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Simulation of (EG+AlLQO,) Nanofluid Through the Shell and Tube Heat Exchanger with
Rectangular Arrangement of Tubes and Constant Heat Ilux

F. Khoddamrezaee, R. Motallebzadeh and D. Jajali Vahid
Faculty of Mechanical Engineering, Sahand Tabriz University of Technology, Tabriz, Iran

Abstract: In this study, the characteristics of (EG+AL,0;) nanofluid and (EG) fluid which cross a rectangular
arrangement of tubes in a shell and tubes heat exchanger have been investigated. The stagnation point,
separation point, heat transfer coefficient and shear stress in both of nanofluid and purefluid have been
determined and compared with each other. The heat transfer and velocity simulation of two phase flow have
been done by mixture model. Results show that by using of nanofluid, the stagnation and separation points
of flow were postponed and the amount of heat transfer coefficient and shear stress increased but the effect
of shear stress increase can be neglected in compare of unusual heat transfer rising.
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INTRODUCTION

Using a fluid with better heat performance is an
effective parameter to mcrease heat transfer rate in the
heat exchangers. Previously to increase heat transfer in
the heat exchanger, engineers used suspension of fluid
and solid particle with the micron and millimeter diameter.
But using this kind of particle causes sedimentation and
decrease the flow rate. Pipe scrubbing and great pressure
loss in the pipelines are the disadvantages of using large
particles in basefluid.

The difference of density between the base fluid and
the rigid particles causes sedimentation or buoyancy lift
of particles. In sedimentation case, when the gravity force
on the rigid particle become equivalent to the Arclimedes
force, the summation of two forces becomes zero and the
particle move downward with the constant velocity. The
particles sediment when they reach the nonmoving
swface, where, the fluid velocity is also zero.

Sedimentation velocity of the particles in the fluid 1s
calculated by Stocks low:

V,=(p, —p,)(2gr*)/9u

In this relation (p,-p,) is the density difference
between base flud and the suspended particles. If the
particles density 1s less than the fluid density the particles
move upward with the constant velocity V, and if the
particles density is more than the fluid density they move
downward and sediment. When the fluid density and

particles density are near to each other the sedimentation

velocity decreases. Also, decreasing in the sedimentation
velocity occurs by decreasing the particles radius.
Sedimentation velocity of the particles has a vise versa
relation with the kinetic viscosity of the fluid. However,
suspension stability increases by mcreasing the kinetic
viscosity of the fluid. So, researchers suggest using of the
particle with the nanometer size in the base fluid
{(especially water, o1l and ethylene glycol) to decrease the
sedimentation velocity. Using the particles with the
nanometer size not only causes the better stability of the
suspension but also causes an exaggerating increase in
heat transfer performance. According to the recent
studies, mereasing i conduction coefficient of nanofluids
is the major reason of increasing the convection heat
transfer rate m nanofluids.

Xuan and Li (2003) studied experimentally the
convection heat transfer and friction coefficient
characters of nanofluid in both of laminar and turbulent
flow. Their results show that heat transfer coefficient of
the nanofluid 13 more than the base fluid in the same
conditions. This coefficient changes with the changing
the flow velocity and volumetric ratio of nano particles.
Yang et al. (2005) studied the convection heat transfer
coefficient of graphite nano particles in laminar flow m a
horizontal heat exchanger experimentally. This study has
considered the result of changing the Reynolds number,
volume ratio, temperature and type of fluid on the heat
transfer coefficient.

Lee and Choi (1996) studied force convection heat
transfer in parallel channels by using a special nanofluid
and found that the heat resistant decreases with the ratio

Corresponding Author:

