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Abstract

In this research, phase change materials (PCMs) have been examined as innovative tools for temperature control in
thermal systems. These materials, operating intelligently without the need for mechanical equipment, undergo phase
transitions naturally, adapting to environmental fluctuations and thereby enhancing energy efficiency in thermal systems.
The study delves into the investigation and classification of the characteristics of these materials, along with their
applications in various building components such as walls, windows, bricks, artificial stones, ceilings, and floors. The
obtained results from the use of these materials indicate their potential as a novel solution for optimizing energy
consumption in buildings. For instance, incorporating PCMs in walls leads to a reduction in thermal energy consumption,
and utilizing nano-insulation in windows decreases the need for heating and cooling systems, providing users with greater
independence from these facilities. Furthermore, the effect of PCMs in stones contributes to thermal stability, and in
bricks, it significantly diminishes greenhouse gas emissions. Overall, the integration of PCMs in building floors enhances
thermal storage capacity. These findings underscore the practical utility of PCM as an effective solution for improving
the energy efficiency of buildings.
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1. Polytetrafluoroethylene
2. Reinforced concrete



o9kl 250 S oy (S eSgpe 00 160l e s 18] Sezma Lo b

B N R SR EH P RCERS E SUSS POR X S| I B PR Y| e g e
[39] st ae GYsb (g5l b calio 5B o5 gleo

| & L SR T S
gl gl = el glaa

I
|
- | -
1 : {
|
s Y | | 1 L
|
by Tow = * B T
|
i i 1]
il e Ji]| byl o i
e e L 1 (R FERET I
gl b |
Vi S |
=t i b TF | -
N
e
T - i gt It s
I
T
T i |

(Sokis 9 00020318 105 Slgo (g9l (gl 0yoety (S 5ed Jow 4SS
[39] J3s21

Sy S Sl sw)p ) [40] s 5 50

GlS (gl 4 Wiy el ol & Glaitlo 1 (65l B paan il
2o &l aded Sl olgiee Gl Syse siale)S g (chaleyw slals
Sy aied culses iulidl o S eolatwl o lax 98 g 0 lax ST sl 0oy
ey e 5 215 535 0 B 1y Gale Sl i 5 sliemy
Cabes ojlax 98 o,y slp &5 I o s o GlPl ST
Om 0yi> eizmen )10 Gl 5 Gale ) b b peditene bLS I 4t
b sS Jo s aS e o)l Glep b p oo 13U oy
Je oy 53 [41] Gl San 5 pmalonty )35 o ugSine 3l 2le 5
385 i b i bl soue g (025 Slahy, Sl ek
0 h Cualies SRl (JSIs slsm slod Dty (ol b pdads (o yee
§ S5 o0 Sguzme mobe fael> B ez S L Lol sl Sgo Y mm U
5 SN mm ) i Wl e atess Obé L peimes
01350805 oy b ogl Slole) sloo iy (65l [42] Ui San
w131 o (gloo SSES  @l)d b5 wB3gl ez S il
ol b Bt 85 5 S s 58,5 |y 1S e
Ol3gl (oo puS a4z 2 g Canl jiiny (L) Jad j0 adlllas 3550
7S 3l Bpan 55,5 DS S e (55 Srae ail i
D)3l (cozm> S camslin SBEIL Olgs a1 (6551 B s (i 290 o0
Joolal o oy 5y &yl JUil T sl el L b oligb gl 5
Crond S5 sl 00 00ls )L 5 S )0 0aie0;l8 5 Slgegil (59l
o JEe 0yt w2 ly 35k 5l 5o Ceend 098 oo pSae adt Langs
Cd 0xi3l8 s dlgegil 4 5 asd Lawgi odile Bl Caand 5 090
OY jo il a4 ool oy hawg oud iz sl S 0ed o
Jusl anld (b o osbce Jood oaimslsd Slpegil Y 5 aded

