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Investigating the using of Al,O3/EG nanofluids as coolants in a double-tube heat exchanger
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Abstract- In the present paper, three different samples of alumina used as nanoparticles in the ethylene glycol
suspension of alumina with volumetric concentration in the range 0< @ <7% . These samples have different

surface properties, shape and size. The use of A,Os;/EG nanofluids as coolants in a double-tube heat exchanger
has been studied under laminar flow conditions. The hot solvent inlet heat exchanger must be cooled down with a
specified amount. At first, heat transfer relations between hot solvent and nanofluids as coolants have been
investigated theoretically. Subsequently, heat transfer area and flow rate of coolant are optimized by using the
nanofluids. In the present paper, heat transfer coefficient, overall heat transfer coefficient, friction factor, pressure
drop and pumping power for Al,Os/EG nanofluids calculated.

Keywords: Al,Os/EG Nanofluids, Double-tube Heat Exchanger, Laminar Flow, Heat Transfer Coefficient,
Optimization.


https://dorl.net/dor/20.1001.1.10275940.1390.11.3.1.3
https://mme.modares.ac.ir/article-15-1349-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-18 ]

[ DOR: 20.1001.1.10275940.1390.11.3.1.3 ]

Olen 5 08,5 4 5

(.,_.;_,,Ji S =55 st SVl 56 3 S ey

oozl Yo ¥ Lo o [A] il Sas 5 55U o Lo lpicds
il sl oz JUIS 00 i s 53 Jlw 56 5
Ul ;3 [A] LS 5 sl aiiogy (SUuiS Sis lpme
VO-10 o ¥-Y) cilisee glaojloss! L oVl 9l 5 Y- -
ol Saeglie g 9o S oslitul (5l W) SG 0 (gl
5 e A30ges Ao </VVOK/W LS <NV (o )
ALLOs3 s CuO Cu 1,3 gL Yo7 Jlo jo [V ]l Kon
ool ie LQJ w08y LS NHy/H O pds s jo |,
TANY g o )3 60 7Y cozme slacdale [0 aS Wisgal
YIVY dg0> 50 Lildl b fge do Cams yiSlas «SLigel
Jbw o [N GihlsSen 1500 5 plinss 005 o0 ol 2l
SIS K3 s > Ul Jl 5L Y5
Y5 ol 6l 5l Sliios o byl .aioges eolil Suig Sl
15 A4S aiols it g aivgs 00,5 eoliiul (o zesils FY
el 2Sas S Sl g 5l oolitul LSy oz claclile

9 OB 9 oo D)y JLES] o iy al S
Yl 4 3,3 5l o33 LYo 4 Lo, [1Y] il Sen
L Loyl aces iolidl 1) o] )l o Slhae siwilys Loy
ool adgi los (i Jlow Dl JUST o (S
alie (20 @l L g aale |y ()5 el ail 8 50
el )58 o 5 gy (g5lmaned bl (pl oges
Ol o Jlm a5 $LS g3l L oS wisls ol
$L o973l L oS (g sboas ols (ralidl ) ()15 dle o ,Sas
Sl I 3500 b ol Jil S e Mo 4 513
LYY Jlo o W]l LSan ;508 g dedes ol azil
o 0 8ee 59, 2 1) SVl 9L glgil 230 cgoae asdllas
amo o ol o] gl Wisged (cw 2 JUB 5,500 )~
S JUE p iy o) 5 portpegll SVl 5 oS
30 a5l Ko SYLwgl b awslae o) Lad cdl o iaS
Olsieds portragll 9enS1 oSS (Lt ¥l 96 51 allis (ol
Sibwain slr slWgdes )l Jowe o oS Sz Jlw
O3ed 5538 slaa ST .ol ouls solaul 5> Jos
2 G @l pleerd L5l g tiagll oS
AeST Ol il pizmen 5l I3 4 Cod gunilimgun

