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CHAPTER 1 
INTRODUCTION 

 

1.1. Introduction  

Considerable effort has been expended on the experimental measurement 

and numerical calculation of flows in curved ducts of rectangular cross-

section, principally because of the practical significance of such flows. 

Curved duct geometries frequently arise in engineering configurations 

where, besides providing a necessary conduit for the fluid, it may be 

required to enhance heat and/or mass transport processes.  

In curved ducts this is achieved mainly due to the prolonged residence, 

times of fluid elements which must move along spiraling paths as they 

evolve in the main (longitudinal) flow direction. Thus, the centrifugal 

force-radial pressure gradient imbalance acting on slow moving fluid near 

the side walls of the duct induces the motion of the fluid along the side 

walls and directed from the outer towards the inner curvature wall. In 

turn, faster moving fluid in the core region of the flow moves along the 

center (symmetry) plane of the duct, being directed from the inner to the 

outer curvature wall. It is obvious that the extent to which heat and mass 

transport can be enhanced in curved duct flows will be a strong function 

of the intensity and spatial variation of the secondary motion 

The study of flows and heat transfer in curved ducts and channels is of    

a fundamental importance because of its many applications in chemical, 

mechanical, civil, biomechanical and biological engineering. The flow 

through a curved duct shows physically interesting features under the 

action of the centrifugal force caused by the curvature of the duct. Curved 

diffusing passages are extensively used in many engineering applications 

such as in heat exchangers, air conditioning systems, refrigeration, 

ventilators, gas turbines, aircraft intakes and centrifugal pumps. Blood 
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flow in the human and other animals also represents an important 

application of this subject because of the curvature of many blood 

vessels, particularly the aorta. In consideration of the importance, flows 

in curved ducts have been studied extensively in the literature for several 

decades. Most of the early researches focused on the engineering 

applications, such as friction factor correlations and heat transfer. The 

effects of secondary flows on convective heat transfer by calculating of 

the Nusselt number for the flows through a curved rectangular duct with 

differentially heated vertical sidewalls. In the last few decades, the 

emphasis had been shifted towards more fundamental studies of flow 

development, transition and bifurcation phenomena.  

The most prominent characteristic of flows in curved ducts is the 

secondary flow induced by centrifugal forces due to the curvature of the 

duct. These centrifugal forces lead to the development of a lateral 

pressure gradient and the appearance of counter rotating secondary 

vortices. The heat transfer rate is higher than in straight ducts, which 

contributes to a wide dissemination in engineering applications. 

The present study is directed toward providing (through numerical 

computation and experimental) necessary fluid mechanical and heat 

transfer data for developing steady laminar flow of an incompressible 

fluid in strongly curved ducts with straight, 900  and 1200 deflection 

angles. The calculations are of engineering accuracy and allow a relative 

comparison of duct performance and detailed flow characteristics as a 

function of relevant dimensionless Parameters, such as Reynolds number, 

and Nusselt number. 
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1.2. Objective of the study 

Well designed a curved-duct should efficiently the rate of heat transfer, 

which increases remarkably compared to a straight channel. 

• The study will be carried out in two shapes of rectangular duct, one of 

straight and the others with a curved shape. The purpose of present 

study is to investigate the flow feature through the tested curved 

rectangular duct.  

•   Study the effect of curvature of duct on the heat transfer through the 

duct.     

• The study carried out using the experimental test rig which achieved 

by using a forced flow which passing through the rectangular ducts.  

• This study focus on the Effect of flow velocity on convective heat 

transfer through a curved rectangular duct with differentially heated 

vertical sidewalls. 
 

 