2 o jledi (11 553 <1403 ¢ 5h5nand glea Sl el 4yl

193

olgs Lol 5 ladad leoyy  Jeeme laind sloo,oy
cls p5 5 o ler o LS Linl L Qds gl cnimsilé s
O Slwlie [38] il Sen g helowsl o opl yo [37] aiiva
Sloe boad nos 3 el Loead n Syl ey gs o
oolainl canlio (2ob, Joo SO 5l 090 5o 50 assls plosil oaims 18 s
Slainigs slao,xin a5 09 Gyge ol 4 ] Liegh 4 s ,S
Gyt 21,5 oalil ansd jheslaiwl b g O3l 518 bglse b oads yy
Slidigd 0y g e ¢ [FO-+ OO 0dg0mma y0 o N ;S g o ks
TAD=+ [P0 odgazme j0 il H5iSB (glls onianjld st slge b oonldsyy

Ll 0alie JB (2) alal) yo ol g5l Ll

rise -V

slope factore = — =———
p f run Xy — X1

@)

Gl ooy 5yl o Slee [37] Lol SKan 5 J Silags

5 Ol 5o 1) ile gladad slooyzyg 0aimdjli i Slge L ool
0y 99 0 (7)1 9 (o gl (plos Slilugi g W) oy s
oo,y 0,5 gilwans celw FA ;o FLUENT l38ls 5 lawgs |,
o Skee bl olBT slajg, ;o NasS0s.10H0 b oo, (sldind
Load » slated glooyy SLb slajy, ;o 5 iy e &)l
Sl Glisy o b ol b iisls s g ), 9,Skes CaCly.6Hz0
B ew gleo &Sl S 4 gl Al oj5e ()l el
3B e med 9 09 Jaore sles I YL CaCl.6H0 9 NaySO4.10H,0
By 4 ol 4 o] opl plis ozs samlive LT oaims 56 105 olge ,o
slayls &)l o,Slas )0 soge HEB 003 s Slge gd (gles aF
oo,y o oolaiwl gly oasil s olae oo glsil Wb g, ol
o3lil 8,90 (liwe) 50y (S 0 Shee 4 (aliws slp slastigs
S S slated oy (Sl 3 Shos [39] () Sen g 05 18
o ez Sy lom g ol o 1) eaimsil s olse 5 J3gn! ekew
oo G bawgi sladad oy 5> il 3 Sles iluand oS
5039 oS «(JBx wdlizes sl Jjgn] culied Sl 5 0l plonil (soae
208 aalllas (slaced oty (5> Ble 2ls> 59, 2, )l Selas
25k & Wl cad y35 e (oS 5 (St g0,y 45 Ol i T i
Caales iol38l.asS solitul duad 8w slen g 01 4o les sbo)S 5l Yige
WS (oo e 1) sl 0y ()l Gl ()l calia ials
9 WRBb ALBlS 422 b g 59, Jobo 0 Wl e 0aamdjl i Slge
SbosS 5 Ko Jjpl Sz o5 b 0 aiiS ol ) 5l (ol
Joe 13 0183 1l8 035 Slge a2 2 9 (51> Glel » 652U 53U o3
(3Ll 00205308 50055 Sl 5 S5 0l ko (g9l (Slaiand 02y (058
0,03 A A s S5 0,z dxly Ll sal ools lai 4 IS o
5 J59 b Jol 0> slaied ot 550 Brae ;5 (92480 b ool
Calis & olaaind Lawgi g ool 5 oaimdjli s Slge b pgd 0)d>
oS Syl bl o & Sk Sl ol o B e il < /F
Gle 5,Skas el /Y WIMK) dsp 5l oS a5 +/+ VAW/mK)

1. Slope factor



00038 500k Slge i joralS 6l SaS &y 5 (g, Sl Al 5 (65l 5 SeSus Glaplaislus o (g5, Bran iz o2 2 6590

I 1
| {
Y — =

iy itad

fi - et

i el FCM

(8 S apsd Ll i sepd otle F oy e
35118 53 00l 505 0,5k 00idd 38,0 lge i IS Jol £ SCS
[84] 4505 005 S5 =

