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Investigator

Equation

Einstein (1906)

Wg = (1+ 2.5¢, )l_lb

Simha (1940)

Ilgﬁ-'{1+i|:14+ (are) ,_ 3(are) }4}1

. . i
15 n(2a/c)-1.5 In(2a/c)—0.5 *’J' "

Simha (1940)

. 16 (a/c) \
My =| 14 —————4 |n
Eﬁ 15 arctan(a/c) ° | °

Eilers (1941)

1 1.25 b
1 = + U, =
N 1_(.¢P "F'Ppmx.] ’ 5 ’

o2t Lo G 16

De Bruijn (1942) Mg =l = (1+ 250, + 4.698¢, + "']Nb
1250, +1.552¢,
J 1 (are)’ s(are) ]
Kuhn and Kuhn (1945) P =31+—| 24+— + ¢ 1
o l 13 m(2a/c)=15 In(2a/c)—-05 pJ b

Vand (1948)

Heg = (1+ 2.5¢, + 73494}5 + ---]|.1b

Vand (1948)

W = ek 1, = (1 +2.5¢, +3.125¢; + ---]uh

c b , N
Robinson (1949) Mg =| 1+ EP 1, =(1+c d +es b +"']“b
1-5,0, p'p PP
25 N
Saito (1950) M =| T+ ——0, |1, = (1+ 2.5, +2.50] + ,,,]“h
1-d y
p
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Investigator Equation
25 ) L
Saito (1950) =1+ 0, [y = (14250, +2.502 +- ),
1-¢ 7
\ .
M =exp(250 /| 1-{é_ /b )|, =
Mooney (1951) . (259, [ f p e \]])1 v
+2.50, +[ 3125+ (2570, ., ) |02+ {11,
1
Brinkman (1952 Mog =5 My = (14250, + 43750, +- ),
(]‘ - ¢p }
Simha (1952) M = {14250, +[125/(640, .. ) J02 +}n
a (1952 e = 1290, +{ 12571640, . ) |0+ 71y
_ 15 1-o, {15
Eshelby (1957) P =| 1+ ———0_ |, =| 1+=0, |n,.0, =1/3
. 24-50, 7" L 77
) 113
. 9 (¢p ! ¢p1mx]
Frankel and Acrivos (1967) Heg =~ 17 M
81 (¢ / 3
1 (¢p ! qu max }
1
Mo = e T
Krieger (1972) [1-(0, /0 e ) |

[1+(_1.82.--'f111,m.-,x )o, +(2:5662/ ¢, . |0 +..}“b

1

Lundgren (1972) W = ﬁ}lb = (1 + 2.5¢p + 6.25¢1; +--- .)p.b
Batchelor (1977) ne = (1+250, +620] )i,
Graham (1981) 1+2.5¢ b
raham Mg =] 1+ 2 e + pall 18N
[_ s, /1, }|:2 +(sp L ]:[] + (sp / I ]]—

| ( a ) 1= 050, /) )
Phan-Thien and Graham (1991) B =91 +| 1461+ 0.138— | ——————————— rp,

| ¢ [1 -9, /4, m)] _

Ir 1 3\ 2 2

“eﬁ'z{ L2 +[c1_(2'":'tpmax ]:|¢p+|:c3_(6':‘¢1;max ]]¢; “b

Liu and Masliyah (1996) [ [1 (05 /0, _}]

- {1 +oh, +[c1 —(3.--'431’;,112_‘i ):|¢P +---}ub

Tseng and Lin (2003) U =13.47exp(35.98¢ )1,
Maiga et al. (2004) M =(1+730, +1230; Ju,
Maiga et al. (2004) M =(1-0.199, +3064; ),
. kT ]
M rommien =3 %107 BP0, [(~13463+17223¢, ) +(0.4705-6.049, ) T .
20,5,
Koo and Kleinstreuer (2005) where the particle motion related empirical parameter
5 :0.013?(100%)“339 ¢, <001
=1 _—
10.0011(1009,)"*"™ ¢, > 0.01
Kulkarni et al. (2006) Injtg = —(2.8751+53.5480, —107.12¢; ) + (1078.3 +15857¢,, + 205876, }(1/T)
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Investigator Nanofluids Correlation
AlOs-water. TiOp-water.
. 203 3 4108 1 03
(Pak and Cho, 1998) turbulent Nu=0.021R" Pr
Nu=cRe" P’
(Das et al., 20032) AlLO;-water. pool boiling N =cRe, T
¢ and m are particle volume concentration dependent parameters,
(Xuan and Li, 2003) CuO-water, turbulent Nu= 0‘0059(1.0 +7.62860, " Pey ' JRe" " pr”
graphite-in-transmission fluid, Nu=cre" P! (D/L ]1' 3 ( 1y / [T )
(Yang et al., 2005) Igraplnre synthetic oil mixture, ¢ and m are nanofluid and temperature dependent empirical
aminar parameters.
(f/8)(Re-1000)Pr
Nu= " VYEETE .
1455 (£/8) "(Prd: *-1)
(Buongiorno, 2006) turbulent /
where the dimensionless thickness of the laminar sublayer 5; is
an empirical parameter.
s px!
Nu=—— —————Gg (UWT)
3A.: | 378v, (94, -5) s
AlyO3. Newtonian laminar, A 1t
sa 23 6 2Bk
(Polidori et al., 2007) natural convection Nu=— #Gtﬂ (UWT)
5 27v" 4
5| 27v, (94, —-5)A s
A Or  thermal boundary layer thickness
3 that of the dynamical one
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Abstract:

In this study convective heat transfer over two heated wall-mounted cubes in three
dimensional steady state laminar incompressible fluid flow by Cu-Water nanofluid
az a cooler is investigated. Two cubes are under constant heat flux and placed in
different tandem and staggered arrangements on a adiabatic base plate. It’s used
finite-volume method and SIMPLE algorithm to solve continuity, momentum and
energy equations for nanofluid that its effective thermal conductivity is dependent on
temperature. This subject is studied for different streamwise (L) and spanwise (m)
distances between two cubes and 150 < Re <300 and 0 < ¢ <0.05 .Effects of these

parameters are considered on streamlines and drag coefficient as flow characteristics
and also distribution of temperature on the base plate and all surfaces of two cubes
and local and average Nusselt number as thermal characteristics.The results show
that the temperature distribution is strongly dependent on flow structure and varies
with any change of flow pattern in different cubes arrangements. In addition it is
observed drag coefficient which is influenced more by pressure forces, in staggered
arrangement is more than tandem arrangement, because there are more large
complex vortices around two cubes in this arrangement. The vortices hold in heat of
warm surfaces of cubes; Therefor heat transfer on part of surfaces near more
complex vortical region that are more complex is fewer than other part of surfaces.
Moreover, It’s observed amount of heat transfer increased with adding nanoparticles
to the base fluid and increasing particle volume fraction.

Keywords: steady laminar flow-vortical structures- convective heat transfer,
constant heat flux, nanofluid.
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