g Al Lgllas 1) 31 (slgn Wlg3 o Oyl oS 0083 LS (b ped )3 S Gulas )
Do dnlgs Lo dlasdl x4 Ludy (65l [yl dawgy 00,5 SW; curS 4 5D

C._sl.'u

& i 0l S8, dlae 3l ealatel b pladle )3 (65,50 (g5l 0,8 (IVAY) Lo padre (605 (6 )l LS jhes ¢ T[]
A=V D D)Louﬁ \Ye 0,93 /Ul)"l d)).ll

it s 2le)S S50 3 9 Wyo Cue leidle ) 0aimd 51 s dlge (635 )0 (M) L (OUS p dpne [Y]
w2z o FA o jless (Sl

[3] Bakos G. 2000. "Energy management method for auxiliary energy saving in a passive solar
heated residence using low-cost off-peak electricity”, Journal of Energy and Buildings, Vol.
31, PP. 237 -241.

[4] Barrio M., Font J., Lopez D.O. and et al. 1992. "Floor radiant system with heat storage by a
solid phase transition material”, Journal of Solar Energy Materials and Solar Cells, Vol. 27,
PP. 127 -133.

[5] Farid M. and Kong W.J. 2001. "Underfloor with Latent Heat Storage", Journal of Proceedings
of Institute of Mechanical Engineers, 215(A), PP. 601-609.

[6] Hong Ye. and Xinshi Ge. 2000. "Preparation of polyethylene paraffin compound as a form
stable solid-liquid phase change material”, Journal of Solar Energy Materials & Solar Cells,
Vol. 6, PP. 437-441.

[7] Jain L. and Sharma S.D. 2009. "Phase change materials for day lighting and glazed insulation
in buildings", Journal of Engineering Science and Technology, Vol. 4, No. 3, PP. 322-327.