Vi

doddlo —)
Ol et mslico 4o 00 (6599555 &gy Axwgs b
o)'b,_i‘ Lg)L..mS_>55 ‘u)‘PJLn.u‘ QLA) u..db'S ‘u)‘PJLn.u‘
g Oleadly 5 550 Gl cales yo 5 Ll sleoe
Ot 3 S Glemeay 6 LS S Ll gus 5L S
G308l g 655l (p92ad o )0 Sezse Sla Ml
Ples ol Jal glaoliiws 10,5 wl IS g (g 5lwos pid
5 sl &l Jlas! gleanl 3 o il JoS IS
Colid s S fye sladanie I K alrals
- ooe= YU Sl dastin (pl 0g YU .ol o ol
el 00l 0 il g0 I S e hawgi Ol > Jla]
3 s ol oo Tojp dle ol o Sl colas
cSlw ol aib o ol Jlassl o mol, OYL—w
sal, S alls SVl o sl ) 3l (Sgemilwge
8551 Jalo ¥l &l il s 2l sl v
5 63 =8 (538 Blae D3 L b grailiwg Lol ol oo
e (05,500 (S 5 Sreiske oIl o (s endy
il il 8l g eiiege Jnl o jialS g alg) aSliin iolw 3
ool Loyl odlsin 4 piomen B0,S o Sl |y Lis
aSil pogmasdn 0938l 1 1) (Sojeles, Wi 5 (s lbL
Aty ganibmgas 0 ol edddd 4 lee L,\;M oy
Lo Sy oo 4 g ol SYlw wdige SoS 4 aS ol
Do (59950 gl e al e OV o)l > Jla]
6‘)—.’ 4_:L> uaJl_> JL..w 5o Lg)ll.c}ilj o}‘..\.i‘ L Ql).') )'| oolaruwl
e [\] S Ja_..uj.w li').&] Q;)] (5L° oliw.:Lo)] o )Li J‘Jﬁ‘
el Jlow 96 1) gmailowgar (l ol 9 08 z5kae V320 L
Ple= 9 SS9 )k (s e tee 9 6 —0g,5e
b3S Jlo 0o p3aamd e plas 093 Sl 6 (Sudels)
05555 ¥ 5 &) Ji ol s | (5o
LV-Y]aslosges (o) &yl Jasl alizee glaos )5 o 1)


https://dorl.net/dor/20.1001.1.10275940.1390.11.3.1.3
https://mme.modares.ac.ir/article-15-1349-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-18 ]

[ DOR: 20.1001.1.10275940.1390.11.3.1.3 ]

\¥q . }:J_L_i‘ /¥ ;)LM:‘ gvﬁé}L_" EJ}J

Srody a5 Sl i VIO 5l oYlew U sl jlase o) IS
3 Oz 33 Syban Fge o Sl gl cel ()]
Yorf o o il Ses 5 SIS il )b 5 Sun b dunli
Ogrmelmges )3 D3 See i (28,5 a0 L [V0]
SV 9 ()l Calan (i ln 698 e

13ged ol pj ©)gods

S5l ol 4l Jlow (S0 olo> ) Jgur

Sl s e | IR ojg slo)s
b Jlw
(W/mK) (kg/m®) (kJ/kgK)
-IYOY AARN AN JoSl5 L5

GBeizs 5 0as ool pguiegl 0SS b So3d Lol ¥ Jaus

AF AR AK PRVEUPIN| RV |
N&A Materials Degussa ol &S Ll
\% fY-yvY Y (nm) o ;lusl
ks $95 $sS Js
Camgo] Camgo] S0l s
o L S
v. v. Y. 39 sleS
(kJ/kgK)
ray. ray. ray. kg/m’) J&>
5l ol
vs vs vs e
(W/mK)
k42— gk, —k )|
p 2K =5 Pker =k
knf = kbf 'a (f’)
k, + 2k, +2—5¢(kbf —k,)

3 5L sl Ggaaibimgm slp @ jlade @llis ol )
polde losli wl Ly AFg AK AR sy iagll o ST
5 Ol ool o alne VP 1l Sen 5 plz altsles]
Ol $ gole OVl L s 40558 ¢l e
Glho oz Cble 5l (s O g0t |y psitragl] s
Lol oolKle)] ol & s b aiogad (g el ) IS5
AF5 AK AR 3 9 g9 a6l @ i Y alayl,
sl 005 dsloes VO/FVD - o FAT-Y FIOOVY o e

\A%

Ogpmedlimgas )3 (255 (55l iz lapH ;5 poiesl]

) 2y RYs 4l jeba Bl e cnlpln s oe LA

5 pomiagl] a1 O3 U Q! LYo o et olgie

1390 Gl G5

- LSS oy s pomingl] aanST sol> VL 5L @

Sl ol s e g bl gl PW}” S| e
25 il O¥ gm0 STl 5l aS (g5 basy
Sgb oo ooliiwl Ol olsjusS

