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Abstract of Thesis:

An experimental facility and computational prediction have been adapted to study three-dimensional flow and heat
transfer characteristics for laminar and turbulent flows around stationary and rotating cylinder where rectangular winglet type
of vortex generators are used. The test section constructed from Perspex material with dimension of (1.2x1.2x0.15)m length,
height and width respectively. The diameter of the cylinder is 1.2mm and the length is 0.15m (L/D = 12.5) so the domain
height (duct height to cylinder diameter ratio H/D=100). Forced convection heat transfer across stationary and rotating
circular cylinder was studied with a constant rotation rate varying from 0 to 6 and a Prandtl number of 0.7. Flow can control
by valve to establish three Reynolds numbers (80,120 and 160). Vortex generators used in the experimental work in many
positions above the circular cylinder. The dimensions of the winglet are (150x2.4)mm length and thickness respectively, with
height (50,51,52)mm to provide a diameter to gap between the winglet and the cylinder ratio (D/S) is 4,6,12 respectively.
Static-pitot tube and hot-wire anemometer are used to measure pressure differences and air velocities. Fog generator with
High Speed Camera as flow visualization technique and Laser Doppler Velocimetry as a velocity measurement technique
were used study the effect of vortex generators on flow pattern and flow turbulence intensity. High Speed Camera used to
follow the motion of the particles of the air around the cylinder. Also the thermal Camera, Universal Data Logger and Digital
Thermometer used to obtain spatial temperature and heat transfer distributions. Numerical investigation done by ANSYS
CFX 15 in two and three-dimension used to solve the conservation of mass, momentum, energy and its dissipation rate using
finite volume technique. Navier—Strokes and energy equations are solved using k-¢ turbulent model. A wide range of
parameters of different configurations and arrangements are studied. The mechanisms of vortex enhancement to heat transfer
and pressure drop found to be strongly dependent on geometries. The present computation results of velocity, pressure and
temperature distributions found to be in good agreement with the experimental and numerical results obtained from
published data and the present experimental results, which shows that the winglet had a significant effect on the heat
distribution due to higher momentum flow where the flow are highly mixed by the vortex generator. Nusselt number
increases monotonously with increasing Reynolds number at a constant rotational speed. Thus, the temperature of the
cylinder's surface decreases with increasing Reynolds number. While at the highest rotational velocity of 0=6, Nu reaches
almost constant value around 2.425 for all Re, i.e., Average Nusselt number will becomes independent of Reynolds number
as the flow generated near the cylinder subject by the effect of rotation as compared to the incoming airflow. The numerical
computation shows that surfaces of highest heat transfer enhancement were obtained by vertical winglet where the heat
transfer enhancement (Nu/Nug) is by a factor of 5.63 at D/S=12. The empirical correlation obtained for average Nusselt
number with Reynolds number and applicable for cylinder only at 80<Re<160 and 0<o<4 is:
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