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Investigation of metallic nano-particles role in the thermal
conductivity of fluids

Parisa Salemi' and Saifollah Rasoulit 2

1- Department of Physics, Institute for Advanced Studies in Basic Sciences (IASBS), Zanjan 45137-66731, Iran
2-  Optics Research Center, Institute for Advanced Studies in Basic Sciences (IASBS), Zanjan 45137-66731, Iran

Abstract- Nano-fluids due to their high ability in heat transfer are widely used in the heat transfer systems. The use of nano-
particles reduces the base fluid flow rate. Thermal lens spectroscopy is a powerful method in the study of nano-fluids. This
method is used by one or two laser beams with different set ups. Meanwhile, in the use of two laser beams called as pump-probe
technique, different arrangements of the beams can be applied. The pump beam creates a temperature gradient in the fluid and the
probe beam is used for measuring the changes of the physical properties of the fluid. In this work, the thermal conductivity of a
nano-fluid in presence of thermal lens producing by a pump beam using moiré deflectometry is presented. To minimize vertical
convection, here the pump beam is impinging to the fluid vertically from the upper side. By measuring moiré fringes deflections
around the location of the thermal lens and at places far from there, thermal conductivity of the fluid is determined.

Keywords: Thermal conductivity of fluids, thermal lens, pump-probe technique, moiré deflectometry, metallic nano-particle

OF)

] e WWW.LOPSILIT osg ;0 4098 (g s 4o byl ab allae


http://opsi.ir/article-1-1319-en.html

[ Downloaded from opsi.ir on 2025-12-08 ]

VYA poge VEY

s YT (THW)Els (25 e daig, ol oz 5100
i b alex Sl (Sl Glody) S rizeen
Sy pobite 4 Loy, nl sales . [A] s b8 (mne
Sl Gl g 6l S5 peile S 0]
5o allin cpl o lead 43,5 S 4 SVl b oo )T
Gl S5 ) ooliiad b Jlomgil olof Fasib,
ol 00 dlie o9l o @SB iul)T 50 (slole i

S Sl =¥
LS Jis! -y
4’)53 uyb )‘ oolawl L c=_>)|)_> WL)@ SIS )9S
St dolee olgi o o] 5l esliial b oS [A] 095 oo oylo
:¢)5] Cewdo ‘) k5’)‘)'>

10T(r,t)

VZT(T, t) = BT . Q)]

s K ol (Saiile; L oS ol (2o apo D esT
23,00 abal, C ol 3 o b

D =cCk . (v)

alyial jomme 5 pad H98 Djyge |y )l Jlisl S
Slaizs jo dole (pl Jo b o Sl 0 oo,8
o3k o eSSl ly gl e slalsial

13,59] Cawdy Lasuine gloj

k=—23X __n (t—z) , )
4n(T, —=T) \ty
b7 S Bl sl el oy il Ty oS s oS
yd Sliin dges Do 4 il AL &S Sl
Sl bl 5o 08 oo sgee L5k 4y ags 5l sl
Jool 5l oolainl b as cogis oo Blyzl jlos oSl o o
e 1y Sl Bl b los Lol abal, olyise Lp
Gy Cewl X Zgzr 50 S g o Ol oy a5 S>
[\ ']0)51

AT = ———0Ax, <)

Lo ge G o Mgy 40,k Bl e 0 a5

Olnl Sigigd (5,9l 5 (cwiiges (il a8 aetd 9 Sigigd g Sl il )8 aeges g o

doosio —)

Gk 5o Gloiy Cowal Slale lawgs L5 Jlal
Sile S35 65 el e I S i
Slale gloy Sasle, el 5yl (SKugiSIl Slakad
WS oo Wyl Ol sl Ol e dewgd o (Slotag s
@ Cas 6V b5 Sasle, 5l Sl a5 ol )
o o gile easSTy pl by axib co lo e YL
ssdise cYlw gloS Sasls, see el luls
SIS 6 5msSen b 6y oo slasl 4o B3 (g5luoaiSTy
g lealgd (S85 5 Gmled dex Sl cabe e
g )0 Jlw by s ax 5l e S8l cage uioren
s gl iRl b oy |y oKt (5 e
3% YL Ol g CebhB S ul s vges Jo Jlw 5o
ol g oS e slmy) (558 Lad il i s &)l il
Shaes ool 4 digh oo ma Olakid eS ale b e
o og oS Oyl ez wsbie 4 Jhwsll Slse
Ply> 929 Jdo & ] 3y L8 a4l Jhwsl Aol
Sosbe, ol mé B a5 b Jlwsl Al
Oyge Sl 5l aws al g9y 2 Sl Dbl oloS
sl Suils, ol gledae [YJewl wis
odd plxl JpuSbe bawgi (i 08 o laggamilinga
Sl sl 285 i 50 b gl a5 90 e [Y] o
SsS w2 p 5l 008 B Gre by D3 5l G,
0X S 5 50 pled Glaws sl 1y LY doles &I)3 0
S 2leS GBle; cudlys Zaled jo oS sse Jo DS
WS e |y Gy 5 Gk D3 sl bl
Sl ole pé Gl ez 4 0B 4l Gl Js
ol )3 (orw Bime (paiz dboed Vgl ol S
@oleye )18 il (Bl (g waslp 4 ks ol
Jolge 1) aisS azg ) OVhwsil ole)S (Sasls,
S e Lyl 5 Vs 9l Sl il e il
w5)lke gole o (Sasle; RlE e Sge Jelge abox
S Y [Floldgl Skl s sad LSy a¥eli-) i)
Sladgy g [Floldgl o5laskY [B] 34l ol
3979 OVwgll (Saiile) (o) p yokiie 4 (020 Alide