Sk s poaiaagll anST &l ol (gol> VL oL @
A 0938l g9 ya leslaiul aw) wws Jle Loy

(O3l g

)yl JUS! kulgy (o) 2 =Y

ST 1,3 9l g5 A 3 Budios ol jo w0l S jebolen
d oyl el oo solil JoSIS LT Al Jlaw § pgaives]]
i olgs Llsd I AF5 AK AR pgiagll oS diges
L ol o aies oo lias 1) JoSodS ot gl Jlew ¢ 1,3 96
Plez 0SP<T% o> slozdale (o Joloz pl @ 4>y
w55 g 0y Slo)S (I (y97en VL 9L (Soidge
Wl so dnlne o Lals, Gl

Py =A=0)py +0p, Q)]
1— C .+ .
Cpqnf _ ( ¢)pbj(’p,bf ¢pp(’p,p (Y)
Prs
My = Hyr 1+ ag) X

U 5 b Jh IS S0 0,9 Py N a0

Ji59) 9 Ol Lawgs a5 Y abal, )0 (rizres aiilge )8
e ian €, 59 Cppr el ool SLIVE] Ve e Lo yo
Hyp X atasly o il go O1)S 9l g b Jhw o9 ko )5
Olymedny el (206 dae a9 a8l el Sl 4t j5Ss
b Lol (o8 8 i o VID o1, a e i Jlie


https://dorl.net/dor/20.1001.1.10275940.1390.11.3.1.3
https://mme.modares.ac.ir/article-15-1349-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-18 ]

[ DOR: 20.1001.1.10275940.1390.11.3.1.3 ]

O,Sen 5 05 4 5

(.,:;._A,n S =55 st Vb 56 3 58 ey

(-1 -1, —1)
Lni(T1 —h)

LMTD = )

Oygmod 45 Cewl IS ol sl (o o U pizeen

23,5 oo iy a5 A alal,
-1
U= L+L+Rf W)
hh,o nf

O JESl gy o « K355 <oy Rf 398 alaily yo
JUasl ;b P 9 (AN adg) (S gl 55 05 Joloee
adg b adl oo (eSS Jlw) Jhow ¢b o)l >
welo ol (5 o) JUsl cu po arule ln A alal
s} gt e ) 5 pbus 5 Jlow 5 &l Jl
o oS Jaloee &l il o po g duloe (Sl
Y] 5 oo

h, = 0.023Re, " Pr, 33 (Lf_y0.14 Z_h @

Hyons i
rabayl ) ol o
s g Lsls L3 D),
555y ol T8 (L
wf
(Sl Joee 5o 55 dobme Sl g 5len ) olael (rizron

u, .D.
Re, _ Pl - Di 0
My,
C
Prh:L'uh am
ky,

Al g LB Aol 06,5 Jele coptty N e akaly o

s ) S s yo 05 Jolowe &)l JUil 22
DIV] 05 oo dnlns VY alal) 5.l

YA

112

® AR
o AK
1.10 4 A AF

o 435 95w 9
| 3

1.04 1
a [
1.02 4 -
/ °
1.00 ; : r
0.000 0.002 0.004 0.006 0.008

Olyd e chle

(V7] 3 5 pamr I ) gl o b 52555y ) JS

3 &yl Jlal C‘L’—“ ool e yeiST ecalizeo o>
00iS S Sl Glseds Jlowsil 0,8 L (Sl e
Jb 4 o5 Joboe 51l JEl (e 35800 (o) 2
sl o 53 (S S Jlw plsrsas Jlowgil) o

L: o ﬁ‘ﬁ 6‘:\_‘956

(0] =n'1hcp’h(T] —Tz)zriznfcp,nf (t, —t) )

£S5 Jolome o0y (28 S pa My g my, (Ggd akal, jo
slabes e gan To o Traiilbion (0 Jlon) Jlow 93U 5
99,5 sbles o jaty 91 5 0,5 Jolne (29,5 5 50959
itlgo 0w Jlw (295 9
Ol el b sllgles (51> Jowe &)l Jliss! whaw
5 D5t )5 5 0y Sl Gl oad Jobs o)l Jlal

