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The effect of Nano-phase change materials on hydronic floor heating system in
temperate and humid climate
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ABSTRACT

In this paper, phase change material (PCM) was utilized in the hydronic floor heating system for house heating in the winter. The outdoor temperature
was considered moderate and humid, as the climate in North of Iran. The effect of hot water temperature in tubes, transition temperature, latent heat
and finally thermal conductivity of PCMs are investigated and the operating characteristics of the system were compared with that of the non- phase
change energy storage system. The results showed that the PCM stabilized temperature within the room and decreased energy consumption. Latent
heat of PCM found to have a minor effect on room temperature, whereas increase in the transition temperature of PCM caused increase of the lagging
time between outside and inside room temperatures. Increasing the thermal conductivity of the PCM, the rise of room temperature per unit time was
accelerated, in addition, increasing the weight fraction of Nano particles in PCM was dampened the amplitude of room temperature variation during
the day. Therefore, using Nano-PCM was found to be of great significance for house heating and comfort condition of occupants.

Keywords: CFD simulation, Nano-PCM, hydronic floor heating system, moderate and humid climate
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GleaY oY Gomlps oo ls»

31 31 1800 2500 Ideal-gas S
1340 1340 880 920 100643 egate o)l
0.04 0.04 00257 14 00242 ) ol

789 %10 ° o)

03 3,085 olge Slasie 2 Jous
Table 2 Characteristics of the phase change materials

&) o L L5
S R e
et (il o o
PCM303 1510 1800 0.8 0.03 303 138000
PCM307 1510 1800 0.8 0.03 307 188000
AlLO; 3970 765 47 - - :
9] ol sle s
_ (@ =¢)p L)pem 4)
LNano-peM = ——————
PNano-PCM
[10] (Sslios oy
HNano-pcm = 0.983 e1295%pcu (5)

oy Jso,d 5l oolaiwl L osms 5B o Sleegl 5> Colas

S oels cel wad o @B sl li8l Coge aSLl 5 odle Y
&ol3dle 5 a5l eolaul b [7] of wogi e ju pleilo LS 050 Syl
e g aldly (S SISl iale S i a5 U G (gloans 4
A gediun b 3L Sl gloo 5 aisls y cconl oaims 5B s Slge 4
Dgad duclie (s oaind J8 o5 olge Jull

I ol ool olgae o] J31s ar olgagil (joges o)ly 5 eolaul
G 6 pSo3lail slaolKiws jl eolawl b [8] o) Kad g g5 cowidu sgupe
5 oy ocdims 5B s olge ;o e D13gL 3l eolawl LSU cwy @
ol Calae il 4 e D136 1 538 200 og38l b wsls ylas
b oo 29133114.29%,18.1% 5 5 4 sel> 5 pole > 0 ]

JEl gilwand Cqz @ous oy, 5l eolaiul ais; yo olllas
oaind b i Slge 4 e 9 S b )S pitens S 5o Ol
mas ) eolatl b llie ol jo iail e Sail [l 1,366 L belse
adhhio ;o o) jo @S 3l inle S e b a5 GU G goue (g5l
et Slge elai (elge 15U g 0ud Jae gdise 05 Coboye g Juine
B3,5 oa gy 0k S s olae 9l Lol g (S, culas s

Hls Cinogi -2
o sz A )l gl (3l Jels Supd Jow "1 S o
g 0aipd 3B o8 dlge (gol> laakaass (oSl ol T piicew slaalg)
~dg) 3 bl e 2.8M Gl glis,l 5 oe it esls olis le ay
colis 4 wyr bl 4Y Lz Jold GS a5 16MM L
5 20Mm culbrs 4 gl Y 30MM cuwlks 4 o 4Y 20mm
d31s 50 olge cpl casl oaims 3B s Slge 4 pore BUI AS 5900
olie Gl aS Ll 5108 oo J18 0 50 20MM (5o &y plnaliioes
oo O Slor (pyae 3 GBI S 93 5 0 (215 slajlens g 03e
RS (o0 (syn 39 ygo &g odd Joe GBI I (oo e il

@lsr 5 ol )0 5 ey Jad 50 bame slop (S5m0 0 gy lns
$lgn sled g aibioo ()lo 1) Olnl Jlod 55 sbye g Jatae
1l e 12°C 5 4°C G slod Dl b (pugios & )90 41 Lapee
2m t(hour) 3 E) (1)

24 2

G sl Y Lo bl Jlas SO Gl Paym Jes &)l Cwglie

oad 43S 10 0.0257W/MK 5> culaa 5 3.50M culies

T(°C) = 12 + 8sin (

S Gob 3l et 5 ond Jlesl G (sl ale (gp0 by tund
1 dsozr oY ke (Sosdeey (olod conl ol Jladdyo 5 (e 4
ol o0l

0dgdze 4y dzgi b il oaws B s cole £ g0 2 Jgu o
GOV VY B COUSN | PG Y 1 S PR S SOV P