F. Khoddam Rezaee, Iran Power Development Company (IPDC), No. 3, Shahamati St., Valie Asr Ave.,

P.O. Box 14155-6393, Tehran, Tran Tel: +98-21-88902258 Fax: +98-21-88806886



J. Applied Sci., 10 (6): 500-505, 2010

of 0.5. Wen and Ding (2004) studied the experimental
result of (ALO,-water) nanofluid convection heat transfer
along a copper tube with 4.5 mm diameter and 970 mm
length. They find that nanofluid heat transfer coefficient
increases by increasing the Reynolds number and the
volumetric ratio of particles. Also, heat transfer coefficient
mcreasing in the entrance part 13 more than the other.
Despite of better heat transfer characters, nano particles
movement causes non steady temperature and viscosity
counter occur. Heris et al. (2006) studied laminar flow of
CuO-water and (Al,O,-water) 1 a copper tube with 1 m
length, 6 mm diameter and 0.5 mm thickness. The copper
tube 1s positioned nside a stainless steel tube with
mternal diameter of 32 mm. To obtan constant
temperature boundary condition on the copper tube,
saturated vapor flows mside the stainless steel tube. The
results show that heat transfer coefficient increases by
mcreasing the particles volumetric ratio and Peclet
number.

Hong et al. (2006) investigated the effect of the
clustering of nanoparticles on the thermal conductivity of
nanofluids. The results show that thermal conductivity of
nanofluids 1s directly related to the agglomeration of
nanoparticles and increases nonlinearly with increasing
volume concentration. Leong et al. (2006) proposed a new
model for predicting thermal conductivity of nanofluids
by considering the effects of the interfacial layer at the
solid-liquid mterface. Zhang et al. (2007) showed that the
thermal conductivity of some nanofluids indicated no
anomalous enhancements.

(2007) studied the
conductivity and viscosity of Alomina nanoparticles
dispersed in water and ethylene glycol. Results showed

Tunofeeva et al. thermal

that the measured thermal conductivity of nanofluids was
less than the predicted values of the effective medium
theory. He e al (2007) showed that the thermal
conductivity of nanofluids increases with increasing
volume fraction in a nonlinear trends. Lee et al. (2007)
showed that viscosity of nanofluids significantly
decreases with mcreasing temperature. Murshed et al.
(2008) investigated the thermal conductivity and viscosity
of nanofluids. The results showed that the measured
thermal conductivity and viscosity of nanofluids are
higher than those of base fluids and increase with
increasing particle volume concentration.

In this study, the velocity profile, heat transfer
coefficient and shear stress of (EG+AL,O;) nanofluid
through the shell and tube heat exchanger with
rectangular arrangement of tubes have been considered
and compared with the base fluid (EG).

MATERIALS AND METHODS

Mixture method 18 used to solve the governing
equations. In this method nanofluid acts like a pure fluid.
There is no velocity difference between fluid and the
particles. The fluid and the particles have heat equilibrium.
Continuity, momentumn and energy equations for one
phase fluid are used for the nanofluid. The effect of nano
particles enters in the nanofluid physical characteristics.
The distribution of the particles 1s assumed to be steady
in the base fluid because the diameter of the particles 1s
less than 100 nm.

Eastman et al (1997) studied that, the Ethylene
Glycol and Alumina nanofluids have better stability than
the other nanofluids.

Governing equations: Continuity, momentum and energy
are the goverming equations. They are defined for solving
the multi phase fluid with mixture method for two phase
flow as follow:

26,01 Vi, v, =m M
g B @
" Pu
P = 2,0,Py (3)
k=1

where, M is mass transfer rate between two phases or
mass production resource. V, and p, are the mean
velocity and mean density of nanofluid n 15 number of
phases. ¢ 1s volume percentage of each phases. V,, and p,
are the phases velocity and density.

The momentum equation for mixture is:

3
§(pmvm)+ VP VaVul)=
—VP+ V[ (VV, + VW) +p,e+F+ &)
V(Z a’kpkvdr,KVdr,K)

V,, =V, -V, (5)

In this relation F 1s the body force and the Emstein
equation is used to estimate the viscosity of suspension.

w, = (1+ 250, ()]
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The energy equation of mixture phase is:

% 00, + VYV, (0,F, + P) = V(K +vT)+s,  (7)
K=1 k=1

where, 3, is applied to all kind of heat sources.

VZ
E ,=H, +7k—

P
Py

For compressible flow E, = H and for mcompressible
flow H, is sensible enthalpy of k phase.

