Journal of

%é Available online: www.jnmr.ir/papers

" 12 12104 -, )X ( #'# %&

Nanocomposite Materials Research

=>(? ; 5 + <9+ 87(" " "* 6( (45 "3

(E (( D %+8 CB" @ "A(

I 5 H'" F$ = < "? G88 #C 5F$

) *+

A KIKWRSTU+V J+ /1 KL CMNO %P+ J+ /[ KX/ %"l 33+

"X
6 5 *@ .?6> =-<. - :; 89 - 17,5 1+ ] 65 .2314 0 /.
340 G+ 4 FinsteirE 7 FHamilton-Crosse - )7D C4B A7-89 - +. /
MN7Q 1 /| 8 A+ /5L .K+J/7 41/ .B6 .HA7-. 1751 + |
1716 *ABBEME 4. 7QU - /T+58.S Q. *@B4 .K+C4 .H :RPQ14

&) 1LyYy4 XG 0/ 5L:; B A7-8. S5 WQMW8.S5 65 *@ 3V B
ZM" A++14+ [+ .+ [. 147 "H# 7 "8 .S5 4 T+ 8S 55
"%8.S 5 Z&&)WI 41 /6 - 4W 89 - 17/5 / .71. 3V B/ O/WIZ&&$

BI/ O/WI ZV_ Z@&W 14\++1417/5 /| . O.+ [..:7+ 7 "## 7

(" 6( %+(+ V[Z Y'AU 5 +< @"A( ="* =<>
0 14 | 8. d7 13 5
. % #
/3aP 7 1 f3a 0G4 13/W
+. 54)494 4B OWb 8. d7 3Llicw4,b /3a\D[.
d- + / +. de Pel38 W *;+ d70WB @ +. de 5 A7-
+ 0 /4@8 d7VY P 0 3f 14 +. de /L. 8.
d7. :- 89- 14@ #4d B3 A/ ) + 89 - @ 4d - 13/ W6=Db




+0 *( ( #HH W& %07 5%. da- 1]
14/ J O/ 1 1*+WwWDd - d- O1l4lal1Vy / -4 8.
1 - / .<. ] IWQ.IL r l4e VY / 1 6 12N 74
.HDh C/ tf . 8.S sh-<. / 1,7 B4 +/ 8WDI 7 |/ 8WDI
P+ *L. 17-0 O 6 VY d - ) g-- 1 .27
nfq/ 5 Q8.S PQ 17 3V B4XQ@9 -5 +94+. |/
.+ <. = DO/W /' B W+ 4 L \Dh / :; )3 +1 / 0/ 5L.
. % - 1D ) g-- . 8.5 ; e O/WI4l -
.B. 94awWd- 7/ 8 d7VY
- T <« 77 8. d7VY 1 - S1459 Y
7 8 d7VY 8 i+. Dad -
B- .76+ 4) o0o--
jm 1-Engine OIl
Resistively Heaid é”” r gﬁggneewcm
Crucible ?, 4-Alumina
Liquid gm B giimﬁﬁ”ﬂum
Cooling System 3 7-Copper
\a@"A( %" =%5 G U 1BC g“”“‘ o caren
-
1Q "## d- WO . @ - 0
1D ,+ <. 1470, d - QK. S v
J7Q 1 )3R 14 rL *LB 73 B (=R 5 +<™_,BC
HH## 4/7QvHd R 4 r G7
R. Ge+/5. 1 4L d Q %"### 8. d7VY OWI. .27 1 .h
7TH=7+ 7Q 5vH + 1h3. d 14w . /;4@8. d7VY 0/WI 7/
rL 8.G44= 7+8.G4B .G4 rS 1/9 GY 4/4@8. d7VY de
8.G4 /5.1 4L 8.G4 W / wDG .1 / W Y B mRe 5
58.G) B3 7Q5.= 7+ .8S [/ )4nDf - .?6j8. d7
.?617 )L14 1D ,/ q vH 94 8. d7 0/0WIoR41 - ) g--
Q+WwWDB.S X . 3/6 R-0WwW4 7?26 )+ 17/ B
B 0G /7Q /). 1 8. d7 14.5Q3/.R 0/WI1
1*+. 2 8.S 74 1D <. p6 :; <. 14 - Q8 0O/WI
m /4d BJ/WI 2 1/ d -. 1D + <.
5. 10D8.S1 4/ 4f 1D [/ 5 1D <.
1 - P RB @ // 12N"P . 1.q) 1D + <. .
1 33 - = | 14Dh n/q 143 74 . G4/ .G4. WD12A |/ . 6
5B ly .) / R37 <. Plet @14mg- / 24. '/ . 8WDI
p . PIS <.14) +d 7 <. )+ Cl<. | .B. .14
JR



