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Experimental investigation and fuzzy logic modelling of nanofluid solidification
behavior
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ARTICLE INFORMATION ABSTRACT

In this paper, the important characteristics of solidification including supercooling degree, solidification
time, nucleation temperature, phase change temperature which effect on efficiency are experimentally
studied. A purposely designed experimental device was used to investigate the solidification
characteristics of titania nanofluid (0.01%wt. 0.02% wt. and 0.04%wt.). The results clearly reveal that
Keywords: adding titania nanoparticles to Deionized_water as a base flqid can reduce the ti_me of solic_iification,
Solidification phase change temperature and supercooling degree. By adding 0.04% wt. titania nanoparticles, the
Nanofluid solidification time, phase change temperature and supercooling degree are reduced by 70%, 18%, 69%
Nucleation Temperature while nucleation temperature is enhanced by 29%. Thus, the time of solidification is more affected by
Supercooling Degree adding nanoparticles than other solidification characteristics. Further, the experimental results show that
Fuzzy Logic nanofluid heat flux is higher than that of base fluid. Also, a comparison of Fuzzy logic modelling and
experimental results for liquid fraction is studied. The results reveal that the fuzzy logic modelling is a
reliable and powerful technique for predicting the liquid transient fraction. From the results it is also
concluded that extremely low concentration of titania has low average error.

Original Research Paper

Received 25 August 2015

Accepted 28 September 2015
Available Online 01 November 2015

[ Downloaded from mme.modares.ac.ir on 2024-05-22 ]

[ DOR: 20.1001.1.10275940.1394.15.11.42.8 ]

S50 G3lwe oS sl (erwbin o laze (s Lo )T 0533 SUlg o
Slopins 8 Slos ey g Glotily S0 58 oo sl el 51 [1] o
Colae oo Caols L oainnjld s olge 3l eolaiul ¢ ol jus 0,058
4 s B Lopr 03 (YL £5) o 5,05 Ol ColilE 5 Y1 5l
cnlin (g5luoliT g adss Coled ;o 9 Vb (oo (65,31 05053 ((JalS slozx]
2] el )
e Sl pog Lls pac g lends yluly Jds 4 Ol 4z 3
S i ;0 Jolae oaims 8,055 cole U Glaie 4 dae e

Please cite this article using:

dodo -1
el Elasle bzl e lopos (651 (6 3lo i slael LB 5 5o by, G
Saio ;0 (09 p b GLSL S g Glog Bras Lulpd 0 ohig &S
3B s b 5l S @i ol wial 2 (nl 025 oo )18 esliinl 300
el s 05053 (Slapis gy los 53,51 0553 5 alr 4 o]

4—"4—’)»569)‘)3 oolazul 3,90 La;rv“ . ,UJ| I 4520&.2.@.)}[5 0‘9-"

1- Cool Storage Systems
2- Phase Change Material

T led aaliiu! Jod &b 5l lie ol @ gl gl y0

H. Aslani, M. Moghiman, Experimental investigation and fuzzy logic modelling of nanofluid solidification behavior, Modares Mechanical Engineering, Vol. 15, No. 11, pp. 284-

292, 2015 (In Persian)


https://dorl.net/dor/20.1001.1.10275940.1394.15.11.42.8
https://mme.modares.ac.ir/article-15-10090-en.html

[ Downloaded from mme.modares.ac.ir on 2024-05-22 ]

[ DOR: 20.1001.1.10275940.1394.15.11.42.8 ]

Vlesiio 3oz 9 SiWal (53D

SIB Gl gy A Siw e 9 Juwwgil Sloxil (laduostire S0 inle 3T S )

Sxiogl 5 )5 sadglpl) Yol s b ool 2y
At JSS i St s 4 g0 B (ol @l 285 S s (G315
[16] 5,5 o,Lal ;31,5 Slorio gl b anslie ;o S Jolgil jea> o

EVsl ool sloaaseioo y Slydgl azgs BB 51 18,5 o |
Oselim iy Dbl 4 5l ooy 00033 lapiues ledily 55
ol Gied Boa el bt lo Jlwsil )3 (Sundge S mie ols>
shaatie p Ll Jhwsl blise glackle 3l alilel (o)
5 o S031 (551 4 byl 4z 0 e S5 sles Sl slond
1 baasie pl ol slazl Bloj 5 56 i clos ind Sl gleds
ol 453 5 15 Lo g 520 g anlllae 5,50 Sl ki lacdalé
Gaa b wle G,dS oz S 2LLes] polie wllie pl ) (rizeen
3 Bhie bwgs o] sloanie 5 Slislesl ails, Bl a6l (326
2 ol sl Ol ) ol QU ean slr s end il
ol 455 )18 azgi 0550 (2Eilej] polie 065 i