Q

== *)
U.LMTD

S Cal oy L) Lagie D3| LMTD g alal, ;o

1305 (g8 i pj Ojp0d


https://dorl.net/dor/20.1001.1.10275940.1390.11.3.1.3
https://mme.modares.ac.ir/article-15-1349-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-18 ]

[ DOR: 20.1001.1.10275940.1390.11.3.1.3 ]

\¥q . ):iL_i‘ /¥ ;)LM:‘ g(vﬁéjh EJ}J

PP:unfasApnf (QRY!
pD:-D>
aszﬂ.%ﬁ Deq=Ds_D0 65—9 ‘]a—f‘ﬁ))o

il s
Jlw L5 4l jeSny S j5Simny (Dol H556

lod 5o Jhmw $ 4 s s 4 o] lawsio gluos 4o
Gads dnmibone sl ST ol il e Alg) 0)lpyd bawgie
syban b Jhw 5L g )5 Joloe o)l Jlisl Gl o
et adg) o)la 0 auwgie sloo Lol Logd awlxe .80
ol e ol [0 0405 dwle 1) T b o s
dmloa flag g Tio polie § 095 o 48,5 L5 )3 >y
o )l3md byt slas 5 ol Uil akl, 5l g g oo

Dyl so At dg)

= hnf (TW - tave) = hh,a (Tave _Tw) )

anv

byl ol o
4.]9.' o)‘ﬁé Ja.w}uo 6Loé :TW

Tn,1 +Tp2) .
‘)"“‘L’gs‘ Tove =T ST 9 5299

609)5 (SLDLAQ u.»i‘l.».& )J‘)J 9 JLMJ 9;[) .la.mj.uo 6[&& :tave

e ot o AL AR .

i e L B e T .@tave—T &I 9
L

typ o=ty t———— 2 V)

Myup € ponf

155515 ad gl ols s L gie (clos duline Ly oyl sl
5 e Jodoe Ol JUST ol o 5 998 0 et (>
g oo drmlne 383 Hob 4 Jlew oL
Jb o2 (23 il (oS cnl Slaal ) (S
Y gb Sl eolaal b glddglgs )l > Jaus j0 cuiS S

maei Oy il s gl canS S Jlew lgicay

D.
hh,o = hh [FIJ an
0

el 315 dly) )l a3 D, abal, ol o oS
oS Siz Jlow Slgiear a5 Jlows 91U )l Jal oy

el ooy o=y cm8 g (Sl Jome gl 4l o
00,8 o0 dalxe o alal) 3l o)l oL > (Re<2100)

D 0.33 P 0.14 X
Iy =1.86{Renf.Prnf. eq] [Lf] wa v
L luwnf eq
salayly ol jo

o sl Jsb oL
L| Sl ).1‘)) 9 JJ[JLA )Ja.‘i :Deq

_(D}-D))
«w = p

o

N

Oeigrad (>l dlg) A5l ;3D N E akal, o
b W ple ol i 0 Jlw $U JEl 9 5ol slasl

_ pnf 'unf . Deq

Re,, = e 00)
' Mg
C
Pr,, = 220 s (%)
k
nf

Slad el o) SKlaol o o adlin cpl )0 pizen
59 o oaliiwl SVl 96 sl PP oy 55 5 (AP

Lty b oSS o it sl ) Joee

fy =16/Re,, av)

QYY)

f Lp u2 u 0.25
Apnf=2 nf nf nf[ nf ]

D, ;q Hypng


https://dorl.net/dor/20.1001.1.10275940.1390.11.3.1.3
https://mme.modares.ac.ir/article-15-1349-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-18 ]

[ DOR: 20.1001.1.10275940.1390.11.3.1.3 ]

Olen 5 08,5 4 5

e paer I 2SI SIS st SVl 5652, )

A 4

gars

S K JL:« Ja.pjﬁ =2

tnf.2 :tnf,l + 0
Mf Cpp

A

(T, -1) -1 —1)
lni(T2 —h)
(T —1y)

LMTD =

_ 0
A(LMTD)