1Q %RO75%. dd- | F< #C
D+ rLw}DG m} } d} 17/5/ 8a |:
M. \\Qh Y '} $J7 ly d D6 q 3i W
p 94 4 ) + HW
e 8 i+ 4-.4 . d- ' 8al5-
; Z%" + Aa5 ; A .8al: 8- [/ )W S8 ) 5
d-.7l. 7-1@.& +#/ * oj+d - L]
B3 3+ 89 - .75 d-.)6.LD /5L. I'kO. b
8.5 ; e 0/Wl4d - 17/5/ 7 fa 4+.S5 .4 Q 4 %zz_
Bt/ O/WI 17 A7-) g--
B/ 0 d-17/5/ 0/WI4 ' ; e 0OWI47/ 8 d7VY 1
<. C-+ {h \Qh 14 @ #n + / . 0. QBt/ 0O/WId - . nDf8.S
P +8- + / )W .?26> =- V' YB#O0/WI .W6 q %zzzd- . K
.O L+ [0 L T+ 8S 5 O/WI4=* | 1 {h .7/ 8. d7
5 A7-PI9 I/7* 5 /B 6 5 D+. m 7 & 8.5 P
8S /)4 /- [ n+ [ . : 7T+ "##Y%d - . 1&K0 ./ b B4 / d D6
-4 5m B4 - 8.5/ 1l4e 1434 1QQ;  ZO/WI4
[ Qy..7l. -.4 1489 - +. / oOOWwWlL7/ 8. d7VY Zo# + |.
7- 5 A7- 41 170 89 - -4 14##&d - . KO . v B/
17/5 1 8 i+ YW 17/5 / 6 5 8. 1@. j+ . 4 /5L 8.a 14
B -.489- B70 d - 77 8. d7VY 0/WI
8. d7VYy ) 44s%. W6 * L
8& =<"IR; 1 1@."%' %/ 546 +94 89 - 7/
%1 (1 "##8d - . 11k) 0B ly. 7 -
A7-. | 58.85 j+-4 *@ 14 md- 8 d7. ..08
<i Yl@ 4j+ . 4 .| .1rL
O- . 7+ . d . /| 6
C-7 4pP25 .;+ : 4) QLMegussk -6 th .hs/. 0 O/SLYT *L. 1
P R147/ 8. d7VY 0/WIl
7+ . o "%nm .S 5
» - 8eRP R/ 5041 . 74 /5
B A7-"##n€m8 .S5 C-7 47f3a d-|
8.9|
*7&U 11 . e
d - 1*+3/Ll1:; 8.bDI&P 8.S5
474B ) ..0.+ [. : T+ 8.5-3 P
c . : 7+ 8.S 5 XG e ) 9-- . 8.S/5+ "
mg-B6 11Y5-. /) 1Y) 4 [. F 4 Ed-. 8.S1T+8
1@.J# . 1H#8 14W 5 A7- 4 v B } XG )3+1 / P R7
/| .B O3/ [. . 8.8 7 - B B owes#] d )R-, 1]k0 LB
JR

