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Abstract .

The paper deals with an experimental investigation on heat transfer and friction loss characteristics in a
square-duct heat exchanger with inclined-baffle inserts. Air as the working fluid enters the test duct having a
uniform surface heat-flux. The inclined baffles were placed on both sides of a rectangular centre-cleared tape/frame
before diagonally inserting the baffled frame into the test duct to produce longitudinal vortex flows through the test
section. Effects of five different baffle-to-duct height or blockage ratios (6/H=BR=0.1, 0.2, 0.3, 0.4 and 0.5) on heat
transfer, pressure loss and thermal performance in the square duct are examined for Reynolds number ranging from
4100 to 25,600. The baffle-pitch to duct-height or pitch ratio (P/H=PR) and an attack angle (&) of the baffle were
fixed at 3.0 and 30°, respectively. The experimental results reveal that the heat transfer and pressure loss in the form
of respective Nusselt number (Nu) and friction factor (f) from the baftle tend to increase with the rise of Reynolds
number (Re) and BR. The maximum enhancement in Nu and f has been found to be 4.61 and 63.67 times above the

smooth duct, respectively. The thermal enhancement factor (77) is maximum at BR=0.3.

Keywords: Inclined baffle, Square duct, Thermal performance, Reynolds number, Vortex generator.

1. Introduction

Heat exchangers are widely used in industrial
applications such as, steam generation, chemical
processing, electric power generation, etc. Rib/baffle-
roughened surface arc extensively applied for heat
transfer augmentation (HTA) in heating or cooling
passages. The HTA by baffles relies on induced vortex
(or high swirl) in the flow of fluid. The vortex
generators (VGs) are inserted into the flow field to
provide an interruption of boundary layer development
and to cause enhancement of the rate of heat transfer
by increasing turbulence intensity. Several researchers
have reported the effects of tube insert with swirl or
vortex flow devices on the HTA, pressure loss and
thermal performance. Sivashanmugam and Suresh [1]
examined the turbulent heat transfer and pressure loss
characteristics in a circular tube fitted with full-length
helical screw elements having different twist ratio, and
increasing and decreasing order of twist ratio. Kreith
and Margolis [2] proposed that the heat transfer rate
can be enhanced by introducing swirl flow in the heat
exchanger with tangential injection of the fluid at
various locations along the tube. Chang et al. [3]
investigated the heat transfer and pressure drop
characteristics in a tube fitted with serrated twisted

tape. In their work, the serrations on two edges of the
twisted tape with twist ratios of 1.56, 1.88, 2.81 and «
were the square-sectioned ribs with identical rib pitch
and height. Eiamsa-ard et al. [4] studied the thermal
and friction loss in a circular tube with two-typed
regularly spaced twisted tape elements: (1) full-length
typical twisted tape at different twist ratios, and (2)
twisted tape with various free space ratios (§=1.0, 2.0,
and 3.0). For compound swirl or vortex generators,
Promvonge and Eiamsa-ard [5-7] investigated the
effects of the conical-nozzle, conical-ring or V-nozzle

together with a swirl generator (decaying swirl) on -

thermal and flow friction characteristics in a uniform
heat-fluxed tube and found that for using both
enhancement devices, the increase in heat transfer rate
is about 20-50% higher than the use of a single
enhancement device but also substantial rise in friction
loss.

The use of ribs/baffles creating the high strength
of vortex flow leads to a considerable increase in heat
transfer rate in channels/ducts. Ko and Anand [8]
examined experimentally the turbulent channel flow
through porous baffles and found that the porous
baffles provided flow and thermal behaviors as good
as the solid baffles. Laminar flow behaviors in a
channel fitted with 90° transverse baffles mounted on