A
1= oS Ss (W Ske glos = (1+1)/2

A

m,,
f S JL:M uﬂ:#
s I nf

\ 4

h

n

k, D
if 0.33
= 1.86DL(Renf Pr,, Zq )

ea

U:(L+L+Rf)‘]

h o nf

okL

=l Jae j0 00 iS SLS w0y (20 Gilwdinge ¥ S
0aiS Sz Jlow ylsacds YL ¢l 3l oolawl b slalglgo

oz @ Il Y S Billae o5 O 0 bl o
oo VY adal) 5ok g 0520 00 i Jlw 9
alol, 5l eolaiwl b oo 0T oo cwsts Jlow 96 (59,5
# adal, 5l g 00t dele coiy LS bagie BOLSI Y
- JLES e e atie U S &l Jlasl oo o
dwbre lade b jlade (nl 05l g0 e 5L 350 >
L Loy e 90 ol 5T 5 098 co dnglio A alal, 5l ous
Olod (o sz (0 i oo olSST Wingy il So0Sy

dbl e ooz (20 dge

@S el g oy Y
Sl 6 ol JoSdS sl eVl §U o)l colan
ez slac bl 5 AFy AK AR pytiagll ap S|
oad oole Hlad ¥ Sl j0 g 0ud dule 0S9<T%
Colae ioli8las el o cvmlin bl 4 axg b .ol
P AK o5t ST g5l Sl 5L 0 (5,1
g azsg b cowlodgy i AR Jlw ol L s lie
o3laily JS& AR 5 AK pstiagll (gloauSTY Joazr
o oly o]y glis o ptagen 5 95,0 SLSG Loy
S s 45 (g by el s s

Db oo SIS0 Al Jhew jo OIS mie 5 sk )
Jl 50 53 (5,1 culan (2alidl on it uiores
aS o blen 598 oo odalin AF pgiagll oSt gl
AF potongll sl 0,3 96 IS5 0l ola ¥ Jgu o
213 L anly Jlws 5l Calan Lialiél 5 ol (glals
Bl Gl S5 ool St Sloas U5 slalsid
Lol aclgn yiions cs9,S 3 b anlia ;5 &l Jla]
Lapl ySolel g 5 Gl cdeas (59,5 <1)d 5l ooli]
AF o135 5 L5 4 sgas azg5 b andl .conl 5 Joluie
Btz 5ol o e solaiwl &3 9l Ko b aslie o
ol sl s St il e cnl g 00 2SS

3l AF Jlw 5l 5> colan


https://dorl.net/dor/20.1001.1.10275940.1390.11.3.1.3
https://mme.modares.ac.ir/article-15-1349-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-18 ]

[ DOR: 20.1001.1.10275940.1390.11.3.1.3 ]

\¥q . }:J_L_i‘ /¥ ;)LM:‘ gvﬁé}L_" EJ}J

o 0)lgmd sles s o (LS (s o o5 jsbles
G30 pebody b iy joSiag (Dol o5 (8L sl ()
S0 L1 oles sles rals wo o of i 0gd dawlxe
I, 09<7% o> sloackile o AFg AK AR oYL
oolaiwl b ojlgs slos ol ao s Jlie olgicay oo oo lis
3o oaS S Yl lgieas AFs AK AR YL 5L
Cal 039 LEIND g 1NINE N sg0> 1o S 54 0=2%
Yl g oz cdale 01311 aS s 0 i £ S
3 00l oyl cole 4y ax g bl 4Bl ralS ol (gleo
slecdale 5 AF g AK AR oYL b o) 5L« L3 iz
oelS ao o (sllglgs Sl Jae ;0 0SP<T% oz
VS 5o 5 0ad e ayly Jlows & S o Jliil s
Aoy A5 0gd oo oddlin Jlo lareay .l ool ooy Lis
AK AR oYl ¢l eolal b o)l o Jla! mlaws ialS
350> 4 o dy P =2% 15 0SS DYl Jlaieas AR,
el 0393 LNFINY 5 /0] A /XIVY

650

WK .ol Jst oy o

250 i i i i i i
a 0.01 0.02 0.03 0.04 0.05 0.06 0.07

Q‘Jiww

s oo ool AFy AK AR ¥l 96 & o Jlin oo, F S
glsd Sl Jame SOy 0aS S Yl eie

S0 0SS v sy s A S 4 amg b

aie Ol JUH jlade lila glalglss ()l Jae
Jlos b dnlia ;o AFg AK AR ¥l i 5l ool L

Clale agl3 3 U o sad e oamlin ¥ S5 4y dzg |
ol (Sl ol (grailiwg )0 SIS G cone
Sl Calam il L oS ams e i § S el azily
Lal el il ial38l 3 )y JUi] o ¥l 36 50
O 40565y Siolidl cel @l 6l oz cdale il
ol il Giels @)l Jsl o 5o b 4zl )0 g oads
ol Calas il aS cal )l Sl sdel Cansas b
2> St Gh O &35S Gl L analie o Sl 5L
il ol oy S e s &) > L o5l
Colae ulidl cdeay loi oo |y YL 96y Ol > Jlas]

o ohd gl p.]aa.cl_i S lo 5l Q] Lr.;)‘)’