Nt



+0 * ( #H4S %a& %&)75%. dd- 1/

@ 7- 5855 C-7 665 171/ i+ 14 *HQ 5[. u. Q
171 6 *4Fritsch, model Laborgeatebau Germeny B4 XG H 4 10D8.S -
B 8a ~I : 5 A7- 4Q |/
"(Hzm | . 1 H&#8  1MitrasonicbathE
5 +<cE=T' Y'A 1 4. " HHE9A YW 5 A7- 4/*
4 A . @ 10D +1H%8 1A H
O3/N u. 4Q- I. O 45d -
89-+ /65 *@n+/. 17BL O -4 17A/ 8 14/
Fransient hot wire methdd .?6> =- <. 5 d- . 8.S2D[O/WI4 - )L1@ P4H
OS e =7-5<. /| .B A7- )58 1q5 o= ./ R)W
B A7-1 / 1#T7 94R- BRNq 3V e )W C+/474
/- 65 r@ - . 48alx. | 5mB g-8a~l : . 74)5
5 . 4=-/B A7- 81 +. . | o/sL2 . d- ) L
AT- 85+ e3 *S WDI B6 :; Qy.7.0/5L/
JL145L. 1 2 . / C-+=-Mq o7
51 /7Q)/@B 0 170
8. Q+R43 .eR PT7 =- o
+. [/ 1b d B6 =-  0/WI
- O/WN 4 +98/5L.
=- 6 | 8.eR4/ 07 )5 "e Hf I:F<
0G / PO14 .O=-5+/- 74
+ 65 . v- \Dh /B A7
4€ 0/5.)58 B4 <. | 4/
4 /- . 4<. | B4 O1j( Q"
PO)/ @ ;/ oR4 .3 / 5@ 7 X7
B4 45.54@8)=7-/ 94 Ll s
0/5L. / PO . =yH.a 143D4- ,/
26<. <. /| 16 O.HDf8.a 14 Y&H 7
)/@C-+ *6 8.a 146 /5 6 ~Ng b B+ <s
mg- Q+WDE- 5 .26 17 /7Q @Al % +( +
-4 . )5\ 4 8 i+ 16 =-
Mf 1Q fih- 14le- / B6 O . H Vrr& XL BC
Ff4 +E 1 7- 8T7G . 1.1 ) H
W .1+ ‘'e3)3R4 5-1le Mb=<Uu .1
0G / .8 Rf 8a1417 .H/ U - 58.S 0G .70W/-.4 *@
B6 1le- *@ 14 BEM, Cambridge S3@ 4. 7Q

Jr

No®



1w %&O75%. dad- | F< #C

d"A( =>((? ; A8 A 21 "dq 7 # GY 43+N =-
neh3 f4 +8. d7 J *@147 7 -

Ob 7y.C-+ -- .f O
Y ) 9 Qv f A7- 1 7-8T7G8 d789f 4

1 B6 :; AntonPaar MSR301 d ~
B6 ‘P . 7o+ $P . =7 -/ 7.Q. B 6
/5L =7 -/ . 8RNgej R-B
Rheometer B4 Yotz
[— |
il
AD card
Rheome tex E S “ ;
contol ..T SUPP[)’
Nanofluid
\'V[Z Y'AU Y "A G"FC BC
ntN
*@ .76 > =-dD- ,+ _P .
\'(? Y"AG"FC]BC
B +. 6 5
g$8 h+
d"A( 5 +<="' . -/
8.S 5 .,D7G 2D[ 4 fr 89 - ﬂj
+. 6 5 . L: 7-
J7]P Bb a & Q #®E3I37I6. H
89 - + 4 LP B4 65
B6 T
5 a &) W4 6 1P . \V[Z Y'A@(AG" FC 2BC
7+ 7 "HH T "%8 .S
YW 14 \++#4+. | .0 .+ . ef 5m 89 - +. |/ 6 5 *@
3v. 4] O/WI Z&&s Z 1] 1h45 / Qfl:; *@ 1/ . 48RNq
"%8.S . hO[ .7l.W = 2D0[ B(x 6 A7-P/S
W)/ n+ .1 7
B0k - <. W6 — B
200 o/wirr . 17 /14 . ~ J7
89 - +. / O/WwWlI 89 - .8.S 8.} qd} M [/} ki1h4/ .1
8.S ) +W/. 4 3V o .. t } T=-dqg 4= - C-+ Q+
B/ 0/WI 89 - +. [/ B4 )5