For EG-ALO; nanofluid without mass resource, above
equations simplified to continuity, momentum and energy
equations of single phase fluid flow. The effect of nano
particles enters in the physical characteristics of fluid.
Therefore:

div(p V) =0 ®
divip,,V.V) = —gradP + p_V*V )
divp, V.Cp . T) = div(K ,gradT) (10)

where, in the above equations:
prf:%—::h%::%":pb%:%v":(lfa)pﬁocpp (11)
(PCyps = (1= )PC), + a(pCs s (12)
= {1+ 230, (13)

where, P indices stand for the particles characters; b stand
for the base flnd characters and nf stands for nanofluid
characters. C, is the specific heat. « is volume percentage
of nano particles in base fluid.

In this study, ratio of conduction coefficient of
nanofluid to base flmd 1s calculated from experimental
results of Hamilton and Crosser (1962).

_K, +{n+DE, +(n-1)(K, -K o

.- (1)
a K, +(n-DK, - (K, -K o

K,

where, n (n = 3/ is geometry coefficient.

r 18 the ratio of area between a sphere with the same
volume of particle and particle real body area. Tt is called
spherical coefficient.

Boundary conditions and geometry: To solve the Eq. 8
through 10, boundary conditions are:
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Fig. 1: Heat exchanger with rectangular arrangement of
tubes schematic

Constant velocity V; = 1 (m sec™) and constant
temperature T, = 273 (k) is applied to inlet.

Velocity of nanofluid on the outer wall is assumed to
be zero. The heat flux through the surface of each tube
is assumed to be q = 10241 (w m™). As shown in the
Fig. 1 5,=40cm, S, =40 cmand D = 20 cm. Four tubes
with 20 cm diameters are positioned with the central
distance of 40 cm from each other. Heat flux is g = 10241
{(w m™) from the tube walls and is assumed to be
constant. Nanofluid (Ethylene Glycolt+Alumina) flow
vertical to tubes axes. The tubes are arranged rectangular.
Tt is assumed that the alumina particles with the diameter
of 1 have a stable suspension in ethylene glycol base
fluid.

Numerical methodology: To solve the Eq. 8-10 with the
illustrated boundary conditions; finite volume method,
non organized triangle mesh and simple algorithm is
used.

Validation: It is needed to compare the results of
calculations with the experimental or numerical study by
the other researcher to ensure about the methodology and
calculations. The results are predicated by simulation of
the nanofluid (EG+AlLO,) with zero nano particle volume
ratio is studied and compared with the (Zukauskas, 1972)
experimental results. The predication must be as above
because there is no other experimental or theoretical
results about nanofluid flow around the tubes. Zukauskas
(1987) found the relation between heat transfer ratio and
Re,, Pr, S/D.

(15)

Nup = Pr*® (Pr/Pr, )*f (Rep)

where, for gases n =0 and for fluids n=0.25.

InEq. 15 Pr,, 13 Prandt] mumber in the wall temperature
T,. The other characters are calculated with reference to
fluid temperature. The function f(Re;) 18 defined by
Reynolds number and tubes arrangement.



J. Applied Sei, 160 (5); S00.505 2010

. 1. 1,1 ,1.,1.1,
6 B 10 12 14 16 10

Na. of rawes freon St (M)
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coefficient for the different columns
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10" 2 R, = 22 10°

ST
T1207
3

L

= f{Re,)= 027Re"8 (18]

With inserting the watue of 3, 3 and D in Eg. 15 and
la:

i, = —= 1054

m| B

Ev using the correction factor from Fig 2

For the first row Mo =739 and for the second row
T =844 .

The sitnulated diagram is shown inFig 3. M ote to the
indet welocity in relation 16 it is found that the mavimum
vaues in the diagram are consonant to the results from
(Zukanskas, 1987 relations. By using the mean welocity,
which is asmuned to be haf of the inlet welocity, the
values which are caloulated from Eg.o 15 and 16
decreases.