Ceely s asily il oo 56 5yl alap cpgmilige
ol Jome o jlems g Jlw $U Lo (6550 Jols oy
JLasl aolidl as 0gh oo oanlie ¥ S 4y az gy L .09l oo
AK 5 AR ¥l 96 b auglio 1o AF Jluw ol 5 &)l
AF Jlw b > colan i Gl ol eog ;i
ol ol e e |y AK 5 AR @Yl 5 b anglin 4o
Clale 2158 L oS ams e lis B USE Cpeiman el
3,55 » Jleizl cdeasy g AFg AK AR &l)3 gl oz
&yl JLal s )l Jowe oylgso b lyd gl 2y

el 38l ol il Jlow b aslie o S5

WmK (5, ~ cslaa

i i ‘ i i i
0 a0t 0.02 003 004 0.05 0.06 a.07

02

Ql)'éwc.ﬁ.u;

AFy AK AR oVl 5l 5, colon ¥ S


https://dorl.net/dor/20.1001.1.10275940.1390.11.3.1.3
https://mme.modares.ac.ir/article-15-1349-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-18 ]

[ DOR: 20.1001.1.10275940.1390.11.3.1.3 ]

Olen 5 08,5 4 5

e paer I 2SI SIS st SVl 5652, )

320 . .
\‘ [ : R : :
3 = AR : i
3 A AK : ;
P . : :
S 280f-- ! LLill I : :
3 I
% ] I N— S— i :
B I
g B Freseee : feeesee S FY
= * : : :
B H H H ry M | |
s : Ao . S i
=0 ‘ 5 e
a0 : i i i ; ‘
0.01 0.02 0.03 0.0 0.05 0.06 0.07
AP

oslawl AFg AK AR ¥l g IS &)l o Jlal o po & S5
SMelgs gyl Jae S 40 0utS S YL lgiedy oas

% wylps sles Sals

: H H
0.01 0.02 0.03 0.04 0.05 0.06 0.07

OIJSWQ.E.L&

SVl b0, 5L 5> Jas o)lgs (sles ralS as o £ JSCS

40

Yo ¢yl pm il el 2alS

1 1 I
2 0.03 0.04 0.05 0.08 0.07

Qb.’:w;..&l'ﬁ

Yl 556 5,15 b &l Jlil s 2l s s ¥ IS

AY

sdnlie Jlo olyiea .ol bl pals JoSIS oLsl 4l
L oSS Jhaw o0 (20 ialS ao o a5 04 0
SYw glgseas AFg AK AR oYL ¢ 51 solarul
TANIEY Y s99> 0 ey 0=2% ;5 0uiiS S5
HLad cll aS 05l axgd Wb iored Cowl 004 1YO/FF
e oasS S Sl playr PS50 0ad sl
$U Sl osliial (o035l (s 53 ot Sl sla el
8l paens o bl o 0SSl Olpieds Jlw
Sl Jlm 4 558 g g alendly oS S Jlw HLid
L Jlw yo jlid cdlas (g 9ban il o 135,50
embes 5loml g aBlge iy YL aeuils 5 4z 35St
s 0SS s sy Jlw il 3 oslic
5 Lis il (SISl oy i ol 5o clply g s
Joa—e ;0 AFs AK ¢ AR oYL 6 (sl 5hey )l
53 0dal Cwdan =l g ood b sldlglgs Sl >
ssnliie Jlio olsieds sl oad ools (sLi V) b5 4 IS
AF 4 AK (AR oYl v ¢ 5haay lgs ioli8l a8 598 oo
03— ANV G LEIY Y sg0 > 0 e ias 0=2% o
5 AF &Y b 3l oolainl b aS aes oo lis opl .ol
o Sl i iy il e g Jae
Ol sals gadzd cpl o oals solaw! SYLw oL S0
L emzred et basypo 28, Vb 5 5heay Ols5 i
VY L IS jo sads ool lis gmles o pig &do
5 s Sl (o b a8l oS msd e axsie
Jome 2 AFg AKC AR eVl 55U (sl 1 5laey 0o
Oy Cwl o0g fpSatinr YL glacdile )3 5l >
2 sl Jame 13 AR Jlw $iU jleslawl Ly Jlie
oy ialsdl §=T% 5 $=3% ez cLac Ll
9 LYIA s90> 50 i fay aly Jhw b aslie ;o Sl
5% e 5 5l Ol Bl Geioes il 009 7

