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What are nanofluids ?

* Nanofluids are a new kind of heat transfer
fluid containing a small quantity of nano-
sized particles (usually with less than 100
nm diameter) that are uniformly and stably
suspended in a base liquid. The dispersion of
a small amount of solid nano -particles in
convectional fluids changes their thermal
conductivity remarkably. In this work base
liquid and nano-particles are water and
Al,O, , respectively.
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Governing equations
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The effective properties of the nanofluid
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Boundary conditions

 Atthe tubeinlet v.=0; v =0, v,=v,; T=T,

* At the fluid-solid interface (r=a):

oT
qW:—k_
v=v,=v =0:; or

* At the tube outlet (6=180 9) the diffusion flux in the
direction normal to the exit plane is assumed to
be zero and an overall mass balance correction is
applied.
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Numerical procedure

* Control volume technique

* Second order upwind
SIMPLEC

* The discretization grid is uniform in
circumferential direction and non-uniform in
the other two directions. It is finer near the
tube entrance and near the wall where the
velocity and temperature gradient are
significant.
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Discretization Method
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a,=||-F. 0|+D,A, , a,=|F,, 0]|+D,A,
a;=|[-F., 0] +D,A, , a,=[|F,, 0|[+D,4,
a,=|[-F,, O][+D,A, , a=|[F,, O][+D A,
b=S_.AV+b
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:From the continuity equation
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Two phase approach .2

Continuity: V. (pm \/m) —0

Momentum: V-0, V.V, |==Vp+V-{u, VV |+p, 19, (T-T,)+

% /;1 OOV i Vr
Energy: V-kZ:l ((okvkka):V-(AeffVT)
Volume V°((plo'O/o\/m):_v'((p/o'O/o\/o!r,/o)

fraction: y
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