Ol bo slozsil gauasine-2
Oloy & Lo [y (AlLSe oazmy slo )l (giludecmio 9 (19,5 3 Jas
G oy iz b mole sloo als oS o5y cpay camd g0 lid 095 3
20wl sleo b o aaldl wlezl adgl slaaius LSas kel al> e
ald s San Glod posis ozl sbrdine LSi al> e g4,
S5 DS slezil adgl slaaiin LSi5 g4,0 Al oy ol Slos]
Goais @l o ol 5l e [17] 0sd 0 LS5 mlo 5B 0 ayax 5
g9 3l SVhwgll o 55k 00,5 oo LSS o 5 00903 Wb 0l oSS
. , e | .o (8 1 .
ool zobw Joe o adsl bhaiie LS 1) sl (Kool el
2 (ohdgl) cabb ol [19,18] 0o 8 o 5l 0,30b 5 Al Jlow
Slediay Gl b S 50 9@.‘}“3-%“ Jole plysar (Real jols puilSa
w b 3g, 00 Yo ole (slos o Jlins )5 slo ol wis, plSin 40 .[20] iy, o0
S5 olal allsl (sloary 5 oo, (slozl alai) 6 s oot (slos
slazel (gam sbbay LSi 4 e bojw 0do > o (pl )0 0680 0
Loy ouls aY op 3l LS 5l e 0,08 ood Oyg0 oo Sials g oo
35S o0 D yg0 oo ualS 0,Lgd (oo s a8 aolol

5 a5 00 (SD) yisle yuol 3 a4 y0 olozml jo pie sl il )b 51 (S
[21] o9 o iy (2) alasly & yg0 4 0395 (ol Dl
SD=T,—-T, (2

saalS oeul awe Sa5 los Thog 5B w5 oo Tm )] yo oS
Wl S Halplgl o Les ol a4y S 5ls Ldo 4 oo jul 8 a0
[3] 5591 2l % (5551 0255 laptanms 5 olozl (sl (6 Fmmlin Ll

coimlo pwl 8 a0 a5 j0 g A oSl gloo Ol s ey o
slodiun ab) 1wl (5900 oz Sl G35l el oy
O awe JSas gloo oo (ioli8l b ol jen a5 ool JSas Jlws S
d.»Lb.o .[22] Sl L.u).c T alﬂ Lg’)”).i‘ Q‘)‘*@ L el )'15 Jooes) sbeo
B9 oo dalone (3) alal; & jg0 4 oliT (651« (Snlinoge 5 Ll
Ag, = Ah, —TAs, ®3)

- Aspect Ratio

- Nucleation Temperature

- Supercooling Degree (SD)

- Phase Change Temperature
- Heterogeneous Nucleation
- Nucleating agent

© 00 ~NOo U1

285

Ol Sl cale s osr mly Lol g eoliia] (glojus 05
Ol A o pias ;0 Codgas obul 5 )5 o Slee alS Coge
38 kae 05 (sl Al slosbs, 53T [3] 00,5 o S o ooli
a) Ol 3 SldeSee g 5 oed oooyE aiile S (slo s
[5,4] el oo a8 5 IS4 (o0ums 58, s0lo lgie
L as coulonds pal b el (nl 65519555 (5 )5Ld anwgs L oy ol
oz o] (Soibges oo ortoosliyecis Slya & 5 S 0938
Colad Coyo aS Lol logd ool ums Jlwgl &)l colas co o
e (2°}-:-39€.° ) b Jhw b asslio)s (gilbanst olydgb )l
Sl el Gl 4 e (Jlw 4 DS cnl o998 el YL
[6] 555 oo (1) el i Jlogit
Knp + 2Kpw + 20, (Knp — Kpw)
Knp + 2Kpw — @, (Knp — Kpw) (1)
WJhmwgil jo Sl Colaa oo i 5 4 Kow g Kie Kir T jo a5

Kng = Kpw %

oz il sl Jlowgil oz juS TP (yrizman g 0051 05igmo ol 5 0,050
2101 5 [8,7] Lot )35l 39331 31 (0 w392 ol p Slalllas
el 033500 Sl asly Jlows )yl Salow g0 G133 5 [9]