choi

] e WWW.LOPSILIT osg ;0 4098 (g s 4o byl ab alie


http://opsi.ir/article-1-1319-en.html

[ Downloaded from opsi.ir on 2025-12-08 ]

VYA poge VEY

5 olse & NA-YAG 10 oy )b 0 oo Jinie aib,
532NM £ Jsb 5o slls SOMW S ol b sy
ol B jshate 4 VL 5l 5 ol el 0 10640M,
4l )0 5 Led GLol 5 ol el g 0l diged 4y 250
pBas gy 4ol g odd diges )d CeSh o pS (L3S
By SenS a p Gl b, 5 a4l cnl 5 e
Ly o yid Olawloes jo bo aS el [S3 o3 060 o0
P LS sl Gyso cal jo aS a8 S Jolas Els ale G
Cd> 352y Cde 4y AT abl oo Slailginl Oge 4 ool
et olee 4]y plS (Saile) wlgoe oole o
ool sled ¥ IS ] ey o0l 31 ciliee bolis glis |

2l oo ooliiwl 5,90 BEislej] Hloaus

. L Gl G2
'

ccp

u.mli...;uj i )1 ool 6L°’YJS*“

D9y osle 280, el ge 0o ¥ ISl jo a5 jshailen
el 00l D) JlMA) Cja..u )gl}.bo

Jhws o j5lome (59 (g05le 32589 g 0jle Gadis bV S

aS |y s (6 s Blidl Gl mlaw SGo3 slog (8
4 S9d o Yoy Bos 4z 58 g Julo mwhiw ;o Lo (Lol S
Al y0 g Al els 4L (65l eole Ld> o

D9l oo ).uof Loo Qlen)‘)f

Wigos gjlw oolel —Y-Y

ol jo Joloe FEO2H @13 56 Lo soliiul 5,90 1,3 ol
eS8 5 a8 BNM slal lls ©ld gl opl il o
4 by TEM 50 il oas 493Sigma Aldrich

wiln ) IS 5o s b ol

Olnl Sigigd (5,9l 5 (cwiiges (il a8 aetd 9 Sigigd g Sl il )8 aeges g o

& . . an
97y Sde 4 rzmen Abioe (Seilses ceye To

Lechl s @ 0i> copo N Job a4 coke ;o i
a5 2gbige alwlS A b (65, eole 1,5 AL e
OPB 5l eoliinl b lg oo (e o 50 1) 55 655 ke

:0)3] Cowdo u).uoyj.u

I = lje~h (0)
(57 Db | g digai 4 (509,5 mas o

&0 ke i Blyil —Y-¥
GxSoul sl Jshiie (hgy S slojle (en Sl
WS 50 505 S ez Gleo 3l a5 (Gloj g8 Syl ol
alols jo a5 (6,55 90 blie j0 a5 Ojgo pay il
IR N N SR LIRWE SIS VRN NI U IRV N1 Zy) el
49 00l Byoie el oo 5l dm 58 (S5lge 4oL 098
o)le sloy b aS 3pd oo o b g WS (o0 393 2 a5
Lol sbnig obalx ) 5l &5 wgd bul>
L, (0) 4ot Gl s lsee olsice MATLAB

"5)5] Cowdo
G1 G2

1
15 [
] 1

‘ 1 1

Gl ol S
Lg‘o)Lo ]

25 Soge 4 0 asly LAN o)le slagy b Bl ol ala
Iy ] e

H—dlA s
—dmzyn (*)

Ml)sc a)lA 6[.23):).9 'AL? de Lbd)}: ﬁlf d

s syl =Y

oebosl gl -¥-)
4o,k Olgie 4 632NM zse Jsb L He-Ne 5.0 o, )L
3loolatwl b e g tn (2l@d YL 51 e b Lol oglS
5 gee 3l om 3 Gilge 4Lk 09 0 (S5lge (owae S
S5 95 4 2MM Cubrs b diges ol> Blas Ju
3,5y ooz o A Cund agly (W5 LS LS
4 5 < CCD 5l aslital L ojle g a5 M5 (g0