Slop 53,5 S G ly ez oty S [45] s 5 g0
(Ol ooy &)l oaums ;s slae )1, Jae 5l oolaul b aye05
lod b g 0gh oe ands aled o b oiadlo il Slge ()l Joe
o Sl 055 o L5 eSS iy Sl Lame (slgn VU
a5 598 o0 plil (go0e (g5l o Jloslainl b 5l Jouws (sileaigs s
sy a5 wao oo lis gl 0ed o0 a b JelS ulie o yiolesl b
5 6ol il enjla s Blge dxmio Cwls ioliEl il 4 ees
8,05 adss anl B adsl lels )5 sasadss glo,S 5 (25,5 slop sloo
e S am gn 5 | 38 o2 e b Jpam 51 SV S5 0
az LSS ageio oy b odies i, olge Dlois jloals aisle J)l>
145] wis Sz L3 511 saianges slga b oo

| ol
NN ] | R R
r ol
L ot
POM 5l Jas ['
I e

[46] ooias;jb s Slge ) Joue b asge5 0,y 7SS

St Sl 003 30 e 5o [46] il Samy Lo

U e Sl b & (Blidis 5 i 55lpm Sl o5 Jol2)
|y Wi s > JUED] paas ool 50,8 Slgitos |, ¥ (g5l0 5
WS oo Lai 1) 00l 53 55 o Sl (e 3 g e e alS
o 5 ol lulpd cov (s5le cov SBlad Ble Slge g g > LS,

2. Parallel Slat Transparent Insulation Material

2 o jledi (11 553 «1403 ¢ 5h5nand glea Sl el 4yl

194

el ol JEl ey w0l Jl] glacdl o 4,8 o>
[43] 555 oo plonil xints 5 il
J=1s

PCM il

—." Caa] 8l _'LE.:.'...:

S pen

~ | 8 | e e

s laa Cualas

sl Al

Slgagil ol Hlauld iy G yo )l Jlal anTd Soled ioles 5 S
[43] oasas;ls, s

s b 4Ll ) arsg5 05y S g0 s5bo 1 [44] il San 5 52
TS 3 )l8 53 50 53 L) Ol ()l 2 Shes 5 (55l oimsjlé s
otalesT b wols 41,8 aalllas 3,50 4505 GhaloS Gy 9,5 5 4508
o Slyn saliy) sles Dolis oS wws e las aled giluses
S S glaglersle 2o 55 5 Gyl 08bes 1) b cn it
Slye b gl opmiy i Sl Wil oo s 0l L] ailys, slos
b (S a0 aghd 00 SIS g slas )15 ) owied 1,055
Sgaze 00idd il ,sd Slae b dyged 0oty cdilS S Gion Sl b ol
Gl e &5 Cel onl gundygt 6551 03 Slalejl @l el
bod g 2905 G571 0 29z pe Glie oS 03 Glie 2 G
Gt y9 b ek b slapleas b o )ls 1, 56 i 93959 sloo
it S 53 00 i Slge b dnged 0y e 5l 0l oo 0L
oS S5 095 alejl ol 2 ogdle iy (52 00 S Giele)S
Qg 0yl 5 ge GU a5l G sl S AalS lp ages oy
sals olis (Qll) $USE o o jelailen coul o5 ouiiS 5 e
Cpin lp 1) i Ss s 51 Gle il s slgs Casloas
o 85 jsbilen 5 aiS e el (5 gprhae aists usts oialosS
Slop Lawgi £ls Lis o038 i dlge sl o ools L (©) £ S
SoS Gl Al 0 9058 g0 S Oyl Jlsl Al 8 gy o
lse oyl 5| G o5 Slyp Sl i3 sl 5o sy o s ouisS
[44] 558 oo 4585 0y 00im03l8 s

LS Bis el (o AT i3 iy Sl ()

1. Heating, Ventilation, and Air Conditioning
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6. PCM-impregnated lightweight sand
7. lightweight sand

8. Natural sand

9. Lightweight aggregate
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