el 0043 TANY 5 /510 590>


https://dorl.net/dor/20.1001.1.10275940.1390.11.3.1.3
https://mme.modares.ac.ir/article-15-1349-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-18 ]

[ DOR: 20.1001.1.10275940.1390.11.3.1.3 ]

\¥q . }:J_L_i‘ /¥ ;)LM:‘ srﬂé}L_" EJ}J

1350 T T T T T
1300 : ; ; : : .
m AR o o R S 1
P s s 5 *
™ | | ’ H
a3y 1200 - = o R R ]
5 s 5 s . 5 5
\d | H | | H H
_},, 1200 [ PO : O AR S 4
D ; : [} ; : :
B im0 B EE— : - S SR S — A
; 4 ; ; : Fy
s 5 s s 4 5 "
1100 O : R A [ oo i
H H | * [ |
¢ i & ) ;
1050 i ks ; i
e " e T S 4
4 i ‘
H H H H H H
1000 I 1 I I 1 1
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07

Ql)::deqp;‘.&\.'ﬁ

sldglgs (gl Jawe

& 35 e -F
Olyeds by Jlw 5 213 9 G led 15U ol dllie o
Yl $U & JLal o 5,80 5w els 5 S
Sglaie diged dw 3938l b a5 O jao iy Sl 0ol oy g
elss Ll 5 S AFy AK AR _sgeiposl] glaosns] ol
Ohestanly Jlmw an ws s Dolas ma L o3l 5 IS8 mla
Yl $6 0,5 0 P<TW oz claclile o JoS S
Sl Joe j0 S S SYlew olgeas AFg AK AR
2008 ey g S el Olz llyd co glalg) g0
Jb oz (20 9 Oyl JLisl o Lol ol fal
3 S (995381 L sladglgs ()1 Jows 59 oaSSes
slacBle )3 J3 SIS 5Ll ey Jlw & AF 5 AK AR
bl (SIasl gy s 5 iyt 0SPET% oo
sladglgs (ol Jowe j3 SVl 96 Gl Sheey Ol 5 JL23
5252l AK 5 css O AR pgtngl] s mhans 45|
L acaglio ;0 AK Jlew 6l 0 ol Jlaml i3l coel
S 0 &yl JLaml ialdl o idos (Cowl 00y jiias AR
powimagll oS 1,3 6 JSi 15 0 samlie AF YL
O Lol Jhw &)l colaa moli8l s el glals AR
g R8s s ol (Saaas cleay S8 sl

AY

kS K Il Ol g 4 it DY SU o 23

0 ; i i ; i
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07

O3 ez ChilE

P JE KV FRSRPRVEL S6 Sy VWP TR L B (Y LW
AF4 AK AR &Yl ¢l 5l oolawl b slalglgo

0.06 . .
0.055 H | H H ® J
—#— AR ; : :
—A— AK 1 : : Y
- : : : -
00s LA e
i

0.045

Sl 2
.

0.04

0.035 % i

i i i i i i
a 0.01 0.02 0.03 0.04 0.05 0.06 0.07

Qb.':w.".pc.]ﬂ.'ﬁ

AF5 AK AR ¥l 56 (gl Saol oy o drlons & JSi

x10°
85 +
m AR *
A AK -
* AF
gl ® AR
5 .
3
B -
2
] -, L
3]
-
~ - i
-~ [ |
Fy M .
[ S e S F S I I
-~ -
n
[ ]
|
[} 0.01 0.02 0.03 0.04 0.05 0.06 0.07
Qb.’: Wareal ke

AF; AK AR oYl b 4 ot aloyl Lad el Vo JSi


https://dorl.net/dor/20.1001.1.10275940.1390.11.3.1.3
https://mme.modares.ac.ir/article-15-1349-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-18 ]

[ DOR: 20.1001.1.10275940.1390.11.3.1.3 ]

Olen 5 08,5 4 5

(.,:;._A,n S =55 st Vb 56 3 58 ey

Transfer Conference, ASME, (2010), August
8-13, USA.

