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ABSTRACT

Project Code : MRG4980085
Project Title : Heat Transfer Enhancement on a Surface Using Some Swirling Jets
Investigator : Asst. Prof. Dr. Chayut Nuntadusit

E-mail Address : chayut@me.psu.ac.th

Project Period : 15 May 2006 — 14 May 2008

This research focused on the effect of swirl intensity to heat transfer rate on jets impinged
wall. The research was aimed to increase heat transfer rate and to improve uniformity of heat
transfer distribution on an impinged wall by array of impinging swirling jets. In the experiment, a
pipe nozzle with 16.5 mm of inside diameter was used. The swirling jets at different swirl
intensity were generated by inserting a twisted tape which has different twist ratio in the pipe
nozzle. The flow and heat transfer characteristics on impinged wall were studied for single jet
and in-line arrangement of 3x3 of multiple jets impinging perpendicularly onto the wall. The
experimental parameters were the distance from nozzle exit to impinged wall L=2D, 4D, 6D, 8D
and 10D, jet-to-jet distance S=2D, 4D, 6D and 8D, Swirl number Sw=0.0, 0.40, 0.62, 0.78, 0.94
and conventional jet. All of the experiments were carried out at constant jet Reynolds number of
20,000. For heat transfer measurement, temperature distributions on impinged surface were
measured using temperature sensitive liquid crystal (TLC) sheet and the distributions of
convective heat transfer coefficient were analyzed with image processing technique. Flow
patterns on the impinged surface were visualized using Oil film technique. In addition, the flow
structures in swirling jet were investigated by dye injection method in water jet and were used to
explain heat transfer mechanism on jet impinged surface.

The results show that the swirling jet from pipe nozzle with twisted tape is divided into two
streams which flow obliquely to the jet axis at nozzle exit. When increase the Swirl number of
jet, the angle between jet stream and jet axis at nozzle exit increases. These result in higher jet
spreading rate and stronger mixing of jet with ambient fluid. And when the swirling jet impinges
on a wall, two regions of maximum heat transfer rate appear near the stagnation point on
impinged surface. This differs from non-swirl jet which the maximum heat transfer rate appears
at stagnation point. In addition, the swirling jet for Sw=0.40 can increase heat transfer rate in
stagnation region, particularly for the distance from nozzle exit to impinged surface L=2D and

4D, but when the Swirl number of jet and distance from nozzle exit to impinged wall becomes



larger, the heat transfer rate in jet impingement region decreases and the heat transfer pattern
becomes complex when compare with the case of jet from conventional nozzle.

In the case of array of swirling impinging jets, using swirling jet instead of conventional jet,
heat transfer rate increases and the uniformity of heat transfer on impinged surface improves
particularly for the case of Sw=0.40, distance from nozzle exit to impinged surface L=2D and
4D, jet-to-jet distance S=2D and 4D. However, when increasing jet-to-jet distance to S=6D,
8D, swirling jets increases the rate of heat transfer only in each of jet impingement regions. And
distance from nozzle exit to impinged surface is increased (L=6D, 8D and 10D) or Swirl number
of jet is increased (Sw=0.62, 0.78 and 0.94), it is found that the heat transfer rate decreases
and the heat transfer patterns become complex when compared with the case of conventional

jets, because there is a mixing between adjacent swirling jets before impinging on surface.
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