Jr

Nt



+0 *( ( #HS W& %eW75%. dd- 12L
17/5 / 8.S ) +W. 4 3V BY/
1.6
B4/ 0/ WI 89 - '
151 3 Deousaras
% @ Hamiton-Grosser
X
05 5 '
e
0.4_3;;" z 1.3 i
£ 2 '
= 3 1 ¢
T\'g 034 © . § 12 § T i I ;
s %, A i .
§ 0.2 , a% " i )
T o A
£ oy, £ lad
e, 10400 o . . . * °
o1 v’*“mw — 1
| e, e 00 05 10 15 20 25 30
| & beesene ey Concentration (% wt)
nn
25 30 35 40 45 50 55 60 65 70 75 d"A( 5 +<="" b A8 h+ QBC

Temprature (°C)

D P25 6( @"A( =>((? ; BC
\' 8b ™f iD HX%+#
0.5 -
2,
0.4 4%, 04
2,
%
T ty
o
o 0.3
o )
= B,
& EH
2 - &
£ N
Q iy,
g ""t‘gv
> g,
0.1+ .
Submicron(3% wt) "”wu%*
2 Submicron (1.5% wt) "“t%ln“M
= Submicron(0.1% w) R
o Engine oil
0.0 T T T T T T T T T

25 30 35 40 45 50 55 60 65 70 75

Temprature (°C)
D RHO 6( @"A( =>((? ; /IBC
\' 8b "f iD HX%+#
2D[ 0/ WI 41 Y+ zP

)Ld Bt/ O/WI89 - 17/5 / 8.S

4. hO.715 [ 2D[. .71/ 1
/| BB fe+ hO .71.5 +94 2D[.
W 19%K O .

1h4B 1/ 7 1h4 .. K+J/7 4 L
Bk 4 P/IS H4 + /. A7-.

— FE

8.W6. hO[ .7l
-4 /5L 8RNg 3V B 1y .

\'(E (( D 7o

I(" JA(A =>((? : A8 1.

8aTO /7* 517/5 [ + [
.B. . 14 4 Py . 89 -

+. de)v 8 d7/@ C
. 4 aTO / 1433 30 =7 -
A+ [ 75 T n+ /. 6 l@+
.71 W/ +@ 143V B 65 .0
489 - 17/5 / 89 - 4.0 J.
.H-.4 6 5 W,D7G 2D[

6 5 1DalJ/7 BF@ a.
d7r7 - a/ . [. .4
MN705 / PoK Incropera 3/ 8.

8S ., 5j7175 /B &

,D7G 2D[ 4[. . 7 "% 7+
1 P . 7-1@.1_ Q"_ [/ 54
) 9-- 4 7.7 4W/Bt
]P . W 7-1@.& Q" 54

B XG
"B T+ 8.S .,5 j7 175 /
*@ 14 W D7G 2D[ 4 [.. 7
1@]_ Q" _/ 54. 855 W/ +
5 1/ B (P . 7 -
0O/WwWI 8.S 17/5 | 2D[O/WI 41 /.

&®BI6

A

JR

No®



12, %&M75%. dd- | F< #C

BF d = 3/ 17/5 / eff 1h4 / . 1
B4 d- 2D[f 1/d-17/5 1/

"&1.06-
v v A ; ]
8 I (A"  +k [BC £ 1041 .
\ RHO7(" " "* & e
> - °
=(i(A " h+ . T
1004
) .. U- 5 Pa J7 %" %% : . . : . .
7f3a . 7 + 8 S 1 B 0.0 CI.IS 1!0 1l5 2!0 2.l5 3!0
) ' Concentration (% wt)
L. 10D 8.a14 N ) ,05 m D P25 6( ' " @"A(=>((? : VBC
O3/N : 7+ 8.SQPo¥® E- \" " 8& %S8&% +#
XG %"P .) 10D 16 5. 14
d- rDh ./ 3 ) 1 4 5 a & Wl 41 6 zP
B4 7 "Op: 7+ A 7 "#it 7 "068 .S
Z@&)W 14\++1417/5 |/ . O.+%.
B/ O/ WI ZV_

14 1"%nmm: 7+ 8.5 141@+ 4d
4 8ald 5- 133 37-
A7- . 4. 7TQU- [T+ -
LPR14##nm8.S 41n + /.
8.a148.S /1 / XG -

W Satiies v & [8.a148.S 6 1 ) 4
\RHO7(" " "* 6=(j(A " +k  .BC J7 5 89 - 17/5 / O/WI YW34
1;7B4 O74F Q E@ 17/5 |

/ . J)L14)+n + /.1 /*

.+ 8j)8S5 0 41 -
B/ O/WI 8.S / /sh 3V

8 I j (A" h+

RN - - 4. 7QU - 5Pa J/ 7 %P

6 =(i(A" +k .IBC 8S Q. ) XG *@14 B )
= Cone B1716. H -.4 . 7f3a: 7+



+0 * ( #H4S %a&

%7 5 8.