[71 L. Godson, B. Raja, D.M. Lal, S. Wongwises,
Enhancement of heat transfer using nanofluids-
An overview, Renewable and Sustainable
Energy Reviews 14 (2010) 629-641.

[8] D. Faulkner, M. Khotan, R. Shekarriz, Annual
IEEE Semiconductor Thermal Measurement
and Management Symposium, IEEE, San
Jose, CA, United States, (2003), pp.223-230.

[9] C.Y. Tsai, H.T. Chien, P.P. Ding, B. Chan,
T.Y. Luh, P.H. Chen, Mater. Lett. 58 (2004)
1461-1465.

[10] J.K. Kim, J.Y. Jung, Y.T. Kang, Int. J. Refrig.
29 (2006) 22-29.

[11] C.T. Nguyen, G. Roy, C. Gauthier, N. Galanis,
Appl. Therm. Eng. 27 (2007) 1501-1506.

[12] Srikan RR, Rao DN, Subrahmanyam MS,
Vamsi KP, Applicability of cutting fluids
with nanoparticle inclusion ascoolants in
machining. Proc IMechE Part J: Eng Tribol
(2009); 223.

[13]H.A. Mohammed, G. Bhaskaran, N.H.
Shuaib, R. Saidur, Heat transfer and fluid
flow characteristics in microchannels heat
exchanger using nanofluids: A Review,
Renewable and Sustainable Energy Reviews
15 (2011) 1502-1512.

[14] Xuan, Y., Roetzel, W., Conceptions of heat
transfer correlation of nanofluids. Int. J. Heat
Mass Transfer 43, (2000) 3701-3707.

[15]H. U. Kang, J. M. Oh S. H. Kim, Exp. Heat
Transfer, 19, 181 (2006).

[16] B. H. Chun, H. k. Kang, S. H. Kim, Effect of
alumina nanoparticles in the fluid on heat
transfer in double-pipe heat exchanger
system, Korean J. Chem. Eng., 25(5), (2008)
966-971.

[17] E. Cao, heat transfer in process engineering,

New York: McGraw-Hill, (2010).

AL

adlasbieo i (69,5 Ol L aslie o o)l > Jlal
3L 9 Ko b awslae 0 AF @l)d ol Hlad yog 5S>o8
ol sl 6,50 Jdo Wil oo Baios (] Ho ouls ool

=l Jame ;0 AF oVl ¢ 5l eolawl a5 ols yLis

Yl b S0 4y Cons Ol Jlal g ioli8l o8 e
G a e 38, Yb g 5hees g8 ol canw ool oolazwl

A0 5 Jale>

‘55"5)459 S .~..._a
ST olBzils 5l 0g5 Slo a8 Sid colpe Baing
(olaass LS ol 5l coles alaulga Sl aslg ol

&l o -F

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

[2] S.Z. Heris, S.Gh. Etemad, M.N. Esfahany,
Experimental  investigation  of  oxide
nanofluids laminar flow convective heat
transfer, Int. Communications in Heat and
Mass Transfer 33 (2006) 529-53.

[3] M.N. Pantzali, A.A. Mouza, S.V. Paras,
Investigating the efficacy of nanofluids as
coolants in plate heat exchangers (PHE),
Chem. Eng. Science 64 (2009) 3290 — 3300.

[4] S. Kaka¢, A. Pramuanjaroenkij, Review of
convective heat transfer enhancement with
nanofluids, Int. J. Heat and Mass Transfer 52
(2009) 3187-3196.

[5] R.S. Vajjha, D.K. Das, P.K. Namburu,
Numerical study of fluid dynamic and heat
transfer performance of ALO; and CuO
nanofluids in the flat tubes of a radiator, Int. J.
Heat and Fluid Flow 31 (2010) 613-621.

[6] H. Demir, A.S. Dalkilic, N.A. Kurekci, B.
Kelesoglu, S. Wongwises, A numerical
investigation of nanofluids forced convection
flow in a horizontal smooth tube, Int. Heat


https://dorl.net/dor/20.1001.1.10275940.1390.11.3.1.3
https://mme.modares.ac.ir/article-15-1349-en.html
http://www.tcpdf.org