] e WWW.LOPSILIT osg ;0 4098 (g s 4o byl ab alie


http://opsi.ir/article-1-1319-en.html

[ Downloaded from opsi.ir on 2025-12-08 ]

VYA poge VEY

ol s 4.6(W/K.m) L

S5 ez —F
5hoolaiwl b o1 o FEO2H Jlwsl sb,S Sosls,
ol Gy bl b Al lojle (i GBIl s
0 ol gl (Sasls) plp A loga Gl 5l S
Wiy a8 ey o plee a4 lojle (o Sl

J.u.vl)‘so uyl.»...u 5.’[.' @Lo)f ‘;MLA) 6}5 O)L.\Jl 61).'

&l wlow -0
pole (LS O lass olStils  cond 0aSiisls slacl
550 @l 5 i (g dezme 150 BT ol 4l
S dlosene @3 9l s 0 S8 bl a4 wi; e

erled o0

&=y

[1] Choi S. U.S., Enhancing thermal conductivity of fluids with
nanoparticles, Developments and Applications of Non-
Newtonian flows, ASME, FED 231/MD 66, pp. 99-105,
1995.

[2] Dae-Hwang Yoo , K.S. Hong, Ho-Soon Yang, Study of
thermal conductivity of nanofluids for the application of heat
transfer fluids, Thermochemical Acta 455, 66-69, 2007.

[3] J.C. Maxwell, A Treatise on Electricity and Magnetism,
second ed., Oxford University Press, Cambridge, 1904, pp.
435-441.

[4] H. Xie, M. Fujii, X. Zhang, Effect of interfacial nanolayer on
the effective thermal conductivity of nanoparticle—fluid
mixture, Int. J. Heat Mass Transfer 48 (2005) 2926-2932.

[5] Seok Pil Jang and Stephen U. S. Choi, Role of Brownian
motion in the enhanced thermal conductivity of nanofluids.

[6] Pramod Warrier, Amyn Teja, Effect of particle size on the
thermal conductivity of nanofluids containing metallic
nanoparticles. Nanoscale Research Letters 2011, 6:247.

[7] Clement Kleinstreuer, Yu Feng, Experimental and theoretical
studies of nanofluid thermal conductivity enhancement: a
review, Nanoscale Research Letters 2011, 6:229.

[8] J.L.Jimenez P'erezl,a, R. Gutierrez Fuentesl, J.F. Sanchez
Ramirezl, and A. Cruz-Orea, Study of gold nanoparticles
effect on thermal diffusivity of nanofluids based on various
solvents by using thermal lens spectroscopy, Eur. Phys. J.
Special Topics 153, 159-161 (2008).

[9] Fourier, J. B. J., Analytical Theory of Heat, (Encyclopedia
Britannica, Inc., Chicago IL, 1952).

[10] B. D. Guenther ,MODERN OPTICS, 1990.

[11] K.  Patorski, "Handbook of the moiré fringe
technique”,Elsevier, Amsterdam, 1993.

Olnl Sigigd (5,9l 5 (cwiiges (il a8 aetd 9 Sigigd g Sl il )8 aeges g o

T Jsle FEO2H w13 i TEM g ¥ S

= Y-y

slp ol o FEO2H Jlwsil sl 1, obe,S Sasle, b
dwle G99 g, 5l eoliiwl b oz oo ,0 0.8% clale
28 el 50.23 L ply diges opl Gda o po alodges
aibee 0.48MmM L Ll ool chw 3l adlhe 090
10 o5 Glls Gialeyl cpl 5o Lo oolinwl 0,50 slas,ss
3.2CM L plp o2 5l 5555 90 opl alold 5 e Lo jo a3
15.5MW L ol diges e 0 550 JS ol il e
30 Hley clisdS Loyle 1,8 pdgl o) il ol (5 0505l
Sl 00l oy £ 9 O S

Y(pixel)

(s) 0 200 X(pixel)
ULA) i dS l) c)La )4)3 3, AJS...;

Y(pixel)

250 300 350 400 450 500
X(pixel)

t5=41.08, t4=3.8, t3=1.17 5y 4 oo 3 o, F IS
b e 4t 12=0.54, 11=0

o jo a8 58 el 0gd o onus JSG y0 a5 jshailen
Jdoay ley cudS L g 00,5 o Bl ol i ny 5
o Jil o sloo S & Lo oS 5o, 352
@ s D9l oe Byie gy Slao)lS (alply 038
slp FEO2H Jlw 56 ol 5 Sowle, @l odel cuss

] e WWW.LOPSILIT osg ;0 4098 (g s 4o byl ab alie


http://opsi.ir/article-1-1319-en.html
http://www.tcpdf.org