RESULT S AND DISCU 5510

Velocity profile comparisom: With reference to
(EG+ALD velocity profile inFig, 4, for tubes ] and 3 the
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Fig 4: ¥ elocity counters of nanofluid in hedt ex changer
with rectangular arrangem ent

Fig 5: ¥ elocity counters of pare fluidin heat ex changer
with rectangilar arrange ent

velocity becomes matimum on B o= 207 and the flow
sepat ati o happens on B = 1007, Therefore, by increasing
inn [ the backward flow happets. On the other tobes
column (wralls 2 and 4) flow separation degree increases
and reach to B = 120° The welocity profiles shows that
natiofliid has more welocty it the area between tube rows
thetefore, the cotrrection heat transfer 18 more than the
other areas.

Agitis seen nanoflids o becomes tarbod ent after
the separation and the backward flow has bigh velocity
Stagnation point is on B =07 for the walls 1 and 3. For
wallsd and 4 the stagnation poirds are on B =507

InFig 5, the welocity profile of the puore Etbwlene
Glycol fluid on the rectanmdar arrangemert of tubes is
shown, Mote to this profile the separation point happens
ofn o= 20° for all the walls, According to the diagram
stagnation poirts on the walls 1 and 3 are on B =0° and
for the walls 2 and 4 are on B =607,

Heat transfer coefficient comp arison hetween (EGHALO )
nano fluid and (E G)ypure fluid: InFig 6 the dagranm shows
that the heat transfer coefficients of walls 1 and 3 are
coinwided o each other for the pure fluid (EG). This
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matter also happens for walls 2 and 4. Heat transfer
coefficient on first column of tubes (walls 1 and ) isthe
sattie as the second column(walls 2 and 4. Therefore, by
increasing the manber of tubes vertically or hotizortally
heat fluzx from each tube has one vaue

In Fig. 7 the diagram shows that heat transfer
coefficients of walls 1 and 3 are approximately coiticided
ot each other for nanofld. This matter also happens for
walls 2 and 4. Bt the hedt transfer coefficient on the first
colunn of tubes (walls 1 and 30 iz different from the
gecotud coluwnn (walls 2 and 4. The meaimoom heat transfer
coefficient happens on the first column, The walue of the
heat transfer coefficient on first column is 725 wm™ k
The second colamn heat t ansfer coefficient is 760 wm ™"
k. The heat transfer coefficient decreases in compatison
with the first column by increasing mamber of the
columns. This coefficient hecomes constart after the flow
hecomes fully develop.

By using nanofluid (EG+HALD heat transfer
coefficient increases by the ratio of 325 on the first
columt and 316 on the second colhumn.

Shear sivess comparison hetween nanofhiid (EG+A1LO)
and purefiuid (E G): Theoretical relations and experim ents
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Fig 9: Shear stress on the walls of pure fldd in heat
ex chatyger with rectangd ar arrangeim erd

show that shear stress of flow increases in the tube by
waing nanoflud in comparison  with  pare fluid
Figure 8 shows the shear stress on the walls when the
nanofluid (EG+41,0 0 iz external flow onthe tubes. Shear
stress walue on the first column of tubes iz less than
35 Pa. The shear stress value on the second column is
about 40 Pa.

Figure 9 shows the shear stress on the walls when
the e fluid (EG) flow on the tubes. Figure 9 shows that
the shear stress onthe first column i approwimately the
sathe ag tianofluid. But onthe second column the walue of
the shear stresses on the walls are 35 Pa which are
differert from the walue on the second column when the
nanofliid flows on the walls.

It can be estimated from the shove that the shear
stress in external flow with nanofluid increases due o the
increasing in viscosity of the nanofludd in comparizon
with the pure fluid. The increasing ratio of shear stress is
abouat 1.19. Howrewer, this increasing happens only o the
secornd column atd the shear stress does not have great
difference between nanofluid and pure fluid on the first
column

The effect of the increasing in shesr stress in

cotmpatison with the extreme increasing of heat transfer
coefficiert is negligible.
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NOMENCLATURES
CF
D m
f
G
g m sec
h wm "k
b, wm °k
k wm .k
ks wm 'k
k, wm 'k
k, wm ™k
n
Nu
N
Pe
Pr
Pry;
Q ]
r m
Re
Rey
T k
T, K
T; k
v, m’
VF m’
v, m sec”!
Greek symbols
«
u kg m sec™
v m’ sec”'
p kg m™’
"
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