Lisy 5(2 Jgaz) )il 5 oaams 5B s dlse (olss jl eolizl L

22)9] oy | oaims 51 s olgem il (So5dge 5 els> Gl e 2

wyl oo oty [11] Lozl 9] J&>
ko + 2k, — 2(kpp — k 6
KNano-pcm = —— np = 2knp = knp ) + ©) PNano-pcm = ¢ pxp + (1 — d)ppem )
knp + 2knp + (knp — knp)® : e aL
T 9] (pgare &) b b
4 K ¢ (p ) ot 1-0)(p cp) 3
5 % 10*ppcmCppemBi § ¢ e f(T,P) CpNano—pCM = P l\::Nano—PCM »)pcm 3)
390 9 G bl 5 g srbedyous Slallips Gl (yre9s wIlie dc gaze A3 ojlaib 16 095 1395 jiw (urde Sille Lwdiie 88


http://www.sid.ir

GO0 A 9 (S Iuined dods

Db o 9 Jine $lgd 9 T )3 i Sl Ginle )5 @i )3 03503 1 juis 3lgogil juil

oS 550 Ll Jlael L [13] LS b b sone o (a5 Ll 3 Jour
Table 3 validation of current study with Karabay et al. [13] with the
same boundary conditions

sles g Sl
J) U1 e e E U - 1
=5 2069 29738 2949 2971 299.2
30°C  [18] ez» 2076 20758 2955 2974  299.1
(s 0.2 0.07 0.2 01 002
»>,5 3064 30615 3032 3059 3084
40°c [18] &= 3061 30607 3035 3059 308
(U= 011 0.03 012 001 013
»2>55 3146 31474 3113 3144 3172
50 [18]ez» 3146 31459 3117 3144 3168
M= 901 005 0.11 0 0.12
-4

0did 3B g Slgo OISl cwyp 1-4
oaxms 5 i olse 3l Gl ee Gl le (6551 ©dr Colll Gl cee
gos g0 3l oolaiwl 3B isn ol j0 050 eoliiwl Glaisle glaasY o
IS 0 T s g oo gy BT (A1 (sled y0 ouias 5B L5 Slge
Slod oaias 5B i olge ol i b el ol dunlie adgl GBI L "3
ol alg) slos ssladoo yss plojen ysbar ol b 35l 5 S8 et
"3 S W amg Lol eal aihaSs cui40°C o 65 O
Gloo b U1 5l slos w0gi (gilwacd adgl &g a0 LT a5 50,0
38 s olge 5l oolaiwl @hge jo Ll o)l gauad less ey sl
Oy 50 sl ol cde iy oo ralS 5UT los @l sy U1 S 50 oaums
Sblog o ol 5losliT g osims 5B s olge ,0 oo 0pud (635,
9 PCM303 sauws 318 s oole £45 50 dunlie bl 9,0 slo sloo
4 S (g Sy 36 PCM307 a5 il o ols5 o PCM307
oinlol el g PCM303 L aslie jo ¢ aiils g lge sbes

Ll powslie GG Sl

).|é l“‘"‘"" LSL“‘> C")S‘ 0% -2-4
4 e gleplasle Sl ol 50 pae o8 S 56 s sl

315
| ——=—— concrete o
|~ —a— — PCM303 Tube @ 40C
| — —o—-— PCM307

310 -

| | | | |
295 6 12 18 24 30 36 42 48

t (hour)

Fig. 3 The effect of using PCM in room average temperature
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Fig. 6 The effect of PCM thermal conductivity on room average
temperature

361 lagie slos p0 saims 5B i olge 5yl culan 16 JSi

Shls caims JB o dlge a5 ol S BB el cnims B s dlge
on S e B el gles sl Djge ) Sslie Gl sle)S
<ol 18800017 Slade 1o oles lo)S dize Sygo 5B s sles il
Ligie gleo "4 ISE" sl oo peid T 5B s glod g 0ol arils a5
S0 danlio o2 bowias 3B sy oole U sl slales o, 5Ll
5 PCM303 b ,5b sl ciole)S s b avglio 5o ules
s PCM307 ;1 solatul & y0,8 g 00 adgl o> 51 sz PCM307
PCM303 «; e 3T sl slos (3, 52 55 Syl (y5,m Sloo

ils anles

005 J8 yuni e yld glosS Il gy ~3-4

475 IS8T 5o oles gle ) Sl g 5l i sles 1 oS5 2l
Sy cwl cals aisly onms B s dlae Gl sle,S SISl cwy
b eaias B dlge olas sle,S MBS o aslie JB @l
bl aalys GUl lawgie slos ;o (ooS Ly

315
| ——=—— concrete Tube @ 40°C
L — —a— — PCM307-H=188(kJ/kg)
L —-—o—-— PCMB303-H=188 (ki/kg)

310 —

/
P | ! ! ! ! | |
295 6 12 18 24 30 36 42 48

t (hour)
Fig. 4. The effect of PCM melting temperature on room average
temperature

Gl lawgie sles 4o oaums 5B s olge 5B i slos ol 514 S

315
 ——=—— concrete Tube @ 40°C
 — —o— — PCM307-H=188(kJ/kg)
L — —a— — PCM307-H=138(kJ/kg)

310 —

| | | | |
29 6 12 18 24 30 36 42 48

t (hour)
Fig.5 The effect of PCM latent heat on room average temperature
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