121

)W 8.S

8TG
2D .

8.S

/ sh- + o/WwWI 4
/' 5 j7 1 d- + [/
3v B i+8 14 4
hO[.7l. F5 a. #5 7E=
B 7 "%
~1\Qh 14 1@+ 4d
175 B 4 e*414d -
B + [/ 14 e

AR
Wb 0/WI

mn

[1] C.S. Jwo, D.C. Tien, T.P. Teng, H. Changeview
Advansed Material Sciencg), 2005, 283.

[2] S.U.S. ChoiASME 231, 1995, 99.

[3] S, Lee, S.U.S. Choi, S. Li, J.A. Eastmdournal of Heat
Transfer 121, 1999, 280.

[4] S.U.S. Choi, Z.G. Zhang, W.F.E. Lockwood, F.A. Geyl
Applied Physics Letterg9, 2001, 2252.

[5] S.K. Das, N. Putra, W. Roetzdhternational Journal of
Heat and Mass Transfe4p, 2003, 851.

[6] Y. Xuan, Q. Li,Journal of Heat Transfer, 25 2003, 151.
[7]1 S.K.Das, N. Putra, P. Theisen, W. Roet2eyrnal of Heat
Transfer 125, 2007, 567.

[8] Y. Nagasaka, A. Nagashimalournal of Physics E:
Scientific Instrumenid4, 1981, 1435.

[9] J. Garg, B. Poude, M. Chiesa, J.B. Gordon, J.J. M&,
Wang, Z.F. Ren, Y.T. Kang, H. Ohtani, J. Nanda, G.H
McKinley, G. Chen Journal of Applied Physicsl03 2008,
074301

[10] B.C. Pak, Y.l. Cho,International Journal of Heat and
Fluid Flow, 28, 2007, 797.

[11] J.A. Eastman, S.U.S. Choi, S. Li, W. Yu, L.J. Theuop
Journal of Applied Physics Lettet8, 2001, 718.

[12] I. Manna,Journal of the Indian Institute of Sciend9,
2009, 21.

[13] Y. Xuan, Q. Li, W. HuAIChEJournal49, 2003, 1038.

[14] J.A. Eastman, S.U.S. Choi, S. Li, LMaterials Research
Society457, 1997, 3.

[15] X. Wang, X. Xu, S.U.S. ChoiJournal of Thermophysics
and Heat Transferl3, 1999, 474.

[16] Y. Xuan, Q. Li, International Journal of Heat and Fluid
Flow, 21, 2000, 58.

[17] F.P. Incropera, D.P. Dewitfundamentals of Heat and
Mass Transferfifth ed. 2002, Newrork, Wiley.

[18] Y. He. Y. Jin, H. Chen, Y. Ding, D. Cang, H. Lu,
International Journal of Heat and Mass Transf&O, 2007,
2272.

[19] A. Einstein, Tnvestigation on the Theory of Brownian
Movemerit 1956, New York, DoveéB

6 ' IA( ="' h+ 2

) .8.55 C-7 5Pa J/7%&

855 ) XG *@ 14 B
5: 7+ 8.S4)1/ T7f3a: 7+
B A7-8.55 WQL 7-

! Lol
n, T

-0
‘01 is 1 5 o 50 00 500 1000

\RHO?(* * "* 6 ' IA( ,BC

="[ %&"

[..: 7+ d - Q+ n + /.
+. /| fO - | 4. O .+
B6-4W Qy.7.
"%8.S 5 a. & WI 41 6
i 7+ 7 “#HT7
ZN" YW 14 \++ 14 +. |/ .O
j+8.S ) +W/. 81/ 0/WI Z&&$
0/ WI WHrownian MotiorE . +
/ sh- 7b 8.S1b 3V 4/
Wy 417 [ 1 4/0/WI W8.S
B4



