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Laminar mixed convective heat transfer enhancement using

Ag-TiOz-water hybrid nanofluid in horizontal annuli

Badr Ali Bzya Albeshri

ABSTRACT

The present thesis deals with numerical investigations of thermal-hydraulic behavior of
laminar mixed (combined free and forced) convective flow of nanofluid in the entrance
region of a horizontal annulus.

A thermal boundary condition of uniform heat flux at the inner wall and an adiabatic
outer wall was selected. The basic numerical procedure adopted in the present study is
the SIMPLER algorithm. The study was carried out numerically for laminar flow of
nanofluid consisting of water as base fluid and Ag-TiO2 as nanoparticles. The ratio of
Ag to TiOz is maintained as 1:3.

The numerical code used was indirectly verified by experimental and numerical results
of many authors who later on conducted similar investigations. A reasonably good grid
independency was achieved by using 48x48 grid in r-0 plane with Az= 0.25 mm. An
annulus with 10 mm inner diameter and 20 mm outer diameter with 1000 mm axial
length has been used in the present study. The numerical investigations were carried
out in the following range of parameters: 10°< Gr<5x108, 200<Re<1500, and 0<®<0.1

The investigation reveals that the effect of secondary flow due to the buoyancy forces
IS more intense in the upper part of the annular cross section. It increases throughout
the cross section until its intensity reaches a maximum, and then it becomes weak at far
downstream. The development of axial flow and temperature field are strongly
influenced by buoyancy. The buoyancy influence is more pronounced near the inlet
section where it is characterized by a deceleration of the axial flow in the upper part of
the annulus and an acceleration of the axial flow in the lower part of the annulus. This
influence is found to increase with increasing Grashoff number and decreasing
Reynolds number.

Irrespective of values of volumetric concentration, Nusselt number near the entrance is
found to be maximum, then attains a minimum value at a location slightly away from
the entrance, and then starts increasing slowly due to the increased buoyancy effects.
Finally, the flow becomes almost stable and a nearly constant value of Nusselt number
is observed as the flow approaches fully development situation. At a given axial
location Nusselt number increases with increasing volumetric concentration of
nanoparticle. Mean apparent friction factor is found to be hardly affected by volumetric
concentration of nanoparticle.