Oldgil i 3l g SVl (Sojudse i ols (om)p sLinl, 5
Jhosib Gidsz anld [10] ailKen 5 08 «(So5b sloanl s o
Sle gl Ghaghy gl sl aslllae 990 1) 0350 I ~Lusl!
gy Sl e @ Gl Gl LD s ey sliza 2l
12013 Jls jo cwl o0g s abrass SIS ojlgs o @l 34l
b Jlw 095 Sy g ahjeSmy (S sl Gl glacbile
Ll o 8 inlej] cpl gl st anlllae _alKinles] bg, 4 «Jgiag
o bl 9ae slailginl 0ji> 5 o dliims IS 51 5o L5 Jlacl
11] slo las 0,395 0938l 1 40 |y di 365y 5 ©gd Capw i (D9
o e olin s 3l sloclle 31 o plod 53 mima
Sy 5 Geas [12] 25 )13 Ll g aims 050 o Gleadl, 5wl
Ao Jlmgd Jao 5 0900 o> g, 3l eslizad b 2014 JLo 5o [13]
axdllae Liogll Jlowgils s (g0le (iudigzr 1 1) (s350 JUI (o5 Jlogse
o lg0 (slod Lol Bl o 0,395 cdale yzalisl ols ylis oyl zulis .o ges
ez JUlS

s 5 s 3 en Lt a2y 38 3 4 S5 ol
Sldgl jpam Lulid 5o alejw 0558 St 3 Sos (gilodints 9
& Ol doz ol 5l el 48,5 )50 ane) (nl )5 ogamme Sliie
=t Sl Sloil o s 0,35 il clacdile Ps b g1 )y
cupo ol lias oyl gubo ls 0,5 o,Lal 2013 Jlo ;o 1550l
ol g adale ol boslessl aold ol Jhow 0,550 S8
5 e ST 0,350 312014 Lo 5 [14] sl oo ialidl el ,346 o5l
o Gibe o Slas y wlegy pasigel e 6 e oSk
A Sl G ol @l S s alalel Sjpe 4 olesm
yeax> oS J o el JolS slesl loy ialS 5 0,390 axgy LB
2015 Jlo ;o [15] 00,5 oo olezsl ooy Liulidl a4 jomie 0aisS b
o sog3dl s> Vsl slazl slotarin alKile;] )y

1- Fin
2- Deionized Water
3- Rejection

11 O)Lo.w 15 093 1394 B ) \_:ulxn W0


https://dorl.net/dor/20.1001.1.10275940.1394.15.11.42.8
https://mme.modares.ac.ir/article-15-10090-en.html

[ Downloaded from mme.modares.ac.ir on 2024-05-22 ]

[ DOR: 20.1001.1.10275940.1394.15.11.42.8 ]

Vlesiio Joxs 9 SiWal (53D

SIB Gl gy A SiwJdw 9 Juuwgil Sloxil (laduostire S0 uinle )T ) )

ol 4.»3;)‘)3 oolazwl Sy90 56))." o).».'>.> LSLQ\'”"“"""‘“’ B )LD ‘1,5
CelilB Y g sl asile (65,8 4y i Lolgs Lilis &l 3555 (ol pogdle
mizmet g anbls [32,31] Loy Sae I (los a8 il Jlie yo abli
FSon S calae oo g [83] i anjeSiny Lilis Jlowgls
ool ol o il Jlew b avslie o [12] GioS xS Fy [34]
50 Slhdgil o Al e 50 g ool sole] St 090 O yg0hs 0,340 ol
Soslainl b al Jlow jo Likes @l,d450 [12] Ayo,S ouiSTy al Jlw
o9 g (483 5 599 450 ey b 4830 15 S a) cwsbline 3o
o belsteg (65lwessS Ty ojigs ol Al Jluw b oossS ol 5l solisul
Slaodgs 5oy om 3l Al Jbw o Sligl sl Gl cer
5 $,2skS 50 LS L g aids 30 Saw 4 ols oS 5 ol dg
JOMPUER SRR JCREEIE SO I N INL <O

285 (SaigiS 35l g S350 5 aly Jlow py 5 Te3lal
s 4y o8 Loy Ll b Lk ol 3l el suds plwl 6,5 0,001
001% o, slocdale ;o (jogl 20 lawgie ojlasl) iegils 25-15
51 eolaiwl 5,90 Sl3gL Wilas 3 L8 solaiwl 5,50 0.04% 4 0.02%
52 oS0l 8 5 L g 00 gl 5 ol g i ey o554
doys Sliis S 5 5l woydgil ol Sl el L megil gy, ol
5 99% 3l Liw Losks b s, oem woys o 5 SUUT o
g Sae Sl paal LSS ool oad LS5 5576 anal
ap e b | solial 350 (il 0,055 il 51 T g5

S5 0315l gy g sleyl olKws-2-3
oS e S Ky ol o T ol Bl g 5 Sl
O ygea olSwd il plal el ool ooly Lii 3 92 S0 jo cud i 4 (]
o> 25% bglie sgime o Sl ) 10 e 4 dgnl Oy SO

Gl 81,5 il a0 =12 slessl sloo b ol coz T5% 4 Jg5uS 4L

20 nm
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Fig. 2 schematic diagram of the experimental setup: capsule (1)
including nanofluid to test the transition temperature and
capsule (2) including nanofluid to test the liquid transient
fraction
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